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ANALYSIS ON THE CORRELATION OF PLASMA FIBRINOGEN, LIPOPROTEIN (A), AND D-DIMER
WITH DISEASE STATE AND PROGNOSIS OF PATIENTS WITH CORONARY HEART DISEASE

MEe1 Liv**, TianyuN Han?, DONGQIAN Xig?
'Department of Rehabilitation Medicine, The No.2 Hospital of Baoding, Baoding 071000, Hebei Province, China - “Department of
Pharmacy, The No.2 Hospital of Baoding, Baoding 071000, Hebei Province, China

ABSTRACT

Introduction: To analyze the correlation of plasma fibrinogen (FIB), lipoprotein (a) ((Lp (a)), and D-dimer with disease state
and prognosis of patients with coronary heart disease (CHD).

Methods: Altogether 148 patients with CHD in our hospital were selected and assigned to a research group (res group),
and 150 healthy individuals who received physical examination in our hospital were selected and assigned to a control group (con
group). The levels of FIB, Lp (a), and D-Dimer between the two groups was compared, and the correlation of them with disease
development and prognosis of patients with CHD was analyzed.

Results: The levels of FIB, Lp (a), and D-Dimer in the res group were greatly higher than those in the con group (all
P<0.05), and the levels of them in patients with acute myocardial infarction were greatly higher than those in patients with unstable
angina pectoris or stable angina pectoris (all P<0.05). Additionally, the levels of FIB, Lp (a), and D-Dimer in patients in stage
HI (according to Canadian Cardiovascular Society classification (CCSC)) were greatly higher than those in patients in stage II or
stage I (all P < 0.05). In the res group, the angina pectoris grade was positively linked to FIB (r=0.53, P<0.05), Lp (a) (r=0.68,
P<0.05), as well as D-Dimer (r=0.70, P<0.05), and Gensini score was also positively related to FIB (r=0.44, P<0.05), Lp (a)
(r=047, P<0.05), as well as D-Dimer (r=043, P<0.05). In addition, the levels of FIB, Lp (a), and D-Dimer in the major adverse
cardiovascular event (MACE) group were greatly higher than those in the non-MACCE group (all P<0.05), and the prognosis of
patients was negatively linked to FIB (r=-0.64, P<0.05), Lp(A) (r=-0.73, P<0.05), as well as D-Dimer (r=-0.45, P<0.05).

Conclusion: The levels of FIB, Lp (a), and D-Dimer in patients suffering from CHD increase significantly, and the levels of
them are positively related to the disease state of the patients, and negatively correlated with the prognosis of them, so FIB, Lp (a)
and D-Dimer can be adopted to predict the disease development and prognosis of patients with CHD. ’

Key words: Sepsis-3, C-reactive protein, Procalcitonin, CD64, diagnosis.
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According to the China Statistical Yearbook on
Health and Family Planning (2013-2017), in China,
the number of patients with CHD is increasing and
the mortality of them is also on the rise, which se-

Introduction

Coronary heart disease (CHD) is a mala-
dy that seriously endangers human health world-

wide™. CHD is the most familiar cause of death for
patients with cardiovascular diseases, and cardio-
vascular diseases account for one third of all deaths
worldwide®. With the continuous development of
social economy in developing countries, measured
by human development index, the prevalence rate
of CHD is on the rise®.

riously affects the health of Chinese®. CHD is the
primary cause of development of cardiovascular
disease and cardiovascular disease-related deaths
not only in China, but also in North American and
western European countries®.

Chest distress and chest pain are typical
symptoms of CHD, which would aggravate after
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exercise®. At present, a great progress has been
achieved in common treatment for CHD. There are
various treatments for CHD, including operations
such as percutaneous coronary intervention and cor-
onary artery bypass grafting?®, conventional drugs
including cyclooxygenase inhibitor, nitrate prepa-
rations, [} receptor antagonist, and calcium channel
blockers®, and cardiac rehabilitation treatment that
can significantly enhance the physical strength of
patients and help delay and prevent the develop-
ment of CHD!?, The progress in these treatments
effectively increases the long-term survival rate of
patients suffering from CHD, but also brings many
new challenges to patients, their families, and pro-
fessional medical personnel®. It is especially im-
portant to evaluate the development and prognosis
of patients suffering from CHD.

This study compared the levels of fibrinogen
(FIB), lipoprotein (a) ((Lp(a)), and D-dimer be-
tween the two groups to explore the correlation of
them with disease state and prognosis of patients
with CHD.

Materials and methods

General data

Altogether 148 patients suffering from CHD
treated in our hospital were selected and assigned
to a research group (res group), including 86 males
and 62 females, with an average age of (64.53+9.84)
years, and 150 healthy individuals who received
physical examination in our hospital over the same
period were selected and assigned to a control
group (con group), including 84 males and 66 fe-
males, with an average age of (65.42x10.21) years.

