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Abstract

Multiple factor analytic and item response theory studies have shown that items/symptoms vary 

in their relative clinical weights in structured interview measures for posttraumatic stress disorder 

(PTSD). Despite these findings, the use of total scores, which treat symptoms as though they are 

equally weighted, predominates in practice, with the consequence of undermining the precision 

of clinical decision-making. We conducted an integrative data analysis (IDA) study to harmonize 

PTSD structured interview data (i.e., recoding of items to a common symptom metric) from 

25 studies (total N = 2,568). We aimed to identify (a) measurement noninvariance/differential 
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item functioning (MNI/DIF) across multiple populations, psychiatric comorbidities, and interview 

measures simultaneously and (b) differences in inferences regarding underlying PTSD severity 

between scale scores estimated using moderated nonlinear factor analysis (MNLFA) and a total 

score analog model (TSA). Several predictors of MNI/DIF impacted effect size differences in 

underlying severity across scale scoring methods. Notably, we observed MNI/DIF substantial 

enough to bias inferences on underlying PTSD severity for two groups: African Americans 

and incarcerated women. The findings highlight two issues raised elsewhere in the PTSD 

psychometrics literature: (a) bias in characterizing underlying PTSD severity and individual-level 

treatment outcomes when the psychometric model underlying total scores fails to fit the data and 

(b) higher latent severity scores, on average, when using DSM-5 (net of MNI/DIF) criteria, by 

which multiple factors (e.g., Criterion A discordance across DSM editions, changes to the number/

type of symptom clusters, changes to the symptoms themselves) may have impacted severity 

scoring for some patients.

The field-wide standard method of characterizing the underlying severity of psychiatric 

disorders, including posttraumatic stress disorder (PTSD; e.g., King et al., 1998; Weathers et 

al., 2018), utilizes the total item or symptom score on a measure, where the quantitative 

values assigned to different ordered categories on Likert-scaled individual items are 

summed. The use of total scores is ubiquitous in PTSD research and clinical settings, where 

total scores from semistructured interviews or self-report measures are often used both as an 

outcome measure for differentiating average treatment arm differences in changes over time 

in randomized controlled trials and to maximally distinguish a probable PTSD diagnosis 

based on a screening cut-off score (e.g., Coffey et al., 2006).

Despite the use of total scores, researchers and clinicians have long recognized that total 

scores are problematic from both a psychometric perspective and, more importantly, a 

clinical perspective (Bauer & Curran, 2015; Campbell, 1960; McNeish & Wolf, 2020). 

From a psychometric perspective, a total score psychometric model is inconsistent with 

the considerable literature showing that PTSD symptoms have different clinical “weights” 

and can contribute differentially to the quantification of an underlying construct, either 

as weights as factor loadings in linear or nonlinear confirmatory factor analysis (CFA) 

models (Contractor et al., 2018; Lee et al., 2019; Savedra, Morgan-López, Hien, Back, et 

al., 2021) or as discrimination parameters from item response theory (IRT) models (Morgan-

López, Killeen, et al., 2020; Silverstein et al., 2020). The parallel clinical analog to this 

psychometric perspective is to reflect the clinical view that some symptoms matter more 

than others (Bourne et al., 2013).

The total score problem as it relates to underlying PTSD severity was illustrated by Franklin 

et al. (2015), who noted that, for example, a total PTSD symptom count of six elicits 

12,360 possible symptom combinations—although, in practice, there are considerably fewer 

observed combinations—but many of these combinations likely do not reflect equivalent 

underlying clinical severities (Morgan-López, Killeen, et al., 2020). Related concerns have 

been noted with regard to the accepted total score reduction on the Clinician-Administered 

PTSD Scale (CAPS) needed to indicate clinically significant individual-level change (e.g., 

10- or 15-point decrease on the CAPS-IV; Back et al., 2012; Cook, 2006; Hien et al., 2015; 
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McGovern et al., 2015; Mills et al., 2012; Petrakis, 2006; Sannibale et al., 2013). The 

concern, as noted by Saavedra, Morgan-López, Hien, Back, et al. (2021), is that a 10-point 

decrease will not always be reflective of equivalent reductions in a patient’s underlying 

severity if a different combination of symptoms contributes to the decrease across patients.

