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## 5374641130 : MAJOR MEDICINE

KEYWORD : KETOSIS PRONE DIABETES / MIXED MEAL STIMULATION TEST /DM TYPE 1 / THAI PATINTS
YOTSAPON THEWIJITCHAROEN : EVALUATION OF BETA CELL FUNCTION BY PEAK
STIMULATED C-PEPTIDE LEVEL FROM MIXED MEAL STIMULATION TESTS IN KETOSIS-PRONE
DIABETES COMPARED WITH TYPE 1 DIABETES. ADVISOR : ASSOC. PROF. SARAT
SUNTHORNYOTHIN, M.D., 56 pp.

Background : Diabetes presenting with ketoacidosis is a heterogeneous disorder. The
purpose of this study was to determine whether ketosis-prone diabetes (KPDM) in Thai patients were
different from typel diabetes by assessment of the beta-cell response to a standardized mixed meal and
pancreatic autoantibodies.

Methods : Twelve patients who were categorized as ketosis-prone diabetes based on the
occurrence of unprovoked DKA after the age of 30 years were compared with 12 typel diabetes. The
beta-cell function and pancreatic autoantibodies were followed after resolution of DKA every 6 months
for one year.

Results : Mean (+SD) age at presentation was 43.0+11.1 and 26.7+10.3 years in KPDM
and typel DM, respectively (p<0.001). Median (IQR) fasting plasma C-peptide obtained after
resolution of DKA within two weeks was 0.75 ng/dl (0.13-1.23) in KPDM compared with 0.10 ng/dl
(0.10-0.45) in typel diabetes (p=0.024) and median peak stimulated plasma C-peptide was 1.20 ng/dl
(0.55-6.65) compared with 0.15 ng/dl (0.10-0.50) in typel diabetes (p=0.018). Based on AR
classification, 2 patients were classified as A+03-, 5 patients were classified as A-8+, and 5 patients were
classified as A-3-. No patient was classified as A+B+ in this study. Among A-B+ KPDM patients, four
patients (80%) could be withdrawn from insulin treatment successfully at 2 to 7 months after
admission.

Conclusion : Our study strengthened the findings that Thai KPDM patients had variable
clinical course which were different from typical typel DM as reported in cohorts from African and
African-American patients. The AB classification proved to be useful predictors for consideration of

insulin withdrawal after resolution of DKA.

Department : Medicine Student’s Signature .............coeeeieiienianenn...

Field of Study : Medicine Advisor’s Signature...........ccooeviiiiiiiiinnn...

Academic Year: 2012
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Anti-GAD Antibody to Glutamic Acid Decarboxylase
Anti-1A2 Antibody to Insulinoma Antigen 2

BMI Body Mass Index

DASP Diabetes Autoantibody Standardization Program
DKA Diabetic Ketoacidosis

G6PD Glucose-6-phosphate Dehydrogenase

HbA . Hemoglobin A1C

HHS Hyperosmolar Hyperglycemic State

KPDM Ketosis-Prone Diabetes Mellitus

PAX4 Paired Box Gene 4

MMST Mixed Meal Stimulation Test
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1.5 NSOUUHINNNAAIUNITIVY (Conceptual framework)

Demographic Data Laboratory Data
- Age, Sex, BMI - Initial Blood Glucose
- Onset of Diabetes - pH, HCO3

- Family history of DM - HbA1C

DKA in Adults

l | Measurement of Anti-GAD/Anti-IA2

Suspected KPDM o |

Al B system Classification

Factors that could affect C-peptide measurement
- Blood Glucose on testing date (70-250 mg/dl)

- Withdrawn of insulin treatment at least 8 hrs

- C-peptide should be measured within 3 months
after specimen collection
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FNHWAZINANIY DKA 1193910 stress NI 11300N131gA 1587 insulin 1111519018910
Y
suganlumsinmszaiaaluion

U 4 ] < Y 1 @ { @
2. é’ﬂaﬂiimmmmmﬂmmqﬁm (U 8, W2I59, AUDBUDNIAITDI
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Y d‘d 1 o v A a 1 o 1 1 1 a
3. Ejﬂ’)ﬂ“l/]i]ﬂWﬂﬁVIN'Iusllﬂﬂﬂ‘]JN@‘]Jﬂﬁ (mmu"l«vmwmﬂm 3 mwmmﬂﬂﬁ)
Y A o 2 N .« . .
LlazﬁjﬂﬁﬂﬂumﬂﬁWNWHﬂJ@ﬁll@lWﬂ‘]Jﬂﬂ (Creatinine clearance < 60 cc/min)

91 A Y Y =<
4. Ej‘]J'JfJT]ll‘JJfJuEJf]iJlslﬂﬁ'JﬂJﬂ'liﬁﬂHW

TagnguilszansmiwlSouifeuns gihewvnusian 1 Tudlvaiiieny

Y

(% [ a Yo aa

09: 1 ddgl a d‘ Aaa a Y 1 [ 1
daug 16 Yvuly dsanvnusiiani dadeaudnsaznianaiin laun M3 lasuitanen

