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Summary

Background and objectives: Obesity and physical fitness are known to be influenced

by various geographic factors and ethnicity in children. However, there is limited evi-

dence on the level to which these factors can influence very early in life, at preschool

age. This study aimed to describe and compare total and central obesity and physical

fitness according to geographic factors and ethnicity in preschoolers.

Methods: This cross-sectional study included 3179 preschoolers (4.6 ± 0.9y, 52.8%

boys). Geographic factors (location and type of area: rural/urban) were assessed

based on the school setting, while ethnicity was determined through parental self-
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report. Total and central obesity and physical fitness (cardiorespiratory fitness, mus-

cular strength, speed-agility, balance) were assessed using the PREFIT battery.

Results: Preschoolers from southern regions of Spain presented higher total obesity

along with lower performance in cardiorespiratory fitness and lower-limb muscular

strength compared to their northern peers (p ≤ 0.017). However, they demonstrated

greater levels of upper-limb muscular strength and balance (p < 0.001). Preschoolers

from rural areas of Spain showed higher central obesity but better fitness perfor-

mance compared to those from urban areas (p ≤ 0.004). White and African pre-

schoolers showed lower levels of total and central obesity than Latin preschoolers

(p ≤ 0.003) and performed better in upper-limb muscular strength and speed–agility

compared to Asian or Latin preschoolers (p ≤ 0.037).

Conclusion: This study highlights significant physical health inequalities among pre-

schoolers based on geographical factors and ethnic backgrounds. These findings

underscore the need for targeted public health strategies to address socioeconomic

and environmental determinants of early-life health disparities.

K E YWORD S

body mass index, cardiorespiratory fitness, muscular strength, preschoolers, rural, speed-agility,
urban, waist circumference

1 | INTRODUCTION

Childhood obesity has escalated worldwide, becoming a significant

public health concern.1,2 Conversely, robust and consistent evidence

supports the notion that physical fitness is a powerful marker of

health in children.3,4 Addressing obesity and physical fitness as deter-

minants of health during early childhood, particularly in preschool ages

from 3 to 5 years of age, is of utmost importance due to this critical

stage of physical and neural development.5

Obesity and fitness levels seem to be influenced by various geo-

graphical factors, including the location (i.e. north or south) and type

of area (i.e. rural or urban). The World Health Organization European

Childhood Obesity Surveillance Initiative in school children found a

north–south inequality in the prevalence of overweight/obesity and

central obesity, with lower prevalence observed in northern regions

compared to their southern counterparts.6,7 Similarly, when examining

the fitness levels of preschool children, authors concluded that chil-

dren from southern Europe outperformed their northern peers in

most fitness tests, except for lower-limb muscular strength.8 When

looking at type of area (rural vs. urban), half of the studies in pre-

schoolers showed higher total and/or central obesity in those from

rural areas compared to urban areas.9,10 Yet, the remaining half did

not observe any significant difference.11,12 Exploring fitness levels in

preschoolers, Torres-Luque et al.11 concluded that those from urban

areas performed better in speed tests than their counterparts from

rural areas. Additionally, the difference in favour of the urban area

was also observed in lower-limb muscular strength for girls.11 Never-

theless, the limited evidence in preschool children and the small

sample size in both location and type of area warrant the need for fur-

ther investigation.

Childhood obesity is disproportionately prevalent among children

from ethnic minority groups.13,14 Importantly, there is inequality in

childhood obesity prevalence across racial and ethnic groups. Black

and Hispanic children and adolescents have a higher prevalence of

obesity compared to their non-Hispanic White and Asian or Asian

American counterparts,14,15 putting them at an elevated risk for

obesity-related chronic diseases.14,16 The factors contributing to the

variations in childhood obesity prevalence among different groups are

multifaceted, likely encompassing genetics, physiology, culture, socio-

economic status and environment.14 While the low level of fitness in

ethnic minorities has been proposed as a key contributor to health

inequalities in children,15,17,18 information about children, particularly

preschoolers, remains limited.

Therefore, the objective of this study was to describe and com-

pare total and central obesity and physical fitness according to geo-

graphical factors and ethnicity in preschool children from different

locations in Spain.

