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INTRODUCTION

Major depressive disorder (MDD) is a common psychiatric 
illness leading to morbidity and severe functional and cogni-
tive impairments.1-3 Monotherapeutic antidepressants are an 
effective treatment for MDD; however, they often demonstrate 
insufficient therapeutic efficacy.4 In addition, MDD is accom-
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panied by anxiety, cognitive dysfunction, somatic symptoms, 
and other clinically relevant symptoms.5 Therefore, treatment 
strategies of augmentation or combination therapies with 
other pharmacotherapeutic agents are often recommended.

Buspirone, a serotonin (5-HT) 1A receptor agonist (full ag-
onist for the presynaptic 5-HT1A receptors, which are inhibi-
tory autoreceptors, and partial agonist for the postsynaptic 
5-HT1A receptors, result in increased 5-HT1A receptors 
functioning) and presynaptic inhibitory D2 autoreceptor an-
tagonist at dopaminergic neuron, was first approved as an anx-
iolytic for the treatment of generalized anxiety disorder by the 
United States Food and Drug Administration.6,7 Buspirone 
has also been shown to be effective in treating anxiety symp-
toms associated with MDD.8 Moreover, buspirone has been 
found to be potentially useful for its antidepressant effects by 
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enhancing 5-HT neuronal activity.9 When buspirone binds to 
the somatodendritic 5-HT1A receptors present in serotoner-
gic neurons of the raphe nuclei, the neuronal impulse tempo-
rarily decreases. Once this phase elapses and depleted serotonin 
increases around the dendrite, this results in the downregula-
tion of the 5-HT1A autoreceptor of raphe neurons and the in-
crease in postsynaptic 5-HT1A neuronal impulses in projection 
areas.10 Consequently, there is an overall increase in serononer-
gic neurotransmission. 

Previously, pre- and postsynaptic 5-HT1A agonists in the 
medial septum have been found to improve cognitive func-
tion in preclinical studies, which is thought to be due to the 
role of the 5-HT1A receptor as an accelerator of dopamine in 
the frontal cortex and choline in the hippocampus.11-13 Typi-
cally, when serotonin binds to the somatodendritic 5-HT1A 
receptors present in serotonergic neurons, the secretion of se-
rotonin decreases at the end stage, leading to the decreased the 
secretion of gamma-aminobutyric acid (GABA) from GAB-
Aergic interneurons and disinhibition of the inhibition of 
dopaminergic neurons. Through this process, the activity of 
dopaminergic neurons returns to baseline. In a preclinical 
study, a low dose of buspirone preferentially stimulates so-
matodendritic 5-HT1A receptors in the raphe neuclei, result-
ing in a decrease in striatal serotonin metabolism and releases 
dopaminergic neurons from the inhibitory influence of sero-
tonin, which may be useful in reducing Parkinsonian-like ef-
fects of traditional antipsychotics and improving cognitive 
functions.14; however, in clinical studies, cognitive functional 
improvements with 5-HTA1 agonists are scarcely reported, ex-
cept using tandospirone in schizophrenia patients to induce 
cognitive improvements.15,16

There is accumulating evidence that the clinical manifesta-
tion, biological characteristics, and drug treatment response 
differ according to the presence or absence of atypical features 
in MDD patients.17,18 MDD without atypical features is related 
to biological abnormalities including dysregulation of the hy-
pothalamic-pituitary-adrenal (HPA) axis,19,20 functional and 
structural neuroanatomical abnormalities21,22 and is more clin-
ically related to cognitive dysfunction.23 In terms of treatment, 
atypical MDD demonstrates a different response to biologi-
cal therapies, such as pharmacotherapy and electroconvul-
sive therapy, compared to MDD without atypical features.18,24 

The present study aimed to evaluate treatment response 
between the monotherapeutic approach, using a selective se-
rotonin reuptake inhibitor (SSRI), and augmentation therapy, 
using an SSRI and buspirone. In addition, we investigated 
whether buspirone as an adjunct treatment is effective in im-
proving clinical and cognitive function based subtypes of MDD 
with or without atypical features. 

