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The Effect of Sodium-Glucose Co-transporter 2
Inhibitors on Renal Function Among Patients
with Diabetic Kidney Disease
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Division of Nephrology, Department of Internal Medicine, Police General Hospital, Bangkok, Thailand

Abstract

Background: Diabetic kidney disease (DKD) is the leading cause of chronic kidney diseases worldwide. Sodium-Glucose
Co-Transporter 2 Inhibitors (SGLT2i) is a new class of antidiabetic agent that has renoprotective action beyond glycemic
control. However, the efficacy of SGLT2i on renal function in DKD varies in different regions of the world. There has
never been any study on the effect of SGLT2i on renal function in Thai population.

Methods: This is a retrospective matched-pair case control study of patients with DKD between 1 January 2015 to
31 December 2020 . Patients who were treated with SGLT2i were matched to those who were not according to age,
kidney function, albuminuria and renin-angiotensin-aldosterone system inhibitors (RAASI) usage. The primary outcome
was the difference in estimated glomerular filtration rate (eGFR) at 96 weeks. The secondary outcome was the change
in eGFR, albuminuria and adverse effects.

Results: A total of 180 matched pairs were included in the analysis. They were equivalent in age, sex, the number
of RAASI usage, baseline eGFR and albuminuria. Estimated glomerular filtration rate at 96 weeks was significantly
higher among SGLT2i-users compared to non-users (72.31 vs. 65.37 ml/min/1.73 m’, p = 0.031). The decline in eGFR
over 96 weeks was observed in both groups but to a lesser degree among SGLT2i-users (-4.76 vs. -8.46 ml/min/1.73
m* p = 0.001). Albuminuria at 72 and 96 weeks was also significantly lower among SGLT2i users compared to
non-users. Subgroup analysis revealed the higher eGFR among SGLT2i users at 96 weeks was significant only in
subgroup of patients with baseline eGFR =90 ml/min/1.73 m?” SGLT2i users had higher incidence of urinary tract
infection. No serious adverse effects were observed in either group.

Conclusion: The use of SGLT2i was associated with slower decline in eGFR and attenuation of albuminuria among
patients with DKD. The use of SGLT2i was associated with increased incidence of urinary tract infection. Serious

adverse events were not observed in either group.
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97¢ @) 64.67+10.71 64.66+10.48 64.67+10.97 0.881
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eGFR (11a./4191/1.73m53.) 75.98+5.95 75.82+5.35 76.78+6.03 0.627
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TsaUszRfaBue
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Metformin 359 (99.7%) 180 (100%) 179 (99.4%) 1.000
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‘ﬁagammﬂu §1uu (Geway,%), Aads (Mean)+SD, ANdisEgIUY (Median) (IQR-IQR)); BMI, Body mass index; eGFR,
estimated glomerular filtration rate; SBP; Systolic blood pressure, DBP; Diastolic blood pressure; DPP-4 inhibitors,
Dipeptidyl peptidase-4 inhibitor; GLP-1 receptor agonists, Glucagon-like peptide 1 receptor agonists; *P<0.05
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seAu HbALc lunguild SGLT2i Andinguilaly SGLT2i  §uf 3 uae 4

v
Y '

AILAT 48 AUANMAUDY 96 UMY NANISANEITDILENIAT

A15719% 3 NsiasuwlasseRu eGFR, wﬁué’agﬁﬂu%mw Lagszau HbALC

ngue{ly SGLT2i nguilaild SGLT2i

AudsAnen P-value
NAN15A53 NaANISA533

nswWasuulas eGFR
(3a./u%/1.73 asy.)

nswasuulasil 4 danni 126 -3.56 £10.29 99 -0.48 + 9.44 0.054
nswasuulasii 12 dUani 168 -1.64 £10.25 164 2,85 +10.73 0.421
nswasuulasii 24 dUansi 149 -1.79 £ 9.95 143 -4.18 £10.09 0.434
mMswasuudasd 48 dUav 143 -3.43 £10.36 149 -3.96 £10.22 0.684
mMswasuwlasii 72 dUanii 149 -3.74 £10.77 143 -6.15 = 9.54 0.054
Mswasuwlasil 96 dUanii 169 4.76 = 9.45 161 -8.46 + 9.68 0.001%

szavdayliulutaanig
(@adn3u/nIuaiafily)

naunslyn SGLT2i 75 350.6 (275.2-436.5) 35 360.2 (280.0-465.8) 0.584
7i 4 &uenih 60 350.7 (285.5,405.6) 12 351.8 (295.6,480.5) | 0.554
7i 12 &Uenia 42 332.5 (260.4,424.5) 23 365.7 (305.6,435.5) | 0.364
7i 24 &Uenih 30 319.1 (242.6,389.1) 30 368.2 (280.9,436.4) | 0.435
7i 48 &Uenia 62 308.9 (287.6,400.6) 25 350.9 (275.8,462.5) | 0.352
7i 72 &Uenih 59 301.1 (246.2,420.4) 34 358.9 (290.5,420.5) | 0.048*
71 96 &Uanih 70 292.7 (223.3-382.0) 60 365.2 (277.0-435.4) | 0.045*

