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Abstract 

Background  Identifying children and adolescents with cardiometabolic risk at an early stage is crucial for effec-
tive treatment and prevention. From a practical perspective, this could be accomplished by assessing the presence 
of abdominal obesity, which serves as a surrogate indicator of increased cardiometabolic risk and is easy to measure. 
However, the assessment of abdominal obesity via waist circumference has not yet become a standard procedure 
in pediatric healthcare. The present study aimed to analyze the secular trends in increased cardiometabolic risk, 
as indicated by waist circumference among Spanish children and adolescents.

Methods  This study included 4861 children and adolescents aged 8 to 16 years from two nationwide representa-
tive cross-sectional surveys, the EnKid study and the PASOS study, conducted in 1998–2000 and 2019–2020, respec-
tively. Anthropometric variables were measured in both surveys by trained personnel. Three different waist-to-height 
(WHtR) cutoffs were used to define abdominal obesity as criteria for cardiometabolic risk. BMI categories were defined 
according to the IOTF and WHO growth charts.

Results  Abdominal obesity [waist to height ratio (cm/cm) > 0.49] significantly increased from 40.7 to 56.1% and 93.8 
to 97.2% in participants with overweight and obesity, respectively, between 1998–2000 and 2019–2020 (p < 0.05). 
Logistic regression analysis, adjusted for sex and age, revealed that the odds of being at increased cardiometabolic risk 
in 2019–2020 was 1.99 (95% CI 1.48–2.67) in participants with overweight in comparison with 1998–2000. The effect 
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size was comparable among the three WHtR criteria for abdominal obesity or the BMI categories according to IOTF 
and WHO boundaries.

Conclusions  The prevalence of Spanish children with increased cardiometabolic risk, identified by abdominal 
obesity, significantly increased among those with overweight during the last two decades. This finding underlines 
the need of including the measurement of waist circumference as a standard procedure in pediatric practice.
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Background
Abdominal or central obesity indicates an excessive accu-
mulation of fat around the abdominal area. Abdominal 
obesity is highly prevalent not only in adults but also in 
pediatric populations [1–3], and it has been consistently 
linked to a range of cardiometabolic risk factors (CMR), 
such as insulin resistance, type 2 diabetes, hypertension, 
dyslipidemia, and other early markers of cardiovascular 
disease, even in younger populations [1, 4, 5]. There-
fore, measuring abdominal obesity can be considered a 
first step in identifying children and adolescents at car-
diometabolic risk [4] and a recent, Consensus Statement 
from the International Atherosclerosis Society and Inter-
national Chair on Cardiometabolic Risk recommended 
that health professionals be trained in measuring waist 
circumference and consider it a crucial vital sign in clini-
cal practice [4]. Weight and height are regularly assessed 
in Spanish pediatric clinics to identify children at risk of 
obesity, requiring tailored treatment approaches. How-
ever, despite abdominal obesity being a stronger predic-
tor of cardiometabolic alterations than overall obesity 
defined by a body mass index of equal or more than 
30  kg/m2, waist circumference is not frequently meas-
ured during pediatric visits. Even though BMI and waist 
circumference typically correlate closely, a significant 
number of children with normal or overweight BMI may 
also have abdominal obesity [6]. Unfortunately, if this at-
risk subgroup is not identified, these children may not 
receive the appropriate treatment or interventions they 
need.

The results from a Spanish nationwide representa-
tive survey conducted in 1998/2000, the EnKid study, 
showed that 49.2% and 44.1% of Spanish children aged 
6 to 11  years and adolescents aged 12 to 17  years with 
overweight were at increased cardiometabolic risk, meas-
ured through the concurrent prevalence of abdominal 
obesity (WHtR > 0.49) [7]. Despite these findings, no 
recent nationwide data from Spain has been published 
on this topic. Hence, this study aimed to first assess the 
prevalence of increased cardiometabolic risk, in terms of 
abdominal obesity, among Spanish children and adoles-
cents across different BMI categories. Second, it aimed 
to analyze the secular trend of increased cardiometabolic 
risk over the past two decades.

Methods
Study population
A comparative analysis was conducted on two cross-sec-
tional studies: EnKid from 1998 to 2000 [8] and PASOS 
(Physical Activity, Sedentarism and Obesity in Spanish 
Youth) from 2019 to 2020 [9]. Both studies employed a 
multistage sampling procedure. While the EnKid study 
randomized individuals based on the population census, 
the PASOS study used the Spanish Education Ministry’s 
school registry to select classroom settings and find par-
ticipants. Randomization in the PASOS study followed 
a four-stage multistage sampling procedure to select 
4508 children/adolescents. Assuming 18–20 pupils per 
classroom, 242 classrooms were needed from Spain’s 17 
autonomous communities: 121 from primary schools 
(grades 3–6) and 121 from secondary schools (levels 
1–4). First, 121 municipalities were randomized across 
three population strata (2000–30,000; 30,001–200,000; 
and over 200,000 inhabitants) proportional to each com-
munity’s share of Spain’s youth population. Second, 242 
schools were randomly chosen from these municipali-
ties, with up to three replacements per school. Third, a 
scholar-year per school was randomized. Finally, a class-
room per scholar-year was randomized and invited to 
participate. Comprehensive methodologies have been 
described in earlier works [8, 9]. In brief, the EnKid 
study evaluated 3534 participants, ranging in age from 2 
to 24 years old, in their homes. The PASOS study aimed 
at children and adolescents aged 8 to 16 years, spanning 
from the 3rd grade in primary education to the 4th grade 
in secondary education, according to the Spanish edu-
cational system. The PASOS study comprised 3802 par-
ticipants aged between 5.7 and 18.4 years who received a 
pediatric visit in a private setting within their school. For 
the current analysis, children below 8.0 years and above 
16.9 years were excluded. Finally, 4861 participants aged 
between 8.0 and 16.9 years with complete data were cho-
sen from both studies (EnKid n = 1140; PASOS n = 3721). 
Written consent from parents or legal guardians was 
obtained for each child in both studies. Minors also had 
the right to decline participation, even if informed con-
sent was positive. The EnKid study’s protocol received 
approval from the ethics committee of the Spanish Soci-
ety of Community Nutrition, while the PASOS study was 
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approved by the ethics committee of Fundació Sant Joan 
de Déu (ID: C.I. PIC-179–18). Both committees are based 
in Barcelona, Spain.

