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Abstract

Background The role of triglyceride-glucose (TyG) index, an insulin resistance indicator, in glycemic management for
diabetic patients with coronary artery disease (CAD) was still unknown. Therefore, we aimed to explore the association
between glycemic control and cardiovascular (CV) outcomes in patients with diabetes and CAD according to
different TyG index levels.

Methods A total of 9996 diabetic patients with angiograph-proven CAD were consecutively recruited from 2017
to 2018 at Fuwai Hospital. Patients were assigned into 3 groups according to TyG index tertiles (T) (T1: <8.895; T2:

8.895-9.400; T3: 29.400). According to American Diabetes Association guidelines, controlled glycemia was defined
as targeting glycosylated hemoglobin Alc (HbA1c) < 7%. The primary endpoint was CV events including CV death,
nonfatal myocardial infarction, and nonfatal stroke.

Results During a median 3-year follow-up, 381 (3.8%) CV events occurred. Overall, high TyG index (T3) was associated
with increased risk of CV events (hazard ratio [HR]: 1.40; 95% confidence interval [Cl]: 1.02—1.94) compared with the
lowest TyG index (T1) after multivariable adjustment. Upon stratification by the TyG index, in fully adjusted models,
controlled glycemia was associated with reduced risk of CV events in the high TyG index (T3) subgroup (HR: 0.64;
95%Cl: 0.42-0.96) but not in the low (T1; HR: 0.79; 95%Cl: 0.53-1.16) and moderate (T2; HR: 0.84; 95%Cl: 0.56-1.25) TyG
index subgroups.

Conclusions Controlled glycemia was associated with improved CV outcomes in patients with diabetes and
established CAD, especially in those with high TyG index levels. Our study, for the first time, provided valuable
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information that TyG index could help making risk stratification on the glycemic management in diabetic patients

with CAD.

Keywords Triglyceride-glucose index, Glycemic control, Diabetes, Coronary artery Disease

Introduction

Diabetes is strongly associated with cardiovascular (CV)
disease, particularly coronary artery disease (CAD) [1].
Chronic hyperglycemia is closely associated with an
increased risk of adverse CV complications, thus reach-
ing low levels of glycemia might improve the clinical
outcomes for diabetes patients [2]. However, it was still
controversial about glucose control management in dia-
betes patients with CAD. Several clinical trials indicated
that strict glucose control may result in unfavorable clini-
cal outcomes with an increased risk of severe hypogly-
cemia [1, 3, 4]. Therefore, it is important to identify the
specific population that would benefit from glucose con-
trol management.

Insulin resistance has been considered as one impor-
tant determinant of CV risk, which could predict future
CV events directly [5]. Triglyceride-glucose (TyG) index,
calculated from fasting triglycerides (TG) and fasting
blood glucose (FBG) levels, has recently been proposed
as a simple and reliable indicator of insulin resistance [6].
TyG index has been identified as a biomarker in predict-
ing the prevalence and prognosis of CAD in the cohorts
of CAD primary and secondary prevention population
[7-11].

However, the role of TyG in the glycemic control for
diabetes patients with CAD remained unclear. Therefore,
this study aimed to explore the relationship among TyG
index, glycemic control status, and adverse CV events in
diabetes patients with angiography-proven CAD.

Methods

Study design and population

This was a prospective cohort study conducted at Fuwai
Hospital, Chinese Academy of Medical Sciences. The
study protocol was complied with the Declaration of Hel-
sinki and approved by the central ethics committee of
Fuwai Hospital. Informed consent was obtained from all
participants before the study was initiated.

Overall, from January 2017 to December 2018, 13,506
diabetes patients with angiography-proven CAD were
consecutively recruited. Diabetes was recorded if the
patient had a history of diabetes, received glucose-low-
ering therapy, had an FBG>=7.0 mmol/L, glycosylated
hemoglobin Alc (HbAlc)=6.5%, or 2 h plasma glu-
cose>11.1 mmol/L in an oral glucose tolerance test [12].
Angiography-proven CAD was defined as the presence of
coronary stenosis >50% at least one major artery segment
assessed by two experienced physicians according to the
results of coronary angiography. Major exclusion criteria

included missing detailed laboratory data (fasting TG and
FBG), age <18 or >80 years, severe hepatic or kidney dys-
function, decompensated heart failure, systemic inflam-
matory disease, malignant tumor, or acute infection.

