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Abstract
Background & Aim  Metabolic and cardiovascular health outcomes are strongly influenced by diet. Dietary habits 
established in early childhood may persist into adulthood. This study aimed to examine the association between 
dietary patterns at both 2 and 8 years of age, explaining the maximum variability of high- and low-quality fats, sugars, 
and fibre, and cardiometabolic markers at age 8 years.

Methods  This was a secondary analysis of the European Childhood Obesity Project, formerly a randomized clinical 
trial across five European countries performed in healthy term newborns. Children in the study were categorized at 
ages 2 and 8 years into two groups based on cluster analysis of dietary patterns (DP) derived from Reduction Rank 
Regression (RRR). A cross-sectional and prospective analysis was conducted to evaluate the associations between 
these DPs and cardiometabolic outcomes, including body mass index (BMI), blood pressure (BP), and biochemical 
markers. Triglycerides, HDL cholesterol and insulin resistance index (HOMA-IR) were also categorized as altered versus 
normal values. Asociations between dietary patterns and health outcomes were assessed using linear and logistic 
regression models, adjusting for covariates based on a step-wise approach.

Results  A total of 336 children were classified based on quality of nutrient intakes into either a “Poor-Quality dietary 
pattern” (PQ-DP) (48% and 66% of infants at 2 and 8 years, respectively) or the “Health-Conscious dietary pattern” (HC-
DP) (52% and 34% of infants at 2 and 8 years, respectively). Following a PQ-DP at both ages 2 and 8 was associated 
with higher triglycerides (β = 0.061, p = 0.049), systolic and diastolic BP (β = 13.019, p < 0.001 & β = 7.612, p = 0.014, 
respectively) and altered levels of HOMA-IR (OR = 3.1, p = 0.037, 95% CI = 1.1–9.1) at 8 years, compared to children with 
an HC-DP at both ages, after adjusting for confounders.

Conclusion  Adherence to a dietary pattern with a poorer nutritional profile in early childhood and school age is 
associated with worse cardiometabolic risk markers at 8 years old.
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Background
A high consumption of ultra-processed foods and of 
sweet beverages has been associated with an increasing 
prevalence of obesity and cardiometabolic disorders in 
numerous countries [1]. Dietary habits established dur-
ing early childhood are likely to persist into mid-child-
hood, adulthood and older age [2–5].

Considering that the human diet is composed of mul-
tiple food products with complex interactions between 
them, studying the relationship between dietary intake 
and its health effects requires a more comprehensive 
approach beyond the focus on single foods or nutrients. 
Dietary patterns are a valuable approach for understand-
ing and predicting diet-related outcomes [6, 7]. Earlier 
research has identified different dietary patterns associ-
ated with health. Unhealthy dietary patterns are often 
characterized by high consumption of processed foods, 
saturated fats and sugars. In contrast, healthy dietary pat-
terns typically feature higher intakes of fruits, vegetables, 
whole grains, healthy fats, and fibre.

To date, index-based methods, exploratory factor anal-
yses (EFA) and principal component analyses (PCA) are 
the most commonly used methods for deriving dietary 
patterns (DP) [6]. A valuable but less commonly used 
statistical approach that has emerged is Reduced Rank 
Regression analyses (RRR). This method offers the advan-
tage of considering “a priori” knowledge about disease 
aetiology in combination with “a posteriori” methods to 
extract the dietary patterns. This may enhance the rel-
evance of the extracted dietary patterns and makes it 
possible to explain the maximum variability in response 
variables and better predict the disease risk [8].

Fewer studies have explored the long-term effects of 
early life nutrition on cardiovascular health markers dur-
ing childhood and later stages of life. Leermakers et al. 
found no associations between the quality of diet at the 
age of 1 year and its impact on cardiometabolic health 
at the age of 6 years in participants of the Generation R 
cohort Study, using RRR analyses to derive dietary pat-
terns [9]. In a subsequent analysis, the same group 
reported associations between higher diet quality at 8 
years and lower systolic and diastolic blood pressure at 
10 years using a priori methods, although no significant 
associations were observed for insulin, triglycerides, HDL 
cholesterol, or body fat percentage [10]. Similarly, the 
Generation XXI birth cohort identified that an unhealthy 
dietary pattern at age 7 correlated significantly with sys-
tolic blood pressure (SBP) and insulin resistance index 
(HOMA-IR) at age 10 years, but not with other health 
markers [11]. A systematic review, with limited evidence, 

indicated that adopting a healthy dietary pattern in child-
hood was associated with lower blood lipid levels, triglyc-
erides, and blood pressure (BP) later in life [12].

