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Abstract 

Background/objectives: Pericoronary adipose tissue inflammation might lead to the development and destabiliza-
tion of coronary plaques in prediabetic patients. Here, we evaluated inflammation and leptin to adiponectin ratio in 
pericoronary fat from patients subjected to coronary artery bypass grafting (CABG) for acute myocardial infarction 
(AMI). Furthermore, we compared the 12-month prognosis of prediabetic patients compared to normoglycemic 
patients (NG). Finally, the effect of metformin therapy on pericoronary fat inflammation and 12-months prognosis in 
AMI-prediabetic patients was also evaluated.

Methods: An observational prospective study was conducted on patients with first AMI referred for CABG. Partici-
pants were divided in prediabetic and NG-patients. Prediabetic patients were divided in two groups; never-met-
formin-users and current-metformin-users receiving metformin therapy for almost 6 months before CABG. During the 
by-pass procedure on epicardial coronary portion, the pericoronary fat was removed from the surrounding stenosis 
area. The primary endpoints were the assessments of Major-Adverse-Cardiac-Events (MACE) at 12-month follow-up. 
Moreover, inflammatory tone was evaluated by measuring pericoronary fat levels of tumor necrosis factor-α (TNF-α), 
sirtuin 6 (SIRT6), and leptin to adiponectin ratio. Finally, inflammatory tone was correlated to the MACE during the 
12-months follow-up.

Results: The MACE was 9.1% in all prediabetic patients and 3% in NG-patients. In prediabetic patients, current-met-
formin-users presented a significantly lower rate of MACE compared to prediabetic patients never-metformin-users. 
In addition, prediabetic patients showed higher inflammatory tone and leptin to adiponectin ratio in pericoronary 
fat compared to NG-patients (P < 0.001). Prediabetic never-metformin-users showed higher inflammatory tone and 
leptin to adiponectin ratio in pericoronary fat compared to current-metformin-users (P < 0.001). Remarkably, inflam-
matory tone and leptin to adiponectin ratio was significantly related to the MACE during the 12-months follow-up.

Conclusion: Prediabetes increase inflammatory burden in pericoronary adipose tissue. Metformin by reducing 
inflammatory tone and leptin to adiponectin ratio in pericoronary fat may improve prognosis in prediabetic patients 
with AMI.
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Background
Prediabetes affects more than 38% of people in adult 
population [1]. Without any intervention, prediabe-
tes often progresses to diabetes mellitus and is associ-
ated with increased risk of cardiovascular disease [2]. 
Although indices of glycemia define clinical criteria for 
prediabetes, vascular dysfunction results not only from 
effects of hyperglycemia but also from vascular proin-
flammatory and metabolic consequences associated to 
increased adipose tissue in diverse anatomic locations 
[3]. Adipose tissue is an active endocrine organ secret-
ing multiple metabolically active factors, such as leptin, 
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) 
[4]. These factors are involved in metabolic and inflam-
matory processes and may act in a paracrine or endo-
crine manner, altering liver, pancreas, skeletal muscle and 
vascular system metabolism [5]. Dysregulation of these 
signal molecules is closely related to adipocyte hyper-
trophy and insulin resistance [6, 7]. In humans, coronary 
arteries are the most atherosclerosis-prone arteries with 
abundant of adipose tissue surrounding [3]. Recently, 
pericoronary fat has been considered as an active com-
ponent of the blood vessel walls, as it is involved in vas-
cular homeostasis and in atherosclerosis progression [3, 
8]. In addition, epicardial adipose tissue in patients with 
advanced coronary artery disease (CAD) subjected to 
coronary artery bypass grafting (CABG) releases higher 
levels of inflammatory cytokines, such as TNF-α than 
the subcutaneous tissue [3]. Epicardial adipose tissue is 
also an important source of adiponectin, an anti-inflam-
matory and anti-atherogenic adipokine [9]. Remark-
ably, adipocyte-specific SIRT6 knockout mice showed 
an increased inflammation grade in the adipose tissue 
along with body weight increase and systemic insulin 
resistance [10, 11]. In contrast, SIRT6 overexpression 
resulted in the reduction of the fat mass, lowering LDL 
cholesterol and triglyceride levels, and improving glu-
cose tolerance [11]. SIRT6 knockout mice showed also 
an increased expression of inflammatory genes, TNF-α, 
IL-6, and monocytes chemoattractive protein-1 (MCP-
1) in both white and brown adipose tissues [12]. Lastly, 
SIRT6 is involved in the inflammatory pathways of dia-
betic atherosclerotic lesions [13]. Thus, is reasonable that 
inflammatory cytokines and adipokines released from 
pericoronary fat may be involved in the outcomes of pre-
diabetic patients after cardiovascular events, including 
coronary artery diseases. To date, the specific molecu-
lar mechanisms regulating the inflammatory state of 

