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Abstract

Objective: This study was designed to evaluate the associations between CAV1 mRNA
expression in total exosomes (TE) and adipose tissue—derived exosomes (AT-Exo) in the blood
of adults across normal weight, overweight, obesity and obesity-related comorbidities, with
dietary quality and patterns, smoking, alcohol consumption, physical activity, blood biochemical
parameters and cardiovascular risk assessed by anthropometry and by international and
Colombian Framingham scales.

Materials and Methods: A cross-sectional prevalence study was conducted including 136
adults of both sexes, screened between September 2023 and January 2024 in Cartagena.
Participants underwent clinical evaluation, including medical history, anthropometric
measurements and assessments of nutritional status and physical activity. Blood samples were
collected for biochemical and molecular analyses. Plasma pools were generated and total
exosomes were isolated by differential ultracentrifugation and purified using a sucrose cushion.
Adipose tissue-derived exosomes were subsequently isolated from each pool through
immunomagnetic positive selection. Both TE and AT-Exo were characterized by nanoparticle
tracking analysis. Exosomal CAV1 mRNA expression was quantified using RT-qPCR.
Results: CAV1 was overexpressed in total exosomes from individuals with obesity, type 2
diabetes and hypertension and this overexpression was associated with increased adiponectin
levels, poor dietary quality and lower diastolic blood pressure. Similarly, CAV1 was
overexpressed in adipose tissue-derived exosomes from overweight and obese individuals, as
well as those with type 2 diabetes and hypertension. In this fraction, increased expression was
associated with poor dietary quality and lower cardiovascular risk as estimated by the
Colombian Framingham scale and showed inverse associations with alcohol
consumption and physical activity.

Conclusion: CAV1 expression in adipose tissue and its incorporation into circulating exosomes
are associated with obesity and related metabolic disorders. These alterations appear to be
modulated by environmental and lifestyle factors, suggesting a potential role for exosomal
CAV1 in the regulation and assessment of cardiovascular risk.

© 2026 The Author(s). Published by Science Insights Ltd. This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

The CAV1 is located at the human chromosomal locus
7931.2 and comprises three exons of 30 bp, 165 bp and 342
bp, respectively. These exons are separated by two introns, the
first of approximately 1.47 kilobases between exons one and
two and the second of approximately 32.3 kilobases between
exons two and three. Through alternative mRNA splicing, this
gene encodes three isoforms of the caveolin-1 protein, with
molecular weights ranging between 22 and 24 kDa'.

Caveolin-1 is a structural protein essential for the
formation, organization and functional dynamics of plasma
membrane microdomains known as caveolae. Within these
structures, caveolin-1forms homooligomers that facilitate the
concentration and regulation of multiple signaling molecules,
including o subunits of G proteins, H-Ras, c-Src and Fyn2. In
addition, caveolin-1 co-localizes with the insulin receptor
within caveolae and its scaffolding domain enhances the
receptor’s tyrosine kinase activity?. In this context, caveolin-1
plays a critical role in the regulation of insulin and glucose
metabolism?,  lipid metabolism and overall cellular
homeostasis®S.

Caveolae are widely distributed across different cell types
and tissues, with particular abundance in lipid raft domains of
adipocytes and endothelial cells’. Alterations in caveolar
components have been implicated in the pathogenesis of
various chronic and genetic disorders, collectively referred
to as caveolopathies or caveolinopathies. These include
dysplasias®, leukemias®, solid and soft tissue tumors'’,
metastasis'!, lipodystrophy'?, muscular dystrophies, glaucoma,
cardiomyopathies’, cardiovascular diseases'>, metabolic
syndrome™, obesity and obesity associated with type 2
diabetes'.

In the context of excess adiposity, accumulating
experimental and clinical evidence suggests that CAV1
expression in adipose tissue is closely linked to adipogenesis
and the development of obesity. During adipogenesis,
regulatory regions within the promoter, exon 1 and firstintron
of the CAV1 gene undergo demethylation, leading to
increased gene expression accompanied by enhanced
phosphorylation of the caveolin-1 protein'. Moreover, both
normoglycemic obese individuals and those with obesity and
type 2 diabetes exhibit overexpression of CAV1 in visceral and
subcutaneous adipose tissue, which is positively associated
with body mass index and body fat percentage'™.

Experimental models further support the role of CAV1 in
adipose tissue biology. CAV1-null mice, despite increased food
intake, remain lean, exhibit resistance to high-fat diet-induced

obesity and display adipocytes lacking caveolae, reduced
in size and number, with smaller lipid droplets. These
animals also develop hypertriglyceridemia and generalized
lipodystrophy'’. Conversely, overexpression of CAV1in murine
adipocytes increases the number of caveolae and the size of
lipid droplets, while in human adipocytes it is associated with
cellular hypertrophy under conditions of nutrient excess'®.

Despite these findings, the differences in transcriptional
expression of CAV1 in adipose tissue across normal weight,
overweightand obesity states remain unclear. Furthermore, it
is not well established whether adipose tissue may influence
adipogenesis in distant organs through exosomal caveolin-1,
or how environmental risk factors may modulate CAV1
expression in the context of obesity.

In this regard, the study of Total Exosomes (TE) and
adipose tissue—derived exosomes (AT-Exo) present in blood
provides a minimally invasive approach to address these
questions. Exosomes are recognized components of the
adipose tissue secretome'®, are detectable in peripheral
circulation®® and contain both CAV1 mRNA and protein.
Importantly, they function as key mediators of intercellular
and inter-organ communication, capable of modulating the
phenotype and function of recipient cells and tissues?'.

Based on this background, the primary objective of this
study was to evaluate the transcriptional expression of CAV1
in TEand AT-Exo circulating in peripheral blood of adults from
Cartagena across different nutritional states, including normal
weight, overweight and varying degrees of obesity, as well as
in obesity-related comorbidities. Additionally, the study aimed
to explore potential associations between CAV1 expression
and sociodemographic, anthropometric, biochemical and
lifestyle variables, including dietary quality and patterns,
alcohol  consumption, smoking, physical activity,
anthropometric cardiovascular risk and cardiovascular risk
assessed by the International and Colombian Framingham
scales.

MATERIALS AND METHODS

Study setting: A cross-sectional prevalence study was
conducted using proportionally stratified probability
sampling. The General Sampling Unit (GSU) comprised 136
adults of both sexes, aged 18 to 60 years, who were native to
Cartagena, Colombia. Participant screening was performed
between September 2023 and January 2024.

Normal-weight individuals were randomly selected from
the general population, whereas participants with overweight
and obesity were recruited from the MUTUAL SER EPS
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cardiovascular risk (CVR) program at CAMINOS IPS facilities.
These individuals had not previously received clinical or
nutritional interventions for the management of excess body
weight or cardiovascular risk.

Initial stratification was based on Body Mass Index (BMI)
cut-off points established by the World Health Organization??,
resulting in three primary groups: normal weight (18.50-24.99
kg/m?), overweight (25.00-29.99 kg/m?) and obesity (=30
kg/m?). The obesity group was further classified into type |
(30.00-34.99 kg/m?), type Il (35.00-39.99 kg/m?) and type III
(>40.00 kg/m?).

Within the same GSU, participants were also categorized
into six clinical subgroups: non-diabetics, insulin-resistant
individuals, type 2 diabetics, type 2 diabetic-hypertensives,
non-diabetic hypertensives and uncontrolled hypertensives.

Ethical approval and consent to participate: The study
protocol was approved by the Research Ethics Committee
of MUTUAL SER EPS (approval number 24012022). All
participants provided written informed consent prior to
enrollment, authorizing the use of their clinical data and blood
samples for research purposes. The study was conducted
in accordance with the ethical principles outlined in the
Declaration of Helsinki.

Inclusion criteria: Participants were included if they
voluntarily provided written informed consent and met the
anthropometric classification criteria established by the World
Health Organization??, as adopted in Resolution 2465 of 2016
issued by the Ministry of Health and Social Protection of
Colombia.

