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Relationship between electrocardiographic
changes and EPO level in stable CAD patients
with autonomic nerve functional damage
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Abstract. - OBJECTIVE: To investigate the re-
lationship between electrocardiographic chang-
es and erythropoietin (EPO) level in stable cor-
onary artery disease (CAD) patients with auto-
nomic nerve functional damage.

PATIENTS AND METHODS: Clinical data of
96 stable CAD patients who were treated in our
hospital from January 2017 to December 2019
were retrospectively analyzed. All patients were
grouped according to whether autonomic nerve
function damage was combined; the baseline
characteristic data and the morphological char-
acteristics of ECG scattergram were compared
between 2 groups, and the relationship between
ECG scattergram and EPO level & autonomic
nerve function was analyzed.

RESULTS: The levels of EPO and red cell vol-
ume distributing width (RDW) in stable CAD pa-
tients with autonomic nerve dysfunction were
significantly higher than that of CAD patients
without autonomic nerve dysfunction (p<0.05).
The length of scattergram in stable CAD pa-
tients with autonomic nerve dysfunction was
significantly shorter than that of those with-
out autonomic nerve dysfunction (p<0.05). The
cometary sign proportion of ECG scattergram in
stable CAD patients with autonomic nerve dys-
function was significantly lower than that of sta-
ble CAD patients without autonomic nerve dys-
function (p<0.05). There was negative correla-
tion between EPO levels and scattergram length
in stable CAD patients with and without auto-
nomic nerve dysfunction (r=0.44, p=0.02). There
was no correlation between EPO levels and
scatter width in stable CAD patients with and
without autonomic nerve dysfunction (r=0.10,
p=0.58). The results of binary logistic regres-
sion analysis showed that EPO level was the in-
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dependent risk factor for the occurrence of au-
tonomic dysfunction in patients with stable CAD
(p<0.05). The length of scattergram was the in-
dependent protective factor of autonomic nerve
function impairment in patients with stable CAD
(p<0.05). The AUC of EPO level and scattergram
was 0.74 and 0.72 respectively, both of which
have similar prediction value.

CONCLUSIONS: The level of EPO in stable
CAD patients with autonomic nerve dysfunction
was related to the change of ECG; and the EPO
level and scattergram length can be used to pre-
dict the occurrence risk of autonomic nerve dys-
function.

Key Words:
Autonomic nerve function, Coronary heart dis-
ease, ECG, Hemopoietin, Relationship.

Introduction

Endogenous EPO is mainly caused by oxygen
deficit stimulus, and it has multiple aspects, su-
ch as promoting erythrocyte synthesis in bone
marrow, anti-inflammation, antioxidant stress,
antiapoptosis, promoting neovascularization and
adjusting nervous system function. Li et al' show
that EPO can to some extent alleviate autono-
mic nerve dysfunction caused by oxygen deficit.
Autonomic nerve dysfunction of cardiovascular
system can happen in the early stage of multiple
chronic diseases, but there are no specific symp-
toms, or the symptoms are hidden. Autonomic
nerve dysfunction of cardiovascular system can
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increase the occurrence risk of long-term car-
diovascular events®. Early diagnosing autonomic
nerve dysfunction of cardiovascular system and
giving targeted treatment have important value,
which has been widely approved®. However, there
is still no uniform standard about how to accura-
tely diagnose and evaluate autonomic neuropathy
of heart. At present, heart rate variability and
Ewing test are mainly applied to clinically assess
autonomic nerve function of heart and blood
vessels, while Lorenz ECG scattergram is most
widespread in heart rate variability*. Clinical
data of 96 stable CAD patients who were treated
in our hospital from January 2017 to December
2019 were retrospectively analyzed. All patients
were grouped according to whether autonomic
nerve function damage was combined so as to
discuss the relationship between ECG change and
EPO level in stable CAD patients with autonomic
nerve dysfunction.