Using an exploratory approach, dietary patterns in 
the Childhood Obesity Project (EU CHOP) study were 
previously investigated, revealing that dietary patterns 
established at 2 years of age and continuing into later 
childhood were associated with cardiometabolic markers 
such as BP, triglycerides and HOMA-IR at 8 years of age 
[2, 3]. However, this method was not able to explain the 
maximum variability in response variables or to better 
predict disease risk.

Methods
This study aims to investigate the association between 
dietary patterns explaining the maximum variability of 
high- and low-quality fats, sugars, and fibre at both 2 
and 8 years of age, and cardiometabolic markers at age 8 
years, using a hypothesis driven statistical approach.

Study design and population
We used data from the randomized controlled multicen-
tre EU CHOP study. The primary aim of EU CHOP was 
to investigate whether infant and follow-on formula with 
a lower (1.77 and 2.2  g protein/100  kcal, respectively) 
protein content during the first year of life reduces later 
obesity risk, compared to conventional infant and follow-
on formula with higher (2.9 and 4.4  g protein/100  kcal, 
respectively) protein content [13]. The study was con-
ducted in five European countries: Germany, Belgium, 
Italy, Poland and Spain, with infants recruited from birth 
up to a maximum of 8 weeks [median (IQR) age: 14 d 
(3–30 d)] between October 2002 and July 2004. Inclusion 
criteria were being born apparently healthy at term from 
a singleton pregnancy, with normal weight for gestational 
age, and born to mothers without health problems or tak-
ing medications that could influence intrauterine growth. 
Detailed information about the study is available else-
where [13]. For the current analysis, we used data from 
children who participated in the 2-year visit and those 
who attended the 8-year visit, with dietary records avail-
able for both groups. Cross-sectional analyses included 
data from children who performed anthropometry, had 
dietary intake information and blood pressure or blood 
sample analyses. Prospective analyses included chil-
dren who attended both visits (at 2 and 8 years) and had 
dietary records, along with either blood pressure mea-
surements or blood sample analyses.

Keywords  Poor quality dietary pattern, Early childhood nutrition, Cardiometabolic health, Reduction rank regression, 
Cluster, Prospective analyses
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Health outcome measures
Anthropometry
Anthropometric measurements were taken in duplicate 
by trained nutritionists following standard operating 
procedures based on the manual by Lohman et al. [14]. 
All measurements were taken with participants wearing 
only underwear. Weight (kg) was measured using a SECA 
702/703 digital scale (precision ± 10  g) and height was 
measured with a digital stadiometer SECA 242 (preci-
sion ± 1 mm). Waist circumference was measured at the 
midpoint between the iliac crest and the lower rib in a 
standing position after exhalation, according to WHO 
references [15]. All study centres used the same equip-
ment for these measurements. Body Mass Index (BMI) 
was calculated as weight (kg)/height (m2). BMI z-scores 
were calculated using WHO references [15].

Blood pressure
At the 8-years visit, blood pressure was measured using 
an oscillometric technique with the Digital tensiom-
eter Dinamap ProCare 100/200 (GE Medical Systems, 
Freiburg, Germany). Measurements were taken in dupli-
cate at least 20  min after the child arrived at the study 
centre. The measurements were performed on the left 
arm, while the child remained seated with the arm resting 
comfortably and using an appropriately sized cuff. Both 
measurements were separated by a slot time of 5  min, 
and the average of the two readings was used for statis-
tical analysis. Systolic (SBP) and diastolic blood pressure 
(DBP) were standardized as percentiles based on body 
height using references from the American Academy of 
Pediatrics [16].

Blood sample analyses
Fasted venous blood samples were collected by trained 
nurses when the child were 8 years old. Serum samples 
were stored at -80 ºC and transported in dry ice to the 
central laboratory. Glucose, high-density lipoprotein cho-
lesterol (HDL cholesterol) and triglyceride levels were 
analysed at the respective local study laboratories using 
routine methods [17]. Insulin levels (µIU/ml) were quan-
tified using immunoradiometric assays. Fasting insulin 
and glucose levels were used to calculate insulin resis-
tance (HOMA-IR) using the Homeostasis Model Assess-
ment of Insulin resistance [18, 19]. Serum insulin levels 
were measured using an immunoradiometric assay (Dia-
Source, Nivelles, Belgium) following the manufacturer’s 
instructions. HDL cholesterol ≤ 10th percentile, and tri-
glycerides and HOMA-IR ≥ 90th percentile, based on the 
age- and sex-specific references from the IDEFICS study 
[20, 21], were considered altered.

