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Introduction: Obesity is a major global health issue, associated with physical, psychological, and behavioral impacts. Sedentary lifestyles
and depressive symptoms, common in individuals with obesity, may contribute to cognitive decline. Objective: To analyze the association
between physical activity levels, the presence of depressive symptoms, and cognitive function performance in individuals with obesity.
Materials and Methods: Cross-sectional study conducted with preoperative bariatric surgery patients at the “removed for anonymized review”
in “removed for anonymized review”. Assessments included the International Physical Activity Questionnaire, Center for Epidemiologic
Studies Depression Scale, Mini—Mental State Examination, and a general clinical form. Data were collected via Research Electronic Data
Capture and analyzed with R software (version 4.5). Results: The sample included 100 individuals (mean body mass index: 41.2 +5.2); 58%
were physically active, 42% sedentary, and 26% had clinically significant depressive symptoms. Multiple linear regression indicated a mean
cognitive function score of 28.52 in the reference group (P < 0.001), with no significant association with sedentary behavior (f = +0.24;
P =0.469) or absence of depressive symptoms (§ = —0.36; P = 0.398). Higher education was associated with better cognitive performance,
particularly among those with completed higher education (f=+1.67; P<0.001) and incomplete higher education (f = +1.25; P=0.019). The
model was statistically significant (F: P =0.004). Conclusion: Educational level was shown to be the main determinant of cognitive function
in individuals with obesity, whereas depressive symptoms and sedentary behavior showed no significant association.
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INTRODUCTION According to the Brazilian Association for the Study of
Obesity and Metabolic Syndrome, 60% of individuals with
obesity have a psychiatric disorder, most often depression
and eating disorders.!'” This supports evidence showing high
rates of depressive symptoms in this population, suggesting a
bidirectional relationship between obesity and depression.!!"12

Obesity is a major public health challenge worldwide, with
increasing prevalence across age groups and sociocultural
contexts.[?l The World Health Organization estimates that
approximately 890 million adults live with obesity, a condition
associated with increased risk of cardiovascular, metabolic,

and musculoskeletal diseases, along with negative effects on Address for correspondence: Dr. Clarcson Placido Conceigdo Dos Santos,
mental health and quality of life.! Bahiana School of Medicine and Public Health, R. Silveira Martins,

100 - Cabula, Salvador, BA 41150-100, Bahia.
Recent studies have also identified obesity as a risk factor E-mail: clarcson@hotmail.com

for cognitive impairment, possibly mediated by chronic
inflammatory processes, insulin resistance, vascular changes,
and neuroendocrine dysfunctions,*® particularly in domains
such as memory, learning and executive functions.[™
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While excess weight may contribute to depression through
stigma and physiological mechanisms, depression can, in
turn, lead to behavioral and neurobiological changes that
promote obesity.[%!*! The presence of depressive symptoms in
this population is also associated with poorer quality of life
and a higher risk of cognitive impairment.'>'Y Additionally,
many individuals with obesity adopt unhealthy lifestyle habits,
such as physical inactivity, which may further worsen their
condition.?!

Conversely, physical activity appears as a potentially protective
factor against these outcomes.['> Studies suggest that regular
exercise improves executive function, memory, and attention,
and also has an important role in the prevention and treatment
of depressive symptoms.!!*!¥! Recent literature proposes
that physical activity may mediate the relationship between
depression and cognitive function by enhancing neuroplasticity,
cerebral perfusion, and reducing inflammation.!"”’

Therefore, given the prevalence of obesity and depressive
symptoms in the population and the potential negative impacts
of these conditions on cognitive function, understanding
how physical activity may modulate this relationship is of
critical importance. In this context, the present study aimed to
analyze the association between physical activity profile and
the presence of depressive symptoms with cognitive function
performance in individuals with obesity.

MaTeriALs AND METHODS

This study is an excerpt from the initial project entitled
“removed for anonymized review,” approved by the Research
Ethics Committee of the “removed for anonymized review,”
with CAAE number: “removed for anonymized review.”

Study design and population

This observational cross-sectional study evaluated clinical
patients at the “removed for anonymized review” in “removed
for anonymized review.” Participants were selected if they
were >18 years old. Inclusion criteria required participants to
be in the preoperative phase of bariatric surgery.

