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Background: Depression is a well-known co-morbidity of coronary heart disease (CHD) and these two
diseases share common risk mechanisms. Here, the aim of this study was to investigate the possible link
between energy homeostasis regulation and CHD patients comorbid with depression.

Methods: Two hundred and nine CHD patients and 101 matched healthy individuals were included.
Demographic, clinical data were collected, serum irisin, adropin, preptin and brain-derived neurotrophic
factor (BDNF) levels were determined by a double-antibody sandwich enzyme-linked immunosorbent assay
(DAS-ELISA), and the depression was scored by Patient Health Questionnaire-9 (PHQ-9). Correlation
analysis as well as multiple linear regression was used to assess the relationship between the three peptides,
BDNF serum levels and PHQ-9 scores.

Results: Irisin serum level was significantly lower in CHD patients without depression as compared
with healthy controls (P=0.002), as well as adropin (P=0.000), preptin (P=0.000) and BDNF (P=0.000).
Furthermore, similar trends were observed in CHD patients with depression in terms of irisin, adropin
and BDNF as compared with CHD patients without depression (P=0.006; P=0.003; P=0.002; respectively).
Multiple logistic regression results confirmed the contribution of irisin and BDNF to the occurrence of
depression in CHD. Interestingly, correlations analysis revealed significant negative correlations between
PHQ-9 scores and irisin, adropin, BDNF level (r=-0.43, P<0.01; r=-0.29, P<0.05; r=-0.45, P<0.001
respectively), and irisin serum level was positively correlated with BDNF (r=0.38, P<0.01).

Conclusions: Our study firstly identified the role of energy homeostasis in the susceptibility to depression
in CHD patients, and the interaction between irisin and BDNF could trigger the imbalance of energy

homeostasis that occurs in depression of CHD patients.
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Introduction

As one of the leading causes of mortality worldwide,
coronary heart disease (CHD) confers significant individual
health and societal consequences including decreased
quality of life, high medical costs and heavy socioeconomic
burdens. Due to the low adherence to secondary prevention
treatments, poor health-related quality of life, and higher
rates of adverse events, depression and CHD are highly
comorbid (1), with depression being at least 3 times more
common in CHD patients than in the general population
(2-4). Conversely, emergence of adverse cardiovascular
outcomes such as CHD or heart failure was reported in
relation to even transient provocation of depressed or sad
mood (5). This two-way relationship suggests the possibility
for a causal relationship, and warrants the clarification of
plausible shared neurobiological pathways underlying this
link.

As far as we know, vascular endothelial dysfunction,
vascular inflammation and lipid metabolism disorder are the
main potential contributors to the increasing incidence of
CHD (6). More recently, three newly discovered peptides
irisin, adropin and preptin, contributing to the maintenance
of energy homeostasis, have drawn a lot of attention.
Overwhelming evidence suggests that irisin is beneficial for
the energy consumption due to its property of converting
white adipose tissue to brown adipose tissue, plays a
role in the prevention of obesity (7), directly contributes
to structural stabilization and functional improvement
in vascular endothelium (8-10), and is involved in the
development of cardiovascular disease. Besides irisin,
adropin is purported to strongly up-regulate vascular
endothelial growth factor receptor 2 (VEGFR2), activate its
two downstream signaling pathways (phosphatidylinositol-3
kinase/serine-threonine kinase, PI3K/Akt; extracellular
signal-regulated kinases 1/2, ERK 1/2), enhance endothelial
form of nitric oxide synthase (eNOS), modulate nitric
oxide (NO) bioavailability, and thus exert its endothelial
protection (11). Additionally, identification of adropin
linking energy homeostasis and lipid metabolism indicated
its potential role in disorders associated with dyslipidosis,
such as CHD (12). In contrast, although not exhaustive
studies demonstrated that preptin was related to the
etiopathology of a wide array of diseases for instance
obesity (13), polycystic ovary syndrome (PCOS) (14),
diabetes (15) and osteoporosis (16), yet a study revealed that
it might be involved in the progression of atherosclerosis or
the vascular complications of hypertension (17).
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In addition to previous studies focusing on the significant
associations between energy homeostasis related to CHD,
recent studies have investigated the association between
serum irisin, adropin, preptin concentrations and the
development of various central nervous system (CNS)
disorders. A recent survey revealed that irisin can be
involved in depression by inducing the expression of BDNF
through the peroxisome proliferator-activated receptor
gamma coactivator 1-alpha (PGCla)/fibronectin type III
domain containing 5 (FNDCS) pathway (18). Likewise,
adropin can activate ERK 1/2 signaling pathway and its
downstream cascades of substances BDNF via VEGFR2.
Considering the critical role in neurogenesis, synapse
formation, plasticity, learning, and memory (19), BDNF
elicits neuroprotective functions in depression, which
makes adropin an interesting candidate in the occurrence of
depression. Furthermore, recent studies demonstrated that
BDNF expresses in the peripheral vasculature, promotes the
survival of endothelial cells and maintains vascular integrity,
and thus is associated with cardiovascular system (20).
Given the complex relationship among energy homeostasis,
BDNE CHD and depression, it is feasible to speculate that
irisin, adropin, preptin and BDNF serum levels may be
related to the susceptibility to depression in CHD patients.
To verify the hypothesis, we determined circulating irisin,
adropin, preptin and BDNF serum levels in 209 CHD
patients with varying scores of PHQ-9.