Patients and Methods

Clinical Data

The study was approved by our hospital Ethi-
cs Committee. Clinical data of 96 stable CAD
patients who were treated in our hospital from
January 2017 to December 2019 were retrospecti-
vely analyzed. All patients were grouped ac-
cording to whether autonomic nerve function
damage was combined. Total score of Ewing>2
was used as the criterion of combined autonomic
nerve dysfunction. There were 52 cases with
combined autonomic nerve dysfunction, and 44
without combined autonomic nerve dysfunction.
Inclusion criteria: conform to CAD diagnostic cri-
teria’; stenosis degree of main blood vessel bran-
ches of coronary artery trunk, anterior descen-
ding branch, circumflex branch, right coronary
artery or above>50% in coronary angiography
(CAG) examination, and drug therapy could not
gain obvious remission; age>18 years old; com-
plete clinical data. Exclusion criteria: take drugs
influencing autonomic nerve function recently;
NYHA grading>IIl; hyperthyroidism; combined
with pulmonary disease; severe hepatic and re-
nal dysfunction; severe nervous system disease;
malignant tumor; anemia or blood transfusion
in recent 4 weeks; severe general infection. The
research program conforms to the requirements
of Declaration of Helsinki. Besides, patients and
their relatives were informed and agreed.
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Coronary Angiogram Examination

All patients completed CAG via radial artery
approach, and Seldinger method was used. The
same group of doctors completed the operation
and judged the results. Gensini scoring was
applied to assess coronary artery stenosis and
blood vessel severity. Coronary stenosis ratio <
25%: 1 mark; 26%-49%: 2 marks; 50%-74%: 4
marks; 75%-89%: 8 marks; 90%-99%: 16 marks;
complete occlusion: 32 marks. Meanwhile, co-
ronary artery segment coefficient was combined
to score lesions of left main coronary artery,
left anterior descending branch, left circumflex
artery and right coronary artery, and calculate
the sum®.

EPO Detection

3 ml venous blood was collected and centrifu-
ged for 10 min at the speed of 3000 r/min. Then,
the supernatant was taken. 0.3 ml sample was
taken and kept at 80°C for the test. Chemilumine-
scent immunoassay was used to determine EPO
level, and the kit was provided by Guangzhou
Aodesen Biotechnology Co., Ltd.

ECG Scattergram Examination

All patients received 24 h dynamic ECG exa-
mination. Lorenz scattergram was gained after
automatic analysis and calibration by the softwa-
re. The length, width, and morphological cha-
racteristic type were recorded.

Statistical Analysis

SPSS 21.0 (IBM, Armonk, NY, USA) software
was used for data processing. Measurement data
were compared with z-test, expressed with (x £ ).
Enumeration data were compared with y°-test
or exact probability method, expressed with %.
Correlation analysis was tested with Pearson.
Binary Logistic regression model was applied for
multiple-factor analysis. ROC curve was drawn
to assess the prediction value. p<0.05 means the
difference has statistical significance.

Results

Baseline Data Comparison of Stable
CAD Patients with and Without Nerve
Function Damage

The levels of EPO and RDW in stable CAD
patients with autonomic nerve dysfunction were
significantly higher than that of CAD patients
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Table I. Baseline data comparison of stable CAD patients with and without nerve function damage.

Combined with autonomic Not combined with autonomic
nerve dysfunction nerve dysfunction
Indicato (n =52) (n = 44) P
Age (year) 58.78 £ 11.53 56.35+£9.47 0.63
Male (No.) 32 24 0.41
Primary hypertension (No.) 22 16 0.41
T2DM (No.) 18 12 0.44
Smoking (No.) 14 8 0.33
Hb (g/L) 135.11 £ 12.67 136.57 +13.50 0.95
MCV (fl) 92.33 +4.90 94.48 +5.69 0.19
TC (mmol/L) 441 +0.80 4.49 +0.87 0.91
TG (mmol/L) 2.17+0.45 1.75 £ 0.64 0.34
HDL-C (mmol/L) 1.29+0.43 1.34+0.48 0.20
LDL-C (mmol/L) 2.49 +0.68 2.56 +0.76 0.73
FBG (mmol/L) 6.09 +1.16 5.32+1.25 0.12
Folic acid (ng/ml) 6.23+£2.52 6.94+£3.25 0.41
VBI2 (pg/ml) 40573 £ 113.27 392.60 + 106.28 0.77
Serum Fe (umol/L) 15.09 £4.28 20.59+6.23 0.20
SF (ng/ml) 187.50 +90.73 182.59 + 104.82 0.32
EPO (mIU/ml) 13.59 +3.82 10.53 +£4.76 0.00
RDW (%) 13.04 +2.57 12.27+£2.31 0.00
Gensini score (mark) 46.82 +10.44 4790 + 11.51 0.15
Scattergram width (ms) 0.78 £0.10 0.75+£0.13 0.84
Scattergramlength (ms) 148.81 £20.45 162.97 + 24.64 0.01

without autonomic nerve dysfunction (p<0.05).
The length of scattergram in stable CAD patien-
ts with autonomic nerve dysfunction was signi-
ficantly shorter than that of those without auto-
nomic nerve dysfunction (p <0.05), as shown in
Table I.