Cardiometabolic risk score
To assess the children’s cardiometabolic risk, we com-
puted a continuous cardiometabolic risk score variable 
(Cmet Risk) following the method proposed by Eisen-
mann et al. [22]. This score was calculated as the sum of 
standardized variables: waist circumference, SBP, DBP, 
triglycerides, HOMA-IR and HDL cholesterol internal 
z-scores, this last one multiplied by -1 (as HDL cho-
lesterol is inversely related to cardiometabolic risk). A 
higher score in this Cmet Risk indicates a less favourable 
cardiometabolic profile.

Predictors of health outcome measures
Assessment of dietary intake
Dietary intake was assessed using three-day estimated 
and weighed food diaries completed by the child’s parent 
or caregiver at ages 2, 3, 4, 5, 6, and 8. For these analyses 
we used the initial and final intakes (2 and 8 years). Par-
ents were instructed on how to record all food and bev-
erages consumed over two weekdays and one weekend 
day. Energy and macronutrient intakes were estimated 
using a database derived from the German BLS II.3 [23]. 
Food items and recipes not available in the database were 
incorporated at each study center based on informa-
tion from manufacturers, other databases, or ingredient 
lists. Detailed information on standard operating pro-
cedures for assessing dietary intake has been previously 
published [24, 25]. A total of 7444 individual foods and 
beverages were categorized into 105 groups, which were 
subsequently reduced to 27 major food groups based on 
similarities in their nutrient profile and processing lev-
els. Additional information on this process of combining 
food groups has been previously published [2].

Covariates
Sociodemographic and other characteristics, includ-
ing sex (male vs. female), country of origin (Germany, 
Belgium, Italy, Poland, and Spain), maternal education 
level (high, medium or low), maternal smoking during 
pregnancy at any time (yes vs. no), maternal BMI, feed-
ing group during the first year of life (lower protein vs. 
higher protein formula or exclusive breastfeeding for at 
least 3 months), mean energy intake at 8 years (kcal/day) 
and BMI z-score at 8 years (not included in BMI outcome 
measures nor in the cardiometabolic risk score variable) 
were included as covariates. All categorical variables 
with more than two levels were converted into dummy 
variables.

Statistical analyses
Descriptive data were reported as median and inter-
quartile range (IQR) for continuous variables and as 
frequency and percentage for categorical variables. Nor-
mal distribution of variables was assessed visually, and 
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non-normally distributed variables (triglycerides, HDL 
cholesterol and HOMA-IR) were transformed into a log-
arithmic scale [20, 21]. 

Major factors were extracted using RRR analyses, as 
previously described by Hoffmann et al. [26]. The 27 
food groups (g/day) were considered as predictor vari-
ables, and low-quality fats, healthy fats, fibre and total 
sugars (g/total daily energy intake [kcal]) were selected 
as response variables based on evidence of a relation-
ship with metabolic and cardiovascular problems both in 
childhood and adulthood. Low-quality fats were defined 
as fats from meat, eggs, milk, saturated spreads, pro-
cessed products, cakes and confectionary; healthy fats 
were defined as fats from olive oil, nuts and fish.

Four extracted factors were obtained in accordance 
with the number of response variables included. Factor 
loadings were also obtained to quantify the contribution 
of each food group to the extracted factors. Food groups 
with a factor loading of 0.2 or higher were considered as 
significant for interpreting and labelling the extracted 
factor.

In a first step we explored the extracted factors 
obtained at all ages (2 to 8 years) to confirm the consis-
tency of the patterns. The extracted factors obtained at 
4 years were the most independent of each other and 
explained the greatest variability in intake. To track pre-
dictor scores for exactly the same extracted factor from 
2 to 8 years, we use the scoring coefficients produced by 
the 4-year analysis for both 2 and 8 years. In this way, 
adherence to the 4 extracted factors was fully comparable 
at both 2 and 8 years of age. Each participant received a 
z-score quantifying their adherence to each extracted 
factor at both 2 and 8 years.

