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ABSTRACT

Background: Growth between two and seven years of age is an important predictor for 

later life overweight. Numerous nutritional factors are known for their association with 

childhood growth. 

Objective: To test the relation of toddler dietary habits with growth between two and six 

years and adiposity.

Design: 2495 children from the GECKO Drenthe birth cohort were measured for BMI and 

waist circumference at two and six years of age, we calculated the BMI Z-score change 

over that period. Toddler dietary habits were obtained by parent-reported questionnaires 

at 11 and 24 months. We classified 44 food items as beneficial or not and combined 

them into food scores at 11 and 24 months, and an overall score for sustained unhealthy 

or healthy dietary habits at 11 and 24 months. We tested the association of these food 

scores with accelerated growth, defined as >0.67SD BMI Z-score change between two 

and six years of age, and with overweight and abdominal adiposity at two and six years 

of age, all adjusted for covariates.

Results: Higher food scores, thus unhealthier dietary habits at 11 or 24 months as well 

as the combined food score were associated with increased growth in BMI Z-score 

between two and six years of age (OR=1.09 [95%CI: 1.03-1.16], OR=1.10 [95%CI: 1.04-

1.17], OR=1.08 [95%CI: 1.03-1.13], respectively). Additionally, unhealthier dietary habits at 

24 months were associated with overweight (OR=1.07 [95%CI: 1.001-1.15]). We found no 

association with overweight at two years of age or abdominal adiposity at two or six 

years of age.

Conclusion: The importance of nutrition on growth is highlighted by the clear 

difference in early childhood growth between healthy and unhealthy dietary habits. The 

explanations for accelerated growth remain unknown but it likely represents a positive 

energy balance, which may predispose to obesity later in life.  
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INTRODUCTION

Childhood nutrition plays an important role in growth during infancy and it is, therefore, 

an important modifiable risk factor for childhood overweight1-4. Early detection of 

the development of (childhood) overweight is important, because prevention and 

treatment are most effective at a younger age5-7. Furthermore, lifestyle patterns are 

often established during childhood with high risk of tracking into adult life8, which also 

holds for obesity: obese adolescents are at increased risk of becoming obese adults9. 

An important predictor of overweight later in life is growth between the ages of two and 

six or seven years10,11. Additionally, this period is predictive of adult cardiometabolic risk12. 

Both from a public health perspective as well as from a counseling setting it would be 

helpful to know which early dietary aspects are predictors for growth between two and 

six years of age.

Numerous single dietary aspects have been known for their association with growth, 

BMI and overweight in childhood, e.g. breastfeeding, complementary feeding and 

consumption of sugar-sweetened beverages2,13,14. However, what is not yet known is 

which dietary habits during infancy are most important in explaining growth between 

two and six or seven years of age. 

Furthermore, nutrition research has changed its focus from micro- and macronutrients 

towards a broader view on food groups and dietary habits15. Single nutrients are distant 

from the public’s understanding but suitable for mechanistic research. Contrary, general 

dietary habits are close to daily food intake and part of a total healthy or unhealthy 

dietary pattern. These dietary habits can be regarded as “markers” instead of exact 

measurements. Dietary habits are better interpretable for public health compared to 

single nutrients and may improve translation to dietary guidelines16. Furthermore, 

objective quantification of exact nutritional intake is rather difficult in young children, 

because reliability of dietary assessment in infants and toddlers is often poor17, as the 

intake of single food items shows large day-to-day and/or week-to-week variation17. 

Therefore, we focused on general, easily obtainable dietary habits instead of detailed 

measurements of nutrient intake.

In the GECKO Drenthe birth cohort, we compared the contribution of multiple dietary 

habits at 11 and 24 months of life to the change in BMI Z-score between two and six 

years. We hypothesized that clustered dietary habits into two age-specific food scores 
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at 11 and 24 months, and one combined food score for dietary habits over the total age 

window of 11 to 24 months, would predict overweight and growth from two to six years 

of age.

