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Abstract

Type 2 diabetes mellitus (T2DM) remains a major and steadily growing global public health
challenge. Metformin, a biguanide agent, is widely recommended as first-line therapy because of
its glycemic efficacy, low risk of hypoglycemia when used as monotherapy, weight neutrality,
cardiovascular benefits, and low cost. Nevertheless, metformin-associated lactic acidosis (MALA),
although uncommon, is a life-threatening adverse drug reaction with high reported mortality.
Diagnosing MALA in real-world practice is particularly challenging because clinical manifestations
are non-specific and frequently overlap with comorbid systemic conditions that can
independently cause lactic acidosis.

This article reviews the pathophysiology and clinical evaluation of lactic acidosis in patients
receiving metformin, emphasizing contemporary concepts that distinguish metformin-induced
lactic acidosis (MILA), metformin-associated lactic acidosis (MALA), and metformin-unrelated lactic
acidosis (MULA), as well as the clinical relevance of Type A versus Type B lactic acidosis. Key
diagnostic criteria, including lactate elevation and acidemia, are summarized alongside practical
considerations in emergency settings where metformin levels are often unavailable. The review
also highlights major clinical risk factors-particularly renal dysfunction, sepsis, shock, hypoxia,
dehydration, advanced age, and alcohol use-and discusses inter-individual variability in metformin
exposure driven in part by transporter gene polymorphisms (e.g., OCT and MATE pathways), which
may influence susceptibility and disease severity. In addition, the roles of structured causality
assessment tools (WHO-UMC and the Naranjo scale) and pharmacist-led pharmacovigilance are
discussed to support consistent case evaluation and adverse event reporting.

Overall, MALA should not be inferred solely from plasma metformin concentrations, given
substantial variability and an inconsistent relationship with clinical severity. In many cases,
metformin acts as an “amplifier” of lactic acidosis in the presence of concurrent systemic illness
rather than the sole causal agent. An integrated approach combining clinical context and
laboratory findings is therefore essential to enable timely recognition, appropriate management,
and improved patient safety.

Keywords: type 2 diabetes mellitus; metformin; lactic acidosis; metformin-associated lactic

acidosis; pharmacovigilance; causality assessment; emergency medicine
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WesmnlunwUFianaly memmasdiuamvesiiu
Tudensinliausaadunisle

3uAureItaden1enddndu Wy n1ILAnLYe
JULTY (sepsis) amiglsme (renal failure) vi5e N1y
WIDIWINTRUYDIUBLED (tissue hypoxia)
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FoRunuiananTliiuin sesuLmes
fuludoniivsegnaiedldanunsaliiduddvig
Tun153898y MALA 1¢ iiesannnendassinen
39901 TNLA BT 0T UNTYNUS A TUTed
waneiase WenisazaueseuazauinUng
YOITTULETEIEBU

lngasy udiumnesiuszdunumdidgy
Tunanensdves MALA usilalléidu amandn
Wigausensieed Tunaneaaiunisal wnwesiu
o19vimtf L usa Lﬁ'ummqumwaqmas
(amplifier) ¥84 lactic acidosis fiAnanlsasau
WONMENNTEUUEY N13vhaudlaunuin
Aananiiaudidgdenisinutayaneaan
msﬂﬁsLﬁummﬁ'mswqﬂﬂa TERRERRE,
LLN‘lJﬂ’]i%Jﬂ‘H’ﬂutgﬂ’JSﬁﬁﬂﬁjﬂﬂﬂz MALA Tutay
UURase
AN M8V NN BNTIUN15USTLIEAUNE
MALA

nsUsEiune AMgdendunsnann
wnes iy (Metformin-Associated Lactic
Acidosis; MALA) 1luanuinmediaglune
UfAaze lnsongluuunvesuseimalned
A Urednidlsnsiuvateszuusaziitedninu
N13953358auetuien nsuseilugUiedasies

5191NN15W 915N lactic acidosis Ainu
saAvUsEiRnsldunesiiu wazanidunis
ﬁummm@ﬁuﬁm%%mammﬂé’ Wi diabetic
ketoacidosis (DKA) 30 n1agfiaid oguus
(sepsis) MnanansaszyamndulFogadniay
mslimssnemunstadedulnense egals
A mnldnuanmgduiianainsaeduienie
sananile visldaunsadarnudululdvesam
Wostusenluls Amsiarsanasdeniny MALA
(Ui 1)

Tunszuiun1suszliuaenan Indans
unumdiey TunstheUszdiuinaneiiniy
w918 9INshlUsrasAanen (Adverse Drug
Reaction; ADR) %30l uedRvLenansLaL
FIBNUVANITAIATUUIN NI B AN NI
nzUIUNITRINadaudAynasruulingy e
Auvaandeveden wazdielvdeyagndasaiin
d3ruUn391891u ADR Tuszaudssmeegadu
IPUU
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Patient with:
- Lactate = 5 mmol/L.
- Arterial pH < 7.35
- History of Metformin use

I

Evaluate for other diagnoses that can cause symptoms
e.g., DKA)

/ye/s

No / Cannot exclude Metformin

Other diagnosis confirmed
(e.g., DKA, Sepsis, etc.)

