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ABSTRACT

Background: Obesity and aging are risk factors for chronic degenerative diseases that favor neuroinflammation leading to
cognitive and motor impairment. Mexico ranks second in obesity worldwide, being more prevalent in the female population.
Objectives: To determine whether serum biomarkers of obesity, inflammation, oxidative stress, and brain damage vary ac-
cording to age, sex, and ethnicity, we studied Mexican elderly women with obesity since this population has been historically
neglected. Methods: A total of 156 women over 60 years of age (89 obese and 67 non-obese) were selected from the
FraDySMex-2019 Cohort study samples. Serum markers of inflammation (Interleukin [IL]-6, tumor necrosis factor-o, IL-10,
adiponectin, and peroxisome proliferator-activated receptor gamma [PPAR-y]), and neurodegeneration (glial fibrillary acidic
protein, brain-derived neurotrophic factor, and S100B), redox status (GSH/GSSG ratio), and protein oxidative damage were
assessed. A biochemical profile was obtained and used for a factor analysis including their morphometric data. Results: The
data from the participating elderly women clustered in relation to their obesity characteristics. The markers that were higher
in obese women were GSSG, protein carbonylation, IL-6, and S100B, along with lower levels of adiponectin and PPAR-y, suggest-
ing they could be interesting biomarkers of neuroinflammation in obese Mexican women. Conclusion: Further case—control
studies must be implemented to validate their prognosis value in elderly obese Mexican women with cognitive impairment.
(REV INVEST CLIN. 2025;77(1):13-25)
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INTRODUCTION

Life expectancy has increased globally, bringing nu-
merous benefits but also introducing significant chal-
lenges that cannot be overlooked. These include a
decline in personal autonomy, the loss of physical and
mental capacities, the deterioration of family and so-
cial roles, reduced economic capacity, and the in-
creased risk of developing incurable and progressive
diseases known as chronic degenerative diseases
(CDD)'3. CDD creates a gap between lifespan and
healthspan and represents one of the most difficult
challenges faced by health systems worldwide3. At
present, approximately 9.7% of the global population
is composed of older adults, and this percentage is
expected to double by 2050. Thus, finding ways to
prevent CDDs and mitigate the deterioration associ-
ated with them is imperative.

Obesity is an important risk factor for developing
CDD. The World Health Organization (WHO) defines
obesity as an abnormal or excessive fat accumulation
that poses a risk to human health. Obesity has been
declared a public health emergency, as the global
population of adults with obesity has nearly tripled
over the last 50 years, with the highest prevalence
among women*. Mexico ranks second globally in obe-
sity prevalence; according to the National Health and
Nutrition Survey>, 75.2% of people over the age of
20 are overweight or obese, and the proportion is
higher among women (76.8%) than men (73.5%).
Obesity increased by 21.4% between 2006 and 2022,
and it is remarkable that the population of adults
between 40 and 60 years of age had the highest
prevalence (85%)°.

In obesity, fat accumulation leads to adipose tissue
expansion, generating hypertrophic adipocytes that
increase the production of various pro-inflammatory
cytokines such as tumor necrosis factor-alpha
(TNF-a) and interleukin-6 (IL-6), whereas reducing
anti-inflammatory molecules such as IL-10 and adipo-
nectin. Adiponectin is an adipokine related to lipid
metabolism, and its reduction has been linked to an
increased risk of cardiovascular disease and meta-
bolic syndrome®. Another molecule involved in obesi-
ty-related inflammation is peroxisome proliferator-
activated receptor gamma (PPAR-y), which regulates
inflammatory responses by reducing the synthesis of
pro-inflammatory mediators and enhancing the
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expression of antioxidant genes. In addition, PPAR-y
raises blood levels of adiponectin, improving lipid and
glucose metabolism?’.

