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Abstract

Objective: Understanding how biological, cognitive, and self‐regulatory factors are
related to obesity, and weight regulation is clearly needed to optimize obesity

prevention and treatment. The objective of this investigation was to understand

how baseline biological, cognitive, and self‐regulatory factors are related to

adiposity at the initiation of a behavioral weight loss intervention among treatment‐
seeking adults with overweight/obesity.

Methods: Participants (N = 107) in the Cognitive and Self‐regulatory Mechanisms of

Obesity Study (Identifier‐NCT02786238) completed a baseline assessment with

anthropometric, cardiometabolic, inflammatory, cognitive function, and self‐
regulation measures as part of a larger on‐going trial. Data were analyzed with

linear regression.

Results: At baseline, body mass index, body fat percentage, and waist circumference

(WC) were positively associated with fasting insulin and insulin resistance. Higher

WC was related to higher fasting glucose and hemoglobin A1c (HbA1c). Higher

glucose and insulin resistance levels were related to lower list sorting working

memory. Higher glucose and HbA1c levels were negatively associated with reading

scores. Cognitive function and self‐regulation indices were unrelated.

Conclusions: In adults with overweight/obesity entering a weight loss treatment

study: (1) elevated WC and associated glycemic impairment were negatively
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associated with cognition, (2) poorer executive function and reading abilities were

associated with poorer glycemic control, and (3) objectively measured cognitive

functions were unrelated to self‐reported/behavioral measures of self‐regulation.
Such findings increase understanding of the relationships between adiposity, bio-

markers, cognition, and self‐regulation at treatment initiation and may ultimately

inform barriers to successful obesity treatment response.
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1 | INTRODUCTION

Like many chronic cardiometabolic diseases, obesity is a complex,

cyclical physiological process that impacts multiple organs, including

the brain.1 Excess adiposity is both a cause and consequence of car-

diometabolic and inflammatory physiological changes (e.g., hyper-

tension and insulin resistance)2 that may burden neurocognitive

functions.3,4 These impacts on neurocognitive function are seen at

various levels of severity and scale–from relative, subclinical cogni-

tive performance deficits at the behavioral level (e.g., impaired neu-

ropsychological test performance)4 to increased risk of overt

neurodegenerative disease (e.g., dementia) at a clinical level.3

Changes in structural and functional brain integrity are documented

at all levels and across the lifespan.5,6

Although the neurocognitive burden associated with obesity may

be reversible with weight loss,7 this cognitive dysfunction may

disrupt an individual's self‐regulation efforts and contribute to the

very obesity‐promoting behaviors the individual may seek to avoid,

such as excess calorie intake and sedentary behavior.8–10 For

example, cognitive domains such as executive function have been

shown to play a key role in participants' ability to adhere to behav-

ioral treatment programs and their cognitive‐behavioral targets.8–10

Emerging findings from basic and clinical obesity science have, thus,

resulted in new conceptual frameworks “blaming the brain for

obesity.”11 Despite the growing emphasis on how obesity and its

cardiometabolic sequelae relate to cognitive and brain function, no

behavioral weight loss studies to date have examined all of the above

factors concurrently in the context of obesity treatment to examine

whether (1) dysregulation of certain biomarkers has more adverse

effects than others, (2) certain cognitive domains are more impacted

than others, or (3) particular cognitive functions map onto measures

of self‐regulation. Such studies may identify biopsychosocial and

neurocognitive relationships that may ultimately prove to be

important predictors of weight loss among those seeking obesity

treatment.

This investigation takes a first step in addressing these gaps by

examining the cross‐sectional relationships between adiposity in-

dicators and obesity‐related biomarkers, cognitive function, and self‐
regulation indices among treatment‐seeking adults with overweight/
obesity. Each of these adults initiated a behavioral weight loss

