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Abstract
Background and objective: Type 2 diabetes mellitus is a major risk factor for cardiovascular disease, which
remains the leading cause of morbidity and mortality among patients with diabetes. However, evidence regarding
the association between glycemic control, as measured by HbAlc, and major adverse cardiovascular events
(MACE) in community hospital settings is limited. This study aimed to evaluate the association between HbAlc
levels and MACE among patients with type 2 diabetes at Phon Thong Hospital, Roi Et province.

Methods: A retrospective cohort study was conducted using medical records and electronic databases of
patients with type 2 diabetes receiving care at the chronic disease clinic between January 1, 2023 and December
31, 2025. Associations between HbAlc levels and MACE were analyzed using univariable and multivariable
logistic regression analyses. Statistical significance was defined as p-value < 0.05.

Results: A total of 572 patients were included, with a mean age of 65.46 + 8.88 years; 71% were female.
The mean HbAlc level was 9.29 + 2.04%. The proportion of MACE increased significantly with higher HbAlc
categories (p for trend = 0.008).

n multivariable analysis, each 1% increase in HbAlc was associated with a
higher risk of MACE (adjusted OR = 1.23; 95%Cl: 1.07-1.40; p = 0.003). Male sex and higher LDL-C levels were
independently associated with increased MACE risk, whereas metformin use was associated with reduced risk.
Conclusion: Higher HbAlc levels were associated with an increased risk of major adverse cardiovascular events
among patients with type 2 diabetes in a community hospital setting, demonstrating a dose-response relationship.
These findings highlight the importance of sustained glycemic control alongside comprehensive cardiovascular
risk management to prevent MACE in patients with type 2 diabetes.

Keywords: type 2 diabetes mellitus, HbAlc, major adverse cardiovascular events

294 AUASUNT VS 2569; 41(3) @ Srinagarind Med J 2026; 41(3)



AN Mﬁufﬁ %WﬁNmiﬂTﬂﬂNi «@1 HbAlc ® Association of HbAlc levels with Major Adverse Cardiovascular Events (MACE)

o
UNU

Tsaumueila 2 (Type 2 Diabetes Mellitus;
T20M) WulsawmuedanisesiianvusdAgfe
Aziaalulfengeainnisiededugiuveileitis
drudangsuiunmadugduaindudeuanas daali
Winnzimalufengusesuasneliiinaiuidsne
Ao TnEVaNUTEUU Viaviaandanvunkan tekn lsaunminy
X A =
Fuan 1saleanuirnu wazlangusyannien 5auDa

=l 1 v 1 = LY
waeadonruIlng laun lsavasadeniala 1sanaen
denaues Juluamndfguesrufiniswarmadedin
Tugthelsarumvmuiilan [1,2 ] aniusiummuumnyi
Fenuinlud we. 2565 dgUaglsaumumlanunnn i
537 d1uAU karAnInaziiudu 783 anuaunielud w.e.
2598 [3] Ineni1desay 90 Wulsaunvnuaded 2 dmsu
Usemalnedithelsmumnuannnd 5.5 Suse waeilons
nsdedinanlsailged 25.9 deuaulszung lagianie
lunang JuseniBesmiledadlnnliigaianvasUsme [4]

IsawmvnuduladeidesdrAgueddsamlalag

= = & P YY) = v
waealdion JuduavanisidedindudiuniveUle
lnegdrglsauimuianudsswonisianaiuilenla