No other diagnosis OR
Metformin cannot be excluded

/

\

Treat according to confirmed diagnosis

Suspect MALA
(Metformin-Associated Lactic Acidosis)

Notify pharmacist to assess ADR
(Adverse Drug Reaction)

Document and report ADR as per hospital policy

5UN 1 Tupaumsusziiung MALA

wesdiodmiumsusadfiunnie MALAEL)

13 esflennsgruiivaslunisuseidiu
ruduwsdunassninanisldsmmesiiuiu
msAne1nisldfieUszasd TnewnIesfledilasu
n1sgeusuegaLnIvianedl 2 sUkuunan laun
WHO-UMC System for Standardized Case
Causality Assessment Wag Naranjo Adverse
Drug Reaction (ADR) Probability Scale

1. WHO-UMC System for Standardized
Case Causality Assessment Wunisuszdy
L%qﬂmmw (qualitative assessment) «7{168’%“@
Usztamanudululdierazuanmmueseins
lafisUszasd qauauvesssuul Aoanunsaly
ATNTILVDIAMNFUN U TT NI AN LA
ag1udun1nsg1u lnswuseonidunaryszau
Taun

e Certain

e Probable / Likely

e Possible

e Unlikely

» Conditional / Unclassified
e Unassessable
Forvesszuil Ae aunsaldninsy
YOIANNFURUS SEMI Az NS I N sUsE dR
eogradunnsgiu wazgnldiuegaunsvany
Tuseuus1891U ADR v89manaUseine
2. Naranjo Adverse Drug Reaction
(ADR) Probability Scale r3asiioifumsusuidiu
WU (quantitative scoring system) nglteyn
AONNLNTFIUIINIU 10 U0 %maamquﬂimﬁu
dfgy
o aruduiusvesaInisEueIns
AunslEe (timing of onset)
o MEYALIEIEINITATY Y3 endian
Budnidlelienlml (dechallenge/ rechallenge)
« msflavnmadendu (altemative
causes)
« YoyaszAveninsaalalusiene
(drug levels)

134



PMJCS Phrae Medical Journal and Clinical Sciences

Volume 34 No.1 January - June 2026

nmsirziuuaztllgnsdnseiu
Anudululs laun

e > 9 AzLUU = Definite

e 5-8 AZLUU = Probable

e 1-4 AzLUU = Possible

e 0 AZLLUU = Doubtful

whedesilomantavdrefiunnuusiugn
Tun1sussid umnuduwus seud1uunves iy
AunNMe lactic acidosis in13UsELTUR U
Fududosionsaniadodomsndinuesiiog
WAAEIIYTINAIY

Jadedesfiigatosiunisiia MALAZY
nsiin Azdendunsnanunnesiu
(Metformin-Associated Lactic Acidosis; MALA)
dniinann1snausiuiuresaledade laila
WnntuWestuieseg1ahel Jadedrdsy
fAetes lawn amezfivliianisazauves
wymlesiiu wu azlaunnses SIudnnsfidiu
N15ES19LANANUI BV IANITANTALANLANAAA
LU ﬂﬁjzﬁml,%@iqumﬁ N1ITNTDIDONTLIUYDS
oo uazrmeanmi Hededediddny Gy 1)

nangIuaINNIsAnEILazdayan1sid 15239
g msldieUszasAanngn

nsUspidiumnud oulesseninanasly
wnnestuiunzideadunsnainuaniav
(lactic acidosis) IngldlaTsilonmsgiu 2 wuy
lawn WHO-UMC System for Standardised
Case Causality Assessment ag Naranjo
Adverse Drug Reaction (ADR) Probability
Scale TugUae 559 518 uansliiiudonndos
Aus1gueInNIshinaUssasAannn1siden 999
MUNNUANENTININIEINIIaYeN (08.) Uszmdlny
53139U W.A. 2564 U W.A. 2565

Haduiduafidfyusenaudie
® Type A (NMgUM0BNTLAU): TJon,
néilerlame, shladuwan, nguniden
a1z, Tadinans