Since the quality of the diet for each participant 
depended on combinations of four different factor 
z-scores, we grouped the subjects using cluster analyses. 
This approach allows for a simplified and clearer inter-
pretation of diet quality in each participant, following the 
methodology proposed by Shang, X [27]. This clustering 
procedure used Ward’s method with squared Euclidean 
distances in a hierarchical cluster analysis to categorize 
subjects into two distinct clusters, each representing a 
dietary pattern group (DP).

Differences between dietary patterns (DP) and nutri-
ent intakes adjusted for energy were analysed using the 
Mann–Whitney U test. Linear regression models were 
applied to assess the association between these two DP 
groups, identified through cluster analyses, and the main 
outcome measures (BMI z-score, triglycerides, HDL cho-
lesterol, HOMA-IR, systolic and diastolic blood pressure 
and Cmet Risk score) at 8 years of age. Two regression 
models were constructed: the first model included DP 
groups at age 8 years, and the second model included 
DP groups at age 2 years. Additionally, children were 

classified into groups based on their consistency in 
remaining within the same dietary pattern (DP) cluster 
across different time points.

The association of persistent dietary patterns with car-
diometabolic health markers was analysed using linear 
regression model.

Logistic regression analyses were conducted to exam-
ine the relationship between classification into different 
dietary pattern groups and the presence of altered values 
in triglycerides, HDL cholesterol and HOMA-IR at ages 
2 and 8 years, in both cross-sectional and prospective 
analyses.

In all the linear and logistic regression models, dietary 
pattern group was introduced as the main predictor 
using the enter method, while other covariates were 
included using the step forward method. All models 
were adjusted for the following possible confounders: 
sex, country of origin, maternal education level, maternal 
smoking during pregnancy, maternal BMI, feeding dur-
ing the first year of life, mean energy intake at 8 years and 
BMI z-score at 8 years (not included as covariate in mod-
els with BMI or cardiovascular risk score as outcome).

Statistical significance was accepted at the level p < 0.05. 
The statistical analyses were performed using SPSS (Sta-
tistical Package for the Social Sciences) version 29.0 (IBM 
Corp., Armonk, NY, USA) and SAS version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Results
Study participant characteristics
At 2 years, 1009 infants completed the follow-up visits. 
Among them, 726 participants had both anthropometry 
measurements and information on nutrient intake. At 
age 8, 653 children attended the visit. We collected com-
pleted 3-day food diaries and anthropometry data from 
396 participants. Additionally, 385 participants had their 
blood pressure parameters measured, and 274 partici-
pants had anthropometry, dietary intake, and biochemi-
cal parameters measured under fasting conditions at 8 
years of age. At both ages, 336 participants had dietary 
intake information, while 322 also had anthropometry 
and measured blood pressure. Finally, 228 participants 
had dietary intake, anthropometry, and biochemical 
parameters measured under fasting conditions at both 
time points. Additional File 1 shows the study flowchart. 
Detailed descriptions of anthropometric, biochemical 
parameters, dietary intake, and blood pressure measure-
ments for the children included in the analyses at ages 2 
and 8 years are shown in Table 1. The descriptive char-
acteristics of the entire study sample are shown in Addi-
tional File 2. Further details about the sociodemographic 
characteristics of the study sample were previously pub-
lished [3].
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Dietary patterns
The four major extracted factors and their respective 
loadings for each food group are depicted in Fig. 1. The 
first extracted factor was characterized by high positive 
loadings for saturated spreads, added sugars, confection-
ary products and fruit juices and negative loadings of fish, 
olive oil and olives. Thus, it was labelled as “poor quality 
fats and sugar”. It explained the greatest variation (34.8%) 
in all four response variables low-quality fats, healthy 
fats, fibre and total sugars; the second factor (labelled 
as “fibre”), the third factor (labelled as “poor quality fats 
without sugar”) and fourth extracted factor (labelled as 
“high quality fats”) explained each 16%, 13%, and 5%, 
respectively.

The two dietary clusters/patterns at 2 and 8y that dis-
cerned those predictor scores from each extracted fac-
tor best is displayed in Fig. 2. As expected, the predicted 
score of Factor 1, which explained the highest variation, 

differed significantly between the two dietary pattern 
groups.

The first group of children had negative predicted 
scores for Factor 1: -0.67 (± 0.77) at 2 years and − 2.12 
(± 1.0) at 8 years (mean ± SD). Conversely, the second 
dietary pattern group had positive scores for Factor 1: 
0.71 (± 0.62) at 2 years and 0.49 (± 1.1) at 8 years. These 
differences between the dietary pattern groups were sta-
tistically significant at both timepoints (p < 0.001).

