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Abstract 

Background  Myocardial injury after non-cardiac surgery (MINS) is a common and insidious postoperative com-
plication. This study aimed to evaluate the relationship between the triglyceride-glucose index (TyG) and MINS 
in advanced-age patients.

Methods  We performed a single-center retrospective study including patients ≥ 65 years of age who underwent 
non-cardiac surgery. The relationship between TyG and MINS was investigated using univariate and multivariate 
logistic regression analyses. Multivariate logistic regression analysis involved three models: Model I adjusted for preop-
erative factors, Model II adjusted for surgery-related factors, and Model III adjusted for both preoperative and surgery-
related factors. Propensity score matching (PSM) was used to reduce the confounding effects of covariates. Subgroup 
analyses were then performed to evaluate the relationship between TyG and MINS in various subsamples.

Results  A total of 7789 patients were studied, among whom 481 (6.2%) developed MINS. A cut-off value of TyG 
of 8.57 was determined using a receiver operating characteristic (ROC) curve to be associated with the best predic-
tive performance. Participants with TyG ≥ 8.57 were at a higher risk of developing MINS than those with TyG < 8.57 
[n = 273 (7.6%) vs. n = 208 (4.9%), respectively; p < 0.001]. The univariate analysis showed that TyG ≥ 8.57 was signifi-
cantly associated with MINS in elderly patients [odds ratio (OR): 1.58; 95% confidence interval (95%CI): 1.32–1.91; 
p < 0.001)]. In multivariate logistic regression, adjustments were made for risk factors including age, sex, body mass 
index (BMI), hypertension, coronary heart disease, and duration of surgery, etc. The adjusted ORs for TyG ≥ 8.57 were 
1.46 (95%CI: 1.17–1.82), p = 0.001; 1.46 (95%CI: 1.19–1.77), p < 0.001; and 1.43 (95%CI: 1.13–1.81), p = 0.003, in the three 
multivariate models, respectively. The relationship remained after PSM (adjusted OR: 1.35, 95% CI: 1.03–1.78, p = 0.029). 
Furthermore, the relationship between TyG and MINS remained in a number of subgroups in the sensitivity analyses, 
but not in participants with peripheral vascular stenosis.
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Conclusions  A preoperative high TyG (≥ 8.57) is associated with a higher risk of MINS in advanced-age patients 
undergoing non-cardiac surgery.

Keywords  Myocardial injury after noncardiac surgery, Triglyceride-glucose index, Advanced-age patients

Background
With aging of the population, the number of older people 
undergoing non-cardiac surgery is increasing. Myocar-
dial injury after non-cardiac surgery (MINS) is a com-
mon surgical complication, with an incidence of 8% in 
adults aged ≥ 45  years and 16% in those aged ≥ 65  years 
[1]. It can further lead to adverse cardiovascular events, 
such as myocardial infarction  (MI), heart failure  (HF), 
arrhythmia, or even death [2–4]. In a multicenter pro-
spective cohort study, the mortality rate of patients who 
experienced MINS was found to be twice  than that of 
patients who did not, and accounted for 6% of all-cause 
mortality [5]. Patients with MINS had a 4.1% risk of car-
diac-related mortality within 1 year, compared with 0.6% 
for those without MINS, indicating that MINS is associ-
ated with the long-term prognosis of patients [4]. How-
ever, the symptoms are often insidious, and only a small 
number of patients may demonstrate clinical manifesta-
tions such as an abnormal electrocardiogram and chest 
pain. Therefore, the possibility of this condition being 
present is often ignored. Owing to the larger number 
of comorbidities and degenerative changes in organs in 
advanced-age patients, they have a lower cardiovascular 
functional reserve and a lower capacity for compensa-
tion, and are thus more likely to develop MINS. There-
fore, the early identification of modifiable risk factors for 
MINS in older patients is critical.

