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Summary

Introduction: Insulin resistance (IR), a major precursor of type 2 diabetes affecting 44.2 % of Indonesians, was assessed
using the triglyceride—glucose (TyG) index, a more practical and economical measure. Comprehensive investigations linking
IR with metabolic, dietary, and lifestyle factors remain scarce in Indonesia.

Objective: To assess the metabolic, dietary, and lifestyle factors associated with insulin resistance among non-diabetic
adults in Indonesia.

Materials and Methods: This cross-sectional study used baseline data from the Non-Communicable Disease Risk Factor
Cohort Study in Bogor, Indonesia. From 5,329 respondents, 251 with fasting glucose =126 mg/dL and 463 with incomplete
data were excluded, yielding 4,615 participants. Insulin resistance was defined by a TyG index =8.5. Variables with p < 0.25
in chi-square tests were entered into multivariable logistic regression to identify independent predictors. Odds ratios (ORs)
and 95 % confidence intervals (Cls) were reported.

Results: Multivariable analysis revealed several strong predictors of the TyG index among non-diabetic adults. Male sex
(OR =3.90, 95 % ClI: 3.15-4.82), high total cholesterol (OR = 4.36, 95 % Cl: 3.72-5.11), and low HDL cholesterol (OR = 4.24,
95 % Cl: 3.62-4.97) demonstrated the highest associations. Frequent consumption of packaged beverages (>3 packs/day)
showed the greatest dietary effect (OR = 5.10, 95 % Cl: 1.38-18.82). Central obesity (OR = 2.39, 95 % Cl: 2.01-2.84) and age
= 40 years (OR = 1.67, 95 % Cl: 1.41-1.98) were also significant predictors.

Conclusion: Insulin resistance (TyG index = 8.5) is strongly linked to metabolic, dietary, and modifiable lifestyle factors
and may serve as a practical screening tool in urban populations.

Keywords: insulin resistance, TyG index, metabolic risk, dietary patterns, lifestyle risk factors, non-diabetic adults.

Cite as: Simanjuntak RR, Kartini A, Kartasurya MI, Nurjazuli. Determinants of insulin resistance among non-diabetic Indonesian
adults: A multivariable analysis of metabolic, dietary, and lifestyle factors. Public Health ® Life Environment. 2025;33(12):17-25. doi:
10.35627/2219-5238/2025-33-12-17-25

HETEPMMHaHTbI UHCYJIMHOPEe3UCTeHTHOCTU Y B3pPOCJibiX MHHOHEBMI\&LIEB,
He cTpapaamlwmx ﬂMa68TOM: MHOFOMeprIﬁ aHaliun3 d)aKTOpOB MeTaﬁonusma,
nmMATaHNA U 06pa3a XKN3HU

PoxaHu P. CumaHdyHmak', AnouHa Kapmuru?, Mapma W. Kapmacypes?, Hypdasynu’

! lokmopaHmypa ¢aryibmema obujecmseHHo20 30pasooxpaHeHuUs YHusepcumema [unoHezopo,
yn. Mpog. Aryba Pauca, TembanaHe, CemapaHe, LlenmpaneHas fsa, 50275, Pecnybnuka MHAoHe3us

2 Kagedpa obujecmseHHo20 numaHus garyibmema obujecmseHHo20 30pasooxpaHeHus YHusepcumema JJunoHe20po,
yn. Mpog. Aryba Pauca, TembanaHe, CemapaHe, LlenmpaneHas fsa, 50275, Pecnybnuka MIHAoHe3us

3 Kagedpa a2uaueHbi oKkpyKarouwel cpedbl paryibmema obujecmseHHo20 30pasooxpaHeHus YHusepcumema
[HunoHezopo, yn. MNpog. Aryba Pauca, TembanaHe, CemapaHe, LlenmpaneHas Asa, 50275, Pecnybnuka MIHAoHe3us

Pesiome

BsedeHue. NHcynnHopesucTeHTHOcTb (MP), ocHOBHOM NpefLuecTBEHHUK OuabeTa BTOPOro Tuna, BcTpeyawwanca y 44,2 %
VMHOOHEe3MNLEeB, OLeHMBaNach C MOMOLLbIO MHAEKca TpUrnvuepuaoB-riiokosbl (TyG) Kak 6onee NpaKTUYHOIo U SKOHOMUYHOIO
rnokasarens. B IHOoHe3un KoMnneKcHble Ucciie4oBaHMA 3aBUCMMOCTN MeXay daKTopaMu MeTabonmaMa, NMTaHuA 1 obpasa
*M3HU 1 VP no-nperkHeMy NpoBOAATCA peaKo.

Lesib: oueHnTb parTopbl MeTabonmM3amMa, NMTaHUA U 06pasa ¥U3HU, CBA3AHHbIE C MHCYJIMHOPE3UCTEHTHOCTbIO, Y B3POC/IbIX
wutenen MHOoHesun, He cTpagalowmx anabeToMm.