Methods
Subjects

"To evaluate the role of energy homeostasis in CHD patients
with depression, 209 CHD patients and 101 matched
healthy individuals were selected at the outpatient clinic of
Jining First People’s Hospital in Shandong Province. This
study was approved by the medical ethics committee of the
Jining First People’s Hospital, and all participants provided
written informed consent prior to the study.

All CHD patients were angiographically confirmed by at
least two experienced cardiologists. Individuals with at least
one of the three major coronary artery or major branches
significant coronary artery stenosis >50% were defined as
cases. Patients were excluded on the basis of having severe
autoimmunity disease, valvular heart disease, cancer or
severe liver and/or kidney disease. Additionally, the 101
matched healthy controls were non-CHD adults after
being assessed by a series of examination, such as clinical
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Table 1 Demographic and clinical characteristics of the study participants

Variables CHD [209] Controls [101] P value CHD-D [156] P value CHD+D [53] P value
Age (years) 60.14+11.42 58.44+8.144 0.133° 60.33+10.74 0.111° 59.58+13.32 0.684°
Gender (M/F, n) 116/93 64/37 0.188° 86/70 0.191° 30/23 0.852°
Smoking (n, %) 86 (41.1) 33 (32.7) 0.150° 57 (36.5) 0.526° 19 (35.8) 0.928°
Drinking (n, %) 81 (38.7) 39 (38.6) 0.981° 63 (40.4) 0.777° 18 (34.0) 0.407°
BMI (kg/m?) 24.15+3.573 23.46+3.655 0.113° 23.81+3.631 0.446° 24.22+3.602 0.479°

Data are expressed as means + SEM. 2, CHD versus controls; °, CHD-D versus controls; ¢, CHD-D versus CHD+D. CHD, coronary heart
disease; CHD+D, CHD with depression; CHD-D, CHD without depression.

physical examination, radiographic chest examination,
electrocardiogram (ECG) and medical history.

All CHD patients suffering from depression or not
were judged according to the 5th edition of Diagnosis and
Statistical Manual of Mental Disorders (DSM-5). Then the
depression was scored by Patient Health Questionnaire-9
(PHQ-9), a 9-item questionnaire which is commonly
used to screen for symptoms of depression in outpatients.
The sensitivity and specificity had been validated (21).
Significantly, to minimize the environmental factors, all
patients were asked to complete the questionnaire alone in
a separate room unless they asked for help to write or read.
The cutoff used for depression analysis of PHQ-9 scale was
5 points or greater (22-24).

Blood chemistry analysis

After an overnight fasting, venous blood samples were
collected. Prior to analyses, serum samples were isolated by
centrifugation at 3,000 rpm for 10 minutes and maintained
at -80 °C. Irisin, adropin preptin and BDNF serum levels
in all participants were measured by a double-antibody
sandwich enzyme-linked immunosorbent assay (DAS-
ELISA) (GUXI, China). Firstly, standards and samples were
added to appropriate wells, which were pre-coated with
anti-human monoclonal antibody. Then the plates were
incubated for 30 min at 37 °C after sealed by a membrane.
Second antibody labeled by horseradish peroxidase (HRP)
was added to all wells to form into antibody-antigen-HRP
labelled antibody complex. After incubated and washed
again, substrate solution A and substrate solution B were
added and the color reaction was developed for 10 min.
Finally, stop solution was added and the color became
yellow. All of the serum samples were routinely analyzed by
ELISA in duplicate, and the results were averaged. Quality
characteristics of each ELISA method including limit of
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detection, intra- and inter-run coefficient of variation are
described as Table S1.