Indeed, despite recommendations to the contrary, total scores continue to be used, likely 

because of their practical utility and, perhaps, a field-wide acceptance of the use of 

assessment sum scores as long as the measure of internal consistency (i.e., Cronbach’s 

alpha) is perceived to be “good enough” (Campbell, 1960; Sijtsma, 2009). Yet, the use of 

total scores constitutes a critical psychometric decision, namely an assumption of a de facto 

CFA that assumes that the factor loadings are equal across items; the analogous model in 

IRT is known as the one-parameter logistic model (Andrich, 1978; McNeish & Wolf, 2020). 

However, such a model, whether under CFA or IRT, is, in fact, testable and, in practice, 

has failed to fit most data on psychological constructs in general and PTSD symptoms in 

particular (He et al., 2014). This can have practical consequences, such as an unacceptably 

high proportion of individuals with high underlying levels of PTSD severity not receiving 

a diagnosis or, in contrast, individuals with lower underlying severity being diagnosed 

(Morgan-López, Killeen, et al., 2020).

An additional concern is that the measurement parameters that link symptoms to latent 

underlying PTSD severity can vary across time (i.e., in longitudinal settings), populations, 

psychiatric comorbidities (e.g., comorbid alcohol use disorders and substance use disorders 

[AUD/SUDs]), and measures. This phenomenon is described as measurement noninvariance 
(MNI) in factor analyses or differential item functioning (DIF) in IRT. For example, 

MNI/DIF on PTSD frequency or intensity items or symptoms has been observed between 

civilian and veteran samples (Jamison-Eddinger & McDevitt-Murphy, 2017) and across 

race/ethnicity (Hoyt & Yeater, 2010) to such an extent that failing to correct for MNI/DIF 

in scale scores can affect inferences and effect sizes for group differences in underlying 

PTSD severity (Ruglass et al., 2020). Similar MNI/DIF effects have been observed across 

gender within civilian (Chung & Breslau, 2008) samples but, generally, have not shown 

sufficient MNI/DIF to lead to different inferences when using total scores versus factor 

analysis or IRT (FA/IRT) scores that account for MNI/DIF (Frankfurt et al., 2016). Other 

factors that have been shown to significantly impact total PTSD severity scores but do not 

appear to have been specifically examined for item- or symptom-level MNI/DIF include 

differences between (a) civilians and incarcerated populations (Piper & Berle, 2019) and (b) 

variation across PTSD criteria outlined in the fourth edition, text revision, and fifth edition 

of the Diagnostic and Statistical Manual of Mental Disorders (i.e., DSM-IV-TR and DSM-5, 

respectively; Hoge et al., 2014; Kaysen et al., 2019).

The assumption in psychiatric assessment that measurement is consistent across populations 

when, in fact, this may not be the case stands in stark contrast to other fields. For example, 

in educational testing, items with MNI/DIF are allowed to have parameters that vary 

to maximize the precision of latent scale score estimates and distributions so they are 

equivalent across populations and represent consistent measures of an underlying aptitude 

(e.g., math proficiency) even in the presence of MNI/DIF (Dorans, 2007; Kim & DeCarlo, 

2016); this is a different issue from whether these scores are differentially predictive of 

Morgan-López et al. Page 3

J Trauma Stress. Author manuscript; available in PMC 2023 January 17.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



other outcomes (e.g., Marini et al., 2019). Hoge et al. (2014) illustrated the fundamental 

problem of how measurement imprecision impacts the clinical interpretation of comparisons 

between the DSM-IV and DSM-5 versions of the PTSD Checklist (PCL), noting that a 

“high percentage of soldiers who met criteria by one (DSM) definition did not meet the 

other criteria. Clinicians need to consider how to manage discordant outcomes” (p. 269). 

However, the extent to which this discordance in outcomes is a function of a myriad of 

measurement differences across DSM editions (e.g., changes in the symptom criteria) and 

different interviews (e.g., differences how questions are worded or in the translation of 

symptom frequency and intensity) versus legitimate differences for some patients in the 

conceptualization of PTSD across editions (Hoge et al., 2014; Kaysen et al., 2019) remains 

an open question.

