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Modeling and treating internalizing psychopathology
in a clinical trial: a latent variable structural equation
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Background. Clinical trials are typically designed to test the effect of a specific treatment on a single diagnostic
entity. However, because common internalizing disorders are highly correlated (‘' co-morbid”), we sought to establish
a practical and parsimonious method to characterize and quantify changes in a broad spectrum of internalizing
psychopathology targeted for treatment in a clinical trial contrasting two transdiagnostic psychosocial interventions.

Method. Alcohol dependence treatment patients who had any of several common internalizing disorders were
randomized to a six-session cognitive-behavioral therapy (CBT) experimental treatment condition or a progressive
muscle relaxation training (PMRT) comparison treatment condition. Internalizing psychopathology was characterized
at baseline and 4 months following treatment in terms of the latent structure of six distinct internalizing symptom
domain surveys.

Results. Exploratory structural equation modeling (ESEM) identified a two-factor solution at both baseline and the 4-
month follow-up: Distress (measures of depression, trait anxiety and worry) and Fear (measures of panic anxiety,
social anxiety and agoraphobia). Although confirmatory factor analysis (CFA) demonstrated measurement invariance
between the time-points, structural models showed that the latent means of Fear and Distress decreased substantially
from baseline to follow-up for both groups, with a small but statistically significant advantage for the CBT group in
terms of Distress (but not Fear) reduction.

Conclusions. The approach demonstrated in this study provides a practical solution to modeling co-morbidity in a
clinical trial and is consistent with converging evidence pointing to the dimensional structure of internalizing
psychopathology.
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2002; Kessler et al. 2005; Kushner et al. 2005; Moffitt
et al. 2007) and does not correspond to the substantial
and ever-growing corpus of published scientific work

Introduction

Since DSM-III was introduced (APA, 1980), inter-
nalizing psychopathology has been parceled into
multiple disorder subtypes that are presumed to be
etiologically distinct and otherwise independent
[e.g. generalized anxiety disorder (GAD), social anxi-
ety disorder (SAD), major depressive disorder (MDD)
and panic disorder (PD)]. However, this model has
difficulty accommodating the high inter-correlation
among various anxiety and depressive disorders (e.g.
Beekman et al. 2000; Brown et al. 2001; Andrews et al.

pointing to the dimensional structure of internalizing
psychopathology (e.g. Krueger, 1999; Kendler et al.
2003). For example, studies in epidemiological psy-
chiatry have demonstrated that the empirical structure
(i.e. the patterns of covariation) of up to seven com-
mon internalizing disorder diagnoses can be modeled
by a single higher-order latent variable (‘trait”) com-
monly labeled as “Internalizing” (e.g. Krueger, 1999).
This higher-order factor has also been found to
be composed of two lower-order factors commonly
labeled as ‘Fear’ (SAD, agoraphobia, PD and simple
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phobia) and ‘Distress’ (GAD, MDD and dysthymia)
(e.g. Krueger, 1999; Andrews et al. 2009). This factor
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structure for internalizing disorders has proven highly
replicable across multiple epidemiological studies
using community resident respondents (cf. Krueger &
Markon, 2006) and has also been found in psychiatric
out-patients (McGlinchey & Zimmerman, 2007). Based
on this, we sought to establish an analytic strategy
that would accommodate the dimensional structure
of internalizing psychopathology in a clinical trial
designed to contrast the treatment effects of two
transdiagnostic psychosocial interventions.

Consistent with the neo-Kraepelinian framework
upon which the modern psychiatric diagnostic no-
menclature is built, cognitive-behavioral therapy
(CBT) protocols (along with many other types of
therapy) have been designed and promulgated pri-
marily for the treatment of a specific internalizing
disorder subtype such as MDD (e.g. Beck et al. 1979),
SAD (Heimberg et al. 1990) or PD (Barlow et al. 1989).
However, pervasive correlated disorders undermine
the efficiency, if not the logic, of clinical interventions
narrowly targeted to a single internalizing disorder.
Therefore, we adapted and integrated a variety of
standard CBT techniques to target the more general
internalizing psychopathology domains of Fear (e.g.
using exposure therapy; Foa & Kozak, 1986) and
Distress (e.g. using cognitive restructuring; Ellis &
Harper, 1975; Beck, 1976). In this study, we contrasted
the resulting CBT program with progressive muscle
relaxation training (PMRT; Jacobson, 1938; Bernstein
& Borkovec, 1973). PMRT was chosen as the contrast
condition because: (1) PMRT provides a real-world
“effectiveness’ test of CBT compared to standard
treatment for internalizing problems (i.e. relaxation
training); (2) PMRT controls numerous threats to the
study’s validity because it is typically viewed as a
compelling and reasonable treatment for internalizing
problems; (3) PMRT is highly structured and manua-
lized so that sessions are reliable from subject to sub-
ject; and (4) PMRT, although narrowly targeted to
teaching patients how to relax their muscles, is not
diagnostically specific; that is, PMRT, like CBT, is a
transdiagnostic intervention.