Procedures and measurement instruments

Data were collected at the “removed for anonymized review,”
where patients were invited to participate in the interview
after signing the Informed Consent Form. Individuals
who did not feel comfortable could opt not to participate.
Volunteers completed instruments assessing sociodemographic
characteristics, physical activity, depressive symptoms, and
cognitive function. These instruments were administered
online by trained evaluators using tablets or laptops, integrated
with the Research Electronic Data Capture.

Clinical form and body composition

The clinical form was a structured instrument used to
collect sociodemographic and socioeconomic information,
treatment-related variables, and clinical and comorbidity
diagnoses.

Body composition was assessed using the octopolar
bioelectrical impedance analyzer InBody 720. For this study,
the variables considered were weight, height, and body mass
index (BMI).

Physical activity

Physical activity data were evaluated with the International
Physical Activity Questionnaire, a globally validated
instrument that assesses the weekly time spent in physical
activities of varying intensities across different domains, as
well as time spent in passive, seated activities.?” Participants
were asked about the frequency of activities during the week
and the amount of time spent on each activity. In this study,
physical activity levels were dichotomized into active and
inactive, as the sample did not include substantial variation
across different activity levels.!

Depressive symptoms

Depressive symptoms were assessed using the Center for
Epidemiologic Studies Depression Scale (CES-D), a 20-item
self-report instrument designed to screen for depression
in population-based studies.??! The items address mood,
behavior, and perception, with responses ranging from “rarely”
to “most of the time”. The CES-D was selected for its ease
of administration and availability of a validated Portuguese
version.? In this study, participants were stratified into
those without clinically significant symptoms and those with
depressive symptoms, using a score >20 as the cutoff point
for the presence of symptoms.*4

Cognitive function

Cognitive function was evaluated using the Portuguese validated
version of the Mini—Mental State Examination (MMSE).12>2¢!
The test consisted of 30 items assessing different cognitive
domains. In this study, however, the cutoff was set as the mean
score of the total sample, which was 23 points.*”

Data analysis

Statistical analysis was conducted using R software,
version 4.5.0 (R Foundation for Statistical Computing,
Vienna, Austria). Descriptive analysis was first performed
to characterize the sample according to sociodemographic,
clinical, and behavioral variables, stratified by the presence
or absence of depressive symptoms. Categorical variables
were expressed as absolute and relative frequencies (1, %)
and compared between groups using Fisher’s exact test or
Pearson’s Chi-square test, as appropriate. Continuous variables
were presented as mean and standard deviation and compared
using Welch’s #-test for independent samples.

Subsequently, cognitive function scores were compared
between groups. Differences in scores were first analyzed
according to depressive symptoms profile and then according to
physical activity level (sedentary vs. active), using Wilcoxon’s
test for independent samples due to the non-normal distribution
of the data.

To assess the association between depressive symptoms,
physical activity level, and cognitive function, a simple
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linear regression model was fitted, including both variables
as predictors. The coefficient (), standard error, ¢-statistic,
and P value were reported.

In the next step, a multiple linear regression was conducted,
including sociodemographic variables, health conditions,
physical activity profile, and presence of depressive symptoms.
Variable selection was based on both clinical relevance and
previous literature findings. Statistical significance was set at
P < 0.05. Coefficients B, standard errors, and P values were
calculated for each predictor.

The quality of the linear and multiple regression model was
each assessed using R? and adjusted R?, residual standard error,
and the F-test for the set of predictors. Finally, marginal effects
were estimated to evaluate potential interactions between
depressive symptoms and physical activity level on cognitive
function, with results presented graphically along with their
respective confidence intervals.

A post hoc power analysis was conducted to assess
whether the study’s sample size (n = 100) was sufficient to
detect significant effects in the multiple regression model
employed. For this calculation, the f? statistic derived from
the observed coefficient of determination (R? = 0.256) was
used, resulting in an effect size of 2 = 0.344. Considering
two main predictors in the model, a 5% significance level,
and 97 residual degrees of freedom, the analysis indicated
a statistical power of 0.9997. This value represents a power
substantially higher than the conventional 0.80 threshold
recommended in the literature to ensure an adequate
probability of detecting true effects.