Mamepuasnbl u Memodbl. B HalweM nonepeyHoM 1ccriefoBaHUM UCMOMb30BasIUCh MNePBUYHbIE JaHHbIE KOFOPTHOIO Ucce-
noBaHMA GaKTopoB pUcKa HenHPeKUMOHHbIX 3aboneBaHuin, NpoBedeHHoro B borope, MiHaoHesuA. U3 5329 pecnoHaeHToB 251
YYaCTHUK C YPOBHEM /II0KO3bl HaTowak = 126 Mr/gn u 463 YenoBeka ¢ HEMOHBIMW AaHHLIMU BBV UCKIIIOYEHbI, BClieAcTBUE
yero UToroeas BblbopKa cocTaBuna 4615 pecnoHaeHToB. IHCyIMHOpe3ncTeHTHOCTb onpeaenanachk no nHaexcy TyG = 8,5.
MepeMeHHble ¢ p < 0,25 B KpUTepuaAx Xxm-KBagpaT 6biv BKOYEHbl B MHOFOGaKTOPHY0 JIOMMCTUYECKYIO perpeccuio A Bbl-
ABJIEHMA HE3aBUCKMMbIX NPeAMKTOPOB. Bblnn nonyyeHbl oTHowweHWA WwaHcos (OLL) n 95 % nosepuTtesnbHble nHTepBans! (ON).

Pe3ynbmamsl. MHOro$aKTOpHbIN aHanMs3 BblABUI HECKOJIbKO CUJIbHBIX MPeANKTOPOB nHAeKca TyG cpeau B3pocC/ibixX
6e3 anabeta. Hanbonbluana KoppenAumaA ¢ MHAEKCOM TPUIMLepUAoB-TJIl0KO3bl 6bi1a ycTaHoBIeHa ANA NPUHAOIEKHOCTU
K MyrKckoMy nosny (OLL = 3,90, 95 % OW: 3,15-4,82), BbicoKkoro ypoBHA obLuero xonectepuHa (OLL = 4,36, 95 % OWN: 3,72-5,11)
1 HU3Koro ypoBHA xonectepuHa JIMBI (OLU = 4,24, 95 % OW: 3,62-4,97). Hanbonee BbipaKeHHbIN 3¢ PeKT, CBA3AHHbIN
C NUTaHueM, Habnogancsa Npy YacToM ynoTpebneHnn NakeTMpoBaHHbIX HAaNUTKOB (>3 ynakoBoK B AeHb) (OLU = 5,10, 95 % OW:
1,38-18,82). TaKkKe 3Ha4YMMbIMM NPeanUKTOpaMu oKasanuchk LeHTpanbHoe (abaoMmnHanbHoe) oxumpenne (OLU = 2,39, 95 % [OU:
2,01-2,84) v Bo3pacT ot 40 net (OLU = 1,67, 95 % OWN: 1,41-1,98).

3akoyeHue: HcynMHopesncTeHTHocTb (MHAeKc TyG = 8,5) 3HauMMo cBA3aHa ¢ MeTabosIM3MOM, NUTaHeM N Moanubdu-
LuMpyeMbiMU baKTopaMu 06pasa HU3HU U MOXKET CIYHUTb NPaAKTUYECKUM MHCTPYMEHTOM CKPUMHWHIA FOPOACKOI0 HaceneHus.

KnioyeBble cnoBa: MHCYIMHOPE3UCTEHTHOCTb, HAEKC TyG, MeTabonMyecknii puck, 0CO6eHHOCTU NUTaHWA, GaKTopbl pUCKa,
CBA3aHHble C 06pa3oM HM3HW, B3pocsble 6e3 avabeTa.

AnAa uutnpoBanma: Simanjuntak R.R., Kartini A., Kartasurya M.l., Nurjazuli. Determinants of insulin resistance among non-diabetic
Indonesian adults: A multivariable analysis of metabolic, dietary, and lifestyle factors // Zdorov’e Naseleniya i Sreda Obitaniya. 2025.
T.33.N2 12. C. 17-25. (In Eng.) doi: 10.35627/2219-5238/2025-33-12-17-25
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Introduction. Insulin resistance (IR) is a major
contributor to the development of type 2 diabetes
and cardiovascular diseases. In Indonesia, it affects
around 44.2 % of the population, reflecting a global
upward trend and growing public health concern [1,
2]. The triglyceride—glucose (TyG) index is a validated
and practical surrogate marker for insulin resistance,
diabetes risk, and mortality, especially in large-scale
epidemiological studies [3, 4]. The TyG index is widely
used in international research as a cost-effective IR
survey [5].

While Western populations have extensively
studied insulin resistance, research among non-
diabetic individuals in Southeast Asia—especially
Indonesia—remains limited. Most Indonesian studies,
particularly in rural areas like Flores, focus mainly
on BMI and waist circumference. Few have explored
behavioral and nutritional factors using multivariable
methods, highlighting the need for comprehensive
analyses to understand modifiable risk factors in the
local context [6].