pericoronary fat in prediabetic patients and the possi-
ble effect of metformin therapy are poorly investigated. 
Moreover, there are no study describing the effects of the 
pre-diabetic milieu on pericoronary fat in patients with 
acute myocardial infarction (AMI). It is conceivable that 
pericoronary fat in patients with prediabetes may release 
inflammatory factors leading to the development and 
destabilization of atherosclerotic plaques in coronary 
arteries. In this setting, the aim of this study was to inves-
tigate the pro-inflammatory tone in pericoronary fat, by 
evaluating leptin to adiponectin ratio, TNF-α levels, and 
SIRT6 protein level [14]. Subsequently, we evaluated the 
12-months prognosis after the event by comparing pre-
diabetic to normoglycemic patients subjected to CABG 
for AMI. Finally, since metformin therapy regulates both 
leptin and adiponectin levels in plasma and in subcutane-
ous fat [15–17], here, its effect on leptin to adiponectin 
ratio and inflammatory tone in pericoronary fat was also 
evaluated, as well as its correlation with 12-months prog-
nosis in AMI-prediabetic patients.

Methods
We conducted an observational, multicenter, prospec-
tive study. Consecutive patients with first uncompli-
cated AMI and multivessel coronary artery disease 
referred for coronary artery bypass graft (CABG), 
entered prospectively into the database. Criteria for 
exclusion encompassed concomitant chronic diseases, 
including kidney, liver, severe uncontrolled hyper-
tension (blood pressure >  200/100  mmHg), routinely 
consuming more than 3 alcoholic drinks per day, 
uncontrolled endocrine or metabolic disease known to 
influence glycemia (i.e., secondary causes of hypergly-
cemia), congestive heart failure defined by NYHA (New 
York Heart Association) Class III or IV, ileal bypass, 
gastric bypass, or other significant intestinal malab-
sorption, estimated glomerular filtration rate (eGFR) 
<  30  ml/min/1.73  m2 based on the 4-variable MDRD 
(Modification of Diet in Renal Disease), nephrotic 
syndrome or other clinically significant renal disease, 
disorders of the hematologic, digestive, or central nerv-
ous systems including cerebrovascular disease and 
degenerative disease that would limit study evaluation 
or participation. Because BMI >  35  kg/m2 is strongly 
associated with CABG operative mortality [18], we 
excluded patients with BMI >  35  kg/m2 to avoid bias 
in the data analyses. Participants were divided in pre-
diabetic patients and normal glucose (NG) patients. 

