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Associations between increased
circulating endothelial progenitor
cell levels and anxiety/
depressive severity, cognitive
deficit and function disability
among patients with major
depressive disorder

Ying-Jay Liou'?, Mu-Hong Chen%23, Ju-Wei Hsu'?, Kai-Lin Huang'?, Po-Hsun Huang**>®*! &
Ya-Mei Bai%%3*

The association of major depressive disorder (MDD) with cardiovascular diseases (CVDs) through
endothelial dysfunction is bidirectional. Circulating endothelial progenitor cells (cEPCs), essential for
endothelial repair and function, are associated with risks of various CVDs. Here, the relationship of
cEPC counts with MDD and the related clinical presentations were investigated in 50 patients with
MDD and 46 healthy controls. In patients with MDD, a battery of clinical domains was analysed:
depressed mood with Hamilton Depression Rating Scale (HAMD) and Montgomery-Asberg Depression
Rating Scale (MADRS), anxiety with Hamilton Anxiety Rating Scale (HAMA), cognitive dysfunction
and deficit with Digit Symbol Substitution Test (DSST) and Perceived Deficits Questionnaire-
Depression (PDQ-D), somatic symptoms with Depressive and Somatic Symptom Scale (DSSS), quality
of life with 12-Item Short Form Health Survey (SF-12) and functional disability with Sheehan Disability
Scale (SDS). Immature and mature cEPC counts were measured through flow cytometry. Increased
mature and immature cEPC counts were significantly associated with higher anxiety after controlling
the confounding effect of systolic blood pressure, and potentially associated with more severe
depressive symptoms, worse cognitive performance and increased cognitive deficit, higher social
disability, and worse mental health outcomes. Thus, cEPCs might have pleiotropic effects on MDD-
associated symptoms and psychosocial outcomes.

Major depressive disorder (MDD) is the third leading cause of years lived with disability in 2007 and 2017' and
has been projected as the second-leading cause of disability-adjusted life years (DALYs) by 2030°. Following
MDD, ischaemic heart disease and cerebrovascular disease have been projected respectively as the third and
sixth leading causes of DALYs by 2030°. Considerable evidence indicates that depression increases cardiovascu-
lar disease (CVD) risk. For instance, among individuals who were free of medical illness at baseline, MDD was
associated with a more than fourfold risk of myocardial infarction (MI) after control of both other psychiatric
diagnoses and medical risk factors®. Patients with MDD also had an increased risk of coronary artery disease
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(CAD)?. In addition to categorical MDD diagnosis, the risk of CAD is proportional to the severity of depressed
mood*. By contrast, patients with CVD are more likely to have depression than the general population. For
instance, MDD prevalence is threefold higher in patients with CVD than in the general population®®. More than
half of patients with unstable angina, MI or CAD have clinically significant depressive symptoms®, and depres-
sion is an independent risk factor of a worse outcome after a cardiovascular event’. MDD may also increase the
risks of atherosclerosis, hypertension, and stroke, even suggesting mutual causality among these conditions®®.
This evidence suggests bidirectional and reciprocal relationships between MDD and CVDs’.

Several pathophysiological mechanisms underlying the bidirectional association of MDD and CVDs have
been proposed, such as unhealthy lifestyles or behaviours (diet, smoking, physical inactivity)'%!2, pleiotropic
effects of shared genetic factors and epigenetic modulations and alterations in gene expression’, stress and
hypothalamic-pituitary-adrenocortical axis dysfunction'*', inflammation'>""’, increased platelet reactivity'?,
and endothelial dysfunction attributed to the count and functions of circulating endothelial progenitor cells
(cEPCs)*'8.

cEPCs, first isolated from human peripheral blood by Asahara et al.’®, express numerous haematopoietic
stem cell-specific (e.g., CD34 and CD133), progenitor cell-specific (e.g., CD133) and endothelial cell-specific
[e.g., kinase insert domain receptor (KDR)] surface markers. cEPCs may be divided into immature (or early) and
mature (or late) cEPCs according to the presence of particular surface markers: immature cEPCs are positive for
CD34, CD133, and KDR, whereas mature cEPCs are positive for CD34 and KDR?*?L. In response to hypoxia after
MI and in microvascular ischaemia, cEPCs are differentiated from bone marrow-derived haematopoietic stem
cells*?, migrate towards sites of vascular injury, incorporate into the endothelial monolayer, and subsequently
promote vascular repair and angiogenesis via paracrine signalling to neighbouring cells and transdifferentiat-
ing to mature endothelial cells**?%. cEPC count is correlated with flow-mediated brachial artery reactivity and
carotid intima media thickness, the clinical surrogates of endothelial dysfunction®>?, as well as associated with
the combined Framingham risk factor score®.

