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ABSTRACT 

Introduction: A reliable predictive indicator for the course of critically ill patients' 

conditions is lactate. Metformin users have increased lactate levels at ICU admission 

without a concurrent rise in mortality, according to a number of small studies. In a wide 

range of patient populations, elevated lactate has been linked to greater mortality. The 

purpose of this study was to evaluate lactate levels and compare 30 days mortality in 

intensive caredunit patients who had and had not previously received metformin 

medication. Material and Method: This study included patients admitted in intensive 

care units of Assam medical college between June 2021 to May 2022 with at least one 

blood lactate level between 12 hr. before until 6 hr after ICU admission. The statistical 

analysis of the data was done with Microsoft Excel 2010 and the statistical package for 

social sciences, SPSS for Windows, version 20.0. Chicago: SPSS Inc. Results: The mean 

lactate in survivors was 3.05 mmol/L with a standard deviation of 2.41 and was lower 

than that in non-survivors, where it was 4.01 mmol/L with a standard deviation of 2.39.  

Non-survivors had a higher distribution of lactate levels than do survivors. Since the p-

value was 0.001, which was highly significant, it may be concluded that lactate levels 

and survival were related. Metformin was used by both 64% of survivors and 30% of 

non-survivors. 36% of those who did not take metformin lived, compared to 70% of 

users. The use of metformin and survival were significantly correlated, as shown by the 

p-value of 0.001, which was highly significant. Conclusion: Lactate concentrations were 

significantly correlated with mortality in this observational study. Early lactate levels 

were an important predictor of mortality in critically ill patients admitted to the 

intensive care unit, and higher preadmission metformin use in survivors demonstrated 

metformin's important contribution to higher survival rates. 
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INTRODUCTION  
Karl Wilhelm Scheele first identified and described lactic acid in sour milk in 1780. (1742–

1786). Johann Joseph Scherer (1841-1869), a German physician and scientist, proved that 
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lactic acid is present in human blood under some clinical situations in 1843 and 1851.[1] 

Lactate is now routinely screened to stratify risk and monitor disease progression. Nearly all 

the parameters assessed in critically sick patients have been utilized to estimate disease 

severity, prognosticate morbidity and death, evaluate the cost of care, and subsequently 

specify treatment and monitor the timing as well as the efficacy of treatment. Although it 

might not be able to replace all the existing characteristics, it might be the only serious 

competitor. In general, lactate levels rise in the event of stress or when lactate metabolism is 

compromised.[2] Cytosolic redox status is primarily responsible for lactate production from 

pyruvate. Type A hyperlactatemia, which is induced by circumstances like shock, intestinal 

ischaemia, epileptic episodes, etc., is lactate that is generated under hypoxic settings. 

Contrary to type A hyperlactatemia, type B hyperlactatemia lacks signs of hypoxia. This can 

be the result of metformin use, haematological malignancies, liver disorders, alcohol misuse, 

etc., as well as increased production and decreased lactate consumption.[3] In many groups of 

critically sick patients, an increased blood lactate level has a strong correlation with 

morbidity and mortality. When patients with severe sepsis present to the emergency room, 

serum lactate is a promising biomarker to stratify risk (ED). Elevated serum lactate levels in 

sepsis might result from either impaired lactate clearance or excessive generation.[4] Base 

deficit and serum lactate levels have previously been utilized as indicators of compensated 

shock and as a mortality predictor. Lactic acid is produced by anaerobic cellular metabolism 

as a result of systemic hypoperfusion resulting in tissue acidosis. By measuring the level of 

lactate in the serum or the base deficiency in arterial blood, this metabolic acidosis can be 

quantified.[5] Only a few countries have access to the biguanide metformin. It primarily 

results in a decrease in hepatic glucose production as well as reduced fasting blood glucose 

levels. Typically, metformin monotherapy lowers HbA1c levels by 1.5 percentage points.[6] 

Numerous investigations into the pharmacokinetics, pharmacodynamics, clinical efficacies, 

and cellular mechanisms of metformin have revealed a favourable benefit: risk ratio that, 

along with being economically advantageous, has positioned this medication as the preferred 

first-line glucose-lowering pharmacological drug for type 2 diabetes in major national and 

international treatment guidelines and algorithms.[7] Most human tissues, with muscles 

producing the most lactate, an organic molecule, produce it. The aerobic metabolism used by 

the body to break down carbs, amino acids, and lipids generally results in energy production. 