Aging also affects the immune system, triggering
sterile inflammatory responses and creating a chron-
ic state of low-grade inflammation known as “inflam-
maging”®. When aging is coupled with obesity, it cre-
ates a dual inflammatory stimulus that exacerbates
systemic damage®. Chronic inflammation also impacts
central nervous system (CNS) function by disrupting
the blood-brain barrier (BBB) through structural
changes in brain microvasculature and endothelial
dysfunction. This results in neuroinflammation and
increased oxidative stress!'®. Astrocytes, the most
abundant brain cells, act as immunoreactive cells, ini-
tiating neuroinflammation in response to damage-
associated molecules or pathogens, and shifting from
a neuroprotective to a proinflammatory phenotype?!.
Reactive astrocytes are characterized by increased
expression of glial fibrillary acidic protein (GFAP),
which can cross the BBB into the serum and serve as
a potential biomarker for neuroinflammation and neu-
rodegenerative changes!2. Similarly, the calcium-bind-
ing protein S100B, also present in astrocytes, has
emerged as a serum biomarker for neuronal damage
and neuroinflammation?314. Another promising serum
marker is brain-derived neurotrophic factor (BDNF),
which plays a crucial role in the survival, proliferation,
and maturation of neurons. Pro-inflammatory cyto-
kines produced during obesity have been shown to
significantly reduce BDNF expression, which has been
linked to cognitive impairment?>.

Thus, both obesity and aging are risk factors that
may promote neuroinflammation, leading to patho-
logical changes associated with the decline of cogni-
tive and motor functions!®. As in other countries, the
prevalence of obesity in Mexico is higher among
women than men!7:'8 In addition, elderly Mexican
women face more barriers to accessing health pro-
grams and interventions that promote healthy life-
styles, which perpetuates their involvement in the
vicious cycle of obesity and declining health?®. Serum
biomarkers have been reported to vary based on age,
sex, and ethnicity??, making it important to evaluate
markers of obesity, inflammation, oxidative stress,
and brain damage in a population of obese older
Mexican women, a group that has historically been
underserved.



For this purpose, 89 women with obesity (body
mass index [BMI] > 30) and 67 non-obese women
(BMI < 30) over the age of 60 were selected from the
FraDySMex-2019 Cohort study?!. Serum markers of
inflammatory status, neuroinflammation, and neuro-
degeneration were assessed, along with changes in
redox state (GSH/GSSG ratio) and protein oxidative
damage. A biochemical profile was obtained and used
for a factorial analysis (FA) in conjunction with data
from FraDySMex-2019 related to clinical variables
such as BMI, fat percentage, and age.

Our analyses showed that elderly women cluster
based on their obesity characteristics. A decrease in
serum-reduced glutaraldehyde (GSH), adiponectin,
and PPAR-y, along with an increase in serum oxidized
glutaraldehyde (GSSG), IL-6, and S100B, may be pro-
posed as biomarkers predictive of brain CDD risk in
elderly women with obesity.

METHODS
Study population

This study is a secondary cross-sectional analysis
from the prospective cohort study Fragility, Dyna-
penia, and Sarcopenia in Mexico (FraDySMex) that
was carried out in community-dwelling adults aged 50
and over living in Mexico City?!. The study was con-
ducted with residents of three municipalities (out of
16) in the southwest of Mexico City (Cuajimalpa,
Magdalena Contreras, and Alvaro Obregdn). These
three municipalities comprise 12.5% of the total
number of people aged 60 and over in Mexico City.
Some characteristics of the FraDysMex-2019 original
cohort that are important to contextualize our find-
ings are that the mean educational level was 9.1
years, 63.8% of women were homemakers, and
78.5% of the participants had a good nutritional sta-
tus. The original study included men and women, but
no significant differences were found between the
sexes regarding the scores in dependence on basic
activities of daily living (BADL), instrumental activities
of daily living (IADL), and low physical performance
(PP). The mean BADL score was 98.5 suggesting
near-total independence, with possibly minimal as-
sistance or difficulty in one minor area. The |ADL
score of 7.6 suggests that the patients were mostly
independent, with minor impairments or limitations
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but overall good functionality in managing daily ac-
tivities. The mean PP score was 2.1, which corre-
sponds to low PP. This cohort study has had three
waves (2014, 2015, and 2019). To calculate the
study size, the following formula was used to deter-
mine the sample size for a finite population:

