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            Abstract
Background/Objectives:
Coincident with economic development, China has experienced a marked transition from undernutrition to overweight/obesity over the last few decades. We aimed to explore the burden of under- and overnutrition and nutrient adequacy among 2–12-year-old Chinese children.
Subjects/Methods:
We included anthropometry, dietary intake and biomarkers from 2–12-year-olds who participated in the 2009–2011 China Health and Nutrition Survey (n=1191 in 2009; n=1648 in 2011). Dietary intakes were compared with the 2013 Chinese Dietary Recommended Intakes.
Results:
In 2011, ~19% of 2–6-year-old children were underweight, 4% were stunted, 10% were overweight and 12% were obese. Among 7–12-year-old children, stunting was almost 0%, whereas ~21% were underweight, 13% were overweight and 6% were obese in 2011. Overweight and obesity were more prevalent among children from urban areas and higher income households. In particular, 2–6-year-old children from urban areas and higher income households experienced the highest increase in obesity from 2009 to 2011 (P<0.05). Children from urban areas and higher income households had overall higher intakes of total daily energy and most macro- and micronutrients (P<0.05). However, a significant proportion of children did not meet the recommendations for important micronutrients.
Conclusions:
Underweight and stunting currently coexist with overweight and obesity among Chinese children <12-year-old. We found critical disparities in the prevalence of under- and overweight/obesity, as well as in nutrient intakes and dietary adequacies between children from different incomes, revealing that the burden of childhood under- and overnutrition may constitute a public health concern in modern China.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$259.00 per year
only $21.58 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The double burden of malnutrition in Vietnamese school-aged children and adolescents: a rapid shift over a decade in Ho Chi Minh City
                                        
                                    

                                    
                                        Article
                                        
                                         18 February 2020
                                    

                                

                                Thi My Thien Mai, Ngoc Oanh Pham, … Susan J. Jordan

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Nutrition transition and related health challenges over decades in China
                                        
                                    

                                    
                                        Article
                                        
                                         03 July 2020
                                    

                                

                                Lina Huang, Zhihong Wang, … Gangqiang Ding

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Determinants of undernutrition among young children in Ethiopia
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 December 2022
                                    

                                

                                Biniyam Sahiledengle, Lillian Mwanri, … Kingsley Emwinyore Agho

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Popkin BM . Urbanization, lifestyle changes and the nutrition transition. World Dev 1999; 27: 1905–1916.
Article 
    
                    Google Scholar 
                

	Popkin BM . The nutrition transition and obesity in the developing world. J Nutr 2001; 131: 871S–873S.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Popkin BM, Adair LS, Ng SW . Global nutrition transition and the pandemic of obesity in developing countries. Nutrition reviews 2012; 70: 3–21.
Article 
    PubMed 
    
                    Google Scholar 
                

	Adair LS, Gordon-Larsen P, Du SF, Zhang B, Popkin BM . The emergence of cardiometabolic disease risk in Chinese children and adults: consequences of changes in diet, physical activity and obesity. Obes Rev 2014; 15: 49–59.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dearth-Wesley T, Wang H, Popkin BM . Under- and overnutrition dynamics in Chinese children and adults (1991–2004). Eur J Clin Nutr 2008; 62: 1302–1307.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gordon-Larsen P, Wang H, Popkin BM . Overweight dynamics in Chinese children and adults. Obes Rev 2014; 15: 37–48.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Drewnowski A, Popkin BM . The nutrition transition: new trends in the global diet. Nutr Rev 1997; 55: 31–43.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhai FY, Du SF, Wang ZH, Zhang JG, Du WW, Popkin BM . Dynamics of the Chinese diet and the role of urbanicity, 1991–2011. Obes Rev 2014; 15: 16–26.
Article 
    PubMed 
    
                    Google Scholar 
                

	Wang Z, Zhai F, Zhang B, Popkin BM . Trends in Chinese snacking behaviors and patterns and the social-demographic role between 1991 and 2009. Asia Pac J Clin Nutr 2012; 21: 253.
PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Ng SW, Howard AG, Wang H, Su C, Zhang B . The physical activity transition among adults in China: 1991–2011. Obes Rev 2014; 15: 27–36.
Article 
    PubMed 
    
                    Google Scholar 
                

	Tzioumis E, Adair LS . Childhood dual burden of under-and overnutrition in low-and middle-income countries: A critical review. Food Nutr Bull 2014; 35: 230–243.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Wang Y, Monteiro C, Popkin BM . Trends of obesity and underweight in older children and adolescents in the United States, Brazil, China, and Russia. Am J Clin Nutr 2002; 75: 971–977.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Popkin BM, Conde W, Hou N, Monteiro C . Is there a lag globally in overweight trends for children compared with adults? Obesity 2006; 14: 1846–1853.
Article 
    PubMed 
    
                    Google Scholar 
                

	Popkin BM . Recent dynamics suggest selected countries catching up to US obesity. Am J Clin Nutr 2010; 91: 284S–288S.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Jones-Smith JC, Popkin BM . Understanding community context and adult health changes in China: development of an urbanicity scale. Soc Sci Med 2010; 71: 1436–1446.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Zhang B, Zhai FY, Du SF, Popkin BM . The China Health and Nutrition Survey, 1989–2011. Obes Rev 2014; 15: 2–7.
Article 
    PubMed 
    
                    Google Scholar 
                

	International Food Policy Research Institute Global Nutrition Report: Actions and Accountability to Accelerate the World’s Progress on Nutrition. International Food Policy Research Institute: Washington DC, 2014.

