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  In this talk I will present: 
 
1) Brief background to West Australian Pregnancy Cohort (Raine) Study 
2) Predictors of body mass and associations with cardiovascular risk 
3) Breastfeeding and overweight 
4) Synergy between adiposity, insulin resistance, metabolic risk and 

inflammation in adolescents  
5)  Body mass index, adiposity rebound and infant feeding 
6)  A possible strategy to account for attrition bias in investigating 

associations between breastfeeding and overweight at 20 years. 



• Prospective longitudinal pregnancy cohort study 

 Antenatal data 

 Information on mothers, fathers and baby 

 18 weeks, 34 weeks, day of birth 

 Followed up at 1, 2, 3, 5, 8, 10, 14, 17, 20, 23, now 25 y 

 Specific studies 

 GWAS data 

 

Raine Study 
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METHODS 
  

Western Australian Pregnancy (Raine) Study  
 
• Recruitment of the Western Australian Pregnancy (Raine) 

cohort has been described in detail.  
 

• In brief, between 1989 and 1991 2,900 pregnancies were 
recruited (16-18-weeks gestation) into an RCT to evaluate 
the effects of repeated ultrasound in pregnancy. 

 
• Recruitment predominantly took place at King Edward 

Memorial Hospital (Perth, Western Australia).  
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METHODS 
  

Western Australian Pregnancy (Raine) Study 
 
• Children comprehensively phenotyped from birth to 23  
      (at 1, 2, 3, 5, 8, 10, 14, 17, 20 and 23 years) by trained   

 research team 
 
• majority of children of Caucasian ethnicity (82% w/ two 

Caucasian parents) 
 
• data collection included questionnaires completed by the 

child’s primary carer and adolescent from age 14, physical 
assessments at all follow-ups, dietary intake from FFQ and 
frequency and duration of exercise 
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METHODS 
  

Western Australian Pregnancy (Raine) Study 
 
• Duration of breastfeeding calculated in months from date 

of birth and date breastfeeding ceased  
 
• Exclusive breastfeeding calculated based on the date that 

milk introduced.  
 
• Appropriate institutional ethics approval, written informed 

consent obtained from mothers.  
 

• Cohort shown to be representative of population 
presenting to antenatal tertiary in Western Australia. 

 



    Males  

(N=1462) 

Females  

(N=1406) 

P-value 

Maternal age (years) Mean (SD) 27.5 (5.9) 27.3 (6.0) 0.53 

Pre-preg BMI (kg/m2)  (Q1-Q3) 21.5 (19.7-23.8) 21.5 (19.8-23.7) 0.78 

Preg weight gain (kg) Mean (SD) 14.0 (5.8) 13.8 (6.0) 0.64 

Maternal diabetes Number (%) 36 (3) 28 (3) 0.52 

Maternal hypertension Number (%) 282 (26) 241 (24) 0.23 

Maternal smoker Number (%) 308 (29) 329 (32) 0.06 

Parity: 0 

 1 

 2 

 3 

 4+ 

Number (%) 529 (49) 

308 (29) 

158 (15) 

  63 (  6) 

  21 (  2) 

500 (49) 

289 (28) 

145 (14) 

  62 (  6) 

  19 (  2) 

 0.99 

Pregnancy and early life characteristics for the Raine cohort  
 



    Males  

(N=1462) 

Females  

(N=1406) 

P-

value 

Length gestation (mean) Median (Q1-3) 279 (270-286) 279 (273-286) 0.68 

Placental weight (wt)(g) Mean (SD) 611 (119) 607 (121) 0.45 

Birth weight (kg) Mean (SD) 3.51 (0.46) 3.38 (0.44) <0.001 

Birth wt z-score (SD) Mean (SD) 0.300 (0.905) 0.288 (0.926) 0.77 

Weight (wt) at 1y (kg) Mean (SD) 10.73 (1.23) 10.03 (1.14) <0.001 

Weight 1y z-score (SD) Mean (SD) 0.535 (0.999) 0.496 (0.877) 0.38 

Change wt z-score 0-1y Mean (SD) 0.214 (1.057) 0.202 (1.060) 0.80 

Duration breast feeding 

(months) 

