
© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2018;8(4):469-479cdt.amegroups.com

Introduction

Metformin is the most commonly prescribed antidiabetic 
agent used in type 2 diabetes. Metformin’s precursor 
compound, guanidine, can be traced back to medieval 

times. It was used as a herbal remedy derived from the plant 

Galega officinalis (French lilac) (1). The herb was thought 

to relieve what we now know are symptoms related to 

diabetes. Metformin belongs to the biguanides family of 
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Background: Metformin is an oral antidiabetic agent belonging to the biguanide class of antidiabetics. 
Possible novel applications for metformin in cardiovascular disease might exist. The aim of this study was 
to verify a possible association between pre-operative metformin administration and protection against 
ischemia-induced liver injury in diabetic patients undergoing coronary artery bypass grafting (CABG) 
surgery. 
Methods: A retrospective case-control series was conducted at a single center. Two hundred consecutive 
diabetic patients underwent isolated on-pump CABG during a 12-month span (July 2015 – July 2016). 
Metformin was uninterrupted in patients who took this drug prior to CABG; 68 patients were metformin 
users (34%) while 132 patients were taking other antidiabetic agents (66%). Liver enzymes and other 
organ markers were consecutively recorded daily for 7 days after surgery and expressed as medians with 
interquartile range (IQR). 
Results: Both the metformin and non-metformin group of patients had similar pre-operative demographic 
characteristics. The median (IQR) post-operative cardiac enzyme creatinine kinase (CK) MB fraction 
was significantly lower in the metformin group [46.4 U/L (35.8–66.5) vs. 66.5 U/L (44–94.5), P=0.005]. 
Total bilirubin [0.58 (0.48–0.82) mg/dL vs. 0.67 (0.56–0.95) mg/dL, P=0.021], the transaminase aspartate 
aminotransferase (AST) [32.5 U/L (25.0–42.0) vs. 37.5 U/L (28.5–56), P=0.011], the transaminases alanine 
aminotransferase (ALT) [48.5 U/L (40.0–64.0) vs. 57.0 U/L (44.0–77.0), P=0.040] and lactate dehydrogenase 
(LDH) [320.0 U/L (273.5–367.2) vs. 356.5 U/L (289.5–427), P=0.014] were significantly lower in the 
metformin group. No differences were noted in clinical outcomes.
Conclusions: In this limited retrospective study, the diabetic patients who took metformin before and after 
undergoing CABG appeared to have a reduced post-operative surge in the total bilirubin and transaminase 
liver enzymes. Metformin’s role in mitigating oxidative stress in liver cells might explain this observation. 
Further experimental studies are warranted to verify this possible effect.
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antidiabetic agents and is a synthetic analog of guanidine. 
Like its precursor agents, metformin possesses antidiabetic 
properties with few side-effects (2,3). The incidence of 
lactic acidosis related to metformin use remains low with 
a reported average of 2–7 cases per 100,000 patient-
years (4). Despite the wide use of metformin as a first-line 
oral antidiabetic treatment for type 2 diabetes, its exact 
mechanism of action is yet to be understood (3,5,6). Much 
of its antidiabetic effect has been largely attributed to the 
suppression of gluconeogenesis in the liver, as well as the 
reduction of glucose absorption in the digestive tract and 
the increase of muscle and fatty tissue sensitivity to insulin. 
Metformin also has beneficial effects on lipid metabolism, 
fibrinolysis, and endothelial function (1,5,7). Independent 
from its glucose-lowering effect, metformin monotherapy 
has been linked to favorable pleiotropic actions in the 
treatment of cardiovascular disease, cancer, and aging 
(1,3,8,9). 

