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Abstract

In-stent restenosis is a common complication after percutaneous coronary in-
tervention (PCI) for coronary heart disease requiring revascularization. We per-
formed a retrospective analysis to assess the value of inflammatory biomarker
albumin to globulin ratio (AGR) in clinical prognosis of PCL. In total, 992 patients
with coronary heart disease who underwent the first drug-eluting stent implanta-
tion and re-examination angiography in our hospital were enrolled in this study.
The AGR was measured. At mean follow-up of 11.2 + 4 months, the in-stent
restenosis (ISR) and revascularization events (including target lesion revasculari-
zation, target vessel revascularization, and revascularization of de novo lesions)
occurred in 127 and 284 patients, respectively. Compared with the non-ISR or
non-event group, AGR was significantly lower in the ISR group and the events
group. Beyond that, albumin was significantly lower, whereas urea nitrogen, glu-
cose, and Gensini score, as well as the proportions of a history of diabetes and
peripheral vascular diseases were significantly higher in the ISR group and the
events group. Age, heart rate, white blood cell, neutrophils, lymphocyte, mono-
cyte, and incidence of ischemic stroke were significantly higher in the events
group. Multivariate Cox regression analysis showed that AGR was independently
associated with ISR (p = 0.032) and events (p = 0.024). Besides, Kaplan-Meier
analysis indicated that the higher quartile of AGR had a lower rate of ISR (p =
0.038) and events (p < 0.001). Finally, the receiver operating characteristic curve
for AGR in diagnosing ISR and events indicated that the area under the curve
were 0.56 and 0.57, respectively. Therefore, AGR is one of the most important
factors that independently associate with the ISR and revascularization events
after PCIL.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Albumin to globulin ratio (AGR) is regarded as an inflammatory biomarker and
demonstrates a promising clinical role in various diseases. However, there are
limited data suggesting it may serve as a biomarker of clinical outcomes, includ-
ing in-stent restenosis (ISR) and revascularization events, in patients with coro-
nary heart disease (CHD) after percutaneous coronary intervention (PCI).
WHAT QUESTION DID THIS STUDY ADDRESS?

We sought to perform this analysis to assess the value of inflammatory biomarker
AGR in the clinical prognosis of PCI.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

Compared with the non-ISR and non-event groups, AGR was significantly lower
both in the ISR and revascularization events groups. Further, AGR was indepen-
dently associated with ISR and revascularization events after PCI in patients with
CHD.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

Measures should be taken based on the level of AGR in time. Besides, albumin
supplementation or decreasing globulin levels may help to improve the occur-

INTRODUCTION

Percutaneous coronary intervention (PCI) has been
thought of as a tremendous advance in the treatment of
coronary heart disease (CHD). Traditional PCI only used
the balloon to open narrow coronary vessels, usually lead-
ing to a high risk of restenosis after surgery. Next came the
first-generation of bare-metal stents (BMS), which greatly
decreased the restenosis rate. Currently, the second-
generation drug-eluting stent (DES) has become the main
method in treating CHD, which greatly benefits patients
but still fails to completely solve the puzzle of in-stent
restenosis (ISR).' Therefore, it is of great significance to
explore new ways to inhibit ISR.

Previous researches have proved that CHD is a form of
chronic inflammatory disease.> Among the increasing evi-
dence, inflammation was further confirmed to play a vital
role in the development and progression of ISR.* Recently,
some studies revealed the potential function of inflamma-
tory markers, including TREM-1, C1q/TNF-related pro-
tein (CTRP), TLR3, and TLR4 in predicting ISR.*% More
than that, the ratio of platelet-to-lymphocyte, which was
an inflammation-related indicator, could provide the basis
for assessing the inflammatory status and predicting the
possibility of ISR.

More and more results indicated that the albumin to
globulin ratio (AGR), a serum inflammatory marker, could
construct a close relationship with inflammatory diseases,

rence of adverse events, including ISR.

such as cancer™ and CHD.!° However, there is limited
information explaining comprehensively the function of
AGR in ISR. In our study, we focused on the impact of
peri-operative period AGR on the occurrence of ISR and
revascularization events after DES implantation.