Anthropometric measurements
In both studies, weight, height, and waist circumfer-
ence were measured by trained professionals following 
the standardized WHO protocol [10]. Anthropomet-
ric data were collected on the day of the interview, with 
the subject in underwear without shoes. Body weight, 
height, and waist circumference were measured with 
the children in light clothing, without shoes. The meas-
urements were performed using an electronic SECA 
899 scale (recorded to the nearest 100  g), a portable 
SECA 217 stadiometer (to the nearest 1 mm), and a flex-
ible, non-stretch SECA 201 metric tape (to the nearest 
1 mm), respectively. Waist circumference was measured 
in the narrowest zone between the lower costal rib and 
iliac crest, in the supine decubitus and horizontal posi-
tions. BMI categories were defined based on the stand-
ards set by both the International Obesity Task Force 
(IOTF) [11] and the World Health Organization (WHO) 
[12]. The IOTF cutoffs for child overweight and obesity 
are an extrapolation of the adult BMI cutoff points for 
overweight (25–29.9  kg/m2) and obesity (30.0  kg/m2). 
The WHO system defines overweight as a BMI exceeding 
one standard deviation (SD) from the mean of the WHO 
reference population, while obesity is categorized as a 
BMI surpassing two SDs from the mean. The waist-to-
height ratio (WHtR) has been proposed as an alternative 
measure to waist circumference for identifying abdomi-
nal obesity [6, 7] in children. The WHtR offers a straight-
forward index, especially in the pediatric population, 
that avoids the need for age- and sex-specific reference 
charts. The National Institute for Health and Care Excel-
lence (NICE) endorsed WHtR as an easily self-measura-
ble metric, allowing individuals to determine their health 
risk levels [8]. Abdominal obesity was used as surrogate 
marker for increased cardiovascular risk in children and 
adolescents. Abdominal obesity was determined using 
the waist-to-height ratio (WHtR), with a threshold value 
of greater than 0.49 [13]. Additionally, two alternative 
boundaries of WHtR were calculated to define abdomi-
nal obesity with the aim to evaluate the robustness of the 
findings: (a) age 8 to 11 years WHtR ≥ 0.55 [14] and 12 to 
16 years WHtR ≥ 0.50 and (b) WHtR ≥ 0.49 [15].

Other variables
Sex and age variables were also dichotomized for the 
stratified analysis as girls/boys and children (8.0 to 
12.9  years old)/adolescents (13.0 to 16.9  years old), 
respectively.

Statistical analysis
A univariate analysis was performed to describe the 
characteristics of the study sample. Differences in con-
tinuous variables and categorical variables between the 
surveys were analyzed using Student’s t-test and the χ2 
test, respectively. The proportions of abdominal obesity 
within BMI categories between the surveys were com-
pared using the χ2 test.

Logistic regression models were fitted to assess the 
likelihood of having increased cardiovascular risk, in 
terms of abdominal obesity, among children and ado-
lescents with normal weight, overweight, and obesity in 
2019/2020 compared to 1998/2000. Obesity phenotype 
calculation utilized BMI categories based on IOTF and 
WHO growth charts, in combination with abdominal 
obesity. The primary boundary for defining abdominal 
obesity was set at WHtR > 0.49, as this widely used cri-
terion is a better predictor for increased cardiovascular 
disease risk in children than BMI [13]. The study year was 
included in these models as the exposure. Three obesity 
phenotypes were calculated (1) normal weight (IOTF) 
and abdominal obesity (WHtR > 0.49) no/yes; (2) over-
weight (IOTF) and abdominal obesity (WHtR > 0.49) 
no/yes; and (3) obesity (IOTF) and abdominal obesity 
(WHtR > 0.49) no/yes and included in the models as out-
comes. The models were adjusted for sex and age. Fur-
thermore, strata analysis of sex was adjusted for age, 
and age strata analysis for sex. Finally, we hypothesized 
that using somewhat different WHtR boundaries will 
lead to slightly different results. Therefore, to determine 
the robustness of our findings, two additional proposed 
WHtR boundaries [14, 15] for abdominal obesity were 
chosen and combined with BMI categories resulting in 
six additional outcomes.

Differences were considered significant if p < 0.05. Sta-
tistical analysis was performed using SPSS version 18.0 
(SPSS Inc. Chicago, IL, USA).

