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• Part 1: Childhood body size: how to classify it?
• Part 2: Childhood body size and future disease

– Tracking
– Mortality
– Cardiovascular disease
– Cancer

• Part 3: Brief conclusions and perspective

Outline



Global prevalence of childhood overweight

Source: Adapted from Ng et al. Lancet 2014, NCD Risk Factor Collaboration Lancet 2017

Year

Pr
ev

al
en

ce
 (%

)

Boys
Girls

25

20

15

10

5

0
1980     1984    1988     1992    1996     2000     2004     2008       2013



Concurrent consequences of excess adiposity 
in childhood

Source: Adapted from Ebbeling C et al. Lancet 2002;360:473.
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but what are the future consequences?



Assessment of adiposity

• Adipose tissue is the focus
• Body mass index, weight (kg) / height (m)2

• Is a proxy for adiposity 
• Alternately: waist circumference, bio-impedence, DEXA, etc.
• BMI is imperfect

– Reasonable, accessible and economical

• Classified by comparison with a reference



Growth standards and references

• Two theoretical considerations
– Standard

• Implies a target
• Describes how children should grow under optimal 

environmental and health conditions
– Reference

• Tool for grouping and analysing data
• Common basis for comparing populations
• Describes how children grew in a specific place and time

• In practise, references are often treated as standards



Features of growth references 

• Reflect the source population
– National, international or internal
– Need to be updated periodically

• Measure of a child’s growth in relation to the reference 
median
– Can be expressed as:

• Percentiles/centiles
• Percentage of the reference median
• Z-scores



3 main childhood classification systems

Name Purpose Ages 
(y)

Data 
sources

Methodology

IOTF Comparison of 
prevalences, not a 
growth reference

2-18 6 countries 
(incl. USA)

Link adult overweight and 
obesity cut-offs to BMI 
centiles in children to 
provide cut-off points for 
overweight and obesity

WHO International 
reference for 
clinical and public 
health purposes

5-18 USA Harmonise WHO growth 
standards (0-5y) with 
adult values

CDC For use in clinical 
practice and 
research

2-20 USA Modernise older 
references with new data 
and better statistical 
methodologies



Definitions of weight status in children

• Varies widely- A single definition does not exist
• Arbitrary-based upon statistical classifications

– Not explicitly designated based on associations with current or 
later disease

• Reflect the
• Underlying reference population
• Statistical methodology used to construct the references

• Despite these limitations, classifications are necessary and 
have utility



How to study the long-term consequences of 
childhood obesity

• Prospective measurements of children
• Large numbers of children

• Reasonably defined age; i.e. <14 years
• Need a long period of follow-up in order for the outcomes to 

develop
• Risk factors for disease or hard endpoints

• Need to track the children into adulthood with minimal loss 
to follow-up



Long-term outcomes

Cardiovascular disease

Cancer

Total mortality

Overweight and obesity



Is the evidence this strong?
Does it apply to all adult ages?



Tracking
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Source: Kuczmarski et al. 2000. Advance data from vital and health statistics 

The maintenance of
a child’s BMI (or weight or height)
in a similar position relative to a 

reference



Evidence of BMI tracking beyond child ages

• Many studies worldwide, but very heterogenous
• Tracking estimates differ widely, depends on:

– Duration of follow-up
– Sample size
– Definition of childhood

• Systematic reviews: no firm conclusions



Issue: tracking across the lifespan

Child Adult

Does BMI track into mid-life when obesity-
related diseases typically emerge?



The Copenhagen School Health Records Register 
(CSHRR)

• 372,636 boys and girls 
born from 1930 to 1989

• Annual measurements of 
height and weight from 7 
to 13 years of age

• Includes virtually all 
schoolchildren in 
Copenhagen

• Computerised, and 
additional years are being 
added



   

   

Study population

• In total, 98.211 individuals (26% women) included
• Born from 1930 to 1989
• Follow-up age range: 18-70 years

CSHRR
Conscripts sub-Study

Danish National Birth 
Cohort

Copenhagen City Heart 
Study

Medical Birth Register

Diet, Cancer and Health 
Study

Danish Conscription
Database

Copenhagen Aging & Midlife 
Biobank

Metropolit

Copenhagen Perinatal 
Cohort

Cohorts at the Research 
Centre for Prevention & 

Health



Women: BMI at 7 years and in adult life
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Source:  Aarestrup J et al. Int J Obesity 2016.

By mid-life, more than half of all women were classified as overweight



Correlations of BMI at 7 years with adult BMI
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Source:  Aarestrup J et al. Int J Obesity 2016.
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Summary of tracking

• BMI tracks across adult ages, however (and unsurprisingly!) 
tracking decreases with age

• Majority of individuals in this study were weight stable 
between 13 and 50 years
• Beyond this age, the majority of individuals were classified as 

overweight
• All children had a risk of becoming overweight or obese as 

adults, however it was pronounced only for those who were 
the heaviest



Long-term outcomes

Cardiovascular disease

Cancer

Total mortality

Overweight and obesity



BMI at <8 years and adult all-cause mortality

Source: Gunnell et al. AJCN 1998.
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Childhood BMI and adult total mortality

Source: Strand BH et al. J Epidemiol Community Health 2012;66:225.

The confidence intervals (the grey shaded area) completely include 0 and there
are not any discernable patterns; no significant associations detected



Adolescent BMI and adult all-cause mortality

Source: Engeland A et al. Am J Epidemiol 2003.
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Long-term outcomes

Cardiovascular disease

Cancer

Total mortality

Overweight and obesity



Childhood BMI and the risk of coronary heart 
disease (CSHRR)

Source: Baker JL et al. N Engl J Med  2007;357:2329.