NZ? pqg

n:
o? (N-1) + Z? pq

Where N = population size; Z = 95% confidence level
(critical Z = 1.96); a = statistical significance level
(0.05); p = percentage of older women with obesity
(64%); q = percentage of older women without obesity
(36%). The calculated sample size was 159 (Fig. 1).
Therefore, in this study, consecutive data from the
wave of 2019 (October to December) of 89 women
with obesity (BMI > 30) and fat percentage > 40, and
67 non-obese women (BMI < 30) and fat percentage
< 40, over 60 years of age were analyzed. The 156
people participating in the FraDysMex-2019 cohort
were those who had a blood sample and completed
biochemical and morphometric evaluations. The in-
clusion criteria for the population of women in the
FraDysMex-2019 cohort were the following: (A)
women able to move alone with or without assistance
devices, and (B) able to answer the evaluation ques-
tionnaires alone or assisted by a caregiver. The exclu-
sion criteria were persons living in institutions or nurs-
ing homes, those with decreased alertness, and the
presence of any acute or chronic condition evaluated
by a multidisciplinary team at the Functional Evalua-
tion Research Laboratory at the National Geriatric
Institute (INGER).

The FraDySMex-2019 Cohort study was approved by
the INGER Ethics Committee with the registration
number DI-PI-009/2019 in the official notice INGER-
DG-DI-SIEG-JDEC-025-19. The assessments per-
formed in this new part of the study were approved
by the Ethics Committee of the UAMI with the resolu-
tion number CECBS23-01.

Morphometric determinations

The morphometric determinations were obtained
from the FraDySMex-2019 Study?!. Briefly, height
and weight were used to obtain the BMI. In addition,
body composition was determined by dual X-ray
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Figure 1. Study sample calculation.

FraDySMex Cohort 2019
Men and women
> 50 years
n =540

Men and women > 60 years
n =362

Final sample
Women > 60 years
n=156

Women with obesity
> 60 years
n =389

Women without obesity
> 60 years
n =67

densitometry. Obesity was defined when the women
presented a percentage = 40% of total body fat along
with BMI score.

Serum cytokine and brain markers
determination

Blood samples were centrifuged at 3,500 rpm at 4°C
for 15 min to obtain serum. Serum cytokine and neu-
ral markers concentration was determined by en-
zyme-linked immunosorbent assay as reported previ-
ously?2. IL-6, TNF-g, IL-10, adiponectin, GFAP, S100B,
and BDNF were evaluated following the manufactur-
er’s instructions. Sera were incubated for 18 h at 4°C
with PBS-Tween20 (0.05%)/0.5% BSA, washed 3
times, and incubated with the corresponding detec-
tion antibody for 2 h at RT. The bound antibodies
were detected using the a-HRP (avidin-HRP/strepta-
vidin-HRP) system using TMB/H202 as substrate.
Optical density readings were done at 450 nm (Epoch-
BioTek, VT, USA).
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Redox state determination
(GSH/GSSG ratio)

GSH and GSSG concentrations were determined by
high-performance liquid chromatography (HPLC) fol-
lowing the reported protocol?2. 50 pL of blood dis-
solved in 800 pL of lysis buffer (10% HCl and 10 mM
bathophenanthroline+disulfonic acid) were used. The
suspension was centrifuged at 13,500 rpm and 4 °C
for 5 min. The supernatant was recovered and 50 pL
were injected into an HPLC using a 1525 binary pump
(Waters, MA) connected to a Zorbax Eclipse XDB-C18
reverse phase column (Agilent, CA; 250 x 4:6 mm i.d,,
particle size: 5 um). The mobile phase consisted of 1%
acetonitrile and 20 mM monobasic phosphate buffer
at pH 7.0, at a flow rate of 1 mL/min. GSH and GSSG
were detected in the same run at 210 nm using a 2489
UV/visible detector (Waters, MA). The area under the
curve was quantified and the concentration of the
analytes was detected using a standard curve of GSH
and GSSG at 10, 25, 50, 50, 100, 200, and 400 pM.



Protein oxidative damage determination

Protein carbonylation was quantified?3. Blood was
centrifuged at 5000 x g for 15 min at 4°C for protein
isolation. Supernatants were recovered and 20 pL of
the sample were placed in a 96-well plate, along with
20 pL of dinitrophenylhydrazine (DNPH; 10 mM dis-
solved in 0.5 M H,PO,). The plate was incubated in
the dark for 10 min at RT. Afterward, 10 pL of 6 M
NaOH were added and incubated for an additional 10
min in the dark. Lectures were obtained at 450 nm in
an H Reader-1 Elisa Reader (HLAB) microplate reader.
Carbonyl concentration was determined by multiply-
ing the absorbance value at 450 nm by the extinction
factor (46.1). The value obtained was adjusted with
the protein concentration in each sample.