program as part of the Cognitive and Self‐regulatory Mechanisms of

Obesity Study (COSMOS) trial.12 This study presents results related

to the first aim of the COSMOS trial, which is to examine the re-

lationships between baseline obesity‐related physiological dysregu-

lation, cognitive deficits, and poor self‐regulation.12

Each biomarker in COSMOS was selected for its previously

documented associations between excess adiposity13–16 as well as

a potential mechanistic role in adverse cognitive impacts.17–22

These biomarkers include indices of poorer glycemic control (e.g.,

hyperglycemia and insulin resistance) and cardiovascular function

(e.g., high blood pressure or resting heart rate) as well as increased

inflammatory markers (e.g., elevated cytokines, acute phase re-

actants). Cognitive function was also assessed using a compre-

hensive approach (i.e., a neuropsychological battery), as excess

adiposity has been linked to deficits across multiple cognitive do-

mains, such as memory, executive function, and processing

speed.20 Adiposity was estimated using multiple anthropometric

indicators to determine whether observed relationships varied

across commonly used approximations of excess body fat.23 Finally,

self‐regulation was assessed via widely used self‐report and

behavioral indicators24–27 to ascertain whether cognitive perfor-

mance would be associated with these theoretical constructs of

goal‐directed behavior in the context of obesity treatment.28,29

Together, these multifactorial constructs align with a proposed

model12 i.e., the foundation of the COSMOS trial that purports

that (1) disruptions in physiology from excess fat harm cognitive

function, (2) relative cognitive deficits then contribute to reduced

self‐regulation, and (3) ineffective self‐regulation results in be-

haviors that promote or maintain obesity.

The hypotheses for the first COSMOS aim were that – at

treatment initiation: (1) greater adiposity would be associated with

greater physiological dysregulation across the biomarkers, (2) greater

physiological dysregulation would be associated with relatively

poorer cognitive performance across multiple domains, and (3)

poorer cognitive performance would be associated with poorer self‐
regulation on standard assessments. No a priori assumptions were

made regarding which indices would show the strongest relation-

ships. Such findings should be useful in characterizing not only the

levels of existing excess adiposity, physiological dysregulation,

cognitive performance, and self‐regulation among adults initiating
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behavioral weight loss but also in documenting baseline in-

terrelationships among these factors.

Ultimately, these descriptive findings will be extended in the

context of weight loss treatment success, which correspond to other

aims of the COSMOS trial, including examining pre‐ to post‐
treatment change in biomarkers, cognition, and self‐regulation
across two different behavioral weight loss programs. Valuable

comparisons can then be made between observed cross‐sectional
patterns among physiology, cognitive function, and self‐regulation
at treatment initiation versus prospective changes in these factors

across different behavioral weight loss treatments.

2 | METHOD

Data presented are from adults with overweight/obesity enrolled in

the ongoing COSMOS trial. The COSMOS trial (Clinical Trials.gov

Identifier: NCT02786238) is a multi‐cohort pilot trial designed

to explore the potential cognitive and self‐regulatory mechanisms

of obesity and weight loss in two treatment groups of interest–

acceptance‐based and standard behavioral treatments. This paper

presents the baseline associations of physical, cognitive, and self‐
regulation factors among trial participants at treatment initiation.

2.1 | Participants

Participants were adults with overweight/obesity recruited from the

local university and community. Participants were included if they

were aged between 21 and 65 years, spoke English, had a baseline

BMI ≥27.0 and ≤52 kg/m2. They were excluded if they did not meet

inclusion criteria, had a physical or mental health reason that would

make participation in the study difficult or dangerous (e.g., cancer,

substance use, visual impairment, physical disability, and pregnancy),

had or were pursuing bariatric surgery, were taking medications that

might impact weight loss, or were currently enrolled in another

weight loss program (WW®). Additional details regarding inclusion/

exclusion criteria for the study can be found in the published pro-

tocol.12 All participants provided written informed consent and were

compensated. One hundred and eight participants (72% female, 24%

marginalized racial group status) were enrolled. One participant

was excluded from all analyses due to extreme values on fasting

insulin (110.17 mIU/L) indicative of poorly controlled diabetes

(Exclusion f).12

2.2 | Measures

2.2.1 | Adiposity measures

Multiple measures to estimate adiposity were collected, and all

were measured in the laboratory by research personnel. Body

weight (kg) and fat mass (kg) were measured with a research‐grade

bioelectrical impedance analysis scale (Model TBF 310GS; Tanita

Corporation). Body fat percent (BF%) was measured with the same

device as the percent of fat mass/total body weight � 100. Body

mass index (BMI; kg/m2) was calculated. Waist circumference (WC;

cm) was measured according to World Health Organization

protocols.30

2.2.2 | Additional Biomarkers

The following measurements were collected as biological indicators

associated with obesity and/or neurocognitive function.

Metabolic indicators

Fasting glucose (mg/dl), fasting insulin (mIU/L), and hemoglobin A1c

(HbA1c; %) were measured as metabolic indicators. The homeostasis

model assessment of insulin resistance (HOMA‐IR) was calculated

using fasting glucose and insulin values.31 Indicators were measured

with blood samples separated into whole blood and plasma and

analyzed using commercially available kits.

Cardiovascular indicators

Systolic (SBP) and diastolic (DBP) blood pressure (mmHg) and heart

rate (HR; bpm) were measured according to American Heart Asso-

ciation32 guidelines using a professional‐grade digital blood pressure
monitor (Model HEM‐907XL IntelliSense; OMRON). SBP, DBP, and

HR values were calculated as an average of the last three of five total

readings.