The inclusion criteria of patients: Patients
accompanied by family members at admission,
patients diagnosed with CHD according to coro-
nary angiography, and those with complete clini-
cal pathological data. The exclusion criteria of pa-
tients: Patients with a history of mental disease or a
family history of psychosis, patients with a history
of autoimmune system deficiency, patients with a
history of drug dependence, and those who were
unable to cooperate with examination due to apha-
sia, dysphoria, unconsciousness, or communication
obstacle.

This study was carried out with permission
from the Ethics Committee of our hospital and in-
formed consent forms signed by all participants and
their families after understanding the detailed con-
tent of the study.

Methods

Venous blood (10 mL) was extracted from
every study participant in the two groups after 12
hours of fasting, and transferred to anticoagulant
tubes for coagulation for 60 min (20-25°C). Sub-
sequently, the blood was centrifuged at 1369.55xp
and 4°C for 15 with a centrifuge (TG 112, Shuke
Instrument Co., Ltd., Sichuan, China) to isolate the
upper serum, and the upper serum was stored in a
refrigerator at -70°C. The level of FIB in each par-
ticipant was quantified through an automatic coag-
ulometer (58151, Stago Diagnostic Products Trad-
ing Co., Ltd., Beijing, China) and auxiliary reagent,
and the level of Lp (a) in them was quantified us-
ing an automatic biochemistry analyzer (H293KH,
Yuduo Biotechnology Co., Ltd., Shanghai, China),
and auxiliary reagent. In addition, the level of D-Di-
mer in the serum of each participant was quantified
via an enzyme-linked immuno-sorbent assay (ELI-
SA) with a Human D-Dimer ELISA kit (HM 10865,
MultiSciences (Lianke) Biotech Co., Ltd., Wuhan,
China). All the quantification operations were car-
ried out in strict accordance with kit instructions.

Outcome measures

The levels of FIB, Lp (a), and D-Dimer were
compared between the two groups and among
subgroups, and the correlation of angina pectoris
grade, coronary artery lesion degree, and prognosis
with the levels of FIB, Lp (a), and D-Dimer in the
res group was studied. The coronary artery lesion
degree of patients in the res group was scored using
the Gensini scoring system according to the stenosis
of each coronary artery with lesion: 1 point for ste-
nosis <25%, 2 points for stenosis<25% but <50%,
3 points for stenosis<50% but <75, and 4 points for
stenosis<75% but <100%. Patients in the res group
were followed up for 2 years by telephone and re-
examination, and the major adverse cardiovascular
events (MACE) such as unstable angina pectoris
(UAP), severe arrhythmia, acute myocardial infarc-
tion (AMI), heart failure, revascularization as well
as all-cause death in them were recorded. Progno-
sis of participants in the res group: The prognosis
of patients without CHD-related clinical symptoms
and with electrocardiogram (ECG) within the nor-
mal range was considered excellent; the progno-
sis of patients whose CHD-related symptoms was
relieved and ECG were improved was considered
good, and the prognosis of patients whose CHD-re-
lated symptoms and ECG had no changes was con-
sidered poor.
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Statistical analysis

In this study, SPSS20.0 (IBM Corp, Armonk,
NY, USA) was adopted for statistical analyses, and
GraphPad Prism 7 (San Diego Graphpad Software
Co., Ltd., USA) for figure drawing. Enumeration
data were expressed as (n(%)), and inter-group
comparison was carried out through the chi-square
test. Measurement data were presented as (x7+s),
and inter-group comparison was carried out using
the t test. In addition, Pearson correlation coeffi-
cient was adopted for analyzing correlation. P<0.05
suggests a remarkable difference.

Results

Comparison of general data

According to the comparison of general data
between the res group and the con group (Table 1),
there was no remarkable difference between them
in general data including sex, age, as well as body
mass index (all P>0.05).

According to comparison of the levels of FIB,
Lp (a), and D-Dimer between the res group and
the con group, in contrast to the con group, the res
group showed greatly increased FIB, Lp (a), and
D-Dimer (all P<0.05). Figure 1.

i*ij; in 1[.

Figure 1: Comparison of the levels of FIB, Lp (a), and
D-Dimer between the two groups. Figure 1A, Compared
with the con group, the res group showed significantly in-
creased FIB. Figure 1B, Compared with the con group, the
res group showed significantly increased Lp (a). Figure
1C, Compared with the con group, the res group showed
significantly increased D-Dimer.

Note: * indicates that in comparison between the two groups,

P<0.05.

Comparison of the levels of FIB, Lp (a), and
D-Dimer among different types of patients in the
res group

Comparison of the levels of FIB, Lp (a), as
well as D-Dimer among different types of patients
in the res group showed that the levels of them in
patients with AMI were greatly higher than those in
patients with UAP or stable angina pectoris (SAP)
(all P<0.05), and the levels of them in patients with

UAP were greatly higher than those in patients with
SAP (all P<0.05). Figure 2.
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Figure 2: Comparison of the levels of FIB, Lp (a), and
D-Dimer among different types of patients in the res
group. Figure 2A, The FIB level in patients with AMI was
significantly higher than that in patients with UAP or SAP,
and the FIB level in patients with UAP was significant-
ly higher than that in patients with SAP. Figure 2B, The
Lp (a) level in patients with AMI was significantly higher
than that in patients with UAP or SAP (P<0.05), and the
Lp (a) level in patients with UAP was significantly higher
than that in patients with SAP. Figure 2C, The D-Dimer
level in patients with AMI was significantly higher than
that in patients with UAP or SAP, and the D-Dimer level
in patients with UAP was significantly higher than that in
patients with SAP.

