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Abstract 

Objective  The association between lipoprotein (a) [Lp(a)] levels and metabolic syndrome (MetS) 
remains uncertain, especially in the Asian population. The purpose of this study was to demonstrate the 
association between Lp(a) levels and MetS in a middle-aged and elderly Chinese cohort. 

Methods  A cross-sectional study of 10,336 Chinese adults aged 40 years or older was conducted in 
Jiading District, Shanghai, China. Logistic regression analysis was used to evaluate the association 
between serum Lp(a) levels and MetS. 

Results  In the overall population, 37.5% of participants had MetS. Compared with individuals in the 
lowest quartile of serum Lp(a) levels, those in the highest quartile had a lower prevalence of MetS 
(30.9% vs. 46.9%, P for trend < 0.0001). Multivariate logistic regression analyses showed that compared 
with participants in the bottom quartile of serum Lp(a) levels, those in the top quartile had decreased 
odds ratio (OR) for prevalent MetS [multivariate-adjusted OR 0.45 (95% confidence interval 0.39-0.51);  
P < 0.0001]. Additionally, Lp(a) level was conversely associated with the risk of central obesity, high 
fasting glucose, high triglycerides, and low HDL cholesterol, but not with hypertension. Stratified 
analyses suggested that increasing levels of Lp(a) was associated with decreased risk of MetS in all the 
subgroups. 

Conclusion  Serum Lp(a) level was inversely associated with the risk of prevalent MetS in a middle-aged 
and elderly Chinese cohort. 
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INTRODUCTION 

ipoprotein(a) [Lp(a)], a low-density 
lipoprotein (LDL)-like particle with a large 
glycoprotein, apolipoprotein(a) [Apo(a)], is 

covalently bound to apolipoprotein B 100 by a 
disulfide bridge[1]. Apo(a) genotype determines  
both the synthetic rate and size of the Apo(a)  
moiety of Lp(a)[2,3]. Due to being determined  
mostly by genetics, serum Lp(a) level is slightly 
influenced by diet or lipid lowering medications[4]. 
High Lp(a) level was previously considered a risk 
factor for thrombosis and might have the additive 
effects on atherosclerosis in certain pathological 
conditions[5].  

High Lp(a) level is known to increase the risk of 
atherosclerotic events such as cerebrovascular and 
cardiovascular disease (CVD)[6]. Metabolic syndrome 
(MetS) has recently been considered as a risk factor 
for atherosclerosis and CVD[7,8]. Given its key 
function in the pathophysiologic mechanism of CVD, 
MetS has been the object of various investigations 
focused on the study of associations between MetS 
and novel risk factors. In this regard, alterations 
linked to serum lipoprotein levels, especially those 
such as Lp(a), which involves low-density 
lipoprotein-cholesterol (LDL-C) that was considered 
notable for genetic implications and the risk of 
MetS[9,10], may present a potential target for the 
analysis of novel risk factors.  

However, the association between serum Lp(a) 
levels and the risk of MetS remains 
controversial[10-15]. Several prospective cohort 
studies reported that individuals with MetS have 
significantly lower Lp(a) levels compared with those 
without MetS[11,12], even in menopausal women[13]. A 
study from Austria found that the median Lp(a) level 
was significantly lower in patients with MetS than in 
subjects without MetS[12]. Likewise, a similar inverse 
association was observed between Lp(a) level and 
MetS components in South Korean population[14]. On 
the contrary, there are conflicting reports stating 
that participants with MetS had significantly higher 
Lp(a) levels compared with those without MetS[10,15]. 
A cross-sectional study from Venezuela reported 
that the association between MetS and the 
classification of Lp(a) levels was statistically 
significant, with greater levels in subjects with MetS 
diagnosis[10]. Since epidemiologic data regarding the 
relationship between serum Lp(a) levels and MetS, 
especially in the Asian population, is rather limited, 
further research is warranted to elucidate the 

association between Lp(a) levels and MetS in Asian 
population.  

To fill this gap, the current study was aimed at 
examining the association between serum Lp(a) 
levels and the risk of prevalent MetS in a 
middle-aged and elderly Chinese cohort. 