I Qsll 1 { [ 4
Whulsaummnuaswsnludihefiegiosndt 30 1, BMI < 23 kg/m’, #04n13 insulin 1oAY
[ g‘ A aAa =4 Y a =1 a = I o a a
szavihaaludeanasadia salvtienlag InsiAaniz@ea]unsanaINIsnIAduEaL
1 a J I~ 1
Tuszeznaiuiunii 2 019ad) uazdeunsdiuou Isane1u1adr1ea 1@ UATANINDUY

[ Yo aa o I A A
WE‘Nllﬂi‘].lﬂ’li')uﬂﬂU'NHJHITF]L‘]J']“'J']UGKH@% 1

MIAUIVUUIAAIDE1Y

mﬂqmmiﬁmammmﬂﬁaaéw TunsANYLUD observational cohort study Tag

IS) J

Unquiine 2 ngu wundesldaredludihesdaiestszna 8 auluuaazngy

Q

N ol Zﬁ)2 = Zar2
A? 4
A= |ﬂ2 _.u1|
O

n = waumednlunguiihewmnuuaazngy
Za,=Z =196 (two tail) finnniesiu 95%
Z , it power 80 ity 0.84
n, = ﬂ'uﬂ?ﬂ'ﬂmm peak C-peptide °luv§’ﬂasm’cju classical typel DM

n, = ANNDIVDY peak C-peptide °luv§’ﬂasm’cju Ketosis-prone diabetes

INMSANBUNYINY Ketosis-prone  diabetes 1u1/5einemniva [28] wua1nae
VD4 peak C-peptide 1uéﬂ38ﬂ’q‘3J classical typel DM ?Jgj]‘ﬁ 0.8+0.8 ng/dl HaZANRAYUD peak

C-peptide Gl,ué}ﬂ’lflﬂ@:ﬂJ Ketosis-prone diabetesi’)ﬁjﬁ 2.8+1.5 ng/dllﬁ’t]l,muﬁ”lﬁllﬁhlquﬁi
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Y 1 o 9 1 1 PR 1 1 9 o Y 1 9
ATHUU W‘]J’NTITL!TLWIQE)EJNGI,Uﬂtj‘iJI%j‘]J’JfJL‘UTﬁ’J"IH!Lﬁﬁ%ﬂQ?J @@Qﬂ?iﬂ?l&’)ﬂﬁdﬂ?ﬂﬂﬂ?ﬂuﬂﬂ 8

auluugazngu

matAluNIquAIDE1 (Sampling technique)
9

v A
YU

a

. . o A 9 A 9 P =
Purposive techmque ﬂﬂLaﬂﬂlﬂ‘].]')ﬂnﬂiﬂlﬂmlmqm']ﬂ!ﬂmcﬂcluﬂ’]ﬁﬁﬂ]&l”ﬂ

NI FUNALLAZNITIA (Observation & measurement)

1 4
. 1 o aa o 1 & @
- Demographic Data 14 1W#, 818, mqﬁ"lé’fmmim%amuﬂuismmmmmq
@ a Yo 1 Aa AA Y 1< 1 Aa 1 :j v
usn, m3snunne lasvegmulunsaindihedulsamnuedgau, diuga, ihminnou
INAN1E DKA, giidaun, Usedalsammnuluaseuns?
- Initial Laboratory investigations: Plasma glucose level, Arterial Blood gas,
HbA1C
A @ o a a o 1Y 1Y .
- ﬂmﬂaauuﬂawmmiwmaaﬂuuaucgaumﬂmaau Iﬂﬂlﬂi%ﬂ‘u C-peptide
& A 3 a J o
Lﬁ@ﬂigﬁuﬁﬂﬂq@‘iﬂWWTﬁﬂ@iiﬂu Iﬂﬂﬂigmuﬂi\‘llliﬂﬂ1ﬂiu 2 91NNYHAI0NN
Y
a o I~ o
Tsanenuna uazdsziiudg vn 6 weulihiluszezinat 1 1 ndsnnesniinlsaneruiadle
A I
mazmamﬂuﬂm
- Pancreatic autoimmune markers: Anti-Glutamic acid decarboxylase (Anti-GAD)
118¢ Antibody to intracytoplasmatic domain of the tyrosine phosphatase-like protein [A-2
(IA-2A)
[ . . v A §y a [
- ﬂ@]ﬂﬂﬁﬁl% insulin #aNAN1IZ DKA Lﬁﬂ@lﬂﬁﬂﬂﬂlﬂﬂi%ﬂgnﬁﬂ 1 ?J
a e:/ a a o 1 Yy v
fni‘lJﬁ3&3»1Hﬂ151’iﬁ\‘l’t’)‘l~!°¥ﬁ1’!%1ﬂﬂﬂf’)'ﬂiﬂﬂﬂﬂ]iﬂi%ﬂuﬂﬁﬂgﬁii’)1ﬂ1iu1ﬂi§TL!
(Mixed Meal Stimulation Test, MMST)

