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YKL-40 is significantly associated with the prevalence and severity of coronary artery disease 
(CAD). YKL-40 levels are significantly associated with variations in the CHI3L1 and TRIB1 genes. We 
investigated candidate genes for YKL-40 levels and evaluated the prognostic value of this biomarker 
and corresponding variants for long-term outcomes in patients with CAD. We included 4664 and 521 
participants from the Taiwan Biobank (TWB) and CAD cohorts, respectively. Candidate variants for 
circulating YKL-40 levels were investigated using genome-wide association study (GWAS) data from 
the TWB cohort, and the results were validated in the CAD cohort. The primary endpoint was all-
cause mortality. The secondary endpoint was major adverse cardiac events (MACEs), which included 
the composite endpoints of all-cause mortality, nonfatal acute coronary syndrome, hospitalization 
for heart failure, and nonfatal stroke. According to the GWAS data from the TWB cohort, three 
CHI3L1 variants (rs4950928, rs10399931, and rs872129) and one TRIB1 variant (rs6982502) were 
independently associated with YKL-40 levels. These findings were validated in the CAD cohort. The 
combined CHI3L1 and TRIB1 weighted genetic risk scores (WGRSs) were not associated with the long-
term outcomes (median follow-up period of 3.7 years) in patients with CAD. Conversely, patients with 
YKL-40 levels in the upper tertile had the highest rates of all-cause mortality and MACEs (log-rank 
p = 9.58 × 10−8 for all-cause mortality and 1.34 × 10−7 for MACEs). Furthermore, YKL-40 levels predicted 
poor clinical outcomes only in patients with multivessel CAD (log-rank p = 3.0 × 10−6 for all-cause 
mortality and 1.10 × 10−5 for MACEs) and not in patients with single-vessel CAD. This study revealed 
that YKL-40 levels but not the combined CHI3L1 and TRIB1 WGRSs were found to be independent 
predictors of poor clinical outcomes in patients with multivessel CAD.
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Despite improvements in guideline-directed medical therapy and coronary revascularization, coronary artery 
disease (CAD) remains the leading cause of disease burden and mortality and has resulted in rising health-care 
costs from 1990 to 20191,2. To provide more effective prevention and treatment strategies, identifying individuals 
at high risk of developing CAD is crucial. Large cohort studies have demonstrated that most patients with CAD 
exhibit at least one of the four major conventional risk factors: a smoking habit, diabetes, hypertension, or 
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hypercholesterolemia3,4. However, at least 10% to 15% of patients with CAD, especially older patients, do not 
meet the criteria for traditional CAD risk factors, emphasizing the importance of research on nontraditional 
risk factors and genetic causes of heart disease4. Among nontraditional risk factors, low-grade inflammation, 
such as elevated levels of C-reactive protein (CRP) or other proinflammatory cytokines, is well known to be 
crucial in the pathogenesis of CAD and to predict poor long-term outcomes5–7. Consistent with those findings, 
our previous research demonstrated that higher circulating resistin and soluble suppression of tumorigenesis-2 
(sST2) levels predict poor clinical outcomes in patients with CAD8. The combination of resistin and sST2 levels 
with the genetic risk scores of their corresponding genetic variants synergistically affected CAD outcomes.

YKL-40, or chitinase-3 like-1 (CH3L1), is an evolving inflammatory biomarker secreted by numerous types 
of human cells, including activated macrophages, neutrophils, and vascular smooth muscle cells9–11. Elevated 
YKL-40 is observed in patients with diseases characterized by inflammation and ongoing tissue remodelling, 
such as cancer12,13, insulin resistance and diabetes14,15, asthma16, and rheumatoid arthritis17. YKL-40 is also 
involved in angiogenesis and participates in the progression of atherosclerosis during its early stages10,13,18,19. 
Circulating YKL-40 levels correlate with the prevalence and disease severity of CAD20–24 and with incident 
thromboembolic stroke25. Additionally, in the Effect of Clarithromycin on Mortality and Morbidity in Patients 
with Ischaemic Heart Disease (CLARICOR) trial, greater circulating YKL-40 was associated with an increased 
risk of adverse cardiovascular outcomes and mortality in patients with CAD26. However, the addition of YKL-40 
did not improve risk prediction in patients with stable CAD.

The CHI3L1 gene is located at chromosomal region 1q31–1q32 and is responsible for YKL-40 expression 
in humans. Several genetic variants of CHI3L1 are significantly associated with plasma YKL-40 levels25,27–31. 
Consequently, genetic variation in CHI3L1 is closely linked to the incidence and prognosis of various diseases, 
such as asthma28,31, liver fibrosis32, and neoplastic disease33. Several studies have revealed no significant 
correlations between CHI3L1 genetic variants and the prevalence or outcomes of CAD21,22,25. In our previous 
investigation, we also reported that circulating YKL-40 levels but not CHI3L1 genetic variants were associated 
with the risk of peripheral artery disease in Taiwanese individuals30. However, few common genetic variants 
of CHI3L1 were detected in those studies, and genome-wide association studies (GWASs) examining the 
prevalence and outcomes of CAD are scarce.

The TRIB1 (Tribbles 1) gene is located at chromosome 8q24 and encodes the TRIB1 protein, which may play 
a key role in plasma lipid homeostasis34. Since dyslipidaemia is one of the most critical risk factors for CAD, it 
is speculated that TRIB1 genetic variants may increase the risk of CAD. Accordingly, GWASs and meta-analyses 
have revealed significant associations of genetic variants of the TRIB1 gene with dyslipidaemia and the risk of 
coronary artery disease35,36. Furthermore, the genetic variant of TRIB1, rs28601761, also influences the level of 
YKL-40 in the circulation37. However, the associations between genetic variants of TRIB1 that affect YKL-40 
levels and the prognosis of CAD have not been evaluated.

The Taiwan Biobank (TWB) conducted a large-scale population-based cohort study of 30–70-year-old 
volunteers with no history of cancer38. Genetic information was available for all participants. In the present study, 
we investigated candidate genetic variants associated with plasma YKL-40 levels in the Taiwanese population 
using GWAS data from TWB. The candidate genetic variants were validated in patients with angiographically 
confirmed CAD (CAD cohort). We also investigated whether the weighted genetic risk scores (WGRSs) of these 
candidate genes and circulating YKL-40 levels predict long-term clinical outcomes in patients with CAD and 
compared the impacts of YKL-40 levels on CAD outcomes between patients with single-vessel CAD and those 
with multivessel CAD.

Methods
Study participants and design
The present study included data from two independent cohorts: the TWB cohort and the CAD cohort.

Participants from the TWB cohort were recruited from recruitment centres across Taiwan between 2008 and 
201538. TWB is a national resource containing genetic and baseline information, blood and urine test data, and 
questionnaire data regarding the lifestyle factors of Taiwanese adults aged 30–70 years. The participants provided 
written informed consent prior to data collection. Participants without a history of cancer were enrolled, and all 
participants self-reported having Han Chinese ethnicity. A total of 5000 participants with available GWAS data 
and blood samples were recruited for the current study. After excluding participants who withdrew informed 
consent after participation (2), fasted for < 6 h (96), had relative pairs of second-degree relatives or closer by 
descent (IBD) > 0.187 (227), and were missing CHI3L1 or TRIB1 single-nucleotide polymorphism (SNP; 11) 
data, data for 4664 participants were included in the final analysis (Supplementary Fig. S1).

