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Abstract

Introduction: Insulin resistance (IR) is a multifactorial clinical condition that contributes to the development of various pathological
processes. This study aims to assess the associations between different sociodemographic variables, healthy habits, and stress
with the values of three IR risk scales.

Materials and Methods: A descriptive cross-sectional study was conducted with 24,224 Spanish workers, evaluating how
sociodemographic variables (age, gender, and socioeconomic status), healthy habits (smoking, alcohol consumption, physical
activity, and adherence to the Mediterranean diet), and stress correlate with IR risk scales such as the triglyceride-glucose index
(TyG), the metabolic IR scale (METS-IR), and the single-point insulin sensitivity estimator (SPISE-IR).

Results: All the variables studied showed associations with the values of the three IR risk scales, with the highest odds ratios
observed for age and gender.

Conclusions: According to our results, the IR risk profile would be characterized by an older male, from a lower socioeconomic
status, who smokes, consumes significant amounts of alcohol, is sedentary, has low adherence to the Mediterranean diet, and
experiences stress.
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Resumen

Introduccion: La resistencia a la insulina (Rl) es una entidad clinica multifactorial que esta en la génesis de diversos procesos
patoldgicos. El objetivo de este estudio es valorar como se asocian diferentes variables sociodemogréficas, habitos saludables y
estrés con los valores de tres escalas de riesgo de Rl.

Material y métodos: Se realiza un estudio descriptivo y transversal en 24224 trabajadores espafioles en los que se valora como
se asocian variables sociodemogréficas (edad, género y estatus socioecondmico), habitos saludables (tabaco, alcohol, ejercicio
fisico y dieta mediterranea) y estrés con escalas de riesgo de Rl como el indice triglicéridos glucosa, la escala metabdlica de Rl
(METS-IR) y el estimador de sensibilidad a la insulina de un solo punto (SPISE-IR).

Resultados: Todas las variables estudiadas muestran asociacion con los valores de las tres escalas de R, las odss ratio mas
altas se observan para edad y género.

Conclusiones: Segun nuestros resultados el perfil de riesgo de Rl serfa un varén, de edad avanzada, perteneciente al estatus
socioeconémico mas desfavorecido, fumador, consumidor importante de alcohol, sedentario, con baja adherencia a la dieta
mediterranea y con estrés.

Palabras clave: Resistencia a la insulina, variables sociodemograficas, consumo de alcohol, estrés, TyG index, METS-IR, SPISE-IR.
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Introduction

Insulin resistance (IR) is a metabolic disorder in which
peripheral tissues, particularly skeletal muscle, the
liver, and adipose tissue, lose their ability to respond
efficiently to insulin', This condition has gained significant
attention over the past decade due to its central role
in the development of various metabolic diseases
and its substantial contribution to the global burden
of chronic non-communicable diseases?®. Clinically,
IR is closely associated with type 2 diabetes mellitus
(T2DM), obesity, metabolic syndrome, and a range of
cardiovascular diseases, underscoring the importance
of understanding its mechanisms, risk factors, and
diagnostic methods®,

Insulinis a peptide hormone produced by the (3-cells of the
pancreatic islets of Langerhans, essential for regulating
blood glucose homeostasis. It facilitates glucose uptake
in peripheral tissues, promotes glycogen storage in
the liver and skeletal muscle, and regulates lipolysis
in adipose tissue*. IR occurs when, despite normal or
elevated insulin levels, cells cannot adequately respond
to the insulin signal. This inefficiency forces the pancreas
to produce additional insulin in a compensatory attempt
to maintain normoglycemia. However, this overproduction
is unsustainable, and many individuals ultimately develop
hyperglycemia, which over time contributes to the onset
of type 2 diabetes®.

