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Abstract 

Background:  Coronary heart disease (CHD) is one of the most common causes of morbidity and mortality in type 2 
diabetes mellitus (T2DM). Oxidative stress is one of the important contributors to the pathogenesis of CHD. Sestrin2 is 
a stress-induced antioxidant protein that plays a important role in T2DM and CHD. However, the relationship between 
serum Sestrin2 levels and T2DM with CHD remains unclear.

Aim:  This study aimed to investigate the relationship between serum Sestrin2 levels and CHD in patients with type 2 
diabetes.

Methods:  A total of 70 T2DM patients with CHD and 69 T2DM patients were enrolled in this study. Clinical features 
and metabolic indices were identified. Serum Sestrin2 was measured by ELISA.

Results:  Serum Sestrin2 levels in T2DM-CHD groups were significantly lower compared with the T2DM group (11.17 
(9.79, 13.14) ng/mL vs 9.46 (8.34, 10.91) ng/mL). Bivariate correlation analysis revealed that serum Sestrin2 levels were 
negatively correlated with age (r = − 0.256, P = 0.002), BMI (r = − 0.206, P = 0.015), FBG (r = − 0.261, P = 0.002) and Tyg 
index (r = − 0.207, P < 0.014). Binary logistic regression suggested that low serum Sestrin2 levels were related to the 
increased risk of T2DM-CHD (P < 0.05). In addition, the receiver operating characteristic analysis revealed that the area 
under the curve of Sestrin2 was 0.724 (95% CI 0.641–0.808, P < 0.001) to predict T2DM-CHD patients (P < 0.001).

Conclusion:  The Sestrin2 levels were highly associated with CHD in diabetes patients. Serum Sestrin2 may be 
involved in the occurrence and development of diabetic with CHD.
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Introduction
In recent decades, Type 2 diabetes mellitus (T2DM) has 
become one of the most significant health concerns, thus 
making it a global health priority [1]. It is estimated that 
by 2040, the world’s prevalence will increase to 629 mil-
lion [2]. People with T2DM often suffer from multiple 

complications including macrovascular and microvascu-
lar complications [3], it has been known that coronary 
heart disease (CHD) is one of most common causes of 
death morbidity for people with diabetes mellitus. CHD 
accounts for about 65% of the deaths of diabetic patients. 
However, CHD is a complex condition and the exact 
cause is not fully understood in diabetic patients.

Oxidative stress, inflammation, endothelial dysfunc-
tion, and the release of proinflammatory cytokines are 
thought to countribute to the pathogenesis of both 
T2DM and CHD [4]. More evidence suggests that T2DM 
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and CHD are induced by oxidative stress in greater num-
bers in recent years [5, 6]. Therefore, finding effective 
antioxidant targets are the focus of the current research.

Sestrin2 is a highly conserved antioxidant protein 
which was initially identified as hypoxia-induced gene 95 
(Hi95) [7, 8]. As a protective factor in physiological and 
pathological states, Sestrin2 regulates oxidative stress, 
autophagy, endoplasmic reticulum stress, and inflamma-
tion [9]. Sestrin2 inhibits oxidative stress and pro-inflam-
matory signaling through mechanisms involved with 
AMPK and mTOR complex 1 (mTORC1), as well as reg-
ulating metabolism under stress [10, 11]. In the earliest 
studies [12, 13], it has been demonstrated that Sestrins 
play a vital role in the treatment of chronic diseases, such 
as diabetes, atherosclerosis, cancer, and others. Sestrin2, 
however, has not yet been tested for its potential role in 
predicting the risk of CHD with established T2DM.

Therefore, circulating levels of Sestrin2 may provide 
insight into and induce incident risks related to CHD 
among diabetic patients with T2DM, thereby present-
ing new possibilities for preventing CHD-T2DM. Here 
we compared Sestrin2 serum levels between people with 
or without CHD, all of whom have T2DM. Besides, the 
study explores the relationship between CHD risk factors 
and circulating Sestrin2 concentrations within the T2DM 
groups specifically.

