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Abstract

Objective: There is growing evidence that childhood malnutrition is associated with
non-communicable diseases (NCD) in adulthood and that body composition medi-
ates some of this association. This review aims to determine if childhood body
composition can be used to predict later-life cardiometabolic NCD and which mea-
sures of body composition predicts future NCD.

Design: Electronic databases were searched for articles where: children aged under
5 years had body composition measured; cardiometabolic health outcomes were
measured a minimum of 10 years later.

Setting: The databases Embase, Medline and Global Health were searched through
July 2020.

Participants: Children aged under 5 years with a follow-up of minimum 10 years.
Results: Twenty-nine studies met the inclusion criteria. Though a poor proxy mea-
sure of body composition, body mass index (BMI) was commonly reported (7 28,
97 %). 25 % of these studies included an additional measure (ponderal index or
skinfold thickness). Few studies adjusted for current body size (12 11, 39 %).
Conclusions: Many studies reported that low infant BMI and high childhood BMI
were associated with an increased risk of NCD-related outcomes in later life but no
conclusions can be made about the exact timing of child malnutrition and conse-
quent impact on NCD. Because studies focussed on BMI rather than direct mea-
sures of body composition, nothing can be said about which measures of body
composition in childhood are most useful. Future research on child nutrition
and long-term outcomes is urgently needed and should include validated body
composition assessments as well as standard anthropometric and BMI
measurements.
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Non-communicable diseases (NCD), such as cardio-
vascular diseases (CVD), diabetes and chronic respiratory
diseases, are the leading cause of mortality, equivalent to
71 % of deaths worldwide, and are projected to increase
even further, reaching 52 million deaths by 2030V,
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Risk factors for NCD include both social factors
(poverty, education and stress) and biological factors
(e.g. genetic predisposition; foetal epigenetic changes
with life-course consequence): the former highly affects
lifestyle factors such as diet and physical activity®. Early
life malnutrition, which in this review is defined as the
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first 5 years of postnatal life, is also a key risk factor for
NCD and refers to insufficient energy- and/or nutrient
intake; but also refers to an excessive and imbalanced
energy intake, often resulting in overweight or obesity®. For
assessing nutritional status in children and adults, anthropo-
metric indicators of growth and body size such as weight-
for-height (WHZ), weight-for-age (WAZ), BMI and mid-upper
arm circumference (MUAC) amongst others are commonly
used®. However, there is growing evidence that anthropom-
etry alone has limitations in describing nutrition-related risk
(of morbidity/mortality)®. Body composition measures are
attracting interest as potentially much better indicators of both
short-© and long-term risk”®. Measures of body composition
vary from those related to anthropometry, e.g waist circumfer-
ence (WC); waist-hip ratio and skinfold (SF) thickness, to
indirect measures such as bioelectrical impedance analysis
(BIA) to more direct measures such as dual-energy X-ray
absorptiometry (DXA/DEXA) scan, isotope dilution or
densitometry®.

There is extensive evidence that exposure to in-utero
undernutrition increases the risk of NCD in later life*-'?
and that being overweight in adulthood also increases
the risk of NCD"3'¥_ There is also emerging evidence relat-
ing to childhood exposures®, one recent review found that
‘exposure to severe malnutrition or famine in childbood was
consistently associated with increased risk of CVD, hyper-
tension, impaired glucose metabolism and metabolic syn-
drome in later life™®. In attempts to better understand
the link between such episodes of early-life malnutrition
to later-life health and NCD, an increasing number of studies
are assessing body composition in childhood™”'®, Whilst
plausible"?, the links between body composition in early life
and later-life NCD are not currently well understood@*-2>,
Moreover, this linkage has not been evaluated through a
systematic review: previous work focuses on early-life
anthropmetry and NCD rather than body composition
and NCD. This represents a major evidence gap, since
anthropometry alone is a relatively crude measure of nutri-
tion and growth. It does not, for example, reflect the fact
that two similar-sized individuals can have very different
percentages of underlying fat and muscle mass®®. This
matters because both fat and muscle are metabolically
active organs and have a bearing on an individuals’ physi-
ology, metabolism and in turn risks of health and disease.
Hence, understanding body composition in early child-
hood rather than body size alone may transform our under-
standing of the mechanisms by which early undernutrition
affects later life NCD risk. Such understanding is particu-
larly important to those in the global child nutrition commu-
nity where a traditional focus of malnutrition treatment
programmes has been on regaining as much weight as
quickly as possible. This may have implications for short-
term body composition™® and in turn for long-term adult
NCD risk. Potential policy implications include greater
focus on bealthy growth rather than just growth alone in
programmes managing child malnutrition.
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Our review thus aims to synthesise evidence on early
life body composition and long-term cardiometabolic
health and examine which measures of body composition
best predict the risk of NCD.

Materials and methods

The PRISMA (Preferred Reporting Items for Systematic
review and Meta-Analysis) protocol was used for this sys-
tematic review?”).

Inclusion/exclusion criteria
Inclusion criteria were based on PICOS outline:

*  Population: Subjects who had nutritional status (BMI
or body composition) measured at baseline at any
time from birth up to 5 years of age with a follow-
up time > 10 years.

* Intervention/exposure: Exposure to any of the follow-
ing body composition measurements: SF, BIA, dual-
energy X-ray absorptiometry (DXA/DEXA) scan, iso-
tope dilution and PEA POD air displacement plethys-
mography. Despite only being proxy indicators of
body composition, we also included BMI and
Ponderal index (PI) (measures of weight relative to
height).

*  Comparator/control: Studies with and without a con-
trol group are included.

*  Outcome: Cardiometabolic NCD (coronary artery dis-
ease, type 2 diabetes, metabolic syndrome (MetS))
and their associated risk factors (obesity, blood pres-
sure (BP), blood glucose levels, lipid levels, WC) were
measured > 10 years after exposure.

*  Study design: All study designs were considered
eligible.

The review excluded studies with a high-risk study popu-
lation, grey literature, unpublished studies, reviews, non-
human studies and studies not published in English, in full
format and before 1990.

Search strategy

The search was completed independently by two authors
in three databases: Embase Classic + Embase, Ovid MEDLINE
(R) and In-Process & Other non-Indexed Citations and Daily,
and Global Health. The final search was conducted on 27 July
2020. A detailed search strategy is shown in Appendix A.

Study selection

All records generated from the search were imported into
Mendeley Reference Manager (version 1-19-4) and were
screened by title and abstract. Articles that were deemed
relevant or where more information was needed to deter-
mine relevance were screened by full text.


https://doi.org/10.1017/S136898002200235X

Public Health Nutrition

o

https://doi.org/

Childhood body composition and later-life NCD

Data extraction

A data extraction form developed for this review was used
to extract information from eligible studies. When obtain-
able, the following information was extracted: author, year,
title, country, study design, sample size, percentage female,
inclusion and exclusion criteria, type of exposure and
assessment method, type of outcome and assessment
method, years of follow-up, adjustment for current body
size, key findings and strength of evidence (a judgement
made by us based on numerous factors including study
type, quality/risk of bias and certainty of results).

Data analysis

Due to heterogeneity amongst studies identified, the analy-
sis is presented as a narrative synthesis. Results from high-
income countries and low- and middle-income countries
are analysed separately and should not be compared.

Assessing risk of bias

An individual risk of bias assessment for each study was deter-
mined using the ‘Quality appraisal checklist for quantitative
studies reporting correlation and associations’ in ‘Methods
for the development of NICE public health guidance’®®.

Study protocol

A pre-registered protocol for this review can be found at:
https://www.crd.york.ac.uk/prospero/display_record.php?
RecordID =188 393

Results

Study selection

Selection process and search results are presented in Fig. 1.
The search generated 5772 records. Following deduplica-
tion and initial screening of titles and abstract, seventy-eight
articles were eligible for full-text review. Of these, forty-
nine did not meet the inclusion criteria which led to a total
of twenty-nine studies included in the review.

Study characteristics
Study characteristics are presented in Table 1. Most stud-
ies were from high-income countries (72 21, 72 %), and all
but one study used BMI as the indicator of early life
exposure/body composition (1 28, 97 %). Few studies
(n 7, 25%) used an additional indictor, which was either
PI (n 4, 40 %) or SF thickness (72 3, 38 %). No studies used
direct measures of body composition: BIA, (DXA/DEXA)
scan, isotope dilution and PEA POD air displacement
plethysmography.

Sample size included in the analysis ranged from 128 to
34 196 participants. Participants were most often drawn
from existing cohorts (of which nineteen were birth
cohorts), and four studies from high-income countries
recruited the study population from health care registers
from the respective countries. All studies were representa-
tive cohorts, although the study population in one Finnish

@ and

study were exclusively normal weight in adulthood
the Guatemalan study population had a high prevalence of

stunting (53 % stunted by age 7).

