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ABSTRACT 

Background: Blood glucose control during surgery can decrease the infection, 

disability, and death rate. The purpose of this study was to determine the effect of 

preoperative metformin on blood glucose levels in nondiabetic orthopedic surgery. 

Methods: This clinical trial was conducted on 176 nondiabetic patients with ASA 

class I or II who were candidates for orthopedic surgery. The patients were randomly 

divided into two equal groups. The metformin group received 500 mg metformin 

tablet orally and the placebo group received placebo tablet 30 minutes before the 

surgery. Blood glucose was measured every 6-hour to 24 hours and blood urine 

nitrogen (BUN), creatinine was measured preoperatively and the day after surgery. 

The data was analyzed by SPSS v21 and P value<0.05 was significant. 

Results: Demographic characteristics such as age, sex and body mass index (BMI) 

had no significant difference in two groups. Creatinine and BUN were similar in two 

groups. Preoperative blood glucose was 101.8±22.6 mg/dl in the metformin group 

and 109.7±24.8 mg/dl in the control group without significant difference (p=0.08). 

However, BS at hours 6, 12, showed a significant difference between the two groups 

(p<0.001, 0.022) and then blood glucose was similar in two groups (0.8, 0.12 

respectively). 

Conclusion: Preoperative metformin (500 mg) was effective for blood glucose 

control in nondiabetic patients undergoing orthopedic surgery. However, additional 

research is required to determine the efficacy of this therapy. 

 

Introduction 

yperglycemia is defined as fasting plasma 

glucose more than 7.0 mmol/L (126 mg/dL) or 

two hours after a mealtime greater than 11.0 

mmol/L (200 mg/dL) [1]. An acute or severe illness or 

surgery can cause transient hyperglycemia, also known 

as stress-induced or hospital-related hyperglycemia [1-2]. 

The hyperglycemia depends to the exent of surgery and 

the type of anesthesia [3]. Also, anatomic location, 

invasiveness of the procedure, intraoperative fluids and 

nutritional support have been linked to hyperglycemia. 

General anesthesia is more associated with 

hyperglycemia than local or epidural anesthesia due to 

high catecholamines, cortisol and glucagon [4]. 

Hyperglycemia disturbs the function of neutrophils, 

causes excessive production of reactive oxygen radicals, 

free fatty acids and inflammatory mediators. These 

pathophysiologic changes contribute to direct cellular 

damage, vascular and immune dysfunction [5]. 
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The studies have shown that postoperative blood 

glucose control can reduce the risk of infection, 

disability, and mortality, speed up wound healing, and 

shorten hospital stays [6-7]. Also, the studies have shown 

that nondiabetic hyperglycemia is more lethal than 

diabetic hyperglycemia [8]. 

Rationale and knowledge gap 

Currently, insulin is the only treatment available for 

acute hyperglycemia [9]. Research studies have 

demonstrated the benefits of using insulin to reduce the 

side effects of hyperglycemia in various surgical 

procedures [10-13]. But, the hypoglycemia is a 

significant side effect [14]. Metformin, a first-line oral 

antidiabetic, prevents hyperglycemia by accelerating 

tissue sensitivity to insulin and glucose clearance without 

affecting insulin secretion [15]. Metformin decreases 

chronic inflammation and increases lifespan as shown in 

several large preclinical retrospective clinical studies [16-

17]. The use of metformin by non-diabetic peoples can 

reduce inflammation, protect against cardiovascular 

disease and cognitive impairment, and minimize risk of 

cancer, and prolong life. It also prevents endothelial 

dysfunction, promotes fibrinolysis, reduces lipids and 

regulates blood pressure [18]. Recent studies on 

metformine have shown a similar protective effect in 

nondiabetic cancer patients. However, the results are 

controversial [19]. 

Objective 

Studies on metformin in postoperative sugar control in 

non-diabetic patients are limited. Accordingly, in this 

study, we sought to determine the effect of preoperative 

Metformin on the control of postoperative hyperglycemia 

in nondiabetics. 

