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Introduction: Lipoprotein(a) (Lp(a)) is associated with the severity of coronary lesions 
evaluated using Syntax score in patients with stable coronary artery disease (CAD). 
However, the effect of low-density lipoprotein cholesterol (LDL-C) levels on the association 
of Lp(a) levels with Syntax score remains unclear.
Methods: A total of 646 patients with stable CAD were enrolled in the present study. Lp(a) 
levels were measured with an AU5800 Chemistry Analyzer. Syntax scores were calculated 
by two advanced interventional cardiologists. SPSS 22.0 was used for statistical analyses.
Results: The concentration of Lp(a) ranged from 1 to 192 mg/dL. Pearson’s correlation 
analysis showed a positive correlation between Syntax score and the level of Lp(a) (r = 
0.108, p = 0.006). The LDL-C ≥100 mg/dL group presented with a higher Lp(a) level, 16 
(9–29) vs 13 (7–24). Pearson’s correlation analysis identified a correlation between Lp(a) 
level and Syntax score (r = 0.249, p < 0.001) only in the LDL-C ≥100 mg/dL group. 
Multivariate logistic regression analysis revealed the positive predictive value of an Lp(a) 
level >30 mg/dL for a Syntax score ≥23 only in the LDL-C ≥100 mg/dL group, adjusted 
odds ratio 2.895, p = 0.010. A receiver operating characteristic curve analysis confirmed the 
predictive value of Lp(a) levels for a Syntax score ≥23 in the LDL-C ≥100 mg/dL group with 
a cutoff value for Lp(a) >30 mg/dL.
Discussion: The association between Lp(a) level and Syntax score was only maintained in 
the LDL-C ≥100 mg/dL group. An Lp(a) level >30 mg/dL was an independent predictor of 
a Syntax score ≥23 only in the LDL-C ≥100 mg/dL group. The effect of LDL-C levels on the 
association of Lp(a) levels with Syntax score requires further investigations.
Keywords: lipoprotein(a), low-density lipoprotein cholesterol, stable coronary artery 
disease, syntax score

Atherosclerotic cardiovascular disease (ASCVD) remains the leading cause of 
death worldwide.1 Stable coronary artery disease (CAD) is usually characterized 
by repeated episodes of a reversible mismatch in the myocardial oxygen demand 
and supply. Annual mortality rates of patients with stable CAD range from 1.2% to 
2.4%. An individual’s prognosis may vary considerably. A prognostic assessment is 
important for the management of patients with stable CAD. In general, the outcome 
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is worse in patients with a greater number of diseased 
vessels, more proximal locations of coronary stenoses, 
greater severity of lesions, and more extensive ischemia, 
which is simplified by the Syntax score.2 The Syntax score 
is a unique tool designed to evaluate the complexity of 
coronary lesions and to guide the selection of 
a revascularization strategy in patients with significant 
multivessel and left main CAD.3 A higher Syntax score 
predicts a higher incidence of major adverse cardiovascu-
lar events among patients with stable CAD.4–6 

Lipoprotein(a) (Lp(a)) level is associated with the severity 
of coronary lesions evaluated using the Syntax score in 
patients with stable CAD.7,8 A genome-wide association 
study identified Lp(a)-associated variants that were related 
to Syntax score in Han Chinese patients with stable CAD.9 

Additionally, an elevated Lp(a) level is associated with an 
increased risk of cardiovascular events.10 The amount of 
low-density lipoprotein cholesterol (LDL-C) contained in 
Lp(a) was calculated. However, the effect of LDL-C on 
the association of Lp(a) levels with Syntax score in 
patients with stable CAD remained unclear. The monocyte 
to high-density lipoprotein cholesterol ratio (MHR) was 
reported to be related to coronary lesion severity and 
future cardiovascular events in patients with acute coron-
ary syndrome (ACS).11 The systemic immune- 
inflammation index (SII) was reported to be related to 
the clinical outcomes of patients with CAD.12 However, 
the relationships between Lp(a) levels and the MHR and 
SII remains unclear. The present study aimed to investi-
gate the specific association of Lp(a) levels with Syntax 
score in patients with different LDL-C levels and to deter-
mine its relationships with the MHR and SII.

Methods
Consecutive patients presenting with stable angina pectoris 
or angina-equivalent symptoms who underwent coronary 
angiography (CAG) at Ningbo Medical Center Lihuili 
Hospital between February 2017 and July 2018 were 
enrolled in this retrospective study. CAG procedures 
were successful in all patients. Patients without ≥50% 
stenosis in the epicardial coronary arteries were excluded. 
Patients with a recent diagnosis of ST-elevation myocar-
dial infarction (STEMI) or non-ST-elevation acute coron-
ary syndrome (NSTE-ACS) (≤12 months before the CAG 
procedure), prior percutaneous coronary intervention 
(PCI), prior coronary artery bypass grafting (CABG), 

severe renal insufficiency (creatinine clearance rate ≤ 
60 mL/min·1.73 m2), serious liver dysfunction (alanine 
aminotransferase (ALT) or aspartate aminotransferase 
(AST) > 3x upper limits of normal), or thyroid disease 
were excluded.

This study was conducted in accordance with the 
Declaration of Helsinki and was approved by the ethics 
committee of Ningbo Medical Center Lihuili Hospital. 
A written informed consent was obtained from each 
participant.

