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Abstract
Background Childhood overweight and obesity have implications that extend beyond physical health. Despite 
evidence linking obesity to poorer cognition, the combined effects of weight status and dietary habits on cognitive 
function in children remain insufficiently studied. This study took a comprehensive approach investigating effects of 
weight status on cognition, incorporating socio-economic factors, parental anthropometrics, and detailed nutrition 
assessments in primary school children.

Methods Anthropometric measurements, cognitive testing and short interviews were performed in schools from 
October 2021 until July 2022 in the Rhein-Neckar region, Germany. Cognitive testing included the distractibility and 
flexibility modules of the PSYTEST KiTap battery, alongside a self-designed short-term memory assessment. Parents 
were asked to provide information on physical activity, socioeconomic status (SES) and nutrition (3-day food diary 
and a questionnaire). Pearson’s correlations were used for normally distributed continuous data, and Spearman’s 
correlations for nonparametric data Pearson’s or Spearman’s correlation coefficients were calculated based on data 
distribution.

Results A total of 256 children with a mean age of 8.0 years participated in the study. According to German growth 
reference tables, 16% were underweight, 75% normal weight, 5% overweight and 5% obese. Cognitive testing 
resulted in an average age- and sex adjusted performance. No significant correlations were found between any of the 
anthropometric variables collected and the cognitive domains studied. At the same time, cognition was associated 
with nutrition, physical activity and SES with strongest associations between reaction time in the flexibility task and fat 
consumption (R -0.35, p < 0.001), total kilocalories (R -0.30, p < 0.001) and protein (R -0.30, p < 0.001).

Conclusions The cognitive domains studied are not associated with anthropometric variables in primary school 
children. Nutrition appears to have strongest associations with cognition followed by other factors such as physical 
activity and SES. This study underlines the importance of nutrition for cognitive function and emphasizes the need 
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Introduction
Currently, one in five school-age children worldwide 
can be classified as overweight or obese, a figure that 
has more than doubled from 8% in 1990 to 2022 [1]. The 
consequences of childhood obesity and overweight are 
not limited to physical health but include psychiatric, 
psychological and psychosocial aspects [2, 3] affecting 
school absenteeism [4] and possibly even school perfor-
mance [5]. The relationship between weight status and 
cognition is complex with numerous confounders such 
as nutrition, physical activity, socioeconomic status and 
parental education [6–8]. Current evidence suggests a 
bidirectional relationship between brain function and 
weight status. Cognitive functions and associated behav-
iors may influence weight, and weight status may in turn 
impact brain structure and function [6, 9–12]. These 
associations were specifically shown for both age and sex 
adjusted z-score of Body Mass Index (zBMI) and also for 
visceral adipose tissue measured using dual-energy x-ray 
absorptiometry (DEXA) or magnetic resonance imaging 
(MRI) [13, 14] and at the same time interventions target-
ing overweight and obesity in children appear to ben-
efit both weight status and cognitive function [15]. The 
“brain as a risk factor” perspective suggests that higher 
level cognitive functions such as cognitive flexibility and 
inhibition play a central role in resisting temptations in 
an obesogenic environment with a high availability of 
palatable and instantly rewarding foods [16] and also 
may impact physical activity [11, 17, 18]. The influence 
of weight status on cognition may on the other hand be 
mediated by proinflammatory adipokines and cytokines 
secreted by excess adipose tissue, crossing the blood-
brain barrier and prompting morphologic changes in the 
brain [12]. While the causality is debated and may cut 
both ways, the interrelation appears to manifest itself in 
morphological differences between healthy and obese 
children and adults in the prefrontal cortex, grey matter, 
amygdala, nucleus accumbens as well as in differences in 
cortical activity [9, 12, 19, 20].

Although nutrition is a central factor influencing both 
weight status and cognition, most studies that investi-
gate these outcomes do not account for dietary measures, 
which are cumbersome to assess. After adjustment for 
potential confounders, associations between cognition 
and anthropometrics may weaken or are lost, as seen 
for example in a study by Black et al. where sociodemo-
graphic confounding factors played an important role 
[6]. In a study by Marinho et al., that included detailed 

information on nutritional patterns, the link between 
nutrition and cognition did not appear to be mediated by 
adiposity in children [21].

With the goal of exploring the relationship between 
weight status and cognition, three cognitive tests were 
chosen for this cross-sectional study. The data was col-
lected alongside weight status, nutrition, physical activity, 
socioeconomic status and other variables known to influ-
ence weight status in primary schoolchildren. The cog-
nitive domains studied are flexibility, distractibility and 
short-term memory. Cognitive flexibility is an executive 
function and resembles the capability of an individual 
to adapt to changing circumstances and readjust focus, 
which is known to be associated with weight status [9, 
11, 22]. Distractibility is a component of attention regula-
tion and tests susceptibility to diverting attention, which 
is related to attention deficit and executive functions [23]. 
Short-term memory is responsible for temporarily hold-
ing and processing a limited amount of information for 
a short period of time, typically from a few seconds to a 
minute [24] and related to working memory and execu-
tive functions [25].

The aim of this study is to examine how weight status, 
nutritional intake, physical activity, and socioeconomic 
status are related to cognitive function in primary school 
children - specifically, cognitive flexibility, distractibility, 
and short-term memory.