In the CAD cohort, 565 patients who underwent coronary angiography and had at least 50% stenosis of one 
major coronary artery between July 2010 and September 2013 were recruited from National Taiwan University 
Hospital. Blood samples for DNA and biomarker analysis were available from all of the participants. After 
the exclusion of patients with significant haemolysis in blood samples (29), missing YKL-40 data (6), missing 
follow-up data (2), and missing CHI3L1 or TRIB1 SNP data (7), 521 patients were included in the analysis 
(Supplementary Fig. S1). All clinical data were obtained from patient medical records. The primary endpoint 
was all-cause mortality. The secondary endpoint was major adverse cardiac events (MACEs), which included 
the composite endpoints of all-cause mortality, nonfatal acute coronary syndrome (unstable angina, non-ST 
elevation myocardial infarction and ST elevation myocardial infarction), hospitalization for heart failure, and 
nonfatal stroke. Seven patients were lost to regular follow-up after enrolment and were contacted by telephone 
to obtain survival and disease status data before the end of the study. Three of those patients had died, and the 
causes of death were provided by relatives.
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Laboratory examination
Clinical phenotypes, including body height, body weight, body mass index, and blood pressure, were examined. 
Biochemical and haematological data such as fasting plasma glucose levels, total cholesterol levels, high-density 
lipoprotein (HDL) cholesterol levels, low-density lipoprotein (LDL) cholesterol levels, triglyceride levels, serum 
creatinine levels, the estimated glomerular filtration rate (eGFR), uric acid levels, white blood cell counts, 
platelet counts, and haematocrit values were also collected. The definitions of hypertension, diabetes mellitus, 
hyperlipidaemia, and current smoking status are presented in Supplementary Table S1. Commercially available 
enzyme-linked immunosorbent assay kits (R&D, Minneapolis, MN, USA) were used for the measurement of 
YKL-40 levels. Circulating CRP levels were calculated using a particle-enhanced turbidimetric immunoassay 
(Siemens Healthcare Diagnostics, Camberley, UK). The intra- and interassay coefficients of variation were 6.7% 
and 7.7%, respectively, for YKL-40 and 7.1% and 9.5%, respectively, for CRP.

Genomic DNA extraction, genotyping, and GWAS analysis
Detailed descriptions of the genomic DNA extraction, genotyping, and GWAS analysis methods used are 
provided in our previous study8. Genotyping for the CHI3L1 rs4950928, rs10399931, and rs872129 genotypes 
and for TRIB1 rs6982502 in participants with CAD was performed using TaqMan SNP genotyping assays 
(Applied Biosystems, Foster City, CA, USA). Approximately 10% of the samples were regenotyped blindly for 
quality control, and identical results were obtained. GWAS analysis was performed using the Axiom Genome-
Wide CHB1 Array Plate (Affymetrix) designed by the Taiwan Biomarker Study Group, which comprised 
642,832 SNPs. With 1,000 Genomes Project Phase 3 East Asian population as a reference panel, genome-wide 
genotype imputation was carried out using SHAPEIT and IMPUTE2. Following imputation, quality control was 
performed by filtering SNPs with an imputation quality score of IMPUTE2 more than 0.3. Indels were removed 
using VCF tools. There were 16,537,709 SNPs obtained after imputation. For SNP quality control, we excluded 
samples with a SNP call rate < 3% (1705 SNPs), a minor allele frequency < 0.01 (9,197,156 SNPs) and a violation 
of Hardy–Weinberg equilibrium (P < 10−6) (295 SNPs) from subsequent analyses. In total, 4664 participants and 
7,338,553 SNPs were included in the GWAS analysis after quality control.

Statistical analysis
To adhere to normality assumptions, YKL-40 levels were logarithmically transformed before analysis. Analysis 
of YKL-40 levels in relation to the investigated genotypes and confounders was performed using a generalized 
linear model. Genome-wide scans were conducted using the software package PLINK (version 1.07, Cambridge, 
MA, USA), and a P value of < 5 × 10−8 indicated genome-wide significance. For the GWAS, a conditional analysis 
was conducted to assess the residual associations of the remaining SNPs after adjustment for the most strongly 
associated SNP at a locus by adding the SNP as a covariate into the regression model.

Patients in the CAD cohort were stratified according to tertiles of YKL-40. The baseline characteristics and 
laboratory data of the participants were compared using analysis of variance for continuous variables and the 
chi-square test for categorical variables. Bonferroni correction was used for the analysis of variance to adjust 
for multiple comparisons. The genetic risk score was calculated using the weighted method, which assumes 
that each SNP is independently associated with YKL-40 levels (i.e., that there are no interactions among the 
SNPs)39. We applied linear weighting of 0, 1, or 2 to genotypes containing a corresponding number of risk alleles. 
Assuming an additive effect of risk alleles for each SNP, WGRSs were calculated as the sum of the estimated beta 
coefficient (adjusted for age, sex, current smoking status and body mass index) of each SNP multiplied by the 
number of corresponding risk alleles (0, 1, or 2). Kaplan–Meier curves were calculated and the log-rank test was 
conducted to compare the rates of freedom from primary and secondary endpoints in patients with CAD among 
the YKL-40 tertiles and to bisect the WGRSs of the candidate variants. The impact of circulating YKL-40 levels 
on clinical outcomes in relation to single-vessel CAD and multivessel CAD was analysed. Cox regression was 
conducted to determine the hazard ratios (HRs) of the primary and secondary endpoints among the three YKL-
40 tertiles, adjusting for patient baseline characteristics, conventional cardiovascular risk factors, CRP levels 
and eGFR. Harrell’s C analysis for Cox regression model was calculated to examine the predictive ability of 
long-term outcomes before and after adding the YKL-40 tertiles to conventional CV risk factors and CRP levels. 
A receiver-operating characteristic curve was used to calculate the values most strongly associated with the 
primary and secondary endpoints in patients with multivessel CAD. We used IBM SPSS Statistics version 24.0 
(IBM, Armonk, NY, USA) and R software version 4.2.3 (Foundation for Statistical Computing, Vienna, Austria) 
to perform all calculations. A two-sided p value of < 0.05 was considered to indicate statistical significance.

Ethics approval and consent to participates
The Research Ethics Committee of Taipei Tzu Chi Hospital (approval number: 05-X04-007), Buddhist Tzu 
Chi Medical Foundation had approved the present study. The TWB study cohort had been approved by Ethics 
and Governance Council of the Taiwan Biobank (approval number: TWBR10507-02 and TWBR10611-03). 
The CAD study cohort had been approved by the Research Ethics Committee of National Taiwan University 
Hospital. Written informed consent was obtained from all participants before participation. All procedures 
were performed in accordance with the Declaration of Helsinki and the ethical standards of the Committee on 
Human Experimentation.