All detailed clinical, biochemical, and angiographic 
data were retrospectively collected for the entire study 
population, including age, sex, history of hypertension 
(HTN) and diabetes mellitus (DM), current smoking sta-
tus, family history of early-onset CAD, systolic blood 
pressure (SBP), diastolic blood pressure (DBP), and 
prior medications used, including angiotensin-converting 
enzyme inhibitors (ACEIs)/angiotensin receptor blockers 
(ARBs), calcium channel blockers (CCBs), beta-blockers, 
diuretics, statins, and antiplatelet agents. HTN was 
defined as SBP ≥140 mmHg and/or DBP ≥90 mmHg in 
repeated measurements or the current use of anti- 
hypertensive medicine. DM was defined as a fasting 
blood glucose (FBG) level ≥126 mg/dL or random 
blood glucose level ≥ 200 mg/dL in repeated measure-
ments, or the current use of anti-diabetes medicine. 
A current smoker was defined someone who smoked 
a minimum of 10 cigarettes a day. A family history of 
CAD was defined as a history of early-onset CAD or 
sudden cardiac death in a first-degree relative younger 
than 55 years of age for men and 65 years of age for 
women.

Blood samples were obtained from the antecubital vein 
of each patient after a 12-hour overnight fast. The levels of 
biochemical parameters, including albumin (ALB), ALT, 
AST, gamma-glutamyl transferase (GGT), total bilirubin 
(TBIL), FBG, serum creatinine (Scr), uric acid (UA), high- 
sensitivity C-reactive protein (hsCRP), triglyceride (TG), 
total cholesterol (TC), LDL-C, high-density lipoprotein 
cholesterol (HDL-C) and Lp(a) were measured with an 
AU5800 Chemistry Analyzer (Beckman Coulter K.K, 
Tokyo, Japan). Complete blood count parameters with dif-
ferential analysis, including white blood cell (WBC), neu-
trophils (NEU), monocyte (MON), lymphocyte (LYM), 
hemoglobin (HGB) and platelet (PLT), was measured with 
an automated DxH 800 hematology analyzer (Beckman 
Coulter Inc., California, USA). MHR was calculated by 
dividing the MON count by HDL-C level. SII was 
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calculated as follows: PLT×NEU/LYM. Echocardiography 
was performed on all participants, and Simpson’s method 
was used to measure the left ventricular ejection fraction 
(LVEF).

Angiographic data were obtained from coronary angio-
graphy with the standard Judkins technique via radial or 
femoral access. The right and left coronary arteries were 
evaluated by capturing ≥2 orthogonal plane images with 
a Philips Allura Xper FD10 cardiovascular X-ray system 
(Philips Healthcare/Philips Medical Systems BV, 
Eindhoven, The Netherlands). CAD was defined as at 
least 1 lesion with a ≥ 50% diameter stenosis of an epi-
cardial coronary artery. The Syntax score was calculated 
by two advanced interventional cardiologists for each 
lesion with ≥50% diameter stenosis in each epicardial 
vessel ≥1.5 mm using the Syntax score calculator 2.28 
(available online at www.SYNTAXscore.com).

SPSS 22.0 (SPSS Inc., Chicago, IL, USA) was used for 
statistical analyses. Categorical variables are reported as 
numbers and percentages and differences were analyzed 
using the chi-square test. Continuous variables are 
reported as means ± standard deviations (SD) or medians 
(interquartile ranges), depending on the results of 
Kolmogorov–Smirnov test for a normal distribution. 
Student’s t-test or one-way ANOVA was used for contin-
uous variables with a normal distribution; the Mann– 
Whitney U-test or Kruskal–Wallis test was used for con-
tinuous variables without a normal distribution. Pearson’s 
correlation test was used to evaluate the relationship 
between variables. Univariate and multivariate logistic 
regression analyses were used to determine the indepen-
dent predictors of Lp(a) levels >30 mg/dL and a Syntax 
score ≥23; confounding factors were defined as age, sex, 
HTN, DM, current smoker, family history of CAD, SBP, 
DBP, ALB, ALT, AST, GGT, TBIL, FBG, Scr, UA, 
hsCRP, WBC, HGB, PLT, LVEF, and prior use of 
ACEIs/ARBs, CCBs, beta-blockers, diuretics, statins or 
antiplatelet agents. A receiver operating characteristic 
(ROC) curve was constructed to identify the sensitivity 
and specificity of Lp(a) levels for predicting a Syntax 
score ≥23 when LDL-C ≥100 mg/dL and when LDL-C < 
100 mg/dL. P < 0.05 was considered statistically 
significant.

Results
A total of 646 patients with stable CAD (422 males, mean 
age of 63.6±10.1 years) were enrolled in this study. The 
concentration of Lp(a) ranged from 1 to 192 mg/dL 

(median 14 mg/dL, interquartile range 7 to 25 mg/dL). 
The clinical, biochemical, and angiographic characteristics 
of the study population stratified according to the Lp(a) 
level are shown in Table 1. Patients with Lp(a) >30 mg/dL 
had a higher Syntax score, higher TC and LDL-C levels, 
and a higher prevalence of HTN. The incidence of triple 
vessel disease and a Syntax score ≥23 was significantly 
higher in the Lp(a) >30 mg/dL group. Differences in 
MHR, SII, and hsCRP levels were not observed between 
the two groups. Pearson’s correlation analysis showed 
a positive correlation between Syntax score and Lp(a) 
levels (r = 0.108, p = 0.006), hsCRP levels (r = 0.174, 
p < 0.001), MHR (r = 0.210, p < 0.001), and SII (r = 
0.184, p < 0.001) (Figure 1). In contrast, Lp(a) levels were 
not correlated with hsCRP levels (r = −0.018, p = 0.657), 
MHR (r= −0.005, p = 0.903), or SII (r = 0.019, p = 0.632) 
(Figure 2).

