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Abstract

Obesity is a multifactorial condition associated with inflammatory processes, intestinal dysbiosis, and
impaired quality of life. This study aimed to evaluate food consumption and quality of life in
individuals with overweight and obesity, correlating them with inflammatory markers and intestinal
permeability. We analyzed 83 patients, divided into three groups: control, overweight, and clinical
obesity (CO), according to the new diagnostic criteria. Quality of life was measured using the SF-36
questionnaire, food consumption was assessed using 24-hour dietary recalls, and inflammatory and
permeability markers were measured by ELISA and flow cytometry. Individuals with CO had poorer
quality of life scores, higher intake of lipids, cholesterol, and saturated fatty acids, and lower
consumption of fiber, MUFA, and PUFA. These dietary patterns correlated with higher
concentrations of zonulin and inflammatory cytokines (p < 0.05), such as IL-6 and IL-17A, and lower
levels of IL-10, IL-4, and IL-2. The findings reinforce the importance of updated diagnostic criteria
and highlight the interaction between diet, inflammation, and quality of life in individuals with
excess weight.
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1. Introduction

Obesity is a chronic, progressive, and multifactorial condition, characterized not only by
excessive accumulation of body fat but also by its metabolic, functional, and structural repercussions
on the human body [1]. Although genetic factors contribute to its development, environmental factors
are the predominant drivers, such as dietary patterns, physical activity levels, and sedentary
behavior, playing a crucial role in modulating the expression of genetic predisposition on an
individual level [2].

According to the World Obesity Atlas 2022, published by the World Obesity Federation, it is
estimated that by 2030, approximately one billion people worldwide will be living with obesity [3].
In addition to global projections, national surveys also reveal alarming rates of overweight and
obesity across Latin America, including Brazil, where prevalence has nearly doubled over the past
three decades[4,5]. This continuous rise in prevalence not only represents a significant
epidemiological burden, but also amplifies the risk of chronic diseases, as obesity and overweight are
strongly associated with multiple comorbidities, including type 2 diabetes, cardiovascular disease,
and several types of cancer [6].
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The social and economic burden of obesity also deserves attention. Rising healthcare costs,
absenteeism, and reduced productivity represent substantial challenges not only for individuals but
also for healthcare systems and national economies. These consequences underscore the
multidimensional impact of obesity, beyond its clinical outcomes [3,7].

From a biological perspective, excessive macronutrient intake and metabolic dysfunction
disrupt energy homeostasis, promoting pathological expansion of visceral adipose tissue. The
adiposity is widely accepted as an active endocrine organ that contributes to systemic inflammation.
This occurs through the production of monocyte chemoattractant protein-1 (MCP-1), which drives
the infiltration of circulating monocytes into adipose tissue. These cells differentiate into
macrophages that secrete a range of pro-inflammatory cytokines, including TNF-«, IL-1f3, and IL-6,
thereby sustaining chronic, low-grade systemic inflammation [8-10].

Such persistent inflammation can profoundly affect the gastrointestinal (GI) tract, particularly
the maintenance of intestinal barrier integrity, which is regulated by tight junction proteins, such as
occludin, tricellulin, claudins, junctional adhesion molecules, and zonulin (ZO). Their dysfunction
increases gut permeability and facilitates the translocation of lipopolysaccharides (LPS), which
activate immune pathways and aggravate systemic inflammation, further promoting insulin
resistance [11-13].

In addition to elevated levels of pro-inflammatory markers, obese anthropometry and the
consumption of a Western-style diet also represent important risk factors for elevated intestinal
permeability [14,15] Evidence indicates that the interaction between diet, gut microbiota, and the
immune system shapes intestinal permeability, and its impairment has been consistently associated
with obesity [16]. In particular, the high consumption of refined carbohydrates, saturated fats, and
additives, has been strongly linked to low-grade inflammation and gut dysbiosis, reinforcing the role
of dietary quality in obesity-related outcomes [17,18].

Beyond its biological effects, psychological well-being is negatively affected, as obesity has been
associated with depression, anxiety, and social stigma, which further compromise overall quality of
life [19].

