
    
      Skip to main content
    

    
  
      


    
      
    
  
    
  
    
  
                
    
      


  



    

  


  


  


  
  
    
  
    
  
                
    
      
  
    
  
        Main menu

    
  
  
    
  
    
  
      
  
  
    
  	Home
	Content	Current issue
	Past issues
	Early releases
	Collections
	Sections
	Blog
	Infographics & illustrations
	Podcasts
	COVID-19 articles
	Obituary notices


	Authors & Reviewers	Overview for authors
	Submission guidelines
	Submit a manuscript
	Forms
	Editorial process
	Editorial policies
	Peer review process
	Publication fees
	Reprint requests
	Open access
	Patient engagement


	Physicians & Subscribers	Benefits for Canadian physicians
	CPD Credits for Canadian Physicians
	Subscribe to email alerts
	Subscribe to CMAJ print
	Subscription prices
	Obituary notices


	Email alerts	Subscribe to email alerts


	JAMC	À propos
	Numéro en cours
	Archives
	Sections
	Abonnement
	Alertes
	Trousse média 2024
	Avis de décès





  


  
  



  
      
  
  
    
  	CMAJ JOURNALS	CMAJ Open
	CJS
	JAMC
	JPN





  


  
  



  



  


  
  


  
        User menu

    
  
  
    
  
    
  
      
  
  
    
  


  
  



  



  


  
  


  
        Search

    
  
  
    
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    	Advanced search

  


  
  



  



  


  
  




  



    

  



  
                
    
      
  
    
  
      
  
  
    [image: CMAJ]  


  
  



  



    

  


  


  


  
      
  	    
  
    
  
                
    
      	CMAJ JOURNALS	CMAJ Open
	CJS
	JAMC
	JPN




    

  


  



  
    
  
                
    
      
  
    
  
      
  
  
    
  


  
  



  



    

  


  


  


  
  
    
  
        
            
        [image: CMAJ]      

                

          



  
    
  
                
    
      
  
    
  
      
  
  
    
  Search for this keyword 
 







  


  
  



  
      
  
  
    Advanced Search
  


  
  



  



    

  


  


  

  
  
    
  
        
  
                
    
      	Home
	Content	Current issue
	Past issues
	Early releases
	Collections
	Sections
	Blog
	Infographics & illustrations
	Podcasts
	COVID-19 articles
	Obituary notices


	Authors & Reviewers	Overview for authors
	Submission guidelines
	Submit a manuscript
	Forms
	Editorial process
	Editorial policies
	Peer review process
	Publication fees
	Reprint requests
	Open access
	Patient engagement


	Physicians & Subscribers	Benefits for Canadian physicians
	CPD Credits for Canadian Physicians
	Subscribe to email alerts
	Subscribe to CMAJ print
	Subscription prices
	Obituary notices


	Email alerts	Subscribe to email alerts


	JAMC	À propos
	Numéro en cours
	Archives
	Sections
	Abonnement
	Alertes
	Trousse média 2024
	Avis de décès




    

  



  
                
    
      	 Visit CMAJ on Facebook
	 Follow CMAJ on Twitter
	 Follow CMAJ on Instagram
	 Listen to CMAJ podcasts

    

  


  



  

  
  
  	      

    
      
    
      
        
    
  
    
                        
  
                
    
      
	  
		
		
			
			  
  
      
  
  
    
  
  
      Research

  
      

  
      Association between serum cholesterol and eating behaviours during early childhood: a cross-sectional study
  
    	Navindra Persaud, Jonathon L. Maguire, Gerald Lebovic, Sarah Carsley, Marina Khovratovich, Janis A. Randall Simpson, Brian W. McCrindle, Patricia C. Parkin and Catherine Birken; for the TARGet Kids! collaboration

  
    	CMAJ August 06, 2013 185 (11) E531-E536; DOI: https://doi.org/10.1503/cmaj.121834 

  
  
    	

  


Navindra Persaud 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
MD MSc
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site
	For correspondence: 
[email protected]


Jonathon L. Maguire 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
MD MSc
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Gerald Lebovic 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
PhD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Sarah Carsley 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
MSc
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Marina Khovratovich 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
MD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Janis A. Randall Simpson 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
PhD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Brian W. McCrindle 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
MD MPH
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Patricia C. Parkin 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
MD
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site


Catherine Birken 
Keenan Research Centre (Persaud, Lebovic, Maguire), Li Ka Shing Knowledge Institute; the Department of Family and Community Medicine (Persaud), St. Michael’s Hospital and the University of Toronto; the Division of Pediatric Medicine and the Pediatric Outcomes Research Team (PORT) (Maguire, Parkin, Birken), The Hospital for Sick Children; the Department of Pediatrics (Maguire, McCrindle, Parkin, Birken), the University of Toronto, Toronto, Ont.; Family Relations and Applied Nutrition (Randall Simpson), University of Guelph, Guelph, Ont.; and the Division of Cardiology (McCrindle), The Hospital for Sick Children, Toronto, Ont.
MD MSc
	Find this author on Google Scholar
	Find this author on PubMed
	Search for this author on this site




