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Purpose: Major depressive disorder (MDD) is associated with worse cognitive functioning. We aim to examine the association
between baseline cognitive functioning and the reduction rate in HDRS-17 total scores and to highlight the predictors of the reduction
rate in HDRS-17 total scores in MDD with first-episode, drug-naive (FED) patients.

Patients and Methods: Ninety FED patients were recruited consecutively and evaluated using the 17-item Hamilton Depression
Rating Scale (HDRS-17), the 14-item Hamilton Anxiety Scale (HAMA-14), the Functioning Assessment Short Test (FAST) and the
MATRICS Consensus Cognitive Battery (MCCB) at baseline and again at week 8.

Results: Eighty-four FED patients completed the study. Comparison showed that response group had significantly higher T scores in
TMT-A, BACS-SC, WMS-III, BVMT-R, MSCEI and CPT-IP, but showed significantly lower scores in FAST total scores including
autonomy, occupational functioning, cognitive functioning, interpersonal relationship than non- response group (all p 5< 0.05). Partial
correlation analysis also found that the reduction rate in HDRS-17 total scores could be negatively associated with autonomy, cognitive
functioning and interpersonal relationship domains as well as total FAST scores, also was further positively associated with T-scores of
BACS-SC, CPT-IP and MSCEI in MCCB, even when accounting for potential confounders. Furthermore, the levels of cognitive
function domain, autonomy domain in FAST, and BACS-SC, CPT-IP in MCCB may predict the reduction rate in HDRS-17 total
scores in FED patients (all p 5< 0.05).

Conclusion: Our findings underscore significant correlations between baseline functioning and the reduction rate in HDRS-17 total
scores in FED patients. Moreover, better baseline cognitive function, autonomy, speed of processing and attention/vigilance are more
likely to predict patients’ response to antidepressant treatment, indicating pre-treatment better cognitive functioning may be predictors
to treatment response in FED.
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Introduction

Major depressive disorder (MDD) is a chronic, recurrent disease that affects 350 million people worldwide annually.
Depression is estimated to be the second leading chronic cause of disability."? According to the World Mental Health
Survey, the 12-month prevalence rates for major depressive episodes (MDE) vary internationally, from 2.2% in Japan to
10.4% in Brazil, with averages of 5.5% in developed countries and 5.9% in developing ones.? In China, the lifetime and
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12-month prevalence have been documented at 3.9% and 2.3%, respectively.* MDD, a common psychiatric disorder, is
characterized by heterogeneous clinical performance and functional impairment. Impairments of social and neurocogni-
tive function have been evidenced in MDD patients.”® Further explorations determined that work capacity, home
management, social activity, and personal relationships could be closely related to depressive symptoms.” MDD patients
also continue to present significant moderate cognitive deficits in executive function, memory and attention even in
remission, suggesting that cognitive impairment occurs separately from depressive symptoms.® Significant cognitive
deficits are already identifiable during a FED, with some functions showing persistent impairment upon remission.
Clinicians must consider cognitive impairment alongside mood symptoms to ensure functional recovery from the MDD,
especially first-episode, drug-naive (FED) patients.”'° Previous studies have revealed that this persistent and clinically
significant functional damage may exist in part due to biomechanisms of brain functional connectivity, such as changes in
the left dorsolateral cortex, anterior cingulate cortex activation, left hippocampus and orbitofrontal cortex as observed in
resting-state functional magnetic resonance imaging (rsfMRI)."""'? These areas support changes of cognitive processes in
unmedicated or first-onset MDD.

Several findings have elaborated on the relationships between treatment outcomes and clinical and functional
variables in MDD.'*"'” However, the predictive value of baseline functioning in treatment response remains less clear.
Existing literature indicated that severe depressive severity and clinical global impression (CGI), suicidal ideation at prior
treatment, more MDD episodes, significant medical comorbidities and early response by week 6 were less likely to
achieve response or remission.'® 2! A recent finding reported that self-reported better working capacity may facilitate the
improvement of functioning after treatment with vortioxetine.”” Improvement in verbal memory and scores of Shechan
disability scale (SDS) can predict psychosocial function after antidepressant treatment in adults with MDD.>4 Only one
finding showed early changes in neurocognition could predict response after 8-week vortioxetine treatment in MDD
patients.?

