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Abstract
Background and Aims
Contemporary longitudinal data on dietary patterns (DP) during adolescence are scarce. This study aimed to identify trajectories of adherence to an obesogenic DP and changes in diet quality (DQ), related food consumption, and adiposity markers during adolescence.

Methods
A cohort of 600 adolescents (293 girls, 48.8%) attending 24 secondary schools enrolled on the SI! Program for Secondary Schools trial in Spain was assessed when participants were approximately 12, 14, and 16 years old. An energy-dense, high-fat, and low-fiber (obesogenic) DP was derived at each time point by reduced rank regression (RRR) using the percentage energy intake from fat, fiber density, and dietary energy density as intermediate variables. Based on each participant's resulting scores, trajectories of adherence to the obesogenic DP were identified by latent class trajectory modeling. Adjusted associations between trajectories, DQ and food consumption changes, and adiposity markers during adolescence were analyzed with generalized linear models.

Results
Based on adherence to the obesogenic DP during adolescence, four stable trajectory groups (from lowest to highest adherence) were identified: trajectory 1 (44 participants [7.3%]), trajectory 2 (180 participants [30.0%]), trajectory 3 (292 participants [48.7%]), and trajectory 4 (84 participants [14.0%]). Overall DQ was moderate, but showed a gradient across trajectories, with trajectory 1 having the best quality. Although the identified trajectories were stable, individuals in the group with the lowest adherence to the obesogenic DP (trajectory 1) significantly improved their overall DQ over time, whereas those with the highest adherence (trajectory 4) showed the opposite trend. The group of adolescents in trajectory 4 had the least healthy central adiposity profile when ∼16 years old.

Conclusion
Four stable trajectories of adherence to an obesogenic DP were identified in a large cohort of adolescents, with DQ decreasing as adherence to the DP increased. Although adherence to the DP was stable, differences in food intake between trajectories widened over time, resulting in increased central adiposity in participants with the highest adherence to the pattern at the end of the study. Further research is needed to explore the determinants of adherence to obesogenic DPs in adolescence and to evaluate their effects on adiposity and overall health later in life.

Trial registration
ClinicalTrials.gov NCT03504059.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12937-025-01102-y.
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Introduction
Dietary intake throughout life is one of the main modifiable factors influencing the maintenance of health and the prevention of non-communicable diseases [1, 2]. Over recent decades, dietary habits in developed countries such as Spain have shifted from traditional patterns to obesogenic dietary patterns (DP) that promote weight gain and the risk of developing obesity. These patterns are characterized by an elevated content of ultra-processed foods (fast-food, biscuits, cakes); high intake of refined grains (refined bread, pasta, rice), dairy products, and meat (mixed meat dishes); and low intake of legumes, fruits, and vegetables [3, 4]. This transition to a low-quality, energy-dense, high-fat, and low-fiber DP may be in part responsible for the currently high worldwide prevalence of overweight and obesity [5]. The study of DPs may help to understand the associations between the overall dietary intake and health outcomes [6, 7]. Understanding how DPs evolve over the life course could assist the development of strategies to improve dietary intakes and health outcomes.
Adolescence is a critical stage of life for the acquisition of lifestyle routines during which DPs start to be settled. Previous studies have reported an association between DPs in childhood and adolescence and cardiovascular diseases or metabolic disorders later in life [8]. Adolescents who have established poor DPs at 14 years are more likely to stick to them later in adolescence [9]. Moreover, adolescents are especially susceptible to environmental influences [10], and food marketing strategies targeting this population mostly promote energy-dense nutrient-poor food choices [11].
Most studies examining the association between DPs and adiposity markers in adolescence have been cross-sectional or focused on specific foods [12, 13], and there is a lack of information on DP trajectories during adolescence and their association with adiposity markers. The aims of the present study were as follows: 1) to derive an obesogenic DP by reduced rank regression (RRR) and to determine the main food groups contributing to the pattern in three cross-sectional time points [baseline, 2-year and 4-year follow-up (FU)] in a large cohort of adolescents in Spain with a mean age of 12 years at cohort entry; 2) to identify trajectories of adherence to this DP over the course of adolescence; 3) to study the changes in food consumption according to the trajectories of adherence to the DP; and 4) to determine the longitudinal association of identified trajectories with adiposity markers determined when study participants were approximately 16 years old.

Methods
Study design and population
This study used longitudinal data collected as part of the SI! (Salud Integral- Comprehensive Health) Program for Secondary Schools trial in Spain, which enrolled 24 secondary schools (7 in Madrid and 17 in Barcelona). This trial, launched in 2017 and finalized in 2021, was designed as a cluster-randomized controlled intervention trial to test the impact of a comprehensive lifestyle program on the cardiovascular health of adolescents and enrolled a total of 1326 individuals with a mean [standard deviation (SD)] age at recruitment of 12.5 (0.4) years. Assessments were scheduled during the academic year at baseline (October 2017–February 2018), 2-year FU (February 2019–June 2019, when the adolescents were approximately 14 years old), and 4-year (final) FU (January 2021–June 2021, when the adolescents were approximately 16 years old).
For inclusion in the trial, the education agencies of the Madrid and Catalonia regional government invited the head teachers from all eligible schools (n = 146) located in Madrid and Barcelona metropolitan areas to a presentation of the study. Eligible schools had to meet the following inclusion criteria: public schools located in the metropolitan areas of Madrid or Barcelona providing education from the first through the fourth secondary school grades, with 3 to 5 classes in the first grade. No exclusion criteria were established and participants did not receive financial compensation. Finally, 24 secondary schools (7 in Madrid and 17 in Barcelona) were enrolled. Within each school, all 1st grade students and their families were invited to participate, and the study included only those ones who signed the informed consent form. Additional details of the study design and data collection procedures are described elsewhere [14, 15]. The present work included all adolescents with data available for dietary assessment in all three assessment periods.
The study is registered at ClinicalTrials.gov number NCT03504059 and was approved by the Committee for Ethical Research (CEI) of the Instituto de Salud Carlos III in Madrid (CEI PI 35_2016), the CEI of the Fundació Unió Catalana d’Hospitals in Barcelona (CEI 16/41), and the University of Barcelona Bioethics Committee (IRB00003099). Data were collected and handled according to Spanish Law 15/1999 on the Protection of Personal Data, ensuring the confidentiality of all participant data. Parents and caregivers provided written informed consent at the beginning of the study.
The reporting of the results of this trial adheres to the Strengthening The Reporting of OBservational studies in Epidemiology (STROBE) guidelines for cross-sectional and cohort studies (Supplemental Table 1).


