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Abstract
Background: Blood lipids disorder and atherosclerosis are closely related to coronary artery disease
(CAD). This study aims to compare different blood lipid parameters combined with carotid intima-media
thickness (cIMT) in predicting CAD.

Methods: This was a retrospective study including patients who underwent coronary angiography for
highly suspected CAD. Blood samples were taken for lipid pro�le analysis and cIMT was evaluated by
carotid ultrasound. Logistic analysis was used to establish different models of different lipid parameters
in predicting CAD. The area under the receiver operating characteristic curve (AUC) was used to examine
the predictive value. The optimal lipid parameter was also used to explore the relationship with multi-
vessel CAD.

Results: Patients were classi�ed into two groups based on whether CAD existed. There was no difference
in low-density lipoprotein cholesterol (LDL-C) between the two groups. Compared with non-CAD patients,
the CAD group had higher lipoprotein (a) (Lp (a)), apolipoprotein B/apolipoprotein A, total
cholesterol/high-density lipoprotein cholesterol (HDL-C), triglyceride/HDL-C and LDL-C/HDL-C. According
to the AUCs, Lp (a) combined with cIMT (AUC: 0.713, P < 0.001) had the best performance in predicting
CAD compared to other lipid parameters. High levels of Lp (a) was also associated with multi-vessel CAD
(odds ratio: 1.41, 95% con�dence interval: 1.02–1.95, P = 0.036).

Conclusion: For patients with highly suspected CAD, Lp (a) better improved the predictive value of CAD
rather than most of blood lipid indices, especially in the absence of high levels of LDL-C. Lp (a) also can
be used to predict the multi-vessel CAD.

Background
Although the treatment of coronary artery disease (CAD) has greatly improved in recent years, the
incidence and mortality of CAD remains high [1]. Atherosclerosis, as the main pathophysiological
mechanism of CAD, closely related to lipid disorders that is poor-controlled [2]. Early screening of CAD
based on atherosclerosis is of great importance, and there is an urgent need to predict CAD using
clinically available information.

The role of lipid parameters in CAD is controversial. Previous studies have shown that blood lipid indices,
such as triglyceride/high-density lipoprotein cholesterol (TG/HDL-C) ratio, apolipoprotein
B/apolipoprotein A-I (Apo B/Apo A-I) ratio, total cholesterol (TC)/HDL-C ratio or low-density lipoprotein
cholesterol (LDL-C)/HDL-C have a better predictive value of CAD than a single parameter [3–8]. Recent
�ndings showed that blood lipid indices were signi�cantly correlated with the risk of intracranial
atherosclerotic stenosis and metabolic syndrome [9–10]. The combination of lipid parameters represent
relative status of blood lipids, which can comprehensively re�ect the balance between atherosclerosis
and anti-atherosclerosis and accurately assess lipid deposition [11–12]. Lipoprotein (a) (Lp [a]), which
has LDL-like moiety comprising Apo B and apolipoprotein (a) (Apo [a]), is independently associated with
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the diagnosis and prognosis of CAD [13]. As a marker of the residual risk of cardiovascular disease, Lp
(a) has a stronger correlation with CAD than LDL-C when LDL-C is in low levels [14–15]. However, it is still
unknown whether Lp (a) is superior than the new lipid indices in predicting CAD.

Carotid intima-media thickness (cIMT), a widely-used noninvasive marker of subclinical atherosclerosis,
can also be used as a preliminary screening tool for CAD [16–18]. However, a meta-analysis suggested
that the sensitivity and speci�city of cIMT for the diagnosis of CAD were quite low, indicating that using
cIMT alone as CAD screening tool was still insu�cient [19]. Since the total load of atherosclerosis is
closely related to the concentration of blood lipids, morphological assessment of atherosclerosis based
on cIMT has certain limitations in predicting CAD [20–23]. Considering subclinical atherosclerosis status
and blood lipid pro�les together would effectively improve the accuracy of the diagnosis of CAD.