A considerable amount of evidence indicating that cEPC count is associated with various CVDs, such as
CAD, MI, and ischaemia?’. Moreover, a decreased cEPC count can increase hazard ratios for cardiovascular
events, cardiovascular death, or all-cause death'$, and a decreased count and functional impairment (reduced
mobilisation) of cEPCs are significantly correlated with hypertension—a relationship strengthened by the effects
of antihypertensive drugs on the mechanisms of action of cEPCs?. In cerebrovascular diseases (another category
of major CVDs), increased cEPC counts have been associated with reduced infarct growth and intracerebral
haemorrhage volume as well as positive neurological and functional outcomes®-*!. These findings indicate the
pivotal role and intervention potential of cEPCs on the development, course, and associated outcome of CVDs.

Because endothelial dysfunction might be a mechanism underlying the bidirectional MDD-CVD relationship
and accumulated evidence suggests cEPCs’ involvement in endothelial dysfunction and CVDs, several studies
have investigated the cEPC-depressed mood and cEPC-MDD relationship in patients with or without CVDs and
with or without psychosocial stressors**-*!. These findings imply a potential role of cEPCs in moderating MDD
risk and depressive symptoms and need to be replicated in other independent populations. Furthermore, because
patients with MDD typically have comorbid cognitive dysfunction*’, somatic symptoms***, and impaired qual-
ity of life*, studying the relationship of cEPCs with the aforementioned clinical parameters during the MDD
course is essential. Therefore, the present study investigated whether the cEPC count are associated with MDD
and correlated with other clinical presentations, including cognitive dysfunction, somatic symptoms, subjective
disability in important functional domains, and quality of life.

Results

cEPC counts in MDD patients and HCs. The study enrolled 50 patients with MDD and 46 HCs. The
MDD patients were treated with the following antidepressants: Sertraline (n=10), Escitalopram (n=7), Fluox-
etine (n=1), Paroxetine (n=1), Duloxetine (n=1), Venlafaxine (n=2), Bupropion (n=7), Mirtazapine (n=3)
and Bupropion (n=7). There were two patents treated with two antidepressants simultaneously. Table 1 lists
the demographic, clinical, and laboratory data and cEPC counts in the MDD and HC groups. Continuous vari-
ables were presented as the medians and interquartile ranges (IQR). The between-group differences in gender
distribution or median age, height, body weight, or body mass index were all nonsignificant. The medians of
biochemical parameters, such as ALT, CREAT, FBS, UA, FBS, CHOL, TG, or HDL-C levels, also did not differ
significantly between the two groups. However, the medians of systolic and diastolic blood pressures (SBP and
DBP) were higher in patients with MDD than in HCs, while the median of AST in MDD was significantly lower
than that in HCs (Table 1, Mann-Whitney U test, all p <0.05). Unfortunately, although the medians of mature
and immature cEPC counts in patients with MDD were numerically higher than that in HCs, both cEPC counts
were not statistically different in the two groups (Table 1, Mann-Whitney U test, all p >0.05).

The relationship between cEPC counts and depression associated clinical measure-
ments. Table 2 shows the results of univariate and multiple linear regression for the association of cEPC
counts with these clinical outcomes. In univariate analysis, SBP and DBP were significantly associated with
immature (p=0.001) and mature cEPC (p <0.001) counts. In patients with MDD, the scores of HAMD, DSSS and
DSSS-DS were significantly associated immature and mature cEPC levels (all p <0.05), while the score of HAMA
was significantly associated with the counts of immature cEPC (p=0.015). The counts of immature and mature
cEPC were also significantly associated with objective cognitive dysfunction measured by DSST (p=0.002 for
both immature and mature cEPC counts) and subjective cognitive dysfunction measured by PDQ-D (immature,
p=0.015; mature, p=0.011). Regarding the participants’ generic health outcomes, both immature and mature
cEPC counts were associated their perspective to mental health on SF12-MCS (all p=0.006). Meanwhile, the