Note: aP<0.05 vs. patients with SAP; bP<0.05 vs. patients with
UAP.

Correlation between angina pectoris grade
and the levels of FIB, Lp (a), and D-Dimer in pa-
tients in the res group

4

T A 4
Figure 3: Comparison of the levels of FIB, Lp (a), and
D-Dimer among three subgroups. Figure 3A, the FIB level
in the class IIT group was significantly higher than that
in the class II group and the class I group, and the FIB
level in the class II group was significantly higher than
that in the class I group. Figure 3B, the Lp (a) level in the
class III group was significantly higher than that in the
class II group and the class I group, and the Lp (a) level in
the class II group was significantly higher than that in the
class I group. Figure 3C, the D-Dimer level in the class
IIT group was significantly higher than that in the class
II group and the class I group, and the D-Dimer level in
the class II group was significantly higher than that in the
class I group.
Notes: cP<0.05 vs. patients in the class I group; dP<0.05 vs.
patients in the class II group.
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According to the Canadian Cardiovascular
Society classification (CCSC), patients in the res
group were assigned to a class I group (n=42), class
II group (n=69), as well as class III group (n=37).

Comparison of the levels of FIB, Lp (a), and
D-Dimer among the three subgroups showed that
the levels of them in the class III group were greatly
higher than those in therest two groups (all P<0 05),
and the levels of them in the class II group were
greatly higher than those in the class I group (all
P<0.05) (Figure 3).

Analysis on the correlation between angina
pectoris grade and the levels of FIB, Lp (a), and
D-Dimer in patients in the res group revealed that
angina pectoris grade was positively related to FIB
(r=0.53,P<0.05),Lp (a) (r=0.68, P<0.05), as well as
D-Dimer (r=0.70, P<0.05) in the patients. Figure 4.

Figure 4: Correlation between angina pectoris grade and
the levels of FIB, Lp (a), and D-Dimer in patients in the
res group. Figure 4A, Angina pectoris grade was positi-
vely correlated with FIB level in patients in the res group.
Figure 4B, Angina pectoris grade was positively correla-
ted with Lp (a) level in patients in the res group. Figure
4C, Angina pectoris grade was positively correlated with
D-Dimer level in patients in the res group.

Notes: 1 indicates class I in CCSC; 2 indicates class Il in CCSC;
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Correlation between Gensini score and the
levels of FIB, Lp(a) and D-Dimer in patients in
the res group
Analysis on the relationship between Gensini score
and the levels of FIB, Lp (a), and D-Dimer in pa-
tients in the res group revealed a positive correlation
between Gensini score and FIB (r=0.44, P<0.05,Lp
(a) (1=0.47, P<0.05), as well as D-Dimer (=043,
P<0.05) in the patients. Figure 5.

Comparison of the levels of FIB, Lp (a), and
D-Dimer between the MACE group and the non-
MACE group

All 148 patients in the res group were followed
up successfully, and they were assigned to MACE
group (n=33) and non-MACE group (n=115) based
on the occurrence of MACE. Comparison of the
levels of FIB, Lp(a), and D-Dimer between the two
subgroups showed that the levels of them in the

MACE group were greatly higher than those in the
other group (all P<0.05). Figure 6.
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Figure 5: Correlation between Gensini score and the
levels of FIB, Lp (a) and D-Dimer in patients in the res
group. Figure 5A, Gensini score was positively correla-
ted with FIB level in patients in the res group. Figure 5B,
Gensini score was positively correlated with Lp (a) level
in patients in the res group. Figure 5C, Gensini score was
positively correlated with D-Dimer level in patients in the
res group.
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Figure 6: Comparison of the levels of FIB, Lp (a), and
D-Dimer between the MACE group and the non-MACE
group. Figure 6A, The FIB level in the MACE group was
significantly higher than that in the non-MACE group. Fi-
gure 6B, The Lp (a) level in the MACE group was signi-
ficantly higher than that in the non-MACE group. Figure
6C, The D-Dimer level in the MACE group was signifi-
cantly higher than that in the non-MACE group.
Note: *P<0.05 vs. the MACE group.

