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Renal Effectiveness and Adverse Outcomes of Sodium-Glucose Cotransporter-2
Inhibitors in Type 2 Diabetes Mellitus: A Real-world Evidence Study at

Maharaj Nakhon Si Thammarat Hospital
Wongsakorn Boonkarn MD, Maharaj Nakhon Si Thammarat Hospital

Division of Nephrology, Department of Medicine

Abstract

Background: Glycemic control is crucial for reducing microvascular renal complications in
patients with type 2 diabetes mellitus (T2DM). While sodium-glucose cotransporter 2 inhibitors
(SGLT2i) play a pivotal role in delaying the progression of diabetic kidney disease, real-world
evidence regarding their effectiveness and safety in the Thai clinical context remains limited.

Objective: To evaluate the real-world effectiveness of SGLT2i on renal function, UACR,

glycemic control, body weight, and the incidence of adverse events in patients with T2DM.

Materials and Methods: This retrospective observational study was conducted at Maharaj
Nakhon Si Thammarat Hospital. It included 100 patients with T2DM who had been treated
with SGLT2i (54% dapasliflozin, 46% empagliflozin) for more than 3 months between 2021

and 2025. Patients were continuously followed up for a period of 24 months.

Results: The study cohort had a mean age of 68.2 + 9.7 years and a mean diabetes duration
of 10.7 = 5.2 years. After 24 months of follow-up, HbAlc level decreased by 1.15 + 1.62%,
and body weight decreased by 0.84 + 3.17 kg. Regarding renal effectiveness, the annual rate
of decline in urine albumin-to-creatinine ratio (UACR) was significantly greater in the SGLT2i
group compared to the matched non-SGLT2i control group (-463.18 + 184.79 vs. -187.20 +
158.83 mg/g/year; P < 0.001). Furthermore, the annual rate of estimated glomerular filtration
rate (eGFR) decline was clinically slower in the SGLT2i group than in the control group (-2.12
vs. -3.10 mL/min/1.73 m2/year; P = 0.542). Regarding safety, the overall incidence of adverse
events was 23%. Urinary tract infections (12%) and acute kidney injury (7%) were the most

common adverse events

Conclusion: In real-world clinical practice, SGLT2i therapy significantly reduces UACR and
demonstrates a favorable clinical trend in delaying eGFR decline among Thai diabetes patients,

while maintaining a safety profile that is manageable and well-tolerated.

Keywords: SGLT2 inhibitors, Real-world evidence, Renal effectiveness, Adverse outcomes,

Type 2 diabetes mellitus
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Characteristics

MeanzSD : SGLT2i use

MeanzSD : No SGLT2i use

Age (years)
Female (%)
Duration of DM
Office BP (mmHg)
- Systolic
- Diastolic
HbAlc (mg%)
eGFR (%)
- 260
- 24560
- <45
Urinary albumin-to-creatinine ratio: UACR (mg/g)
Weight (kg)
BMI (kg/m2)
- <23
- >2325
- >25-30
- 230

68.2 (£9.7)
67 (67.0%)
10.7 (£5.2%)

67.8 (£10.2)
66 (66.09%)
11.0 (£5.4%)

138.4 (+15.2) 140.4 (£16.1)
76.8 (£9.7) 77.6 (£9.4)
8.9 (+1.6) 8.2 (+1.8)

69 (69.0%) 70 (70.0%)
19 (19.09%) 17 (17.0%)
12 (12.0%) 13 (13.09%)
765 (+253) 742 (+268)
67.45 (+14.10) 68.25 (+15.30)
14 (14.09%) 12 (12.09%)
22 (22.0%) 24 (24.0%)
40 (40.09%) 38 (38.0%)
24 (24.0%) 26 (26.09%)
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Characteristics

Mean=+SD : SGLT2i use

Mean+SD : No SGLT2i use

SGLT2i

- Empagliflozin

- Dapagliflozin
Co-Treatment (%)
Oral treatment

- 0

-1

- 2

- >3
ACE inhibitor or ARB
GLP-1 receptor agonist
DPP4i
Insulin

Comorbid
- Hypertension
- Dyslipidemia
- Ischemic heart disease
- Cerebrovascular disease
- Chronic kidney disease

- Others

46 (46.0%)
54 (54.0%)

8 (8.0%)

32 (32.0%)
42 (42.0%)
18 (18.0%)
82 (82.0%)
5 (5.0%)

51 (51.0%)
22 (22.0%)

90 (90.0%)
99 (99.0%)
24 (24.0%)
18 (18.0%)
31 (31.0%)
8 (8.0%)

