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ABSTRACT 

Background:  

Excessive body weight has been related to lower cognitive performance. One of the 

mechanisms through which excess body weight may affect cognition is inflammation. 

Hypothesis:  

Our hypothesis is that both body mass index (BMI) and circulating levels of inflammatory 

biomarkers will be negatively related to cognitive performance. 

Design:  

Cross-sectional study. 

Setting:  

Users of the public health centres of the Consorci Sanitari de Terrassa (Terrassa, Spain) 

between 2010 and 2017 aged 12 to 21 years. 

Participants:  

One hundred and five adolescents (46 normoweight, 18 overweight, 41 obese).  

Measurements:  

Levels of high sensitivity C-reactive protein, interleukin 6, tumour necrosis factor  (TNF) and 

fibrinogen were determined from blood samples. Cognitive performance was evaluated and 

six cognitive composites were obtained: working memory, cognitive flexibility, inhibitory 

control, decision-making, verbal memory, and fine motor speed. A single multivariate general 

lineal model was used to assess the influence of the four inflammatory biomarkers, as well as 

participants’ BMI, sex, and age on the 6 cognitive indexes. 

 

Jo
ur

na
l P

re
-p

ro
of

http://t.researchsquare.com/track/click/31114617/doi.org?p=eyJzIjoiMm00bXc1TmFGczJGMjN0ekJkampmekNRckpRIiwidiI6MSwicCI6IntcInVcIjozMTExNDYxNyxcInZcIjoxLFwidXJsXCI6XCJodHRwczpcXFwvXFxcL2RvaS5vcmdcXFwvMTAuMjEyMDNcXFwvcnMuMy5ycy0yMDM3MTQ3XFxcL3YxXCIsXCJpZFwiOlwiYjhlN2ViNjAzNTY1NDk4ZTlkYWY3YTgzZmYyNmM3MjdcIixcInVybF9pZHNcIjpbXCIzZGQwZTAxMmExMzk4NDhkNTAzYjI4ZTBiZmU1Y2QxMDcxNzhlZTgwXCJdfSJ9
http://t.researchsquare.com/track/click/31114617/doi.org?p=eyJzIjoiMm00bXc1TmFGczJGMjN0ekJkampmekNRckpRIiwidiI6MSwicCI6IntcInVcIjozMTExNDYxNyxcInZcIjoxLFwidXJsXCI6XCJodHRwczpcXFwvXFxcL2RvaS5vcmdcXFwvMTAuMjEyMDNcXFwvcnMuMy5ycy0yMDM3MTQ3XFxcL3YxXCIsXCJpZFwiOlwiYjhlN2ViNjAzNTY1NDk4ZTlkYWY3YTgzZmYyNmM3MjdcIixcInVybF9pZHNcIjpbXCIzZGQwZTAxMmExMzk4NDhkNTAzYjI4ZTBiZmU1Y2QxMDcxNzhlZTgwXCJdfSJ9


Xavier Caldú 
 

 3 

Results.  

An inverse relationship between BMI and inhibitory control (F = 5.688, p = .019;  = -.212, p = 

.031), verbal memory (F = 5.404, p = .022;  = -.255, p = .009) and fine motor speed (F = 9.038, 

p = .003;  = -.319, p = .001) was observed. Levels of TNF and fibrinogen were inversely 

related to inhibitory control (F = 5.055, p = .027;  = -.226, p = .021) and verbal memory (F = 

4.732, p = .032;  = -.274, p = .005), respectively. 

Limitations:  

The cross-sectional nature of the study, the use of cognitive tests designed for clinical 

purposes, and the use of BMI as a proxy for adiposity are limitations of our study that must be 

taken into account when interpreting results. 

Conclusions.  

Our data indicate that some components of executive functions, together with verbal memory, 

are sensitive to specific obesity-related inflammatory agents at early ages.  

Keywords:  

obesity, overweight, inflammation, cognition, executive functions, memory. 

1. INTRODUCTION 

The prevalence of obesity has doubled since 1980 and, alarmingly, child and adolescent 

obesity has skyrocketed during the latest decades, exceeding the increase in adult obesity in 

many countries (Weihrauch-Blüher and Wiegand, 2018). Obesity-related comorbidities start as 

early as in childhood, increasing the risk of hyperinsulinemia, insulin resistance, prediabetes, 

and type 2 diabetes, amongst other health complications that can lead to increased mortality 

and premature death (Lee and Yoon, 2018). Consequently, excess weight during childhood and 

adolescence has emerged as one of the most serious issues in public health (Lee and Yoon, 

2018; Weihrauch-Blüher and Wiegand, 2018). 

