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Abstract

Background: High-density lipoprotein cholesterol (HDL-C) and monocytes are associated with coronary artery disease, and
the ratio of monocytes to high-density lipoprotein (MHR) is associated with long-term adverse outcomes and the recurrence
of atrial fibrillation. Currently, the trend of coronary heart disease proned to young people is becoming prominent.
However, the relationship between MHR and in-stent restenosis (ISR) in patients with premature coronary heart disease
(PCHD) has not been investigated. Therefore, we aimed to assess the relationship between MHR and ISR in patients with PCHD.
Methods: We retrospectively included 257 patients (men < 55 years old, women < 65 years old) with PCHD who underwent
drug-eluting stent implantation and follow-up coronary angiography at the First Affiliated Hospital of Zhengzhou University from
September 2016 to September 2019. Patients were divided into ISR and non-ISR groups depending on their follow-up coronary
angiography results. Relative clinical information was recorded and analyzed. A receiver operating characteristic curve analysis
was used to determine the optimum pre-procedural MHR cutoff value to predict ISR.

Results: Logistic regression analysis showed that MHR, smoking history, and fibrinogen were independent risk factors for ISR in patients
with PCHD. The area under the receiver operating characteristic curve (AUC) of MHR was 0.750 (95% confidence interval, 0.695-0.820;
P <.001), the cutoff value was 546.88, and the specificity and sensitivity were 65.2% and 78%, while the AUC of monocytes was 0.631
(95% confidence interval, 0.638-0.794; P < .001), the cutoff value was 590, and the specificity and sensitivity were 77.1% and 60.0%.
Conclusion: MHR is an independent risk factor for ISR in patients with PCHD and showed a certain predictive value.
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Introduction rate of ISR is still about 5% to 10%.%> At present, the mecha-
nism of ISR is unclear, but some studies have found that inflam-
mation may be related to ISR.* Recently, the ratio of monocytes
to HDL-C (MHR) has received widespread attention as a new
inflammatory marker.” Inflammation and lipid accumulation
are two basic characteristics of atherosclerosis. Monocytes are

With improvements in living conditions, the incidence of coro-
nary heart disease (CHD) is rising, and the age of onset is grad-
vally decreasing. The National Cholesterol Education
Program’s Third Report of the Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in
Adults defined CHD with an onset age < 55 years in men or
< 65 years in women as premature CHD (PCHD),1 'The First Affiliated Hospital of Zhengzhou University, Zhengzhou City, China
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the main source of pro-inflammatory species during the forma-
tion of atherosclerosis, while HDL-C has a protective effect
against the oxidation of low-density lipoprotein (LDL) and
also directly acts on monocytes to inhibit inflammation.®’
MHR can reflect inflammation and oxidative stress in the
body. This study aims to explore the relationship between
MHR and ISR in PCHD.

Methods
Study Population

This was a single-center, retrospective study. A total of 294
patients who had been diagnosed with PCHD and subjected
to drug-eluting stent implantation at the Department of
Cardiology of the First Affiliated Hospital of Zhengzhou
University between September 2016 and September 2019
were retrospectively enrolled. According to the study exclusion
criteria, we finally selected 257 patients for enrollment, includ-
ing men < 55 years old and women < 65 years old. According
to their review results, study participants were divided into a
restenosis group and a non-stenosis group, with 30 cases in
the restenosis group (49.89 + 1.75 years) and 227 cases in the

non-stenosis  group (53.63+0.60 years),
Figure 1 shows the study flowchart.

Patients were excluded from this study for the following
reasons: (1) clinical data or coronary angiography (CAG) data
were missing; (2) their New York Heart Association functional
classification was grade III or IV; (3) their cardiac color Doppler
ultrasound suggested a left ventricular ejection fraction < 30%;
(4) they had a history of coronary artery bypass graft surgery,
(5) another type of heart disease was diagnosed (eg, cardiomy-
opathy, congenital heart disease, or severe valvular disease); (5)
they had severe liver or kidney dysfunction, a malignant tumor,
an infectious disease (eg, chronic hepatitis B, chronic hepatitis
C, or acquired immunodeficiency syndrome), or an autoim-
mune disease (Figure 2).

respectively.