So far, few studies have examined the relationship between functioning and treatment response based on whole
neurocognitive and psychosocial domains, and no study has explored the discriminant ability of cognitive measures in
FED from healthy controls. This gap highlights the need for further investigation into how baseline functioning could
predict treatment outcomes in FED patients. Therefore, we propose the hypothesis that baseline cognitive function may
be associated with treatment response to antidepressants, and baseline neurocognitive and psychosocial functioning will
predict response after 8-week treatment in FED patients.

Materials and Methods

Participants

Ninety-one FED patients aged 18—60 years and ninety-two healthy controls (HCs) were continuously recruited from the
Tianjin Anding Hospital between March 2018 and March 2019. All MDD (FED) patients have met the diagnosis of the
major depressive disorder according to the Diagnostic and Statistical Manual of Mental Disorder-Fifth Edition criteria
(DSM-5) and were rated as having baseline scores equal to or exceeding 18 on the 17-item Hamilton Depression Rating
Scale (HDRS-17). Exclusion criteria included presence of physical diseases, any history of comorbid alcohol or drug
abuse, or presence of some severe psychiatric diseases. Moreover, we excluded MDD patients who received medications
and formal psychotherapy prior to enrollment.

The authors assert that all procedures contributing to this work comply with the ethical standards of the relevant
national and institutional committees on human experimentation and with the Helsinki Declaration of 1975, as revised in
2008. The study protocol was granted by the Ethics Committee of Tianjin Anding Hospital. Written informed consent
was obtained from all participants.

Assessments and Materials

Participants’ demographic details, including age, gender, educational background, duration of FED, and medication
history, were collected through structured interviews. The severity of depressive and anxious symptoms was measured
using the HDRS-17 and the 14-item Hamilton Anxiety Scale (HAMA-14). We then measured neurocognitive and
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functional impairment in MDD patients using the MATRICS Consensus Cognitive Battery (MCCB) and the Functioning
Assessment Short Test (FAST).

The FAST contains 24 items with six domains of functioning: autonomy, occupational functioning, cognitive
functioning, financial issues, interpersonal relationships and leisure time. The FAST is rated on a 4-point scale (0-3)
ranging from no difficulty to severe difficulty, with higher scores indicating more severe functional impairment. The
Chinese version of the FAST has excellent psychometric characteristics in patients with bipolar disorder.?®

The MCCB was originally developed for schizophrenia, but our recent finding showed that the Chinese version of the
MCCB also displayed better psychometric properties in MDD patients.>” The Chinese MCCB version comprises 9 tasks
across 7 cognitive domains, including speed of processing (Trail Making Test-Part A, TMT-A; Brief Assessment of
Cognition in Schizophrenia, Symbol Coding sub-test, BACS-SC; Animal Naming, Fluency), verbal learning (Hopkins
Verbal Learning Test-Revised, HVLT-R), visual learning (Brief Visuospatial Memory Test-Revised, BVMT-R), reasoning
and problem solving (Neuropsychology Assessment Battery, Mazes), working memory (Wechsler Memory Scale-III,
WMS-III), attention/vigilance (Continuous Performance Test-Identical Pairs version, CPT-IP) and social cognition
(Salovey—Caruso Emotional Intelligence Test, MSCEI). In this study, we calculate the T-scores of each task across 7
cognitive domains. A lower score indicates more impaired cognition.

Procedures and Treatments

FED patients underwent evaluations both at baseline and week 8 by an experienced psychiatrist. Then, according to the
HDRS-17 scores before and after antidepressant treatment for eight weeks, the reduction rate in HDRS-17 total scores is
calculated as a measure of the prognostic effects of antidepressant treatment. We defined “response” with 50% reduction
(including 50%) in HDRS-17 total scores from baseline to the endpoint after 8-week treatment. Lower than 50%
reduction in HDRS-17 total scores was defined as “non-response”.”*

We chose selective serotonin reuptake inhibitors (SSRIs) including sertraline, fluoxetine, escitalopram or citalopram,
and serotonin-norepinephrine reuptake inhibitors (SNRIs) including duloxetine and venlafaxine as treatment medications.
All antidepressants were kept within flexible dose according to treatment guidelines for MDD.?* Some sedative-hypnotic
medications needed for insomnia including zopiclone (7.5mg/per day) and zolpidem (5—-10mg/per day), but other hypnotic
medications, such as clonazepam and alprazolam, could not be used because of the presence of cognitive impairment.