Trial registration Clinical Trial NCT03360981, Retrospectively Registered 7 January 2018
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Prediabetes was defined by impaired fasting glucose, 
impaired glucose tolerance and HbA1c value ≥  5.7% 
but <  6.5% [19]. Among prediabetic patients, patients 
who never used metformin were classified as “never-
metformin-users.” Prediabetic patients who had already 
used metformin for at least 6 months before the event 
and continued throughout the follow up were classi-
fied as “current-metformin-users”. Prediabetic patients 
who had been using metformin for less that 6 months 
were excluded from the study. Pro-inflammatory tone, 
defined as TNF-α, reduced SIRT6 levels, and leptin 
to adiponectin ratio were determined in pericoronary 
fat. During the by-pass procedure on epicardial coro-
nary portion, the pericoronary fat was removed from 
the surrounding stenosis portion and from the por-
tions of fat surrounding the segment of coronary iden-
tified for the post-stenotic anastomosis, according to 
the normal technical procedures of the intervention. 
After removing, the fat was stored in tubes with a 
RNA-Lather solution. Pericoronary fat tissue (100 mg) 
was cut into small pieces and homogenized. Fat tis-
sues were lysed and centrifuged for 10  min at 10,000g 
at 4 °C. After centrifugation, each sample were loaded, 
electrophoresed in polyacrylamide gel, and electroblot-
ted onto a nitrocellulose membrane. Each determina-
tion was repeated at least three times. TNF-α, SIRT6, 
leptin and adiponectin levels were measured in 100 μg 
of the protein extract from pericoronary fat specimens, 
using specific TNF-α assays (Cymax human TNF-alpha 
ELISA, YIF-LF-EK0193, Liestal Switzerland), SIRT6 
assay (Mybiosouce MBS2021864 Sirtuin 6 ELISA Kit, 
San Diego, USA), leptin assay (Human Leptin ELISA 
Kit ab100581, abcam, Cambridge CB2 0AX UK) and 
adiponectin assay (Human Adiponectin ELISA Kit 
ab99968, abcam, Cambridge CB2 0AX UK). The pri-
mary endpoints were the assessment of inflammatory 
tone and Major-Adverse-Cardiac-Events (MACE: all 
death, cardiovascular death, re-infarction and heart 
failure) at 12-months follow-up. Heart failure (HF) was 
defined according to clinical and echocardiographic 
parameters for HFrEF and HFpEF [20] All patients 
underwent quarterly clinical evaluation and routine 
analyses as outpatients for 12-months after the event. 
The study was conducted at Department of Advanced 
Medical and Surgical Sciences, Università degli Studi 
della Campania “Luigi Vanvitelli”, Italy, at Department 
of Cardio-Thoracic and Respiratory Sciences, Univer-
sità degli Studi della Campania “Luigi Vanvitelli”, Italy, 
and at Department of Cardiac Surgery, Santissima 
Annunziata Hospital, Sassari, Italy. The study was con-
ducted in accordance with the Declaration of Helsinki. 
The Ethics Committees of all participating institutions 
approved the protocol (Ethic Committee Università 

degli Studi della Campania “Luigi Vanvitelli” num-
ber: 341). All patients were informed about the study 
nature, and gave their written informed, and signed 
consent to participate in the study.

Statistical analysis
SPSS version 23.0 (IBM statistics) was used for all sta-
tistical analyses. Categorical variables were presented as 
frequencies (percentages), and continuous variables as 
mean ± SD. The normal distribution of data was evalu-
ated with Kolmogorov Smirnov test and parametric 
test was used. For comparison among prediabetics and 
NG-patients, pre-diabetic never-metformin-users and 
current-metformin-users, a propensity score matching 
(PSM) was developed from the predicted probabilities 
of a multivariable logistic regression model predicting 
mortality, and events from age, sex, hypertension, dys-
lipidemia, smoking history, family history, baseline no-
diabetic therapies, metabolic parameters, and coronary 
lesions. Pre-diabetic never-metformin-users-users were 
matched to and current-metformin-users on the basis 
of PSM. In all matched patients, the balancing property 
was satisfied. Overall survival and event-free survival are 
presented using Kaplan–Meier survival curves, and com-
pared using the log-rank test. To investigate the effects 
of TNFα, SIRT6 levels and leptin to adiponectin ratio on 
cardiovascular endpoints, we evaluated AMI outcomes 
at 1-year follow-up stratified by TNFα, SIRT6 and leptin 
to adiponectin ratio terziles. Regression analysis was per-
formed for estimating the relationships among variables. 
Sample size was obtained at follow-up. A sample size of 
116 patients and 68 events are sufficient to determine a 
hazard ratio of 0.31 to detect the comparison between 
group Pre-diabetic and Group NG with a power of 80 
percent and a significance level of 5%. A sample size of 
360 patients and 28 events are sufficient to determine a 
hazard ratio of 0.31 to detect the comparison between 
group PDM ad DC group with a power of 80% and a sig-
nificance level of 5%. Finally, we analyzed separately the 
effect of the three glycemic criteria, in accordance with 
the guideline from ADA [19], on inflammatory tone and 
leptin to adiponectin ratio, as well as on cardiovascular 
endpoints. A 2-tailed P value < 0.05 was considered sta-
tistically significant.