Comparison of Morphological
haracteristics of ECG Scattergram in
Stable CAD Patients with and Without
Nerve Function Damage

The cometary sign proportion of ECG scat-
tergram in stable CAD patients with autonomic
nerve dysfunction was significantly lower than
that of stable CAD patients without autonomic
nerve dysfunction (p<0.05), as shown in Table II.

Correlation Analysis of EPO Level, ECG
Scattergram Length and Width

There was negative correlation between EPO
levels and scattergram length in stable CAD pa-
tients with and without autonomic nerve dysfun-
ction (r=0.44, p=0.02). There was no correlation
between EPO levels and scattergram width in
stable CAD patients with and without autonomic
nerve dysfunction (r=0.10, p=0.58).

Independent Influencing Factors of
Autonomic Nerve Dysfunction in
CAD Patients

The results of binary logistic regression analy-
sis showed that EPO level was the independent
risk factor for the occurrence of autonomic dy-

Table Il. Comparison of morphological characteristics of ECG scattergram in stable CAD patients with and without nerve.

function damage.

Morphological Combined with autonomic Not combined with autonomic
characteristic type nerve dysfunction nerve dysfunction
of ECG scattergram (n =52) (n = 44) P
Comet 20 40 0.00
Short rod 12 2 0.09
Long rod 8 0 0.08
Torpedo 6 0 0.14
Triangle 4 0 0.23
Complex 2 2 0.81
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sfunction in patients with stable CAD (p<0.05).
The length of scattergram was the independent
protective factor of autonomic nerve function im-
pairment in patients with stable CAD (p<0.05), as
shown in Table I11.

Prediction Effect of Autonomic Nerve
Dysfunction in CAD Patients

ROC curves were drawn. Autonomic nerve
function was used as the state variable, and EPO
level and scattergram length were regarded as test
variables, respectively. The AUC of EPO level
and scattergram was 0.74 and 0.72 respectively,
both of which have similar prediction value.

Discussion

Biological phenomena of human body have
diurnal rhythm. Adverse events of heart and blo-
od vessels and ECG parameter change cannot be
avoided. Multiple studies verify that maintenance
and regulation of diurnal thythm phenomenon of
cardiovascular system most automatic nervous
system are mostly related to automatic nervous
system”®. However, there is no “golden standard”
for the assessment of autonomic neuropathy of
heart, and it is mostly evaluated through heart
rate variability (HRV) and Ewing. Lorenz ECG
scattergram examination is the most common
HRV test means. Heart rate variation is not
nonlinear change rule, so chaos characteristics
exist. HRV is deemed to reveal heart system cha-
racteristics more accurately. Ewing test is widely
applied in the clinical evaluation of cardiac auto-
nomic nerve function’.

In this study, clinical data of 96 stable CAD
patients who were treated in our hospital from
January 2017 to December 2019 were retrospecti-
vely analyzed. All patients were grouped ac-
cording to whether autonomic nerve function
damage was combined. Total score of Ewing>2
was used as the criterion of combined autonomic
nerve dysfunction. There were 52 patients with
combined autonomic nerve dysfunction, and 44
without combined autonomic nerve dysfunction.

Morphological characteristic types of ECG scat-
tergram include comet, short rod, long rod, torpe-
do, triangle and complex shape. Scattergram len-
gth reflects total dispersion degree of heart rate,
while width can reflect interphase difference of
adjacent RR, i.e., instantaneous heart rate change
trend. The cometary sign shows the head end of
the scattergram is small, and the corresponding
interphase is short with small distribution area,
indicating that arrhythmia degree is slow when
the heart rate increases, and reflecting sympathe-
tic nerve activity. The corresponding interphase
of tail end is long with large distribution area,
indicating arrhythmia degree is large when the
heart rate is slow and reflecting vagus activity.
The torpedo sign hints sympathetic nerve and
vagus dysfunction'. In the results of this study,
the cometary sign proportion of ECG scattergram
in stable CAD patients with autonomic nerve
dysfunction was significantly lower than that of
stable CAD patients without autonomic nerve dy-
sfunction (p<0.05), which is consistent with pre-
vious reports'. This verifies that the heart loses
normal regulation function of autonomic nerve so
that RR interphase no longer changes with heart
rate variation. Although Lorenz ECG scattergram
examination is visual and simple, there is no uni-
form graph diagnosis criterion, and the subjecti-
vity is stronger. Quantitative analysis method is
also required to improve diagnosis accuracy'’.
ECG scattergram is quantitatively analyzed ac-
cording to mathematical features of scattergram
shape. Traditional indicators include length and
width. The results of this study showed that the
length of scattergram in stable CAD patients with
autonomic nerve dysfunction was significantly
shorter than that of those without autonomic ner-
ve dysfunction (p<0.05). Meanwhile, the width
comparison difference of two groups of scatter-
grams had no statistical significance (p>0.05),
indicating that the length of Lorenz scattergram
can visually reflect the functions of sympathetic
nerve and vagus and then distinguish the state of
autonomic nerve function. Moreover, EPO level
of stable CAD patients with neurological dysfun-
ction was significantly higher than that of those