Beyond the physiological and psychological deleterious effects of obesity, excessive weight has 

also been related to lower cognitive performance (Tanaka et al., 2020). Performance in 
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executive functions and memory have been found to be lower in adults with excess weight 

(Farruggia and Small, 2019). At younger ages, most of the studies have focused on executive 

functioning (Miller and Spencer, 2014), showing a reduction in several executive domains 

including inhibitory control, working memory, cognitive flexibility, planning and decision-

making (Liang et al., 2014; Mamrot and Hand, 2019) (Likhitweerawong et al., 2022). Besides 

executive functions, attention, visuospatial performance, and motor skills also appear to be 

negatively related to body mass (Barros et al., 2022; Liang et al., 2014). On the other hand, 

studies on other cognitive functions, such as language, learning, memory, or general cognitive 

function have provided mixed results (Liang et al., 2014).  

The mechanisms by which excess weight may influence cognition are not yet fully understood. 

One of these potential mechanisms is inflammation. Adipose tissue is not only a reservoir for 

energy, but also an immune organ (Stolarczyk, 2017). A sustained positive energy balance over 

time leads to excessive fat accumulation in adipocytes (Reilly and Saltiel, 2017) and these 

hypertrophied adipocytes, along with the adipose tissue-resident immune cells (mainly 

lymphocytes and macrophages), increase circulating levels of proinflammatory cytokines such 

as tumour necrosis factor alpha (TNFα) and interleukin-6 (IL-6), as well as other 

proinflammatory factors such as C-reactive protein (CRP) and fibrinogen, thus triggering a low-

grade chronic inflammatory state (Spyridaki et al., 2016). This sustained inflammatory state 

can lead to neuroinflammation, which has been negatively related to brain structure and 

cognitive performance (Gómez-Apo et al., 2021, p.). In fact, the link between systemic 

inflammation and cognitive impairment in adults is well documented (Lin et al., 2018). Several 

studies have shown associations between serum concentrations of inflammatory biomarkers 

and worse performance in memory, spatial reasoning, processing speed, attention, and 

executive functions (Heringa et al., 2014; Lin et al., 2018; Marsland et al., 2006). 
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Our study aims at distinguishing between the effects of BMI and those related to systemic 

inflammation on different aspects of cognition in adolescents. For that purpose, we measured 

the levels of four commonly used biomarkers of inflammation and carried out an extensive 

evaluation of cognitive functions previously described to be negatively related to body mass. 

Our hypothesis is that both BMI and circulating levels of inflammatory biomarkers will be 

negatively related to cognitive performance. Precisely determining how body weight and 

inflammation are related to cognitive performance is a step forward in the obtention of a more 

realistic view of paediatric obesity and of its possible links with cognition. 

2. METHODS 

2.1. Subjects. For this cross-sectional study, adolescents aged 12 to 21 were recruited from 

public health centres of the Consorci Sanitari de Terrassa (CST) (Terrassa, Spain). Recruitment 

and data collection were carried out between 2010 and 2017. Inclusion criteria were: sex and 

age specific BMI over the 5th percentile according to the 2000 Centers for Disease Control and 

Prevention (CDC) growth charts (Kuczmarski et al., 2002) or a BMI higher than 18.5 kg/m2 if 

they were older than 17. Potential participants were briefly interviewed to screen for a history 

of significant developmental, neurological, or systemic disorders (e.g., diabetes, thyroid 

disease, and metabolic syndrome), psychiatric illness (including eating disorders, such as 

bulimia or binge eating disorder), or history of substance abuse. Eligible subjects were 

programmed for a second session in which a medical examination and a blood draw were 

performed, either at the Unitat d’Endocrinologia Pediàtrica of the Hospital de Terrassa (for 

participants under 19 years of age) or at the Centre d’Atenció Primària Terrassa Nord (for older 

participants). This medical examination allowed to take anthropometric measures (i.e., weight 

and height) and to assure the absence of any exclusion criteria. In a third session, those who 

obtained medical approval underwent an extensive neuropsychological assessment at the 

Unitat de Neuropsicologia Clínica of the Hospital de Terrassa to explore executive functions, 

memory, and fine motor speed. The mean lapse between the medical and the 
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neuropsychological evaluation was 2 months. The neuropsychological evaluation was carried 

out in a single session, and it also helped to discard the presence of global cognitive 

impairment. IQ was estimated through the Vocabulary subtest of the Wechsler Adult 

Intelligence Scale III (WAIS-III) or the Wechsler Intelligence Scale for Children IV (WISC-IV). A 

scalar score lower than 7 implied the exclusion of the study.  