HbA1C (%)

nouUNITIgeN SGLT2i 162 8.72 +0.79 165 8.52 + 0.65 0.056
i 12 &Unwi 155 8.23 + 0.81 143 8.31 £ 0.79 0.354
i 24 &Unwi 144 7.64 £0.81 161 7.75+ 091 0.625
i 48 dUnwi 151 7.70 £ 0.79 159 8.23 £ 0.82 0.046*
i 72 &Uawi 162 7.60 £ 0.80 164 8.14 £ 0.85 0.035*
i 96 &uami 161 7.59 £ 0.81 164 8.35 £ 0.91 0.001*

sﬂ’a;gaLLamLflu Aade (Mean)=SD, AEEg (Median)(IQR -IQR.); eGFR, estimated glomerular filtration rate;
*P<0.05
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FUavinaasulven

48 72 96

[

5UN 3 szaudayiiululaansnituiuiasiuganisany
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(Wa./u7/1.73 m53.)

%
]

AslAsuLUasvee eGFR Wigunaulden

N
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— ¥ saLm2i -~- 114 sGLT2i

0 4 12 24
*P value <0.05

FUavinaasulten

48 72 96

JUN 4 Msdsuudameasmsviauvedle

devimsiiengingugosiieUsziiunisnouaussves
&1 SGLT2i M326iu eGFR ua seiudayivluilaanzieuiy
sl wuin lewgnguild SGLT2i Al eGFR wnnndnie
Wi 90 18 /undi/1.73 asu. Tseu eGFR 71 96 dUnntigs
1 neuglald SGLT2i senailfddnymeadia du sedudayiiu

Tulaanznouuld SoLT2i biflanuduiusiunisaeuauss
9381 SGLT2i fem3naft 4 uenanil madiaszinauassedy
HbALC siesesiu eGFR 71 96 dani nauilld SGLT2i 1ieuriu
nauilld SGLT2i wudn Tifianuwsnsnsiuegadidddty
yaadFluynTIessEAU HbAIC faansnedl 5
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v o

M990 4 MFIATIEInaugeslaswUINgNRINTEAU eGFR wagseaudayiiululaany

AnTeringudas

naugld SGLT2i

eGFR i
96 dUa

nauglaly sGLT2i

eGFR i
96 dUa

P Value

Hugu eGFR U 169 AU 37U 161 A

290 1a./u1#1/1.73 ATl 21 (12%) 98.34 + 6.03 21 (13%) 93.62 £ 8.58 | 0.046%
61-<90 wa./u¥/1.73 Ay, 106 (63%) 70.50 + 5.67 100 (62%) 68.64 + 4.97 0.352
45-60 1a./u¥1/1.73 . 35(21%) 48.16 + 6.37 30 (19%) 50.23 + 5.07 0.577
30-<45 Wa./Wi/1.73 A, 7 (4%) 42.16 + 8.82 10 (6%) 39.68 + 6.72 0.745
ﬁuﬁmszﬁué’ayﬁu‘tuﬂamw WU 75 AU 17U 35 AU

30-<300 fadnfu/niumsieftiu | 51 (68%) 73.48 + 8.95 23 (66%) 68.75 + 5.76 0.163
>300 Hladn3u/nIunsiofiu 24 (32%) 72.83 + 6.66 12 (34%) 67.80 + 8.65 0.242

%’aaﬂauamt,‘ﬂu §1uau (Govaz,%), ALade (Mean)+SD, Age eGFR, estimated glomerular filtration rate; *P<0.05

