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ABSTRACT

BACKGROUND  Triglyceride (TG) and its related metabolic indices, all recognized as surrogates of insulin resistance, have
been demonstrated to be relevant to clinical prognosis. However, the relative value of these TG-related indices for predicting car-
diovascular events among patients with acute coronary syndrome (ACS) has not been examined.

METHODS The TG, the triglyceride-glucose (TyG) index, the atherogenic index of plasma, TG to high-density lipoprotein cho-
lesterol ratio, and the lipoprotein combine index were assessed in 1694 ACS patients undergoing percutaneous coronary interv-
ention. The primary endpoint was major adverse cardiovascular event (MACE), which was the composite of all-cause mortality,
stroke, myocardial infarction, or unplanned repeat revascularization.

RESULTS During a median follow-up of 31 months, 345 patients (20.4%) had MACE. The risk of the MACE was increased with
higher TG and the four TG-derived metabolic indices [TG-adjusted hazard ratio (HR) = 1.002, 95% CI: 1.001-1.003; TyG index-ad-
justed HR = 1.736, 95% CI: 1.398-2.156; atherogenic index of plasma-adjusted HR = 2.513, 95% CI: 1.562-4.043; TG to high-density
lipoprotein cholesterol ratio-adjusted HR = 1.148, 95% CI: 1.048-1.258; and lipoprotein combine index-adjusted HR = 1.009, 95%
CI: 1.004-1.014; P < 0.001 for all indices]. TG and all the four indices significantly improved the predictive ability for MACE in ad-
dition to the baseline model. Among them, TyG index showed the best ability for predicting MACE compared with the other
three indices from all the three measurements (P < 0.05 for all comparison).

CONCLUSIONS TG and TG-derived metabolic indices were all strongly associated with MACE among ACS patients under-
going percutaneous coronary intervention. Among all the indices, TyG index showed the best ability to predict the risk of MACE.

ue to the gradual increased risk of recur-

rent events was correlated with each ad-

ditional feature of the metabolic syndr-
ome (MetS) in statin-treated coronary artery dise-
ase (CAD) patients, which implied that other card-
iovascular risk factors beyond low-density lipopr-
otein cholesterol (LDL-C) are also worthy of atten-
tion, such as non-LDL-C dyslipidemia, fasting pla-
sma glucose (FPG), hypertension, and abdominal ob-
esity." Post hoc analyses of prospective clinical tri-
als have revealed that elevated triglyceride (TG) and
reduced high-density lipoprotein cholesterol (HDL-C)
are closely associated with an increased risk of ac-
ute coronary syndrome (ACS) and stable CAD, even
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when the recommended LDL-C targets were met.*
Elevated TG level is involved in the development of
primary CAD and is strongly associated with long-
term mortality of established CAD."”) TG showed
the strongest association between all five MetS com-
ponents and cardiovascular risk,"” and is regarded
as a marker for insulin resistance (IR).""" Addition-
ally, acute myocardial infarction (MI) accompanied
with marked lipoprotein changes, including decre-
ased total cholesterol (TC), LDL-C and HDL-C, and
increased TG." Previous studies showed that high-
sensitivity C-reactive protein (hs-CRP) is negatively
correlated with TC, LDL-C, and HDL-C, other than
TG, in ST-segment elevation MI patients.!"” As a
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result, the unique role of TG in the lipoprotein pro-
file should be attached great attention.

In combination with non-LDL-C and glucose met-
abolism factors, TG-derived indices may further im-
prove the prognosis value of isolated TG for major
adverse cardiovascular event (MACE) in cardiovas-
cular disease (CVD) patients, especially in patients
with coexisting MetS or IR. Triglyceride-glucose
(TyG) index, a combination of TG and FPG concen-
trations, is a reliable predictive marker of coronary at-
herosclerosis progression and calcification and has
been shown to be strongly associated with MACE
risk."*"'* Elevated TG/HDL-C ratio and atheroge-
nic index of plasma (AIP), a logarithmically transfo-
rmed ratio of TG/HDL-C, a log-transformed TG/
HDL-C, have been studied as alternative biomarkers
to identify individuals with an adverse cardiometa-
bolic risk profile."”"”! The lipoprotein combine in-
dex (LCI) has also been studied as a risk predictor for
cardiovascular risk in patients with ACS.™!

The study aimed to further confirm the crucial role
of TG and TG-derived metabolic indices in the eval-
uation and management of CVD risk by assessing
the predictive value for MACE in patients with ACS
after percutaneous coronary intervention (PCI).