The higher the childhood BMI the greater the risk of CHD.



Change between child and adult weight status 
and ≥1 CVD risk factor in adulthood

Relative risk (95% CI)
0.5 1.0 1.5 2.0
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Source: Juonala M et al. New Engl J Med, 2011;365:1876.
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The risk was reduced



BMI at 13 years and risk of ischemic stroke in 
women (CSHRR)

Source: Gjærde LH et al. JAMA Neurol 2017
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1.71 (1.30-2.26)
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Risks of ischemic stroke emerge at BMI levels far below currently 
used definitions of overweight/obesity in childhood



Long-term outcomes

Cardiovascular disease

Cancer

Total mortality

Overweight and obesity



Childhood BMI and risk of total cancer

Source:  Jeffreys, M et al. Int J Cancer 2004;112:348.
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SD increase in BMI

Wide confidence intervals,
thus uncertainty

about the association
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Source: Okasha M. et al. J Epi Com Health 2002

Young adult BMI and the risk of non-smoking 
related cancer

Elevated risk but a wide confidence interval thus 
uncertainty about the association remains



Child BMI and adult disease: CSHRR studies

(null) Glioma

(null) Prostate cancer

(null) Malignant melanoma

(null) Rectal cancer

MRI courtesy of Grace O’Malley, Temple Street University Hospital, Ireland

(-)Breast cancer

(-) Schizophrenia

(+) Colon cancer

(+) Thyroid cancer

(+) Liver cancer

(+) Esophageal adenocarcinoma

(+) Pancreatic cancer

(+) Coronary heart disease

(+) Psoriasis

(growth) Non-alcoholic fatty 
liver disease

(+) Multiple sclerosis

(+) Ischemic stroke

(+) Endometrial cancer

(+) Type 2 diabetes (+) Ovarian cancer



Child height and adult disease: CSHRR studies

(+) Glioma
Kitahara C et al. Am J Epidemiol 2014

(+) Colon cancer
Jensen B et al., Eur J Epidemiol 2017

(+) Thyroid cancer
Kitahara C et al. Cancer Res 2014 

(+) Endometrial cancer
Aarestrup J et al., Int J Obesity 2016

(+) Prostate cancer
Cook M et al., CEBP 2013

(mortality) Aarestrup J et al, Eur J Cancer 2015

(+) Esophageal 
adenocarcinoma
Cook M et al. Br J Cancer 2015

(+) Breast cancer
Ahlgren M et al. NEJM  2004

Andersen Z et al. Breast Cancer Res 2014

(+) Malignant melanoma
Meyle K et al. Am J Epidemiol 2017

(null)  Rectal cancer
Jensen B et al., Eur J Epidemiol 2017

(-) Diabetes
Bjerregaard et al., Paediatr Perinat Epidemiol 2017

(+) Ischemic stroke
Haugaard L et al. Stroke 2018



Long-term outcomes

Cardiovascular disease

Cancer

Total mortality

Overweight and obesity

Is there hope?



Type 2 diabetes

• Obesity in children and risks of adult diabetes are inversely
associated with socio-economic conditions

• Weight loss interventions in adults convincingly delay the
onset of type 2 diabetes in high-risk individuals

• This raises the question of whether or not weight loss in
children with overweight and obesity can reduce the risk of
type 2 diabetes



Danish Conscription Database

• Mandatory health examinations for all men at ~18 years
• Weight and height measured

• Born from 1939-1959 
• Education 
• Intelligence test score
• Year of birth
• Merged this data resource with the CSHRR



   

   

Definitions

Boys: 7 years, CDC: BMI ≥ 17.38 kg/m2

Young men: ~18 years, WHO: BMI ≥ 25 kg/m2

Exposures
• Weight status 
• Weight status pattern

Outcome
• Type 2 diabetes identified through register linkage



Reversal of type 2 diabetes risk

7 years     13 years      ~19 years

No increased risk!

Elevated, but still lower
than a boy with

persistent overweight

Source: Bjerregaard et al. New Engl J Med 2018.



Overweight pattern and type 2 diabetes 

Source: Bjerregaard LG et al. New Engl J Med 2018



Emerging evidence…

• Colon cancer (CSHRR)
• Atrial fibrillation
• Cardiovascular disease



Summary: weight changes

• Boys with overweight who normalize their weight from age 7 
to ~18 years do not carry an increased risk of type 2 diabetes 
or colon cancer in adulthood

• Adjustment for intelligence and education changed the results 
minimally 

• Adverse effects of child overweight on risk of type 2 diabetes 
in particular may be reversible
– Evidence is also emerging for other diseases



Conclusions

• Growth references *are not* standards
• Definitions of childhood obesity vary widely

• Read carefully, interpret cautiously, describe fully
• Not all heavy children become heavy adults

• In mid-life, many adults are classified as overweight 
irrespective of their childhood body size

• High childhood BMI is related to future risk of many diseases
• But not all



Perspective (1)

• In Europe, >25% of children are classified as overweight 
and/or obese
• If we extrapolate (and make assumptions) the hazard ratios 

that we find indicate that child BMI may make a contribution 
to the future burden of many non-communicable diseases

• We and others are beginning to explore how weight change 
during critical period of adolescence relates to later disease



   

   

Perspective (2)

• With greater numbers of children becoming obese at 
progressively younger ages, their future health is in jeopardy

• Nonetheless, the risks have yet to be fully understood both 
at a population level and at the mechanistic level

• As modern cohorts age, we will have greater opportunities 
to investigate these questions
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