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Abstract
Purpose

This study aimed to examine the association between complementary feeding (CF) initiation method
and both food group intake and adherence to the MedDiet in preschool children.

Methods

This is a cross‐sectional analysis from the Childhood Obesity Risk Assessment Longitudinal Study
(CORALS) project. A total of 1296 children aged 3−6 years were included. CF method at the initiation of
introduction of solids was classified as traditional spoon-feeding, baby-led weaning (BLW) and mixed
method. Dietary intake of food groups was assessed using the COME-Kids Food and Beverage
Frequency Questionnaire (F&B-FQ). For the assessment of adherence to the MedDiet, the MED4CHILD
questionnaire was used. Principal component analysis (PCA) was performed to derive dietary patterns
based on food group intake and linear and logistic regression models were fitted to assess the
association between the variables.

Results

Compared with traditional spoon-feeding, both BLW and the mixed method were associated with
significantly higher scores in the healthy foods pattern for boys (β: 0.57, 95% CI: 0.24 – 0.91 and β: 0.14,
95% CI: 0.04-0.23, respectively) and girls (β: 0.34, 95% CI: 0.06 – 0.63 and β: 0.09, 95% CI: 0.00 – 0.18,
respectively). Sex-specific associations were observed for other dietary patters and intake of foods and
beverages. Overall, 65.7% of participants were classified as having adherence to the MedDiet, and no
associations were found between CF groups and adherence to the MedDiet.

Conclusion

Compared with traditional spoon-feeding, both BLW and mixed methods were associated with more
favourable dietary pattern profiles.

Introduction
Early-life nutrition is considered a key determinant in shaping dietary preferences and eating behaviours
later in life. During this critical period, key exposures contribute to the programming of these patterns 1–

3. Although childhood eating behaviours have been associated with diet quality in later stages 4,
evidence remains limited regarding whether early feeding practices associate with food intake beyond
infancy.

Complementary feeding (CF), typically introduced around six months of age, involves not only the types
of foods offered to infants but also the methods of introduction [1,5,6. Classification of CF methods is
based on the caregiver's role and the texture of the food provided. Traditional spoon-feeding is a
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caregiver or parental-led approach in which infants are fed purees and smooth-textured foods 1,7. In
contrast, Baby-Led Weaning (BLW) emerged as a CF approach that emphasizes infant self-feeding and
an active role in family meals by allowing them to self-feed whole pieces of food 1,8,9. Both the BLW
method and its modification, Baby-led introduction to solids (BLISS), have gained increasing popularity in
recent years 1,7–10.

While some studies have explored how these different CF approaches might relate to oral-motor
development or eating behaviours [1,10–12, their longer-term nutritional impact remains unclear. Most
research assessing energy and nutrient intake across CF methods has focused on infants aged 6 to 24
months, yielding inconsistent results [10,11,13–16. Evidence on food group consumption, including fruit

and vegetable is even more limited and primarily focused on the first two years of life as well 13,17,
leaving the mid-term effects of these CF methods on dietary patterns largely unexplored.

The Mediterranean diet (MedDiet) is widely regarded as one of the healthiest dietary patterns [18,19. It is
characterized by a high intake of vegetables, fruits, whole grains, legumes, nuts, and seeds; a moderate
consumption of dairy products; and a low intake of red meat 20. This dietary pattern can be promoted
from infancy, and evidence suggests that exposure to these food groups during CF may be associated
with greater adherence to the MedDiet later in childhood21. Early adherence to MedDiet is associated
with lower adiposity deposition in children22.

To date, it remains unknown whether the initial CF method is associated with food group intake beyond
infancy and how these practices relate to adherence to overall dietary patterns, including the MedDiet.
Therefore, the aim of this study was to examine the association between CF initiation method
(traditional spoon-feeding, BLW and mixed method) and food group intake and adherence to the MedDiet
in children aged 3–6 years.

