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Abstract

Background Previous research has suggested that body mass index
(BMI) and body height are associated with intelligence quotient (IQ)
in older children and adults. However, due to the limited number of
studies in this age group, there is a lack of consensus on whether
there are relationships between IQ and some anthropometric mea-
sures, including sex, among preschool-aged children.
Objectives This study aimed to assess whether there is a significant
relationship between sex, BMI, height IQ, and subsets of IQ among
preschool-aged children.
Sample and Methods 59 preschoolers aged 4.01 to 4.99 years were sam-
pled from selected preschools in Prague. Data on sex, weight and
height were collected, and IQwas assessed using the IDS-P. The data
were processed using the St. Nicolas house analysis, t-tests and mul-
tiple regression.
Results Multiple Regression Analysis and St. Nicolas house analysis
failed to show any significant relations between sex, BMI, height,
and IQ subtests score (p>0.05).
Conclusion In this study, no significant associations were found be-
tween sex, BMI, height, and IQ in preschool-aged children. The
relationships among sex, BMI, height, and IQ are more complex.
For a better understanding, it is therefore essential to have larger
sample sizes and to understand these interactions within context
and with other confounding social-economic-political-emotional l
(SEPE) variables, as suggested in previous studies.

Take-home message for students There is no association between sex, BMI, height, and IQ among
the preschool-aged children. The relationship between sex, BMI, height, and IQ is more complex and
should be understoodwithin context andwith other confounding social, economic, political, and emo-
tional (SEPE) variables.
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Introduction

Previous research has suggested that an-
thropometric parameters such as body
height and body mass index (BMI) may be
associated with a child’s cognitive and ex-
ecutive functions and overall intelligence
quotient (IQ) at different ages (height –
positively; BMI – negatively) (Kanazawa
and Reyniers, 2009).
Though interesting, findings on this topic
are generally inconsistent. For instance,
some studies showed inverse relationships
between anthropometric parameters such
as BMI, height, and IQ, others showed no
associations at all (Kahn and Williamson,
1990; Lahmann et al., 2000).
Height and intelligence might be related
due to assortativemating patterns (Kanazawa
and Reyniers, 2009). Even after controlling
for confounding factors such as health,
ethnicity, and socio-economic status (SES),
height was strongly associated with in-
telligence in both sexes (Kanazawa and
Reyniers, 2009). Similarly, Beauchamp
et al., 2011 discussed the robust positive
correlation between height and intelli-
gence, as measured by IQ tests, and found
suggestive evidence of a shared genetic ar-
chitecture with height. They also stressed
the impact of assortative mating and high-
lighted the significant within-family cor-
relation between height and intelligence
(Beauchamp et al., 2011).
Benyamin et al. surveyed a cohort of young
individuals and revealed a noteworthy link
between stature and cognitive ability in 11-
year-old Scottish children (Benyamin et al.,
2005). Wheeler and co-workers (Wheeler
et al., 2004) affirmed a positive correlation
between height and intelligence quotient
(IQ) in various age groups. Silventoinen
et al. conducted a study in Sweden. They
found a strong association between growth
velocity and IQ and observed thatmenwho
were initially short at birth but ultimately