A systemic inflammatory reaction is generally observed 
in all patients after cardiac surgery (10). This is the result of 
surgical trauma, the initiation of cardio-pulmonary bypass 
(CPB), and heart/lung ischemia-reperfusion injuries. Much 
of this is manifested in a notable early transient surge of 
biomarkers related to the heart, kidneys, liver, muscles, and 
brain (10,11). The liver is particularly prone to transient 
hepatocellular damage after on-pump coronary artery 
bypass grafting (CABG) (12). This is most likely due to 
splanchnic hypoperfusion during CPB, which is usually 
marked with an increase in liver alanine aminotransferase 
(ALT) enzyme levels (13). In animal experiments, metformin 
has been shown to significantly reverse hepatic steatosis, 
inflammation, and ALT abnormalities (14-16). The aim 
of the present retrospective observational study was to 
determine whether pre-operative metformin administration 
results in a more attenuated surge in liver biomarkers after 
on-pump CABG in patients with type 2 diabetes. The 
findings will help elucidate early clinical applications for a 
possible liver-protective effect of metformin in humans. 

Methods

After obtaining the approval from our local institutional 
research ethics committee, an electronic registry for all 
cardiac procedures performed at King Fahad Cardiac 
Center was interrogated for patients who underwent 
isolated on-pump CABG between July 2015 and July 2016 
(a 12-month period). One year prior to data collection, our 
unit adopted a policy for uninterrupted oral administration 

of metformin until the day of surgery, with an early re-
initiation soon after extubation (in 2–3 hours), for all 
patients with diabetes who were taking metformin prior 
to surgery (17). Prior to surgery, 70% of the patients 
took 500 mg of metformin twice/day, 20% took 850 mg  
twice/day, and 10% took 1,000 mg twice/day (mean 
duration, 26±9 months). Critically ill patients in shock and 
those with acute kidney or liver injury were exempt from 
this policy. Contraindications to metformin therapy included 
renal dysfunction (creatinine clearance ≤30 mL/min)  
and the use of two or more nephrotoxic medications. This 
new strategy was supported by contemporary evidence 
indicating the safety of metformin with a better glycemic 
control when combined with other anti-hyperglycemic 
regimens in the post-operative period (18-22). 

Indiv idual  pat ient  consent  was  waived and a l l 
relevant demographic, clinical, and laboratory data were 
retrospectively collected from the medical charts, intensive 
care unit (ICU) flow sheets, and electronic laboratory 
records. All patients underwent CABG under general 
anesthesia. Median sternotomy was performed and CPB 
was initiated via central cannulation of the aorta and right 
atrium. The systemic body temperature was cooled to 
32 ℃ and the heart was arrested after applying a cross-
clamp using cold blood potassium cardioplegia. The left 
internal mammary artery was grafted to the left anterior 
descending artery in 196 patients (98%). A segment of 
the greater saphenous vein was used to graft other targets. 
Intraoperatively, blood glucose levels, activated clotting 
time (ACT), electrolytes, and blood gases were measured 
every 30 minutes. Once the patient arrived in the ICU, the 
blood glucose level was measured every hour. All patients 
were subjected to a hospital-wide standardized glycemic 
control protocol using continuous regular insulin infusion. 
The aim of this protocol was to maintain the blood glucose 
level between 100–149 mg/dL in the operating room and 
ICU. When the blood glucose level exceeded 248 mg/dL, 
additional blouses of regular insulin were administered 
according to a sliding scale. When blood glucose level 
reached 59–99 mg/dL, insulin infusion was reduced by 
50%. When blood glucose level was <59 mg/dL, insulin 
infusion was stopped and 50 mL of D50 dextrose bolus 
was administered. After surgery, all patients spent at least 
24 hours in the ICU; thereafter, they were transferred to a 
monitored bed until the day of discharge. 

Tota l  c rea t in ine  k ina se  (CK)  (U/L) ,  CK-MB  
fraction (U/L), and high sensitivity Troponin I (μg/L), were 
recorded in terms of peak levels during the first two days 
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after surgery. Fasting blood sugar (mg/dL), serum creatinine 
(mg/dL), total bilirubin (mg/dL), alkaline-phosphatase 
(ALP) (U/L), ALT (U/L), aspartate aminotransferase (AST) 
(U/L), gamma-glutamyl transferase (GGT) (U/L), and 
lactate dehydrogenase (LDH) (U/L) levels were recorded 
prior to surgery and measured daily for up to 7 days after 
surgery. For every patient in the series, each liver enzyme 
was expressed as a median and interquartile range (median, 
IQR) for the first 7 days after surgery. Serum lactic acid 
levels (mg/dL) were measured on an hourly basis in the 
ICU (via a blood gas analysis) for 24 hours after surgery and 
were expressed as peak lactic acid. 