Inflammatory indicators

High‐sensitivity c‐reactive protein (hs‐CRP; mg/dl), interleukin 6

(IL‐6; pg/ml), and tumor necrosis factor (TNF‐α; pg/ml) were

measured to assess systemic inflammation. Inflammatory indicators

were measured with serum or plasma blood specimens. All ana-

lyses were performed at a certified laboratory using commercially

available kits.

2.2.3 | Cognitive function

The NIH Toolbox Cognition Battery (NIHTB‐CB)33 and Automated

Neuropsychological Assessment Metrics‐IV (ANAM‐IV)34 were

administered. The NIHTB‐CB is a well‐validated computerized

cognitive test battery delivered via tablet and comprised of seven

subtests: (1) Picture Vocabulary (language), (2) Oral Reading

Recognition (language), (3) Picture Sequence Memory (episodic

memory), (4) Flanker Inhibitory Control and Attention (inhibition/

selective attention), (5) Dimensional Change Card Sort (cognitive

flexibility), (6) List Sorting (working memory), and (7) Pattern Com-

parison Processing (processing speed).33 These tests yield T‐scores
(M = 50, SD = 10) corrected for variation due to participants' age,

gender, education, and race/ethnicity.34 Two executive control tests

(Go/No‐Go Hits; % correct; 0–100 and Stroop Color‐Word; number
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correct) were utilized from the ANAM‐IV, another computerized

cognitive battery delivered via laptop.34 To create a more parsimo-

nious and comprehensive measure of executive function and to

reduce multiple testing, a latent Executive Function/Speed variable

was created using the two ANAM‐IV tests and the following three

NIHTB‐CB tests: Flanker Inhibitory Control and Attention, Dimen-

sional Change Card Sort, and Pattern Comparison Processing. All

indicators have loaded together in previous factor analyses.35 The

following NIHTB‐CB tests were modeled using observed single in-

dicators and represent the working memory (List Sorting), episodic

memory (Picture Sequence Memory), vocabulary (Picture Vocabu-

lary), and reading (Oral Reading Recognition) domains. These single

indicators have also been shown to be independent factors in pre-

vious studies.35 For all indicators, higher scores indicate better

cognitive performance.

2.2.4 | Self‐regulation

For self‐report measures, participants completed the Brief Self‐
Control Scale (BSCS)24 and the Effortful Control Scale (ECS).25 The

10‐item BSCS measures trait self‐control with good reliability and

validity.24 Cronbach's alpha for the present sample was 0.78. The

ECS has two 12‐item subscales that measure tendencies to persist

(ECS‐Control) and to inhibit impulses (ECS‐Impulsivity) and also has

good reliability and validity.25 Alphas for the present study were

0.80 (Control) and 0.71 (Impulsivity). Two behavioral tasks were

administered (i.e., the Handgrip Strength Test (HGT)27 and an un-

solvable puzzle26); however, the unsolvable puzzle data were

excluded from analyses due to an identified systematic error in

administration. For the HGT, the time (seconds) that participants

spent gripping a dynamometer at ≥70% of their maximum grip (kg)

was used. A latent Self‐Regulation variable was calculated using

BSCS total score, the two ECS subscales, and the HGT time as in-

dicators. A higher score on all indicators was indicative of higher

self‐control except for the ECS‐Control scale, in which higher scores
indicate lower self‐control.

2.2.5 | Demographic factors and key covariates

Self‐report questionnaires were used to assess demographic factors

(e.g., age [years], gender [0 = male, 1 = female], race‐ethnicity
[0 = white, 1 = marginalized racial group], education level [0 = did

not complete high school, 1 = high school graduate, 2 = some college

or Associates degree, 3 = Bachelors, and 4 = Masters, Professional,

or Doctoral degree]). Weight history was measured with the Weight

and Lifestyle Inventory. Psychosocial factors were measured via the

following validated self‐report instruments: Adverse Childhood

Experiences Survey, Beck Depression Inventory‐II, Emotional Eating
Questionnaire‐Revised, International Physical Activity Question-

naire, Philadelphia Mindfulness Scale, and the Power of Food Scale.

See protocol for references.12

2.3 | Procedure

Upon study enrollment, participants completed a fasting blood draw

at a nearby health center and an in‐laboratory assessment. Following
collection, blood samples were separated into serum or plasma,

placed into sterile tubes, and refrigerated or frozen until analysis.

Analyses were conducted at local‐certified laboratories. The in‐
laboratory assessment was conducted by trained research

personnel and included measurement of physical, psychosocial, and

cognitive factors. After arriving, participants completed the NIHTB‐
CB and ANAM‐IV tests. Second, participants' adiposity indicators

and cardiovascular functioning were measured. Then, behavioral

assessment of self‐regulatory abilities was conducted. Participants

were then given a packet of self‐report measures of self‐regulation,
demographics, and covariates to return at their first treatment ses-

sion. All study procedures were approved by the university's Insti-

tutional Review Board and are in line with APA ethical standards.

