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Purpose: Lipoprotein(a) (Lp[a]) is well-known as a residual risk factor for coronary artery disease (CAD). However, the different
adverse effects of Lp(a) about CAD in patients with or without type 2 diabetes mellitus (T2DM) are unclear. This study aimed to
investigate the Lp(a) thresholds for CAD diagnosis in T2DM and non-T2DM patients, and further compare the Lp(a) alarm values
along with optimal low-density lipoprotein cholesterol (LDL-C) level.

Methods: This retrospective study consecutively enrolled patients with suspected CAD who underwent coronary angiography in
Guangdong Provincial People’s Hospital between September 2014 and July 2015. A logistic regression model was established to
explore the association of Lp(a) and CAD in patients. Restricted cubic splines were used to compare the threshold values of Lp(a) for
CAD in patients with and without T2DM, and further in optimal LDL-C level situation.

Results: There were 1522 patients enrolled finally. After multivariable adjustment, Lp(a) was an independent risk factor for CAD in
patients with T2DM (odds ratio [OR]: 1.98, 95% CI]: 1.12-3.49, p=0.019) and without T2DM (OR: 3.42, 95% CI: 2.36-4.95, p <0.001). In
the whole population, the Lp(a) threshold of CAD was 155, while 145 mg/L for T2DM and 162 mg/L for non-T2DM ones, respectively. In
patients with LDL-C<1.8 mmol/l, the alarm value of Lp(a) was even lower in T2DM than non-T2DM patients (155 vs 174 mg/L).
Conclusion: Lp(a) was a significant residual risk for CAD in patients whether with T2DM or not. And Lp(a) had a lower alarm value
in T2DM patients, especially in optimal LDL-C level.
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Introduction

Despite efforts for early prevention and treatment of coronary artery disease (CAD), it remains one of the main causes of
high morbidity and mortality. Type 2 Diabetes mellitus (T2DM) and hyperlipidemia are the most common risk factors for
CAD.' Studies have shown that T2DM patients have increased CAD risk, which is several times higher than that of
patients without T2DM.? Even prediabetes increases the incidence of CAD and heart failure.* Therefore, it is of great
significance to explore the predictive factors and novel biomarkers of CAD in patients with abnormal glucose
metabolism.®® In addition, T2DM can also affect lipid metabolism through insulin resistance and reduce the level of
high-density lipoprotein cholesterol (HDL-C), so that low-density lipoprotein cholesterol (LDL-C) is the dominant
cholesterol type.’ Diabetic dyslipidemia, which accelerates the formation of coronary atherosclerotic plaque and plays

an important role in the pathogenesis of CAD, has attracted more and more attention in recent years.'®'?
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Lipoprotein(a) (Lp[a]) consists of 2 components: LDL-like particle and apolipoprotein(a), connected by a disulphide
bridge.13 Lp(a) increases the risk of cardiovascular disease, possibly by accelerating the process of atherosclerosis via
prothrombotic/anti-fibrinolytic effects and promoting the deposition of cholesterol in the vascular intima.'*"'® T2DM can
cause a relative increase in LDL-C through insulin resistance.” However, with the current widespread statin use, when
LDL-C reaches optimal levels, the concentration of Lp(a) becomes a residual cardiovascular risk.'”'® Studies have
shown that Lp(a) distribution is inconsistent in T2DM and non-T2DM patients,”®** which may be one of the reasons
why T2DM is prone to CAD, but no studies have investigated the effect of Lp(a) levels on CAD in T2DM and non-
T2DM groups, especially under optimal LDL-C levels.

Serum lipid dyslipidemia are commonly seen in patients with T2DM. Elevated Lp(a) as residual risk increases the
risks of CAD and cardiovascular events.”**> The purpose of this study was to investigate the threshold value of Lp(a) for
the occurrence of CAD in individuals with and without T2DM and effects of Lp(a) on CAD at optimal LDL-C levels.

Materials and Methods
Study Population

A retrospective analysis was performed on 1628 patients with suspected CAD admitted to Guangdong Provincial
People’s Hospital between September 2014 and July 2015. Inclusion criteria are as follows: (1) Patients with highly
suspected CAD; (2) Patients who underwent coronary angiography. The exclusion criteria are as follows: (1) Patients
without measurement of Lp(a); (2) Patients missing information about coronary angiography. Eighty-two patients
without Lp(a) measurements and 24 patients with missing angiographic information were excluded. Finally, a total of
1522 patients were included in this study. Clinical, laboratory, and coronary angiography data were collected. This study
was approved by the Ethics Committee of Guangdong Provincial People’s Hospital and complied with the Declaration of
Helsinki. Oral informed consent was obtained from all participants for this study.