Written informed consent was obtained from each participant (or their parents when they 

were under 18 years of age). The Ethics Committee for Clinical Research of the CST, and the 

Institutional Ethics Committee (CBUB) and the Institutional Review Board of the University of 

Barcelona approved the current study (IRB 00003099, assurance number: FWA00004225; 

http:// www.ub.edu/recerca/comissiobioetica.htm), which was conducted in accordance with 

the Helsinki Declaration. 

2.2. Measures 

Blood samples were collected for the measurement of serum concentrations of high-sensitivity 

CRP (hs-CRP), IL-6 and TNFα, and plasma levels of fibrinogen. Blood draws were carried out 

between 8:00 and 8:30 a.m. after an overnight fast. Serum and plasma samples were 

separated as soon as possible, coded, and stored at −80 °C at the Logistics Park of Health 

(CatLab) until further analysis. 

Concentrations of hs-CRP and fibrinogen were determined at CatLab through nephelometry 

(Beckman Coulter Immage 800) and PT-derived fibrinogen assay, respectively. Fibrinogen 

values of 47 participants were quantified with STA-Neoplastin-Plus reactive (STA-Rack), while 

for the rest of the sample Recombiplastin 2G reactive (ACLTOP 700) was used. The inter-assay 

coefficients for STA-Rack and ACLTOP 700 were 6.52% and 3.18%, respectively, and the intra-

assay coefficient of variability for ACLTOP 700 was 0.75%. We cannot provide the intra-assay 

coefficient of STA-Rack because these data are currently missing. Serum levels of IL-6 and 

TNFα were analysed at the Centre de Recerca en Metabolisme (Universitat de Barcelona). IL-6 
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was measured using a Quantikine HS ELISA Human IL-6 (R&D Systems, Ref. HS600C Lot 

P178994) and TNFα was quantified by Quantikine HS ELISA Human TNFα (R&D Systems, Ref. 

HSTA00E Lot P174731). The inter-assay coefficients of variability for IL-6 and TNF were 6.7% 

and 6.5%, respectively. The intra-assay coefficients of variability for IL-6 and TNF were 4.1% 

and 2%, respectively. The detection threshold for both IL-6 and TNF was 0.156 pg/ml and 

only subjects with IL-6 and TNF levels above this threshold were included in our sample. As 

noted above, participants with hs-CRP values > 10 mg/L were also excluded (Pearson et al., 

2003). 

Working memory (WM) was measured using the scalar score of the Letter-Number subtest 

(LN) of the WAIS or the WISC and the accuracy of responses in a N-back computerized task. 

The accuracy of responses in the N-back was calculated by subtracting incorrect responses 

from correct responses across three 2- back cycles. 

Cognitive flexibility was determined from the perseverative errors in a computerized version of 

the Wisconsin Card Sorting Test (WCST) and from the Trail Making Test (TMT) part B minus A. 

In the TMT, the execution time (in seconds) of part A was subtracted from part B in order to 

remove the speed element from the test (Lezak, 1995), providing a better flexibility measure 

than TMT part B. 

Inhibitory control was measured with the interference score of the Stroop’s test and with the 

number of commission errors in the Conners’ Continuous Performance Test-II (CPT-II). The 

interference score was calculated according to this formula: [incongruent sheet – (word sheet 

* colour sheet) / (word sheet + colour sheet)]. High interference values indicate better ability 

to suppress automatic responses. Commission errors in the CPT-II were used to estimate the 

inhibition capacity, as they have been interpreted as a failure to stop a response (Soreni et al., 

2009). 
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Decision-making was estimated trough the global net score of a computerized version of the 

Iowa Gambling Task (IGT) and with the geometric mean of delay discounting rates of the 

Monetary Choice Questionnaire (MCQ), also known as Kirby Delay-Discounting Questionnaire. 