In clinical screening for CAD, blood lipid parameters and cIMT are considered to be available tools.
However, it is still unknown which blood lipid parameters combined with cIMT has the optimal accuracy
in predicting CAD. Therefore, this study was aimed to compare the predictive value of different blood lipid
parameters combined with cIMT on CAD.

Methods
Study design and participants

This retrospective study included 1598 consecutive patients who underwent coronary angiography for
highly suspected CAD, including chest pain with typical change in ECG or severe lesion in coronary CT
angiography, from September 2014 to July 2015 in Guangdong Provincial People's Hospital. A total of
105 patients with a history of stroke, 24 patients without cIMT measurement, and 74 patients with
missing information on blood lipid parameters were excluded.

This study was approved by the Ethics Committee of Guangdong Provincial People's Hospital, and
informed verbal consent was obtained from all patients. This study was conducted in accordance with
the Declaration of Helsinki.

Data Collection And Measurements
Demographic data, laboratory test results, and carotid ultrasonography and coronary angiography results
from the electronic medical records were collected.

The measurement of cIMT by carotid ultrasonography was detailed in our previous study [24]. All patients
underwent coronary angiography, and the degree of coronary stenosis was judged by two experienced
cardiologists. Hypertension was diagnosed according to the European Society of Cardiology guidelines
[25]. Diabetes mellitus (DM) was de�ned based on the presence of diabetes or was diagnosed during
hospitalization following the criteria of the European Society of Cardiology guidelines [26]. Chronic kidney
disease (CKD) was de�ned as previous medical history. Smoking was de�ned as previous or current
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Results

Study population
A total of 1395 patients were eventually enrolled in this study (Fig. 1). Baseline information of patients
with and without CAD is presented in Table 1. There was no signi�cant difference in LDL-C between the
two groups. Hypertension, DM, and CKD were more prevalent in the CAD group. As for blood lipid indices,
TC/HDL-C, LDL-C/HDL-C, Apo B/Apo A-I, and TG/HDL-C ratios were higher, whereas the LDL-C/Apo B
ratio was lower in the CAD group. Lp (a) and mean-cIMT were also signi�cantly higher in patients with

smoking. Alcohol consumption was de�ned as previous drinking habit. Lp (a) was measured by AU5800
spectrophotometer (Beckman Coulter, USA) via immunoturbidimetry, with trihydroxyaminomethane buffer
and anti Lp (a) antibody sensitized granules. HDL-C, LDL-C, TC, TG, Apo A-I, and Apo B were also detected
using AU5800 spectrophotometer (Beckman Coulter, USA) via colorimetry or immunoturbidimetry.

De�nitions
As suggested by the American College of Cardiology in 2016, a ≥ 70% luminal diameter narrowing of an
epicardial stenosis or ≥ 50% luminal diameter narrowing of the left main artery observed by visual
assessment was considered as severe lesion that used as the diagnostic criteria for CAD [27]. Two or
more coronary arteries with severe stenosis were de�ned as multi-vessel CAD.

