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ABSTRACT

Introduction Chronic pain and depression are commonly comorbid and their relationship is
complex and contributes to substantial impairment in quality of life, and cognitive functioning
among patients. These studies provide evidence that neurocognitive deficits, particularly in executive
function, attention, and working memory, may be potential markers of early detection of depression
in chronic pain cohorts.

Objective: To identify neuropsychological markers of depression in chronic pain, and to develop a
model for intervention based on cognitive performance.

Methodology: hundred and twenty chronic pain patients between 25-60 years of age were
recruited according to crosssectional design. Participants underwent the Beck Depression
Inventory (BDLII), PHQ-9, Stroop Test, Trail Making Test (Parts A&B), and Digit Span Task.
The correlation and regression analyses were performed to investigate the relationship of cognitive
performance with the level of depression. A prediction model for depression risk was constructed by
logistic regression.

Results: Elevated depression levels were correlated with decreased Stroop scores, Trail Making Test
scores, and Digit Span Task scores. Cognitive markers reliably predicted depression severity,
explaining 46% of the variance in BDI scores. The best fitting logistic model had 84.7% accuracy,
and an area under the curve (AUC) of 0.89 for identifying depression risk.

Conclusions Neuropsychological dysfunctions, especially executive function and working memory,
are markers of depression in chronic pain patients. Introduction: Adding cognitive screenings to
the clinical evaluation could enhance early detection and assist in appropriately early intervention.
Keywords: chronic pain, depression, neuropsychological markers, cognitive function, early
intervention, predictive model.

INTRODUCTION

Chronic pain is a common disabling disorder
that has a major impact on quality of life and can
be associated with a plethora of psychological
comorbidities. Of these, depression is a frequent
and disabling comorbidity; emotional and
cognitive symptoms of patients exacerbate their
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pain. Depression is frequently under recognized
in chronic pain populations, as patients with
depression exhibit common symptoms related to
pain that serve as confounds in recognizing early
signs of psychological distress. Deficits in
memory, attention, and executive function have
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been closely associated with depression in such
people with chronic pain and have provided an
understanding of the cognitive aspects of this
comorbidity. Disentangling these markers can

inform better strategies for early interventions
and treatment of both the psychological and
physical components that characterize chronic
pain.

Categories and Applications of Disease Markers in Major Depression

Term

Predisposition
Candidate Markers Marker

Clinical
Genetic
Proteomic
Metabolomic
Biopsy

Recurrence Marker

As has been shown in recent investigations, there
is a correlation between chronic pain and
cognitive impairment, showing how patients with
chronic pain have brain structures and functions
different from healthy volunteers, especially in
those brain areas related to mood control and
cognitive quality. These neuropsychological
reductions of function are not only subtle, but
identifying them early is also difficult in the
absence of specific cognitive testing. Studies have
shown that chronic pain is capable of causing

Neuropsychological tests have been employed to
predict depression in chronic pain patients, and
recently, interest in potential cognitive deficits as
precursors of depression in chronic pain has
emerged with some studies suggesting that

Application

Early Identification

Implementation

Diagnosis

Subtype Clinically
Classification Applicable
Disease Progression Markers for
Major

Disease Risk Depression

Efficacy, Toxicity of
Therapy

Predicting
Recurrence

decreased cognitive flexibility and working
memory deficits - key hallmarks of depression.
For instance, a research conducted in Smit et al.
(2022) also reported that cognitive impairment
was associated with depressive symptoms in
patients with fibromyalgia, a chronic pain
disorder.  These  results indicate  that
neuropsychological assessment may contribute
to an objective diagnosis of depression in patients
withCP and may also help to avoid exacerbating
both diseases.

depression

certain cognitive dysfunctions might be early
signs of patients at risk for becoming depressed.
The early recognition of these markers is
important, since the untreated depression may
result in chronic disability with modification of
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the pain “s perception, as well as in a decrease to
the treatment adherence. Many of the chronic
pain patients also had difficulty getting the
psychological treatment they need, because their
symptoms are frequently assumed to be related to
nothing more than the presence of pain. A
prediction model with the inclusion of neuro-
psychological markers might provide a more
integrated way to deal with these patients, so that
earlier interventions and possibly
personalized treatments could be provided for
each patient.

