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Abstract

Background Inflammatory mediators and immune activation can intensify the inflammatory response within
atherosclerotic plaques, increasing the risk of plaque rupture and thrombosis. This study aims to compare peri-
coronary adipose tissue fat attenuation index (PCAT-FAI) and platelet-to-lymphocyte ratio (PLR) between NSTEMI and
SA patients, and explore their combined predictive ability for NSTEMI.

Patients and methods :The study included 52 NSTEMI patients aged 65 and older who underwent both CCTA
and CAG from January 2020 to December 2022, alongside 52 gender- and age-matched SA patients, and 52 control
patients. PCAT-volume and PCAT-FAl were measured using Siemens VB20.0, and PLR was calculated from peripheral
blood tests.

Results Among 156 patients, NSTEMI patients had significantly higher PCAT volume (12.13+5.32 mm?) compared to
SA (8.39+4.10 mm? p<0.001) and controls (6.28 +3.40 mm? p <0.001). They also had higher PCAT-FAI (-76.28 +5.33
HU) than SA (-82.87 +6.19 HU, p<0.001) and controls (-84.19+5.74 HU, p <0.001). PLR was higher in NSTEMI patients
(178.27+107.18) compared to SA (115.54+45.28, p=0.002) and controls (116.09+ 38.09, p=0.006), with no significant
difference between SA and controls (p=1.000). PCAT-FAI correlated with PLR (CC: 0.298; P<0.01). Combining PLR and
PCAT-FAI predicted NSTEMI with an AUC of 0.799 (95% Cl, 0.715-0.883).
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Conclusion Higher PCAT-FAl and PLR in NSTEMI patients highlight the role of adipose tissue inflammation and
thrombosis in coronary artery disease progression. Combined assessment of PCAT-FAl and PLR has potential value in
predicting the adverse progression of atherosclerotic plaques.

Keywords Peri-coronary adipose tissue, Fat attenuation index, Platelet to lymphocyte ratio, Non-ST-elevation

myocardial infarction, Elderly

Background

The majority of non-ST elevation myocardial infarction
(NSTEMI) incidents are found in older adults [1]. The
proportion of the global population aged 80 years or older
is projected to triple over the next 20 years. Advancing
age is a key predictor of negative events in patients with
this coronary artery disease [2]. In NSTEMI, a coronary
artery experiences partial obstruction due to a thrombus,
leading to decreased blood flow, unlike the full blockage
seen in ST-elevation myocardial infarction (STEMI) [3].
This condition causes ischemia and damages heart mus-
cle without the ST-segment elevation typically observed
in STEMI on an electrocardiography (ECG). Addition-
ally, elderly patients often lack the classic symptoms of
chest pain, making the diagnosis of NSTEMI more chal-
lenging. Delays in diagnosis can further lead to untimely
treatment, resulting in poor prognosis for the patient.
In recent times, there has been a focus on exploring a
wide array of inflammatory indicators with the goal of
discovering novel biomarkers. These efforts are directed
towards enabling the early and precise identification of
individuals at elevated risk for cardiovascular diseases
(CVD).

Research spanning both preclinical and clinical
domains has unveiled that inflammation and metabolic
disturbances play a pivotal role at every stage of athero-
sclerosis, significantly contributing to the instability of
plaques and the disease’s advancement [4—6]. Over the
past several decades, various inflammatory and meta-
bolic biomarkers have been studied, including the roles
of the inflammatory cytokine C-reactive protein (CRP)
and the pro-inflammatory cytokine Interleukin-6 (IL-6)
in patients with CVD [7-10]. However, these traditional
biological markers, which are more reflective of the
body’s inflammation and immune status, have relatively
low specificity, rendering them less effective for the rapid
diagnosis of acute myocardial infarction.

The Fat Attenuation Index (FAI) is a quantitative met-
ric used in medical imaging, particularly in computed
tomography (CT) scans, to assess the attenuation or den-
sity of adipose tissue [11]. Under inflammatory condi-
tions, changes in the distribution and quality of adipose
tissue may occur, and increased FAI values may indicate
alterations in the inflammatory status of adipose tissue,
potentially reflecting the presence of inflammatory pro-
cesses or diseases [12, 13]. Early studies have established
a connection between elevated peri-coronary adipose

tissue (PCAT) FAI, assessed through Coronary Com-
puted Tomography Angiography (CCTA), and increased
levels of coronary artery inflammation, leading to an ele-
vated risk of coronary artery disease (CAD) [14, 15]. Fur-
ther studies have discovered that CT imaging of PCAT
inflammation can specifically identify high-risk plaques
(HRP) across a spectrum from stable CAD to acute coro-
nary syndrome (ACS), with attenuation levels gradually
increasing and being independent of standard circulating
inflammatory biomarker [16, 17].

The novel biomarker platelet to lymphocyte ratio (PLR)
discovered in recent years, not only mirror the body’s
inflammation and immune status but also more accu-
rately reflect the body’s thrombotic and pre-thrombotic
conditions [18, 19]. As a result, it is increasingly used to
monitor the progression of cardiovascular disease [20].
However, there is no research on the correlation between
PLR and adipose tissue inflammation. And so far, the
utility of PCAT-FAI in conjunction with PLR to identify
NSTEMI has not been established.