Statistics

Statistical analyses were performed using SPSS 16.0 
software (SPSS Inc., Chicago, IL, USA). Continuous 
variables are expressed as means ± standard deviations. 
Continuous variables not normally distributed were 
expressed as medians with IQR. Group differences were 
evaluated using t-tests for continuous variables. Continuous 
variables not normally distributed were subjected to a 
Mann-Whitney U test. Categorical variables were tabulated 
in 2× n tables and group differences were evaluated using 
the χ2-test or Fisher exact test where one or more cells has 
an expected frequency of five or less. Clinically important 
variables or those with a P<0.1 in univariable regression 
analyses were entered into a multi-step logistic regression 
model. The results are expressed as odds ratios (OR), 95% 
confidence interval (95% CI), and P values. A two-tailed P 
value <0.05 was considered statistically significant.

Results

After excluding all patients who had CABG combined 
with valve or non-valve procedures, we identified a total 
of 277 patients who underwent isolated on-pump CABG. 
Among these, 200 patients (72%) had type 2 diabetes 
prior to surgery. At the time of CABG, 68 patients (34%) 
were taking metformin and 132 patients were taking other 
antidiabetic agents (66%). Table 1 summarizes the baseline 
characteristics comparing both groups with no significant 
difference in age, sex, or clinical presentation such as 
myocardial infarction and left ventricular dysfunction. 
Prior to surgery, metformin users had a slightly higher 
glycosylated hemoglobin (HbA1C) level (8.8%±1.6% vs. 
7.8%±1.9%; P=0.001), but a significantly lower serum 
creatinine level (0.96±0.24 vs. 1.10±0.27 mg/dL; P=0.006) 

compared to that in metformin non-users (Table 1). 
Metformin users started with a higher fasting blood sugar 
level compared to that in metformin non-users (196±81 vs. 
151±68 mg/dL; P<0.001).

During surgery, metformin users and non-users had 
similar CPB times, number of distal coronary grafts and 
ventilation times (Table 2). After surgery, the mean post-
operative cardiac index was slightly but significantly lower in 
metformin non-users compared to that in metformin users 
(2.9±0.8 vs. 2.6±1.1 L/M2; P=0.038), which was associated 
with a higher use of inotropic agents administered in the 
non-users (19.1% vs. 33.3%; P=0.047). The peak lactic acid 
level in the first 24 hours after surgery was significantly 
higher in non-metformin users compared to that in 
metformin users (49.5±24 mg/dL vs. 65.8±35 mg/dL; 
P<0.001). With the exception of more pulmonary-related 
complications (i.e., atelectasis, lung collapse, pneumonia, 
and effusions) in non-users compared to that in metformin 
users (11.8% vs. 25.0%; P=0.028), the clinical endpoints 
(including death, myocardial infarction, stroke, renal failure, 
infections, and atrial fibrillation) were similar. In addition, 
the post-operative use of standard cardiac medications in 
CABG was similar in the two groups (Table 2). 