Results
Participants of the EnKid study were older, heavier, taller, 
had a lower WHtR, and showed a lower prevalence of 
abdominal obesity within overweight and obesity catego-
ries than those of the PASOS group (Table 1).

Abdominal obesity significantly increased by 37.8% 
and 3.6% in participants with overweight and obesity, 
respectively, from 1999/2000 to 2019/2020 (Table  2). 
Furthermore, abdominal obesity significantly increased 
between both surveys in boys (30.4%), girls (66.9%), chil-
dren (35.5%), and adolescents (39.7%) with overweight 
as well as in girls (14.9%) with obesity (Table  2). These 
trends were similar for BMI categories calculated accord-
ing to the WHO grow charts (Additional file 1: Table S1). 
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Table  3 shows the secular trends of children and ado-
lescents at increased cardiometabolic risk measured by 
abdominal obesity. Logistic regression analysis, adjusted 
for sex and age, showed that in 2019/2020, the likelihood 
of increased cardiometabolic risk, in terms of abdominal 
obesity (WHtR > 0.49), was significantly higher for par-
ticipants with overweight (OR 1.99, 95% CI 1.48–2.67) 
than for those in 1999/2000. Strata analysis supported 
these results, showing higher risks for boys (OR 1.76, 95% 
CI 1.20–2.57), girls (OR 2.33, 95% CI 1.45–3.76), children 
(OR 2.00, 95% CI 1.34–2.99), and adolescents (OR 1.91, 
95% CI 1.22–2.97) with overweight (Table 3).

Furthermore, the likelihood of abdominal obesity was 
significantly higher in girls (OR 4.59, 95% CI 1.02–20.72) 
and children (OR 5.08, 95% CI 1.09–23.65) with obesity. 
For all groups except boys and children with normal 
weight, using the two alternative WHtR boundaries to 
define abdominal obesity did not significantly change the 
results compared to the threshold of WHtR > 0.49. But 
the strength of the associations varied based on the cri-
teria applied. Furthermore, there were no changes in the 
direction of these associations when using WHO growth 
charts to calculate BMI categories. However, the magni-
tude of these associations and their statistical significance 
did show some differences (Additional file 1: Table S2).

Discussion
The main finding of the present study, based on logis-
tic regression analysis, was that the likelihood of having 
increased cardiometabolic risk, defined by abdominal 
obesity (WHtR of > 0.49), significantly increased in the 
first two decades of the twenty-first century in children 
and adolescents with overweight in Spain. This trend was 
more pronounced in girls with overweight or obesity and 
in children with obesity than in boys and adolescents 
with the same weight status.

Abdominal obesity is closely associated with insulin 
resistance, type 2 diabetes, dyslipidemia, and hyperten-
sion [16]. Additionally, it promotes inflammation and 
endothelial dysfunction, which are precursors to ath-
erosclerosis and subsequent cardiovascular events [17]. 
Given these associations, abdominal obesity has been 
considered a surrogate marker for cardiometabolic risk. 
Abdominal obesity has increased in several, but not all, 
pediatric populations at the nationwide level [3, 18, 19]. 
Based on five national cross-sectional population sur-
veys, an Australian study indicated that the prevalence of 
abdominal obesity in children aged 7–15 years rose from 
8.6% in 1985 to 23.3% in 2015 [3]. A somewhat smaller 
increase in abdominal obesity was reported in Chinese 
children and adolescents aged 6 to 17 years. In this popu-
lation, abdominal obesity rose from 6.4% in 1993 to 14.5% 
in 2015 [19]. In contrast, there was no significant trend 

Table 1  Study population characteristics

Continuous variables are presented as mean and standard deviation (SD) and 
categorical as number of participants and percentages
1 Differences between cohorts were determined by Student’s t-test and chi-
square test for continuous and categorical variables, respectively
2 WHtR: waist to height ratio
3 WHtR > 0.49

EnKid (n = 1140) PASOS (n = 3721) p1

Girls 569 (49.9) 1918 (51.5) 0.335

Boys 571 (50.1) 1803 (48.5)

Age, years 13.0 (2.5) 12.5 (2.3)  < 0.001

Weight, kg 50.9 (15.3) 48.5 (14.1)  < 0.001

Height, cm 158.3 (14.1) 152.9 (13.4)  < 0.001

BMI, kg/m2 20.4 (3.6) 20.3 (4.0) 0.500

Waist, cm 69.9 (9.9) 70.6 (10.8) 0.074

WHtR2, cm/cm 0.45 (0.05) 0.46 (0.06)  < 0.001

Abdominal obesity3 182 (16.0%) 842 (22.6%)  < 0.001

   - And normal 
weight

19 (1.7%) 40 (1.1%) 0.110

   - And overweight 65 (5.7%) 371 (10.0%)  < 0.001

   - And obesity 98 (8.6%) 431 (11.6%) 0.005

Table 2  Secular trends of prevalence of abdominal obesitya 
according to BMI categoriesb

Values are expressed as the number of cases in the BMI category and the 
corresponding proportion
* p < 0.05 between surveys
a Waist to height ratio > 0.49
b BMI categories were calculated according to the IOTF growth charts
c 8.0 to 12.9 years
d 13.0 to 16.9 years

EnKid 1998/2000

Normal weight Overweight  Obese

All (n = 1140) 23 (2.9%) 98 (40.7%)* 61 (93.8%)*

Sex

  Boys (n = 571) 14 (3.9%) 69 (47.6%)* 46 (97.9%)