Methods 

After approval by university ethical committee NO: 

IR.mums.medical.rec.1399.289 and regidtered NO: 

IRCT20111212008384N9, this clinical trial was 

conducted in educational hospital in 2019. The patients 

with ASA class I or II aged 18-80 years whom were 

candidates for femur surgery were chosen. Also, 

exclusion criteria included Metformin contraindications 

and allergia, such as acute or chronic renal failure, 

complicated surgical outcome, hemodynamic instability, 

addiction, need for second surgery within 24 hours. After 

informed consent, the 176 patients were randomly 

divided into two equal groups. The metformin group 

received 500 mg metformin tablet orally and the placebo 

group received placebo tablet 30 minutes before the 

surgery. Blood glucose, BUN, and creatinine were 

measured the day before surgery. Blood glucose was 

measured at first and every 6-hour in 24 hours and BUN, 

creatinine was measured the day after surgery. If blood 

glucose was more than 150 mg/dl, a unit of regular insulin 

for every 30 mg above 150, was prescribed 

subcutaneously. Moreover, symptoms such as vomiting, 

bloating, diarrhea, and lactic acidosis, were recorded.  

The sample size was determined using GPower 

software with 88 subjects in each group considering the 

statistical power of 95% and the effect size of 0.5 with 

the significance level of alpha 5%, type I error = 0.05, and 

type II error = 0.95. The data was analyzed by SPSS v21 

and P value<0.05 was significant. The data was analyzed 

with t-test, chi-square test, Fisher exact test and Mann-

Whitney test. 

Results 

In the present study 176 nondiabetic patients who were 

candidtes for femur surgery in two equal group were 

evaluated. Demographic parameters such as age, sex and 

body mass index (BMI) were same and had not 

significant difference in two groups (Table 1). 

Preoperative Cr was 0.95 mg/dl in the metformin group 

and 0.71 mg/dl in the control group, and postoperative Cr 

was 0.86 mg/dl in the Metformin and 0.74 mg/dl in the 

control group, none of which showed no significant 

difference (p= 0.098 and 0.069, respectively). Moreover, 

preoperative BUN was 26.58 mg/dl in the metformin 

group and 24.36 mg/dl in the control group, and 

postoperative BUN was 26.71 mg/dl in the metformin 

group and 25.34 mg/dl in the control group, which 

showed no significant difference between the two groups 

(p= 0.177 and 0.399, respectively) (Table 2). 

BS was 101.8±22.6 mg/dl at baseline in the metformin 

group and 109.7±24.8 mg/dl in the control group. There 

was no significant difference between the first BS 

measurement of the two groups (p=0.08). However, a 

comparison of BS at hours 6, 12, 18, and 24 after surgery 

showed a significant difference between the two groups 

(p<0.001, 0.022, 0.8, 0.12 respectively). (Table 3) shows 

the amounts of BS after surgery. 

Insulin consumption in two groups is shown in (Table 

4). At 6 and 12 hours, the amount of insulin used in the 

metformin group was lower than the control group and 

significant (P=0.005 and 0.008 respectively). But there 

was no meaningful difference in the other times. 

Table 1- Demographic parameters in two groups 

Background parameters Metformin group Control group P value 

Gender (male: female) 26/62 37/51 0.3 

Age (mean,year) 58.1±12.3 53.3±16.4 0.45 

BMI (kg/cm2)  25.01± 5.52 23.06± 5.29  0.058 
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Table 2- Changes of Cr and BUN after the surgery in the metformin group Mean± Sd  

Parameters Metformin group Control group P value 

Creatinine before the surgery 0.95 ± 0.90 0.71 ± 0.18 0.098 

Creatinine after the surgery 0.86 ± 0.41 0.74 ± 0.21 0.069 

BUN before the surgery 26.58 ± 9.39 24.36 ± 7.53 0.177 

BUN after the surgery 26.71 ± 9.41 25.34 ± 7.32 0.399 

Table 3- Comparison of blood glucose in two independent groups Mean ± SD 

BS mg/dl (hours after surgery) Metformin group Control group P value 

BS (0) 101.8±22.6 109.7±24.8 0.35 

BS (6) 117.8±19.1 141.3±33.4 <0.001 

BS (12) 113.2±16.3 140.4±26.5 0.022 

BS (18) 105.7±21.1 130.7±21.3 0.80 

BS (24) 97.6±14.9 110.1±17.9 0.12 

Table 4- Insulin consumption in two groups. N (%) 