Demographic, Clinical, and Laboratory Characteristics

All data were gathered from the case records of inpatients at the
First Affiliated Hospital of Zhengzhou University, including
demographic, laboratory, and surgical data. We recorded
gender, age, family history of CHD, hypertension, diabetes,
smoking, and alcohol use as demographic and clinical data.
In addition, we collected plasma and biochemical indicators,
such as counts of white blood cells, neutrophils, lymphocytes,
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Figure |. Study flow chart.
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Figure 2. Receiver operating characteristic curve of the MHR in predicting ISR in patients with PCHD.

monocytes, and platelets and levels of hemoglobin, total choles-
terol, uric acid (UA), creatinine, and albumin. All blood
samples were venous blood collected after fasting in the
morning on the second day after admission. The pre-procedure
MHR was calculated by dividing the absolute count of mono-
cytes by the HDL-C value. The surgical data included the
number, length(s), and diameter(s) of stents (Figure 3).

CAG and PCl Information

Two professional interventionists performed CAG through the
radial artery or femoral artery according to the standard proto-
col. CHD was defined during this study as the presence of
more than 50% stenosis in the main trunk (left anterior descend-
ing, left circumflex, or right coronary artery) and/or the main
branches of the main trunk. All patients took aspirin (loading
dose, 300 mg; maintenance dose, 100 mg/day) in combination
with another P2Y'12 receptor antagonist, such as clopidogrel
(loading dose, 600 mg; maintenance dose, 75 mg/day) or tica-
grelor (loading dose, 180 mg; maintenance dose, 90 mg/twice

a day). After the operation, patients were instructed to take
aspirin for life and clopidogrel/ticagrelor for at least 1 year.
Follow-up CAG was performed either when patients developed
recurrent chest pain or between 9 and 15 months after surgery.
The procedure was performed by two experienced intervention-
ists who were unaware of the baseline test results. ISR was
defined as the presence of restenosis > 50% inside the stent
or 5 mm proximally.

Statistical Analysis

Categorical variables are expressed as numbers and relative
frequencies (percentages) and were compared using the
chi-squared test. Data were tested for normal distribution
using the Kolmogorov—Smirnov test. Continuous variables
are expressed as mean =+ standard deviation values or
median (quartiles 1-3) values based on the normality
assumption and were compared using the independent-
samples ¢-test or the Mann—Whitney U test, as appropriate.
A multivariate Cox regression analysis was performed,



Clinical and Applied Thrombosis/Hemostasis

itivi

Sens

0.4 0.6

1 - Specificity

ROC Curve
1.0 [
_| ; Source of the
| Curve
' | J/ —— MHR
- —— Monocytes
0.8 ' J> / Reference Line

D . 6 "_;| / Vi
a

Diagonal segments are produced by ties.

0.8 1.0

Figure 3. Receiver operating characteristic curve of the MHR in predicting ISR in non-diabetic patients with PCHD.

including parameters that differed significantly between the
groups, in order to identify the independent predictor for
ISR. A receiver operating characteristic (ROC) curve analy-
sis was used to determine the optimum cutoff MHR in
predicting ISR. A P value < .05 (two-sided test) was consid-
ered to be statistically significant. Statistical analyses were
performed using SPSS version 22.0 (IBM Corporation,
Armonk, NY, USA).

Results

As shown in Table 1, we found that several variables were not
statistically different between the two groups, including age,
high blood pressure, history of drinking, family history, brain
natriuretic peptide level, troponin level, lymphocyte count,
hemoglobin concentration, platelet count, platelet distribution
width, mean platelet volume, red blood cell distribution width,
D-dimer level, albumin level, total cholesterol level, >and trigly-
cerides. We also found that the proportion of patients with dia-
betes, proportion of patients with a smoking history, proportion
of male patients, hemoglobin Alc value, white blood cell count,
neutrophil count, fibrinogen level, UA concentration, creatinine
level, monocyte count, HDL-C level, and MHR in the ISR group

were higher than those in the non-ISR group, and the differences
were statistically significant (P < .05).

As shown in Table 2, there were no statistically significant
differences in the number of target vessels, location or
number of stents, stent length, and stent diameter between the
two groups (P > .05).

Parameters with P <.05 in the univariable analysis and
parameters demonstrated to be associated with the development
of ISR in our studies were included in the multivariable Cox
analysis. As shown in Table 3, the results indicated that a
smoking history, fibrinogen, and higher MHR were indepen-
dent risk factors for ISR in the multivariate Cox regression anal-
ysis (P <.05).