Records identified through

database searching
(n 5764)

Additional records identified
»  through other sources

(n8)

v

Records screened
(n 3523)

Duplicates identified
(n 2249)

Records excluded

A 4

Full-text articles assessed
for eligibility
(n78)

(n 3445)

A 4

Studies included in
qualitative synthesis
(n29)
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Fig. 1 Study selection flow diagram
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Published as abstract only (n 7)
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Table 1 Study characteristics of included studies
Quality of
study
External |
Type of Age at Outcome Mean age in Internal
Author (year) Country Study Design Sample size Exposure Assessment years Outcome Assessed validity validity
High-income countries
Angbratt (2011)@" Sweden Retrospective cohort 3579 BMI, PI ~15 14.5 Obesity (BMI>30) + ++
Barker (2005)©2) Finland Birth cohort 193444 444 BMI, PI ~37-64 n/r Coronary risk fac-  + ++
(clinical subset n 2003) tors
East (2020)) Chile Retrospective cohort (Santiago 1000 BMI ~23 n/r Cardiometabolic ++ +
Longitudinal Study) risk
Eriksson (2003)@4 Finland Birth cohort 1934—44 444 BMI, PI ~56-66 (n/r) n/r Obesity (BMI>30) + +
(clinical subset n 2003)
Eriksson (2015)@2) Finland Birth cohort 1934-44 13345 BMI 40+ Clinical sub- T2D ++ ++
(clinical subset n 2003) sample: 62
Evensen (2019)@9) Norway Prospective cohort (The Tromsg 907 BMI ~15-20 n/r Overweight/obesity —++ ++
Study: Fit Futures) (BMI > 25)
Geserick (2018)7  Germany  Retrospective cohort 34196 BMI ~18 n/r Obesity (BMI>30) ++ +
Giudici (2017)©® France Retrospective cohort 1919 BMI ~20-60 307 MetS risk factors,  — +
WC
Golab (2018)©? Netherlands Birth cohort (Generation R Study) 593 Skinfold thick- ~10 n/r Adiposity -+
ness
Graversen (2014)“9)  Finland Birth cohort 1996 2120 BMI ~31 n/r BMI, WC, MetS risk ++ ++
factors
Holland (1993)“" Great Birth cohort (NHSD) 2830 BMI ~36 n/r BMI, BP - ++
Britain
Howe (2010)“2 UK Birth cohort (Avon) 5113 BMI, PI ~15 15.5 CVD risk - ++
Howe (2014)“3) England Birth cohort (Avon) 3154 BMI ~17 178 BP — 4+
Huang (2012)“4 Australia Birth cohort (Raine) 1053 BMI, skinfold ~ ~17 n/r CVD risk ++ +
thickness
Johnson (2014)4%) Great Birth cohort (NSHD) 1273 BMI ~60-64 n/r cIMT ++ ++
Britain
Johnson (2017)®“8) USA Birth cohort (Fels Longitudinal 350 BMI ~20-60 n/r Adiposity ++ ++
Study)
Kwon (2017)47) USA Birth cohort (lowa Fluoride Study) 1093 BMI ~8, 19 n/r Adiposity + +
(clinical subset at 8
years n 495, 19
years n 314)
Lagstrém (2008)“®  Finland Prospective randomised trial 541 BMI ~13 n/r Obesity (BMI>30) ++ +
(STRIP)
Lammi (2009)49) Finland Case-control 128 BMI ~15-39 34.5 T2D diagnose -+
Salonen (2009)?) Finland Birth cohort 1934—44 588 BMI ~56-70 615 BMI, MetS risk fac-  + ++
(clinical subset: 2003) tors
Skidmore (2007)%%  Great Birth cohort (NSHD) 2311 BMI ~53 n/r Lipid levels + ++
Britain
Ziyab (2015)6" UK Birth cohort (The Isle of Wight 1240 BMI ~18 n/r BP ++ ++
birth cohort)
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Table 2 Summary of studies reporting on CVD outcomes
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Sample
size

Type of

Author (year) exposure assessment

Age at outcome

Mean
age in
years

CVD outcomes

High-income countries
Barker (2005)%2 444
(clinical
subset
n 2003)

BMI, PI ~37-64

Holland BMI

(1993)41

2830 ~36

Howe (2010)2) 5113 BMI, PI

Howe (2014)43 3154 BMI

Huang (2012)*4 1053 BMI, skinfold

thickness

Public Health Nutrition
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Johnson 1273 BMI ~60-64

(2014)@9

Skidmore 2311 BMI ~53

(2007)0)
Ziyab (2015)6" 1240

BMI ~18

Low- and middle- income countries
Weitz (2014)57 540 BMI, skinfold
thickness

~19-38

n/r

n/r

15.5

17.8

n/r

n/r

n/r

n/r

t BP with a 1SD z-score increase in BMI (7 years, 10 years).
Associations stronger in males.

Females:

1 BP in subjects with low BMI at birth

| BMI (6 months, 2 years) associated with coronary events.

1 BMI (4 years onwards) associated with coronary events.

BMI (2 years, 11 years) predicted coronary events in a simul-
taneous regression.

The hazard ratios associated with an increase in BMI of 1 sb
were 0-62 at 2 years of age and 1-35 at 11 years.

Males:

1 brachial sBP in subjects with low BMI at birth

|BMI and PI at birth and BMI (1 years, 2 years) predicted
coronary events.

1 BMI (2 years onwards) associated with coronary events.

The hazard ratios associated with an increase in BMI of 1 sb
were 0-76 at 2 years of age and 1-14 at 11 years.

Females:

t BP with 1 unit increase in BMI SDS (birth to 7 years)

Males:

t BP with 1 unit increase in BMI SDS (birth to 7 years)

1 CVD risk with 1SD BMI z-score increase (5-5-5 years, 7—
8.5 years, 8-5-10 years)

1 BP with a 1SD z-score increase in BMI (7 years, 10 years).
Associations stronger in males. No association between
BMI <7 years and later BP.

Highest BP was seen in those with a low birthweight as well
as overweight or obesity at age 2 and age 17.

Females:

1 sBP and dBP in subjects with low BMI at birth

Males:

1 sBP in subjects with low BMI at birth

BP, insulin, glucose, TG, BMI, TC, HDL-C, LDL-C and high-
sensitive CRP were assessed, and study population was
divided into ‘high-risk’ and ‘low-risk’ cluster according to
their results. Trajectories of BMI and SF were then ana-
lysed separately for each group. All findings are in high risk
v. low risk cluster.

Females:

1 BMI (1-5 years)

t SF thicknesses(1-5 years)

Males:

1 BMI (3 years)

1 SF thicknesses(3-5 years)

Males:

1 Odds of high cIMT with 1 unit increase in z-score BMI (4
years, 20 years) in the upper v. the 3 lower quartiles.

Females: no association.

|HDL-C with 1 unit increase in BMI SDS (7—15 years).

ITC with 1 unit increase in BMI SDS (2 and 4 years)

Trajectories of BMI were analysed, study population was
divided into ‘early persistent obesity’, ‘delayed overweight’
and ‘normal’.

1 BP in early persistent obesity trajectory and delayed over-
weight v. normal

Females:

1 TC associated with BMI Z residuals (6—11 years and 12-19
years)

1 TC associated with subscapular SF residuals (0-5 years)

1 TG associated with BMI Z residuals (12-19)

Males:

t TC associated with BMI Z residuals (0-5 years)

1 TG associated with subscapular SF thickness (6—11 years
and 12—-19 years)

t =increased;| = decreased.

https://doi.org/10.1017/5136898002200235X Published online by Cambridge University Press

BP: blood pressure; cIMT: carotid intima-media thickness; dBP: diastolic blood pressure; HDL-C: HDL-cholesterol; HR: hazard ratio; n: sample size included in analysis; n/r: not
reported; Pl: Ponderal index; sBP: systolic blood pressure; SDS: standard deviation score; SF: skinfold; TC: total cholesterol; TG: total glucose.
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Sample Type of

Age at
Outcome Mean age
Assessment  in years

Glucose metabolism outcomes

Author (year) size Exposure
High-income countries
Barker (2005)©2) 444 (clini-  PI, BMI
cal sub-
setn
2003)
East® 1000 BMI
Eriksson (2015) 13 345 BMI
(clinical
subset n
2003)
Lammi (2009)“9) 128 BMI
Low- and middle- income countries
Bhargava (2004)52 1526 BMI
Fall (2008)% 1583 BMI
Krishnaveni (2015)%4 414 BMI, skinfold
thickness
Raghupathy (2010)®% 2218 BMI
Weitz (2014)©®7) 540 BMI, skinfold
thickness

~34-64

~23

40+ Clinical
subsam-
ple: 62

~15-39 34.5

~18 n/r

~26-32 n/r
~13-5 n/r

~26-32 28-3

~19-38 n/r

For both sexes fasting plasma glucose and insulin fell
both with increasing birth weight and with increasing
BMI at 2 years.

1 plasma glucose and insulin resistance associated with
low birth weight (LBW), low BMI at 2 years and an
increase in sb scores for BMI from age 2 to 11.

Hyperglycaemia was assessed, and study population
was divided into ‘risk present’ and ‘risk absent’ cluster
according to their results. Trajectories of BMI were
then analysed separately for each group.

1 BMI (2—23 years) in subjects with hyperglycaemia

Results are presented as ‘risk present v. risk absent’:

slope 6 months—5 years: 0-05 v. —0-12, intercept 5
years: 18-05 v. 16-78, slope 5-2 years: 3-17 v. 2.93

Outcomes were assessed, study population was divided
into ‘BMI above the median at 11 years’ (group 1) and
‘BMI below the median at 11 years’ (group 2).
Trajectories of BMI were then analysed separately for
each group.

|Risk of T2D with each unit increase in BMI z-score (0—
7 years) (group 1).

1 Risk of T2D with each unit increase in BMI z-score (7
years onwards) (group 1).

|Risk of T2D with each unit increase in BMI z-score (0—
11 years) (group 2).

In group 1, low BMI at birth and at 2 years and high BMI
at 11 years was associated with T2D.

In group 2, low BMI was associated with T2D.

1 Risk of T2D with a gain of 1 kg/m? in the minimum
BMI (3—11 years) v. controls

Low PI at birth associated with increased plasma glu-
cose and insulin concentrations and insulin resistance
at follow-up. It was not associated with IGT/DM.

1 Odds of IGT/DM with low BMI at 1 years.

1 Odds of IGT/DM with 1SD BMI z-score increase (2—12
years).

1 Odds of T2D per sb score BMI increase (2—-11 years)

1 Fasting insulin concentrations and HOMA-IR associ-
ated with fat gain (5 years onwards)

10dds of IGT/DM with a Pl at birth close to a Z-score of
0

10dds of IGT/DM with a childhood BMI close to a Z-
score of 0

1 Odds of IGT/DM with increase in BMI z-scores from
birth-adulthood, infancy-adulthood, childhood-adult-
hood, adolescent-adulthood. Association grew
stronger with age.

Females:

1 TG associated with BMI z residuals (12-19)

Males:

1 TG associated with subscapular SF thickness (6—11
years and 12—-19 years)

DM: diabetes mellitus; HOMA-IR: Homeostatic Model Assesment for Insulin Resistance; IGT: impaired glucose tolerance; LBW: low birth weight; n: sample size included in
analysis; n/r: not reported; SDS: standard deviation score; SF: skinfold; TG: total glucose; T2D: type 2 diabetes.

1 =increased;| = decreased.

quartiles had increased odds of high carotid intima-media
thickness with 1 unit increase in z-score BMI at 4 years
(OR1-26; P=0-03) v. boys with a BMI in the three lower quar-
tiles. They found no such association in girls (P> 0-05)“.