IR has a significant and rising prevalence worldwide, a
trend closely linked to the global increase in obesity and
sedentary lifestyles®. In the United States and Europe,
it is estimated that up to one-third of adults have some
degree of IR. This prevalence is higher among individuals
with obesity, and the risk increases proportionally with the
accumulation of adipose tissue, particularly abdominal or
visceral obesity, which is identified as a high-risk factor
for IR development. Globally, IR rates are also rising in
developing countries such as China, Brazil, and Mexico,
where dietary transitions toward high-calorie foods and
reduced physical activity have led to increased obesity
rates and, consequently, IR’

The impact of IR is not limited to adults. Recent studies
have shown a considerable increase in IR prevalence
among children and adolescents, largely correlating with
rising rates of overweight and childhood obesity. This
shift in the epidemiology of IR in younger populations is
concerning not only for child health but also for its long-
term effects, as young people with IR are at much higher
risk of developing T2DM, cardiovascular disease, and
other metabolic comorbidities in adulthood®,

The pathophysiology of IR is complex and multifactorial,
involving a series of dynamic molecular and cellular
mechanisms. At the cellular level, insulin signaling begins
when the hormone binds to its specific receptor on the
plasma membrane of target cells. This event triggers

a signaling cascade, including the phosphorylation
of several intracellular mediators, notably the
phosphoinositide 3-kinase (PIBK)° pathway and protein
kinase B (AKT)'°, both essential for the translocation
of glucose transporters like GLUT4 to the cell surface,
facilitating glucose uptake'.

In IR conditions, this signaling process is disrupted
by several factors, including chronic low-grade
inflamsnmation, elevated circulating free fatty acids, and
lipid accumulation in  peripheral tissues™. Chronic
inflammation is exacerbated by the release of pro-
inflammatory cytokines, such as tumor necrosis factor-
alpha (TNF-a)'® and interleukin-6 (IL-6)'*, which interfere
with insulin signaling mechanisms. Additionally, the
accumulation of free fatty acids and lipids in muscle and
liver disrupts insulin signaling through lipotoxicity and
oxidative stress’®,

Insulin resistance is also frequently accompanied by
mitochondrial dysfunction and endoplasmic reticulum
stress, further exacerbating insulin signaling alterations.
These interconnected pathophysiological mechanisms
create a vicious cycle that contributes to the progression
of IR and its metabolic complications, highlighting IR'’s
complexity as a multifactorial disorder involving both
genetic and environmental factors'®.

Diagnosis of IR in clinical practice and research faces
several challenges, largely due to the lack of a universally
accepted method and the complexity of assessing insulin
sensitivity. However, several direct and indirect methods
are used to evaluate IR. The euglycemic-hyperinsulinemic
clamp is considered the reference or “gold standard” for
measuring insulin sensitivity. This procedure involves the
continuous infusion of insulin and glucose at controlled
rates, allowing for the evaluation of the amount of glucose
needed to maintain normoglycemia under constant
hyperinsulinemia. While this technique provides an
accurate measure of insulin sensitivity, its use is limited
outside research settings due to its complexity, high
cost, and resource requirements'”,

In clinical practice, less complex indirect methods are
commonly used to estimate IR, with the Homeostatic
Model Assessment for Insulin Resistance (HOMA-
IR), calculated from fasting glucose and insulin levels,
being one of the most widely applied'®. Other indices,
such as the Matsuda insulin sensitivity index'® and the
Quantitative Insulin Sensitivity Check Index (QUICKI)?,
are also employed and validated across different
populations. These methods are practical and accessible
for monitoring IR in clinical settings, though they are less
precise than the euglycemic-hyperinsulinemic clamp.
Indices like the triglyceride-glucose (TyG) index?!, the
metabolic score for IR (METS-IR)??, and the single-point
insulin - sensitivity estimator (SPISE-IR)*® have gained
popularity due to their simplicity and good correlation with
reference methods.
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The clinical implications of IR are broad and significant, as
it is a major risk factor for various chronic diseases. The
relationship between IR and type 2 diabetes mellitus is
particularly relevant, given that nearly 90% of individuals
with T2DM have some degree of IR. This disorder is one
of the main pathophysiological pathways contributing
to diabetes progression in predisposed individuals,
and once chronic hyperglycemia is established, the
risk of microvascular and macrovascular complications
increases considerably?,