Statistical analysis
The total procedure of statistical analysis was divided into four steps. First, Student’s t-test was used for
normally distributed data, the Mann–Whitney U test was used for non-normally distributed data, and the
chi-square test or Fisher’s exact test was used for categorical variables to identify signi�cant differences
between two groups. Second, except for blood lipid parameters, the basic prediction model considered
potential confounding factors that were both clinically and statistically signi�cant in a backward
stepwise logistic regression model (with 0.1 signi�cance level for removal), and odds ratios (ORs) with
95% con�dence intervals (CIs) were calculated. Third, a receiver operating characteristic (ROC) curve was
constructed to evaluate the sensitivity, speci�city, and area under the ROC curve (AUC) of different lipid
parameters in predicting CAD based on the basic prediction model. Furthermore, net reclassi�cation
improvement (NRI) and integrated discrimination improvement (IDI) were calculated to evaluate the
improvement of the new model when compared with the basic prediction model at low (< 
50%)/intermediate (50–80%)/high risk (> 80%) of CAD. The 95% CI of NRI was obtained after
bootstrapping 10,000 times. Fourth, a fully adjusted logistic model was used to explore the relationship
between the optimal blood lipid parameter and multi-vessel CAD in the subgroup of diagnosed CAD.
Comparisons with P < 0.05 (two-sided) were considered to be statistically signi�cant. All of the analyses
were performed with Stata 15.0 (StataCorp LLC, College Station, TX, USA), R version 3.4.3 (The R Project
for Statistical Computing, Vienna, Austria), and EmpowerStats (X&Y Solutions Inc., Boston, MA, USA).
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CAD than in those without CAD. In addition, for medication history, statins was more commonly used in
the CAD group.
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Table 1
Baseline information of CAD and non-CAD patients.

  Non-CAD

n = 391

CAD

n = 1004

P value

Age, year 62 ± 11 63 ± 11 0.009

Male sex 222 (56.78%) 757 (75.40%) < 0.001

Hypertension 204 (52.17%) 615 (61.25%) 0.002

Diabetes 97 (24.81%) 382 (38.05%) < 0.001

Smoking 107 (27.37%) 378 (37.65%) < 0.001

Drinking 26 (6.65%) 56 (5.58%) 0.445

CKD 45 (11.51%) 179 (17.83%) 0.004

TC, mmol/L 4.61 ± 1.18 4.43 ± 1.25 0.019

TG, mmol/L 1.55 ± 1.13 1.65 ± 1.23 0.161

LDL-C, mmol/L 2.68 ± 1.05 2.60 ± 1.07 0.245

HDL-C, mmol/L 1.15 ± 0.28 1.05 ± 0.27 < 0.001

Apo A-I, mmol/L 1.28 ± 0.31 1.17 ± 0.29 < 0.001

Apo B, mmol/L 0.78 ± 0.21 0.79 ± 0.24 0.448

Apo B/Apo A-I 0.61 (0.48–0.77) 0.68 (0.53–0.86) < 0.001

LDL-C/Apo B 3.35 (2.98–3.75) 3.22 (2.90–3.59) < 0.001

TC/HDL-C 4.00 (3.34–4.77) 4.15 (3.48–5.04) 0.002

TG/HDL-C 1.15 (0.80–1.76) 1.41 (0.92–2.06) < 0.001

LDL-C/HDL-C 2.21 (1.74–2.97) 2.42 (1.82–3.16) 0.007

HDL-C/Apo A-I 0.91 (0.82–0.99) 0.90 (0.82–0.98) 0.361

Mean-cIMT, mm 0.90 (0.75–1.00) 1.00 (0.85–1.10) < 0.001

Lipoprotein(a), mg/L 113.72 (70.48–215.14) 180.80 (93.34–395.25) < 0.001

Notes: Data are expressed as mean ± standard deviation or median (Q1–Q3) for continuous variables
and n (%) for categorical variables.

Abbreviations: CAD, coronary artery disease; DM, diabetes mellitus; CKD, chronic kidney disease; TC:
total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; Apo A-I, apolipoprotein A-I; Apo B, apolipoprotein B; cIMT, carotid intima-media
thickness; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB,
calcium calcium entry blocker.
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  Non-CAD

n = 391

CAD

n = 1004

P value

Medication history      

ACEI/ARB 57 (14.58%) 171 (17.03%) 0.266

β-blocker 56 (14.32%) 185 (18.43%) 0.069

CCB 41 (10.49%) 149 (14.84%) 0.033

Diuretic 17 (4.35%) 36 (3.59%) 0.504

Statin 66 (16.88%) 432 (43.03%) < 0.001

Notes: Data are expressed as mean ± standard deviation or median (Q1–Q3) for continuous variables
and n (%) for categorical variables.