Laboratory tests, echocardiography, and definition

On admission, blood samples were obtained from the
cubital vein of each participation after at least 12 h of
fasting. The concentrations of TG, total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), FBG, and
creatinine were analyzed in an enzymatic assay by auto-
mated biochemical analyzer (Hitachi 7150, Tokyo, Japan).
Low-density lipoprotein cholesterol (LDL-C) was calcu-
lated via the Friedewald method [13]. HbAlc was mea-
sured with high-performance liquid chromatography
(Tosoh G8 HPLC Analyzer; Tosoh Bioscience, Tokyo,
Japan). The hsCRP was examined with standard bio-
chemical techniques at the core laboratory of Fuwai Hos-
pital. The estimated glomerular filtration rate (eGFR) was
calculated using the Chinese-modified MDRD (Modifica-
tion of Diet in Renal Disease) equation [14]. The modified
biplane Simpson rule was used to assess left ventricular
ejection fraction (LVEF) at rest [15].

The TyG index was calculated according to the follow-
ing formula: Ln [fasting TG (mg/dL) X FBG (mg/dL)/2]
[16], and patients would be categorized according to
baseline TyG tertiles (tertile 1 [T1]: <8.895; T2: 8.895-
9.400 and T3: 29.400). According to the latest Ameri-
can Diabetes Association guideline, controlled glycemia
was defined as targeting HbAlc levels less than 7% [17].
Hypertension was defined as systolic blood pressure >140
mmHg, diastolic blood pressure =90 mmHg, or the use of
antihypertensive therapy [18].

Evaluation of CAD characteristics and management
Coronary angiogram was performed according to stan-
dard techniques by experienced interventional cardi-
ologists. Two independent experienced interventional
cardiologists reviewed angiographic data from the cath-
eter laboratory of Fuwai Hospital and recorded the char-
acteristics of CAD, including unique types of coronary
stenosis, and the SYNergy between percutaneous coro-
nary intervention with TAXus and cardiac surgery (SYN-
TAX) score.

Follow-up and clinical endpoints

Patients were followed up at 6-month intervals until
3-year duration after discharge from medical records,
clinical visits, and/or telephone interviews by trained
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investigators who were blinded to the clinical data. The
primary endpoint was CV events (a composite of CV
death, nonfatal myocardial infarction [MI], and nonfa-
tal stroke), and the major adverse cardiovascular event
(MACE, a composite of CV death and nonfatal MI). The
secondary endpoint was CV death, nonfatal MI, and
nonfatal stroke. Death was considered CV-caused unless
unequivocal non-CV cause could be established. Nonfa-
tal MI was defined as positive cardiac troponins with typ-
ical chest pain, typical electrocardiogram serial changes,
identification of an intracoronary thrombus by angi-
ography or autopsy, or imaging evidence of new loss of
viable myocardium or a new regional wall-motion abnor-
mality [19]. Nonfatal stroke was defined as a new focal
neurological deficit lasting>24 h confirmed by imaging
evidence. The endpoints were confirmed by at least two
professional physicians.

Statistical analysis

Continuous variables were expressed as mean+SD. Cate-
gorical variables were presented as number (percentage).
The Kolmogorov-Smirnov test was used to test the distri-
bution pattern. The differences of baseline characteristics
between groups were analyzed with the Student’s t-test,
Mann-Whitney U test, Kruskal-Wallis H test, x*-test,
or Fisher exact test where appropriate. The cumulative
incidence of clinical endpoints among groups was illus-
trated by the Kaplan-Meier curves and compared by the
log-rank test. Restricted cubic spline (RCS) plots adjusted
for age and sex were created to assess linearity assump-
tions of the relationship between TyG index and clinical
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endpoints. Univariable and multivariable Cox regression
models were used to calculate the hazard ratios (HRs)
and 95% confidence intervals (CIs). Potential confound-
ing factors included in the multivariable Cox regression
model were age, male sex, BMI, acute coronary syndrome
(ACS) presentation, family history of CAD, previous
MI, previous revascularization, hypertension, previous
stroke, peripheral artery disease, current smoker, LVEF,
serum creatinine, TC, HDL-C, LDL-C, hsCRP, SYN-
TAX score, chronic total occlusion lesion, aspirin use,
statins use and insulin use. Subsequently, the relation-
ships between the glycemic control status (controlled or
uncontrolled glycemia) and CV events were evaluated
according to TyG tertiles to explore the potential effect of
TyG index on this association. These above analyses were
made for the first subsequent event for all participants.
Two tailed P values<0.05 were considered as statistically
significant. All statistical analyses were performed using
R version 4.0.2 (The R Foundation).

