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Abstract

Objective: To develop a predictive model for metformin-associated lactic acidosis (MALA) and compare
the prediction of MALA among various models using different machine learning techniques. Methods: The study
retrospectively collected data from electronic medical records of diabetic patients aged 18 years and over who
received metformin at Surin Hospital between January 2017 and December 2021. The factors used to build the
model were body mass index, metformin daily dose, obesity, NSAIDs use within the past 6 months, thiazides use,
use of beta blockers, use of statins, renal function, dyslipidemia and duration of being diagnosed with diabetes.
The study used a supervised machine learning technique with classification algorithm. Machine learning techniques
used were Logistic Regression (LR), Multi-layer Perceptron (MLP), Support Vector Machine (SVM), and Random
Forest (RF). Results: There were 8,505 diabetic patients receiving metformin including 8,387 of those without
MALA and 118 with MALA. RF and MLP models were significantly more accurate than LR. The RF model showed
sensitivity 93.30%, specificity 93.57%, accuracy 95.26%, and AUROC of 0.992. Conclusion: The MALA prediction
model using RF machine learning technique was the most efficient model.

Keywords: metformin, lactic acidosis, diabetes, machine learning techniques
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ﬁ'ﬁugmsm”umw‘hmmaavl,@]‘ﬁ'"l,ﬁﬁ’]mmmﬂ
803 CKD-EPI ¥l 89 waz 73 wa/w1fi/1.73 ava. lu
N§u non-MALA Uaz MALA @1ud16l 91neaa3nig

nyasuadlawuin N§x non-MALA agﬂm:m:ﬁ 1 wihny

@15197 7. Toyan AN lszTINIuasainy (N=8,505)

Qmé'ﬂwm:ﬂs:mﬂma:é'mu

Non-MALA MALA

duan (Fouaz) 8,387 (98.61) 118 (1.39)
LNF, 31 (F08AT)
TN 4,884 (58.23) 75 (63.56)
7Y 3,503 (41.77) 43 (36.44)
o), ipeg e (D) 60 61
arfiuramy, aadpSD (Alansudamowas) 25.31£5.16 21.08+4.23
arfaame, I5ugu (Alansudaasnsiuas) 24.80 20.30
< 25.0, :1wIn (Fouay) 4,299 (51.26) 97 (82.20)
2 250, 1w (Fouaz) 4,088 (48.74) 21 (17.80)
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GERLp PGy Non-MALA MALA
duan (Fouaz) 8,387 (98.61) 118 (1.39)
e Wasiui lesu (8314, JaANT) 1,000 2,000

YIRS NNNWBTIUN Le3L, Anafu+SD (Hafniv)

1,355.58+606.88

1,843.64+518.20

szuznflasumM Y3 feduiumu ({po3n, 1) 5 4
szuznA UMY iesuiuwu, sadesd (D) 6.50+6.14 4.76+4.00
mimuqm:@?’uﬁwmammﬂmms, W (Fouaz)
g 3,456 (41.21) 45 (38.14)
laildauidwune 4,931 (58.79) 73 (61.86)
AN U8 laangas CKD-EPI (537w, ua.mfi1.73a7.41.) 89 73
auMIhauasiaIngas CKD-EPI, ALaRE+SD (W8./w7/1.7303.41.) 84.92+23.25 73.72+22.10
szAUMIUadle SunnauTzes, 1wIN (S8az)
287 1 4,065 (48.47) 29 (24.58)
287l 2 2,877 (34.30) 57 (48.31)
207 3a 1,007 (12.00) 22 (18.64)
520291 3b 409 (4.88) 0 (0.00)
s2ezil 4 26 (0.31) 10 (8.47)
52021 5 3 (0.04) 0 (0.00)
13n3w, 3uan (Sauaz)
lsaanuaulafiags 4,660 (53.18) 74 (62.71)
azluiuladnd 4,171 (49.73) 24 (20.34)
Tsaau (Auuds uz59an) 218 (2.60) 5 (4.24)
Tsamaladuinan 97 (1.16) 4 (3.39)
Tsavanganuiass 37 (0.44) 1(0.85)
snaRaaui sy, s1win (Fauas)
statins 6,622 (78.96) 70 (59.32)
ACE inhibitors %38 ARBs 3,992 (47.60) 63 (53.39)
calcium channel blockers 2,499 (29.80) 30 (25.42)
beta blockers 1,025 (12.22) 7 (5.93)
thiazide diuretics 319 (3.80) 9 (7.63)
fibrates 298 (3.55) 4 (3.39)
loop diuretics 162 (1.93) 2 (1.69)
NSAIDs luandaunad 6 tdan 1,912 (22.80) 40 (33.90)

