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Abstract.
BACKGROUND: The development of depression after moderate to severe traumatic brain injury (TBI) is common.
Cognitive-behavioral therapy (CBT) can be used to treat post-TBI depression, but the symptoms response is poorly described.
OBJECTIVE: This secondary analysis assessed: (1) the trajectory of depression symptoms up to 12 sessions of CBT,
(2) which depressive symptom clusters were responsive to in-person and phone CBT, and (3) whether interim depression
thresholds predict 16-week treatment response.
METHOD: This secondary analysis of the IRB-approved Life Improvement Following Traumatic Brain Injury trial included
100 adults with major depressive disorder (MDD) within ten years of moderate to severe traumatic brain injury from throughout
the US. We used a combination of descriptive, graphical, and diagnostic accuracy methods.
RESULTS: Cardinal and cognitive-affective symptom clusters improved most from CBT over 16 weeks. At 8 and 16 weeks,
the most responsive individual symptoms were anhedonia, depressed mood, and fatigue; the least responsive were sleep and
appetite. PHQ-9 thresholds with a Negative Predictive Value greater than 0.7 for sessions 6, 7, and 8 were, respectively: >15,
>10, and >9.
CONCLUSION: In-person and phone CBT led to similar symptom responses during treatment. Additionally, using PHQ-9
thresholds for predicting intervention response within eight sessions may help identify the need for treatment adjustments.
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1. Introduction

Up to half of the persons with moderate to severe
traumatic brain injury (TBI) will meet the criteria for
major depressive disorder (MDD) within a year after
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hospitalization (Bombardier, 2010). Over the past 15
years, clinical researchers have experimented with
adaptations of cognitive-behavioral therapy (CBT) to
treat MDD in people with TBI (Anson, 2006). CBT
is based on the theory that negative thinking patterns
and lack of engagement in enjoyable and meaningful
activities contribute to MDD (Beck, 1979). Investi-
gators have experimented with CBT for TBI-related
depression because it has strong evidence for efficacy
in people with primary major depression (Cuijper,
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2008). Several studies have shown that CBT can
effectively treat MDD in persons with TBI (Fann,
2015; Ponsford, 2016). Furthermore, studies across
various medical settings show that CBT is equally
effective when delivered over the telephone vs. in per-
son (Stiles-Shields, 2015; Mohr, 2008). However, as
many as 65% of people with TBI receiving CBT for
depression will not respond to treatment (Ashman,
2014, Ponsford 2016).

Several factors that impact CBT response in TBI
have been described, including older age, more
extended post-TBI recovery period, better executive
function, client homework engagement, and ther-
apist consistency in using homework (Zelencich,
2020). To add to this literature, we examined whether
within-treatment indicators such as overall symptom
improvement, improvement within specific symp-
tom clusters, or symptom severity cut-points help
predict treatment outcomes and guide interim treat-
ment decisions. It would be helpful to know whether
individual symptoms or symptom clusters are more
or less responsive during treatment. Furthermore,
knowing that not meeting interim treatment progress
benchmarks predicts poor treatment outcomes could
allow clinicians to intensify or supplement CBT
before the course of CBT is completed to improve
treatment outcomes. A recent study of behavioral
activation examined using a single variable Lik-
ert scale during treatment sessions to characterize
response (Brenner, 2018). Other therapies have been
described in the literature as treating post-TBI depres-
sion, including supportive psychotherapy, behavioral
activation, CBT, and mindfulness-based cognitive
therapy (Beedham, 2020, Ponsford 2016). However,
PHQ-9 scores were not described as an in-session
measurement during CBT.

As a result of the COVID-19 pandemic, interven-
tions such as CBT have been increasingly delivered
remotely (Tajan, 2023). When treatments can be
provided in different ways (e.g., in-person versus
telephone), knowing whether individual symptoms
or symptom clusters respond differently depending
on the delivery mode could facilitate treatment deci-
sions. Creating additional literature that explores the
potential difference between phone and in-person
interventions will be important as healthcare assesses
how best to conduct CBT and other interventions
post-pandemic. Finally, it would be clinically helpful
to determine whether interim measures of depression
severity could be used to predict who will likely not
respond to treatment, thus guiding timely treatment
adjustment, augmentation, or switching.

A study by Schueller et al. (2015) of general
adult outpatients in a primary care clinic with
MDD demonstrated that there are Patient Health
Questionnaire-9 (PHQ-9) depression score cut-off
thresholds during 18-session CBT that predict which
patients would respond to treatment. They found that
a score of <17 at four sessions, <13 at nine sessions,
and <9 at 14 sessions predicted eventual treatment
response at 18 weeks.