ResuLts

The general characteristics of the sample are presented in
Table 1. This study included 100 individuals with obesity, of
whom 26% exhibited depressive symptoms. Sex distribution
showed a higher prevalence of symptoms among women (30%)
compared to men (5.6%; P = 0.036). No significant
differences were observed between groups regarding mean
age (37 years; P = 0.96), BMI = 41 kg/m?; P = 0.38, or total
body mass (P =0.16).

Analysis of educational level showed a marginally significant
trend (P=0.053), suggesting a higher prevalence of depressive
symptoms among individuals with lower education.
Additionally, employment status was significantly associated
with the presence of depressive symptoms (P = 0.045).

Regarding comorbidities, the proportion of individuals with
depressive symptoms was higher among those without a
diagnosis of systemic arterial hypertension (SAH) (33%),
compared to those with hypertension (10%). Similarly, a
higher frequency of depressive symptoms was observed
among participants without nonalcoholic fatty liver
disease (NAFLD) (37%), compared to those with the
condition (16%). The differences between groups were
statistically significant (P=0.017 and P=0.016, respectively).

In this sample, 58% of participants were physically active, and
42% were sedentary. No significant difference was observed
between physical activity levels regarding the presence of
depressive symptoms (P =0.61).

Relationship between cognitive function with depressive
symptoms, and physical activity level

Figures 1 and 2 show that neither depressive symptoms nor
physical activity levels were significantly associated with
cognitive function. Cognitive scores were similar between
participants with and without depressive symptoms (Wilcoxon’s
test, P = 0.92), with comparable variability and outliers in
both groups, suggesting no clear link between depression and
cognitive performance. Similarly, while active individuals
showed a slightly higher median score and fewer lower
outliers compared to sedentary ones, this difference was
not statistically significant (Wilcoxon’s test, P = 0.15). The
magnitude of the differences was estimated using Rosenthal’s
effect size r, interpreted as small (»~ 0.10), medium (»~ 0.30),
or large (» > 0.50). The values obtained were » = 0.0102 in
Figure 1 and » = 0.143 in Figure 2, both indicating a small
effect. Overall, in this sample, cognitive function did not
vary meaningfully based on depressive symptoms or physical
activity level.

Effects of depressive symptoms and physical activity on
cognitive function

A linear regression model was used to analyze the effects
of depressive symptoms and physical activity on cognitive
function in individuals with obesity [Table 2]. The model
intercept was estimated at 28.36 points (P <0.001), representing
the mean cognitive function in the reference group, which
includes participants with depressive symptoms who are
physically active. Although statistically significant, the
intercept has limited interpretative value, serving only as a
starting point for the model.

Regarding depressive symptoms, the coefficient for the
group without symptoms was —0.024 (P = 0.952), indicating
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Figure 1: Comparison of cognitive function scores according to
depressive symptom profile
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Table 1: General characteristics of the sample according to depressive symptom profile