The systematic examination of MNI/DIF and its impact in estimating underlying PTSD 

severity across multiple predictors would simultaneously help to answer the question, 

“Which predictors contribute to measurement bias in estimating PTSD severity to a 

level where it would change estimates of “true” group differences?” Many single-dataset 

studies do not have a sufficient sample size nor sufficient variability across populations 

(e.g., demographic characteristics, comorbidities) to answer these questions. However, such 

studies can now be conducted within the integrative data analysis (IDA) framework, where 

data from multiple studies can be harmonized and combined into a single dataset, with 

specific considerations for MNI/DIF when the measures themselves may vary across studies 

(Hussong et al., 2020) in addition to MNI/DIF across populations.

To our knowledge, the present investigation was the first large-scale IDA study of 

individuals who present for treatment with comorbid PTSD and AUD/SUDs, with datasets 

contributed by 30 participating principal investigators who are part of the Consortium 

on Addiction, Stress, and Trauma (CAST; Hien et al., 2019). In this study, we use 

the moderated non-linear factor analysis (MNLFA) framework (Bauer, 2017; Bauer & 

Hussong, 2009), which, unlike multiple-group factor analysis or IRT, allows for multiple, 

simultaneous sets of categorical and/or continuous predictors of MNI/DIF. The present study 

stands as the most comprehensive study of potential measurement bias in assessing PTSD 

severity across multiple demographic characteristics, population types (i.e., civilian, veteran, 

incarcerated), psychiatric comorbidities (e.g., depression, AUD/SUDs), and structured 

interview types among patients who present for treatment. These analyses illustrate whether 

variation in symptom weights, population- or measure-specific MNI/DIF, or both, at least 

partially account for differences in underlying PTSD severity.

METHOD

Participants and procedure

Study participants (N = 2,658) were part of an integrated dataset of 25 studies that were 

shared with Project Harmony (Hien et al., 2019) by members of the CAST. The governing 

institutional review board (IRB) deemed the project to be “human subjects exempt” given 

the use of deidentified secondary data. For the current analysis, these 25 studies represent a 

subset of 42 studies in Project Harmony that included item-level data from a semistructured 

interview measure. Other studies that were part of a larger combined IDA (Curran et 
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al., 2008, 2020) and individual-patient meta-analyses were excluded from this analysis if 

they (a) only included self-report PTSD measures (e.g., PCL, PTSD Symptom Scale–Self-

Report Version [PSS-SR], Impact of Event Scale), (b) only submitted total scores for PTSD 

outcome measures, (c) were only allowed to submit aggregated summary data (i.e., means, 

standard deviations, correlations) by their IRBs based on the original consent form, or (d) 

had not submitted their data for inclusion into Project Harmony in time to be harmonized 

as part of this analysis. Table 1 shows the studies that were included in the current analysis 

along with information on sample sizes, population type, semistructured interview type, and 

the within-study percentages regarding gender and full PTSD diagnosis.

Measures

PTSD symptoms—Assessment items were harmonized (i.e., recoded to a common item-

level standard) to binary indicators of symptom presence following recommendations by 

Bauer and Hussong (2009) for harmonizing disparate items for the same construct. The 

resulting proportions for the harmonized symptoms are shown in Table 2. Most RCTs in this 

analysis did not report interrater reliabilities in the original articles, but, among those that 

did, no study reported interrater reliability below .70.

The CAPS-IV (Blake et al., 1995) 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 

respondents have experienced in the past month; the measure is also used to determine 

PTSD diagnostic status and disorder severity. The CAPS-IV has three symptom cluster 

subscales: Reexperiencing, Avoidance/Numbing, and Hyperarousal. A DSM-IV diagnosis of 

PTSD requires the presence of a Criterion A traumatic event, at least one reexperiencing 

symptom, three avoidance/numbing symptoms, and two hyperarousal symptoms. For 

harmonizing CAPS-IV items to a common metric relative to the other interview measures 

(i.e., CAPS-5, PSS-Interview Version [PSSI-I] for DSM-IV), we employed the convention 

for converting frequency and intensity items to binary DSM symptoms based on a symptom 

frequency rating of at least once or twice in the previous month and a moderate or higher 

level of symptom intensity (Blake et al., 1990; Weathers et al., 1999).

CAPS-5—The CAPS-5 (Weathers et al., 2018) was used in two of the 25 studies in this 

analysis. For the 20 items that capture symptom severity based on DSM-5 Criteria B–E, 

harmonization to a common metric was conducted based on the item-level rule of a severity 

score of 2 (moderate) or higher based on DSM-5 PTSD criteria.