This study involved contrasting PCAT-FAI and PLR
variances between patients with NSTEMI and stable
angina (SA), while also investigating the correlation
between PCAT-FAI and the emerging biomarkers PLR.
Furthermore, we assessed the capability of PCAT-FAI
when combined with PLR for predicting NSTEML

Materials and methods

Study population

This is a retrospective clinical study that included 52
patients aged 65 years or older, seeking treatment at the
Chest Pain Center of Huadong Hospital between Janu-
ary 2020 and December 2022.These individuals presented
with chest pain, underwent CCTA scans, and were diag-
nosed with NSTEMI based on emergency ECG, cardiac
enzyme analysis, and subsequent coronary angiogra-
phy (CAG). Exclusion criteria comprised the following:
STEM]I, a prior history of myocardial infarction or revas-
cularization, ongoing acute infection, severe autoimmune
diseases, or prolonged corticosteroid usage, concurrent
presence of tumors, incomplete clinical data, and ambig-
uous or absent image sequences.

During the same period, 52 well-matched patients
were enrolled in the SA group, who sought cardiovascu-
lar clinic, underwent CCTA scans, and were diagnosed
with SA through ECG, cardiac enzymes, and subsequent
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CAG. Matching was performed based on age and gender
using propensity score matching (PSM).

Furthermore, an additional 52 elderly patients, who
underwent outpatient CCTA examinations and exhibited
either no coronary artery stenosis or stenosis less than
25% during CAG, were assigned as the control group.

Figure 1 illustrates the study design and the process
of patient selection. This study was performed in accor-
dance with the Declaration of Helsinki. Before the study
began, we had obtained informed consent from all sub-
jects. Ethical approval for this research has been granted
by Huadong Hospital ethics committee (clinical trial
number: 2019K072).

CCTA protocol
Participants underwent CCTA scans utilizing a Sie-
mens CT scanner (Siemens, Definition Flash, Erlangen,
Germany) under the guidance of skilled technicians,
adhering to a standardized protocol. The CT scan
encompassed the area from the tracheal bifurcation to
the apex of the heart. Scan parameters comprised detec-
tor collimation (256 x0.625 mm), reconstruction slice
thickness (0.625 mm), slice interval (0.625 mm), gantry
rotation time (0.28 s), tube voltage (100 kV), and smart-
mA adjustment based on the patient’s condition. The
field of view (FOV) was set at 25 cm.

All participants had an 18G intravenous catheter
placed in the upper limb vein. The contrast agent, iopro-
mide (370 mg iodine/mL, Bracco, Italy), was injected at a
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rate of 4.5 to 5.5 mL/s, adjusted according to their body
mass index (BMI) and venous condition, with a total vol-
ume ranging from 50 to 60 ml. Following the contrast
agent injection, a flush of 30 to 40 mL of normal saline
was administered at the same injection rate.

Analysis of PCAT volume and Attenuation

The PCAT-FAI was measured using a Siemens VB20.0
workstation and post-processing software. Image recon-
struction for PCAT measurement was performed at
the 80% point of the R-R interval. The coronary arter-
ies of interest were manually selected, and the heart was
separated to remove the blood pool, retaining only the
coronary artery tree. A segmentation tool was used to
fine-tune the region of interest (ROI) around the coro-
nary artery tree, with a fat threshold set between -190
HU and -30 HU. After the evaluation, quantitative
data of the attenuation index and volume of PCAT sur-
rounding the coronary artery tree within the ROI were
obtained. The PCAT volume represented the total peri-
coronary adipose tissue volume around the left anterior
descending artery (LAD), left circumflex artery (LCX),
and right coronary artery (RCA), while PCAT-FAI rep-
resented the average attenuation index of adipose tis-
sue around the LAD, LCX, and RCA. All PCAT-FAI
parameters were measured by two independent inves-
tigators blinded to clinical information. In cases of high
discordance, measurements were repeated. The correla-
tion between intra- and interobserver for PCAT volume

Elderly patients suspected
NSTEMI underwent
emergency CCTA and CAG
(N=168)

Patients suspected stable
angina pectoris underwent
emergency CCTA and CAG
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CCTA (N=1278)
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Fig.1 Flowchart. NSTMEI, non-ST segment elevation myocardial infarction; CCTA, coronary computed tomography angiography; CAG, coronary angiog-

raphy; PCl, percutaneous coronary intervention; CAD, Coronary artery disease: SA, stable angina; PSM, Propensity Score Matching
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was 0.928 (p<0.001), and for PCAT-FAI it was 0.959
(»<0.001).

Measurement of PLR

Blood samples from NSTEMI patients who arrived at
the emergency department were drawn from the median
cubital vein upon their arrival. Meanwhile, for patients
admitted to the hospital, samples were obtained through
the median cubital vein within one hour of their admis-
sion. These specimens were then stored in Ethylenedi-
aminetetraacetic acid tubes for a full blood cell count,
conducted with an automated blood analysis machine.
The PLR was calculated by dividing the total platelet
count by the absolute count of lymphocytes.