Understanding how modifiable lifestyle and dietary
factors influence insulin resistance—particularly through
accessible markers like the TyG index—has important
public health implications for Indonesia and other
low- and middle-income countries. Clarifying these
associations in non-diabetic adults enables early
detection of metabolic risk using a low-cost tool,
allowing timely preventive actions such as improved
diet, physical activity, and weight control. Given
the high prevalence of IR among Indonesian adults,
especially in culturally distinct regions like Bogor,
such evidence is essential for designing targeted,
context-specific interventions. This study provides a
comprehensive analysis of IR determinants, offering
evidence to guide national screening policies and
enhance prevention strategies to delay disease onset
and reduce healthcare burden.

This study focuses on insulin resistance among
non-diabetic Indonesian adults, as defined by a TyG
index = 8.5. It examines the influence of metabolic,
dietary, and lifestyle factors on insulin resistance. The
analysis aims to provide insights into modifiable risk
factors relevant to the study population.

Materials and Methods

Respondents, Data Source, and Study Design

The Non-Communicable Disease (NCD) Risk Factor
Cohort Study included adults aged 22-65 residing
permanently in five urban villages (Kebon Kalapa,
Babakan Pasar, Babakan, Ciwaringin, and Panaragan)
of Bogor Tengah District, Bogor City. Participants were
selected based on inclusion and exclusion criteria,
excluding individuals who were pregnant, had mental
disorders, underwent hysterectomy, or were diagnosed
with NCDs (coronary heart disease, stroke, diabetes,
cancer, or lung disease). Data were collected through
interviews, physical examinations, and laboratory tests
at the Ministry of Health’s Integrated Laboratory for
Applied Technology and Clinical Epidemiology.

This cross-sectional study utilized baseline data
from the Bogor NCD Risk Factor Cohort Study (2011-
2021), involving 5,329 adults aged 22-65 from urban
and peri-urban Bogor. After excluding individuals with
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fasting glucose = 126 mg/dL (n = 251) or missing key
data on diet (n = 382), blood pressure (n = 7), body
weight (n = 2), or glucose values (n = 72), the final
analysis included 4,615 non-diabetic adults.
Variables
The independent variables included sociodemographic
factors (age, sex, education, marital status, family history
of diabetes, and health insurance), anthropometrics
(BMI and central obesity), clinical indicators (fasting/
postprandial glucose, lipid profile, and blood pressure),
dietary intake (energy, fat, meat, oil, and packaged
beverages), and behavioral factors (stress, smoking,
alcohol use, and physical activity). The outcome variable
was the triglyceride—glucose (TyG) index, which served
as a proxy indicator for insulin resistance.
Measurements
Sociodemographic data (age, sex, education,
marital status, family history of diabetes, and health
insurance) were collected via structured interviews.
Behavioral data (smoking, alcohol use, and physical
activity) were obtained using the modified WHO STEPS
questionnaire, while stress was assessed with the WHO
Self-Reporting Questionnaire (SRQ). Anthropometric
measurements (weight, height, and waist circumference)
were taken by trained health workers following WHO
STEPS protocols. Blood pressure was assessed by
trained staff using a sphygmomanometer.
Biochemical data—including fasting glucose,
2-hour postprandial glucose, and lipid profile (total
cholesterol, triglycerides, HDL, LDL)-were collected
by trained laboratory staff. Respondents fasted the
day before sampling and consumed a glucose solution
for postprandial measurements. Dietary intake was
assessed using a 24-hour recall and food habits
through the Food Frequency Questionnaire (FFQ),
both conducted by trained enumerators.
Insulin resistance is defined by a TyG index = 8.5,
a threshold validated in Asian populations to reflect
region-specific metabolic characteristics and enhance
diagnostic relevance [7]. The triglyceride-glucose (TyG)
index number is obtained by the formula:

fasting triglycerides (mg/dL) x fasting blood sugar (mg/dL)
n

TyG Index = | >

Statistical Analyses

Bivariate Analysis

Descriptive statistics summarized population
characteristics and initial variable associations.
Bivariate analysis using the chi-square test assessed
relationships between categorical predictors and
elevated TyG index (= 8.5), appropriate due to the
binary outcome. Following Hosmer and Lemeshow’s
guidance, variables with p < 0.25 were included in the
multivariable model to retain potentially relevant
predictors [8].

Multivariable Analysis

Multivariable logistic regression was conducted
using the enter method, with stepwise removal of
non-significant variables. Adjusted odds ratios (ORs)
and 95 % confidence intervals (Cls) were reported, with
significance set at p < 0.05. Model fit was evaluated
using the Hosmer-Lemeshow test, and multicollinearity
was assessed via Variance Inflation Factors (VIF).
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Results

Table 1 presents bivariate analysis results,
identifying insulin resistance based on a TyG index
> 8.5, as validated in Asian populations. Several
sociodemographic, clinical, behavioral, dietary, and
physical activity variables showed significant associations
(p < 0.05) with insulin resistance. Sociodemographic
factors like sex, age, employment, and insurance
status were significantly linked to elevated TyG index.
Clinically, high BMI, central obesity, hypertension,
abnormal lipids, and elevated 2-hour glucose were

associated with insulin resistance. Smoking, alcohol
use, and stress also showed significant associations.
Dietary factors such as inadequate intake
of energy, macronutrients (< 80 % RDA), low sodium,
high sugar, flavor enhancers, frequent egg and packaged
beverage intake, and low coffee consumption were
related to higher TyG index. Low physical activity,
including infrequent walking and lack of moderate
or vigorous exercise, was also significantly associated.
All variables with p < 0.25 in bivariate analysis were
included in the multivariable logistic regression.