achieved standard adult height displayed
greater intellectual capacity than those
who remained short throughout adulthood
(Silventoinen et al., 2006).
Several authors emphasized themutual im-
pact of factors on height and intelligence,
such as income (Bogin et al., 2017), early
life environment (Case and Paxson, 2008),
and shared genetic influences (Marioni
et al., 2014; Silventoinen et al., 2006), while
other data emphasize the importance of so-
cial-economic-political-emotional (SEPE)
factors (Scheffler et al., 2021).
In contrast, BMI and intelligence seem to
be negatively correlated, especially in adult-
hood. Some argue that obese people are
more likely to develop an increased vascu-
lar risk that canworsenneurodegeneration,
resulting in greater cognitive decline (Cor-
ley et al., 2010; Cournot et al., 2006; Dahl
et al., 2013). Obesity has been associated
with brain-derived neurotrophic factor
(BDNF); however, the impact of this as-
sociation remains unclear (Sandrini et al.,
2018). Dahl et al. found that being over-
weight at 40 years predicted greater cogni-
tive decline after the age of 60 (Dahl et al.,
2013).More intelligent peoplemay bemore
likely to eat a healthy diet and exercise
more often (Halkjær et al., 2003; Nguyen
et al., 2014). Other studies highlighted the
mediating role of SESs in healthy behavior
and its role in healthy eating and physical
activity (Murray et al., 2012). In summary,
the association between IQ, BMI, and body
height is well established in older children
and adults, but sufficient information on
preschool-aged children is still lacking.
Only a few studies addressed this issue but
came to different conclusions. An earlier
study by Pollitt and Mueller conducted
in a well-nourished preschool population
found that children with advanced phys-
iological maturation tended to have high
IQs (Pollitt and Mueller, 1982). Tabriz et al.
alluded to the mediating role of SES when
they found that low IQ scorewas associated
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with high BMI (Tabriz et al. et al., 2015). Yu
et al. found an inverse association between
IQ and obesity in a systematic review and
meta-analysis, except for preschool chil-
dren, that however disappeared when ad-
justing for educational attainment (Yu
et al., 2010). Azurmendi et al. performed
two subsets of the K-BIT test, namely, the
matrices subtest and vocabulary subtest,
and an IQ composite score of the two sub-
tests to study the relation between various
cognitive abilities (Azurmendi et al., 2005).
They found inconsistent results and sug-
gested that the most accurate predictors
of certain cognitive capacities, particularly
vocabulary abilities, affective labelling, and
IQ composite, were BMI and androstene-
dione (Azurmendi et al., 2005). On the
other hand, Patil et al. assessed anthro-
pometry, dietary recall, and intelligence
(Intelligent Quotient-IQ) in 3 to 7 year old
children from rural Anganwadis in India
and reported that despite high prevalence
of malnutrition, there was no correlation
between anthropometry and IQ (Patil et al.,
2020).
Several studies showed a lack of correspon-
dence between IQ and various anthropo-
metric measures in preschool-aged chil-
dren. To the best of our knowledge, only
one study attempted to examine cogni-
tive abilities in relation to anthropometric
measurements. Most studies evaluated in-
telligence based on global IQ scores alone
which may not capture the full range of
associations between anthropometric mea-
sures such as height and BMI, and IQ in
preschool children. Our study aims to in-
vestigate the association between height,
BMI, sex, and cognitive abilities related
to visual processing, selective attention,
phonological memory, visual memory,
auditory memory, conceptual thinking,
constructive thinking and overall IQ in
preschool-aged children in the Czech Re-
public. We hypothesized that height, BMI,

and sex are positive predictors of cognitive
abilities.

Sample and Methods

Participants

This cross-sectional study was conducted
in 59 healthy 3.6–5 (mean=4.5, SD=0.4)
year old preschool children (28 boys, 31
girls). The children attended four kinder-
gartens in Prague. The study and consent
procedures were approved by the Ethics
Committee of the Faculty of Physical Ed-
ucation and Sports. All parents provided
written informed consent to participate in
this study of their child.

Study duration and time frame:

The study was conducted between 1st
March and 30th June 2021.

Instruments

Anthropometric measurements

A qualified examiner assessed each anthro-
pometric characteristic using the Eston
and Reilly manual (Eston et al. 2009). Body
height measurements were taken with a
portable anthropometer P375 and recorded
to the nearest 0.1 cm. Bodyweightwasmea-
sured using a calibrated scale to the nearest
0.1 kg.
BMI was calculated as weight in kilograms
divided by the square of height in meters
and converted to BMI z-score based on
Czech growth standards (Vignerova et al.,
2006).
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Measurement of cognitive function

IQ was evaluated using the IDS-P (Hag-
mann-von Arx et al., 2018). This test bat-
tery is a revised version of the Intelligence
and Development Scale (Grob et al. 2009).
The IDS showed high reliability and valid-
ity (Hagmann-von Arx et al., 2013, 2012,
2008), whereas the IDS-P has strong con-
struct validity (Grieder and Grob, 2020).
The IDS-P assesses cognitive ability and
growth in several fundamental areas (e.g.,
executive functions, psychomotor skills,
social-emotional competencies, scholastic
skills and attitudes towards work). For the
present study, seven subtests, namely vi-
sual processing, selective attention, phono-
logical memory, visual memory, auditory
memory, conceptual thinking and con-
structive thinking, were included. The
global IQ score was obtained by adding all
subset scores. Raw scores of all tests were
transformed into standard scores normal-
ized to age and sex.
Weused St.NicolasHouseAnalysis (SNHA)
(Hermanussen et al., 2021) to obtain a first
impression of the data. The data set was
analyzed using Shapiro-Wilk normality
test to check for normal distribution. Sub-
sequently, we used a correlation matrix
(Spearman) and a multivariate regression
model with the dependent variable IQ,
including the subtests and the following
predictors: BMI, height and sex. For data
analysis, we used RStudio, an open-source
program (R Core Team, 2021).

