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RLER ATF4; activating transcription factor 4; AMPK, AMP-activated protein kinase; cAMP, cyclic AMP; Complex 1,

respiratory-chain complex 1; DHAP, dihydroxyacetone phosphate; elF2a., eukaryotic translation factor 20

FGF21, fibroblast growth factor 21; G3P, glycerol-3-phosphate; cGPD, cytosolic glycerophosphate dehydroge-

nase; mGPD, mitochondrial glycerophosphate dehydrogenase; OCT1, organic transporter 1; PKA, protein kinase

A.; PERK, Protein kinase like endoplasmic reticulum; ROS, reactive oxygen species
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Uaaz(anuria) AMzaUNY ANMSINNUReUNAvDY
dulagmmsuiiamzaadaniiound INR 110NN 1.5
wazingNeINISHAUNANINENBITEAUAIN Y 0N
T3AaU 52aUANNIENMIanaY Luzth HSnwaes
Wanidangiseiaslafionusy mMsdanisns
Wanidengraasasladfielifinsanananuaiss
ppvszuumsluadisulaiouasduanadwaagihe
Sesianansadaniseni@anmetaiasladisuwuy
s (intermittent hemodialysis) $aafuthenwan-
Goaziialumsuaiue iithefiianudulaiodau
shaeh vaadiunlieziaemuliedssuasszuula
AeulafinszrimsWanidesaaansadenisnen-
wanluduuutinszezian (sustained low efficiency
hemodialysis, SLED) #3al#sthuanaunulawuu
Aatilag (continuous renal replacement therapy, CRRT)
dmsugiheiifidyanadwliaeie >

nstlaanu@®

LﬂaqmﬂmLqu\Ia%ﬁugﬂﬁ’ULLuthLﬂ?;ﬂugﬂl,mu
aanmala Gl dihalsalonaEad matumaan
nnhameldiiosas iiomsnseaen uazdedans
Wammensaudniinasmneuniasiu Ansanld
endhaanuszinssTuaslSumneenlugihefissau
ManNTLalateend 45-59 a./uii/1.73
a3 0. uazlienuissdannsuinadanliide
23E56N 7] anaazAzneenBanluden 2ina
mﬁéulﬁmﬁﬁmaaﬂqwéﬁa (immediate release)
WNAENGU 500 NN, Wia 850 WN. TuazaAy iy
YUINEN 500 NN./TU 13D 850 NN./IU NN 7 IUAUDN
wumqqu%amﬁﬁﬂaaﬂqwéma (extended release)
W30 LM HEEINLAENTLUUNMAUEUDIMTINNE
poNONEENAENGY 500 NN.LRNBIGM 500
NN./U NN 7 AU ATER USuanuinaenmy
szdumerhauzeslaiemannnsosele 30-44
ua./ndi/1.73 o5, WiEsenlumneeimilkees

Un woziamneendaasavilmasneengsga
TenumasivlugihelomaEasideiissdusann
nsewaelatipendl 30 Na./w#/1.73 a3.u. uasl
aamnussaumsaueedlonn 3-6 weulugihe
TsalomeiEaiifisnnnsaswasla 30-59 wa. i/
1.73 G5.40.

o wgagunasiuiuiidawuanudesda
mrlBinaudanluiden i g anasuay
amzmasaniauludon wu anzmaih
uuss Mladumm dadelunszuaidon Ton
lonedunay

o vgaenwnasiudune 3 U vawnms
dadsiiuiedinvasadaadlugilelsa-
lomaiFass ffssdudsannsaswaslatas
A1 30-60 19 /i1/1.73 03.81. uaziFwenual
Wendamsaamumsiausaslaudalianag

o wgasnWasiuiune 2 Ju faunse
ssvhahmasaihuazewns iievhmseda
Taamsliensziuanuidnuuumiems
(general anesthesia) Lfimmﬂmaﬁﬂﬂgimaz
anudulafiaduasmahnuedlaanas

unasy

AMaznsaudndnasaneamnasiulu
ANLANAUNNBIEFANEASTITIANNFULTY UazE0T)
msdeings Lifenduiy Swdadlimsitansuss
QUAINHIBENLTAIY YTANMIMITAEIUUYTEAY
U5EABY SNHNIZINNINTA- G LNFBUIYDITNME
Snwlsnn wastsiednewnasiy panNTNME
mudatsd mansatlastumaiingidnsailas
fnsanldndaanussinss Seludihanduideuas
USurnemmuszaumariaueadle Tamuuzih
fihaiiietthssTiaimszasnnznsaudninasain
emasiiu Tivgaevuiiilaiiamadenanuas
dhiumssnnilsamennassunadiussvangas

S374

Journal of Health Science of Thailand 2024 Vol. 33 Supplement 2



MIZNIAUANANAIINEINH BTN

10.