0 (0%)
0 (0%)

6 (6.0%)

33 (33.0%)
44 (44.0%)
17 (17.0%)
79 (79.0%)
3 (3.0%)

49 (49.0%)
24 (24.0%)

88 (88.0%)
98 (98.0%)
23 (23.0%)
20 (20.0%)
28 (28.0%)
9 (9.0%)
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. e o Jaanizuazededzduniug (Sovay 12) uas
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ve o AMzlaeldounau (Acute Kidney Injury:
lasug1anadlad o -463.18 + 184.79 mg/g/

S T My o AKD Tunaufilasuen SGLT2i Amdudesas 7
U isudungui bailasuen SGLT2i Mianas *

o R . lnogniney luAITUIULTITEAU AK stage 1
\ad 8 -187.20 + 158.83 mg/g/V Andudu v v “

g . . A o
! o a o L L Ao w G]’liJLﬂm%JJ’miﬁﬁu KDIGO Criteria (W5zmU
mqqmﬁﬂamiqﬂ’]iaﬁaﬂ‘ﬂLW@JGUUSLUﬂaquWISUEJ']

e 4 D Serum creatinine LN NTU 1.5-1.9 LYI191nA1
WINAU -275.98 mg/g/U FailmnuLanm19nu

D me e e — e W SuAu) atlefnnnusaluuszunn 3 04 6
YNUUYAIAYNEH (P < 0.001) UAdINIU

N D dee WWBU BAIINITNTBIVBILAAIUITONEUNILNT
9n31n13n58303bA (eGFR) WUl nguiilden

Cae X ody WuAndusauaz 5 9nsesay 2 9nIIN1INTD4
SGLT2i f9ms1n15anasved eGFR wagAT1INI

e . oy v vaalalinduuvinfy MusienzuInialy
naunlilasuen SGLT2i Inglunquilasuen L 3 .

o , dann (Fevay 3) wavnviinialudonys
eGFR anadaa e -2.12 + 10.81 ml/min/1.73

B . wuuliings (Fesag 1) Tunquifienisgany
m2/U vauznnguildlasuen In1sanaasing

. nsAaraTIALYINAUY lAsunsIEiuns
Tnganas -3.10 + 11.90 ml/min/1.73 m2/3 (P

Y e . 1981 SGLT2i 1Wun1591As10 gniiulugiag 2
= 0.542) w1 m1ean Azl nuauLanm g

Mo e e e 4 181NN D NLEuULRsUNa Y (Acute
Y NUUYAIAEY NI UTLAVUINAdT AL L )

¥ o o L dew i pyelonephritis) #4910 UADINYAYITUNTT
(HbA1c), UNUNE1 W‘U’Nﬂﬁjmvﬂ%ﬂ’] SGLT2i 4

) | | Ay v vo . 0139
wlduanasunnninnguililasuen SGLT2i

A5 2 wanskaanseuUsEavsNe dneSeuiieuan cumulative reduction NMsanasann baseline)

Parameter 1% follow-up 2™ follow-up 3 follow-up 4" follow-up 5" follow-up
(3 months) (6 months) (12 months) (18 months) (24 months)
Reduction in FBS, mg/dL 25.79 26.18 2555 39.80 43,31
Reduction in HbA1C 0.48 0.80 0.80 1.02 1.15
Reduction in weight, kg 0.89 0.94 1.36 1.27 0.84
Reduction in UACR, mg/g 535 456 423 434 468
Reduction in GFR 0.13 1.98 1.93 1.93 4.24

FBS, fasting blood sugar; GFR, glomerular filtration rate (ml/min/1.73m?)
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a. Change in fasting blood sugar after SGLT2i usage
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b. Change in HbA1C after SGLT2i usage

~
=

10
s

8

Mean HbA1C (%)
9

0 3 6 12 18 24

Month
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A M

Baseline 3

(=238

T T T

12 18 24

Month

gﬂﬁ 2 uwansnmsasunlases Urinary albumin-to-creatinine ratio: UACR (mg/g) auszaziiailu

AUelsAaluImuYdan 2 1andase aausrnsuduauissseriafianiung 24 1heu (lag

W3guiguAl cumulative reduction N1sanasann baseline)

A15199 3 uane 8n31n15UAsukUaw el (Annual Rate of Change) WS suLia Uiy nquAuld

wwnuihilaengu SGLT2i Tneduengusieenawuu Propensity Score Matching

frwys Savnsdsuulas  Samnisieuwla ATULANGNY P-value

(Parameter) Mevadld SGLT2i (A)  ngululalden SGLT2i (Difference) Significance
(N = 100) (B) (N=100)