The global net score for the IGT was calculated by subtracting the total number of cards 

selected from decks A and B from the chosen cards chosen from decks C and D (i.e., [C+D] – 

[A+B]). A positive score reflects a tendency toward good decision-making, while negative 

scores suggest a disadvantageous performance. The geometric mean of the rates for the small, 

medium, and large reward magnitudes of the MCQ was used to determine the reduction in the 

present value of a future reward as the delay to that reward increases. Hence, higher 

geometric mean values involve more impulsive decisions and less ability to delay reward. 

Verbal memory was measured using the long-term free recall of the California Verbal Learning 

Test-II (CVLT-II). The total number of free recalled words after an interval of 20 minutes was 

used to measure the efficiency of verbal memory. 

Fine motor speed was determined through the needed time to complete the Grooved 

Pegboard Test (GPT). The task was repeated twice, once for the dominant and once for the 

non-dominant hand. If a peg falls during the attempt to get into the hole, it is considered a 

drop. Each drop was computed as one extra second in the total time. The total time in seconds 

for each hand was used to quantify the fine motor speed. Lower scores were interpreted as a 

faster motor speed. 

BMI was transformed into BMI z-score (BMIz) using the 2000 CDC growth charts (Kuczmarski et 

al., 2002). Considering that this guide only allows to calculate BMIz until 20 years of age, the 

BMIz of our seven 21-year-old volunteers was estimated as if they were 20.  

2.3. Statistical Analyses 

Firstly, target raw scores of each neuropsychological test were z-scaled. Then, these new 

scores were clustered into six composite z-scores, which represent different cognitive 
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domains: WM, flexibility, inhibitory control, decision-making, verbal memory, and fine motor 

speed. These composites were calculated as follows: WM = (Z scalar score LN subtest + Z accuracy of 

responses N-back) / 2; flexibility = (– Z perseverative errors WCST + – Z TMT (part B – part A)) / 2; inhibitory 

control = (Z interference score Stroop + – Z commission errors CPT-II) / 2; decision-making = (Z global net 

score IGT + – Z geometric mean MCQ) / 2; verbal memory = (Z long-delay free recall CVLT-II); fine motor 

speed = (– Z dominant hand GPT + – Z non-dominant hand GPT) / 2. Higher scores of these indices point 

to better cognitive performance.  

Data were analysed with SPSS software v. 27 (IBM Corporation, Armonk, NY). A single 

multivariate general lineal model was applied with the four inflammatory biomarkers and 

participants’ BMI, sex, and age as predictors and scores in the 6 cognitive indexes as 

dependent variables. For significant results, individual regression analyses were performed to 

determine the direction of the relationship. 

A statistical power analysis was performed with the software G*Power (Faul et al., 2007). For 

f2 = 0.15,  = 0.05, and a power of 0.8, the estimated sample size was 103 subjects. 

3. RESULTS 

From the 138 volunteers who agreed to participate in the study, 4 were excluded after medical 

visit and 5 were ruled out for having CRP values > 10 mg/L, which are indicative of a possible 

acute infection (Pearson et al., 2003). Furthermore, 24 additional candidates were also 

discarded, as their TNFα and IL-6 values were not available. Therefore, the final sample was 

composed by 105 adolescents and young adults (age = 15.89 ± 2.68; 56 females), of whom 65 

were already included in a previous work (Prats-Soteras et al., 2020). Table 1 shows 

demographic, anthropometric, and inflammatory characteristics of the sample. Although the 

final sample size was 105 participants, a few of them had missing data in some indices. Briefly, 

there were the following missing values: WM index (n=5, from which n=1 was excluded for low 
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reliability response (i.e., more incorrect than correct responses in the N-back test), decision-

making index (n=4) and both flexibility and inhibitory control indices (n=1). Regarding the 

outliers (± 3 SD) treatment, four of the outliers found (two in the TMT part B and two in the 

GPT) were changed and replaced by the highest score to meet normality assumptions and 

three of the outliers found in the MCQ were not changed, since adolescents with these outlier 

scores showed valid results in all response-consistency indices of this test. 

Table 2 shows correlation and p values for all the variables included in the study. Table 3 

shows results of the multivariate general linear model. Regarding demographic variables, 

participants’ age was related to inhibitory control (F = 12.069, p < .001) and fine motor speed 

(F = 5.469, p = .022) and sex was related to working memory (F = 5.474, p = .022) and fine 

motor speed (F = 9.868, p = .002). Age was directly related to inhibitory control ( = .368, p 

<.001) and fine motor speed ( = .247, p = .001). Women scored better than men in fine motor 

speed ( = .341, p <.001) and men scored better than women in working memory ( = -.204, p 

= .042). 