This study’s registration details can be found on http://www.chictr.org.cn/ (Identifier number: ChiCTR-IIR-17010453).

Data Analysis

The demographic and clinical cognition information between two groups (MDD vs HC; response vs non-response) was
analyzed by the independent sample t-tests for continuous variables and chi-square tests (Fisher Exact Test) for
categorical variables. The partial correlation analysis between the HDRS reduction rate and cognitive variables was
performed, with general information including baseline HDRS-17, HAMA-14, age, gender, educational levels and
duration of FED as covariations. Using stepwise linear regression analysis, we further analyzed the potential predictors
of the HDRS reduction rate in FED patients. In this analytical model, we chose the reduction rate in HDRS-17 total
scores as the dependent variable, and other clinical related variables and demographic factors, including baseline HDRS-
17 score, baseline HAMA-14 score, age, gender, education levels and FAST scores in all dimensions and all neurocog-
nitive tests, etc., were chosen as the independent variables. All statistical analyses were performed by Software SPSS
16.0, and all tests were two-tailed (p< 0.05).

Results

Demographic Characteristics

Six participants were excluded because of unwillingness to continue for treatment (4 patients) or failing to complete all
assessments (2 patients and 4 HCs). Finally, 84 patients with FED and 88 HCs completed all assessments in our study.
There were no significant differences between the MDD and HC groups in gender ratio, age, and education level (all
p5>0.05). The total FAST score of the MDD group was significantly higher than that in HCs, and the scores of FAST
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Table 1 Demographic and Baseline Cognitive Function in MDD Patients and HCs

Variables MDD (n = 84) HCs (n = 88) 7t p value
Sex (male/female) 33/51 38/50 0.269 0.604
Age (years) 35.70+12.47 34.83x11.24 0.483 0.630
Education (years) 13.58+2.76 13.85+2.32 —0.693 0.491
FAST

FAST total score 26.65+11.04 11.14£3.19 12.404 <0.001
Autonomy 3.20£2.29 1.48+1.15 6.279 <0.001
Occupational functioning 4.98+3.95 1.67+0.99 7.602 <0.001
Cognitive functioning 7.14+3.21 2.35+0.73 13.646 <0.001
Financial issues 1.80+1.69 1.60%1.13 0.894 0.372
Interpersonal relationships 6.96+3.89 2.26+0.94 10.990 <0.001
Leisure time 2.57+1.75 1.77£1.33 3.380 0.001
MCCB

TMT-A 34.99+13.10 52.81+5.66 =11.671 <0.001
BACS-SC 43.24+12.12 51.85+8.50 -5.418 <0.001
HVLT-R 45.52+9.15 47.53+£5.90 —1.731 0.085
Fluency 42.01+9.76 53.57+6.86 -9.018 <0.001
WMS-lII 43.14+10.80 45.41+8.28 —1.548 0.123
BVMT 41.57+10.04 45.30+9.55 —2.492 0.014
Mazes 38.26+7.67 40.69+6.83 —2.198 0.029
CPT-IP 41.36x11.57 50.94+6.57 —6.719 <0.001
MSCEI 36.63£10.08 49.19+5.44 -10.10 <0.001

Notes: Data presented as mean standard deviation (SD) or frequency. Bold indicated significance of the comparisons
between MDD patients and HCs.

Abbreviations: MDD, major depressed disorder; HCs, healthy controls; FAST, Functioning Assessment Short Test;
MCCB, MATRICS consensus cognitive battery; TMT-A, Trail Making Test-A; BACS-SC, Brief Assessment of Cognition in
Schizophrenia-Symbol Coding; Fluency, Animal Naming; HVLT-R, Hopkins Verbal Learning Tests-Revised; WMS-III,
Wechsler Memory Scale-lll; BVMT, Brief Visuospatial Memory Test-Revised; CPT-IP, Continuous Performance Test-
identical pairs version; MSCEI, Salovey—Caruso Emotional Intelligence Test.

total score, autonomy, occupational functioning, cognitive functioning, interpersonal relationships (p<0.001) and leisure
time (p=0.001) were significantly higher than those in HC group. While six domains of the neurocognitive function in the
MDD group were significantly lower than those in the HC group, TMT-A, BACS-SC, HVLT-R, Fluency, CPT-IP and
MSCEI (all p 5<0.001). See Table 1.