0.1017/5136898002200235X Published online by Cambridge University Press

Another British cohort reported on lipid levels at age 53
and found thata 1 sp increase in BMI at ages 2 and 4 was asso-
ciated with lower levels of total cholesterol (2= 0-007 and
P=0-003, respectively) and an increase in BMI from 7 to
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Table 4 Summary of studies reporting on metabolic syndrome outcomes

Age at Mean
Sample  Type of Outcome age in

Author (year) size Exposure Assessment years  Metabolic syndrome outcomes

High-income countries

East (2020)©3 1000 BMI ~23 n/r MetS was assessed, and study population was divided into ‘risk
present’ and ‘risk absent’ cluster according to their results.
Trajectories of BMI were then analysed separately for each
group.

1 BMI (6 months—23 years) in subjects with MetS.

Results are presented as ‘risk present v. risk absent’:

slope 6 months-5 years: 0-07 v. —0-13, intercept 5 years: 18-44
v. 16-59, slope 5-23 years: 4-22 v. 3-08.

Giudici (2017)8) 1919 BMI ~20-60 307 MetS was assessed, the study population was divided into ‘with
Mets’ and ‘without Mets’. Trajectories of BMI and WC were
then analysed separately for each group.

1 BMI (4—6 years, 7-10 years) in adults with MetS v. without
MetS.

1 aWC associated with higher BMI (0—10 years).

No association between low ,HDL-C and BMI in childhood.

No association between hyperglycaemia and BMI in childhood.

No association between ,BP and BMI in childhood.

Graversen (2014)“9) 2120 BMI ~31 n/r 1 Risk of MetS with a BMI in the > 50—< 75 and > 95 percentile
(3 years) v. those in the > 5—< 50 percentile.

1 Risk of MetS with a BMI at the > 95 percentile (4 years, 5
years) v. those in the > 5—< 50 percentile.

Salonen (2009)@) 588 BMI ~56-70 61-5 Males:

(clinical 10dds of MetS with 1SD z-score increase in BMI (0-2 years)
subset: Females: No statistical association was seen in women.
2003)
Low- and middle-income countries
Fall (2008)(3) 1583 BMI ~26-32 n/r 1 Odds of MetS per sb score BMI change (2-11 years).

Subjects with MetS had higher mean BMI than the cohort mean
at all ages from birth.

a: adult; BP: blood pressure; HDL-C: HDL-cholesterol; MetS: metabolic syndrome n; sample size included in analysis; n/r: not reported; WC: waist circumference.

1 =increased;| = decreased.

15 years was associated with lower levels of HDL-cholesterol
with the association being stronger and greater in females.
The researchers adjusted for the current body size®”.

Low- and middle-income countries

A study from India found that fat gain measured by SF from
5 years onwards was associated with elevated systolic
blood pressure in adulthood®?.

A study from Melanesia reporting on total cholesterol
found that BMI z residuals from 0 to 5 years in males were
associated with increased total cholesterol. In females,
there was a positive association between SF residuals from
0to 5 years and CVD, and BMI z residuals from 6 to 11 years
and CVD®?,

Glucose metabolism outcomes (Table 3)

High-income countries

Two Finnish studies reported the risk of type 2 diabetes
(T2D). One study found that a gain of 1 kg/m? in subjects
who had the minimum BMI from 3 to 11 years had an
increased risk of T2D v. those who gained less than 1
kg/m? (OR1-87; P=0-09)“?. Another study reported that
children who had a BMI above the study population

https://doi.org/10.1017/5136898002200235X Published online by Cambridge University Press

median at 11 years had a decreased risk of T2D with each
unit increase in BMI z-score from 0-7 years. After 7 years,
the same group had an increased risk of T2D with each unit
increase in BMI z-score. Association was greater and
stronger in females (females: OR1-35; P=0-004, males:
OR1:23; P=0-01). Researchers found that within the same
group, a low BMI at birth and at 2 years and a high BMI at 11
years were associated with T2D. The group with a BMI
below the study population median at 11 years had a
decreased risk of T2D with each unit increase in BMI z-
score from 0 to 11 years. In this group, a low BMI at birth
was associated with T2D®,

A different Finnish study assessed fasting plasma glu-
cose and insulin resistance and found that low birth weight,
low BMI at 2 years and an increase in sb scores for BMI from
21to 11 years were associated with raised fasting plasma glu-
cose and insulin resistance in adulthood®?.

A study reporting on hyperglycaemia in Chile found that
subjects with hyperglycaemia typically had an increased
BMI from approximately 2 years onwards®?,

Low- and middle-income countries
A study from India looking at impaired glucose toler-
ance/diabetes mellitus AGT/DM) found that a PI at birth
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Author (year)

Sample size

Type of
Exposure

Age at
Qutcome
Assessment

Mean
age in
years

Obesity-related outcomes

High-income countries
Angbratt (2011)@"

Barker (2005)2)

East (2020)©

Eriksson (2003)@4

Evensen (2019)®)

Geserick (2018)@7)

Giudici (2017)1®)

Golab (2018)(®)

3579

444
(clinical subset n
2003)

1000

444
(clinical subset n
2003)

907

34 196

1919

593

BMI, PI

BMI, PI

BMI

BMI, PI

BMI

BMI

BMI

Skinfold thick-
ness

~15

~37-64

~56-66

~15-20

~20-60

~10

14.5

n/r

n/r

n/r

n/r

n/r

307

n/r

Moderate/small correlations was found between
PI at birth, 1-5 years and BMI at 2.5 years with
BMI at 15 years (r< 0-5).

Strong correlation between BMI at 5 years, 7
years, 10 years with ,BMI

Moderate/small correlations was found between
PI at birth, 1-5 years and BMI at 2.5 years with
BMI at 15 years (r< 0-5).

Strong correlation between BMI at 5 years, 7
years, 10 years with ,.BMI

Abdominal obesity was assessed, and SP was
divided into ‘risk present’ and ‘risk absent’
cluster according to their results. Trajectories
of BMI were then analysed separately for each
group.

1 BMI (6 months—23 years) in subjects with
abdominal obesity

Results are presented as ‘risk present v. risk
absent’:

slope 6 months-5 years : 0-05 v. —0-17, intercept
5 years : 18-12 v. 16-25, slope 5-23 years :
420 v. 2:70

Obesity was assessed, and SP was divided into
‘obese’ and ‘non-obese’ cluster according to
their results. Trajectories of BMI and Pl were
then analysed separately for each group.

1 BMI (0—12) in obese adults v. non-obese

Females:

1 Prevalence of BMI > 30 in adults with a
Pl>18-5 at birth v. those with a Pl <18-5

Males:

tPrevalence of BMI > 30 in adults with a
PI> 18-5 at birth v. those with a PI <18-5

Females:

10dds of higher ,FMI (by DXA) in overweight/
obese children (2-5 years) v. normal weight

10Odds of higher ;WC in overweight/obese chil-
dren (6 years) v. normal weight

Males:

t0dds of higher ;WC and ,FMI (by DXA) in over-
weight/obese children (6 years) v. normal
weight

Accelerated annual change in BMI SDS (> 0-2
to < 2:0) in children 2—6 years associated with
overweight/obesity at 18 years

WC, sBP, dBP, total glucose, TG, HDL-C, LDL-C
were assessed and SP was divided into ‘with
Mets’ and ‘without Mets’ according to their
results. Trajectories of BMI and WC were then
analysed separately for each group.

1 aWC associated with higher BMI (0—10 years)

In infancy SF thicknesses were used as a mea-
sure of adiposity whilst at age 10 FM was
measured using a DXA scanner.

tCentral-to-total FM ratio (1-5 months) associ-
ated with higher BMI, FMI, subcutaneous FMI
at 10 years

tTotal subcutaneous FM (6 months, 2 years)
associated with higher BMI, FMI, subcutane-
ous FMat 10y

No association between exposure and visceral
fat, pericardial fat and liver fatat 10 y

0.1017/5136898002200235X Published online by Cambridge University Press
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Age at
Type of Outcome
Author (year) Sample size Exposure Assessment

Mean
age in
years

Obesity-related outcomes

Graversen (2014)40 2120 BMI ~31

Johnson (2017)4®) 350 BMI ~20-60

Kwon (2017)“7 1093 BMI ~8, 19
(clinical subset at
8 years n 495,
19 years n
314)

Lagstrém (2008)#8 541 BMI ~13

Low- and middle-income countries
Corvalan (2007)@0 710 BMI ~33-35

Public Health Nutrition

oL

Krishnaveni (2015)%4 414 BMI, skinfold ~13.5
thickness

Sachdev (2005)® 1526 BMI ~26-32

n/r

n/r

n/r

n/r

32.7

n/r

n/r

Linear relationship with BMI (0-5 years) associ-
ated with ,BMI and ;,WC

1BMI (20 years) and DXA-measured FFMI
(20 years, 30 years) with 1 unit increase in
infant BMI Z-score

No associations between infant BMI and DXA-
measured FFMI after age 30

Trajectories of BMI were analysed, trends were
identified, SP was divided into ‘consistently
low BMI in childhood’ (group 1), ‘steep
increase in BMI second year of life’ (group 2),
‘steep increase in BMI the first year of life’
(group 3), ‘consistently high BMI in childhood’
(group 4). FMI at age 8 and 19 were derived
using DXA scans.

Females:

TFMI (8 years, 19 years) in group 3 and 4 v.
group 1 and 2

Males: no statistical association.

Owerweight/obesity was assessed, SP was
divided into ‘overweight/obese’ and ‘normal’.
Trajectories of BMI were then analysed sepa-
rately for each group. All results are in over-
weight/obese v. normal children.

Females:

1BMI (5 years onwards) associated with over-
weight/obesity

Males:

1BMI (8 years onwards) associated with over-
weight/obesity

FFM and PBF were estimated using predictive
equations from hydrostatic weight measure-
ments in a similar population

1 aBMI, FFM associated with BMI (at birth)

1 .BMI, FFM, PBF, AC associated with BMI
(01 years and 3-7 years) - changes in BMI
between 3-7 years were more strongly associ-
ated with FM and AC in adulthood than with
FFM

No association between BMI at 1-3 years and
outcomes

At age 0-5 years adiposity was derived from SF
and from 10 years onwards researchers used
bioelectrical impedance analysis.

