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Objective: The association of lipoprotein(a) [Lp(a)] with atherosclerotic cardiovascular disease (ASCVD) risk can be modified by
chronic systemic inflammation. The neutrophil-to-lymphocyte ratio (NLR) is a reliable and easily available marker of immune
response to various infectious and non-infectious stimuli. The purpose of this study was to assess the combined effects of Lp(a)
and NLR in predicting the ASCVD risk and coronary artery plaque traits.

Methods: This study included 1618 patients who had coronary computed tomography angiography (CTA) with risk assessment of
ASCVD. CTA was used to evaluate the traits of coronary atherosclerotic plaques, and the association of ASCVD with Lp(a) and NLR
was assessed by multivariate logistic regression models.

Results: Plasma Lp(a) and NLR were significantly increased in patients having plaques. High Lp(a) was defined as the plasma Lp(a) level >
75 nmol/L and high NLR as NLR > 1.686. The patients were grouped into four categories according to normal or high NLR and plasma Lp(a)
as nLp(a)/NLR-, hLp(a)/NLR-, nLp(a)/NLR+ and hLp(a)/NLR+. The patients in the latter three groups had higher risk of ASCVD compared
to the reference group nLp(a)/NLR-, with the highest ASCVD risk in the hLp(a)/NLR+ group (OR = 2.39, 95% CI = 1.49-3.83, P = 0.000).
The occurrence of unstable plaques was 29.94% in the hLp(a)/NLR+ group, which was significantly higher than groups nLp(a)/NLR+,
hLp(a)/NLR- and nLp(a)/NLR- with 20.83%, 26.54% and 22.58%, respectively, and there was a significantly increased risk of unstable plaque
in the hLp(a)/NLR+ group compared to the nLp(a)/NLR- group (OR = 1.67, 95% CI = 1.04-2.68, P = 0.035). The risk of stable plaque was
not significantly increased in the hLp(a)/NLR+ group compared to the nLp(a)/NLR- group (OR = 1.73, 95% CI = 0.96-3.10, P = 0.066).
Conclusion: The concomitant presence of elevated Lp(a) and higher NLR is associated with increased unstable coronary artery
plaques in patients with ASCVD.

Keywords: lipoprotein(a), neutrophil to lymphocyte ratio, ASCVD and coronary artery plaque

Introduction

Cardiovascular disease (CVD) is the main cause of death worldwide. The Report on Cardiovascular Health and Diseases in
China 2021 stated that the prevalence of CVD is still increasing, although the predicted current prevalence is over 330,000,000,
and the first rank CVD mortality has placed a significant burden on middle-aged and elderly people (age > 45)." The major cause

International Journal of General Medicine 2023:16 2805-2817 2805
Received: 10 March 2023 © 2023 Wang et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.
AT php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the

Accepted: 15 June 2023
Published: 3 July 2023

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0003-4958-5487
http://orcid.org/0000-0001-6717-5444
http://orcid.org/0000-0002-9570-1269
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Wang et al Dove

of CVD is atherosclerosis, a chronic inflammatory condition with immune competent cells in lesions producing mainly pro-
inflammatory cytokines contributing to buildup of plaque inside the artery walls.

There are many risk factors for CVD, some are not controllable, but others can be modified. One potential
target is lipoprotein(a) [Lp(a)] that might be added as a therapeutic goal to enhance cardiovascular outcomes.>>
Lp(a) is composed of an apolipoprotein (apo) B100 containing low-density lipoprotein (LDL)-like particle bound
covalently to apo(a); therefore, Lp(a) has combined atherothrombotic traits from both apo (b) (from LDL) and
apo(a) (thrombo-inflammatory aspects).* Epidemiologic, experimental, and genetic studies suggested a robust and
independent relationship between Lp(a) and an elevated risk of coronary heart disease, calcific aortic valve
stenosis, and ischemic stroke.>*>'® A study reported that Lp(a) was associated with accelerated progression of
coronary low-attenuation plaque among patients with advanced stable coronary artery disease.'' In patients with
higher LDL-cholesterol (LDL-C) levels, an elevated Lp(a) level was associated with a higher frequency of thin-
cap fibroatheroma (TCFA).'? However, there is no study reporting the association of Lp(a) and plaque character-
istics in patients with ASCVD in the Chinese Han population.

Atherosclerosis, the major cause of CVD, is a chronic inflammatory disease of the vascular wall. Recent large
randomized controlled trials revealed that anti-inflammatory treatment reduced cardiovascular risk independent of effects
on LDL-C."* Growing evidence supported the role of neutrophils and lymphocytes in plaque instability and rupture as
well as the development and evolution of atherosclerotic lesions.'*!?

Therefore, the neutrophil-to-lymphocyte ratio (NLR), which is widely used as a reliable and easily available
marker of immune response to various infectious and non-infectious stimuli, has recently gained attention as
a potential novel biomarker that identifies individuals at risk for future CVD events.'®'® NLR reflects a dynamic
relationship between innate (neutrophils) and adaptive cellular immune response (lymphocytes) during pathologi-
cal states, and it was reported as an indicator for the prognosis of CVD patients.'® There are various inflammatory
cells in atherosclerotic plaques of the carotid artery, and NLR was reported to predict carotid plaque vulnerability
in acute ischemic stroke patients.”’*' However, the relationship between NLR and ASCVD morbidity with
susceptible plaque traits has been poorly understood to date.