Patients were divided into two groups according to 
the concentration of LDL-C: LDL-C ≥ 100 mg/dL 
(n=268, 41.5%) and LDL-C < 100 mg/dL (n=378, 
58.5%). Clinical, biochemical, and angiographic charac-
teristics of both groups are presented in Table 2. The 
LDL-C ≥100 mg/dL group showed significantly higher 
Lp(a) levels, 16 (9–29) vs 13 (7–24), accompanied by 
a higher prevalence of triple vessel disease and a trend 
toward a higher incidence of Syntax score ≥23. The 
patients in the LDL-C ≥100 mg/dL group were younger, 
had higher SBP and DBP, higher levels of ALB, ALT, 
GGT, FBG, UA, TG, TC, HDL-C, LDL-C, hsCRP, 
WBC, LYM, HGB, and PLT, and a lower LVEF. 
Patients in the LDL-C ≥100 mg/dL group were more 
likely to be treated with diuretics and have a family 
history of CAD but were less likely to be taking statins 
and antiplatelet drugs.

The clinical, biochemical, and angiographic character-
istics of patients in the LDL-C ≥100 mg/dL group, strati-
fied according to Lp(a) level, are presented in Table 3. 
Patients in the Lp(a) >30 mg/dL group had a higher Syntax 
score, higher TC and LDL-C levels, and a higher preva-
lence of HTN. These patients were more likely to have 
triple vessel disease, a Syntax score ≥23, and to be treated 
with statins. Pearson’s correlation analysis identified cor-
relations between Lp(a) and LDL-C level (r = 0.258, p < 
0.001) (Figure 3A) and Syntax score (r = 0.249, p < 0.001) 
(Figure 4A) in the LDL-C ≥100 mg/dL group. As shown 
in Table 4, the multivariate logistic regression analysis 
revealed a positive predictive value of an Lp(a) level 
>30 mg/dL for a Syntax score ≥23 in the LDL-C ≥ 
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Table 1 Clinical, Biochemical and Angiographic Characteristics of Patients with Stable CAD in the Lp(a) >30 mg/dL Group and in 
Lp(a) ≦30 mg/dL Group

Parameters Lp(a) >30 mg/dL (n=127) Lp(a) ≦30 mg/dL (n=519) p-value

Age, years 63.0±10.7 63.7±10.0 0.466

Male, n (%) 85 (66.9) 337 (64.9) 0.672

HTN, n (%) 94 (74.0) 323 (62.2) 0.013
DM, n (%) 27 (21.3) 88 (17.0) 0.256

Current smoker, n (%) 40 (31.5) 135 (26.0) 0.213

Family history of CAD, n (%) 7 (5.5) 23 (4.4) 0.604

Current drugs

ACEIs/ARBs, n (%) 39 (30.7) 173 (33.3) 0.572

CCBs, n (%) 46 (36.2) 155 (29.9) 0.166
Beta-blockers, n (%) 13 (10.2) 41 (7.9) 0.394

Diuretics, n (%) 15 (11.8) 65 (12.5) 0.827

Statins, n (%) 13 (10.2) 37 (7.1) 0.240
Antiplatelet drugs, n (%) 8 (6.3) 29 (5.6) 0.757

Triple vessel disease, n (%) 41 (32.3) 119 (22.9) 0.029
Syntax score ≧23, n (%) 27 (21.3) 73 (14.1) 0.045
Syntax score 12 (6–21) 9 (5–17) 0.006
SBP, mmHg 130 (120–140) 130 (120–140) 0.997

DBP, mmHg 76 (70–80) 78 (70–84) 0.595
ALB, g/L 40.3 (38.2–43.1) 40.4 (38.1–42.9) 0.838

ALT, U/L 19 (13–29) 20 (14–31) 0.202

AST, U/L 20 (17–26) 21 (17–28) 0.301
GGT, U/L 26 (18–48) 26 (18–42) 0.800

TBIL, mg/dL 0.63 (0.44–0.89) 0.63 (0.46–0.87) 0.517

FBG, mg/dL 95.0 (86.2–110.7) 96.1 (87.3–108.9) 0.496
Scr, mg/dL 0.78 (0.67–0.95) 0.78 (0.68–0.90) 0.494

UA, mg/dL 5.85 (4.80–7.07) 5.86 (4.97–6.97) 0.892

TG, mg/dL 117.8 (90.4–168.3) 123.2 (88.6–179.9) 0.812
TC, mg/dL 170.9 (142.3–219.6) 160.8 (133.8–191.8) 0.003
HDL-C, mg/dL 43.3 (37.1–50.3) 41.8 (35.6–49.1) 0.252

LDL-C, mg/dL 100.1 (76.5–134.5) 92 (71.1–112.9) 0.001
Lp(a), mg/dL 46 (37–64) 11 (6–19) 0.000
hsCRP, mg/L 3.6 (2.0–7.3) 3.6 (1.6–8.0) 0.772

WBC, ×103/μL 6.2 (5.3–7.8) 6.1 (5.1–7.4) 0.293
NEU, ×103/μL 4.0 (3.2–5.0) 3.7 (3.0–4.7) 0.143

LYM, ×103/μL 1.6 (1.2–2.1) 1.6 (1.3–2.0) 0.624

MON, ×103/μL 0.5 (0.4–0.6) 0.5 (0.4–0.6) 0.400
HGB, g/L 137 (125–147) 135 (125–147) 0.408

PLT, ×103/μL 194 (167–238) 186 (158–221) 0.106

MHR, ×103/mg 11.6 (8.7–15.8) 11.9 (8.5–16.0) 0.968
SII 496 (323–718) 434 (300–642) 0.113