Adults diagnosed with hypertension and dyslipidemia
were included regardless of adherence to pharmacological
treatment. In contrast, all participants with type 2 diabetes
included in the study were required to be compliant with their
prescribed pharmacological therapy.

Exclusion criteria: Participants were excluded if they met any
of the following conditions: underweight (BMI <18.5 kg/m?);
self-reported weight loss of =5 kg from any cause within the
three months prior to clinical assessment; diagnosis of cancer;
primary disorders of the thyroid, adrenal, or pituitary glands;
sleep disorders; depression; dementia, rare genetic diseases
as defined by Law 1392/2010 issued by the Congress
of Colombia, pregnancy, lactationm, use of hormonal
contraceptives in women; hormonal therapy for growth
disorders in either sex; type 1 diabetes; immunosuppression;

chronic kidney disease stages 4 or 5, autoimmune diseases;
second-degreerelatives within the sample (one individual was
excluded); partial or permanent physical disability; cognitive
impairment or other mental disorders limiting the ability to
provide reliable information; acute respiratory infection
consistent with or confirmed as SARS-CoV-2 infection;
respiratory or neurological sequelae associated with SARS-
CoV-2; clinical signs or symptoms suggestive of acute
monkeypox virus infection; history of musculoskeletal surgery
resulting in impaired gait; and failure to provide written
informed consent.

Anthropometric cardiovascularrisk (5-yearforecast): During
clinical evaluation, a physician conducted the medical
history assessment, anthropometric measurements and
blood pressure evaluation. Anthropometric measurements
included body weight, height, waist circumference and hip
circumference. Participants were measured wearing light
clothing, barefoot, standing upright with the head positioned
in the Frankfort plane and arms relaxed to avoid postural
deviations. A calibrated electronic scale and a stadiometer
were used. Body mass index (BMI) was calculated using the
Quetelet index?,

Waist circumference (WC) was measured by placing a
flexible measuring tape above the navel, at the midpoint
between the lower margin of the last palpable rib and the
upper border of the iliac crest. Measurements were taken at
the end of a normal expiration with the participant standing?*.
Cardiovascular risk classification based on WC followed the
criteria proposed by Han et a/%. For men, cutoff points were
<93 cm (low risk), 94-101 cm (intermediate risk) and >102 cm
(high risk). For women, cutoff points were <79 cm (low risk),
80-87 cm (intermediate risk) and =88 cm (high risk)?.

Hip Circumference (HC) was measured at the level of the
femoral trochanters, corresponding to the point of maximum
gluteal protrusion, with the measuring tape placed
horizontally in direct contact with the skin. Participants stood
with feet together and gluteal muscles relaxed during
measurement?. The waist-to-hip ratio (WHR) was calculated
as WC divided by HC. Cardiovascular risk classification based
on WHR used the following cutoffs: in men, <0.95 (very low
risk), 0.96-0.99 (low risk) and > 1.0 (high risk)?*; in women, <0.80
(very low risk), 0.81-0.84 (low risk) and >0.85 (high risk)%,

The waist-to-height ratio (WHtR) was calculated as WC
divided by height. Cardiovascular risk classification for both
sexes was based on the following thresholds: <0.5 (no risk),
>0.5 to <0.6 (high risk) and >0.6 (very high risk)%.

21



Pak. J. Nutr., 2026, 25: 19-36

Deivis Javier Villanueva-Pajaro et al.

Cardiovascular risk by framingham (10-year forecast):
Cardiovascular risk (CVR) was defined as the probability of
developing one or more of the following clinical outcomes:
acute myocardial infarction, heart failure, angina, ischemic
stroke, hemorrhagic stroke, transient ischemic attack, or
peripheral arterial disease. CVR was estimated using both the
International Framingham Score (IFS)*® and the Colombian
Framingham Score (CFS)*'.

The calculation included the following variables: sex, age,
systolic blood pressure (SBP), treatment for hypertension,
smoking status, presence of type 2 diabetes, total cholesterol
and high-density lipoprotein (HDL) cholesterol.

Risk categories according to the IFS were defined as low
(0% to <6%), moderate (>6% to <20%) and high (>20%) (30).
For the CFS, risk categories were defined as low (0% to <15%),
moderate (>15% to <20%), high (>20% to <30%) and very
high (>30%)32.

Dietary patterns and quality: Dietary intake was assessed
using a Food Frequency Questionnaire (FFQ) designed and
administered by two clinical nutrition experts. The
questionnaire collected information on nutritional habits,
including daily and weekly food consumption during the
month preceding the clinical assessment. The collected data
were used to construct a database comprising 167 individual
foods and their derivatives.

Tofacilitate analysis, foods were grouped according to the
recommendations of the Colombian Institute of Family
Welfare into seven categories: (G1) fruits, vegetables and
greens; (G2) whole grains and legumes; (G3) beef, chicken,
eggs, fish and seafood; (G4) milk and dairy products; (G5) oils,
butter and margarines; (G6) refined sugars and sweets; and
(G7) processed meat products,.

Aninitial descriptive analysis compared average daily and
weekly intake across food groups according to sex, body mass
index (BMI) and obesity category. Subsequently, Principal
Component Analysis (PCA) was applied to identify major
dietary patterns, resulting in three distinct patterns:
atherogenic, Western and Mediterranean (data not shown).
For each participant, the relative contribution of each dietary
pattern was calculated.

Diet quality was then classified as good, regular, or poor
based on the World Health Organization guidelines for
sustainable healthy diets**. Agood-quality diet was defined as
one that is balanced according to total caloric expenditure,
provides adequate intake of complex carbohydrates and
dietary fiber (55-60% of total caloric expenditure) and protein
(10-15%), while limiting total fat (<30%), saturated fat (<10%)
and trans fat (<1%). It also promotes the intake of

polyunsaturated fatty acids, including omega-3, omega-6 and
omega-9 (6-10%), encourages daily consumption of fruits and
vegetables (=400 g/day), limits free sugars (<10%), restricts
salt intake (<5 g/day) and avoids foods and beverages with
added sugars®.

In contrast, a poor-quality diet was characterized by
excess caloric intake and failure to meet most of the above
recommendations, whereas a regular-quality diet was defined
as having intermediate characteristics between good and
poor dietary quality.

Physical activity: Physical activity (PA) was assessed in
accordance with the global recommendations for health
proposed by the World Health Organization®. Participants
were classified into two categories based on their self-
reported activity levels.

The first category included individuals who engaged in
regular PA, defined as performing at least three sessions per
week and achieving a minimum of 150 min of moderate-
intensity aerobic activity per week, or 75 min of vigorous-
intensity aerobic activity, or an equivalent combination of
both (mixed activity).

The second category comprised individuals withirregular
orinsufficient PA, defined as not meeting the aforementioned
thresholds, as well as those who reported no engagement in
PAand exhibited sedentary behavior. All participants reported
their average daily sedentary time, excluding nocturnal sleep.

Blood biochemistry: Fasting serum samples were analyzed to
determine basal concentrations of glucose, total cholesterol
(TQ), high-density lipoprotein cholesterol (HDL), low-density
lipoprotein cholesterol (LDL) and triglycerides (TG) using
enzymatic colorimetric methods. Absorbance was measured
at 500 nm with a UV-5100B spectrophotometer (M&A
Instruments Inc.).

C-reactive protein (CRP) levels were determined using a
plate agglutination method (BioSystems®). Very low-density
lipoprotein (VLDL) cholesterol was estimated using the
Friedewald formula (TG/5). For participants with TG levels
>400 mg/dL, the Martin-Hopkins formula was applied®’.

Basal insulin and adiponectin concentrations were
quantified by enzyme-linked immunosorbent assay (ELISA)
using commercially available kits (Accubind Insulin Test,
Monobind Inc.; Human Adiponectin ELISA Kit, Invitrogen®).