& ' )
maLLazT,SﬂwaafﬂLaamaumqqm’]Uﬁzsmmmiﬂﬂszmm
2-4 Wi wenNUNUITYTEEZE199n UK Prospective
Diabetes Study (UKPDS) wuitseautimaludeniigadu
FANMUFUNUSTUAINULEIVDIN NI N DUTLAUTY
aguditidAy Inen1silfguwdasuesdn HbALc vn 1%
a o o W a 1% X o oA a X
FANudURUSAUAULEL9UBINAUHB I L AR ALY
[5] AmzunsndeumaiilanasvasaieniidfalugUe
15ALUIMIU B9158NT21791 Major Adverse Cardiovascu-
lar Events (MACE) lon nénsilasilanneideundu ne
laaural lsAvasnfendusd karn1sEeTINneNn
Tsamlakazvaenien danuduiusegnslnadnnu
sEAUMIAIUANAMITIMAlUEeR Inglanzn1izinig
ludenavauluszozeny A1 HbALc WJui¥inunsgiu
A v | a v 5 & v o &
NALVDUANRAYVDITLAULINNG L ULADATDUNAS 2-3 LHDY
WaEdANUFUNUSIAENSIAUNISIAANIILEN SN DUVD S
Tsmilanazviaanann [6]
9 = | v o N9 v &

nangIuaInnIsAnwluganaedarliiiudn
AuLUTUTINYRsTEAUImalussuzenla Ay
fan15iin MACE 11nn31@1 HbAlc fu ¥29ua1vile lag
N15An®¥1 CORE-Thailand U w.A. 2566 $1891131NE
HUReTiAILUTUTIN09R HbALC asgniladnuidedin

o o

MACE gm’j’mqiugua&mﬁﬁaa’ng (Hazard Ratio 2.77;

95%Cl 1.77-4.35) [7] Feaonndosiunan1sdny,
ualngues Rawshani wazans [8] agnslsinnu wdngu
drulngdilauiannisnwilulssimaiauinainie
lsmeruasegauafendl Teyaluusunvedlsaneiuna
gugulnoianzluiiuiivuunvessemalnedadisia
Tsanenunalnunes Jswindeudn Wulsmeruiaguyy
yu1a 120 \fesdiiansfavdnlunisquadiaelsadess
InedayaINg U HDC NeNINAITITUGUNUINERdIU
Fuelsauvmuiianansaniuaue HbAlc < 7% L#
sniunaeithesefussmaegsiiteddey (9]

anunsainanamagieuianudlulunisfinw
AMUFUNUSIENINTEAUNIIAIUAN HbALC Aunisiin
MACE TuvSunvaalssneuiayuay denisquagiae
WANIUADBRTYAUTDINTAA1UNTNEINT YAAINT
wazawsioifledunisinauinu Ssenadwmasiosziu
115AIUAN HbALC WazAMULALIYDINIEUNINTOU
nelanazvasaideniiunndisanlsameiuiasziu
pRgd mafnunitediaguszasdifioyssfiuruduius
JEaTEAUNIAIUANAT HbALC fun1sifinnnisumsndeu
melauazvaonidenidfnlugtisiumnueia 2
Asunmsqualulsmeruialnunes Sminfeeidn itelild
YoyadeUszdnddmiumsusziiuanuidsaaznis
WawnszuunsauadUisiumulimangauiuusun
vodlsanguayususely

ABnsAne

sULuunsAnydunsAnwnuudeundudengy
(retrospective cohort study) I@amumwﬁa;ﬂaam
nyssilvunargiudeyadidnnsetindveslsangiuia
Tnuves fmindouida ieUssifiuanuduiugszning
FLAUNMIAIUANAT HbALC fUNISIAANTIELNINGBUNIS
Wlauazviaonideniidndy (Major Adverse Cardiovascular
Events; MACE) ﬂajmﬁqasiwaLﬂuaﬁﬂwkmmmmﬁuﬁﬂﬁ 2
MsAnwIATEUAGUYTTLR 1 UNTIAN A, 2566 TaTuil

v

31 fuiau wA. 2568 NdanaudAnIunugiAnd

3

n"5Anw (Inclusion criteria) Ao (1) flheiifiony 18 Yiu
1 @) Iésumaidededulsaummnuyiadl 2 uagiing
Aamuinwiegnasioidledu NCD clinic vedlsamenuia
Tnumea (3) finansns2a HbALc oehatien 2 adsnely
szevian 12 ey (4) fdeyafiugruuaziudsddy
ATUNIY WU 818 wA dvdiutanie anuaulalin
Amsviuvedls lsasi wardoyanislden druna