LVEF, % 66 (61–71) 66 (61–70) 0.626

Notes: Values are presented as means ± SD or medians (interquartile ranges) for continuous variables, and as the numbers of patients (%) for categorical variables. p-value < 
0.05 are presented with bold characters. 
Abbreviations: CAD, coronary artery disease; Lp(a), lipoprotein(a); HTN, hypertension; DM, diabetes mellitus; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, 
angiotensin receptor blockers; CCBs, calcium channel blockers; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALB, albumin; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; TBIL, total bilirubin; FBG, fasting blood glucose; Scr, serum creatinine; UA, uric acid; TG, triglyceride; 
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; WBC, white 
blood cell; NEU, neutrophil; LYM, lymphocyte; MON, monocyte; HGB, hemoglobin; PLT, platelet; MHR, monocyte count to high-density lipoprotein cholesterol ratio; SII, 
systemic immune-inflammation index; LVEF, left ventricular ejection fraction.
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100 mg/dL group after adjustment for confounding factors, 
adjusted OR 2.895 [95% CI 1.286–6.518], p = 0.010. The 
ROC curve analysis confirmed the predictive value of the 
Lp(a) level for a Syntax score ≥ 23 in the group with LDL- 
C ≥100 mg/dL. Using a cutoff value of 30 mg/dL, the 
sensitivity was 44.0% and specificity was 79.8%, with an 
area under the curve (AUC) of 0.630 (95% CI 0.536–-
0.724), p = 0.004 (Figure 5A).

The clinical, biochemical, and angiographic charac-
teristics of patients in the group with LDL-C <100 mg/ 
dL, stratified according to Lp(a) level, are presented in 
Table 5. Patients with Lp(a) > 30 mg/dL were more 
likely to have HTN, DM, and be treated with CCBs. 
The prevalence of triple vessel disease and a Syntax 

score ≥23 was similar in the Lp(a) >30 mg/dL and 
Lp(a) ≤30 mg/dL groups. A significant difference in 
Syntax score was not observed between the Lp(a) 
>30 mg/dL and Lp(a) ≤30 mg/dL groups. Pearson’s 
correlation analysis showed that Lp(a) levels were not 
correlated with LDL-C levels (r = 0.089, p = 0.082) 
(Figure 3B) or Syntax score (r = −0.020, p = 0.700) 
(Figure 4B) in the LDL-C <100 mg/dL group. The 
multivariate logistic regression analysis did not show 
a predictive value of Lp(a) levels >30 mg/dL for 
a Syntax score ≥23 in the LDL-C <100 mg/dL group, 
as shown in Table 6, nor did the ROC curve analysis 
identify a predictive value of Lp(a) levels for a Syntax 
score ≥23 (Figure 5B).

A B

C D

Figure 1 Scatter/dot graphs showing positive correlations between the Syntax score and Lp(a) levels (A), hsCRP levels (B), MHR (C) and SII (D) in patients with stable 
CAD.
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Discussion
Our study demonstrated that significantly higher Lp(a) 
levels were detected in the LDL-C ≥100 mg/dL group 
than in the LDL-C <100 mg/dL group. Lp(a) levels were 
positively correlated with LDL-C level and Syntax score, 
consistent with the results of several previous studies.7–9 

When patients were stratified according to LDL-C level, 
the Lp(a) level was only associated with Syntax score in 
the LDL-C ≥100 mg/dL group. Lp(a) levels were not 
associated with the levels of inflammatory biomarkers, 
including hsCRP levels, MHR, and SII.

Lipid disorder is a major risk factor for ASCVD. It has 
been divided into 4 “clinical” categories: elevated LDL-C 
levels, low HDL-C levels, elevated TG levels, and elevated 
Lp(a) levels. Lp(a) carries all the atherogenic risk of LDL 
particles and is more atherogenic than LDL. In addition to 
the proatherogenic components of LDL-C, Lp(a) contains 
apolipoprotein(a) (apo(a)). Apo(a) potentiates atherothrom-
bosis by inducing inflammation through its content of oxi-
dized phospholipids, which facilitate its accumulation in the 
arterial wall. Coronary lesions from human subjects with 
sudden death showed a progressive increase in Lp(a) level 
as lesions progressed, with the highest levels observed in 
ruptured plaques. Genetic studies showed a potent and 
linear increase in the risk of patients with highly elevated 
Lp(a) levels compared with patients with low levels.13 In 
subjects at intermediate risk, based on the Framingham and 
Reynolds risk scores, the addition and inclusion of Lp(a) 
levels to these risk scores enabled the reclassification of 
40% of individuals into either lower or higher risk 
categories.14 A large meta-analysis identified continuous, 
independent, and modest associations of Lp(a) concentra-
tion with risk of CAD and stroke.15 An Lp(a) level >30 mg/ 
dL is considered elevated and is recommended to be a risk 
factor for ASCVD by the 2016 Canadian Cardiovascular 
Society Guidelines for the Management of Dyslipidemia.16 

As shown in the present study, 20% (127/646) of the 
participants had an elevated Lp(a) level, defined as 
>30 mg/dL, which is lower than the proportion (30–40%) 
reported in other studies and may be attributed to differ-
ences in the study population. Patients with ACS have 
a significantly higher Lp(a) level than patients with stable 
CAD, and a higher Lp(a) level is associated with more 
complex coronary lesions evaluated using the Gensini 
score.17,18 The Syntax score was developed as a tool to 

A

B

C

Figure 2 Scatter/dot graphs showing that Lp(a) levels were not correlated with 
hsCRP levels (A), MHR (B) and SII (C) in patients with stable CAD.
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Table 2 Clinical, Biochemical and Angiographic Characteristics of Patients with Stable CAD in the LDL-C ≧100 mg/dL Group and 
LDL-C <100 mg/dL Group