Results

Baseline characteristics

Finally, a total of 9996 patients were included (Fig. 1).
The average age was 60.29+9.27 years, 7502 (75.1%)
patients were men, 6945 (69.5%) patients suffered with
hypertension, and 3053 (30.5%) patients were current
smokers (Table 1). According to the glycemic control sta-
tus, all patients were divided as uncontrolled glycemia
(N=5583), and controlled glycemia (N=4413). Over-
all, patients with uncontrolled glycemia tended to be
younger and more current smokers, had higher levels of

From January 2,017 to December 2,018, 13,506 patients
with diabetes and established CAD were recruited

2,561 patients without detailed
laboratory data were excluded

462 patients with age <18 years, age
>80 years, severe hepatic or kidney
dysfunction, decompensated heart
failure, systemic inflammatory disease,
malignant tumor, or acute infection
were excluded

y

10,483 patients with diabetes and CAD were eligible for
this study

—1 487 patients lost follow-up

A

9,996 patients were included in final analysis

Fig. 1 Study flowchart. CAD, oronary artery disease
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Table 1 Baseline characteristics according to glycemic control status

Characteristics? Overall Uncontrolled glycemia  Controlled glycemia P
N=9996 N=5583 N=4413 value

TyG index 9.19+063 9.33+£0.64 9.00+£0.56 <0.001
Age, years 60.29+9.27 60.12+9.30 60.51+£9.22 0.036
Male 7502 (75.1) 4082 (73.1) 3420 (77.5) <0.001
BMI, kg/m2 26.31+3.21 2647 +3.26 26.11+3.15 <0.001
Clinical presentation 0977

Ccs 3790 (37.9) 2118 (37.9) 1672 (37.9)

ACS 6206 (62.1) 3465 (62.1) 2741 (62.1)
Family history of CAD 1172 (11.7) 655 (11.7) 517 (11.7) 1.000
Prior Ml 2623 (26.2) 1507 (27.0) 1116 (25.3) 0.057
Prior revascularization® 3047 (30.5) 1713 (30.7) 1334 (30.2) 0.640
Hypertension 6945 (69.5) 3848 (68.9) 3097 (70.2) 0.183
Prior stroke 1497 (15.0) 849 (15.2) 648 (14.7) 0.484
PAD 743 (7.4) 412 (74) 331(7.5) 0.849
Current smoker 3053 (30.5) 1811 (32.4) 1242 (28.1) <0.001
CKD 229 (2.3) 138 (2.5) 91 (2.1) 0.196
LVEF, % 61.57+£6.85 61331697 61.88+6.68 <0.001
Laboratory tests
Serum creatinine, pmol/L 82.89+18.11 83.03+1844 82.72+17.70 0.391
eGFR, ml/min/m? 85.27+18.65 84.82+£19.03 85.83+£18.15 0.007
HbA1c, % 741+£1.29 824+1.13 6.36+042 <0.001
FBG, mmol/L 8.12+2.80 9.11+3.09 6.85+1.67 <0.001
TG, mmol/L 1.83+1.24 190+1.34 1.73+£1.10 <0.001
TC, mmol/L 400+1.07 4.06+1.09 392+1.04 <0.001
HDL-C, mmol/L 1.07+0.28 1.06+0.28 1.09+0.29 <0.001
LDL-C, mmol/L 2.38+0.90 243+091 2324088 <0.001
hsCRP, mg/L 2.66+3.03 2.86+3.12 241+2.89 <0.001
Angiographic data
SYNTAX score 1271547 12.84+556 12.55+534 0.002
Left main disease 849 (8.5) 493 (8.8) 356 (8.1) 0.186
Three-vessel disease 4765 (47.7) 2784 (49.9) 1981 (44.9) <0.001
CTO lesion 1056 (10.6) 590 (10.6) 466 (10.6) 1.000
Thrombotic lesion 202 (2.0) 95(1.7) 107 (2.4) 0.013
Ostial lesion 1205 (12.1) 697 (12.5) 508 (11.5) 0.146
Type B2/C lesion 7460 (74.6) 4189 (75.0) 3271 (74.1) 0310
Severe calcification 359 (3.6) 208 (3.7) 151 (34) 0449
Medications
Aspirin 7351 (73.5) 02 (73.5) 3249 (73.6) 0.884
Statins 9688 (96.9) 5404 (96.8) 4284 (97.1) 0450
ACEI/ARB 2841 (284) 1597 (28.6) 1244 (28.2) 0.664
B-blocker 8981 (89.8) 5071 (90.8) 3910 (88.6) <0.001
Diabetic therapy