2 | METHODS

2.1 | Study design and participants

This study was performed under the PREFIT project (http://profith.

ugr.es/prefit).19–22 The main aim of this project was to assess the fit-

ness and anthropometric characteristics of preschool children from

2 of 12 CADENAS-SANCHEZ ET AL.

 20476310, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.70021 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [04/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://profith.ugr.es/prefit
http://profith.ugr.es/prefit


10 different cities/towns (hereinafter cities when referring to both)

geographically distributed across Spain.19–21 This study was approved

by the Review Committee for Research Involving Human Subjects

(ref. 845), according to the Declaration of Helsinki.

Out of 4338 preschool children and their parents that were

invited to participate in the PREFIT project, a total of 3198 provided

written informed consent and agreed to participate (73.7% of partici-

pation rate). Finally, after excluding 19 children for different reasons

(e.g., motor or cerebral disease had a cold, or did not understand the

indications), a total of 3179 preschool children (4.6 ± 0.9 years, 1678

boys, 52.8%) participated in the PREFIT project (Figure S1A). More

information about methodological issues can be found

elsewhere.19,20

2.2 | Measurements

2.2.1 | Total and central obesity

Weight and height (SECA, Germany) were measured without shoes

and with light clothes. Body mass index was calculated (kg/m2), pro-

viding a measure of total obesity. The prevalence of underweight, nor-

mal weight, overweight or obesity status was calculated using the

cutoffs from the World Obesity Federation (WOF) and World Health

Organization (WHO).23,24 Waist circumference (cm) was measured at

the level of the umbilicus zone in the horizontal plane, serving as an

indicator of central obesity. Waist-to-height ratio was also calculated,

and the prevalence of central obesity was computed using the 0.5

cutoff.25

2.2.2 | Physical fitness

Fitness was measured by the PREFIT battery,22 which is known to be

reliable and feasible in preschool children.19,26

Cardiorespiratory fitness (laps) was assessed with the PREFIT

20 m shuttle run test. This test consisted of running back and forth

between two lines (20 m apart) following an audio signal. Two modifi-

cations were performed from the original version27: (1) the test

started at 6.5 km/h (0.5 km/h increments every minute), and (2) two

evaluators ran with preschool children in order to guide them to main-

tain the pace. The test was finished when they could not reach the

line according to the audio signal on two consecutive occasions or

when they stopped due to fatigue.

Muscular strength was assessed by two different tests: handgrip

strength (kg, upper-limbs muscular strength) and standing long jump

(cm, lower-limbs muscular strength). The handgrip strength test con-

sisted in squeezing as much as possible for 2–3 s (TKK 5001,

Tokyo).28,29 Standing long jump test consisted in jumping forward as

far as possible with the feet separated at the shoulders' width.

Speed-agility (s) was assessed with the PREFIT 4 � 10 m shuttle

run test. This test consisted of running four times back and forth

(10 m apart) as fast as possible. This test was adapted to preschool

children, and instead of using sponges, children had to touch the eval-

uator's hand, who was placed on each line.

Static balance (s) was measured by the one-leg stance test. Chil-

dren stood on one leg and bent the other leg approximately 90�,

maintaining the balance position with eyes open for as long as they

could. The test finished when the child could not continue in the

required position.

2.2.3 | Geographic factors: location and type
of area

Based on the city location, out of the 10 provinces included in this

project, we selected only those from the north (n = 2, i.e. Vitoria-

Gasteiz and Zaragoza), and those from the south (n = 4, i.e. Almería,

Cádiz, Granada and Las Palmas de Gran Canaria) of Spain for north–

south comparison. The remaining cities (n = 4; i.e. Castellón de la

Plana, Cuenca, Madrid and Palma de Mallorca) were not included due

to their location (i.e. central).

They type of area (i.e. rural or urban) was categorized based on

the population size. Then, a rural area was considered a town with a

population size of less than 15 000 inhabitants, while an urban area is

a city with a population size equal to or greater than 15 000

inhabitants.30

2.2.4 | Ethnicity

Parents self-reported the country where their offspring were born.