1FM at birth and fat gain during infancy and
childhood associated with BMI and SF at
follow-up.

tWHR and PBF associated with fat gain (0-6
years).

1aSF thickness associated with greater lean tis-
sue gain (2-5 years).

1 aBMI associated with greater lean tissue gain
(0-13-5 years).

Adiposity measures derived from SF

1Childhood BMI correlated with ,BMI (correlation
strengthened with age)

PI at birth associated with lean residual

1BMI at birth associated with high ,BMI and lean
residual

BMI in infancy and early childhood correlated
more strongly with ;FFM than with ;FM

1BMI in late childhood and adolescence associ-
ated with 1 ;FM

waist circumference.
1 =increased; | = decreased.

https://doi.org/10.1017/5136898002200235X Published online by Cambridge University Press

a: adult; FM: fat mass; FFMI: fat-free mass index; FM: fat mass; FMI: fat mass index; n; sample size included in analysis; n/r: not reported; Pl: Ponderal index; SF: skinfold; WC:
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and BMI in childhood close to a z-score of 0 were protec-
tive against IGT/DM (OR0-80; P=0-04 and ORO0-77;
P <0-001, respectively). Greater changes in BMI z-score
from birth to adulthood were associated with increased
odds of IGT/DM that grew stronger by age (all 7 < 0-001,
see Appendix B for all OR). Researchers concluded that
those with IGT/DM in adulthood were typically LBW
infants and that IGT/DM was associated with low BMI
in childhood, followed by an accelerated BMI gain
between birth, infancy, childhood or adolescence and
adulthood®>.

Another study from India reporting on DM found that
there were increased odds of diabetes per sp score BMI
increase from 2 to 11 years (OR1-25; P = 0-01) and that sub-
jects with diabetes had more rapid weight/BMI gain
throughout infancy, childhood and adolescence as well
as a lower BMI in infancy®®. A different study, using the
study population from the same birth cohort, found a sim-
ilar association: increased odds of IGT/DM with a low BMI
at 1 year and with a 1SD BMI z-score increase from 2 to 12
years, which attenuated after adjustment for current body
size (OR1:36; P<0:001 and OR1-26; P=0-004, respec-
tively). Researchers also found an association with low
PI at birth and increased plasma glucose and insulin con-
centrations and insulin resistance at follow-up, and noted
that subjects who developed DM/IGT typically had a lower
PI and BMI up to the age of 25?. A study reporting on insu-
lin concentrations did not find an association with BMI and
SF in the first 5 years post-natal but did associate fat gain
measured by SF from 5 years onwards with increased fast-
ing insulin concentrations and insulin resistance®®.

One study reporting on total glucose did not find any
association with BMI and SF in early life but did find that
BMI residuals in females aged 12-19 years were associ-
ated with increased total glucose. In males, the research-
ers reported that SF residuals at ages 6-11 years and
12-19 years were associated with increased levels of
total glucose®”.

Metabolic syndrome outcomes (Table 4)

High-income countries

Four studies reported on MetS. One study found no asso-
ciation with MetS and body size at birth and 2 years.
However, changes in BMI in infancy were predictive, with
a 1 sp z-score increase in BMI from 0 to 2 years in males
associated with decreased odds of MetS in adulthood
(OR0-53;0-33-0-87). Though there were similar observa-
tions in women, the changes were not statistically signifi-
cant. Researchers adjusted for current body size and did
not report unadjusted results®.

Another study reported that subjects with a BMI in the
>50-< 75 and > 95 percentile had increased risk of MetS
v. those in the >5-< 50 percentile (RR1-9 v. RR1-0).
Subjects with a BMI above the > 95 percentile at 4 years
and 5 years had a slightly greater risk of MetS v. those in
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the >5-< 50 percentile (RR2:5 v. RR2:-9)“?. Similarly,
another study from France found that subjects with MetS
had an increased BMI at 4-6 years and 7-10 years
(P=0-01 and P < 0-001, respectively)3®.

A Chilean study reported that subjects who had MetS,
had higher and faster growth in BMI from ages 6 months—
23 years®?.

Low- and middle-income countries

Fall et al. found that the odds of MetS increased per sb score
BMI change from 2 to 11 years (OR148; P < 0-001) and that
subjects with MetS had a more rapid weight/BMI gain
throughout infancy, childhood and adolescence®?.

Obesity-related outcomes (Table 5)

High-income countries

Eleven studies reported on obesity-related outcomes. A
study reporting on BMI did not find any association before
the age of 5. BMI from 5 years onwards was associated with
overweight/obesity in females whilst this association in
males was seen from age 8 years onwards“®.

Angbratt et al. found a small correlation with PI at birth,
1-5 years and BMI at 2:5 years (r<0-5) and overweight/
obesity at follow-up whilst BMI at age 5, 7 and 10 years
was strongly correlated with BMI at follow-up
(r>0-5)8Y. Another study found that a linear relationship
with BMI at ages 0-5 years was associated with higher BMI
and WC at follow-up“®,

One study reported that an increased BMI from 0 to 10
years was associated with elevated WC at follow-up
(P<0-00D)%®, Similarly, a study reported that obese sub-
jects at follow-up had a high BMI between 0 and 12 years
(all P < 0-00D). The researchers also found that females and
males with a PI<18-5 at birth had increased odds of
becoming obese adults v. those with a PI>18:5 (OR3
and OR4, respectively)®®. Similarly, another study found
that subjects with abdominal obesity had an increased
BMI gain from infancy to follow-up v. those without
abdominal obesity©?.

A study reporting on the accelerated annual change in BMI
SDS found that an annual change of > 0-2 to < 2:0 BMI SDS in
children 2-6 years increased their risk of overweight/obesity
later in life v. children with a stable BMI between age 2 and
6 years (RR1-43; CI 1-35, 1-49)37.

One study reported on infant BMI only and found that a
1 unit increase in infant BMI z-score was associated with
high BMI at 20 years (f=0-70; CI 0-31, 1-09; P<0-001)
and high DXA-measured fat-free mass index at 20 years
($=0-75; CI1 0:37, 1-12; P<0-001) and 30 years (f=0-34;
CI 0-12, 0:56). They found no association between infant
BMI and body composition after age 30“?),

Golab et al. reported on different adiposity measures
using SF and found that an increased central-to-total fat
mass (FM) ratio at 1-5 months and increased total subcuta-
neous FM at 6 months and 2 years was associated with
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higher BMI and fat mass index at follow-up®”. Similarly,
another study reported that females who had a steep
increase in BMI during the first year of life had higher
DXA-measured fat mass index at follow-up. There was
no association in males“”.

The Norwegian study showed that females who were
overweight/obese at 2-5 years had increased odds of a
higher fat mass index measured by DXA at follow-up v.
those with a normal weight at 2-5 years (OR: 2-00;
P < 0-05); however, the association was stronger with over-
weight/obesity at 6 years and increased WC at follow-up v.
normal weight at 6 years (OR: 4-79; P<0-001). In males,
there was no association between overweight/obesity at
age 25 and obesity-related outcomes at follow-up; how-
ever, overweight/obesity at 6 years was associated with
increased odds of increased WC (OR: 5:56; P<0-001)
and DXA-measured fat mass index (OR: 4-14; P < 0-001)
at follow-up®©®.

Low- and middle-income countries

A Guatemalan study found an association between BMI at
birth and BMI (= 0-33; P < 0-05) and fat-free mass (FFM)
(f=0-49; P<0-01) at follow-up. FFM was estimated using
predictive equations from hydrostatic weight measure-
ments in a similar population. Results also showed that
BMI at 0-1 years and 3-7 years was associated with BMI,
FEM, percentage body fat and abdominal circumference,
and that changes in BMI from 3 to 7 years were most
strongly associated with adult FM and abdominal circum-
ference (see Appendix B for details). There was no associ-
ation between BMI at ages 1-3 years and measured
outcomes at follow-up®®.

A similar study in India found a correlation between BMI
in childhood and BMI at follow-up; the correlation strength-
ened with age (6 months: 7=0-19, 2 years: = 0-24, 5 years:
r=0-32, 14 years: r=0-65). The study reported that PI at
birth was associated with FFM in adulthood and that BMI
in infancy and early childhood correlated more strongly
with adult FFM whilst increased BMI in late childhood
and adolescence was associated with adult FM. FFM and
FM were derived from SFG®.

Another Indian study reported an association between
fat gain from 0 to 6 years and waist-hip ratio, BMI and per-
centage body fat at follow-up. In addition, the results
showed that greater lean tissue gain from 2 to 5 years
and 0-13-5 years was associated with SF thickness and
BMI at follow-up, respectively. FM, FFM and percentage
body fat were derived from SF up to age 5 whereafter
researchers used BIA®Y,

Discussion

Summary

The major finding from our review is that evidence on
childhood body composition and later-life NCD is severely
limited. Though four studies assessed SF thickness in
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childhood, we did not find any using the more direct
and technically superior methods such as isotope dilution,
plethysmography or DXA. We did however find numerous
studies using BMI (and a smaller number using PD—but it is
important to note that these are only proxy measures of
body composition. Among children of the same age, sex
and BMI, the level of body fat may vary twofold®®. Even
with BMI as the childhood exposure variable, associations
with later NCD are difficult to interpret due to marked inter-
study heterogeneity, especially in terms of NCD measure
and age at follow-up. Varied approaches to analysing,
reporting and presenting data in addition to disparities of
cut-off points add to the challenge of interpreting what
is. Most studies showed that childhood BMI is associated
with later-life cardiometabolic NCD risk and that changes
in BMI rather than absolute BMI appear to be important.
Some studies also showed sex-specific differences. Most
studies were unadjusted for current body size and thus
the independent effect of childhood BMI is open to ques-
tion. Because most studies were from high-income settings,
wider generalisability to populations in low- and middle-
income settings is unknown.