Parameters LDL-C≧100 mg/dL (n=268) LDL-C <100 mg/dL (n=378) p-value

Age (years) 62.3±10.5 64.5±9.7 0.005
Male, n (%) 175 (65.3) 247 (65.3) 0.990

HTN, n (%) 178 (66.5) 239 (63.2) 0.404
DM, n (%) 41 (15.3) 74 (19.6) 0.161

Current smoker, n (%) 81 (30.2) 94 (24.9) 0.131

Family history of CAD, n (%) 18 (6.7) 12 (3.2) 0.035

Current drugs

ACEIs/ARBs, n (%) 88 (32.8) 124 (32.8) 0.993

CCBs, n (%) 72 (26.9) 129 (34.1) 0.050
Beta-blockers, n (%) 16 (6.0) 38 (10.1) 0.065

Diuretics, n (%) 43 (16.0) 37 (9.8) 0.017
Statins, n (%) 7 (2.6) 43 (11.4) 0.000
Antiplatelet drugs, n (%) 8 (3.0) 29 (7.7) 0.012
Triple vessel disease, n (%) 84 (31.3) 76 (20.1) 0.001
Syntax score ≧23, n (%) 50 (18.7) 50 (13.2) 0.060
Syntax score 11 (5–19) 9 (5–17) 0.105

SBP, mmHg 132±18 129±17 0.036
DBP, mmHg 78±11 76±11 0.022
ALB, g/L 41.1 (38.5–43.8) 39.8 (37.8–42.4) 0.000
ALT, U/L 22 (15–36) 18 (13–27) 0.000
AST, U/L 21 (17–30) 21 (17–26) 0.175
GGT, U/L 30 (20–51) 24 (17–37) 0.000
TBIL, mg/dL 0.61 (0.42–0.82) 0.64 (0.47–0.91) 0.103

FBG, mg/dL 98.9 (88.5–117.9) 94.1 (85.7–106.6) 0.001
Scr, mg/dL 0.78 (0.67–0.93) 0.78 (0.68–0.905) 0.960

UA, mg/dL 6.15 (5.20–7.22) 5.60 (4.75–6.80) 0.000
TG, mg/dL 144.4 (103.7–204.3) 110.8 (80.6–153.3) 0.000
TC, mg/dL 201.0 (177.2–223.8) 140.9 (122.4–158.1) 0.000
HDL-C, mg/dL 44.5 (39.0–51.4) 40.6 (34.8–48.0) 0.000
LDL-C, mg/dL 121.0 (108.6–139.8) 75.8 (62.1–87.8) 0.000
Lp(a), mg/dL 16 (9–29) 13 (7–24) 0.003
hsCRP, mg/L 5.5 (2.6–9.1) 2.9 (1.1–6.7) 0.000
WBC, ×103/μL 6.4 (5.4–7.9) 6.0 (5.0–7.3) 0.004
NEU, ×103/μL 3.9 (3.1–4.9) 3.7 (2.9–4.7) 0.103

LYM, ×103/μL 1.7 (1.3–2.1) 1.5 (1.2–2.0) 0.001
MON, ×103/μL 0.5 (0.4–0.6) 0.5 (0.4–0.6) 0.377
HGB, g/L 139 (128–150) 134 (124–145) 0.000
PLT, ×103/μL 197 (168–236) 183 (155–213) 0.000
MHR, ×103/mg 11.3 (8.3–15.7) 12.2 (8.5–16.3) 0.159
SII 461 (315–657) 433 (290–669) 0.331

LVEF, % 65 (61–69) 66 (62–71) 0.048

Notes: Values are presented as means ± SD or medians (interquartile ranges) for continuous variables, and as the numbers of patients (%) for categorical variables. p-value 
<0.05 are presented with bold characters. 
Abbreviations: Lp(a), lipoprotein(a); HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, 
angiotensin receptor blockers; CCBs, calcium channel blockers; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALB, albumin; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; TBIL, total bilirubin; FBG, fasting blood glucose; Scr, serum creatinine; UA, uric acid; TG, triglyceride; 
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; WBC, white 
blood cell; NEU, neutrophil; LYM, lymphocyte; MON, monocyte; HGB, hemoglobin; PLT, platelet; MHR, monocyte count to high-density lipoprotein cholesterol ratio; SII, 
systemic immune-inflammation index; LVEF, left ventricular ejection fraction.

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
4303

Dovepress                                                                                                                                                               Xu et al

http://www.dovepress.com
http://www.dovepress.com


Table 3 Clinical, Biochemical and Angiographic Characteristics of the Lp(a) >30 mg/dL Subgroup and Lp(a) ≦ 30 mg/dL Subgroup in 
the LDL-C ≧100 mg/dL Group

Parameters Lp(a) >30 mg/dL (n=64) Lp(a) ≦ 30 mg/dL (n=204) p-value

Age, years 62±11 62±10 0.714

Male, n (%) 44 (68.8) 131 (64.2) 0.506

HTN, n (%) 45(70.3) 133 (65.2) 0.450
DM, n (%) 8 (12.5) 33 (16.2) 0.476

Current smoker, n (%) 20 (31.3) 61 (29.9) 0.838

Family history of CAD, n (%) 3 (4.7) 15 (7.4) 0.457

Current drugs

ACEIs/ARBs, n (%) 20 (31.3) 68 (33.3) 0.757

CCBs, n (%) 15 (23.4) 57 (27.9) 0.478
Beta-blockers, n (%) 5 (7.8) 11 (5.4) 0.476

Diuretics, n (%) 11 (17.2) 32 (15.7) 0.775

Statins, n (%) 4 (6.3) 3 (1.5) 0.036
Antiplatelet drugs, n (%) 2 (3.1) 6 (2.9) 0.940

Triple vessel disease, n (%) 27 (42.2) 57 (27.9) 0.032
Syntax score ≧23, n (%) 21 (32.8) 29 (14.2) 0.001
Syntax score 15 (7–25) 10 (5–19) 0.003
SBP, mmHg 133±19 132±18 0.730