2.3.1 | Data analyses

After cleaning and error checking, data were analyzed using Mplus

8.336 using maximum likelihood estimation to include cases with

missing data. First, correlations were run between the biomarkers,

cognitive, and self‐regulation variables to identify meaningful bivar-

iate associations–with a focus on correlations of r ≥ |0.30| (moderate

or greater magnitude). Then a series of regressions were conducted.

Each model included gender, marginalized racial group status, and

education as covariates as well as relevant auxiliary variables to

support analyses with missing data37 (e.g., BMI and WC for BF%, DBP

for SBP, etc.). For the first set of models examining adiposity and

physiological dysregulation, the three observed adiposity indicators

were examined in separate models. All of the biomarkers (e.g.,

glucose, insulin, etc.) were regressed upon each adiposity indicator.

The next set of regressions examined the relationship between bio-

markers and cognitive function with each biomarker examined in a

separate model with all latent and measured cognitive variables. The

final set of regressions examined associations between the cognitive

and self‐regulation by regressing the latent self‐regulation variable

onto each cognitive variable in a separate model.

3 | RESULTS

Participants were predominantly white, highly educated, middle‐aged
females classified into the class II obesity category (see Table 1). WC

was in the “high risk” range or greater category.38 BF% values were in

the category of elevated risk for metabolic syndrome.39 Fasting

glucose levels met the lower threshold of “pre‐diabetes.”40 Fasting

insulin levels were also elevated from standard cut‐point, while
HbA1c approached the clinical threshold.40,41 The HOMA‐IR values

also approached thresholds indicating insulin resistance.42,43 hs‐CRP
was elevated above the thresholds while IL‐6 and TNF‐α levels were
within normal limits. Automated Neuropsychological Assessment
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TAB L E 1 Baseline characteristics of participants (N = 107)

Variables with units, range, and/or clinical thresholds Total sample N (%) or M ± SEa % missing data; N

Demographics

Age (years) 45.37 ± 1.09 0.0; 0

Gender (female) 78 (73%) 0.0; 0

Marginalized racial group status (yes) 23 (22%) 2.8; 3

American Indian/Alaska Native 5 (4.7%) ‐

Asian 2 (1.9%) ‐

Black or African American 5 (4.7%) ‐

Multiracial 6 (5.6%) ‐

Other 5 (4.7%) ‐

Education (≥Bachelor's degree) 81 (76%) 1.9; 2

Adiposity variables

Body mass index; BMI (kg/m2; 18.5–24.9 normal) 35.60 ± 0.57 1.9; 2

Percent body fat (%; <29% for men and <37% for women) 41.45 ± 0.70 1.9; 2

Waist circumference (cm; <102 cm for men; <88 cm for women) 107.31 ± 1.25 1.9; 2

Biomarkers

Metabolic indices

Fasting glucose (mg/dl; <100 normal) 100.91 ± 2.46 0.0; 0

Fasting insulin (mIU/L; <8.4 normal) 12.67 ± 0.78 1.9; 2

HOMA‐IR (mIU/L; <2.7 normal) 2.30 ± 0.13 1.9; 2

HbA1C (%, <5.7 normal) 5.61 ± 0.09 0.9; 1

Cardiovascular indices

Systolic blood pressure (mmHg; <120 normal) 118.55 ± 1.40 2.8; 3

Diastolic blood pressure (mmHg; <80 normal) 78.26 ± 1.02 2.8; 3

Heart rate (bpm; 60–100 normal) 73.75 ± 1.05 2.8; 3

Inflammatory indices

hs‐C‐reactive protein; CRP (mg/L; <2.0 normal) 6.14 ± 0.80 0.0; 0

Interleukin‐6; IL‐6 (pg/ml; <1.8 normal) 1.22 ± 0.09 0.9; 1

Tumor necrosis factor; TNF‐alpha (pg/ml; <5.6 normal) 2.22 ± 0.06 0.9; 1

Cognitive function

NIHTB‐cognition battery (T‐score M = 50, SD = 10; ≤35 borderline impaired)