'
[

M3sluMInaIDUEaNINAVoeY 1111A8N15IAIZAL plasma C-peptide NDOU

HAZHAIMUBIHISINAIGATNINTFIUERO Ensure 345 ml (1.06 Cal/ml) Falidu1lsznouves

o = v 4! Y A [ d‘ Ya o
a5 1ulamsa 65%, Tsau 21%, lvidu 14% FalndResduemsiargasmnasgiuil9ive

a a Ll

Tushatlszms TaedihendAnudeangaldenumaunnriiaswdeduyauediatios 8

U

' Y )
1 Tua neumsilsziliu uazszamihmanounsnsiv desegIuae 70-250 mg/dl otloeniu

Y v [
HaUDITzAUINIMAN 19 1 52AY plasma C-peptide 1Wasunilaq’la omsgasuiasgv
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9 Y
asnan fihedeamulivuaneslugisaatlinu 10 i ndemniuszauhaauazszay
plasma C-peptide 9290 IA9INE0 catheter N IZNMAMDVDIAE NTZozIA1 30, 60, 90,
=
120 W
M3ATIINTNNIUVBIADBBUAIGITNTNTZAUAIBOIMITGATHIATFIU (Mixed
Meal Stimulation Test) a5 lemauninsnsI9mMInINuYesdUe e UAI83T Glucagon
. . v Y a Yy a = 4 3 = = a
stimulation test 1 1A#$199991N0NA1561989 Huwai 50 FudlumsanyulTovisums
g/} ad o 1 9 a A £ A . 2 ! ad
A5999M3a0935a9na 1 TugIeNurIaN 1§93 correlation factor (R) 351 INE0IITYY

=4
03 0.92

Laboratory Analyses

JZAU plasma C-peptide 71319 1a®#7% two-site chemiluminescent immunometric

assay #¥e IMMULITE «dﬁqﬁﬁwﬁﬁ’ﬂllé’fag:szwjn 0.1-15 ng/ml GY interassay coefficient of

I { o { o
variation 111 3.3% N52AU plasma C-peptide 0.6 ng/ml, 1.9% Nszau plasma C-peptide 1.6
ng/ml 118¢ 3% N5LA plasma C-peptide 5.3 ng/ml) lasddegradonz lasumsiluuen serum
v 2 A 3 a = = 1% I @ 1 A A
HAZUFUUINANWIUAAAD 70 DIAUFALTET N181U 30  INUAINITINUAI08191000 1D
o ya o @
il luaeunay
@ @ . o 9 Yy 9 <3|
M3inTzal C-peptide 1114 Taelidilsaasmisuazealdonimauiunm

9819108 8 ¥2 104 191z1deald clotted blood 311U 5 cc FINITATIVTLAY C-peptide 1A

o T 3 A 3 a ~ o
Ui M3 ouUBYINANMEUAAAY 70 BIrsAIFER A2TNTI9018 11 3 AU MIATIVILAY C-

. 1 H . . )1 d 1] Q'J
peptide 929n3UNIW 1A Tud1l20MT heterophile antibody Tuidea duiluilgminnylana 1y

[

YDIN1TATIINIYID immunometric  assay 11A252AY C-peptide 3zand 183 lud1oNTisza
losiu triglyceride 410n313,000 mg/dl 130 Tufiefilisza D total bilirubin  11NAT1 200
mg/dl lufiheniilsndunselsnla szlinanomsdosaaiouns C-peptide 1 1¥0AT @IV

C-peptide 0 insulin  1asuuiladld uanansenulnensanen C-peptide AU 08

a a =

Y
uonnniims lasusugauainaeusn 019linan1iszay C-peptide Tusramegnna i ld

U

a a

@ Y o o v ' 9 ' o
'Jﬂ]lﬂﬁgﬂ‘llgnﬁq ﬂ’]ﬁq@ﬂu%ﬁuklﬂuquv\l@ (HD8NI1 8 GI)"JIIN)

Y 1

nIneyn  NSUTTAUA plasma C-peptide NHAToanNszAUNa 50 TA 1A (Aioend

1 I 1 4 o a 4 ana
0.1 ng/ml) 92NUNUAIA5ZADTN 0.1 ng/ml e s I inszddeyaneadala
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11599 Pancreatic Autoantibodies Ulfvglll,!,ﬁ Anti-GAD Uag Anti-1A2 615195)3% ELISA

a o

VYIVITHYN Cobas G?}ﬁwqmwmﬂu positive LI0¥ negative G?)!'Qﬁ?h cut point positive UDN Anti-
GAD 0gii3sfUflnni1 5 U/ml azved Anti-IA2 fiszduiinnnt 15 U/ml
M5ATIVTLRUVDL Anti-GAD 11ag Anti-1A2 Tao1d clotted blood 5 cc Huton
serum UAZATIVAIY commercial ELISA kit AITATINNUNHEUAVAIDI10800A H30ATID
ety 3 deudufiudediudoausuiafinnan 20 091 M3IATIITLRD Anti-GAD HaZ Anti-
1A2 lignsunIudie32a 1 anemia fdrde sme/dl nazsean vy triglyceride 71 liiunni