METHODS
Study populations

This study was a retrospective observational study. A total
of 1270 patients with CHD who received DES implantation
for the first time and follow-up angiography in our hospital
from July 2013 to February 2019 were retrospectively re-
viewed for relevant medical records. Of them, 180 patients
were excluded because the follow-up time was either less
than 5 months or more than 24 months and 14 patients
were excluded due to the lack of laboratory results. The
range between two angiographies was from 5 months to
24 months and the average was 11.2 + 4 months. Patients
were excluded from the study if they met the following cri-
teria: history of autoimmune diseases, systemic diseases,
malignant tumors, acute infection, severe hepatorenal
insufficiency, a history of coronary artery bypass grafting
or PCI, and severe valvular heart disease. Finally, 992 pa-
tients were enrolled in the study. Our study protocol was
approved by the ethics committee of Zhongda Hospital.
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Study procedures

All the coronary interventions were performed by expe-
rienced cardiologists in accordance with the guidelines."
After PCI, all the patients were given standardized treat-
ment, including dual antiplatelet therapy, statin, and
other cardiovascular-related drugs. All laboratory data
were collected at the first time after hospital admission,
including routine blood test (white blood cell, red blood
cell, platelet, neutrophils, monocyte, lymphocyte, eosino-
phil, basophil, mean platelet volume, platelet distribution
width, and red blood cell distribution width), fibrinolytic
function (prothrombin time, activated partial thrombo-
plastin time, International Normalized Ratio [INR], and
D-dimer), and biochemical indicators (total protein, al-
bumin, globulin, prealbumin, creatinine, urea nitrogen,
alanine aminotransferase, aspartate transaminase, total
bilirubin, direct bilirubin, uric acid, glucose, cholesterol,
and triglyceride). The value of AGR was calculated by di-
viding albumin concentration by globulin concentration.
Clinical values, such as body mass index (BMI), current
smoking and drinking, hypertension, diabetes, hyperlipi-
demia, atrial fibrillation, stroke, and peripheral vascular
disease history were also collected. BMI was calculated
using the formula weight (kg)/height (m)?. Current smok-
ing and drinking were defined as smoking and alcohol
consumption within 1 year before the first hospitalization.
To assess the severity of coronary lesions in patients, we
calculated the coronary stenosis score Gensini for each pa-
tient. The Gensini score was computed according to previ-
ously described methods."*

Follow-up was carried out between 5 and 24 months
after stent implantation. ISR was defined as more than
50% restenosis in or adjacent to the implanted stent(s)
(less than 5 mm). Revascularization events was defined as
target lesion revascularization (TLR), target vessel revas-
cularization (TVR), and de novo revascularization. TLR
was defined as repeated PCI treatment within the target
lesion stent or edge 5 mm. TVR was defined as PCI in the
target lesion coronary vessel outside the stent. De novo
revascularization was defined as the revascularization of
other coronary vessels.

Statistical analysis

All data were analyzed by using SPSS 22.0 and GraphPad
Prism 8. Continuous variables are presented in the form of
mean =+ standard deviation. The t-test was used for com-
parison between the two groups and analysis of variance
(ANOVA) was used to compare differences between more
than two groups. Categorical variables are presented as
numbers and percentages and were compared using the

ASCPT

chi-square test. Univariate or multivariate (method: for-
ward LR) Cox proportional hazard model analysis was
used to determine which variables are independent risk
factors for ISR and events. Those recognized risk factors
for CHD or factors with significant differences between
ISR or events group and the control group were included
in the analysis. The results are presented in the form of
hazard ratio (HR), 95% confidence interval (CI), and p
value. Patients were divided into quartiles according to
AGR. Kaplan-Meier analysis was used to deeply explore
the relationship between AGR and ISR events. The re-
ceiver operating characteristic (ROC) curve was also
plotted to evaluate the role of AGR in diagnosing the oc-
currence of ISR and events. Any p value less than 0.05 was
considered to have statistical significance.

