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Abstract
Purpose  To study the incidence of lactic acidosis due to metformin in patients with type 2 diabetes mellitus (T2DM) and 
chronic kidney disease (CKD) stage 3–5.
Methods  We estimated plasma lactate in patients of CKD stage 3 and worse who were continuing metformin on their own 
prior to stopping the drug.
Result  Of 40 patients included, median duration of T2DM was 60 months (interquartile range IQR 24–120). The mean 
serum creatinine was 309.4 ± 159.1 µmol/L and mean eGFR was 27.82 ± 12.93 mL/min/1.73 m2 with 3 (7.5%), 16 (40%), 11 
(27.5%) and 10 (25%) in CKD stages 3a, 3b, 4 and 5, respectively. They were receiving metformin for a median duration of 
24 months (IQR 12.5–60), an average dose of 896 ± 350 mg per day. The median of plasma lactate was 1.36 mmol/L (IQR 
1.11–1.75 mmol/L) with three (7.5%) having levels above normal, two (20%) in CKD stage 5 and one (9.1%) in stage 4.
Conclusion  Metformin can be safely used in CKD stage 3 and with regular measurement of plasma lactate in later stages.
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Introduction

Metformin is the recommended first-line glucose-lowering 
therapy for type 2 diabetes mellitus (T2DM), but its accu-
mulation can potentially cause lactic acidosis in later stages 
of CKD [1]. We studied the presence of lactic acidosis in 
patients with CKD stage 3–5 who had inadvertently contin-
ued metformin on their own.

Materials and methods

After institutional ethics committee clearance and informed 
consent, consecutive patients of T2DM visiting the outpa-
tient department of a tertiary referral hospital with estimated 

glomerular filtration rate (eGFR) of < 60 mL/min/1.73 m2 as 
measured by serum creatinine-based standard CKD-EPI for-
mula and who were inadvertently continuing metformin on 
their own were included. Those with sepsis, malignancies, 
cardiac failure and other medications which could poten-
tially cause lactic acidosis were excluded. After physical 
rest of 30 min, venous blood was drawn. Plasma lactate was 
measured by a lactate oxidase enzyme-based colorimet-
ric assay (normal range 0.49–2.2 mmol/L) and metformin 
stopped. CKD was staged using Kidney Disease Improving 
Global Outcomes (KDIGO) classification into categories 3a, 
3b, 4 and 5 based on eGFR (mL/min/1.73 m2).

Data were analyzed on SPSS version 15 for descriptive 
statistics, and Spearman’s co-relation was used to compare 
the relation between eGFR and plasma lactate.

Results

Of the 40 patients included, 7 (17.5%) were females, the 
mean age was 56 ± 8.24 years and the median duration of 
T2DM was 60 months (interquartile range IQR 24–120). The 
mean serum creatinine was 309.4 ± 159.1 µmol/L and mean 
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eGFR was 27.82 ± 12.93 mL/min/1.73 m2 with 3 (7.5%), 
16 (40%) and 11 (27.5%), 10 (25%) in CKD stages 3a, 3b, 
4 and 5, respectively. They were receiving metformin for a 
median duration of 24 months (IQR 12.5–60), an average 
dose of 896 ± 350 mg per day. The median of plasma lac-
tate was 1.36 mmol/L (IQR 1.11–1.75 mmol/L) with three 
(7.5%) asymptomatic patients having levels above normal, 
two (20%) in CKD stage 5 and one (9.1%) in stage 4. There 
was no correlation between eGFR and plasma lactate.

Discussion

Metformin, a glucose-lowering drug of biguanide class, 
works by entry into cells through organic cation transport-
ers, activating adenosine monophosphate (AMP)-depend-
ent protein kinases, reducing hepatic glucose production 
through antagonism of hepatocyte cyclic AMP generation 
by glucagon with some increase in peripheral glucose uti-
lization, promoting weight loss and may reduce cardiovas-
cular risk. It is inexpensive and has favorable adverse effect 
profile [1]. Concern about development of lactic acidosis 
contraindicates its use in CKD stage 4 and greater and cau-
tion is advised in CKD stage 3 [2]. However, stopping this 
drug causes rise in glycosylated hemoglobin and body mass 
index [3]. The prevalence of CKD in diabetes mellitus [4] 
being up to 25% limits the use of metformin in this popu-
lation. Controlled trials are not feasible and evidence for 
its effect in CKD is available through large registry data 
correlating hospitalizations for acidosis with metformin 
use [5]. A Cochrane systematic review mentions absence 
of evidence for lactic acidosis with metformin use [6], but 
direct evidence in further stages is available only through 
case reports and series wherein 5.4% of patients of lactic 
acidosis receiving metformin were of end stage renal disease 
[7]. Metabolic acidosis seen in CKD may also be due to ure-
mia. We found normal plasma lactate levels in CKD stage 
3, similar to findings from a community-based cohort [5]. 
Plasma lactate was normal in 90.9% and 80% of those with 
CKD 4 and 5, respectively. Overall, we found high plasma 
lactate in 3/40 (7.5%), less than that seen in previous studies 
which may have included patients with other risk factors for 
lactic acidosis [8]. Limitations of this study are small sample 
size and lack of a control group. Pragmatic observational 
trials such as this of a larger number of patients will help in 
further assessing the safety of this useful drug.

We conjecture that metformin can be safely used in CKD 
stage 3 and with close monitoring of plasma lactate in stages 
4 and 5.
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