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Outline

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



What is obesity?

« Overweight and obesity are medical conditions marked
by an abnormal and/or excessive accumulation of body
fat that presents a risk to health

Adipocyte (fat cell)

* Obesity is a chronic relapsing disease, which in turn
6 acts as a gateway to a range of other non-
Q communicable diseases, such as diabetes,
cardiovascular diseases and cancer

Source: WHO, 2019, European Commission Obesity prevention | Knowledge for policy (europa.eu)



Adiposity: how is it assessed?

* Adiposity is commonly assessed by body mass index
- BMI = weight (kg) / height (m)?
- Is a proxy for adiposity
* Can also be assessed by BMI
- Waist circumference

— Measures of adipose tissue (e.g. DEXA, skinfold thickness,
bioimpedance)

- Considerations about accuracy, precision, reproducibility,
acceptability



Rationale

Age
Sex

Usage

Classification of body size by BMI

Associations with
health risks

Constant from 18
years

Same for men &
women

International

Placementin a
statistical distribution
or approximates
adult categories

Age-specific

Different for boys &
girls

National
& international



Defining obesity in children

Classification Usage Data source(s)
system

International To link adult overweight and obesity cut-  International Brazil, Great Britain Hong
Obesity Task Force  offs to BMI centiles in children to provide  comparisons Kong, the Netherlands,
cut-off points for overweight and obesity Singapore and the

United States

US Centers for Update and improve an older reference Clinic and research  United States

Disease Control

WHO 2007 growth  Create growth curves that align with the Clinic and public United States

reference WHO growth standards and adult BMI health

cut-offs



Strengths and limitations of the classifications

e Strengths:
— Consistent with adult classifications
— Based on best available evidence of what is ‘normal’ and what is not

— Based on charts derived from more contemporary populations with the most
advanced statistical methodology

* Limitations:
— Based only upon statistical distributions

— Reflect differences in underlying reference populations and statistical
methodology used to construct them

— A single definition does not exist



Importance of plotting BMI

Julie, 7 year-old-girl
Height: 124.5 cm
Weight: 24.5 kg

24.5
BMI= =15.8
1.245%1.245

World Health

3. Organization
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BMIi-for-age GIRLS

5 to 19 years (percentiles)

BMI (kg/m?)

10 11 12
Age (completed months and years)

2007 WHO Reference



Importance of plotting BMI (and height & weight!)

BMIi-for-age GIRLS

‘&% 'y World Health
5 to 19 years (percentiles)

rgﬁ Organization

Julie, at 9 years
Height: 134 cm
Weight: 33 kg

10 11 12 13 - 14
Age (completed months and years)

2007 WHO Reference



General considerations

* Changes in height growth require spacing of approximately 3 months
* Weight is a sensitive measurement

— |t can change from one day to another due to e.g. hydration, acute illness,
etc.

— Changes in short-term weight do not tell us which body tissue is being
affected

* Itis the total pattern of weight, height and BMI changes that give the
best insight into a child’s health




Source: ncdrisc.org

Worldwide prevalence of obesity in girls
(IOTF criteria)

High income Western countries
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Acute consequences of obesity in childhood

Psychosocial

but what are the future consequences?

Source: Adapted from Ebbeling C et al. Lancet 2002;360:473.



Health

Child body size and disease

Establishment of

Emergence of

risk disease

Preconception

Birth

Childhood / Adolescence Young Adult

Mid-life adult

Older adult



How to study the long-term consequences of obesity in children

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

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




The Copenhagen School Health Records Register (CSHRR)

406,350 boys and girls born from
1930 to 1996

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

- Includes virtually all schoolchildren in
Copenhagen

— Computerized, and additional years are
being added



What information is computerized?

e Qverall cohort

— Basic information (name, sex, date
of birth)

— Birth weight (maternal/parental
recall at school entry, for those
born from 1936 onwards)

- Measurements of height and
weight, date of the examination

— Personal identification number
e Subsets have additional information

Source: Baker JL & Sgrensen TIA. Scand J Pub Health 2011;39(Suppl 7):87.