RESULTS

Patients who received second-generation DES stent im-
plantation for the first time in our hospital and follow-up
angiography were enrolled in our study. In the end, 992
patients (men: 690/992, 70%; mean age: 63.4 + 10.7 years)
were selected. These patients were divided into the ISR
group (n = 127) and the non-ISR group (n = 865), as well
as the events group (n = 284) and the non-event group (n
= 708). The basic characteristics of patients are shown in
Tables 1 and 2. Compared with the non-ISR group and
non-event group, both the ISR and events group had lower
levels of AGR and albumin. The average level of urea ni-
trogen, glucose, and Gensini score, as well as the propor-
tions of diabetes and peripheral vascular diseases history,
were higher in the ISR and events group compared with
their corresponding control groups. Beyond that, average
age, heart rate, white blood cell, neutrophils, lymphocyte,
and monocyte, as well as history of ischemic stroke were
only significantly higher in the events group than in the
non-event group.

To further determine the role of AGR in ISR and events,
we performed univariate and multivariate Cox propor-
tional hazard model analyses (Tables 3 and 4), and found
that AGR (HR: 0.551, 95% CI: 0.320-0.950, p = 0.032),
glucose (HR: 1.094, 95% CI: 1.038-1.153, p = 0.001) were
risk factors of ISR. AGR (HR: 0.640, 95% CI: 0.435-0.943,
p = 0.024) and glucose (HR: 1.076, 95% CI: 1.036-1.119,
p < 0.001) were also independent risk factors of events.
Besides, age (HR: 1.020, 95% CI: 1.008-1.033, p = 0.002),
heart rate (HR: 1.010, 95% CI: 1.001-1.020, p = 0.038),
and white blood cells (HR: 1.048, 95% CI: 1.002-1.096,
p = 0.041) were independently associated with events, not
ISR.

Next, we divided all the 992 patients into four groups
according to the quartile of AGR. As shown in Table 5, the
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TABLE 1 Clinical characteristic of the patients

Non-ISR

Variables (n = 865) ISR (n = 127)
Men, n (%) 598 (69.1) 92 (72.4)
Age 63.17 £ 10.82 64.65 £ 9.99
BMI 25.31 £3.36 25.56 £3.25
Current smoking, n (%) 320 (37) 51 (40.2)
Current drinking, n (%) 129 (14.9) 14 (11)
Hyperlipemia, n (%) 79 (9.1) 9(7)
Hypertension, n (%) 638 (73.8) 89 (70.1)
Diabetes, 1 (%) 232 (26.8) 58 (45.7)
Atrial fibrillation, n (%) 51(5.9) 7 (5.5)
Stroke, n (%) 160 (18.5) 24(18.9)
Peripheral vascular 31(3.6) 11 (8.7)

diseases, n (%)
COPD, n (%) 14 (1.6) 0(0)

Non-event Events
p value (n = 708) (n = 284) p value
0.449 494 (69.8) 196 (69) 0.814
0.147 62.73 £10.8 64.92 + 10.38 0.004
0.455 2531 +3.25 25.44 + 3.58 0.622
0.491 267 (37.7) 104 (36.6) 0.748
0.244 105 (14.8) 38(13.4) 0.557
0.449 67(9.5) 21 (7.4) 0.3
0.382 519 (73.3) 208 (73.2) 0.983
<0.001 176 (24.9) 114 (40.1) <0.001
0.863 38(5.4) 20(7) 0.309
0.914 118 (16.7) 66 (23.2) 0.016
0.008 24 (3.4) 18 (6.3) 0.037
0.298 10 (1.4) 4(1.4) 1

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; ISR, in-stent restenosis.

range of AGR in each group was 0.675-1.374, 1.375-1.583,
1.584-1.826, and 1.827-3 separately. The incidence rate of
ISR in the four groups declined gradually, and, in turn:
16.94%, 12.85%, 12.05%, and 9.35% (p = 0.088) whereas
that of events also decreased from 37.5% to 28.51% to
24.5% and to 23.98% (p = 0.003).