Isolation and purification of total exosomes (TE): A total of
twelve plasma pools were generated, each corresponding to
specific participant groups and subgroups, including normal
weight, overweight, obesity (types |, Il and Ill), non-diabetics,
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insulin-resistant individuals, type 2 diabetics, type 2 diabetic-
hypertensives, non-diabetic hypertensives and uncontrolled
hypertensives.

Total exosomes (TE) were isolated and purified from
each pool starting from 2,000 uL of plasma, diluted in
Dulbecco’s buffered saline solution (pH 7.4; Sigma-Aldrich®).
Isolation was performed using successive cycles of differential
ultracentrifugation at 110,000 g (32,852 RPM) at 4°C for
20 min per cycle, using a SORVAL wX+Ultra Series
ultracentrifuge (Thermo Scientific®) equipped with a fixed-
angle rotor (T-865).

The recovered TE were subsequently filtered through
0.20 um membrane filters (Corning®, Germany), following the
basic protocol described by Théry et a/®. Given that TE, as
extracellular vesicles, typically exhibit buoyant densities
between 1.15 and 1.19 g/mL in sucrose gradients, a 30%
sucrose cushion was incorporated to enhance the purity and
quality of the isolated vesicles. This step was followed by
additional ultracentrifugation cycles to ensure optimal
purification3®,

Characterization of total exosomes (TE): Isolated total
exosomes (TE) were characterized using nanoparticle tracking
analysis (NTA) with a NANOSIGHT NS300 instrument (Malvern
Panalytical®), equipped with green and blue lasers at 488 nm.
This analysis enabled the determination of particle size,
concentration (particles/mL) and size distribution.

Although, TE were isolated and purified from twelve
plasma pools, characterization was performed only on
representative pools corresponding to the normal-weight,
overweight and obese groups, as well as on a combined pool
including samples from all three groups.

Isolation of adipose tissue-derived exosomes (AT-Exo):
Adipose tissue-derived exosomes (AT-Exo) were isolated from
each of the twelve TE pools. Briefly, 500 uL of TE suspension
was placed in a glass test tube, to which 1,000 uL of
rabbit anti-human/mouse FABP4 polyclonal IgG antibody
conjugated to phycoerythrin (PE) (Catalog LS-C219242-200,
Vector Laboratories, USA) diluted at 1:50 was added.

Fatty acid-binding protein 4 (FABP4) is a recognized
marker of differentiated adipocytes and adipocyte progenitor
cells,including CD34, Sca1, Dlk1 and PDGFRa cells within the
stromovascular fraction of white and brown adipose tissue®.
The mixture was vortexed at 10,192 X g for 30 seconds and
incubated at 37°C for 2 hrs. Subsequently, 50 pL of the
positive selection cocktail from the EasySep™ Extracellular
Vesicle PE Positive Selection Kit (Catalog #100-0812, STEMCELL
Technologies®) was added, followed by vortexingat 10,192 X g
for 30 sec and incubation at 20°C for 2 hrs.

Next, 100 uL of RapidSpheres™ was added to each
sample. An additional 1,000 uL of 1XPBS (pH 7.4) was then
added, followed by vortexing at 10,192 X g for 30 seconds and
incubation at 37°Cfor 2 hrs.

Each test tube was subsequently placed on a magnetic
support (4X5 cm) with the north (positive) pole oriented
upward and incubated at 10°C for 14 hrs in the dark. After
incubation, 1,000 pL of the supernatant was carefully removed
without disturbing the precipitate. The remaining pellet,
containing AT-Exo suspended in approximately 1,650 uL of
solution, was homogenized by vortexing at 10,192 Xg for
30 sec.

Characterization of adipose tissue-derived exosomes (AT-
Exo): AT-Exo were characterized using nanoparticle tracking
analysis (NTA) with a NANOSIGHT NS300 instrument (Malvern
Panalytical®), equipped with lasers at 488 nm, 545 nm and 565
nm to detect the phycoerythrin (PE) fluorescent signal. This
allowed the determination of particle size, concentration
(particles/mL) and size distribution.

Although, AT-Exo were isolated from twelve TE pools,
characterization was performed only on representative
samples from the normal-weight, overweight and obese
groups, as well as on a combined pool comprising all three
groups.

RT-qPCR: Total RNA was extracted from 100 pL of total
exosomes (TE) and 100 uL of adipose tissue-derived exosomes
(AT-Exo) from each group using the InviTrap® Spin Universal
RNA Mini Kit (Invitek Molecular, Germany), according to the
manufacturer’s instructions. The extracted RNA was treated
with 1 unit of DNase | (Cat Z3585, Promega®) for 30 min to
eliminate genomic DNA contamination. DNase | was
subsequently inactivated by incubation at 95°Cfor 5 min.RNA
concentration and purity were assessed using a NanoDrop™
2000c spectrophotometer (Thermo Fisher Scientific®).

For complementary DNA (cDNA) synthesis, 1 pg of total
RNA (A260:A280 = 2.0) was reverse-transcribed using random
primers (Cat C1181, Promega®), M-MLYV reverse transcriptase
(200 U/pL; Cat M1701, Promega®) and 0.5 L of ribonuclease
inhibitor (RNasin®, Cat N2511, Promega®).

Quantitative PCR (gqPCR) amplification was performed
using the Access RT-PCR System kit (Cat A1250, Promega®),
which includes AMV reverse transcriptase (5 U/uL), Tfl DNA
polymerase (5 U/pL), deoxynucleotide triphosphates (dNTPs;
10mM each), MgSO (25 mM), 5 X reaction bufferand nuclease-
free water. All reactions were supplemented with 1.6 L of
MgCl (25 mM) and performed in duplicate.
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The primers used for amplification of CAV1 were as
follows: forward 5'-AACGATGACGTGGTCAAGATTG-3' and
reverse 5'-TCCAAATGCCGTCAAAACTGT-3', with a TagMan
probelabeled with 5-FAM (5'-TTGAAGATGTGATTGCAGAACCA
GAAGGGA-3',BHQT1)™, For normalization, the housekeeping
gene ACTB was amplified using the following primers: forward
5'-TGACGTGGACATCCGCAAAG-3' and reverse 5-CTGGAAGG
TGGACAGCGAGG-3", with a TagMan probe labeled with JOE
(5'-TGGCACCCAGCACAATGAAG-3', BHQ1).

A two-step RT-qPCR thermal protocol was employed,
consisting of an initial reverse transcription step at 37°C for
60 min, followed by PCR amplification cycles: 1 cycle at 45°C
for 45 min, 1 cycle at 94°C for 2 min and 40 cycles of 94°C for
30 sec, 60°C for T minute and 68°C for 2 min. All reactions
were carried out using a CFX96 C1000 Touch Real-Time PCR
System (Bio-Rad®).

Relative quantification of CAVT mRNA expression was
normalized to ACTB expression, used as an endogenous
control and calculated relative to the control group®. The
relative expression levels were determined using the Livak
272t method®,

Data analysis: Sample size estimation was performed using
the F statistic for ANOVA in G*Power v3.1 software, ensuring
a statistical power of 0.89, an alpha level of 5%, a confidence
level of 95% and an effect size >0.50.

Variables were initially classified as categorical or
continuous (scale). Normality of the data distribution was
assessed using the Kolmogorov-Smirnov test. Descriptive
statistics were calculated for all variables within the General
Sampling Unit (GSU), stratified by sex, primary groups and
subgroups. These analyses included the mean, confidence
intervals of the mean, standard deviation, median, minimum
and maximum values and interquartile range (data not
shown).

Table 1: Clinical and anthropometric classification by sex

Comparisons of proportions between groups were
conducted using the chi-square test, including analyses by
sex, dietary quality and patterns, body mass index (BMI) and
clinical subgroups. Superscript letters were used to indicate
the statistical tests applied, while superscript symbols
associated with p-values identified specific group
comparisons.