Because the latent modeling of internalizing psy-
chopathology identified in previous work was largely
based on lifetime psychiatric diagnoses as manifest
indicators (e.g. Krueger, 1999), that approach would
not be sensitive to treatment effects; that is, symptom
reduction due to treatment would not be reflected in a
change in a person’s lifetime diagnostic status.
However, if the established covariation pattern of
common depression and anxiety diagnoses results
from the influence of a latent internalizing psycho-
pathology trait (as we believe it does), then the em-
pirical structure of internalizing symptoms should
correspond to that of the internalizing diagnoses.
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In fact, Markon (2010) and Simms ef al. (2012) demon-
strated that the actual symptoms making up the vari-
ous anxiety and depressive diagnoses manifest
roughly the same latent empirical structure as do the
diagnoses themselves. Based on these considerations
and past findings, we assessed manifest internalizing
psychopathology before and after treatment using
validated dimensional measures targeted to specific
anxiety and depression domains (i.e. social anxiety,
depression, generalized anxiety/worry, agoraphobia,
panic anxiety and trait anxiety). As noted, we expected
to find the same basic Fear and Distress latent sub-
dimensions of the broader internalizing spectrum that
were often, but not universally (see, for example,
Kessler et al. 2011), found in earlier work (Krueger &
Markon, 2006; Watson, 2009; Eaton et al. 2011;
Kushner et al. 2012; Simms et al. 2012).

The first step in the analytic strategy entailed ex-
ploratory structural equation modeling [ESEM, a
modern improvement over exploratory factor analysis
(EFA)] to ascertain the empirical (covariation) struc-
ture of the manifest internalizing psychopathology
symptom domain measures at baseline and at follow-
up and then evaluate whether these structures were
similar at both time points. This step was meant to
confirm that the relationship among the measures (as
opposed to the level/intensity of symptoms) remained
constant before and after treatment. Next we ex-
amined the difference in the change in the means
(intercepts) of the latent factor(s) from before to after
treatment between the two groups. This step is meant
to characterize the overall reduction in internalizing
psychopathology in the sample from before to after
treatment and between the two study groups on the
level of the latent internalizing psychopathology
variable(s). Finally, we examined whether the means
(intercepts) of the six manifest indicators changed
differentially from pre- to post-treatment relative to
the latent variable(s). This final step allows us to de-
termine the extent to which the rate of change seen
within and between the groups is captured completely
by the latent factor(s), or whether there is additional
information about treatment response in components
of the manifest symptom measures that is not cap-
tured by the latent factor(s). We are unaware of any
published literature using these methods or pursuing
this research agenda in a clinical trial.

Method

The data used in this study were collected in a multi-
year project investigating interventions aimed at im-
proving alcohol dependence treatment outcomes in
patients with co-occurring anxiety disorders. Descrip-
tions of recruitment, retention and the treatments
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in this report are structured to its limited scope and
aims relative to those of the primary project in which
these data were collected (cf. Kushner et al. in press).
The interested reader can find a broader description
of the study, along with results related to alcohol
outcomes (versus the internalizing psychopathology
outcomes that are the focus of this report), upon
request to the corresponding author.

Participants
Inclusion/exclusion criteria

All participants were drawn from an adult (age >18
years) community-based residential alcohol depen-
dence treatment program located in a major metro-
politan area in the Upper Midwest region of the USA.
Inclusion required meeting diagnostic criteria for cur-
rent (past 30 days) alcohol dependence and at least one
of the following qualifying anxiety disorders: PD,
SAD or GAD. Individuals were excluded from par-
ticipation if they had a history of bipolar disorder or
schizophrenia or if they had conditions deemed likely
to interfere with their capacity to fully participate in
the study, e.g. cognitive impairment, serious ongoing
suicidality or inability to read and understand English.
Patients were not excluded if they had MDD, post-
traumatic stress disorder (PTSD) or drug (other than
alcohol) dependence. However, we only included
those for whom alcohol dependence (rather than drug
dependence) was their primary reason for seeking
treatment. This study was approved by the Human
Subjects Committee of the University of Minnesota’s
Institutional Review Board (IRB). Each participant
provided informed consent to participate in the study.

Recruitment

Screening for qualified participants involved three
levels of assessment that took place within a patient’s
first week of treatment in the 21-day alcohol use dis-
order (AUD) treatment program. First, we offered a
brief self-report screening questionnaire to all of the
patients entering the AUD treatment program, asking
patients to indicate their primary substance of abuse
and whether they had experienced any disturbing
‘anxiety attacks’, excessive worry or anxiety/dis-
comfort in social situations in the past 30 days. Those
who seemed to be qualified were then asked by a
trained research assistant to elaborate on the endorse-
ments they made in response to the earlier screen
questions. Status on the exclusion criteria were also
assessed at this time. Based on the interviewer’s
notes, the clinical team (including at least one staff
Ph.D.-level psychologist) decided whether individuals
should be invited for the third and final screening step,
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which included the Structured Clinical Interview for
DSM-1V (SCID; First et al. 1989), to confirm the pres-
ence of inclusionary diagnoses.

Of the 344 individuals who were randomized in the
study (n=171 in CBT and n=173 in PMRT), SEM
analyses were conducted using the 322 cases that had
completed at lease one of the baseline internalizing
assessments (n=159 in CBT and n=163 in PMRT).
(See assumptions and analytic steps related to cases
with missing data at the follow-up for SEM analyses
described below.) However, only cases that had com-
pleted both baseline and follow-up internalizing as-
sessments were included in the ancillary ANCOVAs
described below (1 =239-241 for these analyses).