METHODS

GECKO Drenthe

Data were derived from the GECKO Drenthe birth cohort, a population-based birth 

cohort to study the determinants of overweight in early life. All mothers from children 

born from April 2006 to April 2007 and living in Drenthe, a northern province of the 

Netherlands, were invited to participate during the third trimester of their pregnancy. 

Detailed information has been published elsewhere18. The study was approved by the 

Medical Ethics Committee of the University Medical Center Groningen and performed 

in accordance with the Declaration of Helsinki and all parents gave informed consent. 

Data collection

Staff at Well Baby Clinics were explicitly trained to perform the anthropometric 

measurements. Body weight was assessed using an electronic scale with digital reading 

to the nearest 0.01 kg. Height was assessed using an  infantometer to the nearest 0.1 

cm. Waist circumference was measured with a standard tape measure at the midpoint 

between the lower costal margin and the anterior superior iliac crest. Birth weight was 

obtained from midwives’ registries. For the current study, we focused on BMI and waist 

circumference at two and six years of age. For information on infant and toddler dietary 

habits we used data of parental questionnaires, filled in at 11 and 24 months after birth, 

the exact questions are shown in the Supplementary Note. For the information about 

breastfeeding versus formula feeding and introduction of solid foods we used questions 

at 0.5, 1, 2, 3, 4, 6, 7 and 9 months of age. A questionnaire during pregnancy contained 

questions about socioeconomic status, health and anthropometrics of the parents. The 

other questionnaires contained (repeated) questions about dietary habits and lifestyle 

of the child.

Parents of 2997 children intended to participate in the GECKO Drenthe cohort, of whom 

2874 ever actively participated in the cohort. For the current analyses, we selected 2495 

children with anthropometric data at two and six years of age. We interpolated missing 

data for weight and height at two years (due to loss to follow-up) using measurements 
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at 11, 14, 18, 36, 45 or 70 months, using the closest available measurements. All analyses 

were performed using complete cases for dietary habits and weight status (after this 

interpolation). Missing values on covariates (due to loss to follow-up) were imputed 

using five imputation datasets. Figure 1 shows a flowchart with the numbers of children 

included in each of the analyses.

2495 dataset (imputed 
covariates)

 2168 BMI at 6y available2329 BMI at 2y available 2006 delta BMI beween 2 
and 6y available

1571 food score 
at 24mo

2323 food score 
at 11mo

1539 foodscore at 24mo 
available

1538 longitudinal foodscore 
between 11 and 24mo available

2003 foodscore at 11mo 
available

882 longitudinal foodscore 
between 11 and 24mo (check 

extreme changes vs. stable 
groups)

1036 longitudinal 
food score

900 longitudinal 
food score

FIGURE 1. Flowchart for the selection of children for each sub-analysis.

For all children we used age- and gender-specific BMI Z-scores that were calculated 

using the 1997 Dutch growth references in the Growth Analyser software, version 3.519,20. 

These BMI Z-scores were calculated at two and six years of age. We calculated BMI 

Z-score change between two and six years and defined accelerated growth as >0.67 

SD increase over a four year period, which corresponds to a quartile increase, a method 

that has been reported before21. Additionally, BMI was classified into normal (and 

underweight) versus overweight and obesity, based on the gender- and age-specific 

cut-off points given by Cole et al.22. Moreover we defined a dichotomous measure for 

abdominal adiposity as a waist circumference above the 90th percentile (Table 1). 
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TABLE 1. Basic characteristics of study participants.