For gene expression analysis, semi-logarithmic RT-gPCR
data (Ct, ACt and AACt) were transformed into linear values
(27, 22t and 2-22%) to obtain relative expression levels and
fold changes. Amplification efficiency was evaluated for CAV1
(101.17%) and ACTB (101.24%). The distribution of relative
expression data was assessed using the Kolmogorov-Smirnov
and Shapiro-Wilk tests, which indicated non-normal
distribution. Accordingly, differences in CAV1 expression by
sex and age groups within the GSU, as well as across groups
and subgroups, were analyzed using the Mann-Whitney U test
(data not shown).

Finally, multiple linear regression (MLR) models were
applied to evaluate potential associations between all study
variables and the relative expression levels of CAV1 in total
exosomes (TE) and adipose tissue—derived exosomes (AT-Exo).
All statistical analyses were performed using SPSS version 30.

RESULTS

Clinical, anthropometric, nutritional, physical activity and
blood biochemistry characteristics: Within the general
sampling unit (GSU), the largest proportions of participants
corresponded to non-diabetic individuals (85%), insulin-
resistant subjects (36%), individuals with obesity (36%) and
non-diabetic hypertensive individuals (29.4%) (Table 1). These
findings underscore a substantial burden of insulin resistance
among individuals with excess body weight, even in the
absence of a prior clinical diagnosis.

Groups/subgroups Total (N=136) Female (n=72) Male (n = 64) p value
Normal-weight 45 (33.1%) 29 (21.32%) 16 (11.8%) 0.0423
Overweight 42 (30.9%) 21 (15.44%) 21 (15.44%) >0.05
Obese 49 (36%) 22 (16.15%) 27 (19.85%) >0.05
Type | obesity 28 (20.6%) 13 (9.6%) 15 (11%) >0.05
Type Il obesity 15 (11.03%) 6 (4.4%) 9 (6.63%) >0.05
Type Ill obesity 6 (4.4%) 3(2.2%) 3(2.2%) >0.05
Non-diabetics 116 (85%) 61 (44.85%) 55 (40.15%) >0.05
Insulin-resistants* 49 (36%) 24 (17.64%) 25 (18.36%) >0.05
Type 2 diabetics 20 (14.7%) 11 (8.1%) 9 (6.6%) >0.05
Type 2 diabetic-Hypertensives 7 (5.15%) 4 (2.9%) 3(2.25%) >0.05
Non diabetic-Hypertensives 40 (29.4%) 28 (20.6%) 12 (8.8%) 0.0423
Uncontrolled-Hypertensives 15 (11%) 9 (6.6%) 6 (4.4%) >0.05

*Insulin-resistants (IR): Defined as adults with hyperinsulinemia (> 12 pUl/mL) and a HOMA-IR index >2.5 (44), Chi-square test, p<0.05 indicates statistically significant

Differences (SSD)
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Table 2. Dietary quality by sex, main groups and subgroups

Groups/Subgroups Good quality diet® Regular quality diet® Poor quality diet® p-value
GSU (n=136) 7.35% 35.3% 57.35% <0.05%P<
Female (n=72) 6.94% 36.11% 56.95% <0.052b¢
Male (n = 64) 7.81% 34.37% 57.82% <0.05%P<
Normal-weight (n = 45) 11.11% 42.22% 46.67% <0.052b¢
Overweight (n = 42) 7.14% 38.1% 54.76% <0.05%P<
Total Obese (n =49) 4.08% 26.53% 69.39% <0.052b¢
Type | Obesity (n = 28) 7.1% 28.6% 64.3% <0.05%P<
Type Il Obesity (n = 15) 0% 13% 87% <0.052b<
Type Il Obesity (n = 6) 0% 50% 50% <0.05%P<
Non-diabetics (n = 116) 6.9% 37.93% 55.17% <0.052b¢
Insulin-resistant (n = 49) 4.08% 32.65% 63.27% <0.052b<
Type 2 diabetics (n = 20) 10% 20% 70% <0.052b<
Non diabetic Hypertensives (n = 40) 12.5% 35% 52.5% <0.052b<
Uncontrolled Hypertensives (n = 15) 6.7% 26.7% 66.6% <0.052b<
Type 2 diabetic Hypertensives (n = 7) 0% 28.6% 71.42% <0.052b<
GSU: General Sampling Unit. Chi-square test, p<0.05 indicates SSD between pairs of the same factor or group

Table 3: Dietary patterns by sex, main groups and subgroups

Groups/subgroups Atherogenic diet Western diet® Mediterranean diet ¢
GSU (n=136) 50% 24% 26%

Female (n=72) 49% 23% 28%

Male (n = 64) 51% 25% 24%
Normal-weight (n = 45) 48% 22% 30%
Overweight (n =42) 50% 26% 24%

Total obese (n = 49) 51% 23% 26%

Type | Obesity (n = 28) 50% 23% 27%

Type Il Obesity (n = 15) 53% 24% 23%

Type lll Obesity (n = 6) 55% 20% 25%

Non diabetics (n=116) 50% 23% 27%
Insulin-resistant (n = 49) 51% 26% 23%

Type 2 Diabetics (n = 20) 48% 27% 25%
Non-diabetic Hypertensives (n = 40) 48% 22% 30%
Uncontrolled Hypertensives (n = 15) 49% 25% 26%

Type 2 Diabetic Hypertensives (n = 7) 48% 24% 28%

GSU: General Sampling Unit. Chi-square test, p values <0.05 were found for comparison pairs a, b and a, ¢ within the same group, but not between pairs b, c.

Sex-based comparisons revealed Statistically Significant
Differences (SSD) in several anthropometric indicators,
suggesting a higher cardiovascular risk in males and a
progressive increase in riskin both sexes with increasing body
mass index (BMI).

Analysis of sociodemographic characteristics and risk
factors for chronic non-communicable diseases indicated
lower levels of physical activity (PA) among females, whereas
higher proportions of smoking and alcohol consumption were
observed in males. Consistent with this, the overall prevalence
of physical inactivity was high (60.3%), predominantly among
females.

Dietary assessment revealed a marked predominance of
suboptimal diet quality, with poor-quality diets accounting
for 57.4% and regular-quality diets for 35.3% of the GSU,
representing a combined total of 92.7%, while only a small
proportion adhered to a good-quality diet (7.3%), with no SSD
observed between sexes. In contrast, males exhibited lower
participation in mixed physical activity and higher average
daily sedentary time.

Regarding dietary quality (Table 2), a high prevalence of
poor-quality diets was observed in specific groups, particularly
among individuals with type Il obesity (87%), type 2 diabetic-
hypertensives (71.42%) and type 2 diabetics (70%). Regular-
quality diets were more frequently observed in individuals
with type Il obesity (50%), normal weight (42.22%),
overweight (38.1%) and non-diabetics (37.93%). In contrast,
good-quality diets were relatively uncommon, with the
highest proportions observed among non-diabetic
hypertensives (12.5%), normal-weight individuals (11.11%)
and type 2 diabetics (10%). Overall, these findings indicate a
deterioration in diet quality with increasing BMI.

In terms of nutritional habits, adherence to regular meal
timing was higher among males, although the number of
meals consumed per day did not differ by sex.

Analysis of dietary patterns (Table 3) demonstrated a
predominance of the atherogenic pattern (50%), followed by
the Mediterranean (26%) and Western (24%) patterns, with
no significant differences by sex. An increasing trend in
adherence to the atherogenic pattern was observed with
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higher BMI, particularly among individuals with type Il
obesity (55%). At the subgroup level, the atherogenic pattern
predominated among insulin-resistant individuals, the
Western pattern among type 2 diabetics and the
Mediterranean pattern among non-diabetic hypertensives.