METHODS

Study Design and Follow-up

This study is a retrospective analysis from a single-
center prospective observational study (Clinical Tr-
ial Number: ChiCTR1800017417) including 1770
patients with ACS who underwent primary PCI or
elective PCI at Beijing Anzhen Hospital, Capital Me-
dical University, Beijing, China between June 2016
and November 2017. Finally, 1694 patients were en-
rolled in the present study after exclusion of pati-
ents with prior coronary artery bypass grafting, car-
diogenic shock, left ventricular ejection fraction <
30%, renal dysfunction with creatinine clearance <
15 mL/min or chronic dialysis, extreme body mass in-
dex (BMI > 45 kg/m®), suspected familial hypertri-
glyceridemia [plasma TG = 500 mg/dL (5.65 mmol/L)
or more than one first-degree relative with TG = 500
mg/dL]. Four patients were also excluded because
of missing follow-up data when more than four se-
parate attempts to contact them. All patients were
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followed up at the first month and every six months
after discharge. This study was approved by the In-
stitutional Review Committee of Beijing Anzhen Ho-
spital, Capital Medical University, Beijing, China
(No.2016034x) and complied with the Helsinki De-
claration of Human Rights.

Data Collection

Patients” demographic and clinical characteristics
were collected at admission and venous blood sam-
ples were collected after overnight fasting prior to
angiography. The TC, TG, and FPG levels were de-
termined according to enzymatic methods. The LDL-C
and HDL-C levels were measured by homogeneous
assays. The severity of coronary artery lesions was qu-
antified by the Synergy between PCI with TAXUS
and Cardiac Surgery (SYNTAX) score. Global Reg-
istry of Acute Coronary Events (GRACE) risk score
was assessed on admission for predicting six months
death or Ml risk.

Disease Definitions

The primary endpoint of the present study was a
composite of MACE, including all-cause mortality,
non-fatal MI, non-fatal ischemic stroke, or unplan-
ned repeat revascularization. The diagnostic crite-
ria of MI, ischemic stroke, and baseline medical his-
tory were defined according to the American Heart
Association guideline or the European Society of
Cardiology guideline and were described in detail
elsewhere.” Unplanned revascularization refers to
any non-staged revascularization within 90 days after
index PCIL. When more than one event occurred during
follow-up, the most severe endpoint event was se-
lected for primary endpoint analysis (death > stroke >
MI > revascularization).

Calculation of TG-derived Metabolic Indices

The TyG index was calculated as Ln [fasting TG
(mg/dL) x FPG (mg/dL)/2].”? TG/HDL-C ratio
was calculated as TG level (mmol/L) divided by
HDL-C (mmol/L) level.”” AIP was a logarithmic-
ally transformed ratio of TG/HDL-C, with TG and
HDL-C expressed in molar concentrations.”** LCI
was calculated using the formula: TC x TG x LDL-C/
HDL-C.” All patients were divided into three gr-
oups according to the tertiles distribution of TG and
TG-derived metabolic indices.
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Statistical Analysis

The normality of continuous variables was as-
sessed by quantile-quantile plots. Continuous vari-
ables in normal distributions were presented as
mean #+ SD by the independent Student’s t-test, and
variables in non-normal distributions performed as
median (interquartile range) by the Mann-Whitney
U test. Categorical variables were expressed as co-
unts (percentages). The comparison between groups
were examined by the Pearson’s chi-squared test or
Fisher’s exact probability test (categorical variables),
and ANOVA or the Kruskal-Wallis H test (continu-
ous variables). The Kaplan-Meier method is used to
plot the time-survival curve. The unadjusted and
adjusted Cox proportional hazards model was used
to assess the association between the TG-derived
metabolic indices (considered as a continuous vari-
able and categorical variable) and MACE. Multiple
confounders including clinically relevant risk fac-
tors and statistically significant variables in univari-
ate analysis were adjusted. The results of survival ana-
lyses were presented as hazard ratio (HR) and 95%
confidence interval (CI). The two-sided significance

level was set at P-value < 0.05. All statistical ana-
lyses were performed with R statistical software 4.1.0
(R Foundation for Statistical Computing, Vienna,
Austria) and IBM SPSS 26.0 (SPSS Inc., IBM, Chicago,
IL, USA).

RESULTS

Baseline Characteristics

Among the 1694 patients enrolled, the average
age was 60.0 £ 10.4 years, 76.5% of patients were male,
43.7% of patients were current smokers, 63.8% of pat-
ients had hypertension, 79.6% of patients had a his-
tory of dyslipidemia, and 45.8% of patients had dia-
betes mellitus. Table 1 summarizes baseline char-
acteristics by MACE. Patients who suffered MACE
had higher levels of TG, TyG index, AIP, TG/HDL-C
ratio, and LCI. Patients with adverse events were more
likely to have the medical history of diabetes melli-
tus, chronic kidney disease, and MI, and elevated co-
ncentration of TC, LDL-C, FPG, glycosylated hemo-
globin, and hs-CRP. Higher SYNTAX score and more

Table1 Baseline characteristics of study subjects by MACE.

