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ABSTRACT

Background: The triglyceride-glucose (TyG) index and its derivatives, TyG-BMI, TyG-WC, and TyG-WHtR, have
been linked to metabolic syndrome (MetS) in a number of populations and are known to be surrogate markers
for insulin resistance. Their association value, however, can change among various racial and vocational groups.
Objective: To assess the relationship between metabolic syndrome and the triglyceride-glucose index and its
related characteristics in Indonesian police officers.

Methods: 3,600 Indonesian police personnel between the ages of 33 and 70 were evaluated in this cross-
-sectional study (3,201 men and 399 women). The TyG index and its derivatives were computed using an-
thropometric data and fasting blood samples. The harmonized criteria (>3 of 5 components) were used to
define MetS. To ascertain correlations and discriminative capacities, investigations using receiver operating
characteristic (ROC) curves and logistic regression were performed.

Results: Females had greater TyG-WHtR, while males had higher mean values for TyG, TyG-BMI, and TyG-
-WC. In multivariable models, there were no significant correlations between any of the indices and MetS
(p >0.05). Poor discriminative capacities were found by ROC analysis for TyG (AUC = 0.512), TyG-BMI (0.505),

Keywords: TyG-WC (0.518), and TyG-WHtR (0.519).

Insulin resistance Conclusion: The TyG score and its variants did not significantly correlate with MetS in this cross-sectional
Metabolic syndrome study of Indonesian police officers, indicating that TyG-based indices may not be very useful in this particular
Occupational health occupational group. These results underline the necessity for population-specific validation and the evalua-
TyG index tion of alternative risk markers.
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Background

The term “metabolic syndrome” (MetS) refers to a collec-
tion of associated cardiometabolic disorders that raise the
risk of type 2 diabetes and cardiovascular disease, inclu-
ding central obesity, atherogenic dyslipidemia, hyperten-
sion, and hyperglycemia.’

It has become a global pandemic, affecting rough-
ly 20-25% of adults.? Rapid urbanization and lifestyle
changes have contributed to a high burden of MetS in
Southeast Asia. According to harmonized criteria, which
include an ethnicity-specific definition of central obesity
(waist circumference >90 cm for Asian males or >80 cm for
Asian women), a person is typically diagnosed with MetS
if they display at least three of the five risk factors.* This
syndrome is of particular public health concern in occu-
pational groups like police officers, who frequently face
high stress, shift work, and suboptimal diets. For example,
a nationwide survey in Indonesia reported a prevalence
of about 21.7%, and other studies have found even high-
er rates in specific subgroups. The need for targeted pre-
vention in these populations is highlighted by previous
studies showing that the prevalence of MetS is dispropor-
tionately high among law enforcement personnel, such
as approximately 29.5% of Indian police officers (com-
pared to 18.3% of the general population) and approxi-
mately 39% of Thai police officers.*> Indonesian police
officers have been identified as a high-risk occupational
group for MetS due to lifestyle and occupational factors.
Bhayangkara Hospital in Denpasar showed a 68.7% prev-
alence of metabolic syndrome, while Makassar reported
a 41.7% prevalence.?*3 These findings are greater than
the projected 21.66% prevalence of metabolic syndrome
among Indonesian adults.>

Insulin resistance (IR), as a major factor underlying the
metabolic abnormalities of MetS, is well accepted. De-
creased insulin sensitivity in critical tissues results in com-
pensatory hyperinsulinemia, which raises blood pressure,
triglycerides, HDL cholesterol, and blood glucose levels.®
Even though insulin resistance (IR) is a key factor in the
pathogenesis of MetS, IR can be challenging to measure
directly in epidemiological or clinical contexts. A more
straightforward surrogate measure that calculates insulin
resistance from fasting insulin and glucose levels is the
Homeostasis Model Assessment of IR (HOMA-IR), which
necessitates insulin assays that aren’t always easily acces-
sible in real-world settings.® These restrictions have led to
a search for more accessible and alternative IR indicators
in order to better identify those who are at risk for MetS
and its associated consequences. The gold standard for
evaluating insulin sensitivity is the hyperinsulinemic-eu-
glycemic clamp, but its resource-intensive and intrusive
nature renders it unsuitable for everyday use.