Western blot

Blood samples were centrifuged as described above
to obtain the serum and subsequently, proteins were
isolated using the lysis buffer: 100 pL of 1M dithio-
threitol, 100 pL of phenylmethylsulfonyl fluoride
(PMSF) 0.1M, 1 tablet of mini-Complete™ (Roche,
USA), 10 mL of T-PER™ (Thermo-Scientific). The
homogenate was centrifuged at 13,500 rpm at 4°C
for 15 min. The supernatants were reserved and
stored at —80 °C. Total protein concentration was
determined using the bicinchoninic acid (BCA Protein
Assay Kit, Thermo-Scientific), according to the manu-
facturer’s instructions.

Proteins (30 pg) were separated on 12% SDS-PAGE
and transferred to PVDF membranes (Amersham
HybondTM-P); non-specific antibody binding sites
were blocked with intercept (PBS) blocking buffer
solution (Licor Biosciences, USA) and the membranes
were washed with TBS-Tween20TM (Thermo-Scien-
tific, USA) and incubated overnight with anti-PPAR-y
1:1000 primary antibody (A3409A, Invitrogen), or
GAPDH 1:1000 (Santa Cruz Biotechnology sc-
32210) as a constitutive control. Membranes were
washed 3 times with TBS-Tween and incubated with
secondary goat anti-mouse infrared (IR) Dye IR-
DYE680 or IRDYE80O antibody (1:5000), respectively
(Licor Biosciences, USA) for 1 h. After 3 consecutive
washes, the blots were analyzed on a laser scanner
Odyssey CLx near-infrared imaging system (Licor
Biosciences, USA) at IR 680nm and IR700nm. The
Odyssey system was set at 21um resolution, high
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scan quality, and auto-intensity mode, and images,
as well as absolute units (A.U.) values from each well,
were acquired using the Licor Image Studio Software
(version 3.1)24,

Statistical analysis

Univariate statistical analyses were conducted using
Prism 7.0 software (GraphPad Software, San Diego,
CA, USA) to describe and compare data across the
study groups. Results are reported as the mean *
standard deviation for each surveyed group. The Sha-
piro—Wilk test was employed to assess the normality
of the data distribution.

For comparing differences between groups, indepen-
dent sample t-tests were utilized for normally distrib-
uted data, whereas non-parametric tests, such as the
Mann—-Whitney U test, were considered for data that
did not meet normality assumptions. A significance
level of p < 0.05 was set to determine statistically
significant differences between groups. Cohen’s d val-
ues were also reported as effect size measures.

Factorial analysis

To manage the extensive number of variables in our
study and elucidate underlying structures, a FA was
conducted to reduce data dimensionality and con-
solidate the variables into a smaller number of fac-
tors. This analysis utilized the covariance matrix be-
tween variables, employing maximum likelihood as
the factoring method and varimax rotation for clear-
er factor interpretation. A Kaiser—Meyer—Olkin (KMO)
test was performed to assess sampling adequacy,
ensuring the suitability of the data for FA. Variables
with individual measures of sampling adequacy (MSA)
< 0.6 were excluded, as they did not significantly
contribute to the model according to the Kaiser crite-
rion2>. The analysis was guided by both a scree plot
and an examination of eigenvalues to determine the
optimal number of factors to retain. According to Kai-
ser’s criterion?>, we retained factors with eigenvalues
> 1, resulting in the selection of three factors (Eigen-
values: factor 1 =3.0725; factor 2 = 1.4107; factor 3
=1.0572), which collectively explained 61.56% of the
total variance (y* = 284.003, 36 degrees of freedom,
p < 0.0001). All graphs and the FA were executed
using JMP Prol6 software.
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Table 1. Morphometric variables of 156 women over 60 years of age from the FraDySMex-2019 cohort study

Variable No obesity Obesity Probability

N (%) 67 (43%) 89 (57%)