Results
360 NG-patients and 266 prediabetic patients meet 
inclusion criteria. Among prediabetics, 50 patients 
(19%) had fasting glucose criterion, 26 patients (10%) 
had post-prandial glucose criterion, 130 patients 
(49%) had HbA1c criterion and the remaining 60 
patients (22%) patients had two or more criteria for 
prediabetes diagnosis. All our prediabetic patients 
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meet ADA criteria [18] for treatment with met-
formin (Table  1). Nevertheless, only 89 prediabetic 
patients were current-metformin-users (mean met-
formin dosage = 592.2 ± 167.7 mg/die), and 177 were 
never-metformin-users. During 1-year follow-up, 
13 prediabetic patients (10 never-metformin-users 
and 3 current-metformin-users) developed type 2 
diabetes and 26 (7 never-metformin-users and 19 

current-metformin-users) reverted to normoglycemia, 
and were excluded from study (Fig.  1). After propen-
sity score matching (PSM) for anthropometric char-
acteristics and cardiovascular risk factors total of 180 
NG-patients were matched to 180 prediabetic patients, 
(Table  1). After PSM, 58 current-metformin-users 
were matched to 58 never-metformin-users (Table  1), 
there were no differences between the criteria for the 

Table 1 Baseline clinical characteristics of patients with AMI matched by propensity score analysis

Data are mean ± SD or n (%)

Normoglycemic 
patients

Prediabetic patients P Prediabetic never 
metformin users

Prediabetic current 
metformin users

P

N 180 180 58 58

Mean age (years) 68.2 ± 6.8 67.1 ± 6.3 0.082 66.2 ± 5.4 67.1 ± 4.9 0.345

Sex (M/F) 99/81 96/84 – 33/25 34/24 –

BMI (kg/m2) 27.1 ± 1.6 27.4 ± 1.9 0.088 27.3 ± 0.7 26.9 ± 1.2 0.140

Systolic blood pressure (mmHg) 130.8 ± 13.1 132.9 ± 10.9 0.064 131.2 ± 8.4 133.1 ± 7.7 0.945

Diastolic blood pressure (mmHg) 79.2 ± 6.5 79.3 ± 6.6 0.898 77.7 ± 6.4 79.4 ± 6.7 0.154

Heart rate (bpm) 87.2 ± 8.1 86.9 ± 8.6 0.744 85.9 ± 5.6 87.2 ± 8.8 0.357

Prediabetes diagnosis criteria

 Fasting plasma glucose, n (%) – 39 (21.6) – 10 (17.2) 11 (18.9) 0.488

 Post-prandial glucose, n (%) – 18 (10) – 11 (18.9) 10 (17.2) 0.502

 HbA1c, n (%) – 102 (56.7) – 24 (41.4) 25 (43.1) 0.493

 Two or more criteria, n (%) – 21 (11.6) – 13 (22.4) 12 (20.7) 0.559

Risk factors

 Hypertension, n (%) 143 (79.4) 144 (80.1) 0.500 49 (84.5) 51 (87.9) 0.394

 Hyperlipemia, n (%) 112 (62.2) 110 (61.1) 0.457 49 (84.5) 47 (81.1) 0.403

 Cigarette smoking, n (%) 141 (78.3) 142 (78.9) 0.500 47 (81.1) 51 (87.9) 0.221

Active treatments

 β-blockers, n (%) 104 (57.8) 106 (58.9) 0.457 43 (74.1) 41 (70.7) 0.418

 ACE inhibitors, n (%) 76 (42.2) 74 (41.1) 0.457 22 (37.9) 27 (46.6) 0.226

 Angiotensin receptor blockers, n (%) 88 (48.9) 75 (41.7) 0.102 25 (43.1) 22 (37.9) 0.353