DBP, mmHg 77±10 78±12 0.460
ALB, g/L 40.4 (37.9–43.7) 41.4 (38.8–43.9) 0.280

ALT, U/L 20 (13–33) 22 (15–38) 0.136

AST, U/L 20 (16–26) 22 (17–32) 0.209
GGT, U/L 30 (19–55) 30 (20–50) 0.731

TBIL, mg/dL 0.6 (0.4–0.8) 0.6 (0.4–0.8) 0.362

FBG, mg/dL 96.9 (86.7–112.9) 99.9 (89.1–119.8) 0.206
Scr, mg/dL 0.80 (0.67–0.95) 0.78 (0.67–0.93) 0.234

UA, mg/dL 6.52 (4.91–7.60) 6.09 (5.27–7.07) 0.327

TG, mg/dL 134.7 (96.4–186.7) 146.2 (103.7–208.7) 0.230
TC, mg/dL 218.2 (183.6–240.6) 198.3 (176.4–218.6) 0.009
HDL-C, mg/dL 45.2 (39.5–51.4) 44.3 (39.0–51.0) 0.375

LDL-C, mg/dL 133.8 (111.8–162.7) 118.3 (107.5–133.7) 0.001
Lp(a), mg/dL 47 (39–63) 12 (8–20) 0.000
hsCRP, mg/L 4.8 (2.6–8.3) 6.1 (2.6–9.8) 0.274

WBC, ×103/μL 6.1 (5.3–8.0) 6.4 (5.4–7.9) 0.660
NEU, ×103/μL 4.0 (3.1–5.0) 3.9 (3.1–4.9) 0.855

LYM, ×103/μL 1.7 (1.2–2.1) 1.7 (1.3–2.1) 0.596

MON, ×103/μL 0.5 (0.4–0.7) 0.5 (0.4–0.6) 0.692
HGB, g/L 140 (133–151) 139 (128–150) 0.592

PLT, ×103/μL 198 (174–248) 196 (166–235) 0.315

MHR, ×103/mg 11.6 (8.1–15.7) 11.1 (8.5–15.7) 0.959
SII 488 (354–716) 451 (311–629) 0.163

LVEF, % 64 (59–70) 65 (61–69) 0.734

Notes: Values are presented as means ± SD or medians (interquartile ranges) for continuous variables, and as the numbers of patients (%) for categorical variables. p-value < 
0.05 are presented with bold characters. 
Abbreviations: Lp(a), lipoprotein(a); HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, 
angiotensin receptor blockers; CCBs, calcium channel blockers; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALB, albumin; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; TBIL, total bilirubin; FBG, fasting blood glucose; Scr, serum creatinine; UA, uric acid; TG, triglyceride; 
TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; WBC, white 
blood cell; NEU=neutrophil; LYM, lymphocyte; MON, monocyte; HGB, hemoglobin; PLT, platelet; MHR, monocyte count to high-density lipoprotein cholesterol ratio; SII, 
systemic immune-inflammation index; LVEF, left ventricular ejection fraction.
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grade the complexity and severity of CAD and to guide the 
selection of revascularization strategy in patients with mul-
tivessel and left main CAD.3 Previous studies have categor-
ized the SYNTAX score to identify patients as low (≤22) or 
medium/high (≥23). Lp(a) level is associated with Syntax 
score in several studies of Australian, Chinese, and Indian 
populations, consistent with the results of our study.7–9,19

The cholesterol content of Lp(a) is included in the 
LDL-C measurement, and some studies have shown that 
strategies that lower LDL-C levels attenuate or even elim-
inate the risk attributable to elevated Lp(a) levels.20,21 

Thus, the association of Lp(a) levels with Syntax score 
must be examined in patients with various LDL-C levels. 
US population studies suggest an optimal LDL-C level is 
about 100 mg/dL. As shown in our study, a significantly 
higher Lp(a) concentration was observed in patients with 
LDL-C ≥100 mg/dL than LDL-C <100 mg/dL, and an 
LDL-C level ≥100 mg/dL was an independent predictor 
of an Lp(a) level >30 mg/dL. Lp(a) levels were positively 
correlated with Syntax score when LDL-C ≥100 mg/dL, 
but not when LDL-C <100 mg/dL. After adjustment for 
confounding factors, including medications, biochemical 

A B

Figure 4 Scatter/dot graphs showing a positive correlation between Lp(a) levels and the Syntax score in the LDL-C ≧100 mg/dL group (A), but not in the LDL-C <100 mg/ 
dL group (B).

A B

Figure 3 Scatter/dot graphs showing a positive correlation between LDL-C and Lp(a) levels in the LDL-C ≧100 mg/dL group (A), but not in the LDL-C <100 mg/dL group 
(B).
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parameters, and LVEF, Lp(a) levels >30 mg/dL remained 
an independent predictor of a Syntax score ≥23 in the 
LDL-C ≥100 mg/dL group. However, the predictive 
value of Lp(a) level >30 mg/dL for Syntax score ≥23 
was eliminated when LDL-C <100 mg/dL. Lp(a) is com-
posed of 30–45% cholesterol by mass, which is part of the 
“LDL-C” level calculated using various methods in most 
laboratories. The calculated “LDL-C” level not only 

reflects LDL-C but also the cholesterol part of Lp(a), 
particularly in patients with ASCVD. Researchers have 
not yet determined whether the content of Lp(a)- 
cholesterol as a percentage of Lp(a) mass remains constant 
with decreasing LDL-C levels.22 Based on the findings 
from our study, the relationship between Lp(a) and LDL- 
C levels differed among patients with various LDL-C 
levels. This finding may partially explain the differences 

Figure 5 ROC curves showing the ability of an Lp(a) cutoff value of 30 mg/dL to predict a Syntax score≥ 23 with a sensitivity of 44.0% and specificity of 79.8% in the LDL-C 
≧ 100 mg/dL group (A), but not in the LDL-C <100 mg/dL group (B).