The other predictor scores also differed between groups 
at both timepoints, except at 8 years, where the predictor 
score from the second extracted factor did not differ sig-
nificantly between the two groups of children. (Fig. 2).

Figure 3 shows the nutrient intakes by dietary pattern 
group. Significant differences were observed between the 
groups for healthy fats, processed fats, other non-healthy 
fats, and sugar intake adjusted for energy at both ages 
(p < 0.001 for all associations at 2 and 8 years). For fibre 
intake, the first dietary pattern (DP) group had a lower 

Table 1  Descriptive of the study sample of children included in the analyses
2 years 8 years
Median [25th ;75th centiles] Median [25th ;75th centiles]

Anthropometry parameters n = 336 n = 336
Weight [kg] 12.4 [11.6;13.2] 27.5 [24.4;31.1]
Height [cm] 88.0 [86.1;90.2] 129.7 [125.7;133.1]
Waist circumference [cm] 47.9 [45.6;50.4] 57.4 [54.5;62.4]
Body Mass Index [kg/m2] 16.1 [15.3;17.0] 16.4 [15.1;18.2]
Body Mass Index [z-score] 0.29 [-0.41;0.94] 0.37 [-0.43;1.26]
Nutrient intake n = 336 n = 336
Energy intake [kcal/day] 1105 [940;1264] 1610 [1383;1770]
Protein intake [g/day] 44.0 [36.3;54.1] 59.3 [50.4;70.3]
Carbohydrate intake [g/day] 135.8 [115.3;156.0] 192.1 [166.6;221.3]
Fat intake [g/day] 41.9 [33.7;50.7] 63.7 [53.5;74.9]
Dietary fibre [g/day] 6.9 [5.2;9.1] 11.8 [9.6;14.0]
Sugars [g/day] 67.4 [55.1;85.5] 79.3 [65.6;99.8]
Protein intake by energy [g/1000 kcal] 40.8 [34.9;46.0] 37.1 [33.2;42.1]
Carbohydrate intake by energy [g/1000 kcal] 123.9 [112.0;135.0] 121.1 [110.4;132.0]
Fat intake by energy [g/1000 kcal] 38.0 [34.1;41.8] 40.6 [36.4;44.3]
Dietary fibre by energy [g/1000 kcal] 6.2 [4.8;8.1] 7.3 [6.2;8.9]
Sugars by energy [g/1000 kcal] 62.0 [53.6;72.2] 51.6 [43.1;59.6]
Blood Pressure parameters n = 385
Systolic BP [mmHg] - 100 [93;107]
Systolic BP percentile [AAP 2017] - 61 [34;81]
Diastolic BP [mmHg] - 57 [52;61]
Diastolic BP percentile [AAP 2017] - 44 [25;60]
Biochemical parameters n = 274
Total cholesterol [mg/dl] - 166 [146;185]
HDL cholesterol [mg/dl] - 58 [49;68]
Triglycerides [mg/dl] - 53 [42;69]
Glucose [mg/dl] - 84 [78;89]
Insulin [µiu/ml] - 8.3 [6.5;10.6]
HOMA-IR - 1.72 [1.31;2.22]
Cardiometabolic Risk - n = 257
Cardiometabolic Risk Score - -0.75 [-2.54;1.26]
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intake than the second group at 2 years (p < 0.001), but 
no differences were observed at 8 years. Similarly, no dif-
ferences in energy intake were observed between groups 
at any timepoint (data not shown). Based on this dietary 
intake information, the two dietary patterns were labelled 
as follows: “Poor-Quality dietary pattern” (PQ-DP) and 
“Health-conscious dietary pattern” (HC-DP). At 2 years, 
362 infants (48%) were classified into the PQ-DP group 
and 385 infants (52%) into the HC-DP group. At 8 years, 
262 children (66%) were classified into the PQ-DP group 
and 134 children (34%) into the HC-DP group.

Association between dietary patterns and cardiometabolic 
markers
Multiple linear regression models for each health out-
come variable in relation to dietary patterns are shown in 
Table 2.

The first model examined the association between the 
diet type at 8y and health markers at the same age. Over-
all, we did not find significant associations between the 
type of diet and the health outcomes variables, except 
for BMI z-score, which was inversely associated with the 
poor-quality dietary pattern group at 8 years (β=-0.260, 
p = 0.049) (Table 2).