Then, each country was grouped into different population categories

based on the Spanish Council for the elimination of racial or ethnic

discrimination. Lastly, the recoded population categories were used

for classifying children's ethnicity as White (i.e. Spanish, Roma popula-

tion from Spain, midwestern European, east European population),

African (i.e. Sub-Saharan and Maghreb population), Asian (i.e. Asian-

oriental and Indian-Pakistani population) and Latin (i.e. Afro-Latin/

Afro-Caribbean and Andean-Latin American population).

2.3 | Statistical analysis

Descriptive information by different cities, geographical location, type

of area and ethnicity is presented as mean and standard deviation for

continuous variables, and number of cases for categorical variables.

2.3.1 | Geographic factors: location and type
of area

To examine geographical differences in total and central obesity, and

fitness, two approaches were performed. First, an untargeted

approach was conducted using Moran's I index to assess spatial auto-

correlation.31 This index provides how related the values of a variable
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are based on the locations where they were measured. Given no spa-

tial correlation was found (Table S1), we applied a targeted approach

by conducting chi-square tests for categorical analysis and one-way

analysis of covariance for continuous variables to compare total and

central obesity, and fitness levels between cities located in the north

and south of Spain. We also examined potential differences between

the included sample and the non-included sample (i.e. children from

the central location) using one-way analysis of variance. Additionally,

we investigated the differences in total and central obesity, and fit-

ness between rural and urban areas using one-way analysis of covari-

ance. As part of our exploratory analyses, we calculated the

percentiles for each child based on age- and sex-specific reference

F IGURE 1 Geographical map of the mean score for total and central obesity, and physical fitness components across different cities. Total
obesity was evaluated by the body mass index. Central obesity was assessed by waist circumference (central obesity 1) and waist-to-height ratio
(WHR, central obesity 2). Cardiorespiratory fitness was evaluated by the PREFIT 20 m shuttle run test, muscular strength was assessed by the
handgrip strength test (upper-limbs) and standing long jump test (lower-limbs), speed-agility was evaluated by the PREFIT 4 � 10 m shuttle run
test, and balance was evaluated by the one-leg stance test. In the PREFIT 4 � 10 m shuttle run test, lower scores (less seconds in running the
fixed distance) indicate a better performance (children are faster and more agile). Darker colours represent better performance, while lighter
colours indicate poorer performance.
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standards for body mass index (>95th),32 waist circumference

(≥90th),32 and fitness (≥50th).20 Subsequently, we conducted chi-

square analyses to examine whether differences in total and central

obesity, and fitness exist considering location and type of area.

2.3.2 | Ethnicity

To investigate ethnicity differences in total and central obesity, and

fitness, we performed chi-square tests for categorical variables

and one-way analyses of covariance for continuous variables. We fur-

ther examined potential differences between the participants included

in the analyses and those who were not included (i.e. participants for

whom the country of birth was not reported) using one-way analyses

of variance. Moreover, we also explored differences between ethnic-

ity based on the age- and sex-specific percentiles. In exploratory ana-

lyses, we further examined the differences among White and other

underrepresented groups (i.e. African, Asian and Latin).

2.3.3 | Covariates

Age, sex, body mass index (only for fitness) and height (only for waist

circumference) were considered as confounding variables. We also

examined parental education, parental occupation and ethnicity.

However, since these additional factors did not change the results,

they were not included in the final analysis.

Statistical analyses and graphics were conducted using the SPSS

(v.22.0) and R (v. 4.2.2) software.33 Statistical significance was set

at p < 0.05.

3 | RESULTS

The study sample's descriptive characteristics are summarized in

Table 1. Figure 1 presents a geographical map with visual representa-

tions of the mean total obesity, central obesity and fitness compo-

nents across cities. The extended version of results can be found in

Appendix S1.