Participants and methods
Study population
A total of 139 patients with T2DM who were diagnosed 
and treated in our hospital from December 2020 to July 
2021 were retrospectively studied. There were 69 patients 
with T2DM complicated with CHD and 70 patients with 
T2DM and without CHD complications. All patients 
agreed to participate in this study and signed an informed 
consent form. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
inclusion criteria were as follows: (I) patients diagnosed 
with T2DM according to the criteria of the Chinese 
Guidelines for Diabetes Prevention and Treatment; and 
(II) patients with stable CHD, defined as prior myocardial 
infarction (MI), prior coronary revascularization, or mul-
tivessel CHD confirmed by coronary angiography, were 
eligible. The following patients were excluded from the 
study: (I)Patients presenting with unstable angina, non-
ST-segment elevation MI, or ST-segment elevation MI; 
(II) patients with severe or active infectious diseases; (III) 
patients with insufficiencies of the liver and/or kidneys; 
(IV) patients with malignant tumors; (V) patients with 
severe hematological diseases; (VI) patients with T1DM 
and special types of diabetes; and (VII) patients with 
acute or chronic complications of diabetes.

Anthropometric evaluation
Clinical and biochemical data were collected using 
standardised protocols, which were subject to assurance 
measures and extensive quality control by well‐trained 
personnel. Baseline characteristics were recorded includ-
ing age, sex, history of diabetes mellitus, history of smok-
ing, history of hypertension, history of drug. Body mass 
index (BMI) was calculated as the body weight (kg) 
divided by the square of the height (m2). Blood pres-
sure was measured by trained doctors or nurses using a 
sphygmomanometer after the patient had rested for at 
least 10 min and were determined as the mean of 3 meas-
urements taken 1 min apart.

Blood samples collection and biochemical variable 
examination
Biochemical parameters such as blood urea nitrogen 
(BUN), serum creatinine (SCr), fasting blood glucose 
(FBG), glycosylated hemoglobin A1c (HbA1c), total cho-
lesterol (TC), triglyceride (TG), high-density lipoprotein 
cholesterol (HDL-C), and low-density lipoprotein choles-
terol (LDL-C) were measured using standard procedures 
in the hospital clinical laboratory. All participants had 
been fasting for 10 h before blood collection. A volume 
of 5  mL of cubital venous blood was drawn from each 
patient and transferred to a vacuum blood collection 
tube.

Measuring serum Sestrin2
Blood samples drawn from each participant were cen-
trifuged at 3000 rpm for 15 min, and then the obtained 
sera were kept at − 80  °C until analysis. Serum levels of 
Sestrin2 were determined by the enzyme-linked immu-
nosorbent assay (ELISA) technique. The serum concen-
trations of Sestrin2 were analyzed by Human SESN2 
ELISA kits (Fine Biotech, Wuhan, China; catalog number, 
EH1556). The intra- and interassay coefficients of varia-
tion were < 10% and < 12%, respectively.

Statistical analysis
SPSS 26.0 statistical software was used for the data analy-
sis. The variables in accordance with the normal distribu-
tion are represented by mean ± SD, and the variables with 
skewed distribution are represented by M (Q1, Q3). The 
counting datas were expressed by the number of cases, 
and the difference between the two groups was tested 
by chi-square test. Pearson correlation analysis was used 
to analyze the correlation between Sestrin2 and other 
clinical variables. The participants were divided into four 
groups based on their Sestrin2 quartiles in order to assess 
the independent impact factors of T2DM-CHD, that is, 
quartile 1: < 8.74  ng/mL; quartile 2: 8.74–10.18  ng/mL; 
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quartile 3: 10.18–12.37  ng/mL; quartile 4: ⩾ 15.28  ng/
mL. To assess the independent impact factors of T2DM-
CHD, trend χ2 test and binary logistic regression analysis 
were performed. The validity of predicting T2DM com-
plicated with CHD by calculating serum Sestrin2 level 
through the analysis of ROC curve. A value of 95% was 
used for CI. A two-sided P value < 0.05 was considered 
statistically significant.