Interventions
CBT: experimental treatment

The CBT program splits its six 1-h sessions into three
primary content domains (psycho-education, cogni-
tive restructuring and exposure/habituation), each of
which are the focus of two yoked sessions: one fo-
cused on anxiety symptoms exclusively and one
focused on the interaction between anxiety symptoms
and alcohol use. The content for the six sessions was
synthesized by M.G.K. from a survey of published
literature related to CBT for anxiety disorders, alcohol
disorders and the association between alcohol use and
anxiety disorders (cf. Kushner et al. in press). Each of
the six sessions were delivered at the conclusion of the
AUD treatment day (at ~15:30 hours) on six con-
secutive business days.

PMRT: comparison treatment

The PMRT comparison treatment was based on the
treatment described in Progressive Relaxation Training:
A Manual for the Helping Professions (Bernstein &
Borkovec, 1973). The program was adapted slightly to
match the CBT program in terms of session length
(1h) and session number (six). As with the CBT,
PMRT sessions were delivered at the end of the AUD
treatment day on six consecutive business days.

Internalizing symptom measures

Specific domains of internalizing psychopathology
symptoms were assessed at baseline and at the
4-month follow-up using validated self-report symp-
tom scales as follows: for the generalized anxiety/
worry symptom domain, we used the Penn State
Worry Questionnaire (PSWQ; Meyer et al. 1990); for
the depression symptom domain, we used the Beck
Depression Inventory (BDI; Beck et al. 1961); for the
panic anxiety symptom domain, we used the Panic
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Disorder Severity Scale (PDSS; Houck et al. 2002); for
the social anxiety symptom domain, we used the
Social Phobia Scale (SPS; Brown et al. 1997); for the
agoraphobia symptom domain, we used the Mobility
Inventory for Agoraphobia (MIA; Chambless ef al.
1985); and for the trait anxiety symptom domain, we
used the Trait Anxiety version of the State-Trait
Anxiety Inventory (STAI; Spielberger et al. 1999).

Data analytic approach

Although the covariance structure of internalizing
binary diagnoses is reasonably well known (e.g.
Krueger, 1999), we took an EFA approach to charac-
terize the structure of internalizing problems in this
study because our dataset was distinct from those
used in the earlier studies in several potentially im-
portant ways, including: (1) we analyzed symptom
surveys relevant to internalizing symptom domains
rather than diagnoses themselves; (2) we assessed the
structure of the internalizing measures at two time-
points (before and after treatment), something that has
rarely been examined; and (3) we examined the
structure of the internalizing measures in a clinical
(versus community-based) sample, something that has
also rarely been examined.

Specifically, we used ESEM (Marsh et al. 2009),
newly implemented in Mplus 6 (Muthén & Muthén,
2011), to test the factor structure (i.e. the number of
factors and configuration of observed variables load-
ing on those factors) underlying the internalizing
psychopathology measures at both baseline and
follow-up. ESEM  integrates confirmatory factor
analysis (CFA) and EFA by allowing tests of loading
invariance across time, as in CFA, while permitting
unrestricted EFA structure (i.e. no a priori fixing of
cross-loadings to zero). An advantage of the integrated
approach of ESEM is that it allows for assessment of
configural invariance over time (i.e. invariance of
which items load on which factors over time) without
needing to impose a simple factor structure (i.e. only
one item loading on each factor). One- and two-factor
models at both time-points with and without con-
straining the loadings to be invariant across time were
fit with ESEM using maximum likelihood and com-
pared using the Bayesian Information Criterion (BIC).
[We chose the BIC as a parameter-sensitive index over
the Akaike’s Information Criterion (AIC) because the
former favors more parsimonious models; e.g. Vrieze,
2012.] In the model with constrained loadings across
time, the scale of the latent variables was fixed to have
variance equal to one at time 1 but was allowed to be
freely estimated at time 2 to allow for the possibility of
changing variability. An oblique geomin rotation was
used because past work suggested that the factors
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would be correlated. In addition, models that assumed
one factor at baseline and two factors at follow-up and
vice versa were fit and compared. With only six ob-
served variables, no more than two factors can be
identified without imposing a priori constraints. In all
models, the observed variable residual correlations
across time (i.e. autocorrelations) were freely esti-
mated. The ESEM with the smallest BIC that also sat-
isfied typical rules of thumb governing “good fit” [i.e.
Comparative Fit Index (CFI) >0.90 and root mean
squared error of approximation (RMSEA) <0.08] was
taken as the candidate for further confirmatory mod-
eling (Hu & Bentler, 1999). Using the typical rule of
thumb for EFA, factor loadings found to be less than
0.3 in the ESEM were fixed to zero in subsequent CFA
modeling. Finally, the ESEM was carried out using the
entire sample at both time-points. This approach was
taken because the randomization presumably equates
the samples at baseline prior to the introduction of
the interventions and also because splitting the sample
in two would decrease the stability of the ESEM
results.

Given our aim of testing change in the level of latent
internalizing psychopathology over time and possibly
differential changes over time by treatment group, it
was important to verify that the latent structure was
reasonably stable across time and treatment groups.
We tested for strong invariance (cf. Meredith, 1993) of
the measurement model by comparing a series of
models constraining factor loadings and observed
variable intercepts to be equivalent across time and /or
treatment groups. Specifically, four models were
compared: (1) ‘fully constrained’: factor loadings and
intercepts constrained across time and group, (2) ‘time
constrained”: free factor loadings and intercepts
across groups but the same across time within group,
(3) “group constrained’: free factor loadings and in-
tercepts across time but the same across groups, and
(4) “fully unconstrained’: free factor loadings and in-
tercepts across time and groups.

