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Abstract 27 

Purpose: To assess the relationship between particulate matter 2.5 (PM2.5) levels and the 28 

prevalence of excess weight in a representative sample of Spanish young people aged 2─14 29 

years. Methods: This was an ecological cross-sectional study using data from the 2017 wave 30 

of the Spanish National Health Survey (SNHS), a nationally representative survey of the 31 

Spanish young and adult population. The final sample included 4378 young Spanish people 32 

(51.0% boys). The weight (kg) and height (cm) of the study participants were proxy-reported 33 

by parents or guardians. Excess weight was determined according to the age- and sex-criteria 34 

of the International Obesity Task Force. The PM2.5 level was calculated as the annual 35 

monitoring data indicator for 2017 among the different regions in Spain. Logistic regression 36 

models were performed to estimate the relationships between PM2.5 and weight. Results: 37 

Compared to young people located in regions with low levels of PM2.5, those reporting 38 

greater odds for excess weight were found in regions with medium PM2.5 (OR=1.23; 95% 39 

CI, 1.02–1.49) and high PM2.5 (OR=1.35; 95% CI, 1.11–1.64) after adjusting for several 40 

sociodemographic, lifestyle and environmental covariates. Conclusions: The prevalence of 41 

excess weight in young people was positively associated with PM2.5 levels in Spain. This 42 

finding supports the hypothesis that air pollution exposure can result in excess weight in the 43 

young population, which, in turn, might lead to the development of metabolic disorders. From 44 

a socioecological perspective, a practical need to take environmental factors into 45 

consideration is important to address unhealthy weight in Spanish young people. 46 
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1. Introduction 48 

Obesity in young people has been a serious concern for a century owing to the related chronic 49 

and adverse health outcomes (Abarca-Gómez et al., 2017). Young people with obesity are at 50 

a much higher risk of experiencing some undesirable health outcomes in adult life, such as 51 

cardiovascular disease, hypertension, and type 2 diabetes (Lee & Yoon, 2018). In European 52 

countries, excess weight prevalence estimates are worrisome, with the majority of countries 53 

reporting a prevalence of 20% or higher (Stival et al., 2022). In relation to Spain, the newly 54 

published data from Estudio ALADINO 2019 (2020) showed a prevalence of excess weight 55 

(overweight plus obesity), overweight, and obesity of 32.9%, 10.9%, and 22.0%, respectively 56 

(based on the International Obesity Task Force cutoff points (Cole & Lobstein, 2012)), 57 

among Spanish children aged 6-9 years. Moreover, a longitudinal study by de Bont et al. 58 

(2022) found that the overall prevalence of Spanish childhood obesity increased from 0.8% 59 

at two years of age (in both sexes) to a peak at seven years of age in girls (17.3%) and at nine 60 

years of age in boys (24.1%). Despite this high prevalence, the World Health Organization 61 

has estimated that no European countries will achieve the proposed targets of reversing rising 62 

levels of excess weight by 2025 (Mahase, 2022). It is therefore vital to efficiently develop 63 

specific interventions and policies to curb overweight and obesity in Europe. To develop such 64 

interventions, correlates of overweight and obesity need to be identified. While there is a 65 

plethora of known correlates of overweight and obesity, one potentially important but 66 

understudied of them is air pollution. 67 

From a socioecological perspective, one of the critical environmental elements of 68 

morbidity and mortality worldwide is air pollution (Khomenko et al., 2021). In this sense, 69 

the Global Burden of Disease 2015 reported that air pollution exposure adversely influences 70 

people’s health, which means the loss of more years of life and millions of deaths every year 71 



in comparison with other recognized health risk factors (e.g., smoking, unhealthy dietary 72 

patterns) (World Health Organization, 2021). Recent estimates denote that releases of most 73 

ambient air pollutants will increase further over time, and consequently, emissions of certain 74 

pollutants (e.g., particulate matter 2.5 [PM2.5]) may rise in the majority of the world’s regions 75 

by 2060 (Organization for Economic Cooperation and Development, 2016). Among others, 76 

one of the groups most vulnerable to the short-term damage of ambient air pollutants is young 77 

people (Goudie, 2014). Specifically, exposure to certain ambient air pollutants (e.g., PM2.5) 78 

is associated with numerous adverse effects on the health of young people, such as obesity 79 

(Tamayo-Ortiz et al., 2021), hypertension (Huang et al., 2020), decreased pulmonary 80 

function (Garcia et al., 2021), and/or wheezing/asthma (Yan et al., 2020), 81 

Some studies have reported a link between PM2.5 concentration and excess weight 82 

among young populations in different countries (Bloemsma et al., 2019; de Bont et al., 2019; 83 