Diet control 892 (8.9) 361 (6.5) 531(12.0) <0.001

Oral medication 5081 (50.8) 3193 (57.2) 1888 (42.8) <0.001

Insulin use 1756 (17.6) 1397 (25.0) 359(8.1) <0.001

“Values are expressed as meantstandard deviation and count (percentage)
brevascularization included percutaneous coronary intervention and coronary artery bypass grafting

TyG triglyceride-glucose, BV body mass index, CCS chronic coronary syndrome, ACS acute coronary syndrome, M/ myocardial infarction, CAD coronary artery disease,
PAD peripheral artery disease, LVEF left ventricular ejection faction, FBG fasting blood glucose, HbAlc glycosylated hemoglobin Alc, TCtotal cholesterol, TG triglyceride,
HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, hsCRP high-sensitivity C-reactive protein, eGFR estimated glomerular filtration
rate, SYNTAX SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery, CTO chronic total occlusion, ACE/ angiotensin converting
enzyme inhibitor, ARB angiotensin Il receptor blocker
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TyG index, BMI, HbAlc, FBG, TG, TC, LDL-C, hsCRP,
SYNTAX score, and were more likely to be involved with
three-vessel disease (Table 1). Then, all participants were
also separated into 3 groups based on TyG tertiles (T1:
N=3329; T2: N=3333; T3: N=3334), whose detailed
baseline data were shown in Table 2. The TyG index T3
patients were more likely to be younger females, pre-
sented as ACS and current smokers, and had higher lev-
els of serum creatinine, FBG, HbAlc, TC, TG, LDL-C,
and hsCRP. The levels of HDL-C were negatively corre-
lated with levels of TyG. Furthermore, continuous TyG
index was significantly correlated with traditional CV
risk factors, including age, BMI, FBG, HbAlc, TC, TG,
LDL-C, HDL-C, hsCRP, and serum creatinine (Table S1).

TyG and adverse CV events risk

During a median follow-up of 3.1 (IQR: 3.0-3.3) years, a
total of 381 CV events and 328 MACEs were recorded
(Table 3). Compared with non-event participations,
patients suffered with CV events were more likely to be
older, suffering with hypertension, presented as ACS, and
had higher levels of TyG index, FBG, HbAlc, serum cre-
atinine, and hsCRP (Table S2).

The prevalence of CV events in the TyG T1, T2, and
T3 groups were 112 (3.4%), 121 (3.6%), and 148 (4.4%)
respectively, and the prevalence of MACEs in the TyG
T1, T2, and T3 groups were 94 (2.8%), 104 (3.1%), and
130 (3.9%) respectively (Table 3). Kaplan-Meier survival
analyses showed a significant difference in the incidence
of CV events and MACEs among the 3 groups at the
3-year follow-up, with the highest CV events and MACEs
rate in TyG T3 (all P values<0.001, Fig. 2).

Then, RCS analyses indicated that there were positive
linear associations of the TyG with the CV events and
MACE rate at 3-year follow-ups even after adjustment
for age and sex (all P values for nonlinearity>0.05) (Fig-
ure S1). The multivariable cox regression analyses results
showed that in comparisons with TyG T1 subjects, the
multivariable-adjusted HR for CV events and MACEs at
the 3-year follow-up were 1.40 (95% CI: 1.02-1.94) and
1.55 (95% CI: 1.09-2.20) for TyG T3 subjects respectively.
No difference could be seen for the risk of CV events or
MACESs between TyG T1 and T2 subjects. Moreover, the
HR per unit increase of TyG in predicted CV event was
1.78 (95%CI: 1.35-2.35), and in predicted MACE was
1.93 (1.43-2.60) (Table 3). Relationship between TyG
tertiles and secondary endpoints could be obtained in
Table S3.