Interpretation of findings
Most of our interpretable data uses BMI as the childhood
exposure variable. BMI is widely used to categorise nutri-
tional status because it is simple and can be compared with
reference standards®”. Many people and even many non-
specialist scientists/clinicians also view it as ‘an indicator
of body fatness® — hence why it was so common in
our search results. It is however just an indicator of variabil-
ity in weight relative to height, not variability in FM and it
cannot differentiate between FM and FFM. In children, this
issue is further complicated by the variety of other factors
such as age, sex, pubertal status and ethnicity. In relation to
using BMI as an indicator of body fat in early life, another
big limitation arises: specifically, that low BMI at birth and
during infancy can act as a proxy for low FEM®, and hence
as a marker of poor capacity for metabolic homeostasis©V.
This is highly problematic as this implies that greater rela-
tive weight may index different components of body com-
position at different time points. Although several studies in
this review have shown that infant weight gain is protective
of NCD in later life and that both low BMI at birth and in
infancy and high childhood BMI are associated with an
increased risk of NCD, the lack of information about the
relationship between BMI and body composition makes
it difficult to interpret the data and establish clear associa-
tions. Infancy is a particularly challenging period to inves-
tigate, as low BMI may indicate low FFM, whereas rapid
BMI increases over time may indicate fat deposition
through catch-up growth©?.

In the studies that did differentiate between FM and
FFM, low BMI in infancy and high BMI in childhood both
predicted later NCD risk. This pattern links with the
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‘capacity-load model’ which hypothesises that increased
size at birth indicates a greater metabolic (homoeostatic)
capacity, although those born in the highest weight catego-
ries may deviate from this pattern since a higher proportion
of their weight is likely due to adipose tissue, which
imposes a metabolic load1%?,

Several studies have associated birth weight and BMI in
infancy with adult FEM, whilst BMI in later childhood was
associated with both FM and FEM©3%%_ This is consistent
with the studies included in this review. Four studies found
that early BMI was associated with adult FFM whilst BMI in
later childhood was associated with FM and FFM(30:30:60.67)
These were also the only studies distinguishing between
FM and FFM while the rest of the studies reported on
BMI as a whole. As BMI does not distinguish between
FM and FFM, associations between early BMI and over-
weight/obesity are likely to be confounded by the gain
in FFM, thus threatening the validity of its use. This might
also explain why some studies did find an association
between BMI and NCD, while others did not.

Other inconsistencies of our results among studies
reporting on the same outcome measure can be explained
by the follow-up time of the respective studies. In our
review, years of follow-up varied widely from 10 to 70
years. In studies with relatively short follow-up time that
show no association between exposure and outcome, it
is likely that some subjects will go on to develop a NCD
with time as most NCD do not develop until later in
life®8-7 T2D, for instance, is most commonly seen in peo-
ple over the age of 457%, and only one-third studies in cur-
rent review with T2D as an outcome had a study population
above age 45

Lack of adjusting for current body size also impacts the
interpretation of our findings. In 1999, Lucas et al. criticised
researchers’ lack of understanding and communication of
the statistical implications of this. Over 20 years later, our
review suggests that the problem remains. Adjustment
for current size is important because it implies that change
in size as well as initial size can contribute to an associa-
tion”". Previous reviews found that studies which had
adjusted for current body size experienced a partial attenu-
ation in effect size’? and that some associations com-
pletely disappeared after adjustment for current body
size7. These discoveries show that studies that fail to
undertake these adjustments may be confounded by adult
body size, and therefore the observed associations might in
fact reflect the tracking of childhood BMI across the life-
span instead of an actual association7*,

In our review, eleven of twenty-nine studies adjusted for
current body size(?324243:4650-535575 and like previously
reported, some associations attenuated or became sta-
tistically insignificant after adjustments or even reversed.
However, while the researchers did comment on the effect
adjustment for body size had on the results, most of the
studies did not report both adjusted ». unadjusted results
with respect to adjustment for current body size, making
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readers unable to analyse and interpret raw data to draw
their own conclusions.

Research in context

Similar to our review, Park et al. found an association
between childhood overweight (2-12 years), unadjusted
for adult body size and CVD outcomes in adulthood.
They were unable to conclude that childhood overweight
isan independent risk factor of adult CVD as the few studies
that did report adjusted results were inconclusive.
Furthermore, studies were mainly from high-income set-
tings and thus the generalisability is limited®®. In contrast,
a review from Owen et al. in 2009 concluded that BMI gain
from age 2 to 6 years had a weak inverse association
(RR0O-94, 95 % CI: 0-82, 1-07) with CHD risk7?; however,
statistical findings are weak with CI including 1-00. It is also
important to notice that this conclusion was based on only
three estimates and that the researchers for this review did
not exclude cohorts with high-risk subjects (e.g. LBW
babies). Owen et al. also reported that the inverse associ-
ation between childhood BMI and CHD risk became
weakly positive after age 7 years and grew stronger with
age(76). The inverse association is consistent with some
studies included in the current review that found an asso-
ciation between low BMI in infancy and NCD risk factors in
adulthood. The evidence supports the capacity-load model
hypothesis””, where LBW means lower capacity, but an
excessively high birthweight indicates macrosomia and
also means lower homeostatic capacity in terms of ability
to prevent NCD. Results from a number of studies in the
current review suggest the same trend but whether this is
due to the uncontrolled adjustments for current body size
remains unanswered.

A review by Simmonds et al. based on high-income
countries studies reported that BMI has poor sensitivity
in identifying healthy-weight children, who later would
become obese adults. However, BMI was found to be a rea-
sonable accurate measure of obesity and thus can identify
obese children who most likely will become obese adults.
The researchers also reported that obese children had more
than five times the risk of becoming obese adults than non-
obese children (RR5-21; 95 % CI 4-50, 6:02)*%. These find-
ings are consistent with studies we found, which suggest a
pattern whereby increased BMI at different ages through-
out childhood is associated with NCD/obesity-related out-
comes in adult life. However, a recent evaluation of a large
dataset on children’s body composition found that below
6 years, there was a very weak relationship between high
BMI and high body fatness, suggesting that the use of
high BMI centile to index excess adiposity in young chil-
dren is methodologically flawed””. Consistent with that,
Simmonds et al. found that BMI was a poor predictor of
obesity-related diseases, as only 40 % of adult diabetes
and 20 % of CHD would occur in overweight/obese chil-
dren®®. This further underlines the importance of using
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better body composition measurements in future studies to
examine the effect of childhood FM and FFM on adult NCD.

These three reviews also experienced challenges with
the diversity in reporting, which for Simmonds et al. meant
that a number of assumptions were made to conduct the
meta-analysis and thus the reliability of the pooled estimate
may be limited®?. Due to the limitations of these reviews,
results should be interpreted as a general trend rather than
a precise estimate of an association or predictive accuracy.

Finally, a 2021 review focussed on NCD risk in survivors
of childhood undemutrition/famine™®. Though the expo-
sure was to undernutrition (as assessed by standard
anthropometric measures) and thus the opposite type of
malnutrition to most studies in this review, authors also
found an association with numerous NCD-related out-
comes. Strength and consistency of the association also var-
ied according to the outcome. Interpreting the reviews
together, it seems that extremes at both ends of the malnutri-
tion spectrum risk long-term adverse outcomes. Our observa-
tion that rate of weight change can mediate risk might offer
insights into the mechanism spanning the two types of mal-
nutrition. As that review highlights in the conclusions, this
work on mechanisms is urgently needed.

Limitations

All included studies controlled for some known confound-
ers. However, all studies were also of observational design,
and there is therefore an inherent risk of residual con-
founding affecting the results. Whilst it is impossible to con-
trol for all confounders, the most evident and important
confounders should be taken into consideration. For exam-
ple, Bhargava et al. did not adjust for socio-economic sta-
tus (SES)®?. SES is a well-known confounder and lack of
controlling thereof may lead to significantly affected and
incorrect effect size”®. Though not simple, it might also
have been possible to control for different times of fol-
low-up, e.g. using age-standardised reporting of NCD-
related outcome measures. Another important confounder
is in utero growth and nutrition, as manifested by low birth
weight and weight-for-gestational age. We hope that future
studies will better take this into account and adjust accord-
ingly since its impact on metabolic programming is well
established. It is currently difficult to disentangle the rela-
tive contribution of in utero exposures from early child
(u5 years) exposures on future NCD-related risk.

As mentioned, very few studies reported on actual body
composition in relation to NCD which consequently highly
limits our understanding of how FM and FFM in early child-
hood relates to later NCD risk. Alongside the problem of
using BMI rather than other true measures of body compo-
sition, adjustment for current body size was a major limita-
tion in this review. Since under half of the studies included
in the narrative synthesis adjusted for current size, we are
unable to confirm the independent effect of early child-
hood body size on long-term cardiometabolic health,
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and thus there is a possibility that the associations seen
in studies that failed to undertake these adjustments is
mediated through adult body size.

Several studies were greatly affected by the loss to fol-
low-up and only four had an attrition rate below
20 %30305159  Seven studies reported a loss to follow-up
above 60 % of the original cohort 2450555767 wwhile eight
did not address the attrition rate at all nor did they report
{t(31,32,34,35,47-49,75)

None of the studies presented power calculations for their
sample size, and only four studies®4345% identified reduced
power as a limitation of their study and possible explanation
for the lack of weak association/difference in groups.

Research recommendations
This review has highlighted several areas needing urgent
research attention.

Heterogeneity among future studies might be reduced
by researchers reading our review when planning their
own work and choosing outcome variables/measurement
timings which can then be more directly compared with
this past work. Checklists of key items to report in such
nutrition/NCD follow-up studies might also help, forming
the basis for a STROBE checklist extension”?.

Based on the risk of bias assessment, it is recommended
that future longitudinal studies improve their reporting on
several potential sources of bias and include a flow diagram
to demonstrate their participation and response rates. In
particular, follow-up rates should be reported as well as
implications should be clearly discussed.

BMI is a poor measure of adiposity as it does not
distinguish between FM and FFM. Future work should
use additional, more direct measures of adiposity, e.g.
peapod, isotope dilution and DXA. These studies are
urgently needed and could offer valuable insights into
mechanisms linking early-life malnutrition (both under-
nutrition and overweight/obesity) with later-life NCD
risk. Studies are also needed to explore the relative utility
of different methods, e.g. which field-appropriate mea-
sures (such as BIA) are most closely associated with
the more complex, costly but arguably more ‘gold stan-
dards’ measures such as DXA scans. Different tools are
appropriate for different settings and different study
types and budgets (e.g. large-scale population research
might use field-friendly BIA machines which are portable
and increasingly affordable; smaller studies requiring
fewer individuals who can travel to a clinic setting might
use a more robust but less portable measure like densi-
tometry or DXA. Isotope dilution studies represent an
intermediate option, accurate and viable for large field
studies but relatively expensive for lab analyses).