PSS-I—The PSS-I (Foa et al., 1993) was used in two of the 25 studies in this analysis. For 

the 17 items that capture symptom severity based on DSM-IV Criteria B–D, harmonization 

to a common metric was performed based on the item-level rule of a severity score of 2 (2 to 
4 times per week/somewhat) or higher based on DSM-IV PTSD criteria.

Joint predictors of MNI/DIF and underlying PTSD severity

Predictor variables that were examined as both predictors of MNI/DIF across symptoms and 

latent underlying PTSD severity included the following demographic variables: age, gender, 

race/ethnicity, educational attainment, marital status, and population type (i.e., civilian, 
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veteran, currently incarcerated). Two dummy variable indicators were included for the 

measure (i.e., CAPS-IV, CAPS-5, PSS-I-IV), with CAPS-IV as the reference measure. Other 

psychiatric predictors that were commonly available across datasets included the number of 

days of alcohol use in the past month, any past-month cocaine use, any past-month opiate 

use, any past-month stimulant use, any past-month sedative use, concomitant psychiatric 

medications, and current depression diagnosis (e.g., Structured Clinical Interview for 

DSM-5 diagnosis, severe depression as indicated by the Beck Depression Inventory). 

Descriptive statistics for predictors are shown in Table 3.

Data analysis

The initial set of analyses involved tests of unidimensionality, conducted using means-and-

variance–adjusted weighted least squares (WLSMV) estimation for categorical indicators in 

Mplus (Version 8; Muthén & Muthén, 1998–2017). A general single-factor model was fit in 

addition to a restricted single-factor model with equality constraints on factor loadings; the 

latter model was fit per the recommendations of McNeish and Wolf (2020) to formally test 

whether the model that is assumed when using PTSD total scores actually fits the data.

Next, a series of MNLFA models were fit to examine MNI/DIF in separate models for each 

PTSD symptom such that each set of predictors was assessed with regard to whether they 

contributed to significant MNI/DIF on each symptom above and beyond their effects on 

“true” latent underlying PTSD severity; it is this process of examining MNI/DIF across the 

three interview measures in particular (CAPS-IV, CAPS-5, PSS-I-IV) where the quality of 

the item harmonization process is assessed. The MNI/DIF parameters that were significant 

at p ≤ .05 were then retained for a global MNLFA model. The parameters that remained 

significant in the global model were retained for the final MNLFA scale score estimation 

model. From the final MNLFA model, the MNI/DIF parameters that were significant are 

shown in Tables 4 and 5, and the predictors of underlying PTSD severity are described in 

the Results section. Predictors of underlying PTSD severity under the “total score” analog 

model are also presented in the Results section for comparison. Mplus code is available in 

the Supplementary Materials, and additional detail on MNLFA modeling can be found in 

Bauer (2017) and Saavedra, Morgan-López, Hien, Back, et al. (2021).

RESULTS

Preliminary tests of model fit

The model for the conventional test of unidimensionality fit adequately, with the results 

showing that a single factor underlying the harmonized PTSD symptoms, comparative fit 

index (CFI) = .90, root mean square error of approximation (RMSEA) = .052, 95% CI 

[.048, .055], meeting the standard for essential unidimensionality (Millsap & Kwok, 2004). 

The total score analog (TSA) model, wherein factor loadings were constrained to equality, 

predictably failed in fitting the data, CFI = .786, RMSEA = .072, 95% CI [.068, .075], yet 

this is the psychometric model that underlies the use of symptom counts in the DSM (He 

et al., 2014; Morgan-López, Killeen, et al., 2020) and total scores in the majority of PTSD 

research.
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MNLFA

Item parameters from the final MNLFA model are presented in Tables 4 and 5, with all 

predictors of MNI/DIF and PTSD severity centered so all comparisons are made against the 

sample means. Given the multitude of predictors of MNI/DIF examined, only three of the 21 

cross-DSM PTSD symptoms showed no DIF across any predictor (i.e., “empirical anchor” 

symptoms): psychological cues, negative beliefs, and horror/shame/guilt. The emergence 

of psychological cues as an anchor is particularly important because it (a) is the only 

symptom that had the same measurement properties across the full sample, cutting across 

multiple populations, comorbidities, and interview measures, as negative beliefs and horror/

shame/guilt were only relevant for the subsample with CAPS-5 data, and (b) had the largest 

loading/discrimination parameter and, thus, the largest clinical weight. Item information 

functions (IIF), the FA/IRT analog to item reliabilities, are shown in Figure 1 for the 

six symptoms with the highest IIF peaks, which were driven by the relative sizes of the 

factor loadings and are consistent with other IRT-based analyses of PTSD symptoms (e.g., 

Silverstein et al., 2020).