Vocabulary 54.72 ± 0.86 3.7; 4

Oral reading 56.16 ± 0.85 3.7; 4

Processing speed 52.21 ± 1.30 3.7; 4

Episodic memory 54.44 ± 1.23 3.7; 4

Inhibitory control 40.28 ± 0.69 3.7; 4

Cognitive flexibility 50.54 ± 1.04 3.7; 4

Working memory 53.54 ± 0.82 3.7; 4

ANAM‐IV battery

Go/No‐Go Hits (% correct, 0–100) 94.85 ± 0.18 1.9; 2

Stroop Task Color‐Word (# correct) 36.38 ± 1.15 2.8; 3

(Continues)
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Metric regard to cardiovascular indices, participants were normo-

tensive with resting HRs within normal limits.32 Scores on the neu-

ropsychological tests were also within normal limits based on fully

corrected T‐scores and standard scores.33,34

3.1 | Excess adiposity & dysregulation of
biomarkers

Moderate correlations emerged between at least one marker of

adiposity and the following biomarkers: fasting glucose and insulin,

HOMA‐IR, HbA1c, leptin, SBP, and hs‐CRP (see Table 2). All associa-

tions, except for SBP, were robust to the addition of age, gender, race‐
ethnicity, and education in the multivariate models (see Table 3).

Higher levels of all three adiposity indicators (BMI, BF%, andWC)were

consistently related to higher fasting insulin and higher HOMA‐IR
values, whereas only the higher abdominal adiposity (WC) was asso-

ciated with higher fasting glucose and HbA1c levels (Table 3). The

amount of variance explained by greater adiposity across the meta-

bolic variables ranged from 19% to 36%. Higher BMI and BF% were

also associatedwithhigher leptin (Table3), accounting for 20%–22%of

the variance. With regards to inflammatory markers, higher hs‐CRP
levels showed effect sizes of similar magnitude and direction but

reached significance only for BF% (Table 3). Although bivariate asso-

ciations were small‐to‐moderate (rs = 0.18–26; Table 2), all three

adiposity variables were also positively related to higher IL‐6 in the

multivariate models (Table 3). Across these two inflammatory in-

dicators, greater adiposity accounted for 10%–13% of their variance.

3.2 | Dysregulation of biomarkers & cognitive
performance

Moderate correlations emerged between at least one biomarker and

the following cognitive function indices: reading, inhibitory control,

working memory, and executive control (i.e., Stroop Color‐Word) (see

Table 2). After adjusting for demographics and education, significant

associations remained such that higher glucose and HOMA‐IR were

associated with lower list sorting working memory scores with

glucose accounting for 17% of the variance in working memory

scores and HOMA‐IR accounting for 13% (see Table 4). Higher

glucose and higher HbA1c levels were related to lower reading

scores and accounted for 18% and 13% of the respective variances

(Table 4). Higher IL‐6 was associated with higher picture sequence

episodic memory scores (7% of variance) while higher DBP was

associated with higher vocabulary scores (10% of variance; Table 4).

Importantly, although no biomarkers were associated with the

latent Executive function/Speed variable, some indicators (i.e.,

glucose and HbA1c) exhibited moderate bivariate correlations with

certain individual tests comprising the latent score (i.e., processing

speed, inhibitory control, and Stroop Color‐Word) (Table 2). Thus,

post hoc analyses of these individual tests were performed. In these

models including demographic, education, and language/memory

cognitive variables, higher glucose (β = −0.32, p = 0.003) and HbA1c

(β = −0.25, p = 0.027) were associated with lower executive function

scores as measured via Stroop Color‐Word. In contrast, both higher

glucose (β = 0.22, p = 0.061, trend) and HbA1c were associated with

higher inhibitory control (β = 0.28, p = 0.017).

3.3 | Cognitive performance & self‐regulation
indices

No moderate correlations were detected between the individual

cognitive function variables and self‐regulation indices (results not

shown for bivariate associations). Consistent with this pattern, in the

multivariate models, no cognitive function variables were signifi-

cantly associated with the self‐regulation latent variable (all

ps ≥ 0.221) (Table 5).

4 | DISCUSSION

The first hypothesis that greater adiposity would be associated with

greater physiological dysregulation was supported in this sample with

overweight/obesity. Greater excess weight, particularly higher

T A B L E 1 (Continued)

Variables with units, range, and/or clinical thresholds Total sample N (%) or M ± SEa % missing data; N

Self‐regulation indices (possible range)