 Calcium inhibitor, n (%) 100 (55.6) 105 (58.3) 0.335 37 (63.8) 41 (70.7) 0.277

 Nitrate, n (%) 46 (25.6) 34 (18.9) 0.081 7 (12.1) 9 (15.5) 0.394

 Statins, n (%) 92 (51.1) 100 (55.6) 0.230 32 (55.2) 28 (48.3) 0.289

 Thiazide diuretic, n (%) 55 (30.6) 56 (31.1) 0.500 22 (37.9) 25 (43.9) 0.353

 Aspirin, n (%) 115 (63.9) 118 (65.6) 0.413 37 (63.8) 38 (65.5) 0.500

 Thienopyridine, n (%) 24 (13.3) 24 (13.3) 0.562 6 (10.3) 7 (12.1) 0.500

Laboratory analyses

 Fasting plasma glucose (mg/dl) 86.5 ± 6.5 110 ± 7.3 0.001 111.5 ± 9.3 110.9 ± 7.6 0.762

 Post-prandial glucose (mg/dl) 106 ± 24 132 ± 36 0.001 131 ± 33 132 ± 29 0.658

 HbA1c (%) 5.1 ± 0.3 6.2 ± 03 0.001 6.1 ± 0.3 6.0 ± 0.4 0.463

 Cholesterol (mg/dl) 205.9 ± 21.1 205.1 ± 22.1 0.670 203.2 ± 19.1 206.6 ± 19.5 0.353

 LDL-cholesterol (mg/dl) 127.4 ± 20.9 131.3 ± 21.5 0.080 128.6 ± 29.4 133.1 ± 18.9 0.198

 HDL-cholesterol (mg/dl) 38.3 ± 3.5 38.1 ± 3.5 0.764 37.8 ± 3.3 37.5 ± 3.5 0.587

 Triglycerides (mg/dl) 181.5 ± 19.6 182.6 ± 22.1 0.621 185.1 ± 23.6 179.6 ± 17.3 0.154

 Creatinine (mg/dl) 0.99 ± 0.13 0.98 ± 0.19 0.399 0.98 ± 0.17 0.97 ± 0.16 0.833

 hs-cTnT (ng/l) 147.6 ± 32.7 149.6 ± 25.9 0.411 149.9 ± 32.1 149.2 ± 26.6 0.604

 Leptin (pg/ml) 27.9 ± 12.9 93.9 ± 28.1 0.001 111.1 ± 20.1 81.6 ± 24.8 0.001

 Adiponectin (pg/ml) 116.1 ± 22.5 58.1 ± 23.3 0.001 45.8 ± 19.3 70.9 ± 18.7 0.001
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diagnosis of prediabetes. The mean (± SD) duration of 
metformin treatment was 21 ± 5.7 months. Prediabetic 
patients showed higher leptin to adiponectin ratio and 
TNF-α levels, whereas levels of SIRT6 were lower in 
pericoronary fat specimens compared to NG patients 
(Figs. 2, 3, 4) (P < 0.001). In addition, there were no sig-
nificant differences in inflammatory tone, leptin to adi-
ponectin ratio and MACE among pre-diabetic patients 
identified with the different diagnostic criteria (data 
not shown). In pericoronary fat specimens from pre-
diabetic never-metformin-users, leptin to adiponectin 
ratio and TNF-α levels were significantly higher com-
pared to current-metformin-users (P  <  0.001) (Figs.  2, 
3). Noticeable, SIRT6 level in pericoronary fat speci-
mens from prediabetic never-metformin-users was 
consistently lower compared to current-metformin-
users (P  <  0.001) (Fig.  4). Remarkably, regression 
analysis evidenced a relationship between pericoro-
nary fat leptin to adiponectin ratio and TNF-α levels 
in the overall study population. The analysis showed 
that values of pericoronary TNF-α content (depend-
ent variables) increased when fat pericoronary leptin 
to adiponectin ratio (independent variable) increased, 
while the other independent variables are held fixed 
(Fig.  5a). In addition, regression analysis evidences a 

