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Abstract

Objective: To compare the prevalence and identify the optimal cutoff values of
obesity indices related to metabolic syndrome in patients with Type 2 Diabetes Mellitus
(T2DM) between males and females.

Methods: This cross-sectional analytical research collected data from T2DM
patients diagnosed at Sam Phran Hospital. The study examined obesity indices in T2DM
patients receiving annual check-ups between December 2023 and March 2024. A sample
size of 448 was calculated, consisting of 224 males and 224 females. Data were collected
using general questionnaires and laboratory results to determine obesity indices. Data
analysis employed descriptive statistics and inferential statistics including independent
t-test, Chi-square test or Fisher exact test and optimal cutoff values were determined
using diagnostic tests to present sensitivity, specificity and the area under the ROC curve.

Results: Among 224 male T2DM patients, 112 (50.00%) had metabolic syndrome
(Mets), and among 224 female T2DM patients, 106 (47.32%) had metabolic syndrome
(Mets). The obesity indices associated with metabolic syndrome in both genders are Lipid
Accumulation Product (LAP): Males: Cut-off value of 38.22, sensitivity of 85%, specificity
of 66%, ROC curve of 0.75 Females: Cut-off value of 52.74, sensitivity of 75%, specificity
of 75%, ROC curve of 0.75, Triglyceride-Glucose Index (TyG index): Males: Cut-off value of
9.125, sensitivity of 79%, specificity of 84%, ROC curve of 0.81 Females: Cut-off value of
9.155, sensitivity of 819%, specificity of 81%, ROC curve of 0.81,Visceral Adiposity Index
(VAI): Males: Cut-off value of 3.82, sensitivity of 83%, specificity of 81%, ROC curve of 0.82
Females: Cut-off value of 5.54, sensitivity of 79%, specificity of 86%, ROC curve of 0.83

Conclusion: The prevalence of metabolic syndrome in male T2DM patients is
50% and 47.32% in female T2DM patients. The obesity indices related to metabolic
syndrome include the LAP, TyG index, and VAI.
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A5N15ANYT: N1TITBLTIINATIEAUUUNIAARAVING (cross-sectional analytical
research) iutayangtheruvmueied 2 Aldfunsidedeilsmeriaauns lnefnw
Advianuguvesithendhiumsinwlulsmeiunasiaieusunay 2566-Tunau 2567
yundhegaiidnaliie 448 1 wiadumane 224 918 uazmEnds 224 18 MBAU
Toyaliuvuasunudoyarhluuazdeyameviosu foanmaiomendvilanudn minsei
Toyaladmganssauuuaraifileoyuny W Independent t-test, Chi-square test %39
Fisher exact test wazmAgadafmanzaulagly diagnostic test LilauansAiaIla
sz waruildidulds ROC

Han15An: nunludUlslumvau inawe 224 18 Iansumnuedndulasu (MetS)
U 112 518 (50.00%) wazluwamnes 224 919 dnnzumiueandulasy (MetS) 31w 106 1o
(47.32%) fudmnusuidanudiiusiunaianzumivedndulasy i mave
wudstinsazaulusiu LAP (Lipid Accumulation Product) @nqnsn 38.22 Anaahisesas 85
A1ANNTNNIESoar 66 ROC curve 0.75 WAVEHRNU A19aRn 52.74 Armnulifesay 75
AANTINIETREaE 75 ROC curve 0.75, avlllasndwelsd-nglaa TyG index
(Triglyceride-Glucose index) iweAgeiAgasn 9.125 Aranuhifesas 79 Aaudwny
Jeuaz 84 ROC curve 0.81 wiandjeliA1gndn 9.155 Amanuhiiosas 81 A1AuTwnIy
Jaway 81 ROC curve 0.81, fiutludiunieglu VAI (Visceral Adiposity Index) lnAigneiiA1gnsin
3.82 anulhifesay 83 ArmnuTunizIevay 81 ROC curve 0.82 inAnellA19nRn 5.54
ApUhifesar 79 A1Audwiziesar 86 ROC curve 0.83