M15719% 5 NNFIATIEVNAVRITEAU HDALC Maseau eGFR

AnTevingudan

HbA1C # 96 dUan¥

naugld SGLT2i

71U 151 AY

eGFR i
96 dUA

nauglaly sGLT2i

U 149 AU

eGFR i
96 dUm

P Value

>9.0 % 5(3%) 62.20 + 8.58 18 (12%) 58.06 + 9.12 0.284
8.51t0<9.0% 11 (7%) 84.68 + 9.62 13 (8%) 82.40 + 8.36 0.076
8.0to <85 % 20 (13%) 72.34 + 551 41 (28%) 66.19 + 5.97 0.897
7.5t0 <80 % 46 (31%) 68.37 + 7.12 31 (21%) 70.40 + 9.45 0.613
70to<75% 27 (189%) 72.64+5.58 22 (15%) 68.51 + 7.07 0.144
< 7.0% 42 (28%) 75.67 + 6.31 24 (16%) 70.50 = 5.77 0.074

ﬁaa&auamtﬂu U (Sevay,%); AaaeY (Mean)+SD; eGFR, estimated glomerular filtration rate; *P<0.05

N153LA1ERANNFNRUS Ve IRLUsTulag Pearson
correlation wu3sgAudayiuludaaiziinudusiug
Tudsauiusesu eGFR (r=-0.035, P=0.048), &115U HbA1C

NUINTEAU HbALC lifanudusiusiusesdu eGFR (r=-0.060,
P=0.332) Aauanagui 5 way seAu HbALC liflanudusius
fusgrudayiiululaany (r=0.064., P=0.253)
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AU HbALC (%)

JUN 5 Anuduiusseninamsinuvedlaiu HbALC

AMzunsNdouTes SGLT2I Mnmsinuinunaunsndeu
anmslieriaomn 20 au Govar 11.1) TunguiliseLTi
uaz 8 Ay (Foway 4.4) fawnsneil 6 laeflddan 16 Au
(5way 8.9) \im Urinary tract infection %ﬁ@ﬂﬂdﬂﬂﬁju
Alalld SGLT2i egneditludAgvneada (P = 0.003) figiinsau
ns@nulunguely SGLT2i d1uau 3 au (Sevay 3) 191013
pauld 013udounds ﬁgﬁﬂaaﬂmmmmi@ﬂwmmsaﬁu
Inglailivenen flden SGLT2i 1 A flomsiiuuien SGLT2i

d' 24
AN 6 NALNINYDU

naui 14 SGLT2i

Tums@nuilaimwunatafssguissinnisldonsussay
nsidnnazdendunsnandlausiathaialudenund
(euglycemic diabetic ketoacidosis), mi‘ummiﬁmaz
WNABUT NIEQNIn uazn1sgadeeiedzdiulaty aume
YDINTNEAYT SGLT2i flau 96 dUnv Useneumie 4 au
gaeuido991nil Urinary tract infection waggflden 1 au
ilesanusien SGLT2i

nauglafld SGLT2i

(n=180) (n=180) Pvalue
HALNINFOUTULTS 0 0
NaLINGoU
Alud 1(0.5%) 0 0.317
Aaieomaiutaany 16 (8.9%) 4 (2.2%) 0.003*
Aauld andeu 3 (1.6%) 4(2.2%) 0.705

%’a;gauamﬁ]u 31U (Seay,%); *P<0.05

aAUTEHAN1TANYN
meitetuilifofnwnsdsuuasessefunsey
¥04le (estimate glomerular filtration rate, eGFR) vo4
nauEftheslied 2 ldenndy SGLT2 Wunaneehalies
96 dUav TunvUfuR nnsAnwinuingUlengugld
SGLT2i fiseiu eGFR 1 96 AUnnsigsninnguilalingy SGLT2i
ognafitfodAnneadn uazlinunnzunsndeuiuuss

v
P Y

nausegtlun1sAnwnuitergdeutann umng

aglunaeiund fignsnisiauveslneglusses 1-2 10y

dulvgy Aeusulden SGLT2i fiheha 2 ndu Tdnwasiug
riauﬁmﬁu%;&aiﬂé'lﬁmﬁu Julsawvmudidlsalawas
arlvgilsnsueslaetnmia vie vanwegnasaud il
flanudssvesnisiialsavasmaantiile venainids