Table Ill. Independent influencing factors of autonomic nerve dysfunction in CAD patients.

Indicator p SE \Xald df P OR 95% ClI
EPO 0.25 0.72 0.10 1 0.82 0.42 0.44-3.60
Scattergram length 1.27 0.55 6.55 1 0.01 1.75 1.48-9.25
Constant 0.03 0.01 9.60 1 0.00 1.04 1.02-1.10
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without neurological dysfunction (p<0.05). The
results of binary logistic regression analysis fur-
ther showed that EPO level was the independent
risk factor for the occurrence of autonomic dy-
sfunction in patients with stable CAD (p<0.05).
At the same time, ROC curve was drawn. Au-
tonomic nerve dysfunction was used as the state
variable, while EPO level and scattergram length
were deemed as the test variables, respectively.
The AUC was 0.74 and 0.72, respectively. Both
own similar prediction value. The above data
reveal that autonomic nerve function of CAD
patients is closely related to EPO level and scat-
tergram length. EPO level can to certain degree
regulates autonomic nerve function.

Multifunctional cytokine EPO has been veri-
fied to stabilize internal environment of the body
and protect the functions of nervous system. Re-
levant experimental studies verify that EPO can
well protect the functions of nervus centralis and
peripheral nervous system and relieve autono-
mic neuropathy degree of diabetes model rats'*!*.
Besides, it can give play to synergistic stimulus
function of P13K/Akt signal path together with
IGF-1. At present, it is believed that EPO mainly
protects nervous system functions through for-
ming a compound by EPOR andfreceptor subu-
nit. EPOR on excitatory neuron can activate mul-
tiple signal paths represented by P13K/Akt and
resist abnormal oxidative stress and apoptosis,
thus effectively protecting nerves. A study also
verifies that, peripheral Schwann cells can rele-
ase EPO after axonal injury, and combine with
EPOR to inhibit axon damage®. Additionally, in
vitro phosphorylated Akt/total Akt of sympathe-
tic neurons has obvious EPO level dependence,
that is, this specific value increases with the rise
of EPO level, indirectly demonstrating that EPO
level is correlated with sympathetic functions'®.

This study also has limitations: it is a
small-sample and monocentric retrospective stu-
dy, and selection bias cannot be avoided; some
possible influencing indicators are not included,
and chaos problem may exist; there is lack of re-
search on the relationship between EPO and ECG
change. Thus, more rigorous and in-depth studies
are required.

Conclusions
Altogether, the above reported data indicated

that the level of EPO in stable CAD patients
with autonomic nerve dysfunction was related

to the change of ECG; and the EPO level and
scattergram length can be used to predict the
occurrence risk of autonomic nerve dysfunction.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) LY, LM, Teng Y, Znang C, Liu Q, Hou H. The
association between red cell distribution width,
erythropoietin levels, and coronary artery dis-
ease. Coron Artery Dis 2018; 29: 74-80.

2) TowmcsAnyt J. ECG pearl: sick sinus syndrome mim-
icking acute coronary syndrome - the aVR-sign.
Orv Hetil 2020; 161: 434-436.

3) Eren H, Kava U, OcaL L,Gureuz AS, KaLcik M, ABAc
A. Relationship between fragmented QRS com-
plexes and ejection fraction recovery in anterior
ST-segment elevation myocardial infarction pa-
tients undergoing thrombolytic treatment. Coron
Artery Dis 2020; 31:417-423.

4) Yamapa Y, MinatoGucH! S, Enpo N, Kanamorl H, Ka-
wAsA-kI M ,NisHIGAkI K ,Mikami A, MINATOGUCHI S.
Post-MI treatment with G-CSF and EPO-lipo-
some with SLX repairs infarcted myocardium
through EPCs mobilization and activation of pro-
survival signals in rabbits. Pharmacol Res Per-
spect 2018; 7: 451-418.