Variables Total? Depressive symptoms 95% Cl P®
Yes (n=26)? No (n=74)°
Age (years) 37(11) 37 (14) 37 (11) 351040 0.96
Total body mass (kg) 113 (17) 109 (15) 115 (18) 110 to 119 0.16
BMI (kg/m?) 412452 42.045.5 40.9+5.1 40 to 42 0.38
Sex
Female 82 (100) 25 (30) 57 (70) 0.036
Male 18 (100) 1(5.6) 17 (94)
Skin color/race
Yellow 3 (100) 0 3 (100) 0.65
White 44 (100) 12 (27) 32 (73)
Indigenous 2 (100) 1(50) 1(50)
Brown 34 (100) 24 (71) 10 (29)
Black 17 (100) 3(18) 14 (82)
Marital status
Married 41 (100) 9(22) 32 (78) 0.41
Separated/divorced 6 (100) 0 6 (100)
Single 44 (100) 14 (32) 30 (68)
Widowed 1 (100) 0 1 (100)
Living with partner 8 (100) 3(38) 5(63)
Educational level
Middle school complete 24 (100) 9 (38) 15 (63) 0.053
High school complete 2 (100) 0 2 (100)
Higher education complete 54 (100) 9(17) 45 (83)
Socioeconomic level
A2 3(100) 1(33) 2(67) 0.77
B1 7 (100) 1(14) 6 (86)
B2 10 (100) 2 (20) 8 (80)
C 67 (100) 17 (25) 50 (75)
D 13 (100) 5(3%) 8 (62)
Employed
No 14 (100) 7 (50) 7 (50) 0.045
Yes 86 (100) 19 (22) 67 (78)
Asthma
No 92 (100) 24 (26) 68 (74) >0.99
Yes 8 (100) 2(25) 6 (75)
Diabetes mellitus
No 86 (100) 23 (27) 63 (73) >0.99
Yes 14 (100) 320 11(79)
Depression
No 86 (100) 21 (24) 65 (76) 0.51
Yes 14 (100) 5(36) 9 (64)
SAH
No 70 (100) 23 (33) 47 (67) 0.017
Yes 30 (100) 3(10) 27 (90)
NAFLD
No 49 (100) 18 (37) 31(63) 0.016
Yes 51 (100) 8 (16) 43 (84)
Smoking status
Former smoker 7 (100) 3(43) 4(57) 0.54
Nonsmoker 92 (100) 23 (25) 69 (75)
Current smoker 1(100) 0 1 (100)
Physical activity
Physically inactive 42 (100) 30(71) 12 (29) 0.62
Physically active 58 (100) 44 (76) 14 (24)

n (%), mean+SD, *Fisher’s exact test, Welch two-sample #-test, Pearson’s Chi-squared test. CI: Confidence interval, BMI: Body mass index, SAH: Systemic
arterial hypertension, NAFLD: Nonalcoholic fatty liver disease, SD: Standard deviation
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that those without depressive symptoms had, on average, a
slightly lower score (0.024 points) compared to the group with
symptoms. Concerning physical activity level, the estimated
coefficient for the sedentary group was +0.297 (P = 0.405),
indicating that sedentary individuals had, on average, a
0.30-point higher score than physically active participants.
Although the direction of the effect contradicts the theoretical
hypothesis that higher physical activity benefits cognition, the
results did not reach statistical significance.

Overall, the results of this model indicate that neither
depressive symptoms nor physical activity level was
significantly associated with cognitive function in individuals
with obesity, with no relevant differences observed between
the groups studied.

Regarding model quality, as shown in Table 3, the adjusted R? is
negative, indicating that the model is less informative than the
mean of the dependent variable. The F-test (P=0.7018) shows
that none of the predictors significantly explains the variability
in cognitive function. There is no statistical evidence that
depressive symptoms or physical activity level are associated
with cognitive function scores in this sample.

Predictors associated with cognitive function

A multiple linear regression [ Table 4] was performed to identify
factors related to cognitive function in this sample. The model
included variables related to sociodemographic aspects (age,
sex, and educational level), health conditions (SAH and
NAFLD), depressive symptoms, physical activity profile, and
current employment. Among all the variables examined, only
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Figure 2: Comparison of cognitive function scores according to physical
activity profile

educational level showed a statistically significant relationship
with cognitive outcomes. Individuals with a higher education
degree had, on average, 1.67 points higher cognitive function
scores compared to those who did not complete middle
school (P < 0.10). Thus, the findings suggest that educational
level may have a protective effect on cognition, even in at-risk
populations such as individuals with obesity. Table 5 shows that
the model explains 16% of the variation in cognitive function,
which is modest but acceptable for human and behavioral data.

Interaction between the presence or absence of depressive
symptoms and the physical activity level

Marginal effects analysis [Figure 3] was conducted using a
linear regression model that included the interaction between
depressive symptoms and physical activity level, aiming to
assess their combined influence on cognitive performance.

When comparing groups, differences in cognitive scores
between individuals with and without depressive symptoms
were minimal among both sedentary and active participants,
with substantial overlap in confidence intervals, indicating
no statistically significant effect of depressive symptoms on
cognition, regardless of activity level.