The triglyceride-glucose index, or TyG index, is a po-
tentially useful surrogate biomarker for insulin resis-
tance.®® According to validation studies, the TyG index is
a reliable indicator of insulin resistance. A higher TyG in-
dex has also been associated with a higher risk of adverse
outcomes; for example, individuals with higher TyG index
values have a higher chance of developing type 2 diabe-
tes over time, and the TyG index has been associated with
the onset and prognosis of cardiovascular disease in a va-

riety of populations.® To increase the predictive utility of
this marker, several derivative indices that combine TyG
with anthropometric measures of adiposity have been in-
troduced. Notably, the TyG index was shown to correctly
identify insulin-resistant individuals with ~96% sensitivity
and 85% specificity when compared to the glucose clamp
gold standard. These include TyG-WHtR (TyG index x
waist-to-height ratio), TyG-WC (TyG index x waist circum-
ference), and TyG-BMI (TyG index x body mass index)."
The idea behind these composite indices is that adding
an obesity metric could improve risk discrimination by
better capturing the level of adiposity-related insulin re-
sistance. This strategy is supported by new data, which
indicate that TyG-based combination indices frequently
have higher correlations with metabolic diseases than the
TyG index by itself."

Even though the TyG index and its derived parameters
are becoming more and more supported, little is known
about how well TyG and its related indices predict MetS
in Southeast Asian populations, especially within high-
risk professions.> Ethnic differences in body composition
and metabolic risk profiles necessitate local validation of
such surrogate markers, as findings from Western or East
Asian cohorts may not directly generalize to Southeast
Asia. This study was carried out to evaluate the associa-
tion between the metabolic syndrome and the triglycer-
ide-glucose index and its related parameters in Indone-
sian police officers.

Methods

Study design and population

A total of 3,600 Indonesian police officers (3,201 males
and 399 females) from various cities and areas in the pro-
vince of East Java participated in this cross-sectional sur-
vey. As part of a regular medical examination program
for police officers on active duty, participants were ga-
thered. Included were those officers between the ages
of 33 and 70 who had completed the required yearly he-
alth examination. Notably, in order to capture the entire
range of metabolic health status in this cohort, we did
not exclude people who already had diabetes or cardio-
vascular disease. This strategy made sure that the study
sample included people with known metabolic abnorma-
lities and represented real-world circumstances. All par-
ticipants gave written informed consent in accordance
with ethical guidelines, and the study methodology was
approved by the institutional ethics committee.

Data collection

Clinical and anthropometric data were collected by skilled
medical workers in accordance with established proto-
cols.’ Participants were assessed for height and weight
using stadiometers and calibrated scales while wearing
light clothing and no shoes. Their weight (kg) was divi-
ded by their height squared (m?) to calculate their body
mass index (BMI). The participant’s waist circumference
(WC) was measured at the midpoint between the iliac
crest and the lowest rib while they were standing upri-
ght and breathing properly. Using these measures, the
waist-to-height ratio (WHtR) was computed by dividing
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the height (in centimetres) by the waist circumference (in
centimetres). A regular sphygmomanometer (or an auto-
mated blood pressure device) was used to take the pati-
ents’ resting blood pressure on the right arm after they
had been sitting still for at least five minutes. The systolic
blood pressure (SBP) and diastolic blood pressure (DBP) of
each subject were recorded.

Venipuncture was used to obtain fasting blood sam-
ples following an 8-10 hour overnight fast. Standard en-
zymatic assays were used at accredited local clinical labo-
ratories to evaluate important biochemical markers, such
as low-density lipoprotein (LDL) cholesterol, triglycerides,
and fasting plasma glucose.

Index calculations

We looked at three related composite indices and the tri-
glyceride-glucose (TyG) index as indicators of insulin resi-
stance and metabolic risk. The TyG index, which is based
on fasting triglyceride and glucose values, is a simple and
reasonably priced method of identifying insulin resistan-
ce. It has been effective in determining who is at a higher
risk of developing metabolic syndrome.”™ For each par-
ticipant, we calculated the TyG index and its derivatives
using the following formulas:

The TyG index: In [fasting glucose (mg/dL) x fasting tri-
glycerides (mg/dL) / 2]. According to Simental-Mendia et
al.’s original description, this is the natural logarithm of
the product of the triglyceride and glucose values divided
by 2.1

TyG-BMI: TyG index x BMI (kg/m?), which is the result
of multiplying the body mass index by the TyG index."