In this context, the 2025 Lancet Commission on Clinical Obesity introduces a transformative lens
by redefining obesity beyond the limitations of BMI-based classification. It proposes distinguishing
between preclinical obesity (PCO) and clinical obesity (CO) [1]. This reframing not only aligns the
diagnosis of obesity with other chronic diseases but also underscores the urgency of integrated,
longitudinal research that concurrently examines diet, gut microbiota, inflammation, and quality of
life.

2. Materials and Methods

2.1. Study Design, Ethical Aspects and Patients” Enrollment

This prospective observational study was approved by the Research Ethics Committee of
UNESP (Process No. 6,767,461/2024). All patients signed an informed consent form (ICF). Volunteers
were recruited by convenience sampling from a university and outpatient setting, ranging in age
from 18 to 65 years. To minimize potential confounding factors affecting functional or metabolic
status, exclusion criteria were applied. These included: (1) the presence of other severe comorbidities
under active treatment; and (2) recent use of medications known to interfere with metabolic or
immune function, such as antibiotics, anti-inflammatory drugs, immunosuppressants, laxatives, or
hypoglycemic agents.

Nutritional diagnosis was carried out in three stages. The first stage consisted of anthropometric
screening, following the criteria established by the World Health Organization (WHO). BMI and
waist circumference (WC) were used to classify individuals as normal weight (BMI 18.5-24.9 kg/m?),
overweight (BMI 25.0-29.9 kg/m? and WC >80 cm for women and >94 cm for men), or obese (BMI 230
kg/m? and WC >88 cm for women and >102 cm for men) [1]. However, BMI-based metrics of obesity
can misclassify excess adiposity and could be both underdiagnosed and overdiagnoses disease.
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In the second stage, individuals with obesity were screened using a self-administered
questionnaire (anamnesis), which included closed-ended questions on comorbidities commonly
associated with adipose tissue dysfunction, such as diabetes mellitus, systemic arterial hypertension.,
dyslipidemia, sleep apnea, and cardiovascular diseases, among others. The questionnaire also
contained subjective questions regarding participants perceived relationship between lifestyle and
illness, as well as the timing of comorbidity onset in relation to weight gain. The responses were used
to support the clinical reasoning involved in functional diagnosis.

The third stage involved the analysis of the SF-36 questionnaire, Brazilian version translated,
adapted, and validated by Ciconelli et al. [20], which has subsequently been standardized for
different Brazilian regions and population profiles [6] (see Appendix A). The analysis focused on the
domain of role limitations due to physical health (Role-Physical - RP), which assesses the impact of
health status on daily activities such as walking, climbing stairs, and lifting weights, among others.

Patients were classified as having CO if they presented with a BMI > 30 kg/m? and an increased
WC according to sex, a score < 50 in the RP domain or a score between 50 and 75 in at least one
domain, comorbidities associated with excess weight, and self-reported causal relationship with
weight gain. This approach resulted in three study groups: control (normal weight), overweight, and
CO.

2.2. Food Intake Evaluation

Dietary intake was assessed using the 24-hour dietary recall (24hR) method, which identifies
and quantifies foods and beverages consumed on the day prior to the interview. Since a single recall
does not adequately reflect habitual intake, three 24hR interviews were conducted per patient to
obtain a more accurate and representative estimate of dietary consumption [21,22].

Interviews were carried out by telephone at three different time points: 1) immediately after
patient selection and recruitment (Tuesday to Saturday, referring to weekdays); 2) in a second contact
by telephone (Tuesday to Saturday, also referring to weekdays); and 3) in a third contact also by
telephone (Sunday or Monday, referring to the weekend). This distribution of interviews was
designed to capture potential variations in eating patterns between weekdays and weekends.

During each interview, patients reported all foods and beverages consumed on the previous
day, including quantities (household or standardized measures), preparation characteristics (e.g.,
type of fat, salt, or sweetener), as well as the timing and location of each meal. Questions were
structured to minimize interviewer interference and improve the accuracy of dietary descriptions.

Data were initially recorded manually on standardized forms and subsequently entered the
Nutrition Data System for Research (NDSR, University of Minnesota, Minneapolis, MN, USA). Data
transfer to the NDSR was conducted in collaboration with the Department of Public Health, Faculty
of Medicine. The software enabled quantitative analysis of 92 nutrients from each dietary recall,
generating the nutritional composition of individual recalls. Finally, the mean intake of each nutrient
was calculated across the three recalls for each participant, and group-level averages were
determined for analysis [23].