Statistical analysis

All data underwent statistical analysis using SPSS 23.0.
The normality of variables was assessed with the Sha-
piro—Wilk test. Normally distributed continuous vari-
ables were expressed as mean * standard deviation, while
non-normally distributed continuous variables were pre-
sented as median (interquartile range). Categorical data
were represented as frequency and percentage [n (%)].
Categorical data among groups were compared using
either the Pearson’s chi-square test or Fisher’s exact chi-
square test. Unpaired t-test or Mann—Whitney U test
was used for comparing continuous variables. To com-
pare measurement data across more than three groups,
we applied analysis of variance (ANOVA), followed
by post-hoc comparisons using independent samples
t-tests. Spearman’s correlation test was employed to
analyze associations among measurement data. Logistic
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regression analysis strategy followed a systematic, step-
wise methodology. Initially, we performed univariable
logistic regression analysis on all candidate variables.
Subsequently, we conducted multivariable logistic regres-
sion analysis, adjusting for established cardiovascular risk
factors including hypertension, diabetes mellitus (DM),
and smoking status, along with other variables that dem-
onstrated statistical significance (P<0.05) in the univari-
able analysis. Receiver Operating Characteristic (ROC)
curves were used to evaluate diagnostic accuracy and
establish threshold points. A significance level of P<0.05
was deemed statistically significant.

Results

Participants characteristics

The clinical characteristics and biochemical parameters
of the participants are shown in Table 1. There were no
statistically significant differences across the groups with
regard to age, gender, body mass index, medical history,
triglycerides and low-density lipoprotein. The smoking
rate in the NSTEMI or SA group was higher than that in
the control group, but there was no significant difference
between the NSTEMI and SA groups. Additionally, in
terms of lipid metabolism, patients in the SA group had
lower levels of total cholesterol compared to the other
two groups, with the control group having higher levels
of high-density lipoprotein than the NSTEMI group.

PCAT volume and PCAT-FAl among three groups

The volume of peri-coronary adipose tissue exhibited
statistically significant differences among the NSTEMI
group, SA group, and control group (p<0.001). The

Table 1 The clinical characteristics and biochemical parameters of the participants

Characteristic NSTEM(n=52) SA(n=52) Controls(n=52) p value
Demographics
Age (years) 71.23+554 73.13%6.77 7119569 0.138
Male, n (%) 39(75.0%) 36(69.2%) 31(59.6%) 0.236
BMI (kg/mz) 2520+3.56 24.37+4.27 2429+3.14 0.388
Clinical risk factors
Hypertension, n (%) 39(75.0%) 40(76.9%) 35(67.3%) 0.504
Diebetes mellitus, n (%) 25(48.1%) 26(50.0%) 22(42.3%) 0.716
Stoke. n (%) 3(5.8%) 9(17.3%) 4(7.7%) 0.115
Atrial fibrillation, n (%) 3(5.8%) 4(7.7%) 5(9.6%) 0.763
Smoking. n (%) 20(38.5%) 16(30.8%) 7(13.5%) 0014
Laboratory values
Total cholesterol (mmol/L) 4443[3 71-4. 99] 3. 98[3 48-4.70] 4, 66[4 22-4.99] 0.008
Triglyceride (mmol/L) 145011 99] 40[1.03-2.12] 76[1.07-2.36] 0312
HDLc (mmol/L) 1.1701.0 29] 25[1.03-1.39] 37[1.09-1.55] 0.017
LDLc (mmol/L) 2.56[2.00-3. 14] 2. 34[1 79-2.99] 2. 66[2 41-3.12] 0.137
CRP(mg/L) 4.62[1.47-26.80] 2.34[1.22-5.63] 98[1.04-3.99] 0.001
cTnT(ng/ml) 0.53[0.18-2.09] 0.01[0.01-0.02] 0.01[0.00-0.01] <0.001
GENSINI score 73.50[46.00-91.00] 9.00[5.00-25.00] 0.00[0.00-0.00] <0.001

NSTEMI, non-ST elevation myocardial infarction; SA, stable angina; BMI, body mass index; HDLc, high density lipoprotein cholesterol; LDLc, low density lipoprotein

cholesterol; CRP, c-reactive protein; cTNT, cardiac Troponin T
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Fig. 2 PCAT volume, PCAT-FAl and PLR among three groups. (A) The PCAT volume in the NST group was higher than SA and control group, and the SA
group was higher than control group; (B) The PCAT-FAI in the NST group was higher than SA and control group; (C) The PLR in the NST group was higher
than SA and control group. NSTMEI, non-ST segment elevation myocardial infarction; SA, stable angina; PLR, platelet to lymphocyte ratio; PCAT, peri-

coronary adipose tissue; FAI, fat Attenuation Index
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Fig. 3 Correlation between PCAT-FAl and PCAT Volume with PLR. (A) PCAT-FAI is moderately positively correlated with PLR; (B) There is no correlation
between PCAT volume and PLR. PLR, platelet to lymphocyte ratio; PCAT, peri-coronary adipose tissue; FAI, fat Attenuation Index

PCAT volume (12.13+5.32 mm?®) in NSTEMI patients
was significantly higher than that in the SA group
(8.39+4.10 mm? p<0.001) and the control group
(6.28 +3.40 mm®, p<0.001). Additionally, the PCAT vol-
ume in the SA group was also higher than that in the
control group (p=0.014). (Fig. 2A) The PCAT-FAI val-
ues progressively increased in the control group, SA
group, and NSTEMI group (p<0.01). The PCAT-FAI
in NSTEMI patients (-76.28+5.33 HU) was signifi-
cantly higher than that in the SA group (-82.87+6.19
HU, p<0.001) and the control group (-84.19+5.74 HU,
p<0.001). However, the difference in PCAT-FAI between
the SA group and the control group did not reach statisti-
cal significance (p =0.264) (Fig. 2B).