Child characteristics Ntotal Mean ± SE or N(%)

Birth weight (grams) 2495 3541.44 ± 11.22

Female gender 2495 1224 (49.1%)

Gestational age at birth (weeks) 2400 39.78 ± 0.033

Child anthropometrics Ntotal Mean ± SE or N(%)

Age at 2 years measurement (years) 2336 2.09 ± 0.002

BMI (kg/m2, 2 years) 2329 16.51 ± 0.028

Overweight or obese (kg/m2, 2 years) 2329 232 (10.0%)

Waist circumference (cm, 2 years) 1664 47.51 ± 0.08

High WC>90th percentile (cm, 2 years) 1664 177 (10.6%)

Age at 6 years measurement (years) 2263 5.85 ± 0.007

BMI (kg/m2, 6 years) 2168 16.05 ± 0.033

Overweight or obese (kg/m2, 6 years) 2168 317 (14.6%)

Waist circumference (cm, 6 years) 1995 54.76 ± 0.10

High WC>90th percentile (cm, 6 years) 1995 216  (10.8%)

Delta BMI Z-score between 2 and 6 years 2006 0.062 ± 0.019

Accelerated growth 
(>0.67SD increase in BMI Z-score per 4 years, between 2 and 6 years)

2006 418 (20.7%)

Parental characteristics Ntotal Mean ± SE or N(%)

Maternal smoking during pregnancy 2495 354 (14.2%)

Age of the mother at date of birth of the child 2485 30.79 ± 0.088

Age of the father at date of birth of the child 2273 33.49 ± 0.104

Maternal prepregnancy BMI 2495 24.75 ± 0.095

Total gestational weight gain in kg 2026 13.76 ± 0.121

Paternal BMI before or during pregnancy 2213 25.56 ± 0.071

Net household income 2099

< €1150 / month 88 (4.2%)

€1151-3050 1367 (65.1%)

€3051-3500 368 (17.5%)

€3501 or more 276 (13.2%)

Educational level mother ((applied) university) 2340 859 (36.7%)

Educational level father ((applied) university) 2495 791 (31.6%)

Maternal ethnicity (European) 2495 2433 (97.6%)

Paternal ethnicity (European) 2291 2234 (97.5%)
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Food items and food scores

All dietary habits were reported by the parents (mostly the mother) and reclassified into 

two or three categories, shown in Table 2. We focused on these dietary habits because 

these are structured habits covering the  main elements of toddler dietary habits. First, 

we calculated the association of dietary habits (at 0.5, 1, 2, 3, 4, 6, 7, 9, 11, 14, 18 and 

24 months) with BMI Z-score change between two and six years of age in univariate 

analyses. Among all these ages, the strongest relations of food items with BMI Z-score 

change were observed at 11 and 24 months. Therefore, we focused on dietary habits 

at those two ages. Individual food items are shown in Table 2. The first column lists 

the individual dietary markers, the second column lists the categories for the dietary 

markers, the third column represents the numbers (and percentage) of children in each 

category, the fourth and fifth columns show the delta BMI Z-score in each of the dietary 

categories, with their corresponding p-value for the association between the dietary 

marker and delta BMI Z-score, and finally in the sixth column we show the (increased or 

decreased) data-driven scoring for each dietary marker to be used in the food scores. 

A higher change in BMI Z-score was given a higher score. Sweetened beverages were 

defined as no sweetened beverages (>75% of all beverage consumption was water or 

tea without milk/sugar), a combination of beverages (satiating sugars , e.g. milk, and 

“empty” sugars, e.g. lemonade or soda, potentially combined with water), or >75% of all 

beverage consumption was “empty” sugars, potentially combined with water. Snacks 

were a combination of sweet (e.g. cookies), savory (e.g. potato chips) and neutral snacks 

(e.g. crackers) and these were defined as once per day or less, twice per day, or more 

than twice per day. The scores for the other food items are presented in Table 2.

Whereas individual food items may lack evidence due to their small individual 

contribution to the endpoint of interest, the combination of multiple food items may 

become meaningful. Therefore, we created food scores as combination of all dietary 

habits, described above and shown in Table 2. The food score at 11 months was a 

combination of 23 questions about the five dietary habits in Table 2 (including 12 

repeated questions about breastfeeding and 6 repeated questions about introduction 

of solid foods), this food score ranged from 0 to 9. The food score at 24 months was 

a combination of 24 questions about the eight dietary habits in Table 2 and this food 

score ranged from 0 to 14. Subsequently, these two food scores were pooled into one 

combined food score representing stable versus changing dietary habits in the first two 