Long-term outcomes

Overweight and obesity
Mortality
Cardiovascular disease

Cancer



Long-term outcomes

Overweight and obesity



Issue: tracking across the lifespan

 Many studies worldwide, but
very heterogenous

* Tracking estimates differ widely,
depends on:
— Duration of follow-up

- Sample size
Child Adult — Definition of childhood

e Systematic reviews: no firm
conclusions



Tracking of overweight and obesity in women

(CSHRR)
120 1+ ® Overweight
80 A QObese

Odds ratio (95% CI)
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Age (years)

Source: Aarestrup J et al. Int J Obesity 2016;40:376—-1383.




Long-term outcomes

Mortality



Adolescent BMI and all-cause mortality

w
o

N
Ul

N
o

=
o

o
Ul

Adjusted hazard ratio

0.0
’b XD A% A% X N ’5 9 A% A% ok X
Do e @m’ﬁoﬂ/@% cg)q S Do @%‘Q\%Q’% %q P

Category of BMI (kg/m?) percentile

Source: Engeland A et al. Am J Epidemiol 2003;157:517-523.



Adolescent BMI and cardiovascular disease mortality
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Source: Twig G et al. New Engl J Med 2016;374:2430-2440



Long-term outcomes

Cardiovascular disease
(CVD)



Childhood body size and CVD: potential mechanisms

Early establishment and continued
Visceral
exposure to
— Atherosclerotic damage / \
— Dys.Iipidemia, hypertension, insulin R veaboic sl
resistance syndrome ESSIEREE

— Systemic inflammation \ /

Low HDL High
cholesterol triglycerides




Childhood BMI and coronary heart disease
(CSHRR)

1.204
1.154

1.104

1.05- Increased risk

Hazard Ratio
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Source: Baker J et al New Engl J Med 2007;357:2329-2337



Childhood BMI and coronary heart disease

(CSHRR)

+5.6 kg, 17% increased risk
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Long-term outcomes

Cancer



Childhood body size and cancer: potential mechanisms

e Vary widely by cancer site

* Hypothesized to include:
— Insulin like growth factor 1 activity

— Hormonal exposures during growth and
puberty

— Period of rapid cell division- more
opportunities for cellular damage?

* Tracking of body size



Childhood BMI and adult cancer

Higher childhood BMI decreases risk Higher childhood BMI increases risk

A

Breast : O Endometrial

I Ovarian
Prostate
Brain (glioma) (@k
Bladder
Colon
Esophageal
Kidney

Skin (melanoma) @ @

Pancreatic

Thyroid

0.7 09 10 1112 1.3 1.5
Hazard ratio

Source: Aarestrup J et al. International Journal of Obesity 2020;44:1546-1560
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Trajectories of childhood BMI

Source: Jensen BW et al Under review



Childhood BMI trajectory
and risk of
obesity-related cancer

Source: Jensen BW et al Under review



Long-term outcomes

But what about the importance
of adult size?



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

Reference: non-overweight as a
child and non-obese as an adult

Overweight as a child, | @
non-obese as an adult :

Overweight as a child, | o
obese as an adult -

Not overweight as a child, _
obese as an adult

0.5 1.0 1.5 2.0
Relative risk (95% CI)

Source: Juonala M et al. New Engl J Med, 2011;365:1876.



Overweight pattern and type 2 diabetes in men
at 30-60 years of age

(CSHRR)
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Summary of long-term consequences of high BMI in childhood

*Adolescents



Take home messages

Definitions of obesity in childhood vary widely
BMI does not perfectly track from child to adult ages
- In mid-life, most adults have overweight

Risks of many diseases are identified at BMI levels in children below
values classified as overweight or obese

— However, a high BMI is not associated with all diseases

Remission from overweight reduces risks of CVD and type 2 diabetes in
adult life



Perspective

 BMI is only an indicator of adiposity
— Other methods are needed and are being developed

* Incorporating body size across the lifecourse is essential
— However there are statistical and interpretation challenges

* The “critical age” by which remission from overweight / obesity reduces
future health risks the most is yet to be determined
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