METHODS 

Study Population 

The subjects of the cross-sectional study are 
from a population-based survey performed in Jiading 
District, Shanghai, China, during March to August, 
2010. The study design and methods have been 
reported in detail elsewhere[16,17]. During the 
recruitment phase, a total of 10,569 participants 
aged ≥ 40 years were invited by telephone or by 
door-to-door visits. Among them, 10,375 individuals 
signed informed consent and were enrolled into the 
survey, with a participation rate of 98.2%. In the 
current study, we excluded 16 participants with 
missing data for Lp(a) and 23 participants with 
missing data for MetS. Following these exclusions, 
10,336 participants were included in the analyses of 
MetS risk.  

The study protocol was approved by the 
Institutional Review Board of Ruijin Hospital, 
Shanghai Jiao-Tong University School of Medicine. 
Moreover, the study was conducted according to the 
Helsinki Declaration[18]. All study participants 
provided written informed consent. 

Measurements and Definitions 

By using the standard questionnaire, trained 
physicians collected detailed information about 
demographic characteristics, medical history, family 
history, and lifestyle factors, as previously 
described[19,20]. Body mass index (BMI) was 
calculated as weight in kilograms divided by the 
square of height in meters. Waist circumference (WC) 
was measured at the level of umbilicus in a standing 
position. Systolic blood pressure (SBP) and diastolic 
blood pressure (DBP) measurements were obtained 
with individuals in a seated position after five 
minutes of quiet rest, using an automated electronic 
device (OMRON Model HEM-752 FUZZY, Dalian, 
China). Current smokers were defined as subjects 
who smoked at least one cigarette per day or seven 
cigarettes per week regularly during the past 6 
months. Current drinkers were defined as subjects 
who consumed alcohol at least once per week 
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regularly in the past 6 months. Physical activity 
during leisure time was evaluated by using the 
International Physical Activity Questionnaire 
(IPAQ-SF)[21]. Moderate and vigorous physical activity 
was defined as ≥ 150 minutes/week of 
moderate-intensity physical activity, or 75 
minutes/week of vigorous-intensity aerobic physical 
activity, or an equivalent combination of moderate- 
and vigorous-intensity aerobic activities.  

All participants underwent a 75-g oral glucose 
tolerance test (OGTT) after more than 10 hours 
overnight fast. Fasting plasma glucose (FPG), 2-h 
post-load plasma glucose (2-h PG), triglycerides (TG), 
total cholesterol (TC), high-density 
lipoprotein-cholesterol (HDL-C), and LDL-C were 
measured using an autoanalyser (ADVIA-1650 
Chemistry System, Bayer Corporation, Germany). 
Serum Lp(a) levels were measured by Latex 
enhanced immune transmission turbidimetry using 
murine monoclonal antibody (20-037, S0710-1; 
Jiemen BIO-TECH, Shanghai, China).  

MetS was defined based on the National 
Cholesterol Education Program Adult Treatment 
Panel III (NCEP-ATP III) criteria[22] with a modification 
in waist circumference cutoff to be more 
appropriate for an Asian population[23]. MetS was 
diagnosed as the presence of at least three or more 
of the following factors: (1) WC ≥ 90 cm in men or ≥ 
80 cm in women; (2) TG ≥ 1.69 mmol/L; (3) HDL-C < 
1.03 mmol/L in men or < 1.29 mmol/L in women; (4) 
SBP/DBP ≥ 130/85 mmHg or under antihypertensive 
medication; (5) FPG ≥ 6.1 mmol/L or previously 
diagnosed type 2 diabetes mellitus. Diabetes was 
defined as the following: FPG ≥ 7.0 mmol/L, or 2-h 
PG ≥ 11.1 mmol/L, or self-reported previous 
diagnosis of diabetes by physicians and the usage of 
anti-diabetic medication. Impaired glucose 
regulation (IGR) was defined as FPG levels between 
6.1 mmol/L and 7.0 mmol/L, and 2-h PG levels 
between 7.8 mmol/L and 11.1 mmol/L. Normal 
glucose regulation (NGR) was defined as FPG < 6.1 
mmol/L and 2-h PG < 7.8 mmol/L[24]. Hypertension 
was diagnosed as SBP ≥ 140 mmHg, or DBP ≥ 90 
mmHg, or self-reported previous diagnosis of 
hypertension by physicians and under 
antihypertensive medication. Dyslipidemia was 
diagnosed according to the modified National 
Cholesterol Education Program-Adult Treatment 
Panel III (NCEP/ATP III) as: hypercholesterolemia, TC 
≥ 6.2 mmol/L, hypertriglyceridemia, TG ≥ 2.26 
mmol/L, LDL-C ≥ 4.14 mmol/L, and HDL-C < 1.04 
mmol/L[25]. 