  Girls (n = 569) 9 (2.1%) 29 (30.2%)* 15 (83.3%)*

Stage

  Children (n = 538)c 15 (4.2%) 56 (43.1%)* 25 (89.3%)

  Adolescents 
(n = 602)d

8 (1.9%) 42 (37.8%)* 36 (97.3%)

PASOS 2019/2020

All (n = 3721) 92 (3.8%) 470 (56.1%)* 280 (97.2%)*

Sex

  Boys (n = 1803) 52 (4.6%) 258 (61.9%)* 148 (98.7%)

  Girls (n = 1918) 40 (3.2%) 212 (50.4%)* 132 (95.7%)*

Stage

  Children (n = 2144) 56 (4.9%) 288 (58.4%)* 180 (96.8%)

  Adolescents 
(n = 1577)

38 (3.4%) 182 (52.8%)* 100 (98.0%)



Page 5 of 8Schröder et al. BMC Medicine          (2024) 22:509 	

in US children and adolescents aged 6 to 19 years from 
2011–2012 to 2017–2018 [18]. However, the prevalence 
of abdominal obesity was 34.1% in 2011–2012 and 36.2% 
in 2017–2018, which was much higher among US chil-
dren and adolescents than among their Chinese and Aus-
tralian peers, specially at baseline. However, comparisons 
of these numbers are somewhat limited due to the differ-
ent timeframes and classifications of abdominal obesity 
of these studies. In the present study, we found a signifi-
cant increase in abdominal obesity, defined as a WHtR 
ratio equal to or above 0.50, from 16% in 1999/2000 to 
22.6% in 2019/2020, which is somewhat comparable to 
the findings of the Spanish ENPE study [20].

Several studies have documented a notable preva-
lence of abdominal obesity in children [21, 22]. Maf-
feis and colleagues [21] found that 38% of children and 
adolescents aged 5 to 15  years who had overweight 

exhibited abdominal obesity. Another study conducted 
among Portuguese children aged 6 to 10  years [22] 
indicated that 59.5% of children with overweight had 
abdominal obesity. The non-representative study popu-
lation designs and varying age ranges in these studies 
may account for these different prevalence rates.

The prevalence and secular trends of abdominal 
obesity were heterogeneous among BMI categories in 
the present study. As expected, the most substantial 
increase in abdominal obesity, 37.8% and 3.4%, between 
1999/2000 and 2019/2020 was found in children and 
adolescents with overweight or obesity, respectively. 
In contrast, there were no meaningful changes in the 
prevalence of abdominal obesity among normal-weight 
children and adolescents. It is important to note that 
the rise in abdominal obesity among children with 

Table 3  Odds ratio and 95% CI of children and adolescents at increased cardiometabolic risk (iCMR) in 2019/2020 compared with 
1998/2000

Logistic regression analysis with anthropometric variables as outcome and survey as exposure. Values are expressed as odds ratio (OR) and the corresponding 95% 
confidence interval (CI), in bold p < 0.05

Increased cardiometabolic risk (iCMR) was calculated as:

iCMR 1: waist to height ratio (cm/cm) > 0.49

iCMR 2: waist to height ratio (cm/cm) 8–11 years ≥ 0.55 and 12–16 years > 0.49

iCMR 3: waist to height ratio (cm/cm) ≥ 0.49
a Enkid 1998/2000 as reference; badjusted for sex and age; cadjusted for age; dadjusted for sex; BMI categories were calculated according to the IOTF growth charts

Referencea Normal weight Overweight Obesity
OR (95% CI)

Allb (n = 4861)

  iCMR 1 1 1.27 (0.80–2.02) 1.99 (1.48–2.67) 3.51 (0.97–12.71)

  iCMR 2 1 1.81 (0.93–3.50) 1.80 (1.28–2.54) 3.09 (1.32–7.24)
  iCMR 3 1 1.98 (1.54–2.55) 1.91 (1.42–2.56) 4.10 (0.90–18.60)

Sexc

  Boys (n = 2374)

    iCMR 1 1 1.12 (0.61–2.05) 1.76 (1.20–2.57) 1.41 (0.11–17.67)

    iCMR 2 1 1.00 (0.46–2.19) 1.62 (1.06–2.49) 2.21 (0.67–7.38)

    iCMR 3 1 1.74 (1.11–2.73) 1.78 (1.20–2.64) 2.21 (0.12–41.10)

  Girls (n = 2487)

    iCMR 1 1 1.50 (0.72–3.13) 2.33 (1.45–3.76) 4.59 (1.02–20.72)
    iCMR 2 1 5.73 (1.34–24.4) 2.13 (1.18–3.83) 4.41 (1.26–15.78)
    iCMR 3 1 2.16 (1.58–2.96) 2.04 (1.30–3.20) 4.34 (0.72–26.20)

Staged

  Children (n = 2682)

    iCMR 1 1 0.97 (0.54–1.74) 2.00 (1.34–2.99) 5.08 (1.09–23.65)
    iCMR 2 1 1.39 (0.40–4.81) 1.58 (0.95–2.62) 3.59 (1.45–8.58)
    iCMR 3 1 0.91 (0.51–1.60) 1.86 (1.24–2.78) 5.25 (0.83–33.25)
  Adolescents (n = 2179)

    iCMR 1 1 1.85 (0.46–1.51) 1.91 (1.22–2.97) 1.28 (0.10–15.73)

    iCMR 2 1 1.85 (0.86–4.02) 1.91 (1.22–2.97) 1.28 (0.10–15.73)

    iCMR 3 1 2.03 (1.55–2.65) 1.89 (1.22–2.93) 1.82 (0.11–30.25)
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overweight and adolescents began at a high baseline 
level, specifically at 40.7% in 1999/2000.