AEUATUNTINFET 2569; 41(3) @ Srinagarind Med J 2026; 41(3) 295



a a Jda
UIWT NWINUIUNT e Janejila Tippimanporn

fngan (Exclusion criteria) Aa (1) furelsaluminuin
fi 1 (2) fhwvmuvzdesss (3) fihefiideyany
seiloulianysalauldarunsaduduaidudsndnnie
FuilAnwnnsalld (@) fhefithenieuinivdenn
nsiamusieLdaaiiu 12 Weu uag (5) fhefifingnisal
Wlauasvaendeniiddunsly 6 Weounoutiasady
A HbALc A48y baseline

MACE (Major Adverse Cardiovascular Events)
Tumsfnwifonudunadnssmiusznoudeniain
WANS0IREIURY 1 518N75 Lawn

(1) nédaudforlavadendoundy (myocardial
infarction)

(2) lsAvaanianauad (stroke)

(3) angimladumarfidesidiyunisinenly
159ne1U1a (hospitalization for heart failure)

@) nsdeTInanamgnIeilauasnasnion
(cardiovascular death)

TnegtheiiAnmnnsaideladentddlurisszozinm
Anwazgnindnin MACE

n13AUINILIAARE1e TngldansAtuinuun
Foed NS UNISANYILUL retrospective cohort study
lunsdalldaifaonnesaniadn (logistic regression)
»1 Hsieh method lpannunal effect size OR = 1.2
somatiiutuvas HbALc W 1% 3Nudng1uLes UKPDS
LagnsAnuTiigates Fauansfennnuduiussening
HbAlc Aupnmidssvsannnisaiilowazvasaiden
waAmMuAgnIINSAnmANISal MACE Ussana 0.25

MNnMsEnwInguEths I usied 2 rouwth
fralusziuunnmiuaslulssdlng dmsue SD ves
HbAlc Tdrszanas 20 andeyaidosuresssans
Anwrlulsanerutalnunes wagivueAl R?2 = 0.2
Wleawviouanuduiusseiuunatssewing HbALc fu
Fuusswdu 9 aeld power 80% warsduiivddny
0.05 aNMEFRMIIANGNF BT AR
Awnild 394 578

w3asilafildlun1sAnen (Wunvutufindeya
Tnefldowiiieadosiudusine felud snwvazma
Uszang LA e o1y fuddananie ansnnsinw
sozamduiumag uagdnuvaugnisedin ldun
HAanIINeIUHURNT n1sldenlunisshen wadws
Uanenne (MACE outcomes)

a &

n1sAasizideya Ainsizideyanislusunsy
d15a3U SPSS laun 1) ad@iganssaun (descriptive
statistics) uanssaiduduou Sovay Aneds drudoauy
1N ViTeANIisEgIU AUANYUENINTEANeYeITeYA
2) NMTIATIZAANUAUIUS (analytic statistics) TUadA
Chi-Square Test %138 Fisher’s Exact Test dm3utoya
WBaNgu (categorical variables) 1% Independent t-test
w30 ANOVA dwfumsiuIouifisudadsvengy
uarilnevindiiussznineaaderes HbALc way
n131AA MACE @8 binary logistic regression Wiemuan
A1 Odds Ratio (OR) way¥aALTesiu 95% (95%
Confidence Interval; 95%Cl) AMvuAsEAUNEEALY
N9aaALIA p < 0.05

Ten193LATIzYnan (primary analysis) T4A1
HbAlc IugﬂLLUUﬁ’JLLﬂWiaLﬁm (continuous variable)
\losanannsaazviounnuduiusideUsnna annts
gadedoya wazfuanuanansolunsasaduanudiiug
wuU dose-response lafndn @unsiasIziLuUIANgY
(categorical variable) Milun1sinsevisosiietelunis
wUanalgeaain

a3usssun1aidelunyed nsfnwiildsunis
$U5093INANENTIUNITITESIIUNTITETULY B Ve s
drdnauaisisuguiiminiesida tavilasanis