Statistical Analysis  

Statistical analyses were performed with SAS 9.4 
(SAS Institute, Cary, NC). Serum Lp(a) levels were 
categorized by quartiles of ≤ 8, 9-18, 19-29, or ≥ 30 
mg/mL. Data are presented as mean ± standard 
deviation (SD) or median (interquartile) for 
continuous variables and comparisons of means and 
medians were tested for statistical significance with 
the one-way analysis of variance. For categorical 
variables, data are presented as proportions and 
differences in proportions were tested for statistical 
significance with the χ2 test. 

To investigate the associations of Lp(a) levels 
with prevalent MetS and MetS components, 
multivariate logistic regression analyses were used 
by determining the odds ratios (ORs) and the 
corresponding 95% confidence intervals (CIs). The 
ORs were adjusted first for age and sex; then for BMI, 
smoking status (current, former, never), drinking 
status (current, former, never), education (high 
school or above versus no school), and physical 
activity. The models were finally adjusted for LDL-C. 
Relationship between Lp(a) and MetS was also 
explored in stratified analysis by age (40-49, 50-59, ≥ 
60 years), sex (male and female), BMI (< 24, ≥ 24 
kg/m2), current smoking (yes/no), current drinking 
(yes/no), glycemic status (NGR, IGR, diabetes), 
hypertension (yes/no), and dyslipidemia (yes/no). 
The statistical tests were 2-sided and P < 0.05 was 
considered statistically significant. 

RESULTS 

The participants were categorized into four 
groups according to Lp(a) quartiles. Clinical and 
biochemical characteristics of the study population 
are shown in Table 1. Overall, 3,876 (37.5%) of the 
participants were diagnosed with MetS. Levels of TC, 
HDL-C, and LDL-C increased with Lp(a) quartiles, 
while levels of BMI, WC, 2-h PG, TG, TG/HDL-C, and 
proportions of diabetes and liver steatosis decreased 
with Lp(a) quartiles (Ps < 0.0001). However, there 
was no significant difference among the four groups 
for physical activity, family history of CVD, use of 
lipid-lowering medications, antihypertensive 
medications, and antidiabetic medications.  

The prevalence of MetS significantly decreased 
with the increment of Lp(a) level (46.9%, 38.2%, 
34.1%, and 30.9%, for the lowest to the highest 
quartile group, respectively, P for trend < 0.0001). 
The multivariate-adjusted OR (95% CI) was estimated 
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to evaluate the association of Lp(a) levels with 
prevalent MetS (Table 2). In the age- and 
sex-adjusted model, the highest quartile of Lp(a) 
level was associated with a lower risk of MetS, when 
compared with the lowest quartile (OR 0.51, 95% CI 
0.45-0.57). Further adjustments for BMI, smoking 
status, drinking status, education, and physical 
activity didn’t significantly change the risk estimate 
(OR 0.48, 95% CI 0.42-0.55). Although further 
adjustment for LDL-C significantly attenuated the 

association of Lp(a) levels with prevalent MetS, the 
risk estimate remained significant (OR 0.45, 95% CI 
0.39-0.51). The tests for the trend in the 
multivariable analyses were all significant (Ps for 
trend < 0.0001). 

The associations between Lp(a) levels and the 
components of MetS are shown in Table 3. 
Prevalence of central obesity, high triglycerides,  
and low HDL cholesterol significantly decreased with 
the increment of Lp(a) levels (Ps for trend < 0.0001). 