3,000 mg/dl
m‘ssmim%’aga (Data Collection)

v PR ST . . Yo S o =
Yoyavoadil1emns1e M4 inclusion  criteria 92 1@sUNITIADTUANA T
J a PR = A o @ J I
uuuesy uag i"lﬂ@ﬂllﬁjﬂ'lfnqﬂ 6 19U NOATIVAOUMTNINUVOIR LU 1UTTazIan
= @ cﬂl} 9 q’j Y 1 o Y a 4
17 UAINUUIDYAMINNAISYNATIVFTIUANNYNAD ﬂﬂuuﬂﬂawagaiuﬂ@uwamm

u U

aa =3
IHNMIANE

J (% 4 09/’ ao P U [
1. susadagilszasd  dumeumsdse  Uszlemindiheslasy  souds
Y = A a 4?
Had1AsINio1NATY
9 wa 1 @ Y A o Y a
2. dnilszia as19519me aeunwilitenszquiterniiliinaniaz DKA
[ [ a 4 PR Yo a 1

3. naenngiheneainn1ig DKA mglu 2 eriiadusn diees 1asumsanae

THasramsianuvesduseu Tasds Mixed meal C-peptide/insulin stimulation test (MMST)
Y [ 1
uazlsziiumsinuvesdusoudiina 6 wou szrdumsaanueIMsiueungiliouen
=
FMszeza 11
I 1 1
4. M3n329 MMST Hlumsasrauvudiheouen Taediledvssneiisuaznya
A A o a a I~ 1 9 o A o A

MUBTRAg0T INudUgaTunaeg1tios 8 42 T o TuMIIIZEHon

5. MINTINA0ANAIOADINT (fasting  state) VxTNITAIAOAYTZUIU 10 ml 1N

] v
@579 Fluoride blood 1 Hanationslvszauihmaluaon
: . .
Clot blood tube 2 HaPALNDATIVFD IUU insulin 118 C-peptide 1HAZDN 1 HADALND

ATIYUAUMUADAVDOU(Anti-GAD, Anti-IA2)
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4 @ g’ : <}
EDTA tube 2 vinoationslvsvauthaaayay uazdnuilavaoanyliasiams
A [ A A 9 [ dy
nasulaamaiugnssuinedvesiulsailueuian
Y 1

wasniudihesz lasuemsiaidlredaninssmuagasomisutiuou

(Ensure” , 1.06 keal/ml, 250 ml, CHO 172.0 g, Protein 9.3 g, Fat 26.0 g) /51101 250 ml Aunelu
= FI Yo = a d' [ :I A (9
10 Wi wazfiheaz lasumsasrvdeadium 10 cc oasrszavihna ludeanazasiaseau
v 4 4
C-peptide N 30 W1 IUATY 2 F2 U3 (FIUNMTATINADANINUA 5 AT)
o A Ayy o Ao < A g A a &
6. vnaea Iduunendiu (Serum) uaziiaionu NVAYUHAN -70°C 1050
1 [ 4

@379 DNA, HLA typing Midegsionmsina lsavnustal lueiina

YR Yo a [ g' a I
7. Qﬂ?ﬂﬂgqﬂiUﬂTJﬂﬂﬁﬂNWﬂi’n MMST FUUUANNN 6 Lﬁau iﬂﬂlﬂui%ﬂ%mﬁW

a o J a a { o A
8. Usziliudasimsldees luudugaun 1 Juauiumsany

9y a sy a
9. 5T]Ji’JIISUE]yﬁ,ﬂlﬂiW%W"U@Hmm$ﬂ5$muWﬁ

Resolution of DKA within 2 Wks

. Y
MMST at baseline + AntFGMIAnﬁJA?:/‘,

.
MMST at 6 months

V.

MMST at 12 months + Anti-GADfAnti;%}

A - Pancreatic autoantibodies

B - Beta cell function

'OR

sUukun i 3 naaurunmagUmsaniuauideludile Ketosis-prone diabetes 1A 3110
o a o . . a I
11n01¢ DKA ¢ 1d5umsdsziliuammsswunuuy AP classification udadanmiiuszos