The high prevalence of the atherogenic dietary pattern
reflects a dietary profile characterized by elevated
consumption of energy-dense foods, including refined sugars,
saturated and trans fats derived from oils, butter, margarines
and fried foods, along with low intake of dietary fiber, whole
grains and legumes.

Biochemical analyses revealed higher levels of glycemia
and plasma atherogenic indices in males, supporting the
greater cardiovascular risk estimated by anthropometric
measures in this group. Furthermore, a significant increasing
trend was observed for glycemia, insulin, HOMA-IR, C-reactive
protein (CRP), lipid profile parameters and atherogenicindices
with increasing BMI. In contrast, adiponectin levels showed a
slight increase with greater obesity severity, a moderate
increase in the presence of hypertriglyceridemia and a more
pronounced elevation in individuals with type 2 diabetes and
hypertension.

Additionally, adiponectin and HDL levels decreased in
association with worsening diet quality (regular and poor),
whereas both parametersincreased inindividuals adhering to
a good-quality diet (data not shown).

Cardiovascular risk: Anthropometric indicators enabled the
classification of cardiovascular risk (CVR) as intermediate to
very high predominantly among individuals with excess body

weight, whereas individuals with normal weight were largely
categorized as having very low to low risk. Notably, between
50% and 67% of participants in the general sampling unit
(GSU) were not expected to develop high or very high CVR
within the subsequent 5 years.

Assessment of CVR using Framingham-based models (10-
year forecast) revealed a moderate risk profile in women
according to the International Framingham Score (IFS), while
men were predominantly classified as low risk according to
both the IFS and the Colombian Framingham Score (CFS). A
gradual increase in CVR was observed across both scales with
increasing body mass index (BMI), with risk levels reaching
moderate categories in individuals with overweight and
obesity according to the IFS and remaining within moderate
levels in type Il and type Ill obesity.

Furthermore, a progressive increase in CVR was
observed across clinical subgroups, following the sequence:
Non-diabetics  (ND)<insulin-resistant  (IR)<non-diabetic
hypertensives (HND) < uncontrolled hypertensives (UH) < type
2 diabetics (DT2) < type 2 diabetic hypertensives (HDT2). The
latter groups exhibited the highest risk categories, including
high and very high CVR. Statistically significant differences
(SSD) between CVR estimates derived from the IFS and CFS
across subgroup pairs are presented in Fig. 1, both before and
after Bonferroni correction using Dunn’s post hoc test.

Isolation of total exosomes (TE) and characterization by
NTA: The application of differential ultracentrifugation
protocols for total exosome (TE) isolation, followed by
purification using a 30% sucrose density gradient from plasma

Significant comparisons
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Fig. 1: CVR by IFS and CFS in the Kruskal-Wallis H test without Bonferroni adjustment
The percentage medians of CVR by IFS/CFS were compared across six (6) subgroups: non-diabetics (ND), insulin-resistants (IR), non-diabetic hypertensives
(HND), uncontrolled-hypertensives (UH), type 2 diabetics (DT2) and type 2 diabetic-hypertensives (HDT2). SSD were found between the percentage medians
of IFS and CFS (* = 54.07, df = 5, p-value = 2.029¢°, both without Bonferroni corrections). The CVR for both scores did not show SSD between the DT2 and

HDT2 subgroups
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Fig. 2: Size distribution by NTA of EV isolated and purified from blood plasma samples

The scatter plot represents the size distribution of EV from one (1) pool of plasma samples of the normal weight, overweight and obese groups
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Fig. 3: Sizes and concentrations by NTA of EV isolated and purified from blood plasma samples

The graph represents the sizes and concentrations of EV from one (1) pool of plasma samples of the normal weight, overweight and obese groups. The final
dilution factor of the samples was 1/4942. The average of five runs per NTA was reported

samples, enabled the recovery of a high proportion of
extracellular vesicles (EV) with diameters below 200 nm. The
majority (>95%) of these vesicles ranged between 30 nm and
180 nm in size (Fig. 2).

The most frequently observed particle diameters were
30,78,108 and 161 nm, with a mean diameter of 105.7£48.6
nm Standard Deviation (SD). The average concentration of TE
was 1.25X 10" particles/mL, with concentration ranges from
1.70X 10" to 5.48 X 10" particles/mL (Fig. 3). These findings
confirm that the majority of the isolated EV fall within the
characteristic size range of exosomes.

Asshown in Table 4, comparisonsamong TE isolated from
plasma pools corresponding to normal-weight, overweight
and obese groups revealed that mean particle diameter,
average concentration and concentration ranges increased
progressively with higher BMI.

Isolation of adipose tissue-derived exosomes (at-exo) and
characterization by NTA: Adipose tissue-derived exosomes
(AT-Exo) were successfully isolated using animmunomagnetic
positive selection technique, yielding phycoerythrin (PE)-
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labeled vesicles with diameters below 198 nm. The majority
(>95%) of these vesicles ranged between 30 nm and 162 nm
(Fig. 4).

The most frequently observed particle sizes were 61 nm,
80, 129 and 162 nm, with a mean diameterof 108.0£17.1 nm
standard deviation (SD). The average concentration of AT-Exo
was 3.57 X 10° particles/mL, with a concentration range from
3.03X10° to 3.89X10° particles/mL. In addition, a minor
fraction of extracellular vesicles (EV) with diameters exceeding
198 nm, reaching up to 665 nm, was detected, suggesting the
presence of non-exosomal adipose-derived vesicles (Fig. 4
and 5).

Table 4: Differences between TE by main groups

As shown in Table 5, comparisons among AT-Exo isolated
from total exosome (TE) pools corresponding to normal-
weight, overweight and obese groups indicated that particle
size increased progressively with higher body mass index
(BMI), consistent with the observations for TE. In contrast, a
slight, non-significant reduction in average concentrationand
concentration range of AT-Exo (particles/mL) was observed
with increasing BMI.

Expression of CAV1 in total exosomes (TE) and associated
factors: Relative to the control group (Table 6), CAVT mRNA
expression in TE was upregulated in the general sampling unit

Parameters Normal weight' Overweight? Obesity? p-value

Average diameter &= SEM* 1374 nm = 183 nm 146.0 nm= 8.4 nm 150.5 nm=%2.3 nm <0.05"23
SDA* +68.1 nm + 64.6 nm +58.0nm <0.05"%3
Average concentration of TE/mL* 1.87x10" 2.71x10" 3.29X10" <0.05'%3
TE concentration ranges/mL** 1.70X 10" t0 2.04 X 10" 2.45%10" t0 2.97 X 10" 1.10X 10" t0 5.48 X 10" <0.05"%3

SEM: Standard error of the mean, SDA: Standard deviation for average diameter, *Unpaired Student's t-tests, **Mann-Whitney U-test. In both tests, p<0.05 indicates

statistically significant differences (SSD)

Table 5: Differences between AT-Exo by main groups

Parameters Normal weight' Overweight? Obesity? p-value

Average diameter®SEM* 90.1 nm=£17.1 nm 106.8 nm=%25.9 nm 1142 nm=£34.6 nm <0.05'23
SDA* +70.1 nm + 673 nm +64.1 nm >0.05"23
Average concentration of AT-Exo/mL* 3.72X10° 3.58%10° 3.43X10° >0.05"23
AT-Exo concentration ranges/mL** 3.55X10°t0 3.89X10° 3.34X10°t0 3.84%X10° 3.03X10°t0 3.83%X10° >0.05'23

SEM: Standard error of the mean, SDA: Standard deviation for average diameter, *Unpaired Student's t-tests, **Mann-Whitney U-test. In both tests, p<0.05 indicates

statistically significant differences (SSD)
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Fig. 4: Size distribution by NTA of AT-Exo isolated from TE
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The scatter plot represents the size distribution of AT-Exo from one (1) pool of plasma samples of the normal weight, overweight and obese groups
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Fig. 5: Sizes and concentrations by NTA of AT-Exo isolated from TE
The graph represents the sizes and concentrations of AT-Exo from one (1) pool from TE of the normal weight, overweight and obese groups. The final dilution
factor of the samples was 1/4942. The average of five runs per NTA was reported. Only the diameters and concentrations of the first four AT-Exo peaks were

reported, since peaks larger than 198 nm could very possibly correspond to clusters of residual free dextran-coated magnetic particles or be bound to remnants
of exosome membranes and could even correspond to other minority EV from adipose tissue.