Methods

Study design
This cross-sectional analysis utilized baseline data from the Childhood Obesity Risk Assessment
Longitudinal Study (CORALS), an ongoing prospective multi-center cohort study involving preschool-
aged children (3–6 years old) from seven cities across Spain (Barcelona, Cordoba, Pamplona, Reus,
Santiago de Compostela, Valencia, and Zaragoza). The CORALS study, with an expected follow-up of 10
years, aims to identify factors associated with the development of childhood obesity (https://corals.es/).
Approval for the protocol was secured from the ethics committees of all seven participating cities
(reference nos. 051/2019, 4155/2019, 2019/18, 9/19, 19/162, 19/27, and 2019/131). All questionnaires
were completed by parents/legal guardians who gave written informed consent. The study protocol was
conducted in accordance with the statements of the Declaration of Helsinki.
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Study Sample and Eligibility Criteria
For the present analyses, children enrolled in the CORALS study between March 2019 and June 2022
were included. The full CORALS cohort comprises 1,509 children; however, only those who attended the
baseline visit, completed all required questionnaires, and had available data on the Food and Beverage
Frequency Questionnaire (COME-Kids F&B-FQ)23, CF initiation method, breastfeeding duration, maternal
education, maternal age, child age and adherence to the MedDiet were considered eligible. Children were
excluded if they had food allergies, any medical condition affecting food intake, or missing data on key
study variables. As a result, a total of 1,296 children aged 3 to 6 years were included in the analysis.

Data collection

Parental questionnaire
A set of self-administered questionnaires completed at home by parents or caregivers of children aged
between 3 and 6 years were used to collect general information including child’s sex and age in years,
maternal data like maternal age in years and maternal education categorized according to the years of
education as basic (< 7–12 years), middle (13–16 years) and high (> 16 years). Early feeding practices,
including breastfeeding duration and the method of CF initiation, were recorded retrospectively.
Breastfeeding duration was considered as a continuous variable (months). CF method at initiation of
introduction of solids was classified as traditional spoon-feeding (mashed food or porridge, fed by an
adult), baby-led weaning (BLW) (baby-fist or hand-held size pieces of food, infant eating autonomously),
and mixed method (approximately 50% mashed food and 50% hand-held size pieces of food) [5,7,8].

Dietary intake of food groups was assessed using the COME-Kids Food and Beverage Frequency
Questionnaire (F&B-FQ). This 125-item is a validated semi-quantitative and retrospective questionnaire
that evaluates habitual dietary intake over the previous 12 months [23.

The COME-Kids F&B-FQ was administered in person by a trained dietitian-nutritionist during the baseline
visit and was completed by the parents or legal guardians. To improve the accuracy of responses, visual
aids, such as portion size images and household measurement guides, were used. Reported frequencies
were converted to daily intakes.

Adherence to the Mediterranean Diet
Adherence to the MedDiet, was assessed using the MED4CHILD questionnaire, a validated 18-item
questionnaire designed for use in clinical and epidemiological settings [22. Affirmative answers awarded
1 point to the total score, while negative answers were worth 0 points, the total score ranged from 0 to
18 (minimum to maximum adherence). To classify adherence to the MedDiet, participants were
categorized as adherent (≥ 10 points) or non-adherent (≤ 9 points)24
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Statistical analysis
All statistical analyses were performed using the Statistical Package for the Social Sciences, version
25.0 (SPSS Inc., Chicago, IL, USA). Data are presented as means ± standard deviation (SD) for
quantitative variables and as frequencies and percentages for qualitative variables. Principal component
analysis (PCA) with varimax rotation was performed to derive dietary patterns based on food group
intake. The number of factors retained was determined based on eigenvalues > 1.0, visual inspection of
the scree plot, and the conceptual interpretability of the patterns. Collectively, the retained factors
accounted for approximately 39% of the total variance. Factor loadings greater than 0.40 were
considered significant to identify the food groups characterizing each pattern.

To examine the association between the CF initiation method and dietary outcomes, both linear and
logistic regression models were employed. Linear regression was used to examine the association
between the CF method (traditional spoon-feeding, BLW, and mixed method) and food group intake in
grams and dietary pattern scores derived from PCA, the results were expressed as β coefficients and
95% confidence intervals (95% CI). Logistic regression was used to assess the association between CF
method and adherence to the MedDiet, estimating odds ratios (OR) and 95% CI. Both, linear and logistic
regression models were adjusted for the same potential confounders (child age, maternal age, maternal
education, and breastfeeding duration) and stratified by sex. For all analyses, a p-value < 0.05 was
considered statistically significant.