IR also plays a central role in the development of metabolic
syndrome, a constellation of risk factors including central
obesity, dyslipidemia, hypertension, and hyperglycemia®®,
This syndrome is associated with a significantly higher
risk of cardiovascular disease and mortality, highlighting
the relevance of IR in the pathogenesis of atherosclerotic
disease and other cardiovascular complications. In
patients with IR, an atherogenic lipid profile is commonly
observed, characterized by elevated triglycerides and
low-density lipoproteins  (LDL), along with reduced
high-density lipoproteins (HDL). Moreover, endothelial
dysfunction and arterial stiffness, both consequences of
IR, contribute to the development of hypertension and
other cardiovascular disorders®,

The objective of this study is to understand how certain
sociodemographic variables, health habits, and stress
are associated with the risk of insulin resistance as
determined by the TyG index, METS-IR, and SPISE-IR.

Figure 1: Flow chart of the participants.

Material and methods

Our research utilized an observational, cross-sectional,
and descriptive study design, involving 24,224 workers
from various labor sectors across different regions of
Spain. The sample included 12,536 men and 11,688
women, selected from among those who participated
in their companies' mandatory annual medical exams,
which were conducted as part of the study. Data
collection occurred between January 2019 and June
2020.

All analytical, anthropometric, and clinical variables were
collected by health professionals from the participating
companies, with protocols standardized to minimize
inter-observer bias.

The following inclusion criteria were applied:

- Age between 18 and 69 years (working age).

- Employment in one of the participating companies,
without temporary incapacity at the time of data
collection.

- Avallability of all variables required to calculate different
cardiovascular risk scores.

- Agreement to participate in the study and consent to
data use for epidemiological research.

Participant selection for both studies is shown in the flow
chart (Figure 1).

24,641
(12,776 men and 11,865 women) e o 23 evrvg;e Z';drz';)}i 5 —_ 94 did not agree to participate
started the study y 9
24,224

289 lacked a parameter
for calculating scalestro

Determination of variables

The occupational health staff of the companies
participating in the study was responsible for collecting
the necessary data through:

- Medical History: A detailed record was gathered
that included sociodemographic data (age, gender,
type of occupation) and health-related factors, such

e

(12,536 men and 11,688 women)
finally entered the study

as tobacco use, physical activity, adherence to the
Mediterranean diet, and stress levels.

- Physical and Clinical Measurements: Measurements of
height, weight, waist and hip circumference, as well as
systolic and diastolic blood pressure, were recorded.

- Laboratory Analysis: Tests were conducted to obtain
lipid profiles and blood glucose levels.
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To avoid bias, measurement techniques were
standardized. Height and weight were measured using
a SECA 700 scale and a SECA 220 stadiometer, with
participants in their underwear, following international
ISAK standards. Values were recorded in centimeters
and kilograms.

Waist circumference was measured with a SECA
measuring tape, positioned between the last rib and the
liac crest, with participants standing and relaxed. Hip
circumference was measured similarly, placing the tape
at the widest part of the buttocks.

Blood pressure was measured using an OMRON-M3
sphygmomanometer. Participants were seated, rested for
10 minutes, with their arm at heart level, legs uncrossed,
and without having consumed food, tobacco, alcohal, or
tea in the past hour. Three measurements were taken at
one-minute intervals, and the average was recorded as
the final value.

Blood samples were obtained by venipuncture after
a 12-hour fast, processed, and refrigerated for a
maximum of 48 to 72 hours. Analyses were performed
in reference laboratories using standardized methods:
triglycerides, total cholesterol, and glucose were
measured enzymatically, while HDL was assessed
through precipitation methods. LDL was calculated using

Table I: Characteristics of the population.