The second model shows the association between diet 
at 2 years and health outcomes at 8 years. Belonging to 
the PQ-DP at 2 years was associated with higher blood 
triglycerides (β = 0.056, p = 0.017), lower HDL choles-
terol (β=-0.034, p = 0.032), and higher systolic (β = 11.400, 
p = < 0.001) and diastolic blood pressure percentiles 
(β = 4.950, p = 0.049). Consistently, we found that infants 
in the poor-quality dietary pattern had significantly 
higher cardiometabolic risk score at 8 years (β = 1.086, 
p = 0.020). No significant associations were found 

Fig. 2  Differences in predictor scores from each extracted factor between dietary patterns groups at 2 (A) and 8 (B) years old. Note: “Median (centre line)”, 
“Mean (cross)”, “Interquartile Range (Q1-Q3 box)”, “Whiskers (range of acceptable values)”

 

Fig. 1  Loading factors of the four major extracted factors at 4 years
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between the PQ-DP at 2 years and the BMI z-score and 
HOMA-IR at 8 years.

The third model examined the association between 
remaining in a diet group over time, at 2 and 8 years, and 
health outcomes at 8 years. Based on their consistency in 
remaining within the same dietary pattern (DP) cluster 
across different time points, children were classified in 
four different groups: (1) PQ-DP at both 2 and 8 years: 
145 children (43.2%); (2) PQ-DP at 2 years and HC-DP 
at 8 years: 19 children (5.7%); (3) HC-DP at 2 years and 
PQ-DP at 8 years: 76 children (22.6%), and; (4) HC-DP 
at both 2 and 8 years: 96 children (28.6%) (Table 3). We 
observed that children adhering to the PQ-DP at both 
2 and 8 years had significantly higher blood triglycer-
ides (β = 0.061, p = 0.049) and higher systolic and dia-
stolic blood pressure (β = 13.019, p < 0.001 and β = 7.612, 
p = 0.014, respectively), compared with children who fol-
lowed the HC-DP at both ages. Furthermore, we did not 
find significant differences in the cardiometabolic risk 
score, HOMA-IR, HDL cholesterol, and BMI between 
children who followed the PQ-DP at both 2 and 8 years, 
compared with those who followed the HC-DP at both 
ages (Table 2). To be classified either in the PQ-DP at 2 
years and then a HC-DP at 8 years or vice versa (HC-DP 
at 2 years and a PQ-DP at 8 years) was not associated 
with any of the health outcomes at 8 years (Table 2).

We also performed logistic regression analyses to 
observe the association between being classified in dif-
ferent dietary patterns and altered levels of triglycerides, 
HOMA-IR and HDL cholesterol. Children in the PQ-DP 

at 2 years had increase odds of 2.5 for having a high 
HOMA-IR at 8 years (p = 0.021). Moreover, children with 
a PQ-DP at both 2 and 8 years had increased odds of 3.1 
for having a high HOMA-IR at 8 years (p = 0.037) com-
pared with children with a HC-DP at both timepoints 
(Table  4). No significant associations were observed 
between DPs and altered levels of triglycerides and HDL 
cholesterol at any timepoint (Table 4).

Discussion
Here, we describe associations between dietary patterns 
at 2 and 8 years reflecting the quality of dietary nutri-
tional profiles and cardiovascular health markers at 8 
years, delivering a hypothesis-driven analysis. Our find-
ings confirm that adhering to dietary patterns character-
ized by the intake of poor-quality fats, sugars, and low 
fibre, along with low intake of high-quality fats during 
childhood, is associated with worse cardiometabolic risk 
indicators, independent of BMI. Specifically, we observed 
that children consistently adhering to a poor-quality diet, 
labelled as “PQ-DP”, at both 2 and 8 years were more 
likely to have higher concentrations of triglycerides, sys-
tolic and diastolic blood pressure and an increased risk 
of having an altered HOMA-IR, compared to children 
adhering to a health-conscious dietary pattern at both 
ages.