Abdominal obesity is a strong predictor for cardio-
metabolic health in each BMI category in adults [4]. 
However, cardiometabolic risk increases with the con-
comitant presence of abdominal obesity in children and 
adolescents with excessive weight [23, 24]. Data from 
the Bogalusa Heart Study [23] revealed that children and 
adolescents aged 4 to 18, regardless of whether they were 
of normal or excessive weight, showed an elevated cardi-
ometabolic risk if they had abdominal obesity compared 
to their peers without abdominal obesity. It is notewor-
thy that 5.88% of those with both abdominal obesity and 
normal weight exhibited metabolic syndrome, whereas 
only 0.26% of their normal-weight peers without central 
obesity had this condition. In line with these findings, 
Khoury and colleagues [24] reported a higher prevalence 
of most cardiovascular risk factors analyzed among chil-
dren with abdominal obesity independent of BMI cat-
egories in a pooled analysis of 5 cross-sectional National 
Health and Nutrition Examination Surveys from 1999 to 
2008. Therefore, the measurement of waist circumfer-
ence in pediatric populations is increasingly recognized 
as an important indicator of cardiometabolic risk. The 
adverse cardiometabolic patterns observed in children 
with abdominal obesity are alarming. The current study’s 
finding shows that the likelihood of having cardiometa-
bolic risk increased by 80% in children with overweight 
and 209% in children with obesity in 2019/2020 com-
pared to 1999/2000. The increase in cardiometabolic risk 
was especially worrying among girls and children with 
overweight and children with obesity. A WHtR boundary 
of equal to or greater than 0.5, the same as in adults, has 
been proposed to identify children and adolescents with 
increased cardiometabolic risk [25]. However, the opti-
mal cutoffs to predict cardiometabolic risk in children 
vary significantly, making it challenging to choose a sin-
gular threshold. For this reason, we presented data using 
alternative boundaries of WHtR to calculate cardiometa-
bolic risk. However, we did not find any meaningful dif-
ferences in predicting cardiometabolic risk in 2019/2020 
with these alternative WHtR boundaries.

Regular waist circumference measurements in pedi-
atric care are crucial for monitoring growth, especially 
in children at risk of obesity. Weight stigma is prevalent 
among youth with obesity and can lead to anxiety, par-
ticularly during anthropometric assessments [26]. Addi-
tionally, weight stigma is common among healthcare 
professionals with harmful psychological consequences 
for family members [27]. Training healthcare profession-
als should prioritize addressing weight bias, especially in 
pediatric care, to ensure inclusive and bias-free health-
care. An inclusive and body-positive approach in clinical 

settings can yield numerous benefits, such as minimizing 
the experience of anxiety derived from being exposed to 
anthropometric measurements.

Because abdominal obesity is linked to adverse car-
diometabolic outcomes, regardless of BMI category, 
we advocate for routine waist circumference measure-
ments in pediatric care. These measurements can eas-
ily be integrated into standard visits within the Spanish 
Health Care System for all children and adolescents 
until 14  years old. Those identified as at risk based on 
waist circumference should undergo blood analysis and 
blood pressure checks. Treatment strategies can then be 
tailored based on the presence and severity of cardio-
metabolic alterations detected. For instance, promoting 
healthy lifestyle changes may suffice for those without 
cardiometabolic alterations, while those with alterations 
may require more comprehensive interventions in pedi-
atric hospitals or specialized primary care centers staffed 
by multidisciplinary health experts.

Importantly, this study is not without limitations. The 
study was not sufficiently powered to detect significant 
differences between surveys in the prevalence of abdomi-
nal obesity children and adolescents with normal weight. 
The low statistical power in both the strata analysis and 
the global analysis of this obesity phenotype increases 
the risk of a type II error, where the study fails to detect a 
true effect. The strengths of the study were the measure-
ment of anthropometric variables by trained personnel. 
Additionally, the response rates of the PASOS and the 
EnKid study were 71.9% and 64.3%, respectively, which 
can be considered adequate. An adequate response rate 
of participation in population-based studies is important 
because it helps ensure that the study sample is repre-
sentative of the entire population, thereby enhancing the 
accuracy, reliability, and generalizability of the study’s 
findings.

Conclusions
The prevalence of abdominal obesity based on the assess-
ment of waist circumference significantly increased 
among Spanish children and adolescents with overweight 
and obesity from 1999/2000 to 2019/2020. Abdominal 
obesity is considered a significant indicator of cardio-
metabolic risk, and the findings of the current study in 
this regard are concerning. The rise of 99% in the likeli-
hood of increased cardiometabolic risk in children and 
adolescents with overweight, independent of age and sex, 
at the nationwide scale is alarming. Therefore, early first-
step screening of children at cardiometabolic risk is para-
mount and could be easily performed in routine pediatric 
practice by measuring waist circumference. In addition to 
weight and height, the measurement of waist circumfer-
ence should become a standard part of pediatric practice.