Brief Self‐control Scale (10–50) 34.42 ± 0.62 12.1; 13b

Effortful Control Scale–Control (1–5) 2.14 ± 0.05 12.1; 13b

Effortful Control Scale–Impulsivity (1–5) 3.65 ± 0.05 12.1; 13b

Hand‐grip strength time (seconds) 18.98 ± 1.61 1.9; 2

Abbreviations: ANAM‐IV, Automated Neuropsychological Assessment Metric‐IV; HOMA‐IR, homeostatic model of insulin resistance; NIHTB; National
Institutes of Health Toolbox; SE, standard errors.
aMean and SE estimates calculated using full information maximum likelihood which utilizes all observed data to estimate parameters.
bThe highest percent of missing was from the take‐home survey packet given to participants to bring back to their treatment session, as some

participants did not return their packets within the baseline period.
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central obesity measured via WC, was consistently related to higher

fasting glucose and insulin levels, greater insulin resistance, and

chronic hyperglycemia. Greater adiposity was also associated with

elevated inflammatory markers, IL‐6 and hs‐CRP, as well as higher
levels of the satiety hormone leptin. In contrast, none of the adiposity

variables were associated with cardiovascular indices or TNF‐α. The
metabolic indicators most reliably associated with all excess weight

indicators were fasting insulin and insulin resistance – although

higher fasting glucose and HbA1c were associated with greater WC.

IL‐6 levels emerged as the inflammatory marker most consistently

related to greater adiposity. Coefficients for hs‐CRP were in a similar
direction and magnitude across all adiposity indicators – though not

always reaching statistical significance in this modest sample.

The finding that WC accounted for the highest levels of variance

across the biomarkers is likely due to the close links that visceral fat

displays with glucose‐insulin homeostasis and diabetes onset,15,16

and evidence that WC independently predicts visceral fat over and

above BMI.44 Higher BMI also showed strong associations across the

biomarkers, speaking to its ability to predict general obesity, partic-

ularly non‐abdominal and abdominal subcutaneous fat independently
of WC.44 The study is also consistent with past work showing that IL‐
6 and hs‐CRP may be more predictive of poor health outcomes than

TNF‐α (e.g., these two inflammatory markers predicted mortality,

whereas TNF‐α did not).45 Taken together, the findings align with

previous evidence highlighting central obesity (particularly markers

of visceral fat) as more strongly and consistently associated with

physiological dysregulation (especially impaired glycemic control)

compared to general obesity.23 However, these results also support

the recommendation that both central (e.g., WC) and general

anthropometric (e.g., BMI) obesity variables can identify increased

health risk from excess total, abdominal, and visceral fat,44 such as

elevations in inflammatory markers like IL‐6 and hs‐CRP.
The second hypothesis that greater physiological dysregulation

would be associated with relatively poorer cognitive performance

was supported, especially for certain biomarkers and cognitive do-

mains. Elevated fasting glucose and insulin resistance were associ-

ated with lower working memory. Higher glucose and chronic

hyperglycemia (i.e., HbA1c levels) were also related to lower reading

scores, accounting for 13%–18% of the variance in cognitive scores,

independent of demographics and education levels. Higher glucose

and HbA1c were also associated with lower executive function

scores as measured on the Stroop task, accounting for 16%–20% of

the variance. These findings parallel to those found in other samples in

which hyperglycemia, insulin resistance, and/or diabetes diagnosis

TAB L E 3 Regressing biomarkers on individual adiposity indicators adjusting for age, gender, marginalized racial group status, and
education

Adiposity variables

BMI BF% WC

R2 β SE p R2 β SE p R2 β SE p

Biomarkers

Metabolic

Glucose 0.27 0.28 0.16 0.086 0.25 0.20 0.19 0.288 0.30 0.38 0.15 0.013*

Insulin 0.29 0.51 0.10 <0.001* 0.23 0.58 0.14 <0.001* 0.36 0.60 0.09 <0.001*

HOMA‐IR 0.23 0.46 0.12 <0.001* 0.19 0.57 0.15 <0.001* 0.28 0.55 0.12 <0.001*

HbA1C 0.25 0.29 0.17 0.084 0.22 0.20 0.20 0.318 0.29 0.41 0.17 0.013*

Leptin 0.22 0.25 0.10 0.012* 0.21 0.31 0.12 0.010* 0.20 0.17 0.12 0.158

Cardiovascular

SBP 0.13 −0.14 0.09 0.113 0.14 −0.25 0.13 0.052 0.13 −0.10 0.10 0.340

DBP 0.07 0.01 0.10 0.894 0.07 0.04 0.15 0.790 0.07 0.04 0.10 0.681

HR 0.11 0.11 0.09 0.248 0.12 0.20 0.16 0.182 0.10 0.03 0.11 0.769

Inflammatory

hs‐CRP 0.12 0.28 0.16 0.071 0.10 0.32 0.16 0.043* 0.13 0.29 0.185 0.121

IL‐6 0.10 0.26 0.11 0.020* 0.10 0.36 0.12 0.005* 0.14 0.35 0.091 <0.001*

TNF‐alpha 0.01 0.03 0.10 0.750 0.01 −0.12 0.16 0.429 0.01 0.09 0.116 0.428

Note: Presented coefficients are the biomarkers simultaneously regressed on either BMI, BF%, or WC. Each adiposity variable was examined in a

separate model with the other two adiposity indicators included as auxiliary variables. The following covariates were included in every model: age,

gender, marginalized racial group status, and education. Significant coefficients are also bolded.