Table 6: Relative expression (2724%t) and relative fold changes of CAV1 in TE from groups and subgroups

Groups/subgroups 2-hact RFC CAV1: RFC normal weight
GSU (n=136) 1728.701 11225.331
Normal weight (n = 45) 0.154 1.000
Overweight (n = 42) 0.007 0.044
Total obese (n =49) 5.355 34.773
Type | obesity (n = 28) 1.082 7.026
Type Il obesity (n=15) 17718.883 115057.682
Type lll obesity (n = 6) 16.473 106.965
Non diabetics (n=116) 0.011 0.071
Insulin-resistant (n = 49) 0.399 2.591
Type 2 diabetics (n = 20) 113.614 737.755
Non-diabetic-hypertensives (n = 40) 546.471 3548.510
Uncontrolled hypertensives (n = 15) 2341.147 15202.255
Type 2 diabetic-hypertensives (n = 7) 0.822 5.338

GSU: General Sampling Unit, RFC: Relative Fold Change., CAV1: human caveolin 1 gene. Expression of transcripts CAV1 mRNA normalized by ACTB and relative to the

control group of expression (normal weight)

(GSV), as well as in individuals with total obesity, type |, Il and
[l obesity, insulin resistance, type 2 diabetes, non-diabetic
hypertension, type 2 diabetic-hypertension and uncontrolled
hypertension. A progressive increase in CAV1 expression was
observed with increasing BMl and in the presence of obesity-
related cardiometabolic comorbidities. Notably, the highest
expression levels were detected in individuals with type Il
obesity.

Under conditions of poor dietary quality, CAV1 expression
in TE exhibited a weak inverse association with diastolic
blood pressure (DBP), a weak positive association with the
triglyceride-to-HDL cholesterol (TG/HDL) index, a moderate
positive association with the weekly consumption of high-
salt foods and strong positive associations with both the
frequency of fried food intake and adiponectinemia (Table 7).
In individuals with type Il obesity, CAV1 expression in TE

29



Pak. J. Nutr., 2026, 25: 19-36

Deivis Javier Villanueva-Pajaro et al.

Table 7: Associations between 22 values for CAV1 in TE with DBP, adiponectinemia, high-salt foods, fried foods and TG/HC index in the context of poor-dietary quality

Coefficients*®

Non-standardized coefficients

Beta standardized coefficients

Model B Standard Error BSC t p-value

1 (Constant) -1066693.989 12428473 -85.827 0.007
DBP -901.209 61.438 -0.128 -14.669 0.043
Adiponectinemia 40140.100 423.466 1.353 94.789 0.007
Weekly frequency of high-salt foods 9496.692 157.439 0.594 60.320 0.011
Weekly frequency of fried foods 12273.481 247.788 0.755 49.532 0.013
TG/HC 69367.399 3549.196 0.183 19.545 0.033

a:Dependent variable: 222%in TE, b: Selection of cases only for which diet quality = POOR, multiple linear regression values of p<0.05 indicates SSD, DBP: Diastolic blood

pressure, TG/HC: Tryglicerides/Hip circumference index

Table 8: Associations between 2722 values for CAV/7in TE with DBP in type Il obesity

Coefficients*®

Non-standardized coefficients

Beta standardized coefficients

Model B Standard Error BSC t p-value
2 (Constant) -2938.638 2.102 -1398.183 0.000
Diastolic Blood Pressure (DBP) 41.989 0.028 1.000 1490.084 0.000

a: Dependent variable: 2-24%tin TE, b: Selection of cases only for which types of obesity = type Il obesity, multiple linear regression values of p<0.05 indicates SSD

Table 9: Associations between 22 values for CAl/7in TE with dairy products in type Il obesity

Coefficients*®

Non-standardized coefficients

Beta standardized coefficients

Model B Standard Error BSC t p-value
3 (Constant) 728.425 0.405 1798.616 0.000
Weekly frequency of dairy products -181.954 0.122 -1.000 -1490.084 0.000

a: Dependent variable: 222%in TE, b: Selection of cases only for which types of obesity = type Il obesity, multiple linear regression values of p<0.05 are significant

Table 10: Associations between 225 values for CAV1 in TE with fiber in type Il obesity

Coefficients?

Non-standardized coefficients

Beta standardized coefficients

Model B Standard Error BSC t p-value
4 (Constant) 1092.332 0.634 1721.563 0.000
Weekly frequency of fiber -545.861 0.366 -1.000 -1490.084 0.000

a: Dependent variable: 222%in TE, b: Selection of cases only for which types of obesity = type Il obesity, multiple linear regression values of p<0.05 indicates SSD

showed strong positive associations with DBP (Table 8) and
strong inverse associations with the weekly intake of dairy
products (Table 9) and dietary fiber (Table 10).

Expression of CAV1 in AT-Exo and associated factors:
Relative to the control group (Table 11), CAV1 expression in
AT-Exo was elevated in the GSU, as well as in overweight
individuals, those with total obesity, type | and type Ill obesity,
non-diabetic hypertension, uncontrolled hypertension and
type 2 diabetic-hypertension.

In contrast to the expression pattern observed in TE,
where the highest levels were detected in type Il obesity,
CAV1 expression in AT-Exo was lowest in this group, followed
by insulin-resistant individuals, non-diabetics and type 2
diabetics.

In the context of poor dietary quality, CAV1 expression in
AT-Exo demonstrated moderate inverse associations with
the weekly consumption of processed meats (sausages),
cardiovascular risk estimated by the Colombian Framingham
Score (CFS) and alcohol consumption. Conversely, weak
positive associations were identified between CAV1
expression and the weekly intake of seafood and fried foods
(Table 12).

DISCUSSION

In Colombia, the FINDRISC algorithm, widely used in
primary care for diabetes screening®, has demonstrated
limited sensitivity for the detection of insulin resistance (IR)
and prediabetes®. This limitation may partly explain the

30



Pak. J. Nutr., 2026, 25: 19-36

Deivis Javier Villanueva-Pajaro et al.

Table 11: Relative expression (222%) and relative fold changes of CAV1 in AT-Exo from groups and subgroups

Groups/subgroups 2-hact RFC CAV1: RFC Normal weight
GSU (n=136) 843.50900 1602.7370000
Normal weight (n = 45) 0.52600 1.0000000
Overweight (n = 42) 374.02700 710.6830000
Total obese (n =49) 1.45600 2.7680000
Type | obesity (n = 28) 1.39600 2.6520000
Type Il obesity (n=15) 0.00158 0.0030039
Type lll obesity (n = 6) 703.30200 1336.3320000
Non diabetics (n = 116) 0.01527 0.0290074
Insulin-resistant (n = 49) 0.00539 0.0102397
Type 2 diabetics (n = 20) 0.22329 0.4242723
Non diabetic-hypertensives (n = 40) 3.29000 6.2512733
Uncontrolled hypertensives (n = 15) 9033.06600 17163.5750000
Type 2 diabetic-hypertensives (n = 7) 4.79700 9.1150000

GSU: General Sampling Unit, RFC: Relative Fold Change., CAV1: human caveolin 1 gene, Expression of transcripts mRNA CAV1 normalized by ACTB and relative to the

control group of expression (normal weight)

Table 12: Associations between 2722 values for CAV/7in AT-Exo with alcoholism, CFS, meat sausages, sea fish and fried foods in the context of a poor-quality diet

Coefficients®®

Non-standardized coefficients

Beta standardized coefficients

Model B Standard Error BSC t p value

5  (Constant) 553.405 0.132 4178.930 0.000
Weekly frequency of alcoholism -388.637 0.098 -0.680 -3973.674 0.000
CFS -317.121 0.072 -0.666 -4402.097 0.000
Weekly frequency of meat sausages -90.384 0.041 -0.474 -2214.621 0.000
Weekly frequency of sea fish 73.363 0.072 0.224 1016.125 0.001
Weekly frequency of fried foods 8.768 0.018 0.094 490.514 0.001

a:Dependent variable: 222t in AT-Exo., b: Selection of cases only for which diet quality = poor, multiple linear regression values of p<0,05 indicates SSD, CFS: Colombia

framingham sale

observed prevalence of 36% for IR identified using the HOMA-
IRamong individuals without a prior diagnosis. These findings
support the inclusion of HOMA-IR as a complementary
screening tool to enhance early detection of prediabetes and
reduce the risk of subsequent adverse clinical outcomes.