Glycemic control and adverse CV events according to
different TyG tertiles

Overall, patients with controlled glycemia had lower
prevalence of CV events, MACEs and non-fatal MI than
those with uncontrolled glycemia (all P<0.05) (Table 4).
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Table 5 and Fig. 3 shown the results of stratification mul-
tivariable Cox regression analysis of glycemic control sta-
tus and CV events according to different TyG tertiles. For
TyG T3 patients, controlled glycemia were significantly
associated with lower risk of CV events (HR, 0.64; 95%CI:
0.42-0.96) and MACEs (HR, 0.61; 95%CI, 0.39-0.96)
than those with uncontrolled glycemia. While, for those
with TyG T1 or T2, no significantly difference of risk of
CV events and MACEs was observed between controlled
or uncontrolled glycemia groups (all P>0.05). Glycemic
control in relation to the secondary endpoints according
to TyG tertiles could be obtained in Table S4.

Discussion

In this study, the association among TyG index, glycemic
control, and adverse CV events in diabetes patients with
angiography-proven CAD was evaluated, revealing that
uncontrolled glycemia was significantly associated with
CV events and MACEs in high TyG (T3) patients, while
those association could not be seen in patients with low
TyG index (T1 or T2). Our study demonstrated, for the
first time, that the association between glycemic control
and adverse CV events was more pronounced in high
TyG patients, suggesting TyG could help making risk
stratification when considering glycemic control for dia-
betes patients combined with CAD.

It still remained controversies about the impact of
glycemic control on CV events. Several cardiovascular
outcome trials, such as VADT [20], ACCORD [21], and
ADVANCE [22], failed to find a significant reduction of
CV events risk when comparing more strict glycemic
control with the standard care of diabetes. However, cer-
tain studies, such as the DCCT/EDIC [23] and UKPDS
[24] study, have demonstrated that strict glycemic con-
trol might reduce the incidence of CV events. Identify-
ing patients who are more likely to benefit from glycemic
control management might help to resolve this problem.

Insulin secretion and resistance play important roles
in glycemic control and might further influence the CV
outcomes of diabetic patients [25]. The higher degree of
insulin resistance might induce insufficient insulin secre-
tion after treatment with glycemic control agents, espe-
cially those targeting in improving insulin secretion, and
result in a poor response in glucose control management,
which might lead to persistent hyperinsulinemia and
hyperglycemia [26]. Hyperinsulinemia might continu-
ously active the growth factor receptor-bound protein-2
signal pathway inactive the insulin receptor substrate
pathway, and increase the level of plasminogen activa-
tor inhibitor-1, vascular cell adhesion molecule 1, and
endothelin-1, which might induce the vasoconstriction,
proliferation, migration of endothelium, promote athero-
sclerotic plaque formation and instability and increase
the risk the adverse CV events [27]. On the population
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Table 2 Baseline characteristics according to TyG tertiles
Characteristics® TyG index tertiles Pvalue
T1<8.895 T2[8.895, 9.400) T3=>9.400
N=3329 N=3333 N=3334

TyG index 8.54+0.28 9.14+0.14 9.88+0.42 <0.001
Age, years 61.66+9.03 60.41+899 58.82+9.54 <0.001
Male 2597 (78.0) 2511 (75.3) 2394 (71.8) <0.001
BMI 25.72£3.19 2644+3.14 26.76+£3.23 <0.001
Clinical presentation <0.001

Cccs 1345 (40.4) 1263 (37.9) 1182 (35.5)