NN 6 1HOUIUATUTIZIAIVEN 12 1RO
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a a d
MIIEMIIATIZHVEYA (Data analysis)
" gusea 3% (independent  variable) Ao WANIIAIID Pancreatic autoimmune
markers (Anti-GAD, Anti-IA 2A) UaZAIIINITNINUVIAVDDU AT Mixed meal C-
a J @ a
peptide/insulin stimulation test molu 2 019ad aemsina 117 DKA (Fasting plasma C-
peptide t1ag Peak Stimulated C-peptide)
[ . A o 9, . =
" Gauls #1134 (dependent variable) ﬂ@ﬁ]ﬁﬁmiﬂq&ﬂ"ﬂ insulin treatment NI YTLIN
@ §y a 1<
17 uazsz@l Peak Stimulated C-peptide tioanau 1nn 6 owiuszoznar 17
" oMsag ﬂeffau”a (Summarization of data) :
O CQualitative data : percentage , rate
O Quantitative data : mean, SD, AUC U9432A1 plasma C-peptide
" mInadeud llijaj; TU(Hypothesis testing) : 11/58U1NeD baseline characteristics
A
¥o37129919 2 nguTaeld Chi-Square  test §14151 categorical data 118z Unpaired t-test 11
. 1 =i = 1 1 v A J o 9
continuous data ﬁ'J‘L!ﬂ'lﬁl‘]_lﬁ'(’JUL“VlfJ‘U ﬂ']ﬂ'l']llll@ﬂﬂ%?‘“@\ﬁ%ﬂﬂ“]ﬂﬂﬂulﬂﬂi:fﬂq@ﬁﬁﬁﬂWﬁﬂigﬂu
v
@ Y Jd U Y 1
Megaserisuasguisunuszaudil Indnounsgdu Tudilens 2 ngu 9219 Unpaired

'
9 = 1 AR v [ an

FY I a = a 3 )
t-test D1U0UANNTNTENT UVVNA Tﬂﬂllﬂ? p<0.05 N ntdumnuiedAunIegn

U
=

1 ] a A a L4 %
uat1teyalininizaieluUnd 921935 Mann Whitney U test Atns1zvidoyanaviua Iagld

QU

Tal511n53 SPSS version 17
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wamﬁsmwﬁmam

L'

poanyazvaslszrnslumsanmn

E4
1

TumsAnii i) e 187 UA1IE Ketosis-prone diabetes $11491 12 518 1ig)

QU

nudihelsawivnuatian 1 1w 12 510 Tagergmaelungy Ketosis-prone diabetes 07

U

= d! 1 1 = = A a d‘ d! =\ d' ld' =S

43.0+11.1 U Bagannnguulseumenas Isavnusiian 1 $90e1gmagedn 26.7 +10.3 1

(p<0.05) lungu Ketosis-prone diabetes H1ememe 8 510 euiunguiumusian 1
d! %A o FYA ld’ Q’ Yo aa [ &’f =

Faufieme 5 510 Swandihenvnuneludimeddsumsitaneasawsn wode 11 T
1 . . = v Y A T3 09/1 =

12 5181UngW Ketosis-prone diabetes NVNUAL8NNTIUIUTWLIMNUATINT NN 3 518

o v aa

= 1 wva v 1 ' o ll S o Y1 3’
”luamqu ﬂsxmkmmmmiumaum’J"lmmﬂmmuammuaﬁmﬂgmma “luzgﬂaﬂm

[ a

A0INqu A¥HNIANENDUINANIIZ DKA UA1gandiediidesdiayneadalungu Ketosis-
prone diabetes tHotigununguTsAIMIIUIUAR 1 (27.6+5.4 kg/m’ 1founD 21.8+3.8 kg/m’)
f Y a wva d‘ a = I 1 [l 1 [ QB:
dauwansrnieslfiamsoug luvazinanzideailunsa wualunanateiuluns

1 = = = 4 d'
A0INgN 319azReALaAUIBUMEUA LA 1

d' L% Y ng d' ) =<
139N 1 uamanymzmagawugmmmﬂszmnmmmﬂnm

9y dy 19 A
VoYANUFI nauEienfnkn p-value
Ketosis-prone diabetes DM Typel
(11U 12 519) (U 12 519)
919 (1)) 43.0+11.1 26.7+10.3 0.005
INAYIY (%) 66.7 41.7 0.237
fudheidluTsamnmau 11 3 0.001
AN
A g
szoznaituTsanmnumme 15 8 0.025
Tudiheinsuindulsawimau
gy (1)
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M3197 1 (9D)

Pl

Yoyanugu naudihefianm p-value

Ketosis-prone diabetes DM Typel

(I 12 519) (@1 12 519)

Saudihediilse3aTsamma 10 5 1.000
Tuasounsn
MATHNIANINDUNANT1IZDKA 27.6+5.4 21.843.8 0.001
(ATansu/msuuay)
AMATHNIANIHAUNANT1IZDKA 23.4+45.8 20.3 433 0.005
(M lansu/msuuay)
sedhaaludeansndy (mg/dl) 632 248 514 +125 0.327
manuilunsavuziinn1IyDKA 7.12 +0.10 7.12 £0.11 0.856
(arterial pH)
5EAUHDA, . VAILINAN1IY DKA (%) 11.743.5 10.642.2 0.493