Results

We conducted Spearman’s correlation anal-
ysis to determine the relation among the
variables (Figure 1). Weight and height cor-
related best (r=0.87), followed by weight
and BMI (r=0.56). Among the cogni-
tive functions, IQ and selective attention

(r=0.57), and IQ and visual processing
memory (r=0.53) correlated best. But the
correlations between anthropometric and
cognitive data were generally very weak or
did not exist at all.
To further elucidate the relationships be-
tween the variables, we visualized the
results using SNHA (Figure 2). The analy-
sis revealed that anthropometric data and
cognitive function formed distinct clusters.
BMI, weight, and body height were pos-
itively correlated and formed one cluster
thatwas independent of IQ. Cognitive func-
tions, with the exception of auditory and
phonological memory, were also positively
correlated among each other and formed a
second cluster with IQ situated at its centre.
Notably, we found no correlation between
anthropometric data and cognitive func-
tion or between anthropometric data and
IQ. Sex did not correlate with either cluster.
A multiple regression analysis was con-
ducted to study whether anthropometrics
can predict cognitive function and to evalu-
ate the predictive accuracy of sex, BMI and
height on visual processing, selective atten-
tion, phonologicalmemory, visualmemory,
auditory memory, constructive thinking,
conceptual thinking and intelligence quo-
tient. Multiple regression analysis revealed
that sex, BMI, and height were not statis-
tically significant predictors of the model
(p>0.05) (Table 1).

Discussion

Substantial research suggested a relation-
ship between anthropometric measure-
ments and intelligence. Yet, most stud-
ies were performed in older children and
adults. We studied preschool children and
used the IDS-P assessment battery to as-
sess the relationships between sex, BMI,
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Figure 1 Spearman’s correlation matrix for pairwise correlations between anthropometric and cognitive measurements. Blue circles

indicate positive correlations; red circles indicate negative correlations. BMI=Body Mass Index; Wght=weight; Hght=height; VP=visual

processing; SA=selective attention; PHMe=phonological memory; VSMe=visual memory; ADMe=auditory memory; CNSTh=constructive

thinking; CNCTh=conceptual thinking; IQ=intelligence quotient.

Figure 2 St. Nicolas House Analysis (SNHA) for anthropometric and cognitive measurements. alpha=0.05, threshold=0.001. Red lines

indicate negative associations; gray lines indicate positive associations. BMI=Body Mass Index; Wght=weight; Hght=height; VP=visual

processing; SA=selective attention; PHMe=phonological memory; VSMe=visual memory; ADMe=auditory memory; CNSTh=constructive

thinking; CNCTh=conceptual thinking; IQ=intelligence quotient.

height, visual processing, selective atten-
tion, phonologicalmemory, visualmemory,
auditory memory, constructive thinking,
conceptual thinking and intelligence quo-
tient (IQ). We hypothesized that height,

BMI and sex are positive predictors of
these cognitive abilities.
Our study revealed strong associations be-
tween height and weight as well as weight
and BMI. Additionally, we observed mod-
erate associations between individual cog-
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nitive parameters of the IDS-P tests and
total IQ scores. However, we did not iden-
tify any significant correlations between
anthropometric measurements and any of
the IDS-P subtest scores, including total
IQ score. Thus, we rejected our initial hy-
pothesis. Our findings contradict previous
reports that suggested positive associations
between BMI and IQ scores (Tabriz et al.,
2015), and positive correlations between
height and IQ during early childhood (Sil-
ventoinen et al., 2006), and an association
between short stature and low mean intel-
lectual performance (Tuvemo et al., 1999).
It is important to note that most of the
studies that report an association between
anthropometric measures and cognitive
function also highlight the confounding in-
fluence of SES. Our study lacks a thorough
examination of socioeconomic factors, but
our conclusions are consistent with Patil
et al. who failed to detect any significant
correlation between anthropometric mea-
sures and IQ (Patil et al., 2020). Nonethe-