Table 1. Description of the respondents and bivariate associations with elevated triglyceride—glucose (TyG) index

Tabnuya 1. OnucaHue pecrnoHAEHTOB M ABYMEpPHbIX acCoLMaLUii C NOBbILEHHbIM UHAEKCOM
TpurnuuepmuaoB-rnioKosbl (TyG)

Insulin resistance / UHcynuHOpe3UCTEHTHOCTD
Variables / MepemerHbie fotal Beero, TyGNi%eI-)l(el 8.5 TyGYiﬁfiéxﬂ: 8.5 p
% n %
1 2 3 A 5 6 7
Sex / Mon
— Female / MeHckuin 2995 2123 70.9 872 29.1 0.000*
— Male / MyxcKoit 1620 892 55.1 728 449 )
Age group, years / BospactHas rpynna, net
—<h0 1673 1289 71.0 384 23.0 0.000*
—>40 2942 1726 58.7 1216 413 )
Family history of diabetes / Hanuuve nuabeta B ceMeitHoM aHaMHe3e
— No / Her 3951 2600 65.8 1351 34.2 0.098*
—Yes / [la 664 415 62.5 249 375 )
Marital status / CemeiiHoe nonoxeHue
— Married / B 6pake 3894 2547 65.4 1347 346 0.79%
— Single / Xonoct/He 3aMyeM Al 468 64.9 253 35.1 ’
Education level / YpoBeHb 0bpa3oBaHus
— High / Boicokwid 1993 1324 66.4 669 33.6 0.170*
— Low / Huskwmit 2622 1691 64.5 931 35.5 )
Employment status / 3aHatocTb
—Yes/ [la 2380 1424 59.8 956 40.2 0.000*
— No / Her 2235 1591 71.2 6Lk 28.8 '
Health insurance ownership / Hanuume nonvca MeguUMHCKOT0 CTpaxoBaHus
—Yes/ [la 1780 1126 63.3 654 36.7 0.019*
— No / Her 2835 1889 66.6 946 33.4 )
Body mass index / MHpekc maccel Tena
—<25 2529 1873 74.1 656 25.9 0.000*
->125 2086 1142 54.7 bk 45.3
Central obesity / LientpanbHoe (abaoMuHanbHoe) 0xupeHme
— No / Her 2574 1888 73.3 686 26.7 0.000*
—Yes/ [la 2037 1123 55.1 914 449 )
Hypertension / TuneptoHus
— No / Her 3109 2208 71.0 901 29.0 0.000*
—Yes / [la 1506 807 53.6 699 Lé.b )
Total cholesterol / 06wwmii xonectepuH
— Low/Normal / Huskwmii/HopManbHbiii 2348 1849 78.7 499 213 0.000*
— High / Boicokwid 2267 1166 51.4 1101 48.6 )
HDL cholesterol / Xonecteput JINBIM
— High/ Normal / Bbicokuii/HopManbHbiit 3043 2233 73.4 810 26.6 0.000*
— Low / Huskwmit 1572 782 49.7 790 50.3 )
LDL cholesterol / Xonectepux JIMHN
— Low/ Normal / Huskwmii/HopManbHbiii 841 651 774 190 22.6 0.000*
— High / Bicokwid 3774 2364 62.6 1410 37.4 )
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Table 1 (continued) / Tabnuya 1 (npodoneHue)