TyG-WC: TyG index x waist circumference (cm), which
is the result of multiplying the waist circumference by the
TyG index.™

Table 1 - The NCEP ATP Il criteria for metabolic syndrome
Component

Definition

Waist circumference >90 cm (men)
or >80 cm (women)

Abdominal obesity

Hypertriglyceridemia Fasting triglycerides >150 mg/dL

HDL-C <40 mg/dL (men) or <50 mg/dL
(women)

SBP 2130 mmHg or DBP >85 mmHg,
or currently using antihypertensive
medication

Low HDL cholesterol

Elevated blood
pressure

Hyperglycemia Fasting plasma glucose >100 mg/dL

or use of antidiabetic medication

TyG-WHTtR: TyG index x waist-to-height ratio, which is
the product of the waist/height ratio and the TyG index."

Definition of outcome (metabolic syndrome)
A collection of conditions known as the “metabolic syn-
drome” increase the risk of cardiovascular diseases linked
to atherosclerosis, such as peripheral artery disease, insu-
lin resistance, heart attacks, strokes, and type 2 diabetes.
Abdominal obesity, poor insulin function, elevated blood
pressure, and unhealthy cholesterol levels are among the
interconnected metabolic disorders that define it. If a par-
ticipant had three or more of the following five require-
ments, they were categorized as having MetS (Table 1).'¢
These cutoff values are in line with globally recognized
definitions of metabolic syndrome (MetS), modified to ac-
count for Asian-specific criteria.” If a person satisfied at
least three of the previously listed requirements, they were
considered to have metabolic syndrome. Trained medical
professionals verified the presence of MetS components,
and participants receiving treatment for diabetes or hy-
pertension were counted as meeting the glucose or blood
pressure criteria, respectively. Waist circumference cutoff
values vary by ethnicity and sex listed in Table 2.3

Statistical analysis

Descriptive analyses for men and women were conduc-
ted independently. Continuous variables are represented
by the mean = standard deviation (SD). Sex-based diffe-
rences were assessed using the Mann-Whitney U test for
continuous variables, and two-tailed p-values <0.05 were
deemed statistically significant. All analyses were conduc-
ted using IBM SPSS Statistics (Version 29.0, Armonk, NY,
USA). This study did not include subgroups or stratified
analysis.

The association between each TyG-based metric (TyG,
TyG-BMI, TyG-WC, and TyG-WHtR) and the presence of
MetS was assessed using multiple linear regression anal-
ysis. We conducted a comprehensive statistical study in
order to evaluate the predictive power of TyG-based
markers for metabolic syndrome (MetS). The significance
of each predictor was first assessed using t-tests, and
the model as a whole was evaluated using F-tests. The
model fit was evaluated using the coefficient of deter-
mination (R2). To examine the connection between MetS
and each TyG-derived index (TyG, TyG-BMI, TyG-WC, and
TyG-WHTtR), we performed univariate logistic regression
analysis. For each unit increase in each index, we calcu-
lated odds ratios (OR) with 95% confidence intervals (Cl)
for MetS. The diagnostic performance of these indicators
was further evaluated using receiver operating charac-
teristic (ROC) curve analysis. Each index’s area under the

Table 2 - Ethnic specific waist circumference thresholds (cm)

Ethnic group Male (cm)

Europids Male >94 cm
South Asians Male >90 cm
Chinese Male >90 cm
Japanese Male >85 cm

Easter Mediterranean and Middle East

Female (cm)

Female >80 cm
Female >80 cm
Female >80 cm

Female >90 cm

Use European data until more specific data available
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Table 3 - Participant characteristics

Parameter Male (n = 3201)
Age (years) 51.51 + 11.01
Weight (kg) 79.28 £ 11.91
Height (cm) 169.63 = 27.15
BMI (kg/m?) 27.56 £ 4.32
Waist circumference (cm) 89.92 + 10.40
Waist-to-height ratio 0.532 + 0.065
Systolic BP (mmHg) 125.84 + 17.62
Diastolic BP (mmHg) 82.35+ 12.90
Fasting glucose (mg/dL) 105.06 + 49.25