a3U: nudgUisiumumaArieiangwnvedndulasuiesar 50 waslneAndga
Yoway 47.32 dwfufuilanudiuiiianuduiusiunigiumueandulasulsznousie
autinsavayludu svillasndwelsd-nglaa uavdviludunely
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nmsanetuiihelneithlsaumoy
vl 2 wui1 45% veafUlsilduilua
Mo (BMI) tiesnd1 23 nn./a2 Bsiiedligu
Tuvauzdl 55% & BMI 11nndn 25 nn./u?
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wnueandulasu (Metabolic Syndrome:
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Fulasuusznaumedadeetes 3 Tu 5 thie
Fagluil 1) éhuseuion (waist circumference)
dmSudYeNINNI1 90 YU UAZEMNINATY
80 wy. 2) Audulalings (high blood
pressure) AUAUlaAngINIMTBYINAY
130/85 wi.Uvan 3) szé’uﬁwmﬂmﬁamqq
(fasting plasma glucose) s¥dutInna
lutdengeniiviewindu 110 un./aa.
wiolasunisidadesndulsaiuiniiu
4) s¥AunaBLsalmasea (Low HDL cholesterol)
seuARBIsAIMBIeATin HDL fnd1 40 un./ma.
lugyre waz 50 un./aa. lugwnda.
5) syaulasndelsa (High triglycerides)
szdvlnsndiwelsdfiginiinieadu
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Tugthewmau laun gnsidiusauiadne
d1uge (waist-to-height ratio WHtR)
ns1dIuToULIRDTOUEEINA (Waist-to-hip
ratio WHR) awil§Us1e (conicity index CI)
fivtiuianiy (body mass index BMI) ail
AIUNALUDIINY (body roundness index)
aastilosiulusnenie (body adiposity index)
ladfuayauy (lipid accumulation product
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(visceral adiposity index VAI) wagavil
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Usensuazngualagng

Uszmnshegtheiumnuaiad 2 7
gnItladeindulsauiminu lulsmeuna
auns1u AuInvuIafleg1dlagligns
Wisuiisuusynnns 2 ngusnedadau S997n
AToTikUINYeY Hsiu-Fen Jao uazanss”
Ainw1i3e3 Sex Difference in the Associations
among Obesity-Related Indices with
Metabolic Syndrome in Patients with
Type 2 Diabetes Mellitus unuenluans
IneAvuali Proportion in groupl (pq) =
0.590, Proportion in group2 (p2) = 0.760,
ratio (r) = 1.00, Alpha (Ql) = 0.01, Z(0.995)
= 2.575829, Beta (B) = 0.10, Z(0.900) =
1.281552, Sample size: Groupl (nq) = 224,
Group2 (np) = 224
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=2 {1t (1380
h 4( nrlp—p |

seldmunnietheiaay 448 18 WU
Junquinaye 224 518 LaNARG 224 378
fnsdusaegisuuuutety (Stratified
Sampling) siitunousail

1. wiagUageenidu 2 nquauwe fie
LNAYELAS LAY

2. fmuarwndiegafidesnisusias
A A LAY 224 578 WASINANG 224 518

3. YN15EUAIRE19INNRUNAYY
wazmemdannuduiuiismue Tagldisnns
gulUUdg (Simple Random Sampling) %5e
Brsduiwnyay
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sefuthmaluiden taaavanluiden
AOLRELNDIRATI lnsnawelse Aoladno A
ABLAALABIOALAY AINT1NTBBILA creatinine
wazAneinueu lawn

1) Body Mass Index (BMI) - @il
wamefwasntmin ([lansa) mseae
A3 (nT) anAasaes; BMI = Weight (kg)
/ Height (m)A2

2) Waist-Hip Ratio (WHR) - 8a31d7u
39ULDIRNDTOUALINAAIUIANNLAUTOUDS
99197 (WURLLAT) Tietdusausazlnn
(wUFLLRT); WHR = Waist Circumference
(cm) / Hip Circumference (cm)

3) Waist-Height Ratio (WHtR) -
9N 31AIUTOULDINDAINGIAUINANLEUTOU
207 (WURLUAT) mséﬁaﬁiauqa (URLUAT);
WHtR = Waist Circumference (cm) / Height
(cm)

4) Lipid Accumulation Product (LAP)
- pTinsavaulugiu

ans; ¥1e: (Waist Circumference - 65)
x Triglycerides (mmol/L)

nis: (Waist Circumference - 58)
x Triglycerides (mmol/L)

5) Body Roundness Index (BRI) - il
sUIeNAY

gn9; BRI = 364.2 - 365.5 x sqrt(1
- (Waist Circumference (m) / (2TT x 0.5
x Height (m)))"2)

6) Conicity Index (Cl) - fivlina1unau

an3; Cl = Waist Circumference (m) /
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(0.109 x sqrt(Weight (kg) / Height (m)

7) Abdominal Volume Index (AVI) -
AtUINRINTYIDY

an3; AVl = (2 x (Waist Circumference
(cm))A2 + 0.7 x (Waist Circumference (cm)
- Hip Circumference (cm))”A2) / 1000

8) A Body Shape Index (ABSI) - A%l
5U90893°9N8

@n3; ABSI = Waist Circumference (m)
/ [BMIA(2/3) x Height\(1/2)]

9) Triglyceride-Glucose Index (TyG
index) - duiilnsndwelsa-nglaa

gm5; TyG index = n[Triglycerides
(mg/dL) x Fasting Plasma Glucose
(mg/dL)/2]