Median (Q1-3) 6 (2-11) 6 (2-11) 0.82 

Excusive breast feeding 

(months) 

Median (Q1-3) 4 (2-7) 4 (1-7) 0.60 

Pregnancy and early life characteristics Raine cohort (continued)  
 



Breastfeeding duration 

Duration of Any 
Breastfeeding 

n = 2420 
(cumulative) 

% 

<1/ 1+ month 514 21.2 

<2/ 2+ months 713 29.5 

<3/ 3+ months 914 37.8 

<4 / 4+ months 1075 44.4 

<5 / 5+ months 1166 48.2 

<6 / 6+ months 1322 54.6 



  Β Estimate  Std. Error  P-value 
Intercept  0.323  0.085  0.0001  
Parity:  0 Ref Ref Ref 
             1 -0.183 0.058  0.001  
             2  -0.287  0.072 <0.001 
             3  -0.589 0.105 <0.001 
             4+  -0.389  0.183 0.034  
Maternal smoker :             No Ref Ref Ref 
                                             Yes  0.313  0.056 <0.001 
Maternal diabetes :            No Ref Ref Ref 
                                             Yes  -0.435  0.142  <0.001  
Maternal hypertension :    No Ref Ref Ref 
                                             Yes  0.123  0.057  0.031  
Pregnancy weight gain* (kgs) -0.015  0.004  <0.001  
Pre-pregnancy maternal BMI* 
(kg/m2) -0.019  0.006  0.001  

Duration any breastfeeding (months) -0.027  0.004  <0.001 
Family Income   <$11,999  Ref Ref Ref 
                              $12,000-$35,999 0.070  0.086  0.412  
                            >$36,000 0.207  0.087  0.018  

Analysis of change in weight z-score from birth to 1 year in multivariate regression 



To examine predictors of body mass index (BMI) at the age of 
eight years in a prospective study of Australian children. 



Burke, Beilin, Simmer, Oddy et al. Int J Obesity, 2005 

Proportion of overweight, nonobese or obese boys and girls at the 
ages of 1, 3, 6 and 8 y. At the age of 1 y, overweight and obesity 
were defined with reference to CDC growth charts. For 3, 6 and 8 
y olds, overweight and obesity were defined by the standards of 
Cole et al.14 



Weight year 1 Weight 3 y Weight 6 y Weight 8 y 

Birthweight 0.3551 (1707) 0.3623 (1181) 0.2681 (1477) 0.2016 (1427) 

P<0.001 P<0.001 P<0.001 P<0.001 

 

Weight year 1 

 

0.7839 (1109) 

 

0.6016 (1380) 

 

0.4446 (1332) 

P<0.001 P<0.001 P<0.001 

 

Weight 3 y 

 

0.8051 (1016) 

 

0.7154 (985) 

P<0.001 P<0.001 

 

Weight 6 y 

 

0.8722 (1295) 

P<0.001 

Partial correlation coefficients relating birth-weight, and weight at 
years 1, 3, 6 and 8 (n) with adjustment for sex showing number 
and P-value 

Burke, Beilin, Simmer, Oddy et al. Int J Obesity, 2005 



Normal weight Overweight including obesity P-value 

1 y 

SBP 99.6 (0.4) 101.8 (0.8) 0.013 

DBP 58.2 (0.4) 61.0 (0.8) 0.001 

3 y 

SBP 97.9 (0.3) 100.4 (0.8) 0.004 

DBP 52.6 (0.3) 54.2 (0.8) 0.052 

6 y 

SBP 102.4 (0.3) 106.6 (0.6) <0.001 

DBP 54.3 (0.2) 56.2 (0.5) 0.001 

8 y 

SBP 103.1 (0.3) 109.0 (0.7) <0.001 

DBP 55.8 (0.2) 58.2 (0.4) <0.001 

Blood glucose 4.52 (0.02) 4.60 (0.04) 0.182 

Total cholesterol 4.47 (0.04) 4.60 (0.09) 0.162 

HDL 1.56 (0.02) 1.43 (0.04) 0.002 

LDL 2.62 (0.04) 2.78 (0.08) 0.078 

Triglycerides 0.59 (0.56, 0.61) 0.75 (0.66, 0.84) <0.001 

Associations between cardiovascular risk factors and overweight 
including obesity at the ages of 1, 3, 6 & 8 y 