Dietary assessments
A validated 157-item semi-quantitative food frequency questionnaire (FFQ), excluding questions regarding alcohol intake, was filled out by caregivers at each of the three assessment time points [16]. The questionnaire was considered valid if fewer than 50% of the answers were missing. Because some responses may result in implausibly high or low values, participants were also excluded if their reported energy intake was below 803 kcal/day (boys) or 502 kcal/day (girls), or above 4013 kcal/day (boys) or 3511 kcal/day (girls), based on previous studies in Spanish population [16, 17]. Any missing values in a valid FFQ were interpreted as no intake.
Food intake data were collapsed into 40 groups based on usage or differences in energy density, fat, and fiber content (Supplemental Table 2) [18, 19]. Average absolute and standardized (to 2000 kcal) intakes (g/day) were computed for each food group. We also calculated the percentage energy intake from fat, the fiber density (FD) (g/kcal), and the dietary energy density (DED) (kcal/g). DED, excluding drinks, was calculated by dividing total food energy (kcal) by total food weight (g), and FD was calculated by dividing the intake of non-starch polysaccharides (NSP) (g) by total energy intake (MJ). Diet quality was calculated using the validated Diet Quality Index for Adolescents (DQI-A), ranging from −33 to 100% [20–22]. This index measures adherence to food-based dietary guidelines and takes into account three basic principles for a healthy and balanced diet: dietary quality, dietary diversity and dietary equilibrium. Dietary quality (−100 to 100%), expresses the optimal food quality choices within a food group classified as preference group, intermediate group, or low-nutrient, energy-dense group (Supplemental Table 3). Dietary diversity (0 to 100%) is an indicator of the degree of variation in the diet, with points ranging from 0 to 9 when at least one serving of food of a recommended food group was consumed. Finally, dietary equilibrium (0 to 100%), represents the difference between the adequacy component and the excess component as defined in Spanish food intake recommendations [23]. The total score was calculated as the average of the three components.


Adiposity markers
All participants were instructed to fast overnight before measurements. Trained nutritionists measured participants’ body weight and fat mass (OMRON BF511 body composition scale), height (Seca 213 stadiometer), and waist circumference (WC) (Holtain non-elastic tape). Body mass index (BMI) was calculated as body weight divided by height squared (kg/m2); fat mass index (FMI) was calculated by dividing body fat mass by height squared (kg/m2); and waist-to-height ratio (WHtR) was calculated by dividing WC by height. Age- and sex-adjusted z-scores were calculated using validated cutoff points from the Centers for Disease Control (CDC) for BMI [24] and from the Third National Health and Nutrition Examination Survey (NHANES III) for WHtR [25]. The FMI-specific z-scores were calculated based on our sample as previously described [26]. Briefly, participants were grouped according to their age at each time point, and age- and gender-specific FMI z-scores were calculated.

Covariates
Moderate-to-vigorous physical activity (MVPA) was estimated with an Actigraph wGT3X-BT accelerometer placed on the participant’s non-dominant wrist for seven consecutive days. Records were considered valid if they provided data from a minimum of four consecutive or non-consecutive days, with at least 600 min per day of wear time. MVPA was calculated according to specific cutoff points for adolescents [27]. Sleep time was estimated with the same device. Records were considered valid if they provided data from at least four consecutive or non-consecutive days of wear time with a maximum of 960 min of sleep per 24 h and were classified according to Cole-Kripke cutoff points [28, 29]. Smoking status was assessed with a standard questionnaire [30]. Sexual maturity status was self-reported by participants according to Tanner and Whitehouse pictograms on a scale from I to V [31].
Families, here represented by parents or caregivers, completed a survey collecting sociodemographic information (educational level and migrant status). Parental educational level was stratified according to the International Standard Classification of Education (ISCED) as low (no studies, primary studies, or secondary studies; 0–3 ISCED score), intermediate (post-secondary non-tertiary education or short-cycle tertiary education; 4–5 ISCED score), or high (university studies; 6–8 ISCED score) [32]. If more than one parental or caregiver educational level was reported, the highest level was used for analysis. A migrant background was assumed if at least one parent/caregiver was born outside Spain. The information on migrant status and parental educational level used for analysis was that obtained at baseline; if this information was unavailable at baseline but was collected at any subsequent FU, the earliest reported information was considered.