METHODS

Participants
Male and female outpatients (20–65 years) who met the 

Diagnostic and Statistical Manual of Mental Disorders, 5th 
edition (DSM-5) criteria for MDD (based on diagnosis by 
board-certified psychiatrists) were eligible for inclusion. At 
screening and baseline, patients were administered the 17-
item Hamilton Depression Rating Score (HAM-D17), where 
they were required to have a score of at least 18 and to have 
remained drug naïve at least for the last 8 weeks.25 

The exclusion criteria of this study were patients demon-
strating: any concurrent medical condition in their medical 
history, coexisting major psychiatric illness (i.e., meeting DSM-
5 criteria for any manic or hypomanic episode, schizophre-
nia obsessive compulsive, psychotic, alcohol use disorder, 
and dementia and any other cognitive disorder), personality 
disorders, the risk of injuring others or self, and suicide risk 
(i.e., attempt within the past year). Blood chemistry, such as 
thyroid function test, complete blood count, and aspartate 
aminotransferase/alanine transaminase, was evaluated and 
screened for any abnormal findings. Patients were asked to 
have not taken antipsychotics, anticonvulsants, mood stabi-
lizers, anxiolytics, sedative/hypnotics, or antidepressants for at 
least 8 weeks before baseline. Those who underwent of un-
dergoing electroconvulsive therapy, repetitive transcranial 
magnetic stimulation, or transcranial direct current stimula-
tion therapy within the last 6 months, or who had inadequate 
responses to central nervous system treatment in the past were 
excluded. 

Trial design
The present study was conducted as a multicenter, ran-

domized, open label, and observational study at seven sites. 
All Institutional Review Boards (IRB) approved the study 
protocol and any required amendments (Inje University Ilsan 
Paik Hospital: IRB-2015-04-316-019; Soon Chun Hyang 
University Cheonan Hospital: IRB-2015-09-008; Korea Uni-
versity Ansan Hospital: IRB-2015AS0098; Gachon Universi-
ty Gil Medical Center: IRB-GBIRB2015-349; SoonChunHy-
ang Seoul Hospital: IRB-SCHUH2015-10-034). The present 
study was conducted in accordance with the Declaration of 
Helsinki and was consistent with Good Clinical Practices 
and applicable regulatory requirements. All individuals pro-
vided written informed consent after thorough explanation 
of trial procedure and potential risks prior to participation. 

Patients were randomly assigned to escitalopram plus bus-
pirone augmentation group or non-buspirone group. In the 
present study, the dose of escitalopram started at 5 mg and 
was titrated to a maximum of 20 mg. The starting dose of 
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buspirone was 5 mg twice per day and titrated to a total of 60 
mg per day (the maximum dose based on the Korea Food 
and Drug Administration), and the dosage was maintained 
at 30–60 mg per day until the end of the study. For the con-
trol of insomnia and acute anxiety, patients were permitted 
up to 2 mg of lorazepam and 1 mg of alprazolam. Only con-
ventional, short-term, supportive psychotherapy was allowed.

Efficacy measures

Psychological assessments
The Columbia Atypical Depression Diagnostic Scale (ADDS) 

was administered to determine the presence of atypical sub-
type.26 Symptom severity was measured using the HAM-D17, 
Hamilton Anxiety Rating Scale (HAM-A),27 Beck Depression 
Inventory (BDI),28 Beck Anxiety Inventory (BAI),29 Clinical 
Global Impression-Severity (CGI-S),30 and Ruminative Re-
sponse Scale (RRS).31 Assessments of HAM-D17, HAM-A, BDI, 
BAI, CGI-S, and RRS were conducted at each visit (baseline 
and weeks 2, 4, and 8). 