Results
GWAS and replication genotyping results for YKL-40
GWAS analysis of the TWB genotype with imputation for YKL-40 levels was performed using the data of 
the 4664 participants from the TWB. A linear regression model for genotype trend effects was applied with 
adjustment for age, sex, BMI, smoking status and 3 principal components. GWAS analysis demonstrated that the 
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genome-wide significance threshold was exceeded for chromosome 1q32.1, where the CHI3L1 gene is located, 
and for chromosome 8q24.13, where the TRIB1 gene is located (Fig. 1a), with rs4950928 (p = 1.81 × 10−118) as 
the lead SNP for the CHI3L1 gene (Fig. 1b) and rs6982502 (p = 9.60 × 10−18) as the lead SNP for the TRIB1 gene 
(Fig. 1c). In addition, four SNPs were found to show genome-wide significant association with YKL-40 levels 
(Fig. 1a, Supplementary Table S2). However, the Manhattan plot showed that each chromosome locus had only 
one variant that exhibited significant association with YKL-40 levels for these additional SNPs. This finding 
was unusual for a common variant. Furthermore, the p values for Hardy–Weinberg equilibrium of these SNPs 
were between 1.0 × 10−4 to 1.0 × 10−5, suggesting a trend toward a violation of Hardy–Weinberg equilibrium. 
Although these SNPs might be candidate variants for YKL-40 levels, the possibility of false discovery could not 
be excluded. Since these SNPs only explained little variation in YKL-40 levels in the TWB cohort (0.2% to 0.8%), 
they were excluded from further genetic analysis in the CAD cohort.

To clarify whether other CHI3L1 SNPs were associated with YKL-40 levels independent of the lead SNP, 
stepwise conditional analysis was performed. After adjustment for the rs4950928 genotype, rs10399931 in the 
regional plot at the CHI3L1 locus exhibited a stronger association with YKL-40 levels (p = 4.01 × 10−19; Fig. 1d). 
After adjustment for both the rs4950928 and rs10399931 genotypes, rs872129 was significantly associated with 
YKL-40 levels (p = 9.72 × 10−25; Fig. 1e). After adjustment for the three SNPs in the GWAS, no other SNPs in the 
regional plot near the CHI3L1 locus exhibited genome-wide significance, indicating that in this chromosome 
region, variances in YKL-40 levels were mainly explained by these three signals. For the TRIB1 locus, no 

Fig. 1.  Conditional analysis of candidate single-nucleotide polymorphisms (SNPs) for YKL-40 levels using 
genome-wide association study (GWAS) data from the Taiwan Biobank (TWB) cohort. (a) Manhattan plots 
for YKL-40 levels from a GWAS analysis with imputation of 4664 TWB participants. Two peaks exceeded 
the genome-wide significance level. One peak was located at chromosome 1q32.1, where the CHI3L1 gene is 
located. Another peak was located at chromosome 8q24.13, where the TRIB1 gene is located. Additionally, 
four SNPs with genome-wide significant association with YKL-40 levels were also demonstrated. (b, c) 
Before conditional analysis, regional association plots for YKL-40 levels showed rs4950928 as the lead SNP 
surrounding the CHI3L1 locus and rs6982502 as the lead SNP surrounding the TRIB1 locus. (d) After the 
first conditional analysis adjusted for the rs4950928 genotype, rs10399931 was significantly associated with 
YKL-40 levels at the CHI3L1 locus. (e) After the second conditional analysis adjusted for both rs4950928 and 
rs10399931, rs872129 was significantly associated with YKL-40 levels.
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significant SNP remained after adjustment for rs6982502. The associations of the four candidate SNPs and 
combined CHI3L1 and TRIB1 WGRSs with YKL-40 levels in the TWB cohort are provided in Supplementary 
Table S3.

The associations of CHI3L1 and TRIB1 SNPs with YKL-40 levels in the CAD cohort were also evaluated 
(Supplementary Table S3). Only rs4950928 and rs10399931 in the CHI3L1 locus and rs6982502 in the TRIB1 
locus exhibited significant associations with YKL-40 levels (p = 1.36 × 10−10 for rs4950928, p = 1.41 × 10−7 for 
rs10399931, p = 0.041 for rs6982502). The combined CHI3L1 and TRIB1 WGRSs (calculated on the basis of the 
four SNPs) correlated strongly with YKL-40 levels in the CAD cohort (p = 1.65 × 10−13). The three lead CHI3L1 
SNPs and the lead TRIB1 SNP explained 14.4% of the variation in YKL-40 levels in the TWB cohort and 9.2% 
of the variation in YKL-40 levels in the CAD cohort (Supplementary Table S4). The SNP table of CHI3L1 and 
TRIB1 is provided in Supplementary Table S5. Correlations of the candidate SNPs and combined WGRSs with 
baseline characteristics of patients with CAD is shown in Supplementary Table S6.

Baseline characteristics of patients with CAD stratified by tertiles of YKL-40
The baseline characteristics of patients with CAD are presented in Supplementary Table S7. Participants were 
stratified according to tertiles of YKL-40, and their baseline characteristics were compared. Patients in the upper 
YKL-40 tertile were older and more likely to be women, had multivessel CAD, and had diabetes. The triglyceride 
levels differed, but the fasting glucose, total cholesterol, HDL cholesterol, and LDL cholesterol levels were similar 
among the three tertiles; these results may have been biased because most of the patients with hyperlipidaemia 
were receiving lipid-lowering agents, and most of the patients with diabetes were receiving hypoglycaemic 
agents. Patients in the upper YKL-40 tertile also exhibited poor renal function, elevated leukocyte counts, and 
lower haematocrit and CRP levels.

Predictions of YKL-40 levels and combined CHI3L1 and TRIB1 WGRSs on long-term outcomes 
in patients with CAD
In the CAD cohort, the follow-up duration was 1347 ± 420 days; 46 patients died, and 92 patients developed 
MACEs. Cox regression analysis revealed that YKL-40 levels strongly predicted long-term outcomes in patients 
with CAD (p = 1.67 × 10−11 for all-cause mortality, p = 8.20 × 10−12 for MACEs). The patients were further 
stratified according to the tertile of YKL-40 levels. Kaplan–Meier survival analysis revealed that patients in 
the upper YKL-40 tertile exhibited the poorest clinical outcomes, with significantly greater rates of all-cause 
mortality and MACEs (Fig.  2a and 2b, p  = 9.58 × 10−8 for all-cause mortality, p = 1.34 × 10−7 for MACEs). A 
comparison of all-cause mortality and MACEs in patients with CAD between each of the two groups of YKL-
40 tertiles is provided in Supplementary Fig. S2. In contrast, the combined CHI3L1 and TRIB1 WGRSs did 
not predict all-cause mortality or MACEs during long-term follow-up in patients with CAD (Fig. 2c and 2d, 
p  = 0.104 for all-cause mortality, p = 0.917 for MACEs).

Results of the Cox regression of all-cause mortality and MACEs between the three YKL-40 tertiles are 
provided in Table 1. After adjustment for baseline characteristics and conventional cardiovascular risk factors, 
the all-cause mortality and MACEs were significantly higher for the patients in the upper YKL-40 tertile than for 
those in the lowest tertile (HR: 5.98, 95% CI [confidence interval]: 1.77 to 20.25, p = 0.04 for all-cause mortality; 
HR: 2.94, 95% CI: 1.55 to 5.59, p = 0.001 for MACEs). After further adjustment for CRP levels or eGFR, the 
results were mildly attenuated but remained significant.