Variable MACE (n = 345) Non-MACE (n =1349) P-value
Triglyceride-glucose index 9.02+0.56 8.82 £0.56 <0.001
Atherogenic index of plasma 0.21 £0.25 0.14 £0.27 <0.001
Triglyceride/High-density lipoprotein cholesterol 1.63 (1.08-2.38)" 1.38 (0.91-2.11) <0.001
Lipoprotein combine index 18.03 (9.21-28.92)° 12.69 (6.67-22.94)" <0.001
Demographics
Male 265 (76.8%) 1031 (76.4%) 0.937
Height, m 1.67 £0.07 1.68 +0.07 0.161
Weight, kg 70.00 (63.00-80.00)" 72.00 (65.00-80.00)" 0.061
Body mass index, kg/m’ 24.77 (23.26-27.72) 25.25 (23.67-27.55) 0.086
Risk factors
Current smokers 158 (45.8%) 583 (43.2%) 0.423
Hypertension 223 (64.6%) 858 (63.6%) 0.769
Dyslipidemia 287 (83.2%) 1061 (78.7%) 0.073
Diabetes mellitus 188 (54.5%) 588 (43.6%) <0.001
Past myocardial infarction 89 (25.8%) 233 (17.3%) <0.001
Past percutaneous coronary intervention 93 (27.0%) 238 (17.6%) <0.001
Chronic kidney disease 22 (6.4%) 31 (2.3%) <0.001
Type of acute coronary syndrome 0.476
Unstable angina 249 (72.2%) 1005 (74.5%)
Non-ST-segment elevation myocardial infarction 52 (15.1%) 170 (12.6%)
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Continued
Variable MACE (n=345) Non-MACE (n=1349) P-value
ST-segment elevation myocardial infarction 44 (12.8%) 174 (12.9%)
GRACE variables
Age, yrs 60.7 £10.8 59.8+£10.3 0.168
Heart rates, beats/ min 70 (63-80)° 72 (65-80)" 0.061
Systolic blood pressure, mmHg 132 +17 130+ 16 0.026
Creatinine, pmol/L 72.00 (63.50-82.50)  69.60 (61.80-78.80)"  0.004
Heart failure 107 (32.5%) 359 (27.8%) 0.107
ST-segment deviation 72 (20.9%) 231 (17.1%) 0.123
Elevated cardiac enzymes/Markers 96 (27.8%) 344 (25.5%) 0.418
Cardiac arrest 2 (0.6%) 0 0.055
GRACE risk score 96.0 (77.0-141.0)° 92.0 (77.0-123.0) 0.108
GRACE risk 0.007
Low 205 (59.4%) 881 (65.3%)
Intermediate 53 (15.4%) 229 (17.0%)
High 87 (25.2%) 239 (17.7%)
Laboratory measurements
Triglyceride, mg/dL 137.33 (97.46-191.38)" 124.04 (86.83-176.31)" < 0.001
Triglyceride, mmol/L 1.55 (1.10-2.16)" 1.40 (0.98-1.99)" <0.001
Total cholesterol, mmol/L 413 (3.52-4.88)’ 3.93 (3.38-4.68)" 0.002
Low-density lipoprotein cholesterol, mmol/L 2.46 (1.98-3.09)° 2.31 (1.81-2.87) <0.001
High-density lipoprotein cholesterol, mmol/L 0.96 (0.85-1.10)" 1.02 (0.89-1.20)’ <0.001
Fasting plasma glucose, mmol/L 111.90 (97.31-142.90)° 103.07 (93.88-121.64)" < 0.001
Glycosylated hemoglobin, % 6.40 (5.70-7.40) 6.00 (5.50-7.00)" <0.001
High-sensitivity C-reactive protein, mg/L 2.24 (0.96-5.38)" 1.23 (0.57-3.15)’ <0.001
Angiographic findings
Left main coronary artery/Multi-vessel disease 314 (91.0%) 1124 (83.3%) 0.001
Proximal left anterior descending artery stenosis 189 (54.8%) 659 (48.9%) 0.057
SYNTAX score 25.0 (17.0-33.0)° 19.0 (12.0-26.5)" <0.001
Procedural results
Drug-eluting stents 269 (78.0%) 1118 (82.9%) 0.042
Bioresorbable scaffolds 23 (6.7%) 75 (5.6%) 0.511
Drug-coated balloons 33 (33.7%) 76 (24.8%) 0.109
Complete revascularization 151 (43.8%) 891 (66.0%) <0.001
Medications
Aspirin 335 (97.1%) 1343 (99.6%) <0.001
P,Y, inhibitors 345 (100.0%) 1349 (100.0%) =
Statins 345 (100.0%) 1349 (100.0%) —
Angiotensin-converting enzyme inhibitors/ Angiotensin II receptor blockers 175 (50.7%) 636 (47.1%) 0.260
Beta-blockers 226 (65.5%) 966 (71.6%) 0.032

Data are presented as means + SD or n (%R. "Presented as median (interquartile range). GRACE: Global Registry of Acute Coronary
Events; MACE: major adverse cardiovascular event; SYNTAX: Synergy between percutaneous coronary intervention with TAXUS and
Cardiac Surgery.
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complex coronary lesions appeared in subjects suff-
ered MACE. At the same time, we also summarize
the data on baseline characteristics grouped by TG
and TG-derived metabolic indices tertiles (supple-
mental material, Tables 15-55). Patients with highest
tertiles by any of the four TG-derived metabolic in-
dices had higher levels of hs-CRP. They also were
more likely to have history of smoking, dyslipide-
mia, and diabetes mellitus.