Triglycerides (mg/dL) 179.52 + 123.49
LDL cholesterol (mg/dL) 127.77 + 27.39
TyG Index 9.04 +0.93
TyG-BMI 249.45 + 48.21
TyG-WC 812.69 + 121.84
TyG-WHtR 4.81+0.74

Female (n = 399) p-value
51.02 + 10.72 0.414
70.03 + 11.69 <0.001
159.10 + 6.37 <0.001
27.48 + 5.71 0.183
90.46 + 10.64 0.650
0.570 £+ 0.075 <0.001
120.21 + 18.69 <0.001
78.95 + 11.08 <0.001
98.42 + 42.47 <0.001
137.97 +£91.14 <0.001
128.04 + 27.27 0.886
8.65 + 0.63 <0.001
238.42 + 55.71 <0.001
782.35 + 106.29 <0.001
493 +0.72 <0.001

BMI - body mass index; BP — blood pressure; TyG - triglyceride-glucose; WC - waist circumference; WHtR - waist-to-height ratio.

Values are presented as mean = standard deviation.

ROC curve (AUC) and its corresponding 95% confidence
intervals (Cls) were computed. Perfect discrimination is
shown by an AUC of 1.0, whilst no discriminative capac-
ity beyond chance is implied by an AUC of 0.5. Finally,
we performed a statistical evaluation of the AUC values
among indices to identify which index, if any, demon-
strated superior predictive accuracy for MetS detection.
We were able to completely evaluate each TyG-based in-
dex’s diagnostic accuracy and association strength with
MetS because to this multifaceted analytical technique.

Results

Participant characteristics

A total of 3,600 Indonesian police officers were analy-
zed, consisting of 3,201 males (88.9%) and 399 females
(11.1%). The mean age was comparable between sexes
(males: 51.51 = 11.01 years; females: 51.02 + 10.72 years,
p = 0.414). Male participants were significantly heavier
(79.28 + 11.91 kg vs. 70.03 + 11.69 kg, p < 0.001) and taller
(169.63 = 27.15 cm vs. 159.10 = 6.37 cm, p < 0.001) than
female participants. BMI did not significantly differ be-
tween sexes (27.56 x 4.32 kg/m? males vs. 27.48 + 5.71
kg/m2? females, p = 0.183). Waist circumference was simi-
lar between males (89.92 + 10.40 cm) and females (90.46
+ 10.64 cm, p = 0.650), but females had a substantially
greater waist-to-height ratio (0.570 = 0.075) than males
(0.532 £ 0.065, p < 0.001).

Regarding blood pressure parameters, the systolic
blood pressure (SBP: 125.84 + 17.62 mmHg vs. 120.21
+ 18.69 mmHg, p < 0.001) and diastolic blood pressure
(DBP: 82.35 + 12.90 mmHg vs. 78.95 + 11.08 mmHg, p <
0.001) of males were substantially higher than those of
females. Males also showed significantly higher triglycer-

ides (179.52 + 123.49 mg/dL vs. 137.97 + 91.14 mg/dL, p <
0.001) and fasting glucose (105.06 + 49.25 mg/dL vs. 98.42
+ 42.47 mg/dL, p < 0.001). Male and female LDL choles-
terol values were similar (127.77 + 27.39 mg/dL vs. 128.04
+ 27.27 mg/dL, p = 0.886).

Males had significantly higher levels of all TyG-based
indices, with the exception of TyG-WHtR: TyG Index (9.04
+ 0.93 vs. 8.65 + 0.63, p <0.001), TyG-BMI (249.45 + 48.21
vs. 238.42 £ 55.71, p <0.001), and TyG-WC (812.69 + 121.84
vs. 782.35 + 106.29, p <0.001). Conversely, TyG-WH1R was
significantly higher among females (4.93 = 0.72) com-
pared to males (4.81 = 0.74, p <0.001). Table 3 provides
a summary of the detailed descriptive characteristics.