Predictions of the effects of YKL-40 levels on long-term outcomes in patients with single-
vessel or multivessel CAD
We investigated the ability of YKL-40 levels to predict long-term outcomes in patients with CAD with single-
vessel disease or multivessel disease (i.e., double- or triple-vessel disease; Fig. 3). For patients with single-vessel 
CAD, all-cause mortality and MACEs did not significantly differ between patients with lower and higher YKL-
40 levels (Fig.  3a and b; p = 0.163 for all-cause mortality; p = 0.054 for MACEs). Conversely, higher YKL-40 
levels predicted poorer clinical outcomes in patients with multivessel CAD after long-term follow-up, and 
patients in the upper YKL-40 tertile exhibited the highest rates of all-cause mortality and MACEs (Fig. 3c and d, 
p = 3.0 × 10−6 for all-cause mortality, p = 1.10 × 10−5 for MACEs).

Cox regression of all-cause mortality and MACEs between patients with single-vessel or multivessel CAD 
were compared among the YKL-40 tertiles. In patients with single-vessel CAD, all-cause mortality and MACEs 
were similar among the three patient tertiles (Supplementary Table S8). Conversely, YKL-40 levels strongly 
influenced long-term outcomes in patients with multivessel CAD (Table 2). Patients in the upper YKL-40 tertile 
had significantly greater rates of all-cause mortality and MACEs after adjustment for baseline characteristics 
and conventional cardiovascular risk factors (HR: 6.36, 95% CI: 1.46 to 27.64, p = 0.014 for all-cause mortality; 
HR: 2.81, 95% CI: 1.37 to 5.76, p = 0.005 for MACEs). After further adjustment for CRP levels or eGFR, this 
predictive power was mildly attenuated but remained significant. Comparison of predictive ability of long-term 
outcomes in patients with multi-vessel CAD with and without YKL-40 tertiles is presented in Supplementary 
Table S9. Addition of YKL-40 tertiles to conventional CV risk factors and CRP levels significantly improved 
risk prediction of all-cause mortality (Harrell’s C 0.802 and 0.870 respectively, p = 0.036 for difference) and 
MACEs (Harrell’s C 0.678 and 0.742 respectively, p = 0.017 for difference) in patients with multi-vessel CAD. 
We calculated receiver-operating characteristic curves to determine the values most strongly associated with all-
cause mortality and MACEs in patients with multivessel CAD (Supplementary Fig. S3). The cut-off YKL-40 level 
for predicting all-cause mortality and MACEs in patients with multivessel CAD was 130.50 ng/mL (sensitivity: 
65.9%, specificity: 74.9% for all-cause mortality; sensitivity: 51.3%, specificity: 76.3% for MACEs).
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Discussion
In this study, we performed a GWAS analysis with imputation of 4664 participants in the TWB cohort to 
determine the genetic basis of YKL-40 levels in Han Chinese individuals. Three CHI3L1 variants—rs4850928, 
rs10399931, and rs872129—and one TRIB1 variant—rs6982502—were independently associated with YKL-40 
levels. These results were validated in the CAD cohort, except for the association of rs872129 in the CHI3L1 
locus. In the CAD cohort, the combined CHI3L1 and TRIB1 WGRSs did not influence the long-term outcomes 
of patients with CAD. Conversely, YKL-40 levels strongly predicted poorer clinical outcomes in these patients, 
and patients in the upper YKL-40 tertile had the highest rates of all-cause mortality and MACEs after a median 
of 3.7 years of follow-up. The ability of YKL-40 levels to predict long-term outcomes was significant in patients 
with multivessel disease but not in patients with single-vessel CAD. The prognostic value of YKL-40 levels for 
all-cause mortality and MACEs remained significant after adjustment for baseline characteristics, conventional 
cardiovascular risk factors, CRP levels or eGFR, suggesting that YKL-40 levels independently affect long-term 
outcomes in patients with multivessel CAD.

Genetic determinants of YKL-40 levels in the Chinese population
In humans, the major gene encoding YKL-40 is CHI3L1, which is located on chromosomes 1q31–1q32. Genetic 
variants of CHI3L1, especially rs4950928, are strongly associated with circulating YKL-40 levels25,27–30. Genetic 
variation in CHI3L1 is also associated with asthma susceptibility and severity28,31. Another genetic variation 
in the TRIB1 gene on chromosome 8, rs28601761, is strongly associated with YKL-40 levels37. However, 
comprehensive analyses of the genetic determinants of YKL-40 levels using GWAS data are rare. In the present 
study, we used GWAS analysis with imputation from TWB to determine candidate genes for circulating YKL-40 
levels. Three SNPs in the CHI3L1 gene (rs4950928, rs10399931, and rs872129) and one SNP in the TRIB1 gene 
(rs6982502) were significantly associated with circulating YKL-40 levels after stepwise conditional analysis. The 
associations of these SNPs with circulating YKL-40 levels were validated in the CAD cohort, except for that of 
rs872129 in the CHI3L1 gene. The association between rs6982506 in the TRIB1 gene and YKL-40 levels has 
not been reported in the literature. According to the TWB GWAS data, rs6982502 and rs28601761 exhibited 
low linkage disequilibrium (0.0864), indicating that rs6982502 is a novel SNP in the TRIB1 gene associated 
with circulating YKL-40 levels in Chinese populations. These results suggest genetic variations in YKL-40 levels 
according to ethnicity.

Fig. 2.  Kaplan–Meier curve analysis of YKL-40 levels and the combined CHI3L1 and TRIB1 WGRSs for 
long-term outcomes in patients with CAD. (a, b) YKL-40 levels predict poorer clinical outcomes. Patients in 
the upper YKL-40 tertile had significantly lower rates of freedom from all-cause mortality and MACEs. (c, 
d) CHI3L1 and TRIB1 WGRSs did not predict all-cause mortality or MACEs during long-term follow-up. 
MACEs, major adverse cardiac events; WGRSs, weighted genetic risk scores.
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Associations of CHI3L1 and TRIB1 genetic variants with CAD outcomes
We calculated the WGRSs of the four candidate SNPs (rs4950928, rs10399931, rs872129, and rs6982502) in 
the CAD cohort and evaluated the prognostic value of the combined CHI3L1 and TRIB1 WGRSs for long-
term outcomes. The combined CHI3L1 and TRIB1 WGRSs did not affect all-cause mortality or MACEs in 
patients with CAD. These results were consistent with reports indicating that genetic variants of CHI3L1 were 
significantly associated with circulating YKL-40 levels but not with the prevalence or severity of CAD21,22 and 
did not predict future cardiovascular events in healthy individuals25. In the present study, the four lead SNPs 
of the CHI3L1 and TRIB1 genes explained 14.4% of the variation in YKL-40 levels in the TWB cohort, while 
these SNPs explained only 9.2% of the variation in YKL-40 levels in the CAD cohort (Supplementary Table S4). 
It is reasonable that the impact of these candidate variants on circulating YKL-40 levels is not strong enough to 
translate into poorer long-term outcomes in patients with CAD, despite their significant association with YKL-
40 levels. Furthermore, the diminished effect of these candidate variants on circulating YKL-40 levels in the 
CAD cohort may also explain why circulating YKL-40 levels, but not the lead SNPs CHI3L1 and TRIB1, predict 
the long-term outcome of angiographically confirmed CAD. This was the first study to illustrate the null impact 
of genetic variants of CHI3L1 and TRIB1 on long-term outcomes in patients with CAD.

