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Outline 

 

• Infant feeding in obesity prevention 

 

• The Baby Milk trial (669 Formula-fed babies, 93% FU at 6 
months) 

 

• The Baby Milk intervention (MRC Framework for complex 
interventions, social cognitive theory) 

 

• Results (significant changes in maternal attitudes, baby’s milk 
intake, weight gain to 6 months) 

 

• Conclusions & next steps 

 

 

 

 

  



• In UK over 1 in 5 children overweight (13%) or obese 

(10%) by 6yrs National Child Measurement Programme 2011 

• Rapid weight gain during infancy is associated with later 

obesity 

• Infancy is a period of rapid growth and habit formation 

• Evidence of programming  

- Appetite 

- Flavour 

- Metabolic 

 

 

Why infancy?  

Ekelund et al 2006 AJCN 



Why infancy and energy intake? 

• Maximum growth velocity 
during infancy 

 

• First year weight triples:    
3kg to 9kg 

 

 

• Energy used for growth 
•  40% 1st month  

•  3% at 12months 

•  1-2% till adolescence 

 

• Energy intake predicts growth 

 

FAO/WHO/UNU 2004 



 

• Formula-fed babies grow faster 

 

• In UK 78% of babies are 
formula-fed at 6 weeks Infant Feeding 

Survey 2010 

 

• 2004 FAO/WHO/UNU 
recommendations 15-20% 
lower than 1985 

 

• Formula-fed babies likely to be 
overfed 

 

• Larger portion sizes, overriding 
satiety cues 
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Why formula-milk? 



What is the Baby Milk Trial? 

• Explanatory RCT to examine  
the safety, acceptability and 
effectiveness of the Baby Milk 
intervention 

 

    - Prevent excess weight gain     

   during infancy 

 

     - Reduce formula milk intake 

 

 

• Understand the underlying 
psychological mediators  

 

 

 

 

 



How we designed the intervention & evaluation 

Campbell; 2007; BMJ Framework for complex interventions 

 

• Systematic 
Reviews 

 

• Qualitative studies 

 

• Questionnaire 
development 

 

• Iterative process 

 

• Multi-disciplinary 
team 

 



• Aim: how parents decide on how much and how often to 
feed their babies?  

• 23 studies 

• No literature on this 

 

• Inadequate information and support 

• Negative emotions- guilt, worry, sense of failure 

• Mistakes in feed preparation 

• Frequent formula-feed changes 





In Press: Lakshman R, Landsbaugh J, Schiff A, Cohn C, Griffin S, Ong KK 

• Interviews, Focus groups 

• Mothers, Healthcare providers 

 

• ‘I had no advice on bottle feeding and he was crying so much 
that I was feeding him every ten minutes…..’ 

 

• ‘He drank for six and a half hours and he was swallowing for 
six and a half hours. He would drink about two and a half 
bottles. …..sometimes he’d have nine bottles a day.’ 



The Baby Milk intervention 

 

Coping  
Planning 

Motivation 

 
Action 

Planning  

 

Communication skills 

Techniques Techniques 

Techniques 

I intend to follow 
the Baby Milk 
Feeding 
Guidelines 

This is how I plan 
to put the Baby 
Milk Feeding 
Guidelines into 
action 

 

This is how I will 
stick to the Baby 
Milk Feeding 
Guidelines when 
the going gets 
tough 



The Baby Milk intervention 



Babies  introduced to formula feeds within 14 weeks of birth 

Baseline visit (n=669, mean age 2.3 months) 

Intervention (n= 340) 

Baby’s age 6 months: End of intervention 

Control (n= 329) 

Behavioural intervention Standard advice  

2 mo 

3 mo 

4 mo 

5 mo 

6 mo 

5 mo 

4 mo 

3 mo 

2 mo 

6 mo 

6 months (n= 314) 6 months (n= 310) 93% 

12 months (n= 293 ) 12 months (n= 293) 88% 



Results: Baseline characteristics, babies 

Means (SD) for continuous variables, Numbers (%) for categorical 
variables; SDS using WHO 2006 growth charts 

  Control  

n=329 

Intervention 

n=340 

Age, months  2.3 (1.0) 2.3 (1.0) 

Gestational age, weeks 39.6 (2.7) 39.7 (1.4) 

Female (%) 150 (45.6%)  158 (46.5%) 

Fully formula-fed (%) 277 (93.3%) 277 (95.5%) 

First born (%) 167 (53.0%)  174 (51.9%) 

Birth weight, kg 3.41 (0.5) 3.47 (0.5) 