BMIz showed a significant effect on inhibitory control (F = 5.688, p = .019), verbal memory (F = 

5.404, p = .022) and fine motor speed (F = 9.038, p = .003). The relationship between BMIz and 

these three cognitive indexes was inverse, as shown by the individual regression analyses 

(inhibitory control:  = -.212, p = .031; verbal memory:  = -.255, p = .009; fine motor speed:  

= -.319, p = .001). 

Among inflammatory biomarkers, a significant relationship was found between TNF and 

inhibitory control (F = 5.055, p = .027) and between fibrinogen and verbal memory (F = 4.732, 

p = .032). In both cases, the relationship between levels of inflammatory biomarkers and 

cognitive indexes was inverse (TNF - inhibitory control:  = -.226, p = .021; fibrinogen – verbal 

memory:  = -.274, p = .005). Likewise, a trend was observed between TNF and the 

standardized residuals of fine motor speed (F = 3.113, p = .081). 

4. DISCUSSION 
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In the present study we aimed to assess whether BMI and the levels of circulating 

inflammatory biomarkers are related to cognitive performance in adolescents. For that 

purpose, we determined four common inflammatory biomarkers (hs-CRP, IL-6, TNF and 

fibrinogen) in our sample of adolescents and analysed their relationship with six composites 

reflecting different cognitive domains. As we expected, our analyses confirmed the 

relationship between both BMI and inflammation and cognition. Specifically, BMI was 

negatively related to inhibitory control, verbal memory, and fine motor speed. Further, 

inhibitory control and verbal memory were negatively related to circulating levels of TNF and 

fibrinogen, respectively. 

Obesity has been associated with worse cognitive performance (O’Brien et al., 2017). Among 

all cognitive domains, executive functions and memory seem to be especially sensitive to the 

effects of unhealthy excess weight (Farruggia and Small, 2019). Interestingly, both executive 

functions and memory have been reported to improve after weight loss (Arjmand et al., 2022; 

Chávez-Manzanera et al., 2022), although results to date regarding the effects of obesity 

interventions and cognitive improvement have been controversial (Martin et al., 2014) and 

have shown, when observed, small and quite heterogenous effects (Likhitweerawong et al., 

2022). Executive functions include several specific subcomponents. One of the core 

components of executive functions is inhibitory control, which refers to the capacity of 

avoiding preponderant responses in favour of more adaptive ones and is a key function for 

food consumption regulation. In individuals with obesity, reduced levels of inhibitory control 

have been described (Lavagnino et al., 2016). Further, it has been shown that lower levels of 

impulsivity are associated with greater weight loss in individuals following weight loss 

programmes (Galioto et al., 2016) and that cognitive training targeting inhibition also results in 

larger weight losses (Yang et al., 2019). Our results are in harmony with these previous 

findings. Although we did not find any relationship between BMI and the rest of composites 

reflecting other core executive functions, we did observe an association between BMI and 

Jo
ur

na
l P

re
-p

ro
of



Xavier Caldú 
 

 12 

inhibitory control. These reductions in inhibitory control have been related to the inability to 

regulate eating behaviours, making it difficult to resist the consumption of highly caloric foods 

(Nederkoorn et al., 2006), thus contributing to the development or maintenance of obesity. 

We also observed an association between BMI and our verbal memory composite. Although 

less studied than executive functions, there is evidence that memory processes are related to 

obesity and eating behaviours (Seitz et al., 2021). In humans, excess body weight affects 

memory performance (Gunstad et al., 2006) and in animals dietary-induced obesity alters 

memory (Fan et al., 2022). Besides, amnesic patients and experimental animals with impaired 

episodic memory due to lesions in the hippocampus and its vicinities are prone to excess food 

intake and obesity (Higgs et al., 2008; Rozin et al., 2016). Thus, our findings of memory 

decreases related to BMI fit well with previous data and suggest that lower memory 

performance associated with body mass is already evident at early ages. 