Cognitive function assessments
Cognitive function was measured at baseline (week 0) and 

week 8 using the digit span, verbal fluency, and trail making 
tests (TMT). The digit span test consists of the forward and 
backward digit span tests.32 The forward digit span test be-
gins with a three digit number, where one number is dictated 
every second, and the participant is asked to repeat the three 
digits. If the participant passes, four digit numbers are tested, 
and can be conducted up to nine digits. The backward digit 
span test starts with a two digit number, where one number is 
dictated every second, and the participant is asked to repeat 
the two digits in reverse order. Like the forward digit span test, 
more digit numbers are asked, if a participant successfully re-
peats (up to six digit). Total digit span score is the sum of 
number of forward and backward digit span. Therefore, the 
larger digit span score indicate the better performance of the 
test. The word fluency test examines the ability of patients to 
retrieve words of a certain semantic category under time lim-
its.33 This test is performed by the participant listing as many 
animals or types of items to be purchased at the market with-
in 1 min. More words produced in this test indicate a better 
cognitive function. Finally, the TMT is divided into two parts.34 
Type A (TMT-A) requires participants to discern irregularly 
arranged numbers on the ground in order and connect them 
by lines, and Type B (TMT-B) asks them to alternate connect-
ing numbers and letters in order. TMT-A and TMT-B are ex-
pressed as total completion time, and a smaller time means 
better performance of test.

Statistical analyses
To verify the baseline homogeneity between buspirone aug-

mentation and non-buspirone groups, categorical variables 
(e.g., sex and education) were analyzed by χ2 test, and contin-
uous variables (e.g., age and rating scales) were analyzed us-
ing independent t- or Mann-Whitney U tests if the assump-
tion of normality was violated. The use of benzodiazepines 
during the trial was compared between the two groups by χ2 
test.

The primary endpoint for all efficacy measures was the fi-
nal on therapy evaluation using the last-observation-carried-
forward method to account for missing data.35 Comparisons 
for all clinical scales, including HAM-D17, HAM-A, BDI, BAI, 
CGI-S, and RRS, between buspirone augmentation and non-
buspirone groups were performed using two-way repeated 
measures analysis of variance (ANOVA), with time (baseline 
and weeks 2, 4, and 8) as the within-subject factor and treat-
ment (buspirone augmentation versus non-buspirone) and 
atypicality (with atypicality versus without atypicality) as be-
tween-subject factors. These analyses were followed by Bon-
feronni post-hoc tests for multiple comparisons. 

An independent t-test was conducted to determine chang-
es in cognitive function tests from baseline to endpoint be-
tween buspirone augmentation and non-buspirone groups, 
followed by a paired t-test to explore the results based on the 
presence of atypical features.

The above statistical analyses were performed using SPSS 
(version 20.0; IBM Corp., Armonk, NY, USA). All tests were 
considered statistically significant if the two-sided p value was 
less than 0.05.  

RESULTS

Sociodemographic and clinical characteristics of 
participants 

Participants (n=89) at baseline included 23 men (25.8%) 
who were a mean age 42.61 years old [standard deviation (SD)= 
13.47], had a mean of 12.56 years of education (SD=2.48), 
and 18 individuals who smoked in the last 2 years (20.2%). 
At baseline, there were no statistically significant differences 
in demographic variables, rating scales, and cognitive function 
tests except word fluency test between buspirone augmenta-
tion and non-buspirone groups (Table 1). MDD patients with 
or without atypical features were distinguished at baseline, 
and differences in sociodemographic and clinical character-
istics between the two groups are presented in Table 2. The 
prevalence of use of benzodiazepine was 56.5% and 60.5% in 
the buspirone augmentation and non-buspirone groups, re-
spectively, and there was no significant difference between the 
two groups. In the subgroup with atypical features and the 
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subgroup without atypical features, there were also no signif-
icant differences between the two treatment groups in the use 
of benzodiazepine.

Symptomatic changes 
Primary outcomes, including the HAM-D17, showed im-

provement on clinical rating scales in both the buspirone aug-
mentation and non-buspirone groups (from 24.02 to 15.88 
versus from 23.26 to 12.74, respectively); however, there were 

Table 1. Baseline demographic and clinical variables 

Variables Buspirone augmentation (N=46) Non-buspirone (N=43) Statistics p
Sex

Male 13 (28.26) 10 (23.26)
0.291* 0.590

Female 33 (71.74) 33 (76.74)
Age 44.59 (13.03) 40.19 (13.70) -1.55† 0.124
Education 12.24 (2.69) 12.90 (2.21) 1.25† 0.216
Smoking (last 2 years) 0.012* 0.914