Future research should also explore the impact of
body composition at other stages of childhood and ado-
lescence. Different ages may be more or less important in
influencing the risk of later-life adult NCD. Our focus was
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on children aged under 5 years since these are the focus
of much global policy and practice on child nutrition—
but other ages also matter. What happens later on may
either exacerbate or attenuate any effect of ‘adverse’
body composition in younger children. This would be
important for programmers and policy-makers working
on under 5’s to know.

Sex differences also matter and should be explored in
future work. Not enough papers presented disaggregated
data for us to comment on sex-specific differences in this
review but differences are well recognised for the risks
of both early-life malnutrition®® and adult NCD®?.
Thus, we hope that future researchers will carefully
account for sex when documenting any links between
early body composition and later-life NCD.

Finally, less than half of the studies in this review
adjusted for current body size. Future studies should
present both crude and adjusted associations.

Conclusion

Our review found that early life (first 5 years of postnatal
life) nutritional status, mostly as assessed by low BMI in
infancy and increased BMI in later childhood, was often
associated with increased risk of cardiometabolic dis-
eases and risk factors in adult life. Although exact pat-
terns of association varied in different studies and
settings (i.e. whether absolute BMI or BMI change in
childhood matter most), some evidence in our review
suggests a pattern where low BMI at birth and infancy fol-
lowed by a rapid weight gain in childhood exceeding
recommended levels increases the risk of NCD.
Whether different patterns of body composition mediate
or explain some of these variations is not possible to say.
Neither is it known whether childhood BMI is an inde-
pendent risk factor for NCD in adulthood, or whether
the association is simply mediated through adult over-
weight/obesity. Due to the limited evidence on nutri-
tional status measures other than BMI, it is not possible
to identify which measure of body composition best pre-
dicts NCD in adulthood.

We highlight several gaps in the literature: high-qual-
ity evidence on this topic—in particular, evidence from
low- and middle-income countries and the use of more
direct measures of body composition to better describe
nutritional status. As technology is rapidly improving,
better equipment/solutions are more accessible and
can provide research with adequate measures of body
composition. Findings from our review underline the
necessity to improve and continue the tracking of body
composition from birth to adulthood to help understand
relevant mechanisms linking child nutrition to adult
health/NCD. This has a key role to play in preventing
the increasing rates of overweight/obesity among
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children and adults and ultimately prevent the rising
prevalence of NCD.
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Appendix A
Full search strategy

Database: Ovid MEDLINE(R) and In-Process & Other Non-
Indexed Citations and Daily <1946 to July 27, 2020>

Search Strategy:

(diabetes type 2 or type 2 diabetes or diabetes mellitus
or insulin resistance syndrome* or insulin resistan* or
hyperglycaemia or hypertension or arteriosclerosis or
cardiovascular disease* or cardio vascular disease* or
blood pressure or coronary heart disease* or meta-
bolic syndrome* or dysmetabolic syndrome* or cardio
metabolic disorder* or cardiometabolic disorder* or lipid
profile or lipid metabolism or lipid* profile or glucose
metaboli* disorder* or glucose intoleran* or glucose tol-
eran* or obes* or artheroscleros®).mp. (1781365)

((infan* or baby or babies or child* preschool or pre-
school child or early childhood or young children or
kindergarten* or children under 5 or children under
five or under 5's) adj10 (body composition or body
fat or fat percentage or fat % or lean mass or fat mass
of fat free mass or muscle mass or grip strength or
hand strength or antropometr* or skinfold or skinfold
thickness or body mass index or BMI or percent fat or
fat percent or densitometry)).mp. (5242)

1 and 2 (2221

((infan* or baby or babies or child* preschool or pre-
school child or early childhood or young children or
kindergarten* or children under 5 or children under
five or under 5's) adj10 (body composition or body
fat or fat percentage or fat % or lean mass or fat mass
of fat free mass or muscle mass or grip strength or hand
strength or antropometr* or skinfold or skinfold thick-
ness or body mass index or BMD).mp. [mp=title,
abstract, original title, name of substance word,
subject heading word, floating sub-heading word, key-
word heading word, organism supplementary concept
word, protocol supplementary concept word, rare dis-
ease supplementary concept word, unique identifier,
synonyms] (5194)

1 and 4 (2219)

body composition.mp. [mp=title, abstract, original
title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplementary
concept word, unique identifier, synonyms] (57816)
body fat.mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-
heading word, keyword heading word, organism sup-
plementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (33004)
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(fat percentage or fat %).mp. [mp=title, abstract, origi-
nal title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
(271026)

fat mass.mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-
heading word, keyword heading word, organism sup-
plementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (20698)

lean mass.mp. [mp=title, abstract, original title, name
of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplemen-
tary concept word, rare disease supplementary con-
cept word, unique identifier, synonyms] (5400)

fat free mass.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms]
(7537

muscle mass.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (17698)

grip strength.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (11357)

hand strength.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms]
(15132)

anthropometr*.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (78466)

(skinfold or skin fold thickness).mp. [mp=title,
abstract, original title, name of substance word, subject
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17.

18.

19.

20.

21.

22.

23.

24.

25.

heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word,
protocol supplementary concept word, rare disease sup-
plementary concept word, unique identifier, synonyms
(10959)

(body mass index or BMD.mp. [mp=title, abstract,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
(279689)
6or7or8or9orl0orllori2orl3orl4orl5orl6or
17 (608903)

(infan* adjl0 #13).mp. [mp=title, abstract, original
title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplementary
concept word, unique identifier, synonyms] (4182)
((baby or babies) adj10 #13).mp. [mp=title, abstract,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms] (551)
((child* preschool or preschool child) adj10 #13).mp.
[mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading
word, keyword heading word, organism supplemen-
tary concept word, protocol supplementary concept
word, rare disease supplementary concept word,
unique identifier, synonyms] (2)

(early childhood adj10 #13).mp. [mp=title, abstract,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms] (60)
(young children adj10 #13).mp. [mp=title, abstract,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms] (91)
(kindergarten adj10 #13).mp. [mp=title, abstract, origi-
nal title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplementary
concept word, unique identifier, synonyms] (50)

((children under 5 or children under five or under 5's)
adj10 #13).mp. [mp=title, abstract, original title, name
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30.

31.

32.

33.
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of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplemen-
tary concept word, rare disease supplementary con-
cept word, unique identifier, synonyms] (66)

19 or 20 or 21 or 22 or 23 or 24 or 25 (4931)

(diabetes type 2 or type 2 diabetes or diabetes mellitus
or insulin resistance syndrome* or insulin resistan* or
hyperglycaemia or hypertension or arteriosclerosis or
cardiovascular disease* or cardio vascular disease* or
blood pressure or coronary heart disease* or meta-
bolic syndrome* or dysmetabolic syndrome* or cardio
metabolic disorder* or cardiometabolic disorder* or
lipid profile or lipid metabolism or lipid* profile or glu-
cose metaboli* disorder* or glucose intoleran* or glu-
cose toleran* or obes* or hypertension or
artheroscleros®).mp. (1781365)

(diabetes type 2 or type 2 diabetes).mp. [mp=title,
abstract, original title, name of substance word, sub-
ject heading word, floating sub-heading word, key-
word heading word, organism supplementary
concept word, protocol supplementary concept
word, rare disease supplementary concept word,
unique identifier, synonyms] (126496)

diabetes mellitus.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (433938)

insulin resistance syndrome*.mp. [mp=title, abstract,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms] (1746)
insulin resistan*.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (98055)
hyperglycaemia.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (10223)
hypertension.mp. [mp=title, abstract, original title,
name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol
supplementary concept word, rare disease
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supplementary concept word, unique identifier,
synonyms] (485390)

arteriosclerosis.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms]
(70980)

cardiovascular disease*. mp. [mp=title, abstract, origi-
nal title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]

(260492)

cardio vascular disease*.mp. [mp=title, abstract, origi-
nal title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
(705)

blood pressure.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms]
(442915)

coronary heart disease*. mp. [mp=title, abstract, origi-
nal title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
(50273)

metabolic syndrome* mp. [mp=title, abstract, original
title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms]
(570306)

dysmetabolic syndrome*.mp. [mp=title,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
(11D

cardio metabolic disorder*.mp. [mp=title, abstract,

abstract,

original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
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48.
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word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms] (87)
cardiometabolic disorder*.mp. [mp=title, abstract,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
(562)

lipid* profile.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, floating
sub-heading word, keyword heading word, organism
supplementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms| (22957)

lipid metabolism.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms]
(99667)

glucose metaboli* disorder*.mp. [mp=title, abstract,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]
(1189)

glucose intoleran*.mp. [mp=title, abstract, original
title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms]
(16545)

glucose toleran*.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms]
(59483)

obes*.mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-
heading word, keyword heading word, organism sup-
plementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (352263)

artheroscleros*.mp. [mp=title, abstract, original title,
name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word,
organism supplementary concept word, protocol
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supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms]

(149)

50. 28or29 or30 or31 or32or33or34 or 35 or 36 or 37 or
38 or 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46 or 47 or

48 or 49 (1781365)
51. 26 and 50 (337)
52. remove duplicates from 51 (334)

53. (infan*adj10 (body composition or body fat or fat per-
centage or fat % or lean mass or fat mass of fat free
mass or muscle mass or grip strength or hand strength
or antropometr* or skinfold or skinfold thickness or
body mass index or BMD).mp. [mp=title, abstract,
original title, name of substance word, subject heading
word, floating sub-heading word, keyword heading
word, organism supplementary concept word, proto-
col supplementary concept word, rare disease supple-
mentary concept word, unique identifier, synonyms)

(3773)