Table 1. Baseline Characteristics of the Study Population by Lp(a) Level Quartiles 

Characteristics 

Lp(a) Level Quartiles 
P for 

Trend Quartile 1 
(n = 2,506) 

Quartile 2 
(n = 2,747) 

Quartile 3 
(n = 2,598) 

Quartile 4 
(n = 2,485) 

Lp(a), mg/mL, median (range) 5 (≤ 8) 13 (9-18) 25 (19-29) 35 (≥ 30)  

Age, y 57.6 ± 9.6 58.5 ± 9.6 59.1 ± 9.8 59.0 ± 9.8 < 0.0001 

Male, n (%) 1,097 (43.8) 1,061 (38.6) 952 (36.6) 834 (33.6) < 0.0001 

BMI, kg/m2 25.6 ± 3.3 25.1 ± 3.3 25.0 ± 3.3 24.9 ± 3.2 < 0.0001 

WC, cm 84.2 ± 9.2 82.8 ± 8.9 82.3 ± 9.1 81.5 ± 8.8 < 0.0001 

Current smoker, n (%) 597 (23.8) 560 (20.4) 498 (19.2) 435 (17.5) < 0.0001 

Current drinker, n (%) 325 (13.3) 268 (10.1) 242 (9.6) 203 (8.5) < 0.0001 

Physical activity (moderate to vigorous), n (%) 361 (14.4) 380 (13.8) 376 (14.5) 383 (15.4) 0.24 

Education status (high school or above), n (%) 594 (23.8) 603 (22.1) 528 (20.5) 493 (19.9) 0.0004 

Family history of CVD 313 (24.7) 342 (26.9) 311 (24.5) 304 (23.9) 0.67 

SBP, mmHg 142.1 ± 20.4 141.1 ± 19.8 140.2 ± 19.8 141.2 ± 20.3 0.01 

DBP, mmHg 83.5 ± 10.4 82.5 ± 10.4 82.3 ± 10.1 82.7 ± 10.4 < 0.0001 

FPG, mmol/L 5.68 ± 1.67 5.54 ± 1.53 5.48 ± 1.42 5.49 ± 1.36 < 0.0001 

2-h PG, mmol/L 8.69 ± 4.61 8.25 ± 4.31 8.11 ± 4.15 7.99 ± 4.10 < 0.0001 

TG, mmol/L 1.57 (1.05-2.39) 1.41 (0.98-1.95) 1.30 (0.95-1.79) 1.30 (0.95-1.79) < 0.0001 