NLR symbolizes immune system activation, and sustained high levels of Lp(a) have a role in the development of
atherosclerosis. However, few studies were published on the combined impact of Lp(a) and NLR on the risk of plaque
condition and ASCVD occurrence among the Chinese Han population. It is unknown if the inflammation detected by
NLR affects the Lp(a)-associated ASCVD risk. The purpose of the study was to examine the combined association
between Lp(a) and NLR with ASCVD in Chinese subjects.

Methods and Materials

Study Population

This study included 1618 in-patients and outpatients of Tongji Medical School affiliated Shanghai East Hospital with typical
and atypical chest pain, or cardiac assessment prior to surgery, who had coronary computed tomography angiography (CTA)
during January 2012 to December 2013. Informed consent was obtained from each participant. This study was conducted
according to the principles established in the Declaration of Helsinki of 1975, and the research protocol was approved by the
Institutional Review Board of Shanghai East Hospital affiliated to Tongji Medical School with serial number 2013—011. The
inclusion criteria were age >45 years old, had CTA during January 2012 to December 2013, and no previous history of
malignancy or autoimmune disease. The exclusion criteria of the study population included patients with symptomatic
hyperthyroidism, heart failure, severe renal hepatic dysfunction, and acute inflammation (WBC >10x1079/L). Of the 2025
patients of the Shanghai East Hospital, 1618 patients were included (Figure 1).

Demographics and Baseline Characteristics

Gender, age, smoking status, alcohol drinking status and detailed medical history were obtained from patients’ medical
records of in-patients, and with a standard questionnaire by trained doctors for outpatients. Body mass index (BMI) was
defined as weight divided by (height)?, with obesity defined as BMI >28 kg/m*. An automated oscillometric blood
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Patients had CTA
(n=2025)

Inclusion:
age 245 years old

patients had CTA during January 2012 to December 2013

patients had no previous history of malignancy

or autoimmune disease.

Patients had CTA
(n=1855)

Exclusion:
134 patients with acute inflammation :
WBC >10x10"9/L

Patients without acute infection
(n=1721)

Exclusion:
22 patients with symptomatic hyperthyroidism

53 patients with heart failure

28 patients with severe renal and hepatic dysfunction

Patients included in analysis
(n=1618)

Figure | Flow chart for selection of study patients.
Abbreviation: CTA, coronary computed tomography angiography.

pressure device was used to measure resting blood pressure (BP) in the sitting position repeated 3 times after 5 minutes
rest, and the average of the second and third readings was taken as the BP level. Hypertension was defined as systolic
blood pressure (SBP) >140 mmHg or diastolic blood pressure (DBP) >90 mmHg, and/or use of antihypertensive
medication. Fasting plasma glucose (FG) >7.0 mmol/l or normal FG with concurrent use of insulin or oral hypoglycemic
medications was considered as diabetes. Atherosclerotic cardiovascular disease (ASCVD) was defined as one coronary
artery and branches with plaques >70% stenosis or the left main coronary artery or 3-vessels with plaques >50% stenosis
by CTA.** Stable plaques were defined as density of plaques >350 HU, and unstable plaques were defined as density of
plaques <350 HU.** Lp(a) was analyzed as a categorical variable using established clinical cut points (75 nmol/dL).>*

Laboratory Measurements

Blood samples were collected after at least 10 hours of overnight fasting and sent for measurement in the Blood
Laboratory of Shanghai East Hospital.””> NLR was calculated based on the results of leukocyte counts and their various
subtypes by using the automated blood cell counter following the manufacturer’s instructions. The latex-enhanced
turbidimetric immunoassay (Denka Seiken) was used to measure plasma level of Lp(a), enzyme facilitating reaction
(Roche Cobas 8000 C702 Biochemistry system) to measure fasting serum glucose, lipid profile and uric acid, and ion-
exchange high-performance liquid chromatography (ToSoH G8 analyzer) to measure HbAlc.
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Coronary CT Angiography for Assessment of Coronary Artery Atherosclerotic

Plaques

In order to allow retrospective reconstruction of images in the proper cardiac phase (at 30-70% of the R—R interval) during
a single breath hold, CTA scans were performed with an ECG gating system. The power injector was used to provide 70—
90 mL of a nonionic contrast agent (Omnipaque, 350 mgl/mL; GE Healthcare, Princeton, NJ, USA) into an antecubital vein
at a flow rate of 4-5 mL/s, followed by 30 mL of saline for contrast-enhanced scans. The delay time was calculated using
a bolus tracking method. When the ascending aorta’s region of interest (ROI) crossed a threshold of 120 Hounsfield units
(HU), the actual scan began. The image reconstruction used a medium-smooth convolution kernel (B26f).

The same 15-segment American Heart Association model was used to analyze the coronary artery calcium (CAC)
scores and CTA datasets separately by two expert readers (J. Z. and Z. Y.). The calcifications in the coronary arteries of
NCT images with a detection threshold of 130 HU were used to calculate CAC scores. The following types of coronary
artery atherosclerotic plaques were determined using cardiac software (Circulation, Siemens Healthcare): stable plaque
(>130 HU); unstable plaque (<130 HU); and stable plaque and unstable plaque (comprising both non-calcified and
calcified plaque components).>® CAC scores to risk-stratify patients for future CAD development were categorized into
the following four groups as no-risk (CAC scores <10), mild-risk (10 < CAC scores <100), moderate-risk (100 < CAC
scores < 400), and severe-risk groups (CAC scores > 400).%’

Statistical Analysis

The characteristics of the studied population as continuous normally distributed variables were reported as the mean
(standard deviation, SD), categorical variables were presented as percentages and skewed distribution variables were
presented as median (interquartile range). Continuous variables were compared using the Wilcoxon rank sum test and
categorical variables using the Pearson y2 test. A cut-off point to define the high NLR level of the patients was
determined using receiver operating characteristic (ROC) curves. We investigated the association of Lp(a) and NLR
with ASCVD using logistic regression. The confounders were chosen for inclusion in the adjusted models based on
information from previous literature. Statistical analyses were performed using SPSS software (SPSS Inc., Chicago, IL).
The statistical significance was determined at the level of 0.05, and all P values were based on 2-sided tests.