Evidence supporting strong invariance comes from
the fully constrained model having the best (smallest)
BIC of the four models compared. In all models, the
observed variable residual correlations across time
(i.e. autocorrelations) were freely estimated and un-
constrained across groups, as were the residual var-
iances. Although not required for strong invariance,
the factor variances were constrained to be the same at
baseline and follow-up and across groups. This
additional constraint facilitates a clear definition of
effect sizes (i.e. change in latent factor means over time
and differences in them between groups) that require a
scale (variance) estimate as a denominator for calcu-
lation. Because the target variables are latent and, as
such, do not intrinsically have a scale, fixing their
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respective variances across time and group provides a
common scaling so that effect size changes over time
and between treatment groups are directly compar-
able and do not depend on possibly different stan-
dardizations that would arise if the variances were
allowed to differ. To ensure that this additional con-
straint does not lead to a worse-fitting model, we also
compared the BIC with a model that allows the var-
iances to all be different.

A multiple-group (CBT v. PMRT treatment), two-
time-point (baseline to follow-up), two-latent-factor
(Distress and Fear) structural equation model was fit
to the full sample to estimate the change in latent fac-
tor means over time and to estimate the potentially
differential change in those means by treatment group.
We fit the “fully constrained’ Distress and Fear factor
model with observed variable intercepts and loadings
constrained to be the same at baseline and follow-up
and across the two treatment groups. The baseline
factor means were fixed to zero and freely estimated at
follow-up in both treatment groups. Estimates of fac-
tor mean change over time within and between treat-
ment groups were standardized by the variance of the
respective latent factors and thus represent effect sizes
(across time and across treatment).

We conducted a single overall omnibus test for
strong invariance; that is, whether the best-fitting
model overall holds loadings and intercepts equal
across time and groups. However, because of our
programmatic interest in differential changes in spe-
cific observed (manifest) versus latent variables over
time, we also conducted a series of ancillary ex-
aminations in which we fit six additional models
where one of the six observed variable intercepts is
allowed to be freely estimated across time. The differ-
ence in the estimated intercept across time indicates
how the manifest variable changes over time com-
pared to the latent variable it is measuring. We present
data for any of the six models with better BIC than the
fully constrained model.

Maximum likelihood estimation was used for all
latent variable models under the assumption that all
symptom measures at baseline and follow-up were
normally distributed. The largest skew and kurtosis
for all six symptom variables was below 3 for skew
and below 10 for kurtosis, satisfying typical rules of
thumb for normality assumptions used for continuous
latent variable modeling (Kline, 2010). Specifically,
across all six symptom variables at baseline, the range
was —0.8 to 0.4 for skew and 2.4-3.2 for kurtosis, and
at follow-up, the range was 0.02-1.8 for skew and
2.2-6.2 for kurtosis. The 81 cases lost to follow-up did
not complete any of the six internalizing symptom
measures at follow-up. Additionally, there were 16
instances of inadvertent ‘missingness’ of individual

https://doi.org/10.1017/50033291712002772 Published online by Cambridge University Press

symptom measures (four at baseline and 12 at follow-
up). Nonetheless, these cases were included using
analyses computed under a missing at random (MAR)
assumption using all available data in Mplus version
6.1 (Muthén & Muthén, 2011). MAR is less restrictive
than the missing completely at random (MCAR) as-
sumption used with listwise deletion and assumes
missingness is not dependent on the actual value that
is missing but that the value that is missing is con-
ditional on variables we can observe about the indi-
vidual (e.g. the baseline score). MAR is a common
assumption made for missing data in pre—post studies
where baseline variables are often predictive of miss-
ing status and can validly be modeled with latent
variables (cf. Little & Rubin, 2002).

Finally, for comparison with our latent variable
modeling approach, we also performed ancillary
ANCOVAS to test for treatment effects for each of the
six manifest internalizing symptom measures separ-
ately. Six separate models were fit (one for each inter-
nalizing measure), using those cases that completed
the measure at both the baseline and the 4-month
follow-up (n values for these analyses ranged between
238 and 241). Each ANCOVA included a dichotomous
indicator of treatment and the respective baseline
symptom measure. Effect sizes for treatment effect
were taken to be the ANCOVA coefficient for treat-
ment scaled by the standard deviation of the symptom
measure at baseline.

Results
Demographic and clinical characteristics at baseline

As shown in Table 1, the groups did not differ on age,
gender or qualifying anxiety disorder. Table 1 also
shows that the CBT group was somewhat more
symptomatic than the PMRT group on most of the in-
ternalizing anxiety and depressions
Although some of these effects approached statistical
significance, the groups were significantly different on
the BDI only (t=1.988, df=320, p<0.05); however,
even this effect was small in size at about 0.2 s.p. units
difference between the group means. Table 2 shows
the correlation matrices for the six internalizing in-
dicators at baseline and follow-up. Not surprisingly,

measures.

all correlations are positive and significant (p <0.001),
ranging in magnitude from 0.19 to 0.77. (Additional
information related to the raw data can be obtained
from the authors.)