Definition

Hypertension was diagnosed as a previous hypertension history or systolic blood pressure > 140 mmHg and/or diastolic
blood pressure > 90 mmHg.?® According to the American Diabetes Association criteria, T2DM was defined as exhibiting
a previous T2DM history or an FBG >7.0 mmol/L and/or random plasma glucose >11.1 mmol/L and/or an HbAlc
>6.5%.>" The diagnostic criteria for CAD were left coronary artery stenosis >50% or major branch vessels stenosis
>70%.2® History of chronic kidney disease and stroke were self-reported.

Laboratory Analysis

Blood glucose, HDL-C, LDL-C, total cholesterol (TC), and triglyceride (TG) levels were detected using AU5800
spectrophotometer (Beckman Coulter, USA) via colorimetry or immunoturbidimetry. Serum Lp(a) concentration was
measured using Beckman Coulter AU automatic biochemical analyzer with a Lp(a) detection kit, using the immuno-
turbidimetric method.

Statistical Analysis

For the description of baseline data, continuous variables are expressed as mean = standard deviation and categorical
variables are expressed as percentages. Student’s f-test and chi-squared test were used to compare the differences
between the two groups for numerical and categorical variables, respectively. Logistic regression analysis was used to
evaluate the relationship between Lp(a) level and CAD by odds ratio (OR) in various populations with a 95% confidence
interval (CI). Since the distribution of Lp(a) is skewed, we log-transform Lp(a) into Lg Lp(a) for further analysis. Based
on the results of logistic regression analysis, restricted cubic spline curves with four knots were used to flexibly model
and visualize the relation of Lg Lp(a) and CAD risk in a continuous range, and to identify the Lp(a) concentration
associated with the lowest CAD risk. The solid red line represents multivariable adjusted OR, with the dashed red line
showing the 95% confidence interval derived from restricted cubic spline. The reference point means the value of Lg
Lp(a) corresponding to solid red lines at OR = 1. The threshold value of Lp(a) concentration associated with the
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occurrence of CAD was the concentration at the reference point of the curve. p<0.05 was considered statistically
significant. The analyses were performed with Stata 15.0 (StataCorp LLC, College Station, TX, USA), R version 3.4.3
(R Project for Statistical Computing, Vienna, Austria), and EmpowerStats (X&Y Solutions Inc., Boston, MA, USA). We
calculated the required sample size (1:1) for detecting a difference in the incidence of CAD between the two groups at a
= 0.05 and 90% power, and the result was 140 cases in each group.

Results

Baseline Information

A total of 1522 patients were retrospectively included in this study (Figure 1). Based on the presence or absence of CAD,
patients were divided into CAD and non-CAD groups. The baseline information of the two groups is shown in Table 1.
Older age, male gender, smoking, hypertension, T2DM, chronic kidney disease, history of stroke, high serum creatinine,
high hemoglobin A1C, high glucose, high Lp(a), low TC, low HDL-C, and the use of B-blockers and statins were more
frequently seen in the CAD group compared to non-CAD group. Alcohol consumption, TG, LDL-C, and the use of
angiotensin-converting enzyme inhibitor (ACEIs) or angiotensin II receptor blockers (ARBs), calcium channel blockers
(CCBs), and diuretics did not differ between the two groups. For the comparison between the non-T2DM and T2DM
group, the T2DM group tended to be older, have a history of diuretic use, have higher levels of serum creatinine, glycated
hemoglobin, blood glucose, and TG, and slightly lower smoking rates and levels of Lp(a), TC, LDL -C and HDL-C
(Table S1). Meanwhile, T2DM patients were often accompanied by hypertension, CAD and chronic kidney disease.

Lp(a) and CAD Risk in Patients Without and with T2DM

In the unadjusted model, Lp(a) was significantly associated with CAD (OR: 2.55, 95% CI: 1.92-3.37, p < 0.05) (Table 2).
After adjusting for age, sex, smoking, hypertension, chronic kidney disease, stroke, serum creatinine, TG, TC and HDL-
C, increased Lp(a) levels remained an independent risk factor for CAD in all (OR: 2.72, 95% CI: 2.01-3.68, p < 0.001),
non-T2DM (OR: 3.42, 95% CI: 2.36-4.95, p < 0.001), and T2DM (OR: 1.98, 95% CI: 1.12-3.49, p = 0.019) patients.