Materials and methods
Between October 2021 and July 2022 schools were 
selected and contacted in cooperation with the local 
health authority with the intent of including children 
from different socioeconomic backgrounds. Approxi-
mately 60 schools were invited to participate with 31 
schools agreeing to participate. All children attending 
the second grade at the schools contacted, were invited 
to participate. The inclusion criteria were written con-
sent from legal guardians, age between 7 and 9 and the 
presence of the child at school on the day of the study 
visit. Children were weighed and tested in small groups 
in the schools with the individual logistics optimized for 
each school and number of participating children. Cog-
nitive functions studied included the executive function 
cognitive flexibility as well as distractibility and short-
term memory. Flexibility and distractibility tests were 
computer based and used the KiTAP test battery devel-
oped by PSYTEST (Psychologische Testsysteme, Her-
zogenrath, Germany), which is widely used in German 
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speaking countries [26–30]. The tests were designed to 
be playful and perceived as a computer game by the chil-
dren. The testing was performed adhering to the devel-
oper’s manual. The simple short-term memory test was 
designed specifically for this study and consisted of eight 
items to be memorized by the child (chocolate, cat, pizza, 
guitar, lemon, fire-fighter truck, fork, and classroom), 
presented both visually (card with picture) and verbally 
and to be repeated directly after the items having been 
shown and 5 min later.

The KiTAP flexibility module is designed to assess 
cognitive flexibility by a task, which requires adapta-
tion to changing stimuli– specifically, the children were 
instructed to swiftly switch between blue and green 
dragons according to their color in an alternating man-
ner with the dragons randomly appearing at one of two 
different locations, using dedicated buttons provided by 
the test. This test is assessed using age and sex normal-
ized T-values (as per manufacturer’s specifications) for 
total number of errors, median reaction time, overall 
performance and speed-accuracy trade-off. T-values are 
interpreted similarly to percentiles and were derived by 
the test manufacturer based on a sample of 620 children 
aged 6–7 and 599 children aged 8–12 with 50 being an 
average performance higher values representing better 
performance.

The KiTAP distractibility module requires the child to 
focus on a certain screen area (a window of a castle), in 
which a ghost figure briefly appears with either a smiling 
or frowning facial expression (critical stimulus) at ran-
dom intervals for brief moments. Additional distractive 
stimuli (other fantasy creatures) appear at some distance 
from the ghost area to potentially distract the child, who 
is instructed to swiftly press a dedicated button, when 
the briefly appearing ghost is frowning. This test was 
assessed by evaluating the omission difference (OD) and 
the T-value for the total number of errors. OD represents 
the effect of distractive stimuli (as per manufacturer’s 
specifications). Half (20) of the 40 critical stimuli in the 
test include a distracting stimulus– thus the theoreti-
cal value range is between − 20 (if only all stimuli with-
out a distractor were missed/omitted) and + 20 (if only 
all stimuli with distractor were missed). A large positive 
value indicates an increased distractibility, since a reac-
tion to the critical stimulus was more frequently omitted 
in the case of the presence of a distracting stimulus. The 
test was standardized by the manufacturer on the basis 
of a sample of 785 children aged 6–7 and 1,112 children 
aged 8–12.

Anthropometric measurements, including weight and 
height, were conducted using calibrated SECA 877 and 
SECA 899 scales, along with a SECA 437 adapter and a 
SECA 217 height measurement ruler, following the man-
ufacturer’s instructions. Children were asked to remove 

their shoes and any bulky jackets before being weighed. 
German national guidelines set cut offs at 90th percentile 
for overweight and 97th percentile for obesity as well as 
10th percentile for underweight [31].

Nutrition was assessed using two tools: a 3-day food 
diary and a self-designed food questionnaire (provided 
in Annex 1). Parents received detailed written instruc-
tions on how to fill out the food diary with an example 
page and could contact the team via phone or e-mail if 
they had questions. The instructions included recom-
mendations on how to specify the quantity e.g. bread in 
slices, drinks as 150-200  ml glasses, soup as scoops of 
around 150 ml. The food diary entries were entered into 
PRODI® Software (version 6.1.1, Nutri-Science GmbH, 
Freiburg Germany, 2022, https://www.nutri-science.de) 
for analysis. PRODI® Software uses the German Nutrient 
Database (Bundeslebensmittelschlüssel) to on one hand 
provide the macronutrient and micronutrient composi-
tion of all foods consumed, at the same time providing 
22 food group categories (1. beef, veal, pork, mutton; 2. 
sausage, meat products; 3. game, poultry, offal; 4. fish, 
crustaceans, shellfish, mollusks; 5. eggs and egg prod-
ucts, pasta; 6. milk and milk products, cheese; 7. menu 
components, predominantly animal; 8. oils, fats, butter, 
lard; 9. legumes; 10. fruits, fruit and fruit products; 11. 
vegetarian foods; 12. menu components, predominantly 
vegetable; 13. vegetables and vegetable products; 14. 
grains and grain products, rice; 15. potatoes and starchy 
foods, mushrooms; 16. bread and pastries; 17. long-life 
baked goods, cake, pastries; 18. confectionery, sugar, ice 
cream; 19. dietary foods; 20. spices, seasonings, addi-
tives; 21. non-alcoholic beverages; 22. infant and baby 
food). In order to further explore the data for potential 
patterns, the 22 food group categories were clustered into 
plant-based foods overall (obviously plant-based catego-
ries 9–15), carbohydrate-rich foods (14–18), meat and 
fish (1–4), animal products total (1–7), animal products 
non-meat (5–7). The food categories were then analyzed 
on their own and in clusters. The food questionnaire 
captured more general food patterns such as adherence 
to special diets, frequency of the consumption of food 
cooked at home and at restaurants as well as a detailed 
consumption of drinks and water (queried as 150–200 ml 
portions). Information on supplements or medication 
taken by children was not collected and thus micronutri-
ent data may not be precise and is thus only included in 
the supplementary tables as shown in Annex 2.