Results
A total of 1,296 children (50.5% girls) were included in the final analysis. The mean age of the children at
study inclusion was 4.7 ± 1.0 years. The predominant CF method was traditional spoon-feeding (69.7%).
Overall, 65.7% of children were classified as adherent to the MedDiet at preschool age. Further
descriptive characteristics of the sample are presented in Table 1.
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Table 1
Descriptive characteristics of the sample

  N (%) or Mean ± SD

Child’s sex

Boys

Girls

642 (49.5)

654 (50.5)

Child age at inclusion in the study (years) 4.7 ± 1.0

Maternal age at childbirth (years) 33.0 ± 4.8

Maternal education a

Basic

Middle

High

235 (18.1)

401 (30.9)

660 (51.0)

Breastfeeding duration (months) 7.8 ± 9.5

Age at introduction of solid foods (months) 6.0 ± 2.8

Complementary feeding method

Traditional/Spoon-feeding

Baby Led Weaning (BLW)

Mixed

905 (69.8)

101 (7.8)

290 (22.4)

Mediterranean Diet Adherenceb (n = 1354)

Adherent

Non-adherent

889 (65.7)

465 (34.3)

Data are shown as N and % for categorical variables and for continuous variables as mean ± 
Standard Deviation.

a:Maternal education was categorized as basic: <7–12 years, middle: 13–16 years and high: ≥16
years.

b: Mediterranean Diet Adherence was categorized into two groups according to the MED4CHILD
score: adherent (≥ 10) and non-adherent (≤ 9)

Dietary patterns components
In total, five components were identified. For boys, component 1 represented a processed foods pattern
(processed meats, dairy products, snacks, prepared meals, and sugar-sweetened beverages (SSBs));
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component 2 reflected a healthy foods pattern (vegetables, fruits, whole grains, oilseeds and legumes);
component 3 represented an animal proteins and refined cereals pattern (meats, fish and seafood, and
refined cereals); component 4 reflected a fats and flavourings pattern (oils and fats, sauces, and
condiments); and component 5 represented a breakfast staples and beverages pattern (dairy, dairy
products, tubers, and coffee, tea, and herbal infusions) (Fig. 1).

For girls, component 1 reflected a healthy foods pattern (vegetables, fruits, legumes, fish and seafood);
component 2 represented a high sugar and sodium foods pattern (snacks, sugar, cocoa and candies,
SSBs, coffee, tea, herbal infusions, and oilseeds); component 3 corresponded to a high-carbohydrate
pattern (high intake of tubers and refined cereals, and low intake of whole grains and nuts); component 4
included a Western food pattern (dairy products, processed meats, meats, prepared foods, and eggs);
and component 5 reflected a fats, and flavourings pattern (fats and oils, sauces, and condiments)
(Fig. 2).

Food group intake by complementary feeding method
Compared with traditional spoon-feeding, boys who followed BLW had a statistically significant higher
intake of vegetables and whole grains, and a lower intake of dairy products, pastries and sweets, and
convenience foods. Boys who followed the mixed method also showed higher intake of vegetables,
fruits, and SSBs compared with those who followed traditional spoon-feeding (Fig. 3 and Supplementary
Table 1).

Similarly, girls who followed BLW showed significantly lower intake of dairy products, pastries and
sweets, tubers, and sugars, cocoa and candies compared with those who followed traditional spoon-
feeding. Girls who followed the mixed method showed higher intake of oilseeds and water, and lower
intake of dairy products compared with those who followed traditional spoon-feeding (Fig. 4 and
Supplementary Table 2).

Dietary pattern scores by complementary feeding method
When analysing dietary patterns, both BLW and the mixed method were associated with higher scores in
the healthy foods pattern in both boys (β: 0.57, 95% CI: 0.24–0.91, p < 0.01) and girls (β: 0.34, 95% CI:
0.06–0.63, p = 0.016) compared with traditional spoon-feeding (Tables 2 and 3).
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Table 2
Association between complementary feeding method (traditional spoon-feeding, BLW and mixed

method) and dietary pattern scores in boys.
Dietary pattern Mixed

method
  BLW  

β (95% CI) p β (95% CI) p

Processed foods pattern (processed meats,
dairy products, snacks, prepared meals, and
SSBs)

-0.02
(-0.11–
0.06)

0.622 -0.39 (-0.71
– -0.07)

0.016

Healthy foods pattern (vegetables, fruits, whole
grains, oilseeds and legumes)

0.14 (0.04–
0.23)

0.003 0.57 (0.24–
0.91)

< 
0.001

Animal proteins and refined cereals pattern
(meats, fish and seafood, and refined cereals)

0.18
(-0.07–
0.11)

0.707 -0.08 (-0.42-
0.25)

0.611

Fats and flavourings pattern (oils and fats,
sauces, and condiments)

0.00
(-0.09–
0.10)

0.901 -0.02
(-0.36–
0.31)

0.874

Breakfast staples and beverages pattern (dairy,
dairy products, tubers, and coffee, tea, and
herbal infusions).