3,065 T8 (Fouas 48.47) uazszuzil 2 Wy 2,877 Ty
(30uaz 34.30) Ny MALA agﬂm:ﬂ:‘ﬁ' 2 lYNu 57 38
(founz 48.31) uazIzuzi 1 4¥1nU 29 118 (Souas
24.58) Ngu non-MALA flsasnflasunsifiednlse

R mwm”uiaﬁmnghﬁ'u 4,660 118 (70882 53.18)

e ldufaUn@winny 4,171518 (Souay 49.73) LAz
lsaduirinny 218 3p (Sauaz 2.60) §IUNgN MALA
lasunisifaduindulinanuaulafiagorinny 74
e (Feuaz 62.71) nMzlvdiudaUn@vinny 24 e

(Souaz 20.34) uazlsAauwinny 5 e (Fauaz 4.24)
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1aNT 3 n.a.-n.21. 2567

grafiadui ldsuiinnunissuenunwesd
ulungu non-MALA fia s1aaszaulodusfia statins
(6,622 318WIBTDUAL 78.96) HINFNANTEAUANAK
lafiaafia ACEI #3a ARBs (3,992 T8n3asauas 47.60)
BNanTaLANNaulafiasiia CCBs (2,499 Nawlasas
az 29.80) wazn1vtasvenlungu NSADs luiaan
Faunad 6 16w (1,912 NunIaiouaz 22.80) drungy
MALA figftheldTusanszauladusiia statins 70 318
(Fonaz 59.32%) pnguaaszauauanlaiasiia ACE
inhibitors %38 ARBs 63 318 (38882 53.39) 81aATZAL
ANaulafiavila CCBs 30 18 (F8az 25.42) WAz
NSAIDs 114 6 L@audaunas 40 518 (Souas 33.90) a4

AN99N 8

% i o [ 6 o
9NN U NU MALA
N153LATNERA18 chi-square #38 independent
sample t test WU 10 Y3 NdaNUFNWUSALAILAG

Nz MALA adnsdisisdmagnaadasgniy loun audl

wang (@udsidadsunaluniisilansudaang
Wa3) (P<0.001) l5Adu (Auilulanisuinninnia
WiNAL 25.0 AlanTuaaa1T9LuaT) (P<0.001) AU1AEN
winwasiudlasudaiuluniiefadnin (P<0.001) ns
#5081 NSAIDs faunad 6 L1iaw (P<0.001) N3 laTL
BN thiazide diuretics (P<0.001) M3 ldsuenlunga
beta blockers (P<0.001) N13l@3uBINga statins
(P<0.001) 32AUM TNV LA (€GFR) (Ma./w111/1.73
@7.4.) (P<0.001) e lasiululfeafiadnd (P<0.001)
wazduandflasunsifasalsaiuinanu (P=0.001)
ﬂaﬁ‘i'm&aﬁugﬂmml%a%’nLLum‘haadwmmrﬁ@iavlﬁJ

ANTEIUUUINRBIAIY hyperparameter AULNARA
A9 9

NaN59R 9 MISsufisuaianugewlng
AU F 1 score WAZANNDNABIGIY hyperpara-
meter §19 ¢ WU ﬁagaqaﬁnaauﬁﬁmsﬂ%’uauqa

% (%

Tayaely SMOTE Iﬁ@hﬁmm:auﬂ'jm@ﬁagaﬁﬂaau

M131971 9. MIAAN hyperparameter 2a9naka LR, MLP, SVM Uaz RF

- fanudanlm  manuwtnin F1 fiANDNaaI
LNAWA S/U* . . L
(308AL) (F08aL) score (3p8AL)
LR
- ridge = 1x10° S 89.00 84.60 0.867 86.41
- max iterations = -1
LR
-ridge = 10 u 80.00 81.70 0.809 80.95
-max iterations = 10
MLP
-learning rate = 0.1, momentum = 0.2
S 97.40 89.70 0.934 93.13
-hidden layers = 1, neurons = 10
-training time = 5,000
MLP
-learning rate = 0.3, momentum = 0.2
u 78.90 70.80 0.746 73.02
-hidden layers = 2, neurons = 10
-training time = 500
SVM
- polykernel
S 89.50 84.00 0.869 86.50

