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FIGURE 2
Infant feeding, BMI z score, and weight gain velocity in the CHILD cohort (N = 2553 term infants). A, BMI. B, Weight gain velocity. BF, breastfeeding. a Mutually 
adjusted for each other. b Adjusted for study site, maternal age, prepregnancy BMI, ethnicity, education, marital status, smoking during pregnancy, mode 
of delivery, parity, infant sex, gestational age, and birth weight.
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supplementation at birth does not 
adversely impact weight gain, so 
long as the infant is exclusively 
breastfed after hospital discharge. 
This is an important caveat because 
supplementation can discourage or 
delay breastfeeding initiation27 and 
reduce a new mother’s confidence in 
her ability to breastfeed, which may 
lead to early cessation or sustained 
supplementation. Further research 
is needed to determine if brief 
supplementation influences other 
processes such as inflammation, 
immunity, or the gut microbiome.

Mechanisms

Our results suggest that shorter 
breastfeeding duration, feeding 
bottled breast milk, and formula 
supplementation all independently 
influence infant weight gain, BMI, 
and overweight risk. Potential 
mechanisms for these effects 
include biological differences in the 
macronutrient profiles of formula 
versus breast milk28 or differential 
effects on the gut microbiota, 
which are profoundly impacted by 
formula29 and contribute to energy 
absorption and weight gain.12 In 
addition, many bioactive components 
of human milk are absent from 
formula and may be altered during 
expression and storage10; these 
include hormones that regulate 
satiety, microbiota that seed the 
infant gut, and oligosaccharides that 
support microbiota development.30

Our results also suggest that feeding 
method is important, which is 
consistent with evidence that the 
“baby-led” nature of breastfeeding 
promotes satiety responsiveness 
later in childhood.31 It is thought that 
differential “programming” of satiety 
and self-regulation results from 
bottle-feeding versus breastfeeding 
because infants fed at the breast 
actively suckle and self-regulate, 
whereas those fed from a bottle 
(regardless of its contents) are 
more passive and may not learn to 
appropriately balance energy intake.11

Future Directions

The results of this study highlight the 
importance of documenting detailed 
information about infant feeding 
practices and may help explain the 
inconsistencies observed across 
previous studies in which these 
details were not precisely captured. 
Further work by researchers 
incorporating these measures (eg, 
duration, exclusivity, and mode of 
breastfeeding; type and timing of 
complementary foods) is required 
to replicate our observations and 
determine their generalizability 
to other settings and populations. 
Extended analysis of weight gain and 
body composition is also required to 
determine if these associations persist 
and influence obesity later in life.

Additional research is warranted to 
investigate the potentially differential 
effects of specific formulas (eg, 
containing prebiotics or probiotics) 
and first foods, to establish  
exposure thresholds (eg, differentiate 
between “any” and “predominantly” 
expressed milk feeding), to explore 
the role of different feeding styles, 
and to understand and address 
mothers’ motivations and challenges 
related to infant feeding. Finally, it 
is important to study and define the 
causal mechanisms that mediate 
the observed associations between 
infant feeding practices, weight gain, 
and overweight risk. These future 
directions are essential to inform and 
optimize infant feeding guidelines 
and develop effective early-life 
interventions for obesity prevention, 
including initiatives to support 
breastfeeding and alternative 
solutions for those who cannot be 
breastfed.

CONCLUSIONS

This study confirms that sustained 
and exclusive breastfeeding 
is associated with favorable 
anthropometric outcomes during 
infancy, and contributes novel 
evidence regarding common feeding 

practices that are rarely addressed 
in other studies. Firstly, formula 
supplementation of breastfed infants 
significantly attenuated the observed 
associations, whereas complementary 
feeding of solid foods introduced 
between 5 and 6 months had no 
impact. Secondly, feeding expressed 
breast milk appeared to have a 
weaker beneficial effect compared 
with direct feeding at the breast, 
although expressed milk remained 
beneficial compared with formula. 
Finally, brief formula supplementation 
during the neonatal period did not 
measurably alter these associations 
so long as exclusive breastfeeding 
was established and sustained for at 
least 3 months. Altogether, this study 
provides new evidence to inform 
feeding recommendations and guide 
further research about infant feeding 
practices and how they influence 
the development and prevention of 
childhood obesity.

ACKNOWLEDGMENTS

We thank all the families who 
took part in this study and the 
whole CHILD team, which includes 
interviewers, nurses, computer 
and laboratory technicians, clerical 
workers, research scientists, 
volunteers, managers, and 
receptionists. We also thank Dr Atul 
Sharma and Ms Allison Feely (George 
and Fay Yee Centre for Healthcare 
Innovation) for their statistical 
expertise.

