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Childhood obesity 

NCD-RisC. 2017. Lancet 390(10113)



Development, causes, consequences
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Development, causes, consequences

Graversen et al. 2017. Pediatr Obes 12(2)



Population level heterogeneity
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Fels Longitudinal Study – USA 
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Development 



Development 

Johnson et al. 2015. Plos Med 12: e1001828



Development 
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Development 

Is the secular increase in adolescent BMI (in boys) due to a 
change in fat mass or fat-free mass?

Cohort 3 (1984-1995) vs. Cohort 1 (1958-1970)
BMI (kg/m2) beta 1.970
Fat Mass Index (FMI; kg/m2) beta 1.652
Fat-free Mass Index (FFMI; kg/m2) beta 0.202
Change in BMI due to change in FMI 84%
Change in BMI due to change in FFMI 10%

Johnson et al. 2013. Ann Hum Biol 40 



Development 

Johnson et al. 2015. Plos Med 12: e1001828 Johnson et al. 2012. Am J Clin Nutr 95(5) 



Development 

Children born during (compared to before) the obesity epidemic have 
lower BMI early in life, early rebound, and then accelerated BMI gain. In 
agreement with:

• Barker hypothesis and empirical evidence, 
largely from historical cohorts

(Barker et al. 2009. Ann Hum Biol 36(5))

• Secular trends in infant weight gain and 
BMI peak in the Fels Longitudinal Study

(Johnson  et al. 2013. Am J Hum Biol 25; Johnson et al. 2012. J Pediatr 160) 

• Secular trends in BMI trajectories in other 
studies in other countries

(Deheeger & Rolland-Cachera. 2004. Arch Pediatr 11) 



Development 

National Child Measurement Programme 2017



Development 

National Child Measurement Programme 2017

Maternal obesity

Gestational diabetes

Macrosomia

Rapid infant weight gain

Early onset obesity
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Causes – socioeconomic  

Bann et al. 2018. Lancet Public Health 3(4)

Estimated differences in height between children aged 11 years in the 
lowest social class compared to those in the highest social class (slope 
index of inequality) 



Causes – socioeconomic  

Bann et al. 2018. Lancet Public Health 3(4)

Estimated differences in height (at different quantiles)
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Bann et al. 2018. Lancet Public Health 3(4)

Estimated differences in weight (at different quantiles)
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Bann et al. 2018. Lancet Public Health 3(4)

Estimated differences in BMI (at different quantiles)



Causes – socioeconomic 

Bann et al. 2017. Plos Med 14(1): e1002214Bann et al. 2018. Lancet Public Health 3(4)

Socioeconomic inequality in 
BMI from age 7 years only in 
2001 cohort

Socioeconomic inequality in 
adulthood BMI in all cohorts 
(1946, 1958, and 1970)



Causes – socioeconomic 

Norris et al. In Review. Int J Obes

Socioeconomic 
inequality in BMI 
tracking between 10-
42 years of age…

…particularly in 
females in the 1970 
cohort at the upper 
part of the distribution 



Causes – genetic  

Demerath et al. 2013. Hum Hered 75

The positive 
association of 
obesity variants with 
adulthood adiposity 
strengthens over an 
80-year period: a 
gene-by-birth year 
interaction



Causes – genetic  

“It is likely that typical 
patterns of epigenetic 
regulation of gene 
expression are being 
altered by shifts in the 
human environment and 
may be partly responsible 
for the gene-by-year of birth 
interactions on obesity we 
reported above”

Demerath et al. 2013. Hum Hered 75



Causes – early-life risk factors 

Lucas et al. 2018. Pediatr Obes

The positive 
association of 
infant weight gain
with adulthood BMI 
has strengthened 
over time



Explains 23% of the 
secular increase 

in BMI at age 11 years 
between 1957 and 2012

Explains 9% of the 
secular increase

in BMI at age 11 years 
between 1957 and 2012

Infant weight gain 
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Johnson et al. 2018. Arch Dis Child

Causes – early-life risk factors  



Causes 

Findings implicate rapid infant 
weight gain, low socioeconomic 
position, and high genetic 
susceptibility in the 
development of the paediatric 
obesity epidemic



Consequences 

Ward et al. 2017. NEJM 377(22)Baker et al. 2007. NEJM 357(23)

Few studies have conducted cross-cohort research to explicitly model the 
consequences of the childhood obesity epidemic 



Consequences 



Consequences 

GBD 2015 Obesity Collaborators. 2017. N Engl J Med 377(1)

MRC New Investigator Research Grant 

“There are clearly differences in health 
and disease risks among people with the 
same BMI, yet very little is known about 

the life course exposures and processes 
that explain that individual-level 

heterogeneity”



Conclusions 
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