2.3. Quality of Life Evaluation

The SF-36 was selected because it is comprehensive, concise, consistent with current guidelines
for health-related quality of life instruments, and psychometrically robust. It consists of a multi-item
scale that evaluates eight health domains: physical functioning (PF), role-physical (RP), role-
emotional (RE), vitality (VT), mental health (MH), social functioning (SF), bodily pain (BP), and
general health (GH) [24].

The questionnaire was self-administered in printed format, preceded by standardized
instructions, and supervised to ensure comprehension and the integrity of responses. In cases of
illiteracy or functional illiteracy, the instrument was administered through individual interviews.
Participants were instructed to answer based on their usual health status over the previous four
weeks, to minimize the influence of acute or atypical events, such as muscle pain induced by vigorous
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physical activity or transient emotional conditions. This orientation followed the standardized
recommendations for the administration of the SF-36, thereby ensuring greater reliability and
discriminant validity of the instrument [25].

For the evaluation of results, a standardized score was assigned to each question, which was
subsequently transformed into a scale ranging from 0 to 100, where zero corresponds to the worst
health status and 100 to the best. Each domain was analyzed separately in two stages [20,26,27]. The
first stage consisted of data weighting (Table 1), and the second stage involved the calculation of the
raw score (Formula 1). In this step, the values of each item were converted into scores ranging from
0 (zero) to 100 (one hundred).

Table 1. Scoring of the SF-36 questionnaire.

Question Scoring
If the answer is 1, score is 5
If the answer is 2, score is 4.4

1 If the answer is 3, score is 3.4
If the answer is 4, score is 2.0
If the answer is 5, score is 1
Keep the original value
Sum of the original values
Sum of the original values
Sum of the original values
If the answer is 1, score is 5
If the answer is 2, score is 4
6 If the answer is 3, score is 3

Q1 = W N

If the answer is 4, score is 2
If the answer is 5, score is 1
If the answer is 1, score is 6.0
If the answer is 2, score is 5.4
If the answer is 3, score is 4.2
If the answer is 4, score is 3.1
If the answer is 5, score is 2.2
If the answer is 6, score is 1.0
If the answer to Q8 is 1 and to Q7 is 1, score is 6
If the answer to Q8 is 1 and to Q7 is 2 to 6, score is 5
If the answer to Q8 is 2 and to Q7 is 2 to 6, score is 4
If the answer to Q8 is 3 and to Q7 is 2 to 6, score is 3
If the answer to Q8 is 4 and to Q7 is 2 to 6, score is 2
If the answer to Q8 is 5 and to Q7 is 2 to 6, score is 1

If question 7 is not answered, the score for question 8 becomes
the following:
If the answer is 1, score is 6
If the answer is 2, score is 4.75
If the answer is 3, score is 3.5
If the answer is 4, score is 2.25
If the answer is 5, score is 1
Foritems a, d, e, h:
If the answer is 1, score is 6
If the answer is 2, score is 5
If the answer is 3, score is 4
If the answer is 4, score is 3
If the answer is 5, score is 2
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If the answer is 6, score is 1

For items b, ¢, {, g, and i, the original value is kept.
10 Keep the original value
Items should be summed, but items b and d should follow the
following scoring:
If the answer is 1, score is 5
11 If the answer is 2, score is 4
If the answer is 3, score is 3
If the answer is 4, score is 2
If the answer is 5, score is 1

The following formula was applied for the calculation of each parameter. In the formula, the
limit and score range values are fixed and specified in Table 2. Question 02 is not included in the
calculation of any domain and is used solely to assess whether the individual perceives their health
as better or worse compared to one year earlier.

(Obtained Score — Limit) x 100 / ScoreRange

Table 2. Score (0 to 100).