Glycolysis converts glucose into pyruvate, which then enters the Krebs cycle where it 

produces oxygen and adenosine triphosphate (ATP), or energy. In the absence of oxygen, 

bodily cells begin to manufacture energy through anaerobic metabolism. In anaerobic 

metabolism, the enzyme lactate dehydrogenase converts pyruvate to lactate (LDH). In the 

Cori cycle, lactate is oxidised back into pyruvate and then further transformed to glucose 

after leaving the cells and entering the bloodstream. The liver and, to a lesser extent, the 

kidneys and skeletal muscles are primarily responsible for removing lactate from the 

bloodstream. Normally, the blood lactate level is between 0.5 and 1 mmol/L. A persistent, 

mild to moderately increased (2-4 mmol/L) lactate level without metabolic acidosis is 

referred to as hyperlactatemia. With adequate tissue perfusion and oxygen supply, this is 

possible. Lactic acidosis is defined as a level > 4 mmol/L, which is high enough to disturb the 

acid-base balance and can cause metabolic acidosis and a serum pH 7.35. Both venous and 

arterial blood can be used to measure lactate. To eliminate erroneously inflated results, serum 

samples should be processed within 15 minutes.[8]  

 

 

MATERIALS AND METHOD 
Place of the study was intensive care units of Assam medical college and hospital. Period of 

study was June 2021 to May 2022. Patients of either sex who were at least 18 years old and 
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had given written informed consent for the study were eligible to participate. The study 

comprised of patients who were admitted to the intensive care units of assam medical college 

and had at least one blood lactate measurement between 12 hours before to  6 hours 

after following ICU admission. If a patient had received at least one prescription for 

metformin in the 90 days before being admitted to the intensive care unit, either as 

monotherapy or in combination with any other antihyperglycemic medications, they are 

called metformin users. Patients who went to the OPD or were admitted to the ward were not 

included in the study. All patients who passed away within six hours of their ICU admission 

were also disqualified. Arterial blood lactate levels were measured by using Abbott I-STAT-1 

ABG Analyzer. Before the patient's data were obtained from the Intensive Care Units of 

Assam Medical College and Hospital, Dibrugarh, it was made sure that the patient met the 

requirements for inclusion and that the patient's legal guardian provided an informed consent. 

Vital signs at admission, blood lactate levels between 12 hours and 6 hours following ICU 

admission, and an arterial blood gas (ABG) report with hydrogen ion concentration (pH), 

carbon dioxide partial pressure (PCO2), partial pressure of oxygen (PO2), and bicarbonate 

ion were among the data gathered (HCO3). After being enrolled in the study, patients were 

monitored for 30 days to determine if they had survived or not. A record of patient deaths up 

to 30 days was evaluated. 

Statistical analysis-The statistical analysis of the data was completed using computer 

software. SPSS for Windows, version 20.0, and Microsoft Excel 2010, a statistical tool for 

social sciences. SPSS Inc., Chicago. The mean and standard deviation of data for continuous 

measures were compared using the student t test. The Chi-square test and Fischer's exact test 

where the cell counts were five or zero, are used to analyse discrete data. Number (%) is used 

to report discrete data. The Pearson's correlation coefficient was used to assess the 

correlations between continuous variables (r). For all analyses, the statistical significance 

level was set at 5%. (p vlaue ,0.05). The sample size was computed and rounded to be 50 in 

each group using the results of the study by Posma RA et al. as a guide and a 95% confidence 

interval with an absolute precision of 20%.[9] 

 

 
Figure 1.A.: Demographic distribution and selection of cases  

 

The age group from 31 to 40 had the highest percentage of survivors (34%) followed by the 

age group from 41 to 50 (30%) and the age group from 61 to 70  

had the highest percentage of non-survivors (30%). The p-value, which was extremely 

significant (0.000261). As a result, there was a significant link between patient mortality and 

age distribution. 
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Figure 1B: Showing Age Distribution 

 

According to the current study, male survivors made up 78% of the population, while female 

survivors made up only 22%. In the non-survivor category, the percentage of men was 68% 

while the percentage of women was 32%. The gender distribution had a non-significant p-

value of 0.260, indicating that there was no relationship between gender and survival. 