We also performed Kaplan-Meier curve analysis based
on quartiles of AGR to deeply explore the relationship
between AGR with ISR, as well as with events. The re-
sults shown in Figure 1 indicated that the risk of ISR (p =
0.038) and events (p < 0.001) were significantly higher in
patients with lower AGR values.

Finally, to evaluate the diagnostic value of AGR for
diagnosing the ISR and events, we performed ROC
curve analysis and found that the area under the curve
(AUC) value was 0.56 for ISR and was 0.57 for events
(Figure 2).

DISCUSSION

In this study, we found that AGR is a risk factor indepen-
dently associated with ISR and revascularization events
in patients with CHD. Patients with CHD with higher
AGR may be confronted with a lower incidence of ISR
and events. The present research is the first to report the
relationship between AGR and ISR or revascularization
events after stent implantation.

CHD is one of the leading causes of mortality around
the world."® PCI has been widely used in the treatment of
CHD when vascular stenosis is serious.'* With the devel-
opment of technology, instruments for PCI ranged from
balloon to first-generation BMS, then to second-generation

DES." Although this progress has led to a lower rate of
coronary restenosis, ISR remains a major clinical problem
in cardiac interventional surgery.'® According to statistics,
the average time of ISR occurrence in patients with CHD
after PCI is more than 12 months."” The mechanism of
ISR is very complex. ISR in patients who undergo BMS
implantation usually results from intimal injury and sub-
sequently neointimal formation, whereas ISR in DES is
mainly due to inflammation.'® Revascularization events
are another common cardiovascular event after PCI with
BMS implantation or DES implantation.'® As is known,
inflammatory response and neointimal formation are
major risk factors for revascularization.*

Atherosclerosis is recognized as a chronic inflamma-
tory disease, which is the most important pathological
basis of CHD.*! A variety of inflammatory biomarkers
have been discovered to be closely associated with CHD.
Recently, lymphocyte-to-monocyte ratio, which is a novel
inflammatory marker, has been found to be independently
associated with ISR in patients with CHD after BMS im-
plantation.”* Both neutrophil-to-lymphocyte ratio (NLR)
and platelet-to-lymphocyte ratio, which represent the in-
flammatory status, were independent risk factors of ISR
for chronic total occlusion coronary lesions after DES im-
plantation.” In addition, NLR has been suggested to pre-
dict ISR after carotid angioplasty and stenting.** Therefore,
inflammatory biomarkers have important predictive value
in the occurrence of ISR.

The AGR is obtained by dividing albumin by globulin.
As a recognized marker of inflammation, AGR has been
widely used in the judgment of cancer prognosis, such as
diffuse large B cell lymphoma,* esophageal cancer,” colon
cancer,?® clear cell renal cell carcinoma,?” and non-small
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TABLE 2 Laboratory characteristic of the patients