Our results are consistent with previously published 
findings in early childhood. For instance, the Genera-
tion XXI birth cohort identified that an unhealthy dietary 
pattern at age 7 was significantly associated with DBP 

Fig. 3  Differences in nutrient intake adjusted by energy between dietary patterns groups at 2 (A) and 8 (B) years old. Note: P value for Mann-Whitney U 
test between dietary pattern clusters. At 2 years, p < 0.001 in all cases; at 8 years, p < 0.001 in all cases except for fibre. “Median (centre line)”, “Mean (cross)”, 
“Interquartile Range (Q1-Q3 box)”, “Whiskers (range of acceptable values)”
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and HOMA-IR at 10 years, although no statistically sig-
nificant associations were found for SBP, triglycerides, 
HDL and LDL cholesterol at that age [11]. Similarly, the 
Generation R study reported significant associations 
between higher diet quality at 8 years and lower systolic 
and diastolic blood pressure at 10 years, but no statisti-
cally significant associations with insulin, triglycerides, 
HDL cholesterol, or body fat percentage as individual 
factors [10]. To our knowledge, this is the first confirma-
tory analyses (as dietary patterns are hypothesis driven) 
describing the association between diet and cardiovascu-
lar effects at such an early age.

Dietary patterns derived from exploratory methods 
are population-specific and may differ between differ-
ent research studies. Nevertheless, the dietary patterns 
identified in our study share similarities with and can be 
compared to other studies. Unhealthy patterns have been 
commonly described and labelled as processed dietary 
pattern [28], snacky dietary pattern [11], western dietary 
pattern [27] and sweet & processed dietary pattern [29], 
among others. Conversely, healthy patterns have been 

described as Mediterranean dietary pattern [30], healthy 
dietary pattern [27] and health-conscious dietary pattern 
[29], among others.

Interestingly, following a PQ-DP was not associated 
with an increase in BMI z-score at 8 years. In fact, we 
found an inverse association between following a poor-
quality dietary pattern and BMI z-score at 8 years in the 
cross-sectional analysis. However, this association disap-
peared when we analysed the persistence of this dietary 
pattern over time. It’s important to consider that par-
ents of children with overweight or obesity might be 
more likely to under-report their child’s intake or omit 
unhealthy foods, compared to parents of children with 
normal weight, as shown in a previous study [31]. Addi-
tionally, the observed associations could also be influ-
enced by reverse causation, where children with higher 
BMI may alter their dietary patterns. Moreover, we stud-
ied a population of healthy children with a low preva-
lence of overweight and obesity [32, 33], thus the overall 
goodness of fit for that model was low. The relationship 
between obesity and healthy dietary patterns in children 

Table 3  Classification of children into dietary pattern groups based on cluster membership over time
Dietary pattern at 8 years
Health-consious DP Poor-quality DP

Dietary pattern at 2 years Health-consious DP 96 participants 76 participants
Poor-quality DP 19 participants 145 participants

DP: dietary pattern

Table 4  Logistic regression models on the associations of dietary patterns during childhood on health outcomes at 8y
Triglycerides
≥ 90th pct

HDL Cholesterol
≤ 10th pct

HOMA-IR
≥ 90th pct

OR (95% CI)
P value and R2

OR (95% CI)
P value and R2

OR (95% CI)
P value and R2

Model 1: Cross-sectional: association of the diet at 8y on health outcome at 8 years
PQ-DP at 8y 0.533 (0.147, 1.934)

0.339, 11.2%a
0.828 (0.236, 2.897)
0.767, 7.9%b

1.276 (0.647, 2.517)
0.482, 21.6%c

Model 2: Prospective: association of the diet at 2y on outcome at 8 years
PQ-DP at 2y 1.501 (0.465, 4.851)

0.497, 15.7%d
2.714 (0.750, 9.817)
0.128, 14.2%e

2.513 (1.152, 5.480)
0.021, 29.2%f

Model 3: Prospective: association of the diet at 2y and 8y on outcome at 8 years*
PQ-DP at 2y and PQ-DP at 8y 0.583 (0.105, 3.229)