Men n=12536

Mean (SD)
Age (years) 45.8 (8.6)
Height (cm) 173.5(6.7)
Weight (kg) 82.3(13.5)
Waist circumference (cm) 96.0 (10.7)
Hip circumference (cm) 105.7 (10.9)
Systolic blood pressure (mmHg) 134.5 (18.5)
Diastolic blood pressure (mmHg) 81.2 (11.7)
Total cholesterol (mg/dL) 201.9 (38.9)
HDL-cholesterol (mg/dL) 50.7 (11.3)
LDL-cholesterol (mg/dL) 125.8 (44.6)
Triglycerides (mg/dL) 129.9 (89.0)
Glucose (mg/dL) 94.8 (21.7)

%

< 30 years 3.8
30-39 years 19.8
40-49 years 39.3
50-69 years 37.1
White collar 6.8
Blue collar 93.2
Non smokers 71.5
Smokers 28.5
Non physical activity 47.5
Yes physical activity 5215
Non Mediterranean diet 49.5
Yes Mediterranean diet 50.5
Non alcohol consumption 60.3
Yes alcohol consumption 39.7
Non stress 76.2
Yes stress 23.8

HDL High density lipoprotein. LDL Low density lipoprotein. SD Standard deviation.

the Friedewald formula when triglycerides were below
400 mg/dL; if higher, it was measured directly. Analytical
variables were expressed in mg/dL.

The insulin resistance risk scales listed below were
applied:

- TyG index?’. TyG= LN (triglycerides x glycaemia/2) is
considered high risk at 8.5

- Metabolic score for insulin resistance (METS-IR)®,
METS-IR = Ln(2 x glucose) + triglycerides x BMI)/
(Ln(HDL-c). High values are defined as 50 and above.

- Single-Point insulin Sensitivity estimator (SPISE-IR).
SPISE = (=600 x HDLY'8/triglycerides®? x BMI'3%),
SPISE-IR?® = 10/SPISE is considered high risk at
1.51

The job category was determined based on
the recommendation of the Spanish Society of
Epidemiology, using the 2011 National Classification of
Occupations: non-manual workers include executives
and university professionals, while the rest are classified
as manual workers®,

To determine smoking habits, individuals were classified
as smokers if they had consumed at least one cigarette
daily (or its equivalent) in the past thirty days or had quit
smoking less than a year ago.

Women n=11688

Mean (SD) p-value
44.0 (8.7) <0.001
161.7 (6.1) <0.001
66.1 (12.7) <0.001
88.5 (15.0) <0.001
103.6 (12.2) <0.001
122.0 (16.9) <0.001
75.4 (10.9) <0.001
196.2 (35.2) <0.001
60.0 (12.8) <0.001
118.5 (31.2) <0.001
88.6 (51.8) <0.001
89.3 (16.6) <0.001
% p-value
6.7 <0.001
21.5
45.5
26.3
80.7 <0.001
19.3
73.9 <0.001
26.1
49.9 <0.001
50.1
43.1 <0.001
56.9
78.3 <0.001
21.7
83.8 <0.001
16.2
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Alcohol consumption was quantified using standard drink
units, the reference method at all levels of care. This
system allows for a quick measurement of alcohol intake,
converting it to grams of pure alcohal. In Spain, one
standard drink unit equals 10 grams of alcohol, equivalent
to a glass of wine (100 ml), champagne (100 ml), or beer
(200 ml), and half a measure of spirits or cocktails (25 ml).
Exceeding 35 standard units per week for men and 20 for
women poses a significant long-term health risk®!,

Adherence to the Mediterranean diet was assessed
using the PREDIMED questionnaire, consisting of 14
questions with scores of O or 1. A score of nine or higher
indicated high adherence®,

Physical activity was evaluated with the International
Physical Activity Questionnaire (IPAQ), which examines
the frequency, duration, and intensity of physical activity
in the last seven days, including time spent walking
and sitting®.

Stress levels were assessed using Cohen's Perceived
Stress Scale (PSS), a widely used 10-item tool for
measuring daily stress across various cultural contexts®,

Statistical Analysis

A descriptive analysis of categorical variables was
conducted using frequencies and distributions.
Normality of the sample was tested, and the mean
and standard deviation were calculated for quantitative
variables. Bivariate associations were analyzed with
Student's t-test and the chi-square test for proportions.
Variables associated with atherogenic risk were analyzed
using multinomial logistic regression and the Hosmer-
Lemeshow goodness-of-fit test. SPSS  software
version 29.0 was used for all statistical analyses, with a
significance level of 0.05.