Age (years) 70.4 £ 10.69 69.22 + 10.36 p=0.5135

Height (cm) 151.67 + 6.16 149.18 + 591 p =0.1205

Weight (kg) 55.15+ 7.5 66.12 + 9.37 p < 0.0001

BMI (kg/m?) 23.94 £ 2.68 30.32 £ 4.46 p < 0.0001

% Fat 43.87 = 2.83 35.27 £ 3.31 p < 0.0001
RESULTS women, whereas in figure 2F, the densitometry per-

Morphometric data

Morphometric data were obtained from the FraDyS-
Mex Study?! by studying 156 women over 60 years
of age, 89 of whom met the criteria for obesity out-
lined by the WHO (BMI > 30) and 67 who were not
obese. Table 1 shows the main and general charac-
teristics of the cohort; no differences in the dispersion
of data by age between the two study populations,
women with obesity (70.34 + 10.69 years) and wom-
en with normal weight (69.22 * 10.36 years). Table
1 also shows the percentage of fat, body weight,
height, and BMI, for the two populations. As expected,
the women in the obesity group showed a significant
increase in fat, body weight, and BMI compared to
those non-obese: Weight 66.12 + 9.37 versus 55.15
(p < 0.0001); % body fat 43.87 * 2.83 versus
35.27+3.31 (p < 0.0001); BMI 30.32 + 4.46 versus
23.94 + 2.68 (p < 0.0001).

Serum concentrations of cytokines and
PPAR-y in obese and non-obese elderly
women

Figure 2 shows the concentrations of the different
cytokines evaluated. Adiponectin content decreased
by almost 45% in obese women regarding those non-
obese (p < 0.0001, d = 0.765) (Fig. 2A), and an in-
crease of 39 % (p < 0.0001, d = -0.727) in IL-6
concentrations (Fig. 2B). No statistically significant
differences were found in TNF-o. and IL-10 concentra-
tions (Fig. 2C and D) (p < 0.06,d = -0.077).

Figure 2E shows a representative gel for PPAR-y content,
with samples from seven obese and seven non-obese
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formed considering all the samples from each study
population is presented. The results were first nor-
malized against the internal loading control (GAPDH),
and then, against the values obtained for non-obese
women. Therefore, the results indicated that non-
obese women had approximately 35% higher values
of PPAR-y than those who were obese (p = 0.0003,
d = 0.045).

Obese elderly women presented
increased oxidative stress

Serum-reduced glutathione concentration (GSH) (Fig.
3A) did not show differences between the groups,
although there was a significant increase in oxidized
glutathione (GSSG) (p < 0.0001, d = 0.124) (Fig. 3B).
The same was reflected in the GSH/GSSG ratio (Fig.
30), indicating that there is greater oxidative stress
damage in women with obesity and a worse redox
state. The concentration of carbonylated proteins in
obese individuals was around 46 % higher (p < 0.0001,
d =-0.563) (Fig. 3D).

S100B gliosis marker increased in the
serum of obese elderly women

No significant differences were found in BDNF nor
GFAP content (Fig. 4A and B). Conversely, a signifi-
cant increase in the S100B gliosis marker was found
(p < 0.01) (Fig. 4C) (p < 0.01, d = -0.303).