The (median, IQR) peak postoperative cardiac enzyme 
levels for CK-MB [46.4 U/L (35.8–66.5) vs. 66.5 U/L  
(44–94.5), P=0.005] was significantly lower in the 
metformin group. Troponin I was similar in the two 
groups [1.1 U/L (0.57–1.6) vs. 1.3 U/L (0.3–2.6), P=0.332]  
(Table 3). The postoperative median serum creatinine 
level was significantly higher in non-users compared to 
that in metformin users [0.99 (0.85–1.15) mg/dL vs. 1.10 
(0.97–1.32) mg/dL; P=0.001]. The median post-operative 
total bilirubin [0.58 (0.48–0.82) vs. 0.67 (0.56–0.95) mg/dL; 
P=0.021], transaminase liver enzyme levels for ALT [48.5 U/L  
(40 .0–64.0)  vs .  57 .0  U/L (44.0–77.0) ;  P=0.040] , 
transaminase liver enzyme AST [32.5 U/L (25.0–42.0) 
vs. 37.5 U/L (28.5–56); P=0.011] (Figures 1-3) all were 
significantly less post-operatively in the metformin users 
(Table 3). The difference between the post-operative 
and baseline levels for the same liver enzyme was 
also significantly less pronounced in the metformin 
users (total bilirubin 0.22 vs. 0.30 mg/dL; P=0.007, 
ALT 5.5 vs. 13 U/L; P=0.002, AST 9.0 vs. 16.7 U/L;  
P=0.023). The median serum LDH level was significantly 
higher in the non-metformin users compared to that 
in the metformin users [320.0 U/L (273.5–367.2) vs.  
356.5 U/L (289.5–427), P=0.014]. Prior to surgery, the 
baseline measured enzymes were similar (Table 3). A sub-
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group analysis of the cardiac, kidney and liver enzymes 
of the same 68 metformin users (53%) and the originally 
excluded 77 non-diabetic patients (47%) who had isolated 
CABG from the same series, revealed a uniformly 
significantly lower enzyme levels after CABG in the 
metformin users (Table 4).  

The multivariable logistic regression model (Table 5) 

examining the predictors of the ALT liver transaminase 
enzyme level equal to or greater than a median of 60 U/L 
in the first 7 days after surgery—roughly double the upper 
normal for our local population, identified pre-operative use 
of metformin as a protector (OR, 0.42; 95% CI, 0.22–0.78; 
P=0.006) and the administration of vasopressors as a hazard 
(OR, 2.01; 95% CI, 1.05–3.83; P=0.034) (Goodness of fit: 

Table 1 Baseline characteristics

Demographics DM + Metformin (n=68) (34%) DM − Metformin (n=132) (66%) P value

Age (years) ± SD 58.3±9.1 57.5±10.0 0.544

Female (%) 12 (17.6) 14 (10.6) 0.518

BMI (kg/m2) 28.4±5.6 27.7±4.4 0.388

Myocardial infarction (STEMI/NSTEMI) (%) 38 (55.9)  91 (68.9)  0.089

Urgent CABG (%) 6 (8.8) 19 (14.4) 0.259

Post-op stay (days) ± SD 6.6±5.8 8.1±16.0 0.360

Median post-op stay (days) 5.0 6.0 –

NYHA Class III–IV (%) 15 (22.1) 25 (18.9) 0.601

CCS Class III–IV (%) 31 (45.6) 53 (40.2) 0.461

EF <40 (%) 12 (17.6) 20 (15.2) 0.546

Redo-CABG 0 (0.0) 0 (0.0) –

Risk factors and comorbidities

Insulin injection (%) 7 (10.3) 26 (19.7) 0.090

HbA1C (%) 8.8±1.6 7.8±1.9 0.001

Total Cholesterol-HDL ratio 4.7±1.7 5.4±3.5 0.064

Baseline serum creatinine (mg/dL) 0.96±0.24 1.10±0.27 0.006

Fasting blood sugar (mg/dL) 196±81 151±68 <0.001

Hypertension (%) 56 (82.4) 99 (75.0) 0.583

Hyperlipidemia (%) 44 (64.7) 70 (53.0) 0.114

Positive family history (%) 18 (26.5) 24 (18.2) 0.173

Still smoking (%) 8 (11.8) 24 (18.2) 0.310

Chronic lung disease (%) 0 (0.0) 7 (5.3) 0.098

Stroke (%) 3 (4.4) 9 (6.8) 0.754

Peripheral vascular disease (%) 9 (13.2) 16 (12.1) 0.821

Elevated creatinine >1.6 mg/dL (%) 2 (2.9) 9 (6.8) 0.339

Significant carotid disease (%) 3 (4.4) 6 (4.5) 0.966

Viral hepatitis (%) 1 (1.5) 1 (0.8) 0.631

DM, diabetes mellitus; BMI, body mass index; STEMI, ST-elevation myocardial infarction; NSTEMI, non-STEMI; CABG, coronary artery 
bypass grafting; NYHA, New York Heart Association; CCS, Canadian cardiac society, EF, ejection fraction; HbA1C, hemoglobin A1c; HDL; 
high-density cholesterol
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Hosmer-Lemeshow test P value is 0.598 and omnibus test P 
value <0.001).