less, it is crucial to acknowledge that SES
could have influenced the outcomes of our
investigation. Previous studies emphasized
the critical role of SES in the understand-
ing of the intricate associations between
sex, anthropometric measures and IQ.
The negative correlation between BMI and
IQ does not only indicate that obesity may
increase the risk of cognitive decline in
adults (Corley et al., 2010), but also un-
derscores the socioeconomic dimension of
this relationship (Pollitt and Mueller, 1982;
Tabriz et al., 2015). Kahn and Williamson
further demonstrated that families with
low education or income levels are more
likely to experience obesity and have lim-
ited access to mentally stimulating activ-
ities that support cognitive development
(Kahn andWilliamson, 1990). Murray et al.
utilized a multiple mediator model to ex-
amine the intricate connection between
SES, beliefs and behaviour which further
elucidates the link between anthropome-

Table 1 The associations between anthropometric and cognitive measurements of 59 children (standard deviations from the mean)

assessed by regression model.

Dependent variables

Independent

variables Visual

processing

Selective

Attention

Phenomenologi-

cal

Memory

Visual

memory
Auditory

Memory

Constructive

thinking

Conceptual

Thinking
IQ

Constant
11.40

(8.31)

2.32

(8.05)

17.90*

(7.6)

-5.84

(6.81)

12.68

(8.79)

13.94*

(6.57)

5.54

(7.77)

84.66

(27.67)

Sex
0.40

(0.80)

-0.34

(0.78)

0.13

(0.74)

0.34

(0.66)

-0.42

(0.85)

0.86

(0.64)

0.60

(0.75)

1.50

(2.68)

BMI
-0.06

(0.32)

0.15

(0.31)

-0.17

(0.30)

0.13

(0.27)

-0.03

(0.34)

0.20

(0.26)

0.02

(0.30)

0.26

(1.07)

Height
-0.01

(0.08)

0.05

(0.07)

-0.05

(0.07)

0.13

(0.07)

-0.01

(0.86)

-0.07

(0.06)

0.02

(0.08)

0.10

(0.27)

R-squared

Adjusted R2

F-statistic

DF

p

0.01

-0.05

0.10

55

0.97

0.02

-0.03

0.35

55

0.79

0.02

-0.03

1.9

55

0.14

0.09

0.44

1.9

55

0.14

0.01

-0.05

0.11

55

0.95

0.05

-0.00

0.98

55

0.41

0.02

-0.04

0.31

55

0.82

0.01

-0.04

0.26

55

0.86

Standard errors in parentheses

* Indicates significance at the 95% level
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try and cognitive abilities (Murray et al.,
2012).
Students attending better SES schools are
more likely to get better test scores on the
Programme for International Student As-
sessment (PISA) (Flores-Mendoza et al.,
2021). This confirms observations that chil-
dren raised under medium to high SES
have better chances to be exposed to qual-
ity education (Azurmendi et al., 2005). The
importance of SESswas highlighted by (Bo-
gin et al., 2017) who suggested that greater
income equality is more likely to predict
greater average height for both sexes and
that gradients in height reflect gradients in
social disadvantage. Vietnamese children
born in Germany are taller than their im-
migrant parents (Scheffler et al., 2021) may
serve as an example of the importance of so-
cial-economic-political-emotional (SEPE)
factors (Bogin, 2021).
The question remains as to how BMI,
height, and sex influence the IQ. Assess-
ments and interpretations of the relation-
ship between anthropometric parameters
and IQ should include SEPE factors to shed
more light on the complex interaction be-
tween anthropometry and cognition.
A limitation of this study was the fact
that it was conducted on a relatively small
sample of preschool children from four
kindergartens in Prague and that it did not
include information on family SES. There-
fore, the results may not be generalized to
other populations or age groups. Due to
the cross-sectional design of the study the
causal relationships between the variables
could not be established. Further research
with larger and more diverse samples as
well as longitudinal designs is needed to
confirm and extend our findings.

Conclusion

Contrary to earlier research, this study
failed to provide evidence for any asso-
ciation between sex, BMI and height in
preschool children on one side, and IQ
and IQ subtests on the other side. The rela-
tionship between sex, BMI, height, and IQ
is complex; its assessments must include
social, economic, political, and emotional
factors.
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