Yes 9 (20.0) 9 (20.9)
No 36 (80.0) 34 (79.1)

Digit span 15.78 (4.38) 17.05 (4.21) 1.38† 0.170
Word fluency 15.67 (3.50) 19.23 (7.25) 2.92† 0.005‡

Trail making test A 48.77 (36.13) 42.74 (25.22) -0.90† 0.372
Trail making test B 121.40 (81.91) 110.00 (81.93) -0.59† 0.554
Hamilton Depression Rating Scale 24.02 (5.86) 23.67 (6.11) -0.27† 0.789
Hamilton Anxiety Rating Scale 23.20 (7.34) 21.77 (8.09) -0.85† 0.400
Beck Depression Inventory 31.50 (11.91) 28.98 (10.42) -1.06† 0.292
Beck Anxiety Inventory 27.54 (13.29) 26.44 (14.39) -0.38† 0.708
Rumination Response Scale 53.22 (14.46) 55.91 (16.50) -0.90† 0.925
Data represent mean (standard deviation) or number (percentage). *Chi-square test, †independent t-test, ‡p<0.05

Table 2. Comparison of baseline demographic and clinical variables between patients with atypical features and without atypical features

Variables Atypical (N=42) Non-atypical (N=46) Statistics p
Sex

Male 12 (28.57) 10 (23.26)
0.247* 0.619

Female 30 (71.43) 33 (76.74)
Age 41.79 (13.84) 40.19 (13.70) 0.47† 0.639
Education 12.68 (2.50) 12.90 (2.21) -0.42† 0.673
Smoking (last 2 years) 0.020* 0.033‡

Yes 13 (31.0) 5 (10.9)
No 29 (69.0) 41 (89.1)

Digit span 17.30 (4.44) 15.58 (4.09) -1.90† 0.061
Word fluency 17.48 (6.71) 17.41 (5.11) -0.05† 0.960
Trail making test A 41.13 (21.80) 50.60 (37.42) 1.41† 0.163
Trail making test B 115.67 (75.61) 116.83 (88.73) 0.06† 0.952
Hamilton Depression Rating Scale 25.46 (6.80) 22.34 (4.63) -2.46† 0.017‡

Hamilton Anxiety Rating Scale 25.44 (7.07)) 19.63 (7.29) -3.71† <0.001‡

Beck Depression Inventory 34.41 (10.86) 26.70 (10.40) -3.40† 0.001‡

Beck Anxiety Inventory 31.14 (12.12) 23.52 (14.30) -2.68† 0.009‡

Rumination Response Scale 61.98 (11.87) 50.65 (16.50) -3.67† <0.001‡

Data represent mean (SD) or number (percentage). *Chi-square test, †independent t-test, ‡p<0.05
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no significant interactions among time×treatment (F1.52, 123.44= 
2.03, p=0.147, η2=0.024) and time×treatment×atypicality 
(F1.52, 123.44=0.27, p=0.704, η2=0.003) for HAM-D17 total score. 
There were also no statistically significant interactions for 
the HAM-A, BDI, BAI, or RRS, nor any differences in cog-
nitive function tests (digit span, verbal fluency, TMT-A, and 
TMT-B) at week 8 between the groups.

Cognitive function changes
For all participants, the independent t-test indicated that 

changes on cognitive function tests from baseline to endpoint 
were not significantly different between groups; however, in 
MDD patients without atypical features, we found a signifi-
cant change in digit span score from baseline to endpoint be-
tween the groups (t=-2.41, p=0.023), but not in word fluency, 
TMT-A, or TMT-B (Figure 1). Participants with atypical MDD 
did not show any differences from baseline to endpoint.