Correlation between the prognosis and the
levels of FIB, Lp(a) and D-Dimer in patients in
the res group

In the res group, there were 61 patients with
excellent prognosis, 72 patients with good progno-
sis, as well as 15 patients with poor prognosis. Anal-
ysis on the correlation between prognosis and the
levels of FIB, Lp (a), and D-Dimer in patients in the
res group revealed that the prognosis was negatively
related to FIB (r=-0.64, P<0.05), Lp (a) (r=-0.73,
P<0.05), as well as D-Dimer (r=-045, P<0.05).
Namely, better prognosis of patients indicates lower
levels of FIB, Lp (a), and D-Dimer in them. Figure
7.
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Figure 7: Correlation between prognosis and the levels
of FIB, Lp (a), and D-Dimer in patients in the res group.
Figure 7A, Prognosis was negatively correlated with FIB
level in patients in the res group. Figure 7B, Prognosis was
negatively correlated with Lp (a) level in patients in the
res group. Figure 7C, Prognosis was negatively correlated
with D-Dimer level in patients in the res group.

Notes: 1 indicates poor prognosis; 2 indicates good prognosis; 3
indicates excellent prognosis.

Discussion

CHD has become a serious common disease
in the modern society- One study has pointed out
that the level of FIB is linked to CHD and can be
adopted to predict the severity of the disease®®. Lp
(a) is one risk factor for the development of cardio-
vascular disease, which has special influence on the
development of CHD (14). A high level of Lp (a)
increases the risk of suffering from CHD by two or
three times"», D-Dimer is a degradation product of
cross linked fibrin and a marker of hypercoagulable
state and thrombotic events. Moderately elevated
D-Dimer is related to the risk of venous and arterial
events in cases with vascular diseases!®. In addi-
tion, CHD is a chronic disease, and the period of
treatment and recurrence of the disease is relatively
long after the acute phase of the disease, so it is par-
ticularly important to evaluate the development and
prognosis of CHD.

According to some studies, FIB and D-Dimer
in patients with CHD are up-regulated'”, and the
serum D-Dimer in patients with coronary artery le-
sions increases significantly®. In addition, Lp (a)
in patients with stable coronary disease also increas-
es", These findings are consistent with the results
of our study. In our study, the levels of FIB, Lp (a),
and D-Dimer in the res group were greatly higher
than those in the con group, indicating that the lev-
els of them are closely linked to the progression of
CHD and can be adopted as indicators for detection
of early CHD. Additionally, according to some other
studies, FIB is an effective tool to distinguish from
patients with stable CHD®?, and as FIB increases,

the mortality of patients with SAP or UAP also in-
creases®@,

Therefore, this study further compared the
levels of FIB, Lp(a), and D-Dimer among different
types of patients in the res group, finding that the
levels of them in patients with AMI were greatly
higher than those in patients with UAP or SAP, and
the levels of them in patients with UAP were greatly
higher than those in patients with SAP. Moreover,
one study has indicated that the concentration of Lp
(a) is linked to cardiovascular risk, and the aggra-
vation of CHD is linked to the increase of Lp (a)
concentration®. According to this study and our
study, FIB, Lp(a), and D-Dimer can adopted as in-
dicators of the severity and classification of CHD.
In our study, the levels of FIB, Lp (a), and D-Dimer
in the class III group were greatly higher than the
other two groups, and levels of them in the class II
group were greatly higher than those in the class I
group, implying that the levels of FIB, Lp (a), and
D-Dimer are helpful to the diagnosis of CHD. In
addition, in patients from the res group, the angina
pectoris grade was positively related to the levels of
FIB, Lp (a), and D-Dimer, which further suggests
that the levels of FIB, Lp (a), and D-Dimer have
an important reference value in the diagnosis of
early CHD. According to some studies, the level of
Lp (a) is positively related to Gensini score®, and
strongly linked to the severity of CHD®?, and FIB
is also positively linked to Gensini score, and linked
to the stenosis of coronary artery in patients with
myocardial infarction®, which are consistent with
conclusion of our study that Gensini score is posi-
tively related to the levels of FIB, Lp (s), as well as
D-Dimer in patients with CHD. Follow-up results of
this study revealed that the levels of FIB, Lp (a), as
well as D-Dimer in the MACE group were greatly
higher than those in the corresponding non-MACE
group. Earlier studies have concluded that FIB is a
risk factor of MACE for patients with CHD®®, and
significantly related to MACE®”. These results sug-
gest that FIB, Lp (a), and D-Dimer can be adopted
to evaluate the prognosis of patients with CHD. Our
study analyzed the prognosis of patients suffering
from CHD, and found that the prognosis of patients
with CHD was negatively correlated with the levels
of FIB, Lp (a), and D-Dimer. Namely, better prog-
nosis of patients indicated lower levels of FIB, Lp
(a), and D-Dimer in them, which is also consistent
with the results in one study that among patients
with CHD, the prognosis of patients with a D-Dimer
level higher than the normal level is the worst®®, in-

dy
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dicating that the levels of FIB, Lp (a), and D-Dimer
can be adopted to evaluate the prognosis of patients
suffering from CHD®@4,

This study compared the levels of FIB, Lp (a),
and D-Dimer between the two groups and among
subgroups and analyzed the correlation of the dis-
ease state and prognosis with the levels o them to
explore the value of FIB, Lp (a), and D-Dimer in
predicting the disease state and prognosis of patients
with CHD, with the goal of providing reference for
clinical diagnosis and treatment of CHD. Howev-
er, there are still some limitations in this study. This
study has not explored the diagnostic value of FIB
combined with Lp (a) and D-Dimer, and the exact
mechanism of action of FIB, Lp (a) and D-Dimer
in the whole process of CHD remains to be further
studied. We will continuously improve the study in
the future to provide more scientific reference for
clinical diagnosis and treatment of CHD.