AZAD et al12

ABBREVIATIONS

aβ:  adjusted β estimate
ANOVA:  analysis of variance
aOR:  adjusted odds ratio
BMI:  body mass index
CHILD:  Canadian Healthy Infant 

Longitudinal 
Development

CI:  confidence interval
IQR:  interquartile range
WFA:  weight-for-age
WHO:  World Health Organization

 by guest on October 20, 2018www.aappublications.org/newsDownloaded from 



REFERENCES

 1.  NCD Risk Factor Collaboration (NCD-
RisC). Worldwide trends in body-mass 
index, underweight, overweight, and 
obesity from 1975 to 2016: a pooled 
analysis of 2416 population-based 
measurement studies in 128.9 million 
children, adolescents, and adults. 
Lancet. 2017;390(10113):2627–2642

 2.  Symonds ME, Sebert SP, Hyatt MA, 
Budge H. Nutritional programming 
of the metabolic syndrome. Nat Rev 
Endocrinol. 2009;5(11):604–610

 3.  Monteiro PO, Victora CG. Rapid growth 
in infancy and childhood and obesity 
in later life–a systematic review. Obes 
Rev. 2005;6(2):143–154

 4.  Roy SM, Spivack JG, Faith MS, et al.  
Infant BMI or weight-for-length and 
obesity risk in early childhood. 
Pediatrics. 2016;137(5):e20153492

 5.  Simmonds M, Burch J, Llewellyn A,  
et al. The use of measures of obesity 
in childhood for predicting obesity and 
the development of obesity-related 
diseases in adulthood: a systematic 
review and meta-analysis. Health 
Technol Assess. 2015;19(43):1–336

 6.  Victora CG, Bahl R, Barros AJ, et al;  
Lancet Breastfeeding Series Group. 
Breastfeeding in the 21st century: 
epidemiology, mechanisms, 
and lifelong effect. Lancet. 
2016;387(10017):475–490

 7.  Horta BL, Loret de Mola C, Victora 
CG. Long-term consequences of 
breastfeeding on cholesterol, obesity, 
systolic blood pressure and type 
2 diabetes: a systematic review 
and meta-analysis. Acta Paediatr. 
2015;104(467):30–37

 8.  Labbok MH, Starling A. Definitions of 
breastfeeding: call for the development 
and use of consistent definitions in 
research and peer-reviewed literature. 
Breastfeed Med. 2012;7(6):397–402

 9.  Rasmussen KM, Felice JP, O’Sullivan EJ, 
Garner CD, Geraghty SR. The meaning 
of “breastfeeding” is changing and so 
must our language about it. Breastfeed 
Med. 2017;12(9):510–514

 10.  Chang JC, Chen CH, Fang LJ, Tsai 
CR, Chang YC, Wang TM. Influence 
of prolonged storage process, 
pasteurization, and heat treatment 
on biologically-active human 
milk proteins. Pediatr Neonatol. 
2013;54(6):360–366

 11.  Li R, Fein SB, Grummer-Strawn LM. 
Do infants fed from bottles lack self-
regulation of milk intake compared 
with directly breastfed infants? 
Pediatrics. 2010;125(6). Available at: 
www. pediatrics. org/ cgi/ content/ full/ 
125/ 6/ e1386

 12.  O’Sullivan A, Farver M, Smilowitz JT. 
The influence of early infant-feeding 
practices on the intestinal microbiome 

and body composition in infants 
[published correction appears in Nutr 
Metab Insights. 2016;8(suppl 1):87]. Nutr 
Metab Insights. 2015;8(suppl 1):1–9

 13.  Subbarao P, Anand SS, Becker AB, 
et al; CHILD Study Investigators. The 
Canadian Healthy Infant Longitudinal 
Development (CHILD) study: examining 
developmental origins of allergy and 
asthma. Thorax. 2015;70(10):998–1000

 14.  Kramer MS, Kakuma R. Optimal 
duration of exclusive breastfeeding. 
Cochrane Database Syst Rev. 
2012;(8):CD003517

 15.  WHO Multicentre Growth Reference 
Study Group. WHO child growth 
standards based on length/height, 
weight and age. Acta Paediatr Suppl. 
2006;450:76–85

 16.  de Onis M, Lobstein T. Defining 
obesity risk status in the general 
childhood population: which cut-offs 
should we use? Int J Pediatr Obes. 
2010;5(6):458–460