	Labadarios D, Steyn NP . Nutritional disorders in Africa: the triple burden. Nutrition 2005; 21: 2–3.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Doak C, Adair L, Bentley M, Fengying Z, Popkin B . The underweight/overweight household: an exploration of household sociodemographic and dietary factors in China. Public Health Nutr 2002; 5: 215–221.
PubMed 
    
                    Google Scholar 
                

	Doak CM, Adair LS, Bentley M, Monteiro C, Popkin BM . The dual burden household and the nutrition transition paradox. International journal of obesity 2005; 29: 129–136.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Popkin BM, Du S, Zhai F, Zhang B . Cohort Profile: The China Health and Nutrition Survey—monitoring and understanding socio-economic and health change in China, 1989–2011. Int J Epidemiol 2010; 39: 1435–1440.
Article 
    PubMed 
    
                    Google Scholar 
                

	Golden MH . Specific deficiencies versus growth failure: type I and type II nutrients. Journal of Nutritional and Environmental Medicine 1996; 6: 301–308.
Article 
    
                    Google Scholar 
                

	de Onis M, Blössner M, Borghi E, Frongillo E, Morris R . WHO global database on child growth and malnutrition. WHO: Geneva, 2003.

                    Google Scholar 
                

	De Onis M . Organization WH WHO child growth standards: length/height-for-age, weight-for-age, weight-for-length, weight-for-height and body mass index-for-age: methods and development 2006.

	de Onis M . Development of a WHO growth reference for school-aged children and adolescents. Bull World Health Organ 2007; 85: 660–667.
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Cole T, Lobstein T . Extended international (IOTF) body mass index cut‐offs for thinness, overweight and obesity. Pediatr Obes 2012; 7: 284–294.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhai F, Guo X, Popkin BM, Ma L, Wang Q, Yu W et al. Evaluation of the 24-hour individual recall method in China. Food Nutr Bull 1996; 17: 154–161.
Article 
    
                    Google Scholar 
                

	Popkin BM, Lu B, Zhai F . Understanding the nutrition transition: measuring rapid dietary changes in transitional countries. Public Health Nutr 2002; 5: 947–953.
Article 
    PubMed 
    
                    Google Scholar 
                

	Yang Y, Wang G, Pan X . China Food Composition. Peking University Medical Press: Beijing, 2002; 136.

                    Google Scholar 
                

	Chinese Nutrition Society Chinese Dietary Reference Intakes (version 2013). Science Press: Beijing, 2014.

	Murphy SP, Guenther PM, Kretsch MJ . Using the dietary reference intakes to assess intakes of groups: pitfalls to avoid. J Am Diet Assoc 2006; 106: 1550–1553.
Article 
    PubMed 
    
                    Google Scholar 
                

	Wang X, Hojer B, Guo S, Luo S, Zhou W, Wang Y . Stunting and 'overweight' in the WHO Child Growth Standards - malnutrition among children in a poor area of China. Public Health Nutr 2009; 12: 1991–1998.
Article 
    PubMed 
    
                    Google Scholar 
                

	Du S, Mroz TA, Zhai F, Popkin BM . Rapid income growth adversely affects diet quality in China—particularly for the poor!. Soc Sci Med 2004; 59: 1505–1515.
Article 
    PubMed 
    
                    Google Scholar 
                

	Dearth-Wesley T, Wang H, Popkin B . Obesity dynamics in China: the poor are catching up. Eur J Clin Nutr 2007; 18: 1–6.

                    Google Scholar 
                

	Jones-Smith JC, Gordon-Larsen P, Siddiqi A, Popkin BM . Emerging disparities in overweight by educational attainment in Chinese adults (1989–2006). Int J Obes 2011; 36: 866–875.
Article 
    
                    Google Scholar 
                

	Monteiro CA, Conde WL, Lu B, Popkin BM . Obesity and inequities in health in the developing world. Int J Obes 2004; 28: 1181–1186.
Article 
    CAS 
    
                    Google Scholar 
                

	Wang Z, Zhai F, Du S, Popkin B . Dynamic shifts in Chinese eating behaviors. Asia Pac J Clin Nutr 2008; 17: 123–130.
PubMed 
    