Two-time-point ESEM

Table 3 shows the various constrained and uncon-
strained models generated from the two-time-point


https://doi.org/10.1017/S0033291712002772

1616 M. G. Kushner et al.

Table 1. Baseline characteristics by group in the sample used for structural equation modeling (SEM) analyses

CBT (n=159) PMRT (1=163)
Variable Mean S.D. % Mean S.D. % p
Age (years) 39.1 9.7 39.5 10.6 0.7145
Gender (% female) 38.4 42.3 0.4683
Major depression diagnosis 45.3 423 0.5935
Qualifying anxiety diagnosis® 0.9378
GAD 39.6 38.0
PD 15.7 15.3
SAD 447 46.6
Symptom measures
BDI 21.8 9.5 19.8 8.3 0.0479
STAI 58.0 10.7 56.0 10.2 0.0856
PSWQ 64.9 10.8 64.1 11.0 0.4908
MIA 13 0.8 12 0.8 0.1598
SPS 17.1 8.8 15.6 8.1 0.1330
PDSS 11.6 6.4 10.3 6.0 0.0654

CBT, Cognitive behavioral therapy; PMRT, progressive muscle relaxation therapy; GAD, generalized anxiety disorder;
PD, panic disorder; SAD, social anxiety disorder; BDI, Beck Depression Inventory; STAI, State-Trait Anxiety Inventory
(Trait Version) ; PSWQ, Penn State Worry Questionnaire ; MIA, Mobility Inventory for Agoraphobia; SPS, Social Phobia Scale;

PDSS, Panic Disorder Severity Scale; s.p., standard deviation.

2 Participants meeting criteria for more than one qualifying anxiety diagnosis were asked to elect a “principal” anxiety dis-
order based on the grouping of symptoms that “ troubles you the most’ (Andrews ef al. 2002). In these cases, the principal anxiety

disorder was coded as the qualifying anxiety diagnosis.

Table 2. Correlation matrix of internalizing symptom measures
at baseline and 4-month follow-up

Baseline

Follow-up BDI STAI PSWQ MIA SPS PDSS
BDI 0.621 0.308 0.322 0.354 0.358
STAI 0.765 0.430 0.364 0.428 0.362
PSWQ 0.590 0.668 0224 0.289 0.186
MIA 0.408 0.435 0.364 0.627 0.560
SPS 0.503 0.606 0.556 0.664 0.542
PDSS 0.617 0551 0.491 0.603 0.649

BDI, Beck Depression Inventory ; STAI, State-Trait Anxiety
Inventory (Trait Version); PSWQ, Penn State Worry
Questionnaire; MIA, Mobility Inventory for Agoraphobia;
SPS, Social Phobia Scale ; PDSS, Panic Disorder Severity Scale.

Baseline correlations between manifest indicators above
the diagonal; follow-up correlations between manifest
indicators below the diagonal.

All values p <0.001.

ESEM. The BIC fit statistic was lowest for the model
with two factors at baseline and two factors at follow-
up with the same configural structure at both time-
points (i.e. constrained loadings). Furthermore, this
two-factor model at both time-points showed good fit
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with the CFI and RMSEA indices (see Table 3). Table 4
shows the estimated standardized factor loadings,
standard errors, and their associated p values for the
two-factor solution. The same symptom measures
significantly load on the same factors (Distress and
Fear) when using both the baseline and follow-up
measures. Note also that the correlation between the
rotated Fear and Distress factors at both times 1 and 2
were moderately high, at 0.63 and 0.77 respectively.
Correlation of the Fear factor over time was 0.52
whereas that for the Distress factor was smaller at 0.30.
The cross-factor correlations across time were small to
moderate: Fear at time 1 with Distress at time 2=0.20
and Distress at time 1 with Fear at time 2=0.25.

Measurement invariance: CFA

The BIC fit statistic was lowest (i.e. best) for the
fully constrained model (BIC=20142) compared to
the time-constrained model (BIC =20191), the group-
constrained model (BIC=20148) and the uncon-
strained model (BIC=20202), indicating ‘strong’
invariance (i.e. invariance of factor loadings and
intercepts) across time and treatment groups. Fur-
thermore, weakening the constraint on the factor var-
iances of the fully constrained model did not improve
the BIC (=20160). Finally, the y* test of model fit for
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Table 3. Two-time-point exploratory structural equation model (ESEM) fit
No. of

Model parameters BIC CFI RMSEA
Unconstrained loadings across time

One factor at BL; one factor at FU 43 20179.9 0.872 0.12

One factor at BL; two factors at FU 49 20132.3 0.917 0.103

Two factors at BL; one factor at FU 49 20133.7 0.916 0.104

Two factors at BL; two factors at FU 56 20049.9 0.985 0.048
Constrained loadings across time

One factor at BL; one factor at FU 38 20187.5 0.853 0.122

Two factors at BL; two factors at FU 48 20023.5 0.978 0.052

BL, Baseline; FU, follow-up ; BIC, Bayesian Information Criterion; CFI, Confirmatory Fit Index; RMSEA, root mean squared

error of approximation.

Bold values indicate best-fitting model.