TC, mmol/L 5.14 ± 1.06 5.25 ± 0.94 5.37 ± 0.99 5.62 ± 1.01 < 0.0001 

HDL-C, mmol/L 1.27 ± 0.33 1.31 ± 0.31 1.35 ± 0.31 1.38 ± 0.31 < 0.0001 

LDL-C, mmol/L 2.92 ± 0.82 3.14 ± 0.81 3.25 ± 0.84 3.46 ± 0.90 < 0.0001 

TG/HDL-C 1.30 (0.77-2.23) 1.11 (0.69-1.72) 0.98 (0.65-1.51) 0.96 (0.64-1.45) < 0.0001 

Hypertension 1,574 (62.8) 1,667 (60.7) 1,539 (59.2) 1,479 (59.5) 0.009 

Diabetes 546 (21.8) 500 (18.2) 446 (17.2) 398 (16.0) < 0.0001 

Liver steatosis 250 (10.0) 230 (8.4) 191 (7.4) 173 (7.0) < 0.0001 

Lipid-lowing medications 6 (0.24) 10 (0.36) 7 (0.27) 7 (0.28) 0.96 

Antihypertensive medications 771 (30.8) 799 (29.1) 750 (28.9) 727 (29.3) 0.25 

Antidiabetic medications 192 (7.7) 203 (7.4) 156 (6.0) 172 (6.9) 0.11 

Note. Data are mean ± standard deviation (SD) or median (interquartile) for the continuous variables, or 
percentages for categorical variables. Medications include lipid-lowering medications, antihypertensive 
medications, and antidiabetic medications. Abbreviations: Lp(a), lipoprotein (a); BMI, body mass index; WC, 
waist circumference; CVD, cardiovascular disease; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
FPG, fasting plasma glucose; 2-h PG, 2-h post-load plasma glucose; TG, triglycerides; TC, total cholesterol; 
HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol. 
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Compared with individuals in the lowest quartile, 
those in the highest quartile of Lp(a) level had a 
decreased risk of central obesity, high fasting 
glucose, high triglycerides, and low HDL cholesterol, 
but not high blood pressure. The 
multivariate-adjusted ORs (95% CIs) for central 
obesity, high fasting glucose, high triglycerides, and 
low HDL cholesterol were 0.63 (0.53-0.75), 0.70 
(0.60-0.81), 0.43 (0.38-0.49), and 0.66 (0.58-0.75), 
respectively (Ps for trend < 0.0001). The number of 
the components of MetS also decreased along with 
serum Lp(a) level quartiles in participants that had 
three or more components (Figure 1, P < 0.0001). 

We further investigated the association of Lp  
(a) levels with MetS in subgroups according to strata 

variables (Figure 2). A higher prevalence of MetS was 
found in participants of ≥ 60 years of age, female, 
BMI ≥ 24 kg/m2, non-smokers, non-drinkers, with 
diabetes, hypertension or dyslipidemia, compared 
with their counterparts. Notably, increased levels of 
Lp(a) was associated with decreased risk of MetS in 
all the subgroups. 

DISCUSSION 

In this cross-sectional analysis of 10,336 middle- 
aged, elderly Chinese individuals, we observed a 
strong inverse association between serum Lp(a) 
levels and prevalent MetS as well as its components. 
The association of Lp(a) level with MetS persisted after 

Table 2. Odds Ratios (ORs) and 95% Confidence Intervals (CIs) for Risk of  
Prevalent MetS by Lp(a) Level Quartiles 

Items 
Lp(a) Level Quartiles 

P for Trend 
Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Cases/n 1,174/2,506 1,049/2,747 885/2,598 768/2,485  
Prevalence, % 46.9 38.2 34.1 30.9 < 0.0001 

Model 1 1.00 0.70 (0.63-0.78)* 0.59 (0.52-0.66)* 0.51 (0.45-0.57)* < 0.0001 
Model 2 1.00 0.70 (0.62-0.80)* 0.56 (0.49-0.64)* 0.48 (0.42-0.55)* < 0.0001 
Model 3 1.00 0.68 (0.60-0.77)* 0.54 (0.47-0.61)* 0.45 (0.39-0.51)* < 0.0001 

Note. Model 1: adjusted for age and sex; Model 2: further adjusted for BMI, smoking status, drinking 
status, education, and physical activity; Model 3: further adjusted for LDL-C. *P < 0.05. MetS, metabolic 
syndrome; Lp(a), lipoprotein (a); BMI, body mass index; LDL-C, low-density lipoprotein-cholesterol.
  

Table 3. Odds Ratios (ORs) and 95% Confidence Intervals (CIs) of Each Component of 
MetS According to Lp(a) Level Quartiles 

Items 
Lp(a) Level Quartiles 

P for Trend 
Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Central obesity      
Cases, n (%) 1,275 (50.9) 1,265 (46.1) 1,174 (45.2) 1,072 (43.1) < 0.0001 
OR (95% CI) 1.00 0.78 (0.67-0.92)* 0.79 (0.67-0.94)* 0.63 (0.53-0.75)* < 0.0001 

High blood pressure      
Cases, n (%) 1,896 (75.7) 2,051 (74.7) 1,885 (72.6) 1,860 (74.9) 0.23 
OR (95% CI) 1.00 0.92 (0.80-1.06) 0.80 (0.69-0.92)* 0.91 (0.78-1.05) 0.06 

High triglycerides      
Cases, n (%) 1,128 (45.0) 954 (34.7) 759 (29.2) 708 (28.5) < 0.0001 
OR (95% CI) 1.00 0.63 (0.56-0.71)* 0.46 (0.41-0.52)* 0.43 (0.38-0.49)* < 0.0001 

High fasting glucose      
Cases, n (%) 566 (22.6) 506 (18.4) 456 (17.6) 439 (17.7) < 0.0001 
OR (95% CI) 1.00 0.76 (0.66-0.88)* 0.71 (0.61-0.82)* 0.70 (0.60-0.81)* < 0.0001 