The FED patients with response totalled 74 (88.1%) while those with non-response totalled 10 patients (11.9%). The
antidepressants prescribed to the FED patients were sertraline (16.7%, range = 100-150mg, Mean = 110.7, SD =
21.3mg), fluoxetine (10.7%, range = 20—40mg, Mean = 23.3, SD = 7.1mg), escitalopram (28.6%, range = 10-20mg,
Mean = 14.0, SD = 4.7mg), citalopram (10.7%, range = 20—40mg, Mean = 25.6, SD = 8.8mg), duloxetine (25.0%, range
= 30-90mg, Mean = 62.9, SD = 18.8mg) and venlafaxine (8.3%, range = 75-225mg, Mean = 139.3, SD = 51.6mg).

Comparison of the Related Variables Between Response and Non- Response Group

of FED

Our findings showed that response had significantly higher T scores in TMT-A, BACS-SC, WMS-III, BVMT-R,
MSCEI and CPT-IP, compared with non-response [36.04(13.03) vs 27.20 (11.30), = —2.041, p= 0.044], [44.78
(11.12) vs 31.8(13.60), = —3.374, p= 0.001], [44.23(10.39) vs 35.10(10.93), = —2.593, p= 0.011], [42.57(9.62) vs
34.20(10.54), = —2.554, p= 0.013], [37.72(9.86) vs 28.60 (8.24), = —2.791, p= 0.007], [42.28(11.32) vs 34.50
(11.72), t = —2.033, p = 0.045]. Furthermore, response showed significantly lower scores in FAST total scores
including autonomy, occupational functioning, cognitive functioning, interpersonal relationship than non-response
[24.61(9.42) vs 39.20(11.39), = 4.486, p= 0.000], [2.70(1.83) vs 4.30(1.83), = 2.586, p= 0.011], [4.46(3.45) vs 8.80
(5.37), t=3.47, p= 0.001], [6.72(2.96) vs 10.30(3.34), = 3.538, p= 0.001], [6.54(3.74) vs 10.10(3.76), t= 2.822, p=
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0.006]. No significant differences in age, educational level, duration of FED, baseline HAMA-14 and HDRS-17, and
financial issues, leisure time domains in FAST, or HVLT-R, Fluency, Mazes measures in MCCB (all p 5 > 0.05).

Relationships Between the Reduction Rate in HDRS-17 Total Scores and Cognitive
Variables in FED Group

The relationships were analyzed between the reduction rate in HDRS-17 total scores and baseline FAST total scores
including its six domains and baseline T scores of seven neurocognitive tasks by Pearson’s correlation analysis. After
controlling for baseline HDRS-17, HAMA-14, age, gender, educational levels and duration of FED, the results of partial
correlation analysis showed that the reduction rate in HDRS-17 total scores was negatively associated with autonomy,
cognitive functioning and interpersonal relationship domains as well as total FAST scores. Additionally, the reduction
rate in HDRS-17 total scores was positively associated with T-scores of BACS-SC, CPT-IP and MSCEI in MCCB. See
Table 2.

Stepwise Linear Regression Analysis of the Reduction Rate in HDRS-17 Total Scores in
FED Group

Using linear regression analysis, we explored the potential predictors of the reduction rate in HDRS-17 total scores in
FED patients. In this analytical model, the reduction rate in HDRS-17 total scores was chosen as the dependent variable,
and other clinical related variables (baseline HDRS-17 score, baseline HAMA-14 score, FAST scores in all dimensions
and all neurocognitive tests) and partial demographic factors (age, gender and education level) were chosen as the
independent variables. The results showed that the cognitive functioning domain (=—0.013, p= 0.001), autonomy (=
—0.023, p=0.001), BACS-SC (B=0.004, p=0.001), and CPT-IP (= 0.003, p= 0.018) were identified as predictive factors
for the reduction rate in HDRS-17 total scores in FED patients. See Table 3.