 

 
Figure 1C: Showing Gender Distribution 

 

Metformin was used by both 64% of survivors and 30% of non-survivors. 36% of those who 

did not take metformin lived, compared to 70% of users. Additionally, the very significant p-

value indicated a strong link between metformin use and survival.    

   
Figure 1D: Showing Metformin Distribution 

   

In this study we found that lactate levels were lower in survivors. The two groups with the 

largest distributions, each with 34% of the total survivors, were (1.4—2.0 mmol/L) and 

(>2.0—3.2 mmol/L), with group (1.4 mmol/L) coming in second with 12%. The distribution 

was most concentrated in the group (>2.0—3.2 mmol/L) in non-survivors (34%), followed by 

the groups (>3.2—5.0) and (>5.0—10.0), with 32% and 28%, respectively. It demonstrated 
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that non-survivors had a higher distribution of lactate levels than do survivors. The chance of 

survival was correlated with lactate levels, as indicated by the p-value of 0.00095, which was 

very significant. 

 

 
Figure 1E: Showing Serum Lactate Distribution 

 

In terms of the distribution of diseases between survivors and non-survivors, patients with 

respiratory diseases and trauma had the highest percentage of survivors (26% each), followed 

by patients with cardiovascular disorders (18%). Those with trauma had the highest 

percentage of non-survivors (34%) followed by patients with respiratory and cerebrovascular 

illnesses (24% and 18%). 

The p-value for cardiovascular disease was shown to be significant, suggesting a relationship 

between the condition and ICU survival. 

 

 
Figure 1F: Showing Disease Distribution 

 

DISCUSSION 
According to the results of the current investigation, non-survivors had a higher distribution 

of lactate levels than survivors. The two groups with the largest distributions, each with 34% 

of the total survivors, were (1.4—2.0 mmol/L) and (>2.0—3.2 mmol/L), with group (1.4 

mmol/L) coming in second with 12%. The distribution was most concentrated in the group 

(>2.0—3.2 mmol/L) in non-survivors (34%), followed by the groups (>3.2—5.0) and (>5.0—

10.0), with 32% and 28%, respectively. The p-value of 0.00095 was found to be highly 

significant. 

 This study's findings were consistent with those of the 2018 study by Y. Park, D. Kim, S. 

Kim, et al. The goals of this study were to define a cut off blood lactate level for predicting 

30-day in-hospital mortality in a population of unassigned patients arriving at the emergency 

room, as well as to evaluate the predictive usefulness of lactate. Death rates were greater in 

the group with high lactate levels (> 2.6 mmol/L) than in the group with low lactate levels ( 

2.6 mmol/L) (20.8% vs. 6.5%, difference = 14.3%, p 0.01; 95% CI, 13.0% - 15.7%). [10]  

A. Meregalli, R. Oliveira, et al. found that when nonsurvivors (n=7) were compared to 

survivors (n=37), the nonsurvivors had higher blood lactate levels after 12 hours 
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(2.9±1.7mmol/l against 1.6±0.9mmol/l, P=0.012), 24 hours (2.1±0.6mmol/l versus 

1.5±0.7mmol/l, P=NS), and 48 hours (2.7±1.8mmol). However, the non-survivors' initial 

blood lactate measurements were still quite similar. In critically ill patients, there was a 

strong correlation between blood lactate levels and prognosis. Elevated blood lactate levels 

are associated with a higher death rate and postoperative complications in surgical patients 

who were hemodynamically stable.[11] 

In the current study, the mean lactate levels of survivors were 3.05 ± 2.41 mmol/L compared 

to 4.01± 2.39 mmol/L for non-survivors. A significant p-value of 0.048 was seen for mean 

lactate. 