3.1 | Geographic factors: location and type of area

Descriptive characteristics of the preschoolers by location and type of

area can be found in Table S2A. Table 2 presents a comprehensive

analysis of total and central obesity, and fitness differences among

the study participants, stratified by location and type of area after

adjusting for potential confounders. Briefly, preschoolers from the

south presented higher total obesity, lower performance on cardiore-

spiratory fitness and lower-limb muscular strength compared to their

TABLE 2 Differences in total and central obesity, and physical fitness of the study sample stratified by location (i.e. north and south) and type
of area (i.e. rural and urban).

Location Area

North South

p*

Rural Urban

p*N Mean ± SE N Mean ± SE N Mean ± SE N Mean ± SE

Total obesity

Body mass index (kg/m2) 902 16.4 ± 0.1 1222 16.6 ± 0.1 0.017 466 16.5 ± 0.1 2710 16.5 ± 0.1 0.886

Body mass index (z-score) 902 �0.06 ± 0.9 1222 0.04 ± 1.1 0.017 466 0.00 ± 1.1 2710 �0.00 ± 1.0 0.886

Central obesity

Waist circumference (cm) 903 53.1 ± 0.1 1221 53.2 ± 0.1 0.602 466 54.0 ± 0.2 2710 53.0 ± 0.1 <0.001

Waist-to-height ratio 903 0.50 ± 0.1 1221 0.50 ± 0.1 0.829 466 0.51 ± 0.1 2710 0.50 ± 0.1 <0.001

Physical fitness

Cardiorespiratory fitness (laps) 888 20.8 ± 0.3 1169 19.7 ± 0.3 0.010 453 24.8 ± 0.4 2647 19.2 ± 0.2 <0.001

Upper-limbs muscular strength (kg) 899 6.9 ± 0.1 1222 7.2 ± 0.1 <0.001 466 7.3 ± 0.1 2707 7.0 ± 0.1 0.001

Lower-limbs muscular strength (cm) 901 76.2 ± 0.5 1214 70.1 ± 0.5 <0.001 464 74.1 ± 0.8 2699 73.6 ± 0.3 0.510

Speed-agility (s) 894 16.6 ± 0.1 1210 16.5 ± 0.1 0.243 460 16.1 ± 0.1 2691 16.9 ± 0.1 <0.001

Balance (s) 896 11.7 ± 0.5 1219 16.4 ± 0.5 <0.001 466 15.8 ± 0.7 2698 13.5 ± 0.3 0.004

Note: SE, Standard error. Values are presented as adjusted means and SE. North and south were categorized based on the city location (i.e. north: Vitoria-

Gasteiz and Zaragoza; south: Almería, Cádiz, Granada, and Las Palmas de Gran Canaria). Rural and urban were classified based on the population size (rural

<15 000 inhabitants, urban ≥15 000 inhabitants). Cardiorespiratory fitness was evaluated by PREFIT 20 m shuttle run test, muscular strength was assessed

by the handgrip strength test (upper-limbs) and standing long jump test (lower-limbs), speed-agility was evaluated by the PREFIT 4 � 10 m shuttle run test,

and balance was evaluated by the one-leg stance test. In the PREFIT 4 � 10 m shuttle run test, lower scores (less seconds in running the fixed distance)

indicate a better performance (children are faster and more agile). Bold values indicate significant differences between groups (p < 0.05).

*The p value was obtained from the analysis of covariance (ANCOVA), which was adjusted for age, sex, body mass index (only for physical fitness analyses)

and height (only for waist circumference).
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peers from the north (p ≤ 0.017). However, they demonstrated

greater levels of upper-limb muscular strength and balance

(p < 0.001). Differences between included and non-included samples

can be found in Table S2B. Regarding the area classification, pre-

schoolers living in rural regions showed higher central obesity and

greater fitness performance (Table 2, all p ≤ 0.004). Figure 2 depicts

the prevalence of weight status and central obesity by location and

type of area. Overall, preschoolers from the south presented ⁓3%

higher rates of obesity weight status than those from the north

(p ≤ 0.056). The prevalence of central obesity was significantly 10%

greater in rural compared to urban areas (p < 0.001).

As part of our exploratory analyses, we compared the sex- and

age-specific percentiles and observed notable differences between

the north and south regions (Figure S1B,C) and rural and urban areas

(Figure S1D,E).