o Y] [V q
Nﬁﬂ"liﬂﬁ')‘i]fni‘VI1\11Hﬁlli’)ﬂﬂﬂi’)'i’)u‘ﬁﬁﬂﬂ1ﬂ‘iﬂﬂﬂ13$ DKA meﬂu 2 ﬂTﬁﬂﬂl
) a ¢ 1 Y Ao A ] =
MINAI18917N1IY DKA mfﬂ,u 2 919y ﬂqu@ﬂflﬂﬂﬂﬂlﬁ@ﬂmﬂﬂ’liﬁﬂﬁ’l

a a Y

1a5umsdszidunsiinuaesdudou Taen1snszdunIsnaIduyauAI001M1TgAS
1193314 (Mixed Meal Stimulation Test, MMST) WU ﬂtjllng)ﬂi]ﬂ Ketosis-prone diabetes G
msaouauesNaIntals arandie Tsanrnuyiai 1 0619Faauglia152AY plasma
C-peptide NAMNIUIA 1A Asgilumunmit 4 TasmsnouaueINMsiaaT plasma C-
Lo Y ~ A ~ o ) 1 A
peptide VU2 THUILADUAUDIZIGAT 90 WT0 120  UIN MIHAININTLAU ANRAYVO
fasting plasma C-peptideblué}ﬂ’zl&l Ketosis-prone diabetes ﬂéﬁ 0.82+0.72 ng/ml Weeuny
AthelsmumnuriaN 1 F90g 0.23£0.19 ng/ml (p-value = 0.014) ANNITOFIU fasting
1 1 I 1 3 1A
plasma C-peptide Tunguiheiwmmuiidesrenizidoailuninegh 0.75 ng/dl (0.13-1.23)
iHeui 0.10 ng/dl (0.10-0.45) TudiheTsawmauastian 1 (p=0.024) uazAi5e91 median
. . Al A A ' A < 1A
peak stimulated plasma C-peptide 114ﬂq3JEJP]JQEJL‘UNHNWILﬁﬂdﬂﬁ)m%zm@mﬂuﬂiﬂﬂgﬂ 1.20

ng/dl (0.55-6.65) tHBUN 0.15 ng/dl (0.10-0.50) Tudile Tsammnusiiai 1 (p=0.018)
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Y Y1 o a a Aa wva .
mmmumwaﬂ%mﬁgﬂmmuummmﬂgmmﬁmm preserved beta cell function

agjﬁm fasting plasma C-peptide NTLAVLINNINT BN 1.0 ng/ml YELLR peak stimulated
plasma C-peptide H52FUIINATHTOIMIAY 1.5 ng/ml e ouLanguiilie Ketosis-prone
diabetes oM uaoINgU AoNquitéall preserved beta cell function (B+) waznguiilid
preserved beta cell function (B—)

C-peptide level (ng/ml)

8

0 30 60 90 120(mins)
B+ : Fasting C-peptide 21 ng/ml OR Peak C-peptide 1.5 ng/ml

= e b ] ! AY v ' 9 °
1’13»“?]!1’1@ (luﬂWﬁﬁﬂHTuaJﬁjﬂ'Jﬂ Ketosis-prone diabetes 2 516%1N@]@Uﬁu@ﬂ@]@ﬂ1§ﬂ§$ﬂu m

Tridunsmiuiugeg

SUMHUMNT 4 1AAIHANITADUAUDIABNITNTZAUNITHAIDUYAUAIIDINT
qn511a53 11 1ui10 Ketosis-prone diabetes Falimsapuauosivainvats Tasunu X uaag

1932A1 plasma C-peptide N52821IA1A197] HAIMUDITFATIIATTIU (Fud szl naag

»

D9A19ALNTZAY peak stimulated plasma C-peptide NTZAUNINNINTOINND 1.5 ng/ml 10

Llﬂﬂéﬂﬁﬂﬂﬁﬁﬁ preserved beta cell function ﬁ‘iﬂﬂulil')
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NANIATIIMITNNUVRIR B UAGRANIANYINTTEZA 12 thou
[ Y
ieAamumsiauvesduseuludilheniaengu Mn 6 AoUIUATUIZEZIA
= d‘ A 1 1 Y a d‘ [ = 3 .
M3ANEIN 12 @ounu lunguigihanvnueiian 1 §3palseAY fasting  118E peak
stimulated C-peptide A1M1NAADATLHZIIAINIANYT FIFInANA1NEI1TTodIAYNNADA
(p<0.001) AaRATZYZIAIMIANE HeIfsUAUNGY Ketosis-prone diabetes A ULHUNING 5
1 91 . . = Y ~ 1 Y A
waz 6 Iaanguiae Ketosis-prone diabetes Witu THNALMIADUAUBIADNITNTZAU 1NN
d%l d'a =W d' dl Y d' d!
WINVUMNTLIZIIANAANTNUATAUTHUVUNINTTIUNNINUIN AUAITNN 2 FAULTA
1 d‘ . cs' 1 Y g 1 d‘
ANUNABVDA plasma C-peptide N3zoz1Ia10199 Tugileivaeingy uazjununimn 7 uaag
Y 1
Amunlans (area under the curve, AUC) ﬂl@ﬂéﬂ’m Ketosis-prone diabetes !ﬁﬂﬂﬁﬂé}ﬂﬂﬂ