TG-derived Metabolic Indices and Cardiovascu-
lar Events

Over a median follow-up time of 927 days (inter-
quartile range: 927-1109 days), 345 of 1694 patients
suffered MACEs, representing 42 deaths (2.5%), 25
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non-fatal strokes (1.5%), 48 non-fatal MI cases (2.8%)
and 281 unplanned revascularizations (16.6%). Fifty-
one of them suffered more than one MACE event.
Kaplan-Meier analyses demonstrated that patients
in the highest tertile of TG and any of the four TG-
derived indices were significantly more likely to
have MACE than those in lowest and median ter-
tiles (log-rank P<0.001, Figure 1 and supplemental
material, Figure 1S). In univariate Cox regression
analyses, elevated TG-derived metabolic indices
were associated with a higher incidence of MACE
regardless of the indices used, independent of whe-
ther the indices were used as a continuous or catego-
rial variables (Table 2). The adjusted impact of TG
and four TG-derived indices on MACE was also sho-
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Figure1l Survival curves of MACEs based on tertiles of TyG index (A), AIP (B), TG/HDL-C (C), and LCI (D). Kaplan-Meier curves
were constructed to assess the survival free of MACEs by tertiles of TyG index, AIP, TG/HDL-C, and LCI. T1 represents for lowest
concentration group, T2 represents for medium concentration group and T3 represents for highest concentration group. AIP: athero-
genic index of plasma; HDL-C: high-density lipoprotein cholesterol; LCI: lipoprotein combine index; MACE: major adverse cardiovas-

cular event; TG: triglyceride; TyG: triglyceride-glucose.
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Table 2 Cox proportional hazards analyses of four TG-derived metabolic indices to predict major adverse cardiovascular event.

Univariable analysis

Multivariable analysis

HR (95% CI) P-value HR (95% CI) P-value
Continuous
TG 1.002 (1.001-1.003) 0.004 1.002 (1.001-1.003) 0.005
TyG index 1.782 (1.480-2.146) <0.001 1.736 (1.398-2.156) <0.001
AIP 2.298 (1.544-3.420) <0.001 2.513 (1.562-4.043) <0.001
TG/HDL-C 1.144 (1.055-1.241) 0.001 1.148 (1.048-1.258) <0.001
LCI 1.010 (1.005-1.015) < 0.001 1.009 (1.004-1.014) <0.001
Categorical
TyG index
<8.60 Reference Reference Reference Reference
8.60-9.09 1.332 (1.002-1.771) 0.049 1.190 (0.881-1.609) 0.257
>9.09 1.990 (1.523-2.601) <0.001 1.830 (1.341-2.497) <0.001
AIP
<0.05 Reference Reference Reference Reference
0.05-0.28 1.169 (0.887-1.541) 0.268 1.054 (0.782-1.421) 0.730
>0.28 1.590 (1.226-2.063) <0.001 1.533 (1.135-2.071) 0.005
TG/HDL-C
<111 Reference Reference Reference Reference
1.11-1.89 1.155 (0.876-1.523) 0.306 1.035 (0.767-1.396) 0.822
>1.89 1.610 (1.241-2.089) <0.001 1.570 (1.163-2.121) 0.003
LCI
<9.04 Reference Reference Reference Reference
9.04-19.94 1.242 (0.933-1.653) 0.138 1.306 (0.968-1.762) 0.080
>19.94 1.968 (1.511-2.564) <0.001 2.008 (1.487-2.711) <0.001

"Referred to multivariable cox refgression model including sex, body mass index, current smoking, hypertension, diabetes mellitus,

dyslipidemia, past myocardial in

arction, past percutaneous coronary intervention, chronic kidney disease, admission diagnosis with

different types of acute coronary syndrome, GRACE risk score, high-sensitivity C-reactive protein, SYNTAX score, complete revascu-

larization, and discharged with aspirin, an%llotensin converting enzyme inhibitors/angiotensin II receptor blockers and beta-blockers.