COE-0582568 Iilafuil 3 wednou .a. 2568

NaNISANE

wamsAnmwuhEthelsaumuvied 2 dlng
\Jumandga (Fovaz 71) fengads 65.46 + 8.88 T
Tasunnindsiongdoud 65 Jauly adfsegiunes
svaghainsilulsaunnuwiiu 10 ¥ (1QR: 5-17)
wasiisziutiniadzay (HbALc) w@ag 9.29 + 2.04
Tnaioundaileflan HbALC > 9.0% TwaziBundnuen
N9UsEns 1sATIM waznssnwinanalily Table 1

296 AT UATUNTIIYIT 2569; 41(3) @ Srinagarind Med J 2026; 41(3)



AN Mﬁuﬁi winmﬁm‘m}m «@1 HbAlc ® Association of HbAlc levels with Major Adverse Cardiovascular Events (MACE)

Table 1 Demographic and clinical characteristics of

patients

Characteristics
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Table 1 Demographic and clinical characteristics of

patients (Cont.)

Gender
Female
Male
Age (years) (mean+SD)
<65
>65
Body mass index (kg/m?)
Underweight (<18.5)
Normal (18.5-22.9)
Overweight (23.0-24.9)
Obesity (25.0-29.9)
Morbid obesity (>30.0)
Insurance
uc
Direct billing
Social security scheme
Self-pay
Duration of DM (years)
<10
>10
HbA1c (%)
<7.0
7.0-7.9
8.0-8.9
>9.0

Systolic blood pressure (mmHg)

Diastolic blood pressure (mmHg)

LDL-C (mg/dL)
HDL-C (mg/dL)
Triglyceride (mg/dL)
Creatinine (mg/dL)

eGFR (ml/min/1.73m2)

406 (71.0)

Characteristics U (Gowaz)

Comorbidities

CKD stage
166 (29.0) 1 159 (27.8)
65.46 + 8.88 2 199 (34.8)
264 (46.2) 3 174 (30.4)
308 (53.8) q 30 (5.2)
2497 + 4.57 5 10 (1.7)
34 (5.9) Hypertension 437 (76.4)
169 (29.5) Dyslipidemia 507 (88.6)
99 (17.3) Medication
197 (34.4) Metformin 427 (74.7)
73 (12.8) Glipizide 266 (46.5)
Pioglitazone 83 (14.5)
462 (80.8) Insulin 180 (31.5)
104 (18.2) SGLT2 inhibitor 1(0.2)
4(0.7) Statin 446 (78.0)
2(0.3) ACEi/ARB 313 (54.7)
10(5-17) Antiplatelet 204 (35.7)
259 (45.3)
313 (54.7) HANISANINUIEAFIUNITAAN1IZUNTNGDU
9.99 + 204 wﬁﬂmawaamﬁamﬁéﬁm (MACE) Wiadunuszeiu
209 HbAlc Tigeiu Tnenguiifien HbAlc <7.0%, 7.0-7.9%,
129 (226) 8.0-8.9% Way >9.0% :ﬁﬁmwmﬂﬁml MACE Souag 21.4,
17.8, 21.9 uay 30.7 A1ua19u Feuansuurliunuy
137 (24.0) dose-response ogsEitiEANERR (p for trend = 0.008)
264 (46.2) (Fiure 1)
131.78 + 12.45
72.30 + 8.73
96.51 + 34.51
47.64 + 11.68
173.92 + 103.17
0.93 (0.73 - 1.25)
69.14 + 25.71
AT UATUNTIIYT 2569; 41(3) @ Srinagarind Med J 2026; 41(3) 297
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Figure 1 Major adverse cardiovascular events (MACE)