  


  
  



			

		

	
	
 	
	  
  
		
		
			
			  
  
      
  
  
    	Article
	Figures & Tables
	Related Content
	Responses
	Metrics
	 PDF


  


  
  



  
      
  
  
    [image: Loading]

  
    
  
      
  
  
    Abstract
Background: Modifiable behaviours during early childhood may provide opportunities to prevent disease processes before adverse outcomes occur. Our objective was to determine whether young children’s eating behaviours were associated with increased risk of cardiovascular disease in later life.

Methods: In this cross-sectional study involving children aged 3–5 years recruited from 7 primary care practices in Toronto, Ontario, we assessed the relation between eating behaviours as assessed by the NutriSTEP (Nutritional Screening Tool for Every Preschooler) questionnaire (completed by parents) and serum levels of non–high-density lipoprotein (HDL) cholesterol, a surrogate marker of cardiovascular risk. We also assessed the relation between dietary intake and serum non-HDL cholesterol, and between eating behaviours and other laboratory indices of cardiovascular risk (low-density lipoprotein [LDL] cholesterol, apolipoprotein B, HDL cholesterol and apoliprotein A1).

Results: A total of 1856 children were recruited from primary care practices in Toronto. Of these children, we included 1076 in our study for whom complete data and blood samples were available for analysis. The eating behaviours subscore of the NutriSTEP tool was significantly associated with serum non-HDL cholesterol (p = 0.03); for each unit increase in the eating behaviours subscore suggesting greater nutritional risk, we saw an increase of 0.02 mmol/L (95% confidence interval [CI] 0.002 to 0.05) in serum non-HDL cholesterol. The eating behaviours subscore was also associated with LDL cholesterol and apolipoprotein B, but not with HDL cholesterol or apolipoprotein A1. The dietary intake subscore was not associated with non-HDL cholesterol.

Interpretation: Eating behaviours in preschool-aged children are important potentially modifiable determinants of cardiovascular risk and should be a focus for future studies of screening and behavioural interventions.


Modifiable behaviours during early childhood may provide opportunities to prevent later chronic diseases, in addition to the behavioural patterns that contribute to them, before adverse outcomes occur. There is evidence that behavioural interventions during early childhood (e.g., ages 3–5 yr) can promote healthy eating.1 For example, repeated exposure to vegetables increases vegetable preference and intake,2 entertaining presentations of fruits (e.g., in the shape of a boat) increase their consumption,3 discussing internal satiety cues with young children reduces snacking,4 serving carrots before the main course (as opposed to with the main course) increases carrot consumption,5 and positive modelling of the consumption of healthy foods increases their intake by young children.6,7 Responsive eating behavioural styles in which children are given access to healthy foods and allowed to determine the timing and pace of eating in response to internal cues with limited distractions, such as those from television, have been recommended by the Institute of Medicine.8
Early childhood is a critical period for assessing the origins of cardiometabolic disease and implementing preventive interventions.8 However, identifying behavioural risk factors for cardiovascular disease during early childhood is challenging, because signs of disease can take decades to appear. One emerging surrogate marker for later cardiovascular risk is the serum concentration of non–high-density lipoprotein (HDL) cholesterol (or total cholesterol minus HDL cholesterol).9–12 The Young Finn Longitudinal Study found an association between non-HDL cholesterol levels during childhood (ages 3–18 yr) and an adult measure of atherosclerosis (carotid artery intima–media thickness), although this relation was not significant for the subgroup of younger female children (ages 3–9 yr).10,11 The Bogalusa Heart Study, which included a subgroup of children aged 2–15 years, found an association between low-density lipoprotein (LDL) cholesterol concentration (which is highly correlated with non-HDL cholesterol) and asymptomatic atherosclerosis at autopsy.12 The American Academy of Pediatrics recommends non-HDL cholesterol concentration as the key measure for screening for cardiovascular risk in children.9 Serum non-HDL cholesterol concentration is the dyslipidemia screening test recommended by the American Academy of Pediatrics for children aged 9–11 years.9 Cardiovascular risk stratification tools such as the Reynold Risk Score (www.reynoldsriskscore.org) and the Framingham Heart Study coronary artery disease 10-year risk calculator (www.framinghamheartstudy.org/risk) for adults do not enable directed interventions when cardiovascular disease processes begin — during childhood.
The primary objective of our study was to determine whether eating behaviours at 3–5 years of age, as assessed by the NutriSTEP (Nutritional Screening for Every Preschooler) questionnaire,13,14 are associated with non-HDL cholesterol levels, a surrogate marker of cardiovascular risk. Our secondary objectives were to determine whether other measures of nutritional risk, such as dietary intake, were associated with non-HDL cholesterol levels and whether eating behaviours are associated with other cardiovascular risk factors, such as LDL cholesterol, apolipoprotein B, HDL cholesterol and apoliprotein A1.
Methods
Participants
Children aged 3–5 years were recruited from the community-based primary care research network for children in Toronto, Ontario (TARGet Kids!). There are currently 7 large group practices in the network, each of which has between 3 and 10 practising physicians. Trained research assistants in the practices obtained survey data and physical measurements, and performed venous sampling on site at the primary care clinic.