Discussion

This study was a descriptive analysis study with a case—control design. We found that patients with depression had
significantly lower social and neurocognitive functions than healthy controls. In FED patients, the response group had
significantly higher scores in some domains in MCCB, but showed significantly lower scores in FAST total scores
including autonomy, occupational functioning, cognitive functioning, interpersonal relationship than non-response group.
Moreover, the reduction rate of HDRS-17 could be negatively associated with autonomy, cognitive functioning and

Table 2 The Partial Correlation of the Reduction Rate in HDRS-17 Total Scores and Cognitive Variables in Patients with FED (n=84)*

Cognitive Variables
The reduction rate in HDRS-17 FAST
total scores
Total score Aut Occu Cog Inter Fin Lei
—-0.383 —-0.305 —0.199 -0.371 —-0.292 —0.023 —0.152
(0.001) (0.007) (0.080) (0.001) (0.009) (0.840) (0.185)
MCCB
TMT-A BACS-SC HVLT-R Fluency WMS-II BVMT Mazes CPT-IP MSCEI
0.095 0.314 0.052 0.206 0.191 0.210 —0.036 0.365 0.316
(0.410) (0.005) (0.649) (0.070) (0.094) (0.065) (0.757) (0.001) (0.005)

Notes: Values were shown as r (p). Bold indicated there is a significant correlation between the reduction rate in HDRS-17 total scores and cognitive variables. *After
controlling for baseline HDRS-17, HAMA-14, age, gender, educational levels and duration of FED.

Abbreviations: HDRS-17, the |7-item Hamilton Depression Rating Scale; FED, First-episode, Drug-naive Patients; FAST, Functioning Assessment Short Test; Aut,
Autonomy; Occu, Occupational function; Cog, Cognitive function; Inter, Interpersonal relationship; Fin, Financial issues; Lei, Leisure time; MCCB, MATRICS consensus
cognitive battery; TMT-A, Trail Making Test-A; BACS-SC, Brief Assessment of Cognition in Schizophrenia-Symbol Coding; Fluency, Animal Naming; HVLT-R, Hopkins Verbal
Learning Tests-Revised; WMS-IIl, Wechsler Memory Scale-lll; BVMT, Brief Visuospatial Memory Test-Revised; CPT-IP, Continuous Performance Test-identical pairs version;
MSCEI, Salovey—Caruso Emotional Intelligence Test; HAMA-14, the 14-item Hamilton Anxiety Scale.
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Table 3 Stepwise Linear Regression Analysis of the Reduction Rate in HDRS-17 Total Scores in FED (n=84)"

Outcome Predictors Patients with FED (n=84)
B Beta SE t p Adjust R?

The reduction rate in HDRS-17 total scores 0.412

FAST

Cog —0.013 -0.311 0.004 —3.482 0.001

Aut —0.023 -0.317 0.006 -3.616 0.001

MCCB

BACS-SC 0.004 0.326 0.001 3.548 0.001

CPT-IP 0.003 0.223 0.001 2.407 0.018

Note: *After adjusting for baseline HDRS-17, HAMA-14 and age, gender, education level and duration of FED.

Abbreviations: HDRS-17, the |7-item Hamilton Depression Rating Scale; FED, First-episode, Drug-naive Patients; FAST, Functioning Assessment Short Test; Cog,
Cognitive functioning; Aut, Autonomy; MCCB, MATRICS consensus cognitive battery; BACS-SC, Brief Assessment of Cognition in Schizophrenia, Symbol Coding sub-
test; CPT-IP, Continuous Performance Test-identical pairs version; HAMA-14, the 14-item Hamilton Anxiety Scale.

interpersonal relationship domains as well as total FAST scores, was further positively associated with T-scores of
BACS-SC, CPT-IP and MSCEI in MCCB. Furthermore, the cognitive functioning domains, autonomy, BACS-SC, and
CPT-IP were identified as predictive factors for the reduction rate in HDRS-17 total scores. Our results are largely
consistent with the study hypothesis, and underscore significant correlations between baseline functioning and the
reduction rate in HDRS-17 total scores in FED patients with MDD.