Table 4. Two-time-point exploratory structural equation model (ESEM): model results for two factors with constrained loadings across

time
Fear Distress
Estimated Estimated
loading S.E. Estimate/s.E. [4 loading S.E. Estimate/s.E. [4
Baseline
BDI 0.075 0.071 1.055 0.291 0.624 0.061 10.175 <0.001
STAI —0.001 0.024 —0.046 0.963 0.869 0.036 23.862 <0.001
PSWQ 0.060 0.076 0.787 0.431 0.527 0.062 8.489 <0.001
MIA 0.947 0.071 13.310 <0.001 —0.199 0.071 —2.784 0.005
SPS 0.765 0.032 23.762 <0.001 0.000 0.003 —0.121 0.904
PDSS 0.654 0.055 11.895 <0.001 0.039 0.052 0.748 0.455
Four-month follow-up
BDI 0.070 0.067 1.046 0.296 0.790 0.065 12.176 <0.001
STAI —0.001 0.018 —0.046 0.963 0.919 0.026 34.712 <0.001
PSWQ 0.053 0.068 0.778 0.437 0.636 0.070 9.119 <0.001
MIA 0.992 0.096 10.377 <0.001 —0.285 0.104 —2.748 0.006
SPS 0.838 0.026 32.609 <0.001 0.000 0.004 —0.121 0.904
PDSS 0.764 0.072 10.596 <0.001 0.062 0.082 0.752 0.452

BDI, Beck Depression Inventory ; STAI, State-Trait Anxiety Inventory (Trait Version); PSWQ, Penn State Worry
Questionnaire ; MIA, Mobility Inventory for Agoraphobia; SPS, Social Phobia Scale; PDSS, Panic Disorder Severity Scale;

s.E., standard error.
Bolded estimated factor loadings signify p <0.001.

the fully constrained model was 251 on 122 degrees of
freedom and it demonstrated adequate fit to the data
with RMSEA =0.081 and CFI=0.92.

Latent variable SEM: tests of change over time and
across treatment groups

The fully constrained two-group structural equation
model with two factors at baseline and follow-up was
used to examine the effects of time and treatment as
shown in Fig. 1. The tests for the change over time
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within and between treatment groups for each latent
factor are presented in Table 5. A significant time effect
was observed in both treatment groups for both latent
factors. Large improvements in Fear and Distress were
observed from baseline to follow-up. The CBT group
demonstrated significantly greater reduction on the
Distress latent factor compared to that in the PMRT
group (p=0.024); however, the size of this effect was
small. No statistical significant difference was found
between the two groups when comparing the Fear
latent factor at follow-up (p=0.298).
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Fig. 1. Graphic structural equation model of change in latent Distress and Fear from baseline to follow-up between treatment
groups. Following conventional graphical notation for latent means, estimates on arrows from triangles containing a ‘1’
represent estimated mean values for latent factors at baseline (fixed at zero) and follow-up (i.e. effect size change from baseline);
estimates above arrows are for cognitive-behavioral therapy (CBT) and below arrows are progressive muscle relaxation training
(PMRT) in parentheses. Estimates leading from treatment outward represent treatment effect size; that is treatment difference in
effect size change [e.g. —0.28 = —1.98 — (—1.70) is the effect size of CBT v. PMRT]. Bolded values indicate that p <0.05. Residuals
for all observed symptom variables were allowed to autocorrelate across time (arrows not shown). BDI, Beck Depression
Inventory ; STAI, State-Trait Anxiety Inventory (Trait Version); PSWQ, Penn State Worry Questionnaire; MIA, Mobility
Inventory for Agoraphobia; SPS, Social Phobia Scale; PDSS, Panic Disorder Severity Scale.

Table 5. Treatment effects using the fully constrained two-group model

Standardized time effects on factor means

Change in Estimate/
factor mean S.E. S.E. p value
Fear PMRT —1.362 0.105 —12916 <0.001
CBT —1.487 0.111 —13.421 <0.001
Distress PMRT —1.354 0.116 —11.674 <0.001
CBT —1.655 0.123 —13.408 <0.001

Standardized treatment group effects on factor means

Group difference in

change in factor mean s.E. Estimate/s.e.  p value
Fear (CBT v. PMRT) —0.125 0.120 1.041 0.298
Distress (CBT v. PMRT) —0.301 0.134 2251 0.024

PMRT, Progressive muscle relaxation therapy; CBT, cognitive-behavioral therapy;
s.E., standard error.
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Ancillary analyses

Change in observed variables relative to latent variables
over time and treatment

Differential changes between the observed variables
and the latent factors across time and group were ex-
plored using six separate models, each with one of the
symptom measure intercepts unconstrained. Only one
of these models had a better BIC than the fully con-
strained model and that was when the intercept for the
PSWQ was allowed to be freely estimated at follow-
up. The PSWQ symptom measure intercepts had stat-
istically significant changes over time within each
treatment. The intercept of the PSWQ at follow-up was
6.68 (s.e.=1.04, p<0.0001) units higher in the PMRT
group compared to the intercept at baseline and 6.22
(s.e.=1.16, p<0.0001) units higher in the CBT group.
Given the pooled standard deviation of the PSWQ at
baseline of 10.9, these intercept differences correspond
to effect size changes 0.61 and 0.57 higher than ex-
pected. If the PSWQ decreased over time in step with
the latent distress factor, its intercept should be the
same at baseline and follow-up. This change in inter-
cept over time suggests that the PSWQ is not decreas-
ing at the same rate as the distress factor. When
comparing between groups, however, the PSWQ
demonstrated no differential change over time. In
other words, there was no difference between the
group intercept changes on the PSWQ over time.