To sum up, the levels of FIB, Lp (a), and D-Di-
mer in patients with CHD increase significantly, and
the levels of them are positively linked to the disease
state of the patients, and negatively correlated with
the prognosis of them, so FIB, Lp(a) and D-Dimer
can be adopted to predict the disease development
and prognosis of patients with CHD.
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PLASMA FIBRINOGEN, LIPOPROTEIN A, AND D-DIMER IN PREDICTING THE OCCURRENCE OF
COMPLICATED CORONARY HEART DISEASE IN PATIENTS WITH TYPE 2 DIABETES MELLITUS
AND THE PROGNOSIS OF PATIENTS
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ABSTRACT

Aim: This study aims to explore the roles of plasma fibrinogen (FIB), lipoprotein a (Lp (A)), and D-dimer (D-D) in predicting
the occurrence of complicated coronary heart disease (CHD) in patients with type 2 diabetes mellitus (T2DM) and the prognosis of
patients.

Methods: We enrolled 86 patients with T2DM (the control group, CG) and 72 patients with T2DM complicated by CHD (the
observation group, OG) admitted to our hospital over the same period in this study. We tested the concentrations of FIB, D-D, and Lp
(A) in the two groups of patients to analyze their correlations with cardiac troponin (cTn) and their value in predicting the occurrence
of CHD in patients with T2DM. We also tested the concentrations of FIB, D-D, and Lp (A) in patients before and after treaiment to
explore their value in predicting the disease recurrence and assessing the prognosis of patients.

Results: We detected higher concentrations of FIB, D-D, and Lp (A) in OG than in CG (P<0.05). FIB, D-D, and Lp (A) levels
were positively correlated with ¢Tn in OG (P<0.05). FIB, D-D, and Lp (A) all showed good efficiency in predicting the occurrence of
CHD in patients with T2DM, especially when the three genes were jointly tested. In OG, levels of FIB, D-D, and Lp (A) were lower
after treatment than before treatment (P<0.05), and lower in patients without recurrence than in patients with recurrence (P<0.05).

Conclusion: FIB, D-D, and Lp (A) are highly expressed in patients with T2DM complicated by CHD. FIB, D-D, Lp (A) levels
can be used to predict the occurrence and progression of CHD in patients with T2DM, which are expected to become accurate markers
for CHD.
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Introduction

Diabetes mellitus (DM) is a series of metabol-
ic diseases featuring high blood glucose®. Type 2
DM (T2DM) is the most common type of diabetes,
resulting from a continuous increase in blood glu-
cose levels due to insufficient insulin secretion in the
body or poor insulin utilization, triggered by vari-
ous factors® ¥, T2DM, life-threatening and costly,
is becoming more common and frequent and see-
ing a year-by-year increase in its incidence recently
because of the aging of the population and changed
lifestyles, T2DM is a progressive disease that can

be treated with oral monotherapy at the primary
stage but eventually requires other oral drugs, and
even requires insulin therapy to control the blood
glucose levels® 9. It is suggested by 12 prospective
studies that high blood glucose levels can induce car-
diovascular complications in patients with T2DM®,
Coronary heart disease (CHD) is a frequent comor-
bidity of T2DM and the main cause of death for most
patients with T2DM®, The inconspicuous onset of
CHD aggravates the risk of death.

Intensive blood glucose control can effective-
ly reduce microvascular complications in patients
with T2DM, but its role in preventing cardiovascu-
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lar complications is limited®. None of the existing
treatment regimens is markedly effective for low-
ering blood glucose!'?. Therefore, early diagnosis
of CHD is very crucial for the treatment of T2DM
complicated by CHD. In short of accurate specific
markers, T2DM complicated by CHD is generally
diagnosed by multiple examination methods“V. Fi-
brinogen (FIB) is a protein present in plasma and has
a strong influence on coagulation function?. A for-
mer study revealed that FIB is abnormally expressed
during the occurrence of CHD!?,

Lipoprotein a (Lp (A)), mainly synthesized in
the liver, can promote the formation of atherosclero-
sis!®. D-dimer (D-D) is currently recognized as the
simplest fibrin degradation product, which reflects
the hypercoagulable state and secondary fibrinoly-
sis!¥, The above-mentioned three markers can af-
fect the progression of T2DM!9 and are involved
in CHD. So we speculate that the three genes may
be effective in predicting the occurrence of CHD in
patients with T2DM. To confirm our conjecture, here
we conducted related experiments to provide a relia-
ble theoretical experimental basis for future clinical
treatment of T2DM complicated by CHD.

