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Summary

Objective: To estimate national and provincial prevalence of obesity and excess

weight in the child and adolescent population in Spain by sex and sociodemographic

characteristics, and to explore sources of inequalities in their distribution, and their

geographical patterns.

Methods: ENE-COVID is a nationwide representative seroepidemiological survey

(68 287 participants) stratified by province and municipality size (April–June 2020).

Participants answered a questionnaire which collected self-reported weight and height,

that allowed estimating crude and model-based standardized prevalences of obesity

and excess weight in the 10 543 child and adolescent participants aged 2–17 years.

Results: Crude prevalences (WHO growth reference) were higher in boys than in girls

(obesity: 13.4% vs. 7.9%; excess weight: 33.7% vs. 26.0%; severe obesity: 2.9%

vs. 1.2%). These prevalences varied with age, increased with the presence of any

adult with excess weight in the household, while they decreased with higher adult

educational and census tract average income levels.

Obesity by province ranged 1.8%–30.5% in boys and 0%–17.6% in girls; excess

weight ranged 15.2%–49.9% in boys and 10.8%–40.8% in girls. The lowest preva-

lences of obesity and excess weight were found in provinces in the northern half of

Spain. Sociodemographic characteristics only partially explained the observed geo-

graphical variability (33.6% obesity; 44.2% excess weight).

Conclusions: Childhood and adolescent obesity and excess weight are highly preva-

lent in Spain, with relevant sex, sociodemographic and geographical differences. The

geographic variability explained by sociodemographic variables indicates that there
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are other potentially modifiable factors on which to focus interventions at different

geographic levels to fight this problem.

K E YWORD S

adolescent obesity, child obesity, gender, geographical factors, health status disparities, Spain

1 | INTRODUCTION

Childhood and adolescent overweight and obesity—known as excess

weight, when taken together—are a major public health problem

worldwide. Childhood and adolescent obesity increases the risk of

developing chronic diseases that were previously almost exclusive of

adults, such as early-onset type 2 diabetes mellitus, hypertension,

metabolic syndrome, hormonal, musculoskeletal or psychosocial disor-

ders1,2; it is also associated with a higher likelihood of having excess

weight in adulthood, an established risk factor for many cardiovascu-

lar diseases and several cancers.3–5

In the World Health Organization (WHO) European Region, it is

estimated that 29.5% and 11.6% of children aged 5–9 years have

excess weight and obesity, respectively, while in the age group

10–19 years, 24.9% and 7.1% of adolescents live with these condi-

tions, respectively.6 Additionally, the prevalence of both excess

weight and obesity increased noticeably during the last decades, mak-

ing obesity prevention a priority.6,7

The prevalence of childhood and adolescent obesity in Spain is

monitored through different periodic surveys. The National Health

Survey (2–17 years)8 and the Health Behaviour in School-aged

Children (HBSC) study (11–18 years)9 use self-reported anthropometry

data, while the ALADINO study,10 focused specifically in children aged

6–9 years, includes objective measurements of height and weight, as

well as data on food intake and physical activity, within the framework

of the Childhood Obesity Surveillance Initiative from the WHO

Regional Office for Europe. However, in order to design tailored health

interventions against childhood obesity, we need to deepen into ineq-

uities linked to the risk of excess weight and obesity, and these surveys

do not allow to explore in depth neither the geographical variability of

these indicators, nor the contribution of structural factors (i.e., education

or socioeconomic status) to their distribution.11,12

To address these issues, we took advantage of ENE-COVID, a

nationwide representative population-based survey, conducted in

2020 by the Spanish Ministry of Health, the Instituto de Salud Carlos

III and the Spanish Regional Health Services to assess the prevalence

of SARS-CoV-2 infection.13 With 10 543 participants between 2 and

17 years with parents reported and self-reported (16–17 years old)

anthropometric data and individual, household and contextual socio-

economic information,14 this large, longitudinal study was designed to

obtain representative estimates of prevalence at the province level

(Nomenclature of territorial units for statistics, NUTS 3).

The aims of this work were to describe the prevalence of obesity

and excess weight in children and adolescents in Spain, along with

their geographical pattern, and to study gender-related and socioeco-

nomic inequalities in these prevalences. We also explored the

contribution of these factors to the geographical variability of these

adiposity indicators across Spain.

2 | METHODS

2.1 | Study design

ENE-COVID is a nationwide population-based study carried out in

2020 to estimate the prevalence of SARS-CoV-2 infection during the

first wave of the pandemic in Spain. Its design has been reported else-

where.13,15 In brief, 1500 census tracts were sampled with probability

proportional to their size, stratified by province and municipality size;

subsequently, the National Institute of Statistics randomly selected up

to 24 households within each census tract. Institutionalized people

were not included in the study. Field work was carried out by staff from

each of the region's health departments following a common protocol

developed by the Ministry of Health and the Instituto de Salud Carlos

III. Data collection was performed in three follow-up waves, with a

1-week break between them, from 27 April to 22 June 2020. The

selected households were contacted by phone, and all residents, inde-

pendently of their age, were invited to participate, either going to their

primary health-care centres or allowing study nurses to visit their home.

Participants—or their parents for those under 16 years, answered an

epidemiological questionnaire containing information about sociodemo-

graphic characteristics, self-reported anthropometric measurements,

risk factors for severe COVID-19, presence of any disability and chronic

diseases. The questionnaire and study protocol can be found in Spanish

in the ENE-COVID study website.14 Prior to enrolment, written

informed consent was obtained directly from participants aged 16 years

or older, or from their parents/tutors if younger, supplemented by a

child's assent document if aged 8–15 years. The study was approved by

the Institutional Review Committee of the Institute of Health Carlos III

(register number PI 39_2020).