Page 7 of 8Schröder et al. BMC Medicine          (2024) 22:509 	

Abbreviations
BMI	� Body mass index
CI	� Confidence interval
CMR	� Cardiometabolic risk
EnKID	� Estudio enKid de Nutrición y Hábitos Alimentarios en la Población 

Infantil y Juvenil Española
ENPE	� Estudio Nutricional de la Población Española
IOTF	� International Obesity Task Force
OR	� Odds ratio
PASOS	� Physical Activity, Sedentarism and Obesity of Spanish youth
WHO	� World Health Organization
WHtR	� Waist to height ratio

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12916-​024-​03719-y.

 Additional file 1: Tables S1 and S2. Table S1. Secular trends of prevalence 
of abdominal obesity 1  across BMI categories. Values are expressed as the 
number of cases in the BMI category and the corresponding proportion. * 
p  < 0.05 between surveys;  1 Waist to height ratio > 0.49;  2 BMI categories 
were calculated according to the WHO growth charts; 38.0 to 12.9 years; 
413.0 to 16.9 years. Table S2. Odds ratio and 95% CI of children and ado-
lescents at increased cardiometabolic risk (iCMR) in 1998/2000 compared 
with 2019/2020. Logistic regression analysis with anthropometric variables 
as outcome and survey as exposure. Values are expressed as odds ratio 
(OR) and the corresponding 95% confidence interval (CI). BMI categories 
were calculated according to the WHO growth charts.  1 Enkid 1999/2000 
as reference;  2 adjusted for sex and age;  3 adjusted for age;  4 adjusted 
for sex;  5 adjusted for sex and age. In bold  p  < 0.05. Increased cardio-
metabolic risk (iCMR) was calculated as: iCMR 1: waist to height ratio (cm/
cm) > 0.49; iCMR 2: waist to height ratio (cm/cm) 8–11 years ≥ 0.55 and 
12–16 years > 0.49; iCMR 3: waist to height ratio (cm/cm) ≥ 0.49.

Acknowledgements
The authors express their gratitude to all the families who have participated 
in both studies and to all those who have collaborated to make them pos-
sible. PASOS has the institutional support of Spain’s Ministry of Education and 
Vocational Training, the Ministry of Health, Consumption and Social Welfare 
through the Spanish Agency for Food Safety and Nutrition (ASEAN), the High 
Commission against Child Poverty, the High Sports Council, the General 
College of Professional Associations of Physical Education and Sports, and 
the Departments of Education and/or Health and/or Sports of Spain’s 17 
autonomous regions. The CIBEROBN and the CIBERESP are initiatives from the 
Institute of Health Carlos III, Madrid, Spain.

Authors’ contributions
All authors (H.S., C.J., M.I.G., J.W., M.O., M.G.G., N.G., S.A., E.M.C., M.G.V., E.H.R., N.T., 
J.A.T., M.S., M.F., L.R.B., I.P.C., L.P.Q., P.B., J.C.B.M., I.L, A.G.Z., J.S.G., F.J.Z., P.E.A., M.S.S., 
S.P., C.B., L.S.M., and S.F.G.) made substantial contributions to the study concept 
or the data analysis or interpretation; HS drafted the manuscript; H.S.,.L.S.M., 
and S.F.G. were involved in methodology and supervision; all authors revised it 
critically for the important intellectual concept; H.S., L.S.M., and S.F.G. agreed to 
be accountable for all aspects of the work. All authors read and approved the 
final manuscript.

Funding
Project PI20/00199 was funded by Instituto de Salud Carlos III (ISCIII) and 
cofunded by the European Union. The PASOS study (2019–2020) was mainly 
funded by the Fundación PROBITAS and the Gasol Foundation. The enKid 
study (1998–2000) was funded by Kellogg’s España SA and the Kellogg’s Com-
pany, Battle Creek, USA, via the Fundación Universitaria de Las Palmas de Gran 
Canaria and the Fundación para la Investigation Nutritional. Additional funds 
were received from the Barça Foundation, Banco Santander, Grupo IFA, Viena 
and Fundación Deporte Jóven, grant of support to research groups number 
35/2011 (Balearic Islands Gov), and EU COST Action CA16112. J.A.T. is funded 
by the official funding agency for biomedical research of the Spanish govern-
ment, the Institute of Health Carlos III (ISCIII), which is cofunded by the 333 

European Regional Development Fund (CIBEROBN CB12/03/30038). PASOS 
has the institutional support of Spain’s Ministry of Education and Vocational 
Training, the Ministry of Health, Consumption and Social Welfare through the 
Spanish Agency for Food Safety and Nutrition (ASEAN), the High Commission 
against Child Poverty, the High Sports Council, the General College of Profes-
sional Associations of Physical Education and Sports, and the Departments of 
Education and/or Health and/or Sports of Spain’s 17 autonomous regions. The 
CIBERESP and the CIBEROBN are initiatives of the Institute of Health Carlos III, 
Madrid, Spain, cofunded by the European Regional Development Fund.

Data availability
The datasets generated and analyzed during the current study are not publicly 
available due to data regulations and ethical reasons. However, collaboration 
for data analyses can be requested by sending a letter to the PASOS Steering 
Committee (sgomez@gasolfoundation.org). The request will then be passed 
to all the members of the PASOS Steering Committee for deliberation.