Statistical analysis
For descriptive data, continuous variables are presented as mean and SD and categorical variables as frequencies and percentages.
DPs were determined using RRR, a statistical technique that identifies linear combinations of predictor variables (in this case food intake groups) that maximize the explained variation in a set of intermediate variables (DED, the percentage of energy intake from fat, and FD in this study) that are hypothesized to be on the pathway between the predictor variables and a health outcome of interest (adiposity parameters in this study). The main difference between RRR and other common methods for deriving DPs is that RRR is partly hypothesis-driven based on previous knowledge and thus tailored to specific research questions about diet-outcome relationships [33]. Separate RRR analyses were conducted using dietary data from baseline and 2- and 4-year FU. As the number of DPs extracted using RRR analysis is determined by the number of intermediate variables included, we obtained three DPs at each time point. DP scores were calculated for each adolescent at every time point as a linear combination of all food group intakes. The first DP from each RRR analysis explained the greatest variation in all three intermediate variables (~ 60% at each of the three time points), whereas the second and third patterns explained ~ 18% and ~ 7.5%, respectively. Therefore, only the first DP, named the obesogenic pattern, was considered for further analysis.
DP scores for each adolescent at each time point were used to identify trajectories by latent class growth modeling (LCGM). LCGM is a longitudinal approach used to identify distinct subgroups (or "latent classes") within a population that follow similar trajectories over time. When applied to derive trajectories of obesogenic DPs, LCGM uncovers groups of individuals with similar patterns of change and adherence to them over the given time period [34]. LCGM was performed with the user-written Stata command ‘traj’, which is based on the SAS PROC TRAJ macro and fits semiparametric (discrete mixture) models for longitudinal data using the maximum likelihood method [35]. Given the use of continuous DP scores, a censored normal distribution approach was used. The optimal number and shape of trajectories was determined as previously described [36]. Briefly, models between one and six trajectories were tested, and the model with the number of trajectories that best fitted the data (lowest absolute Bayesian information criterion (BIC) value; BIC = −2877.80) was finally selected. A maximum probability assignment rule was applied to allocate each participant to the trajectory for which he or she exhibited the highest posterior probability of belonging [37].
Statistical differences between identified trajectory groups were determined by chi-square test with the Cochran-Mantel–Haenszel extension test for variables with ordered categories and by analysis of variance (one-way ANOVA) for continuous variables.
For the study of longitudinal associations between trajectory groups and changes in food consumption over the course of adolescence, we applied multilevel linear mixed-effects models that account for the hierarchical cluster design. As fixed effects, adjusted models included trajectory group, age, gender, randomization group, parental educational level, migrant background, MVPA, sleep time, smoking, sexual maturity status, and food group consumption at baseline. Region (Madrid or Barcelona) and schools within each region were handled as random effects. To study the longitudinal association between trajectory groups and adiposity markers, similar models were constructed using as outcomes the adiposity markers at 4-year FU. The adjustments for these models were the same as above, but with the exclusion of age, gender, and food group consumption variables and the addition of baseline values for the adiposity markers and adherence to the obesogenic pattern. Post-estimation testing of the linear hypothesis across sleep recommendation categories over time was performed using coefficients of orthogonal polynomials. Missing values were not imputed.
Statistical significance was set at p < 0.05 two-sided. Analyses were performed with data from the SI! Program for Secondary Schools trial’s database dated July 17th, 2023. All statistical analyses were conducted with Stata version 17 (StataCorp, College Station, Texas).


Results
This analysis included 600 adolescents (293 girls, 48.8%) enrolled on the SI! Program for Secondary Schools trial in Spain, with a median age at cohort entry of 12.5 years (SD = 0.4 years). The obesogenic DP was positively correlated with DED (~ 0.61) and with the percentage of energy from fat (~ 0.48) and was inversely correlated with FD (~ −0.62). This energy-dense, high-fat, and low-fiber DP was characterized by positive factor loadings of margarine and vegetable oils, cheese, nuts and seeds, biscuits and cakes, processed meat, and mixed meat dishes and negative factor loadings of fresh fruit, vegetables, and legumes (Fig. 1).[image: ]
Fig. 1Reduced rank regression (RRR) factor loadings for the obesogenic dietary pattern derived from the dietary intake assessments at each of the three time points. At each assessment three dietary patterns were derived by RRR. The figure shows the factor loadings for the obesogenic dietary pattern at baseline, 2-year follow-up (FU), and 4-year (final) FU. Positive factor loadings indicate higher frequencies of consumption, whereas negative values indicate lower frequencies of consumption. Factor loadings ≤ −0.15 and ≥ 0.15 were considered important contributors to the obesogenic dietary pattern


Based on adherence to the obesogenic DP during adolescence, four stable trajectory groups were identified (Fig. 2): trajectory 1 (44 participants [7.3%]), trajectory 2 (180 participants [30.0%]), trajectory 3 (292 participants [48.7%]), and trajectory 4 (84 participants [14.0%]), with trajectory 1 having the lowest adherence to the obesogenic pattern over time. No associations were found at baseline with parental educational level, but the healthiest trajectories (1 and 2) included higher proportions of girls and individuals from families with a migrant background (Table 1). Moreover, the mean DQI-A score was highest in trajectory 1 and decreased with increasing adherence across trajectories 2–4; this pattern was especially pronounced for the dietary quality component. No associations were found with MVPA, sleep time, or smoking status. Overall, adolescents allocated to trajectory 4 had healthier values for adiposity markers at baseline, especially BMI and FMI z-scores (Table 1).[image: ]
Fig. 2Trajectories of adherence to the obesogenic dietary pattern in adolescence. The trajectories are ordered according to their mean factor loading (FL) score at baseline. A higher factor loading indicates a higher adherence to the obesogenic pattern. Trajectories were shaped using latent class growth modeling (LCGM) analysis, a longitudinal approach used to identify distinct subgroups (or "latent classes") within a population that follow similar patterns over time

Table 1Baseline characteristics of participants stratified by trajectory of adherence to the obesogenic DP


	 	 	Trajectory*
	 
	Overall
	1
	2
	3
	4
	P-value

	(n = 600)
	(n = 44)
	(n = 180)
	(n = 292)
	(n = 84)

	Age in years, mean (SD)
	12.5 (0.4)
	12.6 (0.4)
	12.4 (0.3)
	12.5 (0.4)
	12.5 (0.3)
	0.071

	Female, n (%)
	293 (48.8)
	28 (63.6)
	100 (55.6)
	130 (44.5)
	35 (41.7)
	0.002

	Parental education, n (%)