AIP: atherogenic index of plasma; HDL-C:
triglyceride; TyG: triglyceride-glucose.

wed in Table 2. After adjusting for clinically relevant
risk factors and statistically significant variables, TG-
derived metabolic indices have significant correla-
tion with MACE when TG-derived metabolic indi-
ces as a continuous variable (TG-adjusted HR =1.002,
95% CI: 1.001-1.003; TyG index-adjusted HR = 1.736,
95% ClI: 1.398-2.156; AlP-adjusted HR = 2.513, 95% ClI:
1.562-4.043; TG/HDL-C-adjusted HR =1.148, 95% CI:
1.048-1.258; and LCl-adjusted HR = 1.009, 95% CI:
1.004-1.014; P < 0.001 for all indices). The MACE risk
rose with increasing TG and four TG-derived me-
tabolic indices as shown in restricted cubic splines
(Figure 2 and supplemental material, Figure 2S).
The incidence of MACE in patients with the highest

/ http:/ /www .jgc301.com; jgc@jgc301.com

igh-density lipoprotein cholesterol; HR: hazard ratio; LCI: lipoprotein combine index; TG:

tertile of four TG-derived metabolic indices was sig-
nificantly higher than that in those with the lowest
and median tertiles (P < 0.05 for all comparative,
Figure 3). In Cox regression analyses, the highest te-
rtiles of any of the four TG-related indicators inde-
pendently correlated with the risk of MACE (TG-ad-
justed HR = 1.494, 95% CI: 1.120-1.994; TyG index-
adjusted HR = 1.830, 95% CI: 1.341-2.497; AIP-ad-
justed HR = 1.533, 95% CI: 1.135-2.071; TG/HDL-C-
adjusted HR =1.570, 95% CI: 1.163-2.121; and LCI-
adjusted HR = 2.008, 95% CI: 1.487-2.711; P < 0.05
for all indices), while the lowest and median terti-
les had no impact on MACE (P> 0.05 for all indices)
(Table 2).
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Figure2 Restricted cubic splines for the risk of major adverse cardiovascular event according to TyG index (A), AIP (B), TG/HDL-C
(C), and LCI (D). AIP: atherogenic index of plasma; HDL-C: high-density lipoprotein cholesterol; HR: hazard ratio; LCI: lipoprotein

combine index; TG: triglyceride; TyG: triglyceride-glucose.
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Figure 3 Incidence of MACE according to the tertiles of TG-
derived metabolic indices in the total population. T1 represents
for lowest concentration group, T2 represents for medium concen-
tration group and T3 represents for highest concentration group.
AIP: atherogenic index of plasma; HDL-C: high-density lipopro-
tein cholesterol; LCI: lipoprotein combine index; MACE: major
adverse cardiovascular event; TG: triglyceride; TyG: triglyceride-

P<0.05
P<0.05
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glucose.

Predictive Role of TG-derived Metabolic Indices
in MACEs

Four TG-derived metabolic indices showed signi-
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ficantly predictive value for MACE (P < 0.001 for all
C-statistics, Table 3). After the addition of the base-
line model including various confounders, the dis-
crimination ability of four TG-derived metabolic in-
dices for MACE remained significant (Table 4). Fur-
thermore, whether with or without adjustment for
baseline model, each of the four indices appeared to
provide a significant incremental prognostic value
on TG (Tables 3 & 4). For MACE risk prediction com-
parison, the TyG index outperformed the AIP, TG/
HDL-C ratio, LCI at predicting MACE, as was seen
by the comparative discrimination index values (P <
0.05 for all comparative, Table 4), independent of the
potential influence by clinically relevant risk factors
and statistically significant variables.

Subgroup Analysis

All TG-derived metabolic indices showed similar
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Table 3 Discrimination ability of the four TG-derived metabolic indices for major adverse cardiovascular events.

Continuous net-reclassification Integrated discrimination

C-statistic

Discrimination ability index improvement
95% CI P-value 95% CI P-value 95% CI P-value
Univariable analysis
TyG index 0.593 (0.562-0.624) < 0.001 = - - -
AIP 0.563 (0.533-0.593) < 0.001 - - - -
TG/HDL-C 0.563 (0.533-0.593) < 0.001 = - - -
LCI 0.576 (0.546-0.606) < 0.001 - - - -
TG 0.556 (0.526-0.587)  0.006 = = = =
Multivariate analysis
(Add to baseline model)
TyG index 0.700 (0.672-0.727) ~ 0.007  0.142 (0.052-0.206) <0.001 0.014 (0.005-0.028) <0.001
AIP 0.694 (0.667-0.721) ~ 0.024  0.085 (0.017-0.156) 0.020 0.008 (0.002-0.018) 0.010
TG/HDL-C 0.691 (0.664-0.719)  0.016  0.082 (0.019-0.145) 0.020 0.003 (0.001-0.010) 0.040
LCI 0.691 (0.664-0.718) ~ 0.027  0.091 (0.001-0.170) 0.040 0.005 (0.000-0.015) 0.030
TG 0.642 (0.613-0.670) <0.001  0.081 (0.006-0.156) 0.030 0.003 (0.001-0.012) 0.020

"Referred to multivariate analysis was designed to assess the incremental value for predicting major adverse cardiovascular events with
the addition of TG and TG-derived indices. Baseline model including sex, body mass index, current smoking, hypertension, diabetes

mellitus, dyslipidemia, past myocardial infarction, past percutaneous coronarﬁ intervention, chronic kidney disease, admission

diagnosis with different types of acute coronary syndrome, GRACE risk score,
comglete revascularization, and discharged with aspirin, angiotensin converting enzyme inhibitors/angiotensin II receptor blockers
eta-blockers. AIP: atherogenic index of plasma; HDL-C: high-density lipoprotein cholesterol; LCI: lipoprotein combine index; TG:

and
triglyceride; TyG: triglyceride-glucose.