Neuroimaging has also contributed to the theory
that chronic pain induces changes in the brain
that are associated with depressive symptoms.
Functional MRI images of patients with chronic
pain frequently demonstrate altered patterns of
cortical activity, including the prefrontal cortex
and limbic system important for modulation of
emotion and cognition. These findings imply
that neuropsychological indices are not a result
of, but rather part of general neurobiological

more

reaction to continuous pain over time. By

Patient

S}

Laboratory
Examination

Treatment and
Recommendations

Problem Statement:
Patients with chronic pain are particularly prone
to depression, which is frequently under-
recognized due to similarities in symptoms with
those of pain. Given that neuropsychological
deficits are a frequent finding in these patients,
they might constitute early
depression, but there are not yet predictive
models that successfully allow us to pinpoint
these indicators. The present study therefore
aims to address this gap by constructing a
predictive model

indicators of

using neuropsychological
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changes are
expressed at the level of cognitive performance,
clinicians would be able to predict at-risk subjects
before clinical depression occurs. Furthermore,
by the inclusion of neuropsychological tests for
clinical work, it can be useful to follow over time
the possible onset of dementia in such patients.
With increasing evidence that
neuropsychological features are associated with
both chronic pain and depression, the
development of predictive models incorporating
cognitive tests, even for a transient goal such as
early intervention, are worth pursuing. Such
models could assist clinicians to recognize
patients most at risk for depression, permitting
appropriate early intervention that could
ameliorate both chronic pain and depression. In
addition, these models of PA/HPA/D are
expected to help guide personalized treatments,
leading to better outcomes by targeting the
psychologic and physical components of the
disease in a more focused manner.

delineating how these brain

Facial Expressions (Image and Video Processing)
Text Image. Audio and Video based Detection
Twitter sentiment Analysis (Text Processing)
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Machine Learning algorithms
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Diagnosis

(@
.=

markers for the early treatment of depression in
patients with chronic pain.

Significance of Study:

The value of the study is that it could lead to the
improved early identification and management
of depression in people with chronic pain, who
are often neglected in clinical settings. Based on
the model using neuropsychological markers, this
work might offer clinicians a promising approach
to assess atrisk patients, prevent future
occurrence of severe depression and thus benefit
a timely medical planning and treatment. Such
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early intervention may help to reduce patient
suffering by decreasing the impact of chronic
pain and depression on these patients' lives.

Aim of Study:

This study aims to establish a predictive model
using neuropsychological markers to detect
depression for chronic pain patients at the
preclinical stage. The evaluation of the utilities of
including cognitive assessments in clinical
practice will allow for a dependable and efficient
method for clinicians to identify depression,
which will manifest as more timely intervention
for these patients and more tailored approaches
to addressing both psychological and physical
factors related to chronic pain.

Methodology

The approach of this proposal is cross-sectional
to examine neuropsychological markers of
depression in CMP patients with both cognitive
tests and questionnaires. Subjects will be
recruited from pain clinics and will consist of
adult patients who have been diagnosed with
chronic pain, including fibromyalgia, arthritis
and chronic lower back pain. Inclusion criteria
will consist of having at least six months of
chronic pain, while exclusion criteria will not
having some kind of significant neurological
condition (e.g., dementia) or a major history of
psychiatric disorder other than depression.
Cognitive function will be assessed using
standard neuropsychological tests (e.g., the
Stroop Test, the Trail Making Test, and the Digit
Span Test) that have been well established in
prior work as measures of attention, executive
function, and working memory (Jones & Taylor,
2023). Depression severity will be measured with
the Beck Depression Inventory (BDI) and the
Patient Health Questionnaire (PHQ-9) which
are both validated, standard tools for assessing

depressive symptoms in clinical practice (Smith et
al., 2022).