Results
Demographic and Clinical Characteristics of Study Subjects

The demographic and clinical characteristics of the patient population are presented in Table 1. Among 1618 participants,
the mean age was 65.15 years and 65.27% had coronary atherosclerotic plaque. There was a significantly higher plasma
Lp(a) level (205 nmol/L vs 139.5 nmol/L, P = 0.000) in patients with plaque compared to the patients without plaque.
Patients with atherosclerotic plaques had higher blood neutrophil counts (3.70 10"9/L vs 3.41 10"9/L, P = 0.000) and
lower blood lymphocyte counts (1.74 10"9/L vs 1.83 10"9/L, P = 0.004) than those without plaque, and thus, the NLR of
patients with plaques was significantly higher (2.06 vs 1.84, P = 0.000). In the whole cohort, the prevalence of diabetes
was 23.79% with significantly higher prevalence in patients with plaques (30.11% vs 11.92%, P = 0.000) (Table 1). More
statin treatment was observed in patients with plaques (10.89% vs 4.45%, P = 0.002). The patients having plaques had
higher moderate and severe-risk CAC scores (>100) (35.32% vs 0%, P = 0.000).

The Values of Demographic and Clinical Characteristics in the Study Groups
Categorized by Lp(a) and NLR

In this study, we analyzed the combined effect of Lp(a) and the inflammatory marker NLR on the occurrence of ASCVD
and the types of plaque in the patients. The cut-off value of NLR 1.686 was affirmed from the Youden index according to
receiver operating characteristic (ROC) curves, and the high Lp(a) level was determined as >75 nmol/L according to the
recommendation.”* Consequently, we separated the patients into four groups based on Lp(a) and NLR levels: normal
Lp(a) and normal NLR (nLp(a)/NLR-); high Lp(a) and normal NLR (hLp(a)/NLR-); normal Lp(a) and high NLR
(nLp(a)/NLR+); high Lp(a) and high NLR (hLp(a)/NLR+), and the values of clinical characteristics among various
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Table | Demographic and Laboratory Characteristics of the Study Population

Characteristic Total (n=1618) No Plaque (n=562) | Plaque (n= 1056) P-value
Age, years (SD) 64.55 (9.32) 61.24 (8.25) 66.3 (9.87) 0.002
Gender
Male, % (n) 54.39 (880) 44.13 (248) 59.85 (632) 0.000
Female, % (n) 45.61 (738) 55.87 (314) 40.15 (424) 0.000
BMI (kg/m?) 24.51 (3.31) 24.28 (3.47) 24.64 (3.21) 0.000
Lifestyle
Current smoking, % (n) | 29.11 (471) 24.20 (136) 31.72 (335) 0.000
Current drinking, % (n) 14.15 (229) 13.17(74) 14.68 (155) 0.406
SBP, mmHg 134.81 (19.01) 129.04 (16.61) 137.9 (19.49) 0.000
DBP, mmHg 80.61 (13.15) 80.55 (16.74) 80.64 (10.76) 0.423
Laboratory measurements
TC, mmol/L 4.66 (1.04) 4.7 (0.96) 4.64 (1.08) 0.211
TG, mmol/L 1.41 (1.00,2.07) 1.35 (1.01,1.99) 1.46 (1.00,2.13) 0.173
LDL-C, mmol/L 3.03 (0.93) 3.07 (0.86) 3.01 (0.97) 0.168
HDL-C, mmol/L 1.3 (0.39) 1.37 (0.39) 1.27 (0.39) 0.000
ApoA, g/L 1.29 (0.27) 1.34 (0.25) 1.27 (0.28) 0.000
ApoB, g/L 1.04 (2.44) 0.93 (0.27) 1.08 (2.82) 0.457
ApoE, mg/L 49.03 (96.38) 44.46 (16.72) 50.56 (110.95) 0.438
Lp(a), nmol/L 185 (83, 373.25) 139.50 (67.00,320.75) | 205.00 (94.00,391.25) | 0.000
FFA, mmol/L 0.52 (0.58) 0.51 (0.68) 0.52 (0.52) 0.774
WBC, 1079/L 6.21 (1.5) 6.03 (1.45) 6.31 (1.52) 0.000
Monocytes, 10A9/L 0.43(0.29) 0.39 (0.14) 0.45 (0.35) 0.000
Neutrophils, 10A9/L 3.6 (2.9, 4.54) 341 (2.70,4.31) 3.70 (3.00,4.69) 0.000
Lymphocytes, | 0A9/L 1.8 (1.4, 2.2) 1.83 (1.50,2.20) 1.74 (1.37,2.20) 0.004
NLR 1.98 (1.5, 2.69) 1.84 (1.42, 2.48) 2.06 (1.55,2.88) 0.000
PLT,1079/L 213.16 (68.76) 223.15 (60.3) 207.84 (72.33) 0.000
ESR, mm/h 19.00 (9.00,36.00) 16.00 (6.25,32.00) 20.00 (10.00,37.00) 0.153
CRP, mg/L 1.00 (0.50, 3.00) 0.80 (0.47,2.01) 1.16 (0.50, 3.86) 0.000
HbAlc, mmol/L 6.30 (1.39) 6.00 (1.21) 6.47 (1.46) 0.000
FBG, mmol/L 5.86 (2.03) 5.50 (1.65) 6.05 (2.19) 0.000
PBG, mmol/L 897 (3.92) 8.01 (2.98) 9.27 (4.14) 0.025
Diabetes, % (n) 23.79 (385) 11.92 (67) 30.11 (318) 0.000
CTA sores
<10, % (n) 63.54(1028) 99.47 (559) 44.13 (466) 0.000
>100, % (n) 23.24 (376) 0.00 (0) 35.32 (373) 0.000