Further, paired t-test were conducted between weeks 0 and 
8 in the participants with MDD without atypical features for 
the cognitive assessments (Table 3). Digit span was significant-

Table 3. Mean scores of digit span, word fluency, trail making test A, and trail making test B from baseline to week 8 in the participants with 
major depressive disorder without atypical features

Buspirone augmentation (N=22)
p of paired t test

Non-buspirone (N=19)
p of paired t test

Mean (SD) Mean (SD) change Mean (SD) Mean (SD) change 
Digit span

Baseline 16.00 (3.31) 17.34 (4.57)
Week 8 18.714 (3.17) 2.71 (2.27) 0.001* 18.19 (4.83) 0.84 (1.98) 0.109

Word fluency
Baseline 15.93 (3.52) 19.06 (6.97)
Week 8 19.14 (5.16) 3.21 (3.56) 0.005* 23.24 (6.56) 4.18 (4.85) 0.003*

Trail making test A
Baseline 40.43 (24.51)   43.24 (20.50)
Week 8 32.93 (12.83) -7.50 (19.74) 0.179   38.29 (19.62) -3.94 (9.09) 0.093

Trail making test B
Baseline 69.22 (28.82) 110.31 (75.32)
Week 8 73.22 (30.30) 4.00 (16.84) 0.496 100.81 (68.79) -9.50 (28.91) 0.208

Data represent mean [standard deviation (SD)]. *p<0.05

W0                                                       W8

W0                                                       W8

W0                                                         W8

W0                                                       W8

†* *

*

Digit span

Trail making test A Trail making test B

Word fluency
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ly improved in the buspirone augmentation group (Δ=2.71± 
2.27, t=-4.48, p=0.003), while it was not improved in non-
buspirone group (Δ=0.84±1.98, t=-1.70, p=0.109). Word flu-
ency was significantly improved both in the buspirone aug-
mentation (Δ=3.21±3.56, t=-3.38, p=0.005) and non-
buspirone groups (Δ=4.18±4.85, t=-3.55, p=0.003). TMT-A 
and TMT-B did not show any significant improvements. 

DISCUSSION

To our knowledge, our present study is the first to assess 
the effects of the buspirone augmentation of escitalopram on 
psychological symptoms and cognitive function. Firstly, bus-
pirone augmentation did not show any statistically signifi-
cant superiority to only escitalopram in all efficacy measure-
ments and cognitive function tests. Secondly, digit span and 
word fluency tests, compared to TMT-A and TMT-B, showed 
significant improvements with antidepressant treatment in 
patients with depression without atypicality. Thirdly, in the 
participants with MDD without atypical features, the buspi-
rone augmentation group demonstrated a significantly superi-
or improvement on the digit span test compared with the non-
buspirone group. 

Buspirone augmentation did not show any statistically sig-
nificant superiority to the non-buspirone group in all efficacy 
measurements and cognitive function tests in our entire par-
ticipants. To treat MDD, the benefits of buspirone are thought 
to be due to an increase in the activation of the postsynaptic 
5-HT1A receptor in the presence of 5-HT1A autoreceptors 
that have already been desensitized by antidepressants;36,37 
however, previous studies have rarely reported positive thera-
peutic effects of buspirone augmentation therapy in the treat-
ment of non-treatment resistant MDD. A randomized, open-
label study in 120 non-resistant MDD patients showed no 
superior response rates in patients treated with fluoxetine alone 
versus fluoxetine coupled with buspirone.38 

The digit span and word fluency tests, compared to TMT-
A and B, showed significant improvements from antidepres-
sant with or without buspirone in the MDD patients without 
atypical features. The results of which cognitive domains were 
improved by antidepressant trials in MDD patients have not 
been consistent in previous literature.39-41 The digit span and 
verbal fluency tests represent cognitive function, specifically 
in attention, working memory, and executive function, which 
have been reported to be impaired by MDD3,42; however, TMT-
A and B are not only a measure of executive function, but also 
processing speed. Previous studies have reported the improve-
ment of TMT-B to be inconsistent in antidepressant trials in 
MDD patients.43-45 

SSRIs and serotonin-norepinephrine reuptake inhibitors 

have been reported to improve working memory and execu-
tive function better than tricyclic antidepressants,46,47 and ser-
traline has been found to improve attention, working memo-
ry, and executive function better than fluoxetine.48 Recently, 
vortioxetine, which acts on the multi-receptor of 5-HT, has 
been shown to improve attention, executive function, and 
working memory independently of its treatment effects on 
MDD symptoms,49 and improves cognitive function better 
than other antidepressants.41 Most of the studies of antide-
pressant augmentation with ‘cognitive enhancers’ (e.g., done-
pezil and galatamine) showed superior cognitive improve-
ments compared to antidepressants alone.40 Our present results 
demonstrate the advantage of buspirone augmentation thera-
py for cognitive enhancement in MDD patients. 