Physical activity was assessed using a questionnaire 
directed towards parents (see Annex 3) and a question-
naire filled out by the study team in a short interview 
based on the Physical Activity Questionnaire for Chil-
dren (PAQ-C) together with the child [32] with a total 
score being the central variable for the PAQ-C and 
times spent in different activity levels (sports, sedentary 

https://www.nutri-science.de
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activity, sleep and other) being the outcome variables for 
the questionnaire directed at parents (See Annex 4).

Parents’ anthropometrics were collected via a further 
questionnaire including the highest level of education 
attained by parents as well as their monthly net house-
hold income and migration background. A total socio-
economic status score for within group ranking was 
calculated similar to the procedure described in the 
KiGGS Study [33]. Highest education level of the father 
and mother each being assigned a score between 1 and 6 
as well as the household income with ranging from 1 to 5, 
resulting in a maximum total score of 17. The question-
naire is provided in Annex 5.

Data was tested for normality using the Kolmogorov-
Smirnov test, if both variables were normally distributed, 
Pearson’s correlations were calculated, if at least one of 
two variables was not normally distributed, Spearman’s 
correlations were calculated. IBM SPSS Statistics Version 
29 (IBM Corp, Armonk, New York, United States) was 
used for analyses in this study. Due to the heterogeneous 
nature of the collected data which included anthropo-
metrics, cognitive tests, nutritional diaries, physical 
activity assessments, and socioeconomic information 
data imputation was not performed. Imputing missing 
values could have led to bias or distort the complex rela-
tionships within these varied datasets. Therefore, analy-
ses were restricted to individuals with complete data 
sets in regards to the reported variables to preserve data 
integrity. The number of available datasets for variables 
in question is reported alongside results.

Results
The study was conducted between October 2021 and July 
2022. Due to the ongoing pandemic situation and lock-
down measures, the study had to be paused from January 
2021 to April 2022. Study visits could be conducted in 24 
out of the 31 schools agreeing to participate with 1,401 
potential participants. Ultimately, participation consent 
was obtained from 256 children (18%), with participation 
rates varying between 4% and 47% per school.

The study population (n = 255) showed an average over-
all performance in the flexibility task (mean T-value 50.5) 
with slightly more than average number of errors (mean 

T-value 47.5) but at the same time a slightly over average 
reaction time (mean T-value 53.6). This was also reflected 
in the speed-accuracy trade-off index (mean T-value 45.0; 
speed over accuracy preference corresponds to lower 
T-values). Mean T-value for errors in the distractibility 
task was slightly below average with a mean test value 
of 47.1. The mean omission difference was 1.4, meaning 
that the distractors provoked on average 1.4 errors more 
when presented together with the critical stimulus as 
compared to the critical stimulus on its own. Participants 
could memorize an average 5.19 items (from 8 possible) 
in the first round and recall 4.54 items 5 min later.

Anthropometric data was available for all 256 chil-
dren. Mean age was 8.0 years. The mean zBMI was − 0.25 
(range: -3.8 to 3.0). According to national growth stan-
dards, 40 children (15.6%) were underweight, 191 (74.5%) 
had a normal weight, 12 (4.7%) were overweight, and 13 
(5.2%) were obese.

The food questionnaire was returned for 172 chil-
dren, Parents reported a mean total fluid intake of 5.9 
(Standard Deviation (SD) = 2.2) portions per day, which 
equates to about 0.89–1.18 L daily, 77.0% as water, 8.0% 
as cow’s milk, 7.5% as juice and 7.5% as others. The food 
diary was returned from 142 households. Macro nutrient 
and micronutrient perspective obtained by analyzing the 
3-day food diary can be found in Table 1. Food category 
and food group perspective is presented in Fig. 1.

Of the 256 children a PAQ-C interview for physical 
activity was conducted with 254 children, after exclu-
sion of participants due to high number of unanswered 
questions, 193 questionnaires available for evaluation. 
The values obtained in the questionnaire ranged between 
1.56 and 4.22. The mean total PAQ-C score was 3.04 
points (SD = 0.55). According to the total scores 138 
(71.5%) could be classified as active (above 2.75) and 55 
(28.5%) as inactive (below 2.75). Data availability for the 
parent questionnaire varied depending on the question 
between 150 and 174 due to some questions being left 
out. In median, children were active for at least 60 min 
5 days a week (interquartile range (IQR): 3–7) with a 
median 96  min (mean 106  min) of physical activity per 
day (IQR: 80–122) and with 97% of children reaching the 
World Health Organization (WHO) recommendation 

Table 1 Macronutrient consumption from food and drink as calculated from the data supplied in the 3-day food diary. Values not 
reaching or exceeding recommendations of the German Society for Nutrition (DGE) are highlighted red
n = 142 Min Percentile Max RDA

25 50 75
Kilocalories 828 1170 1308 1494 2359 1500–2100
Carbohydrates % 35.6 48.0 52.2 55.8 64.1 > 50
Sugar in g 17.8 45.3 56.6 70.8 157.9 < 24 g / 10% of calories
Protein in g 22.5 (8.0%) 35.9 (11.9%) 42.3 (13.1%) 49.6 (14.1%) 66.5 (20.2%) > 26 g
Fat % 20.2 28.8 32.3 37 48 30–35
Dietary fiber in g per 1000 kilocalories 1.1 7.8 9.9 12.1 21.5 > 14.6
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of average physical activity of 60  min per day or more 
and 89% as active and 11% as inactive based on the for-
mer WHO criterion of at least 60 min of physical activ-
ity every day [34]. The median screen time was 45  min 
(IQR: 30–60) and time reading or listening to stories was 
30 min in median (IQR: 30–60). Children slept in median 
10 h a night (IQR: 9.5–10.5). On average physical activity 
and sedentary behavior constituted 7.4% and 6.6% of the 
day, sleep accounted for up to 40.9% of the day and 45.4% 
consisted of other activities.