Scientific Reports |

(2021) 11:18221 | https://doi.org/10.1038/s41598-021-97853-9 nature portfolio



www.nature.com/scientificreports/

MDD (n=50) NC (n=46) p value

Gender (male/female) 17/33 17/29 0.092
Age 26 (20) 28 (12.25) 0.716
Illness duration (years) 2 (5.925) -

Treatment duration (years) 0.2 (0.515) -

Height (cm) 165.25 (15.25) 162 (14.25) 0.323
BW (kg) 63.45 (16.725) 60 (15) 0.348
BMI 22.8616 (5.8062) | 22.4294 (3.504) | 0.626
HipC (cm) 96 (9) 93 (12) 0.395
WC (cm) 79.5 (16.25) 77 (15) 0.920
SBP (mmHg) 114 (20.75) 111.5(15) 0.029
DBP (mmHg) 70.5 (13.25) 65.5 (11.25) 0.002
Heart rate 76 (13) 72.5(11.25) 0.162
ALT (U/L) 14 (10.25) 15 (9) 0.359
AST (U/L) 16 (5.75) 19 (6.5) 0.023
CREAT (mg/dL) 0.76 (0.13) 0.73 (0.15) 0.230
UA (mg/dL) 5.2 (1.75) 5.6 (1.55) 0.360
FBS (mg/dL) 81(18) 87 (10) 0.098
CHOL (mg/dL) 182 (39) 192 (56) 0.473
TG (mg/dL) 84 (68.75) 71 (44.5) 0.384
HDL (mg/dL) 53.5 (14.25) 57 (16) 0.220
Mature cEPCs (CD34*KDR™) (counts) 16 (18.25) 13 (16) 0.166
Immature cEPCs (CD34*KDR*CD133*) (counts) 12.5 (16.5) 10.5 (14.25) 0.130

Table 1. Comparison of demographic parameters, clinical measurements, and cEPC counts between
patients with major depressive disorder (MDD) and healthy controls (HCs). Bold italicised values represent
the p-values less than 0.05. BW body weight, BMI body mass index, HipC hip circumference, WC waist
circumference, SBP systolic blood pressure, DBP diastolic blood pressure, ALT alanine aminotransferase,
AST aspartate aminotransferase, CREAT creatinine, UA uric acid, FBS fasting blood sugar, CHOL cholesterol,
TG triglyceride, HDL high density lipoprotein cholesterol, cEPC circulating endothelial progenitor cells.
Continuous variables were presented as their medians and interquartile ranges (IQR).

counts of immature and mature cEPC were also significantly associated with the participants’ perspective to
their social disability level as measured by SDS (p=0.01 and 0.028 respectively). However, only the association
of DSST with immature and mature cEPC counts remained statistically significant after correction for multiple
comparisons. In multivariate stepwise linear regression, SBP was entered as a covariate. After controlling the
confounding effect of SBP, only the HAMA scores were associated with immature (8=1.35 (95% C.I.=0.39-
2.31), p=0.007) and mature ($=1.32 (95% C.I.=0.12-2.57), p=0.033) cEPC counts.

Discussion

In this study, we explored the role of cEPCs in MDD and MDD-related clinical presentations. Several studies
have reported that MDD is associated with a decreased count or impaired function of cEPCs. For instance, the
counts of cEPCs or their colony-forming units at diagnosis were significantly lower in patients with MDD than
in controls*”#, The association of decreased cEPC count with MDD was also observed in patients with acute
coronary syndrome comorbid with major depressive episode or mood and anxiety disorder*>. However, in the
present study, the counts of both types of cEPC in patients with MDD were not significantly different from that
in HCs (Table 1). The discrepancy of our finding from others might stem from the effect of antidepressants on
cEPC counts during depression treatment. In this study, we recruited patients with MDD who had an average
illness duration of 4.4+ 5.8 years and had been treated for an average of 0.8 + 1.7 years. Antidepressants upregu-
late the protein expression of HIF1-alpha/VEGF cascades*”*, which then stimulates and promotes endothelial
progenitor cell (EPC) mobilisation and proliferation and inhibits EPC apoptosis**~!, thus rescuing psychological
stress-induced neovascularisation impairment*. Although Dome et al. reported that 1-month treatment during
recovery from MDD could not alter peripheral EPC counts*®, Lopez-Vilchez et al. found that a longer antidepres-
sant treatment duration tended to increase cEPC counts*’. Taken together, the data indicate that cEPC counts in
our study’s patients with MDD possibly increased because of ongoing antidepressant treatment.