 17.  Lefebvre CM, John RM. The effect of 
breastfeeding on childhood overweight 
and obesity: a systematic review of the 
literature. J Am Assoc Nurse Pract. 
2014;26(7):386–401

 18.  Guenther PM, Casavale KO, Reedy J, 
et al. Update of the healthy eating 
index: HEI-2010. J Acad Nutr Diet. 
2013;113(4):569–580

PEDIATRICS Volume 142, number 4, October 2018 13

and oversaw the propensity score analyses and reviewed the manuscript; Dr McGavock provided guidance on body composition and obesity measures and 
reviewed the manuscript; Dr Taylor served as Dr Azad’s MSc advisor at the London School of Hygiene and Tropical Medicine, provided guidance on the statistical 
analyses, and reviewed the manuscript; Drs Sears, Subbarao, Turvey, Becker, Mandhane, and Moraes conceptualized and designed the CHILD cohort, managed 
participant recruitment and data collection, and critically reviewed the manuscript; Dr Lefebvre managed the CHILD study database and critically reviewed the 
manuscript; and all authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.

DOI: https:// doi. org/ 10. 1542/ peds. 2018- 1092

Accepted for publication Jun 29, 2018

Address correspondence to Meghan B. Azad, PhD, Children’s Hospital Research Institute of Manitoba, 501G - 715 McDermot Ave, Winnipeg, MB R3E 3P4, Canada. 
E-mail: meghan.azad@umanitoba.ca

PEDIATRICS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2018 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: Dr Azad’s travel expenses were covered by Mead Johnson for an educational presentation about breast milk composition; Medela 
covered travel expenses for a breast milk conference; the other authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: The Canadian Institutes of Health Research and the Allergy, Genes and Environment Network of Centres of Excellence provided core support for the 
CHILD Study. This research was specifically funded by Research Manitoba. This research was supported, in part, by the Canada Research Chairs program; M.B.A. 
holds a Canada Research Chair in the Developmental Origins of Chronic Disease. These entities had no role in the design and conduct of the study; collection, 
management, analysis, and interpretation of the data; and preparation, review, or approval of the manuscript.

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

 by guest on October 20, 2018www.aappublications.org/newsDownloaded from 

www.pediatrics.org/cgi/content/full/125/6/e1386
www.pediatrics.org/cgi/content/full/125/6/e1386
https://doi.org/10.1542/peds.2018-1092
mailto:


 19.  Chalmers B, Levitt C, Heaman M, 
O’Brien B, Sauve R, Kaczorowski J; 
Maternity Experiences Study Group of 
the Canadian Perinatal Surveillance 
System, Public Health Agency of 
Canada. Breastfeeding rates and 
hospital breastfeeding practices in 
Canada: a national survey of women. 
Birth. 2009;36(2):122–132

 20.  Johnson L, van Jaarsveld CH, Llewellyn 
CH, Cole TJ, Wardle J. Associations 
between infant feeding and the 
size, tempo and velocity of infant 
weight gain: SITAR analysis of the 
Gemini twin birth cohort. Int J Obes. 
2014;38(7):980–987

 21.  Sun C, Foskey RJ, Allen KJ, et al. The 
impact of timing of introduction of 
solids on infant body mass index.  
J Pediatr. 2016;179:104–110.e1

 22.  Kramer MS, Guo T, Platt RW, et al; 
PROBIT Study Group. Breastfeeding 
and infant growth: biology or bias? 
Pediatrics. 2002;110(2, pt 1):343–347

 23.  Chantry CJ, Dewey KG, Peerson JM, 
Wagner EA, Nommsen-Rivers LA. 
In-hospital formula use increases 
early breastfeeding cessation among 
first-time mothers intending to 
exclusively breastfeed. J Pediatr. 
2014;164(6):1339–1345.e5

 24.  Du Toit G, Sayre PH, Roberts G, et al; 
Immune Tolerance Network LEAP-On 
Study Team. Effect of avoidance 
on peanut allergy after early 
peanut consumption. N Engl J Med. 
2016;374(15):1435–1443

 25.  Daniels L, Mallan KM, Fildes A, Wilson 
J. The timing of solid introduction 
in an ‘obesogenic’ environment: a 
narrative review of the evidence and 
methodological issues. Aust N Z J 
Public Health. 2015;39(4):366–373

 26.  Boban M, Zakarija-Grkovic I. In-hospital 
formula supplementation of healthy 
newborns: practices, reasons, and 
their medical justification. Breastfeed 
Med. 2016;11:448–454