Platelet to lymphocyte ratio among three groups

Patients in the NSTEMI group (178.27 +107.18) showed
significantly higher PLR values compared to the SA
group (115.54+45.28, p=0.002) and the control group
(116.09 + 38.09, p =0.006), with no statistical difference in
PLR values between the SA group and the control group
(p=1.000) (Fig. 2C).

Correlation between PCAT-FAI and PCAT volume with PLR

In order to further clarify the relationship between PLR
and PCAT-FAI, we used Pearson correlation coeffi-
cient analysis to compare the correlation between PLR
and PCAT-FAIL It showed that PCAT-FAI is moder-
ately positively correlated with PLR (r: 0.298; p<0.01)
(Fig. 3A). Similarly, according to the Pearson correlation
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Table 2 Univariable and multivariable analyses between NSTEMI

and SA

Characteristic Univariable Analyses Multivariable Analyses
Hazard p Hazard p
ratio(95%Cl) value ratio(95%Cl) value

Hypertension  0.90(0.27-2.21) 0.819 -

Diabetes 0.93(0.43-2.00) 0845 -

mellitus

Smoking 141(0.62-3.17) 0410 - -

PLR 1.01(1.01-1.02) 0.001 1.01(1.00-1.02) 0.022

PCAT volume  1.19(1.08-1.31) <0.001 1.24(1.10-1.40) <0.001

PCAT FAI 1.20(1.10-1.30) <0.001 1.22(1.10-1.35) <0.001

PLR, platelet to lymphocyte ratio; PCAT, peri-coronary adipose tissue; FAI, fat
attenuation index; FAI, fat Attenuation Index

o
-

Sensitivity
0.5

PLR 0.687(95%Cl:0.583-0.792)
VOLUME 0.710(95%Cl:0.611-0.808)
FAl 0.761(95%ClI:0.670-0.851)
CRP 0.616(95%Cl:0.502-0.730)
PLR+FAI  0.799(95%ClI:0.715-0.883)
CRP+FAI  0.761(95%ClI:0.670-0.851)

T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

1 - Specificity

Fig. 4 ROC Curve Analysis. PLR, platelet to lymphocyte ratio; PCAT, peri-
coronary adipose tissue; FAI, fat Attenuation Index; CRP, c-reactive protein;
ROC, receiver operating characteristic

coefficient, no correlation was seen between PCAT vol-
ume and PLR (r: 0.121; p=0.132) (Fig. 3B).

Univariable and multivariable analyses of patients with
NSTEMI and SA

To determine the potential of PLR, PCAT volume, PCAT-
FAI and other baseline characteristics in predicting
risk of NSTEMI, univariable and multivariable logistic
regression analyses were conducted. Upon multivariable
analysis, high value of PLR, PCAT-FAI, and PCAT vol-
ume were found to be possibly independent risk factors
for NSTEMI after adjusting for hypertension, DM and
smoking (Table 2).
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ROC curve analysis

In the analysis of ROC curves (Fig. 4), PCAT-FAI dem-
onstrated an AUC of 0.761 (95% confidence interval [CI]:
0.670-0.851, p<0.001) for predicting severe NSTEMI
among CVD patients, slightly outperforming PLR (AUC
0.687, 95% CI 0.583-0.792, p<0.001), CRP (AUC 0.616,
95% CI 0.502-0.730, p=0.055), and PCAT volume (AUC
0.710, 95% CI 0.611-0.808, p<0.001). Further evalua-
tions indicated that a combination of PLR with PCAT-
FAI yielded an AUC of 0.799 (95% CI 0.715-0.883) for
NSTEMI prediction in patients with CVD, significantly
surpassing the predictive capability of any single param-
eter. The optimal value of PCAT-FAI as an indicator for
predicting the occurrence of NSTEMI was -82.17HU,
which yielded a sensitivity of 88.5% and a specificity of
53.8%. Similarly, PLR as an indicator for predicting the
occurrence of NSTEMI was 170.8, which yielded a sensi-
tivity of 46.2% and a specificity of 90.4%. Using PCAT-FAI
in combination with PLR to identify NSTEMI achieved a
sensitivity of 76.9% and a specificity of 70.2%.

Discussion

In this study, we discovered that PCAT volume was ele-
vated in NSTEMI patients compared to those with sta-
ble angina and non-CVD, while also observing higher
PCAT volume in SA patients compared to non-CVD
individuals. Additionally, we found that PCAT-FAI, a
new marker of adipose tissue inflammation, was signifi-
cantly elevated in NSTEMI patients compared to those
with stable angina and non-CVD, with no significant dif-
ference between stable angina and non-CVD patients.
Similarly, novel biomarker PLR was significantly higher
in NSTEMI patients compared to stable angina and non-
CVD patients, with no significant difference between
stable angina and non-CVD individuals. In subsequent
research, we compared the correlations between PLR,
PCAT volume, and PCAT-FAI separately. The results
revealed a moderate correlation between PLR with
PCAT-FAI, while there was no correlation with PCAT
volume.