0.536
3.752 (0.586, 24.026)
0.163

3.115 (1.072, 9.052)
0.037

PQ-DP at 2y and HC-DP at 8y 1.711 (0.261, 11.218)
0.576

1.273 (0.115, 14.113)
0.844

3.454 (0.911, 13.100)
0.068

HC-DP at 2y and PQ-DP at 8y 0.328 (0.056, 1.927)
0.217

0.966 (0.173, 5.404)
0.969

1.499 (0.624, 3.602)
0.365

17.8%g 15.1%h 29.6%i

HOMA-IR: Homeostasis Insulin Resistance Index, PQ-DP: Poor-quality dietary pattern group, HC-DP: Health-consious dietary pattern group,  pct: percentile. All 
models adjusted by sex, country (reference category: Spain), energy intake at 8y, diet during the first year of life (reference category: Low protein formula), maternal 
education level (reference category: Low), maternal smoking during pregnancy, maternal BMI and BMI z-score at 8y. The R2 for the goodness of fit is provided for 
each model. Bold numbers: statistically significant. Reference dietary pattern group: HC-DP at 2 years and HC-DP at 8 years. Confounders with effect on the outcome 
variable: a Belgium (OR = 6.288, p = 0.034), Poland (OR = 6.323, p = 0.010), maternal BMI (OR = 1.102, p = 0.032). b Poland (OR = 5.599, p = 0.015). c Italy (OR = 0.300, 
p = 0.002), BMI z-score at 8y (OR = 2.003, p < 0.001). d Poland (OR = 4.189, p = 0.044), maternal education level: medium (OR = 0.367, p = 0.047), maternal BMI (OR = 1.141, 
p = 0.008). e Diet during the first year of life: breastfed (OR = 3.183, p = 0.027). f Italy (OR = 0.245, p = 0.001), Poland (OR = 0.392, p = 0.037), smoking during pregnancy 
(OR = 2.093, p = 0.031), BMI z-score at 8y (OR = 2.038, p < 0.001). g Poland (OR = 7.694, p = 0.018), maternal education level: medium (OR = 0.355, p = 0.044), maternal BMI 
(OR = 1.150, p = 0.005). h Diet during the first year of life: breastfed (OR = 3.386, p = 0.022). i Italy (OR = 0.233, p = 0.001), Poland (OR = 0.360, p = 0.039), smoking during 
pregnancy (OR = 2.111, p = 0.031), BMI z-score at 8y (OR = 2.071, p < 0.001)
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has been extensively studied, with controversial results, 
as indicated in a recently published systematic review 
[34]. Conversely, the fact that dietary patterns were asso-
ciated with cardiometabolic health outcomes adjusted 
for energy intake highlights the importance of diet qual-
ity independently of the amount consumed. In fact, the 
adjustment for BMI further reinforces the importance of 
diet quality, also in thin children.

In early childhood, few studies have analysed the long-
term longitudinal effects of diet on cardiometabolic 
health indicators. Our cross-sectional and prospective 
findings indicate that the type of diet at 2 years influences 
cardiometabolic health markers in school-age children 
and may impact disease risk later in life. Therefore, our 
results highlight the importance of promoting a healthy 
diet from an early age onwards. Diet during early years 
can influence later cardiometabolic health through met-
abolic programming of body functions during the first 
1000 days of life and also through the tracking of dietary 
patterns established in early life [2, 35]. Dietary patterns 
acquired at 2 years of age tend to persist into later child-
hood, particularly unhealthy patterns [3]. In our study, of 
all the children classified in the PQ-DP group at 2 years, 
only a very small percentage were classified in the HC-DP 
group at 8 years. These findings highlight the importance 
of promoting healthy eating habits early in life, which 
may be achievable by implementing targeted family edu-
cation programs.

This study has several limitations. First, the sample size 
and loss to follow-up which may introduce bias, after 
several years of participation in the study, some families 
did not diligently complete the food diaries, and other 
declined to participate in blood sampling. Second, this 
is a secondary analysis of data from a study not origi-
nally designed for this specific purpose. Third, the Cmet 
Risk variable does not diagnose existing pathology but 
instead reflects a less favourable cardiometabolic profile 
normalised for population, age and sex. Additionally, we 
are aware that there are different approaches for calcu-
lating the cardiometabolic risk score, but we are unsure 
whether the score we have used is the most appropriate 
for our population [36]. Lastly, the covariate adjustment 
strategy, based on a stepwise approach, may have led to 
the inclusion of variables potentially lying on the causal 
pathway, which could influence the interpretation of the 
effect estimates.

Important strengths of our study include the meth-
odological approach applied and the independence of 
results from BMI. The prospective analyses conducted 
in a multicentric sample with five different countries in 
Europe in pre-school children, enhances the robustness 
and transferability of the findings.

Conclusion
Adherence to a dietary pattern with poor nutritional 
quality in early childhood and at school age is associated 
with worse cardiometabolic risk markers at 8 years, inde-
pendent of body mass index. Promoting healthy dietary 
habits during early ages of life could be an important pre-
ventive strategy to reduce later cardiometabolic disease 
risks.
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