Burke, Beilin, Simmer, Oddy et al. Int J Obesity, 2005 



 

Variable 

 

Coefficient 95% CL P-value R2 

Birth weight (kg) 0.669 0.382, 0.951 <0.001 0.013 

Duration of  breastfeeding 

(months) 
-0.030 -0.053, -0.007 0.012 0.004 

Age milk first introduced 

(months) 
-0.038 -0.076, -0.001 0.048 0.002 

Mothers' BMI (kg/m2) 0.120 0.096, 0.144 <0.001 0.071 

Fathers' BMI (kg/m2) 

(n=383) 
0.140 0.088, 0.193 <0.001 0.062 

Mother smoking status 

Never smoker -0.732 -1.059,-0.405, <0.001 0.012 

Ex-smoker -0.513 -0.850, -0.175 0.003 

Mother diabetes (child 8 y ) 0.850 0.276, 1.424 0.004 0.005 

Mother gestational diabetes 1.485 0.451, 2.250 0.005 0.004 

Burke, Beilin, Simmer, Oddy et al. Int J Obesity, 2005 

Regression models adjusted only for sex with BMI at 8 y of age 
as the dependent variable – early life predictors 



BMI in children at the ages of 1, 3, 6 and 8 y related to upper and lower family income groups or to maternal education classified as secondary, tertiary or other. 

BMI in children at the ages of 1, 
3, 6 and 8 y related to upper 
and lower family income groups 
or to maternal education 
classified as secondary, tertiary 
or other. 

Burke, Beilin, Simmer, Oddy et al. 
Int J Obesity, 2005 



Variable Coefficient 95% CL P-value R2 

Time watching TV (h/day) 

        6 y 0.297 0.163, 0.431 <0.001 0.013   

        8 y 0.185 0.076, 0.294 0.001 0.007 

Activity 

Slightly active vs sedentary -0.732 -1.159, -0.305 0.001 0.019 

Active vs sedentary -1.181 -1.622, -0.741 <0.001 

Takeaways factorb 0.399 0.056, 0,742 0.023 0.024 

a Intake calculated from FFQ. 
b Factors obtained by principal component analysis using FFQ. 

Regression models adjusted only for sex with BMI at 8 y of age as 
the dependent variable, and current lifestyle factors 

Burke, Beilin, Simmer, Oddy et al. Int J Obesity, 2005 



The aim of this study was to examine adiposity in 
relation to breastfeeding using longitudinal analysis 

in an Australian cohort 

The Journal of Pediatrics 2005; 147: 56-61 



Odds ratio estimates from GEE with exceeding the 
95th % for weight-for length at 1y  

and BMI at 3, 6 & 8 y 

OR 95% CI P 

Reference breastfed >12 m 
 
  4 months 
 5-8 months 
 9-12 months 
 >12 months 

 
 
1.87 
1.53 
1.36 
1.00 

 
 
1.21 
0.95 
0.83 

 
 
2.89 
2.45 
2.22 

 
 
0.005 
0.080 
0.218 

      Adjusted for maternal BMI before pregnancy, maternal smoking, first child, and         
 maternal education, birth-weight, gestational age, ethnicity and sex 

Burke, Beilin, Simmer, Oddy et al J Pediatrics 2005 









Metabolic syndrome (MetS) 

• MetS represents a cluster of risk factors 

for cardiovascular disease and type 2 

diabetes 

• These include central adiposity, impaired 

fasting glycemia, hypertriglyceridemia, 

decreased high-density lipoprotein 

cholesterol, hypertension, insulin 

resistance, NAFLD, a pro-inflammatory 

state, and oxidative stress.  