Notes: Data shown as mean (SD) for continuous variables, median (interquartile range) for skewed distribution variables and n (%) for
categorical variables. P value comparing No plaque and Plaque.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG,
triglycerides; LDL-C, low—density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ApoA, apolipoprotein A;
ApoB, apolipoprotein B; ApoE, apolipoprotein E; Lp(a), lipoprotein a; FFA, free fatty acids; WBC, white blood cell; NLR, Ratio of
Neutrophils/Lymphocytes; PLT, blood platelet; ESR, erythrocyte sedimentation rate; Hbalc, Hemoglobin Alc; FBG, fasting plasma
glucose; PBG, postprandial blood glucose.

groups were examined. A total of 58 patients in the study population had a history of PCI. We found no difference in the
incidence of in-stent restenosis between the groups by Fisher’s exact test (P > 0.05).

The majority of participants (51.0%) was in the hLp(a)/NLR+ group, followed by hLp(a)/NLR- (26.1%), nLp(a)/NLR+
(13.3%), and nLp(a)/NLR- (9.60%) groups. Compared to the other three groups, the hLp(a)/NLR+ group were older (65.7 vs
61.1, P < 0.05; 65.7 vs 62.3, P < 0.05; and 65.7 vs 63.3 years, P < 0.05; in nLp(a)/NLR-, hLp(a)/NLR-, nLp(a)/NLR+,
respectively). A significant increase of total cholesterol (TC) and LDL-C was observed in patients with high Lp(a) level (Table 2).
In comparison to the nLp(a)/NLR- group, the inflammatory markers including WBC counts were considerably higher in nLp(a)/
NLR+ group (6.53 10"9/L vs 5.85 10"9/L, P < 0.05), and hLp(a)/NLR+ group had higher WBC counts than hLp(a)/NLR- group
(6.46 10"9/L vs 5.70 10"9/L, P < 0.05). The three groups, hLp(a)/NLR-, nLp(a)/NLR+ and hLp(a)/NLR+, all had a significantly

International Journal of General Medicine 2023:16 https:

2809

Dove!


https://www.dovepress.com
https://www.dovepress.com

Wang et al

Dove

Table 2 The Clinical Characteristics of the Study Group Categorized by Lp(a) and NLR

Characteristic

nLp(a)/NLR-
(n = 155, 9.6%)

hLp(a)/NLR-
(n =422, 26.1%)

nLp(a)/NLR+
(n =216,13.3%)

hLp(a)/NLR+
(n =825, 51.0%)

Age, years (SD)
Gender
Male, % (n) *
Female, % (n) *
BMI (kg/m2),
Lifestyle
Current smoking, % (n)
Current drinking, % (n)*
SBP, mmHg
DBP, mmHg
Laboratory measurements
TC, mmol/L
TG, mmol/L
LDL-C, mmol/L
HDL-C, mmol/L
Apoa, g/L
ApoB, g/L
ApoE, mg/L
Lp(a), nmol/L
FFA, mmol/L
WBC, 1079/L
Monocytes, 1079/L
Neutrophils, 1079/L
Lymphocytes, 1079/L
NLR
PLT, 1079/L
ESR, mm/h
CRP, mg/L
HbAIc, mmol/L
FBG, mmol/L
PBG, mmol/L
ASCVD, %(n)*
Diabetes, %(n)

61.1 (10.1)°

55.48(86)
44.52(69)
24.85 (3.17)

36.13(56)
19.35(30)
132.79 (16.55)°
80.82 (10.71)°

452 (0.89)

1.40 (1.06, 2.53)°
2.86 (0.84)

1.28 (0.35)

1.36 (0.29)

0.85 (0.26)

46.59 (23.91)

45 (29, 62)*¢

0.47 (0.24)°

5.85 (1.29)¢

0.40 (0.14)><

3.00 (2.51, 3.50*P¢
2.20 (1.90, 2.70)°><
1.36 (1.17, 1.57)°¢
213.37 (55.33)°
15.00 (9.50,22.50)°
0.62 (0.41, 0.50)°
6.23 (1.18)

5.9 (1.82)°¢

10.28 (4.49)
18.06(28)

20.65 (32)

62.3 (10.2)°

43.36(183)
56.64(239)
24.49 (3.3)

27.01(114)
11.85(50)
132.23 (17.18)
79.94 (9.45)¢

485 (1.02)*%

1.44 (1.03,2.12)°
3.22 (0.92)>%*
1.32 (0.38)

1.29 (0.27)

0.97 (0.27)

44.48 (19.9)

253.5 (135.75, 440)>¢
0.52 (0.89)°

5.7 (1.31)%

0.38 (0.13)%*

2.86 (2.35, 3.38)*%¢
2.2 (1.80, 2.63)%¢
1.37 (I.16, 1.51)%¢
216.21 (57.29)
16.00 (8.00,26.00)°
0.81 (0.50, 2.00)°
6.34 (1.52)

5.62 (1.95)

8.53 (3.38)
34.12(144)

21.56 (91)

63.3 (10.6)

66.20(143)
33.80(73)
2499 (3.51)

34.26(74)
20.37(44)