Association of YKL-40 levels with CAD outcomes
As an inflammatory biomarker, YKL-40 is involved in vascular smooth muscle cell differentiation, migration, 
and proliferation10,18; promotes chemotaxis and migration of vascular endothelial cells; and contributes to 
atherosclerotic plaque formation and vascular occlusion13,19. Elevated circulating YKL-40 levels are linked to the 
presence of CAD20–22, lesion progression40, and disease severity in patients with CAD23,24. In the CLARICOR 
trial, Schroder et al. identified an independent association between elevated YKL-40 levels and the risk of adverse 
cardiovascular outcomes and all-cause mortality in patients with stable CAD after 10  years of follow-up26. 
This association remained significant after adjustment for CRP levels and baseline cardiovascular risk factors 
according to Cox proportional hazards regression models. Our results agree with those of the CLARICOR trial, 
which demonstrated poorer clinical outcomes and higher event rates in patients in the upper tertile of YKL-
40 levels. The prognostic effect of YKL-40 levels on the long-term outcomes of patients with CAD was also 
independent of patient baseline characteristics, conventional cardiovascular risk factors, CRP levels or eGFR. 
Kaplan–Meier survival curve analysis was also conducted to assess the prognostic effect of YKL-40 levels on 
long-term outcomes, and the results demonstrated a lower rate of freedom from all-cause mortality and MACEs 
in patients with CAD in the upper YKL-40 tertile.

The prognostic effect of YKL-40 on clinical outcomes was evident only in patients with multivessel CAD, 
and participants in the upper YKL-40 tertile had the worst prognosis during long-term follow-up (4.41 times 
greater risk of all-cause mortality and 2.39 times greater risk of MACEs, compared with patients in the bottom 
tertile). This difference in prognosis remained significant after adjustment for patient baseline characteristics, 
conventional cardiovascular risk factors, CRP levels or eGFR. Unlike the CLARICOR trial, which showed no 
improvement of risk prediction after addition of YKL-40 in patients with stable CAD, our results demonstrated 

1st tertile (N = 173) 2nd tertile (N = 174) 3rd tertile (N = 174)

All-cause mortality

Number of events 3 12 31

HR (95% CI) p value HR (95% CI) p value

Model 1 Reference 3.93 (1.11–13.91) 0.034 11.78 (3.60–38.55) 4.50 × 10−5

Model 2 Reference 3.05 (0.86–10.90) 0.085 6.78 (2.02–22.78) 0.002

Model 3 Reference 2.90 (0.81–10.90) 0.102 5.98 (1.77–20.25) 0.004

Model 4 Reference 2.81 (0.79–10.07) 0.112 4.31 (1.25–14.88) 0.021

Model 5 Reference 2.52 (0.70–9.14) 0.159 4.20 (1.20–14.70) 0.025

MACEs

Number of events 13 29 50

HR (95% CI) p value HR (95% CI) p value

Model 1 Reference 2.25 (1.17–4.33) 0.015 4.65 (0.53–8.57) 8.07 × 10−7

Model 2 Reference 1.93 (0.99–3.74) 0.051 3.42 (1.81–6.47) 1.54 × 10−4

Model 3 Reference 1.78 (0.92–3.41) 0.088 2.94 (1.55–5.59) 0.001

Model 4 Reference 1.77 (0.91–3.45) 0.092 2.57 (1.34–4.95) 0.005

Model 5 Reference 1.61 (0.82–3.15) 0.169 2.39 (1.22–4.68) 0.011

Table 1.  Cox regression of all-cause mortality and MACEs between YKL-40 level tertiles. Model 1: 
Unadjusted. Model 2: Adjusted for age, sex, BMI, and smoking status. Model 3: Adjusted for age, sex, BMI, 
smoking status, diabetes mellitus, hypertension, and dyslipidaemia. Model 4: Adjusted for age, sex, BMI, 
smoking status, diabetes mellitus, hypertension, dyslipidaemia, and CRP levels. Model 5: Adjusted for age, 
sex, BMI, smoking status, diabetes mellitus, hypertension, dyslipidaemia, and eGFR. HR, hazard ratio; CI, 
confidence interval; MACEs, major adverse cardiac events; BMI, body mass index; CRP, C-reactive protein; 
eGFR, estimated glomerular filtration rate.
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a significant improvement of prediction power on long-term outcomes in patients with multivessel CAD after 
addition of YKL-40 tertiles to conventional CV risk factors and CRP levels. The CLARICOR trial enrolled stable 
patients with clinical diagnosis of myocardial infarction or angina pectoris using ICD codes. Patients with 
myocardial infarction or unstable angina within 3 months, patients having percutaneous coronary intervention 
or coronary bypass surgery within 6 months, and patients with impaired renal or hepatic function were excluded 
from the study. Contrast to the CLARICOR trial, our study enrolled more complex patients with advanced 
disease, and all patients had angiographically confirmed CAD. Our results showed YKL-40 tertile only improved 
the prediction power of long-term outcomes in patients with multivessel CAD, which might not be seen in 
relative stable patients with less disease severity enrolled in the CLARICOR trial. The cut-off YKL-40 level for 
predicting all-cause mortality and MACEs in patients with multivessel CAD was 130.50 ng/mL. In contrast, 
YKL-40 did not affect long-term outcomes in patients with single-vessel CAD. In these patients, long-term 
outcomes were more favourable, with lower event rates for all-cause mortality and MACEs than those of patients 
with multivessel CAD (p = 0.009 for all-cause mortality, p = 0.001 for MACEs; Supplementary Fig. S4). YKL-40 
levels were also significantly lower in this group (median level 67.02 ng/mL for single-vessel CAD vs. 83.98 ng/
mL for multivessel CAD, p = 0.007). With the improvement in guideline-directed medical therapy, the impact 
of YKL-40 on long-term outcomes may have diminished or been obscured in patients with single-vessel CAD, 
which has lower event rates.

Limitations
Although a large sample of individuals with available GWAS data was recruited for the TWB cohort, the 
sample in the CAD cohort was small. However, the candidate variants in the CHI3L1 and TRIB1 genes that 
were associated with YKL-40 levels were consistent between the two groups, providing strong evidence of 
the relevance of these CHI3L1 and TRIB1 genetic variants in the Han Chinese population. The event rates of 
individual MACE endpoints were relatively low, which can be attributed to the small sample size in the CAD 
cohort and advancements in guideline-directed medical therapy. This precluded significant analysis of the 
prognostic value of YKL-40 levels for each individual endpoint. However, YKL-40 levels significantly predicted 
all-cause mortality and MACEs during long-term follow-up in patients with CAD. This was especially true in 

Fig. 3.  Kaplan–Meier curve analysis of YKL-40 levels and long-term outcomes in patients with single-vessel 
and multivessel coronary artery disease (CAD). (a, b) For patients with single-vessel CAD, all-cause mortality 
and major adverse cardiac event rates do not differ significantly among individuals with different tertiles of 
YKL-40. (c, d) For patients with multivessel CAD, higher levels of YKL-40 significantly predicted poorer 
clinical outcomes.
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patients with multivessel CAD. Nevertheless, scientific studies enrolling large samples of patients with CAD are 
necessary to verify these findings. Finally, because we included only individuals of Han Chinese ethnicity, our 
results cannot be generalized to other ethnic groups.