years of life (this combined sum score ranged from 0-8).
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Table 3 shows multivariate logistic regression models for the association between the 

food scores and growth or weight status. The middle quintile was used as the reference 

category for calculating odds ratios in the other four quintiles. Additionally, tests for 

trend were conducted across quintiles using the median food score in each quintile as a 

continuous variable in the linear regression models

Statistical analysis

The statistical analyses were performed using IBM SPSS Statistics 22 for Windows (SPSS 

inc, Chicago, Illinois, USA). The significance level was set at 5%. The food scores were 

tested for their association with accelerated change in BMI Z-score between two and 

six years of age using logistic regression models. We also tested their association with 

overweight and abdominal adiposity at two and six years of age with logistic regression 

models. Based on literature and the association with child BMI in our dataset and to 

improve generalizability we adjusted the model for birth weight (kg), self-reported 

maternal pre-pregnancy BMI (kg/m2), smoking during pregnancy (yes vs. no) and 

paternal education (university vs. less than university). We calculated odds ratios for 

each food score category relative to the middle reference category.

RESULTS 

We studied 2495 children within the GECKO Drenthe cohort with information on dietary 

habits from 11 to 24 months of age. The exact numbers of children included in the 

analyses varied by age, as can be seen in the flowchart in Figure 1. Basic characteristics 

are shown in Table 1. At two years of age 10% was overweight or obese, while at six years 

of age this prevalence increased to almost 15%. 

Table 2 shows the scoring of the individual dietary habits for the food scores at 11 and 24 

months. Additionally we show the frequencies per food item and ANOVA p-values to test 

the association with BMI Z-score change between two and six years of age. Sweetened 

beverages and type of bread at 24 months were significantly associated with change in 

BMI Z-score. No dietary habits at 11 months were individually associated with change in 

BMI Z-score. 

Table 3 shows that these food scores most convincingly showed consistent trends with 

the risk of accelerated growth, showing a clear dose-response relationships. Thus a 
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higher food score, representing unhealthier dietary habits, showed an increased risk of 

accelerated growth velocity (Table 3). However, we also observed dose-response trends 

with overweight, but not consistently significant with abdominal adiposity. To explore 

the difference in prediction of overweight and growth further, data on the association 

between the combined food score and overweight at two and six years of age, as well 

as change in BMI Z-score are shown in Figures 2A, B and C.













        

 
  


  

 
  




 





 
 

 




 
  


  

 
  













        




 





 
 

 




 
  


  

 
  
















 

          





 


 





 


 






 
  


  

 
  













        

 
  


  

 
  




 





 
 

 




 
  


  

 
  













        




 





 
 

 




 
  


  

 
  
















 

          





 


 





 


 






 
  


  

 
  













        

 
  


  

 
  




 





 
 

 




 
  


  

 
  













        




 





 
 

 




 
  


  

 
  
















 

          





 


 





 


 






 
  


  

 
  

FIGURE 2. Associations between combined food score and BMI Z-score and growth.

DISCUSSION

In this study we showed that food scores, reflecting common dietary habits in toddlers, 

like eating more or less fruit or vegetables, type of beverage and frequency of snacks, 

were not consistently related to overweight or increased waist circumference at two or 

six years of age. However, these dietary habits were related to accelerated growth in 

terms of BMI. In other words, more unhealthy patterns were related to larger increase in 

BMI Z-score.
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In the first half year of life, perinatal determinants are very predictive for growth 

velocity23,24 but thereafter, environmental aspects like diet become more important. With 

regard to the known determinants of BMI-related growth velocity of young age, birth 

weight, duration of breastfeeding, timing of introduction of complementary foods and 

parity have been identified23,25,26. However, for future adiposity and metabolic health, the 

increase in BMI Z-score between two and six or seven years seems to be of special 

interest because of its consistent association with future development of adolescent 

overweight and metabolic syndrome10,12. Possibly, the change in BMI Z-score best 

reflects the early environmental influence on development of adiposity. Several studies 

have examined the determinants of growth in this important age window between 

two and six years of age. Ong and colleagues showed that growth velocity in terms of 