Parameter Question Limit Variation
Physical Functioning 3 10 20
Role-Physical 4 4 4
Role-Emotional 5 3 3
Vitality 09 (items a, e, g, i) 4 8
Mental Health 09 (1tem}sl)b o d 5 25
Social Functioning 06 and 10 2 8
Bodily Pain 07 and 08 2 10
General Health 01 and 11 5 20

2.4. Cytokine Quantification by Cytometric Bead Array

Approximately 5 mL of peripheral blood samples from patients were collected in serum
separator tubes containing clot activator. Samples were centrifuged at 3,500 rpm in 5 minutes. Serum
concentrations of IL-2, IL-4, IL-6, IL-10, IL-17A, IFN-y, and TNF were determined by flow cytometry
(FACSCanto II) using the BD™ Cytometric Bead Array (CBA) kit (BD Biosciences, Franklin Lakes, NJ,
USA). Serial dilutions were first performed to construct the standard curve, ranging from 0 to 1:256
of the lyophilized Th1/Th2/Th17 standards. After preparation of the curve, the bead mixture was
vortexed, pooled in a Falcon tube, and centrifuged at 200 g for 5 minutes. The supernatant was
discarded, and the pellet was resuspended with Serum Enhancement Buffer and incubated for 30
minutes at room temperature, protected from light. Then, 50 uL of cytokine standard dilutions and
50 uL of each sample were added to appropriately labeled tubes, followed by the addition of 28 uL
of PE detection reagent to all tubes. Samples were incubated at room temperature, protected from
light, for 3 hours. After incubation, 800 uL of Wash Buffer was added to each tube and centrifuged at
200 g for 5 minutes. The supernatant was discarded, and the pellet was resuspended in 200 pL of
Wash Buffer. Data acquisition was performed on a FACSCanto II flow cytometer (BD Biosciences,
Franklin Lakes, NJ, USA), and results were expressed after conversion of mean fluorescence intensity
into pg/mL. This stage was conducted in collaboration with the Flow Cytometry Laboratory of
IBB/UNESP.

2.5. Zonulin Quantification by ELISA Assay

Approximately 5 mL of peripheral blood was collected in a serum separator tube (BD
Vacutainer® SST® II Advance®) containing a clot activator. The tube was homogenized and kept at
room temperature for 60 minutes to allow clot retraction. After this period, the sample was
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centrifuged at 3,500 rpm for 5 minutes, and the serum was collected. Approximately 2-3 serum
aliquots were prepared in 0.5 mL tubes and stored at -80°C in the Department of Chemical and
Biological Sciences, IBB/UNESP Botucatu.

Serum zonulin concentrations were measured using an enzyme-linked immunosorbent assay
(ELISA) with commercial kits (Elabscience, Bethesda, MD, USA). Serial dilutions were first performed
to construct the standard curve, ranging from 0 to 50 ng/mL of zonulin. A total of 100 uL of undiluted
serum samples and standard curve points were added to the plates. After a 90-minute incubation at
37°C, 100 pL of biotinylated detection antibody working solution was added, and the plate was
incubated again for 1 hour at 37°C. Subsequently, four washing cycles with 350 puL of buffer were
performed to remove nonspecific binding. Next, 100 uL of HRP conjugate working solution was
added, followed by incubation for 30 minutes at 37°C. The wells were then washed five times with
350 uL of buffer, and 90 pL of substrate solution was added, followed by 15 minutes of incubation at
37°C, protected from light. Finally, 50 pL of stop solution was added to each well, and optical density
(OD) was read at 450 nm using a microplate spectrophotometer (BioTek Epoch 2NS).

Calibration curves were constructed in Excel spreadsheets using the formula y = ax + b, where x
and y were the dependent variables (OD and concentration, respectively). Concentrations were
calculated by converting the optical density (x variable) into ng/mL (y variable).

2.6. Statistical Analysis

All data will be characterized using frequency tables for categorical variables and measures of
central tendency (mean, median) and dispersion (standard deviation, minimum, and maximum) for
quantitative variables. Data analysis was conducted using one-way ANOVA with Holm-Sidak's
multiple comparisons test and Spearman's rank correlation coefficient, implemented in GraphPad
Prism version 10. Statistical significance was determined at a 5% alpha level (p < 0.05).