relationship between pericoronary fat leptin to adi-
ponectin ratio and SIRT6 levels in the overall study 
population. The analysis showed that values of peric-
oronary SIRT6 content (dependent variables) decreased 
when fat pericoronary leptin to adiponectin ratio (inde-
pendent variable) increased, while the other independ-
ent variables were held fixed (Fig. 5b). The MACE was 
9.4% (n =  17) (cardiovascular death N =  3, 1.6%; HF 
N = 6, 3.3%; re-infarction N = 8, 4.4%) in all prediabet-
ics and 3.3% (N = 6) (cardiovascular death N = 1, 0.5%; 
HF N  =  2, 1.1%; re-infarction N  =  3, 1.7%) in NG-
patients (Fig. 6a). Prediabetic current-metformin-users 
presented a significantly lower rate of MACE compared 
to prediabetic never-metformin-users (Fig.  6b). The 
MACE was 20.7% (n = 12) (cardiovascular death N = 2, 
3.4%; HF N =  4, 6.9%; re-infarction N =  6, 10.3%) in 
never-metformin-users and 6.9% (N  =  4) (cardiovas-
cular death N = 1, 1.7%; HF N = 1, 1.7%; re-infarction 
N = 2, 3.4%) in NG-patients. The multivariable logistic 
regression, model predicting MACE was adjusted for 
age, sex, hypertension, dyslipidemia, smoking history, 
family history, baseline no-diabetic therapies, meta-
bolic parameters, and coronary lesions. Moreover, in 
order to translate the pericoronary fat inflammatory 
tone status into real clinical endpoints, the MACE 

Fig. 1 Flow-chart of the study protocol
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Fig. 2 a Leptin to adiponectin ratio, in pericoronary fat specimens from 180 normal glucose patients and 180 prediabetic patients matched with 
propensity score analysis (PSM). (Boxplot, a plot type that displays the median, 25th, and 75th percentiles and range). *P < 0.01 vs. normal glucose 
patients. b Leptin to adiponectin ratio, in pericoronary fat specimens from 58 prediabetic never metformin users, and 58 prediabetic metformin 
users. ‡P < 0.01 vs. never metformin users. Data are mean ± SD

Fig. 3 a Tumor necrosis factor-α (TNF-α) levels, in pericoronary fat specimens from 180 normal glucose patients and 180 prediabetic patients 
*P < 0.01 vs. normal glucose patients. b TNF-α levels, in pericoronary fat specimens from 58 prediabetic never metformin users and current 
metformin users. ‡P<0.01 vs. never metformin users. Data are mean ± SD
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stratified by leptin to adiponectin ratio, TNF-α and 
SIRT6 levels was further evaluated. As shown in Fig. 7, 
patients with lower leptin to adiponectin ratio, lower 
TNF-α levels, and higher SIRT6 had a lower number of 
events.

Discussion
Here, we show that pericoronary fat from prediabetic 
patients is characterized by an increase of leptin and 
a reduction of adiponectin contents, as evidenced by 
an increase in the leptin to adiponectin ratio, and by a 

Fig. 4 a Sirtuin-6 (SIRT6) levels, in pericoronary fat specimens from 180 normal glucose patients and 180 prediabetic patients matched with 
propensity score analysis (PSM). *P < 0.01 vs. normal glucose patients. b SIRT6 levels, in pericoronary fat specimens from 58 prediabetic never 
metformin users, and 58 prediabetic metformin users. ‡P < 0.01 vs never metformin users. Data are mean ± SD