3.2 | Ethnicity

Descriptive characteristics of the preschoolers based on ethnicity

(i.e. White, African, Asian and Latin) can be found in Table S2C.

Table 3 presents the total and central obesity, and fitness differences

observed among ethnic groups. We observed that White and African

preschoolers exhibited lower body mass index and waist circumfer-

ence compared to Latin preschoolers (p ≤ 0.003). Additionally, in

terms of upper-limbs muscular strength, children classified in the

White and African ethnicities demonstrated higher levels than those

of Asian ethnicity (p ≤ 0.017). Moreover, preschoolers categorized

as White showed faster performance in speed-agility than those

Latin participants (p = 0.037). Differences between included and

non-included samples by location can be found in Table S2C.

Figure 3 shows that both Asian and Latin preschoolers presented

higher prevalence rates of obesity compared to their White and Afri-

can counterparts, irrespective of the criteria used. The rates were

17.6% and 20% for Asian and Latin children, respectively, in contrast

to 6% and 2% for White and African preschoolers, respectively

(p ≤ 0.038). Asian and Latin preschoolers showed 15%–53% higher

rates of central obesity compared to their White and African coun-

terparts (p = 0.001).

As an exploratory analysis, we further categorized ethnicity into

White and other underrepresented groups (Table S2D for descriptive

characteristics and Table S2E for examining differences in total and

central obesity and fitness). We also compared the sex- and age-

specific percentiles among the White, African, Asian and Latin

F IGURE 2 Prevalence of weight status based on World Obesity Federation (WOF) and World Health Organization (WHO) and prevalence of
central obesity stratified by location (i.e. north and south) and type of area (i.e. rural and urban). The prevalence of underweight, normal weight,
overweight or obesity status was calculated using the cutoffs from the World Obesity Federation (WOF) and World Health Organization
(WHO).23,24 The prevalence of central obesity was computed using the 0.5 cutoff.25 North and south were categorized based on the city location
(i.e. north: Vitoria-Gasteiz and Zaragoza; south: Almería, Cádiz, Granada and Las Palmas de Gran Canaria). Rural and urban were classified based
on the population size (rural < 15 000 inhabitants, urban ≥ 15 000 inhabitants). Chi-square analyses showed significant differences in the
prevalence of weight status (WHO) by location (i.e. north and south) (p = 0.022), and the prevalence of central obesity by type of area (i.e. rural

and urban) (p < 0.001). A borderline non-significant difference was observed in the prevalence of weight status (WOF) by location (i.e. north and
south) (p = 0.056). Data from the histograms are presented in Table S2G.
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ethnicities (Figure S1F,G). The results for the White and other under-

represented groups can be found in Figure S1H,I.

4 | DISCUSSION

The main findings of this study provide valuable insights into the

determinants of health of preschoolers from different locations, areas

and ethnic groups. Firstly, preschool children from the southern

regions presented higher total obesity, along with lower performance

in cardiorespiratory fitness and lower-limb muscular strength, com-

pared to their northern peers. However, they demonstrated greater

levels of upper-limb muscular strength and balance. Moreover, when

considering the type of residential area, preschoolers from rural areas

showed higher central obesity but better fitness performance com-

pared to those from urban areas. Secondly, significant differences

were observed among ethnic groups, with White and African pre-

schoolers showing lower levels of total and central obesity than Latin

preschoolers and performing better in strength and speed-agility com-

pared to Asian or Latin preschool children. These findings

underscore the need to explore the underlying socioeconomic and

environmental factors shaping these disparities. Understanding the

role of physical activity opportunities, dietary habits and healthcare

access could inform targeted early-life obesity prevention strategies.

4.1 | Geographic factors: location and type of area

Currently, the available information on preschoolers, comparing total

and central obesity, reveals a north–south inequality. At the European

level, a recent meta-analysis showed the presence of a north–south

gradient in the prevalence of overweight/obesity across children and

adolescents.34 At the national level, there is also evidence supporting

a north–south inequality favouring youths in the northern regions.35

Our study supports that these differences exist at very early ages.