1 | 2 | 3 | 4 | 5 | 6 7
2 hours postprandial glucose / YpoBeHb riioko3bl B KpoBH Yepe3 2 yaca nocse efbl
— Low/Normal / Huskuii/HopManbHblii 3476 2439 70.2 1037 29.8 0.000*
— High / Bicokwit 1139 576 50.6 563 49.4 )
Flavour enhancer usage / Wcnonb3oBaHue ycunuteneil BKyca
—No / Het 235 139 99.1 96 40.9 0.041*
—Yes/[la 4376 2874 65.7 1502 34.3 )
Reuse frequency of cooking oil a day / YacTota noBTOPHOr0 MCNONb30BAHMA MULLEBLIX Macen AN NpUroToBNeHUs 6MoA B fieHb
-<3 3532 2289 64.8 1243 35.2 074"
->3 1060 711 67.1 349 32.9 )
Active smoking / AKTUBHOE KypeHue
—No / Her 3046 2107 69.2 939 30.8 0.000*
—Yes/[la 1569 908 57.9 661 42.1 )
Alcohol / Ynotpebnenue ankorons
— No / Her 3666 2496 68.1 1170 31.9 0.000*
—Yes/ [la 948 518 94.6 430 45.4 ’
Stress / Ctpecc
— No / Her 3635 2339 64.3 1296 35.7 0.007*
—Yes/[la 980 676 69.0 304 31.0 )
Adequacy of energy intake, % RDA / 3HepreTuyeckasn LeHHOCTb paumoHa nutauus, % ot PCH
—=80% 1901 1362 71.6 539 28.4 0.000*
—<80% 2714 1653 60.9 1061 39.1 )
Adequacy of protein intake, % RDA / Notpebnexue benkos, % ot PCH
—280% 2543 1778 69.9 765 30.1 0.000*
—<80% 2072 1237 59.7 835 40.3 )
Adequacy of fat intake, % RDA / llotpebnetue »upos, % ot PCH
—>80% 2117 1463 69.1 654 30.9 0.000*
—<80% 2498 1552 62.1 946 37.9 )
Adequacy of carbohydrate intake, % RDA / Notpe6nexue yrnesogos, % ot PCH
—>80% 1667 1187 71.2 480 28.8 0.000*
—<80% 2948 1828 62.0 1120 38.0 )
Fruit and vegetables frequency, times a day / Yactota notpebnexus ¢pyKToB 1 0BOLLEI B ieHb
->3 1356 870 64.2 486 35.8 0,389+
-<3 2718 1781 65.5 937 34.5 )
Adequacy of sodium intake, % RDA / otpebnexue conu, % ot PCH
—<100% 1669 1012 60.6 657 39.4 0.000*
—>100% 2946 2003 68.0 943 32.0 )
Sugar intake, % of total energy / Motpebnexue caxapa, % oT KaNOPUAHOCTY CYTOYHOO paLMoHa
—<5% 3031 2033 67.1 998 32.9 0.007*
—>5% 1584 982 62.0 602 38.0 )
Intake of oil-derived products, times a day / Yactota noTpe6neHus *upoB 1 Macen B eHb
-<3 2279 1508 66.2 771 33.8 0.233"
->3 2298 1482 64.5 816 35.5 )
Intake of meat, times a day / Yactota notpebnenus maca B aeHb
-<1 3275 2168 66.2 1107 338 0.057*
—>1 1314 831 63.2 483 36.8 )
Intake of fresh fish, times a week / Yactota notpebnenus ceexeii pbibbl B Hefiento
->7 260 159 61.2 101 38.8 0144+
-<7 4325 2837 65.6 1488 3b.4
Intake of egg, times a week / Yactota notpebnexus AL B Hepienio
—>4 1434 975 68.0 459 32.0 L0
—<h 3151 2021 64.1 1130 35.9
Intake of milk, times a day / Yactota notpe6nenus MonoKa B fieHb
->2 28 16 57.1 12 429 0,360
-<2 4561 2983 65.4 1578 34.6 )
Intake of plant-based products, times a day / Yactota noTpe6neHus npoayKToB PacTUTENLHOMO NPOUCXOMKAEHNSA B ieHb
-<3 4199 2759 65.7 1440 34.3 0.098*
->3 390 240 615 150 38.5 )
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1 | 2 | 3 4 | 5 | 6 | 7
Intake of legumes, times a day / Yacrota notpe6neHus 6060BbIX B fieHb
—<1 359 220 61.3 139 38.7 0.092¢
->1 4223 2774 65.7 1449 34.3 )
Intake of packaged beverages, times a day / Yactota notpe6nexus ynakoBaHHbIX HanUTKOB B ieHb
-<3 4573 2993 65.4 1580 346 0.019*
->3 16 6 37.5 10 62.5
Intake of confectionery, time a week / YacTota notpebnesns KOHAUTEPCKUX U3AENMIA B HeAeNio
—<h 2280 1466 64.3 814 35.7 0,139+
—>4 2305 1530 66.4 775 33.6
Intake of coffee, times a day / Yactota notpebnexus Kode B fieHb
-<1 3122 2111 67.6 1011 32.4 0.000%
->1 1463 885 60.5 578 39.5 )
Vigorous physical activity / UHTeHcuBHas duU3MUeCKas aKTUBHOCTb
—Yes/ [la 535 323 60.4 212 39.6 0.010*
— No / Her 4080 2692 66.0 1388 340 )
Days of vigorous physical activity a week / Konuuectso aHeit MHTEHCMBHOI QU3MYECKOIA aKTUBHOCTM B HEJIENH
->3 457 273 59.7 184 40.3 0.008*
-<3 4158 2742 65.9 1416 34.1
Moderate physical activity / YMepeHHas puanyeckas akTMBHOCTb
—Yes/[la 3762 2514 66.8 1248 33.2 0.000*
— No / Her 853 501 58.7 352 413 )
Days of moderate physical activity a week / KonuuecTso fHei# yMepeHHoiA p13MHECKON aKTUBHOCTU B Helenio
->5 3224 2169 67.3 1055 32.7 0.000*
—<5 1391 846 60.8 545 39.2
METs of physical activity, MET-min/week / M3H gna ¢u3uuyeckoii aktusHoctit, MIH-MuH B Hepento
—> 1500 3547 2357 66.5 1190 335 0.004%
—< 1500 1068 658 61.6 410 38.4
Walking for at least 10 minutes / Mporynku/xoab6a B TeyeHne 10 v 6onee MUHYT
—Yes/[la 3635 2396 65.9 1239 34.1 0.108*
— No / Het 980 619 63.2 361 36.8 )
Days of walking a week / Konuuecto gHeii ¢ nporynkamu B Hefiento
->5 2584 1729 66.9 855 33.1 0.011*
-<5 2031 1286 63.3 745 36.7
High intensity training / TpeHMPOBKM BLICOKOi# MHTEHCUBHOCTH
—Yes/[la 166 97 58.4 69 41.6 0.057*
— No / Her 4449 2918 65.6 1531 3.4 )
Days of high intensity training a week / KonuyecTBo [iHeii TPEHUPOBOK BbICOKOI MHTEHCUBHOCTY B HEAENI0
->3 45 27 60.0 18 40.0 0.450
—<3 4370 2988 65.4 1582 3h.6 ’
Moderate intensity training / TpeHMPOBKY YMePEHHON MHTEHCMBHOCTH
—Yes/[la 1484 961 64.8 523 35.2 0573
— No / Het 3131 2054 65.6 1077 3.4 )
Days of moderate intensity training a week / Konuuecto fHei4 TpeHUPOBOK YMEPEHHOIA MHTEHCUBHOCTM B HEAENI
->5 228 146 64.0 82 36.0 0673
—<5 4387 2869 65.4 1518 3.6
METs of training, MET-min/week / M3H gna tpeHuposok, M3H-MuH B Hegento
—> 1500 178 108 60.7 70 39.3 0.183*
—<1500 4437 2907 65.5 1530 34.5 )
Sedentary lifestyle, hours a day / Cugsumit 06pa3 »usHu, 4acos B fieHb
-<8 3821 2490 65.2 1331 34.8 0.607
-28 794 525 66.1 269 339 )