Insulin resistance is widely acknowledged to underlie 
the development of metabolic disorders, including hyper-
tension, diabetes, and hyperlipidemia. Recent research 
have provided evidence of a close association between 
insulin resistance and the occurrence of cardiovascular 
events [6–8]. The triglyceride-glucose index (TyG) has 
been used in recent years as a convenient and accurate 
marker of insulin resistance status [9, 10]. It is calculated 
as Ln [fasting triglyceride (mg/dL) × fasting glucose (mg/
dL)/2] [10, 11] and has been shown to be significantly 
associated with cardiovascular disease [12–15]. Park et al. 
found that a high TyG is associated with a higher risk of 
coronary heart disease [odds ratio (OR): 1.473, 95% con-
fidence interval (95%  CI) 1.026–2.166] [16], and Wang 
et  al. found that when TyG is ≥ 9.383, the risk of major 
adverse cardiovascular events (MACE) with a composite 
of all-cause mortality, non-fatal myocardial infarction, 
and non-fatal stroke, is > 50% higher [17]. However, few 
studies have reported on the relationships between the 
preoperative TyG and adverse cardiovascular outcomes 

of surgical patients. In particular, for patients with pre-
operative insulin resistance, the stress of surgery affects 
the body’s metabolic and regulatory functions and may 
have a greater impact. In the present study, we aimed to 
characterize the relationship between TyG and MINS in 
advanced-age patients undergoing non-cardiac surgery.

Methods
Study design and participants
We performed a retrospective single-center cohort study 
of inpatients undergoing non-cardiac surgery under 
non-local anesthesia who were aged ≥ 65 years and who 
attended the Chinese People’s Liberation Army General 
Hospital (PLAGH) between January 2017 and August 
2019. The exclusion criteria were as follows: (1) Ameri-
can Society of Anesthesiologists (ASA) grade V; (2) short 
interval between surgical procedures (undergoing more 
than one surgery within a week); (3) duration of sur-
gery ≤ 30  min; (4) low-risk surgery (outpatient surgery, 
hysteroscopic surgery, or body surface surgery); (5) no 
preoperative fasting triglyceride or glucose concentra-
tions available; and (6) incomplete clinical data (more 
than 5% of the required data missing). The study was 
approved by the Research Ethics Committee of PLAGH 
(approval number S2023-749-02). Because the study was 
a retrospective cohort analysis and did not involve an 
intervention in patients, the requirement for informed 
consent was waived.

Data collection
Anonymous perioperative data were extracted from the 
medical record system and anesthesia record system of 
the First Medical Center of PLAGH. The collected varia-
bles included: (1) demographic variables, such as age, sex, 
and BMI; (2) comorbidities, such as hypertension, dia-
betes mellitus, cerebrovascular disease, coronary heart 
disease, arrhythmia, MI, renal insufficiency, and periph-
eral artery disease; (3) preoperative laboratory data, 
such as the serum creatinine (SCr), cholesterol (CHOL), 
high-density lipoprotein-cholesterol (HDL-C), and low-
density lipoprotein-cholesterol (LDL-C) concentrations; 
and (4) surgery-related variables, such as ASA physical 
status, surgical specialty, duration of surgery, intraop-
erative crystal, urine output, blood loss, and duration of 
intraoperative hypotension (defined as a mean arterial 
pressure (MAP) of < 65 mmHg intraoperatively) [18]. The 



Page 3 of 10Yao et al. Diabetology & Metabolic Syndrome          (2024) 16:120 	

TyG index was calculated as Ln [fasting triglyceride (mg/
dL) × fasting glucose (mg/dL)/2]. The glucose and triglyc-
eride concentrations used in the calculation were those 
obtained at the final measurement prior to surgery [11].

Study outcomes
The primary outcome was MINS, which was defined as 
myocardial injury owing to ischemia that occurred within 
the first 30 days following non-cardiac surgery. This was 
confirmed when at least one postoperative high-sensitiv-
ity troponin T (hs-TnT) measurement of 20–64.9  ng/L 
was obtained, with an absolute change of ≥ 5 ng/L; or if 
an hs-TnT concentration of ≥ 65  ng/L was obtained and 
there was a presumed ischemic etiology, regardless of 
the presence or absence of clinical symptoms or electro-
cardiographic changes [19, 20]. High hs-TnT concentra-
tions secondary by non-ischemic mechanisms, including 
pulmonary embolism, sepsis, and renal failure, were not 
considered to indicate MINS.