Results: Baseline characteristics, mothers 

Control 

n=329 

Intervention 

n=340 

Age, years  31.3 (5.8) 31.9 (5.9) 

BMI, kg/m2 27.8 (5.4)) 28.1(5.5) 

Pregnancy weight gain, kg 12.7 (6.9) 13.0 (6.8) 

Age completed education, years 19.5 (3.6) 19.6 (3.5) 

Degree or higher  38.3% 37.4% 

Professional, higher managerial, 

administrative occupation 

52.3% 43.3% 

White ethnicity 93.1% 95.8% 

Married 58.2% 56.9% 

Smoked during pregnancy 12.0% 11.3% 

Consumed alcohol during pregnancy 20.2% 17.2% 

Means (SD) for continuous variables 
Numbers (%) for categorical variables  



Results: Differences in milk intake ml/d 

% starting solids 
   2.5%              5.2%                 24%                50%             84% 



Results: Differences in weight SDS to 6mo 

*Change in weight SDS from 
baseline to 6 months  
(adjusted for baseline) 
-0.08,  
[95% CI; -0.17, -0.004] 

*  



Results: % crossing 1 centile (0.67 SDS) to 6mo 
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OR: 0.74  
[0.51, 1.07] 



Behavioural  
Determinants 

Behaviour 

Growth 

Health 
Outcomes 

Modelling long term outcomes, 
cost-effectiveness analyses, long 

term follow-up  

Anthropometry at baseline, 6 and 
12 months, USS and skin-folds at 

12 months 

Milk feeding – Questionnaires at 
baseline, 3,4, 5, 6 months, Diet 

diary at 8 months 

Attitudes, self-efficacy, outcome-
expectancy, intentions,                   

- Questionnaires at baseline and    
6-months 
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Explanatory RCT: Causal modelling 



Baseline 

Questionnaire measures 

Pregnancy, Demography, Lifestyle etc I,C 

Milk feeds (also at 3,4,5 mo) I,C 

Feeding and psychological mediators I,C 

Temperament, sleep, eating behaviour I,C 

4-day diet diary 

Health service utilisation 

Maternal QoL I,C 

Intervention evaluation 

Anthropometry 

Parents’ anthropometry I,C 

Baby’s anthropometry I,C 

6 mo 

I,C 

I,C 

I,C 

I,C 

I,C 

I 

I,C 

I,C 

8 mo 

I,C 

12 mo 

I,C 

I,C 

I 

I,C 

I,C 

Study Measures  

I- Intervention, C- Control group 



Social Cognitive Theory Bandura 

 

• Self- Efficacy 
• Confidence in performing a 

particular behaviour and in 
overcoming barriers to that 
behaviour 

• Baby cries, friends, 
partner/family, general  

 

• Outcome Expectancy 
• Thoughts or beliefs about the 

results or consequences of a 
behaviour 

• Baby will be healthy, hungry, 
wake-up, best for baby, feel 
good  

 

 

 

Outcome expectancies: 
Physical 
Social 
Self-evaluative 

 
Self-efficacy 

 
Goals 

 
Behaviour 

Sociostructural factors: 
Facilitators 
Impediments 

Luszczynska A el al , 2005, Predicting 
Health Behaviours 



Important to monitor growth

Confident to get baby measured

Worried if too much weight gain

Worried if too little weight gain

Possible to feed baby too much

Possible to feed baby too little

Confident to feed so not too much weight gain

Confident to feed so enough weight gain

Attitude

-0.15

-0.00

-0.12

-0.17

-0.05

-0.12

0.22

0.01

Control

-0.05

0.05

0.15

-0.07

0.48

0.16

0.40

0.05

Intervention

Favours control  Favours intervention 

0-.2 0 .2 .4 .6 .8

Results: changes in maternal attitudes 

Attitude   Difference in change  

Important to monitor growth 0.05 [-0.03, 0.14] 

Confident to get baby measured 0.00 [-0.09, 0.08]  

Worried if too much weight gain 0.23 [0.12, 0.34] 

Worried if too little weight gain 0.05 [-0.05, 0.15]  

Possible to feed too much 0.46 [0.29, 0.62] 

Possible to feed too little 0.16 [0.00, 0.31]  

Confident to feed so not too much weight gain 0.18 
[0.07, 0.30]  
 
Confident to feed so enough weigh gain 0.06 [-0.04, 
0.17] 

 

Favours control           Favours intervention 

assessed on a 5-point Likert scale 



Self-efficacy (3 items)

Self-efficacy (1 item*)

Outcome expectancy (5 items)

Intention (2 items)