54. ((baby or babies) adj10 (body composition or body fat
or fat percentage or fat % or lean mass or fat mass of fat
free mass or muscle mass or grip strength or hand
strength or antropometr* or skinfold or skinfold thick-
ness or body mass index or BMD).mp. [mp=title,
abstract, original title, name of substance word, sub-
ject heading word, floating sub-heading word, key-

supplementary

concept word, protocol supplementary concept
word, rare disease supplementary concept word,

word heading word, organism

unique identifier, synonyms] (312)

55. (baby adj10 (body composition or body fat or fat per-
centage or fat % or lean mass or fat mass of fat free
mass or muscle mass or grip strength or hand strength
or antropometr* or skinfold or skinfold thickness or body
mass index or BMD).mp. [mp=title, abstract, original
title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplementary

concept word, unique identifier, synonyms] (131)

56. (babies adj10 (body composition or body fat or fat per-
centage or fat % or lean mass or fat mass of fat free mass
or muscle mass or grip strength or hand strength or
antropometr* or skinfold or skinfold thickness or body
mass index or BMD).mp. [mp=title, abstract, original
title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplementary

concept word, unique identifier, synonyms] (190)

57. ((child* preschool or preschool child) adj10 (body
composition or body fat or fat percentage or fat %
or lean mass or fat mass of fat free mass or muscle
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mass or grip strength or hand strength or antropometr*
or skinfold or skinfold thickness or body mass index
or BMD).mp. [mp=title, abstract, original title, name of
substance word, subject heading word, floating sub-
heading word, keyword heading word, organism sup-
plementary concept word, protocol supplementary
concept word, rare disease supplementary concept
word, unique identifier, synonyms] (670)

(early childhood adj10 (body composition or body fat
or fat percentage or fat % or lean mass or fat mass of fat
free mass or muscle mass or grip strength or hand
strength or antropometr* or skinfold or skinfold thick-
ness or body mass index or BMD).mp. [mp=title,
abstract, original title, name of substance word, sub-
ject heading word, floating sub-heading word, key-
word heading word, organism supplementary
concept word, protocol supplementary concept
word, rare disease supplementary concept word,
unique identifier, synonyms] (357)

(young children adj10 (body composition or body fat
or fat percentage or fat % or lean mass or fat mass of fat
free mass or muscle mass or grip strength or hand
strength or antropometr* or skinfold or skinfold thick-
ness or body mass index or BMD).mp. [mp=title,
abstract, original title, name of substance word, sub-
ject heading word, floating sub-heading word, key-
word heading word, organism supplementary
concept word, protocol supplementary concept
word, rare disease supplementary concept word,
unique identifier, synonyms] (269)

(kindergarten* adj10 (body composition or body fat or
fat percentage or fat % or lean mass or fat mass of fat
free mass or muscle mass or grip strength or hand
strength or antropometr* or skinfold or skinfold thick-
ness or body mass index or BMD).mp. [mp=title,
abstract, original title, name of substance word, sub-
ject heading word, floating sub-heading word, key-
word heading word, organism supplementary
concept word, protocol supplementary concept
word, rare disease supplementary concept word,
unique identifier, synonyms] (74)

(children under 5 adj10 (body composition or body fat
or fat percentage or fat % or lean mass or fat mass of fat
free mass or muscle mass or grip strength or hand
strength or antropometr* or skinfold or skinfold thick-
ness or body mass index or BMD).mp. [mp=title,
abstract, original title, name of substance word, sub-
ject heading word, floating sub-heading word, key-
word heading word, organism supplementary
concept word, protocol supplementary concept
word, rare disease supplementary concept word,
unique identifier, synonyms] (3)

(children under five adj10 (body composition or body
fat or fat percentage or fat % or lean mass or fat mass of
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63.

04.
65.
66.

fat free mass or muscle mass or grip strength or hand
strength or antropometr* or skinfold or skinfold thick-
ness or body mass index or BMD).mp. [mp=title,
abstract, original title, name of substance word, sub-
ject heading word, floating sub-heading word, key-
word heading word, organism supplementary
concept word, protocol supplementary concept
word, rare disease supplementary concept word,
unique identifier, synonyms] (2)

(under 5's adj10 (body composition or body fat or fat
percentage or fat % or lean mass or fat mass of fat free
mass or muscle mass or grip strength or hand strength or
antropometr* or skinfold or skinfold thickness or body
mass index or BMD).mp. [mp=title, abstract, original
title, name of substance word, subject heading word,
floating sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplementary
concept word, unique identifier, synonyms] (0)

53 or 54 or 57 or 58 or 59 or 60 or 61 or 62 or 63 (5194)
50 and 64 (2219)

(diabetes type 2 or type 2 diabetes or diabetes mellitus
or insulin resistance syndrome* or insulin resistan* or
hyperglycaemia or hypertension or arteriosclerosis or
cardiovascular disease* or cardio vascular disease* or
blood pressure or coronary heart disease* or meta-
bolic syndrome* or dysmetabolic syndrome* or cardio
metabolic disorder* or cardiometabolic disorder* or
lipid profile or lipid metabolism or lipid* profile or
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glucose metaboli* disorder* or glucose intoleran* or
glucose toleran* or obes* or artheroscleros®).mp.
(1781365)

((nfan* or baby or babies or child* preschool or pre-
school child or early childhood or young children or
kindergarten* or children under 5 or children under
five or under 5's) adj10 (body composition or body
fat or fat percentage or fat % or lean mass or fat mass
of fat free mass or muscle mass or grip strength or
hand strength or anthropometr* or skinfold or skinfold
thickness or body mass index or BMD).mp. (5194)
66 and 67 (2219)

((infant* or baby or babies or child* preschool or pre-
school child or early childhood or young children or
kindergarten* or children under 5 or children under
five or under 5's) adj10 (percent fat or fat percent or
densitometry)).mp. [mp=title, abstract, original title,
name of substance word, subject heading word, float-
ing sub-heading word, keyword heading word,
organism supplementary concept word, protocol sup-
plementary concept word, rare disease supplemen-
tary concept word, unique identifier, synonyms] (71)
67 or 69 (5242)

66 and 70 (2221)

limit 71 to english language (2110)

limit 72 to humans (1911)

limit 73 to yr="1990 -Current” (1817)

remove duplicates from 74 (1817)
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Appendix B
Detailed summary of included studies

Table B1 Full summary of included studies

Setting, sample
Lead author, year, study size in analysis
design (Y%female)

Type of
exposure

Age
exposure
assessed

Age outcome

assessed

(mean age)

Qutcome
measured

Key findings

High-income countries

Angbratt Sweden,
201161 n 3579 (48 %)

Retrospective cohort

Barker 2005, Finland,
Birth cohort 1934-44 N 444 (19-6 %)
Clinical subset:
n 2003

East 2020, Chile,

Randomised prospec- n 1000 (n/r)
tive cohort (Santiago
Longitudinal Study)

Pl, BMI

Pl, BMI

BMI, WC

PI: birth, 1-5
years

BMI: 2.5, 5,7, 10
and 15 years

Birth 11 years

Birth, 3 months, 6
months, 1
years, 23 years

~15 years
(14-5
years)

~37-64
years

~23 years

Obesity (BMI > 30)

Coronary events clinical sub-
sample: fasting plasma glu-
cose, insulin, sBP, TC

CM risk: sBP, dBP, fasting
serum, total glucose, TG,
TC, HDL-C, high sensitivity
CRP, abdominal obesity,
MetS

Moderate/small correlations was found between Pl at
birth, 1-5 years and BMI at 2.5 years with BMI at 15
years (r < 0-5).

Strong correlation between BMI at 5, 7 and 10 years with
BMI at 15 years (r > 0-5).

Females: 5 years (r=0-63;0-601-0-658), 7 years (r
=0-70; 0-675-0-723), 10 years (r=0-81;0-793-0-826)

Males: 5 years (r=0-57; 0-538-0-600), 7 years (r
=0-68;0-655—0-704), 10 years (r=0-79;0-772-0-807)

For both sexes fasting plasma glucose, insulin and sBP
fell both with increasing birth weight and with increasing
BMI at 2 years. TC was not associated with birth weight
or BMI at 2 years.

Females: BMI at 2 and 11 years are not associated with
later coronary events.

BMI at 2 and 11 yearsare associated with later coronary
events in a simultaneous regression (P=0-001 and
P =0-04, respectively).

The HR associated with an increase in BMI of 1 sb were
0-62 (Cl 0-46-0-82) at 2 years of age and 1-35 (Cl
1.02-1.78) at 11 years.

Males: Low BMI and PI at birth, and BMI at 1 and 2 years
predicted later coronary events (all P < 0-001).

BMI at 11 years is not associated with coronary events
on its own’ however, in a simultaneous regression, low
BMI at 2 years and high BMI at 11 were associated
with coronary events (P < 0-001 and P=0-05, respec-
tively).

The HR associated with an increase in BMI of 1 sb were
0-76 (Cl 0-66-0-87) at 2 years of age and 1-14 (Cl
1.00-1-31) at 11 years.

All results are presented as data from regression models
(Y axis: mean BMI, X axis: age in years) in ‘risk present
v. risk absent’ clusters.

Hyperglycaemia: slope 6mo-5 years : 0-05 v. —-0-12, inter-
cept 5 years : 18:05 v. 16-78, slope 5-23 years : 3-17
v. 2.93

High TG; slope 6mo-5 years : —0-003 v. —0-13, intercept
Syears : 17-82 v. 16-69, slope 5-23 years : 3-76 v.

QDN aJtf-1o1] pue uopisodwod &poq pooypriy)
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Table B1 Continued

Setting, sample
Lead author, year, study size in analysis
design (Y%female)

Type of
exposure

Age
exposure
assessed

Age outcome
assessed
(mean age)

Qutcome
measured

Key findings

Eriksson 2003,
Birth cohort 1934-44

Finland,
n 4515 (527 %)

Eriksson 2015,
Birth cohort 1934-44

Finland,

n 13 345 (n/r)
clinical subsam-
ple: n 2003

(n/r)

Evensen 2019,(%9)

Prospective cohort
(The Tromso Study:
Fit Futures)

Norway,
n 907 (48 %)

Pl, BMI

BMI

BMI

Birth, 3, 5, 7, 9,
11 years

Birth-11 years

Birth-2 years, 6
years

~56-66
years

Obesity (BMI > 30)

40 + years T2D

Clinical sun-  Clinical subsample: body
sample composition and glucose
mean age: tolerance
62 years

~15-20 Adiposity (DXA scan), over-

weight/obesity (BMI > 25)

3-07.