The secondary outcomes were the duration of the 
postoperative hospital stay, acute kidney injury (AKI) 
occurring after surgery within 7 days, and postoperative 
cardiovascular disease (HF, arrhythmia, MI, or angina) 
and stroke during postoperative 30 days. The kidney dis-
ease: improving the global outcome (KDIGO) criteria 
were used to assess the development of AKI. AKI was 
diagnosed by a 50% increase in SCr concentrations from 
the preoperative baseline concentration within 7  days 
after surgery or an increase of > 26.5 µmol/L (0.3 mg/dL) 
within 48 h. The criterion for urine output for ascertain-
ing AKI was not used because it was affected by the use 
of diuretics and inaccurate recording in the ward [21].

Statistical analysis
Normally distributed continuous data are expressed 
as the mean [standard deviation  (SD)] and those with 
skewed distributions are expressed as the median [inter-
quartile range (IQR)]. Categorical data are expressed as 
frequencies or percentages. For the comparison of cat-
egorical datasets, Pearson’s chi-square test or Fisher’s 
exact test were used, and continuous datasets were com-
pared using either the independent Student’s t-test or the 
Mann–Whitney U test, as appropriate. A receiver operat-
ing characteristic (ROC) curve was used to identify the 
optimal cut-off value of TyG for the prediction of MINS. 
To clarify the relationship between TyG and MINS, we 
conducted univariate and multivariate logistic regres-
sion analyses using multiple models. The results are 
presented as adjusted ORs (aOR) with 95% CIs. For the 
selection of potential confounding factors, we referred to 
the published literature and chose variables that showed 
differences between the two groups with p < 0.05 in the 
univariate analysis. The following variables were included 

in model I: age, sex, BMI, hypertension, diabetes mellitus, 
cerebrovascular disease, coronary heart disease, arrhyth-
mia, MI, renal insufficiency, peripheral artery disease, 
SCr, CHOL, HDL-C, and LDL-C. The following vari-
ables were included in Model II: ASA, surgical specialty, 
duration of surgery, intraoperative crystal, urine output, 
blood loss, and duration of MAP < 65  mmHg. In Model 
III, all the variables listed for Model I and Model II were 
included.

To minimize the influence of other confounders, we 
performed an analysis following propensity score match-
ing (PSM). In PSM, we chose the variables that were sig-
nificant in the univariate logistic regression (i.e., age, sex, 
BMI, hypertension, diabetes mellitus, renal insufficiency,

CHOL, HDL-C, LDL-C, ASA, surgical specialty, dura-
tion of surgery, intraoperative crystal, and duration 
of MAP < 65  mmHg) and performed 1:1 matching. A 
standardized mean difference (SMD) < 0.1 was taken to 
indicate successful PSM. After PSM, univariate logistic 
regression analyses was repeated to evaluate the relation-
ship between TyG and MINS. We also performed sub-
group analyses according to age (< 75 or ≥ 75  years, sex 
(female or male), BMI (< or ≥ 24 kg/m2), and the presence 
or absence of comorbidities (diabetes mellitus, hyper-
tension, and peripheral artery disease) [22]. Data were 
analyzed with R 4.0.1 (R Foundation for Statistical Com-
puting, Vienna, Austria).

Results
Characteristics of the participants
A flowchart of the selection of the participants is shown 
in Fig.  1. A total of 7,789 patients were recruited at 
PLAGH, of whom 481 (6.2%) developed MINS. The par-
ticipants were stratified according to the optimal cut-off 
value of TyG, identified using the ROC curve. This value 
was found to be 8.57 for the prediction of MINS (Addi-
tional file Fig 1A), and therefore the participants were 
placed into low- (< 8.57, n = 4,203) and high- (≥ 8.57, 
n = 3586) TyG groups. The demographic and other char-
acteristics of these preoperative TyG groups are com-
pared in Table  1. The incidence of postoperative MINS 
significantly differed between the two groups [high vs. 
low: 273 (7.6%) vs. 208 (4.9%), p < 0.001]. The partici-
pants’ mean age was 70.6 years, and 56.7% of them were 
male.

Some of the baseline clinical features of the TyG < 8.57 
and TyG ≥ 8.57 groups were similar. However, the high-
TyG group was younger and had a higher BMI. In 
addition, there was a higher incidence of comorbidi-
ties, such as hypertension, diabetes mellitus, coronary 
heart disease, cerebrovascular disease, and renal insuf-
ficiency, in the high-TyG group. Although the median 
preoperative SCr, HDL-C were lower in the group with 
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higher TyG,it had high preoperative CHOL and LDL-C. 
The differences in the demographic and other charac-
teristics between patients with different levels of preop-
erative TyG are compared in Table 1.