The study by Blum A, Zoubi A.A, and Nava K.S. found that non-survivor groups had higher 

lactate levels than the survivor groups; this difference's p value was 0.001, which was very 

significant. The research's conclusions matched the present study.[12] 

According to the distribution of metformin use among survivors and non-survivors in the 

current study, 64% of survivors and 30% of non-survivors utilised the drug. Those who did 

not take metformin had a survival rate of 36% against 70% for those who did.The p-value, 

which was found to be 0.000659, was very significant and implied that using metformin 

before  admission was associated with a decreased mortality rate. 

These conclusions were in agreement with the studies by C.F. Christiansen, M.B. Johansen, 

C. Christensen, et al. In 2013, they looked into how metformin use prior to admission 

affected the mortality of type 2 diabetic patients in the critical care unit (ICU). The 30-day 

mortality rate for metformin monotherapy users was 17.6%, for combination therapy users it 

was 17.9%, and for metformin non-users it was 25.0%. When compared to non-users, the 

adjusted HRs (hazard ratios) for metformin monotherapy users were 0.80 (95% confidence 

interval (CI): 0.69, 0.94) and 0.83 (95% CI: 0.71, 0.95), respectively. Furthermore, this study 

discovered a relationship between preadmission metformin and a lower 30-day death rate in 

type 2 diabetic patients getting complete medical and surgical care.[13] 

In a study conducted by K. Doenyas-Barak, I. Beberashvili, R. Marcus, et al., similar 

outcomes were attained. The rates of in-hospital mortality were found to be considerably 

lower in the metformin-treated group, 56.8% vs. 88.1%, p 0.0001. Despite the fact that septic 

patients with high lactate concentration had a bad prognosis, they concluded that metformin 

treatment significantly lowered mortality rates.[14] 

The findings of this study were found to be consistent with those of R. Posma, T. Frslev, B. 

Jespersen, and other researchers. In both metformin users and nonusers, the relationship 

between the mean of the lactate levels measured at this time and 30-day mortality was 

examined. The median (interquartile range) lactate level in metformin users was 1.8 (1.2-3.2) 

mmol/L, compared to 1.6 (1.0-2.7) mmol/L in metformin nonusers. Same lactate levels were 

linked to a decreased risk of death in metformin users compared to metformin nonusers, 

regardless of the degree of hyperlactatemia.[9] 

The results of this investigation, however, were not consistent with those of L. van Vught, B. 

Scicluna, A. Hoogendijk, et al. To ascertain the relationship between the host response, sepsis 

prognosis, use of metformin, insulin, and diabetes before admission, they conducted a study. 

They found that in patients with sepsis needing intensive care, neither diabetes mellitus nor 

pre-admission use of insulin or metformin were related to altered illness presentation, 

prognosis, or host response.[15] 

However this study results were different from the study done by S. Jochmans, J. Alphonsine, 

J. Chelly, et al.To determine the impact of metformin on the outcomes of diabetes patients 

hospitalised to the critical care unit, the researchers examined two populations depending on 

the prevalence of septic shock. The multivariate analysis indicated no difference in hospital 

mortality for any metformin users (OR 0.75 [95% CI 0.44-1.28]; p = 0.29), with the 

exception of the septic shock subgroup (OR 0.61; 95% CI [0.37-0.99]; p = 0.04). Users of 
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metformin had greater blood lactate levels than non-users in all patients (p 0.001), patients in 

septic shock (p 0.001), and patients without renal damage (p 0.001). (p 0.001). Despite a 

poorer clinical picture upon entry, mortality was reduced in patients with septic shock.[16] 

In the current study, we observed that the mean blood sugar level in survivors was 7.83 

mmol/L with a 1.40 standard deviation, but it was 8.40 mmol/L with a 1.77 standard 

deviation in non-survivors. The glucose levels of non-survivors were higher than those of 

survivors.The p-value of 0.038 supported the significant hypothesis that higher blood glucose 

levels were associated with death. 