by HbAlc level

INATIATIZAANLENAUSTZNINTZAU HbALC
fumsianmeunsndounmsiilauazrasndendiddy
(MACE) #8n153insngsiuuuduusifien (univariable
analysis) Wu11 HbAlc fmuduiusiunisiin MACE
o190 Tud1AEYN19ads (Crude OR fensiiuTuves
HbAlc vin 1% = 1.20; 95%Cl: 1.09-1.31; p < 0.001)
idlevimsiesgsiuuuwyianls (multivariable logistic
regression) Insu¥udadasuniufidvedidyainnis
Yips1esiuuUiulsiAien wuin HbAlc Ssmaiannudumiug
fumsiin MACE egheiitfodiey Tnemsifisduues HoALc
wn 1% iiislenianiaiin MACE fouas 23 (Adjusted
odds ratio (AOR) = 1.23; 95%Cl: 1.07-1.40; p = 0.003)
{931A51291 HoA1c TuguuuuiBeng (categorical) wu
nguifiAn HbATc 29.0% fluwdlinAn MACE genin
NAN1984 (<7.0%) WilinAn adjusted odds ratio Yedusiay
nauaylifeseAutuddgyeada (Table 2 way Figure 2)

Table 2 Multivariable analyses for association and dose-response pattern between HbAlc and major adverse

cardiovascular events

Univariable analysis

Multivariable analysis

HbA1lc (%)

Crude OR (95%Cl) p-value  Adjusted OR (95%Cl) p-value
HbAlc (per 1% increment) 1.20 (1.09 - 1.31) <0.001 1.23 (1.07 - 1.40) 0.003
<7.0 1.00 Reference 1.00 Reference
7.0-79 0.80 (0.34 - 1.89) 0.604 0.98 (0.35 - 2.75) 0.973
8.0-8.9 1.03 (0.44 - 2.38) 0.949 1.60 (0.58 - 4.44) 0.369
>9.0 1.62 (0.74 - 3.55) 0.225 2.56 (0.92 - 7.09) 0.071
14 5
.9
.84 4 4
w74
Q
< 6 g3 -
‘s =
z 5
52
E | ]
o .
1 - B
1
04 01 T T T T
T T T T T T T <7.0 7.0-7.9 8.0-8.9 29.0
6 7 8 9 10 N 12 13 14 15
HbA1c (%) HbA1c (%)

Figure 2 (A) Smoothed curve fit of HbAlc values and the risk of MACE (B) Forest plot
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91NN15IATIERUUUFILUTIAEY (univariable
analysis) wuindadefifianuduiusiunisifianiig
uwnsndoumeiilawarvaendeniid dy (MACE) agnadl
WodAgnaada laun wawie o1gunndvisewintu
65 U anzdwmineininnme sveznainisidulsa
W Anlvtiuluiden LDL-C uaglnsnalwelsa A1ns
vhamveslafianas Tsaanudulafings n1sl4 insulin
waznslden antiplatelet Unizfin1slésusn metformin,

N153ATIERLUUAILUSIREY wasRiansudynn
multicollinearity 5¥#119 eGFR LLazmavam%ya%’ﬁzax
7t 3 Fuld nuidadeiidemalnnudiiusiunisiia MACE
pgadidodiAey laun wwewe (AOR = 2.43; 95%Cl:
1.51-3.93), szeznain1sulsawninu (AOR wio 11 =
0.90; 95%Cl: 0.86-0.94), A1 LDL-C (ACR #i@ 10 mg/dL
=1.09; 95%Cl: 1.02-1.17), A15lAsUE1 metformin (AOR
= 0.48; 95%Cl: 0.25-0.89) wazn13lden antiplatelet

slipizide waz pioglitazone faudnusiunsiin MACE (AOR = 2.70; 95%Cl: 1.66-4.39) (Table 3)
flanas Wevhnsiesgiuuunyiands (multivariable

logistic regression) lnsusutladuniuniidedidgain

Table 3 Multivariable analyses for factors associated major adverse cardiovascular events

Univariable analysis Multivariable analysis

Factors
Crude OR (95%Cl)  p-value Adjusted OR (95%CI) p-value

Gender

Female 1.00 Reference 1.00 Reference

Male 3.06 (2.06 - 4.56) <0.001 2.43 (1.51 - 3.93) <0.001
Age (years)