Abbreviations: BF, body fat; BMI, body mass index; C‐reactive protein; DBP, diastolic blood pressure; HOMA‐IR, homeostatic model of insulin
resistance; Hs‐CRP, high sensitivity; IL, interleukin; SBP, systolic blood pressure; SE, standard error; TNF, tumor necrosis factor; WC, waist

circumference.
*Significant at p < 0.05.
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were the most prominent clinical comorbidities linked to greater

cognitive dysfunction.21 Of note, contradictory results are also avail-

able in the literature. For example, average HbA1c was not associated

with cognitive function over 7 years of follow‐up.46 However, the

Beavers and colleagues' sample was adults with overweight or obesity

who had already developed type 2 diabetes mellitus, which could

indicate that chronic hyperglycemia no longer exerts unique detri-

ment to cognition once diabetes severity reaches clinical thresholds.46

Future studies that allow comparisons with healthy participants (i.e.,

those with no excess weight or diabetes diagnosis such as Reppel

et al.22), will be essential for clarifying the true nature of these asso-

ciations across the spectrum of weight as well as metabolic and in-

flammatory health. Notably, Reppel and colleagues did find evidence

that subclinical HbA1c elevations below the diagnostic threshold for

diabeteswere related to both cognitive performance andwhitematter

integrity in their sample of over 1200 healthy, young adults.22

Interestingly, the observed patterns of glycemic and cognitive

impairment were reversed for another measure of executive function

in the present study sample, with higher scores on the Flanker

Inhibitory Control test related to higher glucose and HbA1c. These

effects were unexpected and may be an artifact of this measure's

performance in this particular sample. Specifically – despite the

present sample being highly educated with “average to high‐average
scores” on the majority of the cognitive tests–scores on the Flanker

Inhibitory Control test stood out as the lowest. These scores were

the only ones that were markedly “low average” using cognitive

benchmarks and had the least variability, suggesting not only relative

deficits on this measure (consistent with meta‐analytic findings),47

but also potential restricted range. Thus, these positive correlations

and coefficients should likely be interpreted with caution. Relatedly,

higher IL‐6 and DBP levels were associated with better episodic

memory and vocabulary scores, respectively, in this sample. Given

the lack of theoretical basis, the absence of a clear and consistent

pattern for these markers, and the high number of models examined,

these effects may be spurious; however, additional studies should

clarify these suppositions.

The final hypothesis that poorer cognitive performance would be

associated with poorer self‐regulation was not supported. While

unexpected theoretically and complicated by the higher levels of

missing data on the self‐report measures, this finding is not the first
time that self‐reported self‐regulation measures have been unrelated
to cognitive testing of self‐control.48 In their meta‐analysis of five
datasets with over 2600 participants, Saunders et al.48 also found

that the Self‐Control Scale, the most widely used measure of self‐
reported self‐control, was not correlated with the Flanker Inhibi-

tory Control or Stroop tests. One of the studies in their report even

found a small negative association, which is consistent with the di-

rection of the non‐significant beta coefficients observed between the
self‐regulation latent score and the majority of the cognitive vari-

ables in the present investigation. Saunders et al. concluded that

these patterns of findings do not invalidate either approach to

measuring self‐regulation capacity but merely highlight that cognitive
tests of executive function are not analogous to the self‐report
measures of self‐control and vice versa.48 Additionally, self‐
regulation measures like the Self‐Control Scale may be more

weakly associated with eating and weight behaviors than with other

behavioral domains like school or work, suggesting that there is

heterogeneity in how well self‐report measures of self‐regulation
actually predict certain behaviors.49 Together, these inconsistencies

highlight the complexities of self‐regulation assessment and also call
for continued multimodal assessment of the construct, particularly in

the context of eating, obesity, and weight loss.48,49

The mechanistic pathways underlying the study findings are

numerous. Specifically, as excess weight accumulates in the body,

particularly in the abdominal cavity and around vital organs

(i.e., visceral fat), impairments in glucose and lipid metabolism

increase.15,16 These glucoregulatory and lipid disturbances are

associated with the sequelae of other negative outcomes that have

been proposed to result in the poor cognitive performance observed

in the present study and others, including but not limited to: impaired

transport of glucose across the blood brain barrier, abnormalities in

endothelial function, vasodilation and other vascular abnormalities,

reduced acetylcholine availability, liver‐brain axis alterations that

produce toxic lipid and ceramide levels, increased neuro-

inflammation, low levels of brain‐derived neurotrophic factor, axonal
degeneration, white matter lesions, and hippocampal atrophy.21,50‐56