2.2 | Participants

From the sample of 104 600 selected individuals of all ages, 5714

were not eligible (328 were deceased, 1173 were institutionalized and

4213 were not living in the selected households), 10 238 could not be

contacted and 20 361 refused to participate. Of the remaining 68 287

participants (Figure S1), for this study, we included data from 10 543

child and adolescent participants aged 2–17 years (5375 boys and

5168 girls). The response rate was 68.9% among all eligible persons

aged 2–17 years, with increasing response rates with age (Figure S2).
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2.3 | Study variables

Body mass index (BMI) was calculated as weight (kg) divided by

squared height (m2).16 As this information was collected each round,

we used mean height and weight for those who participated in more

than one study round. Z scores with absolute values greater than or

equal to 5 were set to missing.17 The categorization of children's

weight status was based on the 2007 WHO recommended growth

reference for school-aged children and teenagers.18 Its cut-offs were

used to calculate BMI-for-age Z-scores to estimate the prevalence of

excess weight, obesity and severe obesity (children aged 6–17 years),

defined as BMI-for-age value >+1 Z-score, BMI-for-age value >+2

Z-scores and BMI-for-age value >+3 Z-scores, respectively. Of note,

the estimated prevalence of excess weight includes participants with

overweight and obesity, and prevalence of obesity covers any degree

of obesity, including severe obesity. In addition, we provide preva-

lence estimates according to the International Obesity Task Force

(IOTF) cut-off points, the other commonly used reference.19

Apart from children's BMI and weight status, other covariables

were used in this study, defined as follows: age in years (in four

groups: 2–5, 6–9, 10–13, 14–17); sex (male, female); nationality

(Spanish, others); disability (any degree of recognized disability: yes;

no), household highest education level (the highest level of educa-

tion20 successfully completed by an adult living in the household, in

three categories: primary, secondary, university); presence of any

adult with excess weight (any adult with BMI ≥25 kg/m2: yes; no),

census tract average income (based on percentiles from province-

specific distributions of census tract average income in 2017, in four

categories: <25th percentile; 25th- < 50th percentile; 50th- < 75th

percentile; ≥75th percentile), and municipality size (based on the num-

ber of inhabitants in each municipality, in four categories: <5000;

5000–19 999; 20 000–99 999; ≥100 000 inhabitants).15

2.4 | Statistical analysis

As adiposity indicators, crude prevalences of excess weight, obesity and

severe obesity and their corresponding 95% confidence intervals, were

estimated for the overall population, and for girls and boys, by catego-

ries of sociodemographic factors. To calculate the absolute number of

children and adolescents affected by these problems in Spain, we used

population data from the latest available census.21 We also estimated

age-standardized prevalences by province (overall and by sex).

To control for confounding, the prevalences of excess weight and

obesity by individual characteristics were standardized to the overall

distribution of age, sex, nationality, household highest educational

level, census tract income level, disability, presence of any adult with

excess weight in the household and municipality size in ENE-COVID

participants aged 2–17 years. These variables were selected based on

epidemiological knowledge of their potential confounding effect. For

estimating the standardized prevalences, we used a design-based

logistic regression model adjusted for these sociodemographic factors,

and then computed a weighted average of the predicted probabilities

of having each weight status.22 In addition, we estimated standardized

prevalence ratios across categories of individual and contextual

characteristics.

In addition, we quantified the proportion of the geographical vari-

ability in the prevalence of excess weight/obesity that could be explained

by differences in sociodemographic characteristics across the 52 Spanish

provinces. Thus, we first calculated both, the crude and standardized

prevalences in each province, using the same model-based standardiza-

tion and adjustment factors described above. Then, we estimated the

between-province variances in crude and standardized prevalences by

fitting inverse-variance weighted random-effects meta-analyses on logit-

transformed prevalences through the method of moments.23 Our esti-

mate of the geographical variability explained by sociodemographic char-

acteristics for each adiposity indicator was calculated as one minus the

standardized-to-crude ratio of between-province variances.

To account for the complex design of ENE-COVID (i.e., different

sampling selection probabilities) and to adjust for differential non-

response based on sex, age and average income in the census tracts,

we assigned sampling weights to each study participant. Extreme

weights (upper 0.5%) were trimmed to prevent highly influential

observations. All statistical analyses considered stratification by prov-

ince and municipality size, and the clustering by household and census

tract, when calculating standard errors (SEs) of prevalence estimates.

Finite population corrections were applied since some sampling frac-

tions of census tracts per stratum and households per census tract

were not negligible. Confidence intervals (CI) were calculated using

logit-transformed prevalences and log transformed ratios, with design-

based degrees of freedom equal to the number of first-stage sampling

units minus the number of strata, and they were back-transformed to

the original scale for reporting. Analyses were performed using survey,

zbmicat and zanthro commands in Stata (version 16).

3 | RESULTS

The crude prevalences of obesity (Pobes) and excess weight (Pexcess)

according to WHO growth reference are shown in Table 1. Overall Pobes

was 10.7% (95%CI: 10.0–11.6) while Pexcess was 30.0% (95%CI: 28.8–

31.2). Both conditions were higher in boys (Pobes 13.4% [95%CI: 12.2–

14.7]; Pexcess 33.7% [95%CI: 31.9–35.5]) than in girls (Pobes 7.9% [95%CI:

7.0–9.0]; Pexcess 26.0% [95%CI: 24.5–27.5]. In absolute population num-

bers, this means that, approximately, 790 366 children and adolescents

aged 2–17 years would have obesity (509 651 boys and 283 075 girls)

and 2 215 980 would have excess weight (1 281 735 boys and 931 641

girls) in Spain.21 Excess weight was higher in the intermediate age groups

(6–13 years) while obesity was higher in 6 to 9-year age group. The

prevalence of severe obesity was 2.1% (95%CI: 1.7–2.5), being 1.7

percentage points higher in boys than in girls (Table S1). The preva-

lences according to IOTF criteria were lower than those according

to WHO growth reference (Pobes 7.5% [95%CI: 6.9–8.2]; Pexcess

24.9% [95%CI: 23.7–26.1]; P severe obesity 1.8% [95%CI: 1.5–2.1]),

with the exception of severe obesity, that was slightly more preva-

lent in girls with IOTF cut-offs (Tables S1 and S2).
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TABLE 1 Crude prevalence of obesity and excess weight in child and adolescent participants in ENE-COVID study by sociodemographic
characteristics according to the WHO growth reference.