0.08
(-0.01–
0.17)

0.083 -0.24
(-0.57–
0.09)

0.157

Values are presented as β coefficients with 95% confidence intervals and p-values obtained from
multivariable linear regression models adjusted for child age, maternal age, maternal education, and
breastfeeding duration. Traditional spoon-feeding was used as the reference category.

BLW = Baby led weaning; CI= confidence intervals
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Table 3
Association between complementary feeding method (traditional spoon-feeding, BLW and mixed

method) and dietary pattern scores in girls.
Dietary patterns Mixed method BLW

β (95% CI) p β (95% CI) p

Healthy foods pattern (vegetables, fruits, legumes,
fish and seafood)

0.09
(0.00–
0.18)

0.034 0.34 (0.06–
0.63)

0.016

High sugar and sodium foods pattern (snacks,
sugar, cocoa and sweets, SSBs, coffee, tea, herbal
infusions, and oliseeds)

0.02
(-0.06–
0.10)

0.645 -0.00
(-0.29–
0.27)

0.948

High-carbohydrate pattern (high intake of tubers
and refined cereals, low intake of whole grains and
nuts)

-0.02
(-0.11–
0.06)

0.589 -0.43 (-0.71
– -0.14)

0.003

Western food pattern (dairy products, processed
meats, meats, prepared foods and eggs)

-0.00
(-0.09–
0.08)

0.878 -0.24
(-0.52–
0.04)

0.099

Fats and flavourings pattern (oils and fats, sauces,
and condiments).

0.10
(0.01–
0.19)

0.018 0.33 (0.04–
0.61)

0.023

Values are presented as β coefficients with 95% confidence intervals and p-values obtained from
multivariable linear regression models adjusted for child age, maternal age, maternal education, and
breastfeeding duration. Traditional spoon-feeding was used as the reference category.

BLW = Baby led weaning; CI= confidence intervals

In boys, BLW was associated with significantly lower scores in the processed foods pattern compared
with traditional spoon-feeding, whereas no statistically significant differences were observed between
the mixed method and traditional spoon-feeding for this pattern. Furthermore, no statistically significant
associations were observed between CF method and the animal proteins pattern, fats and flavourings
pattern, or breakfast staples and beverages pattern (Table 2).

In girls, both BLW and the mixed method were associated with higher scores in the fats and flavourings
pattern compared with traditional spoon-feeding. Additionally, BLW was associated with lower scores in
the high-carbohydrate pattern compared with traditional spoon-feeding (Table 3).

Adherence to the Mediterranean diet
Overall, 65.7% of participants were classified as adherent to the MedDiet. As shown in Table 4,
multivariable logistic regression models revealed no statistically significant associations between the
initial CF method and adherence to the MedDiet at preschool age, for both boys and girls, after adjusting
for potential confounders.
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Table 4
Association between complementary feeding method and adherence to the Mediterranean diet

  Adherence to Mediterranean Diet OR*

(95% CI)

p-value

Adherent

n (%)

Non-adherent

n (%)

Boys

Traditional Spoon-feeding
(Ref.)

307 (67.4) 185 (37.6) - -

BLW 32 (76.2) 10 (23.8) 1.23 (0.56–
2.69)

0.596

Mixed 94 (70.1) 40 (29.9) 1.25 (0.82–
1.93)

0.293

Girls

Traditional Spoon-feeding
(Ref.)

304 (65.1) 163 (34.9) - -

BLW 40 (71.4) 16 (28.6) 1.19 (0.62–
2.34)

0.587

Mixed 112 (68.7) 51 (31.3) 1.14 (0.76–
1.70)

0.516

Descriptive data are presented as N and %. Results are presented as odds ratios (ORs) with 95%
confidence intervals and p-values from adjusted multivariable logistic regression models. Traditional
spoon-feeding was the reference category.