The relationships between depressive and anxiety severity and cEPC counts were also investigated. We
observed a significant association between increased immature and mature cEPC counts and high HAMA
scores, and also found trends of associations for the numbers of both type of cEPC and higher HAMD and
DSSS-DS scores. These results indicate that increased immature and mature cEPC counts were associated with
more severe anxiety level, and potentially with higher subjective and objective depressive symptom severity
(assessed with DSSS-DS and HAMD respectively). Findings from several studies have shown that cEPC counts
are inversely related to severity of depressive symptoms or stress. For instance, lower mature cEPC counts were
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Immature (CD34'KDR'CD133") Mature (CD34'KDR")
Univariate Multivariate Univariate Multivariate
B (95% C.I.) p-value | B (95% C.I.) p-value | (95% C.I.) p-value | B (95% C.I.) p-value
SBP 0.35(0.14,0.55) | 0.001 | 0.55(0.24,0.86) | 0.001 | 0.48 (0.24,0.72) | <0.001 |0.77 (0.37,1.17) | <0.001
DBP 0.40 (0.12,0.67) | 0.006 055 (0.22,0.87) | 0.001
HAMD 1.09(0.25,1.93) | 0.012 1.30(0.28,2.32) | 0.014
MADRS 0.57 (-0.05, 1.18) | 0.072 0.70 (-0.05,1.45) |  0.067
HAMA 1.18(0.24,2.12) |0.015 |1.35(0.39,231) |0.007 |1.14(-0.03,2.31)| 0057 |1.35(0.12,257) | 0.033
DSST :8:%)(' 033 | 0.002 :g:‘l*é)(‘ 0.66, 0.002
PDQ-D 0.74(0.15,132) | 0.015 092(0.22,1.62) | 0.011
DSSS (total) 0.27 (0.07,0.48) | 0.009 0.31(0.07,0.56) | 0.012
DSSS-DS 0.50 (0.17,0.84) | 0.003 0.60 (0.20,0.99) | 0.004
DSSS-SS 0.44 (-0.03, 0.90) | 0.064 0.48 (-0.07,1.03)|  0.089
DSSS-PS 0.43 (-0.43, 1.30) | 0.323 0.47 (-0.57,1.50)| 0.373
SF12-PCS o3 (055 1o737 0.01(~055,0.57) | 0.968
SF12-MCS :8:(3);)(‘ 0.53, 0.006 :gﬁ)(’ 063, 0.006
fgig;"'k/ 0.99 (~0.03, 2.01) | 0.057 1.00 (-0.23,2.22) | 0.109
SDS (social) 1.33(0.32,2.35) | 0.010 1.38(0.16,2.60) | 0.028
SDS (family life) | 1.04 (-0.05,2.12) | 0.061 1.05(-0.25,2.35)| 0.113
SDS (total) 2.90 (0.54,5.25) | 0.016 330 (0.48,6.11) | 0.022
GAF (;.(1)5530 L1, e 6.(2"15)6 (-1.33, 0.153

Table 2. Linear regression for the association of cEPC counts with clinical assessments related to major
depressive disorder. Bold italicised values represent the p-values less than 0.05. cEPCs circulating endothelial
progenitor cells, SBP systolic blood pressure, DBP diastolic blood pressure, HAMD Hamilton Depression
Rating Scale, MADRS Montgomery-Asberg Depression Rating Scale, DSST Digit Symbol Substitution

Test, HAMA Hamilton Anxiety Rating Scale, PDQ-D Perceived Deficits Questionnaire-Depression, DSSS
Depression and Somatic Symptom Scale, DSSS-DS DSSS-Depression Subscale, DSSS-SS DSSS-Somatic
Subscale, DSSS-PS DSSS-Pain Subscale, SF12-PCS Physical Component Summary of the 12-Item Short Form
Health Survey, SF12-MCS Mental Component Summary of the 12-Item Short Form Health Survey, SDS
Sheehan Disability Scale, GAF Global Assessment of Functioning Scale.