weight between zero and five years of age was strongly predicted by parity, breast- or 

bottle feeding and maternal smoking24. Karaolis-Danckert et al.27 confirmed the relation 

of parity and breastfeeding, and they also showed gestational age to be an important 

predictor of growth. Yet another study showed ethnicity, infant BMI, parental overweight 

and smoking to be associated with growth between three to five years of age28. However, 

not much evidence exists for early dietary predictors of growth in terms of weight or BMI 

between two and six years. In our study, the two most significant nutritional predictors 

of growth velocity were the consumption of sweetened beverages and a daily choice 

for white bread instead of brown or wholegrain bread. Sweetened beverages have 

previously been shown as the most important dietary factor to contribute to childhood 

overweight4,29. Furthermore, in our study, both earlier and later introduction of solid 

foods seemed to be related to accelerated growth in BMI Z-score later on, however 

not significantly. Whereas many dietary habits were not individually significantly related 

to BMI change, many showed mild but consistent dose-response relationships. To 

investigate their combined effect, we combined the separate dietary habits into a food 

score at 11 and 24 months. 

Mothers who consistently reported unhealthy dietary habits had a child with a relatively 

low BMI Z-score at two years of age (Figure 2A). We can only speculate what explains 

this inverse association, but it could be that mothers of low weight children either do 

not care about dietary intake, or actually may be worried about the low weight and give 

them ‘something extra’. Especially the latter hypothesis seems to be supported by the 

data in Figures 2A-C. These figures show that those with unhealthier dietary habits had 

the lowest BMI Z-score at two years of age (Figure 2A) and the highest BMI Z-score 

at six years of age (Figure 2B), thus they gained the most between two and six years 
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(Figure 2C). It is less likely that mothers of high weight BMI children were selectively 

underreporting dietary habits, since most mothers are not aware of the adiposity status 

of their child at toddler age30. Also the reported intake was not dependent on BMI of the 

mother (P = 0.21 for ANOVA of maternal pre-pregnancy BMI over the three combined 

food score categories). It seems likely that dietary habits are constantly adjusted to the 

current weight status of the toddler, which makes the cross-sectional data analysis a 

mixture of causal and reverse-causation relationships. Another possible reason is that 

despite the ‘catch-up’ growth, most children still did not reach the cutoff for overweight 

or obesity. As shown already a while ago in the NHANES data, the obesity epidemic is 

not only a question of obese becoming fatter, but also of lean individuals becoming less 

lean31. 

With respect to the methods used, appropriately estimating food intake in toddlers is 

a challenge. Studies that have calculated food intake in toddlers before mostly used 

detailed food frequency questionnaires32. Although exact measurement of nutrient intake 

in toddlers is very important, reliability of dietary assessment in toddlers is often poor and 

the intake of single food items shows large day-to-day and/or week-to-week variation17. 

However, if the research interest is to investigate energy intake or macro or micronutrient 

intake, it is the best we have. In our study we presented a combined food score of dietary 

habits reported by the parents, mostly the mother. This has several advantages16. It may 

be a more realistic representation of the daily situation, especially when daily dietary 

habits are addressed, like the type of bread consumed. Furthermore, dietary patterns 

are easier to interpret or translate into diets. Therefore, analysis of dietary patterns can 

be helpful in making dietary recommendations in clinical practice16. As argued in an 

editorial by Jacques and Tucker: “we do not eat nutrients, but foods that are combined in 

certain patterns”33. This also implicates some methodological issues. First, it means that 

dietary habits reported by parents cannot be directly translated into what it means for 

intake of energy or nutrients, since quantification is not exact but a proxy. Second, the 

dietary habits that we measured can be a proxy for another aspect of an unhealthy diet. 

For example, in the SPEEDY study, insufficient consumption of fruit or vegetables was 

related to high consumption of fat and non-milk extrinsic sugars, a cluster which also 

featured high screen time34. Third, the external validity of the food score is uncertain. 