ROC curves were used to explore the relationship between
MHR and ISR. The ROC curve was used to assess the value
of MHR in predicting the occurrence of ISR in patients with
PCHD. The results showed that the area under the ROC
curve (AUC) was 0.750 (95% confidence interval,
0.695-0.820; P <.001), the cutoff value was 546.88, and the
specificity and sensitivity were 65.2% and 78%. In addition,
the AUC of monocytes was 0.725 (95% confidence interval,
0.638-0.794; P <.001), the cutoff value was 590.00, and the
specificity and sensitivity were 77.1% and 60.0%.
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Table |. Baseline characteristics of patients [n (%), "X +s]
Variables Non-ISR Group ISR Group xX2/Z/t P
(n=227) (n=30)
male [n] (%) 132 (58.1%) 25 (83.3%) 6.850 .009
Hypertension[n] (%) 128 (56.4%) 16 (53.3%) 0.100 751
Diabetes [n] (%) 48 (21.1%) 13 (43.3%) 7210 .007
Smoking history [n] (%) 72 (31.8%) 20 (66.7%) 14.08 .000
History of alcohol [n] (%) 36 (15.9%) 3 (10.0%) 0.707 401
Stroke [n] (%) Il (4.8%) 3 (10.0%) 1.367 242
Family history [n] (%) 38 (16.7%) 9 (30.0%) 3.118 .077
Review time (month) 12.16 +0.48 13.87 +1.80 0.483 629
White blood cells (x 10°/L) 6.90+0.22 7.83+0.37 2.882 .004
Neutrophils (x 10°/L) 442+0.28 4.98 +£0.30 2.743 .006
Lymphocyte (x 10°/L) 1.99+0.13 2.04+0.10 1.498 134
Monocytes (x 10°/L) 487.13 £9.05 635.00 +34.17 4.989 .000
Platelet (x 10°/L) 209.68 +3.55 213.83+10.34 0.153 .878
Hemoglobin (g/L) 135.10£ 1.17 139.11 £2.43 1.778 .075
PDW (fL) 16.54 +0.04 16.54+0.10 0.288 773
MPV (fL) 8.79+0.08 8.78+0.16 0.454 .650
RDW (%) 13.18 +£0.05 13.35+0.14 1.036 .300
Fibrinogen (g/L) 3.00+0.04 342+0.17 2.340 019
D-dimer (mg/L) 0.10+0.01 0.12+0.02 1.715 .086
HbAlc (%) 6.16 +0.06 6.88+0.27 2.722 .006
Troponin | (ug /L) 0.15+0.05 0.58+0.27 1.058 290
NT —proBNP (ng/L) 499.52+ 111.40 426.46 +128.90 0.709 A79
UA (mmol/L) 302.17+5.26 351.77 +£20.17 2.250 .024
Scr (umol/L) 69.00+ 1.00 75.88 +3.00 2311 .021
Albumin (g/L) 4226 +0.25 42.28 +£0.52 0.193 .847
TC (mmol/L) 3.90+0.04 3.74+0.21 1.171 242
TG (mmol/L) 1.86 +£0.80 1.91+£0.23 0.446 656
HDL-C (mmol/L) 1.06 +0.02 0.89 +0.04 3.222 .001
LDL-C (mmol/L) 2.37 +0.06 2.39+0.20 0.338 735
MHR S511.55+16.99 685.77 + 39.60 5.936 .000
Table 2. Coronary angiography and PCl in the two groups [case (%), "X +s].
Variables Non-ISR Group ISR Group X2/Z/t P
(n=227) (n=30)
Multivessel lesions [n(%)] 104 (45.8%%) 19 (63.3%) 3.259 .071
LM-LAD lesions [n(%)] 170 (74.9%) 24 (80.0%) 0.374 541
LCX lesions [n(%)] 87 (38.3%) 15 (50%) 1.509 219
RCA lesions [n(%)] 92 (33.2%) 13 (43.3%) 0.086 769
Number of stents [n(%)] 2.35+0.08 247 +0.18 1.012 311
Length of stent (mm) 57.20+2.27 64.77 +5.30 1.699 .089
stent diameter (mm) 3.36+0.28 2.96 +0.07 0.786 432

Table 3. Risk factors of premature coronary heart disease analyzed
by Logistic regression analysis.