Total Boys Girls

N % (95% CI) N % (95% CI) N % (95% CI)

Obesity (WHO)

Overall 10 543 10.7 (10.0–11.6) 5375 13.4 (12.2–14.7) 5168 7.9 (7.0–9.0)

Age (years)

2–5 1973 9.7 (8.2–11.6) 978 11.0 (8.7–13.8) 995 8.5 (6.6–10.9)

6–9 2534 17.0 (15.1–19.0) 1368 20.6 (17.9–23.7) 1166 12.6 (10.3–15.3)

10–13 3003 10.7 (9.4–12.3) 1526 13.6 (11.5–16.0) 1477 7.7 (6.1–9.7)

14–17 3033 6.2 (5.1–7.4) 1503 8.2 (6.5–10.2) 1530 4.1 (3.0–5.6)

Nationality

Spanish 10 061 10.6 (9.8–11.5) 5131 13.2 (12.0–14.5) 4930 7.9 (6.9–8.9)

Other 459 11.5 (8.5–15.4) 232 13.4 (9.1–19.4) 227 9.4 (5.9–14.6)

Disability

No 9872 10.3 (9.5–11.1) 5003 12.7 (11.5–14.0) 4869 7.7 (6.8–8.8)

Yes 136 21.4 (13.3–32.7) 86 22.6 (12.4–37.5) 50 18.9 (8.8–36.1)

Household highest education level

Primary 473 17.2 (13.0–22.4) 231 22.7 (15.9–31.5) 242 11.4 (7.6–16.7)

Secondary 5602 13.7 (12.5–15.0) 2831 17.3 (15.5–19.2) 2771 9.9 (8.5–11.5)

University 4468 6.9 (5.9–7.9) 2313 8.3 (6.9–9.9) 2155 5.4 (4.2–6.8)

Any adult with excess weight in the household

No 2361 5.2 (4.2–6.5) 1181 6.5 (4.9–8.6) 1180 4.0 (2.8–5.6)

Yes 8182 12.4 (11.5–13.5) 4194 15.4 (14.0–17.0) 3988 9.2 (8.1–10.4)

Census tract average incomea

<25th percentile 2772 14.1 (12.4–15.9) 1412 17.0 (14.5–19.9) 1360 11.0 (9.1–13.2)

25th- < 50th percentile 2707 11.6 (10.2–13.1) 1402 14.6 (12.4–17.1) 1305 8.3 (6.6–10.5)

50th- < 75th percentile 2459 10.5 (8.8–12.5) 1264 13.5 (11.2–16.2) 1195 7.1 (5.2–9.6)

≥75th percentile 2605 6.6 (5.4–7.9) 1297 8.0 (6.2–10.3) 1308 5.1 (3.7–6.8)

Municipality size (inhabitants)

<5000 1691 12.6 (10.7–14.8) 880 16.3 (13.0–20.1) 811 8.5 (6.3–11.5)

5000-19 999 2269 10.7 (9.1–12.5) 1154 12.3 (10.1–15.0) 1115 8.8 (6.7–11.6)

20 000-99 999 3416 11.0 (9.5–12.7) 1729 14.2 (12.0–16.8) 1687 7.6 (6.1–9.4)

≥100 000 3167 10.1 (8.9–11.5) 1612 12.6 (10.8–14.6) 1555 7.6 (6.1–9.4)

Excess weight (WHO)

Overall 10 543 30.0 (28.8–31.2) 5375 33.7 (31.9–35.5) 5168 26.0 (24.5–27.5)

Age (years)

2–5 1973 21.7 (19.3–24.3) 978 23.3 (19.9–27.0) 995 20.1 (17.1–23.4)

6–9 2534 37.3 (34.8–39.9) 1368 41.0 (37.4–44.7) 1166 33.0 (29.7–36.4)

10–13 3003 35.4 (33.2–37.7) 1526 40.1 (37.0–43.2) 1477 30.5 (27.4–33.7)

14–17 3033 23.6 (21.7–25.5) 1503 27.1 (24.4–30.0) 1530 20.0 (17.5–22.7)

Nationality

Spanish 10 061 29.8 (28.5–31.0) 5131 33.5 (31.7–35.4) 4930 25.8 (24.3–27.4)

Other 459 32.9 (27.6–38.6) 232 34.3 (26.6–42.9) 227 31.4 (24.7–38.9)

Disability

No 9872 29.7 (28.5–31.0) 5003 33.4 (31.6–35.3) 4869 25.8 (24.3–27.4)

Yes 136 38.3 (27.8–50.0) 86 43.5 (29.8–58.3) 50 26.9 (14.7–44.1)
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 20476310, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ijpo.13085 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [11/01/2024]. 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



By year of age, the lowest Pobes (WHO) in both sexes was found

in adolescents, around 16 years of age, while the highest prevalence

was observed at 6 years of age (Figure 1; Table S3). The prevalence in

pre-schoolers, up to 5 years, was also lower than in school-age chil-

dren, aged 6 or more. Regarding Pexcess, the maximum was observed

at 8 years, while the lowest prevalence was found in preschool chil-

dren (2–4 years), with intermediate prevalences for adolescents. Both

adiposity indicators were higher in boys than in girls in all age groups,

with a wider gap between sexes in the intermediate age groups

(Figure 1, Table S3). Also, obesity and severe obesity (Table S1) were

higher among children with disability. With IOTF cut-offs, Pobes by age

had a different behaviour, with the highest prevalences in pre-school

children and lowest among adolescents, while for excess weight prev-

alences were quite constant among age groups, except for a decrease

in adolescent girls (Table S3).

We also explored the distribution of all the adiposity indicators

by selected household and socioeconomic factors (Table 1; Table S1).

There were inverse associations in the prevalences for both sexes

with the household highest educational level in the household, except

for severe obesity in girls. Also, those living in households with any

adult with excess weight had higher Pobes and Pexcess than participants

without adult excess weight at home.

Additionally, there was an inverse relationship between Pobes and

Pexcess and census tract average income level, with a difference of 7.5

percentage points for obesity and 10.9 for excess weight, between

the wealthiest and the most deprived census tracts, with a higher

difference for obesity in boys. In contrast, there were no significant

differences by municipality size (Table 1). In general, gradients in the

same direction than the ones seen for Pobes and Pexcess were found for

prevalence of severe obesity in children aged 6 years or older

(Table S1) and for all three adiposity indicators when applying IOTF

cut-offs, except for girls and household highest educational level, in

whom no gradient was observed (Table S2).