The study conducted in 2006 by M. Egi, R. Bellomo, E. Stachowskyi, et al. provided support 

for these findings. They looked into the relation between critically ill patients' blood glucose 

variability and short-term mortality. They discovered that in survivors and nonsurvivors, the 

mean S D (standard deviation) of blood glucose concentration was 1.7± 1.3 mmol and 2.3 

±1.6 mmol, respectively (P 0.001).[17] 

In the current study, we calculated the mean ages of the groups of survivors and non-

survivors. Our research indicated that the average age of survivors was 43.48 years , with a 

standard deviation of 11.97. Non-survivors had a higher mean age of 54.00 and larger 

standard deviations of 18.65.The very significant (0.001) p value added evidence that the 

mean age of survivors was lower than that of non-survivors. 

A. Blum, A. Zoubi, and S. Kuria's research also produced similar findings. Finding the 

independent variables that might affect the clinical outcome within the first 24 hours of 

hospital admission was the aim of their study. Patients who died within the first 24 hours of 

their illness were older, according to their study (males: 75.9-15.0 vs. 63.5-19.9 years 

[p=.0009]; females: 84.2-12.7 vs. 66.9-20.3).[12] 

In the current study, the gender distribution of survivors shows that 78% of them were men 

and only 22% were women. In the non-survivor category, the percentage of men was 68% 

while the percentage of women was 32%.The gender distribution had a non-significant p-

value of 0.260, indicating that there was no relationship between gender and survival. 

As opposed to the current study another study was carried out by K. Mahmood, K. Eldeirawi, 

and M. Wahidi to determine the relationship between mortality and gender distribution. They 

discovered that among patients who were critically sick, women under 50 had a lower ICU 

death rate than men, however women over 50 did not vary significantly from men in this 

regard.[18] 

 

SUMMARY 
The current study's goal was to compare the 30 day death rates of intensive care unit patients 

admitted to the Assam Medical College who had previously taken metformin medication to 

those who hadn't as part of a cross-sectional study done in a hospital. The Assam Medical 

College and Hospital in Dibrugarh, Assam, houses the Anaesthesiology and Critical Care 

Department, which provided oversight for the research. Before the study started, the 

institutional ethics committee gave its clearance. Data were gathered from patients who had 

been admitted to all of the Intensive Care Units at the Assam Medical College, Dibrugarh, 

depending on the inclusion criteria, after obtaining written informed consent from the 

patient's legal guardian and family members. The cardiology, general medicine, and central 

intensive care units provided information. 

Patients fulfilling the inclusion criteria were classified as either survivors or non-survivors 

after 30 days of follow-up. We divided 50 patients into two groups survivors and non-

survivors and compared their lactate levels and the extent of metformin use to examine the 

effects of both metformin and lactate levels on ICU mortality. 
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In this study we found that survivors had lower lactate levels than non-survivors. The mean 

lactate in survivors was 3.05 mmol/L with a standard deviation of 2.41 while it was 4.01 

mmol/L in non-survivors with a standard deviation of 2.39. 

Furthermore, we found that 64% of survivors and 30% of non-survivors in the current study, 

respectively, used metformin, indicating that metformin use was higher in survivors than in 

non-survivors. Those who did not take metformin had a survival rate of 36% against 70% for 

those who did. 

In conclusion, early lactate levels were strongly associated with mortality. Regardless of the 

severity of hyperlactataemia, same lactate levels were associated with a lower mortality risk 

in metformin users compared to metformin non-users. 

 

CONCLUSION 

The present study shows that early arterial blood gas lactate measurements in critically ill 

patients admitted to the intensive care unit was a major predictor of mortality, and higher 

preadmission metformin use in survivors demonstrated metformin's significant impact on 

increased survival rates. However, factors like test cost and availability might affect routine 

lactate analysis. 
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