Threshold/difficulty MNI/DIF

Threshold/difficulty parameters refer to the level of PTSD severity required to reach a 

symptom endorsement likelihood of 50%. For the threshold/difficulty parameters (Table 4), 

key predictors that showed statistically significant MNI/DIF on at least four symptoms, 

compared to the overall sample average thresholds/difficulty parameters, included age, 

African American ancestry, being incarcerated, PSSI-I-IV assessment, and CAPS-5 

assessment. The average threshold/difficulty DIF across symptoms, taken as the sum of 

the MNI/DIF parameters divided by the number of symptoms with MNI/DIF, that exceed 

a Cohen’s d value of |0.20| included African American ancestry, d = −0.34; college 

education, d = −0.54; incarceration, d = −0.37; PSS-I-IV assessment, d = −0.33; and 

CAPS-5 assessment, d = −0.30.

Loading/discrimination MNI/DIF

For the factor loading/discrimination parameters (Table 5), key predictors that showed 

statistically significant MNI/DIF (i.e., variation in clinical weights) included gender, African 

American ancestry, incarceration status, and assessment using the CAPS-5. With regard to 

specific symptoms, men showed a significantly larger-than-average loading/discrimination 

parameter for foreshortened future. African American individuals showed significantly 

smaller-than-average loading/discrimination parameters for intrusive recollections, activity 

avoidance, and hypervigilance. Incarcerated women populations showed a significantly 

larger-than-average loading/discrimination parameter for nightmares. Participants who 

were assessed using the CAPS-5 showed a significantly smaller-than-average loading/

discrimination parameter for thought avoidance and a significantly larger-than-average 

loading/discrimination parameter for diminished interest. The final PTSD severity scoring 

model under MNLFA, with DIF incorporated across all other items under a partial 

invariance model (Millsap & Kwok, 2004), fit significantly better than a base model with 

varying factor loadings across symptoms but no MNI/DIF, χ2(41, N = 2,658) = 806.28, p < 

.001.
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Predictors of latent underlying severity: MNLFA model

Due to violations of the assumption of independence of observations (i.e., patients within 

a study reporting more similar underlying PTSD severity than patients across studies), 

corrections for study-level clustering were made to model standard errors as part of robust 

maximum likelihood estimation in Mplus. After accounting for both MNI/DIF and study-

level clustering, several factors emerged as predictors of higher levels of underlying PTSD 

severity that were either statistically significant, exceeded an absolute Cohen’s d effect size 

of .20, or both. These predictors included younger age, B = −0.006, SE = .002, z = −2.582, p 
= .013, d = 0.07; being a veteran, B = 0.155, SE = .067, z = 2.322, p = .024, d = 0.16; being 

incarcerated, B = 0.303, SE = .176, z = 1.715, p = .078, d = 0.30; past-month opiate use, B 
= 0.197, SE = .097, z = 2.030, p = .041, d = 0.20; past-month sedative use, B = 0.208, SE 
= .095, z = 2.183, p = .024, d = 0.21; pretreatment psychiatric medication use, B = 0.399, 

SE = .103, z = 3.868, p < .001, d = 0.40; comorbid depression, B = 0.577, SE = .058, z 
= 9.984, p < .001, d = 0.58; and assessment using criteria from the DSM-5 criteria versus 

the DSM-IV, B = 0.488, SE = .113, z = 4.298, p < .001, d = 0.49. Participants who were 

assessed using the PSS-I-IV demonstrated significantly lower levels of underlying PTSD 

severity, B = −0.835, SE = .11, z = −4.878, p < .001, d = 0.84, even after accounting for 

MNI/DIF across diagnostic systems (see Tables 4 and 5).