We also calculated Pobes and Pexcess (WHO cut-offs) standardized

to the overall distribution of sociodemographic variables (age, sex,

nationality, disability, household highest educational level, household

adult excess weight, census tract average income level and municipal-

ity size) in the study population (Tables 2 and 3), as well as their ratios

across the different categories of each variable. Our results show

that boys had higher prevalences for both indicators. Also, small kids

(2–5 years) had the lowest Pobes, while those between 6 and 9 years

had the highest estimates in both sexes. Disability was a clear risk fac-

tor for obesity, but not for excess weight, while there were no differ-

ences depending on nationality. In regard to household factors, lower

level of household education and the presence of any adult with

excess weight were associated to Pexcess, and, specially, to Pobes. On

the other hand, the inverse association with census tract average

income was clearly more evident among girls. Pobes and Pexcess (IOTF

cut-offs) standardized to the overall distribution of sociodemographic

variables are shown in Tables S4 and S5.

Figure 2 shows the geographical distribution of crude Pobes and

Pexcess (WHO cut-offs) by province, for the total population and by

TABLE 1 (Continued)

Total Boys Girls

N % (95% CI) N % (95% CI) N % (95% CI)

Household highest education level

Primary 473 38.5 (32.3–45.0) 231 40.2 (31.4–49.8) 242 36.6 (29.7–44.1)

Secondary 5602 34.6 (32.9–36.4) 2831 38.9 (36.4–41.4) 2771 30.1 (27.9–32.4)

University 4468 24.0 (22.3–25.8) 2313 27.4 (25.0–29.9) 2155 20.3 (18.2–22.7)

Any adult with excess weight in the family

No 2361 20.0 (17.9–22.3) 1181 23.9 (20.8–27.2) 1180 16.2 (13.7–19.0)

Yes 8182 33.0 (31.7–34.4) 4194 36.6 (34.6–38.5) 3988 29.2 (27.4–30.9)

Census tract average incomea

<25th percentile 2772 35.1 (32.7–37.6) 1412 38.0 (34.5–41.7) 1360 32.1 (29.2–35.1)

25th- < 50th percentile 2707 31.5 (29.4–33.7) 1402 35.9 (32.5–39.4) 1305 26.9 (24.1–29.8)

50th- < 75th percentile 2459 28.6 (26.1–31.2) 1264 32.0 (28.6–35.6) 1195 24.8 (21.8–28.1)

≥75th percentile 2605 24.2 (22.0–26.6) 1297 28.5 (25.1–32.3) 1308 19.8 (17.1–22.9)

Municipality size (inhabitants)

<5000 1691 30.1 (26.9–33.6) 880 36.1 (31.6–40.9) 811 23.6 (19.5–28.1)

5000–19 999 2269 30.9 (28.4–33.5) 1154 32.8 (29.1–36.6) 1115 28.8 (25.5–32.4)

20 000–99 999 3416 31.2 (28.9–33.6) 1729 34.6 (31.3–38.1) 1687 27.5 (25.1–30.1)

≥100 000 3167 28.5 (26.6–30.4) 1612 32.8 (30.0–35.8) 1555 24.0 (21.6–26.6)

Note: Population prevalence and 95% confidence intervals (CI) accounting for sampling weights, nonresponse rates by sex, age, and census tract average

income, stratification by province and municipality size, and clustering by household and census tract. N: number of participants.
aCategories based on percentiles from province-specific distributions of census tract average income in 2017. There were only missing values in two

variables: disability (n = 23) and nationality (n = 35).
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sex (numerical figures are shown in Tables S6 and S7). For obesity,

geographical variability was more marked in boys, with provincial

prevalences ranging between 1.8% and 30.5%, while, in girls, they

were between 0% and 17.6%. Provinces with the lowest prevalences

of obesity were mainly located in the north half of the country in both

sexes. Provinces with the highest prevalences in the case of boys

were distributed throughout all the country, without a clear geo-

graphic pattern, while for girls they were concentrated in the south

half of Spain. The provinces with the highest Pobes were Huelva

(30.5%) in boys and Ceuta and Melilla (both 17.6%) in girls (name and

location of each province is described in Figure S3). The geographic

pattern of Pobes under IOTF cut-offs did not differ from that under

WHO cut-offs (Figure S4 and Table S8).

Pexcess (WHO cut-offs) by province ranged between 15.2% and

49.9% in boys and between 10.8% and 40.8% in girls. The lowest

prevalences were, in general, located in provinces in the north half of

the country in the case of boys, and in the north and centre in girls.

On the contrary, the provinces with the highest prevalences were

located all over the country without a clear pattern. Specifically, the

highest Pexcess in boys were found in Burgos (49.9%) and C�ordoba

(49.3%), while for girls they were in Zamora (40.8%) and Ceuta

(39.9%). A similar distribution of Pobes and Pexcess was observed under

IOTF cut-offs than the ones observed with WHO cut-offs in both

sexes (Figure S4 and Table S9). Age-standardized Pobes and Pexcess by

province and sex showed no relevant differences compared to crude

prevalences, either using WHO or IOTF cut-offs (Figures S5 and S6,

Tables S10–S13).

Finally, according to our results, 33.6% of the variability in crude

prevalences of obesity across provinces (32.1% in boys and 31.5% in

girls) could be explained by regional differences in sociodemographic

distribution of the kids (age, sex, nationality, disability) or in household

and contextual factors (educational level, adult excess weight in the

household, census tract average income and municipality size). For

excess weight the explained geographic variability was 44.2% (41.1%

in boys and 37.3% in girls).