11.

LN&1381984
Hadden DR. Goat’s rue - French lilac - Italian fitch -
Spanish sainfoin: gallega officinalis and metformin: the
Edinburgh connection. J R Coll Physicians Edinb
2005;35(3):258-60.
ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown
FM, Bruemmer D, et al. 9. Pharmacologic approaches
to glycemic treatment: standards of care in diabetes-202 3.
Diabetes Care 2023;46(Suppl 1):S140-S57.
Lv Z, Guo Y. Metformin and its benefits for various
diseases. Front Endocrinol (Lausanne) 2020;11:191.
Foretz M, Guigas B, Bertrand L, Pollak M, Viollet B.
Metformin: from mechanisms of action to therapies. Cell
Metab 2014;20(6):953-66.
Jackson RA, Hawa MI, Jaspan JB, Sim BM, Disilvio L,
Featherbe D, et al. Mechanism of metformin action in
non-insulin-dependent diabetes. Diabetes 1987;36(5):
632-40.
Bailey CJ, Wilcock C, Scarpello JH. Metformin and the
intestine. Diabetologia 2008;51(8):1552-3.
Bailey CJ, Turner RC. Metformin. New Engl J Med 1996;
334(9):574-9.
Graham GG, Punt J, Arora M, Day RO, Doogue MP,
Duong JK, et al. Clinical pharmacokinetics of metformin.
Clin Pharmacokinet 2011;50(2):81-98.
Bonnet F, Scheen A. Understanding and overcoming
metformin gastrointestinal intolerance. Diabetes Obes
Metab 2017;19(4):473-81.
Blumenberg A, Benabbas R, Sinert R, Jeng A, Wiener
SW. Do patients die with or from metformin-associated
lactic acidosis (MALA)? Systematic review and me-
ta—analysis of pH and lactate as predictors of mortality
in MALA. J Med Toxicol 2020;16(2):222-9.
Thammavaranucupt K, Phonyangnok B, Parapiboon W,

Wongluechai L, Pichitporn W, Sumrittivanicha J, et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Metformin-associated lactic acidosis and factors associ-
ated with 30-day mortality. PLoS One 2022;17(8):
e0273678.

Richy FF, Sabido-Espin M, Guedes S, Corvino FA,
Gottwald-Hostalek U. Incidence of lactic acidosis in
patients with type 2 diabetes with and without renal
impairment treated with metformin: a retrospective cohort
study. Diabetes Care 2014;37(8):2291-5.

Rena G, Hardie DG, Pearson ER. The mechanisms of
action of metformin. Diabetologia 2017;60(9):1577-
85.

Pham AQ, Xu LH, Moe OW. Drug-induced metabolic
acidosis. F1000Res 2015;4:F1000.

Hunter RW, Hughey CC, Lantier L, Sundelin EI, Peggie
M, Zeqiraj E, et al. Metformin reduces liver glucose
production by inhibition of fructose-1-6-bisphosphatase.
Nat Med 2018;24(9):1395-406.

Hur KY, Lee MS. New mechanisms of metformin action:
Focusing on mitochondria and the gut. J Diabetes Inves-
tig 2015;6(6):600-9.

DeFronzo R, Fleming GA, Chen K, Bicsak TA. Met-
formin-associated lactic acidosis: current perspectives on
causes and risk. Metabolism 2016;65(2):20-9.

Asif S, Bennett J, Marakkath B. Metformin-associated
lactic acidosis: an unexpected scenario. Cureus
2019;11(4):e4397.

Ashraf S, Upreti P, Karki S, Khan M, Nasr R. Met-
formin-associated lactic acidosis: a case report and re-
view. Cureus 2022;14(4):e24220.

Schadle P, Tschritter O, Kellerer M. Metformin associ-
ated lactic acidosis in clinical practice - a case series.

Exp Clin Endocrinol Diabetes 2021;129(11):842-17.

. Gan SC, Barr J, Arieff Al, Pearl RG. Biguanide-asso-

ciated lactic acidosis. Case report and review of the lit-

erature. Arch Intern Med 1992;152(11):2333-6.

3515321 IHGITUGY 2567 17 33 aUuWNiY 2

S375



Metformin-Associated Lactic Acidosis (MALA)

22.

23.

24.

25.

26.

27.

28.

29.

30.

Almirall J, Briculle M, Gonzalez-Clemente JM. Met-
formin-associated lactic acidosis in type 2 diabetes
mellitus: incidence and presentation in common clinical
practice. Nephrol Dial Transplant 2008;23(7):2436-8.
Lalau JD, Lemaire-Hurtel AS, Lacroix C. Establishment
of a database of metformin plasma concentrations and
erythrocyte levels in normal and emergency situations.
Clin Drug Investig 2011;31(6):435-8.