	 Low
	91 (15.2)
	10 (22.8)
	21 (11.7)
	43 (14.7)
	17 (20.3)
	0.145

	 Medium
	237 (39.5)
	17 (38.6)
	64 (35.5)
	118 (40.4)
	38 (45.2)

	 High
	272 (45.3)
	17 (38.6)
	95 (52.8)
	131 (44.9)
	29 (34.5)

	Migrant background, n (%)
	150 (25.0)
	21 (47.7)
	64 (35.6)
	59 (20.2)
	6 (7.1)
	 < 0.001

	MVPA in min/day, mean (SD)
	73.3 (23.2)
	70.1 (24.0)
	71.9 (22.0)
	73.5 (23.7)
	77.3 (23.5)
	0.277

	Sleep time in h/day, mean (SD)
	7.7 (0.9)
	7.8 (0.7)
	7.7 (0.9)
	7.8 (1.0)
	7.8 (0.9)
	0.606

	Smoking status, n (%)

	 Never tried tobacco products
	567 (94.7)
	41 (93.2)
	175 (97.2)
	272 (93.5)
	79 (94.1)
	0.385

	DQI-A, mean (SD)
	66.1 (9.7)
	70.8 (9.8)
	68.6 (8.7)
	65.6 (9.2)
	60.2 (10.4)
	 < 0.001

	 Diet quality
	55.5 (16.2)
	65.4 (13.7)
	60.0 (13.3)
	54.0 (15.7)
	45.9 (18.5)
	 < 0.001

	 Dietary diversity
	88.0 (12.5)
	91.7 (12.8)
	89.6 (12.0)
	87.9 (12.1)
	83.1 (13.3)
	 < 0.001

	 Dietary equilibrium
	54.8 (8.5)
	55.3 (8.8)
	56.1 (9.3)
	54.9 (8.1)
	51.7 (7.1)
	0.001

	Adiposity markers, mean (SD)

	 BMI z-score
	0.4 (1.0)
	0.7 (0.9)
	0.5 (1.0)
	0.4 (0.9)
	0.1 (1.0)
	0.003

	 WC z-score
	0.3 (0.8)
	0.5 (0.8)
	0.4 (0.8)
	0.3 (0.8)
	0.1 (0.9)
	0.054

	 WHtR z-score
	0.1 (0.9)
	0.2 (0.9)
	0.1 (1.0)
	0.1 (0.9)
	−0.1 (1.0)
	0.190

	 FMI z-score
	0.0 (1.0)
	0.3 (1.0)
	0.1 (1.1)
	−0.0 (0.9)
	−0.3 (0.9)
	0.002


P-values are derived from one-way ANOVA test for continuous variables and by Cochran-Mantel–Haenszel test for ordered categorical variables
BMI, body mass index; DP, dietary patterns, DQI-A, Diet Quality Index for Adolescents; FMI, fat mass index; MVPA, moderate-to-vigorous physical activity; WC, waist circumference; WHtR, waist-to-height ratio
*Trajectories are ordered from lowest (1) to highest (4) adherence to the obesogenic dietary pattern over the course of the study



Food group consumption and changes during adolescence
Although the food trajectories identified were stable over the study period, there were specific changes in terms of food-group intake, producing more differences in food consumption between trajectories. Detailed information on standardized food-group intake expressed in g/day is presented in Supplemental Table 4. Between baseline and 4-year FU, individuals in trajectory 1 significantly increased their consumption of healthy choices (high-fiber bread: 14.5; 95% CI: 7.9 to 21.0 g/day, vegetables: 120.5; 95% CI: 91.3 to 149.7 g/day, legumes: 29.2 95% CI: 18.9 to 39.5 g/day, and fresh fruits: 309.1; 95% CI: 242.0 to 376.2 g/day) and significantly decreased their consumption of unhealthy foods (low-fiber bread: −17.3; 95% CI: −30.9 to −3.8 g/day, biscuits and cakes: −12.6; 95% CI: −19.7 to −5.5 g/day, processed meat: −10.6; 95% CI: −16.6 to −4.6 g/day, and sugar-sweetened beverages: −38.9; 95% CI: −64.9 to −12.9 g/day) (Table 2). In contrast, individuals in trajectory 4 showed the opposite trend, significantly increasing their consumption of foods like cheese (6.1; 95% CI: 0.1 to 12.1 g/day), margarine and vegetable oils (7.8; 95% CI: 5.2 to 10.3 g/day), and biscuits and cakes (6.4; 95% CI: 1.2 to 11.6 g/day) and significantly reducing their consumption of healthier choices such as vegetables (−39.6; 95% CI: −60.7 to −18.6 g/day), legumes (−12.9; 95% CI: −20.6 to −5.2 g/day), and fresh fruits (−82.5; 95% CI: −140.9 to −24.0 g/day) (Table 2). DQI-A significantly improved in trajectory 1 from baseline to 4-year FU (5.5; 95% CI: 2.8 to 8.2 points), whereas it significantly decreased in trajectory 4 (−2.2; 95% CI: −4.3 to −0.0 points) (Table 2). Similar trends were observed for changes between baseline and 2-year FU and between 2-year and 4-year FU (Supplemental Table 5).
Table 2Energy-adjusted* daily intake and DQI-A differences between 4-year follow-up and baseline


	Food Group (g/day)
	Trajectory†

	1
	2
	3
	4

	High-fat milk and cream
	−37.0 (−68.3 to −5.8)
	−32.8 (−48.3 to −17.3)
	−3.0 (−14.9 to 8.9)
	−23.7 (−46.4 to −1.1)

	Low-fat milk
	−1.9 (−40.5 to 36.6)
	8.2 (−11.0 to 27.4)
	6.1 (−8.6 to 20.9)
	−1.1 (−29.1 to 26.9)

	Yogurts
	−26.0 (−47.6 to −4.3)
	−4.8 (−15.4 to 5.9)
	−8.9 (−17.1 to −0.7)
	−26.1 (−41.6 to −10.6)