However, it is important to note that geographic factors, such as

TABLE 3 Differences in total and central obesity, and physical fitness of the study sample stratified by ethnicity (i.e. White, African, Asian and
Latin).

White African Asian Latin

p*N Mean ± SE N Mean ± SE N Mean ± SE N Mean ± SE

Total obesity

Body mass index (kg/m2) 2093 16.5 ± 0.1a 51 16.2 ± 0.2b 17 16.4 ± 0.4 20 17.9 ± 0.4a,b 0.003a

0.001b

Body mass index (z-score) 2093 0.02 ± 1.0a 51 �0.17 ± 0.8b 17 �0.02 ± 1.2 20 0.81 ± 1.4a,b 0.003a

0.001b

Central obesity

Waist circumference (cm) 2093 53.3 ± 0.1a,c 51 51.6 ± 0.6b,c 17 54.4 ± 1.0 20 57.4 ± 0.9a,b <0.001a

<0.001
0.024c

Waist-to-height circumference 2091 0.50 ± 0.1a,c 51 0.48 ± 0.0b,c 17 0.51 ± 0.1 20 0.53 ± 0.0a,b <0.001a

<0.001b

0.035c

Physical fitness

Cardiorespiratory fitness (laps) 2060 19.4 ± 0.2 50 19.7 ± 1.3 17 14.5 ± 2.2 19 19.5 ± 2.1 0.182

Upper-limbs muscular strength (kg) 2091 6.9 ± 0.1d 50 7.2 ± 0.2e 17 5.7 ± 0.4d,e 20 6.2 ± 0.4 0.017d

0.011e

Lower-limbs muscular strength (cm) 2084 72.5 ± 0.4 51 73.3 ± 2.3 17 66.4 ± 4.0 19 76.2 ± 3.8 0.330

Speed-agility (s) 2084 16.8 ± 0.1a 51 17.0 ± 0.3 17 17.1 ± 0.4 19 17.9 ± 0.4a 0.037a

Balance (s) 2086 13.6 ± 0.3 50 8.5 ± 2.3 19 14.0 ± 3.9 20 6.2 ± 3.6 0.161

Note: SE, standard error. Values are presented as adjusted means and SE. White, African, Asian, and Latin participants were classified based on the country

where the preschool children were born. Then, each country was grouped in different population categories, and recoded as White (i.e. Spanish, Roma

population from Spain, midwestern European, and east European population), African (i.e. Sub-Saharan, Maghreb), Asian (i.e. Asian-oriental,

Indian-Pakistani), and Latin (Afro-Latin/Afro-Caribbean, and Andean-Latin American). Cardiorespiratory fitness was evaluated by PREFIT 20 m shuttle run

test, muscular strength was assessed by the handgrip strength test (upper-limbs) and standing long jump test (lower-limbs), speed-agility was evaluated by

the PREFIT 4 � 10 m shuttle run test, and balance was evaluated by the one-leg stance test. In the PREFIT 4 � 10 m shuttle run test, lower scores (less

seconds in running the fixed distance) indicate a better performance (children are faster and more agile). Bold values indicate significant differences

between groups (p < 0.05).

*The p value was obtained from the analysis of covariance (ANCOVA), which was adjusted for age, sex and body mass index (only for physical fitness

analyses) and height (only for waist circumference). (a) Statistical difference between White versus Latin ethnicity. (b) Statistical difference between

African versus Latin ethnicity. (c) Statistical difference between White versus African ethnicity. (d) Statistical difference between White versus Asian

ethnicity. (e) Statistical difference between African versus Asian ethnicity.

8 of 12 CADENAS-SANCHEZ ET AL.

 20476310, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.70021 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [04/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



differences in access to healthcare, environmental influences and

socio-economic conditions, may influence these disparities. Therefore,

it emphasizes the need to draw attention to the factors influencing

the initial 2 years of life that contribute to variations as children enter

the preschool stage. In terms of fitness, we observed that pre-

schoolers from the south outperformed in terms of upper-limb muscu-

lar strength and balance, but not in cardiorespiratory fitness and

lower-limb muscular strength, than those from the north, consistent

with prior research in preschoolers.8 However, it is important to note

that contrary to previous findings in Europe, we did not observe a

similar advantage in cardiorespiratory fitness among preschoolers

from the south compared to their northern peers.8 The observed dis-

crepancy might be attributed to differences in sample size, the inclu-

sion of several cities between the north and south regions, or

variations in environmental factors such as air quality or regional diets.