 27.  Howard CR, Howard FM, Lanphear B,  
et al. Randomized clinical trial of pacifier 
use and bottle-feeding or cupfeeding 
and their effect on breastfeeding. 
Pediatrics. 2003;111(3):511–518

 28.  Abrams SA, Hawthorne KM, Pammi 
M. A systematic review of controlled 
trials of lower-protein or energy-
containing infant formulas for use 
by healthy full-term infants. Adv Nutr. 
2015;6(2):178–188

 29.  Laursen MF, Bahl MI, Michaelsen KF, 
Licht TR. First foods and gut microbes. 
Front Microbiol. 2017;8:356

 30.  Ballard O, Morrow AL. Human milk 
composition: nutrients and bioactive 
factors. Pediatr Clin North Am. 
2013;60(1):49–74

 31.  Brown A, Lee M. Breastfeeding 
during the first year promotes 
satiety responsiveness in children 
aged 18-24 months. Pediatr Obes. 
2012;7(5):382–390

AZAD et al14
 by guest on October 20, 2018www.aappublications.org/newsDownloaded from 



 originally published online September 24, 2018; Pediatrics 
Subbarao and on behalf of the CHILD Study Investigators

Theo J. Moraes, Mark S. Taylor, Diana L. Lefebvre, Malcolm R. Sears, Padmaja 
Turvey,Jonathan M. McGavock, Allan B. Becker, Piushkumar J. Mandhane, Stuart E. 

Meghan B. Azad, Lorena Vehling, Deborah Chan, Annika Klopp, Nathan C. Nickel,
and Formula From Food

Infant Feeding and Weight Gain: Separating Breast Milk From Breastfeeding

Services
Updated Information &

018-1092
http://pediatrics.aappublications.org/content/early/2018/09/20/peds.2
including high resolution figures, can be found at: 

References

018-1092#BIBL
http://pediatrics.aappublications.org/content/early/2018/09/20/peds.2
This article cites 31 articles, 6 of which you can access for free at: 

Subspecialty Collections

http://www.aappublications.org/cgi/collection/obesity_new_sub
Obesity
http://www.aappublications.org/cgi/collection/breastfeeding_sub
Breastfeeding
http://www.aappublications.org/cgi/collection/nutrition_sub
Nutrition
following collection(s): 
This article, along with others on similar topics, appears in the

Permissions & Licensing

http://www.aappublications.org/site/misc/Permissions.xhtml
in its entirety can be found online at: 
Information about reproducing this article in parts (figures, tables) or

Reprints
http://www.aappublications.org/site/misc/reprints.xhtml
Information about ordering reprints can be found online: 

 by guest on October 20, 2018www.aappublications.org/newsDownloaded from 

http://http://pediatrics.aappublications.org/content/early/2018/09/20/peds.2018-1092
http://http://pediatrics.aappublications.org/content/early/2018/09/20/peds.2018-1092
http://pediatrics.aappublications.org/content/early/2018/09/20/peds.2018-1092#BIBL
http://pediatrics.aappublications.org/content/early/2018/09/20/peds.2018-1092#BIBL
http://www.aappublications.org/cgi/collection/nutrition_sub
http://www.aappublications.org/cgi/collection/breastfeeding_sub
http://www.aappublications.org/cgi/collection/obesity_new_sub
http://www.aappublications.org/site/misc/Permissions.xhtml
http://www.aappublications.org/site/misc/reprints.xhtml


 originally published online September 24, 2018; Pediatrics 
Subbarao and on behalf of the CHILD Study Investigators

Theo J. Moraes, Mark S. Taylor, Diana L. Lefebvre, Malcolm R. Sears, Padmaja 
Turvey,Jonathan M. McGavock, Allan B. Becker, Piushkumar J. Mandhane, Stuart E. 

Meghan B. Azad, Lorena Vehling, Deborah Chan, Annika Klopp, Nathan C. Nickel,
and Formula From Food

Infant Feeding and Weight Gain: Separating Breast Milk From Breastfeeding

 http://pediatrics.aappublications.org/content/early/2018/09/20/peds.2018-1092
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

http://pediatrics.aappublications.org/content/suppl/2018/09/19/peds.2018-1092.DCSupplemental
Data Supplement at: 

1073-0397. 
ISSN:60007. Copyright © 2018 by the American Academy of Pediatrics. All rights reserved. Print 

the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk Grove Village, Illinois,
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by 
Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it

 by guest on October 20, 2018www.aappublications.org/newsDownloaded from 

http://pediatrics.aappublications.org/content/early/2018/09/20/peds.2018-1092
http://pediatrics.aappublications.org/content/suppl/2018/09/19/peds.2018-1092.DCSupplemental