Tamayo-Ortiz et al., 2021; Tong et al., 2022; Vrijheid et al., 2020; Wilding et al., 2020). For 84 

example, one systematic review and meta-analysis by Parasin et al. (2021) found strong 85 

observational evidence supporting the hypothesis that exposure to environmental pollution 86 

is one of the related factors to excess weight in young people. Similarly, one study by Tong 87 

et al. (2022) showed (from pregnancy to late childhood) a dose‒response association between 88 

exposure to PM2.5 and excess weight in China (i.e., for each additional five μg/m3 of PM2.5, 89 

the probability was 26% higher), confirming the cumulative effect of environmental pollution 90 

on excess weight among young Chinese people. Conversely, one prospective cohort study 91 

among Italian children found no association between exposure to vehicular traffic and 92 

exposure to pollutants on obesity-related parameters (e.g., body mass index) (Fioravanti 93 

et al., 2018). Additionally, another study showed that exposure to PM2.5 levels was associated 94 

with lower rather than higher body mass index z scores (Fleisch et al., 2017). Because of this 95 



mixed evidence concerning the association between PM2.5 concentration and excess weight 96 

among young populations, it seems necessary to further explore this association in specific 97 

populations. This accumulation can help determine the actual association between PM2.5 and 98 

excess weight. In relation to Spain, a previous study analyzed this association (de Bont et al., 99 

2019); however, this study only included one city and is thus limited to research 100 

generalizability. To our knowledge, there is no study in Spain examining the relationship 101 

between PM2.5 levels and excess weight at the national level. Similarly, there is a lack of 102 

studies exploring the relationship among young people, and only eight studies were included 103 

in the previous meta-analysis (Parasin et al., 2021). In addition, most of the studies included 104 

in that meta-analysis controlled for associations by only a few covariates. 105 

Given this background, this study tries to assess the association between PM2.5 levels 106 

and the prevalence of excess weight in a representative sample of Spanish young people aged 107 

2─14 years. According to previous studies (de Bont et al., 2019; Parasin et al., 2021), our 108 

hypothesis is that living in regions with higher PM2.5 will be related to greater odds of having 109 

excess weight among young people in Spain. 110 

 111 
2. Methods 112 

2.1. Study design and participants 113 

This is an ecological cross-sectional study using data from the 2017 wave of the Encuesta 114 

Nacional de Salud Española (ENSE) (Ministerio de Sanidad, Consumo y Bienestar Social, 115 

2018), a nationally representative survey of Spanish young and adult populations. This 116 

survey was jointly carried out by the Ministerio de Sanidad, Consumo y Bienestar Social 117 

(2018) and the Instituto Nacional de Estadística (2018). The sampling framework considered 118 

noninstitutionalized Spanish citizens. The ENSE applies a three-stage sampling design: (a) 119 



1st phase (census); (b) 2nd phase (households); (c) 3rd phase (citizens). An adult was chosen 120 

to complete the Adult Questionnaire (from each household), and to determine whether there 121 

were minors living in the households (up to 14 years old), one of them was selected (at 122 

random) to complete the Minors Questionnaire. 123 

For this study, the sample was limited to young people (between 0 and 14 years old) 124 

with data available for the Minors Questionnaire. The initial sample involved 6106 (100%) 125 

minors. A total of 1728 participants (28.3%) were excluded because of missing data for any 126 

of the studied variables (independent variable, dependent variable, or covariates). Then, the 127 

analyzed sample contained 4378 (71.7%) Spanish young people from 2 to 14 years old. 128 

Further information on the different reasons for exclusion of participants can be found in 129 

Figure S1. 130 

Data from ENSE (2017) were anonymized and acquired directly from the Ministerio 131 

de Sanidad, Consumo y Bienestar Social (2018) public access webpage 132 

(https://www.sanidad.gob.es/estadisticas/microdatos.do). Since this study included 133 

secondary data, ethics committee approval was not necessary. 134 

 135 

2.2. Procedures 136 

2.2.1. Excess weight (dependent variable) 137 

Study participants’ weight (kg) and height (cm) were proxy-declared by their 138 

parents/guardians, which were determined to calculate body mass index (BMI) and then 139 

converted into BMI z score based on the sex- and age-criteria of the International Obesity 140 