135.73 (19.92)
80.85 (9.91)>¢

444 (0.99)%f

1.65 (1.01,2.29)
2.79 (0.84)%f

1.28 (0.41)

1.28 (0.28)

1.99 (7.42)

39.50 (12.18)

45 (29, 61)%f

0.53 (0.29)

6.53 (1.49)>4

0.47 (0.37)"4

4.06 (3.49, 4.90)>¢
1.67 (1.37, 2.00)>¢
227 (1.97, 3.06)>4f
216.94 (57.81)
9.00 (2.50,20.50)°
1.00 (0.50, 3.00)f
6.22 (1.21)

6.08 (2.03)°

7.79 (3.18)
31.02(67)

28.24 (61)

66.7 (10.6)°>f

56.73(468)
4327(357)
24.34 (3.28)

27.52(227)
12.61(104)
136.26 (19.92)°
80.85 (15.69)

4.65 (1.08)>

1.34 (0.99,1.94)=f
3.04 (0.96)°
1.31 (0.4)
1.29 (0.27)
0.92 (0.27)

4339 (20.17)

250 (146.5, 451)f
0.52 (0.49)=°
6.46 (1.55)°°
0.45 (0.34)°°
4.10 (3.40, 5.04)°
1.55 (1.23, 1.90)<°
2.47 (2.05, 3.27)=f
210.57 (78.38)"

21.50 (10.00,43.00)=*f
1.44 (0.50, 5.00)<=f
6.32 (1.42)

591 2.11)

9.19 (4.11)
66.30(547)

24.36 (201)

Notes: Data shown as mean (SD) for continuous variables, median (interquartile range) for skewed distribution variables and n (%) for categorical variables.
nLp(a): normal Lp(a)(£75nmol/dl); hLp(a): higher Lp(a)(>75nmol/dl); NLR-: normal NLR (< 1.686); NLR+: higher NLR (>1.686). a, comparing nLp(a)/NLR- and
hLp(a)/NLR-; b, comparing nLp(a)/NLR- and nLp(a)/NLR+; ¢, comparing nLp(a)/NLR- and hLp(a)/NLR+; d, comparing hLp(a)/NLR- and nLp(a)/NLR+; e,

comparing hLp(a)/NLR- and hLp(a)/NLR+; f, comparing nLp(a)/NLR+ and hLp(a)/NLR+. a, b, ¢, d, e, f and * P value < 0.05.
paring hip| P paring nLp P

Abbreviations: BMI|, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; TC, total cholesterol; TG, triglycerides; LDL-C, low-
density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ApoA, apolipoprotein A; ApoB, apolipoprotein B; ApoE, apolipoprotein E; Lp(a),
lipoprotein a; FFA, free fatty acids; WBC, white blood cell; NLR, ratio of neutrophils/lymphocytes; PLT, blood platelet; ESR, erythrocyte sedimentation rate;
Hbalc, hemoglobin Alc; FBG, fasting plasma glucose; PBG, postprandial blood glucose; ASCVD, atherosclerotic cardiovascular disease.

higher incidence of ASCVD than nLp(a)/NLR- group (34.12% vs 18.06%; 31.02% vs 18.06%; 66.30% vs 18.06%, P < 0.05)
(Table 2). These results suggest that the hLp(a)/NLR+ group has the highest incidence of ASCVD.

The Changes of Plaque Traits in the Study Groups Categorized by Lp(a) and NLR

According to a previous study, CTA-based plaque classification had enhanced risk stratification over coronary calcium
score (CAC) in symptomatic patients with suspected CAD.?* Unstable plaques are easy to disrupt and then are prone to

thrombosis. Therefore, we evaluated the different types of coronary artery plaques and the results are shown in Table 3.
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Table 3 Plaque Analysis in Coronary Arteries and Branches

Characteristic ALL nLp(a)/NLR- hLp(a)/NLR- nLp(a)/NLR+ hLp(a)/NLR+
(n=1618, 100%) (n = 155, 9.6%) (n =422, 26.1%) (n =216,13.3%) (n =825, 51.0%)

CAC score*

<0, % (n)* 63.54 (1028) 75.48 (117) 68.48 (289) 67.59 (146) 57.70 (476)

>100% (n)* 23.24 (376) 12.90 (20) 18.25 (77) 22.69 (49) 27.88 (230)
Plaque types

Non-plaques, % (n)* 34.73 (562) 47.10 (73) 40.52 (171) 40.74 (88) 27.88 (230)

Stable plaques, % (n)* 16.19 (262) 14.19 (22) 13.51 (57) 13.89 (30) 18.55 (153)

Unstable plaques, % (n)* | 27.13 (439) 22.58 (35) 26.54 (112) 20.83 (45) 29.94 (247)

Mixed plaques, % (n)* 21.94 (355) 16.13 (25) 19.43 (82) 24.54 (53) 23.64 (195)

Notes: Data shown as n (%) for categorical variables. nLp(a): normal Lp(a)(<75 nmol/dl); hLp(a): higher Lp(a)(>75 nmol/dl); NLR-: normal NLR (< 1.686); NLR+:
higher NLR (>1.686). *P value < 0.05.