10. Visceral Adiposity Index (VAI) -
adlusiunielu

ans;u18: (Waist Circumference /
(39.68 + (1.88 x BMI))) x (TG / 1.03) x (1.31
/ HDL)

7Q)4: (Waist Circumference / (36.58
+(1.89 x BMI))) x (TG / 0.81) x (1.52 / HDL)

11. Body Adiposity Index (BAI) - il
Tusiulusienie

@n3; BAI = Hip Circumference (cm)
/ (Height (m)A(1.5)) - 18

N15UTELHUNGUDINITIUAIUDEN
(MetS) gnAiuuAnILLUINIGYBY National
Cholesterol Education Program Adult
Treatment Panel (NCEP-ATP) II®uazing
Asuugsdmiumuedelaedesdl 3 lu 5
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2) auduladings (high blood
pressure) AMUAUlaANgINIIMTBYINAY
130/85 wu.Uvon

3) swﬁ’uﬁwmaim%aﬂqq (fasting
plasma glucose) sedutnaludengsniy
W3 110 1n./na.w3elasunisitadedn
Julsaumanu

4) syAuAasLsaLasea (low HDL
cholesterol) szfuUAaBITALADTDAAINTY
40 un./aa. lugune wag 50 un./ma. lugmaa.

5) syaulnsndawwalsa (high
triglycerides) iwﬁ’ulﬁuﬁuiulﬁaﬂﬁqmdﬁ
wsewinAu 150 un./eg.

nafiusausandeya n1siduaded
A3delavinidedeveauygyin Jo1ulunis
Tssngruiaaiunsiu faninuasuguiile
Yooyl dun1siuTIUTINTeyalaeiu
swsdeyaiammaninvssdoudioe

nsaATIeideya

1. WWadanssuurdeya Uiaue
F1uu feay ALedy wazdrudesuy
IR

2. [HadmBsoyanu nsdideyaseiles
19afi Independent t-test wansaivoya
\Wuuwaaiuldadia Chi-square test %38 Fisher

exact test
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HAN3ANEA
IINNFIATILUTHUTBUATIZIM
veantulagu (Mets) Tugfilhoiumsiing 2
Tugtheviavim 448 118 wiaduee 224 57
Wugiinzlunveangulasy (Mets) 112 51¢
(Feuaz 50.00) waviwANY 224 518 WU
AineveanTulase (MetS) 106 518
(Yovay 47.32) wuirdadefidauunnsing
YBINILUNUOENTULATU (MetS) 28138
tfudfnsadanisedu 0.05 Tungunewie
fun dhodn seuien seuaginn Audy
Tadinddns (DBP) sedutimialuiden
(FBS) sduranaavauluiden (HbALC)
AolaamaTeaTI lnIndwelsn AalaalmeTead
(HDL) Andiwtiaaudau laun dudisinie (BMI)
8nIIEIUTOURINBAINGY (WHLR) Avilnng
avauludu (LAP) dvilgusienay (BRI) dwdl
Usunsvihtios (AV)) srdilasndgelsi-nalag
(TyG index) sadiluduntely (VA) wagsiail
ludulusianie (BAD Tunguinange loun
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Y, anusuladfinenuy (SBP) anuduladin
Aana (DBP) sesfuthanaludeon (FBS) susu
dnnaazvanludon (HbAlo) lnsnawelss
ARLAELMDTEAR (HDL) Ardastinnueau lauwn

satinsazaulusiu (LAP) saiilpsndwalsa-
nalaa (TyG index) dwflladuniglu (VAN
AIRI519 1

M1319 1 FeyariluvesiUisiuminueinil 2 wenamuinakazn1IsmMuesandulasy (MetS)

LAY LWANEY
%’ayjaﬁ"’ﬂﬂ Mets (-) Mets (+) p- Mets (-) Mets (+)