Abbreviations to Tables 1 and 2: HDL, high-density lipoprotein; LDL, low-density lipoprotein; RDA, recommended dietary allowance; MET, metabolic equivalent of task.
Note: Chi-square test *p < 0.25.

A66peuarypbi Tabnuy, 1w 2: JNBI, nunonpotentbl Bbicokoit nnotHocty; JIMHI, nunonpotenHbl HuKoi nnotHocTy; PCH, pekoMenfyeMan cytouHas HopMa notpebnenus; M3H,
MeTab0NMYECKMil 3KBUBANEHT Harpy3Ki.

lpumeyarue: Kputepuid xu-kBappar, *p < 0,25.
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Based on the results of the multivariable logistic
regression analysis presented in Table 2, several
factors were found to be significantly associated
with insulin resistance. Being male and above 40
years old showed significant associations with insulin
resistance. Clinically, central obesity, hypertension,
high total cholesterol, low HDL cholesterol, and
elevated 2-hour postprandial glucose levels were all
positively associated with insulin resistance.

Behavioral factors such as active smoking and
alcohol consumption were also positively related to
insulin resistance. Similarly, inadequate energy intake
(<80% of RDA), frequent consumption of oil-based
products (>3 times/day), frequent meat intake (>1
times/day), and high intake of packaged beverages
(>3 packs/day) were positively associated with insulin
resistance. In addition, walking less than 5 days/week
was also positively associated with insulin resistance

Discussion

This study examined insulin resistance determinants
among non-diabetic Indonesian adults using the TyG
index as a surrogate marker. Conducted within a large
urban cohort, it identified significant associations
between elevated TyG values (=8.5) and various
metabolic, sociodemographic, behavioral, and dietary
factors, supporting its utility for early detection
in both clinical and epidemiological contexts. Key
metabolic indicators—high total cholesterol, low
HDL, elevated postprandial glucose, central obesity,
and hypertension-were strongly linked to increased
TyG index, reflecting its relevance to lipid-glucose

https://doi.org/10.35627/2219-5238/2025-33-12-17-25
UpVIFVIHaJ'IhHaFI uccrnegosatenbCKan cTaTbA
interactions and visceral adiposity. For example, a
high TyG index has been associated with hypertension,
regardless of HDL and LDL cholesterol levels [9], and
specifically associated with more severe hypertension
subtypes, including isolated diastolic hypertension
[10]. Furthermore, the TyG index has been validated
as a predictor of visceral obesity [11], with additional
evidence highlighting its synergistic effects with
visceral fat in increasing cardiometabolic risk [12].
These consistent findings support the biological
plausibility of lipid-glucose disruption and central
adiposity in driving early insulin resistance.