Change in manifest internalizing measures over time and
treatment by group

Table 6 presents the results from fitting separate
ANCOVA models to each of the six manifest inter-
nalizing measures; that is examining the group dif-
ferences at the 4-month assessment while controlling
for baseline values. All treatment effects were nega-
tive, indicating that CBT was associated with a greater
decrease in symptoms than PMRT. However, this
group effect was statistically significant for the STAI
Trait Anxiety measure only.

Discussion

Although the high degree of inter-correlation among
common internalizing disorders is well documented
by epidemiological research (e.g. Krueger, 1999;
Beekman ef al. 2000; Brown et al. 2001; Andrews et al.
2002; Kessler et al. 2005), the implications of these and
related findings for clinical research have been slow
to penetrate the field. Clinical trials are typically
designed to test the effect of a specific treatment on a
single diagnostic entity, an approach that is in keeping
with the neo-Kraepelinian assumption that each
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diagnostic entity is clinically independent. However,
this approach does not accommodate converging evi-
dence that the various internalizing diagnoses are ob-
served indicators of a shared underlying internalizing
trait (e.g. Mineka et al. 1998; Krueger, 1999; Kendler
et al. 2003) and that the level of this trait correlates
strongly with socially and clinically important out-
comes (e.g. Krueger & Finger, 2001; McGlinchey &
Zimmerman, 2007; Kushner ef al. 2012). The primary
aim of the present work was to establish a data ana-
lytic approach that explicitly addresses correlated
internalizing disorders and their likelihood of re-
presenting an underlying internalizing psychopath-
ology trait in a clinical trial. The cornerstone of this
effort was a latent variable structural equation ap-
proach to modeling a broad range of internalizing
symptom domains in a way that: (a) corresponds to the
oft-replicated latent structure for internalizing diag-
noses reported in the psychiatric epidemiology litera-
ture; (b) maintains this same essential latent structure
over the course of time and treatment; and (c) produces
interpretable latent variable scores sensitive to clinical
change due to treatment response and time.

The latent variable SEM approach not only is more
efficient from an analytic perspective (i.e. sharing in-
formation across measures to increase power) but also
explicitly allows elevations on all of the covarying
measures to yield empirically meaningful aggregate
dimensions, creating a perspective on the data not
available when looking at the manifest measures in-
dividually. In this regard, the CBT treatment was sig-
nificantly more effective than the PMRT treatment in
reducing the level of the latent Distress variable but
not that of the latent Fear variable. Moreover, the op-
portunity to compare and contrast treatment effects on
both the latent and manifest variables provides a un-
ique perspective on the data not available in either
approach alone. For example, ancillary analyses
showed that the PSWQ decreased significantly less
over time than did the latent Distress variable on
which it loaded. This finding could indicate that
the CBT treatment should expand its scope to better
represent (i.e. treat) the domain of distress specifi-
cally related to worry as measured by the PSWQ.
Alternatively, this finding might suggest that distress
symptoms related to worry change at a different
(i.e. slower) rate in response to treatment than do other
distress symptom domains (i.e. those related to
trait anxiety and depression). Ancillary analyses also
showed that the STAI Trait Anxiety measure was the
only one of the three manifest indicators contributing
information to the latent Distress variable that was,
like the Distress variable itself, significantly different
between the groups. This finding suggests that Trait
Anxiety was the most sensitive manifest indicator of
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Table 6. Symptom measure means, standard deviations and effect size changes from baseline to 4-month follow-up by treatment group

CBT PMRT Comparison of treatments®
Baseline 4-month FU Baseline 4-month FU
n? Mean S.D. Mean S.D. Change ESP n? Mean S.D. Mean S.D. Change ESP B tx ES p value
Distress
BDI 111 20.72 9.06 11.20 8.20 —1.06 127 19.41 8.20 12.40 8.89 —0.78 —1.55 -0.17 0.152
STAI 112 57.93 10.35 41.49 12.33 —1.57 129 55.35 10.48 43.99 12.34 —1.09 —3.36 —0.32 0.031
PSWQ 110 64.68 10.35 47.21 13.27 —1.60 128 64.38 10.62 49.03 12.52 —141 —-1.97 —0.18 0.201
Fear
MIA 112 1.36 0.78 0.61 0.73 —0.93 128 1.18 0.82 0.53 0.73 —0.79 —0.02 —0.02 0.847
SPS 112 16.58 8.54 7.04 6.46 —1.12 129 15.32 8.33 7.25 7.73 —0.95 —0.77 —0.09 0.329
PDSS 111 11.43 6.42 4.24 4.60 —1.16 129 10.21 6.0 4.73 4.93 —0.88 —0.81 —0.13 0.166

CBT, Cognitive-behavioral therapy; PMRT, progressive muscle relaxation therapy; BDI, Beck Depression Inventory; STAI State-Trait Anxiety Inventory (Trait Version); PSWQ, Penn
State Worry Questionnaire; MIA, Mobility Inventory for Agoraphobia; SPS, Social Phobia Scale; PDSS, Panic Disorder Severity Scale; s.b., standard deviation; FU, follow-up; ES, effect
size; tx, treatment.

