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Abstract

Within the paradigm of developmental origins of health and disease, an intrauterine environment that 
stimulates fetal overnutrition has been found to contribute to the risk of subsequent obesity in the 
offspring.  There is compelling epidemiological evidence for a positive association between maternal 
obesity prior to pregnancy, gestational diabetes (GD) or excessive gestational weight gain, and the 
development of childhood obesity (as measured by body mass index, BMI).  However, the evidence 
is limited and inconsistent with respect to more specific measures of adiposity (body composition or 
fat pattern) and insulin resistance in children.  Furthermore, the long-term effects of maternal 
borderline gestational glucose intolerance (BGGI) on the offspring have not been considered.

Therefore, I sought to examine whether maternal obesity prior to pregnancy, gestational glucose 
intolerance across the entire spectrum, and gestational weight gain have deleterious effects on the 
development of obesity (both global and specific measures of adiposity) and insulin resistance in 
pre-pubertal children. These associations are particularly important from a public health perspective 
as, once identified, they may point towards potential windows for prevention of childhood obesity and 
related metabolic disorders.

This project entailed a follow-up of an existing representative, prospective birth cohort study 
(Generation 1 Study, n=557) in Adelaide, South Australia, recruited during 1998-2000.  At the 9-10 
year follow-up, rigorous anthropometric measurements were conducted in 443 children (80% of the 
original cohort), of whom 163 consented to provide a fasting blood sample for the estimation of 
insulin resistance based on homeostasis model assessment (HOMA-IR).  Information on intrauterine 
exposures and confounders was collected from the antenatal interviews and hospital records.  
Maternal age, parity, smoking, pregnancy-induced hypertension, and education at the time of 
pregnancy were considered as potential confounders for all the associations of interest, and child 
current BMI z-score as a potential mediator on the pathway between the intrauterine exposures and 
child insulin resistance.  Data were analysed using multiple linear regression and generalized linear 
models.
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Maternal pre-pregnancy BMI was positively associated with all three obesity-related measures 
considered in the 9-10 year-old children (BMI z-score, percentage body fat estimated by bioelectrical 
impedance analysis, and waist-to-height ratio); these relationships were robust to adjustment for 
potential confounders (adjusted coefficients for each one kg/m2 increase in maternal pre-pregnancy 
BMI were 0.08 (95% confidence interval 0.06, 0.10) for child BMI z-score, 0.44 (95% CI 0.31, 0.58) 
for percentage body fat and 0.002 (95% CI 0.002, 0.003) for waist-to-height ratio).  There was no 
association between maternal pre-pregnancy BMI and HOMA-IR in children (with or without 
adjustment); however, when child current BMI z-score was included as a mediating variable, the 
relationship between maternal pre-pregnancy BMI and child HOMA-IR was inverse and significant 
(adjusted change in child HOMA-IR for each one kg/m2 increase in maternal pre-pregnancy BMI was
-0.83% (95% CI -1.63, -0.02)).

Intrauterine exposure to glucose intolerance during pregnancy (either BGGI or GD) was not 
associated with any of the three obesity-related measures in children at 9-10 years.  Children of 
mothers who developed GD during the index pregnancy had a higher HOMA-IR; this relationship
was robust to adjustment for potential confounders (adjusted change in child HOMA-IR if exposed to 
maternal GD was 42.9% (95% CI 20.9, 68.9)) and partly mediated by child current BMI z-score.  No 
association was found between exposure to maternal BGGI and child HOMA-IR (with or without 
confounder adjustment); however, when child current BMI z-score was added as a potential mediator, 
exposure to BGGI was associated with a reduction in child HOMA-IR (adjusted change in child 
HOMA-IR if exposed to maternal BGGI was -17.9% (95% CI -29.9, -3.96)).

There were no significant associations between maternal gestational weight gain and any of the 
outcome measures of interest in unadjusted models.  However, adjustment for pre-pregnancy BMI 
led to a positive association between gestational weight gain and child BMI z-score (adjusted 
changes in child BMI z-score for each one kg increase in maternal gestational weight gain was 0.032 
(95% CI 0.007, 0.057)).  Gestational weight gain was not associated with child insulin resistance, 
and this did not change when child current BMI z-score was included as a potential mediator on the 
pathway between gestational weight gain and child insulin resistance.

Potential two-way interactions between the main exposures were investigated in relation to all 
outcomes of interest.  Two significant interactions were identified: maternal pre-pregnancy BMI and 
glucose tolerance status, and maternal pre-pregnancy BMI and gestational weight gain, with a 
synergistic effect on child waist-to-height ratio.
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These results suggest that childhood obesity and insulin resistance have origins, at least in part, in 
intrauterine life, particularly in relation to maternal obesity at the time of pregnancy and GD.  Further 
research to differentiate between genetic, environmental and intrauterine programming is 
recommended.  That said, maternal pre-pregnancy BMI was the strongest predictor of child BMI z-
score, while GD appeared to have an independent effect on child insulin resistance, and both clinical 
and public health actions to address these maternal factors are warranted for a range of reasons.
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