MACE risks across demographic characteristics or
comorbidities groups: age = 65 years or < 65 years,
BMI 2 25 kg/m” or < 25 kg/m? hypertension or not,
diabetes mellitus or not, hs-CRP =2 mg/L or <2mg/L
(all Piyteraction > 0.05) (Figure 4). Interestingly, TG,
TyG index, AIP, and TG/HDL-C consistently and
significantly predicted higher risk of MACE in the fe-
male cohort compared to the male cohort (P eraction <
0.05).

DISCUSSION

In ACS patients undergoing PCI, elevated TG and
TG-derived metabolic indices were significantly as-
sociated with poor prognosis. Even after adjust-
ment for multiple potential confounders, composite
TG-derived metabolic indices were the better pre-
dictors of MACE risk than a single lipid composition,
TG. Notably, the TyG index was found to be a bet-
ter predictor of MACE than other TG-derived meta-
bolic indices in these patients.

The extent to which TG directly contributes to CVD
or is a biomarker of risk has been debated for seve-
ral decades. After the introduction of statins in clin-
ical practice, the emphasis was first on the potential

B Dttp://www jgc301.com; jge@ige301.com

igh-sensitivity C-reactive protein, SYNTAX score,

to lower LDL-C and then to raise HDL-C, with less
emphasis on lowering TG levels. However, some
scholars pointed out that lower HDL-C levels were
not the cause of CVD.” ! Consequently, interest in
TG has increased and new epidemiological and
genetic evidence suggests that elevated levels of
TG or TG-rich lipoproteins are increasingly the ca-
use of CVD and all-cause mortality.”*** TG meta-
bolites, namely chylomicrons, very low-density lipo-
proteins, remnant-like particle cholesterol, apolipo-
protein C-1I, and apolipoprotein C-III, have been sh-
own to be involved in the metabolic process of ath-
erosclerosis.”””)

IR is postulated to be the principal feature of MetS
which acts as a precursor to the development of dia-
betes mellitus,®*! CAD,®! and CVD.**! Elevated
TG level is considered as a surrogate marker of
IR."**I McLaughlin, et al.'*”! suggested that TG,
TG/HDL-C, and insulin levels were the most use-
ful metabolic markers in identifying individuals
with IR. Excess visceral fat in patients with IR may
increase the flow of free fatty acids to the liver, thereby
increasing very low-density lipoproteins secretion
and leading to hypertriglyceridemia.”” TG-derived
metabolic indicators can also be used as surrogate
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Table 4 Comparative analysis of the discrimination of four TG-derived metabolic indices to predict major adverse cardiovascular
events.

Continuous net-reclassification Integrated discrimination

C-statistic

Comparisons index improvement
Difference P-value Difference P-value Difference P-value
Univariable analysis
TG-derived indices vs. TG
TyG index vs. TG 0.037  <0.001 0.133 <0.001 0.018 <0.001
AIP vs. TG 0.007 0.121 0.083 0.040 0.005 0.010
TG/HDL-C vs. TG 0.007 0.121 0.066 0.488 0.000 0.896
LCI vs. TG 0.020 0.019 0.055 0.050 0.005 0.030
TG-derived indices vs. TG-derived indices
TyG index vs. AIP 0.030  <0.001 0.119 <0.001 0.013 <0.001
TyG index vs. TG/HDL-C 0.030  <0.001 0.126 <0.001 0.018 <0.001
TyG index vs. LCI 0.017 0.057 0.102 <0.001 0.013 0.010
AIP vs. TG/HDL-C 0.000 1.000 0.074 0.040 0.005 <0.001
LCI vs. AIP 0.013 0.105 -0.016 0.517 0.000 0.975
LCI vs. TG/HDL-C 0.013 0.105 0.024 0.577 0.005 0.050
Multivariate analysis (Add to baseline model)’
TG-derived indices vs. TG
TyG index vs. TG 0.058  <0.001 0.124 <0.001 0.011 <0.001
AIP vs. TG 0.052  <0.001 0.109 0.010 0.005 0.020
TG/HDL-C vs. TG 0.049  <0.001 0.006 0.040 0.001 0.040
LCI vs. TG 0.049  <0.001 0.007 0.040 0.002 0.030
TG-derived indices vs. TG-derived indices
TyG index vs. AIP 0.005 0.028 0.101 0.040 0.006 0.030
TyG index vs. TG/HDL-C 0.009 0.019 0.124 <0.001 0.011 <0.001
TyG index vs. LCI 0.009 0.030 0.104 0.020 0.008 0.020
AIP vs. TG/HDL-C 0.003 0.127 0.098 0.040 0.005 0.010
LCI vs. AIP 0.003 0.203 0.026 0.448 0.002 0.458
LCI vs. TG/HDL-C 0.000 0.557 0.016 0.627 0.000 0.935