5) CARDIOVASCULAR BRANCH OF CHINESE MEDICAL ASSOCIATION
REFERS TO THE HUMAN CARDIOLOGY GROUP, ATH-EROSCLERO-
SIS AND CORONARY HEART DISEASE GROUP OF CARDIOVASCU-
LAR BRANCH OF CHINESE MEDICAL ASSO-CIATION, THROM-
BUS PREVENTION AND CONTROL PROFESSIONAL COMMITTEE
OF CARDIOVASCULAR BRANCH OF CHINESE MEDICAL AssOcCI-
ATION, EDITORIAL BOARD OF CHINESE JOURNAL OF CARDIO-
VASCULAR DIsEAsE. Guidelines for the diagnosis and
treatment of stable coronary heart disease. Chin
J Cardiol 2018; 46: 680-685.

6) SawanO M, YuaN Y, KoHsakA S, INOHARA T, Suzuki T,
Okamura T, HowarD G, Howarp VJ, JupD S, SoLIMAN
EZ, Custman M. Electrocardiographic ST-T abnor-
mities are associated with stroke risk in the RE-
GARDS Study. Stroke 2020; 51: 1100-1106.

7) Parkes MJ, SHeppArRD JP, BARKER T, RANASINGHE AM,
SENANAYAKE E, CrLutton-Brock TH, FrRen-NEaux MP.
Hypocapnia Alone fails to provoke important
electrocardiogram changes in coronary artery
disease patients. Front Physiol 2020; 10: 1515-
1521.

8) Manrouz RA, ArAB M, ABDELHAMID M, ELzavar A.
Fragmented QRS complex is an independent pre-
dictor of plaque burden in patients at intermedi-
ate risk of coronary artery disease. Indian Heart
J 2019; 71: 394-399.

9) SieBertT DM, Drezner JA. Detection and manage-
ment of heart disease in athletes. Prim Care
2020; 47: 19-35.



F. Wang, W. Xue, H.-Y. Dai, L. Huang, Q. He, B.-M. Xie

10)

11)

12)

13)

LiH OS, JAHMUNAH V, SAN TR, Ciaccio EJ, YAMAKAWA T,
TANABE M, KoBavasHl M, Faust O, AcHArRYA UR. Com-
prehensive electrocardiographic diagnosis based
on deep learning. Artif Intell Med 2020; 103:
101789.

CHol Y, Lee JH, Seo JI. Change in T/QRS ratio
can be a supplementary diagnostic tool in pre-
dict-ing coronary artery disease in patients with
NSTEMI. Am J Emerg Med 2020; 8: S0735-
6757.

IstoLAHTI T, NIEMINEN T, HUHTALA H, LyyTIKAINEN LP,
KAHONEN M, LeHTIMAKI T, EskoLA M, ANTTILA |, Ju-
LA A,RissaNeN H, Nikus K, Hernesniemr J. Long-term
prognostic significance of the ST level and ST
slope in the 12-lead ECG in the general popula-
tion. J Electrocardiol 2020; 58: 176-183.

ZoNG Y, MAANJA M, CHAIRETI R, ScHLEGEL TT, UGANDER
M, Antovic JP. Substantial prevalence of subclin-
ical cardiovascular diseases in patients with he-

11232

14)

15)

16)

mophilia A evaluated by advanced electro-cardi-
ography. J Electrocardiol 2020; 58: 171-175.

HeiBerg IH, NEesvAG R, BALTESkARD L, BRrRAMNESs JG,
Huttvan CM, NAEess @, KJenneruD TR, YsTRomE, Ja-
coBseN BK, Hove A. Diagnostic tests and treat-
ment procedures performed prior to cardiovascu-
lar death in individuals with severe mental iliness.
Acta Psychiatr Scand 2020; 5: 83-90.

Ozvonco N, Guiec S, Ozpor C, ONGUNA, Kava CT,
EroL C. Impact of serum erythropoietin level on
collateral vessel development in patients with cor-
onary artery disease. Anatol J Cardiol 2017; 17:
386-391.

DroHoMIRECKA A, Ku$mierczyk M, KocANDA S, KuSMiEr-
ski K, Kotsut P, KotuiNskl K, BrutkiEwicz A, RELIGA G,
RoPAKski J, Zieunski T. Endogenic erythropoietin
secretion in patients undergoing off-pump coro-
nary artery bypass grafting. Kardiol Pol 2017; 75:
470-475.