Factorial analysis
FA was performed to identify latent structures within

our dataset, simplifying interrelated variables into dis-
tinct factors. This approach revealed key relationships
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Figure 2. Circulating cytokine and PPAR-y levels in elderly obese and non-obese women. A: adiponectin; B: TNF-o; C: IL-6;
D: IL-10; E: representative blot for PPAR-y; F: PPAR-y densitometry. For A, B, C & D: each point in the study population represents
one woman over 60 years of age. * p < 0.001, Mann—Whitney test for unpaired samples. For E & F: PPAR-y protein was assessed
using the Western blot technique described in the Methods section. Each bar represents the average densitometry of the results
normalized with the GPDH loading control and then against those with obesity as a value of 1.0. * p < 0.05, Mann—Whitney
test for unpaired samples. Mean * Standard error is represented.
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between metabolic, oxidative, and inflammatory final FA model. Figure 5 illustrates the variable data
markers, differentiating obese from non-obese groups of each woman plotted without categorical variables
and shedding light on pathways related to cognitive for a blinded analysis. Eigenvalue-based vectorial
impairment risks. FA is well-suited for complex, mul- scores were plotted across three factors (figure 5B),
tidimensional data like ours, where high inter-variable with positive numbers indicating positive associa-
correlations are expected. We reduced variables to tions, negative numbers indicating negative associa-
the minimum number of factors that explained at tions, and near-zero scores suggesting minimal as-
least 60% of the phenomenon. Three factors ex- sociations. Black dots represent non-obese women,
plained 61.56% of the total variance. In the X and Y whereas gray squares denote obese women. The
axes of figure 5A and B, factor 1 explains 34.1%, graphs of factor 1 versus factor 2 (upper quadrant)
factor 2 explains 15.7%, and factor 3 explains 11.7% and factor 2 versus factor 3 (lower right quadrant) in
of the total variance. Variables such as BDNF, TNFo, Fig. 5A shows distinct clustering of the two groups,
IL-10, GSH, GSSG, the GSH/GSSG ratio, and age were suggesting different associations with the variables.
excluded due to low individual MSA (< 0.6), leaving No clear separation was found between groups in
carbonylated proteins, body weight, BMI, fat percen- factor 1 versus factor 3, indicating a shared associa-
tage, GFAP, PPARy, adiponectin, IL-6, and S100B in the tion with those variables.
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Figure 3. Redox state analysis of elderly obese and non-obese women. A, B: level of circulating GSH and GSSG in serum;
C: evaluation of redox state (GSH/GSSG ratio); D: carbonyl protein levels in the blood. Each point in the study population repre-
sents one woman over 60 years of age. * p < 0.001, using the Mann—Whitney test for unpaired samples. Mean * Standard
error is represented.
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Figure 4. Circulating brain damage markers in elderly obese and non-obese women. A: BDNF; B: GFAP; C: S100B. Each point in
the study population represents one woman over 60 years of age. * p < 0.01, Mann—Whitney test for unpaired samples. Mean+
Standard error is represented.
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Figure 5. Factorial analysis. A: biplot; B: loading plot; C: score plot. Each point in the study population represents one woman
over 60 years of age. Black circles represent non-obese women and gray squares represent obese women; red arrows represent
graphically each variable vectorial load; each variable total load is represented as a black dot on the head of arrows. Red circles

represent the confidence ellipses for each plot.
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Figure 5B shows the strength and direction of variable
associations with each factor, represented by arrow
length and direction. The longer the arrow, the stron-
ger the association with the corresponding factor.
Figure 5C overlays figures 5A and B, confirming the
model’s validity. It reveals strong associations between
obesity-related variables and obese individuals,
whereas S100B showed a milder association. Non-
obese women were associated with adiponectin and
PPAR-y, markers of healthy metabolic function. In the
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lower right plot (factor 2 vs. factor 3), obese women
clustered on the right and non-obese on the left, mir-
roring the first plot’s findings. Obese individuals were
strongly associated with S100B, IL-6, and mildly with
GFAP, whereas non-obese women were linked to ad-
iponectin and PPAR-y. Overall, non-obese women
were associated with markers of healthy metabolic
function, whereas obese women correlated with
markers of oxidative stress, inflammation, and high-
fat mass.
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DISCUSSION

Mexico ranks second worldwide in obesity preva-
lence, and since this condition is recognized as a ma-
jor risk factor for CDD, significant efforts have re-
cently been made in the country to understand,
evaluate, and address this public health problem. In
the last years, numerous studies have been conduct-
ed to identify markers for diabetes, metabolic syn-
drome, and other obesity-related conditions?%2?7. Sig-
nificant progress has been made in identifying
gender-specific markers and single-nucleotide poly-
morphisms associated with metabolic syndrome and
diabetes?®2°. However, most obesity-related studies
have relied on traditional biochemical markers such
as glucose, insulin, triglycerides, and HDL cholesterol3°.
To date, no studies have investigated inflammatory
and brain damage markers alongside oxidative stress
in obese elderly Mexican women. Despite global ef-
forts to identify health markers for older adults, re-
sults remain inconsistent due to variations in age,
ethnicity, and sex. This is particularly relevant for
obese elderly women, who are at higher risk. There-
fore, studying this specific population is imperative,
as obesity in aging can lead to physical frailty and
cognitive impairment, reducing the ability to perform
daily activities, diminishing quality of life, and increasing
the risk of premature death3!.