Results of the univariate and multivariate analyses
We used univariate and multivariate logistic regression 
analyses to evaluate the relationship between TyG and 
MINS in advanced-age patients. As shown in Table  2, 
the univariate analysis showed that TyG ≥ 8.57 was 
strongly associated with MINS in elderly patients (OR: 
1.58; 95% CI 1.32–1.91; p < 0.001). In Model I, after 
adjustment for demographic data, comorbidities, and 
preoperative laboratory data, the high-TyG group had 
a significantly higher risk of MINS, with an aOR of 1.46 
and 95% CI of 1.17–1.82 (p = 0.001). In Model II, after 
adjustment for ASA, type of surgery, duration of sur-
gery, intraoperative crystal, urine output, blood loss, 
and duration of MAP < 65 mmHg, the high-TyG group 
also showed a strong association with MINS (aOR: 1.46; 
95% CI 1.19–1.77; p < 0.001). In Model III, after adjust-
ment for all the variables included in Models I and II, 
the high-TyG group showed a significantly higher OR 
for MINS (aOR: 1.43; 95% CI 1.13–1.81; p = 0.003).

We also compared the incidence of postoperative 
complications and the duration of the postoperative 
hospital stay between the two groups (Table 3). Partici-
pants with a high TyG were found to be at higher risks 
of MINS, myocardial infarction, and postoperative 
AKI; and they also experienced a longer hospital stay.

Results of the analysis following propensity score matching
The prognostic value of the TyG was next evaluated fol-
lowing PSM. A total of 3,954 participants were matched 
after adjustment for the variables that significantly dif-
fered between the two groups using PSM. The distribu-
tions of the propensity scores of the patients before and 
after PSM are displayed in Fig.  2. The baseline charac-
teristics of the participants are also shown in Table  1. 
The baseline characteristics and variables were balanced 
between the two groups after PSM (SMD < 0.1) (Table 1). 
After adjusting for the significant variables identified in 
multivariate logistic regression following PSM, the rela-
tionship between TyG and MINS in the participants 
remained significant (aOR: 1.35; 95% CI 1.03–1.78; 
p = 0.029) (Table 2).

Results of the subgroup analyses
Figure  3 summarizes the results of the subgroup analy-
ses for MINS in the participants, performed accord-
ing to age, sex, BMI, hypertension, diabetes mellitus, 
and peripheral artery disease. The OR for TyG was sig-
nificant when the participants were stratified according 
to age [< 75  years: aOR (95% CI): 1.477 (1.119–1.949), 
p = 0.006; ≥ 75  years: aOR (95% CI): 1.469 (1.025–2.106, 
p = 0.036). Both men (aOR: 1.491, 95% CI 1.129–1.970, 
p = 0.005) and women (aOR: 1.442, 95% CI 1.006–2.065, 
p = 0.046) had a higher risk of MINS if they were in the 
high-TyG group. The OR for TyG was also significant in 
the two BMI-based groups [BMI < 24  kg/m2: aOR (95% 
CI): 1.466 (1.071–2.006), P = 0.017; BMI ≥ 24 kg/m2: aOR 
(95% CI): 1.486 (1.091–2.026), P = 0.012]. In addition, 
the OR for a high TyG was significant in participants 

Fig. 1  The flowchart of participants selection
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that had or did not have diabetes mellitus (aOR = 1.766, 
95% CI 1.166 − 2.676, p = 0.007 and aOR = 1.325, 95% CI 
1.010 − 1.738, P = 0.042, respectively). The same trends 
were also identified in the subgroups with and with-
out hypertension (aOR = 1.462, 95% CI 1.082 − 1.974, 
P = 0.013 and aOR: 1.486, 95% CI 1.080–2.045, p = 0.015, 
respectively). However, whereas in participants without 
peripheral artery disease, TyG was strongly associated 
with MINS (aOR: 1.475, 95% CI 1.167–1.865, p = 0.001), 
in those with this condition, TyG did not show this 
relationship.