Insulin usage time (hours)  Metformin group Control group P value 

0 1(1.1%) 4 (4.5%) 0.059 

6 6 (6.8%) 16 (18.3%) 0.005 

12 1 (1.1%)  8 (9.1%) 0.008 

18 1 (1.1%) 3 (3.4%) 0.154 

24 1(1.1%) 1 (1.1%) 0.65 

 

Discussion 

This present study showed that preoperative oral 

administration of Metformin at a dosage of 500 mg 

caused a significant improvement in postoperative blood 

glucose. Moreover, the highest amount of BS was 

141.3±33.4 mg/dl in the control group and 117.8±19.1 

mg/dl in the metformin group after 6 hours.  

Strengths and limitations 

Although this study was one of the few examining 

hyperglycemia in nondiabetics undergoing orthopedic 

surgery, it had limitations. Our study was the absence of 

a comparison group receiving insulin. Thus, we 

recommend that future studies perform similar research 

on Metformin and insulin-receiving subjects with 

matched control and intervention groups in terms of 

background data. Our study population was small due to 

lack of time; if these cases are studied in a larger 

community in a study, it can significantly reduce the 

research error. 

Comparison with similar researches 

A few studies have evaluated the preoperative 

metformin administration in nondiabetic patients, and 

mainly the diabetic patients have been studied more. 

Ghods et al. studied the effects of insulin and metformin 

administration in nondiabetic patients before coronary 

artery bypass surgery. Their results showed that both 

insulin and Metformin significantly decrease post-

surgical BS levels. Moreover, they showed no significant 

difference between two methods of hyperglycemia 

prevention. However, they used a dosage of 500 mg bid 

before the surgery, and the surgery in their study was 

different from present study [8]. Also, Mojtahedzade et 

al. compared the effects of insulin and Metformin in 

decreasing post-surgical hyperglycemia in nondiabetic 

critically ill patients. They showed that both methods 

effectively controlled postoperative blood glucose, but 

insulin was more effective than Metformin. In their study 

was seen any hypoglycemia, despite using insulin in their 

study [22]. In one study in 2011 was been showed that 

the highest BS was detected at 199.8 ± 43.2 in the control 

group at 6 hours post-surgery and 194.8 ± 41.2 in the 

insulin group at 4 hours post-surgery [23], but in our 

study was showed that the highest amount of BS was 

141.3±33.4 mg/dl in the control group and 117.8±19.1 

mg/dl in the metformin group after 6 hours. Nevertheless, 

considering the different backgrounds of the subjects and 

the operations in the two studies, this difference could not 

regard as significant. In other study on 2008, they 

reported that the incidence of hyperglycemia was 95% in 

nondiabetic patients after CABG. In this study the BS 

levels were 225.24 ± 44.26 mg/dl in the insulin group and 

221.80 ± 39.76 mg/dl in the metformin group after 

transfer to the ICU without significant difference was 

between the two study groups [24]. Liao et al. showed 

that the BS level in nondiabetic CPB surgery patients was 

194 ± 50 mg/dl and in our study the highest BS level in 

the metformin group was 170 mg/dl [25]. 

Explanations of findings 

Postoperative hyperglycemia increases risk of 

complications. Therefore, in the perioperative period, 

blood glucose monitoring and treatment are advised, and 

adjusted with subcutaneous insulin usage, intravenous 
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insulin infusion, or insulin pumps. Additionally, 

glucocorticoids administration via intravenous or 

perineural routes is associated with higher blood glucose 

levels, and clinicians should weigh the risk-benefit ratio 

in surgical patients [20]. Recent trials have shown that 

strict control, per se, may aggravate complications, plus 

that strict fasting plasma glucose control did not result in 

a significant reduction in complications compared to the 

control groups [12-13]. Metformin is an oral biguanid 

agent, which reduces blood glucose level in non–insulin-

dependent diabetes mellitus in Europe since 1957 and in 

the United States since 1995. In type 2 diabetic patients, 

metformin suppresses endogenous glucose production, 

gluconeogenesis in the liver, glucose absorption in the 

digestive tract, and also increases glucose uptake in the 

muscles and fat tissue, does not increase insulin secretion 

and its release from the pancreas. The antihyperglycemic 

action of metformin is due to suppression of endogenous 

glucose production in patients with type 2 diabetes [8]. 