Materials and methods

Basic information of participants

A prospective analysis was performed on 86
T2DM patients (the control group, CG) and 72 pa-
tients with T2DM complicated by CHD (the obser-
vation group, OG) admitted to our hospital from May
2017 to May 2018. This study has been approved by
the ethics committee of our hospital and obtained in-
formed consent from all participants.

Inclusion and exclusion criteria

Inclusion criteria:

» Patients diagnosed with T2DM complicated
by CHD (OG) by the results of laboratory and imag-
ing tests and treated in our hospital for the first time;

« Patients diagnosed with T2DM (CG);

» Patients with complete medical data;

« Patients with no previous history of major dis-
eases;

» Patients who agreed to cooperate with this
study.

Exclusion criteria:

» Patients with tumors, cardiovascular and cer-
ebrovascular diseases, previous history of hyperlipi-
demia, autoimmune diseases, mental diseases, or
language communication disorders;

» Patients with low treatment compliance;
» Patients during pregnancy.

Sample collection and test

We collected 4 mL of fasting venous blood
from each participant with a special vacutainer blood
collection tube, exposed the sample to room air for
30 minutes, and then centrifuged for 10 minutes
(400xg) to separate the plasma. Plasma FIB and D-D
levels were tested by the latex agglutination assay on
the automatic hemagglutination analyzer (ALC9000,
USA). Lp (A) levels were tested by the immunoturbi-
dimetry and the kits were from Guangzhou Improve
Medical Instruments Co., Ltd. All test procedures
followed the kit instructions strictly.

Outcome measures

We tested the concentrations of FIB, D-D, and
Lp (A) in the two groups of patients to analyze their
correlations with cardiac troponin (¢Tn) and their
value in predicting the occurrence of CHD in pa-
tients with T2DM. We also tested the concentrations
of FIB, D-D, and Lp (A) in patients before and af-
ter treatment to explore their value in predicting the
disease recurrence and assessing the prognosis of
patients.

Statistical analysis

Statistical analysis was performed on SPSS22.0.
The count data were represented by the percentage
(%) and their intergroup comparison was analyzed
by the chi-square test.

The measurement data were represented by
the mean + standard deviation and their intergroup
comparison was analyzed by the t-test. The Pearson
correlation coefficient was used for the correlation
analysis. The predictive value of genes was analyzed
on the receiver operating characteristic (ROC) curve.
P<0.05 indicates a statistical difference.

Results

Comparison of basic information

The comparison between the two groups showed
no differences in age, sex, BMI, living environment,
smoking, drinking, family medical history, ethnicity
(P>0.05). More details are shown in Table 1.

FIB, D-D, and Lp (A) levels in the two groups

We detected higher levels of FIB, D-D, and Lp
(A) in OG than in CG (P<0.05). More details are
shown in Figure 1.
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Table 1: Basic information of participants.
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Figure 1: FIB, D-D, and Lp (A) levels in the two groups.
A. Comparison of the FIB levels between the two groups.
B. Comparison of the D-D levels between the two groups.
C. Comparison of the Lp (A) levels between the two
groups.

0Gm=12 | com=t& | torat | P Correlation of FIB, D-D, and Lp (A) with ¢Tn
Age (year) 0.793 0429 in OG
ge (year, g ’
We noted that FIB, D-D, and Lp (A) levels
i i were positively correlated with ¢In levels in OG (P
BMI (KG/em?) 1454 | 0.148 =0.712,P =0.709, P = 0.655, P < 0.05). More details
23524305 | 24.46£472 are shown in Figure 2.
Sex 0.125 0.723
4 (]
Male 39(5417) 49 (56.98) A ¥
Female 33 (45.83) 37 (43.02)
]
Living environment 0562 0453
Urban arca 58 (80.56) 65 (75.58) T T .- - p
Tl
Rural area 14 (19.44) 21(2442)
Smoking 0.013 0.909
c
Yes 32 (44.44) 39 (45.35)
No 40 (55.56) 47 (54.65) . z
Drinking 0055 | 0814 § //
Yes 38 (52.78) 47 (54.65) o
i H 0 Il
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Family hi 0.080 0.778 . . .
T Figure 2: Correlation of FIB, D-D, and Lp (A) with ¢Tn
Yes 5(694) 7(8.14) in OG. A. Correlation between FIB levels and cTn levels
s 6793.06) o) in OG.B. Correlatl'on between D-D levels and c¢Tn levels
in OG. C. Correlation between Lp (A) levels and c¢Tn le-
Ethnicity 0.384 0.536 vels in OG.
Han nationality 67 (93.06) 82 (95.35)
Minority nationality 5(6.94) 4(4.65) Value of FIB, D-D ’ and .Lp A4) 'm predicting
the occurrence of CHD in patients with T2DM

According to ROC curve analysis, the diagnos-
tic sensitivity of FIB for predicting the occurrence
of CHD in patients with T2DM was 75.58% and the
specificity was 83.33% when the cut-off value was
3.355; the diagnostic sensitivity of DD was 88.37%
and the specificity was 56.94% when the cut-off val-
ue was 4.540; the diagnostic sensitivity of Lp (A)
was 60.47% and the specificity was 75.00% when the
cut-off value was 134.700. We performed the binary
regression analysis on the SPSS software and ob-
tained the formula of the joint test of the three genes:
Log (P) = 9.739 + (-1.106 * FIB) + (-0.531 * D-D) +
(-0.024 * Lp (A)). The diagnostic sensitivity of the
joint test for predicting the occurrence of CHD in
patients with T2DM was 82.56% and the specificity
was 86.11% when the cut-off value was 0.599. More
details are shown in Table 2 and Figure 3.