Discussion
In the present study, we identified an incidence of MINS 
of 6.2% among 7,789 advanced-age patients undergo-
ing non-cardiac surgery. Through multivariate analysis 
including a range of potential confounding factors, we 
found that a high TyG is associated with a higher risk of 
MINS, especially when TyG is ≥ 8.57. This relationship 
was unaffected by PSM and remained when most sub-
groups of the participants were analyzed.

Previous studies have demonstrated a relationship 
between insulin resistance and subsequent cardiovas-
cular events [8, 23, 24]. The gold-standard method of 
assessing insulin resistance is the euglycemic hyperin-
sulinemic clamp [25]. However, owing to its complexity 
and high cost, its clinical applicability is limited. To over-
come these limitations, Simental-Mendía et al. proposed 
the use of the TyG index in 2008 [26]. Previous studies 
have shown that TyG is a low-cost, easy, widely applica-
ble method of identifying insulin resistance [27, 28], and 
compared to the euglycemic hyperinsulinemic clamp, it 
has high sensitivity (96.5%) and specificity (85.0%) [29]. 
In a prospective cohort study of 62,443 members of the 
general population who were followed for a median 
of 7.01  years after surgery, it was shown that for each 
1-SD increase in TyG, the risk of cardiovascular disease 
increased by 16% [30]. In addition, in a retrospective 
study of 1932 patients with type 2 diabetes who experi-
enced acute myocardial infarction, TyG was found to be 
an independent predictor of major adverse cardiovascu-
lar and cerebrovascular events [15]. However, although 
these studies have established a link between a high TyG 
and cardiovascular events, none have investigated the 
association between TyG and MINS, a common postop-
erative complication that can have severe adverse effects 
on prognosis and warrants further investigation. In the 
present study, we found that TyG ≥ 8.57 was associated 
with a higher incidence of MINS. To eliminate confound-
ing factors, we then applied PSM for further validation. 
After estimating propensity scores using all covariates, 
3,954 patients were matched. We found that TyG ≥ 8.57 
was still associated with the incidence of MINS. Simi-
larly, this relationship was still present in the subgroup 
analysis.

In a retrospective cohort study of 2531 patients with 
diabetes who underwent coronary angiography, the 
optimal TyG cut-off value for the prediction of MACE 
was found to be 9.323 [17], and a cross-sectional study 
showed a higher risk of cardiovascular events when TyG 
was ≥ 9.04 [31]. The present results are consistent with 
these previous studies, but we obtained a slightly lower 
cut-off value. This difference may be explained as fol-
lows. First, the study sample consisted of advanced-age 
patients with poor cardiovascular functional reserves and 

Table 2  Relationship between TyG and MINS, according to 
logistic regression and PSM analyses

OR: odds ratio; CI: confidence interval; PSM: propensity score matching; TyG: 
triglyceride-glucose index
a ORs for TyG ≥ 8.57
b Model I, adjusted for age; sex; body mass index (BMI); comorbid hypertension, 
diabetes, cerebrovascular disease, cardiovascular disease (coronary heart 
disease; arrhythmia, myocardial infarction, renal insufficiency, and peripheral 
artery disease), creatinine, total cholesterol, high-density lipoprotein-
cholesterol, and low-density lipoprotein-cholesterol
c Model II, adjusted for ASA, type of surgery, duration of surgery, administration 
of crystalloids, urine production, blood loss, and a duration of MAP < 65 mmHg
d Model III, adjusted for the variables listed for both Models I and II
e Model PSM was a univariate regression model

ORa 95% CI P

Unadjusted model 1.58 1.32–1.91 < 0.001

Model1(adjusted for preoperative variables)b 1.46 1.17–1.82 0.001

Model2(adjusted for intraoperative variables)c 1.46 1.19–1.77 < 0.001

Model 3(adjusted all variables)d 1.43 1.13–1.81 0.003

Model PSMe 1.35 1.03–1.78 0.029

Table 3  Comparison of the incidence of postoperative 
cardiovascular events in the two TyG groups

AKI: acute kidney injury; MINS: myocardial injury following non-cardiac surgery; 
MI: myocardial infarction; HF: heart failure

TYG < 8.57 
(n = 4203)

TYG ≥ 8.57 
(n = 3586)