To address this gap, we obtained experimental data
on inflammatory molecules, brain damage markers,
and oxidative stress. We conducted a FA to explore
their relationship with obesity and propose biomark-
ers that could serve as predictors of damage and
neuroinflammation associated with obesity in elderly
Mexican women.

The most commonly used blood and serum markers
of oxidative stress in women with obesity are malo-
ndialdehyde and thiobarbituric acid-reactive sub-
stances, which are indicators of lipid oxidation32.
These are often analyzed alongside total antioxi-
dant capacity and antioxidant enzymes such as su-
peroxide dismutase33. Interestingly, very few studies
report the GSH/GSSG ratio or carbonyl levels.
Therefore, it was interesting to find that in our
study, the GSH/GSSG ratio was lower, and oxidized
carbonyl levels were higher in obese women com-
pared to lean women, reinforcing the validity of our
findings.
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Regarding the relationship between cognitive decline
and acute inflammation markers (TNF-q, IL-6, IL-1p,
IFN-v, IL-2, IL-4, IL-10, and hs-CRP), only limited re-
sults have been reported, concluding that these mark-
ers alone are insufficient for predicting cognitive im-
pairment, and therefore suggesting the need for
additional determinants to improve the understand-
ing of the phenomenon and its clinical implications34.
Here we found a significant increase in IL-6 levels in
the obese population compared to the lean popula-
tion, whereas no differences were observed for IL-10
and TNF-o. However, a positive association between
elevated IL-6 levels, cognitive impairment, and obe-
sity still needs to be evaluated. Decreased serum
adiponectin levels in obesity have been related to car-
diovascular disease, diabetes, osteoporosis, cancer,
and other CDD. More recently, adiponectin levels have
also been used as a marker in severe cases of demen-
tia and Alzheimer’s disease, although their predictive
value in mild cognitive decline remains controversial3®.
A positive association between higher serum adipo-
nectin levels and improved cognitive function in obese
postmenopausal women has been reported3¢. More-
over, obese or overweight postmenopausal Mexican
women showed a lower expression of adiponectin and
a higher ADIPOR1 expression in breast cancer tissue
when compared with women with a normal BMI3’.
However, there are basically no studies that evaluate
this adipokine alongside brain damage markers such
as GFAP or S1008B.

Conversely, PPAR-y has been much less explored as a
biomarker of cognitive decline in obesity and aging.
Despite this, it has been studied in Alzheimer’s dis-
ease, where PPAR-y agonists have been shown to im-
prove cognitive and functional outcomes by reducing
the inflammatory response38.

Recent studies have reported that low molecular
weight adiponectin can cross the BBB and bind to
specific receptors, AdipoR1 and AdipoR2, which are
found in several brain regions, including the hippocam-
pus and cortex. AdipoR2 activates the PPAR-y path-
way, leading to the reduction of inflammatory mole-
cules such as IL-6, inhibiting oxidative stress, and
producing neuroprotective effects. This mechanism
helps restore microglial function and mitigates the
cognitive deficits caused by a high-fat diet3°. In line
with these findings, here we found lower levels of
adiponectin and PPAR-y in the population of obese