4 | DISCUSSION

Obesity and excess weight are a major public health problem and a

priority in children and adolescent health in Spain. Our results point

out that one in three boys and one in four girls has excess weight and

one in ten in both sexes has obesity. In absolute numbers, that means

that almost 1 million children and adolescents aged 2–17 years have

obesity and more than 2 million have excess weight in Spain. Preva-

lences vary with age and with the presence of disability, but our data

show that also some household-related factors (i.e., lower household

educational level or having an adult with excess weight at home) are

associated with twice the prevalence of obesity. For other contextual

factors (i.e., census tract average income) the relationship with adipos-

ity indicators is different by sex, existing a greater difference in girls,

except for severe obesity. Finally, we have explored the geographical

pattern of these conditions: one third of the regional differences in

the prevalence of obesity and more than 40% of the variability

in prevalence of excess weight can be explained by the previously

mentioned determinants; nevertheless, a relevant proportion of these

differences remains unexplained by the variables explored in

this work.

The prevalences of obesity and excess weight observed in our

study support previous figures from the last National Health Survey in

Spain 2017 in 2–17 years old population (self-reported data; WHO

cut-offs 12.3% and 32.4%, respectively).8,12 However, the reference
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F IGURE 1 Prevalence (%) of
obesity and excess weight (WHO cut-
offs) by sex and age in child and
adolescent participants from
ENE-COVID study.
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study in Spain for obesity surveillance with objectively measured data

in school children (6–9 years), the 2019 ALADINO study, reported

prevalences of both conditions noticeably higher than in our study

(WHO cut-offs 17.3% and 40.6%, respectively).10 Such differences

could be due to inaccurate estimation by parents of their children's

anthropometric measures, and could lead to a wrong estimate of

the prevalence of childhood obesity.10 In adolescent population

(11–18 years old), the prevalence of obesity in the HBSC study 2018

(self-reported data, IOTF cut-offs) was 3.1%, similar to our findings,

while excess weight was 17.8%, slightly lower than in ENE-COVID

study.9 In any case, all these surveys show a major public health prob-

lem to face, given that at least 1 in 10 children and adolescents has

obesity and 3 in 10 have excess weight, representing one of the high-

est figures in the WHO European region.6

TABLE 2 Standardizeda prevalence and prevalence ratio of obesity (WHO growth reference) by sociodemographic variables in child and
adolescent participants in ENE-COVID study.

Total (N = 10 543) Boys (N = 5375) Girls (N = 5168)

Standardized
prevalence

Standardized
prevalence ratio

Standardized
prevalence

Standardized
prevalence ratio

Standardized
prevalence

Standardized
prevalence ratio

% (95% CI) Ratio (95% CI) % (95% CI) Ratio (95% CI) % (95% CI) Ratio (95% CI)

Sex

Boys 12.7 (11.6–14.0) 1.59 (1.37–1.85)

Girls 8.0 (7.0–9.1) Ref.

Age group (years)

2–5 9.8 (8.2–11.8) Ref. 10.9 (8.6–13.8) Ref. 8.6 (6.3–11.6) Ref.

6–9 16.8 (14.9–18.8) 1.71 (1.38–2.10) 20.4 (17.7–23.5) 1.87 (1.44–2.43) 12.9 (10.3–16.0) 1.50 (1.07–2.10)

10–13 10.8 (9.4–12.3) 1.09 (0.87–1.37) 13.5 (11.4–15.8) 1.23 (0.93–1.63) 7.9 (6.0–10.4) 0.92 (0.64–1.33)

14–17 5.7 (4.7–6.9) 0.58 (0.44–0.76) 7.2 (5.7–9.1) 0.66 (0.47–0.93) 4.0 (2.6–6.1) 0.47 (0.31–0.73)

Nationality

Spanish 10.5 (9.7–11.4) Ref. 12.8 (11.6–14.1) Ref. 8.0 (6.8–9.3) Ref.

Other 9.8 (7.2–13.3) 0.94 (0.68–1.29) 11.7 (7.8–17.2) 0.92 (0.61–1.38) 7.8 (4.3–13.9) 0.98 (0.59–1.62)

Disability

No 10.3 (9.5–11.2) Ref. 12.6 (11.4–13.8) Ref. 7.8 (6.7–9.2) Ref.

Yes 18.8 (12.1–27.9) 1.82 (1.19–2.78) 21.1 (12.4–33.5) 1.67 (1.00–2.80) 17.9 (9.6–30.9) 2.28 (1.10–4.73)

Household highest education

level

Primary 15.8 (11.1–22.0) 2.16 (1.47–3.18) 19.3 (12.1–29.3) 2.25 (1.37–3.68) 11.6 (5.3–23.2) 1.96 (1.13–3.40)

Secondary 12.8 (11.6–14.1) 1.75 (1.45–2.11) 15.8 (14.1–17.7) 1.85 (1.48–2.31) 9.5 (7.8–11.5) 1.61 (1.21–2.14)

University 7.3 (6.3–8.5) Ref. 8.6 (7.1–10.3) Ref. 5.9 (4.5–7.7) Ref.

Any adult with excess weight

in the household

No 5.4 (4.3–6.8) Ref. 6.5 (4.9–8.6) Ref. 4.2 (2.7–6.5) Ref.

Yes 11.9 (10.9–12.9) 2.20 (1.72–2.80) 14.5 (13.1–16.0) 2.23 (1.64–3.03) 9.1 (7.7–10.6) 2.14 (1.47–3.14)

Census tract average income

<25th 11.8 (10.3–13.4) 1.50 (1.18–1.91) 13.6 (11.4–16.1) 1.43 (1.05–1.95) 9.7 (7.6–12.2) 1.59 (1.09–2.32)

25th- < 50th 10.9 (9.6–12.5) 1.40 (1.10–1.79) 13.6 (11.4–16.0) 1.43 (1.05–1.96) 8.1 (6.1–10.7) 1.34 (0.89–2.03)

50th- < 75th 10.6 (9.0–12.5) 1.36 (1.06–1.74) 13.4 (11.1–16.0) 1.41 (1.04–1.91) 7.6 (5.5–10.4) 1.26 (0.83–1.91)

≥75th 7.8 (6.4–9.5) Ref. 9.5 (7.3–12.2) Ref. 6.1 (4.1–9.0) Ref.