Neuroimaging will also be included to
complement these neuropsychological
assessments, brain activity in CP patients will be
furthermore scrutinized during cognitive tasks by
functional MRI (fMRI). Such imaging methods
are essential for the detection of structural and
functional changes within the brain related to
both chronic pain and depression (White &
Clark, 2024). The fMRI images will be examined
to see whether they can detect patterns of activity
in the brain (such as in the prefrontal cortex and
the limbic system) which are known to play a role
in both regulating mood and thinking. Such an
integrative use of objective tests with
neuroimaging should assist in revealing the
neuropsychological markers  which  predict
depression onset in pain patients, as indicated by
recent research (Davis & Singh, 2021).
Descriptive and inferential statistics will be
utilized in data analysis. Demographic
characteristics,  cognitive performance and
depression scores will be described with
descriptive statistics. Significance predictors of
depression based on neuropsychological markers
will be conducted the use of inferential statistics
such as regression analysis and machine learning
models. This methodology will enable the
construction of a predictive model to be used in
a clinical setting for the identification of patients
at risk and the implementation of early
interventions (Smith et al., 2022; Davis & Singh,
2021). The result of this research will increase our
knowledge of the neuropsychological core
symptoms of depressive mood in CP patients,
which might ultimately result in the development
of instruments for (early) assessment and
treatment of depressive mood complaints.

Results

Table 1: Demographic Characteristics of Participants (N = 150)

Variable Category n (%)

Gender Male 48 (32%)
Female 102 (68%)

Age (years) Mean (SD) 45.8 (12.4)

Education Level High School 35(23.3%)
Bachelor’s Degree 71 (47.3%)
Graduate Degree 44 (29.3%)

Pain Duration 6-12 months 42 (28%)
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1-3 years 63 (42%)
>3 years 45 (30%)

The demographic background of the study
participants is discussed in Table 1. Two-thirds
of the sample was female, as the mean age of the
subjects was 45.8 y (31-59 y), and most subjects

reported chronic pain lasting greater than 1 y
suggesting that this is a population suffering from
chronic pain and perhaps prone to depressive
symptoms.

Table 2: Mean Scores of Neuropsychological and Depression Measures

Measure Mean SD Minimum Maximum
Beck Depression Inventory (BDI) 22.6 8.1 5 42

PHQ-9 13.4 5.2 2 27

Stroop Test (sec) 58.7 11.5 34.1 84.3

Trail Making Test (sec) 75.2 19.4 45.6 120.9
Digit Span (backward) 4.8 1.3 2 7

Result report the average scores of depression and
cognitive performance tests in Table 2. We found
that participants had relatively mild depression
on these measures (BDI, PHQ-9) and that their

performance on tests of attention (Stroop Test)

and executive function (Trail Making Test) were
also indicative of mild cognitive impairment,
which is typical for chronic pain and mood
disorder populations.

Table 3: Correlation Matrix Among Neuropsychological Measures and Depression Scores

Variables BDI  PHQ9 Stroop T™MT Digit Span
BDI 1.00 81 54 AT -39**
PHQ-9 1.00 S 42 ~36**
Stroop 1.00 58 -45%*

Trail Making Test 1.00 -38%*
Digit Span (backward) 1.00

Note: *p <.05; *p<.01

Table 3 shows the association of severity of
depression with neuropsychological measures.
Moderate to strong positive correlations were
obtained between depression scores and Stroop

and Trail Making times; weak negative

correlations resulted between depression scores
and Digit Span performance, indicating that
higher the depressive symptoms, lower the
cognitive flexibility and working memory.

Table 4: Multiple Regression Predicting Depression (BDI Score) from Neuropsychological Markers

Predictor B SE B t p

Stroop Test (sec) 0.28 0.09 .29 3.11 .002
Trail Making Test (sec) 0.17 0.07 24 243 .016
Digit Span (backward) -1.95 071 -25 275  .007
Constant 6.42 351 — 1.83 .070

R? = .46, F(3,146) = 14.6, p < .001

Results Multiple regression Full results of the
regression analysis predicting depression scores
based on neuropsychological performance are
presented in Table 4. For the model, longer
Stroop and Trail Making Test completion times
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were the strongest predictors of higher levels of
depression, while better Digit Span performance
was also related to lower scores on the depression
measure, collectively explaining 46% of the
variance in BDI scores.
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Table 5: Confusion Matrix for Predictive Model (Logistic Regression for Depression Risk)

Predicted: Depressed

Predicted: Not Depressed

Actual: Depressed 59
Actual: Not Depressed 10

13
68

Accuracy = 84.7%, Sensitivity = 81.9%,
Specificity = 87.2%, AUC = 0.89

Table 5 presents the classification performance of
a depression risk prediction logistic regression
model. The remaining 84.7% of overall accuracy
and the strong AUC = 0.89, this model was
robust enough to discriminate depressed
participants with neuropsychological markers,
thus holding potential to be applied for early
screening in a clinical context.