In the pathophysiology of NSTEMI, the roles of lym-
phocytes and platelets are crucial [20, 21]. Lymphocytes
have the ability to inhibit through various mechanisms
[22-25]. They produce anti-inflammatory cytokines, pro-
moting the resolution of inflammation [26]. Addition-
ally, lymphocytes regulate the inflammatory response of
macrophages and can prevent endothelial injury [27, 28].
However, in the process of atherosclerosis, prolonged
inflammatory stimulation can impair lymphocyte func-
tion, causing them to lose their ability to effectively sup-
press inflammation [28]. This, in turn, promotes plaque
rupture and thrombus formation [29-31]. On the other
hand, upon the rupture of an atherosclerotic plaque,
exposure of collagen and tissue factors triggers the
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activation of platelets [32—35]. These activated platelets
then secrete cytokines, including platelet-activating fac-
tor (PAF), which facilitate the aggregation of more plate-
lets, thereby recruiting and activating additional platelets
[36, 37]. Following this, the activated platelets change
shape and release granules filled with growth and clot-
ting factors, aiding in the formation of a thrombus [38,
39]. In the context of NSTEMI, the inflammation and
ensuing activation of platelets may lead to a rise in plate-
let counts [18, 40]. PLR is determined by dividing the
count of platelets by the count of lymphocytes. Earlier
studies have indicated that ACS leads to a notable rise in
PLR levels, positioning it as an independent predictor of
adverse outcomes in acute myocardial infarction [41-44].
Our results demonstrate that NSTEMI patients have a
significantly elevated PLR when compared to those with
SA and individuals without any CVD. Multivariable anal-
ysis indicates that PLR might act as an independent risk
factor for NSTEMI. This evidence strengthens the idea
that the interaction between inflammation and thrombus
formation plays a key role in the progression of NSTEMI.

Another metric of interest in this study is PCAT-FAIL a
relatively new imaging biomarker that quantifies changes
in the composition and characteristics of fat surrounding
the coronary arteries. This index reflects the inflamma-
tion within the adipose tissue adjacent to the coronary
arteries. Inflammatory cytokines and other mediators
released by inflamed adipose tissue surrounding the
coronary arteries can diffuse into the adjacent coronary
artery wall, fostering the progression of atherosclerosis,
increasing plaque vulnerability, and leading to plaque
rupture [13, 45, 46]. The increase in PCAT-FAI indicates
heightened inflammation and changes in fat composi-
tion within the peri-coronary adipose tissue, which are
associated with increased risk of coronary artery plaque
instability and rupture [47, 48]. Therefore, it can be
used to identify the risk of acute coronary events, such
as myocardial infarction. Previous research has shown
that PCAT-FAI is significantly elevated in the culprit
vessels of patients with acute myocardial infarction [49,
50]. Analysis of PCAT inflammation in post-infarction
patients revealed that PCAT inflammatory response in
the culprit coronary artery is stronger than in the non-
culprit coronary arteries [51]. In this study, we found
that PCAT-FAI levels were higher in NSTEMI patients
compared to those with stable angina and non-coronary
artery disease, suggesting that PCAT-FAI could be an
independent risk factor for NSTEMI through multivari-
able logistic regression analysis. Additionally, we found
that NSTEMI patients have higher PCAT volume com-
pared to SA and non-CVD patients, which is consistent
with the results reported in previous literature [13].

In this study, we explored for the first time the cor-
relation between PLR and PCAT-FAI as well as PCAT
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volume. The results revealed a moderate correlation
between PLR and PCAT-FAI in elderly, but no correlation
with PCAT volume. These findings suggest that inflam-
mation of the peri-coronary adipose tissue, rather than
the volume of adipose tissue, may be a significant factor
leading to coronary plaque rupture and further promot-
ing thrombus formation within the coronary arteries in
elderly.

Given the potential of peri-coronary adipose tissue
inflammation to act as a catalyst for plaque rupture and
subsequent thrombogenesis, leading ultimately to myo-
cardial infarction, this study assessed the prognostic
abilities of PCAT-FAI, PLR, and their combined utility
in forecasting NSTEMI outcomes. Findings demonstrate
that PCAT-FAI provides a superior positive predictive
capability for NSTEMI, whereas PLR excels in its nega-
tive predictive capacity. When utilized together, they
enhance both the sensitivity and specificity of diagnosis,
presenting an elevated prognostic efficacy.

Conclusion

This study highlights the significant roles of PCAT vol-
ume, PCAT-FAIL and PLR in the context of NSTEMI,
underscoring their potential as diagnostic and prog-
nostic markers. Elevated levels of PCAT-FAI and PLR
in NSTEMI patients underscore the critical interplay
between adipose tissue inflammation and thrombosis
in coronary disease progression. The study reveals that
assessing PCAT-FAI and PLR together enhances diag-
nostic accuracy and prognostic prediction for NSTEMI,
offering valuable insights for targeted therapeutic
strategies.