Fig. 5 a Regression analysis evidences a relationship between pericoronary fat leptin to adiponectin ratio and Tumor necrosis factor-α (TNF-α) 
levels in the overall study population. This analysis showed that the values of pericoronary TNF-α content (dependent variables) changed when 
pericoronary fat leptin to adiponectin ratio (independent variable) varied, while the other independent variables are held fixed. b Regression 
analysis evidences a relationship between pericoronary fat leptin to adiponectin ratio and sirtuin 6 (SIRT6) levels in the overall study population. This 
analysis showed that the values of pericoronary SIRT6 content (dependent variables) changed when fat pericoronary leptin to adiponectin ratio 
(independent variable) varied, while the other independent variables are held fixed
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pro-inflammatory tone, as indicated by altered levels of 
SIRT6 and TNF-α. Moreover, as a consequence of these 
changes, MACE after AMI were greater in prediabetic 
patients than normoglycemics patients. In fact, patients 
with higher pericoronary fat inflammatory tone and lep-
tin to adiponectin ratio had higher number of events. Of 
note, metformin therapy in prediabetic patients blunted 
these alterations, as current-metformin-users showed 
lower pro-inflammatory tone levels, leptin-to adiponec-
tin ratio pericoronary fat and lower MACE compared to 
never-metformin-users. Finally, to the best of our knowl-
edge, this is the first study showing that pericoronary fat 
pro-inflammatory tone and adipokine changes during 
AMI are amplified and might be responsible for poor 
outcomes in prediabetic patients. In this framework, 
modulation of SIRT6, TNF-α, leptin and adiponectin lev-
els in pericoronary fat might have an important role to 
improve the poor outcome of prediabetic patients with 
AMI.

Previous studies showed an increased inflammation in 
pericoronary fat around culprit lesions compared to non-
culprit lesions and around coronary spasm in patients 
with AMI [8, 21]. Moreover, perivascular fat depots may 
exert a protective modulation of vascular function and 
energy partition in a healthy situation, but their expan-
sion turns them into an adverse lipotoxic, prothrombotic, 
and proinflammatory organ, as described in type 2 dia-
betic patients [22]. However, these studies did not pro-
vide any evidence about pericoronary fat inflammatory 

tone and adipokine changes in subgroups of high-risk 
patients, such as those found in prediabetic patients, or 
assess the specific pathway transducing environmen-
tal stimuli in inflammatory tone overexpression. In our 
study, TNF-α and leptin contents were more abundant in 
prediabetic patients along with a less abundant content 
of anti-inflammatory molecules, such as adiponectin and 
SIRT6, suggesting the presence of an active inflammatory 
reaction in prediabetic coronary fat. In agreement with 
the difference in inflammatory tone and leptin-to adi-
ponectin ratio pattern, the pericoronary fat appears dif-
ferent with regard to inflammation, but not in the degree 
of vessel stenosis, suggesting that prediabetic and normo-
glycemic fat are only different in regard to inflammatory 
burden. These data are consistent with previous findings 
that certain adipokines, pro-inflammatory cytokines, and 
chemokines regulate adipose tissue function and meta-
bolic processes that contribute to cardiovascular risk in 
patients with type 2 diabetes and obesity [23]. As back-
ground for this association, for the first time, we observed 
an association between inflammatory tone and leptin-to 
adiponectin ratio in pericoronary fat and the 12-months 
outcomes in prediabetic patients with AMI. Although it 
is well recognized that inflammation is responsible for 
post-AMI outcomes in patients with metabolic disorders 
[24], the mechanism by which prediabetic milieu may be 
involved in inflammatory process of prediabetic coronary 
fat is not fully clarified. In this context, our data suggest a 
novel mechanism by which prediabetic milieu, increasing 