Association of TyG indices

In multiple logistic regression analyses using the combi-
ned dataset, none of the TyG indices showed a significant
association with metabolic syndrome (MetS). Specifically,
the TyG index (p = 0.605), TyG-BMI (p = 0.412), TyG-WC
(p = 0.737), and TyG-WHtR (p = 0.964) each demonstra-
ted non-significant associations with MetS. The combi-
ned regression model incorporating all four indices also
indicated no significant predictive capability (F = 0.611,
p = 0.655) and explained only a minimal fraction of the
variance (R2=0.001).

ROC curve analysis

The poor discriminative power of the investigated indices
was validated by the examination of ROC curves for MetS
prediction.

The TyG index (AUC = 0.512, p = 0.216), TyG-BMI (AUC
=0.505, p = 0.597), TyG-WC (AUC = 0.518, p = 0.059), and
TyG-WHtR (AUC = 0.519, p = 0.053) all showed low practi-
cal associative utility. None of these indices significantly
exceeded the baseline discriminatory capability of 0.50,
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Fig. 1 - ROC curves for TyG-derived indices

Table 4 - ROC curve analysis for predicting metabolic syndrome

Variable AUC  95% confidence interval  p-value
TyGindex 0.512  0.493-0.531 0.216
TyG-BMI 0.505 0.486-0.524 0.597
TyG-WC 0.518  0.499-0.537 0.059
TyG-WHtR  0.519  0.500-0.537 0.053

AUC - area under the ROC curve; BMI - body mass index;
TyG - triglyceride-glucose; WC — waist circumference; WHtR —
waist-to-height ratio.

confirming their limited usefulness in identifying MetS
within this population. The ROC results are detailed in
Figure 1 and Table 4.

Discussion

Interpretation of key findings

With AUC values ranging from 0.505 to 0.519 and no sig-
nificant relationships in multivariable models (p >0.05),
the TyG index and its derivatives showed weak predictive
connection for metabolic syndrome in Indonesian police
officers, an unexpected conclusion of the current study.
TyG indices generally show excellent discriminative abi-
lity for MetS, with AUC values consistently exceeding
0.80-0.87 in diverse populations.’®2° This stands in stark
contrast to the established literature. The discrepancy be-
tween our findings and the larger body of evidence calls
for careful consideration of population-specific factors
that may account for this anomaly.

Population-specific and occupational factors

The unique characteristics of this police officer cohort li-
kely contributed to the poor performance of TyG indices.
Police officers represent a specialized occupational group
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subject to chronic stress, irregular shift patterns, and fre-
quent exposure to suboptimal dietary conditions during
extended duties.?’ These occupational stressors can inde-
pendently elevate blood pressure and alter lipid metabo-
lism through pathways not directly captured by insulin
resistance markers.?’ Consequently, many officers may
develop MetS primarily through stress-induced hyperten-
sion and altered HDL cholesterol rather than through the
insulin resistance pathway that TyG indices are designed
to detect. Several pathways of IR could be from imbalan-
ced lipid metabolism in PKB an MAPK signalling pathwa-
ys and from T-cell polarization which increase several pro-
-inflammatory factors.?'

The "healthy worker effect” may have further influ-
enced our results by creating a homogenized risk pro-
file.?" Active-duty police officers undergo regular fitness
assessments and health screenings, potentially filtering
out individuals with extreme metabolic phenotypes. This
selection bias could compress the range of TyG values and
MetS severity, reducing the statistical power to detect
meaningful associations between insulin resistance mark-
ers and metabolic outcomes. In contrast, similar study
conducted in Thailand with 7,852 participants revealed
that increased levels of the eight IR surrogate markers,
a predictor of both hypertension and MetS, were associ-
ated with increased prevalence of both disorders among
Thai police officers. The TyG-BMI index was the most ef-
fective surrogate for predicting hypertension, while the
TyG-WC index was the most effective surrogate for pre-
dicting MetS.8

Age-related considerations

The mean age of approximately 51 years in our cohort
represents a critical factor in interpreting these results.
Meta-analyses demonstrate that TyG index performance
varies significantly with age, showing stronger predictive
value in younger populations.?*?* In older adults, metabo-
lic syndrome becomes increasingly prevalent and multi-
factorial, with age-related metabolic changes potentially
diminishing the discriminative power of insulin resistance
markers.?* Cardiovascular and all-cause mortality were
significantly correlated with the TyG index, with the co-
rrelation being highest among individuals aged under 65.
In this age group, the TyG index had a non-linear conne-
ction with all-cause mortality, although cardiovascular
mortality exhibited a positive correlation.3® The impor-
tance of insulin resistance in the development of MetS
may be obscured by the high incidence of hypertension
and dyslipidemia in middle-aged populations, particular-
ly when other risk factors are more common.