Non-ISR Non-event Events

Variables (n = 865) ISR (n = 127) p value (n = 708) (n = 284) p value
Systolic pressure, mm Hg 134.8 £19.2 131.43 £18.75 0.065 133.85 +19.03 135.65 +19.57 0.182
Diastolic pressure, mm Hg 79.17 £ 12.08 77.86 £ 9.76 0.174 79.11 £ 11.98 78.71 £ 11.39 0.632
Heart rate, per min 74.87 £12.76 76.76 £ 14.16 0.125 74.37 £11.9 76.99 £ 15.14 0.009
White blood cell, x10°/L 7.54 £ 2.82 7.82+3 0.296 7.45 £ 2.85 7.88 £ 2.81 0.031
Red blood cell, x10'%/L 4.62 £ 0.52 4.6 £ 0.6 0.62 4.63 £ 0.52 4.59 £ 0.56 0.208
Platelet, x10°/L 198.44 + 52.34 200.94 + 62.7 0.627 198.88 £+ 53.23 198.46 + 55.12 0.913
Neutrophils, x10°/L 534+ 2.71 5.6 +2.77 0.312 523+27 574 £2.73 0.008
Lymphocyte, x10°/L 1.66 = 0.68 1.65 + 0.64 0.924 1.69 + 0.69 1.59 + 0.63 0.04
Monocyte, x10°/L 0.4+0.18 0.43 £0.21 0.104 0.4+0.18 0.42 £ 0.19 0.035
Eosinophil, x10°/L 0.12 + 0.13 0.1 £0.09 0.151 0.12 £ 0.13 0.11 £ 0.12 0.349
Basophil, x10°/L 0.02 £+ 0.02 0.02 £+ 0.02 0.249 0.02 £+ 0.02 0.02 £+ 0.02 0.079
MPV, fL 10.56 £ 1.31 10.78 £ 1.32 0.074 10.58 £ 1.32 10.61 £ 1.29 0.714
PDW, fL 15.02 = 3.05 15.02 = 3.26 0.998 14.94 + 2.85 15.21 £ 3.57 0.203
RDW CV, % 13.02 £ 0.91 12.98 + 0.68 0.626 13.00 + 0.86 13.04 + 0.94 0.53
RDW SD, fL 42.48 + 3.39 42.15 + 3.26 0.314 42.46 + 3.32 4237 +£3.53 0.71
PT, S 11.27 £ 3.77 11.32 + 1.63 0.898 11.33 £ 3.89 11.16 + 2.64 0.507
APTT, S 35.04 + 21.26 33.95 + 20.07 0.611 34.85 £ 20.45 35.06 + 22.76 0.894
INR 1.06 = 0.35 1.05+0.13 0.931 1.06 + 0.36 1.04 + 0.25 0.405
D-Dimer, ug/L 246.14 +2053.32 177.42 £169.24 0.722 243.06 + 2253.65 225.03 + 539.76 0.897
TG, mmol/L 1.93 £1.63 1.75 £ 1.42 0.244 1.94 £1.72 1.81+1.3 0.229
TC, mmol/L 4.62 +£1.26 4.45 +1.08 0.152 4.6 +1.24 4.59 £1.24 0.912
HDL, mmol/L 1.13 +0.26 1.11 £ 0.23 0.352 1.13 +0.26 1.13 +£0.25 0.787
LDL, mmol/L 2.82+0.9 2.71+0.79 0.191 2.81 +£0.89 2.8 £0.87 0.811
ApoAl, g/L 1.05 +0.23 1.04 +0.24 0.508 1.05 +0.23 1.05+0.24 0.91
ApoB, g/L 0.82 £0.22 0.8 +0.22 0.439 0.81 £0.22 0.82 £0.22 0.891
Lipoprotein a, mg/L 296.58 + 249.43 341.26 + 314.12 0.133 297.14 + 255.29 315.09 + 267.35 0.33
Total protein, g/L 64.88 £ 6.21 64.58 + 6.83 0.618 64.98 + 6.12 64.49 + 6.7 0.272
Albumin, g/L 39.7 + 4.44 38.85 £ 5.05 0.048 39.91 £+ 4.26 38.81 £ 5.06 0.001
Globulin, g/L 25.18 £4.51 25.73 £ 4.44 0.195 25.07 £ 4.47 25.68 £ 4.55 0.052
Prealbumin, g/L 0.35+1.95 0.96 +4.78 0.165 0.4 +2.26 0.48 +3.03 0.671
Creatinine, umol/L 85.21 £ 22.05 88.28 £ 23.29 0.148 84.67 £ 20.31 87.93 £+ 26.28 0.061
Urea nitrogen, mmol/L 5.56 + 1.81 597 £2.34 0.023 5.5+ 1.77 5.89 £2.13 0.007
ALT, U/L 31.32 + 33.88 31.38 + 25.26 0.985 31.32 + 35.07 31.33 £ 26.74 0.997
AST, U/L 53.65 £ 90.23 63.14 £ 91.49 0.27 54.73 £ 95.95 55.21 £ 74.92 0.94
Total bilirubin, umol/L 12.78 £ 5.97 13.04 £ 5.42 0.651 12.79 + 5.87 12.88 + 6.01 0.835
Direct bilirubin, umol/L 3.53 +2.12 3.87+£22 0.097 BESSEPI 3.65 £ 1.94 0.48
Uric acid, umol/L 335.57 £ 95.36 338.32 £ 9741 0.762 337.16 = 94.52 332.82 £ 98.28 0.518
Glucose, mmol/L 6.52 + 2.56 7.23 £2.82 0.004 6.37 £ 2.25 7.22 £ 3.26 <0.001
Gensini score 44.11 + 31.86 51.04 + 32.65 0.023 39.82 £ 29.7 57.91 £+ 33.98 <0.001
AGR 1.63 £0.35 1.56 £ 0.35 0.029 1.64 £ 0.35 1.56 + 0.34 <0.001