ACS 1984 (59.6) 2070 (62.1) 2152 (64.5)
Family history of CAD 367 (11.0) 403 (12.1) 402 (12.1) 0.306
Prior Ml 847 (25.4) 865 (26.0) 911 (27.3) 0.196
Prior revascularization® 1044 (314) 972 (29.2) 1031 (30.9) 0.119
Hypertension 2261 (67.9) 2337 (70.1) 2347 (70.4) 0.055
Prior stroke 519(15.6) 500 (15.0) 478 (14.3) 0.358
PAD 304 (9.1) 245 (7.4) 194 (5.8) <0.001
Current smoker 901 (27.1) 1018 (30.5) 1134 (34.0) <0.001
CKD 49 (1.5) 74(2.2) 106 (3.2) <0.001
LVEF, % 61.78 (6.79) 6147 (6.81) 61.47 (6.95) 0.108
Laboratory tests
Serum creatinine, umol/L 81.68+16.75 82.67+17.77 84.33+19.60 <0.001
eGFR, ml/min/m? 86.45+£17.04 85.42+18.60 83.93+£20.11 <0.001
HbAlc, % 6.99+1.05 732+1.17 791+145 <0.001
FBG, mmol/L 6.53+£141 7.79+1.90 10.03£3.40 <0.001
TG, mmol/L 1.04+0.28 1.59+0.39 2.85+1.64 <0.001
TC, mmol/L 357+0.86 3.96+0.98 446+1.16 <0.001
HDL-C, mmol/L 1.15+£0.31 1.07+£0.27 1.00+£0.24 <0.001
LDL-C, mmol/L 211+£0.74 243+0.87 261+1.00 <0.001
hsCRP, mg/L 2.35+2.90 266+3.01 298+3.14 <0.001
Angiographic data
SYNTAX score 12.54+523 12.88+5.64 12.71£553 0.035
Left main disease 301 (9.0) 290 (8.7) 258(7.7) 0.141
Three-vessel disease 1583 (47.6) 1593 (47.8) 1589 (47.7) 0.98
CTO lesion 313 (94) 378(11.3) 365 (10.9) 0.025
Thrombotic lesion 45 (1.4) 65 (2.0) 92 (2.8) <0.001
Ostial lesion 400 (12.0) 418 (12.5) 387(11.6) 0.502
Type B2/C lesion 2464 (74.0) 2493 (74.8) 2503 (75.1) 0.588
Severe calcification 143 (4.3) 107 (3.2) 109 (3.3) 0.028
Medications
Aspirin 2505 (75.2) 2501 (75.0) 2345 (70.3) <0.001
Statins 3215 (96.6) 3234 (97.0) 3239(97.2) 0.359
ACEI/ARB 919 (27.6) 968 (29.0) 954 (28.6) 041
B-blocker 2913 (87.5) 2974 (89.2) 3094 (92.8) <0.001
Diabetic therapy

Diet control 337(10.1) 304 (9.1) 251 (7.5) 0.001

Oral medication 1741 (52.3) 1626 (48.8) 1714 (51.4) 0.012

Insulin use 526 (15.8) 541 (16.2) 689 (20.7) <0.001

Values are expressed as mean tstandard deviation and count (percentage)
PRevascularization included percutaneous coronary intervention and coronary artery bypass grafting
Abbreviations as in Table 1
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Table 3 Cox regression analysis of TyG index with clinical endpoints
TyG tertiles Events (%) Univariable analysis Multivariable analysis®

HR (95%Cl) Pvalue HR (95%Cl) P value
CV events? 381(3.8) 1.27 (1.09-1.48) 0.002 1.78 (1.35-2.35) <0.001
T1 112 (34) Reference - Reference -
T2 121 (3.6) 1.07 (0.83-1.39) 0.585 1.10 (0.84-1.45) 0474
T3 148 (4.4) 1.32(1.03-1.69) 0.026 140 (1.02-1.94) 0.040
MACEs 328(33) 1.29 (1.09-1.52) 0.003 1.93 (1.43-2.60) <0.001
T1 94 (2.8) Reference - Reference -
T2 104 (3.1) 1.10 (0.83-1.45) 0.504 1.15(0.85-1.54) 0.363
T3 130 (3.9) 1.38 (1.06-1.80) 0.017 1.55 (1.09-2.20) 0.016

2CV events were defined as a composite of CV death, nonfatal Ml and nonfatal stroke

PMACEs were defined as a composite of CV death and nonfatal Ml

“‘Models adjusted for age, male sex, BMI, ACS presentation, family history of CAD, previous MI, previous revascularization, hypertension, previous stroke, PAD,
current smoker, LVEF, serum creatinine, TC, HDL-C, LDL-C, hsCRP, SYNTAX score, CTO lesion, aspirin use, statins use and insulin use

HR hazard ratio, C/ confidence interval, CV cardiovascular, MACE major adverse cardiovascular event, other abbreviations as in Table 1
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Fig. 2 Kaplan-Meier curves of TyG index tertiles for (A) CV events, (B) MACEs and glycemic control status for (C) CV events, (D) MACEs. Abbreviations as

inTables 1 and 3

level, however, few studies reported the impact of insulin
resistance on the association between glycemic control
and CV events. To our knowledge, only one small-sample
study achieving glycemic control and improving insulin

resistance might slightly but not significantly reduce the
incidence of CV events for early type 2 diabetes patients
[28]. Suitable insulin resistance indices and larger popula-
tion with higher CV risk might help clarify this question.