Results
Baseline clinical characteristics and biochemical 
measurements
The results obtained from the comparison between clini-
cal and laboratory parameters are given in Table  1. No 
statistically differences were found in gender, smoking 
status, SBP, DBP, HbA1c, TyG index, TG and HDL-C, 
between the two groups. Patients in the T2DM-CHD 
group had higher BMI, FBG, Cr and BUN, while lower 
TC and LDL-C compared to with the participants in the 
control group (P < 0.05). The incidences of other conven-
tional risk factors for CHD including hypertension and 
Diabetic durations were also significantly higher in the 
T2DM-CHD group (P < 0.05).

As illustrated in Fig.  1, Sestrin2 demonstrated signifi-
cant differences in plasma samples between T2DM and 
T2DM-CHD. The levels of circulating Sestrin2 were sig-
nificantly lower in T2DM-CHD patients than in T2DM 
subjects (9.46(8.34,10.91)ng/mL vs 11.17 (9.79,13.14)ng/
mL; P < 0.001).

Correlation between Sestrin2 and other variables
According to Pearson correlation analysis, Sestrin2 lev-
els were negatively correlated with age (r = − 0.256, 
P = 0.002), BMI (r = − 0.206, P = 0.015), FBG (r = − 0.261, 
P = 0.002) and Tyg index (r = − 0.207, P < 0.014) (Fig. 2). 
However, Sestrin2 levels were not associated with SBP, 
DBP, HbA1c, TG, LDL-c, and other variables (Table 2).

The association between Sestrin2 and T2DM‑CHD
From the quartile 1 to the quartile 4 of Sestrin2, the per-
centage of T2DM-CHD was 37.7%, 27.5%, 24.6% and 
10.1%, respectively. The result indicated that with the 
increase of Sestrin2 levels in the population, the percent-
age of T2DM-CHD presented a general downward trend. 
The trend χ2 test showed that the difference was statisti-
cally significant (P < 0.001).

Binary logistic regression analyses indicated that Ses-
trin2 levels were negatively associated with T2DM-CHD, 
as Sestrin2 increased, the prevalence of CHD decreased 
after adjusting for confounding variables (P < 0.05). Taken 
Sestrin2 as classification variable (quartile 1–4) for the 
regression model, we adjusted for confounding variables 
before the bottom quartile of Sestrin2 compared with the 
top, an OR of 9.167(95% CI 2.003–41.954, P < 0.05) was 
observed (Table 3).

The ROC curve analysis
The ROC curve for circulating Sestrin2 levels to predict 
T2DM-CHD is shown in Fig. 3. Based on ROC analysis, 
the best cutoff value of circulating levels of Sestrin2 was 

Table 1  Clinical characteristics of the study population

Data are presented as the mean value ± SD or median (interquartile range)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
FBG, fasting blood glucose; HbA1c, hemoglobin a1c; TyG index, Triglyceride 
glucose TyG index; TC, total cholesterol; TG, triglycerides; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Cr, creatinine; 
BUN, blood urea nitrogen

P < 0.05 was considered statistically significant

T2DM T2DM-CHD P value

Gender (M %) 32 (45.7%) 38 (55.1%) 0.27

Age (years) 55.76 ± 6.55 60.41 ± 6.91 < 0.001

Diabetic durations 
(years)