While the PHQ-9 is a valid tool for screening and
monitoring depressive symptoms in people with TBI,
studies have not examined how the individual PHQ-9
items respond to treatment and whether the symp-
tom courses differ in those receiving in-person or
telephone-delivered CBT (Fann, 2005). Furthermore,
PHQ-9 items have been categorized into symptom
clusters, for example, cardinal symptoms (anhedonia
and depressed mood), cognitive-affective symptoms
(guilt, concentration, and suicidal thoughts), and
somatic symptoms (sleep, fatigue, appetite, and psy-
chomotor changes) (Vrany, 2016; Beard, 2016).
These clusters may respond differently to in-person
vs. telephone CBT.

The aims of this secondary analysis of the Life
Improvement Following Traumatic Brain Injury
(LIFT) study (Fann 2015) were to: (1) examine the
trajectory of depression symptoms as measured by
in-session PHQ-9 scores throughout the 12-session
CBT treatment for depression, (2) determine which
depression symptom clusters are most responsive to
treatment with in-person and phone-delivered CBT,
and (3) determine whether in-session depression
assessments at different stages of treatment can pre-
dict eventual treatment response. While the LIFT
study assessed CBT outcomes, it did not evaluate
these in-session factors. The small sample size of
these groups only allows for descriptive assessments.
We are completing this secondary analysis to generate
hypotheses around potential new research areas.

2. Methods

The study data was collected under an approved
Institutional Review Board protocol at the Univer-
sity of Washington before the original study in 2015.
The trial was registered with ClinicalTrials.gov and
issued identifier NCT00878150. We conducted a sec-
ondary analysis of data collected during the LIFT
trial, a randomized, choice-stratified controlled trial
of up to 12 sessions of telephone-delivered or in-
person CBT vs. usual care for MDD within ten years
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of moderate to severe TBI (Fann, 2015). MDD was
confirmed using the Structured Clinical Interview for
DSM-IV (SCID) (Beard, 2016). Full descriptions of
the study sample and protocol can be found elsewhere
(Fann, 2015). In brief, the LIFT study compared CBT
administered over the phone (CBT-T) (n = 40) or in-
person (CBT-IP) (n = 18) compared with usual care
(UC) (n = 42) over 16 weeks (Fann, 2015). The inter-
vention used in this study was CBT-TBI adapted
from structured telephone management and CBT
protocol. It occurred over 16 weeks (Fann, 2015).
Components of care management, motivational inter-
viewing, psychoeducation, and accommodations for
cognitive impairment were part of the protocol.

2.1. Measures

The Patient Health Questionnaire-9 (PHQ-9) was
used to measure response to treatment regarding the
trajectories of individual symptoms and symptom
clusters (cardinal, cognitive-affective, and somatic).
The PHQ-9 is a widely used depression screen-
ing and symptom severity measure in psychiatric
patients (First, 1997). The PHQ-9 is reliable, valid
as a screener, and sensitive to treatment effects in
people with TBI (Fann, 2005; Kroenke, 2001). The
study therapist administered the PHQ-9 by interview
to assess interim response to treatment during each
CBT session.

The Hopkins Symptom Checklist-20 (SCL-20)
version B was used as an independent measure of
response to treatment (Dyer, 2016). The SCL-20 has
good construct validity and sensitivity to change com-
pared to other valid measures of depression in people
with TBI (Dyer, 2016). A blinded rater not involved in
depression treatment administered the SCL-20 in an
interview format to all subjects at 8, 16, and 24 weeks.
Responders were defined as those who demonstrated
at least a 50% reduction in the SCL-20 from baseline
to the end of treatment (week 16).

2.2. Statistical analysis

A combination of descriptive, graphical, and
diagnostic accuracy methods was used to evalu-
ate longitudinal variation in symptom patterns and
optimal cutoff scores on the PHQ-9 for predicting
response outcomes. Descriptive and visual analy-
ses disaggregate item improvement probabilities on
the PHQ-9 individual items and symptom clusters
(cardinal, cognitive-affective, and somatic). These
item-improvement patterns were presented to pro-

vide a descriptive illustration of trajectory profiles
throughout the intervention.

For the participants in the in-person or phone CBT
conditions and each follow-up during the interven-
tion, the optimal treatment thresholds on PHQ-9 for
predicting a 16-week response were calculated. The
negative predictive value (NPV), or the probability
of not responding to intervention among those antic-
ipated not to respond, to determine optimal cutoff
scores for each session were used; also, the sensitiv-
ity (probability of response prediction among those
who responded) and specificity (probability of non-
response among those who did not respond) for each
possible optimal threshold score were provided.