associated with higher Depression Anxiety Stress Scale scores in healthy participants****, and immature cEPC

counts negatively correlated with depression or anxiety severity in patients with acute coronary syndrome*. cEPC
counts were lower in mothers of children with autism spectrum disorder than in those of neurotypical children®.
Our results were contrary to these previous findings. Nevertheless, Riddell et al. demonstrated that progenitor
cells are mobilised by acute psychological stress during a speech task and induced significant increases in the
cEPC count™. Al et al. found that young individuals with cardiovascular risk factors express higher counts of
circulating stem cells (CSCs; the parent cells of EPCs) than age-matched healthy individuals, but a similar risk
factor load in older individuals is associated with lower counts of CSCs®. Similarly, higher CSC counts have
been found to be associated with worsening insulin resistance in overweight and obese individuals, but reduced
CSC counts develop early individuals with a history of type 2 diabetes mellitus and decline considerably in those
with long-standing complicated diabetes mellitus'®***. These findings indicate compensatory release of CSCs by
bone marrow in response to pathological stimuli or in the early stage of diseases. However, the marrow might be
exhausted and hence decline to release CSCs in the late stage of diseases, possibly resulting in CSC counts being
initially elevated but progressively reduced throughout the illness'®. Therefore, our observed positive correla-
tion of cEPCs with depressive severity might be a presentation of either an adaptive process or a compensatory
attempt in the cEPC sources (such as bone marrow) in response to stress during a depressive episode. However,
additional studies on patients with different stages of MDD are required to validate our findings.

Cognitive complaints, core symptoms of MDD, can be identified at MDD onset, often persist in euthymic
phases and have been suggested as critical mediators of adverse psychosocial outcomes in patients with MDD*2,
A determining factor contributing to cognitive deficit is chronic cerebral hypoperfusion, in which the supply of
oxygen, glucose, and other essential nutrients might not be constant and adequate®**”. Studies have indicated
cognitive deficit levels in MDD are associated with cerebral microvascular dysfunction®®>’. Cerebral microvas-
cular dysfunction (or small vessel diseases) is considered a manifestation of endothelial dysfunction that can
be attenuated by cEPCs® because the cell populations are involved in endothelial and neurovascular repair,
blood-brain barrier establishment, and cerebral microvascular remodelling®!. In addition, available evidence
indicates cerebral blood flow is correlated with cEPC level®*®. Given the convergent evidence linking cogni-
tive deficit, cerebral microvascular dysfunction and effect of cEPCs on cerebral perfusion, we further analysed
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the relationship between the cEPC count and cognitive deficit in MDD. We observed that the level of objective
(DSST) and subjective (PDQ-D) cognitive deficit were potentially associated with increased counts of immature
and mature cEPCs in the univariate analysis (Table 2), suggesting that individuals with higher cEPC counts
exhibited worse cognitive performance and greater cognitive deficit. Studies have investigated the relationship
of cEPC counts with cognitive function in healthy individuals or in individuals with dementia. In general, low
cEPC counts were correlated with greater yearly cognitive decline, worse immediate verbal and visual memory,
and worse delayed verbal memory in healthy individuals®*** or in patients with Alzheimer’s disease®>®. The
correlation direction of cEPC counts and cognitive performance indicated in these studies is contrary to our
findings. The use of different populations across different studies makes interpretation of these results chal-
lenging. By contrast, the cEPC count has been found to increase in the early or acute phase of cerebrovascular
injury, such as ischaemic stroke or intracerebral haemorrhage®*°, suggesting there is a cellular compensatory
attempt or behaviour of cEPCs in response to cerebrovascular injury. Increased cEPC counts have also been
associated with decreased infarct growth and intracerebral haemorrhage volume and positive neurological and
functional outcomes?~*!. If cognitive dysfunction is considered a clinical surrogate of cerebral microvascular
and endothelial dysfunction®*-*°, the associations of increased cEPC counts with more severe cognitive deficit
and subjective impairment in our study might also be a cellular adaptive process to subtle or silent cerebral
microvascular dysfunction.

Compared with previous studies that only used simple depression questionnaires, our study contains more
comprehensive measurements of MDD, including self-assessed life quality, functioning, and social disability. One
of our key findings in the univariate analysis was the potential association of increased immature and mature
cEPC counts with worse mental life quality (SF-MCS) and poor social disability in SDS (Table 2). The release from
bone marrow stroma, mobilisation, and vasculogenesis functions of cEPCs depends on matrix metalloprotein-
ase-9 (MMP-9) activation®*”%, Yoshida et al. showed that quality of life in patients with MDD was negatively
correlated with the concentration of MMP-9%. Although no other studies have investigated the relationship of
cEPCs with MDD-related psychosocial outcomes, the combined evidence from Yoshida et al. and our finding
might indicate that regulation of cEPC functions is related to many aspects of MDD—not only mood, anxiety,
and cognitive symptoms but also psychosocial outcome.