Municipality size (inhabitants)

<5000 11.2 (9.5–13.2) 1.05 (0.85–1.29) 14.3 (11.4–17.9) 1.12 (0.85–1.46) 7.8 (5.1–11.7) 0.93 (0.65–1.33)

5000–19 999 9.8 (8.3–11.5) 0.91 (0.74–1.12) 11.2 (9.0–13.8) 0.87 (0.67–1.13) 8.3 (6.2–11.1) 1.00 (0.70–1.43)

20 000–99 999 10.3 (9.0–11.8) 0.97 (0.81–1.16) 13.0 (11.0–15.3) 1.01 (0.82–1.26) 7.5 (5.6–10.0) 0.90 (0.67–1.23)

≥100 000 10.7 (9.4–12.2) Ref. 12.8 (11.0–14.9) Ref. 8.3 (6.6–10.5) Ref.

aStandardized to the overall distribution of age, sex, nationality, disability, household highest education level, presence of any adult with excess weight in

the household, census tract income and municipality size. There were only missing values in two variables: disability (n = 23) and nationality (n = 35).
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A noteworthy aspect is that the prevalences differ depending on

the reference used, with higher prevalences generally observed with

WHO cut-offs, which have been also reported in previous works.24

These discrepancies are justified by the differences between the ref-

erence populations used for the development of growth curves and to

define the cut-off points that best identify the groups at risk of

morbidity and mortality associated with excess weight.25 Although

there is no consensus on the best criteria to classify weight status of

school-age population, it is considered appropriate to express them

under different cut-offs to facilitate comparison between countries

and with previous studies. Recently, an attempt to harmonize preva-

lence rates calculated with both cut-offs has been made26 which

TABLE 3 Standardizeda prevalence and prevalence ratio of excess weight (WHO growth reference) by sociodemographic variables in child
and adolescent participants in ENE-COVID study.

Total (N = 10 543) Boys (N = 5375) Girls (N = 5168)

Standardized
prevalence

Standardized
prevalence ratio

Standardized
prevalence

Standardized
prevalence ratio Standardized prevalence

Standardized
prevalence ratio

% (95% CI) Ratio (95% CI) % (95% CI) Ratio (95% CI) % (95% CI) Ratio (95% CI)

Sex

Boys 33.4 (31.6–35.2) 1.28 (1.19–1.38)

Girls 26.1 (24.6–27.6) Ref.

Age group (years)

2–5 22.2 (19.7–24.9) Ref. 23.6 (20.2–27.4) Ref. 20.5 (17.1–24.3) Ref.

6–9 37.1 (34.5–39.7) 1.67 (1.47–1.91) 41.2 (37.6–44.9) 1.74 (1.47–2.07) 32.6 (29.1–36.4) 1.59 (1.32–1.93)

10–13 35.7 (33.5–38.0) 1.61 (1.41–1.84) 40.4 (37.4–43.6) 1.71 (1.45–2.02) 30.8 (27.7–34.0) 1.50 (1.23–1.83)

14–17 22.9 (21.0–24.9) 1.03 (0.89–1.19) 26.0 (23.3–28.8) 1.10 (0.91–1.32) 19.5 (16.9–22.4) 0.95 (0.77–1.17)

Nationality

Spanish 29.8 (28.6–31.1) Ref. 33.4 (31.6–35.2) Ref. 26.0 (24.2–27.8) Ref.

Other 30.3 (25.0–36.2) 1.02 (0.84–1.23) 33.0 (25.4–41.5) 0.99 (0.77–1.27) 27.4 (20.1–36.2) 1.06 (0.79–1.41)

Disability

No 29.8 (28.5–31.0) Ref. 33.2 (31.5–35.0) Ref. 26.1 (24.3–27.9) Ref.

Yes 34.5 (25.5–44.8) 1.16 (0.87–1.54) 41.7 (29.4–55.1) 1.25 (0.91–1.72) 24.1 (13.3–39.5) 0.92 (0.53–1.61)

Household highest

education level

Primary 39.8 (32.1–48.0) 1.59 (1.28–1.98) 41.2 (30.5–52.7) 1.47 (1.10–1.97) 37.6 (27.1–49.4) 1.73 (1.30–2.28)

Secondary 33.5 (31.8–35.3) 1.34 (1.23–1.46) 37.7 (35.2–40.2) 1.35 (1.21–1.50) 29.0 (26.6–31.6) 1.33 (1.16–1.53)

University 25.0 (23.3–26.8) Ref. 28.0 (25.6–30.5) Ref. 21.8 (19.4–24.4) Ref.

Any adult with excess

weight in the family

No 20.6 (18.4–23.0) Ref. 24.1 (21.0–27.6) Ref. 16.9 (13.9–20.5) Ref.

Yes 32.6 (31.3–33.9) 1.58 (1.41–1.78) 36.1 (34.2–38.1) 1.50 (1.30–1.73) 28.7 (26.8–30.7) 1.70 (1.42–2.03)

Census tract average

income

<25th 31.9 (29.5–34.4) 1.17 (1.04–1.31) 34.0 (30.5–37.6) 1.07 (0.91–1.25) 29.4 (26.0–33.0) 1.30 (1.09–1.55)

25th- < 50th 31.0 (28.9–33.1) 1.13 (1.01–1.27) 35.1 (31.9–38.5) 1.10 (0.95–1.28) 26.5 (23.4–29.9) 1.18 (0.98–1.42)

50th- < 75th 28.8 (26.5–31.2) 1.05 (0.94–1.19) 32.3 (29.0–35.8) 1.01 (0.87–1.18) 25.1 (21.9–28.6) 1.11 (0.93–1.34)

≥75th 27.3 (25.0–29.8) Ref. 31.8 (28.2–35.7) Ref. 22.5 (19.0–26.5) Ref.

Municipality size

(inhabitants)

<5000 28.3 (25.3–31.5) 0.96 (0.84–1.08) 34.3 (29.9–38.9) 1.03 (0.88–1.20) 22.0 (17.8–26.8) 0.86 (0.70–1.06)

5000–19 999 29.8 (27.4–32.2) 1.00 (0.91–1.11) 31.6 (27.9–35.4) 0.95 (0.82–1.09) 27.8 (24.3–31.7) 1.09 (0.93–1.28)

20 000–99 999 30.6 (28.4–32.8) 1.03 (0.94–1.13) 34.2 (31.0–37.5) 1.02 (0.90–1.16) 26.9 (23.8–30.2) 1.05 (0.92–1.21)

≥100 000 29.6 (27.8–31.6) Ref. 33.4 (30.6–36.3) Ref. 25.5 (22.8–28.4) Ref.

aStandardized to the overall distribution of age, sex, nationality, disability, household highest education level, presence of any adult with excess weight in

the household, census tract income and municipality size. There were only missing values in two variables: disability (n = 23) and nationality (n = 35).
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could be of help when defining high-priority groups to intervene to

prevent obesity through public health policies.