3. Results
3.1. Clinical and Demographic Characteristics of the Study Population

The sample consisted of 83 individuals classified according to updated diagnostic criteria for
obesity: 24 overweight, 24 with clinical obesity, and 35 eutrophics. The OPC group was excluded
from the analysis. The majority were women aged 19 to 29 years (35.8%), self-declared as White.
Anthropometric data (weight, height, and waist circumference) were collected at recruitment for
nutritional diagnosis. A predominance of Caucasian individuals was observed in the control group,
whereas the overweight groups showed a higher proportion of individuals of African descent,
particularly among men with obesity (75%). Class I obesity was the most prevalent in both sexes,
suggesting an early stage of the condition, with 27.8% of women presenting with Class II obesity.
Table 3 presents the demographic and anthropometric data of the three groups.

Table 3. Demographic and anthropometric data.

Control (n=35)  Overweight (n=24) Clmlf;l_gll))esuy
Variables Female Male Female Male Female Male (n=4)
(n=26) (n=9) (n=14) (n=10) (n=20)
Ethnicity
Caucasian 21 7 7 3 8 1
Afro descent 5 2 7 7 10
Age - range
(years)
19-29 17 7 4 3 10 1
30-39 2 2 4 5 6 1
40 - 49 4 - 4 2 3 2
50 - 59 2 - 1 1 1 -
60 - 65 1 - 1 - - -
BMI (Kg/m?)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Mean(ep) 20 261 w72 280 33,6 34,56
*2,05) (£2,22)  (x1,63)  (+1,21)  (£324)  (x4,73)
. 292 2560 2812 2807 3361
1:;1;:;? (1874- (20,98- (2383- (2660- (30,17 - 33:454(22365
2547)  27,18)  29,96)  29,99)  40,56) '
WC (cm)
Mean@p) 81 85,8 84,7 95,5 103,8 112,9
(+6,46)  (x4,13)  (x318)  (+451) (+13,79)  (x1321)
Median 71,25 (60 87 (80~ ooy oo 944~ 97(136- 108 (102-
(range) - 86) 91) 102) 88) 142)
Obesity
class
Class I - - - - 14 3
Class II - - - - 5 -
Class III - - - - 1 1

3.2. Evaluation of Quality of Life in Participants

The quality of life was assessed using the SF-36 questionnaire, which includes the domains:
physical functioning (PF), role-physical (RP), role-emotional problems (RLEP), vitality (V), mental
health (MH), social functioning (SF), bodily pain (BP), and general health (GH). Statistical analysis,
performed using Tukey's multiple comparison test (o = 0.05), indicated significant differences
between groups in all domains, except RE (Figure 1a).

The CO group had the lowest scores in almost all domains, especially FC (74.79 +17.03), V (40.42
+19.67), and GH (54.25 + 17.26), while the control group had the best results. Significant differences
were observed particularly between the control and CO groups, and between the overweight and CO
groups, reflecting a decline in quality of life with worsening nutritional status. The overweight and
CO groups showed greater variability in scores, suggesting greater heterogeneity.

Correlating with clinical data, we observed significant inverse correlations between BMI and the
domains PF (r =-0.41; p <0.0001), RP (r =-0.23; p = 0.035), VT (r =-0.28; p = 0.008), MH (r =-0.21; p =
0.049), SF (r =-0.20; p = 0.057), BP (r =-0.33; p = 0.002), and GH (r = -0.43; p < 0.0001), suggesting that
increased BMI may be associated with worsening in these aspects (Figure 1b). The correlation with
RE was not significant, suggesting no influence of nutritional status on emotional factors compared
to physical and social factors.

a) SF-36 domains = Centrol b) BMI X SF-36 PF
100 = Overweight .
= Clinical Obesity
80 100 [ S, 2 - == VT
e e J'-J‘L?g, rs + MH
t5 o b $ | B o
© @ - s & oA & cH
G 40 s 50 = pn \m
O o Yy _ ¥ -v?A h Y
w w 2 v, v
20 v "Vawe usd
v [v & .7
v e
0 01 T T T 1
PF RP RE VT MH SF BP GH 10 20 30 40 50
BMI

Figure 1. (a) Calculated scores of quality-of-life parameters measured by the SF-36: Physical Functioning (PF),
Role-Physical (RP), Vitality (VT), Mental Health (MH), Bodily Pain (BP), and General Health (GH). Results are
expressed as mean + standard error of the mean (SEM). A parametric ANOVA test with multiple comparisons
was applied, and significant differences were detected (*P < 0.05) compared with controls. (b) Spearman’s
correlation between BMI and quality-of-life parameters. Control (n = 35); Overweight (n = 24); and Clinical
Obesity (CO, n=24).