-regularization parameter (c) = 20.0

-tolerance = 0.001
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13197 9. MIMAN hyperparameter 289tna%ia LR, MLP, SVM uaz RF (¢a)

- fanudanlan - AauLn F1 fANNDNADY
WNAKA S/U* . . .
(3088%) (@hHEH)] score (3088%)
SVM
- polykernel
U 81.10 81.90 0.815 81.48
-regularization parameter (c) = 1.0
-tolerance = 0.001
RF
-number of iterations = 100
S 98.00 96.70 0.974 97.36
-number of features = 1
-maxdepth = 50
RF
-number of iterations = 100
U 80.00 73.10 0.764 75.13

-number of features = 1

-maxdepth = 1

*S = SMOTE, U = under-sampling, cross-validation = 10

nin13Uiuauqadas under-sampling 391iTayaza
Hnseundnriusugadiuis SMOTE s masaudin
TdsunIu WEKA (weka.experiment.PairedCorrectedT
Tester) lagl4@n hyperparameter ALANNZ VD ILARE
Inaka LLa:ﬂ%‘uﬁm@aamﬂumﬁ@LLa_idﬂa;u (classifi-
. A a a ' v o
cation) iNatUIsuifinudinugndadluniiviiue
= =) 1 v
(percent_correct) lulsunswaziSouifisudnannugndas
a9 o ' a :: ™ A A
flavasudazinadia lasdunsdSoufoumnaiiala 9
NUNAKAE1984 (LR) ias 1 inafiadruaidviia paired

T-test Wuiunafia MLP uaz RF %@ percent_correct

fgininaiia LR ag1siidodrdny (P=0.05) 3911
waftaaindanlinasaunuradayanasay (training
ﬁl = = a a o '
set) INaldSouisudsz@ntawvesuuudiaasdaly

AIANTN 10

N5UTLABRULINADY
ﬁagaﬂg@maamaaﬁagaﬁﬂ%’uaugaf@yaﬁuzJ
SMOTE Qﬂl"ﬁﬂﬂaammuﬁma{lﬁﬂs:ﬂauﬁaUﬂﬂfﬁ'ﬂ
v 1 o A v A d' Qs
laun aufintaniy l3naau auwiaaunnasiui tasu
#97% N LA3UsN NSAIDs Haunad 6 Lean M hasuen

13197 10. @1 percent_correct BadldazinafiallailIouifioualuaiia paired T-test (two tailed)

DM . ANAUDNADIVBINITYINWY

o an TAVDNA =

Tayaf liauga o LR® MLP SVM RF
7aTeynIUU3 (training data) 86.49 93.19"Y 86.47 97.37"
TATNANIATZIN [0,1]
! “ 86.49 93.19V 86.47 97.36 "
(normalization [0,1])

SMOTE TATONANIATZIU [-1,1]

o 86.49 93.20" 86.47 97.37V
(normalization [-1,1])
TATONANIATZIU Z
! “ 86.49 93.20"V 84.68 97.35"V

(standardization)

LR=Logistic Regression, MLP=Multi-layer perceptron, SVM=Support Vector Machine, RF=Random Forest

2= inafinddsdmiuIsuioy, ¥ = snninedeinedaty (P=0.05)
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A13197 1. enanuh dranusiwng ﬂlﬂﬂ’l’mgﬂﬁﬂd waz AUROC 1 ldannmInasauuuuinasd

ﬁ‘hmuﬁ’aga Inaka* el (%) ARMUIUNE (%) @hmmgnﬁaa (%) AUROC
3,353 MLP 90.90 94.99 92.84 0.965
3,353 RF 93.30 93.57 95.26 0.992

* MLP=Multi-layer Perceptron, RF=Random Forest

ﬂﬁqill thiazide diuretics mﬂﬁ%ﬁmlun&ju beta blockers
M3laTuengu statins szAUNNIRIUBEle A1z
a =) a a l!l s aa Q
luguluiiaafalnd wazszozanlasumainasslya
LUK % tnata RF Iwa1aq1u'l7 93.30% fn
ANTNINLNTY 93.57% @hmmgﬂﬁau 95.26% LY
A L AN e A
AUROC 0.992 F3LANIZ8NNINA1N bdaninaia MLP