	Cheese
	−0.7 (−9.0 to 7.6)
	1.4 (−2.8 to 5.5)
	2.0 (−1.1 to 5.2)
	6.1 (0.1 to 12.1)

	Butter and animal fat
	−0.3 (−0.9 to 0.2)
	−0.2 (−0.5 to 0.0)
	−0.2 (−0.4 to −0.0)
	0.3 (−0.1 to 0.7)

	Margarine and vegetable oils
	−1.1 (−4.5 to 2.3)
	−0.2 (−2.0 to 1.6)
	2.7 (1.2 to 4.1)
	7.8 (5.2 to 10.3)

	Eggs and egg dishes
	3.1 (−0.6 to 6.8)
	2.7 (0.8 to 4.6)
	1.5 (−0.0 to 2.9)
	−1.4 (−4.1 to 1.3)

	Low-fiber bread
	−17.3 (−30.9 to −3.8)
	−0.5 (−7.6 to 6.5)
	−1.2 (−6.8 to 4.4)
	−2.1 (−12.1 to 8.0)

	High-fiber bread
	14.5 (7.9 to 21.0)
	4.5 (1.2 to 7.8)
	1.7 (−0.9 to 4.3)
	−1.2 (−5.9 to 3.5)

	High-fiber breakfast cereals
	2.7 (0.9 to 4.4)
	0.7 (−0.2 to 1.5)
	0.1 (−0.6 to 0.7)
	0.4 (−0.8 to 1.7)

	Other breakfast cereals
	−2.9 (−5.8 to −0.0)
	−1.5 (−3.0 to −0.1)
	−1.3 (−2.4 to −0.1)
	−4.3 (−6.4 to −2.3)

	Rice, pasta, and other grains
	−2.1 (−9.5 to 5.3)
	2.6 (−2.5 to 7.7)
	−0.3 (−5.1 to 4.4)
	−1.9 (−8.0 to 4.2)

	Pizza
	0.8 (−4.2 to 5.8)
	−0.3 (−2.8 to 2.1)
	2.2 (0.3 to 4.1)
	0.7 (−2.9 to 4.3)

	Biscuits and cakes
	−12.6 (−19.7 to −5.5)
	−5.9 (−9.5 to −2.4)
	0.2 (−2.5 to 2.9)
	6.4 (1.2 to 11.6)

	Puddings
	−5.7 (−9.9 to −1.6)
	−4.9 (−7.1 to −2.8)
	−4.1 (−5.8 to −2.4)
	−3.3 (−6.3 to −0.2)

	Ice creams
	−2.4 (−5.5 to 0.7)
	−4.4 (−5.9 to −2.8)
	−3.0 (−4.2 to −1.8)
	−4.5 (−6.7 to −2.2)

	Chocolate and confectionery
	1.5 (−0.9 to 4.0)
	−1.4 (−2.6 to −0.1)
	0.4 (−0.5 to 1.4)
	−1.1 (−2.9 to 0.7)

	Sugar-free confectionery
	0.0 (−0.0 to 0.1)
	−0.0 (−0.0 to 0.0)
	0.0 (−0.0 to 0.0)
	−0.0 (−0.1 to 0.0)

	Spreads
	0.2 (−0.7 to 1.0)
	0.0 (−0.4 to 0.4)
	−0.3 (−0.6 to 0.0)
	−0.4 (−1.1 to 0.2)

	Meat and poultry
	−12.0 (−29.6 to 5.7)
	−7.2 (−16.6 to 2.1)
	−4.9 (−12.4 to 2.6)
	0.4 (−12.6 to 13.4)

	Meat mixed dishes
	−4.0 (−8.1 to 0.1)
	−3.3 (−5.8 to −0.8)
	−0.7 (−2.8 to 1.5)
	0.7 (−2.5 to 3.9)

	Processed meat
	−10.6 (−16.6 to −4.6)
	−6.4 (−9.4 to −3.4)
	−2.1 (−4.3 to 0.2)
	−2.0 (−6.4 to 2.3)

	Fish
	5.0 (−6.8 to 16.9)
	5.9 (0.0 to 11.9)
	−3.4 (−7.9 to 1.1)
	−8.4 (−17.1 to 0.3)

	Fried or roast potatoes
	−6.2 (−12.1 to −0.2)
	−3.4 (−6.3 to −0.4)
	2.6 (0.4 to 4.9)
	3.4 (−1.0 to 7.9)

	Boiled or baked potatoes
	−2.5 (−8.1 to 3.0)
	−0.6 (−4.2 to 3.0)
	−3.0 (−6.2 to 0.2)
	−6.3 (−10.7 to −1.8)

	Vegetables (raw or boiled)
	120.5 (91.3 to 149.7)
	47.7 (33.3 to 62.0)
	−9.8 (−20.6 to 1.1)
	−39.6 (−60.7 to −18.6)

	Legumes
	29.2 (18.9 to 39.5)
	15.0 (9.3 to 20.7)
	−0.2 (−5.0 to 4.6)
	−12.9 (−20.6 to −5.2)

	Fresh fruits
	309.1 (242.0 to 376.2)
	87.0 (34.9 to 139.1)
	−14.7 (−64.3 to 34.9)
	−82.5 (−140.9 to −24.0)

	Other fruit
	−2.5 (−6.1 to 1.2)
	1.3 (−0.6 to 3.1)
	−1.6 (−3.0 to −0.2)
	−1.2 (−3.8 to 1.5)

	Nuts and seeds
	5.4 (1.2 to 9.7)
	4.1 (1.9 to 6.3)
	1.2 (−0.5 to 3.0)
	1.9 (−1.2 to 5.0)