Several epidemiological studies conducted in adults from
Cartagena have consistently reported a high prevalence of
overweight and obesity, along with multiple associated
cardiometabolic risk factors and comorbidities. Reported
estimates include 41.5% overweight, 18.5% obesity, 71.7%
abdominal obesity, 66% adherence to an atherogenic diet,
68.4% alcohol consumption, 41.5% hypertriglyceridemia,
45.8% low HDL cholesterol, 31.7% hyperglycemia, 30.9%
hypercholesterolemia, 29.1% hypertension and 20.6%
smoking*“, Additional findings include 37% physical
inactivity, 34% elevated LDL cholesterol and 80% family
history of cardiovascular disease*®, as wellas 13.1% prevalence
of type 2 diabetes and an average cardiovascular risk score of
8.7%,

Furthermore, this population has been shown to exhibit
elevated levels of insulinemia and HOMA-IR, indicating a
substantial burden of insulin resistance within the Colombian
Caribbean region®'.

Consistent with these observations, the present study
identified a progressive deterioration in dietary quality with
increasing body mass index (BMI), characterized by a
predominance of the atherogenic dietary pattern, followed by
the Mediterranean and Western patterns. The observed
prevalence of 50% for the atherogenic pattern and 92.7% for
combined regular-and poor-quality diets aligns with previous
reports of 66% prevalence for an atherogenic diet in this
population®. Although, lower proportions of alcohol
consumption and smoking were observed in the present
study, a higher prevalence of physical inactivity was detected
compared with earlier reports.

Collectively, these findings suggest that suboptimal
dietary quality and patterns, together with physical inactivity
as a primary factor and alcohol consumption as a secondary
factor, contribute substantially to the persistent and elevated
prevalence of excess body weight among adults in Cartagena
over the past two decades.

Regarding adiponectin, mean adiponectinemia levels
remained within normal ranges across the main groups;
however, a slight, non-significant decline was observed with
increasing BMI. In contrast, adiponectin levels increased
modestly with greater obesity severity, moderately in the
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presence of hypertriglyceridemia and more markedly in
individuals with type 2 diabetes and hypertension.
Additionally, adiponectin and HDL levels decreased in
association with worsening diet quality (regular and poor),
whereas both parameters increased with adherence to a
good-quality diet.

These findings suggest that dietary quality may partially
mediate its beneficial metabolic effects through modulation
ofadiponectinand HDL levels. The observed increases in these
biomarkers may represent a compensatory response aimed at
restoring metabolic homeostasis in a microenvironment
characterized by impaired insulin signaling, dyslipidemia and
hypertension, which are hallmarks of overweight and obesity.
Regarding the high prevalence of the atherogenic diet,
elevated plasma atherogenic lipid ratios were observed in
both sexes, predominantly in males and these ratios increased
with rising BMI, reinforcing the presence of an imminent and
greater atherogenic cardiovascular risk (CVR) in men. In
contrast, anthropometric indices such as waist-to-hip ratio
(WHR) and waist circumference (WC) predicted higher CVR in
women over the next five years. Complementarily, the
International Framingham Score (IFS) projected a moderate
10-year CVR for women and a low 10-year CVR for men.
Additionally, clinical subgroupsincluding type 2 diabetics and
type 2 diabetic-hypertensives exhibited the highest predicted
CVR by both IFS and Colombia Framingham Score (CFS) over
the next decade. Collectively, these findings suggest that
although men currently carry the greatest CVR, women, type
2 diabetics and type 2 diabetic-hypertensives may experience
higher CVR within the next five to ten years, emphasizing the
urgent need for targeted clinical and nutritional interventions
for these at-risk populations.

Todate, thisstudyis thefirst toinvestigate environmental
risk factors-dietary patterns, alcohol consumption, smoking
and physical activity-in relation to the transcriptional
modulation of CAV1 in total exosomes (TE) and adipose tissue-
derived exosomes (AT-Exo) in overweightand obese adults, as
well as in cardiometabolic comorbidities associated with
excess body weight, including insulin resistance, type 2
diabetes, hypertension, dyslipidemia and atherogenic CVR.

The protocols employed for TE isolation via differential
ultracentrifugation and subsequent purification using a 30%
sucrose cushion density gradient from blood plasma® enabled
the recovery of a high proportion and quantity of extracellular
vesicles (EV) corresponding to exosome diameters, as
confirmed by nanoparticle tracking analysis (NTA). TE
concentrations per mL ranged from 1.70X 10" to 5.48 X 102
TE/mL, exceeding the quantities typically reported using
other methods (~108 to ~10' exosomes/mL)%2. Similarly,

immunomagnetic positive selection allowed isolation of
AT-Exo primarily within a size distribution of 30-162 nm,
with average diameters of 108.0 nm=%=17.1 nm SD and
concentration ranges of 3.03X10° to 3.89X 10° AT-Exo/mL.
However, no consensus currently exists regarding the average
diameter, concentration, or concentration ranges of TE and
AT-Exo in humans across normal-weight, overweight and
obese groups.

Analysis revealed that TE average diameter, average
concentration and concentration ranges increased with
BMI. Likewise, AT-Exo average diameter increased with BMI,
although a slight, non-significant decrease in average
concentration and concentration ranges was observed. These
findings suggest that TE and AT-Exo quantities increase
with BMI, attaining higher levels in overweight and obese
individuals. Simultaneously, these observations imply
potential differential cargo loading of nucleic acids and other
biomolecules, conferring tissue-specific characteristics to
AT-Exo depending on their target tissue. Notably, the high
proportion of AT-Exo recovered from TE highlights the
significant contribution of adipose tissue to exosome
biogenesis, release and potentially enhanced trafficking
toward peripheral circulation and distant organs under
conditions of excess adiposity and cardiometabolic disorders.
The observed overexpression of CAV1 in TE in obesity, its
various classesand associated cardiometabolic comorbidities,
particularly the highest expression noted in TEfromtype
[l obese individuals, may represent a compensatory
physiological response. This response could involve a massive
release of TE from tissues and organs beyond adipose tissue,
potentially accompanied by increased TE trafficking toward
these organs. Previous findings from our group documented
significantdownregulation of CAV1 expression in blood serum
of type Il obese participants, strongly associated with weekly
alcohol consumption and moderate-intensity aerobic physical
activity (data not shown). These observations suggest that
environmental factors may modulate the cargo and
transcriptional expression of CAV1, evenin states of inherently
high CAV1 expression, such as overweight and obesity.