Task Force (Cole & Lobstein, 2012). In relation to BMI z score, minors were classified into 141 

four different groups: (a) thinness; (b) normal weight; (c) overweight; and (d) obesity. We 142 

focused on examining both overweight and obesity jointly. In addition, for further analysis, 143 

https://www.sanidad.gob.es/estadisticas/microdatos.do


participants were considered “excess weight” (“overweight” + “obesity”) or “no excess 144 

weight” (“thinness” + “normal weight”). This decision was based on two main reasons. First, 145 

the epidemic of excess weight (i.e., overweight and obesity) has been identified as a major 146 

challenge to health and chronic disease across the life course at the worldwide level (Hruby 147 

& Hu, 2015). Second, a high prevalence of excess weight was found in Europe (Stival et al., 148 

2022) and in Spain (de Bont et al., 2022; Estudio ALADINO 2019, 2020). 149 

2.2.2. Regional particulate matter 2.5 – PM2.5 (independent variable) 150 

Data on the level of PM2.5 were collected based on the Spanish report of air quality by 151 

the Ministerio para la Transición Ecológica y el Reto Demográfico (2017). PM2.5 was 152 

calculated as the annual monitoring data indicator for 2017. Competent administrations 153 

divide their territory into zones or agglomerations according to population density 154 

agglomerations (Ministerio para la Transición Ecológica y el Reto Demográfico, 2017). 155 

Zones are portions of territory delimited by the competent administration and are used for 156 

the evaluation and management of air quality. Agglomerations are defined as conurbations 157 

with a population of more than 250,000 inhabitants or, when the population is equal to or 158 

less than 250,000 inhabitants, with a population density per km2 that, according to the 159 

competent administration, justifies the assessment and monitoring of ambient air quality. 160 

ambient air quality. To ensure the representativeness of the values, both the size of the 161 

populations and the ecosystems exposed to air pollution were considered. This information 162 

matched the data of the ENSE. In the absence of specific values for individual 163 

cities/municipalities, emissions of PM2.5 (in μg/m3) in each of the 17 regions (and their two 164 

autonomous cities) were used to categorize the air pollution level. Additionally, due to the 165 

lack of specific μg/m3 PM2.5 cutoff points, Spanish regions were categorized into tertiles: (a) 166 

low PM2.5 tertile; (b) medium PM2.5 tertile; and (c) high PM2.5 tertile. 167 



2.2.3. Covariates 168 

Based on previous studies, we included the following factors as covariates when examining 169 

the association between PM2.5 and excess weight (Cakmak et al., 2011; Chiu et al., 2016; 170 

Lacoste et al., 2020; López-Gil et al., 2022; Seo et al., 2020; Tainio et al., 2021). 171 

2.2.3.1. Sociodemographic 172 

Sex (boys/girls) and age were proxy-reported by parents/guardians of the study participants. 173 

Socioeconomic status (SES) was considered based on six different groups in relation to the 174 

responder’s employment. Groups ranged from “class 1” (the highest) to “class 6” (the 175 

lowest). For analytical purposes, we collapsed these categories into (a) low SES (class 6 plus 176 

class 5), (b) medium SES (class 4 plus class 3), and (c) high SES (class 2 plus class 1). 177 

2.2.3.2. Lifestyle 178 

Sleep duration was computed through the next question: “Can you tell me approximately 179 

how many hours your child usually sleeps daily? (Counting nap time if applicable)”. 180 

Recreational sedentary time (ST) was measured with a question related to the time spent both 181 

on weekdays and weekends: “How much time does your child typically spend on 182 

weekdays/weekends in front of a screen, including a computer, tablet, TV, video, video game 183 

or cell phone screen?”. The following answers were available: (a) “nothing or almost 184 

nothing”; (b) “less than one hour”; (c) “one hour or more”. If “one hour or more” was 185 

reported, parents/guardians were additionally asked about the exact hours their children spent 186 

with ST. Physical activity (PA) was evaluated with an adapted form of the International 187 

Physical Activity Questionnaire (Roman-Viñas et al., 2010). Four possible responses were 188 

available: (a) “no exercise” (free-time principally spent in sedentary behaviors [e.g., reading, 189 

watching TV]); (b) “occasional sport, or PA participation”; (c) “PA several times monthly”, 190 

and (d) “physical training or sports several times weekly” (Ministerio de Sanidad, Consumo 191 



y Bienestar Social, 2018). Diet quality was evaluated with the Spanish Health Eating Index 192 

(S-HEI) (Norte Navarro & Ortiz Moncada, 2011). This is a modified form of the original 193 