Abbreviations: CAD, coronary artery disease; DM, diabetes mellitus; CKD, chronic kidney disease; TC:
total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density
lipoprotein cholesterol; Apo A-I, apolipoprotein A-I; Apo B, apolipoprotein B; cIMT, carotid intima-media
thickness; ACEI, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB,
calcium calcium entry blocker.

 

Univariate and multivariate analysis
Univariate and stepwise multivariate logistic models were performed to select both clinically and
statistically signi�cant risk factors (Table 2). Age, sex, hypertension, smoking, alcohol consumption, DM,
and mean-cIMT were associated with CAD and included in the basic prediction model. Among these,
mean-cIMT was the strongly associated with the presence of CAD (OR 2.73, 95% CI: 1.64–4.52, P < 
0.001).
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Table 2
Backward stepwise logistic analysis.

Variable Univariate Multivariate

  OR (95% CI) P value OR (95% CI) P value

Age 1.01 (1.00–1.03) 0.009 1.01 (1.00–1.03) 0.024

Male sex 2.33 (1.82–2.98) < 0.001 2.41 (1.82–3.19) < 0.001

Hypertension 1.45 (1.15–1.83) 0.002 1.36 (1.05–1.75) 0.018

Smoking 1.60 (1.24–2.07) 0.000 1.35 (1.00–1.82) 0.052

Alcohol consumption 0.83 (0.51–1.34) 0.445 0.57 (0.34–0.96) 0.035

CKD 1.67 (1.18–2.37) 0.004 - -

DM 1.86 (1.43–2.42) < 0.001 1.75 (1.33–2.30) < 0.001

Mean-cIMT 3.63 (2.25–5.88) < 0.001 2.73 (1.64–4.52) < 0.001

Abbreviations: CKD: chronic kidney disease; DM: diabetes mellitus; cIMT: carotid intima-media
thickness; OR: odds ratio; CI: con�dence interval.

 

Predictive value of different blood lipid parameters on CAD
The ROC curves of the different blood lipid parameters on the basic prediction model for predicting CAD
are shown in Fig. 2. The addition of Lp (a) as well as Apo B/Apo A-I ratio improved the prediction effect of
the basic prediction model (AUC: 0.7129 for Lp (a), P < 0.001; AUC: 0.6848 for Apo B/Apo A-I ratio, P < 
0.05). However, when LDL-C/Apo B, TC/HDL-C, TG/HDL-C, and LDL-C/HDL-C ratios were added into the
basic prediction model, the AUC of the new model was not signi�cantly improved.

The new model that included Lp (a) achieved an NRI of 12.8%, as compared with the basic prediction
model for predicting CAD (Table 3), which means that 12.8% of patients were correctly reclassi�ed. The
IDI is also listed in Table 3 and also showed a signi�cant improvement in accuracy generated with the
new model. These results indicated that the new model including Lp (a) had better predictive capability
for CAD than the other blood lipid indices.
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Table 3
Comparison of different lipid parameters for predicting CAD based on basic prediction model using the

NRI and IDI with cut-off point at low (< 50%)/intermediate (50–80%)/high risk (> 80%) of CAD.

  Lp (a) Apo B/Apo
A-I

LDL-C/Apo B TG/HDL-C TC/HDL-C LDL-C/HDL-
C

NRI 0.126**

(0.051 to
0.224)

0.028

(− 0.014 to
0.113)

0.040*

(− 0.014 to
0.105)

0.010

(− 0.019 to
0.094)

0.005

(− 0.024 to
0.086)

0.012

(− 0.023 to
0.071)

IDI 0.032**

(0.024 to
0.040)

0.008*

(0.003 to
0.012)

0.005*

(0.000 to
0.009)

0.004*

(0.000 to
0.008)

0.005*

(0.00 to
0.008)

0.003*

(0.000 to
0.006)

Notes: NRI: net reclassi�cation improvement; IDI: integrated discrimination improvement;

NRI > 0 or IDI > 0 means the parameter improve the predictive value of disease.