In the present study, we found patients with MDD had significantly higher SBP and DBP than the HCs
(Table 1). In a meta-analysis summarizing longitudinal studies among initially somatic-disease free subjects,
depression increases the risk of subsequent hypertension”. Although our study is cross-sectional, our finding
supports the association of depression and elevated blood pressures. There have been several proposed mecha-
nisms linking depression, elevated blood pressures and risk of cardiovascular diseases, such like unhealthy life-
style, genetic pleiotropy, dysregulations in immono-inflammatory, autonomic and hypothalamic-pituitary-adre-
nal systems and antidepressant use’. These factors may interplay in vicious cycle through which depression and
cardiovascular disease impact on each other’".

The present study has some limitations. First, our study is a cross-sectional study with a small sample size,
precluding causal interpretations for the association of cEPC levels with mood severities, cognitive performance,
life quality and functional outcomes. Additional longitudinal studies with larger samples are needed to explore
the temporal relationship of cEPCs and antidepressant treatment throughout the course of MDD. In addition,
cEPC counts can be affected by confounding factors such as physical activities, exercise, and other oxidative stress
biomarkers. The proximate cause should be carefully identified. Third, only the association of anxiety levels and
increased cEPC counts was robust after correcting the confounding effect of SBP in multivariate linear regres-
sion. The associations of cEPC counts with the level of depressed mood, cognitive deficit, subjective mental life
quality and subjective social disability in univariate analysis were not significant after multiple comparison adjust-
ments. However, we think our study might be an exploratory study in which the data were collected from clinical
observation and assessments and tested for descriptive purpose but not for confirmatory purpose or decision
making’% Imposing a strict cut-off on statistical significance with forced adjustment of multiple comparisons
in exploratory studies might lose some novel information for further hypothesis generation. Therefore, some
researchers have suggested that the adjustment for multiple comparisons in exploratory analyses might not be
necessary’>’%. Despite these shortcomings, our study is to the best of our knowledge the most comprehensive
one investigating the relationship between MDD and cEPC counts from different clinical perspectives because
we assessed not only subjective and objective mood severity but also cognitive dysfunction and functional dis-
ability for association with cEPCs. Subsequent study should be conducted to confirm these observed associations.

Materials and methods

Participants. The study was conducted in the psychiatric outpatient department of Taipei Veterans General
Hospital (Taipei, Taiwan) including patients aged 20-65 years who met the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5) criteria for MDD with a Clinical Global Impression-Severity (CGI-
S) scale score for depression of <3 were included. The Clinical Global Impression-Severity Scale is a 7-point
observer-rated scale that requires the clinician to measure the illness severity for the patients with mental dis-
orders, relative to the clinician’s past experience with patients with the same diagnosis”. The score equal or
less than 3 means the patients in the study were normal to mildly ill at recruitment and able to complete other
assessments’”. Age and gender-matched participants without any psychiatric illness were enrolled as the healthy
control (HC) group. The exclusion criteria included any DSM-5 diagnosis of the following: lifetime history of
schizophrenia or any other psychosis, intellectual disability, organic mental disorder, autoimmune or immune
diseases, substance abuse in the past 3 months or substance dependence in the past 6 months, pregnancy or
breastfeeding, and unstable physical illnesses.
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This study was approved by the Institutional Review Board of the Taipei Veterans General Hospital and
conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from all
patients prior to their study inclusion.

Clinical assessments. Clinical symptoms were assessed by a psychiatrist by using the 17-item Hamilton
Depression Rating Scale, (HAMD), Montgomery-Asberg Depression Rating Scale (MADRS), and Hamilton
Anxiety Rating Scale (HAMA), respectively. HAMD and MADRS are two popular scales among a number of
self-report and clinician ratings for depressive symptom severity. However, neither the HAMD nor the MADRS
evaluate all of the core criterion symptoms of a major depressive episode. The HAMD lacks ratings of oversleep-
ing, overeating and concentration, while the MADRS lacks ratings of interest, guilt and psychomotor changes’.
In that regard, both ratings were used to fully assess depressive symptoms severity in the MDD patients.