Declarations

Ethics approval and consent to participate
The EnKid study’s protocol received approval from the ethics committee 
of the Spanish Society of Community Nutrition, while the PASOS study was 
approved by the ethics committee of Fundació Sant Joan de Déu (ID: C.I. 
PIC-179–18). Both committees are based in Barcelona, Spain. Written consent 
from parents or legal guardians was obtained for each child in both studies. 
Minors also had the right to decline participation, even if informed consent 
was positive.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 CIBER de Epidemiología y Salud Pública (CIBERESP), Instituto de Salud Carlos 
III, Madrid, Spain. 2 Cardiovascular Risk and Nutrition Research Group (CARIN), 
Hospital del Mar Research Institute, Barcelona, Spain. 3 Department of Health 
Information, Nutrition and Health, Sciensano, Brussels, Belgium. 4 Division 
of Endocrinology, Diabetes and Metabolism, Department of Pediatrics, Chil-
dren’s Hospital Los Angeles, Los Angeles, CA, USA. 5 EpiPhaan Research Group, 
Universidad de Málaga - Institute of Biomedical Research of Malaga (IBIMA), 
Málaga, Spain. 6 Centro de Investigación Biomédica en Red Fisiopatología de 
la Obesidad y la Nutrición (CIBEROBN), Institute of Health Carlos III, Madrid, 
Spain. 7 Institute for Sustainability and Food Chain Innovation (IS‑FOOD), 
Department of Health Sciences, ELIKOS Group, Public University of Navarre, 
Pamplona, Spain. 8 ImFINE Research Group, Department of Health and Human 
Performance, Universidad Politécnica de Madrid, Madrid, Spain. 9 Physi-
cal Activity and Quality of Life Research Group (AFYCAV), Faculty of Sport 
Sciences, University of Extremadura, Cáceres, Spain. 10 PAFS Research Group, 
Faculty of Sports Sciences, University of Castilla-La Mancha-Toledo Campus, 
Toledo, Spain. 11 UCAM Research Center for High Performance Sport, UCAM 
Universidad Católica de Murcia, Murcia, Spain. 12 Facultad de Deporte, UCAM 
Universidad Católica de Murcia, Murcia, Spain. 13 Faculty of Sports Sciences 
and Physical Education, Universidade da Coruña, Coruña, Spain. 14 Research 
Institute of Biomedical and Health Sciences (IUIBS), University of Las Palmas 
de Gran Canaria, Las Palmas de Gran Canaria, Spain. 15 Regional Unit of Sports 
Medicine of Principado de Asturias, Municipal Sports Foundation of Avilés, 
Avilés, Spain. 16 Research Group on Community Nutrition and Oxidative Stress, 
University of Balearic Islands-IUNICS, Palma de Mallorca, Spain. 17 Health 
Research Institute of Balearic Islands (IdISBa), Balearic Islands, Spain. 18 FC 
Barcelona Foundation, Barcelona, Spain. 19 Centro Hospitalario Universitario 
Insular Materno Infantil (CHUIMI), Canarian Health Service, Las Palmas, Spain. 
20 Gasol Foundation Europe, Sant Boi de Llobregat, Barcelona, Spain. 21 Public 
Health and Epidemiology Research Group, University of Alcalá, Alcalá de 
Henares, Madrid, Spain. 22 Nursing and Physiotherapy Department, University 
of Lleida, Lleida, Spain. 

Received: 7 March 2024   Accepted: 18 October 2024

https://doi.org/10.1186/s12916-024-03719-y
https://doi.org/10.1186/s12916-024-03719-y


Page 8 of 8Schröder et al. BMC Medicine          (2024) 22:509 

References
	1.	 Macpherson M, de Groh M, Loukine L, Prud’homme D, Dubois L. Preva-

lence of metabolic syndrome and its risk factors in Canadian children 
and adolescents: Canadian health measures survey cycle 1 (2007–2009) 
and cycle 2 (2009–2011). Heal Promot Chronic Dis Prev Canada. 
2016;36:32–40.

	2.	 Hassapidou M, Tzotzas T, Makri E, Pagkalos I, Kaklamanos I, Kapantais E, 
et al. Prevalence and geographic variation of abdominal obesity in 7- and 
9-year-old children in Greece; World Health Organization Childhood 
Obesity Surveillance Initiative 2010. BMC Public Health. 2017;17:1–9.

	3.	 Hardy LL, Xu J, Guo CZ, Garnett SP. 30-year cross-sectional trends in 
waist-to-height ratio in Australian school age children; 1985 to 2015. Acta 
Paediatr. 2019;108:707–11.

	4.	 Ross R, Neeland IJ, Yamashita S, Shai I, Seidell J, Magni P, et al. Waist cir-
cumference as a vital sign in clinical practice: a consensus statement from 
the IAS and ICCR Working Group on Visceral Obesity. Nat Rev Endocrinol. 
2020;16:177–89.

	5.	 Viitasalo A, Schnurr TM, Pitkänen N, Hollensted M, Nielsen TRH, Pahkala 
K, et al. Abdominal adiposity and cardiometabolic risk factors in children 
and adolescents: a Mendelian randomization analysis. Am J Clin Nutr. 
2019;110:1079–87.

	6.	 Villanueva B, Arteaga A, Maiz A, Cortés VA. Abdominal obesity is a com-
mon finding in normal and overweight subjects of Chile and is associ-
ated with increased frequency of cardiometabolic risk factors. PLoS ONE. 
2018;13:1–12.

	7.	 Schröder H, Ribas L, Koebnick C, Funtikova A, Gomez SF, Fíto M, et al. 
Prevalence of abdominal obesity in Spanish children and adolescents. Do 
we need waist circumference measurements in pediatric practice? PLoS 
One. 2014;9:e87549.