Healthy Eating Index (HEI) (Kennedy et al., 1995), which involves ten different food groups 194 

separated into five categories of frequency of food intake: (a) “never or hardly ever”; (b) “one 195 

time per week”; (c) “from one to two times per week”; (d) “more than three times per week, 196 

but not daily”, and (e) “daily”. The global score for the S-HEI was calculated as the sum of 197 

the frequency of food group intake (from zero to ten points) and means adherence to the 198 

recommendations by the Sociedad Española de Nutrición Comunitaria (2016) (i.e., a greater 199 

S-HEI score depicts higher adherence to these recommendations). 200 

2.2.3.3. Environmental 201 

Tobacco smoke exposure was assessed with the following question: “How often is your child 202 

exposed to indoor tobacco smoke?”; the possible responses were (a) “never or almost never”; 203 

(b) “less than one hour daily”; (c) “from one to five hours daily”; and (d) “more than five 204 

hours daily”. For further analyses, we recoded these categories into (a) “no exposure” (“never 205 

or almost never”) or (b) “exposure” (“less than one hour daily”, “from one to five hours 206 

daily”, or “more than five hours daily”) (Schane et al., 2010). 207 

 208 

2.3. Statistical analysis 209 

Categorical data are shown as numbers and percentages, while continuous data are displayed 210 

as the mean and standard deviation. The Kolmogorov–Smirnov test and normal probability 211 

plot were applied to test the assumption of normality of continuous variables (i.e., age, sleep 212 

duration, recreational ST, S-HEI score, PM2.5, weight, height, and BMI z score). One-way 213 

analyses of variance (ANOVAs) (with additional Dunnett's T3 test for post hoc analyses 214 

when applicable) or chi-square tests were applied to test differences between continuous or 215 



categorical data, respectively, between different PM2.5 tertiles established and the 216 

participants’ characteristics. Prior analyses indicated an absence of a significant interaction 217 

between sex or age and PM2.5 levels in relation to excess weight (p-for-interaction >0.05 for 218 

both). Thus, all analyses were performed in overall samples. Odds ratios (ORs) and 219 

confidence intervals (CIs) were determined through logistic regression analyses, which were 220 

conducted to examine the association between different PM2.5 tertiles established and excess 221 

weight. For this purpose, four different models were analyzed: “model 0” (crude); “model 1” 222 

(adjusted for age group, sex, and socioeconomic status); “model 2” (adjusted for model 1 + 223 

sleep duration, recreational screen time, physical activity, and diet quality); and “model 3” 224 

(adjusted for model 2 + tobacco smoke exposure). Furthermore, the same four models were 225 

performed in additional logistic regression analyses conducted to determine the change in the 226 

odds of the outcome (i.e., excess weight) for a one-unit increase in the exposure (i.e., 227 

continuous PM2.5 level, in μg/m3). All the analyses were performed with STATA 16.1 228 

(StataCorp, College Station, TX, USA) considering the probability weights for each 229 

participant (i.e., pweight command) due to the random sampling without replacement used 230 

in the ENSE (2017). A p<0.05 was selected to indicate statistical significance. 231 

 232 

3. Results 233 

Table 1 displays the descriptive data of the study participants. The PM2.5 mean was 234 

10.13±1.79 (low PM2.5), 12.45±0.43 (medium PM2.5), and 16.69±2.75 (high PM2.5). The 235 

excess weight prevalence was 40.9%, 38.5%, and 31.9% for the high, medium, and low PM2.5 236 

groups, respectively (p<0.001). 237 

 238 



***Table 1 near here*** 239 

 240 

Figure 1 shows the BMI z score mean values of the PM2.5 groups established. Study 241 

participants living in regions with high PM2.5 had the highest BMI z score mean (M=0.61; 242 

SE=0.05). Conversely, participants from regions with low PM2.5 showed the lowest BMI z 243 

score mean (M=0.39; SE=0.05). In addition, Dunnett's T3 tests for post hoc analysis showed 244 

significant differences between low PM2.5 and high PM2.5 (p=0.002), as well as between low 245 

PM2.5 and medium PM2.5 (p=0.003). 246 

 247 

***Figure 1 near here*** 248 

 249 

Figure 2 depicts the association between the established PM2.5 groups and excess 250 

weight among the young population. Compared to study participants living in regions with 251 

low levels of PM2.5, a greater odds of having excess weight was found in those who lived in 252 

regions with medium levels of PM2.5 (OR=1.23; CI95%, 1.02–1.49) and high levels of PM2.5 253 