The participants’ objective neurocognitive functions were also assessed with the Digit Symbol Substitution
Test (DSST), which evaluates psychomotor speed of performance requiring visual perception, spatial decision-
making, and motor skills; it is a valid and sensitive measure of various cognitive domains including executive
function, attention, psychomotor speed, and working memory”’. In addition, the participants self-assessed their
subjective cognitive deficits with the Perceived Deficits Questionnaire-Depression (PDQ-D)’®, which measures
the impact of cognitive dysfunction on participants’ daily life on the basis of their own experience and percep-
tions when having depressive symptoms.

The participants also completed another two self-administered questionnaires: the Depressive and Somatic
Symptom Scale (DSSS) and the 12-Item Short Form Health Survey (SF-12). The DSSS is composed of a depression
subscale (DSSS-DS), somatic subscale (DSSS-SS), and pain subscale (DSSS-PS)”. The DSSS has the advantage of
simultaneously assessing both somatic and depression symptoms, overcoming the deficiencies of other depres-
sion scales with few somatic items. The SF-12, a 12-item questionnaire used to assess generic health-related
quality of life from the patient’s perspective, comprises a physical component summary (SF12-PCS) and mental
component summary (SF12-MCS)%.

Finally, the individual’s functional impairment in school/work, social, or family life and overall function-
ing in daily life were evaluated with the Sheehan Disability Scale (SDS) and Global Assessment of Functioning
Scale (GAF), respectively. SDS is a participant-rated tool evaluating functional disability in work, school, social,
and family life with only three self-rated items®!, whereas GAF is a clinical assessment of an individual’s overall
functioning levels comprising social, occupational, and psychological functioning during a given period based
on a psychiatrist’s judgement.

Measurements for biochemical parameters and cEPC counts. Blood samples were drawn after a
12-h overnight fasting. Plasma biochemical parameters, such as alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), creatinine (CREAT), fasting glucose (FBS), triglyceride (TG), cholesterol (CHOL), high-
density lipoprotein cholesterol (HDL-C) and uric acid (UA) levels, were determined using standard laboratory
procedures.

The cEPC count was measured through flow cytometry conducted by researchers who were blinded to all
clinical data. A 1.0-mL sample of peripheral blood was obtained from each participant. Blood samples were
subsequently incubated with allophycocyanin (APC)-conjugated monoclonal antibodies against human KDR
(R&D, Minneapolis, MN, USA), phycoerythrin (PE)-conjugated monoclonal antibodies against human CD133
(Miltenyi Biotec, Germany), and fluorescein isothiocyanate (FITC)-conjugated monoclonal antibodies against
human CD34 (BD Biosciences Pharmingen, San Diego, CA, USA) in the dark for 30 min. Each analysis was based
on 150,000 acquired events, which was as reliable as 500,000 events (intraclass correlation coefficient > 0.95).
When viability markers were included, the viability of the cEPCs was up to 96.3%. The interindividual variability
of two separate samples obtained from 10 patients was strongly correlated (r=0.90, p <0.001). The intraindividual
variability of immature (CD34*KDR*CD133") and mature (CD34*KDR") cEPCs over time was evaluated in 21
patients through two measurements 1 year apart, and the resulting intraclass correlation coefficients were 0.69,
0.75, and 0.78 respectively. Cell counts are expressed as cEPCs per 10° mononuclear cells.

Statistical analyses. Statistical analysis was performed using SPSS (version 21; SPSS Inc., Chicago, IL,
USA). The difference in the distributions of categorical variables between groups were compared using the chi-
square test (and Fisher’s exact test if necessary). To compare continuous variables between groups, two-tailed
independent ¢ tests were used if the outcomes were approximately normally distributed, or Mann-Whitney U
tests if the outcomes were deviated from normal distribution. The distributions of continuous variables were
examined with Shapiro-Wilk tests. Meanwhile, linear regressions were performed to adjust for potential con-
founding effects on continuous outcomes since linear regression is an appropriate analysis when the dependent
variable is not normally distributed®?. In univariate linear analysis, the threshold of statistical significance was
set at p<0.0028 (0.05/18) to control the inflation of type I error. For multivariate stepwise linear analysis, the
threshold of statistical significance was set at p <0.05.
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