Lin et al. Cardiovascular Diabetology (2024) 23:11

Page 8 of 11

Table 4 Cox regression analysis of glycemic control status with clinical endpoints

Endpoints Events (%) Univariable analysis Multivariable analysis®
Controlled Uncontrolled HR (95%Cl) Pvalue HR (95%Cl) P
value
CV events® 133(3.0) 248 (4.4) 0.67 (0.55-0.83) <0.001 0.70 (0.56-0.87) 0.001
MACEs" 111 (2.5) 217 (3.9) 0.64 (0.51-0.81) <0.001 0.67 (0.53-0.85) <0.001
CV death 57(13) 100 (1.8) 0.72 (0.52-1.00) 0.047 0.72 (0.51-1.01) 0.057
Nonfatal Mi 40(0.9) 93 (1.7) 0.54 (0.37-0.78) 0.001 0.59 (0.41-0.87) 0.007
Nonfatal stroke 22(0.5) 32(06) 0.87 (0.50-1.49) 0.608 0.85 (0.49-1.50) 0.583

2CV events were defined as a composite of CV death, nonfatal Ml and nonfatal stroke

PMACEs were defined as a composite of CV death and nonfatal Ml

“‘Models adjusted for age, male sex, BMI, ACS presentation, family history of CAD, previous MI, previous revascularization, hypertension, previous stroke, PAD,
current smoker, LVEF, serum creatinine, TC, HDL-C, LDL-C, hsCRP, SYNTAX score, CTO lesion, aspirin use, statins use and insulin use

Abbreviations as in Tables 1 and 3

Table 5 Glycemic control in relation to study endpoints according to TyG index tertiles

TyG tertiles Glycemic control Univariable analysis Multivariable analysis®
Events (%)
Controlled Uncontrolled HR (95%Cl) P value HR (95%Cl) P
value
CV events?
TyGT1 59 (3.0) 53(3.9) 0.77 (0.53-1.12) 0.167 0.79(0.53-1.16) 0.224
TyGT2 45 (3.0) 76 (4.1 0.72 (0.50-1.04) 0.083 0.84 (0.56-1.25) 0.382
TyGT3 29(3.1) 119 (5.0) 0.61(040-0.91) 0016 0.64 (0.42-0.96) 0.033
MACEs®
TyGT1 47 (2.4) 47 (3.4) 0.69 (0.46-1.03) 0.072 0.70(0.46-1.07) 0.101
TyGT2 40 (2.7) 64 (3.5) 0.76 (0.51-1.13) 0.182 0.90 (0.59-1.39) 0.639
TyGT3 24(2.5) 106 (4.4) 0.56 (0.36-0.88) 0.011 0.61 (0.39-0.96) 0.034

2CV events were defined as a composite of CV death, nonfatal Ml and nonfatal stroke

PMACEs were defined as a composite of CV death and nonfatal Ml

“‘Models adjusted for age, male sex, BMI, ACS presentation, family history of CAD, previous MI, previous revascularization, hypertension, previous stroke, PAD,
current smoker, LVEF, serum creatinine, TC, HDL-C, LDL-C, hsCRP, SYNTAX score, CTO lesion, aspirin use, statins use and insulin use

Abbreviations as in Tables 1 and 3

8 CV events®

HR (95%C1)° HR (95%Cl) HR (95%Cl)

5.0

4.1

Events (%)
£

VG T1 VG T2

0.79 (0.53 to 1.16) 0.84 (0.56 to 1.25) 0.79 (0.42 to 0.96)

MACE "

HR (95%Cl) HR (95%Cl) HR (95%Cl)
0.70 (0.46 to 1.07) 0.90 (0.59 to 1.39) 0.61 (0.39 to 0.96)