Socioeconomic data was available for n = 179 children. 
Household net income was over 4000€ in 67% with only 
4% having an income below 1800€. 59.9% of mothers and 
55.1% of fathers had a university degree. In 91% of the 
participants, both parents lived in the same household as 
the child. In 77% of the households, German was the only 
spoken language, 21.4% of children spoke two languages 
at home, in only 1.7% of the cases German was not spo-
ken at home at all.

Childrens zBMI had strongest correlations with the 
BMI of father (0.28, p < 0.001, parametric) and mother 
(0.24, p = 0.002, parametric) as well as weak positive cor-
relations with cow’s milk intake (0.18, p = 0.020, nonpara-
metric), total fluid intake (0.16 p = 0.035, nonparametric), 
animal products total (0.16, p = 0.050, nonparametric) 
and animal products non-meat (0.18, p = 0.028, paramet-
ric) as well as saturated fatty acids (0.17, p = 0.047, non-
parametric); higher SES and both parents living in the 
household correlated with a lower zBMI, but no associa-
tions were found with cognitive variables collected.

Associations found between nutrition and cognition 
variables were strongest (up to 0.35, p < 0.001, non-para-
metric between fat intake and reaction time in the flex-
ibility task) when correlations between variables of the 
same cognitive test were not considered. Correlations 
between nutrition and cognitive flexibility were stron-
gest (see Table 2) followed by memory (see Table 3) and 
distractibility (see Table  4). There were strong correla-
tions within the flexibility domain, correlations between 

Fig. 1 Food group categories from Prodi® Software and food group clusters, which were used for the analysis are listed here. Food quantity estimates for 
categories and category clusters are listed in grams per day and presented as 25th percentile– median– 75th percentile; mean ± SD
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cognitive domains were weak. The same was the case for 
correlations between physical activity and other collected 
variables. In general, better performance in one cognitive 
test was associated with better performance in other cog-
nitive tests. Significant correlations between central flex-
ibility variables and other variables are shown in Table 5. 
Significant correlations between distractibility variables 
and other variables are shown in Table  6. Significant 

correlations between memory variables and other vari-
ables are shown in Table  7. Correlations in tables are 
presented in a way that positive correlations represent 
better performance in cognitive tests, for this the variable 
omission difference and items forgotten were inverted. 
Associations with micronutrients are available in the 
supplement tables.

Discussion
In this study, the strongest correlation (0.35, p < 0.001, 
nonparametric) was observed between cognitive perfor-
mance (specifically, reaction time in the cognitive flexibil-
ity test) and dietary fat intake. Pronounced correlations 
were found for other nutrition variables as well (see 
Tables 2, 3 and 4). The link between cognition and nutri-
tion appeared more robust than correlations between any 
of the three cognitive domains studied between them-
selves (strongest correlation here was 0.022, p < 0.01 
between the t-value for total errors in the distractibility 
task and the speed-accuracy-trade off t-value in the flex-
ibility task). These results emphasize the importance of 
nutrition for cognition in children. In this study, which 
included mainly normal weight children, we did not find 
significant correlations between the cognitive domains 
studied and anthropometric data collected, although 
both were influenced by similar factors. Nutrition 
showed the strongest associations with cognition, despite 
the smaller sample size for dietary data compared to the 
anthropometric data (which was available for all partici-
pants). This finding is consistent with some of the previ-
ously published data [6, 21]. At the same time, despite the 
participating children belonging to families with above 
average incomes and a high percentage of the parents 
holding a university degree, the analysis of their 3-day 
food diaries suggests an inadequate nutrition, when com-
pared with the recommendations of the German Society 
for Nutrition– insufficient calories, excessive sugar intake 
and insufficient fiber intake.

Nutritional patterns were associated with differ-
ent performance and even strategies applied during 
the cognitive testing. This was mostly apparent in the 

Table 2 Correlations between central variables in the flexibility 
task and nutritional variables. All listed correlations are significant 
(p < 0.05). Positive correlations are associated with better 
performance. For normally distributed variables Pearson’s 
correlations were calculated, Spearman’s correlations were 
calculated for non-normally distributed variables and are marked 
with a *

Reac-
tion 
time 
(t)

Errors 
(t)

Overall 
perfor-
mance (t)

Speed-
accuracy 
trade-
off (t)

Macronutrients
Fat -0.35 - - 0.32
Protein -0.30 - -0.22 0.21
Kilocalories -0.30 - -0.19 0.23
Fat % -0.22 - - 0.25
Carbohydrates % 0.20 * - - -0.21 *
Food Groups
Meat -0.24 - - -
Plant based overall - -0.20 * -0.20 -0.21
Animal based non-meat - - - 0.18
Animal based total - - - 0.22 *
Plant based total excluding 
whole carbohydrates

- -0.26 * - -0.21 *

Nuts and legumes - -0.17 * - -
Oil, fat, butter lard - 0.17 * - -
Foods
Soft drinks - -0.17 * -0.23 * -

Table 3 Spearman’s correlations between central memory 
variables and nutritional variables. All listed correlations are 
significant (p < 0.05). Positive correlations are associated with 
better performance for memory round 1 and round 2 as well as 
less forgotten items