3.3. Assessment of Participants’ Dietary Intake

A total of 138 24hR from 62 patients were analyzed using specialized software for nutrient intake
estimation. Ten nutrients were included in the statistical analysis: total lipids (LIP), carbohydrates
(CHO), total protein (PTNt), animal protein (PTNa), plant protein (PTNp), cholesterol (CHOL),
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saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids
(PUFA), and total dietary fiber (DF).

Significant differences were observed between the control and CO groups for several nutrients.
Compared with controls, the CO group showed higher intakes of total lipids (44.46 + 32.75 vs. 137.7
+163.9 g; P =0.0067), cholesterol (303.0 + 182.7 vs. 500 + 333.5 mg; P = 0.0204), and SFA (21.97 + 9.09
vs. 31.54 + 13.53 g; P = 0.0116). In contrast, MUFA (37.49 + 18.91 vs. 24.25 + 9.18 g; P = 0.0048), PUFA
(29.19 + 42.34 vs. 9.45 + 5.24 g; P = 0.0427), and total dietary fiber (24.59 + 9.97 vs. 16.06 + 5.06 g; P =
0.0012) were significantly lower in the CO group. No significant differences were found for
carbohydrates or total, animal, and plant proteins (Figure 2a).

Correlation analysis between nutrient intake and quality-of-life domains revealed significant
inverse associations between cholesterol and PF (r =-0.40; P =0.001) and BP (r=-0.37; P = 0.003). SFA
intake was negatively correlated with BP (r =-0.25; P=0.044) and GH (r=-0.25; P =0.049). Conversely,
total dietary fiber was positively associated with PF (r = 0.29; P = 0.0204) but negatively correlated
with RP (r = -0.32; P = 0.012), SF (r = -0.30; P = 0.017), and BP (r = -0.27; P = 0.032). These findings
suggest that higher fiber intake may be linked to better overall quality of life, while elevated
cholesterol and SFA intake are associated with poorer physical and mental health outcomes (Figure

2b, c and d).
a Dletary iake o b) Cholesterol intake x SF-36 domains PF
150 -
= Overweight -= BP
600 Clinical Obesity
= 5 3; 1004 =z
2 E 100 & :c ';“ “ ~
2] = | ] n
E e % :Jl Ih n
2 [ =
5 é 200 & 50m [T md =
= s . [
g o 0 T T 1
Q 08 e P 20 0 500 1000 1500
F &S év@‘ﬁ?q"q? ks & CHOL (mg)
d) SFA intake x SF-36 domains c) Dietary fiber intake x SF- 36 domains
150 150
= BP PF
-+ GH RP
8 100 ImEmE = = 8 1004 s SF
w [] . b 2 ehglog ok .
@ o ﬂhlﬁ—‘&h a.a.nn A -+ GH
§ s ¢ A }: q 2 504 L"”j‘h: G
Z M s i Z o 1585
A W A g e e
[ ]
u T T T 1 0 E. T T 1
0 20 40 60 80 0 20 40 60
SFA (g) DF (g)

Figure 2. (a) Mean nutrient intake in the Control, Overweight, and Clinical Obesity (CO) groups. Total lipids
(LIP), total carbohydrates (CHO), total protein (PTNt), animal protein (PTNa), plant protein (PTNp), cholesterol
(CHOL), saturated fatty acids (SFA), monounsaturated fatty acids (MUFA), polyunsaturated fatty acids (PUFA),
and total dietary fiber (DT. Results are expressed as mean + SEM. One-way ANOVA with multiple comparisons
was applied, and significant differences were detected (*P < 0.05) compared with controls. (b—d) Spearman
correlation between nutrient intake and quality-of-life parameters (SF-36). (b) Cholesterol (mg) vs. SF-36
domains; (c) SFA (g) vs. SF-36 domains; (d) Total dietary fiber (g) vs. SF-36 domains. Control (n = 25); Overweight
(n=15); CO (n=22).