Regarding the comparison between sedentary and active
participants, it was observed that sedentary individuals, with
and without depressive symptoms, tended to have slightly
higher cognitive scores than active participants, but these
differences were subtle, and confidence intervals overlapped
considerably, indicating a lack of statistically significant
differences.
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Figure 3: Marginal effects analysis of depressive symptoms and physical
activity on cognitive function

Table 2: Linear regression analysis adjusted for physical activity and depressive symptoms

Variables Coefficient (B) SE t 95% Cl P
Intercept 28.36 0.38 74.62 27.6 t0 29.1 <0.001%**
Depressive symptoms —-0.024 0.40 —0.06 —0.82t0 0.76 0.952
Physically active +0.297 0.35 +0.84 —0.41 to 1.00 0.405

**%% P<(.001. SE: Standard error, CI: Confidence interval
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Overall, the results of the marginal effects analysis did not
reveal any significant individual or interactive effects of
physical activity and depressive symptoms on cognitive
performance in the studied sample.

Discussion

This study investigated the relationship between cognitive
function, depressive symptoms, and physical activity level in
individuals with obesity, also considering sociodemographic
and clinical variables as potential predictors.

The lack of a significant association between depressive
symptoms and cognitive performance differs from some of the
literature, which often links such symptoms to poorer cognitive
functioning, including declines in processing speed, attention,
and memory."”? Elevated levels of depressive symptoms are
associated with a higher risk of cognitive decline.”*”

One possible explanation lies in the characteristics of the
sample, which was composed primarily of young adults in the
preoperative stage of bariatric surgery; this profile may reduce
variability in cognitive function and attenuate the detection
of subtle deficits. In addition, psychosocial factors such as
social support, treatment motivation, and clinical stability may
mitigate the impact of depression on cognition.B%

Physiologically, obesity is a chronic pro-inflammatory state
that can potentially damage the central nervous system due to
neuroinflammation, which may impact memory formation and
emotional regulation, thereby contributing to the development
of neurological disorders, including depression.[“**! However,
studies have demonstrated the existence of the so-called

Table 3: Model quality of the linear regression analysis
adjusted for physical activity and depressive symptoms

Metric Value
Residual SE 1.749
R? (adjusted) -0.013
F-statistic 0.3554 (P=0.7018)

SE: Standard error

“obesity paradox” in which excess weight, in certain contexts,
appears to exert a protective effect on cognition.®!4

Langenberg et al. investigated the relationship between
physical activity and cognitive performance in 71 patients
with morbid obesity awaiting bariatric surgery.”” The study
identified that patients with higher depressive symptom
scores showed poorer performance in short-term visuospatial
memory, regardless of physical activity level.

Although physical activity has been associated with better
cognitive performance and protection against decline,!'®* the
present study did not find a statistically significant association
between sedentary behavior and being physically active with
cognitive function. The use of binary categories (active vs.
sedentary) may have limited the sensitivity of the analysis,
since different intensities, frequencies, and types of physical
activity exert distinct effects on cognition.>*

Similar to our findings, Langenberg et al. also observed no
association between daily physical activity and cognitive
performance in severely obese patients awaiting bariatric
surgery.l’”? This may be explained by the fact that the activity
level of these patients may not reach the threshold of intensity
required to generate measurable cognitive benefits.

In the study by Pitrou et al.,l'! overweight older adults with
high levels of physical activity were associated with a lower
risk of cognitive decline, whereas no association was observed
in individuals with low physical activity. Thus, vigorous
physical activity may partially mediate the association between
obesity and cognitive decline, while moderate or light activity
did not show this mediating effect.**

In another study, poorer cognitive performance was indirectly
associated with more severe depressive symptoms through
lower levels of physical activity.'”) Conversely, in the study
by Zhang et al.,**! higher physical activity was observed
to lead to fewer depressive symptoms, resulting in better
cognitive function. This suggested that greater cognitive
resources favored engagement in physical activity, which in
turn contributed to the reduction of depressive symptoms.!'®!