Conclusion
In this study, we demonstrated that three CHI3L1 lead SNPs (rs4950928, rs10399931, and rs872129) and one 
TRIB1 lead SNP (rs6982502) were strongly associated with YKL-40 levels in Han Chinese individuals. These 
findings were confirmed in the CAD cohort, except for the association between rs872129 at the CHI3L1 gene 
and YKL-40 levels. The combined CHI3L1 and TRIB1 WGRSs did not influence clinical outcomes in patients 
with CAD. Conversely, circulating YKL-40 levels were a strong predictor of poor clinical outcomes in patients 
with CAD, and participants in the upper tertile of YKL-40 levels had the highest rates of all-cause mortality 
and MACEs after long-term follow-up. YKL-40 levels predicted poorer clinical outcomes in patients with 
multivessel CAD but not in patients with single-vessel CAD. This difference in prognosis remained significant 
after further adjustment for traditional cardiovascular risk factors, CRP levels or eGFR, suggesting that YKL-
40 levels independently affect long-term outcomes in patients with CAD. This study provides further insight 
into the effects of biomarkers and corresponding genetic variants on the prognostication of clinical outcomes 
in patients with CAD. Studies including more patients with CAD of different ethnicities are necessary to verify 
these findings.

Data availability
The datasets used and analysed during the current study are available from the corresponding author on rea-
sonable request.

Received: 22 May 2024; Accepted: 25 November 2024

References
	 1.	 Roth, G. A. et al. Global burden of cardiovascular diseases and risk factors, 1990–2019: Update from the GBD 2019 study. J. Am. 

Coll. Cardiol. 76, 2982–3021. https://doi.org/10.1016/j.jacc.2020.11.010 (2020).
	 2.	 Diseases, G. B. D. & Injuries, C. Global burden of 369 diseases and injuries in 204 countries and territories, 1990–2019: A systematic 

analysis for the Global Burden of Disease Study 2019. Lancet 396, 1204–1222. https://doi.org/10.1016/S0140-6736(20)30925-9 
(2020).

	 3.	 Greenland, P. et al. Major risk factors as antecedents of fatal and nonfatal coronary heart disease events. JAMA 290, 891–897. 
https://doi.org/10.1001/jama.290.7.891 (2003).

	 4.	 Khot, U. N. et al. Prevalence of conventional risk factors in patients with coronary heart disease. JAMA 290, 898–904. ​h​t​t​p​s​:​/​/​d​o​i​.​
o​r​g​/​1​0​.​1​0​0​1​/​j​a​m​a​.​2​9​0​.​7​.​8​9​8​​​​ (2003).

1st tertile (N = 110) 2nd tertile (N = 133) 3rd tertile (N = 136)

All-cause mortality

Number of events 2 11 28

HR (95% CI) p value HR (95% CI) p value

Model 1 Reference 4.49 (0.99–20.25) 0.051 12.97 (3.09–54.44) 4.65 × 10−4

Model 2 Reference 3.43 (0.76–15.57) 0.111 7.04 (1.63–50.33) 0.009

Model 3 Reference 3.32 (0.73–15.11) 0.121 6.36 (1.46–27.64) 0.014

Model 4 Reference 3.20 (0.70–14.54) 0.133 4.41 (1.00–19.54) 0.050

Model 5 Reference 3.10 (0.68–3.15) 0.169 4.57 (1.02–20.47) 0.047

MACEs

Number of events 10 26 44

HR (95% CI) p value HR (95% CI) p value

Model 1 Reference 2.21 (1.07–4.59) 0.033 4.33 (2.18–8.60) 2.90 × 10−5

Model 2 Reference 1.92 (0.92–4.00) 0.083 3.17 (1.55–6.48) 0.002

Model 3 Reference 1.81 (0.87–3.80) 0.115 2.81 (1.37–5.76) 0.005

Model 4 Reference 1.80 (0.86–3.77) 0.121 2.39 (1.15–4.98) 0.020

Model 5 Reference 1.65 (0.78–3.47) 0.190 2.22 (1.05–4.71) 0.037

Table 2.  Cox regression of all-cause mortality and MACEs between YKL-40 level tertiles in patients with 
multivessel CAD. Model 1: Unadjusted. Model 2: Adjusted for age, sex, BMI, and smoking status. Model 3: 
Adjusted for age, sex, BMI, smoking status, diabetes mellitus, hypertension, and dyslipidaemia. Model 4: 
Adjusted for age, sex, BMI, smoking status, diabetes mellitus, hypertension, dyslipidaemia, and CRP levels. 
Model 5: Adjusted for age, sex, BMI, smoking status, diabetes mellitus, hypertension, dyslipidaemia, and eGFR. 
CAD, coronary artery disease; HR, hazard ratio; CI, confidence interval; MACEs, major adverse cardiac events; 
BMI, body mass index; CRP, C-reactive protein; eGFR, estimated glomerular filtration rate.

 

Scientific Reports |        (2024) 14:29416 9| https://doi.org/10.1038/s41598-024-81190-8

www.nature.com/scientificreports/

https://doi.org/10.1016/j.jacc.2020.11.010
https://doi.org/10.1016/S0140-6736(20)30925-9
https://doi.org/10.1001/jama.290.7.891
https://doi.org/10.1001/jama.290.7.898
https://doi.org/10.1001/jama.290.7.898
http://www.nature.com/scientificreports


	 5.	 Ridker, P. M., Rifai, N., Rose, L., Buring, J. E. & Cook, N. R. Comparison of C-reactive protein and low-density lipoprotein 
cholesterol levels in the prediction of first cardiovascular events. N. Engl. J. Med. 347, 1557–1565. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​5​6​/​N​E​J​M​o​
a​0​2​1​9​9​3​​​​ (2002).

	 6.	 Kaptoge, S. et al. Inflammatory cytokines and risk of coronary heart disease: New prospective study and updated meta-analysis. 
Eur. Heart J. 35, 578–589. https://doi.org/10.1093/eurheartj/eht367 (2014).

	 7.	 Libby, P., Ridker, P. M. & Maseri, A. Inflammation and atherosclerosis. Circulation 105, 1135–1143. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​6​1​/​h​c​0​9​0​
2​.​1​0​4​3​5​3​​​​ (2002).

	 8.	 Chou, H. H. et al. Synergistic effects of weighted genetic risk scores and resistin and sST2 levels on the prognostication of long-
term outcomes in patients with coronary artery disease. Int. J. Mol. Sci. 23. https://doi.org/10.3390/ijms23084292 (2022).

	 9.	 Boot, R. G. et al. Strong induction of members of the chitinase family of proteins in atherosclerosis: Chitotriosidase and human 
cartilage gp-39 expressed in lesion macrophages. Arterioscler Thromb. Vasc. Biol. 19, 687–694. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​6​1​/​0​1​.​a​t​v​.​1​9​.​3​.​
6​8​7​​​​ (1999).

	10.	 Shackelton, L. M., Mann, D. M. & Millis, A. J. Identification of a 38-kDa heparin-binding glycoprotein (gp38k) in differentiating 
vascular smooth muscle cells as a member of a group of proteins associated with tissue remodeling. J. Biol. Chem. 270, 13076–
13083. https://doi.org/10.1074/jbc.270.22.13076 (1995).

	11.	 Volck, B. et al. YKL-40, a mammalian member of the chitinase family, is a matrix protein of specific granules in human neutrophils. 
Proc. Assoc. Am. Physicians 110, 351–360 (1998).