Table 4 Univariate and Multivariate Logistic Regression Analyses Showing the Ability of an Lp(a) Level >30 mg/dL 
to Predict a Syntax Score ≥23 in the LDL-C ≧100 mg/dL Group

Model Syntax Score ≥ 23

OR 95% CI p-value

Model 1a 2.947 1.534–5.663 0.001
Model 2 b 2.920 1.515–5.627 0.001
Model 3 c 3.000 1.528–5.888 0.001
Model 4 d 2.887 1.436–5.807 0.003
Model 5 e 2.895 1.286–6.518 0.010

Notes: aUnivariate logistic regression analysis; bMultivariate logistic regression analysis adjusted for age and sex; cMultivariate logistic regression 
analysis additionally adjusted for HTN, DM, current smoking status, and family history of CAD; dMultivariate logistic regression analysis additionally 
adjusted for treatment with ACEIs/ARBs, CCBs, beta-blockers, diuretics, statins and antiplatelet drugs; eMultivariate logistic regression analysis 
additionally adjusted for SBP, DBP, ALB, ALT, AST, GGT, TBIL, FBG, Scr, UA, TG, TC, HDL-C, LDL-C, hsCRP, WBC, NEU, LYM, MON, HGB, PLT, 
and LVEF. p-value < 0.05 are presented with bold characters. 
Abbreviations: Lp(a), lipoprotein(a); LDL-C, low-density lipoprotein cholesterol; CAD, coronary artery disease; OR, odds ratio; CI, confidence 
interval; HTN, hypertension; DM, diabetes mellitus; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CCBs, 
calcium channel blockers; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, gamma-glutamyl transferase; TBIL, total bilirubin; FBG, fasting blood glucose; Scr, serum creatinine; UA, uric acid; TG, 
triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; WBC, white blood cell; 
NEU, neutrophil; LYM, lymphocyte; MON, monocyte; HGB, hemoglobin; PLT, platelet; LVEF, left ventricular ejection fraction.
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Table 5 Clinical, Biochemical and Angiographic Characteristics of the Lp(a) >30 mg/dL Subgroup and Lp(a) ≦30 mg/dL Subgroup in 
the LDL-C <100 mg/dL Group

Parameters Lp(a) >30 mg/dL (n=63) Lp(a) ≦ 30 mg/dL (n=315) p-value

Age, years 64±10 65±10 0.753

Male, n (%) 41 (65.1) 206 (65.4) 0.961

HTN, n (%) 49 (77.8) 190 (60.3) 0.009
DM, n (%) 19 (30.2) 55 (17.5) 0.020
Current smoker, n (%) 20 (31.7) 74 (23.5) 0.166

Family history of CAD, n (%) 4 (6.3) 8 (2.5) 0.115

Current drugs

ACEIs/ARBs, n (%) 19 (30.2) 105 (33.3) 0.624

CCBs, n (%) 31 (49.2) 98 (31.1) 0.006
Beta-blockers, n (%) 8 (12.7) 30 (9.5) 0.444

Diuretics, n (%) 4 (6.3) 33 (10.5) 0.314

Statins, n (%) 9 (14.3) 34 (10.8) 0.426
Antiplatelet drugs, n (%) 6 (9.5) 23 (7.3) 0.545

Triple vessel disease, n (%) 14 (22.2) 62 (19.7) 0.646

Syntax score ≧23, n (%) 6 (9.5) 44 (14.0) 0.342
Syntax score 11 (6–18) 9 (5–16) 0.511

SBP, mmHg 129±14 129±18 0.852

DBP, mmHg 75±11 76±11 0.851
ALB, g/L 40.2 (38.2–42.3) 39.7 (37.7–42.4) 0.741

ALT, U/L 18 (12–25) 18 (13–28) 0.509

AST, U/L 20 (17–24) 21 (17–27) 0.685
GGT, U/L 21 (17–33) 24 (17–38) 0.282

TBIL, mg/dL 0.64 (0.49–0.94) 0.64 (0.47–0.87) 0.803

FBG, mg/dL 93.1 (82.8–110.5) 94.1 (86.0–106.4) 0.771
Scr, mg/dL 0.76 (0.66–0.92) 0.78 (0.68–0.90) 0.833

UA, mg/dL 5.54 (4.70–6.50) 5.68 (4.75–6.85) 0.359

TG, mg/dL 101.0 (85.1–149.7) 112.5 (80.6–153.3) 0.994
TC, mg/dL 142.3 (126.0–159.3) 140.3 (120.6–157.7) 0.428

HDL-C, mg/dL 39.8 (35.6–48.7) 40.6 (34.8–47.9) 0.717

LDL-C, mg/dL 76.5 (66.1–89.3) 75.4 (61.9–87.4) 0.323
Lp(a), mg/dL 45 (36–66) 10 (6–18) 0.000
hsCRP, mg/L 3.0 (1.2–7.2) 2.8 (1.1–6.5) 0.615

WBC, ×103/μL 6.4 (5.3–7.8) 6.0 (4.9–7.2) 0.138
NEU, ×103/μL 4.0 (3.3–5.1) 3.6 (2.9–4.7) 0.109

LYM, ×103/μL 1.6 (1.2–2.1) 1.5 (1.2–1.9) 0.375

MON, ×103/μL 0.5 (0.4–0.6) 0.5 (0.4–0.6) 0.512
HGB, g/L 133 (125–144) 134 (124–145) 0.834

PLT, ×103/μL 188 (155–226) 183 (154–212) 0.453

MHR, ×103/mg 11.1 (9.3–15.9) 12.4 (8.5–16.6) 0.882
SII 502 (266–719) 419 (290–657) 0.473