In addition to sex, age is another major determinant of obesity

and excess weight. With WHO cut-offs, the highest proportions of

obesity and excess weight were found between 6 and 12 years

of age, while with IOTF cut-offs the highest prevalence of obesity

was found at pre-school age (≤5 years). Knowing the differences in

the distribution of this problem is important when designing policies

aimed at combating it, although in general, the most successful inter-

ventions are those that are implemented from an early age, when

many of the eating and physical activity habits are acquired.27

Another interesting result of our study is the estimation of the

prevalences of obesity and excess weight in Spanish children and ado-

lescents living with a disability; after adjusting by age and other con-

founders, they had higher risk of suffering obesity, especially among

girls, and severe obesity in boys, but not of excess weight. Sedentary

lifestyle and a lower degree of physical activity could be an explana-

tion behind these differences.28

Also, a noteworthy result is the approximately double prevalence

of obesity and excess weight among children living with at least one

adult with excess weight at home. This phenomenon, known as inter-

generational transmission of obesity, has been widely reported in the

scientific literature, somewhat more marked for obesity in children

than for excess weight.10,29 Despite part of this phenomenon can be

explained by a shared genetic background, the heritability component

cannot totally explain a two-fold risk of having obesity in children liv-

ing with overweight adults. Weight status of the family, and especially

of parents, also determine obesity and excess weight in children

through lifestyle influence to a large extent on their children's

habits.30 Therefore, when developing interventions to combat the

problem of childhood and adolescent obesity, the family environment

should be taken into account.

In regard to socioeconomic factors, in our study we observed

that, for obesity, excess weight and severe obesity there was an

inverse gradient with the household educational level, except in girls

with severe obesity, and the relative income level of the census tract,

with ratios slightly larger for girls, that could be related to a lower

physical activity compared to boys.31 This gradient has been described

in most European countries with a high level of development, such as

Spain.32 Both, socioeconomic and educational level are key factors

associated with differences in lifestyle, for example, in dietary or phys-

ical activity habits, thus leading to differences in weight status.31,33,34

In contrast, although the highest prevalences of both indicators were

found in rural areas, similar to what is reported in other studies,35

after standardization for the remaining socio-demographic variables,

there were no differences by municipality size, suggesting that the

observed differences could be related to the different distribution of

the other socio-demographic factors.

Previous studies have reported crude prevalences of obesity/

excess weight at national and regional level.36,37 However, our study

Total Boys Girls

Obesity

(30,36]
(24,30]
(18,24]
(12,18]
(6,12]

[0,6]

Total Boys Girls

Excess weight

(45,52]
(38,45]
(31,38]
(24,31]
(17,24]
[10,17]

F IGURE 2 Crude prevalences (%) of obesity and excess weight (WHO cut-offs) by province and sex in child and adolescent participants from
ENE-COVID study.
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provides, for the first time, a detailed geographical distribution of

these conditions in Spain, with representative estimates of obesity

and excess weight for the 52 Spanish provinces. There are remarkable

geographical differences, although a clear geographical pattern is not

evident. Some of the lowest prevalences are in some provinces

located in the in the centre and north areas of Spain, while the highest

prevalences are spread all over the country, without a specific pattern.

Some estimates for specific provinces have been published, and they

are in accordance with our results.8,38

The observed geographical differences in obesity and excess

weight cannot be partly explained by a different distribution of socio-

demographic characteristics such as age and sex as we have shown in

our study, with no relevant differences between crude and

standardized provincial prevalences of both indicators. In contrast,

standardized prevalences still show differences when comparing by

other factors, as disability and household factors. Nonetheless, the

variability we can account for in the present study is higher in children

and adolescents than in adults (25.2% of the variability in crude preva-

lences of adult obesity across provinces [24.0% in men and 22.0% in

women]; Gutiérrez González et al, under review), probably because

in the case of children we have also considered the ‘obesogenic’
home environment, shown by the presence of at least one adult with

excess weight in the household, which could also be a proxy indicator

of the dietary patterns and lifestyle factors to which children and ado-

lescents are exposed. However, our analyses show important unex-

plained differences between regions, probably due to other factors

(genetic, cultural, dietary, psychological, physical activity, sedentarism,

sleep duration, comorbidity, factors related to parents, other members

of the family individually or the family as a whole, peer groups,

neighbourhood, food environment, infrastructures and facilities of the

residential neighbourhood, among others) not taken into account in

ENE-COVID.39,40 Unfortunately, we do not have enough data to eval-

uate possible geographical differences in dietary or physical activity

patterns in children and adolescents in Spain, which would be relevant

regarding the geographical variability not yet explained.

Epidemiological data may help to target and design tailored inter-

ventions to control childhood and adolescent obesity. Since in Spain

public health competencies are decentralized, and many health poli-

cies are designed and implemented at regional, provincial or municipal

levels, it is crucial to set up surveillance programs to monitor preva-

lence of obesity and the role of contextual risk factors at these levels.

In this sense, our results may be useful to establish priorities and to

identify high-risk population subgroups or areas on which to focus

prevention, detection and treatment of obesity and overweight.

Among these possible subgroups, our study identified several health

inequalities (i.e., youngest children, those from lower level of family

income or educational level, presence of adiposity in their family or

those with any disability) that would need to be investigated and tack-

led under a regional and provincial perspective.