Some dietary habits may differ substantially from other countries. For example, in 2011-

2012 in the US 34% of all children of 2-19 years old consumed fast food daily35, while 

in our study only 5% reported intake of fast food once per week or more. Previously 

reported breakfast skipping in the same GECKO population at preschool age was rare36, 
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on the other hand comparable to a low prevalence of breakfast skipping in Canadian 

children between 4 and 8 years of age37. Fourth, we calculated 39 associations in Table 

3, which may raise the question of correction for multiple testing. However, all food items 

in these food scores have previously been shown to be related to BMI, overweight and/

or growth, therefore, this is not a hypothesis-free test that needs correction for multiple 

testing. However, after Bonferroni correction for 39 tests (P<0.0013), the food score 

at 11 months and the combined food score between 11 and 24 months would still be 

significantly associated with accelerated growth between 2 and 6 years of age. Thus, 

this would not change the main conclusions of this study.

CONCLUSION

Finding the best predictors of future obesity at early age is important, now that it is 

acknowledged that early intervention or treatment is most effective. In conclusion, 

we highlighted the importance of nutrition on growth by the clear difference in early 

childhood growth between healthy and unhealthy dietary habits. The explanations for 

accelerated growth remain unknown but it likely represents a positive energy balance, 

which may predispose to obesity later in life.
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SPECIFICATION OF ALL QUESTIONS USED IN THIS STUDY 
(TRANSLATED FROM DUTCH TO ENGLISH)

All 23 questions used for the food score at 11 months of age: 

Does your child currently get breastfeeding? à this question was repeated 12 times 

between 0.5 until 24 months of age.

Have you started the introduction of solid foods? à this question was repeated 6 times 

between 3 until 11 months of age

If yes, which solid foods have been introduced?

Fruit / vegetables / porridge / bread / other, namely ……

If yes, how much does your child eat from these solid foods?

… bottles of porridge / bites / bowls / slices of bread

Does your child currently eat fruit (at 11 months of age)?

Does your child currently eat vegetables (at 11 months of age)?

… slices of bread, topping:…… (at 11 months of age)

… slices of bread, topping:…… (at 11 months of age)

… slices of bread, topping:…… (at 11 months of age)

All 24 questions used for the food score at 24 months of age: 

… cups of whole milk (average) per day 

… cups of reduced fat milk (average) per day 

… cups of low fat milk (average) per day 

… cups of sweetened milk beverages (average) per day 

… cups of yoghurt drink (average) per day 

Fruit

Fruit (1 portion is 1 snacks <1x per day / 1x per day / 2x per day / 3x per day / >3x per day

Hot meal

… tablespoons of potatoes / rice / pasta

… tablespoons of vegetables
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Other

French fries 1x per month or less / 1x per 2 weeks / 1x per week / >1x per week

Pizza  1x per month or less / 1x per 2 weeks / 1x per week / >1x per week

Pancakes 1x per month or less / 1x per 2 weeks / 1x per week / >1x per week

Bread

… slices of bread with cheese, meat or fish

… slices of bread with peanutbutter

… slices of bread with sweet toppings

… slices of bread with fruit (e.g. banana or strawberries)

… slices of bread without toppings

Type of bread mostly brown / mostly white / other, namely ……

Snacks

Neutral snacks  <1x per day / 1x per day / 2x per day / 3x per day / >3x per day

(e.g. (rice)cracker)

Salty snacks   <1x per day / 1x per day / 2x per day / 3x per day / >3x per day

(e.g. crisps, cheese)

Sweet snacks   <1x per day / 1x per day / 2x per day / 3x per day / >3x per day

(e.g. cookie, candy)

Drinks

Water / tea  <1x per day / 1x per day / 2x per day / 3x per day / >3x per day

Lemonade  <1x per day / 1x per day / 2x per day / 3x per day / >3x per day

Fruit juice  <1x per day / 1x per day / 2x per day / 3x per day / >3x per day

Soda (e.g. cola, sprite)  <1x per day / 1x per day / 2x per day / 3x per day / >3x per day