Motor performance has also been reported to be reduced in obesity (Gentier et al., 2013), 

specially, gross motor function (Barros et al., 2022). Reductions in gross motor function are 

supposed to be the consequence of the greater load on the body due to the excess mass of the 

muscles implicated in a specific movement (Hue et al., 2007). Regarding fine motor control, 

results are controversial. While some studies have reported no association between excess 

weight and fine motor control (Marmeleira et al., 2017; Matarma et al., 2018), some others 

indicate that obesity is also associated with diminished fine motor performance (D’Hondt et 

al., 2008; Gentier et al., 2013). It has been suggested that lower fine motor performance 

observed in obesity may be due to the higher postural demands imposed by increased body 

mass (D’Hondt et al., 2008). However, in our study, as in previous ones (D’Hondt et al., 2008; 

Gentier et al., 2013), such reductions in fine motor control are observed in situations where 

postural effects are greatly diminished. Although these observations do not allow to rule out 

the possibility that reductions are due to postural or mechanical demands imposed by heavier 
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body parts involved in movements, it has been suggested that they could be reflecting 

perceptual-motor coordination difficulties (D’Hondt et al., 2008; Gentier et al., 2013). Our data 

adds up to the evidence that obesity affects fine motor control too, even when the postural 

and mechanical burden associated with higher body weight is controlled. 

Although the study of the structural and functional correlates of obesity-related cognitive 

deficits is beyond the scope of the present work, it is worth mentioning that our results are 

also coherent with neuroanatomical and functional findings reported by previous studies. 

There is mounting evidence of the structural and functional brain changes associated with 

overweight and obesity, which involve both grey and white matter structures (Gómez-Apo et 

al., 2021). Although obesity has been associated with general modifications in the brain (Beyer 

et al., 2019; Geha et al., 2017), some structures seem to be especially sensitive. One of these 

structures is the medial temporal lobe, including the hippocampus, in which differences in 

both grey (Bobb et al., 2014) and white (Stanek et al., 2011) matter have been described. 

These structural changes are thought to underlay some of the cognitive features observed in 

obesity, such as those affecting verbal memory. In the same line, obesity has been consistently 

related to structural and functional changes in prefrontal regions (García-García et al., 2019; 

Marqués-Iturria et al., 2013) which are key structures for executive control. However, despite 

the amount of evidence relating excess weight with brain structure and function, whether 

these differences precede or are a consequence of obesity is to be determined. In this sense, 

two theories may potentially explain the relationship between obesity and cognition. On one 

hand, from the dual systems model perspective, certain risky choices, such as overeating or 

choosing highly caloric foods instead of healthier ones, would be explained by the incapacity of 

a putative brain regulatory system to consistently restrain potentially hazardous impulses 

(Shulman et al., 2016). Alternatively, from an immunologic model point of view, the higher 

levels of proinflammatory cytokines released by the greater amount of adipose tissue present 

in individuals with obesity would compromise their self-regulatory system, hindering their 
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capacity to make healthy food choices (Shields et al., 2017). Nonetheless, this immunologic 

model does not rule out the possibility that the low-grade inflammatory state present in 

obesity may both contribute to, and be caused by, the disorder. Probably, the most plausible 

explanation lies on a bidirectional relationship between obesity and brain structure and 

function (García-García et al., 2019). According to this bidirectional view, lower levels in certain 

cognitive functions, such as memory or inhibitory control, would impose difficulties to keep 

certain healthy eating behaviours. For example, low levels of inhibitory control may hinder 

avoiding highly caloric foods in favour of more nutritive ones and not being able to precisely 

remember the amount and lapse from the last intake may promote higher and more frequent 

food intakes. At the same time, this excessive food consumption that leads to obesity has been 

associated with cognitive decline (Fan et al., 2022), thus closing a vicious cycle between 

obesity and cognition. 

The ways obesity may be related to cognitive performance are diverse. Among them, the low-

grade inflammatory state induced by obesity is currently receiving great attention. It is well 

known that inflammation is an early consequence of obesity, and that this inflammatory state 

may in turn affect brain functioning (Miller and Spencer, 2014). However, the specific 

relationship between different inflammatory biomarkers and specific cognitive domains and 

whether this relationship depends on individuals’ age is not fully known. For instance, a recent 

study carried out in a large sample of children aged 10 years did not find any relationship 

between any of the five obesity-related inflammatory biomarkers assessed (namely, white 

blood cell count, IL-6, IL-1, TNF and PCR) and executive functions, including cognitive 

flexibility, cognitive inhibition and working memory (Adelantado-Renau et al., 2019). Here, we 

show that at least some components of executive functioning, as well as verbal memory, are 

sensitive to circulating inflammatory biomarkers at early ages. Participants in our study, 

though, although young, were slightly older than those in Adelantado-Renau’s study 