AIANTIN 11

m‘saﬁﬂsmuazﬁ@ﬂwa

msansnilE 10 Tase leun sudiuname Tsa
$an vurasnunwasiuilasudaiyu n13lasuen
NSAIDs e h#ad 6 Laah mﬂ@i”%’umn@'m thiazide
diuretics N7 laTuE1lungy beta blockers N7 laTuEN
gy statins szAUNIINRELla nzladulubaen
AaUnd uazszozaflasumyifeaslsawnmm e
F9LUUIIRINEINIainITIAan1: MALA lasld
AEmauilaanalisugavastoyadis SMOTE wui
waila MLP uaz RF ld1augndaslunisuogs
niunafindustnedvuidn Lﬁaﬂ@aauﬁaﬂﬁaga’g@
Nagay tnata RF lﬁ@hn'}iﬁ'}mm‘iumn;@m
LA ALAR MALA aanmn;ﬂ?ﬂ’smmmmﬂnmﬁ
wanzaunIunaie MLP WeRansanandienalus:
AUROC

swagnunasindlasudatuidunielu
Tasufisnan e IUULSIa0aN NN IO TANENA TS
il $3 soaARaIRUMIANB1VE9 Eppenga UazAmE (9)
fiwudn milasuinwaiduauiags (n1nnda 2,000
faansudain) danuidssdanisia MALA annnidn
ﬂﬁiuﬁvl,@‘f%'wm@ﬁﬂn'j'l TastiriuIeaun1Ivinemm
yaslaluuuusiaes saansasnunaamMIAnEIinu
sraunIvinusaslananssssnadaninudsslunis

\fia MALA tiasanninwesiuiidaglusninie (3,
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10, 11) lagaunaninazaauaans snanwaiiiugn
fIn8anINIMBEHIUNI e (4)

msaneninuin Tsadszdrealaun lsadanga
Aw3ass Tsavalosumar uazlsady lidanudunusg
AUMaAaN1E MALA Uangs MALA ﬁé’@muﬁjﬁlﬂ‘m
ﬂs:ﬁwé’my\mdngaﬂ'j’] LANMTANBIABUATINLIN
n3filsadszdndaasnardiiuaautasslunisifia
MALA (3, 10)

mﬁﬂmsmm"l,aiauqamaﬁagm:ijn@:u
Mumnaita SMOTE Wy "qm‘i’agaﬁvlﬁ'l,ﬁl,l,um‘haaa
wenstindanumazguEnnImsleinafie under-
sampling Hansanma s wTudIiunsAnmau
9 #il% SMOTE lun1sdamsanaldaugazesdaya
6,12)

asansiluadadrwiuninwuin sl
me"ma\‘lwmmnimﬂmﬂﬁﬂm'sﬁ'yufmaum%‘amﬁ@
@4 9 fszBnsawdia 1wu uuusiseaiarhunams
ez lansdesslumanefinuin inafia MLP uas
RF ﬁﬂi:ﬁwﬁqum'juﬁmﬁsuﬁu LR (13) 38
LuusIaestNariwsn swawzasn1zlaanssses
q@‘ﬁ'}Ummgﬂmvlmwmzmﬁluﬁuﬁuzjmﬂﬁﬂ RF (14)
ywiimsfnslusnizowsinilfinaiia RF uaz SVM
WarwgannsTnatassanmsitenmnesiwle
atnsfiuszanEnw (15) Gemanadastunmsinuniin 14
wmafia RF vusnsiia MALA laatnslyszansan

msdnmitiTad da unsdinsnlungugihe
memmﬂmﬁtﬁuﬁagaﬂau%ﬁ'«ﬂmw:nmmu
dawa’tﬁﬁﬁaga@ﬂmﬁwmumﬂ Taspiaantunadis
LLuuﬁ’madLﬂwﬂ”aagawdﬂﬂmaa;\«?ﬂammmmﬁm"l@“"l&i
81N 8819k3Na1N A13e MALA tHuanisanadssann
srfiny levias dslafinsdiuauqatayadisinaia
SMOTE Lﬁﬂﬁﬁ'@ﬂ@%ﬁﬂuwuvl&iaw@!amaﬁagad’aﬂdn

#ANINNG ﬁagamaﬂﬁﬁﬂmwﬁﬁmnﬂh 1 @i
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