	12.	 Johansen, J. S. et al. Elevated plasma YKL-40 predicts increased risk of gastrointestinal cancer and decreased survival after any 
cancer diagnosis in the general population. J. Clin. Oncol. 27, 572–578. https://doi.org/10.1200/JCO.2008.18.8367 (2009).

	13.	 Rathcke, C. N. & Vestergaard, H. YKL-40, a new inflammatory marker with relation to insulin resistance and with a role in 
endothelial dysfunction and atherosclerosis. Inflamm. Res. 55, 221–227. https://doi.org/10.1007/s00011-006-0076-y (2006).

	14.	 Rathcke, C. N., Johansen, J. S. & Vestergaard, H. YKL-40, a biomarker of inflammation, is elevated in patients with type 2 diabetes 
and is related to insulin resistance. Inflamm. Res. 55, 53–59. https://doi.org/10.1007/s00011-005-0010-8 (2006).

	15.	 Nielsen, A. R. et al. Plasma YKL-40: A BMI-independent marker of type 2 diabetes. Diabetes 57, 3078–3082. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​2​3​
3​7​/​d​b​0​8​-​0​1​8​2​​​​ (2008).

	16.	 Chupp, G. L. et al. A chitinase-like protein in the lung and circulation of patients with severe asthma. N. Engl. J. Med. 357, 2016–
2027. https://doi.org/10.1056/NEJMoa073600 (2007).

	17.	 Johansen, J. S. et al. Serum YKL-40 concentrations in patients with rheumatoid arthritis: Relation to disease activity. Rheumatology 
(Oxford) 38, 618–626. https://doi.org/10.1093/rheumatology/38.7.618 (1999).

	18.	 Nishikawa, K. C. & Millis, A. J. gp38k (CHI3L1) is a novel adhesion and migration factor for vascular cells. Exp. Cell Res. 287, 
79–87. https://doi.org/10.1016/s0014-4827(03)00069-7 (2003).

	19.	 Malinda, K. M., Ponce, L., Kleinman, H. K., Shackelton, L. M. & Millis, A. J. Gp38k, a protein synthesized by vascular smooth 
muscle cells, stimulates directional migration of human umbilical vein endothelial cells. Exp. Cell Res. 250, 168–173. ​h​t​t​p​s​:​/​/​d​o​i​.​o​
r​g​/​1​0​.​1​0​0​6​/​e​x​c​r​.​1​9​9​9​.​4​5​1​1​​​​ (1999).

	20.	 Kucur, M., Isman, F. K., Karadag, B., Vural, V. A. & Tavsanoglu, S. Serum YKL-40 levels in patients with coronary artery disease. 
Coron Artery Dis. 18, 391–396. https://doi.org/10.1097/MCA.0b013e328241d991 (2007).

	21.	 Zheng, J. L. et al. Genetic polymorphisms in chitinase 3-like 1 (CHI3L1) are associated with circulating YKL-40 levels, but not 
with angiographic coronary artery disease in a Chinese population. Cytokine 54, 51–55. https://doi.org/10.1016/j.cyto.2010.12.018 
(2011).

	22.	 Xie, F., Qian, Q., Chen, Z., Ma, G. & Feng, Y. Chitinase 3-like 1 gene-329G/A polymorphism, plasma concentration and risk of 
coronary heart disease in a Chinese population. Gene 499, 135–138. https://doi.org/10.1016/j.gene.2012.03.036 (2012).

	23.	 Akboga, M. K., Yalcin, R., Sahinarslan, A., Yilmaz Demirtas, C. & Abaci, A. Effect of serum YKL-40 on coronary collateral 
development and SYNTAX score in stable coronary artery disease. Int. J. Cardiol. 224, 323–327. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​0​1​6​/​j​.​i​j​c​a​r​d​.​2​0​
1​6​.​0​9​.​0​4​2​​​​ (2016).

	24.	 Sciborski, K. et al. Plasma YKL-40 levels correlate with the severity of coronary atherosclerosis assessed with the SYNTAX score. 
Pol. Arch. Intern. Med. 128, 644–648. https://doi.org/10.20452/pamw.4345 (2018).

	25.	 Ridker, P. M., Chasman, D. I., Rose, L., Loscalzo, J. & Elias, J. A. Plasma levels of the proinflammatory chitin-binding glycoprotein 
YKL-40, variation in the chitinase 3-like 1 gene (CHI3L1), and incident cardiovascular events. J. Am. Heart Assoc. 3, e000897. 
https://doi.org/10.1161/JAHA.114.000897 (2014).

	26.	 Schroder, J. et al. Prognosis and reclassification by YKL-40 in stable coronary artery disease. J. Am. Heart Assoc. 9, e014634. ​h​t​t​p​s​:​
/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​6​1​/​J​A​H​A​.​1​1​9​.​0​1​4​6​3​4​​​​ (2020).

	27.	 Kjaergaard, A. D., Johansen, J. S., Nordestgaard, B. G. & Bojesen, S. E. Genetic variants in CHI3L1 influencing YKL-40 levels: 
Resequencing 900 individuals and genotyping 9000 individuals from the general population. J. Med. Genet. 50, 831–837. ​h​t​t​p​s​:​/​/​d​
o​i​.​o​r​g​/​1​0​.​1​1​3​6​/​j​m​e​d​g​e​n​e​t​-​2​0​1​3​-​1​0​1​9​0​8​​​​ (2013).

	28.	 Ober, C. et al. Effect of variation in CHI3L1 on serum YKL-40 level, risk of asthma, and lung function. N. Engl. J. Med. 358, 
1682–1691. https://doi.org/10.1056/NEJMoa0708801 (2008).

	29.	 Rathcke, C. N., Thomsen, S. B., Linneberg, A. & Vestergaard, H. Variations of CHI3L1, levels of the encoded glycoprotein YKL-40 
and prediction of fatal and non-fatal ischemic stroke. PLoS One 7, e43498. https://doi.org/10.1371/journal.pone.0043498 (2012).

	30.	 Wu, S. et al. Circulating YKL-40 level, but not CHI3L1 gene variants, is associated with atherosclerosis-related quantitative traits 
and the risk of peripheral artery disease. Int. J. Mol. Sci. 15, 22421–22437. https://doi.org/10.3390/ijms151222421 (2014).

	31.	 Gomez, J. L. et al. Genetic variation in chitinase 3-like 1 (CHI3L1) contributes to asthma severity and airway expression of YKL-40. 
J. Allergy Clin. Immunol. 136, 51–58-e10. https://doi.org/10.1016/j.jaci.2014.11.027 (2015).

	32.	 Berres, M. L. et al. A functional variation in CHI3L1 is associated with severity of liver fibrosis and YKL-40 serum levels in chronic 
hepatitis C infection. J. Hepatol. 50, 370–376. https://doi.org/10.1016/j.jhep.2008.09.016 (2009).

	33.	 Su, C. W. et al. Functional variant of CHI3L1 gene is associated with neck metastasis in oral cancer. Clin. Oral Investig. 23, 2685–
2694. https://doi.org/10.1007/s00784-018-2683-8 (2019).

	34.	 Jadhav, K. S. & Bauer, R. C. Trouble with tribbles-1. Arterioscler Thromb. Vasc. Biol. 39, 998–1005. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​0​.​1​1​6​1​/​A​T​V​B​A​
H​A​.​1​1​8​.​3​1​1​5​7​3​​​​ (2019).