Statistical analysis

All statistical analyses were performed using SPSS 17.0
(SPSS Inc., Chicago, USA). Continuous variables were
described as mean with standard deviation (SD) and the
differences were compared by student’s ¢-test for normal
distribution or non-parametric Mann-Whitney U tests for
skewed variables. Categorical variables were compared by
the )’ test. Correlations between three peptides and BDNF
serum levels with each other or with PHQ-9 score were
analyzed by Spearman correlation analysis. A multiple
logistic regression analysis was performed to assess the
presence of depression in CHD patients. Significance was
defined as P value <0.05 in all analyses.

Results
Basic characteristics of subjects

Opverall, 209 patients with CHD and 101 healthy individuals
were included in these analyses. The demographic and
clinical characteristics of these subjects are summarized
in Tuable 1. As shown, CHD patients did not differ with
regard to age, gender, BMI, smoking and drinking
status from those healthy individuals (P>0.05). Likewise,
when considering comorbid with depression or not, no
statistical difference in terms of demographic and clinical
characteristics above was still observed (P>0.05).

Serum levels of irisin, adropin, preptin and BDNF in
CHD patients with or without depression

As demonstrated in Figure 1, irisin concentrations were
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Figure 1 Comparisons of irisin (A), adropin (B), preptin (C) and BDNF (D) serum levels among CHD patients with, without depression
and healthy individuals. **, P<0.01, ***, P<0.001 between groups. CHD, coronary heart disease; CHD+D, CHD with depression; CHD-D,

CHD without depression; BDNF, brain-derived neurotrophic factor.

Table 2 Logistic regression analysis for the presence of depression
in CHD patients

Variables OR (95% Cl) P value
Irisin (pg/mL) 0.994 (0.989-1.000) 0.039
Adropin (pg/mL) 0.997 (0.995-1.000) 0.055
Preptin (pg/mL) 1.002 (0.999-1.005) 0.274
BDNF (ug/L) 0.860 (0.746-0.990) 0.036

OR, odds ratio; Cl, confidence intervals; CHD, coronary heart
disease.

significantly lower in CHD patients without depression as
compared with healthy controls (P=0.002), so did adropin
(P=0.000), preptin (P=0.000) and BDNF (P=0.000).
Furthermore, CHD patients with depression appeared as
significantly lower serum levels in terms of irisin, adropin
and BDNF as compared with CHD patients without
depression (P=0.006; P=0.003; P=0.002; respectively),
indicating lower serum levels of these factors may be related
to susceptibility to depression in CHD patients. The
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median concentrations and ranges of irisin, adropin, preptin

and BDNF are described in Table S2.

Multiple logistic vegression for the presence of depression in
CHD patients

Multiple logistic regression was used to identify three
peptides and BDNF risk factors of the occurrence of
depression in CHD patients. The multiple logistic
regression model revealed that irisin (OR: 0.994; 95% CI:
0.989-1.000; P=0.039) and BDNF (OR: 0.860; 95% CI:
0.746-0.990; P=0.036) serum levels were significant in
contributing to the occurrence of depression in CHD. The
detailed results are shown in 7able 2.

Correlations among PHQ-9 score, three peptides, and
BDNF levels

Upon assessing the correlation between PHQ-9 score and
irisin, adropin, preptin, BDNF serum levels, we found a
significant negative correlation between PHQ-9 score and

Ann Transl Med 2019;7(14):298 | http://dx.doi.org/10.21037/atm.2019.05.77



Annals of Translational Medicine, Vol 7, No 14 July 2019

r=-0.43
A 300 *P=0.0013

200 4

100

Irisin serum level (pg/mL)

4 6 8 10 12 14
Total PHQ-9 score

_ r=0.04

C. 600 P=0.77

£

2 s ° !