Association of Lp(a) with CAD in Patients with Different LDL-C Levels

At optimal LDL-C levels, the association between Lp(a) and CAD was significant in individuals without T2DM
(OR:2.82, 95% CI: 1.09-7.26, p = 0.032). According to the dose-response relationship between Lp(a) and CAD,

Patients with suspected CAD

n=1628
n = 106 patients excluded:
Without measurement of Lp (a) n =82
Missing information about coronary angiography n = 24
[ Patients eventually enrolled n = 1522 ]
Non-CAD CAD
n=418 n=1104
Figure | Study flowchart.
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Table | Baseline Information

Non-CAD CAD P-value
n =418 n= 1104

Age, year 61.89 (10.84) 63.55 (10.47) 0.006
Male sex 236 (56.46%) 827 (74.91%) <0.001
Smoking 111 (26.56%) 409 (37.05%) <0.001
Alcohol use 26 (6.22%) 64 (5.80%) 0.755
Hypertension 219 (52.39%) 690 (62.50%) <0.001
T2DM 106 (25.36%) 423 (38.32%) <0.001
Chronic kidney disease 4 (0.96%) 49 (4.44%) 0.001
Stroke 19 (4.55%) 83 (7.52%) 0.038
Serum creatinine, pmol/L 79.69 (26.50) 96.55 (67.90) <0.001
HbAlc, % (mmol/mol) 6.2 (1.0) [44 (11)] 6.5 (1.4) [48 (15)] <0.001
Glucose, mmol/L 5.61 (1.64) 6.02 (2.13) <0.001
Lp(a), mg/L 115.67 (153.18) 178.21 (198.65) <0.001
Lg Lp(a), mg/L 2.11 (0.40) 2.27 (0.42) <0.001
TG, mmol/L 1.57 (1.17) 1.65 (1.22) 0.294
TC, mmol/L 4.59 (1.19) 441 (1.24) 0.012
LDL-C, mmol/L 2.66 (1.04) 2.58 (1.05) 0.227
HDL-C, mmol/L 1.15 (0.28) 1.04 (0.27) <0.001
Medications

ACEI/ARB 62 (14.83%) 196 (17.75%) 0.175

B-blocker 58 (13.88%) 205 (18.57%) 0.031

CCB 48 (11.48%) 166 (15.04%) 0.075

Diuretic 19 (4.55%) 39 (3.53%) 0.357

Statin 76 (18.18%) 474 (42.93%) <0.001

Abbreviations: Lg Lp(a), logarithmic transformation of Lp(a); T2DM, type 2 diabetes mellitus; HbAlc,
glycated hemoglobin; Lp(a), lipoprotein(a); TG, triglyceride; TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ACEI, angiotensin-converting enzyme
inhibitor; ARB, angiotensin Il receptor blockers; CCB, calcium channel blockers.

Table 2 Odds Ratios (ORs [95% Cls]) of Lp(a) and CAD

All Non-T2DM T2DM

All

Model | 2.55 (1.92, 3.37), p < 0.001 | 3.08 (2.19, 4.34), p < 0.001 | 2.14 (1.27, 3.60), p = 0.004
Model 2 2.56 (1.92, 3.40), p < 0.001 | 3.10 (2.18, 4.40), p < 0.001 | 2.18 (1.28, 3.71), p = 0.004
Model 3 2.72 (201, 3.68), p < 0.001 | 3.42 (2.36, 4.95), p < 0.001 | 1.98 (1.12,3.49), p = 0.019
LDL-C < 1.8 mmol/L

Model | 239 (1.24, 4.61), p = 0.009 | 2.90 (1.22, 6.89), p = 0.016 | 2.29 (0.78, 6.70), p = 0.131
Model 2 2.55 (1.30, 5.00), p = 0.006 | 2.64 (1.09, 6.39), p = 0.013 | 2.86 (0.92, 8.91), p = 0.069
Model 3 2.46 (120, 5.04), p = 0.014 | 2.82 (1.09, 7.26), p = 0.032 | 2.23 (0.66, 7.53), p = 0.194
LDL-C 2 1.8 mmol/L