‘Referred to multivariate analysis was designed to compare the incremental value for predicting major adverse cardiovascular events
with the addition of TG and TG-derived indices. Baseline model including sex, body mass index, current smoking, hypertension,
diabetes mellitus, dyslipidemia, past myocardial infarction, past percutaneous coronary intervention, chronic kidney disease, adm-
ission diagnosis with different types of acute coronary syndI;ome, GRACE risk score, high-sensitivity C-reactive protein, SYNTAX
score, complete revascularization, and discharged with aspirin, angiotensin converting enzyme inhibitors/angiotensin II receptor
blockers and beta-blockers. AIP: atherogenic index of plasma; HDL—%; high-density lipoprotein cholesterol; LCI: lipoprotein combine
index; TG: triglyceride; TyG: triglyceride-glucose.

indices for IR to further improve the prognostic
value of isolated TG for MACE in ACS patients.!*!
High TG level and low HDL-C are characteristic
of dyslipidemia in the MetS and are significantly
associated with poor prognosis./**” Elevated TG/
HDL-C ratio has been shown to be associated with
adverse long-term cardiovascular outcomes and all-
cause mortality in high-risk populations who under-

went clinically indicated coronary angiography.**~>!
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AIP is a log-transformation of the TG/HDL-C ratio
and has been used by Tan, et al* to evaluate chan-
ges in atherogenic lipoprotein profiles induced by
IR reduction therapy and is superior to TG/HDL-C
in describing treatment effects. In the present study,
TG-derived metabolic indices were found to have
stronger predictive value than isolated TG. Previous
case-control and prospective studies also suppor-
ted that TG/HDL-C ratio associated with a higher
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Subgroup HR (95% CI)  Pinteraction HR (95% CI) Pineractionn HR (95% CI)  Pinteraction HR (95% CI) Pinteraction HR (95% CI)  Pineraction
All patients [e L002(L001-1003) | =—=— 1736 (1398-2156) | =— 2513 (1562-4043) e 1148 (LOI8-1258) | +omet 1.009 (1.004-1.014)
Age, yrs | 0.208 | 0323 | 0551, 0.051 | 0461
>65 | e 1.004 (1002-1.007) | s 1752 (1180-2601) | s 4546 (1960-10542) | —m—s 1396 (1.176-1.656) | +—s—s 1.019 (1.008-1.030)
<65 e 1002(1000-1.003) | e—m—  1862(1430-2424)  pmy 2271 (1256-4104) v 1,097 (0.982-1226) |+t 1,009 (1.002-1.015)
Sex " 0.009 | 0021 | 0.018 | <0001, 0.667
Male pe— 1001 (1000-1.003) | +—i—st 1,534 (1198-1962) 1.950 (1.141-3.331) 1.069 (0.962-1.188)  p—si—st 1.008 (1.001-1.014)
Female | 1004 (L001-1.007) | s——i—s2.231 (1304-3.572) | s 5485 (1.868-16.108) | r—ti—s 1503 (1.204-1.876) +—i— 1007 (0.997-1.018)
BMI, kgy/m? | 0.451 | 0.675 | 0579, 0492 | 0.548
a5 e 1002(1.000-1.004) | =—w——s 1700 (1232-2345) s 2363 (1.148-4861)  pmee 1147 (0997-1319)  p—tims 1.009 (1.001-1.016)
pped | 1003 (1001-1.005) | s 1940 (1436-2.619) | e 3324 (1747-6325) e 1201 (1.063-1358) | s 1.012 (1.004-1021)
Hypertension | 0194 | 0378 | 0.862 0211 | 0.054
Yes l—s— 1003 (1.001-1.005) | =—s—— 1879 (1415-2497) et 2577 (1383-4801)  |wm= 1204 (1.084-1383) | e—e— 1014 (4.008-1.021)
No e 1001 (0999-1.004) | ——s——s 1763 (1230-2529) le—m—— 3064 (1381-6.796) s 1,105 (0.948-1.289) 1.006 (0.997-1.014)
Diabetes mellitus | 0612 | ().845: 0772, 0691 | 0381
Yes 1002 (1000-1.004) | =—s— 1902 (1420-2547) | rii—s 2877 (1451-5.706) e 1,088 (0.958-1.237) 1.007 (1.000-1.015)
No e— 1002(1000-1004) | e 1630 (1179-2254) 2105(1.090-4065) = 1185(1036-1354) | e—s— 1011 (1003-1.018)
Type of ACS X 0,677 | 044 | 0643 0874 | 0331
STEMI ~ =—s——  1.002(0.997-1.006) ~T—s—————=1500 (0.688-3272) e 1633 (0.302-8840) —F—  1.064 (0.809-1.399)  |——s— 1016 (1.003-1.028)
NSTEMI [ee— 1002(L001-1004) | mi—s 1782 (1415-2243) e 2738 (1.650-4543)  pan 1179 (1.066-1303)  p—s—st 1.008 (1.002-1.015)
hs-CRP,mg/L | 0.398 | 011 | 0259 0218 | 0.554
22 s 1.002 (1.000-1.004) |+—s—s 1519 (1109-2.081)  ba—s 1958 (1011-3794)  wae 1.097 (0.973-1237) | +—m—s 1.009 (1.002-1.016)
<2 —s— 1002 (1.000-1.004) | s 2.037 (1491-2.782) |ttt 3223 (1581-6573)  —m— 1219 (1.046-1421) #—s=—s 1008 (0.999-1.017)
—t— — — ;
0995 1.000 1005 0810 20 30 0510 50 100 05 1.0 20 0.991.001.011.021.03
G TyG index AIP TG/HDL-C Ll