	Crisps and savory snacks
	−2.0 (−4.3 to 0.2)
	−1.5 (−2.6 to −0.4)
	−0.2 (−1.1 to 0.6)
	1.6 (0.0 to 3.2)

	Soups
	4.5 (−0.4 to 9.4)
	1.7 (−1.7 to 5.1)
	1.7 (−1.5 to 4.8)
	−0.8 (−4.9 to 3.2)

	Sauces (low energy dense)
	−0.6 (−1.7 to 0.6)
	−0.2 (−0.8 to 0.4)
	0.5 (0.0 to 0.9)
	0.1 (−0.7 to 1.0)

	Sauces (high energy dense)
	−0.1 (−1.2 to 1.0)
	0.2 (−0.3 to 0.8)
	0.2 (−0.2 to 0.7)
	0.6 (−0.2 to 1.3)

	Condiments
	1.1 (0.2 to 2.1)
	0.8 (0.3 to 1.3)
	0.7 (0.3 to 1.1)
	0.6 (−0.1 to 1.3)

	Sugar-sweetened beverages
	−38.9 (−64.9 to −12.9)
	−32.1 (−45.9 to −18.4)
	−6.8 (−17.8 to 4.2)
	14.8 (−4.3 to 33.9)

	Low-energy beverages
	−3.9 (−14.7 to 6.8)
	5.5 (−0.3 to 11.2)
	3.7 (−1.0 to 8.5)
	−3.8 (−11.9 to 4.2)

	Fruit juice
	38.6 (19.6 to 57.5)
	0.4 (−9.2 to 10.0)
	−8.2 (−15.7 to −0.7)
	−15.4 (−29.3 to −1.6)

	Hot and powdered drinks
	68.6 (34.8 to 102.5)
	27.7 (6.1 to 49.4)
	11.2 (−8.2 to 30.5)
	−1.1 (−28.1 to 25.9)

	Water
	201.9 (75.9 to 328.0)
	93.9 (31.2 to 156.6)
	44.3 (−3.8 to 92.5)
	58.1 (−33.6 to 149.8)

	DQI-A
	5.5 (2.8 to 8.2)
	3.9 (2.3 to 5.5)
	0.4 (−0.9 to 1.8)
	−2.2 (−4.3 to −0.0)


Multilevel linear mixed models were used to determine the adjusted marginal means and 95% confidence interval values. Fixed effects were the trajectory group, age, gender, randomization group, parental educational level, migrant background, moderate-to-vigorous physical activity, sleep time, smoking and sexual maturity status, and each food group consumption/DQI-A at baseline. Region (Madrid or Barcelona) and schools within each region were handled as random effects. *Scaled to a 2000-kcal/day diet. †Trajectories are ordered from lowest (1) to highest (4) adherence to the obesogenic dietary pattern over the course of the study. DQI-A, Diet Quality Index for Adolescents




Longitudinal associations with adiposity markers
The highest adherence to the obesogenic DP at all three time points (trajectory 4) was associated with the least healthy adiposity profile at final FU, especially for WC z-score (difference = 0.26 vs. trajectory 1, 95% CI: 0.00 to 0.51, p-value = 0.048), and increasing adiposity profile correlated directly with increasing adherence to the obesogenic DP (p-value for linear trend = 0.041) (Table 3). No significant associations were found with BMI, WHtR and FMI z-scores.
Table 3Adjusted associations between trajectory of adherence to the obesogenic pattern during adolescence and adiposity markers at 4-year (final) follow-up


	 	Adiposity markers

	BMI z-score
	WC z-score
	WHtR z-score
	FMI z-score

	Number of participants, n
	555
	556
	556
	546

	Trajectory 1 (lowest adherence)
	0 [Reference]
	0 [Reference]
	0 [Reference]
	0 [Reference]

	Trajectory 2
	−0.00 (−0.19 to 0.18)
	0.07 (−0.11 to 0.25)
	0.02 (−0.17 to 0.21)
	−0.08 (−0.30 to 0.13)

	Trajectory 3
	−0.03 (−0.24 to 0.17)
	0.14 (−0.06 to 0.34)
	0.06 (−0.15 to 0.27)
	−0.06 (−0.29 to 0.18)

	Trajectory 4 (highest adherence)
	0.03 (−0.23 to 0.29)
	0.26 (0.00 to 0.51)
	0.15 (−0.12 to 0.42)
	−0.08 (−0.39 to 0.22)

	P-value for linear trend
	0.884
	0.041
	0.252
	0.647


Adjusted multilevel linear mixed models were used to determine the adjusted BMI, WC, WHtR, and FMI z-score ß coefficients and 95% confidence interval values. In these cases, fixed effects were the trajectory group, randomization group, parental educational level, migrant background, moderate-to-vigorous physical activity, sleep time, smoking and sexual maturity status, adherence to the obesogenic pattern, and the value of the adiposity marker at baseline. Region (Madrid or Barcelona) and schools within each region were handled as random effects. BMI, body mass index; FMI, fat mass index; WC, waist circumference; WHtR, waist-to-height ratio
Trajectories are ordered from lowest (1) to highest (4) adherence to the obesogenic dietary pattern over the course of the study