3. Results

The primary study findings can be described else-
where (Fann, 2015). Briefly, 100 participants with
MDD met the entrance criteria, consented, and were
randomized to telephone-delivered CBT (CBT-T:
n = 40), in-person CBT (CBT-IP, n = 18), or usual care
(UC, n = 42). Meantime, since injury was 3.33 (SD
2.72) years and 31% had severe TBI. 12% did not pro-
vide 16-week outcome data, and 14% did not offer
24-week outcome data. The mean number of sessions
was 9.6 (SD 3.3) for the CBT-T group and 8.6 (SD
4.6) for the CBT-IP group. All study groups’ demo-
graphic and injury characteristics can be found in the
original study description (Fann, 2015).

3.1. Symptom trajectories

Our secondary analysis found no significant differ-
ence between the combined CBT and UC groups over
16 weeks on the SCL-20. In follow-up comparisons,
the CBT-T group had significantly more improve-
ment on the SCL-20 than the UC group (p = 0.043),
and those who completed eight or more CBT sessions
(CBT-T = 73% and CBT-IP = 61%) had significantly
improved SCL-20 scores compared with the UC
group (p = 0.011). CBT participants reported substan-
tially more symptom improvement (p = 0.010) and
greater satisfaction with depression care (p < 0.001)
than did the UC group (Fann, 2015).

Figure 1a shows the trajectory of individual symp-
toms, and Fig. 1b shows the course of symptom
clusters for the three treatment groups at baseline
and the 8, 16, and 24-week outcome assessments.
The CBT groups showed more rapid interest, energy,
and guilt improvement than the UC group. However,
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symptoms of somatic motor, appetite, and sleep dis-
turbance showed a minimal difference between CBT
and UC groups. There was more remarkable improve-
ment in cardinal and cognitive-affective clusters than
UC over 16 weeks, with the somatic cluster’s tra-
jectory similar to UC. Many of the symptoms and
clusters in the CBT groups were similar to those
in the UC group, with the in-person CBT group
generally showing more significant symptom regres-
sion than the phone CBT group, particularly for
the cardinal and cognitive-affective clusters by 24
weeks.

3.2. Symptom improvement

Figure 2a shows in-session symptom severity data
on individual symptoms for CBT-T responders and
non-responders. Overall, the PHQ-9 scores obtained
by the therapist appear to track progress exceptionally
well compared to outcomes on the SCL-20 measured
by an independent blinded observer. There is a visible
difference between CBT-T and UC symptom severity
after the first assessment. As the sessions progressed,
more non-responding participants stayed in severity
categories of ‘more than half the days’ or higher, with
responders progressing into scores of ‘several days’
or ‘not at all.’

Visually, responders have consistently better
reported scores in interest, depressed mood, appetite
disturbance, guilt, and suicidality. Over time, concen-
tration also improves but is slower. Sleep disturbance
and low energy also decrease over time but not
robustly.

Figure 2b shows the percentage of patients with a
combined score on the symptom clusters over time
for CBT-T responders and non-responders. The car-
dinal and cognitive-affective clusters improve rapidly
in eventual treatment responders, while the somatic
cluster shows similar changes between responders
and non-responders over time.

Figure 3a shows in-session symptom severity data
for CBT-IP responders and non-responders. Overall,
the week-to-week scores appear less consistent than
the CBT-T group. However, responders consistently
reported lower scores in interest, depressed mood,
appetite disturbance, guilt, and suicidality. Eventu-
ally, concentration also improves, but not as quickly
or consistently. Sleep disturbance and low energy also
improve over time but not as robustly.

Figure 3b shows in-session severity data on
symptom clusters for CBT-IP responders and non-
responders. Both the cardinal and cognitive-affective

scores improve quickly. The somatic cluster shows
the least improvement over time.

3.3. Symptom predictors of response

Using the 58 CBT participants, we calculated the
sensitivity, specificity, and negative predictive value
(NPV) of the PHQ-9 scores at sessions 6, 7, and 8.
In setting thresholds, we prioritized the NPV as a
practical criterion: the probability of non-response
for a given score. High NPVs could indicate that
the active treatment regimen needs modification. The
6–8-week period often corresponds to a near mid-
point in many CBT interventions, so we focused on
these time points.