Geographic biases, like the inclusion of regions with differing socio-

economic conditions, may have also contributed to these inconsis-

tencies. Interestingly, evidence from children and adolescents showed

an inverse pattern, with northern Europe being fitter.35,36 It is impor-

tant to note that our analyses, which include adjustments for potential

confounders such as body mass index, reveal that the results remain

unaffected. Therefore, it appears that body weight is not significantly

influencing performance in weight-bearing tests (i.e. cardiorespiratory

fitness and lower-limbs muscular strength) as previously observed.8,37

Further exploration of behavioural trends and reasons for changes

from preschool to adolescence is warranted.

In regards to the type of area, the literature available shows

inconclusive findings.9–12 In line with our results, two studies11,12

found no significant differences in total obesity, while two others9,10

examining this variable in US preschoolers reported significant differ-

ences, favouring greater adiposity in those from rural regions. Central

obesity has been less studied. Our findings indicate that preschoolers

living in rural areas presented greater central obesity than those from

urban areas, which contrasts with the study of Torres-Luque et al.11

on preschool children in Spain. The inconsistency in results may be

attributed to differences between or within countries in rural and

urban settings, including variations in lifestyle, food environment

and access to health services. Regarding fitness, we found that chil-

dren living in rural areas outperformed their urban counterparts in

most fitness tests. This contrasts with a previous study where better

speed-agility and lower-limbs muscular strength were observed in

preschoolers from urban areas.11 However, caution is needed when

comparing the results, as the fitness tests used were different, and

cardiorespiratory fitness was not measured in that study. In compari-

son to a previous study in children and adolescents from Spain,38 our

findings are consistent with theirs in terms of cardiorespiratory fitness

and muscular strength. The higher fitness levels observed in preschool

children from rural areas, in contrast to urban areas, could be

explained by sociocultural differences, as rural settings often provide

more opportunities for physical activity, with fewer barriers and

greater community support for active lifestyles.

4.2 | Ethnicity

Ethnic inequalities in childhood obesity have been relatively

underexplored,13,14 particularly in preschoolers.13 Our study provides

new evidence on total and central obesity inequalities during early

childhood. Specifically, we observed that White and African pre-

schoolers showed lower total and central obesity compared to Latin

preschool children, and African preschoolers also showed lower cen-

tral obesity than their White peers. These findings are in agreement

F IGURE 3 Prevalence of weight status based on World Obesity Federation (WOF) and World Health Organization (WHO) and prevalence of
central obesity stratified by ethnicity (i.e. White, African, Asian and Latin). The prevalence of underweight, normal weight, overweight, or obesity
status was calculated using the cutoffs from the World Obesity Federation (WOF) and World Health Organization (WHO).23,24 The prevalence of

central obesity was computed using the 0.5 cutoff.25 White, African, Asian and Latin participants were classified based on the country where the
preschool children were born. Then, each country was grouped in different population categories and recoded as White (i.e. Spanish, Roma
population from Spain, midwestern European, and east European population), African (i.e. Sub-Saharan, Maghreb), Asian (i.e. Asian-oriental,
Indian-Pakistani), and Latin (Afro-Latin/Afro-Caribbean, and Andean-Latin American). Chi-square analyses showed significant differences in the
prevalence of weight status (WOF and WHO) and central obesity by ethnicity (weight status WHO, p = 0.027; weight status WOF, p = 0.038;
and central obesity, p = 0.001). Data from the histograms are presented in Table S2H.

CADENAS-SANCHEZ ET AL. 9 of 12

 20476310, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.70021 by U

niversidad D
e Z

aragoza, W
iley O

nline L
ibrary on [04/07/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



with previous research in older children, where higher obesity preva-

lence was observed in Latin children compared to other ethnic groups

examined.14,15 Considering fitness, we also observed that White pre-

schoolers showed better performance in upper-limb muscular

strength and speed-agility than their Asian and Latin counterparts,

respectively. In addition, African preschoolers also reflected better

upper-body muscular strength compared to Asian preschool children.