Levels of FIB, D-D, and Lp (A) in OG before
and after treatment

In OG, levels of FIB, D-D, and Lp (A) were
lower after treatment than before treatment (P<0.05).
More details are shown in Figure 4.
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FIB D-D Lp(A) Joint test
AUC 0.847 0,754 0.737 0910
Std.Error 0.031 0.040 0.040 0.023
95% ClL 0.78540.908 0.676x0.832 0.66040.815 0.866+0.955
Cul-off <3355 <4.540 < 134,700 >0.599
Sensitivity (%) 75.58 8837 6047 82.56
Specificity (%) 8333 56.94 7500 86.11
Youden index (%) 58.91 45.31 3547 68.67
P <0.001 <0.001 <0.001 <0.001

Table 2: Value of FIB, D-D, and Lp (A) in predicting the
occurrence of CHD in patients with T2DM.
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Levels of FIB, D-D, and Lp (A) after treatment
in patients with recurrence and patients without
recurrence in OG

Among the 72 patients in OG, 13 cases reported
recurrence and 59 reported no recurrence. Levels of
FIB, D-D, and Lp (A) were lower in patients without
recurrence than in patients with recurrence (P<0.05).
More details are shown in Figure 5.
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Figure 3: Value of FIB, D-D, and Lp (A) in predicting the
occurrence of CHD in patients with T2DM. A. The ROC
curve demonstrating the efficiency of FIB in predicting
the occurrence of CHD in patients with T2DM. B. The
ROC curve demonstrating the efficiency of D-D in predi-
cting the occurrence of CHD in patients with T2DM. C.
The ROC curve demonstrating the efficiency of Lp (A) in
predicting the occurrence of CHD in patients with T2DM.
D. The ROC curve demonstrating the efficiency of the
joint test in predicting the occurrence of CHD in patients
with T2DM.

Figure 4: Levels of FIB, D-D, and Lp (A) in OG before
and after treatment. A. FIB 1 evels in OG before and after
treatment. B. D-D levels in OG before and after treatment.
C.Lp (A) levels in OG before and after treatment.

Figure 5: Levels of FIB, D-D, and Lp (A) after treatment
in patients with recurrence and patients without recurren-
ce in OG. A. FIB levels after treatment in patients with
recurrence and patients without recurrence in OG. B. D-D
levels after treatment in patients with recurrence and pa-
tients without recurrence in OG. C. Lp (A) levels after
treatment in patients with recurrence and patients without
recurrence in OG.

Discussion

T2DM is a common endocrine chronic disease
with high incidence, which seriously affects the
quality of life of patients”. DM itself does not di-
rectly threaten the life of patients; however, diseases
induced by DM are important causes of death of DM
patients'®, Most DM patients die from cardiovascu-
lar complications. CHD is a frequent complication
of DM®, CHD is caused by myocardial ischemia,
hypoxia, and necrosis triggered by coronary athero-
sclerosis®. According to clinical research, the main
causes of T2DM complicated by CHD include glu-
cose metabolism disorders, abnormal lipid metab-
olism, increased blood pressure, and insulin resist-
ance. However, due to poor prognosis, single-target
drugs, individual differences between patients, and
adverse drug reactions, the overall clinical treatment
efficacy for T2DM is poor®V. In addition to the ac-
tive control of blood glucose, the strict monitoring of
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the occurrence of complications is crucial in treating
T2DM. Here we investigated the role of FIB, D-D,
and Lp (A) in predicting the occurrence of CHD in
patients with T2DM and their prognosis, aiming to
provide reference and guidance for the future clini-
cal prediction of T2DM complicated by CHD.

In this study, we detected higher levels of FIB,
D-D, and Lp (A) in patients with T2DM complicated
by CHD than in patients with simple T2DM, sug-
gesting that FIB, D-D, and Lp (A) are not only ab-
normally expressed in T2DM but also have marked
abnormal expression levels in CHD. FIB, a blood
coagulation factor present in plasma synthesized
and secreted by liver cells, is directly involved in the
blood coagulation process and becomes soluble by
the action of thrombin cleavage, which encapsulates
the visible components in the blood and forms a solid
thrombus, leading to enhanced coagulation function
and increased FIB levels during the pre-thrombotic
state and in thrombotic diseases®. A large number
of studies have confirmed that FIB levels are elevat-
ed in diseases such as acute myocardial infarction,
DM, hypertension, and malignant tumors®,

The above-mentioned studies all support the
results of this study. D-D, a small peptide that is the
degradation product produced by plasmin-mediated
hydrolysis of cross-linked FIB, can reflect abnormal
coagulation and fibrinolysis, and the increased plas-
ma D-D levels can indicate activated thrombus or
fibrin degradation in the blood vessels®?.