nuInguusennsilaly SGLT2i dnmsldenuimungy
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sulfonylurea, thiazolidinediones ﬁmﬂﬂﬂd’mﬁjwﬂ% SGLT2i
Tuvaigdinguifld SGLT2i wun1slden DPP-4 inhibitors
ﬁumn’hmju@lﬂ%’ SGLT2i ﬂaq'm'hashﬂuﬂﬁﬁﬂmﬁwudw
fins1d RAASI fevar 63.8 Fafounitinsgiu TgUae
vaulalldld RAAST fefidailustusayivlutiaansy 3
3NN1sANYIMULdukasingualuAuauIalng® wuin
M3l Canagliflozin Tugftasiumusiail 2 Adas
unan 2.6 U Taeiifl Macroalbuminuria (300-500 fiadniu/
n$ueSioftu) Tufinedifl eGFR > 30 ua./unii/1.73 meulas
171 RAASI ua? wu3en Canagliflozin fiusyleviaiunse
anuaansnelalasovas 30 eg1sltudAyn1eads g
ﬁﬂmﬁwmﬁmjmﬂsﬁ' SGLT2i #gns1n1vanasass eGFR
WasuuUadanas 1.96 wa./unfi/1.73 asusded Fannda
nsAnwlunsuarluvuelvglunatequssina®
finuiiinsanaswes eGFR wWasuuasanas 1.53 ua./Anil/
1.73 asu.600 auune1ainan eGFR waslunisdnwil
foninsfinwdeuntn wansidiuinisEulden seLT2i
Tugthelsalawwnuiiissdunmsvhaladesnitns@inw
vesUsunasug Mlisnsnsanawes eGFR Tunsdnui
finsanasldsandannnin anmsinuewniiil® wuid
nslden SGLT2i dn1sanaswes eGFR waasuldenlugas
4 Faiusn Fadumaannnisanasvesanudulumiiele
(Intraglomerular pressure) H1UN3EUIUNIT tubular-
glomerular feedback Ingluns@nsinuinilefnni
530U eGFR Tutng 4 dainsnnadld SGLT2i wui eGFR
4 duani
agslsfmulafidedfanieads szornanfizudiuainy
uANAYDs eGFR AdfudAgmsaiidvesnguild SGLT2i

'
a

fuwildunanasnnninguildld SGLT2i 4

waznauiflalld SGLT2i wudiuuuansnedl 96 dUnnsi
Fedhninsinnroundhi o2
msnuEnuiwagthengulld SeLT2i uarlaldn SGLT2i
fnan1ssnundaldfadmmnegloun seavdayivlulaane
wag HbALC hlvinsmeuauasesen SGLT2i Tdhauund
nsdnwineuntd annsAnudnuiingudld SGLT2i
fimsanasasserudayiulutaaniziay HbALC 1nninngs
Flalld SGLT2i eehsfivuddmnsaifnous 72 way 48 dUai
pudfu eg1dlsAnudlensiaaeuauduiuswuiinig
anasvesmavihanulaiianuduiusivssaudayiiululaane
wailiifindnuduiusiu HbALC
msleswingudoglunsfnuninudt 47l eGFR flan
nNI1 90 Wa./uNil/1.73 msu. dn1sneuausIianITanad
99 eGFR IiAind1il 96 dUnnislewisudunguilally scLT2i

\unainnsiien SGLT2i anunsavzasnisanasvoslléd
Tuvausil eGFR §age Teaonadasiunmsfnuinountind”
finudn MImeuaussdie SGLT2i azanauilofUeil eGFR
wndu ndeyadinarudiulddne seLt2i ety
TunwUUs wutnendiuszansamanasiivselesulunig
yzaonsdenvedlailoiouiugiililéon scLT2i ludeiu
futoyaruuzinlunvU R KDIGO 2020 Clinical Practice
Guideline dmunsquaruimiulugiaelsalanedods”
Ieuugahiflaofill eGFR > 20 ua./undi/1.73n5u. Adslé3y
n155nwIR38e1 SGLT2i (seaundngiu 1A) lagiivun
wWmang HbALC muauvsnzasluldazyanadaus
<6.5% B9 <8.0% uoniniiSauuzihmsldendy RAAS Tu
FUrefifiumny, anudulafingsuaziilsivludaans
(s¥Runang1y 1B)

msfnmiimenuradadsmuiie selT2i fgtRnsal
madamsindelumaduilaans snndnguglalld sz
ogalsinuiilofisunanis@nyimuiniisenunadnades
fitaeniinisAnuiinumn'™ 8199zl unaainniaid
giinsyiavaaunmnddinw nmshirmuudinisufuRd ot
wumNLTULsLa g RNMIninnAnsaunsndeulun i

nsfnwildumsfnuusnuesssmalneiivinlugtoela
wnuilldsuen SeLT2i Tnefimsieuiteuiungudlsly
SGLT2i, dnsduenguilieuiisuiiviingusmetauUseuiiey
fdnunziuglndifesiuegslsfimumsinuiifos in
1#uA msfinunfidunafvloyadounss 1 aanuiidaliuun
Usgnsaeudatios myseniuumMvaaedlianansaiivun
wnsgrunislivnaznisfinmunanisinwegraduszuule
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