Limitation

Firstly, this study is a cross-sectional analysis, so the
results indicate only a correlation between PCAT-FAI,
PLR, and NSTEMI, without establishing causality. Sec-
ondly, retrospective studies are inherently susceptible to
selection bias due to their fundamental design character-
istics. Thirdly, as a single-center study, the findings have
not been validated in other research centers. Fourthly,
due to the sample size constraints in this study, we were
unable to adjust for more confounding factors in our
analyses. Finally, this study focuses solely on the relation-
ship between PCAT and NSTEMI, without exploring the
associations between other fat depots and NSTEML.
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PLR platelet-to-lymphocyte ratio

NSTEMI non-ST elevation myocardial infarction
STEMI ST-elevation myocardial infarction
ECG electrocardiography

CcvD cardiovascular diseases
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HRP high-risk plagues

ACS acute coronary syndrome

SA stable angina

CAG coronary angiography

PSM propensity score matching

FOV field of view

BMI body mass index

ROI region of interest

LAD left anterior descending artery
LCX left circumflex artery

RCA right coronary artery

ANOVA  analysis of variance

DM diabetes mellitus

ROC receiver operating characteristic
cl confidence interval

PAF platelet-activating factor

pCl percutaneous coronary intervention

Acknowledgements
We are grateful for the patients in this study.

Author contributions

SKL, LMX, QL, MCW conceived the idea of the paper. SKL, LMX, QL, MCW
designed the study. LYL, WC, WQY collected data, conducted data analysis and
sorting. SKL, LYL wrote the first manuscript. LSQ, YJC, PHQ, LM, QXK provided
critical suggestions. The final version of the manuscript was revised and
approved by all authors.

Funding

This work was supported by the Science and Technology Commission of
Shanghai Municipality (22ZR1422000), Center of geriatric coronary artery
disease of Huadong hospital (LCXZ2205), Science and Technology Planning
Project of Shanghai Science and Technology Commission (21Y11910500), and
Shanghai Shenkang hospital development center (SHDC22023302).

Data availability
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was performed in accordance with the Declaration of Helsinki. This
study involving participants approved by the Ethics Committee of Huadong
Hospital Affiliated to Fudan University, Shanghai, China (2019K072). All
patients signed written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Cardiology, Huadong Hospital, Fudan University,
Shanghai, China

’Department of Gastrointestinal Endoscopy, Huadong Hospital, Fudan
University, Shanghai, China

*Department of Radiology, Huadong Hospital, Fudan University,
Shanghai, China

“Department of Information Technology, Huadong Hospital, Fudan
University, Shanghai, China

°Department of Cardiology, Qingpu Branch of Zhongshan Hospital
Affiliated to Fudan University, Shanghai, China

Department of Genaral Practice, Zhongnan Hospital of Wuhan
University, Hubei, China

Page 8 of 9

Received: 6 October 2024 / Accepted: 4 April 2025
Published online: 18 April 2025

References

1. Christensen DM, Strange JE, Phelps M, Schjerning A-M, Sehested TSG, Gerds
T, et al. Age- and sex-specific trends in the incidence of myocardial infarction
in Denmark, 2005 to 2021. Atherosclerosis. 2022;346:63-7.

2. Nakazato R, Arsanjani R, Achenbach S, Gransar H, Cheng VY, Dunning A, et
al. Age-related risk of major adverse cardiac event risk and coronary artery
disease extent and severity by coronary CT angiography: results from 15 187
patients from the international multisite CONFIRM study. Eur Heart J - Cardio-
vasc Imaging. 2014;15(5):586-94.

3. Case BC, Weintraub WS. Non-ST-Segment-Elevation myocardial infarction:
when is rapid revascularization critical?? J Am Heart Association. 2021;10(19).

4. Marchio P, Guerra-Ojeda S, Vila JM, Aldasoro M, Victor VM, Mauricio MD.
Targeting early atherosclerosis: A focus on oxidative stress and inflammation.
Oxidative Med Cell Longev. 2019,2019:1-32.

5. Ceritinib. ALK-Rearranged Non-Small-Cell lung cancer. N Engl J Med.
2014,370(26):2537-9.

6.  FanY,LiY,ChenY, Zhao Y-J, Liu L-W, Li J, et al. Comprehensive metabo-
lomic characterization of coronary artery diseases. J Am Coll Cardiol.
2016;68(12):1281-93.

7. Rizo-Téllez SA, Sekheri M, Filep JG. C-reactive protein: a target for therapy to
reduce inflammation. Front Immunol. 2023;14.

8. Kuppa A, Tripathi H, Al-Darraji A, Tarhuni WM, Abdel-Latif A. C-Reactive
protein levels and risk of cardiovascular diseases: A Two-Sample bidirectional
Mendelian randomization study. Int J Mol Sci. 2023;24(11).

9. Ridker PM, Rane M. Interleukin-6 signaling and Anti-Interleukin-6 therapeu-
tics in cardiovascular disease. Circul Res. 2021;128(11):1728-46.

10. Tyrrell DJ, Goldstein DR. Ageing and atherosclerosis: vascular intrin-
sic and extrinsic factors and potential role of IL-6. Nat Reviews Cardiol.
2020;18(1):58-68.

11. Kltner LV, Oikonomou EK, Antoniades C. Assessing Cardiovascular Risk by
Using the Fat Attenuation Index in Coronary CT Angiography. Radiology:
Cardiothoracic Imaging. 2021;3(1).