UACR -163.18 +184.79 -187.20 +158.83 -275.98 mg/e/ U P < 0.001
(mg/g) mg/g/U mg/g/U
dhanadvay 058 +1.52 A 0.25 % +1.67 /4 -0.33% /3 P = 0.145
(HbA1C)
WAninfa 042 kg+2.21 A +0.10 kg +2.44 /A -0.52 kg A P=0.114
(Ke)
N13Y191U 212 £10.81 mUmin/A -3.10 +11.9 mUmin/AJ +0.98 mUmin/U P = 0.542

2a4ln (GFR)

350l
Tsewuvnuwilad 2 Wuiladeideddnyd
naliAnlsaialataynasnidan (Cardiovascular
disease) Wazlsrvianniaanaued (Cerebrovascular
disease) Faduanmmvdnuesnsdedinlugiae

W18 A1sneasan1erdnnnaunille

Ly

Butuudrin nemuausyduthmaludendu
nayuadAgylunisguasnulsauimiutile
Josfunmzunsndeusng® vl ladunum
daglunissnviniizaunavesngled
(Glucose homeostasis) uazldnaneilueieny

Wnunglunisfnulsawimnuludagdu
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enguiuddaieu-ngladlannualeimnes 2
(SGLT2 inhibitors) 18 un193 nwwualuei 7 Ll
Gﬁuﬁuﬁu?ﬁu (Insulin-independent approach)
Tneewhmiiisudsmegadunglaanduiila wa
duaFumstunglaaeenynalaany auams
nIUURves ADA T 2022 lalviauuziivane
Usemsdmsun1sideingu SGLT2 inhibitors Tu
N5 ualsAUIMIILLT BAANIZUNINT DUNNS
Wila wagnals®?

gz

nsfnuilldunsAnwdeyaidausednt
TunwufUdass (Real-world evidence) 7
AamuwagUisiuvnuvied 2 filduengs
SGLT2 inhibitors (Dapagliflozin waig Empaglifiozin)
Wuszegiianeniiie 24 wheu o Tsaneg1uia
UNSIYUATAITITUIY Lﬁa@ﬂﬁLUﬁauLLﬂaa
YosdauUsnendin louwn Ysunalusiusalu
Jaaz (UACR), seutinmaazey (HbALC),
dweingn warsmsinisnseswesla (eGFR)

1 v A

JaLAudIAgyvesIdeiAensldsedouy

a a

)
T579

o

9 YL UU Propensity Score Matching
(PSM) Lﬁammmﬁﬁamuﬁugm (Baseline
confounders) ﬁﬂiﬁﬂﬁjuﬁ’aa‘&iwﬁﬂaaﬂﬂdmﬁ
mqmé”mﬂﬁqﬁumﬂﬁqm NANSANWILERAILA
WuY na'ud en SGLT2i fusednswa
witleninaulilalden SGLT2i sesiitdeudnfiy
n1vaddlunisannizlusiudalutaanns
(UACR) wazuansuuiltuiinludenddnsenis
Praonsidouvesla muquwmaazam way
anumdnd widdldnuanuunnaigeg el
Taddyneadfideaninannuulsusiuees
ToyalussTuyAvet Il uRas

1. Uszansuaranisanniizlusiusaly

Jaa172 (UACR Reduction) haznaktnnis

Uniledln : nodnsfisudniianlunisnumnads
fifle Smsmaanasues UACR Tunguillézuen
SGLT2i 7 anadiad o e -463.18 + 184.79
me/e/d Wisuiiiuiungulilélien Aanas
WWe -187.20 + 158.83 mg/g/U (P < 0.001) 3
mwmmnm'wﬁ'qﬁa 275.98 me/g/d &4
avtoudisselovifendind drdnlunis
UnUatla (Renoprotective effect) uonanG
NAN1SANEH T Id0nnd o UNISANYINIg
AAtNUUNA e SEAUANAUNITANEY EMPA-
REG OUTCOME® uag DECLARE-TIMI 58 &
gugul191 SGLT2 g1u1snanseau
Albuminuria l8eg1efiiTedAayd sunaaewsn
LLazmagisiaLﬁaﬂuswzma nalnuanfiesune
‘inﬂgmaaiiﬁmmnqmamﬂ’ﬁLa‘wwsuaam
SGLT2i 1um15€1’ué’jﬂmi@mé’wmimﬁauLLaz
ﬂqiﬂaﬁ'ﬂawaalmauﬁu (Proximal tubule)
dawalilanoulnar1uludmalngruvane
(Macula densa) u1ndu dsazlunszdunaln
Joundusenitavelauazlnaiueyda
(Tubuloglomerular feedback: TGF)
N15n526 U Tubuloglomerular feedback
ﬁ/ﬁﬂﬂajmwmﬁaﬁuawaamLﬁammwwﬁwm
Iﬂama'gé’a (Afferent arteriole constriction)
Mbieudulunasaidenneslnalayia
(Intraglomerularpressure) LaZNIINTBININ
WU (Hyperfiltration) anas Fane13assinen
f?fﬁﬂa"nLﬁummawé’ﬂﬁﬁﬂﬁmﬁqﬂiawaqlmgﬂ
Vaneuasiinlusiugy datu nsanasegnedl