A2 o v a

Tsamnuatiai 1 aaeaszeznaManyIFananuegelitodidgneana (p < 0.001)

Fasting C-peptide from Mixed Meal Stimulation Test

_ 10-
E o #+ DM Type1
£ s <+ KPDM
e
s 9
= b
o
g, A
Q 3-
(1°]
E 2
o
a ¥
0.
& o o
Q & &
X, © ,{],
s K -

Time after resolution of DKA

gﬂuwumwﬁ 5 UAAITYAL fasting plasma C—peptidealué}ﬂﬂil Ketosis-prone
. £~ ~ = v 9 a A £~ o .
diabetes HINNITADUAUDINYIATINKNAY mﬂum@ﬂ’;mmmm%uw 1 H¥IUIEAV fasting

. % o' [ " Y
plasma C-peptide F3d111nauda 1314 aasaszeznaimsanun



Peak C-peptide from Mixed Meal Stimulation Test

10+

Plasma C-peptide level (ng/ml)

Time after resolution of DKA

29

8 DM Type1
i KPDM

JUBNUMNN 6 11TAITZAY peak stimulated plasma C-peptidelufiie Ketosis-

. d! = d' = [ a d' d! = v
prone diabetes YAUNTTADUAUBINYIAINYIAY L‘V]EJ‘]Jﬂ‘]JEﬁJ’JEJL‘U”IVi’J"Iu%uﬂTI 1 YIUTTAUY peak

. . : (; [ M ¥
stimulated plasma C-peptide B9611091 39 13114 aaeaszezinaInsAnm

MINN 2 HAAIITAVAUNDY plasma C-peptide DINNINIZAUAIVDINIIZATINAIFIU]Y

)28 Ketosis-prone diabetes guiugihenvnustian 1

320U plasma C-peptide (ng/ml) N:‘I'J’Jtlﬂﬁju ketosis- wfﬂwiimmmm p-value
prone diabetes ‘lﬁjﬂ‘ﬁ 1

AUnA8 fasting C-peptide 7 0.82+0.72 0.23+0.19 0.014

baseline

ﬂvnﬂéﬂ peak C-peptide‘ﬁ baseline 2.95+3.08 0.57+0.75 0.009

Aunash, fasting C-peptide 6 1.09+0.88 0.27+0.23 0.008

A
119U




M99 2 (AD)

30

320U plasma C-peptide (ng/ml) Nilﬂ’aﬂﬂtju ketosis- mfﬂmismmmm p-value
prone diabetes ¥Haf 1
AURAe peak C-peptided 6 DY 4.25+3.80 0.76+0.95 0.005
ANNAeT fasting C-peptide N 12 1.18+1.07 0.19+0.13 0.010
A
119U
AURde peak C-peptidedi 12 oM 3.9343.82 0.50+0.61 0.006

a T A gy . Ty
5199 3 aasmnuilansivlves plasma glucose tla plasma C-peptide Tunquqﬂw

Ketosis-prone diabetes MeufUg1emvnustiai 1

KPDM Group

DM Typel

At 2 Weeks after DKA

Glucose AUC (mg/dl x 2 hrs)

30,098 (27,071-41,201)

37,770 (27,266-42,574)

C-peptide AUC (ng/dl x 2 hrs)

126 (35-411)

14 (12-78)

At 6 Month Follow up

Glucose AUC (mg/dl x 2 hrs)

27,653(23,231-37,054)

31,493 (24,334-37,200)

C-peptide AUC (ng/dl x 2 hrs)

249 (79-552)

12 (12-129)

At 12 Month Follow up

Glucose AUC (mg/dl x 2 hrs)

25,311(23,989-34,264)

30,990 (28,035-33,975)

C-peptide AUC (ng/dl x 2 hrs)

230 (41-670)

12 (12-57)

Data are presented as median with interquartile range in parentheses
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Median AUC of C-peptide from Mixed Meal Stimulation Test
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Time after resolution of DKA
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M3197 4 naAeBazdenvell e Ketosis-prone diabetes mumssmunuuuszuy AR

£ o a a A v
classification 53uD99n5 M sngaduygaulugihennazilszian
A+ - KPDM | A-B+ KPDM | A-B- KPDM
N 2 5 5
e fvenrs 59.5+0.7 39.6+11.8 39.846.1
Male/Female 1/1 3/2 4/1
New-onset diabetes 1 4 4
Duration of diabetes in 15 4 6
known diabetes patients (years)
Family history of diabetes 0 3 2
P/ before symptoms 26.946.6 33.1%6.5 26.0+4.1
HPALC atbaseine €8 8.8+42.1 12.4+3.2 12.244.2
HRALC ATz months (4 9.142.1 6.8+0.6 8.6+2.6
Frating Cpeptide 0.120.0 1.3+0.8 0.6+0.4
at baseline (ng/ml)
Peak stimulated C-peptide 0 liOO 6 lil 9 O9:|:03
at baseline (ng/ml)
Fasting C-peptide O 1:‘:00 1 2:|:1 7
at 12 months (ng/ml)
Peak stimulated C-peptide 0.1+0.0 2.14£2.5
at 12 months (ng/ml)
Insulin discontinued 0 4 0
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Time after resolution of DKA

sUBHUMNA 8 1EAITZAY fasting plasma C-peptidelufilrouaazilszinnuoa

Ketosis-prone diabetes ARDATLILIININTANE]