women, and both molecules were significantly repre-
sented in our FA. This suggests that they could be
promising candidates for further investigation as po-
tential biomarkers of cognitive decline related to obe-
sity in women. Numerous studies have reported a
negative correlation between serum BDNF levels, obe-
sity markers, inflammation, and cognitive decline in
animal models?2. However, in humans, findings are
contradictory, with some studies showing improve-
ments whereas others report worsening memory and
cognition in relation to changes in BDNF concentra-
tion>4041 Qur results showed no significant differ-
ences in BDNF levels and this neurotrophic factor did
not play a key role in the FA. S100B and GFAP have
not been extensively studied in relation to oxidative
stress, with most research focusing on their role in
inflammation. Their significance in obesity remains
controversial42. Still, they are common markers that
are often used interchangeably or together but have
different origins and therefore different implications.
GFAP is a protein primarily of astrocytic origin, form-
ing part of the astrocyte’s cytoarchitecture, hence it
should not be found in the cerebrospinal fluid or the
systemic circulation, and its presence indicates a loss
of cellular (mainly glial) integrity and damage*3. On
the other hand, S100B is a cytoplasmic protein ac-
tively secreted by cells, serving various extracellular
functions. In the CNS, it is primarily produced by as-
trocytes and oligodendrocytes, with its effects being
concentration-dependent. At nanomolar concentra-
tions, S100B has neurotrophic effects, whereas mi-
cromolar concentrations can lead to cell death and
neurotoxicity!'4. As a result, circulating levels of these
two proteins have been used as markers of brain dam-
age and neurodegeneration. GFAP has shown promise
as a marker for traumatic brain injury (TBI), stroke,
and mood disorders such as major depressive disor-
der. However, its role as a biomarker for cognitive
function or health-related quality of life remains un-
der debate*44>. The case of S100B is more complex.
While it is widely recognized as a biomarker for as-
sessing brain damage in neurodegenerative diseases,
depression, TBI, and BBB integrity, the fact that S100B
can be produced outside the CNS raises questions
about its direct role in the brain'3.1446, S100B is pro-
duced by various non-neural cells, most notably adi-
pocytes*?, leading to the suggestion that it may act
as an inflammatory adipokine within the CNS#47,
Recently it has been proposed that S100B could help
relate and explain the association between obesity
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and cognitive impairment leading to dementia and
could be used as a therapeutic target for different
diseases of inflammatory origin'347. In our study, the
significant elevation of S100B levels in obese women,
along with its prominent role in the FA, is encouraging
for further investigation of this molecule as a prog-
nostic biomarker. While we did not find direct differ-
ences in GFAP levels between groups, it also played a
role in the FA, suggesting that its evaluation in future
studies should not be dismissed.

Our study was not designed as a case—control inves-
tigation of elderly women with cognitive impairment,
but rather focused on obesity. Therefore, the next
step should be to specifically select obese women
with cognitive decline to evaluate the markers pro-
posed here. An interesting and unexpected outcome
of this study, as we searched for information on bio-
markers used to predict cognitive impairment in
obese elderly women, was the variability of reported
results. Depending on various conditions, biomarkers
were reported to increase, decrease, or remain the
same, highlighting the challenge of identifying reliable
biomarkers for accurately diagnosing and predicting
pathological outcomes.

These discrepancies may be attributed to several fac-
tors, including sex differences, ethnic variations, mo-
lecular polymorphisms and isoforms, and epigenetic
differences. Lifestyle factors such as diet, exercise,
and habits also play a crucial role*?484°_ Furthermore,
recent studies suggest that genetic factors may in-
crease the propensity for obesity and obesity-related
morbidities, but the extent to which these are modifi-
able by lifestyle factors remains unclear°.

It has been reported that factors such as age, sex,
urban location, marital status, socioeconomic status,
and education level influence obesity, especially in
middle- and low-income countries>!. In addition, obese
women tend to have different nutrition, low physical
activity, and many other factors.

In Mexico, researchers such as Quezada and Lozada-
Tequeanes®?, and Levasseur®3, emphasize that poor
women in urban areas are disproportionately affected
by obesity, with marriage being another contributing
factor. Therefore, incorporating these variables into
future studies would be highly beneficial. Another
critical issue is the general lack of knowledge about
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healthy lifestyles. Interestingly, women who received
care at family medicine clinics and self-reported having
a healthy lifestyle had a 12% lower BMI compared to
those who did not. However, it is unclear whether
individuals with a high BMI truly understand what con-
stitutes a healthy lifestyle. This highlights the need to
improve education and awareness surrounding healthy
habits. Therefore, in addition to quantitative analyses,
it would be desirable to conduct qualitative studies
that explore individuals’ life trajectories to improve
the understanding of the different outcomes.

To our knowledge, this is the first study to evaluate
molecular biomarkers in obese Mexican women over
60 years of age. Hence, it is essential to continue with
a case—control cohort study involving obese women
with cognitive decline. The most attractive molecules
for further evaluation are IL-6, S100B, GFAP, adipo-
nectin, PPAR-y, and GSSG. In addition, it would be
desirable to perform longitudinal studies with this
type of cohort to strengthen the results. Being able
to find biomarkers to predict the risk of developing
cognitive impairment in elderly Mexican women is
very important for early detection and to generate a
possible comprehensive intervention. Nevertheless, it
is important to recognize and make visible a national
health problem that is not fully acknowledged.
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