Abbreviations: AGR, albumin-to-globulin ratio; ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; AST, aspartate transaminase;
HDL-C, high density lipoprotein cholesterol; INR, International Normalized Ratio; LDL-C, low density lipoprotein cholesterol; MPV, mean platelet volume;
PDW, platelet distribution width; PT, prothrombin time; RDW, red blood cell distribution width; TC, total cholesterol; TG, triglyceride.
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TABLE 3 Cox proportional hazard

Univariate analysis Multivariate analysis model Analysis of Predicting Risk Factors
HR 95% CI pvalue HR  95%CI p value of ISR

Male 1.166 0.790-1.721 0.439

Age 1.012 0.996-1.029 0.144

Current smoking  1.157  0.811-1.650  0.421

Hypertension 0.842  0.576-1.231  0.374

BMI 1.020 0.968-1.076 0.455

White blood cell 1.033  0.975-1.094  0.272

MPV 1.132 0.992-1.291 0.066

Creatinine 1.005 0.998-1.012 0.243

Urea nitrogen 1.09 1.012-1.175  0.023

Direct bilirubin 1.055  0.989-1.125  0.105

TC 0.900 0.774-1.046 0.170

Glucose 1.073  1.022-1.127  0.004 1.094 1.038-1.153  0.001

AGR 0.538 0.320-0.906 0.020 0.551  0.320-0.950  0.032

Abbreviations: AGR, albumin-to-globulin ratio; BMI, body mass index; CI, confidence interval; HR,
hazard ratio; ISR, in-stent restenosis; MPV, mean platelet volume; TC, triglyceride.

TABLE 4 Cox proportional hazard

Univariate analysis Multivariate analysis model analysis of predicting risk factors
HR 95% CI pvalue HR 95% CI p value of events

Male 0.978 0.760-1.258 0.862

Age 1.016 1.005-1.028 0.004 1.020 1.008-1.033 0.002

Current smoking  0.962  0.756-1.224  0.752

Hypertension 0.998 0.767-1.298  0.987

BMI 1.007 0.970-1.045 0.725

Heart rate 1.013 1.004-1.021 0.003 1.010 1.001-1.020 0.038

White blood cell 1.045  1.007-1.085  0.019 1.048  1.002-1.096 0.041

MPV 1.018 0.932-1.113 0.692

Creatinine 1.006 1.001-1.011 0.020

Urea nitrogen 1.085  1.032-1.142  0.001

Direct bilirubin 1.016 0.966-1.068 0.542

TC 0.995 0.905-1.094 0.910

Glucose 1.084 1.049-1.119 <0.001 1.076 1.036-1.119  <0.001

AGR 0.512 0.361-0.728 <0.001 0.640 0.435-0.943 0.024

Abbreviations: AGR, albumin-to-globulin ratio; BMI, body mass index; CI, confidence interval; HR,
hazard ratio; ISR, in-stent restenosis; MPV, mean platelet volume; TC, triglyceride.