	8.	 Serra-Majem L, Ribas L, Pérez-Rodrigo C, García-Closas R, Peña-Quintana 
L, Aranceta J. Determinants of nutrient intake among children and ado-
lescents: results from the enKid study. Ann Nutr Metab. 2002;46(SUPPL. 
1):31–8.

	9.	 Gómez SF, Homs C, Wärnberg J, Medrano M, Gonzalez-Gross M, Gusi N, 
et al. Study protocol of a population-based cohort investigating Physical 
Activity, Sedentarism, lifestyles and Obesity in Spanish youth: the PASOS 
study. BMJ Open. 2020;10:1–6.

	10.	 WHO child growth standards: training course on child growth assess-
ment. https://​www.​who.​int/​publi​catio​ns/i/​item/​97892​41595​070. 
Accessed 28 Nov 2023.

	11.	 Cole TJ, Lobstein T. Extended international (IOTF) body mass index cut-
offs for thinness, overweight and obesity. Pediatr Obes. 2012;7:284–94.

	12.	 De Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann J. 
Development of a WHO growth reference for school-aged children and 
adolescents. Bull World Health Organ. 2007;85:660–7.

	13.	 Savva SC, Tornaritis M, Savva ME, Kourides Y, Panagi A, Silikiotou N, et al. 
Waist circumference and waist-to-height ratio are better predictors of 
cardiovascular disease risk factors in children than body mass index. Int J 
Obes. 2000;24:1453–8.

	14.	 Muñoz-Hernando J, Escribano J, Ferré N, Closa-Monasterolo R, Grote V, 
Koletzko B, et al. Usefulness of the waist-to-height ratio for predicting 
cardiometabolic risk in children and its suggested boundary values. Clin 
Nutr. 2022;41:508–16.

	15.	 Eslami M, Pourghazi F, Khazdouz M, Tian J, Pourrostami K, Esmaeili-Abdar 
Z, et al. Optimal cut-off value of waist circumference-to-height ratio to 
predict central obesity in children and adolescents: a systematic review 
and meta-analysis of diagnostic studies. Front Nutr. 2023;9:1–14.

	16.	 Kelishadi R, Mirmoghtadaee P, Najafi H, Keikha M. Systematic review on 
the association of abdominal obesity in children and adolescents with 
cardio-metabolic risk factors. J Res Med Sci. 2015;20:294–307.

	17.	 Després JP. Abdominal obesity and cardiovascular disease: is inflamma-
tion the missing link? Can J Cardiol. 2012;28:642–52.

	18.	 Liu J, Zhao Y, Tian Y, Jiang N, Zhao G, Wang X. Trends in abdominal obesity 
and central adiposity measures by dual-energy X-ray absorptiometry 
among US children: 2011–2018. Front Pediatr. 2022;10:1–8.

	19.	 Ma S, Hou D, Zhang Y, Yang L, Sun J, Zhao M, et al. Trends in abdominal 
obesity among Chinese children and adolescents, 1993–2015. J Pediatr 
Endocrinol Metab. 2021;34:163–9.

	20.	 Aranceta-Bartrina J, Gianzo-Citores M, Pérez-Rodrigo C. Prevalencia de 
sobrepeso, obesidad y obesidad abdominal en población española entre 
3 y 24 años. Estudio ENPE Rev Española Cardiol. 2020;73:290–9.

	21.	 Maffeis C, Banzato C, Talamini G. Waist-to-height ratio, a useful index 
to identify high metabolic risk in overweight children. J Pediatr. 
2008;152:207–13.

	22.	 Rodrigues D, Padez C, Machado-Rodrigues AM. Prevalence of abdomi-
nal obesity and excess weight among Portuguese children and why 
abdominal obesity should be included in clinical practice. Acta Med Port. 
2018;31:159–64.

	23.	 Mokha JS, Srinivasan SR, DasMahapatra P, Fernandez C, Chen W, Xu J, 
et al. Utility of waist-to-height ratio in assessing the status of central 
obesity and related cardiometabolic risk profile among normal weight 
and overweight/obese children: the Bogalusa Heart Study. BMC Pediatr. 
2010;10:73.

	24.	 Khoury M, Manlhiot C, McCrindle BW. Role of the waist/height ratio in 
the cardiometabolic risk assessment of children classified by body mass 
index. J Am Coll Cardiol. 2013;62:742–51.

	25.	 Browning LM, Hsieh SD, Ashwell M. A systematic review of waist-to-
height ratio as a screening tool for the prediction of cardiovascular 
disease and diabetes: 05 could be a suitable global boundary value. Nutr 
Res Rev. 2010;23:247–69.

	26.	 Puhl RM, Lessard LM. Weight stigma in youth: prevalence, consequences, 
and considerations for clinical practice. Curr Obes Rep. 2020;9:402–11.

	27.	 Tomiyama AJ, Carr D, Granberg EM, Major B, Robinson E, Sutin AR, et al. 
How and why weight stigma drives the obesity “epidemic” and harms 
health. BMC Med. 2018;16:1–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.who.int/publications/i/item/9789241595070

	Twenty-year trend in the prevalence of increased cardiometabolic risk, measured by abdominal obesity, among Spanish children and adolescents across body mass index categories
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study population
	Anthropometric measurements
	Other variables

	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