3.4. Increased Inflammatory Markers in Participants

We evaluated the concentrations of IL-2, IL-4, IL-6, IL-10, IL-17A, IFN-y, and TNF in the serum
of study participants. Statistical analysis (Tukey's multiple comparison test) revealed significant
differences (p < 0.05) between the control and CO groups, as well as between the control and
overweight groups. The concentrations of IL-17A, a pro-inflammatory cytokine of the Th17 pattern,
showed a significant increase in the CO group compared to the control group (p < 0.0001). For IL-10,
a significant elevation was observed in the overweight group compared to the control group (p =
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0.0013). The levels of pro-inflammatory IL-6 were significantly higher in the CO (p = 0.0002) and
overweight (p = 0.0002) groups compared to the control group. IL-4 also showed a significant
elevation in the CO (p = 0.003) and overweight (p = 0.004) groups compared to the control group.
Finally, IL-2 showed a significant increase in both the CO (p =0.042) and overweight (p = 0.047) groups
compared to the control group (Figure 3).

Cytokines = Control

* ] Overnweight

50 = Clinical Obesity
— 30 i i
10 I _

Serum concentration (pg/mL

IL-17  IFN-Y TNF IL-10 IL-6 IL-4 IL-2

Figure 3. Serum cytokine concentrations (pg/mL). Results are expressed as mean + SEM. One-way ANOVA with
multiple comparisons was applied, and significant differences were detected (*P < 0.05) compared with controls.
Control (n = 34); Overweight (n = 26); Clinical Obesity (CO; n = 26).

3.5. Increased Intestinal Permeability in Participants

The gut permeability was evaluated in 60 serum samples (n =20 per group), and we observed a
significant increase in zonulin concentrations in the serum of patients on CO group (75,95 +4,86)
compared to control group (49,52 +5,805) (p = 0.003), as shown in Figure 4a.

Correlating intestinal permeability with nutrient intake, we observed a significant inverse
correlation between serum zonulin levels and total dietary fiber (r = -0.43; p < 0.0007), suggesting
improved barrier function with higher fiber consumption. Interestingly, we detected a moderate
positive correlation between zonulin and total lipids (r = 0.32; p = 0.010), suggesting increased
intestinal permeability with higher lipid intake (Figure 4b).

a) Serum zonulin = Control b) Serum zonulin X nutrient intake
n Overweight -o— LIP
L v
TE 100 s Clinical Obesity i 800
‘BE * E 500 = -¥ DF
c 801 @ 200 v .
§ =
% 60+ E
: w L L] ; ..
§ 40 E ke . * '_‘..a
- ™ [ ] _ P —
§ 5 v ’_3_.-‘_ : _;_._:.
g 20— z ‘_'_'_ . o0 o
v
3 0
0- 0 50 100
Groups Serum concetration (ng/ml)

Figure 4. (a) Serum zonulin concentrations (ng/mL) in participants’ serum samples. Results are expressed as
mean = SEM. One-way ANOVA with multiple comparisons was applied, and significant differences were
detected (*P < 0.05) compared with controls. (b) Spearman correlation between nutrient intake and zonulin
levels: LIP, CHO, PTNt, PTNa, PTNp, CHOL, SFA, MUFA, PUFA, and DF. Control (n = 20); Overweight (n = 20);
CO (n = 20).
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4. Discussion

Overweight and obesity are complex conditions influenced by multiple factors, including sex
and skin color. In Brazil, women are disproportionately affected [28], a finding consistent with this
study, which showed a higher prevalence of grade II obesity among females. The literature indicates
that skin color other than white is a significant risk factor for being overweight, both nationally and
internationally [29,30], a finding corroborated by this study. Such associations between sex, skin
color, and obesity prevalence provide a context for understanding how excess weight affects physical
and functional well-being.

The results of this study confirm the link between higher BMI and poorer quality of life,
particularly in the physical domains of the SF-36, except for the role limitations due to emotional
problems. Previous research has also shown that increasing body weight is associated with a decline
in quality of life, especially regarding pain and physical function [19]. Conversely, weight loss has
been linked to improved physical function, reduced pain, and enhanced vitality [31,32].