Mediator

-0.11

0.09

0.16

-0.32

Control

1.16

-0.08

1.22

0.85

Intervention

Favours control  Favours intervention 
0-.4 0 .4 .8 1.2 1.6

Results: changes in theory-based 
psychological mediators 

* Items for self-efficacy were combined if Cronbach alpha > 0.6. One self-efficacy item (“difficult to follow feeding 
recommendations without partner/family support”) was analysed separately as its inclusion in the combined self-
efficacy score gave a Cronbach alpha of 0.4 

 

Favours control           Favours intervention 

Mediator   Difference in change  

Self-efficacy (3 items )  1.26 [0.98, 1.54] 

  

Self-efficacy (1 item*)              -0.14 [-0.30, 0.01] 

  

  

Outcome expectancy (5 items) 0.98 [0.55 1.40] 

  

 

Intensions (2 items)                 1.12 [0.91, 1.34] 



Behavioural  
Determinants 

Behaviour 

Growth 

Health 
Outcomes 

Modelling long term outcomes, 
cost-effectiveness analyses, long 

term follow-up  

Anthropometry at baseline, 6 and 
12 months, USS and skin-folds at 

12 months 

Milk feeding – Questionnaires at 
baseline, 3,4, 5, 6 months, Diet 

diary at 8 months 

Attitudes, self-efficacy, outcome-
expectancy, intentions,                   

- Questionnaires at baseline and    
6-months 
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Explanatory RCT: Causal modelling 



Results: Differences in weight SDS to 12 months 

Change in weight SDS from baseline to 
12 months  (adjusted for baseline) 
-0.04 [95% CI; -0.14, 0.07] 



Results: % crossing 1 centile (0.67 SDS) to 12mo 
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Summary & next steps 

• A theory-based behavioural intervention to reduce formula-
milk intake was acceptable, safe and effective in reducing 
milk intake, and slowed weight gain to 6 months 

• But effects on calorie intake and weight were not sustained. 
Energy intakes at 8 months in both groups exceeded WHO 
recommendations  (773kcal/day versus the WHO 
recommendations of 666kcal/day) 

 

 

  



Summary & next steps 

• A theory-based behavioural intervention to reduce formula-
milk intake was acceptable, safe and effective in reducing 
milk intake, and slowed weight gain to 6 months 

• But effects on calorie intake and weight were not sustained. 
Energy intakes at 8 months in both groups exceeded WHO 
recommendations  (773kcal/day versus the WHO 
recommendations of 666kcal/day) 

• Research in this area is recent and limited 

 

 

  



Results in context  

• The most recent systematic review identified 26 interventions 
(none targeted formula-milk intake) Blake-Lamb et al 2016 

 

• 2 effective interventions altered the composition of formula-
milk (hydrolysed/lower protein formula-milk) 

 

• 7 effective interventions were behavioural (breastfeeding, 
sleep, weaning, maternal - child diet and physical activity)  

 

• Effective behavioural interventions were delivered for ~1 
to 10 years  

 

• No interventions have shown long-term persisting 
effectiveness (i.e. months to years after the intervention 
ended) 

 

 

 

 

 

 

  



Trial Reference  Intervention target Intervention 

duration 

STRIP Hakenen 

2006  

Family diet & PA Birth to 10yrs 

Healthy 

Beginnings 

Wen  

2012  

Family-child diet & PA, breastfeeding Pregnancy to  

2 yrs 

Lifestyle 

Counselling 

Mustilla 

2012 

Mother diet & PA 2mo to 4 yrs 

Prevention of 

overweight 

Verbesteel 

2013 

Family diet & PA 9mo to 3 yrs 

Maternal-child 

Pastoral 

Navarro 

2013  

Mother-child diet, parenting Pregnancy to  

2 yrs 

NOURISH Daniels  

2013  

Diet- anticipatory guidance 4 to 15 mo 

SLIMTIME Paul  

2011 

Sleep & diet 2wks to 6 mo 

INSIGHT Savage  

2016 

Sleep, diet & PA- responsive parenting 2wks to 9 mo 

Summary of effective behavioural interventions 



Summary & next steps 

• A theory-based behavioural intervention to reduce formula-
milk intake was acceptable, safe and effective in reducing 
milk intake, and slowed weight gain to 6 months 

• But effects on calorie intake and weight were not sustained. 
Energy intakes at 8 months in both groups exceeded WHO 
recommendations  (773kcal/day versus the WHO 
recommendations of 666kcal/day) 

• Research in this area is recent and limited 

• Baby Milk would complement other interventions that target 
sleep, activity, the weaning period and beyond…  

• Population-level change is required in addition to 
individual-level intervention 
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