Memory 
round 1

Memory 
round 2

Items for-
gotten be-
tween 1 and 
2 (inverse)

Food Groups
Plant based overall 0.19 - -
Carbohydrate-rich foods 0.20 - -
Meat and fish -0.17 - -
Animal products total -0.21 - 0.21
Animal products non-meat -0.22 - 0.22
Oil, fat, butter lard - - 0.21
Foods
Sugar free soft-drinks - -0.18 -

Table 4 Spearman’s correlations between central distractibility 
variables and nutritional variables. All listed correlations are 
significant (p < 0.05). Positive correlations are associated with 
better performance for total errors and inverse of omission 
difference

Total Errors (t) Omission 
Difference 
(inverse)

Food Groups
Oil, fat, butter lard - 0.19
Foods
Soft Drink Consumption -0.19 -0.18
Water - 0.18
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flexibility task, where consumption of more total calo-
ries, fat, protein as well as meat in general were asso-
ciated with longer reaction times and the strategy of 
prioritizing precision over speed (positive association 
with the speed-accuracy trade-off) and the consumption 
of plant-based components was associated with a higher 
number of errors and prioritizing speed over precision 
(negative association with the speed-accuracy trade-
off). An additional noteworthy finding is the weak cor-
relation between the soft drink consumption and worse 

performance in the flexibility and the distractibility tasks, 
which is compatible to findings in prior studies looking 
at effects of sugar sweetened beverages on cognition [35]. 
Despite the correlations being robust, specific conclu-
sions on how nutrition could be optimized for cognition 
outcomes remains speculative. The findings presented 
warrant further research in this area and underline the 
importance of including nutrition in studies evaluating 
factors affecting cognition in children. At the same time, 
this study defines a role of nutrition in childhood beyond 
obesity prevention. A shift in nutritional patterns as for 
example an increase of vegetarian and vegan diets among 
younger children in western countries may have influ-
ences on their cognitive development.

Table 5 Correlations between the central variables in the 
flexibility task with other collected variables, all listed correlations 
are significant (p < 0.05). For normally distributed variables 
Pearson’s correlations were calculated, Spearman’s correlations 
were calculated for non-normally distributed variables and are 
marked with a *
Correlations with Flexibility Errors (t) R
 Cognition
 Flexibility - Overall performance index (t) * 0.77
 Flexibility - Speed-accuracy trade-off index (t) * 0.71
 Memory items Round 1 * 0.15
 Memory items Round 2 * 0.18
 Distractibility / Total errors (t) * 0.19
 Physical activity
 Total physical activity per day * -0.21
 PAQ-C Score * -0.17
 Other
 Age of mother * -0.23
 Age of father * -0.17
 Mother’s education level * 0.16
 Correlation median reaction time flexibility (t)
 Cognition
 Flexibility - Overall performance index (t) 0.65
 Flexibility - Speed-accuracy trade-off index (t) -0.65
 Other
 BMI of father * -0.20
Correlations flexibility - overall performance index (t)
 Cognition
 Flexibility - Errors (t) * 0.77
 Flexibility - Median (t) 0.65
 Flexibility - Speed-accuracy trade-off index (t) 0.13
 Physical Activity
 PAQ-C Score * -0.22
 Other
 Mother’s age * -0.15
 Father’s age * -0.20
Correlations for flexibility - speed-accuracy trade-off index 
(t)
 Cognition
 Distractibility / Total errors (t) * 0.14
 Flexibility - Errors (t) * 0.71
 Memory items round 2 * 0.13
 Flexibility - Median (t) -0.65
 Flexibility - Overall performance index (t) 0.13

Table 6 Correlations between the central variables in the 
distractibility task with other collected variables, all listed 
correlations are significant (p < 0.05). For normally distributed 
variables Pearson’s correlations were calculated, Spearman’s 
correlations were calculated for non-normally distributed 
variables and are marked with a *. Positive correlations signify 
better performance
Correlations with Distractibility / Total Errors (t) R
 Cognition
 Omission Difference * -0.19
 Flexibility - Errors (t) * 0.18
 Flexibility - Speed-Accuracy Trade-Off Index (t) 0.20
Correlations with Distractibility Omission Difference 
(inverse)
 Cognition
 Memory Items Round 2 * 0.15
 Distractibility / Total Errors (t) * 0.19

Table 7 Spearman’s correlations between the number of items 
remembered in round 2; all listed correlations are significant 
(p < 0.05). Positive correlations signify better performance
Correlations with Memory Items Round 1 R
 Cognition
 Memory Items Round 2 0.60
 Number of items forgotten (inverse) -0.22
 Flexibility Errors (t) 0.15
Correlations with Memory Items Round 2
 Cognition
 Memory Items Round 1 0.60
 Number of items forgotten (inverse) 0.52
 Flexibility - Errors (t) 0.18
 Flexibility– overall performance index (t) 0.13
 Flexibility– speed-accuracy trade-off 0.13
 Distractibility– omission difference (inverse) 0.15
Correlation with number of items forgotten (inverse)
 Cognition
 Memory items Round 1 -0.22
 Memory items Round 2 0.52
Other
 Age of mother 0.15
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Nutrition is central for brain function from early child-
hood [7, 36] into senescence [37]. For schoolchildren, 
dietary quality and diversity have previously been shown 
to predict academic performance [38, 39]. Regular school 
meals were shown to consequently improve cognitive 
function, school performance, BMI [40–44] as well as 
quality of life [45, 46]. This study suggests a direct influ-
ence of nutrition on the cognitive performance in sec-
ond grade children, highlighting the necessity of better 
understanding the link between nutrition and cognition 
and how it can be leveraged to benefit them in the con-
text of schools. Further evidence in this field could be 
generated by monitoring cognitive function and school 
performance when implementing school food policies.