Peak C-peptide from KPDM Subgroup

@ A- B+ N=5
10 & A+B- N=2

Plasma C-peptide level (ng/ml)
-]

Time after resolution of DKA

JUBHUMNA 9 1EAITZAY peak stimulated plasma C-peptide TudT 16Uz

Uszinnueg Ketosis-prone diabetes ARBATLELLIAINTANE

33



34

Yy . . a a any v Ay ya a1 A
#1128 Ketosis-prone diabetes ianansavigaduyaulanaznguiidodlddugdusariio

= dy A Y A a a 9 qs/l
Tumsfnyil u@ﬂ’m Ketosis-prone diabetes mmmiawqﬂauwau‘lﬂmwm 4

U
v

FUA 3 A A I k) v A a YA =
senngilenaua 12 510 nFeaniludosas 33 ualew s diheiauisonya
a a 9 ' . . 19 A a a Y 3
suganTdmumsuiszmnuun AR dlassification wugihenngasugau ldiamuan

1 1 { a g 1 J J {
vndihelunquinilu A-B+ nSeAniiudosas so vesdilenquil 4 Tu 5 510) Aszeznm
1w ~ A % A = Y dy
AisegIui 3 Woundenineoninlsane1na (2-7 o) lassiwazideadeyanugiuly

Y Qs: 1 (% d‘ [ d‘ o a a Y A A J
E\!‘]J’JEJ‘VNE‘TENﬂqnu’ﬁﬂ\‘}ﬂﬂﬁluﬁ151\1‘ﬂ 5 {Iﬂi}ﬂ‘wmmm‘nmwmiwqﬂaucgau"lﬂ UINPIN

SIS v

[ Y v
peak stimulated C-peptide #1 baseline (MU UNNAANANAUDINTUITAYNTDA (p=0.043)

9

a a 1

4 a w \ , 4 v 4
M3197 5 uaaIsgazideadll e Ketosis-prone diabetes Nanansavigaduaaulanazngui

Y

o v YA a1 A o A o
ENﬂﬂﬂi%ﬂﬂﬁﬁuﬂﬂ!uﬂﬂ'ﬁﬁﬁﬁ1ﬂ%1ﬂﬂ‘l')%!ﬁﬂﬂ!ﬂuﬂiﬂ

v X VoA v Ay v
VYoyanug I NQUNYigA insulin | NQNNADINY insulin | P-value
i) A011D3

919 (1)) 35.8411.1 424 +115 0.210
INASTY (%) 50 75 0.781
9 A
$osazvealszia lsanrnuly 100 75 0.334
ATOUAT
AAYUNIANENDUNANIIEDKA 30.1£5.0 26.4+5.4 0.073
(M Tansu/ms1auuay)
szauihaaluasausnsSuvazna 572 4270 669+236 0.417

1172 DKA (mg/dl)

521 HbA , VIINANIZ DKA (%) 11.543.2 9.742.0 0.092
5291 HbA, flszznm 12 fou (%) 7.242.9 9.6+3.2 0.124
YUIADULAUAD IUYDZDDNIIN 4117 58420 0.074
Tsangnna(yiin)

Mean Fasting C-peptide at baseline 1.1£0.3 0.7+0.9 0.122
(ng/ml)

Mean Peak C-peptide at baseline (ng/ml) 5.8+2.1 1.5£2.5 0.043
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CaseNo.
Demographic Data
Case No.
Date of Admission
Sex O] Male ] Female Age
Address
Contact number
Onset of DM O] New-onset Ol Previously diagnosed DM
In case of previously diagnosed DM
Type of DM O Typel L] Type2 [ miscellaneous [] Unknown

Duration of DM

Previous Treatment of DM
| OHA, Specify Duration
O Insulin, Specify Duration
[ Diet control

Family History of DM O Yes, O No
Co-morbidity I:l None D Yes,
Clinical History

Height cm Weight kg BMI kg/m2



Precipitating factor of DKA ] None ] Omission of Insulin

O Infection, specify

I:l Other,
Laboratory Investigations
Initial plasma glucose mg/dl
Blood pH HCO3
HbAIC
Anti-GAD O positive O Negative
Other antibodies, L1 positive O Negative

Tests after resolution of DKA within 2 weeks

Date of Testing

Height cm Weight kg BMI kg/m2

Mixed Meal Tolerance Test

Time (min) 0 30 60 90

Plasma glucose (mg/dl)

C-peptide level (ng/ml)

Treatment at time of testing

HbAIC

120
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Note:
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