For instance, an elevated TyG index has been
shown to correlate significantly with indicators of
central obesity, including waist circumference, even
after adjusting for other anthropometric measures [13,
14]. A cross-sectional study in a Chinese population
found waist circumference to be a better predictor
of insulin resistance and metabolic issues than
BMI. The TyG index strongly correlated with waist
circumference, highlighting its value as a marker
of central obesity and early metabolic dysfunction.
Elevated TyG levels were also consistently associated
with dyslipidemia (low HDL, high total cholesterol)
and impaired glucose metabolism. Similar findings in
Chinese children and adolescents further support the
TyG index as a reflection of combined lipid-glucose
imbalances and visceral fat accumulation [15, 16]. A
large cross-sectional study in China confirmed the
TyG index as a reliable marker linked to metabolic
syndrome components like hypertension and low

Table 2. Multivariable logistic regression determinants of triglyceride—glucose index

TaEnuua 2. ﬂeTepMMHaHThI WHOEeKCca TpurnuuepumaoB-riioKo3bl Mo pe3ysibTaTaM

MHOro$aKTOpHOM JIOrUCTUYECKOIN perpeccum

Variables / lepemeHHble B SE/CO AOR (95% CI) / COLL (95% W) p
Male sex / My»ckoii non 1.360 0.109 3.895 (3.148 — 4.820) 0.000*
Age > 40 years old / Bospacr ot 40 net 0.514 0.085 1.672 (1.414 - 1.975) 0.000*
No health insurance ownership / *
OTcyTCTBME NONMCA MEMUMHCKOTO CTPAX0BaHUs —0.161 0.075 0.851 (0.735 - 0.985) 0.031
Central obesity / LleHTpanbHoe o¥upeHue 0.871 0.088 2.390 (2.013 —2.838) 0.000*
Hypertension / TuneptoHus 0.419 0.082 1.521 (1.295 - 1.786) 0.000*
High total cholesterol / Bbicokuii ypoBeHb 0bLero xonectepuxa 1.472 0.081 4.357 (3.718 — 5.106) 0.000*
Low HDL cholesterol / Huskmii yposeHb xonecteputa JINBI 1.445 0.081 4.242 (3.620 — 4.971) 0.000*
High 2-hour postprandial glucose / _ *
YpoBeHb /IOK03bl B KPOBY Yepe3 2 Yaca nocne efbl 0.577 0.084 1.780 (1.510 - 2.099) 0.000
Active smoking / AKTuBHOE KypeHue 0.267 0.095 1.306 (1.084 — 1.573) 0.005*
Alcohol consumption / Ynotpebnexve ankorons 0.215 0.106 1.240 (1.008 — 1.527) 0.042*
Energy adequacy intake <80% of RDA / _ *
JHepreTmyecKas LieHHOCTb paumoHa nutaxus, % ot PCH 0.279 0.078 1.322 (1136 - 1.539) 0.000
Intake of oil-derived products >3 times/ day / _ *
loTpebneHne nuLeBbIX Macen oT Tpex pa3 B fieHb 0.169 0.075 1.184 (1.023 -1.371) 0.024
Intake of meat =1 time/day / *
MoTpeGneHe MAC OT O[IHO0 Pasa B ek 0.204 0.082 1.226 (1.044 — 1.440) 0.013
Intake of packaged beverages > 3 packs/day / _ *
lotpebnenue bonee Tpex ynakoBaHHbIX HAMUTKOB B EHb 1.629 D.666 5.09% (1281 10.82) 0.015
Days of walking <5 days/week / _ *
MeHee nATU [Hel X0Ab6bI/MPOrynoK B Hedento 0.199 0.074 1.220 (1.056 - 1.409) 0.007

Abbreviations: SE, standard error; AOR, adjusted odd ratio; Cl, confidence interval.

Note: Binary logistic regression, *p < 0.05.

A66pesuarypbi: CO, craHaapTHan ownbka; COLL, coppekTMpoBaHHoe OTHOLEHHE WaHcos; [, AoBepUTeNbHbII MHTEpBaN.
[pumevarue: buxapHas norvcTuyeckas perpeccus, *p < 0,05.
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HDL. These consistent findings support its role as
an integrative indicator of metabolic dysfunction and
early insulin resistance [17, 18].

Male sex and older age were linked to higher
TyG index values, aligning with evidence of sex- and
age-related differences in fat distribution and insulin
sensitivity. TyG levels tend to rise with age and are
generally higher in men, likely due to greater visceral
fat, which is closely tied to insulin resistance. In
contrast, women-especially premenopausal-store
more subcutaneous fat and benefit from estrogen’s
protective effects, which diminish with age [16,19-21].

Participants without health insurance showed a
lower risk of insulin resistance based on the TyG index,
differing from previous studies that linked insurance
ownership to better glucose control. This discrepancy
may be due to over-reliance on insurance, leading to
reduced health-conscious behavior, or reverse causality,
where individuals at higher metabolic risk are more
likely to obtain insurance, making the insured group
appear more vulnerable [22-25].