(Adelantado-Renau et al., 2019). Given that at older ages, the affectation of executive 
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functions associated to increased body mass appears to be a consistent observation, it may 

well be that the effects of the inflammatory state elicited by obesity require a certain lapse of 

time to become evident. However, methodological issues (e.g., assessment tools, data 

analysis) cannot be ruled out as potential explanations for these discrepancies. As expected, 

the circulating levels of the four inflammatory biomarkers analysed in the present study were 

correlated with BMI. Besides, two of the biomarkers, TNF and fibrinogen, were related to 

inhibitory control and verbal memory, respectively. There is evidence that obesity is associated 

with a persistent low-grade inflammatory state that affects brain structure (Prats-Soteras et 

al., 2020, p.) and function (Chen et al., 2018). However, in humans, especially in young 

populations, data regarding how different inflammatory biomarkers specifically affect 

cognition are scarce. In this regard, it is well-known that IL-6 exerts both pro- and anti-

inflammatory effects, depending on its signalling pathway (McElvaney et al., 2021; Scheller et 

al., 2011; Wueest and Konrad, 2020), and that these opposite effects are time- and cell-type-

dependent (Kern et al., 2018). Although levels of IL-6 have been consistently described to be 

increased in obesity, whether they are producing pro- or anti-inflammatory effects may be 

complex to determine. One possibility could be that, at least at young ages, the anti-

inflammatory effects of IL-6 were intense enough to counteract its inflammatory effects. In 

contrast, TNF exerts only inflammatory effects (Kern et al., 2018) and that could explain why 

it already affects cognitive performance at early ages. This explanation would also be coherent 

with the observed effect of fibrinogen and the lack of effect of CRP in our sample. Both 

fibrinogen and CRP are synthesised and released by the liver in response to TNF and IL-6, 

respectively. Thus, the anti-inflammatory effects of IL-6 could reduce CRP synthesis and 

release so that CRP levels, although higher in excess weight subjects, would not reach 

sufficient levels to produce a significant effect. On the other hand, fibrinogen production, 

stimulated by the inflammatory effects of TNF, would be able to reach high enough levels to 

produce an effect on cognition. However, the reason why only inhibitory control and verbal 
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memory appear to be sensitive to the levels of these two specific inflammatory agents remains 

elusive.  

Our study presents some limitations that must be considered when interpreting results. First, 

the cross-sectional nature of our study does not allow to establish whether the worse 

performance in executive functions is a cause or a consequence of BMI and its associated 

increase in inflammatory biomarkers. Second, although the cognitive tests we have used to 

evaluate cognitive performance are widely used in non-clinical populations, they have been 

designed essentially for clinical purposes, so they may lack the sufficient sensitivity to bring to 

light subtler variations. Third, the determination of inflammatory biomarkers from only one 

single-point blood sample does not allow to ascertain whether they correspond to a stable, 

chronic, or to a transient, acute inflammatory profile. Finally, although BMI is a very common 

parameter to determine weight status, it does not necessarily reflect adiposity. In this sense, 

direct measures of central adiposity may be more closely related to the inflammatory status 

and thus more precisely capture the relationship with cognitive performance.  

In summary, our data indicate that some cognitive functions could be especially sensitive to 

certain specific inflammatory agents, but further research in this field is warranted to precisely 

determine these specificities. 

5. CONCLUSIONS 

Our data suggest that BMI and inflammatory state are associated to poorer cognitive 

performance in adolescents. The cognitive areas that appear to be more sensitive to this 

inflammatory state are inhibitory control and verbal memory, which, in turn, are related to 

circulating levels of specific inflammatory biomarkers, namely TNF and fibrinogen, 

respectively. 
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TABLES 

Table 1 

Demographic, anthropometric, and inflammatory characteristics. 

BMIz = body mass index z-score; HW = healthy weight; OW = overweight; O = obese; F = 

female; M = male; IQ estimation = Intelligence Quotient estimation; hs-CRP = high-sensitivity C-

reactive protein; mg/dL = milligrams per decilitre; TNFα = tumour necrosis factor alpha; pg/mL 

= picograms per millilitre; IL-6 = Interleukin-6; g/L = grams per litre. 

a Serum levels of fibrinogen considering all participants and both assay types (i.e., STA-Rack and 

ACLTOP 700). 