Model | 2.64 (1.93,3.61), p<0.001 | 3.16 (2.17, 459), p < 0.001 | 2.12 (I.16, 3.88), p = 0.015
Model 2 2.60 (1.89, 3.58), p < 0.001 | 3.22 (.19, 4.74), p < 0.001 | 2.14 (1.15,3.97), p = 0.016
Model 3 2.85 (2.03, 3.99), p < 0.001 | 3.5 (2.37, 5.34), p < 0.001 | 2.08 (1.07, 4.04), p = 0.030

Notes: Model |: unadjusted; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, smoking, hypertension, chronic kidney

disease, stroke, serum creatinine, TG, TC and HDL-C.
Abbreviation: Lg Lp(a), logarithmic transformation of Lp(a).

a high level of Lp(a) was positively correlated with CAD occurrence, which was present in the general population as well
as non-T2DM and T2DM patients (Figures 2—4). The lowest Lp(a) levels associated with the occurrence of CAD were
155, 145, and 162 mg/L in the general, T2DM, and non-T2DM populations, respectively (Figures 2—4). The Lp(a)
threshold value for CAD was higher among patients with optimal LDL-C level than those with at-risk LDL-C levels (166
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Figure 2 Association of Lp(a) with CAD in all patients and subgroups of different LDL-C level. Odds ratios and 95% Cls derived from restricted cubic spline regression, with
knots placed at the 5th, 35th, 65th, and 95th percentiles of the distribution of Lg Lp(a). The reference point for Lg Lp(a) is located at OR=1. Ref is an abbreviation for
reference. The lowest 2.5% and highest 2.5% of participants are not shown in the figures for small sample sizes.
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Figure 3 Association of Lp(a) with CAD in Non-T2DM patients and subgroups of different LDL-C level. Odds ratios and 95% Cls derived from restricted cubic spline
regression, with knots placed at the 5th, 35th, 65th, and 95th percentiles of the distribution of Lg Lp(a). The reference point for Lg Lp(a) is located at OR=1. Ref is an
abbreviation for reference. The lowest 2.5% and highest 2.5% of participants are not shown in the figures for small sample sizes.
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Figure 4 Association of Lp(a) with CAD in T2DM patient and subgroups of different LDL-C level. Odds ratios and 95% Cls derived from restricted cubic spline regression,
with knots placed at the 5th, 35th, 65th, and 95th percentiles of the distribution of Lg Lp(a). The reference point for Lg Lp(a) is located at OR=1. Ref is an abbreviation for
reference. The lowest 2.5% and highest 2.5% of participants are not shown in the figures for small sample sizes.

vs 123 mg/L). Compared to the non-T2DM group, the Lp(a) threshold value for CAD was lower in the T2DM group,
regardless of whether the LDL-C levels were optimal (155 vs 174 mg/L) or not (120 vs 129 mg/L).

Discussion
There were several important findings in this study. First, in high-risk population, high Lp(a) level was positively

associated with the CAD risk. Second, the threshold value of Lp(a) for CAD varied between different populations, with
a relatively low threshold in patients with T2DM. Third, T2DM population has a higher residual risk of CAD and a lower
alert value of Lp(a) when LDL-C reaches optimal levels.
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Lp(a) and T2DM, as risk factors for CAD, have pro-atherosclerotic effects.”” Lp(a) can not only be used for risk
stratification of high-risk groups of cardiovascular factors, but also predict the severity of existing atherosclerotic disease
and future cardiovascular events.>**>~%?! Studies have clarified the relationship between Lp(a) and CAD. Elevated Lp(a)
levels increase the risk of CAD, and this relationship persists even in people with T2DM.***>23 The results of a study
conducted in a coronary care unit showed that after adjusting for other factors, elevated Lp(a) levels in patients with T2DM
increased the risk of CAD by 2.4 times.>* This is consistent with the findings of the present study that elevated Lp(a) was an
independent risk factor for CAD in patients with or without T2DM. People with T2DM have a 2—4 fold increased risk of
cardiovascular events compared to people without T2DM, largely due to the aggravation of atherosclerosis caused by
dyslipidemia in T2DM.?* Diabetic dyslipidemia is featured by elevated TG level, reduced HDL-C level and relatively
increased LDL-C through insulin resistance,'® which had a great influence on the occurrence of cardiovascular disease.
Furthermore, T2DM patients with high Lp(a) have poor cardiovascular outcomes.”* However, previous studies have
inconsistent results on the relationship between Lp(a) levels and T2DM.?**? Fu et al found that the distribution of Lp(a)
differed in patients with T2DM and without T2DM, and Lp(a) has a lower level in patients with T2DM.>> A possible
explanation for these findings is that high blood insulin level caused by insulin resistance affects the liver synthesis of Lp(a) at
the level of gene transcription, thereby reducing the concentration of Lp(a).*®*” Nevertheless, Wang et al found the opposite
results in the Chinese population, with higher levels of Lp(a) in individuals with T2DM than in individuals with non-T2DM.>®
Even some studies have not found a correlation between Lp(a) and T2DM.* This difference may be caused by different
measurement methods of Lp(a), as well as the impact of gender differences on overall Lp(a) results (40). In a population
survey,*” the relationship between Lp(a) and T2DM differed between genders, with an inverse relationship noted in men, but
not women; therefore, women with T2DM had higher Lp(a) levels than men, which might be due to the difference in
apolipoprotein(a) synthesis.*'*** Until now, there are few studies focusing on the effect of Lp(a) level on CAD in patients with
T2DM, especially for those at high-risk situation. Our study showed that the Lp(a) level of patients with T2DM was lower than
that of patients without T2DM, but the prevalence of CAD is still higher than that of patients without T2DM.