2 The n values shown reflect the number of cases available for analysis that included row symptom measure at both the baseline and the 4-month assessment.

P Change ES is calculated as the difference in the 4-month and baseline mean divided by the pooled s.p. (across CBT and PMRT) of the respective symptom measure at baseline.

¢ ANCOVA was performed controlling for baseline symptom measures. f3 is the regression coefficient for treatment (CBT v. PMRT) and indicates the augmentation in decrease of
symptoms (on the original scales) found for CBT beyond PMRT and the p value is for the associated test of § equal to zero indicating no significant augmentation. The tx ES is calculated by
taking the § and dividing by the pooled s.p. (across CBT and PMRT) of the respective symptom measure at baseline.
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treatment effects on latent Distress. A practical impli-
cation of this finding is that if we were to pick a single
indicator of distress to monitor closely throughout
treatment, Trait Anxiety would provide the most in-
formation. These findings and their implications
would not have been available in a traditional analysis
of the manifest variables alone.

Our results also provide evidence that supports the
validity of the basic empirical structure of internaliz-
ing psychopathology reported in earlier work. For
example, we found the same basic empirical struc-
ture for continuous measures of internalizing symp-
tom domains in clinical patients as that reported
by Krueger & Markon (2006) in their review of
community-based psychiatric epidemiology studies
that factor analyze DSM diagnoses. We further ex-
tended this past work by showing that the same em-
pirical structure identified at the baseline assessment
when patients were highly symptomatic was also evi-
dent at follow-up when internalizing symptoms had
decreased substantially. This is important because the
question of whether the inter-relationship of measures
(i.e. their meaning relative to one another) changes
after an intervention has rarely been examined in the
clinical literature; although it has be examined more
extensively outside of the clinical literature (e.g.
Millsap & Hartog, 1988).

Finding that the empirical structure of internalizing
psychopathology is relatively insensitive to symptom
intensity (i.e. before versus after treatment) or to the
scope of measurement (i.e. symptom scale scores versus
diagnoses) is consistent with the view that the latent
variables identified are causal traits with regard to the
observed indicators of internalizing psychopathology.
With that said, it is important to consider the inherent
uncertainty as to the causal status of latent constructs
(e.g. Borsboom et al. 2003). Empirically, these latent
constructs reflect the covariation structure of the mani-
fest indicators. An assumption of our work, stemming
from the psychiatric epidemiological work on which it
was based (e.g. Krueger, 1999), is that these empirically
identified factors can be interpreted such that status on
the trait determines the probability of endorsing the
symptoms assessed in the manifest measures in a par-
ticular way; however, continued research on the causal
status of diagnostic rubrics in psychiatry, such as the
Distress and Fear variables studied here, would be
welcome (Krueger & Goldman, 2010).

It is also important to keep in mind that the CBT
treatment effect on the Distress variable, although
significant, was small and should be understood rela-
tive to the much larger decrease in Distress and Fear
noted for both groups from baseline to follow-up.
Regarding the decrease in internalizing symptoms
experienced in both groups, we cannot partition that
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which was due to the study treatments from that
which was due to the AUD treatment itself. For ex-
ample, Brown et al. (1991) showed that anxiety and
depression symptoms do decrease significantly in the
weeks and months following initiation of AUD treat-
ment; however, AUD treatment effects could not have
accounted for the group difference on Distress.
Additionally, analyses reported in this study were not
intended to disambiguate the relationship between
internalizing symptoms and alcohol use. For example,
internalizing symptoms reported at baseline could
have been the result of, the cause of, or unrelated to
pathological alcohol use occurring prior to the study.
Similarly, some participants had relapsed to drinking
by the 4-month assessment and some had not, which
could also have served as a cause or effect of inter-
nalizing symptoms measured at the follow-up.

To conclude, the broad aim of this work was to es-
tablish an analytic approach that addresses a broad,
transdiagnostic spectrum of internalizing psycho-
pathology in a clinical trial. Clinically, we assembled a
CBT-based program to address internalizing psycho-
pathology domains identified in earlier research as
manifest in an AUD treatment patient sample. This is
consistent with a growing movement embracing
‘transdiagnostic’ treatments for internalizing dis-
orders (e.g. Barlow et al. 2004; Mansell et al. 2008, 2009 ;
Ellard et al. 2010). Analytically, our approach was to
harness the covariation that exists among related in-
ternalizing disorder symptom domains by establish-
ing the best-fitting latent structure describing this
covariation, and then quantifying each individual in
terms of their level on the resulting latent variables
both before and after the treatment. In this approach,
correlated disorders are a non-issue because the em-
pirical method is designed to partition overlapping
variance without redundancy from any remaining
unique variance (i.e. symptom elements that do not
covary with other elements of the internalizing symp-
toms measured). This latent variable modeling ap-
proach is highly generalizable because it is applicable
to any case in which observed variables are related to
latent variables, regardless of the scope of measure-
ment (e.g. symptoms, scale scores, diagnoses).

Because clinical trials provide a vector for trans-
mitting taxonomic/measurement issues to clinical and
policy decision making that affect patients’ lives, we
hope this work provides a pathway for considering
how to optimally model internalizing psychopath-
ology in clinical trials.
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