The implications of the data presented are limited by 
the fact that it is cross-sectional and based on food dia-
ries which strongly depended on compliance of the par-
ents. Only 55% of the participants delivered food diaries 
resulting in potential bias, since e.g. more health-con-
scious households may have been overrepresented. At the 
same time, weight and zBMI do not seem to be substan-
tially related to the cognitive domains studied based on 
the full and in normal-weight sample of 256 children,. To 
the authors’ knowledge, while there are studies looking at 
influence factors like physical activity, certain aspects of 
nutrition such as sugar sweetened beverages on academic 
performance [35, 47–49] or supplementation in different 
scenarios, especially in undernourished children [48, 50, 
51], no prior study assesses anthropometrics, physical 
activity and nutritional components and their relation to 
standardized cognitive tests in this age group.

Despite the above mentioned limitations, this study 
clearly defines a close relationship between nutrition and 
cognitive function in children and suggests that effects of 
nutrition on academic performance may be mediated via 
the effects of nutrition on cognitive functions.

Conclusions
In this cross-sectional study of second-grade children, 
certain nutrients were strongly linked to cognitive func-
tion, whereas anthropometric variables (such as zBMI) 
showed no clear association with cognition. The results 
warrant further studies, which should evaluate effects 
of children’s diet and how this could potentially benefit 
cognition. The study also showed that current nutritional 
recommendations are not met even in children from a 
high socioeconomic background in Germany.

Abbreviations
DEXA  Dual-energy x-ray absorptiometry (DEXA)
DGE  Deutsche Gesellschaft für Ernährung (German Society for Nutrition)
IQR  Interquartile range
MRI  Magnetic resonance imaging
OD  Omission difference
PAQ-C  Physical Activity Questionnaire for Children
SES  Socioeconomic status

WHO  World Health Organization
zBMI  Age and sex standardized z-score of Body Mass Index

Supplementary Information
The online version contains supplementary material available at  h t t p  s : /  / d o i  . o  r 
g /  1 0 .  1 1 8 6  / s  4 0 7 9 5 - 0 2 5 - 0 1 0 1 6 - 2.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Supplementary Material 4

Supplementary Material 5

Acknowledgements
The authors thank the local health authority for contributing to identification 
and establishing contacts with participating schools. The authors are very 
grateful for the support of schools, teachers, parents and finally the children 
contributing to this study.

Author contributions
AS, MM, RS; RÖ, ES, PH were substantially involved in the study conception 
and design, AS, JG, and GG were centrally involved in collecting data in 
schools. AS, JG, GG and PH were centrally involved in data analysis. AS, JG, GG, 
MM, PH were involved in the data interpretation. AS, JG and PH drafted and 
revised the work. All authors read and approved the submitted version and 
agreed both to be personally accountable for the author’s own contributions 
and to ensure that questions related to the accuracy or integrity of any part 
of the work, even ones in which the author was not personally involved, are 
appropriately investigated, resolved, and the resolution documented in the 
literature.

Funding
This study received financial support from Oatly AB. Oatly AB or any member 
of the Oatly Group did not influence the research design, and/or collection or 
interpretation of the research results.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
The study was performed in accordance with the Declaration of Helsinki 
and approved by the local ethics committee (Ethikkommission der 
Landesärztekammer Baden-Württemberg, Aktenzeichen: F-2021-037) and the 
school authority (Regierungspräsidium Karlsruhe, Aktenzeichen: 71f1-6499.25). 
Individual informed consent from legal guardians/parents was necessary for 
participation.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1StarScience GmbH, Heidelberg, Germany
2Stoffwechselzentrum Rhein-Pfalz, Mannheim, Germany
3Medical Faculty Heidelberg, University of Heidelberg, Heidelberg, 
Germany
4Medical Faculty Mannheim, University of Heidelberg, Mannheim, 
Germany
5Gesundheitsamt Rhein-Neckar-Kreis, Heidelberg, Germany
6Aventure AB, Lund, Sweden
7St. Josefskrankenhaus, Heidelberg, Germany
8Adipositasnetzwerk Rhein-Neckar e. V, Heidelberg, Germany

https://doi.org/10.1186/s40795-025-01016-2
https://doi.org/10.1186/s40795-025-01016-2


Page 9 of 10Samigullin et al. BMC Nutrition           (2025) 11:35 

Received: 13 December 2023 / Accepted: 29 January 2025

References
1. World Health Organization. Fact Sheet Obesity and Overweight  h t t p s :   /  / w 

w  w .  w h  o  . i  n  t / n  e  w  s - r   o o m  / f  a  c t  - s h   e e t  s / d  e  t  a i l  / o b   e s i  t  y  - a n d - o v e r w e i g h t 2023, 
accessed on 12.01.2025.

2. World Health Organization. Consideration of the evidence on childhood 
obesity for the Commission on Ending Childhood Obesity: report of the ad 
hoc working group on science and evidence for ending childhood obesity, 
Geneva, Switzerland. Geneva: World Health Organization; 2016.

3. Reilly JJ, Methven E, McDowell ZC, Hacking B, Alexander D, Stewart L, Kelnar 
CJ. Health consequences of obesity. Arch Dis Child. 2003;88(9):748–52.

4. An R, Yan H, Shi X, Yang Y. Childhood obesity and school absenteeism: a 
systematic review and meta-analysis. Obes Rev. 2017;18(12):1412–24.