Discussion

Metformin, a drug commonly used to treat patients with 
type 2 diabetes, might have potentials beyond controlling 
elevated blood sugar. Studies have identified multiple 
molecular pathways underlying the possible protective 

mechanisms of metformin in diabetes, cardiovascular 
disease, ageing, and cancer. These include a myriad of 
pathways leading to reduced insulin-like growth factor 
signaling; inhibition of the mechanistic target of rapamycin 
(mTOR); inhibition of mitochondrial complex-1, causing 
a reduced production of reactive oxygen species (ROS); 
and the activation of AMP-activated kinase, which 
inhibits gluconeogenesis in the liver (1,5,6,23). Thus, 
metformin may exert protective effects against oxidative 

Table 2 Post-operative outcomes

Variables DM + Metformin (n=68) (34%) DM − Metformin (n=132) (66%) P value

Ventilation time (hours) ± SD 7.1±11.6 7.9±8.5 0.624

Intensive care time (hours) ± SD 41.3±36.1 40.0±45.0 0.955

CPB time (minutes) ± SD 84.7±47.7 93.1±42.9 0.215

Cross Clamp time (minutes) ± SD 60.9±45.1 64.4±42.3 0.604

Number of distal coronary grafts (median, IQR) 3 [3–4] 3 [3–4] 0.940

Post-Op cardiac index (mean) ± SD (L/M2) 2.9±0.8 2.6±1.1 0.038

Lowest mixed venous oxygen saturation % (SVO2) 55.9±11.9 55.7±9.1 0.913

Need for vasopressors (%) 13 (19.1) 44 (33.3) 0.047

Lowest PH 7.19±0.89 7.27±0.06 0.439

Peak lactic acid (mg/dL) ± SD 49.5±24 65.8±35 <0.001

Random blood sugar 14.6±19.2 11.2±13.1 0.136

IABP (%) 2 (2.9) 11 (8.3) 0.143

Myocardial infarction (%) 1 (1.5) 6 (4.5) 0.426

Low output syndrom (%) 8 (11.8) 23 (17.4) 0.295

New post-op dialysis (%) 0 (0.0) 2 (1.5) 0.549

Atrial fibrillation (%) 2 (2.9) 8 (6.1) 0.499

Pulmonary complications (%) 8 (11.8) 33 (25.0) 0.028

Stroke/TIA (%) 2 (2.9) 3 (2.3) 1.000

Surgical site infection (%) 3 (4.4) 12 (9.1) 0.234

Death (%) 1 (1.5) 2 (1.5) 1.000

Post-operative prescribed cardiac medications (%)

Anti-platelets 67 (98.5) 130 (98.5) 1.000

B-Blockers 67 (98.5) 131 (99.2) 1.000

Statins 68 (100.0) 130 (98.5) 0.549

ACEI 60 (88.2) 118 (89.4) 0.804

Spironolactone 4 (5.9) 10 (7.6) 0.657

DM, diabetes mellitus; CPB, cardio-pulmonary bypass; SVO2, mixed venous oxygen saturation; IABP, intra-aortic balloon pump, TIA, 
transient ischemic attack; ACEI, angiotensin converting enzyme inhibitors; IQR, interquartile range. 
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stress via some of these molecular pathways. In the liver, 
metformin maintains glutathione (an important anti-
oxidant in mitochondrial hepatocytes) in a reduced state. 
Maintaining hepatic mitochondrial glutathione in a reduced 
state is essential for cell survival (24). In both animal 
and human models, hypothermic CPB is associated with 
subtle hemodynamic changes in the mucosal and hepatic 

sinusoidal microcirculations, which contribute to splanchnic 
hypoperfusion and ischemia (25). This is further aggravated 
by postoperative increased oxygen demand, a low cardiac 
output state, and the use of vasoactive agents. This cascade 
of events can inflect visceral organ injury, manifesting in a 
recognized pattern of liver, kidney, and pancreas biomarker 
surge within the first 2–3 days after surgery (11,12,26). The 

Table 3 Post-operative laboratory measurements (median, IQR)