5.5 (1, 12) 12 (6, 16) < 0.001

Hypertension (%) 29 (41.4%) 49 (71.0%) < 0.001

Smoking status(%) 26 (37.1%) 25 (36.2%) 0.91

BMI (kg/m2) 23.88 ± 2.40 24.72 ± 2.35 0.04

SBP (mmHg) 132 (126, 140) 130 (125, 144) 0.602

DBP (mmHg) 77.5 (68, 90) 80 (70, 85) 0.67

FBG (mmol/L) 8 (6.8, 10.7) 10 (7.6, 12.3) 0.011

HbA1c (%) 9.23 ± 2.06 8.88 ± 1.93 0.303

TyG index 9.56 ± 0.70 9.56 ± 0.67 0.989

TC(mmol/L) 4.92 ± 1.20 4.11 ± 1.21 < 0.001

TG (mmol/L) 2.21 (1.43, 3.19) 2.03 (1.21, 2.89) 0.216

HDL-C(mmol/L) 1.03 (0.85, 1.19) 0.95 (0.83, 1.17) 0.281

LDL-C(mmol/L) 2.77 (1.95, 3.48) 2.0 (1.53, 2.91) 0.001

Cr (umol/L) 55.40 (45.00, 65.10) 67.50 (52.10, 79.20) 0.001

BUN (nmol/L) 5.58 (4.58, 6.49) 5.79 (5.04, 7.69) 0.024

Statins (%) 6 (8.6%) 40 (58.0%) < 0.001

Fig. 1  Serum Sestrin2 levels in patients with T2DM and T2DM-CHD 
groups. P value < 0.05 was considered significant
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calculated to be 9.6 ng/mL with a sensitivity of 55.1%, a 
specificity of 80%, and an under curve area of 0.724 (95% 
CI 0.641–0.808, P < 0.001) for T2DM-CHD prediction.

Discussion
In this study, we found that the serum Sestrin2 lev-
els in T2DM with CHD were lower than that in T2DM 
patients. This study found that serum Sestrin2 levels were 
significantly negatively correlated with the age, BMI, FBG 
and Tyg index in T2DM patients. In addition, low levels 
of Sestrin2 are a risk factor for CHD in T2DM patients.

T2DM is a metabolic disorder characterized by chronic 
hyperglycemia and improper lipid, carbohydrate, and 
protein metabolism, caused by insulin resistance and 
inadequate insulin release [14]. Patients with T2DM are 
at a higher risk of cardiovascular diseases, especially 
CHD, due to their dysregulated metabolism of lipids [15]. 
In spite of the importance of all complications associated 
with type 2 diabetes, CHD continues to be the leading 
cause of morbidity and mortality for this population [16]. 
In light of these findings, we must refocus on aggres-
sive risk reduction of cardiovascular disease for patients 
living with type 2 diabetes, especially those who have 

Fig. 2  Correlation of the serum Sestrin2 levels and the clinical indexes. The serum Sestrin2 levels in the patients were negatively correlated with 
the a Age, b BMI, c FBG, and d Tyg index. Each symbol represents an individual patient. The correlations were evaluated by performing Pearson 
correlation test. P < 0.05, indicated a statistically significant difference

Table 2  Simple correlation analysis of serum Sestrin2 and 
parameters

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
FBG, fasting blood glucose; HbA1c, hemoglobin a1c; TyG index, Triglyceride 
glucose TyG index; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; 
LDL-C, low-density lipoprotein cholesterol; Cr, creatinine; BUN, blood urea 
nitrogen

P < 0.05 was considered statistically significant

Parameters Correlation coefficient (r) P value

Age − 0.256 0.002

BMI − 0.206 0.015

SBP − 0.043 0.617

DBP − 0.034 0.69

FBG − 0.261 0.002

HbA1c 0.092 0.28

TyG index − 0.207 0.014

TG − 0.138 0.105

HDL-C 0.017 0.846

LDL-C 0.138 0.105

Cr − 0.106 0.215

BUN − 0.137 0.109
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already been diagnosed with CHD. Research studies have 
demonstrated that the production of the Reactive oxygen 
species (ROS) may play a significant role in heart disease 
[17, 18]. A key regulator of cellular physiological metab-
olism, ROS, is mainly produced in mitochondria [19]. 
Researchers have demonstrated that ROS, as an intracel-
lular signal molecule, influences a variety of physiological 
processes in cardiomyocytes [20]. In addition, cardiovas-
cular diseases are widely reported to be associated with 
impaired autophagy processes, resulting in the death of 
cardiomyocytes as the damaged autophagosomes are not 

cleared properly [21, 22]. It has been demonstrated that 
Sestrin2 exerts its antioxidant activity by reducing the 
production of ROS and by stimulating autophagy as an 
oxidative stress-induced protein regulated by p53 [23].