(n=112) (n=112) value (n=118) (n = 106) p-value
21g 65.53+10.13  64.98+10.41 0.692 67.72+10.43 65.26+11.50 0.095
‘lfﬂ‘lﬂ‘ljﬂ(kg) 69.81+13.60 73.68+14.36  0.039 62.14+14.00 65.70+11.86 0.043
5auULd2(cm) 94.32+10.94  98.46+10.09  0.004 93.53+13.59 95.75+10.78 0.180
saudazlnn(cm) 98.79+8.73 102.00+8.68  0.006 100.20+12.11 102.06+10.38 0.223
m’mgﬂ(cm) 164.51+£8.12  163.32+8.65  0.291 153.68+5.90 154.51+7.46 0.353
SBP 131.34+14.51 133.57+12.14  0.213 130.32+13.27 134.51+12.50 0.016
DBP 71.48+8.62 75.38+12.70  0.008 68.36+10.68 72.79+11.98 0.004
FBS 131.44+3581 153.84+44.36 <0.001 130.59+42.21 168.77+54.16 <0.001
HbAlc 7.11+1.36 7.59+1.81 0.024  7.14+1.43 8.22+1.99 <0.001
TC 180.35+46.69 195.39+56.03  0.030 195.26+51.66 208.27+53.33 0.065
TG 101.21+£35.94 180.86+75.74 <0.001 111.45+64.23 185.48+77.54 <0.001
HDL 54.66+15.50 42.96+9.02 <0.001 60.38+12.21 48.61+10.49 <0.001
LDL 105.26+40.71 116.05+47.59 0.070 112.63+45.69 122.79+48.32 0.107
eGFR 66.64+30.78  64.45+31.30 0.598 62.13+32.74 64.76+36.09 0.568
Creatinine 1.48+0.99 1.66+1.46 0.290 1.38+1.05 1.45+1.36 0.661
ARYUAMNDIU
- BMI 25.84+5.04 27.55+4.53 0.008  26.29+5.60 27.64+5.38 0.068
- WHR 0.95+0.05 0.97+0.05 0.093 0.93+0.06 0.94+0.06 0.421
- WHtR 0.57+0.07 0.60+0.06 0.001 0.61+0.09 0.62+0.08 0.289
- LAP 34.20+18.49  69.39+40.68 <0.001 43.98+27.36 79.31+44.15 <0.001
- BRI 4.96+1.66 5.58+1.41 0.003 5.79+2.18 6.03+1.85 0.384
- 1.33+0.10 1.35+0.07 0.153 1.36+0.11 1.35+0.10 0.824
- AVI 18.06+4.29 19.62+4.05 0.006  17.92+5.36 18.62+4.14 0.275
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#1979 1 %’aaﬂaﬁﬁﬂmaﬂQﬂasnmmm%ﬁmﬁ 2 LENAUNALAZNNEUNIUBANTULASY (MetS)

LAY LAY
%’agaﬁ"ﬂﬂ Mets (-) Mets (+) p- Mets (-) Mets (+)
(h=112 (=112 value (=118) (h=106) P2
- ABSI 0.08+0.01 0.09+0.01 0.794 0.09+0.01 0.09+0.01 0.415
- TyG 8.71+0.43 9.43+0.50 <0.001 8.75+0.45 9.54+0.52 <0.001
- VAl 2.74+1.26 6.12+3.35 <0.001 3.95+2.47 8.21+4.29 <0.001
- BAI 29.03+5.54 31.06+5.25 0.005  34.71+6.80 35.32+6.32 0.483

SBP=AuAUlanAIUN (mmHg), DBP=AuRuUlainA1819 (mmHg), FBS= izé‘]’uﬁnmﬂmﬁ@m, HbAlc= 1hana
avanludon, TC = Aoadwmaseasy, TG = tsnawwelsn (mg/dl), HDL = maladwmesean (me/dl), LDL =
ABLadwaIRalal (me/dl), eGFR = ANSNSBIveale (ML/min/1.73 m2), creatinine=As.affiu (mg/dL), BMI
(Body Mass Index) stiuaanie, WHR (Waist-Hip Ratio) emsidiuseulosiosouaslnn, WHIR (Waist-Height
Ratio) 8n1dusouLesionIias, LAP (Lipid Accumulation Product) Awfinisazasleusiy, BRI (Body Roundness
Index) fiigus1enay, Cl (Conicity Index) duiarunay, AVI (Abdominal Volume Index) fwtiu3anasutivias,
ABSI (A Body Shape Index) é’migﬂiwwaaiwmﬂ, TyG index (Triglyceride-Glucose index) suiilasndwalsa

—ﬂijjiﬂ’d, VAI (Visceral Adiposity Index) siviilusiuniely, BAI (Body Adiposity Index) sisdilutiulusnsnie

PMnMsAnwIUSBuisunaTianzas
waz ROC curve Lileuszifiuaineinselves
ArrrtALeLlunITHEINTAINIELUNIUB
andulasy (Mets) Taousnaunalasadl
LAY ﬂ'ﬂé’f%ﬁm’mé’auﬁﬁmmmhmmﬁqm
awA LAP (Lipid Accumulation Product) il
n1sazaulydu dergadn 38.22 Ardul
Joway 85 ANANIWNIESB8aY 66, ROC
curve 0.75, VAI (Visceral Adiposity Index)
aiiludunigluiinngadn 3.82 A1aaula
Jovay 83 A1AININNITIPEay 81 ROC

curve 0.82, Advillasndwelsd-nglaa
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fd1qadn 9.125 Arpd1ulifesay 79
AIANUTUNIZSosay 84 ROC curve 0.81
Fa915799 2 wagns il 1 wweands Adud
anuwdslenanilanniign loun Fdeil
losndwelsd-nglaa digadn 9.155 ArA
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