Low HDL cholesterol      
Cases, n (%) 1,041 (41.5) 1,009 (36.7) 821 (31.6) 733 (29.5) < 0.0001 
OR (95% CI) 1.00 0.87 (0.77-0.98)* 0.69 (0.61-0.78)* 0.66 (0.58-0.75)* < 0.0001 

Note. The Model was adjusted for age, sex, BMI, smoking status, drinking status, education, physical 
activity, and LDL-C. *P < 0.05. MetS, metabolic syndrome; Lp(a), lipoprotein (a); HDL, high-density lipoprotein; 
LDL-C, low-density lipoprotein-cholesterol. 
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adjustment for traditional risk factors among all the 
subgroups. To our knowledge, this is the advanced 
study to demonstrate the association between Lp(a) 
levels and MetS in a large Chinese population.  

Our finding that MetS was inversely related to 
Lp(a) levels is consistent with Sung et al.[14], who 
reported that participants in the lowest Lp(a) level 
quartile had higher prevalence of MetS with 25.8%, 
while the prevalence of MetS was 16.1% in the 
highest quartile. Several previous findings stating 
that patients with MetS had significantly lower Lp(a) 
levels compared with patients without MetS could 
partially support our findings[11-13]. Moreover, the 
inverse association of Lp(a) levels with MetS observed 
in our study concurs with the results of Vaverková H 
et al.[26], who performed a cross-sectional study 
among asymptomatic dyslipidemia subjects. 
However, Bermúdez et al.[10] reported that subjects 
with MetS showed higher levels of Lp(a) than healthy 
subjects, which is similar to the results of Bozbas   
et al.[15]. These differences between studies might be 

 

 
Figure 1. Number of components of MetS 
according to serum Lp(a) level quartiles. 
Median (interquartile range) Lp(a) levels for 
the quartiles are as follows (mg/mL): Quartile 
1, 5 (4-7); Quartile 2, 13 (10-15); Quartile 3, 
25 (22-27); Quartile 4, 35 (30-45). MetS, 
metabolic syndrome; Lp(a), lipoprotein (a). 

 

Figure 2. Multivariate-adjusted odds ratio (OR) and 95% confidence interval (CI) for risk of MetS among 
subgroups. The Model was adjusted for age, sex, BMI, smoking status, drinking status, education, 
physical activity, and LDL-C. †The Model was adjusted for age, sex, BMI, smoking status, drinking status, 
education, and physical activity. MetS, metabolic syndrome; BMI, body mass index; LDL-C, low-density 
lipoprotein-cholesterol. 
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due to diverse ethnic groups and limited sample 
sizes. Our population-based study extends the 
research to association between Lp(a) levels and 
MetS in a general population of middle-aged and 
elderly Chinese adults. 

Another finding from the current analysis was 
that the levels of MetS component factors, such as 
glucose, WC, and TG were decreased in the highest 
Lp(a) level quartile, compared with the lowest 
quartile. Previous evidence suggested that WC and 
hypertriglyceridemia appeared to reveal a greater 
propensity for micro-inflammatory response 
amongst the various components of MetS[27,28]. Thus, 
the micro-inflammatory response in MetS might be 
attenuated by decreased levels of WC and TG 
possibly induced by elevated Lp(a) levels. 
Additionally, studies evaluating the relationship 
between Lp(a) levels and various MetS components 
are limited, and few investigations include all 
diagnostic criteria[29,30]. In our current analysis, a 
strong inverse association of Lp(a) level with risks of 
central obesity, high fasting glucose, and 
dyslipidemia was observed, but no association with 
high blood pressure was noted. Furthermore, when 
assessing the possible combinations of MetS 
components with elevated serum Lp(a) levels,    
the number of the components decreased in 
participants with more than three diagnostic criteria. 
However, in the Maracaibo City Metabolic Syndrome 
Prevalence Study[10], subjects with each of the 
separate diagnostic criteria showed higher serum 
Lp(a) levels except for hyperglycemia, and subjects 
with three or more alterations had the greatest 
levels of Lp(a). Determination of the exact 
relationship between Lp(a) levels and MetS 
components in different ethnic groups needs further 
investigation.  