Variables OR 95%Cl P

Diabetes [n] (%) 1.575 0.425~5.830 496
Smoking history [n] (%) 4.474 1.750~11.438 .002
White blood cells (x 10°/L) 1.014 0.906~1.133 814
Neutrophils (x 10°/L) 1.019 0.918~1.131 723
Fibrinogen (g/L) 2.243 1.250~4.025 .007
HbAlc (%) 1.465 0.890~2.411 133
UA (mmol/L) 1.005 1.000~1.011 .058
Creation (umol/L) 0.985 0.953~1.018 .375
MHR 1.001 1.000~1.003 .036

As shown in Table 4, we found that a number of variables
were not statistically different between the two groups, includ-
ing age, high blood pressure, a history of drinking, brain natri-
uretic peptide level, troponin level, hemoglobin concentration,
platelet count, D-dimer level, albumin level, total cholesterol
level, and triglycerides. We also found that the proportion of
patients with diabetes, proportion of patients with a smoking
history, and proportion of male patients; counts of white
blood cells, neutrophils, lymphocytes, and monocytes;
HDL-C level; and MHR in the ISR group were higher than
those in the non-ISR group, and the differences were statisti-
cally significant (P <.05).
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Table 4. Baseline characteristics of non-DM patients [n (%), "X +s].

Variables Non-ISR Group ISR Group X2/ZI/t P
(n=179) (n=17)

male [n] (%) 109 (60.9%) 15 (88.2%) 4.994 .025
Hypertension[n] (%) 101 (56.4%) 7 (41.2%) 1.459 227
Smoking history [n] (%) 58 (32.4%) Il (64.7%) 7.102 .008
History of alcohol [n] (%) 29 (16.2%) 0 (0, 0%) 0.023 .072
Stroke [n] (%) 9 (5.0%) I (5.9%) 0.023 .878
Family history [n] (%) 28 (15.6%) 6 (35.3%) 4.182 .041
Review time (month) 12.13+0.54 10.76 + 1.25 0.446 .656
White blood cells (x 10°/L) 6.96 +0.27 8.23+0.57 2.551 011
Neutrophils (x 10%/L) 4.50+£0.35 5.26 +0.47 2210 .027
Lymphocyte (x 10°/L) 2.02+0.16 2.19+0.15 2.164 .030
Monocytes (x 10°/L) 485.47 +10.37 614.71 +47.11 2.562 010
Platelet (x 10°/L) 212.98+3.85 208.12+ 14.18 0.808 419
Hemoglobin (g/L) 135.82 +1.29 135.96 +£3.43 0.318 751
PDW (fL) 16.52 +0.05 16.46 +£0.13 0.381 .703
MPV (fL) 8.72+0.09 8.65+0.19 0.244 .807
RDW (%) 13.18+0.06 13.39+0.23 0.683 494
D-dimer (mg/L) 0.09+0.01 0.13+0.04 1.472 .141
HbAlc (%) 5.83+0.04 5.88+0.09 0.831 406
Troponin | (ug /L) 0.12+0.04 0.56 +0.31 1.540 124
NT—proBNP (ng/L) 480.01 + 138.62 50291 +221.22 0.573 .567
UA (mmol/L) 302.51 +5.46 355.88+28.01 1.81 .070
Scr (umol/L) 68.97 + 1.05 71.50+3.53 0.633 .526
Albumin (g/L) 4221 +0.28 41.75+0.70 0.300 764
TC (mmol/L) 3.94+0.08 3.74+0.30 1.338 .181
TG (mmol/L) 1.91+£0.09 1.59+0.15 0.436 .663
HDL-C (mmol/L) 1.06 +£0.02 0.92+0.06 2.157 .031
LDL-C (mmol/L) 2.41+0.07 2.48+0.29 0.327 744
MHR 500.19+16.13 688.07 +58.77 3.342 .001
Table 5. Coronary angiography and PCl in the two groups with non-DM [case (%), "X +s].

Variables Non-ISR Group ISR Group X2/ZIt P

(n=179) (n=17)

Multivessel lesions [n(%)] 80 (44.7%%) Il (64.7%) 2.500 114
LM-LAD lesions [n(%)] 134 (74.9%) 14 (82.3%) 0.471 492
LCX lesions [n(%)] 69 (38.5%) 8 (47.1%) 0.472 492
RCA lesions [n(%)] 70 (39.1%) 7 (41.2%) 0.028 .867
Number of stents [n(%)] 2.33+0.09 241 +0.21 0.822 Al
Length of stent (mm) 57.20+2.60 62.00 +6.37 1.195 232
stent diameter (mm) 3.46 +0.36 291 +0.08 1.380 .168

Table 6. Logistic regression analysis of risk factors for non-diabetic

premature coronary heart disease.