In the context of poor dietary quality, CAV1
overexpression in TE may function as a physiological
mechanism to mitigate elevated diastolic blood pressure
(DBP). Conversely, hypertriglyceridemia, frequent intake of
fried and high-salt foods and hyperadiponectinemia may
upregulate CAV1 expression in TE. Notably, the association of
adiponectin with CAV1 overexpression in TE under conditions
of poor dietary intake challenges the conventional view of
an antagonistic relationship between adiponectin and
caveolin-1. This finding introduces, for the first time, the
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concept of an adiponectin-mediated regulatory mechanism
over hypertension, atherogenic dyslipidemia and atherogenic
CVR through modulation of CAV1 transcription in a
microenvironment characterized by excess dietary fat from
fried foods and hyperosmolarity induced by high salt intake,
wherein caveolin-1 proteinis required to restore homeostasis.
However, systemic overexpression of CAV1 and its protein-
whether via increased cargo in TE or AT-Exo and enhanced
trafficking-may promote adipogenesis /n vivo. This can lead
to the accumulation of lipids as large lipid droplets within
mature adipocytes, contributing to hypertrophy of adipocytes,
hyperplasia of adipose tissue®* and overall increases in
generalized adiposity. This mechanism represents our working
hypothesis regarding exosomal CAV1 traffickinganditsrolein
promoting generalized adiposity in humans.

It is important to contextualize these findings within
the local dietary environment of Cartagena, situated on
Colombia’s northern Caribbean coast. The regional cuisine
reflects a Mediterranean influence, with specific nuances.
Fresh sea and river fish are commonly salted, sun-dried for
several days and then fried in various types, qualities and
blends of vegetable oils, including reused oils. Routine dietary
practices also include consumption of high-salt and high-
saturated fatfoods, such as coastal cheese, coastal whey, meat
sausages (e.g., chorizo and butifarra), salted beef and bones,
pork rinds, chicken eggs and fried green plantain slices
seasoned with abundant salt, alongside various fast foods
containing high amounts of sauces and condiments.

Specifically, in type Il obese individuals, strong positive
associations were observed between CAV1 expression in TE
and DBP, while strong negative associations were detected
with the weekly intake of dairy products and dietary fiber.
These findings suggest that in obesity, both overexpression
and downregulation of CAV1 in TE influence DBP, whereas
dairy products and fiber may act to suppress CAV1
transcription. Future studies are warranted to identify which
specific components of dairy products and fiber and in what
guantities or combinations, are required to modulate or
maintain low CAV1 expression under conditions of nutrient
overload. Such insights could inform non-pharmacological,
nutrigenomic strategies for controlling excess adiposity in
humans.

An increasing trend in CAV1 expression in AT-Exo was
observed with rising BMI, except in the adipose tissue of type
Il obese individuals. In contrast to the overexpression of CAV1
in TE of type Il obese participants, CAV1 expression in AT-Exo
from type Il obese was downregulated. This suggests that the
high mRNA content and quality of CAV1 in TE may serve as a
compensatory mechanism, reflecting a massive release of

exosomal CAV1 from tissues and organs other than adipose
tissue to restore optimal caveolin-1 protein levels within
adipose tissue and systemically. These findings are consistent
with prior observations from our group showing low CAV1
expression in blood serum of type Il obese individuals (data
not shown), potentially mediated by weekly alcohol intake,
dairy consumption, fiber intake and moderate-intensity
aerobic physical activity-factors strongly associated with
downregulation of CAV1 in serum samples (data not shown).
Collectively, these resultsindicate that alcohol, dairy products,
fiberand physical activity, eitherindividually or synergistically,
may exert a dominant influence in downregulating CAV1
expression in adipose tissue, even counteracting the
upregulatory effects of poor- and regular-quality diets.

In this context, the overexpression of CAV1 in TE from
uncontrolled hypertensives, type 2 diabetic-hypertensives,
non diabetic-hypertensives and type 2 diabetics likely
represents a compensatory response by non-adipose tissues.
These tissues may release TE enriched with transcriptionally
active CAV1 into the systemic circulation to meet the protein
requirements of caveolin-1 in the cardiovascular system,
thereby contributing to the regulation of hypertension,
hyperglycemia and hyperinsulinemia in these clinical
subgroups. It is plausible that exosomal trafficking of CAV1
from non-adipose tissues toward adipose tissue increases
under conditions of overweight, obesity and associated
cardiometabolic comorbidities.

Similarly, the overexpression of CAV1 in AT-Exo from
uncontrolled hypertensives, type 2 diabetic-hypertensives
and non diabetic-hypertensives suggests that adipose tissue
in overweight and obese individuals releases substantial
quantities of transcriptionally active CAV1 mRNA via AT-Exo
into the systemic circulation. This likely represents
a compensatory mechanism to meet the physiological
demands of blood pressure regulation and the modulation
of metabolic and intracellular signaling pathways disrupted
during  excess adiposity, including hypertension,
hyperglycemia,  hyperinsulinemia, insulin  resistance,
hypertriglyceridemia, type 2 diabetes and elevated CVR. These
findings do not exclude the potential involvement of CAV1 in
AT-Exo in the systemic regulation of additional physiological
processes affected by excess adiposity.

CONCLUSION

This study demonstrates that adults from Cartagena
present an unfavorable cardiometabolic profile characterized
by a high burden of insulin resistance, excess body weightand
suboptimal lifestyle behaviors, including poor diet quality and
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physical inactivity. These conditions are accompanied by
adverse biochemical alterations and an overall increase in
cardiovascular risk, particularly among individuals with
obesity and metabolic comorbidities. The predominance of
atherogenic dietary patterns and the deterioration of diet
quality with increasing body mass index reinforce the role of
nutrition as a central determinant of metabolic dysfunctionin
this population. In parallel, the progressive worsening of
glycemic, inflammatory and lipid markers with increasing
adiposity highlights the cumulative impact of obesity on
cardiometabolic health. At the molecular level, the
transcriptional expression of CAV1 in total exosomes and
adipose tissue—derived exosomes is altered in relation to
obesity status and associated comorbidities. The observed
overexpression of CAV1 in total exosomes, particularly with
increasing adiposity and its differential expression pattern in
adipose-derived exosomes suggest a tissue-specific requlatory
role in metabolic disturbances. Importantly, CAV1 expression
in both exosomal fractions is associated with key lifestyle and
clinical factors, including diet quality, specific dietary
components, alcohol consumption, diastolic blood pressure,
adiponectin levels and cardiovascular risk. These findings
support the potential of exosomal CAV1 as a biomarker linking
environmental exposures, such as diet, with metabolic and
cardiovascular alterations. Overall, the results highlight the
interplay between lifestyle factors, obesity and molecular
signaling pathways in shaping cardiometabolic risk. Exosomal
CAV1 emerges as a promising indicator of metabolic
dysregulation and cardiovascular risk, warranting further
investigation to elucidate its mechanistic role and potential
clinical utility in risk stratification and prevention strategies.
Finally, in the context of poor dietary quality, moderate and
inverse associations were observed between CAV1 expression
in AT-Exo and weekly alcohol intake, weekly consumption of
meat sausages and CVR by CFS. Concurrently, weak and direct
associations were detected between weekly sea fish
consumption and weekly fried food intake with elevated CAV1
expression in AT-Exo. These findings corroborate previous
observations in which, under the influence of poor-quality
diets, the weekly intake of high-salt foods and fried foods was
associated with overexpression of CAV1 in TE, AT-Exo and
adipose tissue. This phenomenon may result from the
combination of two components of the Mediterranean and
Western dietary patterns: the high salt content in fish and
other foods and the use of mixtures of vegetable oils of
varying types and quality during frying. It is plausible that the
amount of salt added to fish, rather than the fish itself, as
well as other high-salt foods and the repeated use of mixed

vegetable oils, contributes to the upregulation of CAV1 in TE,
AT-Exo and adipose tissue. Under conditions of poor dietary
quality, the overexpression of CAV1 in AT-Exo and adipose
tissue may represent a compensatory protective mechanism
against cardiovascular risk. This effect is consistent with the
established role of caveolin-1asanintegral proteinin vascular
endothelium and cardiomyocytes, where it contributes to the
preservation of vascular tone, regulation of myocardial
contractility and the restoration of homeostasis.
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