Laboratory values DM + metformin (n=68) (34%) DM − metformin (n=132) (66%) P value

Cardiac enzymes

Peak CK-MB (U/L) 46.4 (35.8–66.5) 66.5 (44–94.5) 0.005

Peak troponin I (μg/L) 1.1 (0.57–1.6) 1.3 (0.3–2.6) 0.332

Kidney

Creatinine (mg/dL) 0.99 (0.85–1.15) 1.10 (0.97–1.32) 0.001

Liver (pre-operative)

Total bilirubin (mg/dL) 0.47 (0.32–0.58) 0.46 (0.35–0.64) 0.748

ALP (U/L) 104.5 (86.5–113) 96.0 (82–116.5) 0.261

ALT (U/L) 42.0 (35.0–66.0) 41.0 (34.0–57.0) 0.420

AST (U/L) 21.0 (16.5–31.5) 20.0 (15–29.5) 0.164

GGT (U/L) 38.0 (28–66.5) 44.0 (31–57.5) 0.626

Liver (post-operative)

Total bilirubin (mg/dL) 0.58 (0.48–0.82) 0.67 (0.56–0.95) 0.021

ALP (U/L) 84.5 (74–103.5) 87.5 (76–104.2) 0.241

ALT (U/L) 48.5 (40.0–64.0) 57.0 (44.0–77.0) 0.040

AST (U/L) 32.5 (25.0–42.0) 37.5 (28.5–56) 0.011

GGT (U/L) 42.0 (34.0–79.0) 45.0 (32.2–76.5) 0.634

Liver (post-operative change from 
baseline level)

Total bilirubin (mg/dL) 0.22 (0.12–0.34) 0.30 (0.12–0.74) 0.007

ALP (U/L) 4.25 (5.0–27.0) 8.0 (2.0–55.0) 0.056

ALT (U/L) 5.5 (9.0–20.0) 13 (2.0–40.0) 0.002

AST (U/L) 9.0 (0.25–25) 16.7 (5.0–36.0) 0.023

GGT (U/L) 3.2 (9.0–37.0) 5.0 (6.0–31.0) 0.644

Other laboratory measures

LDH (U/L) 320.0 (273.5–367.2) 356.5 (289.5–427) 0.014

CK (U/L) 403.5 (282.2–557.5) 484.5 (290.0–691.0) 0.119

DM, diabetes mellitus; CK creatinine kinase; CK-MB CK MB fraction; ALP, alkaline-phosphatase; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; GGT, gamma-glutamyl transferase; LDH, lactate dehydrogenase. 



475Cardiovascular Diagnosis and Therapy, Vol 8, No 4 August 2018

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2018;8(4):469-479cdt.amegroups.com

present study demonstrates a clear pattern of hepatocellular 
injury exhibited through a surge in the liver transaminase 
enzymes, AST and ALT, as well as total bilirubin, reaching 
a high peak by the 3rd day after surgery before returning to 
normal levels by day 7. While AST is commonly released 
after CPB, ALT is more specific to ischemia-induced 
hepatocellular injury (13). Our serial postoperative analysis 
of liver function demonstrated a significantly reduced 

transaminase enzyme release in patients who were taking 
metformin during the pre- and post-operative periods; this 
was also associated with a more attenuated transaminase 
surge pattern after CABG compared to those who did 
not take metformin pre-operatively. At this point, the 
relationship of metformin use and reduced liver enzyme 
surge is merely an association not causation. 

All patients in the present study had type 2 diabetes 
prior to surgery as evidenced by the high glycosylated 
HbA1C and fasting blood sugar levels. Those who took 
metformin tended to have slightly higher BMIs and 
significantly higher blood sugar levels. In addition, the 
serum creatinine level before surgery was significantly 
less in those who took metformin prior to surgery. This is 
probably a reflection of the common general practice of 
not prescribing metformin for those with impaired kidney 
function. Overall, both groups were similar in terms of 
risk factors and characteristics, including the degree of 
left ventricular function impairment. In the postoperative 
period, there was a subtle, yet statistically significant, trend 
for a lower cardiac index in metformin non-users over the 
first 24 hours after surgery (2.8 vs. 2.6 L/M2). This might 
reflect a higher (but not statistically significant) fraction of 
patients who needed urgent CABG among the metformin 
non-users compared to that in the metformin users (14.4% 
vs. 8.8%). This in turn may have led to a significant higher 
post-operative CK-MB fraction cardiac enzyme leading 
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Figure 1 The mean ALT level is shown according to the number 
of days after surgery. ALT, alanine aminotransferase.