Ethical Considerations

The study adhered to the ethical guidelines of the
Declaration of Helsinki. Approval was obtained from
the Ethics and Research Committee of the Balearic
Islands (CEI-IB), under identifier IB 4383/20. Participants
provided written and verbal consent after receiving
detailed information on the study’s objectives.

To protect confidentiality, data were stored with unique
codes known only to the project coordinator, ensuring
participant anonymity in reports. The team guaranteed

Table 11: Mean values of insulin resistance risk scales According sociodemographic variables, healthy habits and stress by gender.

TyG index

Men n Mean (SD) p-value
< 30 years 472 8.09 (0.40) <0.001
30-39 years 2484 8.36 (0.56)

40-49 years 4924 8.56 (0.61)

50-69 years 4656 8.69 (0.58)

White collar 848 8.40 (0.56) <0.001
Blue collar 11688 8.56 (0.60)

Non smokers 8960 8.50 (0.59)

Smokers 3576 8.68 (0.60)

Non physical activity 5952 8.67 (0.61) <0.001
Yes physical activity 6584 8.45 (0.57)

Non Mediterranean diet 6205 8.63 (0.61) <0.001
Yes Mediterranean diet 6331 8.49 (0.56)

Non alcohol consumption 7556 8.51 (0.61) <0.001
Yes alcohol consumption 4980 8.60 (0.58)

Non stress 9552 8.52 (0.60) <0.001
Yes stress 2984 8.64 (0.59)

Women n Media (dt) p-value
< 30 years 776 7.98 (0.41) <0.001
30-39 years 2516 8.03 (0.43)

40-49 years 5320 8.13(0.48)

50-69 years 3076 8.39 (0.50)

White collar 2260 7.98 (0.42) <0.001
Blue collar 9428 8.21 (0.50)

Non smokers 8640 8.14 (0.50) <0.001
Smokers 3048 8.23 (0.47)

Non physical activity 5840 8.23 (0.51) <0.001
Yes physical activity 5848 8.10 (0.46)

Non Mediterranean diet 5038 8.20 (0.50) <0.001
Yes Mediterranean diet 6650 8.12 (0.47)

Non alcohol consumption 9152 8.12 (0.48) <0.001
Yes alcohol consumption 2536 8.31 (0.49)

Non stress 9800 8.15 (0.49) <0.001
Yes stress 1888 8.25 (0.48)

METS-IR SPISE-IR

Mean (SD) p-value Mean (SD) p-value
34.05 (5.77) <0.001 1.37 (0.32) <0.001
38.14 (7.17) 1.63 (0.44)

40.60 (8.19) 1.79 (0.51)
4217 (7.66) 1.87 (0.47)
38.87 (7.99) <0.001 1.64 (0.48) <0.001
40.56 (7.94) 1.78 (0.49)
40.18 (7.79) 1.75 (0.48)
41.12 (8.31) 1.83 (0.51)
42.31 (8.21) <0.001 1.89 (0.51) <0.001
38.76 (7.32) 1.67 (0.44)
42.23 (8.20) <0.001 1.84 (0.50) <0.001
38.95 (7.36) 1.71 (0.52)
39.83 (7.99) <0.001 1.74 (0.50) <0.001
41.38 (7.80) 1.83 (0.47)
39.62 (7.67) <0.001 1.73(0.48) <0.001
43.10 (8.26) 1.92 (0.50)

Media (dt) p-value Media (dt) p-value
30.49 (5.88) <0.001 1.20 (0.31) <0.001
33.20 (7.55) 1.35 (0.45)