The 2019 ESC lipid management guidelines recommend that Lp(a) should be measured once in life to identify CAD
risk.** Chen et al found that serum Lp(a) levels increased the risk of coronary stenosis and the best predictive threshold
for coronary stenosis was 0.185g/L.** However, what level of Lp(a) will significantly increase the risk of CAD in patients
with T2DM has not yet been studied. We explored the Lp(a) levels associated with the occurrence of CAD in different
population and found that the threshold value of Lp(a) for the occurrence of CAD was lower in patients with T2DM than
in patients without T2DM. In other words, at the same Lp(a) level, patients with T2DM have a higher risk of CAD.
Understanding the difference in Lp(a) levels associated with the occurrence of CAD in patients with T2DM and without
T2DM can provide another insight into the harm of Lp(a). Patients with T2DM should be screened for the level of Lp(a)
and pay more attention to it to determine whether early lipid-lowering treatment is needed.

In addition, it was widely accepted that LDL-C plays a leading role in the process of CAD. Currently, guidelines
recommend LDL-C as the first-line lipid-lowering target, but cardiovascular risk still remains when LDL-C reaches the
target level, which can be explained by Lp(a).'®'®* Our study also explored the effect of different levels of LDL-C on
the threshold value of Lp(a) for the occurrence of CAD. We found that at different LDL-C levels, the threshold values of
Lp(a) for CAD were different. Among patients with LDL-C at the target level, the CAD risk was increased if Lp(a)
exceeds 166 mg/L, whereas in patients who have not achieved the target level, Lp(a) level > 100 mg/L increased CAD
risk. Therefore, LDL-C level can influence the effect of Lp(a) in CAD. Not only that, but coexisting diabetic states can
also influence this effect. Compared with the non-T2DM population, the T2DM population had a lower Lp(a) threshold
value for CAD and showed a higher residual cardiovascular risk when LDL-C reached the optimal level. Diabetics not
only need to achieve optimal LDL-C targets, but also need stricter Lp(a) management to reduce the risk of CAD.
Therefore, individuals with different LDL-C levels have different requirements for Lp(a) control. When LDL-C does not
reach the target level, we should pay more attention to lowering LDL-C, but when LDL-C reaches the target level, it is
also necessary to manage the residual risk due to Lp(a). And the co-exist T2DM status also need to be considered.

This study also had certain limitations. First, this was a retrospective study; therefore, no causal conclusions can be
drawn. Second, some patients may have received lipid-lowering therapy before admission, which may have an impact on
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Lp(a) levels. Finally, the once measurement of Lp(a) could not represent the exposure before suffering CAD, although
the level of Lp(a) was highly constant in the whole life.

Conclusions

Lp(a) have different threshold value for the occurrence of CAD in populations with and without T2DM. The threshold
value of Lp(a) for the risk of CAD in T2DM patients is the lowest, especially when LDL-C reaches target level. In
individuals with T2DM, Lp(a) levels need to be more tightly controlled to reduce residual cardiovascular risk. This study
has clinical guiding significance for the management of blood lipids disorder in patients with T2DM.
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