Figure 3 The mean AST level is shown according to the number 
of days after surgery. AST, aspartate aminotransferase.

Figure 2 A box-plot comparison of ALT levels based on metformin 
use is shown. ALT, alanine aminotransferase.
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to a higher number of vasopressors used in the immediate 
postoperative period among the non-users. Consequently, 
due to low cardiac indexes and high vasoactive support in 
metformin non-users, the postoperative surge in serum 
lactate, liver transaminase, creatinine, and LDH levels was 
significantly higher for this group. The use of metformin 
pre-operatively was predictive for favorable effect against 
elevated median ALT (≥60 U/L) [an ALT level of 60 U/L  

is roughly double the normal upper limit in the local 
population (27)]. The use of vasopressors was predictive 
of an elevated median ALT. Whether metformin directly 
interacts with liver hepatocytes by making them more 
resilient to ischemia-induced liver injury has yet to be 
investigated. 

The notion that metformin may potentially harbor liver-
protective properties is not entirely new. Earlier studies 

Table 4 Sub-group analysis of metformin users versus non-diabetics from the same series

Laboratory values
Isolated CABG in 145 patients

P value
DM + metformin, n=68 (53%) Nondiabetic, n=77 (47%)

Blood sugar (mg/dL) (mean ± SD) 263±345 133±21.6 0.003

Cardiac enzymes (medians, IQR )

Peak CK-MB (U/L) 46.4 (35.8–66.5) 79 (57.0–110.0) 0.001

Peak troponin I (μg/L) 1.1 (0.57–1.6) 2.3 (1.3–4.2) <0.001

Kidney (medians, IQR )

Creatinine (mg/dL) 0.99 (0.85–1.15) 1.31 (1.14–1.65) <0.001

Liver (post-operative) (medians, IQR)

Total bilirubin (mg/dL) 0.58 (0.51–13.7) 1.11 (0.76–1.7) <0.001

ALP (U/L) 84.5 (74–103.5) 105 (89.0–140.0) <0.001

ALT (U/L) 48.5 (41.0–70.0) 63 (50.0–89.0) 0.038

AST (U/L) 32.5 (25.0–42.0) 70 (54.0–129.0) <0.001

GGT (U/L) 42.0 (34.0–79.0) 66 (46.0–119.0) <0.001

Other laboratory measures

LDH (U/L) 320.0 (273.5–367.2) 494 (442.0–574.0) <0.001

CK (U/L) 403.5 (282.2–557.5) 1137 (842.0–1,495.0) <0.001

DM, diabetes mellitus; CK creatinine kinase; CK-MB CK MB fraction; ALP, alkaline-phosphatase; ALT, alanine aminotransferase; AST, 
aspartate aminotransferase; GGT, gamma-glutamyl transferase; LDH, lactate dehydrogenase. 

Table 5 Regression analysis for predicting a median post-operative ALT of ≥60 U/L in 200 patients with diabetes undergoing isolated 
on-pump CABG in 1 year

Variables
Univariable Multivariable stepwise

OR 95% CI P OR 95% CI P

Pre-operative administration of metformin 0.40 0.22–0.76 0.005 0.42 0.22–0.78 0.006