 Mean SD Range 

Age (years) 15.89 2.68 12–21 

BMIz 1.04 1.06 -1.50–2.69 

Gender (F/M) 56/49  

Weight status (HW/OW/O) 46/18/41  

Years of education 9.69 2.62 6–19 

IQ estimation (scalar score) 10.95 2.19 7–17 

hs-CRP (mg/dL) 2.07 2.55 0.11–9.94 

TNFα (pg/mL) 0.87 0.34 0.26–1.95 

IL-6 (pg/mL) 1.84 1.71 0.18–9.26 

Fibrinogena (g/L) 3.58 0.70 2.23–6.21 

Fibrinogen STA-Rack (g/L) 3.29 0.54 2.23–4.48 

Fibrinogen ACLTOP 700 (g/L) 3.81 0.73 2.56–6.21 

 
Table 2 

Pearson correlations between variables included in the study. 

 Sex Age BMIz hs-CRP IL-6 TNF Fibrinogen F IC WM DM VM FMS 

Sex 1 .067 -.154 .033 -0.42 -.117 .166 -.039 .167 -.204* -.161 .038 .341** 

Age .067 1 -.108 .183 -.178 -.100 .100 .117 .368** .022 .000 .018 .247* 

BMIz -.154 -.108 1 .422** .460** .338** .398** -.096 -.239* -.109 -.133 -.255** -.366** 

hs-CRP .033 .183 .422** 1 .347** .215* .547** .051 .080 .014 -.233* -260** -.109 

IL-6 -0.42 -.178 .460** .347** 1 .225* .202* -.045 -.055 -.042 -.113 .008 -.178 

TNF -.117 -.100 .338** .215* .225* 1 .225* .054 -.249* .001 -.019 -.001 .008 

Fibrinogen .166 .100 .398** .547** .202* .225* 1 -.002 .010 -.059 -.184 -.274** -.029 

F -.039 .117 -.096 .051 -.045 .054 -.002 1 .061 .323** .019 -.054 .178 

IC .167 .368** -.239* .080 -.055 -.249* .010 .061 1 .188 -.002 .170 .218* 

WM -.204* .022 -.109 .014 -.042 .001 -.059 .323** .188 1 -.009 .187 .079 

DM -.161 .000 -.133 -.233* -.113 -.019 -.184 .019 -.002 -.009 1 .001 .033 

VM .038 .018 -.255** -.260** .008 -.001 -.274** -.054 .170 .187 .001 1 .104 

FMS .341** .247* -.366** -.109 -.178 .008 -.029 .178 .218* .079 .104 .104 1 

* < 0.05, ** < 0.01. F: flexibility; IC: inhibitory control; WM: working memory; DM: decision-

making; VM: verbal memory; FMS: fine motor speed. 
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Table 3. F and p values (in parentheses) for the multiple general linear model 

 F IC WM DM VM FMS 

Age 1.135 

(.290) 

12.069 

(<.001) 

.001 

(.976) 

.418 

(.520) 

.460 

(.499) 

5.469 

(.022) 

Sex .105 

(.746) 

1.180 

(.182) 

5.474 

(.022) 

1.340 

(.250) 

.038 

(.846) 

9.868 

(.002) 

BMI 1.032 

(.312) 

5.688 

(.019) 

2.112 

(.150) 

.127 

(.723) 

5.404 

(.022) 

9.038 

(.003) 

hs-CRP .302 

(.584) 

.593 

(.443) 

.849 

(.359) 

2.491 

(.118) 

.285 

(.595) 

.666 

(.417) 

IL-6 .001 

(.971) 

1.545 

(.217) 

.001 

(.982) 

.027 

(.871) 

2.629 

(.109) 

.038 

(.845) 

TNF .529 

(.469) 

5.055 

(.027) 

.023 

(.881) 

.535 

(.466) 

2.360 

(.128) 

2.908 

(.092) 

Fibrinogen .002 

(.968) 

.107 

(.745) 

.021 

(.886) 

.033 

(.857 

4.732 

(.032) 

.202 

(.654) 

F: flexibility; IC: inhibitory control; WM: working memory; DM: decision-making; VM: verbal 

memory; FMS: fine motor speed. 
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Highlights 

 Body mass index is inversely related to inhibitory control, verbal memory, and fine 
motor speed. 

 Circulating levels of TNF- are inversely related to inhibitory control in adolescents. 

 Circulating levels of fibrinogen are inversely related to verbal memory adolescents. Jo
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