Predictors of latent underlying severity: TSA model

Although the TSA model demonstrated an extremely poor fit, we present a partial set 

of results that would have been analogous to the results observed without measurement 

modeling under MNLFA. Of the predictors of underlying severity that were significant or 

meaningful under MNLFA, several would have had roughly equivalent effect sizes under 

the TSA model (i.e., (dMNLFA – dTSA) / dMNLFA < |.20|), including age, veteran status, 

past-month opiate use, past-month sedative use, pretreatment psychiatric medication use, 

and comorbid depression. Although participants who were assessed using DSM-5 criteria 

still demonstrated significantly higher levels of underlying severity in the TSA model, B 
= 0.294, SE = .089, z = 3.309, p = .001, d = 0.29, these individuals showed a substantial 

decrease in DSM-5 assessment effect size across measurement models (i.e., d = 0.49 vs. d 
= 0.29), suggesting that unmodeled DSM-5 MNI/DIF in the TSA model would have had a 

substantial impact on exaggerating the differences in underlying PTSD severity.

Two predictors demonstrated different inferences altogether between the MNLFA and 

TSA models: African American ancestry and incarceration status. Under the TSA model, 

African American participants would have been estimated to have a significantly lower-

than-average level of PTSD severity upon treatment entry, B = −0.106, SE = .054, z = 

−1.983, p = .047, d = 0.11; however, this difference was nonsignificant in the MNLFA 

model, p = .45, d = −0.04), suggesting this effect was observed in the TSA model due 

to unmodeled measurement artifacts stemming from (a) threshold/difficulty MNI/DIF on 

activity avoidance, inability to recall, foreshortened future and concentration problems 

(see Table 4), and (b) loading/discrimination MNI/DIF on intrusive recollections, activity 

avoidance, and hypervigilance (see Table 5; see also Ruglass et al., 2020). In addition, under 

the TSA model, incarcerated women participants showed nonsignificant differences from 

the average level of PTSD severity, p = .513, d = 0.08, that, under MNLFA, showed greater-
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than-average PTSD severity before treatment entry, d = 0.30. This difference is attributable 

to threshold/difficulty DIF on six symptoms (see Table 4) as well as loading/discrimination 

MNI/DIF showing that nightmares had a substantially higher clinical weight for incarcerated 

women compared to the sample average under MNLFA, whereas this MNI/DIF is ignored 

under TSA (see Table 5).

DISCUSSION

The calculation of total scores for psychiatric outcome measures constitutes a critical, and 

potentially erroneous, psychometric decision that has ripple effects throughout the execution 

of an outcomes analysis, interpretation of findings, delineation of the underlying severity 

of clinical distress, and recommendations for treatment course. This initial integrative data 

analysis from Project Harmony attempted to consolidate work that has either explicitly 

examined MNI/DIF across several predictors (Engdahl et al., 2011; Hoyt & Yeater, 2010; 

Jamison-Eddinger & McDevitt-Murphy, 2017) or has raised the need to further examine 

MNI/DIF in other predictor domains (Grella et al., 2013; Hoge et al., 2014; Kaysen et 

al., 2019). MNI/DIF analysis, and the resulting scale scores from Mplus that account for 

differences in the relative weighting of symptoms, can now be conducted with multiple 

predictors simultaneously under the MNLFA framework (Bauer, 2017) in ways that could 

not previously be done in multiple-group MNI/DIF analysis.

Most notably, our analyses revealed that MNI/DIF demonstrated the largest impacts among 

African American participants from both genders and incarcerated women, with results 

sufficient to change inferences regarding underlying PTSD severity in these populations. 

The variety of differences found across many DSM PTSD symptoms in MNI/DIF for 

African American individuals is notable but not new. Indeed, a previous multisite clinical 

trial analysis, which was the first analysis of its kind within the literature on PTSD/SUD 

clinical trials (Ruglass et al., 2020), reported similar measurement nonequivalence among 

African American women for six CAPS symptoms. The authors found that three symptoms 

in particular (i.e., inability to recall, foreshortened future, concentration problems) drove 

differences in underlying severity across scoring methods; adjustments for MNI/DIF under 

MNLFA would properly adjust the relative standing on underlying PTSD severity among 