<65 1.00 Reference 1.00 Reference

>65 1.85(1.25 - 2.74) 0.002 1.68 (0.99 - 2.85) 0.055
Body mass index (kg/m2)

Underweight (<18.5) 2.46 (1.12 - 5.40) 0.025 2.43(0.98 - 6.08) 0.057

Normal (18.5-22.9) 1.00 Reference 1.00 Reference

Overweight (23.0-24.9) 1.49 (0.83 - 2.66) 0.179 1.53(0.77 - 3.04) 0.222

Obesity (25.0-29.9) 1.42 (0.87 - 2.33) 0.159 1.21(0.68 - 2.15) 0.514

Morbid obesity (>30.0) 1.21(0.62 - 2.33) 0.579 1.21(0.57 - 2.60) 0.618
Insurance

ucC 1.00 Reference

Direct billing 0.77 (0.46 - 1.28) 0.307

Social security scheme -- NA

Self-pay 2.85(0.18 - 45.92) 0.460
Duration of DM (per 1 year incre- 0.97 (0.94 - 1.00) 0.047 0.90 (0.86 - 0.94) <0.001
ment))
HbA1c (%) 1.20 (1.09 - 1.31) <0.001 1.23 (1.07 - 1.40) 0.003

<7.0 1.00 Reference

7.0-79 0.80 (0.34 - 1.89) 0.604

ASUATUNTIIWANT 2569; 41(3) @ Srinagarind Med J 2026; 41(3) 299
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Table 3 Multivariable analyses for factors associated major adverse cardiovascular events (Cont.)

Univariable analysis Multivariable analysis

Factors
Crude OR (95%CI)  p-value Adjusted OR (95%Cl) p-value
8.0-8.9 1.03 (0.44 - 2.38) 0.949
>9.0 1.62(0.74 - 3.55) 0.225
Systolic blood pressure 1.15(0.99 - 1.34) 0.074
(per 10 mmHg increment)
Diastolic blood pressure 1.15(0.93 - 1.43) 0.195
(per 10 mmHg increment)
LDL-C (per 10 mg/dL increment) 1.12 (1.06 - 1.18) <0.001 1.09 (1.02 - 1.17) 0.008
HDL-C (per 10 mg/dL increment) 0.92(0.78 - 1.09) 0.341
Triglyceride (per 10 mg/dL 1.02 (1.00 - 1.04) 0.013 1.01 (0.99 - 1.03) 0.340
increment)
Creatinine (per 1 mg/dL increment) 1.64 (1.25 - 2.15) <0.001 1.27 (0.90 - 1.81) 0.175
eGFR (per 10 mU/min/1.73m? 0.86 (0.80 - 0.92) <0.001 0.99 (0.85 - 1.15) 0.891

increment)

Comorbidities

CKD stage

1-2 1.00 Reference

>3 2.05(1.40 - 32.01) <0.001
Hypertension 1.73 (1.06 - 2.82) 0.028 1.54 (0.87 - 2.72) 0.140
Dyslipidemia 1.73(0.88 - 3.40) 0.114

Medication
Metformin 0.37 (0.25 - 0.56) <0.001 0.48 (0.25 - 0.89) 0.020
Glipizide 0.53 (0.36 - 0.79) 0.002 0.67 (0.38 - 1.19) 0.171
Pioglitazone 0.51 (0.28 - 0.96) 0.036 0.50 (0.24 - 1.05) 0.068
Insulin 2.10(1.42 - 3.11) <0.001 1.05(0.49 - 2.24) 0.900
SGLT2 inhibitor - - NA
Statin 0.83 (0.53 - 1.30) 0.415
ACEi/ARB 0.92 (0.63 - 1.34) 0.663
Antiplatelet 2.28 (1.55 - 3.36) <0.001 2.70 (1.66 - 4.39) <0.001
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