• Using cluster analysis, 29.1% fell into the high-risk cluster 

using HOMA, SBP, triglycerides, and BMI at age 14 years 

as cluster components.  

• The high- and low-risk clusters were comparable in age.  

• The high-risk children had lower family income and lower 

maternal education and were more likely to be female.  

• The high-risk group had greater weight, height, BMI, waist 

circumference, arm circumference, insulin, glucose, 

triglycerides, LDL cholesterol, total cholesterol, and SBP 

and lower HDL cholesterol.  

Huang, Mori…Oddy, Beilin. Diabetes Care 2009 



     Features of the cluster groups with respect to components 
of the metabolic syndrome showing the 99% CIs. 

Huang, Mori…Oddy, Beilin. Diabetes Care 2009 
Copyright © 2011 American Diabetes Association, Inc. 



Research Questions 

• What is the effect of breastfeeding on risk of 
metabolic syndrome at 17 years? 

 
• What is the effect of the introduction of milk 

other than breast milk on risk of metabolic 
syndrome at 17 years? 

 



ROC Curves 

Time breastfeeding stopped
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• Looks at the sensitivity and specificity of breastfeeding 
and other milk at different time points as predictors of 
being in the high risk metabolic cluster. 



ROC Curves 
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• 3-6 months appeared to be the most significant time 
period to focus on. 



Breastfeeding and high risk MetS 

2 months 2.02                                 
<0.001 

1.64                             
0.018 

1.43                               
0.11 

3 months 2.09                                  
<0.001 

1.79                                       
0.002 

1.48                                      
0.06 

4 months 2.17                                     
<0.001 

1.87                            
<0.001 

1.56                               
0.02 

5 months  2.02                                       
<0.001 

1.73                                    
0.002 

1.48                                    
0.04 

6 months 1.82                                      
<0.001 

1.57                                      
0.010 

1.30                                   
0.17 

Breastfeeding 
stopped by: 

High risk metabolic syndrome cluster 
OR             

p-value 

UNADJUSTED MODEL 1* MODEL 2** 

*MODEL 1 Adjusted for gender, maternal age <20, maternal education<yr12  
**MODEL 2 Adjusted for MODEL 1 + maternal pre-pregnancy BMI >=25kg/m2  



Other milk and high risk MetS 

Other milk 
introduced before: 

High risk metabolic syndrome cluster 
OR             

p-value 

UNADJUSTED MODEL 1* MODEL 2** 

2 months 1.72                                                   
0.003 

1.51                             
0.028 

1.31                                
0.55 

3 months 2.06                                 
<0.001 

1.88                                 
<0.001 

1.65                                 
0.008 

4 months 1.98                                    
<0.001 

1.78                                   
0.001 

1.59                                    
0.014 

5 months  1.94                                  
<0.001 

1.77                                  
0.001 

1.53                                
0.026 

6 months 1.89                                   
<0.001 

1.72                                  
0.003 

1.54                                   
0.026 

*MODEL 1 Adjusted for gender, maternal age <20, maternal education<yr12  
**MODEL 2 Adjusted for MODEL 1 + maternal pre-pregnancy BMI >=25kg/m2  



This study examined the influence of type and duration of 
infant feeding on adiposity rebound and the tracking of 
body mass index (BMI) from birth to 14 years of age. 



Adiposity Rebound 
n=173:  78 females (F)  95 males (M) 

 

Chivers et al. Longitudinal modelling of Body Mass 
Index from birth to 14 years. Obesity Facts 2009 



Adiposity Rebound – Early Feeding 

Chivers …Oddy. Int J Obesity, 2010 



Adiposity Rebound – Early Feeding 

Chivers…Oddy. Int J Obesity, 2010 



 
A possible strategy to account for attrition bias  

at 20 years. 
  

Wendy Oddy, Grant Smith, Peter Jacoby 

Annals of Nutrition and Metabolism, 2014 In Press. 
 



Background and Aim 

Our objective was to develop a method that 
could be applied in a longitudinal cohort to 
account for attrition bias.  
 