*P < 0.05.

**P < 0.001.

Abbreviations: TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; Apo
A-I: apolipoprotein A-I; Apo B: apolipoprotein B; Lp (a): lipoprotein(a); CAD: coronary artery disease.

 

Association between Lp (a) and multi-vessel CAD
As shown in Fig. 3, after adjusting for other risk factors in the CAD group (n = 1004), high levels of Lp (a)
was associated with multi-vessel CAD than those with low levels of Lp (a) (OR 1.41, 95% CI 1.02–1.95, P 
= 0.036).

Discussion
By comparing the predictive value of different blood lipid parameters combined with cIMT on CAD., the
study had three major �ndings: (1) Lp (a) better improved the prediction accuracy of CAD in comparison
with other blood lipid parameters; (2) in the absence of high levels of LDL-C, the predictive value of Lp (a)
on CAD was highlighted; (3) Lp (a) can also be used to predict multi-vessel CAD.

Atherosclerosis is a systemic vascular disease caused by a lipid metabolism disorder and most likely
involves the carotid and coronary arteries [28]. Although coronary angiography is the gold standard for
the diagnosis of CAD, it is an invasive examination that is unsuitable for general screening of CAD. In
addition to identifying traditional risk factors such as demographic information and healthy behavior to
predict CAD, screening for subclinical atherosclerosis is also important. Carotid ultrasound is a non-
invasive examination [17]. cIMT is widely recognized as a marker of early-stage atherosclerosis and the
severity of CAD, which can be used to indirectly assess coronary artery conditions [18, 29]. The results of
a meta-analysis indicated that the sensitivity and speci�city of cIMT for the diagnosis of CAD were 0.68



Page 10/20

(95% CI: 0.57–0.77) and 0.70 (95% CI: 0.64–0.75), respectively, which indicated that only cIMT has
limited effectiveness as a diagnostic tool for CAD screening [19]. In addition, since lipid metabolism
disorders cannot be re�ected directly, it is of limited value in the use of single cIMT in actual clinical
application [20, 30]. Combining cIMT and lipid parameters could further improve the diagnostic e�ciency
of CAD. In recent years, research progress regarding lipid abnormalities has focused on the blood lipid
indices, which can re�ect lipid metabolism disorders better than a single one [31–33]. Wu et al found that
multivariate logistic regression analysis showed that Apo B/Apo A-I ratio, a composite index, had a larger
OR value than a single index (LDL-C or Apo B) and was better than a single lipid index in the prediction of
CAD [30]. Similarly, in a cohort study by Rabizadeh et al, the analysis showed that LDL-C/Apo B ratio ≤ 
1.2 can independently predict CAD (OR = 1.841, P = 0.002) [32]. In a cohort study conducted by Kappelle et
al, Apo B/Apo A-I ratio and TC/HDL-C ratio were able to predict CAD and the �rst major adverse event
during follow-up [33].Consistent with previous studies, this study found that Lp(a), TC/HDL-C, LDL-
C/HDL-C, Apo B/Apo AI, TG/HDL-C and LDL-C/Apo B ratios were signi�cantly associated with CAD. In
terms of effectively predicting CAD, the addition of lipid parameters on traditional risk factors model
improved the accuracy of the estimates, and Lp (a) was the best.