Metformin also have beneficial effects on lipids, 

fibrinolysis, endothelial dysfunction, and blood pressure. 

Metformin effectively reduces patients’ body weight and 

insulin demand, and also improves glycemic control 

without hypoglycemia [12]. The absolute 

contraindications to the metformin are renal 

insufficiency, severe heart failure, and metabolic 

acidosis. On the contrary, recent studies show that 

metformin ingestion may be beneficial for patients with 

isolated cardiac insufficiency [21]. 

Implications and actions needed 

The use of metformin 500 mg in non-diabetic patients 

control blood glucose, especially in the first hours after 

surgery, and it can be used in patients with complex 

surgeries to reduce postoperative complications due to 

hyperglycemia. 

Conclusion 

In nondiabetic individuals undergoing orthopedic 

surgery, 500 mg metformin may be beneficial. As a 

result, metformin usage in this population of patients can 

be regarded as a therapy option for hyperglycemia 

management. However, further research is necessary to 

determine the effectiveness of this therapy. 

Acknowledgements 

We sincerely thank Research Council of Mashhad 

University of Medical Sciences for providing the fund of 

this study. The funders had no role in study design, data 

collection and analysis, decision to publish, or 

preparation of the manuscript. 

References 

[1] Handelsman Y, Bloomgarden ZT, Grunberger G, 

Umpierrez G, Zimmerman RS, Bailey TS, et al. 

American association of clinical endocrinologists 

and american college of endocrinology - clinical 

practice guidelines for developing a diabetes 

mellitus comprehensive care plan - 2015. Endocr 

Pract. 2015; 21 Suppl 1(Suppl 1):1-87. 

[2] Dolphin AC. Calcium channel auxiliary α2δ and β 

subunits: trafficking and one step beyond. Nat Rev 

Neurosci. 2012; 13(8):542-55. 

[3] Bannister CA, Holden SE, Jenkins‐Jones S, Morgan 

CL, Halcox JP, Schernthaner G, et al. Can people 

with type 2 diabetes live longer than those without? 

A comparison of mortality in people initiated with 

metformin or sulphonylurea monotherapy and 

matched, non‐diabetic controls. Diabetes Obes 

Metab. 2014; 16(11):1165-73. 

[4] Anisimov VN, Berstein LM, Popovich IG, 

Zabezhinski MA, Egormin PA, Piskunova TS, et al. 

If started early in life, metformin treatment increases 

life span and postpones tumors in female SHR mice. 

Aging (Albany NY). 2011; 3(2):148-57. 

[5] Farrokhi F, Smiley D, Umpierrez GE. Glycemic 

control in non-diabetic critically ill patients. Best 

Pract Res Clin Endocrinol Metab. 2011; 25(5):813–

824.  

[6] McMahon M, Gerich J, Rizza R. Effects of 

glucocorticoids on carbohydrate metabolism. 

Diabetes Metab Rev. 1988; 4(1):17-30. 

[7] Shamoon H, Hendler R, Sherwin RS. Synergistic 

interactions among antiinsulin hormones in the 

pathogenesis of stress hyperglycemia in humans. J 

Clin Endocrinol Metab. 1981; 52(6):1235-41. 

[8] Ghods K, Davari H, Ebrahimian A. Evaluation of the 

effect of metformin and insulin in hyperglycemia 

treatment after coronary artery bypass surgery in 

nondiabetic patients. Ann Card Anaesth. 2017; 

20(4):427-31. 

[9] Langouche L, Vanhorebeek I, Vlasselaers D, Vander 

Perre S, Wouters PJ, Skogstrand K, et al. Intensive 

insulin therapy protects the endothelium of critically 

ill patients. J Clin Invest. 2005; 115(8):2277-86. 

[10] Furnary AP, Zerr KJ, Grunkemeier GL, Starr A. 

Continuous intravenous insulin infusion reduces the 

incidence of deep sternal wound infection in diabetic 

patients after cardiac surgical procedures. The Ann 

Thorac Surg. 1999; 67(2):352-60. 