(OR=1.35; CI95%, 1.11–1.64) after adjusting for several sociodemographic, lifestyle, and 254 

environmental covariates. The full results of the binary logistic analyses are shown as 255 

supplementary material in Table S1 (PM2.5 as a categorical variable) and in Table S2 (PM2.5 256 

as a continuous variable). 257 

 258 

***Figure 2 near here*** 259 

4. Discussion 260 

4.1. Key findings 261 



Overall, our findings show that young people living in regions with medium and high PM2.5 262 

levels had greater BMI z scores than those who lived in regions with low PM2.5 levels. 263 

Furthermore, we found greater odds of having excess weight in young people who lived in 264 

regions with medium or high PM2.5 levels. These associations were found in both unadjusted 265 

and adjusted models, which denotes that the association between PM2.5 levels and excess 266 

weight remains consistently significant regardless of several sociodemographic, lifestyle, and 267 

environmental covariates. 268 

4.2. Comparisons with previous studies 269 

Our results are consistent with a previous meta-analysis (Parasin et al., 2021), as well as 270 

studies conducted in different countries, such as Mexico (Tamayo-Ortiz et al., 2021), China 271 

(Tong et al., 2022), The Netherlands (Bloemsma et al., 2019), and England (Wilding et al., 272 

2020). This finding is also in line with one previous study including different European 273 

countries (i.e., France, Greece, United Kingdom, Norway, Lithuania, and Spain) (Vrijheid 274 

et al., 2020). Regarding the previous study carried out in Spain (de Bont et al., 2019), 275 

although it included several ambient air pollutants (i.e., NO2, PM10, PM2.5), their results are 276 

based on data from only the city of Barcelona, which prevents conclusive evidence 277 

concerning the association between the level of PM2.5 within the entire Spanish context. 278 

4.3. Interpretations of research findings 279 

The etiology of obesity is complex (Torres-Carot et al., 2022), and its pathophysiological 280 

mechanisms reveal that obesity may be a result of genetic and environmental interactions 281 

(Blüher, 2019; Nicolaidis, 2019). Although the primary cause of excess weight is the 282 

unbalanced relationship between total energy intake and expenditure, an increasing interest 283 

in the role of environmental exposure (e.g., air pollution) on the obesity epidemic (Holtcamp, 284 

2012) is emerging. There are some possible reasons that may justify the association between 285 



air pollution and excess weight in young people. Indeed, it has been observed that exposure 286 

to air pollution increases the risk of excess weight (An, Ji, et al., 2018; Toledo-Corral et al., 287 

2018). Higher PM2.5 levels could lead to metabolic dysfunction via insufficient physical 288 

activity, increased adipose tissue inflammation, oxidative stress, or risk of chronic 289 

comorbidities (An, Zhang, et al., 2018). Although physical activity did not remain significant 290 

in the fully adjusted models analyzing the relationship between PM2.5 and excess weight in 291 

our study, we observed that the physical activity level was lower in regions with greater levels 292 

of PM2.5, suggesting that low levels of physical activity (among other factors) may be 293 

responsible for excess weight in young people. Moreover, some studies have pointed out that 294 

exposure to air pollution could lead to disrupted molecular factors that preserve excess weight 295 

and may influence the incidence of diseases related to excess weight (Bolton et al., 2012). 296 

Worryingly, it has been hypothesized that PM2.5 could lead to weight gain by increasing brain 297 

inflammation and, therefore, the probabilities of developing other noncommunicable 298 

diseases (e.g., respiratory diseases, cardiovascular diseases, or cancer) (McConnell et al., 299 

2016). 300 

Importantly, some covariates included in this study were associated with PM2.5 301 

categories, and they remained significantly associated when we introduced them into the 302 

model that analyzed the relationship between PM2.5 levels and excess weight. Particularly, 303 

low SES was associated with excess weight. Although we used regional indicators of PM2.5 304 

levels instead of individual values, it has been suggested that the relationship between air 305 

pollution and excess weight is stronger among children living in the most deprived areas (de 306 

Bont et al., 2019). Conversely, although sleep duration was not associated with PM2.5 307 

categories, our adjusted analyses showed that this covariate was statistically significant in 308 

this relationship. This result is in line with a previous study among children in the US and 309 