Compared to the other three groups, the hLp(a)/NLR+ group had less percentage of non-plaque (27.88% vs 47.10%,
40.52% and 40.74% in nLp(a)/NLR-, hLp(a)/NLR-, nLp(a)/NLR+, P < 0.05). We found the highest proportion of
unstable plaques in the hLp(a)/NLR+ group compared with the other three groups (29.94% vs 22.58%, 26.54% and
20.83% in nLp(a)/NLR-, hLp(a)/NLR-, nLp(a)/NLR+, respectively, P < 0.05). The hLp(a)/NLR+ group had the highest
percentage of patients with moderate and severe-risk CAC scores and the lowest percentage of patients with none-risk
CAC score, which was statistically significant (CAC scores >100: 27.88% vs 12.90%, 27.88% vs 18.25%, 27.88% vs
22.69% in nLp(a)/NLR-, hLp(a)/NLR-, nLp(a)/NLR+, respectively, P < 0.05;CAC scores <10: 57.70% vs 75.48%,
57.70% vs 68.48%, 57.70% vs 67.59% in nLp(a)/NLR-, hLp(a)/NLR-, nLp(a)/NLR+, respectively, P < 0.05). These
results suggest that the hLp(a)/NLR+ group has the highest risk of moderate and severe CAC and unstable plaque scores
than other groups.

The Unstable Plaque Risk in the Study Groups Categorized by Lp(a) and NLR

Using patients of the nLp(a)/NLR- as the reference group, the hLp(a)/NLR+ group had the highest risk of stable plaque
(OR =2.21; 95% CI = 1.31-3.71, P = 0.003). However, no statistically significant difference of increased stable plaque
risk was found in the hLp(a)/NLR+ group (OR = 1.73, 95% CI = 0.96-3.10, P = 0.066) after adjusting for age, sex,
smoking status, hypertension, diabetes, HDL-C, TG, TC and Statins. The hLp(a)/NLR+ group also had the highest risk of
unstable plaque compared to patients of the nLp(a)/NLR- group as the reference group (OR = 2.24; 95% CI = 1.44-3.48,
P =0.000). Moreover, the hLp(a)/NLR+ group still had the highest risk of unstable plaque with OR = 1.67 (95% CI =
1.04-2.68, P = 0.035) after adjusting for age, sex, smoking status, hypertension, diabetes, HDL-C, TG, TC and Statins
(Figure 2). These results demonstrate that the higher level of combined Lp(a) and NLR is related to the enhanced risk of
unstable plaques. In this study, we also analyzed the combined effect of Lp(a) and another inflammatory marker
C-Reactive Protein (CRP) on the occurrence of ASCVD and the types of plaque in the patients. The high CRP level
was determined as >2mg/L according to the previous study.”® The hLp(a)/CRP+ group had the highest risk of stable and
unstable plaque with OR =2.92 (95% CI = 1.64-5.22, P = 0.000) and OR = 2.13 (95% CI = 1.34-3.39, P = 0.001) after
adjusting for age, sex, smoking status, hypertension, diabetes, HDL-C, TG, TC and Statins (Supplement Figure 1). These

results suggest that elevated levels of Lp(a) and CRP associated with both stable and unstable plaque.

The ASCVD Risk in the Study Groups Categorized by Lp(a) and NLR

The concomitant presence of elevated Lp(a) and higher NLR were significantly related to moderate and severe-risk CAC
scores and ASCVD (Figure 3). These results indicated only a statistically significant difference of enhanced risk of
moderate and severe-risk CAC scores (CAC scores >100) with the hLp(a)/NLR+ group with OR = 1.73 (95% CI = 1.02—
2.94, P = 0.042) after adjusting for age, sex, smoking status, hypertension, diabetes, HDL-C, TG, TC and Statins in
logistic regression models (Figure 3, Model 3). The crude and adjusted combined association of Lp(a) and NLR for the
prevalence of ASCVD are illustrated in Figure 3. Using the nLp(a)/NLR- group as the reference group, the patients in
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Stable Plaque

unadjusted OR (95% ClI) P-value
hLp(a)/NLR- 1.11(0.63, 1.94) 0.726
nLp(a)/NLR+ 1.13(0.60, 2.13) 0.702
hLp(a)/NLR+ f 'y ! 2.21(1.31,3.71) 0.003
model 1
hLp(a)/NLR- —Ho— 1.17 (0.64, 2.16) 0.602
nLp(a)/NLR+ —a— 0.91(0.46, 1.80) 0.785
hLp(a)/NLR+ —A———————— 1.72(0.98, 3.03) 0.058
model 2
hLp(a)/NLR- —Ho— 1.17 (0.63, 2.17) 0.627
nLp(a)/NLR+ —H— 0.83(0.41, 1.67) 0.601
hLp(a)/NLR+ —a— 1.69 (0.95, 3.02) 0.058
model 3
hLp(a)/NLR- —Heo—| 1.20 (0.64, 2.25) 0578
nLp(a)/NLR+ M 0.85(0.42, 1.73) 0.655
hLp(a)/NLR+ —a 1.73(0.96, 3.10) 0.066
| | | |
0 1 2 3 4

Unstable Plaque

unadjusted OR (95% CI) P-value
hLp(a)/NLR- H-o— 137 (0.86, 2.18) 0.192
nLp(a)/NLR+ —a— 1.07 (0.62, 1.83) 0.815
hLp(a)/NLR+ —a— 2.24 (1.4, 3.48) 0.000
model 1
hLp(a)/NLR- Ho— 1.34(0.83,2.18) 0.234
nLp(a)/NLR+ —H— 0.92 (0.52, 1.6) 0.757
hLp(a)/NLR+ —A— 1.84 (1.16, 2.91) 0.009
model 2
hLp(a)/NLR- H-— 131(0.80, 2.15) 0.280
nLp(a)/NLR+ i 0.84 (0.47, 1.48) 0.541
hLp(a)/NLR+ —— 1.73(1.08, 2.75) 0.022
model 3
hLp(a)/NLR- H-— 1.26 (0.76, 2.08) 0.366
nLp(a)/NLR+ H— 0.84 (0.47, 1.50) 0.561
hLp(a)/NLR+ —A— 1.67 (1.04, 2.68) 0.035
0 1 2 3 4

Figure 2 Odds ratios (ORs) of plaque traits of the study groups categorized by Lp(a) and NLR.