Interestingly, a prospective study from Austria 
reported that the Lp(a) level proved to be 
significantly associated with cardiovascular events in 
patients without MetS, compared with those with 
MetS[12]. The result suggested that the presence of 
MetS significantly affects the association of Lp(a) 
level with the risk of CVD, and supporting the 
assumption that Lp(a) may be a strong predictor of 
CVD risk in non-MetS subjects. In the current study, 
we observed that serum Lp(a) levels were inversely 
associated with the risk of prevalent MetS. Survival 
bias could be a possible explanation for these 
findings. Because both serum Lp(a) levels and MetS 
increased the risk of CVD, subjects who present with 
both the risk factors may have increased risk of 

mortality at younger ages. Thus, the proportion of 
individuals with low levels of Lp(a) among older 
survivors with MetS would increase. Specially, the 
current stratified analysis showed that elevated 
levels of Lp(a) decreased the risk of prevalent MetS 
in all the subgroups, suggesting that these strata 
variables have limited influence on the association of 
Lp(a) level with MetS.  

As known from previous evidence, plasma levels 
of Lp(a) are largely determined by the rates of 
hepatic synthesis and expression of Lp(a). Since 
hepatic secretion rates are lower for large isoforms 
of apo(a), the smallest isoform in plasma is more 
typically prominent. Although the molecular 
structure of Lp(a) contains apo(a), the primary 
catabolic pathways of apo(a) including hepatic and 
renal metabolic routes do not seem to control the 
plasma Lp(a) level[31]. At present, the nature of these 
factors or the mechanism explaining lower Lp(a) 
level in people with MetS is uncertain. As a 
component of MetS, dyslipidemia represents one of 
the fundamental causes in ethiopathogenics, 
consisting of a series of molecular disturbances 
including the increase of the serum levels of 
apolipoprotein B, LDL-C, and very low-density 
lipoprotein (VLDL) cholesterol[32]. In general, these 
disorders were translated into common indicators 
such as elevated TG and low HDL-C, and these 
alterations were associated with a 
micro-inflammatory state that is considered as an 
essential mechanism of both MetS and CVD[33,34]. 
Recently, the relationship between Lp(a) levels and 
other lipoproteins at high and normal levels of 
serum TGs has been investigated. At high TG levels, 
Lp(a) is very strongly correlated primarily with 
HDL₂-C/HDL₃-C and TG-related variables, providing 
evidence of shared metabolic mechanisms for Lp(a), 
HDL, TG, and VLDL at high serum TG[30]. Specially, it is 
of note that high TG level and low HDL-C level were 
inversely associated with Lp(a) level, implying that 
high level of Lp(a) may reduce the risk of 
dyslipidemia. Therefore, future studies should focus 
on the association of Lp(a) levels with different types 
of dyslipidemia. In addition, the levels of LDL-C 
increased with the elevation of Lp(a). After 
adjustment for LDL-C, the risk estimates substantially 
attenuated, but remained significant, suggesting that 
LDL-C is likely to contribute to, but does not fully 
explain, the risk of MetS associated with increased 
Lp(a) levels. The precise molecular mechanisms 
between Lp(a) and MetS related factors need to be 
further studied.  
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There are some limitations in this study. First, 
given that our investigation is an observational 
cross-sectional study, we were unable to obtain a 
causal association between serum Lp(a) levels and 
the risk of MetS. Second, our research is limited   
to one ethnic group and the distribution of risk 
factors and the relationship between Lp(a) levels and 
MetS may differ between ethnic groups. Third, our 
study was restricted to individuals aged 40 years or 
older, and whether the findings were applicable to 
the younger population need to be further 
investigated.  

In our large population-based study, Lp(a) level 
was identified to be a strong biomarker for MetS, 
which may have a significant implication for clinical 
practice such that Lp(a) may be a therapeutic target 
for MetS. Whether increasing Lp(a) level can 
decrease the incident MetS risk and the optimal 
concentration range of Lp(a) that is the most 
beneficial for individuals who are at high metabolic 
risk need to be investigated in future studies. 

In conclusion, our findings confirmed an inverse 
association between serum Lp(a) levels and the risk 
of prevalent MetS in a middle-aged and elderly 
Chinese cohort. Our findings complement current 
knowledge about the association of Lp(a) levels with 
MetS as well as its components.  
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