[

foddnues UACR Tungquitlfen SGLT2i Tu

ay A= o [ a v A % =
NUIYY JulunangnuasUsyanynasnauna

wnldunisanwenSan e lnlnensg
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2. @IMTUBNIINTANAIVDY eGFR WUl
naufilesuen SGLT2i finsamasiitininngud
lailaen SGLT2imgraiiuladnludanadn (-2.12
vs -3.10 mU/min/1.73 m2/A)) Aandumue1sil
¥ 185 nyini1snsesvealaly la Ussunu
+0.98 mU/min/1.73 m2/U udidelainuaay
uanNANYNITYEAYN1SEaaA (P = 0.542) R
vhagtdunamnanAdoauuannsg g (SD) 7
Aoutentlunvuivaaiadesainainy
vannaneessmsnsidonnssveslalugiag
wiazs1e ogelshany wrldunisvzassives
eGFRT d0nAd 0an UNAS WS Y89 UACR
N15@nw¥1 EMPA-REG OUTCOME® way Post-
hoc EMPA-REG OUTCOME'? Tagvi4luiile
Sullifen SGLT2i Tuas 1-3 WWouwsn A1 eGFR
nazanadnlaedInI17910N15aNAIVDS
Auaulunulela (Hemodynamic effect)
AUl A1 eGFR 915 uATl (Stabilize) waz]
$nsn1sanasied (Long-term slope) fini1
nauiilallfeogrstaauluszaven Wninuld
oA 009U UaEE eGFR anadlady 3-5
mUmin/A) nsiinga SGLT2i TunsAnunild
8nIIN15anaLNes -2.12 mU/min/U wansli
diwienguifiuualiuludeeddndianunse
Snwsnavesmulgle (Nephron preservation)
1318lusvozen sdrslsAmuainwanisanunil
7l eGFR ana991n 1.93 mU/min lwiiiaud 18
Ju 4.24 mUmin ludeud 24 eradunasin
confounders (Toyaa1n3yszidow) WU 113
leien nephrotoxic (laa1ngu NSIADs Anidu
fovay 15) msiuldldauielddrady mu

UTI Aol usesas 12) n3en15AIUA N7

Tsaluwulalald (wu HbALc agluyae 8-9 %
Anduseuay 28)

3. lud1un1saiuausERULIAaazay
(HbALC) wazaiwiinga naudildsuen SGLT2i
wanauuldunisanasiidndangud lalesn
SGLT2i 8819%mau (HbALC anasuinnin@e
1 -0.33% de¥; dinindaanasuinninfn
Wy -0.52 kg/D) faugdi1anuuususiuaes

a ]

v aa v o U F="3
Jaualudinassazdenaliian P-value daluds

Y

v aa

seAudedIAYnIaid (P = 0.145 wag P =
0.114 guddu) Bansmiunindianaslungy
SGLT2i (-0.42 kg/U) anumafiunguaiuauil
UL (+0.10 ke/D) Wunalnenseann
n1sagdgnasnurunienglagludaanie
(Caloric loss) Usgunad 200 uAadInadu @9
[ 61 1 = |
udselovisiunedeu Nanunsativanniey
d’l 1 a a Y ¥
fosoduaulndnme