African American individuals compared to the rest of the sample. Another important and 

understudied population is incarcerated individuals. In the present sample, we had access to 

two separate studies that included incarcerated women (Zlotnick et al., 2003, 2009). There 

are no previously examined studies of MNI/DIF for PTSD in this particular population; 

therefore, the present analysis points to the potential implications for measurement 

noninvariance. We note that although the differences in effect size compared to the rest 

of the sample differed by the method of scale score estimation, the incarcerated subsample 

only represented 2.8% of the total sample. Nevertheless, these findings suggest that it may 

be critical to disentangle the proportion of variation in underlying severity and treatment 

outcomes due to true differences in PTSD severity versus variation in outcomes due to 

unmodeled MNI/DIF, which has implications for mischaracterizing individuals’ underlying 

levels of disorder severity (Ruglass et al., 2020) and, possibly, their diagnosis (Morgan-

López, Killeen, et al., 2020).
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Head-to-head comparisons of DSM-IV and DSM-5 with regard to factor structure and 

diagnostic status are beginning to emerge (Hoge et al., 2014; Kaysen et al., 2019), and 

this study extends this literature by estimating the effects of interview type differences 

attributable to MNI/DIF versus underlying differences in severity. Our findings suggest 

the existence of both (a) MNI/DIF across versions of the DSM and (b) differences in 

underlying PTSD severity that are reduced, but still significantly different, after accounting 

for MNI/DIF in scale score estimation. The finding that CAPS-5 severity, even after 

accounting for partial MNI/DIF due to the measures used and other factors, is significantly 

higher than CAPS-IV severity is particularly notable and appears consistent with an increase 

in diagnostic rates under DSM-5 in head-to-head comparisons with DSM-IV (Kaysen et al., 

2019).

However, such general differences (e.g., changes in symptom criteria) between DSM-IV 
versus DSM-5, in addition to differences in measurement (e.g., wording differences, 

sequencing of prompts, handling of frequency and intensity of symptoms), cannot be 

disentangled from whether an index traumatic event would have met Criterion A under 

both DSM-IV and DSM-5 versus meeting the criterion in one edition but not the other; 

previous research has indicated such discrepancies between the two editions of the DSM 
are present in an estimated 45% of patients (Hoge et al., 2014; Kaysen et al., 2019). 

This suggests that for any patient who is Criterion A– discrepant, legitimate differences 

in estimated PTSD severity should be expected under the different editions of the DSM, 

independent of measurement. However, in the present study, only 15% of participants had 

data on index trauma events submitted as part of Project Harmony’s individual patient 

meta-analysis (Saavedra, Morgan-López, Hien, López-Castro, et al., 2021), limiting our 

ability to disentangle how much of the differences in underlying disorder severity for the 

DSM-IV versus the DSM-5 were due to differences in the measures and other factors 

from cross-DSM stability or shifts in Criterion A. Investigators who have access data 

on participants’ index traumatic events and similar secondary data for cross-DSM data 

integration, as well as those who have data for head-to-head single-dataset comparisons 

of DSM-IV and DSM-5 symptom assessment among the same patients, are encouraged to 

look more closely at further disentangling the explanations for the differences in underlying 

severity across DSM-IV and DSM-5.

The present study directly builds upon the findings from multiple studies of MNI/DIF 

across multiple factors that could not previously be examined simultaneously within an 

MNI/DIF analysis (Caldas et al., 2020; Contractor et al., 2018; Engdahl et al., 2011; 

Jamison-Eddinger & McDevitt-Murphy, 2017; Ruglass et al., 2020), using a larger, more 

diverse sample that included multiple comorbidities (e.g., AUD/SUD, depression), women 

who were incarcerated, men, veterans, and civilians. Despite these advantages, there were 

some noted limitations. First, only two studies in this IDA consisted of women who were 

incarcerated (Zlotnick et al., 2003, 2009) which prevents our findings from generalizing 

to incarcerated men. Additional work in this area is paramount given that as recently as 

December 2020, 93.3% of incarcerated populations identified as male in the United States 

(Federal Bureau of Prisons, 2021), and 6.2% of these men were diagnosed with PTSD 

(Baranyi et al., 2018). Similarly, only two studies in our analysis utilized the CAPS-5 

(Norman et al., 2018; Vujanovic et al., 2018), and only two studies used the PSS-I (Foa 
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et al., 2013; Schafer et al., 2019). Although these earlier studies examined factor structure 

among items, but not symptoms, and diagnostic rate differences (Hoge et al., 2014; Kaysen 

et al., 2019), the current study highlights the additional needs for understanding the impact 

of MNI/DIF on differences in underlying disorder severity as well as differences in change 

over time across measures integrated under IDA treatment studies (Hien et al., 2020; 

Saavedra, Morgan-López, Hien, López-Castro, et al., 2021).