The SF-36 was shown to be a useful instrument in identifying physical impairments, as scores in
this domain were used to classify patients as OPC or OC. The importance of this classification was
confirmed by analyses of intestinal permeability and inflammation, which initially failed to show
significant differences between groups when conducted without the Rubino et al. classification.
However, upon applying this new classification, meaningful differences emerged, underscoring its
utility.

Data analysis revealed meaningful associations between health-related quality of life outcomes
and nutrient intake. Previous research has demonstrated an inverse relationship between saturated
fat consumption and SF-36 scores, as well as improved physical function with low-fat diets [31,33].
High cholesterol intake has been linked to poorer quality of life, increased cardiovascular risk, and
symptoms such as anxiety and depression [34]. Notably, this study is the first to investigate the
relationship between cholesterol and physical function and pain. While the literature on fiber and
quality of life is limited, evidence suggests that higher fiber intake is associated with better physical
performance and mental health [35], findings that support the results of this study.

This study's findings revealed that individuals with OC had a higher consumption of total lipids,
saturated fatty acids, and cholesterol, coupled with lower intake of monounsaturated fatty acids
(MUFA), polyunsaturated fatty acids (PUFA), and total dietary fiber, compared to the control group.
This nutritional pattern is characteristic of a Western diet and has significant implications for
modulating the immune and inflammatory response [16]. The literature shows that diets rich in
saturated fat and cholesterol activate pro-inflammatory pathways, leading to intestinal dysbiosis,
increased gut permeability, and release of endotoxins into the systemic circulation, which in turn
stimulate the production of inflammatory cytokines and insulin resistance [36-39].

The findings of this study showed that individuals with obesity and overweight had elevated
levels of the pro-inflammatory cytokines IL-17 and IL-6, accompanied by lower levels of IL-10, IL-4,
and IL-2, compared to the control group [40]. These results support the presence of a chronic low-
grade inflammatory state in these individuals, linked to excess adipose tissue and their dietary habits.
IL-6 and IL-17 are well-established cytokines that play a key role in perpetuating inflammation,
particularly in metabolic disorders. Notably, IL-6 is produced by hypertrophied adipocytes and
immune cells in adipose tissue, while IL-17 amplifies tissue inflammatory responses [41,42].

In contrast, the cytokines IL-10, IL-4, and IL-2 are crucial for regulating the immune response
and maintaining immunological homeostasis. The decrease in these cytokines in overweight
individuals suggests a dysregulation between pro- and anti-inflammatory mechanisms, favoring a
pro-inflammatory environment. This imbalance may be exacerbated by a diet lacking in MUFA,
PUFA, and fiber, nutrients known to modulate the inflammatory response and gut microbiota [43].

The interplay between diet, gut microbiota, and inflammation is essential for preserving
intestinal barrier function. Dysbiosis leads to increased gut permeability, allowing endotoxins to
translocate and trigger systemic inflammation [44,45]. Zonulin, a key regulator of tight junctions, is
an important indicator of this process, with elevated levels linked to high-fat diets. Gut barrier
dysfunction is strongly associated with obesity and other chronic diseases [16]. Our findings support
this connection between dietary patterns and zonulin levels, highlighting the impact of food
consumption on gut permeability and systemic inflammation.

This study provides valuable insights into obesity, quality of life, dietary habits, intestinal
permeability, and inflammation in a Brazilian population, while also emphasizing the importance of
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using the new diagnostic criteria for classifying obesity in academic research. The results show that
failing to adopt this approach led to the misclassification of nutritional status in nine participants,
which compromised the reliability of the analyses.

5. Conclusions

Our findings indicate that clinical obesity is linked to reduced quality of life, increased
consumption of total lipids, cholesterol, and saturated fatty acids, decreased fiber intake, and
heightened intestinal permeability and inflammation, marked by elevated IL-6 and IL-17A levels. We
observed inverse relationships between BMI and multiple SF-36 domains, as well as connections
between nutrient intake and intestinal health and inflammation parameters. Notably, higher fiber
intake was associated with improved quality of life scores and lower zonulin levels. By excluding the
OPC group, we achieved a more precise analysis, underscoring the importance of updated diagnostic
criteria. These results enhance our understanding of the interplay between nutritional status, diet,
inflammation, and well-being in adults with excess weight.
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