44

VG T1 TG T2 VG T3

Fig. 3 Incidence of study endpoints. *CV events were defined as a composite of CV death, nonfatal Ml and nonfatal stroke. "MACE was defined as a com-
posite of CV death and nonfatal MI. “HR with 95%C| was estimated by multivariable Cox regression models adjusted for age, male sex, BMI, ACS presenta-
tion, family history of CAD, previous M|, previous revascularization, hypertension, previous stroke, PAD, current smoker, LVEF, serum creatinine, TC, HDL-C,
LDL-C, hsCRP, SYNTAX score, CTO lesion, aspirin use, statins use and insulin use. Abbreviations as in Tables 1 and 3

The TyG index has been extensively validated as a
dependable indicator for evaluating insulin resistance,
exhibiting notable sensitivity and specificity. Conse-
quently, it has found widespread application in clinical
settings due to its practicality, affordability, and versa-
tile utility [29]. The relationship between TyG index and

CAD has been thoroughly examined, and previous
cohort studies and meta-analyses have extensively dem-
onstrated its predictive value for a high incidence of CAD
[30, 31]. For CAD patients, multiple cohort studies have
indicated that individuals with a high TyG index are inde-
pendently associated with an increased risk of repeated
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revascularization and in-hospital mortality [32, 33]. For
diabetic patients, one previous study has indicated TyG
index was associated with the all-cause mortality risk
in patients with diabetes or pre-diabetes [34]. How-
ever, when it comes to the glycemic control for diabetic
patients combined with established CAD, there was no
research elucidating the role of the TyG with adverse CV
events in this population. Thus, we focused on this point
for the first time and revealed that uncontrolled glycemia
was associated with an increase in CV risk only in those
with high TyG patients.

This study has several limitations. Firstly, this is a sin-
gle-center observational study. Therefore, it was not fea-
sible to establish a definitive causal relationship between
the TyG in conjunction with glycemia control status and
the incidence of CV events. Secondly, dynamic changes
in the TyG and glycemia control status during follow-
up were not presented in our study. It was still unknown
about the association between changes of TyG and gly-
cemia control status and prognosis for diabetic CAD
population. Thirdly, despite controlling for potential
confounders as covariates in multivariable regression
models, it is important to acknowledge that the impact
of uncollected confounders cannot be completely disre-
garded. Fourthly, since there were no new hypoglycemic
agents (such as glucagon-like peptide-1 receptor agonist,
odium-dependent glucose transporters 2 inhibitors) data
available, we could not estimate the effect of those new
hypoglycemic agents on glycemic control management in
this study. Fifthly, the post-hoc analysis of the NID-2 trial
demonstrated that the number of main CV risk factors
well controlled by drug therapy significantly influences
the clinical outcome for diabetic patients with very high
CV risk [35]. Although we had tried our best to adjust CV
risk factors (including hypertension, TC, HDL-C, LDL-
C, aspirin use, statins use, and insulin use) in our study,
follow-up data regarding medications (such as antihyper-
tensive agents, lipid-modulating agents, anticoagulants
and anti-diabetic drugs) were not available in this study,
which possibly had impacts on CV outcomes. Sixthly, our
study only retrospectively analyzed the results of glyce-
mic control and was unable to explore the specific pro-
cess of glycemic management and the specific changes in
HbA1c levels during glycemic management. Detailed gly-
cemic control strategy and HbA1C target assisted by TyG
index need to be further confirmed in larger prospec-
tive studies. Seventh, although we adjusted all available
baseline data of insulin and lipid-lowering drugs, levels
of TyG index might be affected by the above medication.
Further studies might be needed to confirm the asso-
ciation of the TyG index with lipid-lowering agents and
insulin therapy in CAD patients with diabetes. Finally,
it was unclear whether glycemic control could improve
clinical outcomes by improving insulin resistance. Future
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prospective and longitudinal studies are needed to
explore the impact and mechanism of controlling blood
glucose and improving insulin resistance on the clinical
outcomes of diabetes patients with established CAD.

Conclusion

In this study, we firstly found the association between
glycemic control status and adverse CV events was more
pronounced in high TyG patients, suggesting TyG index
could help making risk stratification on glycemic control
for diabetes patients combined with CAD.

Abbreviations
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ACEI Angiotensin converting enzyme inhibitor
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