China (Lawrence et al., 2018), which suggested that air pollution may cause insufficient 310 

sleep, which, in turn, could lead to weight gain. We are not able to explain why each of these 311 

covariates predicts higher odds of having excess weight only for specific subjects, so further 312 

studies are needed to explore whether such specificities exist or whether they are random 313 

findings. However, our results indicate that the relationship between PM2.5 and excess weight 314 

remained significant regardless of these covariates. 315 

4.4. Methodological considerations 316 

This study has some limitations that should be considered for the correct interpretation of the 317 

present findings. For instance, this is a cross-sectional design, and consequently, cause and 318 

effect relationships cannot be determined. Additionally, although we adjusted for several 319 

covariates, residual confounding is still possible, such as family history of obesity and other 320 

metabolic disorders, diagnosis and treatment of comorbidities, etc. However, it is unlikely 321 

that higher levels of overweight and obesity in the young increase air pollutants, so we could 322 

confirm that air pollutants might be a contributor to excess weight. Moreover, BMI and 323 

excess weight were assessed through proxy-reported weight and height (by 324 

parents/guardians). This may result in measurement inaccuracies. In addition, in this 325 

ecological study, PM2.5 emissions in different regions were used instead of the individual 326 

exposure to PM2.5 of each participant, which could lead to an ecological bias. However, it has 327 

been pointed out that this inaccuracy could be justified because of the slight influence related 328 

to the technique applied (Avery et al., 2010). However, air quality monitors may be a useful 329 

approach to compute PM2.5 exposure at the individual level (Ong et al., 2019), at least in a 330 

subsample of the next Spanish National Health Survey. Furthermore, other air pollutants 331 

(Parasin et al., 2021), environmental noise (de Bont et al., 2021), or factors related to cities 332 

(de Bont et al., 2021) may also be linked with excess weight. For instance, other air pollutants 333 



(e.g., PM10 and NO2) have also been linked to excess weight in young people (Parasin et al., 334 

2021). Environmental noise may impact sleep deprivation and increase stress hormones, 335 

which are related to the physical development of young people, increasing the risk of excess 336 

weight (Münzel et al., 2016). An unhealthy food environment may increase the intake of fast 337 

food and possibly caloric intake, which is a well-known risk factor for excess weight in young 338 

people (Townshend & Lake, 2017). The strength of this study is that it provides new insights 339 

into the relationship between PM2.5 levels and excess weight among Spanish young people, 340 

adding empirical evidence to the current literature. A further strength is the large nationwide 341 

sample of Spanish young people examined, which can enhance research generalization to the 342 

whole Spanish young population. 343 

In conclusion, the regional PM2.5 concentration seems to be related to the prevalence 344 

of excess weight in young Spanish people. This finding supports the hypothesis that exposure 345 

to ambient air pollution is associated with excess weight in young populations, which, in 346 

turn, might lead to the development of metabolic disorders (An, Ji, et al., 2018). However, 347 

further studies are needed to use a longitudinal study design to obtain stronger evidence in 348 

this research field. Since controlling air pollution seems to be linked with healthy weight in 349 

young people, public health organizations should consider strategies to counteract the health 350 

risks for young people in regions with great PM2.5 emissions. Finally, findings from the 351 

present study support the adoption of the United Nations Sustainable Development Goal 352 

(SDG) 7 “ensure access to affordable, reliable, sustainable and modern energy for all” 353 

https://sdgs.un.org/goals/goal7 to also aid in the prevention of excess weight in the young 354 

population. 355 
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Tables 569 

Table 1. Descriptive data of the analyzed sample (n=4378). 570 

Data are expressed as the mean (standard deviation) or numbers (percentages). BMI, body mass index; PM2.5, particulate 571 
matter 2.5; S-HEI, Spanish Healthy Eating Index; SES, socioeconomic status; ST, screen time. a According to the 572 
International Obesity Task Force (Cole & Lobstein, 2012). b Excess weight computed as the sum of participants with 573 
overweight and obesity. † Statistically significant difference compared to the low PM2.5; ‡ Statistically significant difference 574 
compared to the medium PM2.5. Bold indicates a p value <0.05.575 

Variables 
Low PM2.5 

(1st tertile) 
Medium PM2.5 

(2nd tertile) 
High PM2.5 

(3rd tertile)  

M (SD)/n (%) M (SD)/n (%) M (SD)/n (%) p 
Total, n (%) 1196 (27.3) 1809 (41.3) 1373 (31.4)  
Sociodemographic     
Age (years) 8.7 (3.7) 8.7 (3.7) 8.6 (3.7) 0.600 
Age group     

Toddlers (2 years) 64 (5.4) 119 (6.6) 84 (6.1) 

<0.001 Preschoolers (3-5 years) 229 (19.1) 309 (17.1) 269 (19.6) 
Children (6-12 years) 779 (65.1) 1210 (66.9) 890 (64.8) 
Adolescents (13-14 years) 124 (10.4) 171 (9.5) 130 (9.5) 