LVEF, % 66 (63–73) 66 (62–70) 0.219

Notes: Values are presented as means ± SD or medians (interquartile ranges) for continuous variables, and as the numbers of patients (%) for categorical variables. p-value < 
0.05 are presented with bold characters. 
Abbreviations: Lp(a), lipoprotein(a); LDL-C, low-density lipoprotein cholesterol; HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; ACEIs, 
angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CCBs, calcium channel blockers; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, gamma-glutamyl transferase; TBIL, total bilirubin; FBG, fasting blood glucose; Scr, serum 
creatinine; UA, uric acid; TG, triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; WBC, white blood 
cell; NEU, neutrophil; LYM, lymphocyte; MON, monocyte; HGB, hemoglobin; PLT, platelet; MHR, monocyte count to high-density lipoprotein cholesterol ratio; SII, systemic 
immune-inflammation index; LVEF, left ventricular ejection fraction.
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in the association of Lp(a) levels with Syntax score when 
LDL-C ≥100 mg/dL compared with LDL-C <100 mg/dL. 
The use of Lp(a) levels as a predictor of a high Syntax 
score in patients with stable CAD may be limited to 
patients with an LDL-C level ≥100 mg/dL.

Inflammation was identified as another cause of the initia-
tion and progression of atherosclerosis.23 The hsCRP levels, 
MHR and SII are all nonspecific markers of inflammation. 
They were simultaneously correlated with Syntax score in 
our study. CRP is released by hepatocytes during infection or 
damaged vascular smooth muscle cells in atherosclerotic 
plaques. Based on robust evidence, CRP levels are associated 
with ASCVD events24 and are measured using the hsCRP 
assay. The hsCRP level has been reported to be associated 
with Syntax score.25–27 MHR was initially discovered to be 
associated with cardiovascular outcomes and was identified 
as an independent predictor of major adverse cardiovascular 
events in patients with chronic kidney disease.28 The positive 
correlation of MHR with Syntax score in patients with stable 
CAD has been identified in several studies.29–31 SII is an 
inflammation-related indicator that integrates neutrophil, pla-
telet, and lymphocyte counts and predicts the outcomes of 
patients with CAD.12,32 Nevertheless, the Lp(a) level was not 
associated with hsCRP levels, MHR, or SII, indicating that 
Lp(a) employs a distinct mechanism to exacerbate athero-
sclerosis that is not completely attributable to inflammation.

Our study had several limitations. First, as an observa-
tional study, our study was susceptible to confounding fac-
tors, which may influence the association of Lp(a) levels with 

Syntax score; second, the Lp(a) concentration was only 
measured once in each patient, and it was detected as mass 
concentration but not particle concentration. Therefore, var-
iations in molecular weights might over or underestimate the 
real concentrations of Lp(a). Finally, this study was per-
formed at a single center, and the sample size maybe not be 
sufficiently large to draw a definite conclusion. A prospective 
study with a larger sample size is warranted to confirm the 
findings of our study.

In conclusion, the Syntax score was correlated with the 
levels of Lp(a) and inflammatory biomarkers, including 
hsCRP, MHR, and SII in patients with stable CAD. Lp(a) 
levels were correlated with LDL-C levels, but not hsCRP, 
MHR, or SII. Furthermore, the association between Lp(a) 
levels and Syntax score was only maintained in the group of 
patients with LDL-C ≥100 mg/dL. An Lp(a) level >30 mg/dL 
was an independent predictor of a Syntax score ≥23, but only 
when LDL-C ≥100 mg/dL. The value of Lp(a) levels in pre-
dicting the severity of diseased coronary vessels and the effect 
of LDL-C levels on the association of Lp(a) levels with Syntax 
score require more extensive investigations.
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Table 6 Univariate and Multivariate Logistic Regression Analyses Showing No Predictive Value of an Lp(a) 
Level>30 mg/dL for a Syntax Score ≥23 in the LDL-C <100 mg/dL Group

Model Syntax Score ≥ 23

OR 95% CI p-value

Model 1a 0.648 0.264–1.594 0.345
Model 2 b 0.647 0.262–1.599 0.346

Model 3 c 0.549 0.214–1.411 0.213

Model 4 d 0.546 0.210–1.418 0.214
Model 5 e 0.758 0.258–2.226 0.615

Notes: aUnivariate logistic regression analysis; bMultivariate logistic regression analysis adjusted for age and sex; cMultivariate logistic regression 
analysis additionally adjusted for HTN, DM, current smoking status, and family history of CAD; dMultivariate logistic regression analysis additionally 
adjusted for treatment with ACEIs/ARBs, CCBs, beta-blockers, diuretics, statins and antiplatelet drugs; eMultivariate logistic regression analysis 
additionally adjusted for SBP, DBP, ALB, ALT, AST, GGT, TBIL, FBG, Scr, UA, TG, TC, HDL-C, LDL-C, hsCRP, WBC, NEU, LYM, MON, HGB, PLT, 
and LVEF. 
Abbreviations: Lp(a), lipoprotein(a); LDL-C, low-density lipoprotein cholesterol; CAD, coronary artery disease; OR, odds ratio; CI, confidence 
interval; HTN, hypertension; DM, diabetes mellitus; ACEIs, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CCBs, 
calcium channel blockers; SBP, systolic blood pressure; DBP, diastolic blood pressure; ALB, albumin; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase; GGT, gamma-glutamyl transferase; TBIL, total bilirubin; FBG, fasting blood glucose; Scr, serum creatinine; UA, uric acid; TG, 
triglyceride; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-sensitivity C-reactive protein; WBC, white blood cell; 
NEU, neutrophil; LYM, lymphocyte; MON, monocyte; HGB, hemoglobin; PLT, platelet; LVEF, left ventricular ejection fraction.
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