Need for multiple vasopressors 1.92 1.9–3.7 0.051 2.01 1.05–3.83 0.034

Post-operative low output syndrome 1.68 0.74–3.8 0.213 – – –

Left ventricular ejection fraction <40% 1.03 0.46–2.3 0.941 – – –

Renal dysfunction pre-operatively 1.07 0.30–3.8 0.915 – – –

ALT, alanine aminotransferase; CABG, coronary artery bypass grafting.
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have demonstrated that treatment with metformin reverses 
fatty liver disease in animal models. Lin et al. observed that 
steatosis virtually disappeared from the livers of metformin-
treated mince, which was also associated with significantly 
lower levels of serum aminotransferases and alkaline 
phosphatase (15). Kita et al. demonstrated that an 8-week 
treatment with metformin prevented and reversed steatosis, 
inflammation, and fibrosis in non-diabetic steatohepatitis 
mouse models (14). Recently, Saravi et al., investigated 
whether metformin reversed oxidative stress-induced liver 
injury using acetaminophen toxicity in mice and found a 
significant decrease in serum ALT, AST, ALP ,and all pro-
inflammatory markers in the metformin-treated mice (16).  
The authors attributed this finding to the proposed 
metformin-inhibiting effects on mitochondrial oxidative 
stress and ROS production. In humans, evidence from 
epidemiologic studies suggests that long-term metformin 
treatment significantly reduces mean transaminase 
concentration and improves hepatocyte viability in non-
alcoholic steatohepatitis (28,29). As part of the Metformin 
for Non-diabetic Patients with Coronary Heart Disease 
(CAMERA) study, 173 non-diabetic patients with coronary 
heart disease were prospectively randomized to either 
receive metformin 850 mg twice per day or a placebo (30). 
Although the study showed no difference in the primary 
outcome measure of carotid intima-media thickness after 18 
months, the metformin group had a significantly reduced 
Ƴ-glutamyl transferase level (but ALT concentrations 
did not change significantly). The study by El Messaoudi  
et al. (31) was the first of its kind and, as part of the MetCAB 
study, 111 non-diabetic patients undergoing elective  
on-pump CABG were prospectively randomized to receive 
500 mg of metformin three times a day or placebo 3 days 
prior to surgery. Metformin did not impact high-sensitive 
troponin I levels after CABG, nor did it influence the need 
for inotropic support or intensive care stay. In addition, 
the metformin-treated group did not show any evidence 
of lactic acidosis. The researchers concluded that a short-
term pretreatment with metformin has no effect on post-
operative myocardial injury in patients without diabetes 
undergoing CABG. We have similarly concluded that 
metformin does not influence the post-operative peak high 
sensitivity Troponin I but did find a lower CK-MB fraction 
levels in the metformin group. However, biomarkers 
released by the liver were not examined in the MetCAB 
study; thus, it cannot be concluded that metformin has no 
positive impact on other visceral organs. The benefits of 
metformin may only manifest in a sicker cohort of patients, 

such as those with diabetes. In addition, the MetCAB study 
might have been underpowered to identify subtle changes 
in cardiac enzymes in such a relatively low-risk population. 

The present study has several limitations, including 
those inherent in any descriptive retrospective analysis. The 
inability to adjust for multiple confounders can cast doubt 
on some of the findings of this study. In addition, the sample 
size was relatively small. Furthermore, sonographic 
imaging of the liver to rule out any pre-existing liver 
disease, such as fatty liver, was not conducted. Without 
liver imaging, it is difficult to determine whether the 
differences in postoperative aminotransferase enzyme 
levels are correlated with postoperative structural 
liver changes or not. Furthermore, although multiple 
prospective studies have demonstrated the safety of 
metformin administration in the periprocedural period 
for patients undergoing CABG (20,22,31,32), it is feared 
that metformin-associated lactic acidosis might still 
remain a potential risk for some patients.

In conclusion, it is widely accepted that many patients 
undergoing on-pump CABG will sustain a transient 
visceral ischemic injury due to splanchnic hypoperfusion. 
This injury is further aggravated by a postoperative low 
cardiac output state and the use of vasoconstrictors. The 
manifestation of this injury involves a short-lived surge 
in liver transaminases, especially ALT as it is mostly 
harbored in the liver hepatocytes. Metformin may play 
a role in mitigating such effects through biochemical 
pathways related to the inhibition of the oxidative-stress 
response in the mitochondria and the replenishment of 
reduced glutathione in the liver, which acts as its principal 
antioxidant. Whether metformin truly help protect the liver 
from injury in CABG warrants further assessment through 
a carefully constructed randomized clinical trial. 
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