35.11 (7.77) 1.46 (0.46)
36.67 (8.16) 1.58 (0.48)
31.25 (6.61) <0.001 1.23(0.37) <0.001
35.65 (7.94) 1.50 (0.47)
34.63 (8.08) 1.44 (0.48) <0.001
35.28 (7.32) 1.47 (0.42)
36.54 (8.39) <0.001 1.55 (0.50) <0.001
33.07 (6.94) 1.35 (0.40)
36.40 (8.37) <0.001 1.50 (0.51) <0.001
33.16 (6.95) 1.38 (0.40)
37.61 (8.75) <0.001 1.62 (0.52) <0.001
34.02 (7.45) 1.40 (0.44)
37.36 (7.46) <0.001 1.42 (0.44) <0.001
37.07 (9.50) 1.59 (0.56)

TyG Triglyceride Glucose index. METS-IR Metabolic score for insulin resistance. SPISE-IR Single-Point insulin Sensitivity estimator. SD Standard deviation.
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the rights to access, rectification, cancellation, and
opposition of data, in compliance with Organic Law
3/2018 on Data Protection.

Results

Table | provides an overview of the anthropometric and
clinical data of the 24,224 workers (12,536 men and
11,688 women) in the study. The average age was 45
years, with most participants between 40 and 69 years
old. Men demonstrated less favorable anthropometric,
clinical, and analytical indicators. Manual laborers
were the largest occupational group, and around
27% of participants were smokers (28.5% of men and
26.1% of women). More than half reported engaging
in physical activity and following a Mediterranean diet,
while alcohol intake and stress levels were notably
higher in men. These differences were statistically
significant (p < 0.001).

Tables Il and Il show the mean values and the
prevalence of elevated values in the insulin resistance

(R) risk scales according to sociodemographic
variables, healthy habits, and stress. In both tables, the
same trend is observed: an increase in the values of
the IR risk scales as age increases, as socioeconomic
status decreases, with the presence of unhealthy habits
(smoking, alcohol consumption, sedentary lifestyle,
and low adherence to the Mediterranean diet), or in the
presence of stress. In all cases, the values are lower in
women. The observed differences are statistically highly
significant (p<0.001).

The results of the multinomial logistic regression are
presented in table IV. The dependent variables are
the IR risk scales, and the independent variables
include age, gender, type of work, smoking, alcohol
consumption,  physical exercise, Mediterranean
diet adherence, and stress. To identify any potential
confounding variables, additional analyses were
conducted by stratifying the variables included in the
model; none were found to act as confounders. Al
analyzed variables showed an association with the
IR risk scales (p<0.001), with the highest odds ratios
corresponding to age and gender.

Table IlI: Prevalence of high values of insulin resistance risk scales According sociodemographic variables, healthy habits and stress by gender.