® Type B (M3vimmeseienziaung):
Taunnsag (81.2%), AUUNNIBY, UzL5Y, N1SAN
L%agumq
°5y 9 TsAMaLAUD1T (33.3%),
Amzthenasm, wnuilawedlaga
NaMSANFNaNTATIAN wWihsvmediy
919U UNUMABNI5LAA lactic acidosis Walag
avandndsliannsoasUlainduanvananves
amesananlugtaeddng osaninwuia
fsasruvsedasenisyuudusiusg
ToRunuilaenndosiutayaainszuy
5189748105 LU R U AR NN T VB9
dinuanEnIsIMSeMNSHaYeN (8Y.) Usemdlne
5393190 WA, 2564-2565 FINUIIRUIUIIBIY
flfeadeady lactic acidosis Tugldiuymeosiiu
fiuT uog1etaou Tnglud we. 2564 H51891u
avay 110 579 waniudwdu 1,056 578 Tud
WA, 2565 Ve 9 wh
deduunmusziunudummduna
YDIAIMUAUNUS TLMIN9UILALDINT LN
Uszasn nuin
« 526U Probable Wiz 93 Wu 792 38
« 524U Possible iz 15 iy 199 518
« 57U Certain Wivmn 15y 33 5
« 52U Unclassified iuan 1 1y
31 519
« U0uzfiszsiu Unlikely wuifies 1 57 Tu
U w.A. 2565
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Toyadinanasvieuliiuil A1y
lactic acidosis TugUreldumnesiudnineides

Auranetadesiunu wnnInsiieanwneas Iy
WNE9DE19LRE

5199 1 Yadudesinetasiunisianizdendunsaainwnnasiiu (Metformin-Associated Lactic Acidosis; MALA)

v tadeides TPRERRIREEIEER

nalniltneatasnunisiia lactic acidosis

aglaunnsas

salnsess, nglanedeunduy

Asmasunesiunelnanas vliianng
ALAUVDIEN

175N 900N TLAUVDI ANzTon, NMIzRAWETULS (sepsis), N1z nstheendwuluduledeanas vliannis

\Waida (Type A)
ANIUWII

ANITAUUNNT D frune, 1sAfusess

117989198 MT 0 UT U 91TLUTULTY, ViDady, N1IgnTed

Henanag
21889 GRRRE
19 Uy 3
ASANLDANDTDA ASANLDANDTDALRYUNAUNIBISBSTI
miaﬂl,%aiqwm Sepsis, systemic infection

Wilaaunal, Azmgladumal, nazlaie winatguuulildesndiaunaziinnisasng

HANLAN
AMNEILNTAlUNISATALANIANAnAY

astuaisudenludalnanas denalsinig
MInwnnasivanas
NM591UT09laLAz0TBILANN 9 anal dINa
Tin1sminenanas

VA UNISEAS 19BANLANLALSUTINTLUIUNNS
gluconeogenesis
NIZAUNITATIUANANIINNTLUIUNITENLEY
117579078

AslasvgAuruIange naslasumiesduiiuruin, n1sldenlu wnwesdududs mitochondrial respiratory

N3ELEUYDIEN dthelaunnses

AMENTI0ONTRAUGTET Tsavanass, A1z hypoxemia

ANMZUATUBANDU 9

chain ¥lydinnsas1a lactate

Wunsmanguuulildoandiau

diabetic ketoacidosis (DKA), N12z1m1as AMUAAUNAYBINITININATEYWAIUIN ALY

ANTASWANLEN

GELY

smz@endunsnanavmesiiu (Metformin-
Associated Lactic Acidosis; MALA) L‘f]um’gzﬁ
wultivesusidlianusuussgs myddede lunwldia
aFeldaunsnerfen1snsisea umves iu
Tudoniflesedafien Wemnsefuendananlally
dunuslaensaiunuIuLsvedlsa waglininy
wUsuTINsEIIeyanageandadeniaiugnssy
wazlsnsiy

mi‘dizLﬁuﬁaqé}’umimﬁwé’ﬂgmm

Fuedl loun seav lactate =5 mmol/L wag arterial

pH<7.35 Saufuuseinsidumnesiv mndu
?Nﬁ”nﬁumiﬁuma’nwﬁu‘um lactic acidosis kU
mwam%agul,m Amgden Aznsetwandiau
vouflaide videlsaduuagln wnlinuanvndu
flanansaedurenngdnanldegisnsudi aas
N FUNEsdy MALA
wAaN1sIMUNUIenUnToU MILA-
MALA-MULA continuum ngleiuifin LAMT
(Lactic Acidosis in Metformin Therapy) %78
avvounuduasinendiindiin wnnesiuging
unuwiluguzladeeia mplifie) Aidisenasuuse
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983 lactic acidosis 11nn319zLduaNMR AN
LNENBEN9LAEN

Tunsuszlivanudumsdunavesen
anunsoldiag eeflonnsgiu Wy WHO-UMC
system %38 Naranjo ADR probability scale
ieafuayun1sUsEIiuLAYN15I1891UDIN1S
LiflsUszasdnnnen Yaduideaddiinasdileds
1$un nmglaunnies nmeRndeguuss amedon
AMENTeIenTinuy AmEInt) MIfuweanesed
WaEHgIeIY

Towagy wvnainsidads MALA Tullagiu
LHUNTS YINSTeLanuAalinkazNanTIaNIa
waaUfuAn1s W anIn1IATINTESU
wvlesiuluidesiissedufen ielfaunsa
Fiaduldedariuied anauaigdlunisinw
uazifislenasendinvesgiiae
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