Sex-specific differences and methodological
limitations

Our predominantly male cohort (89%) limited the ability
to detect sex-specific patterns in TyG index performan-
ce. With women frequently exhibiting distinct thresholds
and associations in comparison to men, emerging eviden-
ce points that the association between metabolic out-
comes and TyG indices varies significantly by sex.?*%¢ The
small female subsample may have masked important sex-
-specific predictive association patterns that could inform
targeted screening approaches. Several biological factors
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which may contribute in term of sex differences such as
hormonal differences, androgens, visceral adiposity, and
endothelial disfunction.3

The cross-sectional design represents a fundamental
limitation in assessing the predictive utility of TyG indices
because of its poor predictive association. Cross-sectional
analyses may not capture the temporal relationship be-
tween insulin resistance and metabolic syndrome mani-
festation, even though longitudinal studies show that
TyG can effectively predict incident MetS development.?
The binary, threshold-based definition of MetS may also
create artificial boundaries that obscure the continuous
relationship between TyG indices and metabolic risk.

Clinical and research implications

These findings demonstrate how crucial population-spe-
cific validation is prior to the use of screening instruments
in clinical settings. In a primary care context, the TyG in-
dex might be a helpful screening tool for determining
normal-weight people who might be at higher risk of car-
diometabolic disease.?® TyG indices’ failure in this cohort
raises the possibility that complementary or alternative
biomarkers may be required for metabolic risk assessment
in comparable occupational populations.?’” Future studies
should concentrate on creating composite risk scores that
include age-adjusted thresholds, population-specific cut-
-off values, and occupational stressors.

Study limitations and future directions

This study has a number of limitations. First, this study did
not evaluate the medical history, physical activity, or die-
tary practices that could have affected the outcome. Fur-
thermore, because only 11% of participants were female,
gender stratified analyses were not performed, which
could have an impact on some possible risk variables and
health disparities that could be included in this popula-
tion-level analysis. Second, the cross-sectional nature of
the current study precludes its applicability for investiga-
ting causality. In order to enhance the study’s findings,
we recommend that future research use longitudinal
studies, evaluate dietary practices, physical activity, and
medical history, and possibly incorporate inflammatory
metrics like CRP.

Furthermore, measuring hsCRP levels helps refine
cardiovascular disease (CVD) risk stratification, indepen-
dent of baseline TyG index values, and vice versa. These
findings highlight how crucial it is to evaluate the TyG
index and hsCRP together in clinical practice for primary
CVD prevention. While TyG-based indices serve as useful
screening tools in various settings, their universal appli-
cability should not be presumed. Thus, rigorous valida-
tion in specific populations is essential before widespread
clinical adoption.™

Conclusion

In this cross-sectional study of Indonesian police officers,
the TyG score and its derived parameters showed no sig-
nificant associative ability to diagnose metabolic syndro-

me, with AUC values approximating chance (0.505-0.519).
These findings contrast with prior international studies
reporting strong associations between TyG indices and
MetS, suggesting that their utility may be population-
-specific. Key factors such as occupational stressors (e.g.,
shift work, chronic stress), the cohort’s male predomi-
nance, and unmeasured lifestyle confounders (e.g., diet,
physical activity) may explain this divergence. Clinically,
these results underscore that TyG-based markers — whi-
le valuable in other settings — require rigorous validation
in specific subgroups before implementation. In order to
better identify MetS drivers in high-risk occupational ca-
tegories, future research should use longitudinal designs
to evaluate causal correlations, incorporate more biomar-
kers (e.g., inflammatory markers like hsCRP), and include
a wider demographic representation, especially among
women. Until then, alternative screening strategies tai-
lored to this population’s unique risk profile should be
explored.
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