5. Santana CCA, Hill JO, Azevedo LB, Gunnarsdottir T, Prado WL. The association 
between obesity and academic performance in youth: a systematic review. 
Obes Rev. 2017;18(10):1191–9.

6. Black N, Johnston DW, Peeters A. Childhood obesity and cognitive achieve-
ment. Health Econ. 2015;24(9):1082–100.

7. Prado EL, Dewey KG. Nutrition and brain development in early life. Nutr Rev. 
2014;72(4):267–84.

8. Poorolajal J, Sahraei F, Mohamdadi Y, Doosti-Irani A, Moradi L. Behavioral 
factors influencing childhood obesity: a systematic review and meta-analysis. 
Obes Res Clin Pract. 2020;14(2):109–18.

9. Sakib MN, Best JR, Hall PA. Bidirectional associations between Adiposity and 
cognitive function and mediation by Brain morphology in the ABCD Study. 
JAMA Netw Open. 2023;6(2):e2255631.

10. Martin A, Booth JN, Laird Y, Sproule J, Reilly JJ, Saunders DH. Physical activ-
ity, diet and other behavioural interventions for improving cognition and 
school achievement in children and adolescents with obesity or overweight. 
Cochrane Database Syst Rev. 2018;1(1):Cd009728.

11. Wirt T, Schreiber A, Kesztyüs D, Steinacker JM. Early life cognitive abilities and 
body weight: cross-sectional study of the association of inhibitory control, 
cognitive flexibility, and sustained attention with BMI percentiles in primary 
school children. J Obes 2015, 2015:534651.

12. Lowe CJ, Reichelt AC, Hall PA. The Prefrontal Cortex and Obesity: a Health 
Neuroscience Perspective. Trends Cogn Sci. 2019;23(4):349–61.

13. Raine L, Drollette E, Kao SC, Westfall D, Chaddock-Heyman L, Kramer AF, Khan 
N, Hillman C. The associations between Adiposity, cognitive function, and 
achievement in children. Med Sci Sports Exerc. 2018;50(9):1868–74.

14. Schwartz DH, Leonard G, Perron M, Richer L, Syme C, Veillette S, Pausova Z, 
Paus T. Visceral fat is associated with lower executive functioning in adoles-
cents. Int J Obes (Lond). 2013;37(10):1336–43.

15. Martin A, Booth JN, Laird Y, Sproule J, Reilly JJ, Saunders DH. Physical activ-
ity, diet and other behavioural interventions for improving cognition and 
school achievement in children and adolescents with obesity or overweight. 
Cochrane Database Syst Rev. 2018;3(3):Cd009728.

16. Coumans JMJ, Danner UN, Ahrens W, Hebestreit A, Intemann T, Kourides YA, 
Lissner L, Michels N, Moreno LA, Russo P, et al. The association of emotion-
driven impulsiveness, cognitive inflexibility and decision-making with weight 
status in European adolescents. Int J Obes (Lond). 2018;42(4):655–61.

17. de Greeff JW, Bosker RJ, Oosterlaan J, Visscher C, Hartman E. Effects of physi-
cal activity on executive functions, attention and academic performance in 
preadolescent children: a meta-analysis. J Sci Med Sport. 2018;21(5):501–7.

18. Goldschmidt AB, Hipwell AE, Stepp SD, McTigue KM, Keenan K. Weight 
gain, executive functioning, and eating behaviors among girls. Pediatrics. 
2015;136(4):e856–863.

19. Perlaki G, Molnar D, Smeets PAM, Ahrens W, Wolters M, Eiben G, Lissner L, 
Erhard P, Meer FV, Herrmann M, et al. Volumetric gray matter measures of 
amygdala and accumbens in childhood overweight/obesity. PLoS ONE. 
2018;13(10):e0205331.

20. Brooks SJ, Smith C, Stamoulis C. Excess BMI in early adolescence adversely 
impacts maturating functional circuits supporting high-level cognition and 
their structural correlates. Int J Obes (Lond). 2023;47(7):590–605.

21. Marinho AR, Severo M, Vilela S, Costa R, de Lauzon-Guillain B, Torres D, Lopes 
C. Is the association between dietary patterns and cognition mediated by 
children’s adiposity? A longitudinal approach in Generation XXI birth cohort. 
Clin Nutr. 2022;41(1):231–7.

22. Reichelt AC, Stoeckel LE, Reagan LP, Winstanley CA, Page KA. Dietary influ-
ences on cognition. Physiol Behav. 2018;192:118–26.

23. Willcutt EG, Doyle AE, Nigg JT, Faraone SV, Pennington BF. Validity of the 
executive function theory of attention-deficit/hyperactivity disorder: a meta-
analytic review. Biol Psychiatry. 2005;57(11):1336–46.

24. Cowan N. What are the differences between long-term, short-term, and 
working memory? Prog Brain Res. 2008;169:323–38.

25. Baddeley A. Working memory: theories, models, and controversies. Ann Rev 
Psychol. 2012;63(1):1–29.

26. Kusi-Mensah K, Nuamah ND, Wemakor S, Agorinya J, Seidu R, Martyn-Dickens 
C, Bateman A. Assessment Tools for Executive Function and adaptive function 
following Brain Pathology among children in developing Country contexts: a 
scoping review of current tools. Neuropsychol Rev. 2022;32(3):459–82.

27. van der Wurff ISM, Meyer BJ, de Groot RHM. Effect of Omega-3 long chain 
polyunsaturated fatty acids (n-3 LCPUFA) supplementation on Cognition in 
Children and adolescents: a systematic literature review with a focus on n-3 
LCPUFA blood values and dose of DHA and EPA. Nutrients 2020, 12(10).