Study design
In this cross-sectional study, a parent of each participant completed the NutriSTEP questionnaire. The questionnaire consists of 17 items (range of scores 0–68), with questions divided a priori into the following 5 subscales: eating behaviours, dietary intake, parental concerns about food and activity, screen time duration (television, computer or video game use) and the use of supplements.13,14 The questionnaire has been validated for use in a population of multicultural Canadian preschool-aged children, with a detailed assessment by a registered dietitian that includes nutritional history and a 3-day dietary recall; higher scores represent greater nutritional risk.13 The equally weighted items constituting the eating behaviours subscale included whether children were allowed to decide how much they ate, whether they ate while watching television, the number of meals they ate per day, the presence of gagging or trouble swallowing while eating and whether the child is not hungry at meal time because of frequent drinking. Screen time and supplements were each based on single questionnaire items, and we transformed them into categorical variables (> 2 h of screen time and use of supplements “sometimes to always”).
We measured the height and weight of the children and their parents using established protocols15 and standardized their body mass indices (BMIs) to z-score BMIs (zBMIs) using World Health Organization growth charts.16 Using nonfasting blood samples from the children drawn on the same day on site, we performed laboratory investigations to assess the following: lipid profile, insulin level, blood glucose level and apolipoprotein A1 and B levels. Serum samples were sent daily to a centralized research laboratory (Appendix 1, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.121834/-/DC1) at Mount Sinai Services, Toronto, Ont.

Statistical analysis
Potential confounders in the relation between eating behaviours as measured by the NutriSTEP questionnaire and serum non-HDL cholesterol concentration included child factors (age, sex, birth weight, zBMI) and parent factors (education level, ethnicity, history of gestational diabetes, BMI). We collected data on these factors using a parent-completed, standardized, data collection form. Each participant was assigned an ethnicity risk category (elevated, average or reduced) based on the reported parental ethnicities. Risk for each parental ethnicity was categorized in the same way based on observational studies of cardiovascular and metabolic risk,17,18 and each participant was assigned the highest-risk ethnicity of his or her parents for either cardiovascular or metabolic risk (Appendix 2, available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.121834/-/DC1).
To assess the relation between eating behaviours (as assessed by the NutriSTEP questionnaire) and serum non-HDL cholesterol concentration, we used a multiple linear regression model adjusted for age, sex, ethnicity, zBMI, parental BMI, history of gestational diabetes and the questionnaire subscales (dietary intake, parental concern, screen time and vitamin supplements). We used similar models to meet our secondary objectives: determining the relations between eating behaviours and total cholesterol, LDL cholesterol, HDL cholesterol and apolipoproteins A1 and B. We adjusted all models for dietary intake, parental concern about feeding, screen time and use of supplements. Missing data fit the missing-at-random criterion; we used multiple imputation methods using predictive mean matching to analyze these data.19 A minimum of 5 datasets were imputed for each analysis, and adjusted variances were computed. Because only minimal outcome data were missing (22/1076 [2.0%]), we did not perform imputation for the outcome variable of interest.19,20
We performed a sensitivity analysis to verify the effect of imputation on our results. Multi-collinearity was not found to be a problem when we examined it using correlation matrices and variance inflation factors. We assessed our models by examining residual and normal quantile plots, as well as differences in beta estimates and differences in fits.