4. lusuaulasnsiy Kan1sANYINUII

wva L3 | =2 I

guRn1salveseMsliisysvasAlagsiueyly
JEAUNALarIANITLa bl URase lne
2IN1TANVNINTGAADNITANLY 8l UTTUY
n1aeutaanig (Urinary Tract Infection: UTI)

s =

LAENISAALY DI IUTTUVAUNUS F9d09nAa 09

3

4

o

funalnniseengnsveseniiduiiniasanyig
Uaa17z (Glucosuria) agslsfinu gufnisal
a1l Ll lug nsg Anasldenog19d)
Taddy uonand g inisainnglaie
BuUNdu AKI stage 1 m11 KDIGO Criteria 7
wlusidedandudosas 7 vailidefanuy
polulsznnal 3 03 6 LAoU 8ATINITNTOIVDY
Tnanusandunwrindufmdudevas 5 4
donAdastuLuIAALS 09 "eGFR Dip" inulu

MsAnNw1 EMPA-REG OUTCOME® way DECLARE-
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TIVI 589 Taevialuidiosulen SGLT2i lugas
1-3 iounsnidunadansauardnisil usa
ndunluszeze deuduildldnisuindu
v89lnog 19l d 8 UNa U (Acute Kidney Injury)
wildunaannalaneassinevesen diuses
az 2 sasnsnsesvedtalindunnvingy 39
V0 u true AKL Laglnd LA ganun19@ nun
DECLARE-TIMI 58 91988U18811%9u89012¢
AKI FtAalunisAnuni i s mdy Real-
world study auldaudiulugiiudgeeny &
slduAInngN NSAIDs vieendliudiuse
198w (Nephrotoxic drugs) naenaugiAnisal
nsineluszuumaiuilaany (UT) finy
Fovar 12 lungudnw v liiduavnves
sepsis induce AK LLaw nephrotoxic induce AKI
wena1ni w5 oulit sut uaus 3y
DECLARE-TIMI 589 wag EMPA-REG OUTCOME®
Uil 9UANIIIVIN1IBUNINTDUTULTY 13U
mwLﬁamLﬁummmﬂﬁimﬂmﬁa@gaﬁﬁizﬁu
ﬁéﬂmalﬂqqmm (Euglycemic Diabetic Keto
acidosis : eDKA) M%m'ﬁﬁm%agul,mﬁai’mz
LW (Fournier’s gangrene) tu'wulun qu
Uszannsfivihmsanendl deonvavioudanis
AntdanyUqe (Patient selection) wazn15Lu
Auuzilunisquaguouio i ave ity
YAAINTNINNITUNNG o LIINEIUIAUNITY

YATAITITUIY

F21NNUIY
MAdeilidu Retrospective single-center
WUV real-world ¥1133ls confounders viane

Ja3elunisiAsIEuNanIsAnE

fesannsdneii suaudszens
tesuazinmudeyailuszenian 2 U Falyld
"Emswﬁsﬁagamm composite renal endpoint
(sustained 4 0 % eGFR decline, ESRD,
dialysis, death)

YDLAUDLUY

o msduasunslidenlunqudss ads
fiansanlden SGLT2i Wumadenvanludiae
wWvueiladt 2 Adnelsalaisosasiunae

=~ A
Wavszasn1sidauvadln

o nsid15sTeas ne: wnneuaz
YAAININNMILNNGAITAAAIUAT eGFR BES
Tnd3alud9 3-6 Liouwsn 1losarneraiin
A% eGFR dip el unasnnalnetuazay

NAULIAIN

e sy pan’ue1n1stu Wa
Usvasd: Wosnmunisindemadulaany
(12%) WWuonsldfisUsrasavan aasinisla
avfnwiungUiedeansAuhfifisanonay

nssnwANareInusiaeTuIzduiugiine

ANAIULEES

GEL

Tunwdguaass n19lden SGLT2i &
Usganduasegnaunudalunisannizlusiug
Tutaanng (UACR) eg19sidudnfny daunis
M191UB09lANUTINITIT81AINA 1IULER
wnldufinieeddnlunissrasnisanasves
eGFR Wlawflsuiunguniuaa fausfaglsifin
WANF1908 NN A AYNINED nadnsmanil
atfuayuuumansinwluiiagiuiiuugils

T uld'en SGLT2i aaum seeazusnlug Uae
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WIMNUYRAT 2 TS UTNNIEENINYGDUNI LA

Wevraenisandulsaliglsalaineszes

91Nl srasAnnuduInglusunsuay

duwusnunalnnistudinianiedaanng a4

aqw”w (End-Stage Renal Disease: ESRD)

dmsulusuanulaensds eangu SGLT2

'
a

= RO . = &
N9 A ﬂﬂ']uvl,ﬂ NWUAITHULA YIN LW HY UUB

o

AMEUNINFaUTULSIRE T Agy

o

inhibitors dAuUasadvasludUaeglneg lag
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