	35.	 Teslovich, T. M. et al. Biological, clinical and population relevance of 95 loci for blood lipids. Nature 466, 707–713. ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​
/​1​0​.​1​0​3​8​/​n​a​t​u​r​e​0​9​2​7​0​​​​ (2010).

	36.	 Wei, B., Liu, Y., Li, H., Peng, Y. & Luo, Z. Effect of TRIB1 variant on lipid profile and coronary artery disease: A systematic review 
and meta-analysis. Cardiovasc. Ther. 2023, 4444708. https://doi.org/10.1155/2023/4444708 (2023).

	37.	 Folkersen, L. et al. Mapping of 79 loci for 83 plasma protein biomarkers in cardiovascular disease. PLoS Genet. 13, e1006706. 
https://doi.org/10.1371/journal.pgen.1006706 (2017).

	38.	 Fan, C. T., Lin, J. C. & Lee, C. H. Taiwan Biobank: a project aiming to aid Taiwan’s transition into a biomedical island. 
Pharmacogenomics 9, 235–246. https://doi.org/10.2217/14622416.9.2.235 (2008).

	39.	 Wu, S. et al. Association between NF-kappaB pathway gene variants and sICAM1 levels in Taiwanese. PLoS One 12, e0169516. 
https://doi.org/10.1371/journal.pone.0169516 (2017).

	40.	 Zheng, J. L. et al. Increased serum YKL-40 and C-reactive protein levels are associated with angiographic lesion progression in 
patients with coronary artery disease. Atherosclerosis 210, 590–595. https:​​​//d​oi.​or​g/10​.​1016/j.atherosc​lero​si​​s.2009.12.016 (2010).

Scientific Reports |        (2024) 14:29416 10| https://doi.org/10.1038/s41598-024-81190-8

www.nature.com/scientificreports/

https://doi.org/10.1056/NEJMoa021993
https://doi.org/10.1056/NEJMoa021993
https://doi.org/10.1093/eurheartj/eht367
https://doi.org/10.1161/hc0902.104353
https://doi.org/10.1161/hc0902.104353
https://doi.org/10.3390/ijms23084292
https://doi.org/10.1161/01.atv.19.3.687
https://doi.org/10.1161/01.atv.19.3.687
https://doi.org/10.1074/jbc.270.22.13076
https://doi.org/10.1200/JCO.2008.18.8367
https://doi.org/10.1007/s00011-006-0076-y
https://doi.org/10.1007/s00011-005-0010-8
https://doi.org/10.2337/db08-0182
https://doi.org/10.2337/db08-0182
https://doi.org/10.1056/NEJMoa073600
https://doi.org/10.1093/rheumatology/38.7.618
https://doi.org/10.1016/s0014-4827(03)00069-7
https://doi.org/10.1006/excr.1999.4511
https://doi.org/10.1006/excr.1999.4511
https://doi.org/10.1097/MCA.0b013e328241d991
https://doi.org/10.1016/j.cyto.2010.12.018
https://doi.org/10.1016/j.gene.2012.03.036
https://doi.org/10.1016/j.ijcard.2016.09.042
https://doi.org/10.1016/j.ijcard.2016.09.042
https://doi.org/10.20452/pamw.4345
https://doi.org/10.1161/JAHA.114.000897
https://doi.org/10.1161/JAHA.119.014634
https://doi.org/10.1161/JAHA.119.014634
https://doi.org/10.1136/jmedgenet-2013-101908
https://doi.org/10.1136/jmedgenet-2013-101908
https://doi.org/10.1056/NEJMoa0708801
https://doi.org/10.1371/journal.pone.0043498
https://doi.org/10.3390/ijms151222421
https://doi.org/10.1016/j.jaci.2014.11.027
https://doi.org/10.1016/j.jhep.2008.09.016
https://doi.org/10.1007/s00784-018-2683-8
https://doi.org/10.1161/ATVBAHA.118.311573
https://doi.org/10.1161/ATVBAHA.118.311573
https://doi.org/10.1038/nature09270
https://doi.org/10.1038/nature09270
https://doi.org/10.1155/2023/4444708
https://doi.org/10.1371/journal.pgen.1006706
https://doi.org/10.2217/14622416.9.2.235
https://doi.org/10.1371/journal.pone.0169516
https://doi.org/10.1016/j.atherosclerosis.2009.12.016
http://www.nature.com/scientificreports


Acknowledgements
We greatly appreciate technical support from the Core Laboratory of the Taipei Tzu Chi Hospital, Buddhist Tzu 
Chi Medical Foundation.

Author contributions
HHC and YLK conceived and designed the study. JMJ, FTC and YLK were responsible for data extraction. MST 
and SW carried out the experiments. HHC, IST and YLK participated in data analysis. HHC and YLK wrote 
the manuscript and obtained funding. All authors have read and approved the final version of the manuscript.

Funding
This study was supported by grants from Buddhist Tzu Chi Medical Foundation (TCMF-EP 111-02) and Taipei 
Tzu Chi Hospital, Buddhist Tzu Chi Medical Foundation (TCRD-TPE-112-02) to Y.-L.K., and Taipei Tzu Chi 
Hospital, Buddhist Tzu Chi Medical Foundation (TCRD-TPE-109-RT-1) to H.-H.C.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at ​h​t​t​p​s​:​/​/​d​o​i​.​o​r​g​/​1​
0​.​1​0​3​8​/​s​4​1​5​9​8​-​0​2​4​-​8​1​1​9​0​-​8​​​​​.​​

Correspondence and requests for materials should be addressed to Y.-L.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit ​h​t​t​p​:​/​/​c​r​e​a​t​i​v​e​c​o​m​m​o​
n​s​.​o​r​g​/​l​i​c​e​n​s​e​s​/​b​y​-​n​c​-​n​d​/​4​.​0​/​​​​​.​​

© The Author(s) 2024 

Scientific Reports |        (2024) 14:29416 11| https://doi.org/10.1038/s41598-024-81190-8

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-024-81190-8
https://doi.org/10.1038/s41598-024-81190-8
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿Circulating YKL-40 levels but not ﻿CHI3L1﻿ or ﻿TRIB1﻿ gene variants predict long-term outcomes in patients with angiographically confirmed multivessel coronary artery disease
	﻿Methods
	﻿Study participants and design
	﻿Laboratory examination
	﻿Genomic DNA extraction, genotyping, and GWAS analysis
	﻿Statistical analysis
	﻿Ethics approval and consent to participates

	﻿Results
	﻿GWAS and replication genotyping results for YKL-40
	﻿Baseline characteristics of patients with CAD stratified by tertiles of YKL-40
	﻿Predictions of YKL-40 levels and combined CHI3L1 and TRIB1 WGRSs on long-term outcomes in patients with CAD
	﻿Predictions of the effects of YKL-40 levels on long-term outcomes in patients with single-vessel or multivessel CAD

	﻿Discussion
	﻿Genetic determinants of YKL-40 levels in the Chinese population
	﻿Associations of CHI3L1 and TRIB1 genetic variants with CAD outcomes
	﻿Association of YKL-40 levels with CAD outcomes

	﻿Limitations
	﻿Conclusion
	﻿References