Sex     
Boys 598 (50.0) 984 (52.4) 688 (50.1) 0.310 Girls 598 (50.0) 861 (47.6) 685 (49.9) 

SES     
High SES 304 (25.4) 415 (22.9) 269 (19.5) 

0.001 Medium SES 397 (33.2) 642 (35.5) 456 (33.2) 
Low SES 495 (41.4) 652 (41.6) 658 (47.2) 

Lifestyle     
Sleep duration (hours) 9.5 (1.2) 9.4 (1.2) 9.4 (1.1) † 0.017 
Recreational ST (hours) 1.9 (1.1) 1.9 (1.2) 1.9 (1.2) 0.874 

PA     
No exercise 181 (15.1) 300 (16.6) 278 (20.2) 

<0.001 

Occasional sport, or PA 
participation 294 (24.6) 434 (24.0) 333 (24.3) 

PA several times monthly 280 (23.4) 532 (29.4) 426 (31.0) 
Physical training or sports 
several times weekly 441 (36.9) 543 (30.0) 336 (24.5) 

S-HEI (score) 71.1 (8.4) 69.6 (8.8) † 70.0 (9.9) † <0.001 
Environmental     

Tobacco smoke exposure     
No exposure 1121 (93.7) 1704 (94.2) 1249 (91.0) 0.009 Exposure 75 (6.3) 105 (5.8) 124 (9.0) 

Air pollution     
PM2.5 (μg/m3) 10.13 (1.79) 12.45 (0.43) † 16.69 (2.75) †,‡ <0.001 

Anthropometric data     
Weight (kg) 34.4 (15.6) 34.9 (15.7) 35.0 (16.0) 0.613 
Height (cm) 134.4 (24.3) 133.9 (24.9) 133.8 (24.3) 0.782 
BMI (kg/m2) 18.0 (3.6) 18.5 (3.6) † 18.5 (3.9) † 0.002 
BMI (z score) a 0.38 (1.43) 0.59 (1.44) † 0.56 (1.49) †,‡ <0.001 
Excess weight (%) b 382 (31.9) 697 (38.5) 561 (40.9) <0.001 



Table S1. Analyses of binary logistic regression between different particulate matter 2.5 established categories and excess weight 576 
adjusted for sociodemographic, lifestyle, and environmental covariates. 577 

Model 0: crude; Model 1: adjusted for sociodemographic covariates (age group, sex, and socioeconomic status); Model 2: adjusted for Model 1 + lifestyle covariates (sleep duration, 578 
recreational screen time, physical activity, and diet quality); Model 3: adjusted for Model 2 + environmental covariates (tobacco smoke exposure). CI, confidence interval; OR, odds 579 
ratio; PA, physical activity; PM2.5, particulate matter 2.5; S-HEI, Spanish Healthy Eating Index; SES, socioeconomic status; ST, screen time. a Following the International Obesity 580 
Task Force criteria (Cole & Lobstein, 2012). Bold indicates a p value <0.05.581 

Potential predictors 
Excess weight a 

Model 0 Model 1 Model 2 Model 3 
OR CI 95% p OR CI 95% p OR CI 95% p OR CI 95% p 

PM2.5 category             
High PM2.5 1.44 1.18-1.74 <0.001 1.37 1.13-1.66 0.001 1.35 1.11-1.64 0.004 1.35 1.11-1.64 0.003 
Medium PM2.5 1.25 1.04-1.50 0.018 1.24 1.02-1.49 0.027 1.23 1.02-1.49 0.040 1.23 1.02-1.49 0.031 
Low PM2.5 (Ref.) 1   1   1   1   

             
Covariates             

Age group             
Toddlers (2 years) (Ref.) - - - 1   1   1   
Preschoolers (3-5 years) - - - 1.52 1.03-2.24 0.035 1.39 0.93-2.05 0.106 1.39 0.93-2.06 0.035 
Children (6-12 years) - - - 1.63 1.13-2.33 0.008 1.34 0.89-1.97 0.149 1.34 0.90-1.99 0.008 
Adolescents (13-14 years) - - - 1.19 0.77-1.82 0.440 0.88 0.53-1.40 0.591 0.87 0.54-1.42 0.440 

Sex (girls)             
Boys (Ref.) - - - 1   1   1   
Girls - - - 1.06 0.91-1.23 0.443 1.06 0.91-1.23 0.477 1.06 0.91-1.23 0.478 

SES status             
High SES (Ref.) - - - 1   1   1   
Medium SES - - - 1.23 1.01-1.51 0.054 1.21 0.98-1.49 0.075 1.21 0.98-1.49 0.077 
Low SES - - - 1.92 1.58-2.34 <0.001 1.87 1.53-2.28 <0.001 1.85 1.52-2.27 <0.001 