*P-values obtained from multivariable logistic regression models adjusted for child age, maternal
age, maternal education, and breastfeeding duration.

BLW= Baby led weaning

Discussion
In recent years, research on baby-led CF methods has grown considerably. Reviews have increasingly
highlighted their benefits and addressed initial concerns held by parents and health professionals
regarding choking risks and potential deficits in energy and iron intake 1,2,7. Current evidence suggests
that when implemented with appropriate guidance and supervision, there are no significant differences
in these risks compared to traditional methods7,9. However, research beyond nutrient intake during
infancy, specifically regarding the impact of exposure to diverse textures, food variety, and the family
socialization promoted by these methods, has largely been confined to this early stage. Few studies
have investigated whether these potential benefits persist into later childhood, such as the preschool
age, which is often characterized by heightened food selectivity and the rejection of previously accepted
foods25.
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Proponents of BLW posit that infants following this method accept a wider variety of foods in later
childhood, owing to repeated exposure to diverse textures and foods8,9. Furthermore, infants following
BLW reportedly exhibit better breastfeeding practices and healthier eating patterns [1,10,26.

Comparing our findings with previous research on food group consumption by CF method is challenging,
as most studies were conducted during the CF period (6 to 24 months) rather than in later childhood. To
our knowledge, the only study comparing food group consumption in children older than two years
relative to their initial feeding method is the study by Townsend conducted in 201227. This study
assessed food preferences in children aged 20 to 78 months, comparing BLW and traditional spoon-
feeding, Townsend found that the BLW group exhibited a greater preference for carbohydrates compared
to the traditional spoon-feeding group, despite the latter having more frequent exposure to this group.
However, the type of carbohydrates was not specified, although a separate “sweet foods” group was
considered. Our results, while not assessing food preferences, showed that boys in the BLW group had a
higher intake of whole grains, while girls who followed the BLW method, had a higher consumption of the
'high-carbohydrate' dietary pattern (refined grains and tubers), compared to girls who started with the
traditional/spoon-feeding method. These findings may align with the results reported by Townsend [27.
Furthermore, both boys and girls who followed the BLW method showed lower consumption of pastries
and sweets than those who started with the traditional spoon-feeding method, which is consistent with
Townsend’s report of more frequent exposure to sweets in the spoon-feeding group.

Findings by Morison et al.13 showed a slight increase in fruit and vegetable consumption at 24 months
of age in infants following the BLISS method (a BLW adaptation) compared to the traditional feeding
group. Similarly, Rowan et al.28 and Guenetxea-Gonostiza et al17. found greater exposure to vegetables
among infants practicing BLW compared to those following traditional or parent-led methods. Our
results suggest that in addition to the higher frequency of vegetable exposure and offering reported
during the CF period in BLW infants, this higher intake was also observed during the preschool stage.
Specifically, boys aged 3 to 6 years who started with the mixed or BLW methods had a higher vegetable
intake compared to those in the traditional/spoon-feeding group. This difference was not statistically
significant in girls when vegetables were assessed alone. However, when vegetables were evaluated as
part of a healthy dietary pattern, significantly higher scores to this pattern were found for both boys and
girls who followed the mixed and BLW methods. It is important to note, however, that the food groups
constituting this pattern differed between sexes. Both patterns included vegetables, fruits and legumes;
however, the pattern for boys also included whole grains and oilseeds, whereas the pattern for girls
included fish and seafood.

Both boys and girls who initiated CF with the BLW method showed lower consumption of dairy products
compared to those who started with the traditional/spoon-feeding method. Two other studies16,29 also
reported these differences in the consumption of dairy and dairy-based desserts, although their cohorts
consisted of infants aged 9 to 12 months. In our study, dairy products were included in the “processed
diet” pattern for boys, and in a “Western” pattern for girls. For boys, the pattern also comprised prepared
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foods, processed meats, snacks, and soft drinks, while for girls, the pattern included processed meats,
meats, prepared foods and eggs. A decreased score in the processed diet pattern was found in boys
from the BLW group, but no significant differences were found for the Western dietary pattern between
CF groups in girls.