Notes: nLp(a): normal Lp(a) (€75 nmol/dl); hLp(a): higher Lp(a) (>75 nmol/dl); NLR-: normal NLR (<1.686); NLR+: higher NLR (>1.686). nLp(a)/NLR- group used as
reference. Model |: Data adjusted for age, sex. Model 2: Data adjusted for age, sex, smoking status, hypertension, diabetes. Model 3: Data adjusted for age, sex, smoking
status, hypertension, diabetes, HDL-C, TG, TC, Statins.
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CAC score >100
unadjusted OR (95% CI) P-value
hLp(a)/NLR- 1.51 (0.89, 2.56) 0.130
nLp(a)/NLR+ [ R E— 1.98 (1.12, 3.49) 0.018
hLp(a)/NLR+ Y 2.61(1.59, 4.27) 0.000
model 1
hLp(a)/NLR - 1.60 (0.91, 2.82) 0.102
nLp(a)/NLR+ 1.64 (0.90, 3.01) 0.106
hLp(a)/NLR+ —aA— 1.93 (1.14, 3.26) 0.015
model 2
hLp(a)/NLR- 1.50 (0.85, 2.65) 0.164
nLp(a)/NLR+ 1.44 (0.78, 2.65) 0.245
hLp(a)/NLR+ —A— 1.77 (1.04, 3.00) 0.035
model 3
hLp(a)/NLR- 1.46 (0.83, 2.59) 0.190
nLp(a)/NLR+ 1.44 (0.78, 2.65) 0.242
hLp(a)/NLR+ A 1.73 (1.02, 2.94) 0.042
ASCVD
unadjusted OR (95% Cl) P-value
hLp(a)/NLR- 1.68 (1.06, 2.67) 0.028
nLp(a)/NLR+ ——] 2.04 (1.24, 3.36) 0.005
hLp(a)/NLR+ k] 3.15 (2.04, 4.85) 0.000
model 1
hLp(a)/NLR- 1.87 (1.15, 3.05) 0.012
nLp(a)/NLR+ 1.72 (1.02, 2.92) 0.044
hLp(a)/NLR+ [ W 2.60 (1.65, 4.11) 0.000
model 2
hLp(a)/NLR- 1.78 (1.08, 2.92) 0.023
nLp(a)/NLR+ 1.51 (0.88, 2.59) 0.135
hLp(a)/NLR+ (I S— 2.44 (1.54, 3.88) 0.000
model 3
hLp(a)/NLR- 1.73 (1.04, 2.86) 0.034
nLp(a)/NLR+ 1.60 (0.93, 2.76) 0.093
hLp(a)/NLR+ I W 2.39 (1.49, 3.83) 0.000

Figure 3 Odds ratios (ORs) of moderate and severe-CAC scores and ASCVD of the study groups categorized by Lp(a) and NLR.

Notes: nLp(a): normal Lp(a) (75 nmol/dl); hLp(a): higher Lp(a) (>75 nmol/dl); NLR-: normal NLR (<1.686); NLR+: higher NLR (>1.686). nLp(a)/NLR- group used as
reference. Model |: Data adjusted for age, sex. Model 2: Data adjusted for age, sex, smoking status, hypertension, diabetes. Model 3: Data adjusted for age, sex, smoking
status, hypertension, diabetes, HDL-C, TG, TC, Statins.

Abbreviation: ASCVD, atherosclerotic cardiovascular disease.
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hLp(a)/NLR-, nLp(a)/NLR+, and hLp(a)/NLR+ groups had increased incidence of ASCVD with OR = 1.68 (95% CI =
1.06-2.67, P = 0.028), OR = 2.04 (95% CI = 1.24-3.36, P = 0.005), and OR = 3.15 (95% CI = 2.04—4.85, P = 0.000),
respectively. The hLp(a)/NLR+ group also had the highest ASCVD with OR = 2.39 (95% CI = 1.49-3.83, P = 0.000)
after adjusting for age, sex, smoking status, hypertension, diabetes, HDL-C, TG, TC and Statins in model 3 (Figure 3).
These results suggest that elevated levels of Lp(a) and NLR are significantly associated with an increased incidence of
ASCVD. In this study, we also found that the higher level of combined Lp(a) and CRP is related to the enhanced risk of
moderate and severe-risk CAC scores and increased incidence of ASCVD (Supplement Figure 2).

Greater Association of Elevated Lp(a) and NLR with ASCVD

As accurate diagnosis of ASCVD is important for guiding future treatment, we attempted to use the combination of Lp(a)
and NLR to identify the patients with greater ASCVD. We found that 4 variables, age, HbAlc, Lp(a), NLR, had the
greater area under receiver operating characteristic curve (AUC) in the validation sets for ASCVD association, with the
greatest AUC for the variables combination (Figure 4). The predictive value of combination for patients with ASCVD
was AUC = 0.733 (95% CI = 0.705-0.760, P = 0.014), which had a better predictive value than Lp(a) AUC = 0.572
(95% CI = 0.543-0.601, P = 0.015), NLR AUC = 0.593 (95% CI = 0.564-0.622, P = 0.015), age (AUC = 0.679, 95% CI
=0.651-0.706, P = 0.014) and HbAlc (AUC = 0.642, 95% CI = 0.611-0.673, P = 0.016). These results indicate that the
combined Lp(a) and NLR might improve ASCVD risk evaluation.