Fig. 6 a Kaplan–Meier survival curves in PSM normal glucose and prediabetic patients. b Kaplan–Meier survival curves in PSM prediabetic never 
metformin users and prediabetic current metformin users. Overall survival and event-free survival are presented using, and compared using the 
log-rank test
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leptin levels, may mediate inflammatory activity in predi-
abetic pericoronary fat. Of note, it has been shown high 
leptin levels along less adiponectin levels in prediabetic 
in subcutaneous adipose tissue [25]. Remarkably, altered 
secretion of leptin and adiponectin accelerate a chronic, 
proinflammatory profile with, thereby exacerbating car-
diometabolic disease [26]. Moreover, adipokines regu-
late intracellular signaling pathways involving SIRT1 in 
mice diabetic hearts [27]. Thus, we can speculate that 
increased leptin content in coronary fat, as a conse-
quence of prediabetic milieu, may enhance the inflamma-
tory tone reducing SIRT6, possibly representing a crucial 
step in the pathophysiology of poor outcomes seen in 
prediabetic patients after AMI.

The present findings also show a protective effect 
of metformin therapies on cardiovascular outcomes 
in prediabetic patients after AMI. Indeed, diabetic 
patients treated with metformin had lowest incidence of 

cardiovascular events [28]. Moreover, in failing hearts, 
metformin improves myocardial energy metabolic status 
via several mechanisms, including activation of AMP-
activated protein kinase (AMPK), regulation of lipid and 
glucose metabolism and increased nitric oxide (NO) bio-
availability [29] and in T2DM patients metformin use is 
independently associated with a lower below-the-knee 
arterial calcification score [30]. Indeed, at the same level 
of blood glucose levels, prediabetic patients receiving 
metformin had the lowest level of inflammatory tone 
and leptin-to adiponectin ratio in pericoronary fat. Thus, 
patients receiving metformin had lesser inflammatory 
processes in pericoronary fat contributing to cardiovas-
cular risk than prediabetic patients without metformin 
therapy. In particular, the reduced leptin content seen 
in pericoronary fat of the patients receiving metformin 
suggests decreased SIRT6 inactivation and hence the 
increase of inflammatory tone. Interestingly antidiabetic 

Fig. 7 Kaplan–Meier survival curves according to TNF-α (a), SIRT6 (b) and leptin (c) and adiponectin (d) terziles. SPSS version 23.0 (IBM statistics) 
was used for all statistical analyses. Overall survival and event-free survival are presented using, and compared using the log-rank test
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drugs such as sitagliptin, metformin, pioglitazone, lira-
glutide and empagliflozin were shown to reduce leptin 
levels in diabetic patients [31]. Moreover, metformin 
has a direct protective role to ameliorate the proinflam-
matory response through sirtuin-induction inhibiting 
p65-acetylation and thus reducing NF-kB activation in 
peripheral blood monocytes of patients with carotid 
artery atherosclerosis [32]. Activation of SIRTs appears to 
have beneficial effects on inflammatory tone [33]. In par-
ticular, the increased expression of SIRT 6 protects from 
fatty infiltration and inflammation [34]. Thus, the avail-
ability and safety of SIRT6 activators such as metformin 
provide an excellent opportunity to modulate inflamma-
tory tone in human pericoronary fat. Accordingly, the 
current-metformin-users presented lowest levels of peri-
coronary fat pro-inflammatory tone, as SIRT6 levels were 
increased and TNF-α levels were reduced.

Study limitations
Some limitations of our study need consideration. First, 
because it was an observational study, the results did not 
imply causality. Second, the study had a small number 
of patients. In addition, since most of the subjects had 
medical treatment, such as statins and antihypertensive 
drugs, our data on risk factors, including the lipid pro-
file, may reflect the effects of medications to some extent. 
Third, we performed an observational study without any 
randomization. Therefore, further detailed analyses in 
a large number of randomized patients are required to 
clarify our findings.

Conclusions
These data may have important clinical implication. 
Indeed, metformin therapy in pre-diabetic patients may 
be useful to reduce the progression of type 2 diabetes 
and to prevent cardiovascular outcomes before diabetes 
development. Moreover, these novel evidences may be 
useful to reconsider metformin prescription in high risk 
population, as prediabetic patients, for which metformin 
is prescribed only for 3.7% despite ADA recommenda-
tion [35].
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