Figure 4 Subgroup analyses of TG-derived metabolic indices. Adjusted for sex, BMI, current smoking, hypertension, diabetes mel-
litus, dyslipidemia, past myocardial infarction, past percutaneous coronary intervention, chronic kidney disease, admission diagnosis
with different types of ACS, GRACE risk score, hs-CRP, SYNTAX score, complete revascularization, and discharged with aspirin, an-
giotensin converting enzyme inhibitors/angiotensin II receptor blockers and beta-blockers. ACS: acute coronary syndrome; AIP: ath-
erogenic index of plasma; BMI: body mass index; HDL-C: high-density lipoprotein cholesterol; HR: hazard ratio; hs-CRP: high-sensitiv-
ity C-reactive protein; LCI: lipoprotein combine index; NSTEMI: non-ST-segment elevation myocardial infarction; STEMI: ST-segment
elevation myocardial infarction; TG: triglyceride; TyG: triglyceride-glucose.

incidence of CVD and all-cause mortality with bet-
ter predictive ability compared to isolated LDL-C or
non-HDL-C."*'*| Edwards, et al.*! also supported
that AIP and elevated TG/HDL-C were stronger pr-
edictors of mortality than TG, TC, LDL-C and HDL-C
alone. A cross-sectional study found that LCI correl-
ated with the atherosclerotic vascular disease better
than single lipid parameters.”

TyG index, combining TG with FPG, is an simple
and ideal IR surrogates” and is positively associ-
ated with the development of MetS," diabetes mel-
litus,” coronary artery calcification"***” or carotid
artery calcification,'®” hypertension,®*** and obst-
ructive sleep apnea.'®”! All of the above factors are
considered risk factors for CVD and are closely as-
sociated with poor prognosis. Several studies have
shown that TyG index is strongly associated with
cardiovascular risk in patients with different types
of CAD or CVD.P***%I A positive correlation was
reported between higher TyG index level and the
incidence of MACE in patients with ST-segment el-
evation MI who underwent PCI,””! and patients with
non-ST-segment elevation ACS.*!

TG levels in women are significantly influenced
by the endogenous hormonal environment and by
exogenously administered reproductive hormones."!
The Framingham Heart Study®” and the Cardiovas-
cular Study in the Elderly”” validated HDL-C and
TG levels as independent lipid predictors of CVD

v http:/ /www .jgc301.com; jgc@jgc301.com

mortality in women. In our subgroup analysis, the
predictive value of TG, TyG index, AIP, and TG/
HDL-C for MACE risks were significantly higher in
women. Similarly, Stensvold, et al.”" found that
higher TG level was an independent predictor of
coronary heart disease mortality in middle aged Nor-
wegian women compared with men. And in female
patients undergoing PCI, the TyG index was inde-
pendently associated with MACE, but not in men.”

LIMITATIONS

There are several limitations of this study that sh-
ould be considered. Firstly, the characteristics of ob-
servational study limit the extending of the conclu-
sions. Secondly, although we statistically adjusted
for confounders in multivariate Cox regression,
such adjustment may not have completely elimin-
ated the confounders. Thirdly, the present results
were found in Chinese population and should be
discreetly generalizable to other ethnic groups. Last
but not least, other metabolic indices derived from
TG, such as visceral adiposity index and lipid accu-
mulation products, were not analyzed because waist
circumference was not routinely measured in our
cardiovascular center.

CONCLUSIONS

TG and TG-derived metabolic indices were stro-
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ngly associated with the risk of MACE among ACS
patients undergoing PCI, and TG may be another
pivotal target for optimizing secondary preventive
therapeutic regimen in addition to LDL-C. TyG in-
dex may play the role of the relatively optimal lipids
metabolic indices to predict MACE.
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