Sleep duration (per one hour) - - - - - - 0.88 0.82-0.95 <0.001 0.88 0.82-0.95 <0.001 
Recreational ST (per one hour) - - - - - - 1.04 0.97-1.11 0.292 1.04 0.97-1.11 0.897 
PA             

No exercise (Ref.) - - - - - - 1   1   
Occasional sport, or PA participation - - - - - - 1.03 0.86-1.39 0.808 1.03 0.81-1.32 0.453 
PA several times per month - - - - - - 0.93 0.82-1.32 0.543 0.93 0.73-1.18 0.795 
Physical training or sports several times per week - - - - - - 0.98 0.77-1.26 0.894 0.98 0.77-1.26 0.541 

S-HEI (per one point)       1.00 0.99-1.01 0.559 1.00 0.99-1.01 0.479 
Tobacco smoke exposure             

No exposition (Ref) - - - - - - - - - 1   
Exposition - - - - - - - - - 1.14 0.84-1.54 0.403 



Table S2. Analyses of binary logistic regression between particulate matter 2.5 and excess weight adjusted for sociodemographic, 582 
lifestyle, and environmental covariates. 583 

Model 0: crude; Model 1: adjusted for sociodemographic covariates (age group, sex, and socioeconomic status); Model 2: adjusted for Model 1 + lifestyle covariates (sleep duration, 584 
recreational screen time, physical activity, and diet quality); Model 3: adjusted for Model 2 + environmental covariates (tobacco smoke exposure). CI, confidence interval; OR, odds 585 
ratio; PA, physical activity; PM2.5, particulate matter 2.5; S-HEI, Spanish Healthy Eating Index; SES, socioeconomic status; ST, screen time. a Following the International Obesity 586 
Task Force criteria (Cole & Lobstein, 2012). Bold indicates a p value <0.05. 587 
 588 
 589 
 590 
 591 
 592 
 593 

Potential predictors 
Excess weight a 

Model 0 Model 1 Model 2 Model 3 
OR CI 95% p OR CI 95% p OR CI 95% p OR CI 95% p 

PM2.5 (per one μg/m3) 1.03 1.01-1.06 0.004 1.03 1.01-1.06 0.009 1.03 1.01-1.06 0.007 1.04 1.01-1.06 0.008 
             
Covariates             

Age group             
Toddlers (2 years) (Ref.) - - - 1   1   1   
Preschoolers (3-5 years) - - - 1.51 1.02-2.22 0.038 1.37 0.92-2.04 0.122 1.37 0.92-2.04 0.123 
Children (6-12 years) - - - 1.62 1.13-2.32 0.009 1.32 0.89-1.96 0.173 1.32 0.89-1.96 0.171 
Adolescents (13-14 years) - - - 1.18 0.77-1.82 0.447 0.86 0.53-1.39 0.537 0.86 0.53-1.39 0.534 

Sex (girls)             
Boys (Ref.) - - - 1   1   1   
Girls - - - 1.06 0.91-1.23 0.452 1.06 0.91-1.23 0.487 1.05 0.91-1.23 0.488 

SES status             
High SES (Ref.) - - - 1   1   1   
Medium SES - - - 1.22 0.99-1.51 0.057 1.22 0.99-1.51 0.057 1.22 0.99-1.50 0.058 
Low SES - - - 1.89 1.55-2.31 <0.001 1.89 1.55-2.31 <0.001 1.88 1.54-2.30 <0.001 

Sleep duration (per one hour) - - - - - - 0.88 0.82-0.95 0.001 0.88 0.82-0.95 0.001 
Recreational ST (per one hour) - - - - - - 1.00 0.99-1.01 0.286 1.00 0.99-1.01 0.308 
PA             

No exercise (Ref.) - - - - - - 1   1   
Occasional sport, or PA participation - - - - - - 1.04 0.82-1.33 0.737 1.04 0.82-1.33 0.727 
PA several times per month - - - - - - 0.94 0.74-1.20 0.612 0.94 0.74-1.20 0.609 
Physical training or sports several times per week - - - - - - 0.98 0.76-1.25 0.866 0.98 0.76-1.25 0.867 

S-HEI (per one point)       1.00 0.99-1.01 0.457 1.00 0.99-1.01 0.524 
Tobacco smoke exposure             

No exposition (Ref) - - - - - - - - - 1   
Exposition - - - - - - - - - 1.13 0.84-1.54 0.418 
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