12. lacobellis G. Epicardial adipose tissue in contemporary cardiology. Nat
Reviews Cardiol. 2022:19(9):593-606.

13. Lin A Nerlekar N, Yuvaraj J, Fernandes K, Jiang C, Nicholls SJ, et al. Pericoro-
nary adipose tissue computed tomography Attenuation distinguishes
different stages of coronary artery disease: a cross-sectional study. Eur Heart
J - Cardiovasc Imaging. 2021;22(3):298-306.

14.  <detecting human coronary inflammatio source sci transl med so 2017 jul 12
9398 pdf>.

15.  Oikonomou EK, Marwan M, Desai MY, Mancio J, Alashi A, Hutt Centeno
E, et al. Non-invasive detection of coronary inflammation using com-
puted tomography and prediction of residual cardiovascular risk (the
CRISP CT study): a post-hoc analysis of prospective outcome data. Lancet.
2018;392(10151):929-39.

16. Chen X, Dang Y, Hu H, Ma S, Ma Y, Wang K, et al. Pericoronary adipose tissue
Attenuation assessed by dual-layer spectral detector computed tomography
is a sensitive imaging marker of high-risk plaques. Quant Imaging Med Surg.
2021;11(5):2093-103.

17. MaY, ZhenY,Wang M, Gao L, Dang Y, Shang J et al. Associations between the
serum triglyceride-glucose index and pericoronary adipose tissue Attenu-
ation and plaque features using dual-layer spectral detector computed
tomography: a cross-sectional study. Front Endocrinol. 2023;14.

18.  Kounis NG, Koniari |, Plotas P, Soufras GD, Tsigkas G, Davlouros P, et al. Inflam-
mation, thrombosis, and Platelet-to-Lymphocyte ratio in acute coronary
syndromes. Angiology. 2020;72(1):6-8.

19. LiuY, Sun H, Jiang J. Platelet/Lymphocyte ratio predicted Long-Term prog-
nosis for acute upper extremity deep vein thrombosis from a retrospective
study. J Inflamm Res. 2023;16:225-34.

20.  Wadowski PP, Pultar J, Weikert C, Eichelberger B, Tscharre M, Koppensteiner R
et al. Platelet-to-Lymphocyte ratio as marker of platelet activation in patients
on potent P2Y12 inhibitors. J Cardiovasc Pharmacol Therap. 2022,27.

21. Meng Z,Yang J,Wu J, Zheng X, Zhao Y, He Y. Association between the
platelet-lymphocyte ratio and short-term mortality in patients with non-ST-
segment elevation myocardial infarction. Clin Cardiol. 2021,44(7):994-1001.

22. Ruggio A, Pedicino D, Flego D, Vergallo R, Severino A, Lucci C, et al. Cor-
relation between CD4+CD28null T lymphocytes, regulatory T cells and



Li et al. BMC Cardiovascular Disorders

23.

24,

25.

26.

27.

28.

29.
30.
31.

32.

33.

34.
35.
36.

37.

38.
39.

40.

(2025) 25:298

plaque rupture: an optical coherence tomography study in acute coronary
syndromes. Int J Cardiol. 2019;276:289-92.

Catalédn D, Mansilla MA, Ferrier A, Soto L, Oleinika K, Aguillén JC et al. Immu-
nosuppressive mechanisms of regulatory B cells. Front Immunol. 2021;12.
Verdon DJ, Mulazzani M, Jenkins MR. Cellular and molecular mechanisms

of CD8+T cell differentiation, dysfunction and exhaustion. Int J Mol Sci.
2020;21:19.

Zhang H, Gao J, Tang Y, Jin T, Tao J. Inflammasomes cross-talk with lympho-
cytes to connect the innate and adaptive immune response. J Adv Res.
2023;54:181-93.

Ma X, Liu S, LiT, Yuan H. Intensive Statin treatment ameliorate the Th17/

Treg functional imbalance in patients with non-ST elevation acute coronary
syndrome underwent percutaneous coronary intervention. Clin Cardiol.
2019;43(4):379-85.

Cooke JP. Inflammation and its role in regeneration and repair. Circul Res.
2019;124(8):1166-8.

Li D, Gao S.The interplay between T lymphocytes and macrophages in
myocardial ischemia/reperfusion injury. Molecular and Cellular Biochemistry;
2023.

Bentzon JF, Otsuka F, Virmani R, Falk E. Mechanisms of plaque formation and
rupture. Circul Res. 2014;114(12):1852-66.

Badimon L, Vilahur G. Thrombosis formation on atherosclerotic lesions and
plaque rupture. J Intern Med. 2014,276(6):618-32.

ZhuY, Xian X, Wang Z, Bi Y, Chen Q, Han X et al. Research progress on the rela-
tionship between atherosclerosis and inflammation. Biomolecules. 2018,8(3).
Mastenbroek TG, van Geffen JP. Heemskerk JWM, Cosemans JMEM. Acute and
persistent platelet and coagulant activities in atherothrombosis. J Thromb
Haemost. 2015;13:5272-80.