Background and Aim 

We therefore proposed to account for attrition bias in 
the cohort using inverse probability weighting. 



Method 

Of the original cohort (n=2868), at 20 years, 73% 
were available (n=2100) for follow-up.  
 
Our follow-up response rate was 46% of those 
available for follow-up (n=1053), which is similar to 
other longitudinal cohorts.  



Method 

Participants at 20 years were compared to non-
participants to identify a priori good candidates to 
predict missing-ness (1, 2).  

1. Miller RB, Hollist CS. Attrition bias. In: Salkind N, editor. Encyclopedia of 
Measurement and Statistics. Thousand Oaks: Sage Reference; 2007. p. 
57-60. 

2. Seaman SR, White IR. Review of inverse probability weighting for 
dealing with missing data. Stat Methods Med Res 2013;22(3):278-95. 



Characteristics of participants (in final analyses) vs 
non participants (total n = 2868) 

    
Participants          

n=1053 

Non 
participants            

n=1815 

 
p value   

Family Income in pregnancy %     
       < $12000 pa  11.9 20.9 <0.001   
       ≥ $12000 pa  88.1 79.1     
Maternal age at birth          
       < 20yrs  4.2 12.4 <0.001   
       ≥ 20yrs  95.8 87.6     
Maternal education         
       < yr12 54.4 70.3 <0.001   
       ≥ yr12  45.6 29.7     
Maternal pre-pregnancy BMI         
       ≥ 25 17.1 18.6 0.33   
       < 25 82.9 81.4     
Gender          
       Males  51.3 50.5 0.66   
       Females  48.7 49.5     
Time BF stopped         
       < 6 mo. 39.3 53.4 <0.001   
       ≥ 6 mo. 60.7 46.6     
Time OM introduced         
       < 6 mo. 55.3 65.4 <0.001   
       ≥ 6 mo. 44.7 34.6     



Method 

A logistic regression missing-ness model was 
developed using the set of potential predictors based 
on these socio-demographic factors that predicted 
continued participation. 
 
These were maternal factors of age, education, body 
mass index before pregnancy, and family income at 
birth from which a probability of participation and the 
inverse of this probability (1/prob) were created and 
saved as follows in (1) 



Method 

logit (Mi) = b0 + b1*Agei + b2*Educationi + b3*BMIi + 
Incomei (1) 
 
where Mi=1 indicates that the individual was missing 
from the cohort at age 20 years. 
  
For each individual remaining in the cohort, weights 
were calculated as follows 
 
   wi = 1/Pr(Mi=0) 
 
where the probabilities were calculated using the 
coefficients from (1).  



Method 

Applying these weights generates a pseudo-population of 
survivors with an approximately similar distribution of variables 
to the original cohort. 
 
The final analysis comprised a weighted logistic regression 
model for cessation of exclusive breastfeeding as predicted by 
overweight and obesity, adjusting for confounding factors.  
 
This model incorporated generalised estimating equations to 
account for the fact that the weighting generates multiple 
records for each individual in the pseudo-population.  
 
Generalized estimating equation models were 

implemented as the final predictive models, and odds ratios 
and confidence intervals were obtained. 



In multivariate logistic regression, the cessation of 
exclusive breastfeeding  before six months, 
compared to six months or later was associated 
with an increased prevalence of overweight and 
obesity at 20 years (OR 1.57; 95% CI: 1.06, 2.31; 
p=0.026).  

Following inverse probability weighting and scaling 
in the GEE model the cessation of exclusive 
breastfeeding before six months, compared to six 
months or later continued to be associated with an 
increased prevalence of overweight and obesity at 
20 years (OR 1.49; 95% CI: 1.00, 2.33; p=0.049). 