AUC P-value 95% confidence

ALL (n = 1618, 100%)

Lp(a), nmol/L 0.572 0.015 (0.543, 0.601)

NLR 0.593 0.015 (0.564, 0.622)

Age, (years), 0.679 0.014 (0.651, 0.706)

HbA1c, mmol/L 0.642 0.016 (0.611, 0.673)

Combination 0.733 0.014 (0.705,0.760)
100

—— Combined indicators

80 Year
—— HbAlc
-‘? 60-
£ — Lp(a)
w
£ 40- NLR
!
20
0 I' | 1 1 1 1
0 20 40 60 80 100
Specificity

Figure 4 ROC curve analysis for predicting ASCVD.

Abbreviations: AUC, area under the curve; Lp(a), lipoprotein(a); Hbalc, hemoglobin Alc; Combined indicators, the combined indicators of Lp(a), Neutrophils/
Lymphocytes, age and HbAlc.
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Discussion

According to the 2018 AHA/ACC cholesterol guideline and the 2019 ACC/AHA guideline on primary prevention of
cardiovascular disease, Lp(a) and hsCRP were used as biomarkers aiding in ASCVD risk evaluation for primary
prevention.””>° In this study, we recruited the middle-aged and elderly patients who had CTA for quantification of
coronary atherosclerotic plaques and the level of Lp(a) and NLR were measured in the patients. The hLp(a)/NLR+ group
had the highest risk of unstable plaque and increased incidence of ASCVD compared with other three groups. Therefore,
we conclude that Lp(a) and NLR are strongly associated with ASCVD and the occurrence of unstable plaques in the
patients.

Lp(a) is reported to be related to the development of MI, stroke, and calcific aortic valve stenosis, according to
epidemiologic and genetic studies, and post hoc analysis of the clinical trials.>*>® There is a linear relationship between
high Lp(a) levels and ASCVD, according to a meta-analysis of various statin trials with 95,576 person-years at risk and
5751 occurrences.® We discovered that the patients with atherosclerotic plaques at Shanghai East Hospital between 2012
and 2013 had elevated plasma level of Lp(a) and NLR. Regarding Lp(a)’s effects, plasminogen activation inhibition in
the context of fibrin clots has received the majority of attention.’'** Lp(a) might accelerate the coagulation cascade,
activate platelets to aggregate, or change the structure of fibrin clots to be more resistant to lysis.>*>® Further, we may
investigate the effects of Lp(a) on various forms of atherosclerotic plaques and the specific mechanisms of Lp(a)
affecting atherosclerotic plaque traits.

Chronic systemic inflammation has been identified as a key factor in residual cardiovascular risk. It is frequently
observed as a pathophysiological characteristic of metabolic syndrome.**” The neutrophil-to-lymphocyte ratio (NLR) is
an inflammatory biomarker that correlates with mortality rates due to congestive heart failure and can predict the
likelihood of death in patients with acute coronary syndromes and the incidence of cardiac arrhythmias.*®*° The higher
NLR indicates an increased risk of atherosclerotic disease when the WBC counts are within the usual range.'® The NLR,
in contrast to many other inflammatory indicators, is easily accessible and affordable, and it offers additional risk
classification beyond traditional markers.*'

Atherosclerosis has a complicated etiology, with vascular wall inflammation, lipid buildup, intimal thickening and
fibrosis, arterial stiffness, remodeling, and the plaque rupture or erosion being the main risk for myocardial infarction.**

13

The term “vulnerable plaque” describes a plaque that is more likely to rupture, which would then cause a distal
embolization.”> A thin or torn fibrous cap, a necrotic core rich in lipids, intraplaque bleeding, and intraplaque active
inflammation are pathological features of susceptible plaque.” There was no association between CRP and plaque type by
CTA, although CRP was the most common inflammatory marker.** Studies have demonstrated that NLR could be used to
predict the existence of susceptible carotid plaque as determined by carotid ultrasonography in patients with acute
ischemic stroke among Chinese patients. In this study of the Chinese subjects, we confirmed the significant association
of high Lp(a) and NLR with unstable plaques and elevated levels of Lp(a) and CRP without association with plaque type
after adjustment for age, gender and clinical risk factor. NLR was regarded to be a more accurate indication of unstable
plaque than CRP in this study.

There are several limitations in this study which deserve comment. The study is an observational, retrospective and
single-center study, and further randomized controlled trials are required to prove that Lp(a) or NLR is a causative risk
factor for ASCVD. Second, as neutrophil and lymphocyte numbers alter over time, NLR is a dynamic and time-varying
marker. Therefore, further continuously monitoring the NLR is required. In this study, we employed CT angiography to
assess ASCVD by measuring the atherosclerotic plaques in the coronary arteries. In the present study, other forms of
plaque characteristics pertaining to the CTA patient were not taken into consideration. Therefore, our objective is to
persist in the process of enrolling patients who have undergone CTA, in order to procure additional forms of plaque
characteristics and update the database. The study had advantages, including a relatively wide age range of participants
examined that has not been studied in this depth before, and the general equality of the number of male and female
participants makes it easier to examine gender disparities that are obviously present.

In conclusion, we found that Lp(a) and NLR were significantly associated with ASCVD and unstable plaques in
these Chinese patients in Shanghai. The high level of Lp(a) was a risk factor for ASCVD, and a stronger association
with risk was found by combining high Lp(a) with a high-level NLR. This study may suggest a future recommendation
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to measure Lp(a) and NLR for coronary atherosclerosis risk estimation in clinical practice, particularly for unstable

plaques.
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