It is important to note that limited information is available in pre-

schoolers, and thus, comparisons need to be done with older children.

Existing literature primarily focuses on cardiorespiratory fitness, with

White children showing higher maximum oxygen uptake values than

Asian, Black or American Indian children.17,18 Moreover, Toselli

et al.15 concluded that Eastern Europeans typically showed the high-

est strength values compared to Africans, Asians and Latin Americans.

Overall, it is plausible to hypothesise that the interaction among indi-

vidual differences, encompassing genetics, physiology, culture, envi-

ronment and socioeconomic status,13,14 may contribute to the

observed ethnic inequalities in both obesity and fitness. Socioeco-

nomic status, in particular, appears to be a significant factor that might

influence these inequalities, especially between White and Latin chil-

dren.13 However, in our study, adjusting for socioeconomic status

confounders such as parental education and occupation did not alter

the findings, suggesting that socioeconomic status may not yet have a

significant impact at early ages. Nonetheless, it is important to remain

cautious with this hypothesis, as socioeconomic factors become more

influential in later childhood and adolescence. Moreover, it is of spe-

cial interest to consider parental behaviour in this age range, as it is

clearly stated that a more active and healthier behaviour from parents

will affect the children's behaviour.39,40 Lastly, it is also important to

recognize that ethnic disparities in health outcomes can be influenced

by differences in access to healthcare, education, and nutrition, or the

underrepresentation of certain ethnic groups in the sample. Further

research is needed to explore and better understand the underlying

factors contributing to these differences.

4.3 | Limitations and strengths

This study has certain limitations that warrant consideration. First, the

relatively small number of participants in some of the ethnic groups is

a limitation of this study, and our results should be confirmed or con-

trasted in larger and more diverse sample. Second, the absence of

other adiposity markers (i.e. fat mass or fat free mass) accurately mea-

sured with gold standard methods, along with the reliance on body

mass index and waist circumference as the sole measures of obesity,

presents a limitation, as these measures may not fully capture obesity

in young children and may lead to misclassification. Third, the lack of

studies in preschool children evaluating fitness with valid tests, attrib-

uted to logistical challenges inherent in this age group, represent

another limitation. Nevertheless, it is important to emphasize that

these tests have demonstrated reliability and maximal effort in terms

of heart rate in preschoolers (except for balance).19,26 Fourth, the

decision to group participants by north/south and rural/urban catego-

ries rather than using a more complex multilevel regression model

based on spatial autocorrelation could be seen as a limitation.

Although Moran's I analysis showed no significant spatial clustering,

which led us to use these categorical groups, the lack of spatial varia-

tion in our data may limit the generalizability of our findings. Lastly,

dietary habits were not assessed in this study, which could provide

additional insights into the observed disparities in obesity and fitness.

5 | PERSPECTIVE

This study reveals significant determinants of health inequalities

among preschoolers based on geographical factors and ethnic back-

grounds. Our findings indicate that southern preschoolers showed

higher total obesity, better upper-limb muscular strength and balance,

and lower cardiorespiratory fitness and lower-limb muscular strength.

Additionally, children from rural areas show higher central obesity but

potential fitness advantages. Lastly, ethnic inequalities indicate vary-

ing obesity and fitness levels. Further investigation to understand the

underlying environmental, cultural and socioeconomic factors driving

these disparities is needed. Future research could benefit from GIS-

based analysis to enhance spatial representation and better capture

geographic disparities in obesity and fitness. Identifying modifiable

determinants (e.g. access to physical activity opportunities, dietary

patterns and healthcare resources) could help shape more effective

early-life obesity prevention strategies. Tailoring interventions to

address these specific disparities may be crucial in mitigating long-

term health risks. Longitudinal studies are warranted to assess

whether these inequalities persist or change over time, providing valu-

able insights for sustainable public health policies.
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