The food groups that constitute the healthy dietary pattern for boys and girls include core components
of the MedDiet (e.g., vegetables, fruits, fish and seafood, whole grains, and legumes). In addition, within
the healthy pattern identified for girls (vegetables, fruits, legumes, fish, and seafood), those in the BLW
group also exhibited a higher intake of nuts, which are also key components of the MedDiet. Although no
statistically significant differences were found between CF method and adherence to the MedDiet, more
than half of the sample (65.7%) had a high adherence to this diet.

To date, no study has directly associated the initial CF method with subsequent adherence to the
MedDiet. However, existing literature has linked other early feeding practices, such as breastfeeding
duration and the timing of CF initiation, with greater MedDiet adherence. A study also conducted in Spain
found that children breastfed for at least 6 months had 2.9 times higher odds of adhering to the MedDiet
in the preschool stage than those who were never breastfed, while those breastfed for less than 6
months had lower adherence [30. Another study by Gómez-Martín et al. [31 also found that breastfed
children had better MedDiet Scores at 24 months than those who were formula-fed, although these
differences were borderline significant.

A recent systematic review on factors correlating with MedDiet adherence in preschoolers found a
significant positive association with parental education, were higher education levels correlated with
greater adherence20. Both breastfeeding and parental education are known to be strongly associated

with the parental choice to follow a baby-led feeding method like BLW7,8,26,32. Studies have shown that
parents with higher educational levels may have greater access to information and a better
understanding of the method's risks and benefits, as well as the benefits of breastfeeding. Consequently,
infants starting with BLW typically have a longer breastfeeding duration. In our study, these variables
(maternal education and breastfeeding duration) were included in the analysis as covariates. Although
no association was found between the BLW method and adherence to the MedDiet, the adjusted models
indicated that, among boys, a higher maternal education (OR:1.8, 95% CI: 1.1–2.9, p = 0.01) and longer
duration of breastfeeding (OR: 1.039, 95% CI: 1.01–1.06, p = 0.001) were significantly associated with
higher adherence to the MedDiet.

This study suggests that children whose families reported initiating CF with a method that allows for
repeated exposure to diverse textures and a variety of foods, such as BLW or a mixed approach, is
associated with more favourable dietary patterns in preschool-aged children, including a higher
consumption of core healthy foods such as vegetables, fruits, whole grains and legumes.

It is important to note that this study is not without its limitations. A primary limitation is the
retrospective collection of the independent variable (CF method). The unequal number of participants
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across the CF groups constitutes a further limitation, which may reduce the precision of comparisons
and potentially preclude finding statistical significance for other variables. Additionally, given the large
number of comparisons, some findings may be due to chance. Furthermore, information on key variables
that could influence both the choice of CD method and subsequent adherence to the MedDiet, such as
parenting styles and parental dietary habits, were unavailable, which may introduce residual
confounding. Finally, due to the cross-sectional nature of this analysis, our findings strictly highlight
associations rather than causality. Therefore, future longitudinal studies are required to track these
dietary trajectories over time and confirm our results. Notwithstanding the limitations mentioned above,
the study possesses significant strengths, including its large sample size and the use of new and
validated assessment tools specific to this population.

Conclusions
In this cohort of Spanish preschool children, the CF initiation method was associated with later dietary
intake and dietary pattern adherence at 3–6 years of age. Compared with traditional spoon-feeding, both
BLW and mixed methods were associated with modest differences in dietary patterns. These findings
suggest that early CF practices may be related to subsequent dietary behaviours beyond infancy.
However, given the observational and retrospective nature of the CF assessment, causality cannot be
established. Further longitudinal research within the CORALS cohort is warranted to confirm these
associations and elucidate the role of CF methods in shaping sustained dietary habits.
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Figures

Figure 1

Matrix plot for food groups PCA loading in boys
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Figure 2

Matrix plot for food groups PCA loading in girls
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Figure 3

Forest plot showing associations between complementary feeding method (traditional spoon-feeding,
BLW and mixed method) and food and beverage intake in boys from the CORALS cohort. Values
represent β coefficients and 95% confidence intervals.

Page 20/22



Figure 4

Forest plot showing associations between complementary feeding method (traditional spoon-feeding,
BLW and mixed method) and food and beverage intake in girls from the CORALS cohort. Values
represent β coefficients and 95% confidence intervals.
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