[11] Gandhi GY, Nuttall GA, Abel MD, Mullany CJ, 

Schaff HV, Williams BA, et al. Intraoperative 

hyperglycemia and perioperative outcomes in 

cardiac surgery patients. Mayo Clin Proc. 2005; 

80(7):862-6. 

[12] Davidson P, Kwiatkowski CA, Wien M. 

Management of Hyperglycemia and Enteral 

Nutrition in the Hospitalized Patient. Nutr Clin 

Pract. 2015; 30(5):652-9. 

[13] Brunkhorst FM, Engel C, Bloos F, Meier-Hellmann 



Archives of Anesthesiology and Critical Care (In Press); x(x): xx-xx.  5 

A, Ragaller M, Weiler N, et al. Intensive Insulin 

Therapy and Pentastarch Resuscitation in Severe 

Sepsis. N Engl J Med. 2008; 358(2):125-39. 

[14] Seelig E, Meyer S, Timper K, Nigro N, Bally M, 

Pernicova I, et al. Metformin prevents metabolic 

side effects during systemic glucocorticoid 

treatment. Eur J Endocrinol. 2017; 176(3):349-58. 

[15] Magalhães FO, Gouveia LM, Torquato MT, Paccola 

GM, Piccinato CE, Foss MC. Metformin increases 

blood flow and forearm glucose uptake in a group of 

non-obese type 2 diabetes patients. Horm Metab 

Res. 2006; 38(8):513-7. 

[16] Campbell JM, Bellman SM, Stephenson MD, Lisy 

K. Metformin reduces all-cause mortality and 

diseases of ageing independent of its effect on 

diabetes control: a systematic review and meta-

analysis. Ageing Res Rev. 2017; 40:31-44. 

[17] Miles JM, Rule AD, Borlaug BA. Use of metformin 

in diseases of aging. Curr Diab Rep. 2014;14(6):490. 

[18] Nasri H, Rafieian-Kopaei M. Metformin: current 

knowledge. Journal of research in medical sciences: 

the official journal of Isfahan University of Medical 

Sciences. 2014; 19(7):658. 

[19] Chen K, Li Y, Guo Z, Zeng Y, Zhang W, Wang H. 

Metformin: current clinical applications in 

nondiabetic patients with cancer. Aging (Albany 

NY). 2020; 12(4):3993-4009.  

[20] Clore JN, Thurby-Hay L. Glucocorticoid-induced 

hyperglycemia. Endocr Pract. 2009; 15(5):469-74.  

[21] Lazar HL, McDonnell M, Chipkin SR, Furnary AP, 

Engelman RM, Sadhu AR, et al. The society of 

thoracic surgeons practice guideline series: Blood 

glucose management during adult cardiac surgery. 

Ann Thorac Surg. 2009; 87:663–9.  

[22] Mojtahedzadeh M, Jafarieh A, Najafi A, Khajavi 

MR, Khalili N. Comparison of metformin and 

insulin in the control of hyperglycaemia in non-

diabetic critically ill patients. Endokrynol Pol. 2012; 

63:206–11. 

[23] Azarfarin R, Sheikhzadeh D, Mirinazhad M, 

Bilehjani E, Alizadehasl A. Do nondiabetic patients 

undergoing coronary artery bypass grafting acta 

anaesthesiologica surgery require intraoperative 

management of hyperglycemia? Taiwanica. 2011; 

49:41–5. 

[24] Azarfarin R, Alizadeh-Asl A. Prevalence and 

intensity of hypoglycemia in non-diabetic patients 

undergoing coronery artery bypass graft surgery 

with and without cardiopulmonary bypass. Saudi 

Med J. 2008; 29:1294–8. 

[25] Liao P, DeSantis AJ, Schmeltz LR, Schmidt K, 

O'Shea-Mahler E, Victor S, et al. Insulin resistance 

following cardiothoracic surgery in patients with and 

without a preoperative diagnosis of type 2 diabetes 

during treatment with intravenous insulin therapy 

for postoperative hyperglycemia. J Diabetes 

Complications. 2008; 22:229-34.

 