Results
A total of 1856 children aged 3–5 years were recruited between 2008 and 2011. Of these children, laboratory data were available for 1086 (Figure 1); however, the data for 10 of these participants were erroneous, and they were excluded from the study. The remaining 1076 participants included in our study were demographically similar to the children who were excluded from the study (Table 1). We were able to collect data to measure parental BMI from 185 fathers (17.2%) and 807 mothers (75.0%); parental data were missing for 84 participants (7.8%).
[image: Figure 1:]
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Figure 1: Recruitment of participants to the study. *TARGet Kids! is a primary care research network in Toronto, Ontario. The network currently includes 7 large group practices, each of which has between 3 and 10 practising physicians.
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Table 1: Characteristics of participants and nonparticipants



Responses to the NutriSTEP questionnaire are shown in Table 2. The mean (± standard deviation [SD]) laboratory indices for our participants were as follows: non-HDL cholesterol 2.8 (± 0.6) mmol/L, HDL cholesterol 1.3 (± 0.3) mmol/L, LDL cholesterol 2.2 (± 0.6) mmol/L, total cholesterol 4.1 (± 0.7) mmol/L, apolipoprotein A1 1.3 (± 0.2) g/L and apolipoprotein B 0.6 (± 0.1) g/L. In our primary analysis, the eating behaviours sub-score of the NutriSTEP questionnaire was significantly associated with serum non-HDL cholesterol concentration (p = 0.03); for each unit increase in the eating behaviour subscore, we saw an increase of 0.02 mmol/L (95% CI 0.002 to 0.05) (Table 3) in serum levels of non-HDL cholesterol. To avoid inflation of R2, biased regression coefficients and standard errors, we specified all covariables a priori and left them in the final model.19 Male sex and parental BMI were also significantly related to serum non-HDL cholesterol levels (Table 3).
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Table 2: NutriSTEP questionnaire responses
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Table 3: Regression model showing association between serum non-HDL cholesterol level, patient characteristics and nutritional risk subscores



In our secondary analyses, no other subscales of the nutritional risk questionnaire were associated with serum non-HDL cholesterol levels (Table 4). However, the eating behaviours sub-score was significantly associated with LDL cholesterol level and apolipoprotein B concentration (both of which are correlated with serum non-HDL cholesterol [correlation coefficients of 0.90 and 0.89, respectively, p < 0.001]). There was no association between the dietary intake subscale score and non-HDL cholesterol concentration.
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Table 4: NutriSTEP subscores and beta estimates for laboratory indices from our regression models



Interpretation
Eating behaviours as reported by parents via the NutriSTEP questionnaire were positively associated with serum non-HDL cholesterol levels in children aged 3–5 years. The association between the eating behaviours subscore and serum non-HDL cholesterol persisted after controlling for age, sex, birth weight, zBMI, parental BMI, gestational diabetes and parental ethnicity. These results suggest that eating behaviours may be an important target for interventions to promote cardiovascular health in young children.
The importance of serum non-HDL cholesterol concentration in preschool-aged children has not been established, but several studies suggest that cholesterol concentrations can be used to predict later cardiovascular disease.9–12 We did not find an association between serum non-HDL cholesterol concentration and the dietary intake subscore of the NutriSTEP questionnaire, which is consistent with other studies involving young children that have shown an association between eating behaviours (e.g., bottle use) and iron deficiency outcomes that were independent of dietary intake (e.g., milk volume).21–23 These results raise the possibility that eating behaviours are more closely related to health outcomes than dietary intake. The relations between eating behaviours and LDL cholesterol and apolipoprotein B are not surprising given the correlation of these indices with serum non-HDL cholesterol concentration.12 In addition, apolipoprotein B is known to be correlated with cardiometabolic risk factors in adolescents.24

Limitations
Limitations of our cross-sectional study, which cannot show causality, include the recruitment of participants from primary care practices in Toronto who may not be representative of children in other settings.
In addition, a fraction of eligible children did not participate in the study because laboratory tests were declined by their parents (Figure 1). However, there were no significant differences between children for whom laboratory data were available and children for whom they were not. Furthermore, the participation rate for our study may reflect the realities of conducting research involving young children.
Furthermore, it is possible that our measure of dietary intake was too crude to detect associations or that parents have more difficulty with recall and reporting of dietary intake as compared with eating behaviours. Food records may be a better measurement tool for dietary intake, but they are more burdensome for parents.
The parents of the children involved in the study had a high mean level of education, which is not uncommon for women of childbearing age in Toronto.25

Conclusion
Our results support previous arguments for interventions aimed at improving the eating behaviours of preschool-aged children. To do so, evidence suggests promoting responsive feeding, where adults provide appropriate access to healthy foods and children use internal cues (not parent-directed cues or cues from the television) to determine the timing, pace and amount they consume.8
Our results also suggest that interventions that target preschool-aged children may be important in addition to the numerous school-based interventions aimed at older children and adolescents.26,27 Our results show that associations between eating behaviours and cardiovascular risk appear early in life and may be a potential target for early intervention. Future work may include determining how the association between eating behaviours and serum non-HDL cholesterol concentration changes over time, and ultimately whether eating behaviours during early childhood are associated with later cardiometabolic outcomes. This future work could facilitate the development of effective screening tools and interventions for early childhood, long before the consequences of cardiometabolic disease manifest.
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