Our team identified two thresholds of potential
interest to clinicians as part of this analysis. The first is
an ‘upper’ (more permissive) threshold, correspond-
ing to the lowest PHQ-9 scores that maximize the
NPV. These thresholds are higher, meaning that the
active treatment intervention would be more likely
to be permitted to continue until further evaluation,
and they may miss as many eventual non-responders.
The following upper treatment thresholds were iden-
tified for sessions 6, 7, and 8, respectively: >22, >19,
and >13. The second threshold of potential interest to
clinicians is a ‘lower’ (more guarded) threshold, cor-
responding to the lowest PHQ-9 scores that indicate
an NPV of at least.70 (i.e., a non-response probability
of 70%). These thresholds are lower and would more
likely trigger an early modification to the clinical reg-
imen. The following lower thresholds were identified
for sessions 6, 7, and 8, respectively: >15, >10, and
>9.

4. Discussion

This is the first study to examine the trajectory
and predictive value of depression symptoms during
CBT among individuals with TBI. While a previ-
ous study provided a single variable visual report
of depression in a behavioral activation interven-
tion, this study offers visual reports of all PHQ-9
symptoms and depression clusters (Brenner, 2018).
At 8 and 16 weeks, the most treatment-responsive
symptoms were anhedonia, depressed mood, and
fatigue. The least responsive symptoms were sleep
and appetite disturbance. Furthermore, most symp-
toms that seemed to respond to CBT showed some
regression at the 24-week follow-up. While it is
unclear what is causing this phenomenon, it sug-
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Table 1
Optimal treatment thresholds on the PHQ-9 at sessions 6, 7, and 8*

gests that patients may benefit from some follow-up
after a course of CBT to provide relapse prevention
strategies to maintain symptomatic gains.

The cardinal, cognitive, and affective symptoms
improve more with CBT than somatic symptom clus-
ters. Since the intervention focuses on cognitive and
behavioral strategies, it is unsurprising that these
clusters responded more strongly to treatment than

somatic symptoms. Some somatic symptoms, such as
insomnia, appear nonresponsive to CBT for depres-
sion. Increasing evidence shows that sleep disorders
require specialized diagnostic and treatment efforts
after TBI (Wolfe, 2018). In contrast, another somatic
symptom, fatigue, did improve in response to CBT
for depression, likely due to the early emphasis on
behavioral activation in the treatment protocol.
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Overall, there is a consistent symptom pattern
present between responders and non-responders.
Our findings of how symptoms respond over time
to CBT support the importance of measurement-
based care for depression in this population. These
results can assist clinicians and patients in shared
decision-making about depression treatment and help
clinicians provide psychoeducation to patients about
what improvements to anticipate during CBT.

We found no difference in response between phone
and in-person CBT. This suggests that how CBT is
accessed may not matter significantly regarding who
will respond to the modality. COVID-19 has dra-
matically changed how many providers practice, and
this finding provides some optimism for assisting this
vulnerable population during the pandemic.

5. Conclusion

Our findings suggest that even during treat-
ment, responders and non-responders begin to look
different on PHQ-9 scores and that probable non-
responders may be identified before an entire course
of treatment. Like Schueller et al., we found con-
sistent PHQ-9 response thresholds predictive of
subsequent treatment response. Our analysis suggests
that patients who score above this threshold dur-
ing sessions 6, 7, and 8 are not likely to progress
toward a complete treatment response. While repli-
cation of these findings will be needed, this analysis
suggests that patients likely to be non-responsive to
CBT can be identified during treatment. This may
allow for more timely identification and initiation of
alternate treatment protocols such as antidepressant
medications or an adjustment in the psychotherapeu-
tic approach.

Limitations

There are several limitations to this study. The
symptomatic comparisons are phenomenological and
not conducive to statistical comparisons. Our sample
is relatively small; therefore, the optimal thresholds
identified in this study need to be replicated. Due
to these limitations, these findings are hypothesis-
generating rather than hypothesis-testing. Clinicians
should not consider these as strict thresholds but
somewhat approximate indications of likely non-
response under the current clinical regimen.

Future directions

This study demonstrates that among patients with
TBI and MDD, the cardinal and cognitive-affective
symptoms of depression respond better to CBT than
somatic symptoms. These symptom patterns do not
differ markedly between those receiving CBT in per-
son or via telephone. CBT treatment responders and
non-responders may potentially be identified as early
as the sixth treatment session, providing clinicians an
early indication that a patient needs to be ‘stepped
up’ to a different or increased treatment intensity.
More extensive studies are required to confirm and
further explore these findings. In addition, repeating
this study to assess symptom response and thresholds
by characteristics such as gender, age, and education
level may identify further factors that could pre-
dict response to CBT. Finally, a study examining the
outcome of early treatment adjustments guided by
in-session assessments is warranted.
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