Elevated D-D levels can increase the risk of
thrombosis®, Also, an increase in D-D levels leads
to enhanced tumor aggressiveness®. Lp (A) is
mainly synthesized in the liver and can be deposited
on the walls of blood vessels to promote the forma-
tion of atherosclerotic plates®”. Lp (A) can inhibit
the hydrolysis of FIB. Studies at home and abroad
have confirmed that the continuous increase in Lp
(A) levels can induce angina, myocardial infarction,
and cerebral hemorrhage®.

Previous data suggest that FIB, D-D, and Lp
(A) levels are higher in cardiovascular diseases®,
which is similar to our results. CTn is a regulator of
myocardial muscle contraction, commonly used in
the diagnosis of cardiovascular diseases®”. We sus-
pect that the convenient and fast test of FIB, D-D,
and Lp (A) levels can greatly enhance the diagno-
sis rate of T2DM complicated by CHD, improve the
prognosis of patients, and can be used to diagnose
complications of T2DM in the future. We analyzed
the correlation of FIB, D-D, and Lp (A) with cTn
and noted that FIB, D-D, and Lp (A) levels were

positively correlated with cTn levels in OG. Such
results suggest that FIB, D-D, and Lp (A) are closely
related to T2DM complicated by CHD. According
to the ROC curve analysis, FIB, D-D, and Lp (A) all
showed good efficiency in predicting the occurrence
of CHD in patients with T2DM, especially when the
three genes were jointly tested. Such results suggest
that FIB, D-D, and Lp (A) are important in predict-
ing the occurrence of CHD in patients with T2DM
and preventing complications, enlightening new di-
rections for the future diagnosis of T2DM compli-
cated by CHD. Inconspicuous at its early stage, DM
is already at the middle stage at the time of diag-
nosis, facing a higher risk of complications. In this
study, levels of FIB, D-D, and Lp (A) were lower
after treatment than before treatment in OG, which
supports our speculation. In order to further deter-
mine the clinical significance of FIB, D-D, and Lp
(A) for T2DM complicated by CHD, we recorded
cases with recurrence in OG. Among the 72 patients
in OG, 13 cases reported recurrence and 59 reported
no recurrence, and the FIB, D-D, and Lp (A) levels
were lower in patients without recurrence than in pa-
tients with recurrence.

Such results confirm the specific roles of FIB,
D-D, and Lp (A) in T2DM complicated by CHD. As
suggested by other studies, these three markers can
stimulate the occurrence and progression of CHD
through different mechanisms of action, so they
may be effective markers for T2DM complicated by
CHD in the future.

In summary, FIB, D-D, and Lp (A) are high-
ly expressed in patients with T2DM complicated by
CHD. FIB,D-D, Lp (A) levels can be used to predict
the occurrence and development of CHD in patients
with T2DM, which are expected to become accurate
markers for CHD.

Of course, this study is subject to some defi-
ciencies. For example, we did not conduct basic
experiments to identify the specific mechanism of
action of FIB, D-D, and Lp (A). Besides, we did not
explore the influence of FIB, D-D, and Lp (A) on the
long-term prognosis of patients with T2DM compli-
cated by CHD due to the short time duration of this
study. We will address those deficiencies to perfect
this study and obtain the most accurate results.
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Abstract m%
Aim: This study aims to explore the roles ofg i

predicting the occurrence of complicated cororiam
{12DM) and the prognosis of patients.
Methods; We enrolled 86 patients with T2DM (the contro! group, CG) and 72 patients with T2DM complicated by
CHD (the observation group, OG) admitted to our hospital over the same period in this study. We tested the
concentrations of FIB, D-D, and Lp (A) in the two groups of patients to analyze their correlations with cardiac
troponin (cTn) and their value in predicting the occurrence of CHD in patients with T2DM. We also tested the
concentrations of FIB, D-D, and Lp (A) in patients before and after treatment to explore their value in predicting
the disease recurrence and assessing the prognosis of patients.
Results: We detected higher concentrations of FIB, D-D, and Lp (A) in OG than in CG {P<0.05). FiB, D-D, and Lp (A)
levels were positively correlated with cTn in OG (P<0.05). FIB, D-D, and Lp (A) all showed good efficiency in
predicting the occurrence o f CHD in patients with T2DM, especially when the three genes were jointly tested. In
0G, levels of FIB, D-D, and Lp (A) were lower after treatment than before treatment (P<0.05), and lower in
patients without recurrence than in patients with recurrence (P<0.05).
Conclusion: FIB, D-D, and Lp (A) are highly expressed in patients with T2DM complicated by CHD. FIB, D-D, Lp (A)
levels can be used to predict the occurrence and progression of CHD in patients with T2DM, which are expected
to become accurate markers f or CHD.
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