Results 



Multivariate logistic regression model for being 
overweight or obese compared to being normal weight 
by milk other than breast milk introduced < 6 months 

Overweight and obesity 
Exposure OR (95% CI) 

Odds ratio for inverse 
probability weighted 

sample (95% CI) 

Milk other than breast milk introduced < 6 
months of age yes vs no 

1.57 (1.06, 2.31)  
0.026 

1.49 (1.00, 2.23)  
0.049 

Gender Male vs female 

 
0.79 (0.54, 1.13)  

0.20 

 
0.75 (0.51, 1.10)  

0.137 

Maternal age <20 years vs ≥ 20 years 

 
2.10 (0.98, 4.50) 

0.06 

 
1.92 (0.84, 4.42) 

0.124 

Maternal education <yr12 vs ≥ yr12 

 
1.53 (1.03, 2.28)  

0.04 

 
1.60 (1.08, 2.39)  

0.020 

Family income at birth  <$12000 vs ≥ $12000 

 
1.67 (1.00, 2.78)  

0.05 

 
1.81 (1.08, 3.03)  

0.025 

Maternal BMI before pregnancy 

 

2.83 (1.86, 4.29) 
<0.0001 

 

2.68 (1.72, 4.17) 
<0.0001 



Multivariate logistic regression model for being 
overweight or obese compared to being normal weight 
by milk other than breast milk introduced < 6 months 

Overweight and obesity 
Exposure OR (95% CI) 

Odds ratio for inverse 
probability weighted 

sample (95% CI) 

Milk other than breast milk introduced < 6 
months of age yes vs no 

1.57 (1.06, 2.31)  
0.026 

1.49 (1.00, 2.23)  
0.049 

Gender Male vs female 

 
0.79 (0.54, 1.13)  

0.20 

 
0.75 (0.51, 1.10)  

0.137 

Maternal age <20 years vs ≥ 20 years 

 
2.10 (0.98, 4.50) 

0.06 

 
1.92 (0.84, 4.42) 

0.124 

Maternal education <yr12 vs ≥ yr12 

 
1.53 (1.03, 2.28)  

0.04 

 
1.60 (1.08, 2.39)  

0.020 

Family income at birth  <$12000 vs ≥ $12000 

 
1.67 (1.00, 2.78)  

0.05 

 
1.81 (1.08, 3.03)  

0.025 

Maternal BMI before pregnancy 

 

2.83 (1.86, 4.29) 
<0.0001 

 

2.68 (1.72, 4.17) 
<0.0001 



Mechanisms 

Possible biological mechanisms for storing 
the ‘memory’ of early nutritional 
experience throughout life and its 
expression include  
• adaptive changes in gene expression 
• preferential clonal selection of adapted 

cells in programmed tissues and  
• programmed differential proliferation of 

tissue cell types. 
• Impact on appetite development 



Strengths 

• Population-based cohort longitudinal design 
• Multiple time points of assessment 
• Prospective data collection 
• Control for confounding 

– Maternal education, age and obesity 
• Well defined measures of metabolic 

syndrome, growth, weight over time 



Limitations 

• Reverse causality 
• Unknown confounding 

Lessons learned 

In a pregnancy cohort study it would be 
very useful to collect dietary data during 
pregnancy in future. 



Discussion 

• Human milk is the recommended 
nutrition for infants and an Australian 
dietary guideline for children and 
adolescents.  

• Evidence exists for programming by 
nutrition in early infancy meaning that, 
like other species, humans have 
windows of nutritional influence in 
relation to later health outcomes.  



Key Message 

Encourage exclusive breastfeeding. 
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Sex-specific analysis of BMI at age 17 
* Continuous covariates were mean-centered prior to analysis.  

  Female Male 
  Estimate  P-value Estimate  P-value 
Intercept  3.092  <0.001 3.060  <0.001 

Birth weight z-score (SD) 

Squared Birth weight z-score (SD) ns ns 0.019 0.003 

Change in weight z-score 0-1 year (SD)  

Maternal pregnancy smoker : No Ref  Ref Ref  Ref 
                                                    Yes 0.032 0.132 0.099 <0.001 

Total food intake (kilojoules)* -0.000006  0.014 ns ns 

Serum HDL-cholesterol (mmol/L)* 

Serum Insulin (mU/L)* 

Serum Alanine transaminase (U/L)* 