Kraut JA, Madias NE. Metabolic acidosis: pathophysi-
ology, diagnosis and management. Nat Rev Nephrol
2010;6(5):274-85.

Lalau JD, Race JM. Lactic acidosis in metformin-treat-
ed patients. Prognostic value of arterial lactate levels and
plasma metformin concentrations. Drug Saf 1999;20(4):
377-84.

Teale KF, Devine A, Stewart H, Harper NJ. The man-
agement of metformin overdose. Anaesthesia 1998;
53(7):698-701.

Feeney-Stewart F. The sodium bicarbonate controversy.
Dimens Crit Care Nurs 1990;9(1):22-8.

Cuhaci B, Lee J, Ahmed Z. Sodium bicarbonate contro-
versy in lactic acidosis. Chest 2000;118(3):882-4.
Rosival V. Evaluating sodium bicarbonate controversy.
Chest 2001;119(5):1622-3.

Calello DP, Liu KD, Wiegand TJ, Roberts DM, Lavergne
V, Gosselin S, et al. Extracorporeal treatment for met-
formin poisoning: systematic review and recommendations
from the extracorporeal treatments in poisoning work-

group. Crit Care Med 2015;43(8):1716-30.

31.

32.

33.

34.

35.

36.

37

38.

Harding SA, Biary R, Hoffman RS, Su MK, Howland
MA. A pharmacokinetic analysis of hemodialysis for
metformin-associated lactic acidosis. J Med Toxicol
2021;17(1):70-4.

Correia MS, Horowitz BZ. Continuous extracorporeal
clearance in metformin-associated lactic acidosis and
metformin-induced lactic acidosis: a systematic review.
Clin Toxicol (Phila) 2022;60(11):1266-76.

Deepak V, Neel S, Lohana AC, Tanase A. Metformin-as-
sociated lactic acidosis successfully treated with contin-
uous renal replacement therapy. Cureus 2019;11(8):
€5330.

Regolisti G, Antoniotti R, Fani F, Greco P, Fiaccadori
E. Treatment of metformin intoxication complicated by
lactic acidosis and acute kidney injury: the role of pro-
longed intermittent hemodialysis. Am J Kidney Dis 2017,
70(2):290-6.

Navaneethan SD, Zoungas S, Caramori ML, Chan JCN,
Heerspink HJL, Hurst C, et al. Diabetes management in
chronic kidney disease: synopsis of the KDIGO 2022
clinical practice guideline update. Ann Intern Med 202 3;
176(3):381-17.

Hanna RM, Rhee CM, Kalantar-Zadeh K. Metformin in
chronic kidney disease: a strong dose of caution. Kidney

Int 2020;98(5):1101-5.

. Jones GC, Macklin JP, Alexander WD. Contraindications

to the use of metformin. BMJ 2003;326(7379):4-5.
Landewe-Cleuren S, van Zwam WH, de Bruin TW, de
Haan M. [Prevention of lactic acidosis due to metformin
intoxication in contrast media nephropathy]. Ned Tijdschr

Geneeskd 2000;144(40):1903-5.

S376

Journal of Health Science of Thailand 2024 Vol. 33 Supplement 2



MIZNIAUANANAIINEINH BTN

Metformin-Associated Lactic Acidosis (MALA)

Sitthipong Yimsawad, M.D.
Health Promotion Center Region 1, Chiangmai, Thailand
Journal of Health Science of Thailand 2024;33(Suppl 2):S369-S377.

Corresponding author: Sitthipong Yimsawad, Email: yimsaward@ gmail.com

Abstract: Metformin is a commonly used type 2 diabetes medication that is recommended as the first-line
treatment due to its benefits in reducing the risk of death from heart and blood vessel disease. It can be
used in combination with other blood sugar-lowering medications. However, a common side effect of
the drug is gastrointestinal symptoms, while a rare but serious emergency is metformin-associated lactic
acidosis (MALA), which can be life-threatening. MALA occurs due to metformin accumulation in the
body caused by reduced excretion or increased production of lactic acid. Urgent diagnosis and treatment
are required, including intensive care management, acid-base balance correction, electrolyte replacement,
and removal of metformin from the body, particularly by hemodialysis. The dosage of metformin should
be adjusted according to kidney function, and caution should be taken in patients at risk of developing
MALA. Patients should be advised to monitor for symptoms of MALA; and to stop taking the medication

immediately if such symptoms occur, seeking prompt medical attention.
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