Discussion
This longitudinal study of a large adolescent cohort in Spain aged ∼12 years at cohort entry used RRR to derive an energy-dense, high-fat and, low-fiber DP and identified four stable trajectory groups based on the adherence to this obesogenic DP characterized by higher intakes of margarine and vegetable oils, cheese, nuts and seeds, biscuits and cakes, processed meat, and mixed meat dishes, and lower intakes of fresh fruit, vegetables, and legumes. Diet quality in the study cohort was moderate overall but varied according to the trajectories of adherence to this DP, with better DQI-A scores in low adherence trajectories. Although the trajectories identified were stable, over the study period individuals in the group with the lowest adherence to the obesogenic DP (trajectory 1) significantly improved their overall diet quality, significantly increased their consumption of healthy choices, and significantly decreased their consumption of unhealthy foods; in contrast, individuals in the group with the highest adherence to the obesogenic DP (trajectory 4) showed the opposite trend. The trajectory 4 group had the least healthy central adiposity profile when aged ∼16 years. To our knowledge, this is one of the first studies to scrutinize trajectories of obesogenic DPs in adolescence and to explore longitudinal changes in diet quality and food consumption and their relationship to adiposity markers at this stage of life.
DPs and food group consumption during adolescence
The study of DPs is increasingly used to assess the effects of dietary choices on health. This approach considers the complexities of food intake, such as synergic effects of certain food groups or substitution effects, whereby increased intake of one food group is linked to decreased intake of other groups. Foods are eaten in combination, and DPs offer an appropriately global perspective on dietary habits, capturing the cumulative and interactive effects of the most frequently consumed foods and nutrients. In addition, the study of DPs has the potential to yield results that can be easily translated into recommendations. The energy-dense, high-fat, and low-fiber DP identified in our study is similar to DPs described in previous studies [18, 19, 38], indicating that the use of RRR to derive DPs provides robust results that can be replicated in independent cohorts of adolescents from similar environments. This is especially advantageous when using variables related to food composition as the intermediate variables because the results are less dependent on the specific sample than is the case with other approaches such as principal component or cluster analysis.
The evidence for stability versus change in DPs during adolescence is inconsistent, with some studies indicating transient fluctuations in DP [39, 40] and others finding that DPs tracked over time during adolescence [9, 41–44], especially for healthy dietary choices [45]. Even if the consumption of specific food groups changes over time, the underlying nutritional variables taken into consideration in deriving DPs (in our case DED, FD, and the percentage of energy from fat) usually show a more stable association with health outcomes [40]. However, although DPs often track over time, changes within population subgroups can become increasingly extreme [43]. In our study, we found that individuals with the lowest adherence to the obesogenic DP (trajectory 1) significantly increased their consumption of healthy choices and significantly decreased the consumption of unhealthy foods, whereas those with the highest adherence (trajectory 4) showed the opposite trend. Thus, although the ranking of individuals according to their eating habits during adolescence was stable, between-trajectory differences in dietary intake increased over time, leading to greater divergence in dietary profiles.
Diet quality has been shown to be suboptimal throughout adolescence [46]. Previous studies of our cohort showed that less than 1% of adolescents ate a healthy diet when 12 years old and that diet did not improve substantially between the ages of 12 and 16 years [14, 36, 47]. In the present study, overall DQI-A was moderate, with the quality component scoring the lowest. Adolescence is a critical stage of life characterized by intense body changes, greater susceptibility to environmental influences, and increases in personal autonomy [48, 49]. Furthermore, the transition from adolescence to young adulthood implies important life changes such as leaving the parental home, starting university or work, and cohabitation, moving from a situation of family dependence to financial independence. Adolescents and young adults are among the most frequent consumers of away-from-home meals, often skip breakfast, and frequently replace dinner with snacks and foods characteristic of an unhealthy diet due to taste preference or limited cooking experience [41, 50]. The adolescence and early adult years are formative periods during which long-term eating habits are adopted and maintained [51, 52]. Engaging adolescents in food preparation activities, e.g. implementing policies or interventions in the school’s food environment, has the potential to increase the likelihood that they will continue with these activities during the transition from the family home to an independent lifestyle [53]. Schools are important settings to promote healthy diets and instill lifelong lifestyle habits, since students may consume up to 50% of their daily calories at school [54]. For these reasons, it is important to establish healthy dietary choices early in adolescence so that when these important changes occur, dietary habits remain as healthy as possible. Furthermore, many factors contribute to shaping dietary trajectories, with socioeconomic background being a key determinant. High-energy-dense foods, which are often more accessible to low-income populations [55], are often not only less satiating but also more palatable, contributing to increased food consumption [56]. Conversely, a low-energy-dense diet, generally more expensive than a high-energy-dense, contributes to weight-loss maintenance [57]. Moreover, psychological factors such as self-esteem and body image play a significant role in food choices [47, 58–62], heightening the risk of emotional eating characterized by excessive consumption of foods, particularly those rich in sugars and fat [63, 64]. Other lifestyle factors influence the way dietary trajectories shape. For instance, sleep deprivation disrupts daily fluctuations in appetite hormones resulting in higher levels of the appetite-stimulating ghrelin and low levels of the appetite-suppressing leptin [65, 66]. Moreover, the hedonic food pathway could be activated, resulting in choosing high-energy dense, low fiber, and high-fat foods [67, 68]. Higher levels of physical activity have been associated with higher diet quality during childhood [69], and sedentary behaviour has been associated with increased consumption of energy-dense and unhealthy meals, and a decrease in the daily servings of fruits and vegetables [70]. This can be also due to the fact that children and adolescents who spend more time in sedentary behaviour pay less attention to what they eat during this period [71] and are more exposed to advertisements promoting unhealthy products [72].

Sociodemographic correlates
Women tend to have a healthier diet than men, with higher intakes of fruit and vegetables, whole grains, and fish [73], and our results show similar differences in an adolescent population. A potential explanation for these differences is health beliefs in relation to food choices, since women tend to rate the factor “health” as a more important concern than men do [74]. Moreover, women and girls are often more strongly motivated to consume healthy foods in an attempt to align with gender stereotypes with girls idealizing thinner bodies and boys a more muscular figure [75]. DPs have also been linked to socioeconomic indicators, like education and income [44, 76, 77]. Low parental education level is often associated with higher intakes of sugar-rich and fatty foods among children; however, we found no significant association between parental education and adherence to the obesogenic DP during adolescence. This apparent discrepancy may be related to cultural differences in the influence of socioeconomic factors. In the HELENA study, an analysis of a cohort of adolescents from eight European countries showed that, although parental education was associated with adolescents’ diet quality, the association was more pronounced in northern Europe than in countries in southern Europe, like Spain [78]. Our results indicate that individuals with a migrant background tended to have lower adherence to the obesogenic DP during adolescence, probably reflecting retention of traditional diets in the migrant population, irrespective of socioeconomic position [79]. A more precise definition of these associations will require further studies of DPs that consider multiple sociodemographic variables.