                    Google Scholar 
                

	Popkin BM, Du S . Dynamics of the nutrition transition toward the animal foods sector in China and its implications: a worried perspective. J Nutr 2003; 133: 3898S–3906S.
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Ng SW, Zhai F, Popkin BM . Impacts of China's edible oil pricing policy on nutrition. Soc Sci Med 2008; 66: 414–426.
Article 
    PubMed 
    
                    Google Scholar 
                

	Chang Y, Zhai F, Li W, Ge K, Jin D, De Onis M . Nutritional status of preschool children in poor rural areas of China. Bull World Health Organ 1994; 72: 105.
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Pinhas-Hamiel O, Newfield R, Koren I, Agmon A, Lilos P, Phillip M . Greater prevalence of iron deficiency in overweight and obese children and adolescents. Int J Obes 2003; 27: 416–418.
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank Dr Phil Bardsley for programming assistance; Dr Alison L. Eldridge for helpful revision, and Ms. Frances L. Dancy for administrative assistance. Funding for this work was provided by the Nestlé Research Center, Lausanne, Switzerland.

                Author contributions
              
CP, DW and BMP designed the research; CP, DW, SD, BZ, ZW, CS and BMP conducted the research; CP analyzed the data; CP, DW and BMP wrote the paper; CP, DW, SD, BZ, ZW, CS and BMP had primary responsibility for final content. All authors have read and approved the final manuscript.


Author information
Authors and Affiliations
	Department of Nutrition, Gillings School of Global Public Health, The University of North Carolina at Chapel Hill, Carolina Population Center, UNC, Chapel Hill, NC, USA
C Piernas, S Du, Z Wang & B M Popkin

	Nestlé Research Center, Lausanne, Switzerland
D Wang

	National Institute for Nutrition and Health, China Center for Disease Control, Beijing, China
B Zhang, Z Wang & C Su


Authors	C PiernasView author publications
You can also search for this author in
                        PubMed Google Scholar



	D WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	S DuView author publications
You can also search for this author in
                        PubMed Google Scholar



	B ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Z WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	C SuView author publications
You can also search for this author in
                        PubMed Google Scholar



	B M PopkinView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                B M Popkin.


Ethics declarations

              
                Competing interests

                The authors declare no conflict of interest.

              
            

Additional information
Supplementary Information accompanies this paper on European Journal of Clinical Nutrition website


Supplementary information

Supplementary Tables (DOC 177 kb)




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Piernas, C., Wang, D., Du, S. et al. The double burden of under- and overnutrition and nutrient adequacy among Chinese preschool and school-aged children in 2009–2011.
                    Eur J Clin Nutr 69, 1323–1329 (2015). https://doi.org/10.1038/ejcn.2015.106
Download citation
	Received: 17 March 2015

	Revised: 28 May 2015

	Accepted: 31 May 2015

	Published: 01 July 2015

	Issue Date: December 2015

	DOI: https://doi.org/10.1038/ejcn.2015.106


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Prevalence of malnutrition & anemia in preschool children; a single center study
                                    
                                

                            
                                
                                    	Hanan Mina Fouad
	Aly Yousef
	Sherine Shalaby


                                
                                Italian Journal of Pediatrics (2023)

                            
	
                            
                                
                                    
                                        Compared with dietary behavior and physical activity risk, sedentary behavior risk is an important factor in overweight and obesity: evidence from a study of children and adolescents aged 13–18 years in Xinjiang, China
                                    
                                

                            
                                
                                    	He Liu
	Cunjian Bi
	Jing-Zhi Liu


                                
                                BMC Pediatrics (2022)

                            
	
                            
                                
                                    
                                        Prevalence and Determinants of the Double Burden of Malnutrition with a Focus on Concurrent Stunting and Overweight/Obesity in Children and Adolescents
                                    
                                

                            
                                
                                    	Nelia P. Steyn
	Johanna H. Nel


                                
                                Current Nutrition Reports (2022)

                            
	
                            
                                
                                    
                                        Nutritional status of school age children in Abakaliki metropolis, Ebonyi State, Nigeria
                                    
                                

                            
                                
                                    	Adanna Anthonia Umeokonkwo
	Maryann Ugochi Ibekwe
	Bede Chidozie Ibe


                                
                                BMC Pediatrics (2020)

                            
	
                            
                                
                                    
                                        Child nutrition to new stage in China: evidence from a series of national surveys, 1985–2015
                                    
                                

                            
                                
                                    	Xin-Nan Zong
	Hui Li
	Hua-Hong Wu


                                
                                BMC Public Health (2019)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Information
                                
                            
	
                                
                                    Open Access Fees and Funding
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    For Advertisers
                                
                            
	
                                
                                    Subscribe
                                
                            
	
                                
                                    Free Access Articles
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors & Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    European Journal of Clinical Nutrition (Eur J Clin Nutr)
                
                
    
    
        ISSN 1476-5640 (online)
    
    


                
    
    
        ISSN 0954-3007 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    











    [image: ]







[image: ]