A strength of our study is its representative sample and

population-based design, that allows to estimate prevalence figures of

obesity and excess weight with 95% confidence intervals, representa-

tive at provincial level, and makes it possible to appreciate the

geographical distribution of these conditions and to explore the

contribution of relevant sociodemographic variables, not available

through available surveillance systems of obesity in Spain.41 In order

to get more consistent estimations, since these rounds were con-

ducted only 2 weeks apart and that it is not expected that relevant

variations of weight could have happened in this short period of time,

we used mean height and weight from the three rounds. In addition,

the high rate of participation, as well as the inclusion of postestima-

tion weights to take into account non-response differences,

strengthen the reliability and validity of our results.

One of the limitations of our study is the use of self-reported data

for participants aged 16 and over, or weight and height data reported

by parents for the youngsters, which usually contribute to inaccurate

estimations of children's adiposity.42,43 It is also necessary to consider

that institutionalized population are not included in our study,

although in the case of children and adolescents this would represent

a negligible percentage (approximately 0.28%).21,44 In addition, the

epidemiological questionnaire, that was mainly focused in COVID-19

risk factors, lacked key variables in the study of adiposity, such as die-

tary habits, physical activity or household income level, so it was not

possible to evaluate their contribution to the observed geographical

disparities.

The main implications for science of this study are that it provides

detailed information on the prevalence of obesity and excess weight

by province in the child and adolescent population in Spain, showing

that only a third part of childhood obesity is explained by structural

factors, which implies that there is ample room for intervention.

Among the implications for practice on a public health level, are that

our results can help to develop effective interventions and policies

aimed at reducing the prevalence of obesity and excess weight in the

child and adolescent population in Spain, focusing on addressing

sources of inequalities in the distribution of obesity and excess

weight.

One third of the child and adolescent population in Spain has

excess weight and 1 in 10 children and adolescents have obesity.

Male sex, being aged 6–9 years, having a disability, the presence of

any adult with excess weight in the household, a lower household

educational level and living in census tracts with lower relative income

level, are factors associated with excess weight and obesity in children

and adolescents, and specifically these last two, associated with a

greater gradient in girls. These disparities persisted after standardiza-

tion by sociodemographic variables. There is a high intracountry geo-

graphical variability in the prevalence of obesity and excess weight,

with the lower ones in some provinces located in the north half of

Spain while the highest prevalences were spread through the whole

country. Sociodemographic characteristics only partially explained the

geographical variability observed, suggesting that there are other fac-

tors that contribute to obesity and excess weight which do not

depend on the sociodemographic composition of each province, and

that could be potentially modifiable, like diet and physical activity.

Public health interventions should take into account the disparities

observed to efficiently fight this problem at different geographic and

administrative levels.
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APPENDIX A: ENE-COVID STUDY GROUP

Names listed alphabetically within each institution or regional health

service.

Spanish Ministry of Health: Pilar Aparicio Azcárraga; Faustino

Blanco; Rodrigo Gutiérrez Fernández; Mariano Martín; Saturnino

Mezcua Navarro; Marta Molina; Juan F. Muñoz-Montalvo; Matías

Salinero Hernández; Jose L. Sanmartín. Institute of Health Carlos III:

Manuel Cuenca-Estrella; José Le�on Paniagua; Raquel Yotti; National

Center of Epidemiology: Nerea Fernández de Larrea Baz; Pablo

Fernández-Navarro; Roberto Pastor-Barriuso; Beatriz Pérez-G�omez;

Marina Pollán; National Center of Microbiology: Ana Avell�on;

Giovanni Fedele; Aurora Fernández-García; Jesús Oteo Iglesias; María

Teresa Pérez Olmeda; National School of Public Health: Israel Cruz;

Maria Elena Fernández Martínez; Francisco D. Rodríguez-Cabrera.

Harvard T.H. Chan School of Public Health: Miguel A. Hernán. Spanish

Regional Health Services: Andalucía: José M. Navarro Marí; Susana

Padrones Fernández; Begoña Palop Borrás; Ana Belén Pérez Jiménez;

Manuel Rodríguez-Iglesias; José Manuel Rumbao Aguirre. Arag�on:

Ana María Calvo Gasc�on; María Luz Lou Alcaine. Asturias: Ignacio

Donate Suárez; Mercedes Rodríguez Pérez; Oscar Suárez Álvarez.

Baleares: Lluis Carbo Saladrigas; Margarita Cases Sanchís; Adoraci�on

Hurtado Fernández; Antonio Oliver; Carlos Javier Villafáfila Gomila.

Canarias: José María Barrasa Fernández; Elías Castro Feliciano; María

Noemí González Quintana; María Araceli Hernández Betancor; Melisa

Hernández Febles; Leopoldo Martín Martín. Cantabria: Inés De Benito

Poblaci�on; Luis-Mariano L�opez L�opez; Teresa Ugarte Miota.

Castilla-La Mancha: María Sagrario Celada Pérez; María Natalia Vallés

Fernández. Castilla y Le�on: Marta Domínguez-Gil González; Isabel

Fernández-Natal; Tomás Maté Enríquez; Gregoria Megías Lob�on; Juan

Luis Muñoz Bellido; Miguel Villa Arranz. Cataluña: Pilar Ciruela; Maria

Doladé Botías; M. Angeles Marcos Maeso; Ariadna Mas i Casals;

Dúnia Pérez del Campo. Comunidad Valenciana: Antonio Félix de
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Castro; Ram�on Lim�on Ramírez. Extremadura: Maria Francisca Elías

Retamosa; Manuela Rubio González. Galicia: Antonio Aguilera; María

Sinda Blanco Lobeiras; German Bou; Alberto Fuentes Losada. La Rioja:

Yolanda Caro; Noemí Marauri; Luis Miguel Soria Blanco. Madrid:

Roberto Alonso Fernández; Isabel del Cura González; Montserrat

Hernández Pascual; Paloma Merino-Amador. Murcia: Natalia Cabrera

Castro; Crist�obal Ramírez Almagro; Manuel Segovia Hernández;

Aurora Tomás Lizcano. Navarra: Nieves Ascunce Elizaga; María Ederra

Sanz; Carmen Ezpeleta Baquedano. País Vasco: Ana Bustinduy

Bascaran; Luis Elorduy Otazua; Susana Iglesias Tamayo. Ceuta:

Rebeca Benarroch Benarroch; Jesús Lopera Flores. Melilla: Antonia

Vázquez de la Villa.
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