Association of DP trajectories with adiposity markers in adolescence
The evidence for an association between obesogenic DPs and adiposity markers in adolescence is conflicting. Several cross-sectional studies have reported an inverse association between obesogenic DP adherence and adiposity markers in adolescence [18, 80, 81]. Possible explanations for this counterintuitive finding include individuals with excess adiposity already attempting to lose weight or avoid further weight gain and thus selecting healthier dietary choices than their counterparts. It is also important to consider that body image satisfaction and perception become more important in adolescence and are often linked to changes in lifestyle. Adolescents who underestimate their body weight report less healthy diets than body-weight overestimators, whereas individuals dissatisfied with their body image and with a drive for thinness frequently adopt dietary habits linked to weight loss [59]. The reported inverse association between obesogenic DP and adiposity might also in part reflect differential social desirability bias according to nutritional status. Moreover, dietary choices considered unhealthy are more frequently under-reported than healthier foods, especially by individuals with excess weight, whereas lean, physically active children are less likely to under-report unhealthy items [82–84]. The few studies that have examined the association between adiposity markers and DPs longitudinally have produced mixed results [12, 13]. In our longitudinal design, the obesogenic DP was associated with higher WC z-score, but no significant associations were found with BMI, WHtR, or FMI z-score. A lack of association between an obesogenic diet and BMI in longitudinal studies has been reported previously [38, 44] and may reflect the limited value of using BMI to assess body composition or fat distribution; this can result in misclassification, especially during adolescence, when body composition changes rapidly. Other adiposity markers such as WC, WHtR, or FMI might be more appropriate at this stage of life, and abdominal fat accumulation in particular appears have a stronger independent impact on cardiometabolic profile during adolescence and could be included in routine clinical practice [85]. Surprisingly, however, we did not detect a specific association between FMI z-scores and the obesogenic DP, contrary to a prospective study that found a positive association between DP scores in 10-year-old children and subsequent FMI z-scores obtained when the children were 11, 13, and 15 years old [86]. Our less conclusive findings may reflect differences in methodological design, such as the use of DP trajectories over the course of adolescence or the slightly older age of our sample, in line with reports that childhood diet is more strongly associated with later adiposity than diet during adolescence [44, 86]. This suggests that diet might not be the primary driver of excess adiposity in adolescence, and that other lifestyle components, such as physical activity and sleep, should be considered. Moreover, although the trajectory 1 group, with the lowest adherence to the obesogenic DP, was considered the reference group, this does not imply that individuals in this group followed an optimal diet.

Study limitations and strengths
There are some limitations that warrant consideration. Given the observational nature of the study, the possibility of residual confounding including reverse causality cannot be excluded. Further research applying more robust designs, such as randomized controlled trials, are needed to fully support causality. The schools and their participants were selected with a non-probabilistic sampling method; although the findings of this article are similar to published studies, it should be taken into account that the population analyzed might not be representative of the whole adolescent population in Spain, and even less so of countries with different DPs. Therefore, the results presented cannot be extrapolated directly to adolescents from other regions with different food environments.
No dietary assessment method can provide a completely accurate assessment of usual dietary intake; in this case, dietary intake was assessed with an FFQ completed by caregivers. Although FFQ can be more vulnerable to imprecisions and misreporting by participants than other methods such as the 24-h recall or dietary records, the FFQ is inexpensive and can be easily administrated [87]. Of note, the FFQ is one the most commonly used tools to rank participants according to their overall DPs in epidemiological studies, providing a better estimation of the long-term dietary exposures in relation to health outcomes [88, 89]. In this line, obesogenic DPs applying RRR derived from food records [90] showed similar results in adolescents to those reported here. Another limitation of the study is that alcohol consumption was not included to derive the obesogenic DP, despite its potential contribution to calorie intake. The main reason to do so is because the FFQ was proxy-reported by the caregivers and this information would have been highly biased. Given the proportion of missing data, another potential limitation is loss to FU bias, since adolescents with unhealthier DPs and adiposity markers more often drop out of prevention studies. However, there were no significant differences in adiposity markers among participants included vs excluded in this work (data not shown) and all statistical models were adjusted for relevant confounders including sociodemographic and lifestyle variables.
A major strength of the study is the longitudinal analysis of a large adolescent cohort at three assessment time points, tracking multiple food groups and adherence to an obesogenic DP during adolescence. Indeed, this is one of the first studies to track a DP by RRR and LCGM over the course of adolescence. Other strengths include the objective measurement of fat mass, weight, height, and WC at all time points by trained staff; identical data collection at all three time points; and the inclusion of a plethora of variables related to adolescents’ socioeconomic status and health behaviors, such as physical activity and sleep duration measured by accelerometry.


Conclusions
Four distinct stable trajectory groups were identified in this cohort of adolescents based on adherence to an obesogenic DP. Over the study period, individuals in the group with the lowest adherence (trajectory 1) increased their overall diet quality and their consumption of healthy choices and decreased their consumption of unhealthy foods. In contrast, the group with the highest adherence to the obesogenic DP (trajectory 4) showed the opposite trend. Trajectory 4 was also associated with the least healthy central adiposity profile measured when the study participants were ∼16 years old. Further research is needed to explore the determinants of adherence to obesogenic DPs in adolescence and to evaluate their effects on adiposity and health later in life. Additionally, continued research and monitoring of policies or educational interventions will contribute to the development of effective strategies that can positively impact in shifting unhealthy dietary trajectories.
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