S 4004 o L

> ® o

[ [ ] . 2

= ° 4 .

£ 4 ! ‘ LI

g 2004 e

< ] ] oo

°

o

n_ 0 T T 1

4 6 8 10 12 14
Total PHQ-9 score

Page 5 of 8

B r=—0.29

- 600 - *P=0.03

£

g2 [*eec

o 400 4

> °

2 . ) [ ) Py

€ e O °

2 $ 4

§2001 ¢

£ H ]

g LN | L o o

5

< O T T 1

T T
4 6 8 10 12 14
Total PHQ-9 score

12 - r=—0.45

D’_T ***P=0.0008

> °

2

T 84

>

ke

1S

2

5 4

w

Z

[a)]

m

0 T 1

T T T
4 6 8 10 12 14
Total PHQ-9 score

Figure 2 The correlations between serum levels of irisin (A), adropin (B), preptin (C), BDNF (D) and PHQ-9 scores in CHD patients
comorbid with depression. *, P<0.05, **, P<0.01, ***, P<0.001 between groups. CHD, coronary heart disease; BDNF, brain-derived

neurotrophic factor.

irisin (r=-0.43, P<0.01), between PHQ-9 score and adropin
(r=-0.29, P<0.05), between PHQ-9 score and BDNF
(r=-0.45, P<0.001) respectively (shown as Figure 2). Further
correlation analysis between three peptides and BDNF
showed that irisin serum level was positively correlated with
BDNF serum level (r=0.38, P<0.01; shown as Figure 3).

Discussion

The present study introduces what is to our knowledge a
novel shared aetiology energy homeostasis involved in the
susceptibility to depression in CHD patients. Among 209
CHD patients and 101 healthy individuals studied, three
peptides irisin, adropin, preptin which are responsible
for the maintenance of energy homeostasis and BDNF
serum levels were determined. Interestingly, we found a
significantly lower irisin level in CHD patients as compared
with healthy controls. Consistent with our results, Deng (25)
reported that circulating irisin level was significantly lower
in CHD patients and irisin can be as an independent risk

© Annals of Translational Medicine. All rights reserved.

factor for CHD. Besides, serum irisin level is purported to
predict the severity of coronary artery disease in patients
with stable angina (26). Additionally, accumulating
evidences showed that the involvement of irisin in numerous
mechanisms such as inhibition of nuclear factor-kappaB
(NF-«B)/inducible nitric oxide synthase (iNOS) signaling
pathway (27) and activation of AMP-activated protein
kinase (AMPK)-PI3K-Akt-eNOS signaling pathway (9) can
reduce oxidative/nitrative stresses and consequently exert its
endothelial protective function, further strengthening our
conclusion. Similarly, adropin can also modulate expression
of eNOS and increase the endothelial cells proliferation,
migration (11), which may act as a potential protective
regulator of atherogenesis and cardiovascular diseases
(28-30). In accordance with the finding that diminished
serum adropin level in patients with cardiac syndrome X
and stable coronary artery disease (29,31), CHD patients
showed a significant reduction in adropin level compared
with healthy controls in our study. In contrast, few
researches indicated that low plasma preptin level might
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Figure 3 The correlations between serum levels of irisin (A),
adropin (B), preptin (C) and BDNF in CHD patients comorbid
with depression. **, P<0.01 between groups. CHD, coronary heart

disease; BDNF, brain-derived neurotrophic factor.

participate in the progression of carotid atherosclerosis
by regulating bone anabolism combined with specific
receptors (17), a significant decrease of preptin level
in CHD patients was also observed in our study, firstly
identifying its crucial role in CHD.