Researchers discovered that the N-terminal domain of 
Sestrin2 shared allosteric properties with alkyl hydrop-
eroxide reductase D from Mycobacterium tuberculosis, 
and they acted as antioxidants [8]. The ability to induce 
sulfiredoxin expression later was shown to be due to 
Sestrin2 acted as a peroxidase reductase [24]. Sestrin2 
is a direct inhibitor, but it is also capable of regulating 

Table 3  Binary multivariate stepwise logistic regression of the independent factors for T2DM (Sestrin2 as continuous variable or 
categorical variable)

Data were odds ratio (95% confidence interval), which were calculated by logistic analyses. Model 1 was adjusted for age, sex, hypertension, diabetic durations and 
smoking status; Model 2 was adjusted for Model 1, BMI, FBG, HbA1c and TyG index; Model 3 was adjusted for Model 2, TC, TG, HDL-C, LDL-C, Scr and BUN

*P < 0.05

Variable Model 1 Model 2 Model 3

sestrin2 0.624 (0.496, 0.784)* 0.666 (0.518, 0.856)* 0.66 (0.508, 0.857)*

sestrin2 quartile 4 Ref Ref Ref

sestrin2 quartile 3 13.339 (1.06, 12.528)* 2.862 (0.769, 10.649) 2.524 (0.621, 10.264)

sestrin2 quartile 2 4.782 (1.403, 16.295)* 3.172 (0.819, 12.289) 3.48 (0.874, 13.866)

sestrin2 quartile 1 0.075 (3.505, 50.765)* 8.737 (2.046, 37.304)* 9.167 (2.003, 41.954)*

Fig. 3  Receiver operating characteristic (ROC) curve analyse was carried out for diagnose CHD in T2DM patients according to the Sestrin2 levels. 
The comparison of the area under the curve (AUC) was performed by a P value < 0.05
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signaling pathways to exert antioxidant effects. By 
enhancing autophagy-dependent degradation of kelch-
like ECH-related protein 1 (keap1), sestrin2 can induce 
the expression of transcription factor Nrf-2 that in com-
bination with the antioxidant response element (ARE) 
exerts cell protection functions [25]. Sestrin2 can also 
inhibit ROS accumulation by inhibiting the mTOR and 
DADPH-dependent oxidase 4 signaling pathways [26], 
as well as by enhancing mitochondrial phagocytosis [27]. 
Using plasma Sestrin2 levels as biomarkers, Xiao et  al. 
[28] noticed a positive correlation between Sestrin2 lev-
els and malondialdehyde and a negative correlation with 
superoxide dismutase in patients with aortic dissection, 
which is evidence of Sestrin2’s antioxidant activity.

According to recent studies [29–31], Sestrin2 plays 
a crucial role in metabolic disorders of cardiovascular 
events, such as oxidative stress, AMPK/mTOR ignalling 
pathway, and Nrf2-induced autophagy. In truth, there is 
a controversy regarding the relationship between Ses-
trin2 deficiency and CHD. According to our current 
data, serum Sestrin2 concentration was found to be sig-
nificantly lower in T2DM patients with CHD as com-
pared with T2DM patients without CHD. Despite the 
fact that this is the first study examining the association 
between Sestrin2 and T2DM-CHD, the possible mecha-
nism of association between low levels of Sestrin2 and 
T2DM-CHD remains unclear. This may be due to the 
compensatory mechanism of Sestrin2 may be insuffi-
cient to regulate abnormal metabolism. As the Sestrin2 
level decreases, ROS will accumulate and autophagy will 
be inhibited, leading to CHD. It is suggested that the low 
Sestrin2 is a risk factor for T2DM-CHD. In the next step 
of our research, we will explore this possibility. Sunda-
rarajan et  al. [32] measured the plasma Sestrin2 levels 
in individuals with normal glucose tolerance (NGT) 
(n = 46), dyslipidemia (n = 42), and patients with Type 2 
diabetes with (n = 41) and without dyslipidemia (n = 40). 
A significant negative correlation was shown between 
Sestrin2 and atherogenic risk factors, as well as severity 
of atherogenic index. The findings of their study are simi-
lar to ours. However, the conclusion of this study is not in 
agreement with the conclusions of other studies. Ye et al. 
[33] reported that the Sestrin2 levels in patients with 
coronary artery disease (CAD) were higher than those 
in those without CAD. Sestrin2 levels among patients 
with unstable angina (UA) or acute MI (AMI) were much 
higher than those in patients with stable angina (SA). In 
another study [34], Sestrin2 was measured in plasma in 
304 patients who underwent coronary angiography for 
suspected CAD. Significantly higher plasma concentra-
tions of Sestrin2 were seen in the CAD patients com-
pared with the non-CAD patients. Sestrin2 levels also 
increased in a stepwise manner that was dependent on 