Further, the present findings may not generalize to PTSD samples without AUD/SUD, 

and we encourage additional IDA studies across “pure” PTSD samples as well as other 

types of comorbid samples (e.g., PTSD/depression). However, this study could provide a 

set of guideposts for what may be expected. First, the general pattern of the measurement 

properties (e.g., relative rank and size of item thresholds and factor loadings) was consistent 

with other studies in noncomorbid samples (e.g., Silverstein et al., 2020). Second, if any 

particular substance would have impacted the measurement properties of the harmonized 

PTSD symptoms (i.e., substance-induced amplification), this may have been reflected 

in the MNI/DIF parameters for the alcohol and any other drug use (AOD) indicators. 

None of the substance use disorder indicators showed MNI/DIF, and only one symptom 

showed significant MNI/DIF on alcohol use (i.e., flashbacks), although there are no 

noncomorbid participants against which MNI/DIF and general underlying severity can 

be compared. PTSD/AOD comorbidity likely will have larger implications for examining 

treatment efficacy on PTSD outcomes, as it is well-known that comorbid samples typically 

demonstrate weaker treatment outcomes and are less likely to complete treatment (e.g., Hien 

et al., 2012); however, the comparative effectiveness of treatments for PTSD/AOD has been 

understudied and is an integral component of Project Harmony (Hien et al., 2019; Saavedra, 

Morgan-López, Hien, López-Castro, et al., 2021).

This study examined the impact of MNI/DIF in a large, diverse dataset of individuals with 

PTSD and co-occurring substance use disorders, leveraging contributions of data from 30 

participating principal investigators in CAST. The present results demonstrate that some 

subpopulations are misrepresented by summed scores from semistructured interviews for 

PTSD, with large enough bias to change effect sizes for group differences in a number of 

cases as well as large enough bias to change inferences for both individuals with African 

American ancestry and incarcerated women. The cost of such imprecision is enormous, with 

misrepresentation in PTSD severity having a direct impact on incorrect clinical decision-

making. Thus, the field must make a collective effort not just to complete factor analysis 

or IRT MNI/DIF studies on PTSD assessments but to use the resulting scale scores with 

patients in research and clinical practice. For example, it is likely possible to build mobile 

apps that can be used to score underlying PTSD severity where the FA/IRT item parameters 

(e.g., Tables 4 and 5) would be “under the hood” of the app, as is the case with computerized 

adaptive psychiatric scoring modules, such as the Patient-Reported Outcomes Measurement 

Information System (PROMIS; Cella et al., 2010) and CAT-MH (Gibbons et al., 2019). This 

would substantially contribute to improving the accuracy and precision of routine clinical 

assessment without burdening the end-user with complex scale scoring methodology by 

reflecting what Bourne et al.’s (2013) observation that some symptoms matter more than 

others (e.g., Figure 1). In the interim, the findings regarding CAPS total scores for African 

American individuals and incarcerated women should be interpreted with extreme caution.
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Recent work has shown that using FA/IRT–estimated scale scores, in combination with 

methods to delineate clinical from nonclinical distributions (Jacobson & Truax, 1991), 

can reduce individual-level clinical decision-making errors as well as errors in judgment 

regarding clinically significant change, with research suggesting that such errors are made 

for an estimated 1 out of 4 patients when sum scores are used (Morgan-López, Killeen, et 

al., 2020; Saavedra, Morgan-López, Hien, Back, et al., 2021). The uptake of such practice 

may allow clinicians to better ensure that PTSD assessment accurately captures variation 

in the presentation of the disorder among different groups, which will have downstream 

effects on clinical decision-making and patient health, such as tailoring treatments to specific 

combinations of symptoms based on symptom weighting. The field’s future collective work 

will need to focus on continuing to address such measurement discordance so there is 

accuracy and precision in assessment that is commensurate with what patients deserve.
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FIGURE 1. 
Six highest peak Clinician-Administered Posttraumatic Stress Disorder (PTSD) Scale item 

information functions
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