Variables OR 95%ClI P

Smoking history [n] (%) 3.165 1.055~9.493 .040
Family history [n] (%) 2.798 0.865~9.052 .086
Lymphocyte (X I09/L) 0.847 0.478~1.502 .570
Neutrophils ( x I09/L) 1.114 0.852~1.457 430
White blood cells (X I09/L) 1.002 0.894~1.122 977
MHR 1.002 1.000~1.004 .024

As shown in Table 5, there were no statistically significant
differences in the number of target vessels, location or
number of stents, stent length, and stent diameter between the
two groups (P >.05).

Parameters with P <.05 in the univariable analysis and
parameters demonstrated to be associated with the development
of ISR in our studies were included in the multivariable Cox anal-
ysis. As shown in Table 6, the results indicated that a smoking
history and higher MHR were independent risk factors for ISR
in the multivariate Cox regression analysis (P <.05).
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ROC curves were used to explore the relationship between
MHR and ISR. A ROC curve was also used to assess the
value of MHR in predicting the occurrence of ISR in non-
diabetic patients with PCHD. The results showed that the
AUC was 0.745 (95% confidence interval, 0.645-0.846;
P <.001), the cutoff value was 520.25, and the specificity and
sensitivity were 60.3% and 82.4%.

Discussion

PCI is a common interventional operation for the treatment of
CHD. ISR is a difficult challenge to overcome in the treatment
of CHD by PCI, and it is also a hotspot area of current research.
Some studies have pointed out that inflammation, vascular
endothelial injury causing vascular intimal hyperplasia and
remodeling, and smooth muscle cell migration and proliferation
can all lead to ISR.®* We retrospectively reviewed the clinical
data, laboratory indicators, CAG parameters, and stent features
of PCHD patients after PCI. In this retrospective investigation,
patients with PCHD were divided into an ISR group and a
non-ISR group based on the reexamination results. A total of
257 patients were enrolled, including 30 (11.7%) who devel-
oped ISR during follow-up. We found that the proportion of
patients with diabetes, proportion of patients with a smoking
history, proportion of male patients, hemoglobin Alc level,
white blood cell count, neutrophil count, fibrinogen level, UA
level, creatinine level, monocyte count, HDL-C level, and
MHR in the ISR group were higher than those in the non-ISR
group. Further logistic regression analysis found that a
smoking history, and higher MHR were independent risk
factors for ISR.

MHR combines two interactable risk factors and protection
factors, as a new type of inflammatory marker, and has
aroused the attention of scholars. Kanbay et al.” found that an
increase in MHR in patients with chronic renal insufficiency
is related to the occurrence of cardiac adverse events, and
Canpolat et al.'® determined that MHR can be used as a predic-
tor of atrial fibrillation recurrence. The mechanism of ISR may
be that vascular endothelial cells express leukocyte adhesion
molecules when they are damaged, and monocytes can adhere
to abnormal vascular endothelium, thereby participating in the
formation of atherosclerotic plaques.'’ Monocytes are the
main source of pro-inflammatory factors and pro-oxidant
factors. Monocytes in the blood circulation are also a source
of tissue macrophages and foam cells. Macrophages generate
foam cells through scavenger receptors and oxidized
LDL-C,"? releasing more inflammatory factors and pro-oxidant
factors to the stent site, thereby interacting with platelets and
smooth muscle cells, eventually leading to inflammation and
ISR. HDL can promote an efflux of cholesterol in cells, espe-
cially in macrophages, thereby supporting the reverse transport
of cholesterol in the arterial wall to the liver and inhibiting the
process of atherosclerosis.'> HDL-C also has anti-inflammatory
and antioxidant effects. By preventing LDL-C oxidation and
monocytes from entering the blood vessel walls, the endothe-
lium or blood vessels are protected from inflammation and

oxidative stress. HDL-C can also directly act on monocytes to
inhibit the occurrence of inflammation.'* The abovementioned
mechanism reflects the inflammatory effect of monocytes in
CHD and the anti-inflammatory and antioxidant effects of
HDL-C. Therefore, combining the inflammatory effects of
monocytes and the anti-inflammatory and anti-atherosclerotic
effects of HDL-C, MHR can be used as a new predictor of reste-
nosis in PCHD patients after PCI. Previous studies have found
that elevated MHR values correlate with the occurrence of ISR
in patients with stable or unstable angina pectoris after PCI. Tok
D, Ucar research found that elevated MHR levels are related to
the occurrence of ISR in patients with stable and unstable
angina pectoris after PCL.'>'° It is consistent with the research
results of us. To demonstrate the predictive power of MHR for
ISR in patients with PCHD, we performed a subgroup analysis
in the non-diabetic population. We found that MHR remains an
independent risk factor for ISR in patients with PCHD. This is
consistent with our findings.