In addition to obesity‐related biological changes, an individual's

excess adiposity levels do not exist independently of the larger social

determinants of health. These determinants act together to impact not

onlyobesitydevelopmentandprogressionbutmayalsoexert their own

independent influences on cognitive function. For instance, economic

instability and poverty are critical barriers to healthy food access, and

persons at socioeconomic disadvantage have greater exposure to

highly processed food‐like substances and less access to fresh produce
(e.g., food swamps and deserts).57 Unfortunately, low cost diets high in

refined sugars and fats may have independent negative effects on

TAB L E 5 Regressing self‐regulation on individual cognitive
function indicators adjusting for age, gender, marginalized racial
group status, and education (N = 107)

Self‐regulationa

Cognitive domain R2 β SE p

Executive function/speedb 0.21 −0.16 0.13 0.236

Working memory–List sorting 0.18 −0.01 0.06 0.887

Episodic memory–Picture sequence 0.19 0.03 0.11 0.301

Language–vocabulary 0.21 −0.13 0.11 0.221

Language–reading 0.20 −0.05 0.06 0.342

Note: Each cognitive function variable is a separate model.
aThe Self‐regulation variable is a latent variable comprised of the

following tests: Brief Self‐Control Scale, Effortful Control Subtests, and
Handgrip Strength Test.
bThe Executive Function/Speed variable is a latent variable comprised

of the following tests: Flanker Inhibitory Control, Card Sort Test, Stroop

Color‐Word, Go/No‐Go Hits, and Pattern Processing Speed.

*p < 0.05.
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central appetite control and cognitive function that can be observed

prior to obesity onset.58‐60 Then, the built environment and neigh-

borhoods in which people live can determinewhether they have viable

options for safe exercise.61,62 The evidence linking exercisewith better

cognitive health is well‐established,63 so environments that foster

more sedentary behavior may have cognitive costs or deny cognitive

benefits. Finally, discrimination is another established social determi-

nant of physical health–with emerging support that it is also cognitively

taxing. Weight stigma may not only be obesity‐promoting via its as-
sociation with psychological stress and cortisol secretion,64 it may also

be responsible, in part, for the cognitive deficits observed in persons

with obesity.65 Future studies need to disentangle the unique contri-

butions of obesity as a biological state from the physiological and

psychological threats invoked by socioeconomic factors and discrimi-

nation to determine their relative contributions to cognitive function.

In sum, clear biological, psychological, and social pathways are impli-

cated in the obesity‐cognition relationship.10

Although this study's strengths included a comprehensive

assessment of various markers of adiposity, a diverse array of car-

diometabolic and inflammatory indicators, multiple cognitive do-

mains, and self‐regulation measures, a key limitation should be noted.
Namely, all relationships between these baseline variables are cross‐
sectional, and directionality cannot be established. This limitation is

particularly important for biomarker‐cognition relationships.

Although the current work primarily presents excess adiposity and

corresponding physiological dysregulation as a driver of cognitive

deficits, poorer cognitive abilities may also plausibly drive physio-

logical decline, either as etiological or maintaining factors.66 For

example, poorer crystallized cognitive ability (i.e., language/reading)

may contribute to lower health literacy or non‐adherence to complex
medical regimens.67 Likewise, poorer fluid abilities (e.g., executive

functions, processing speed) may inhibit sustained engagement in

goal‐directed health behaviors related to weight loss.8‐10 Such fac-

tors then contribute to a feedback loop in which cognitive deficits

yield greater adiposity over time.68 Future work coming from this

ongoing study may help clarify some of these temporal relationships

– though better‐powered prospective studies are still needed.

In sum, these results suggest that – among an adult sample with

existing excess adiposity: (1) elevated adiposity, particularly WC, and

associated glycemic impairment have the greatest adverse impacts

on cognition, (2) poorer executive function and reading abilities are

most closely implicated with poorer glycemic control, and (3) objec-

tively measured cognitive functions do not readily map onto self‐
reported or behavioral measures of self‐regulation abilities in the

context of weight regulation. These conclusions can be used to guide

future studies on cardiometabolic factors and brain health by

encouraging more precise estimations of fat type and distribution,

ensuring that markers of glycemic control be prioritized, including

both fluid and crystallized cognitive measures, and not assuming that

self‐report and cognitive testing indices of self‐control are equiva-

lent. These steps should aid in better understanding of factors linking

adiposity, biomarkers, cognition, and self‐regulation to develop

optimal intervention options for those with excess weight.

Evaluations of whether these factors predict treatment response will

also help determine their potential roles as moderators and/or

mechanisms of weight change in behavioral obesity treatments, an

upcoming goal of the ongoing COSMOS study.
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