These findings align with numerous studies on impairments of cognitive or social functioning in MDD.*' > A recent meta-
analysis also affirmed this adverse condition for total functioning in MDD.? Our findings supported same outcomes in FED
patients again. Importantly, comparisons showed that response group had significantly higher T scores in TMT-A, BACS-SC,
WMS-III, BVMT-R, MSCEI and CPT-IP, compared with non-response group in FED. However, response group suggested
significantly lower scores in FAST total scores including autonomy, occupational functioning, cognitive functioning, inter-
personal relationship than non-response group. This is consistent with literature indicating that cognitive dysfunction is
a strong predictor of occupational and social dysfunction in MDD adults. The persistence of cognitive deficits after remission
of depressive symptoms has been shown to contribute to the inability of patients with MDD to achieve full functional
recovery.>®*’ Recent research has also shown that objective cognitive dysfunction can negatively impact organizational,
occupational, and social functioning and can lead to poor treatment outcomes and recurrence of MDD.?®

In our study, the partial correlation analysis demonstrated that the reduction rate in HDRS-17 total scores was
associated significantly with autonomy, cognitive and interpersonal relationship domains, as well as total FAST scores,
speed of processing, attention/vigilance and social cognition. This finding remained significant even after adjusting for
baseline depression, anxiety and demographic confounders. Similar findings have reported these associations between
treatment response and better depression-related functioning and quality of life in MDD.'®** One strength of the current
study was that we examined this relationship between treatment response and functional measures based on broad range
of psychosocial and neurocognitive functioning in FED patients. We found that ability to self-manage and interpersonal
relationships may be more predictive for treatment response to antidepressants. Our previous finding also revealed that
employed bipolar depressed patients displayed greater social functioning, better verbal learning performance and speed
of processing than unemployed those patients.*” Therefore, we speculate that persistent work status and interpersonal
activity could attribute to better psychosocial and cognitive functioning, and self-management in daily life, working
capacity and interpersonal activity are more likely to promote the ability to memorize and learn new information in the
real world,*' which may further facilitate treatment response in FED patients.

So far, few studies have focused on the correlation between functional impairment and treatment response, and no
study on prediction of pre-treatment functioning to treatment response has been established in FED patients. An fMRI
study identified that brain functional connectivity (FC) between the dorsolateral prefrontal cortex (DLPFC) and the
subgenual anterior cingulate cortex (sgACC) may predict the efficacy of antidepressant treatment among medication-free
patients with MDD,** while these brain functional areas could be core region related to cognitive functioning.*> A recent
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finding also revealed that better baseline verbal memory may predict the 8-week treatment response in medicated MDD
patients with anxious symptom,44 partially demonstrating the predictive value of baseline cognitive performance to
treatment response. Additionally, information processing speed and attention, the most important cognitive functions
thought to be core domains of cognitive impairment in schizophrenia, have also been shown to be stronger predictors for
MDD.* Another research in elderly MDD patients has suggested that better word learning is related to higher remission
rates after antidepressant treatment.*® Our findings highlighted that better cognitive functioning, autonomy, speed of
processing and attention/vigilance are more likely to predict a patient’s response to antidepressant treatment, indicating
pre-treatment better cognitive functioning may be predictors to the reduction rate in HDRS-17 total scores in FED. These
results may have indirectly elucidated possible predictions of cognitive function to treatment response in FED.

Several limitations should be taken into account in this study. First, due to an unbalanced sample size, our findings on
differences of clinical variables between response and non-response group should be cautiously elucidated, this is likely
to attenuate our findings when we analyze the correlations between treatment response and functioning variables, and it is
difficult to exclude the impact of the possible confounders by the multivariable analysis because of this insufficient and
unbalanced sample size, so the prediction may be biased. Second, a shorter time period of 8 weeks for medication
intervention may impede the predictive value of treatment response, thus our current findings are not able to represent
long-term outcome. Third, our predictive value was not strong, implying possible risks or protective factors need to be
considered, such as instances of poorer social adjustment.*’ Additionally, some biomarkers may predict final treatment
outcome and should be involved in future studies. Last, some medications including zopiclone and zolpidem could
worsen cognitive performance, although clonazepam and alprazolam could not be used in the study, the possible effect of
other sedative-hypnotic medications on cognitive performance should be considered.*®

Conclusion

Our findings underscore relationships between baseline functioning and the reduction rate in HDRS-17 total scores in
FED patients and mainly revealed that the baseline cognitive level, including cognitive function, autonomy, speed of
processing and attention/vigilance have better predictive value for the prognosis of antidepressant treatment in FED
patients.
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