TyG index high

Men n % p-value
< 30 years 472 4.24 <0.001
30-39 years 2484 21.25

40-49 years 4924 30.95

50-69 years 4656 39.78

White collar 848 21.70 <0.001
Blue collar 11688 32.00

Non smokers 8960 27.81

Smokers 3576 40.04

Non physical activity 5952 38.71 <0.001
Yes physical activity 6584 24.61

Non Mediterranean diet 6205 36.41 <0.001
Yes Mediterranean diet 6331 25.92

Non alcohol consumption 7556 30.44 <0.001
Yes alcohol consumption 4980 32.61

Non stress 9552 29.33 <0.001
Yes stress 2984 37.60

Women n % p-value
< 30 years 776 3.61 <0.001
30-39 years 2516 7.15

40-49 years 5320 11.43

50-69 years 3076 32.59

White collar 2260 6.37 <0.001
Blue collar 9428 16.15

Non smokers 8640 12.87 <0.001
Smokers 3048 15.09

Non physical activity 5840 16.58 <0.001
Yes physical activity 5848 10.33

Non Mediterranean diet 5038 15.87 <0.001
Yes Mediterranean diet 6650 11.56

Non alcohol consumption 9152 11.28 <0.001
Yes alcohol consumption 2536 21.45

Non stress 9800 12.12 <0.001
Yes stress 1888 20.33

METS-IR high SPISE-IR high
% p-value % p-value

0.24 <0.001 0.21 <0.001
8.37 10.47

12.84 18.60

15.46 22.51

12.66 <0.001 13.68 <0.001
9.91 18.07

11.74 16.52

14.32 20.92

17.54 <0.001 24.19 <0.001
7.90 11.97

16.58 <0.001 23.20 <0.001
8.83 13.89

11.81 <0.001 16.89 <0.001
13.49 19.12

10.13 <0.001 15.22 <0.001
19.97 25.94

% p-value % p-value

0.16 <0.001 0.11 <0.001
3.97 5.09

4.89 6.02

7.28 10.40

5.73 <0.001 3.01 <0.001
1.95 7.42

4.30 5.91 <0.001
5.24 6.81

712 <0.001 8.84 <0.001
2.87 4.31

6.87 <0.001 8.51 <0.001
3.28 4.89

3.76 <0.001 5.03 <0.001
9.46 12.15

4.08 <0.001 5.59 <0.001
9.75 11.65

TyG Triglyceride Glucose index. METS-IR Metabolic score for insulin resistance. SPISE-IR Single-Point insulin Sensitivity estimator.
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Discussion

In our study, all analyzed variables are associated with IR
risk scale values, particularly age and gender.

Age is a determining factor in IR, as insulin sensitivity
tends to decline with aging in both men and women.
This phenomenon is linked to a progressive decrease
in muscle mass and function, an increase in visceral fat,
and a tendency toward lower physical activity levels, all of
which contribute to IR*. using TyG and METS-IR indices
show that older individuals have elevated index values,
indicating higher IR compared to younger adults®. These
achanges not only affect insulin response but also
promote a low-grade inflammatory state that exacerbates
metabolic dysfunction. This "metabolic aging" suggests
that age should be considered when interpreting IR
indices and designing preventive interventions®’,

Gender also playcant role in modulating IR in our study,
likely influenced by hormonal factors. Premenopausal
women generally exhibit greater insulin sensitivity than
men, attributed to the protective effects of estrogen.
However, this advantage appears to diminish after
menopause, with women experiencing increased IR
and associated risk factors, such as abdominal fat gain
and altered lipid profiles®. Studies using SPISE, an ind
for insulin sensitivity, find that postmenopausal women
have higher IR levels than men of the same age®. These
findings suggest that IR indice adjusted for gender, as
hormonal changes impact insulin sensitivity and its
progression in both sexes.

Socioeconomic status (SES) is inversely associated with
IR, where individuals of lower SES have a higher risk of
developing IR, likely due to multiple related factors, such
as less healthy diets, limited access to exercise resources,

Table IV: Multinomial logistic regression.

TyG index high

OR (95% Cl) p-value
Women 1
Men 2.63 (2.46-2.80) <0.001
< 30 years 1
30-39 years 1.71 (1.59-1.83) <0.001
40-49 years 2.59 (2.35-2.84) <0.001
50-69 years 8.58 (6.37-10.79) <0.001
White collar 1
Blue collar 1.31(1.16-1.46) <0.001
Non smokers 1
Smokers 1.48 (1.38-1.58) <0.001
Yes physical activity 1
Non physical activity 1.63 (1.53-1.73) <0.001
Yes Mediterranean diet 1
Non Mediterranean diet 1.29 (1.20-1.39) <0.001
Non alcohol consumption 1
Yes alcohol consumption 1.19 (1.11-1.27) <0.001
Non stress 1
Yes stress 1.31 (1.21-1.41) <0.001

and higher levels of chronic stress. Studies using the TyG
and METS-IR indices indicate that populations with low
SES have higher IR values, associated with higher obesity
prevalence and increased consumption of processed
and sugary foods*. Limited access to healthcare and
information onfestyles also plays a role in this association,
highlighting the need for health policies that address
socioeconomic inequalities in IR prevention.

In our study, smoking is a well-established risk factor for
IR and metabolic diseases. Nicotine and other tobacco
components negatively impact insulin - sensitivity by
promoting oxidative stress, chronic inflammation, and
visceral fat accumulation, all of which contribute to IR,
Population studies show that smokers have elevated TyG
anndices compared to non-smokers, indicating higher
IR*2, This implies that smoking should be considered an
important factor opment and progression, and that IR
indices can be useful for monitoring the metabolic effects
of smoking across population groups.