To gain further insights into the association of energy
homeostasis with susceptibility to the comorbidity of CHD
and depression, 209 CHD patients were scored by PHQ-
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9, an indicator of the presence and severity of depression.
Comparisons of serum levels between CHD patients with
or without depression showed that there was a remarkable
decrease in irisin serum level, indicating that lower irisin
serum level may be related to susceptibility to depression
in CHD patients. Additionally, animal study demonstrated
the crucial role of irisin in inducing antidepressant-like
effects in chronic unpredictable stress (CUS) rats, which
may be attributed to its regulation to energy metabolism in
the prefrontal cortex (32). Likewise, adropin can activate
Akt by stimulating Ser-473 phosphorylation and trigger
intracellular ligands such as mammalian target of rapamycin
(mTOR)—which plays an important role in angiogenesis,
neuronal regeneration, synaptic plasticity, inflammatory
responses, and apoptosis (33,34). As expected, significant
reduction of adropin serum level was observed in CHD
patients with depression as well. Although multiple logistic
regression analysis confirmed the contribution of only irisin
to the occurrence of depression in CHD, the correlation
analysis identified the negative correlation between irisin,
adropin and PHQ-9 scores of depression in CHD patients,
further highlighting their clinical significance of biomarkers
to predict the severity of depression in CHD patients.
Notably, BNDF has attracted considerable attention
by virtue of its role not only in cardiovascular disease, but
also in CNS disorders. There was a remarkable decrease
in BDNF serum level in CHD patients compared with
healthy individuals in our study, which is consistent with
previous study (35). Interestingly, the similar trend still
existed in CHD patients with depression as compared with
CHD patients without depression, and multiple logistic
regression analysis as well as the negative correlation
between BDNF and PHQ-9 scores further emphasized its
key role in the development of depression in CHD patients.
More recently, a meta-analysis showed that the activation
of PGCla-FNDCS5/irisin pathway by excise contributed to
the up-regulation of BDNF and induced a neuroprotective
gene program (36). Correspondingly, the current study
found irisin serum level was positively correlated with
BDNF serum level, suggesting the interaction between the
irisin and BDNF might trigger the imbalance of energy
homeostasis that occurs in depression of CHD patients.
Crucially, although adropin is considered to activate ERK
1/2 and its downstream cascades of substances such as
BDNF via VEGFR2, correlation between adropin and
PHQ-9 score was failed to identify, which may due to a
variety of external instability. In addition, the negative
result of preptin and the depression in CHD patients can
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be interpreted by many reasons. Firstly, little is currently
known whether preptin can cross the blood brain barrier to
exert its neuroprotective function. Second, the unassociated
relationship between preptin and the occurrence of
depression in CHD may due to its own instability or easily
concealed by other factors. Third, the negative result may
attribute to the relative small sample size and regional bias,
thus larger-scale correlation analysis and functional studies
investigating the association between the novel shared
aetiology energy homeostasis and CHD comorbid with
depression are necessary to be carried out from multiple
regions to gain further insights into its pathogenesis.

In summary, our present study for the first time
demonstrated lower irisin, adropin serum levels may be
relevant to the CHD patients comorbid with depression,
indicating the crucial role of energy homeostasis in the
increased susceptibility to depression in CHD patients of
Chinese population. Furthermore, the interaction between
the irisin and BDNF may trigger the imbalance of energy
homeostasis that occurs in depression of CHD patients.
Future mechanism studies targeting the irisin—BDNF
interaction are needed to further support this notion.
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Supplementary

Table S1 Quality characteristics of each ELISA method

Variables Detection limit Intra-run coefficient of variation (%) Inter-run coefficient of variation (%)
Irisin (pg/mL) 30-1,400 6.5 8.9
Adropin (pg/mL) 100-2,500 7.2 9.3
Preptin (pg/mL) 75-2,400 8.8 10.6
BDNF (ug/L) 1.5-50 6.4 8.2

BDNF, brain-derived neurotrophic factor; ELISA, enzyme-linked immunosorbent assay.

Table S2 The median concentrations and ranges of three peptides and BDNF serum levels between CHD patients and healthy controls

Variables

Controls [101]

CHD-D [156]

CHD+D [53]

Irisin (pg/mL)
Adropin (pg/mL)
Preptin (pg/mL)
BDNF (ug/L)

213.1 (77.76-327.9)
357.3 (119.0-603.7)
333.7 (150.7-607.8)
7.471 (3.859-12.61)

203.7 (66.79-280.9)
289.3 (100.2-498.6)
318.8 (127.0-480.5)
4.933 (1.541-9.993)

158.1 (65.35-275.5)
216.9 (98.29-497.9)
302.5 (127.7-480.8)
4.065 (1.190-9.989)

CHD+D, CHD with depression; CHD-D, CHD without depression; CHD, coronary heart disease; BDNF, brain-derived neurotrophic factor.