Many studies have reported that elevated plasma Lp (a) is an independent risk factor for CAD, which
mainly participates in the pathophysiological process of CAD via prothrombotic/anti-�brinolytic effects
and promoting the deposition of cholesterol in the vascular intima [34–36]. On an equimolar basis, Lp (a)
is more likely to cause atherosclerosis than LDL because it not only contains all proatherogenic
components of LDL-C but also those of Apo (a) [13]. Because the structure of Lp (a) has one more Apo
(a) than that of LDL-C, its ability to enhance atherosclerotic thrombosis through other mechanisms
including in�ammation is stronger than that of LDL-C [35]. Elevated levels of LDL-C is strongly associated
with the development of CAD [37]. The 2019 ESC guidelines also recommend using LDL-C as the primary
indicator of lipid-lowering therapy [38]. In the baseline information of the study patients, the LDL-C of the
CAD group was similar to that of the non-CAD group, possibly because the CAD group took more statins.
In such condition, the levels of LDL-C were comparable in both groups, and the additional effect of Lp (a)
could be investigated. Previous studies have shown that patients still have a certain risk of CAD after the
treatment for reducing LDL-C, and this residual risk was related to elevated Lp (a) [39–43]. Among
patients whose target blood lipids are normal or below the target, Lp (a) will play an important role in the
prediction of CAD. This may explain the results that the AUC value of Lp (a) was greater than that of LDL-
C-associated blood lipid indices in the ROC curve.

In addition, elevated Lp (a) levels were correlated with multi-vessel CAD. This result is consistent with a
recent �nding demonstrating that high Lp (a) was signi�cantly associated with increased CAD severity,
evaluated using the SYNTAX score [44].

The �ndings of the present study highlight the importance of Lp (a) combined with cIMT in assessing the
risk of CAD, especially for those with normal level of LDL-C, which may be useful for guiding primary
prevention decisions.
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Comparisons with other studies and what does the current
work add to the existing knowledge
Previous studies have demonstrated the importance of cIMT and lipid parameters in predicting CAD[18,
29, 31–33]. However, this study compared the predictive values of different lipid parameters combined
with cIMT in the diagnosis of CAD. Lp (a) combined with cIMT is more effective than other lipid
parameters in identifying CAD.

Study strengths and limitations
This study has some strengths. This study compared the effectiveness of different lipid parameters
combined with cIMT in predicting CAD in the absence of high LDL-C for the �rst time, and recognized that
Lp (a) was superior to other lipid parameters in CAD discrimination, through NRI and IDI. This study has
certain limitations. First, this was a retrospective study and no causal conclusion can be drawn. Second,
the patients in study was highly suspected as CAD on admission, so the conclusion cannot be
extrapolated to the general population. Third, the severity of CAD was based on the number of coronary
artery lesions, and the corresponding degree of stenosis in each branch was not well quanti�ed.

Conclusion
For patients with highly suspected CAD, Lp (a) combined with cIMT better improved the predictive value
of CAD compared with other blood lipid parameters, especially in the absence of high levels of LDL-C.
High concentration of Lp (a) was also associated with the multi-vessel CAD. In the future, Lp (a) may
need more attention and management in the prevention of CAD.

Abbreviations
CAD
coronary artery disease
cIMT
carotid intima-media thickness
LDL-C
low-density lipoprotein cholesterol
Apo A-I
apolipoprotein A-I
Apo B
apolipoprotein B
Lp (a)
lipoprotein(a)
TC
total cholesterol
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TG
triglyceride
CKD
chronic kidney disease
DM
diabetes mellitus
ORs
odds ratios
CIs
con�dence intervals
ROC
receiver operating characteristic
AUC
area under the curve
NRI
net reclassi�cation improvement
IDI
integrated discrimination improvement.
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Figure 1

Study �owchart.
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Figure 2

Receiver operating characteristic curves for models with different lipid parameters.

Illustration: Basic prediction model adjusted for age, sex, hypertension, smoking, alcohol consumption,
DM, and mean-cIMT; *P < 0.05 compared with basic prediction model; **P < 0.001 compared with basic
prediction model.

Figure 3
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Relationship between Lp (a) combined with cIMT and multi-vessel CAD (n = 1004).

Illustration: Lp (a) was transferred to Lg Lp (a).