Although we were unable to confirm our initial hypothe-
sis that buspirone would enhance cognition in all MDD pa-
tients, in the MDD participants without atypical features, the 
buspirone augmentation group showed significantly superi-
or improvements in digit span compared to the non-buspi-
rone group. Therefore, in the MDD patients without atypical 
features, antidepressant treatment improved attention, exec-
utive function, and working memory in addition to the thera-
peutic effects of antidepressant treatment on depressive symp-
toms of MDD. Moreover, in the MDD patients without atypical 
features, dysfunction of the HPA axis has been accepted as a 
characteristic biological finding20,50 and typically leads to re-
duced 5-HT1A receptor activity and hippocampal involve-
ment.51,52 Therefore, it can be hypothesized that 5-HT1A ag-
onists can restore hippocampal dysfunction by restoring 
5-HT1A receptor function in depression without atypical 
features. In animal models of traumatic brain injury, treat-
ment with buspirone attenuated spatial memory deficits.53,54 
In this context in the present study, buspirone augmentation 
therapy may have provided additional cognitive improve-
ments by recovering hippocampal and prefrontal-hippocam-
pal connectivity through the restoration of hippocampal 
5-HT1A function. There is little clinical evidence supporting 
buspirone as a cognitive enhancement pharmacotherapy in 
psychiatric illnesses, including MDD. In schizophrenia pa-
tients, buspirone augmentation therapy with antipsychotics 
only showed additional cognitive enhancing effects on vari-
ous cognitive tests.16 The present study is the first that reveals 
improvement effects on cognition with buspirone in MDD, 
especially without atypical features subtype. Based on our 
findings, we suggest that, in the MDD patients without atypi-
cal features, buspirone may be effective in improving cogni-
tive function. 

It would be important to understand the clinical and bio-
logical differences between depression with atypcal features 
and depression without atypical features because atypical 
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features influenced clinical outcome in this study. Atypicality 
of MDD is determined by symptoms such as mood reactivity, 
appetite, sleep, and psychomotor activity.18 The symptoms of 
MDD with atypical features include significant weight gain 
or increase in appetite, excessive sleep all through the day, and 
leaden paralysis. Otherwise, the MDD patients without atyp-
ical features show lack of mood reactivity, significant anorex-
ia or weight loss, decreased sleep, and psychomotor retarda-
tion or agitation. Several biological aspects are known to 
differ according to atypicality of depression. A recent meta-
analysis reported that the regulation of the HPA axis was dif-
ferent between depression with atypcal features and depres-
sion without atypical features.20 In the study, depression 
without atypical features showed hypercortisolism, and it was 
generally normal in depression with atypical features. In ad-
dition, inflammation appears to be significantly greater in 
patients with atypical depression, and depression with atypi-
cal features has a different proinflammatory cytokine pattern 
from depression without atypical features.55 

Limitations 
The present study was limited due to the small sample size 

and requires a greater sample size in future endeavors. Sec-
ondly, the present study was only 8 weeks, which may not 
have been sufficient time to see any significant cognitive im-
provements in patients with MDD. Thirdly, we could not rule 
out a possible placebo effect.

Conclusion 
We did not determine buspirone augmentation of escital-

opram to be a superior treatment compared to exclusively 
escitalopram for depressive symptoms in MDD patients; 
however, in the MDD participants without atypical features, 
digit span and word fluency tests were significantly improved 
by antidepressant treatment. In addition, buspirone augmen-
tation treatment showed superior efficacy in improving digit 
span compared to non-buspirone treatment. Future studies 
are necessary to replicate our results, therefore confirming a 
subtype-dependent therapeutic effect of buspirone augmenta-
tion treatment on cognitive function in patients with MDD. 
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