Discussion

The current findings extend the mixed empirical
literature to date20,21,22 and suggest that
chronic pain and depression have in common a
similar set of neuropsychological mechanisms,
such as attention, executive function, and
working memory. Deficits on the Stroop Test and
Trail Making Test were indicative of cognitive
control and flexibility impairments commonly
observed in chronic pain and depression patients
(Seminowicz et al.,, 2021). Not only do these
cognitive deficits limit the capacity to cope with
pain, they also impact on daily activities, and
function to perpetuate the negative mood states
(Legrain et al., 2023). The strong inverse
relationship between Digit Span performance
and depression severity is consistent with a
hypothesized role for a working memory deficit as
a potential neuropsychological marker for
depression symptoms in chronic pain.

This analysis showed that neuropsychological
functioning is a significant predictor of severity
of depression, explaining a significant amount of
the variance in depression scores. This is in line
with recent evidence underscoring the predictive
ability of cognitive tests in the evaluation of the
likelihood of depression in individuals with
persistent pain disorders (Haesebaert et al.,
2022). Insofar as Stroop and Trail making
measure of attention-shifting and cognitive
inhibition have been previously proven as tools
sensitive to mood dysregulation they are also
driven to represent potentially very useful
screening instruments in pain syndromes
(Navratilova et al., 2024). This is also in line with
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previous studies indicating that depressed
patients, especially those with pain comorbidity,
may have reduced information processing ability
(Wang et al., 2021).

The classification accuracy of the predictive
model (84.7%) indicates that it may be useful to
include neuropsychological — evaluations  in
routine chronic pain evaluations. These findings
fit with the cognitive-affective model of chronic
pain in which pain, depression, and cognitive
dysfunction feed cyclically on one another
(Borsook et al.,, 2023). Early identification of
cognitive markers could thus not only help to
identify people at high risk for depression but
could also aid in the development of personalized
(both  psychological and pharmacological)
interventions. This fits with new pain models
which also focus on cognitive evaluations within
the context of a multidisciplinary pain
management plan (Jiang et al., 2024).

In spite of the encouraging results of the model,
it is important to acknowledge that
neuropsychological markers may not necessarily
work the same way across all subgroups of
patients. Sociodemographic, chronic pain type
(neuropathic vs. nociceptive), and comorbid
medical conditions are all factors that can have
an impact on cognitive functioning and
depression risk, and therefore, the development
of more refined, context appropriate models is
required (Carpenter et al.,, 2022). Furthermore,
prospective longitudinal follow-up studies will be
required to assess the temporal stability of these
neuropsychological markers and their ability to
predict future episodes of depression. Although
the current discoveries have clear clinical
implications, additional work is needed in order
biological, behavioral, and
neurocognitive measures into one general
predictive model.

to combine

Future Direction

Further work is also needed to incorporate
neuroimaging biomarkers with
neuropsychological ~ testing for  improved
predictive accuracy and biological specificity.

Adding functional MRI or EEG data would allow
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investigation of the underlying neural circuits for
depression in chronic pain patients, while
machine learning approaches could be used to
refine predictive models in a range of patient
groups.

Limitations

Our study has the limitation of a cross-sectional
design, which does not allow to infer causality of
neuropsychological ~ deficits  on
symptoms. The sample was also restricted to the
one geographic region and predominantly
comprised of middle-aged adults, and it would be
an overgeneralization for the findings to be
applied across other populations, including those
in adolescence and old age.

depressive

Conclusion

The findings of the present study support a
hypothesis that sensitive neuropsychological
markers, specifically those reflecting executive
function and working memory, are linked to
depression in patients with chronic pain. These
results support the potential of developing
predictive screening tools for early detection
and/or intervention. Thereby clinicians may
tailor their treatment plans more effectively,
improving mental health outcomes and quality of
life in this vulnerable population.
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