Berry J, Harper MT. Protease-activated receptor antagonists prevent throm-
bosis when dual antiplatelet therapy is insufficient in an occlusive thrombosis
microfluidic model. Res Pract Thromb Haemostasis. 2022;6(3).

Abbate R, Cioni G, Ricci |, Miranda M, Gori AM. Thrombosis and acute coro-
nary syndrome. Thromb Res. 2012;129(3):235-40.

<changing concepts of atherogenesis source j intern med so 2000 mar 247 3
349 58.pdf>.

<intra plaque production of platelet source int j mol med so 2003 sep 12 3
327 34.pdf>.

Rishi A, Hamel-Coté G, Gendron D, Rola-Pleszczynski M, Stankova J. Regula-
tion of platelet-activating factor-mediated protein tyrosine phosphatase 1B
activation by a Janus kinase 2/calpain pathway. PLoS ONE. 2017;12(7).
Holinstat M. Normal platelet function. Cancer Metastasis Rev.
2017,36(2):195-8.

Michelson A, Frelinger A, Gremmel T. Platelet physiology. Semin Thromb
Hemost. 2016;42(03):191-204.

Kumar N, Kumar S, Kumar A, Shakoor T, Rizwan A. Heparin-induced Thrombo-
cytopenia in Acute Coronary Syndrome. Cureus. 2019.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

Page 9 of 9

Intan RE, Alkaff FF, Oktaviono YH, Nugraha RA, Octora TN, Jonatan M et al.
Retrospective study of the association between Platelet-to-Lymphocyte ratio
in patients with acute coronary syndrome on admission to a rural referral
center in East Java, Indonesia, and the incidence of new symptomatic heart
failure at 6 months. Med Sci Monit. 2022,28.

Oylumlu M, Oylumlu M, Arslan B, Polat N, Ozbek M, Demir M, et al. Platelet-to-
lymphocyte ratio is a predictor of long-term mortality in patients with acute
coronary syndrome. Adv Interventional Cardiol. 2020;16(2):170-6.

<systemic immune inflammation index source cardiovasc j afr so 2023.pdf>.
Butt K, D'Souza J, Yuan C, Jayakumaran J, Nguyen M, Butt Hl et al. Correlation
of the Neutrophil-to-Lymphocyte Ratio (NLR) and Platelet-to-Lymphocyte
Ratio (PLR) with Contrast-Induced Nephropathy in Patients With Acute Coro-
nary Syndrome Undergoing Percutaneous Coronary Interventions. Cureus.
2020.

Antoniades C, Kotanidis CP, Berman DS. State-of-the-art review Article. Ath-
erosclerosis affecting fat: what can we learn by imaging perivascular adipose
tissue? J Cardiovasc Comput Tomogr. 2019;13(5):288-96.

Sun JT, Sheng XC, Feng Q, Yin Y, Li Z, Ding S et al. Pericoronary fat Attenuation
index is associated with vulnerable plaque components and local Immune-
Inflammatory activation in patients with Non-ST elevation acute coronary
syndrome. J Am Heart Association. 2022;11(2).

Balcer B, Dykun I, Schlosser T, Forsting M, Rassaf T, Mahabadi AA. Pericoronary
fat volume but not Attenuation differentiates culprit lesions in patients with
myocardial infarction. Atherosclerosis. 2018,276:182-8.

Marwan M, Hell M, Schuhbdck A, Gauss S, Bittner D, Pflederer T, et al. CT
Attenuation of pericoronary adipose tissue in normal versus atherosclerotic
coronary segments as defined by intravascular ultrasound. J Comput Assist
Tomogr. 2017;41(5):762-7.

Matsuda K, Hoshino M, Kanaji Y, Sugiyama T, Misawa T, Hada M et al. Coronary
computed tomography angiographic predictors of Non-culprit territory
unrecognized myocardial infarction assessed by cardiac magnetic resonance
in Non-ST-elevation acute coronary syndrome. Front Cardiovasc Med. 2022;8.
Xi X-Y, Liu Z, Wang L-F, Yang M-F. Prognostic value of cardiac inflammation in
ST-segment elevation myocardial infarction: A 18F-fluorodeoxyglucose PET/
CT study. J Nuclear Cardiol. 2022;29(6):3018-27.

Kuneman JH, van Rosendael SE, van der Bijl P, van Rosendael AR, Kitslaar PH,
Reiber JHC et al. Pericoronary Adipose Tissue Attenuation in Patients With
Acute Coronary Syndrome Versus Stable Coronary Artery Disease. Circulation:
Cardiovascular Imaging. 2023;16(2).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Predictive Value of Peri-Coronary Fat Attenuation Index in Elderly Non-ST-Elevation Myocardial Infarction and Its Correlation with Platelet to Lymphocyte Ratio
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study population
	﻿CCTA protocol
	﻿Analysis of PCAT volume and Attenuation
	﻿Measurement of PLR
	﻿Statistical analysis

	﻿Results
	﻿Participants characteristics
	﻿PCAT volume and PCAT-FAI among three groups
	﻿Platelet to lymphocyte ratio among three groups
	﻿Correlation between PCAT-FAI and PCAT volume with PLR
	﻿Univariable and multivariable analyses of patients with NSTEMI and SA
	﻿ROC curve analysis

	﻿Discussion
	﻿Conclusion
	﻿Limitation

	﻿References