. . . . . TABLE 5 Analysis in relation with
Patient groups in relation with AGR quartiles

AGR quartiles
Group A Group B Group C Group D P
Patients, n 248 249 249 246
AGR, min-max 0.675-1.374  1.375-1.583 1.584-1.826 1.827-3 <0.001
AGR, mean + SD 1.21 £0.14 1.48 = 0.06 1.70 £ 0.07 2.09 £0.23 <0.001
ISR, n (%) 42 (16.94) 32(12.85) 30 (12.05) 23 (9.35) 0.088
Event, n (%) 93 (37.5) 71 (28.51) 61 (24.5) 59 (23.98) 0.003

Abbreviations: AGR, albumin-to-globulin ratio; ISR, in-stent restenosis.
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FIGURE 1 The Kaplan-Meier estimate curve of ISR and events in relation to AGR quartiles. Green represents group A, yellow
represents group B, red represents group C, and blue represents group D. As shown, the lower the AGR level, the higher the incidence of ISR
(a) and events (b). AGR, albumin-to-globulin ratio; ISR, in-stent restenosis
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cell lung cancer.”® Besides, in the nervous system, AGR revascularization events, which indicated a protective
is considered to be one of the important anticognitive biomarker of AGR in patients with CHD after percutane-
decline factors.” In circulatory diseases, lower AGR was ous coronary stent implantation. However, the ROC anal-

closely related to the occurrence of malignant cardiovas-  ysis indicated that AGR was not a valuable biomarker in
cular and cerebrovascular events®® and mortality in pa- diagnosing the occurrence of ISR and revascularization
tients with heart failure with reduced ejection fraction.™ events due to the lack of predictiveness. The possible rea-
However, whether the AGR could be used in the predic- son why AGR has a role in Kaplan-Meier curve but not

tion of ISR was still unknown. Therefore, we performed  in ROC analysis is because ROC was analyzed based only
a retrospective study enrolling patients with CHD who on whether ISR or events occurred, and the Kaplan-Meier
underwent their first DES implantation and underwent curve was analyzed not only based on whether ISR and

follow-up angiography in the following 5-24 months. events occurred, but also on the occurrence time of the
In the present research, AGR was significantly lower ISR and events.

in the ISR group compared with the non-ISR group. We speculate that AGR mainly decreases the risk of

AGR was also lower in the events group compared with ~ ISR and events through anti-oxidant reaction and anti-

the non-event group, indicating a role of AGR in anti- inflammatory response. Albumin and globulin are the

atherosclerosis progression. Multivariate Cox regression main components of protein in human plasm.'® As the
analysis showed that AGR and diabetes history were both most abundant plasma protein component, albumin
independent risk factors of ISR and events in patients with protects the vascular wall by playing an antioxidant role
CHD. We further divided the patients into four groups ac-  against oxidative damage of vascular endothelium,** there-
cording to AGR quartiles and performed Kaplan-Meier  fore inhibiting the progress of atherosclerosis. Globulin is
curve analysis to reveal the relationship among AGR and the main executor of immune function, and the immune
ISR or events. As shown in the results, patients in the system was closely connected with the development of
highest quartile of AGR had the lowest rate of ISR and  atherosclerosis.”> Wang et al. found'® that albumin and
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globulin were both independently associated with CHD.
Therefore, albumin and globulin may also participate in
the progression of ISR.

Although our research shows the relationship among
AGR with ISR and events, there are still some limitations
in our study. First, the study was designed in a retrospec-
tive, single-center way. Second, this study was unable to
collect indicators including stent diameter and length for
analysis. Third, most patients had no test results for in-
flammatory factors, such as C reactive protein (CRP), and
interleukin-6 (IL-6).

CONCLUSION

In conclusion, our study showed that AGR, an inflamma-
tion biomarker, appears to be independently associated
with ISR and revascularization events after PCI in pa-
tients with CHD. As a clinically accessible indicator, AGR
may help cardiologists to more easily judge the progno-
sis of patients after PCI. Before clinical application, large,
multicenter, prospective studies need to be conducted to
determine the value of AGR.
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