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behalf of Sociedad Española de Nefrologı́a. This is  an

open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.nefroe.2018.12.002

Metformin  and  diuretics�

Metformina  y diuréticos

Dear Editor,

Lactic acidosis associated with metformin is  a  rare compli-

cation (9/100,000 person years).1–3 However, it is also serious,

and usually occurs in  association with certain predisposing

conditions, all of which are absolute contraindications for the

use of metformin: acute kidney injury; severe chronic kid-

ney disease; liver disease; alcohol abuse; congestive heart

failure; coronary heart disease; age >80; and tissue hypoxia

states accompanied by haemodynamic instability.4 Lactic aci-

dosis is defined as pH  < 7.35, blood lactate >2.0 mmol/l and

PaCO2 < 42 mmHg.

We  studied 30  patients treated with metformin who

attended the Accident and Emergency department (1 Septem-

ber 2016 to 30 September 2017) and were found to have lactic

acid levels in blood above 2 mmol/l. Fourteen patients required

haemodialysis (HD). Haemodialysis was indicated following

the usual clinical and analytical criteria in  acute kidney

injury: oliguria/anuria; fluid overload; severe water/electrolyte

or acid/base alterations; and elevation of nitrogen prod-

ucts. Metformin clearance could not be monitored because

our hospital’s laboratory does not measure metformin

levels.

From a  clinical point of view (Table 1), patients who

required HD had a  higher blood level of lactic acid i (10.50 ± 6.61

vs 3.43 ± 1.91 mmol/l; p = 0.000), lower pH (7.07 ± 0.21 vs

7.34 ± 0.048; p = 0.000), a  higher rate of associated acute kid-
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ney injury (AKI) (100% vs 50%; p = 0.003) and a  higher rate of

admission to  ICU (64.2% vs 6.3%, p = 0.001).

From a therapeutic point of view (Table 1), more  patients

requiring HD were taking diuretics (69.2 vs  31.3%; p = 0.048),

with no differences found regarding treatment with ACE

inhibitors or ARBs or the dose of metformin.

Table 2 shows the characteristics of the group of patients

who received dialysis.

As both metformin and loop diuretics are  removed by active

tubular secretion, we analysed whether or not the pharmaco-

logical interaction between them might be at this level. Active

secretion of metformin is  carried out through the hOCT2

(human organic cation transporter 2) (basolateral)/hMATE1/2-

K (human multi-drug and toxin extrusion proteins 1 and 2-K)

(apical) pathway,5,6 which is  the cationic organic acid secre-

tory pathway. However, the active tubular secretion of loop

diuretics takes place through hOAT1 (human organic anion

transporter 1) and hOAT35 (basolateral)/hMATE2/4-K (apical),

which is the secretory pathway for anionic organic acids. Thus,

in principle and from a theoretical point of view, there would

not appear to be any interaction between metformin and loop

diuretics at the level of active tubular secretion of organic acids

(hOCT or hOAT). It remains to be determined whether the

interaction could occur at the  level of the hMATE1 or hMATE2

transporters located at the apical level. In fact, furosemide has
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Table 1 –  Clinical differences between patients taking metformin with lactic acid above 2 mmol/l according to the need for
haemodialysis.

Haemodialysis (n = 14)  No haemodialysis (n =  16)  p Value

Serum lactate (mmol/l) 10.50 + 6 3.43 + 1.91 0.000

Serum lactate >10 mmol/l 46.2% 6.3% 0.026

pH 7.07 + 0.21 7.34  + 0.048 0.000

Acute kidney injury 100% 50% 0.003

Oliguria 71.4% 0% 0.000

Admission to  intensive care 64.2% 6.3% 0.001

Deaths 14.3% (n = 2) 0% —

Diuretics 69.2% 31.3% 0.048

Table 2 – Characteristics of patients taking metformin
with lactic acid above 2  mmol/l and requiring
haemodialysis.

Gender (female/male) 65%/35%

Age (years) 71.86 ±  9.96

Prior chronic kidney disease 14.7%

Diarrhoea 42.4%

Vomiting 50%

Metformin dose (mg/day) 2020 ±  561.43

Metformin dose >2000 mg/day 41.7%

Diuretics 69.2%

ACE inhibitors 46.2%

ARB 42.9%

Admission to  intensive care 64.3%

Use of inotropes 21.4%

Mechanical ventilation 42.9%

Number of haemodialysis sessions/patient 2.57 ± 1.78

Patients needed more than one haemodialysis

session

64.3%

Deaths 14.3% (n = 2)

ACE inhibitor: angiotensin-converting enzyme inhibitor; ARB:

angiotensin II receptor blocker.

been reported to  increase the concentrations of metformin in

plasma and blood by 22%, without any significant change in

renal clearance of metformin being observed if renal function

is normal.

At  the same time, it could be hypothesised that diuret-

ics would contribute to  greater renal hypoperfusion in acute

kidney injury associated with lactic acidosis secondary to met-

formin, which tends to  present with vomiting, diarrhoea and

hypotension, and that  is  perhaps why it is these patients who

most frequently require HD.

In conclusion, the data presented suggest that in patients

who  need diuretics as part of their treatment, we must be

careful about prescribing metformin and particularly with the

dose, as it will probably be these patients who, in the event

of developing high blood lactic acid levels, are most likely to

need HD and admission to ICU.
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behalf of Sociedad Española de Nefrologı́a. This is  an

open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j.nefroe.2019.03.008

http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0005
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0010
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0015
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0020
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0025
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
http://refhub.elsevier.com/S2013-2514(19)30099-9/sbref0030
mailto:yaiza_89@hotmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.nefroe.2019.03.008

	Metformin and diuretics
	References
	Comments on "The value of ABPM and subclinical target organ damage parameters in diagnosis of resistant hypertension" by Poveda Garcia MI, etprotect protect unhbox voidb@x penalty @M  {}al., Nefrologia journal, 13 March 2018
	References
	Peritoneal dialysis catheter dysfunction caused by fallopian tube entrapment
	References
	Metformin and diuretics
	References
	Genitourinary schistosomiasis in a 20-year-old patient from Madagascar with persistent hematuria, associated with parasitosis from Trichuris trichuria and Necator americanus
	References
	Mycophenolate sodium-induced hepatotoxicity: a second report?
	References