Alcohol consumption in our study is associated with
higher IR risk scale values, although the effects on IR are
complex and not consistently reported in the literature.
Evidence suggests that moderate alcohol consumption,
particularly red wine, may have a protective effect on
insulin sensitivity, possibly due to the antioxidants and
polyphenols in wine, which improve lipid profiles and
reduce inflammation*®, However, excessive alcohol
consumption has the opposite effect, as it is asso
increased abdominal fat, dyslipidemia, and liver damage,
all of which exacerbate IR*. Studies using TyG and METS-
IR indicate that excessive drinkers have higher IR index
valmoderate consumption does not significantly increase
IR*. This finding suggests that alcohol consumption
should be carefully considered in IR studies and weting
IR index results across population subgroups.

METS-IR high SPISE-IR high

OR (95% Cl) p-value OR (95% Cl) p-value
1 1

2.45 (2.21-2.69) <0.001 2.78 (2.54-3.03) <0.001
1 1

117 (1.13-1.22) <0.001 1.28 (1.19-1.38) <0.001

1.52 (1.38-1.67) <0.001 1.92 (1.69-2.16) <0.001

3.55 (3.05-4.06) <0.001 9.23 (7.03-11.44) <0.001
1 1

1.15(1.10-1.21) <0.001 117 (1.14-1.21) <0.001
1 1

1.19 (1.14-1.24) <0.001 1,15 (1.11-1.19) <0.001
1 1

2.45 (2.22-2.69) <0.001 2.18 (2.00-2.37) <0.001
1 1

1.92 (1.75-2.09) <0.001 1.68 (1.51-1.86) <0.001
1 1

1.30 (1.23-1.37) <0.001 1.28 (1.19-1.38) <0.001
1 1

2.03 (1.84-2.23) <0.001 1.75 (1.60-1.91) <0.001

TyG Triglyceride Glucose index. METS-IR Metabolic score for insulin resistance. SPISE-IR Single-Point insulin Sensitivity estimator. OR Odss ratio.

ACADEMIC JOURNAL OF HEALTH SCIENCES
2025/40 (2): 107-116

113



José Ignacio Ramirez-Manent et al.

According to our results, the Mediterranean diet shows
positive effects in reducing IR due to its high content
of healthy fats (such as olive oil), fiber, antioxidants,
and polyphenols found in fruits, vegetables, and whole
grains. Several studies have shown that a diet rich in
these components can improve insulin sensitivity and
reduce inflammation and oxidative stress, both of which
contribute to IR, Individuals following a Mediterranean
diet exhibit lower TyG and METS-IR index values,
suggesting lower IR those following Western dietary
pattems?®’. These findings support the use of the
Mediterranean diet as a strategy for IR prevention and
management and highlighty of IR indices for assessing
dietary effects across populations.

Our results also suggest that physical exercise is an
effective intervention to improve insulin sensitivity. Regular
physical activity enhances glucose uptake in skeletal
muscle and promotes a healthier body composition
by reducing visceral fat, which translates to lower IR*,
Longitudinal and cross-sectional studies have observed
that physically active individuals have significantly lower
TyG, METS-IR index values compared to sedentary
individuals, supporting the beneficial effect of exercise on
IR*°. Physical exercise should be a central component in
intervention programs aimed at reducing IR in high-risk
populations, and IR indices cale tools for monitoring its
benefits in clinical practice.

Chronic stress is another factor associated with IR
in our research, likely due to the sustained activation
of the hypothalamic-pituitary-adrenal axis, leading to
increased cortisol release. Cortisol induces  insulin
resistance by raising hepatic glucose production and
promoting abdominal fat accumulation®®, Studies using
TyG and METS-IR have found that individuals with high
stress levels have elevated IR indices, suggesting that
stress significantly coo IR pathophysiology®'. This finding
underscores the importance of incorporating stress
management into comprehensive strategies for reducing
IR and improving metabolic health.
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