28. Gillet S, Barbu C, Poncelet M. Early bilingual immersion school program and 
cognitive development in french-speaking children: Effect of the second 
language learned (English vs. Dutch) and exposition duration (2 vs. 5 years). 
PLoS ONE. 2021;16(10):e0258458.

29. Prehn-Kristensen A, Munz M, Molzow I, Wilhelm I, Wiesner CD, Baving L. 
Sleep promotes consolidation of emotional memory in healthy children 
but not in children with attention-deficit hyperactivity disorder. PLoS ONE. 
2013;8(5):e65098.

30. Giordano V, Fuiko R, Leiss U, Brandstetter S, Hayde M, Bartha-Doering E, 
Klebermaß-Schrehof K, Weiler LJ. Differences in attentional functioning 
between preterm and full-term children underline the importance of new 
neuropsychological detection techniques. Acta Paediatr. 2017;106(4):601–11.

31. Wabitsch M, Kunze D, Konsensbasierte. (S2) Leitlinie zur Diagnostik, Therapie 
und Präevention von Übergewicht und Adipositas im Kindes- und Jugendal-
ter. In.: Arbeitsgemeinschaft Adipositas im Kindes- und Jugendalter; 2015.

32. Crocker PR, Bailey DA, Faulkner RA, Kowalski KC, McGrath R. Measuring gen-
eral levels of physical activity: preliminary evidence for the physical activity 
questionnaire for older children. Med Sci Sports Exerc. 1997;29(10):1344–9.

33. Thomas Lampert JH, Benjamin Kuntz SM, Kroll LE. Messung Des sozioöko-
nomischen Status Und Des Subjektiven Sozialen Status in KiGGS Welle 2. J 
Health Monit 2018:114–33.

34. World Health O. WHO guidelines on physical activity and sedentary behav-
iour. Geneva: World Health Organization; 2020.

35. Ren Y, Peng C, Li Y, Zhou F, Yang M, Xiang B, Hao L, Yang X, Zeng J. The Asso-
ciation between Sugar-Sweetened beverages and high-energy diets and 
academic performance in Junior School Students. Nutrients 2022, 14(17).

36. McCann S, Perapoch Amadó M, Moore SE. The role of Iron in Brain Develop-
ment: a systematic review. Nutrients 2020, 12(7).

37. Muth A-K, Park SQ. The impact of dietary macronutrient intake on cognitive 
function and the brain. Clin Nutr. 2021;40(6):3999–4010.

38. Bouchefra S, El Ghouddany S, Ouali K, Bour A. Is good dietary diversity a 
predictor of academic success? Acta Biomed. 2023;94(2):e2023014.

39. Florence MD, Asbridge M, Veugelers PJ. Diet Quality and Academic Perfor-
mance*. J Sch Health. 2008;78(4):209–15.

40. Cohen JFW, Hecht AA, McLoughlin GM, Turner L, Schwartz MB. Universal 
School Meals and associations with Student Participation, Attendance, 
Academic Performance, Diet Quality, Food Security, and body Mass Index: a 
systematic review. Nutrients 2021, 13(3).

41. Belot M, James J. Healthy school meals and educational outcomes. J Health 
Econ. 2011;30(3):489–504.

42. Gordanier J, Ozturk O, Williams B, Zhan C. Free lunch for all! The Effect of the 
Community Eligibility Provision on Academic outcomes. Econ Educ Rev. 
2020;77:101999.

43. Ruffini K. Universal Access to Free School meals and Student Achievement. 
Evid Community Eligibility Provis. 2022;57(3):776–820.

44. Chandran A, Burjak M, Petimar J, Hamra G, Melough MM, Dunlop AL, Snyder 
BM, Litonjua AA, Hartert T, Gern J, et al. Changes in body Mass Index among 
School-aged youths following implementation of the Healthy, Hunger-Free 
Kids Act of 2010. JAMA Pediatr. 2023;177(4):401–9.

45. Bethmann D, Cho JI. The impacts of free school lunch policies on adolescent 
BMI and mental health: evidence from a natural experiment in South Korea. 
SSM - Popul Health. 2022;18:101072.

46. Tanaka N, Miyoshi M. School lunch program for health promotion among 
children in Japan. Asia Pac J Clin Nutr. 2012;21(1):155–8.

https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight


Page 10 of 10Samigullin et al. BMC Nutrition           (2025) 11:35 

47. Edwards JU, Mauch L, Winkelman MR. Relationship of nutrition and physical 
activity behaviors and fitness measures to academic performance for sixth 
graders in a midwest city school district. J Sch Health. 2011;81(2):65–73.

48. DiGirolamo AM, Ochaeta L, Flores RMM. Early Childhood Nutrition and 
Cognitive Functioning in Childhood and Adolescence. Food Nutr Bull. 
2020;41(1suppl):S31–40.

49. Bellisle F. Effects of diet on behaviour and cognition in children. Br J Nutr. 
2004;92(S2):S227–32.

50. Neumann CG, Murphy SP, Gewa C, Grillenberger M, Bwibo NO. Meat supple-
mentation improves growth, cognitive, and behavioral outcomes in Kenyan 
Children1,2. J Nutr. 2007;137(4):1119–23.

51. Benton D. a.i.s.b.l IE: the influence of children’s diet on their cognition and 
behavior. Eur J Nutr. 2008;47(3):25–37.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	A central role of nutrition in cognitive function among primary school children: a cross-sectional analysis
	Abstract
	Introduction
	Materials and methods

	Results
	Discussion
	Conclusions
	References