the severity of CAD (defined as the number of > 50% 
stenotic vessels), and they were highest in patients with 
severe CAD. Indeed, the current work couldn’t explain 
this contradiction. These may be due to the increased 
plasma Sestrin2 levels may be a compensate response. As 
the disease advances, the compensatory mechanism of 
Sestrin2 is no longer sufficient to control the intracellular 
environment, which further decreases as time progresses.

Diabetes and cardiovascular disease are both char-
acterized by obesity as one of their leading causes [35]. 
Impairing glucose tolerance is an important factor influ-
encing progression of atherosclerosis, according to pre-
vious studies [36]. In our study, we found that serum 
Sestrin2 levels were negatively correlated with the BMI, 
FBG and Tyg index in patients with T2DM, indicating 
that serum Sestrin2 may be involved in the occurrence 
and development of T2DM-CHD. As a result, the result 
of the study was consistent with that of the previous 
one [34]. As well, Nourbakhsh et al. [37] found that the 
serum levels of Sestrin2 were negatively correlated with 
BMI, HbA1c, serum creatinine, glucose, and albumin in 
patients with T2DM. Further, they found lower levels of 
Sestrin2 in obese children and obese children with diabe-
tes when compared to children with normal weight, and 
these levels were negatively correlated with BMI, HbA1c, 
and glucose levels [38]. On contrary, the study by Chung 
et  al. [39] found that serum Sestrin2 levels were higher 
in obese and T2DM patients when compared to the 
healthy control group. These levels were positively corre-
lated with BMI, levels of serum triacylglycerol, glucose, 
C-reactive protein and the degree of insulin resistance. 
The present study couldn’t explain this inconsistency.

Another novel finding, in our present study, serum 
Sestrin2 levels showed about 72.4% AUC to differenti-
ate patients with T2DM-CHD from diabetic only cases. 
The sensitivity was 55.1% and specificity was 80%. More-
over, we found that the risk of T2DM-CHD gradually 
decreased across increasing quartiles of Sestrin2. Mean-
while, our findings showed that low serum Sestrin2 levels 
were strongly associated with T2DM-CHD prevalence, 
even after adjustment for a variety of risk factors, sup-
porting the hypothesis that Sestrin2 deficiency was a risk 
factor for this disease.

There are a number of limitations inherent in the cur-
rent study. Firstly, the sample size was quite small as 
it was a single-center study. All the participants were 
from the same region. Consequently, it was impossi-
ble to exclude patients’ selection bias. Secondly, in our 
study, we found that the TC and LDL-C level in T2DM 
with CHD was lower than that in T2DM patients, as all 
were being administered statins in accordance to their 
risk profiles. There was no discussion in this study about 
how lipid-lowering agents affect serum Sestrin2, which 
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might affect the results of the experiment. Additionally, 
control subjects with T2DM could not be excluded from 
confounding effects such as those caused by the diseases 
themselves or other medicine treatments. Finally, this 
was only an observational study, and causality could not 
be established in this case.

Conclusions
In conclusion, According to our findings, the serum Ses-
trin2 levels in type 2 diabetes are associated with CHD, 
and age, body mass index, FBG, and Tyg index are nega-
tively correlated with the Sestrin2 levels. Based on these 
results, Sestrin2 could play a significant role in the pro-
cess of developing T2DM with CHD and be a risk factor. 
Despite the fact that the causal relationship between Ses-
trin2 and T2DM-CHD is inconclusive from the present 
research results, Sestrin2 levels provide a valuable clini-
cal and reference value in diagnosed patients with T2DM 
that is complicated by CHD. However, futher study of the 
specific molecular mechanisms in disease and an expan-
sion of the clinical sample size would be necessary to 
determine the clinical utility of Sestrin2.
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