P

MINS 208/4203 (4.9%) 273 /3586 (7.6%) < 0.001

MI 6 /4203 (0.1%) 15 /3586 (0.4%) 0.034

Angina 29/4203 (0.7%) 21/3586 (0.6%) 0.665

HF 13 /4203 (0.3%) 17 /3586 (0.5%) 0.324

Arrhythmia 48/4203 (1.1%) 29/3586 (0.8%) 0.172

Stroke 15 /4203 (0.4%) 22 /3586 (0.6%) 0.102

AKI 264 /4203(6.3%) 275/3586 (7.7%) 0.018

Postoperative 
hospitalization 
days

7.80 (6.82%) 8.21 (10.26%) 0.035
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a lesser ability to compensate. The cardiovascular system 
often exists in a fragile equilibrium, and the stress of sur-
gery can disrupt this, leading to an increase in cardiac 
load, which further magnifies this instability. Second, 
previous studies have shown that patients with MINS 
subsequently develop more serious cardiovascular con-
ditions, such as myocardial infarction and heart failure 
[32]. In the present cohort study, we have shown that the 
preoperative physiological state of patients significantly 
affects the risk of postoperative complications. Patients 
with insulin resistance, indicated by a TyG of ≥ 8.57 
before surgery, have a 1.43-fold higher risk of postopera-
tive complications. These data suggest that preoperative 
patient management, and reduction of insulin resistance 
should improve the prognosis of patients.

Another novel finding of the present study is that 
the relationship between TyG and MINS is present in 
individuals who do or do not have diabetics. This sug-
gests that patients who do not have diabetes may still 
have insulin resistance, which provides a pathophysi-
ological basis for the transition from normal glucose 
tolerance (NGT) to pre-diabetes and diabetes [33]. In 
patients with prediabetes, insulin resistance causes a 
relatively high blood glucose concentration, but not one 
that reaches the threshold for a diagnosis of diabetes. 
The results of a previous prospective study conducted 
in China were consistent with the idea that TyG could 
be used to predict prediabetes including impaired fast-
ing blood glucose and impaired glucose tolerance (area 
under the curve: 0.60, 95% CI 0.58–0.62), its predictive 
ability was superior to those of obesity, lipid profile, and 

other non-insulin-based indices of insulin resistance 
[34]. A previous study of diabetic individuals showed 
that a high TyG is associated with major adverse cardi-
ovascular and cerebrovascular event, (HR 3.526, 95% CI 
2.618-4.749, P < 0.001) [14]. However, few studies have 
been performed in patients without diabetes, especially 
in non-cardiac surgical patients. Therefore, the appro-
priate TyG threshold for MINS should be determined 
not only in diabetic but also innon-diabetic patients, 
which would help guide the preoperative management 
of such patients. Early preoperative screening using 
TyG could be used to identify patients who are at high 
risk of MINS and to mitigate potential postoperative 
complications.

A strength of our study is that we focused on the corre-
lation between preoperative insulin resistance status and 
postoperative cardiovascular complications, which have 
rarely been studied, using systematic statistical meth-
ods, such as univariate and multivariate logistic regres-
sion analyses, PSM, and subgroup analysis. However, the 
following limitations of the present study remain. First, 
we performed a single-center retrospective study, which 
might have underestimated the incidence of MINS. The 
calculated cut-off value requires validation in studies 
conducted in other centers for extrapolation. Second, 
we did not perform euglycemic hyperinsulinemic clamp 
in the participants because these are not routine clinical 
tests. However, TyG can be used to assess insulin resist-
ance, it is still necessary to use insulin resistance-related 
gold standard in further prospective studies to reveal 
the relationship between insulin resistance and MINS. 

Fig. 2  Distribution of propensity scores before and after matching TyG, MINS
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Third, during the PSM process, some individuals did not 
have appropriate control groups, resulting in a reduc-
tion of samples after matching. Additionally, we could 
only perform propensity matching for confounders that 
are known and recorded. Therefore, we may have missed 
other unmeasured confounders.

Conclusions
In the present retrospective study, we identified a signifi-
cant association between preoperative TyG and postop-
erative MINS in older patients who undergo non-cardiac 
surgery. TyG, as a composite index derived from the cir-
culating glucose and triglyceride concentrations, is an 
inexpensive, reliable, and convenient means of predicting 
adverse outcomes. Clinicians could identify patients who 
may develop MINS using their preoperative TyG, and act 
to reduce the insulin resistance before surgery to improve 
the prognosis of advanced-age patients.
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