We found that counts of white blood cells, neutrophils, and
monocytes in the ISR group were higher than those in the
non-ISR group. Coronary atherosclerosis is the most important
pathophysiological basis of CHD. It is an inflammatory process
that occurs in combination with an age increase, intimal thicken-
ing, lipid streaks, calcification nodules, and hardening plaque for-
mation.'” Previous studies have found that many inflammatory
markers, including the ratio of lymphocytes to monocytes, ratio
of neutrophils to lymphocytes, and C-reactive protein level, are
related to the occurrence of ISR.'™! Neutrophils can cause
plaque rupture by producing superoxide free radicals, arachidonic
acid, proteolytic enzymes, and other metabolites and can aggre-
gate with platelets to block blood vessels and cause myocardial
ischemia and infarction.® Vascular endothelial cells express leu-
kocyte adhesion molecules when they are damaged, and mono-
cytes can adhere to abnormal vascular endothelium, thereby
participating in the formation of atherosclerotic plaques.'!
Multivariate logistic regression analysis was further performed
to evaluate the significance of independent inflammatory indica-
tors for the diagnosis of ISR in PCHD, and the results suggested
that neutrophils and monocytes could not be independent risk
factors for ISR in PCHD, which may be due to the interference
of multiple factors in inflammatory indicators.

In this study, we also found that the levels of UA and serum
creatinine in the ISR group were higher than those in the
non-ISR group, suggesting that both serum creatinine and UA
may be correlated with the occurrence of PCHD. UA has a
pro-inflammatory effect and is positively correlated with
levels of tumor necrosis factor and interleukin-6. It can also
promote the secretion of C-reactive protein, which is vulnerable
to the persistence of inflammatory stimuli in plaque, which
leads to cell proliferation. Finally, UA can stimulate the prolifera-
tion of vascular smooth muscle cells.”' Creatinine is considered to
be one of the indicators capable of reflecting kidney function.
Research by Okada et al.** found that serum creatinine is very
closely linked to ISR in patients with CHD. Specifically, their
study found that arteriosclerotic changes (eg, endothelial
damage), which are associated with glomerular damage, may
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lead to stent malexpansion and/or malapposition and induce stent
restenosis. Numasawa et al. found that patients with high levels of
creatinine may have a hypercoagulable condition, which can
increase the thrombotic risk. Moreover, activation of sympathetic
nerves and the renin-angiotensin-aldosterone system, chronic
inflammation oxidative stress, and endothelial dysfunction may
also be associated with high levels of creatinine.”> Multivariate
logistic regression analysis showed that serum creatinine and
UA are not independent risk factors for ISR in PCHD. These find-
ings may be attributable to the patients we selected, and we will
include more patients in the future to improve our research.

We also found that the level of fibrinogen in the ISR group
was higher than that in the non-ISR group. Multivariate logistic
regression analysis showed that fibrinogen was an independent
risk factor for in-stent restenosis in patients with PCHD.
Fibrinogen is the precursor of fibrin and is related to the inflam-
matory and thrombosis processes. Fibrinogen and its metabo-
lites may stimulate endothelial cell deterioration and tissue
disorders, increase the release of growth factors derived from
endothelial cells, and cause endothelial cell dysfunction. In
addition, fibrinogen may stimulate the growth of smooth
muscle cells, leading to restenosis in the vascular stent.**

The predictive value of MHR for ISR in patients with PCHD
was further evaluated by ROC curve analysis. We found that
MHR has a certain predictive value for ISR in patients with
PCHD, and the predictive value of MHR for ISR in patients
with PCHD is higher than the predictive value of monocytes
or HDL-C alone.

Limitations

There are some limitations to this study. First, this study was a
single-center, retrospective investigation with a small sample.
Second, for the evaluation of ISR, we should have used more
precise quantitative measurement methods, such as intravascular
ultrasound or optical coherence tomography. Third, we measured
MHR only at baseline; serial MHR changes were not assessed.
Fourth, follow-up CAG was conducted when ischemic symptoms
were suspected, and the rate of ISR might be underestimated in
clinical practice as a result, so a prospective study is needed.

Conclusion

MHR has a good correlation with the occurrence of ISR after
stent implantation in patients with PCHD and has a certain pre-
dictive value for the occurrence of ISR. Going forward, high-
risk ISR patients may be screened using MHR, and early clin-
ical interventions should be carried out to avoid ISR and
serious cardiovascular events, enhance the efficacy of PCI,
and improve the prognosis of patients.
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