Several lifestyle factors were linked to a higher
TyG index, indicating increased insulin resistance risk.
Smoking and alcohol consumption were associated
with elevated TyG levels, consistent with Korean
studies showing higher TyG indices among smokers
and drinkers, especially co-users, even after adjusting
for key health variables [26, 27]. Tobacco use increases
oxidative stress, inflammation, and endothelial
dysfunction, contributing to insulin resistance and
higher triglycerides. Similarly, excessive alcohol
intake disrupts glucose-lipid balance and promotes
liver fat and inflammation, raising TyG and insulin
resistance [26, 28]. In chronic smokers, nicotine disrupts
insulin signaling in muscles, reducing sensitivity and
promoting resistance. Conversely, quitting smoking
improves insulin sensitivity. Alcohol intake impairs
insulin regulation in the brain and liver and increases
gluconeogenesis and lipolysis, thus worsening insulin
resistance [29-32].

Physical inactivity, such as walking less than five
days a week, was linked to a higher TyG index. This
supports evidence that physical activity boosts insulin
sensitivity by improving glucose uptake and reducing
visceral fat. Meta-analyses of clinical trials show
exercise enhances insulin-stimulated glucose use,
especially in muscle. Studies confirm that physical
activity increases muscle glucose uptake and reduces
visceral fat activity, improving overall insulin sensitivity.
Clustering studies also link combined unhealthy
behaviors-like inactivity, smoking, alcohol use, and
poor sleep-to higher insulin resistance and glucose
levels, highlighting their role in raising the TyG index
and contributing to metabolic dysfunction [33-36].

Consumption of meat, packaged beverages, oil-
derived products, and low energy intake were positively
associated with elevated TyG index. A longitudinal
study in Brazil found that high red and processed
meat intake raised the risk of insulin resistance and
type 2 diabetes. Similarly, meta-analyses showed
that high meat consumption increased the risk of
metabolic syndrome, including elevated triglycerides
and insulin resistance, with red meat linked to higher
triglyceride levels [37-40].

Frequent intake of packaged beverages (over three
servings/day) was a strong predictor of elevated TyG
index. This aligns with studies showing that packaged
beverages containing fructose, glucose, high-fructose
corn syrup, sucrose, or aspartame reduce insulin
sensitivity and increase liver fat [41].

Unhealthy fat intake from cooking oils increases
insulin resistance, while replacing it with MUFA or
PUFA can lower the TyG index risk. High fat intake,
especially from reused oil, is linked to elevated TyG.
This study also found that consuming less than 80
% of daily calorie needs increases insulin resistance.
Poor calorie intake, without balanced nutrition, can
impair metabolism and insulin sensitivity. Overall,
both the quantity and quality of diet influence insulin
sensitivity via the TyG pathway [42-45].

The study strengths include a large urban sample
of non-diabetic Indonesian adults, enhancing relevance
for similar settings, and the use of the TyG index as a
practical marker. It also examined various metabolic,
dietary, and lifestyle components. However, its cross-
sectional design limited causal interpretation. Some
associations weakened after adjustment, possibly
due to confounding. Dietary data relied on self-report,
risking bias. Lastly, while useful, the TyG index is an
indirect measure and may not fully capture insulin
resistance complexity.

Future studies should use longitudinal designs
to clarify causality and include objective markers
like inflammation, cortisol, or genetics to uncover
mechanisms beyond the TyG index. Mixed-methods
research may also deepen insight into behavioural
and psychosaocial factors influencing metabolic risk.

Conclusion

A combination of metabolic, dietary, and lifestyle
factors influences insulin resistance among non-
diabetic Indonesian adults. The TyG index effectively
identified individuals at higher risk, highlighting the
need for early screening and targeted interventions to
prevent cardiometabolic complications. By prioritizing
targeted interventions tailored to the unique needs of
this population, the healthcare system can effectively
mitigate the long-term health consequences associated
with insulin resistance.
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pyKonucu: ace asmopel. Bce aBTopbl 03HAaKOMUAKCH € pe3yfibTaTaMu paboTbl M 0406pUIN OKOHYaTeNbHbLI BapnaHT pyKomnucu.

CobniofeHune 3TUMECKUX CTAaHAAPTOB: JaHHOE UccnedoBaHue 6bi510 ogobpeHo KoMUTETOM Mo 3TMKe MeAMLMHCKUX nccne-
[0BaHWN AreHTcTBa MeAMLMHCKUX UCCIe[0BaHNMA U paspaboTok MuHucTepcTBa 3apaBooxpaHeHna MHgoHesun, N2 LB.02.01/2/
KE.169/2021.

(DuHaHcMpoBaHue: UccrefoBaHve NpoBeAeHo 6e3 CrOHCOPCKON NoAAepHKKMU.

KoH®NUKT nHTepecoB: aBTopbl 3aABNAIOT 06 OTCYTCTBUM KOHGIMKTA MHTEPEeCcoB.
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