Table 4: Multiple linear regression model: Factors associated with cognitive function in individuals with obesity

Variables Coefficient (B) SE 95% CI P

Intercept 28.52 0.90 26.7 t0 30.3 <0.001
No depressive symptoms -0.36 0.42 -12t00.5 0.398
Sedentary (reference: Active) +0.24 0.34 —0.41t00.9 0.469
Age (years) —-0.023 0.017 —0.1t0 0.0 0.164
Male sex (reference: Female) -0.24 0.43 -1.1t00.6 0.582
Middle school incomplete (reference: Elementary school incomplete) —0.78 1.71 —4.2102.6 0.651
High school complete +1.98 1.28 -0.6to 4.5 0.124
Higher education complete +1.67 0.42 0.8t02.5 <0.001
Higher education incomplete +1.25 0.52 0.2t02.3 0.019
Hypertension (yes) -0.35 0.38 -1.1t00.4 0.363
Nonalcoholic fatty liver disease (yes) +0.50 0.35 -0.2to 1.2 0.159
Currently employed (yes) —0.35 0.52 -1.41t00.7 0.503

*P<0.05, **P<0.01, ***P<0.001. SE: Standard error, CI: Confidence interval
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Table 5: Model quality of the multiple linear regression
involving factors associated with cognitive function in
individuals with obesity

Metric Value
R 0.256
R? adjusted 0.164
Residual SE 1.589
F-statistic (model) 2.76
Model P 0.004

SE: Standard error

The most consistent finding was the positive and significant
association between educational level and cognitive
performance. This result is consistent with the “cognitive
reserve” hypothesis,?’37 according to which greater
educational and intellectual engagement throughout life
promotes increased resilience against cognitive decline and
brain structural changes related to aging and disease.

In populations with obesity, this effect may be even
more relevant, as the presence of multiple metabolic and
cardiovascular risk factors could accelerate neurodegenerative
processes. Similar results were reported by Tsui et al.,>®
who observed that higher educational level mitigated the
negative impact of systemic inflammatory markers on
cognitive performance. In this context, education may act as
a compensatory factor, preserving performance even in the
presence of adverse conditions.

An important point to consider is the potential interaction
between depressive symptoms, physical activity, and
educational level. Although the isolated effects of depressive
symptoms and physical activity were not significant, it is
plausible that these factors are indirectly and bidirectionally
related. Higher levels of physical activity are associated with
reductions in depressive symptoms, which, in turn, support
better cognitive function.®¥ On the other hand, poorer
cognitive functioning may predict lower levels of physical
activity, contributing to higher depressive symptoms.!**!
Therefore, the lack of statistical significance observed does
not negate the clinical relevance of these interactions but
suggests that more complex analyses are needed to elucidate
these relationships.

None of the clinical conditions evaluated showed a significant
association with cognitive function. This finding may reflect the
fact that severe obesity already represents a sufficiently strong
pro-inflammatory state to overshadow the isolated impact of
other clinical conditions. Although population-based studies
indicate that cardiovascular and metabolic diseases are related to
cognitive decline,!*>* investigations in more restricted groups,
such as individuals with severe obesity, suggest that the isolated
effect of these comorbidities may be attenuated when obesity
itself constitutes a major systemic risk factor.

This study has some limitations that should be considered
when interpreting the results. The small sample size limits

the statistical power of the analysis, possibly preventing the
detection of existing associations in the studied population.
Although widely validated and easily accessible for rapid
clinical administration, the MMSE scale to assess cognitive
function is primarily used in older populations and may lack
the sensitivity required to detect the subtle cognitive changes
seen in younger adults with obesity, likely resulting in an
underestimation of cognitive impairment in our sample. ! In
addition, the fact that data collection was limited to a private
clinic increases internal validity and decreases external validity,
given the characteristics of the population that seeks this type
of service in this setting. These methodological considerations
suggest caution in generalizing the findings and highlight the
need for future studies with larger samples and more sensitive
instruments for this population.

ConcLusIoN

In this sample of individuals with obesity, educational level was
the only factor significantly associated with cognitive function,
highlighting the role of education as a protective factor for
cognition. Depressive symptoms and physical activity do not
appear to be associated with cognitive performance in this
sample. These findings reinforce the need for further research
with larger samples and diverse population profiles to clarify
the mechanisms linking obesity, cognition, and psychosocial
factors, as well as to identify intervention strategies that may
mitigate the impact of obesity on cognitive health.
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