Low LDL-cholesterol: slope 6mo-5 years : 0-04 v. —0-13,
intercept 5 years : 17-02 v. 16-56, slope 5-23 years :
3-29 v. 2:99

Hypertension: slope 6mo-5 years : 0-04 v. —.13, intercept
5years : 18-54 v. 16-66, slope 5-23 years : 4-00 v.
3-09

Abdominal obesity: slope 6mo-5 years : 0-05 v. —-0-17,
intercept 5y: 18-12 v. 16-25, slope 5-23y: 4-20 v. 2.70

MetS: slope 6mo-5y: 0-07 v. —0-13, intercept 5y: 18-44 v.
16-59, slope 5-23y: 422 v. 3-03

All CM risks were associated with a higher BMI at 5y.

Children who became obese in adult life had above-aver-
age BMI at all ages from birth to 12y (all P<0-001)

Females: A Pl > 18-5 at birth had an OR > 3 of becoming
obese as adults v. those with a Pl < 18-5.

Males: A Pl > 18.5 at birth had an OR > 4 of becoming
obese as adults v. those with a Pl < 18-5.

Among children with a BMI above the median at 11 years
(group 1), each unit increase in BMI Z-score from birth
to 7 years reduced the risk of T2D. After 7 years a
higher BMI z-score was associated with increased risk
of T2D.

Among children with a BMI below the median at 11 years
(group 2), each unit increase in BMI Z-score reduced
the risk of T2D from birth to 11 years.

In group 1, low BMI at birth and at 2 years and high BMI
at 11 years were associated with T2D (OR 0-87;0-80,
0-95, OR0-86;0-78-0-94, OR 1-61;1-40, 1-83, respec-
tive years).

In group 2, low BMI at birth was associated with T2D
(OR:0-80;0-72—-0-86).

Females: Increased risk of T2D in girls with BMI above
the median at 11 years (OR1-35;1-10, 1-65; P=0-004)
v. those below the median value.

Males: Increased risk of T2D in both years with BMI
above the median at 11 years (OR1-23;1-05, 1-44;
P=0-01) v. those below the median value.

Birth weight associated with FFMI.

Females: Overweight/obesity at 2-5 years is associated
with increased odds of higher FMI SDS at 15-20 years
(OR 2-00; 1-03-3-89; P < 0-05) v. normal weight.

Overweight/obesity at 6 years is associated with
increased odds of having a WC > 80 cm at 15-20 years
(OR 4.79; 3-05, 7-48; P<0-001) v. normal weight.

Males: Overweight/obesity at 6 years was associated with
increased odds of having a WC > 94 cm (OR 5-56;3-25,

ove
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Table B1 Continued

Setting, sample
Lead author, year, study size in analysis
design (Y%female)

Type of
exposure

Age
exposure
assessed

Age outcome
assessed
(mean age)

Outcome
measured

Key findings

Geserick 2018,7
Retrospective cohort

Germany,
34 196 (n/r)

Giudici, 2017,
Retrospective cohort

France,
n 1919 (56-6 %)

Golab 2019,
Birth cohort
(Generation R Study)

Netherlands, n
593 (n/r)

Graversen 2014,“0)
Birth cohort 1996

Finland,
n 2120 (51-4 %)

Holland 1993,“"
Birth cohort (NHSD)

Great Britain,
n 2830 (49-8 %)

BMI

BMI, WC

Skinfold thick-
nesses:
biceps, triceps,
suprailiacal
and subscapu-
lar

Weight, BMI

BMI

Birth-18 years

Birth-10 years

1.5 months , 6
months, 2
years

Weight: 5mo, 1
years
BMI: 2-5 years

2,4,6-7,11 and
14 years

~18 years Obesity

~20-60 WC, MetS: sBP, dBP, total
years (30-7 glucose, TG, HDL-C, LDL-
years) C

BMI, adiposity (DXA): FMI,
subcutaneous FMI, visceral
FMI, pericardial FMI, liver
fat fraction

~10 years

BMI, WC, MetS: TG, HDL-C,
sBP, dBP, fasting glucose

~31 years

~36 years BMI, BP

9-54; P<0-001) and higher FMI SDS (OR 4-14; 2.41,
7-09; P<0-001) at age 15—20 v. normal weight.

Accelerated annual change in BMI SDS (> 0-2 to < 2:0) in
children 2—6 years associated with overweight/obesity
at 18 years (RR1-43; 1-35, 1-49) v. those with a stable
BMI.

Adults with MetS presented higher BMI from age 4-6
years (P=0-01) and 7-10 years (P < 0-001) compared
to adults without MetS.

Adults with high WC (men; > 94 cm, women; > 80 cm)
presented higher BMI at all ages (p-global < 0-001).

Adults with high TG concentrations presented higher BMI
from age 1-5 years (p-global =0-001).

No association between low ;HDL-C and BMI in child-
hood (p-global = 0-62).

No association between hyperglycaemia and BMI in child-
hood (p-global = 0-23).

No association between ,BP and BMI in childhood (p-
global =0-18).

Higher central-to-total FM ratio at 1-5 months associated
with higher BMI (P < 0-05), FMI (P < 0-01) and subcuta-
neous FMI at age 10 (P < 0-01).

Higher total subcutaneous FM at 6 months and 2 years
associated with higher BMI, FMI and subcutaneous FM
at age 10. All P<0-01, except for BMI at 6 months
(P<0-05).

No association between exposure and visceral fat, peri-
cardial fat and liver fat (all P> 0-05).

Children with a BMI in the > 50—< 75 and > 95 percentile
at age 3 had increased risk of MetS (RR1-6; 1-2—2-1
and RR1-9; 1.2-3-0 respectively) v. those in the > 5—<
50 percentile.

BMI at > 95 percentile at 4 years and 5 years had
increased risk of MetS at age 31 years (RR 2-4;1-6-3-5
and RR 2.5;1-7-3-8 respectively) v. those in the > 5—<
50 percentile.

Linear relationship with BMI from birth to 5 years with
2BMI and ;WC.

BMI from 3 to 5 years is inversely associated with
aHDL-C.

Females:

sBP:

One unit increase in BMI SDS between birth and 7 years
is associated with 1-4 mmHg rise (CI:0-7, 2-1)

One unit increase in BMI SDS between 7 years and ado-
lescence is associated with 1-0 mmHg rise (Cl:0-2-0)
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Table B1 Continued

Setting, sample

Lead author, year, study size in analysis

design

(Y%female)

Type of
exposure

Age Age outcome

assessed
(mean age)

exposure
assessed

Qutcome

measured

8¢

Key findings

Howe 2010,“2
Birth cohort (Avon)

Howe 2014,*3
Birth cohort (Avon)

Huang 2012,*4

Birth cohort (Raine)

UK,
n5113 (52-8 %)

England,
n 3154 (n/r)

Australia,
n 1053 (n/r)

Pl, BMI

BMI

BMI, skinfold
thickness

Birth-15 years ~15 years
(155

years)

~17 years
(17-8
years)

Birth-10 years

1-3,5,8,10and ~17 years
14 years

CVD risk: BP, HDL-C, LDL-C,
TG, CRP, glucose, insulin

Brachial sBP, central sBP,
dBP

CVD risk: BP, insulin, glu-
cose, TG, BMI, TC, HDL-C,
LDL-C, high-sensitive CRP

dBP:

One unit increase in BMI SDS between birth and 7 years
is associated with 0-5 mmHg rise (CI:0, 1-1)

One unit increase in BMI SDS between 7 years and ado-
lescence is associated with 0-3 mmHg rise (CI:-0-5,
1-1)

Males:

sBP:

One unit increase in BMI SDS between birth and 7 years
is associated with 0-7 mmHg rise (CI:0, 1-4)

One unit increase in BMI SDS between 7 years and ado-
lescence is associated with 1-4 mmHg rise (CI:0-5, 2-3)

dBP:

1 unit increase in BMI SDS between birth and 7 years is
associated with 1-0 mmHg rise (Cl:0-4—1-6)

1 unit increase in BMI SDS between 7 years and adoles-
cence is associated with 1.7 mmHg rise (CI:0.9, 2-4)
Little evidence of association between Pl changed from 0O

to 2 years and CVD risk at 15 years (P-values n/r).

Associations between 1SD increase in BMI at 5-5-5, 7—
8-5 and 8-:5-10 years and several risk factors at 15
years (stronger associations for HDL-C, log TG, sBP)
(P-values n/r).

For both sexes, a 1SD z-score increase in BMI at 7 and
10 years was associated with all three outcomes,
increase in BP being higher at age 10 (all P<0-001).
All associations were stronger in males. No associa-
tions between BMI < 7 years and later BP.

Highest BP was seen in those with a low birth weight as
well as overweight or obesity at age 2 and 17.

Females: Low BMI at birth associated with elevated bra-
chial sBP at 17 years (P=0-004), and with central sBP
as well as dBP (P=0-001 and P=0-04 respectively).

Males: Low BMI at birth associated with elevated brachial
sBP (P=0-04).

Females: BMI from 1 to 5 years was higher at each sub-
sequent timepoint (all P<0-001) in high risk cluster v.
low risk cluster.

High-risk group showed greater abdominal, subscapular
and suprailiac skinfold thicknesses and chest circumfer-
ence from 1 to 5 years of age (all P<0-05).

Males: BMI at 3 years was higher in high-risk v. low-risk
group (P <0-001).

High-risk group showed greater abdominal, subscapular
and suprailiac skinfold thicknesses and chest circumfer-
ence from 3 to 5 years (all P<0-001).
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Table B1 Continued

Setting, sample Age Age outcome
Lead author, year, study size in analysis Type of exposure assessed Qutcome
design (%female) exposure assessed (mean age)  measured Key findings
Johnson 2014,“5) Great Britain, BMI Birth, 2, 4, 6-7,  ~60-64 cIMT Females: no statistical association, all P < 0-05.
Birth cohort (NSHD) n 1273 (52:6 %) 11, 25 and 20 Males: 1 unit increase in z-score BMI at 4 years and 20
years years increased odds of high cIMT (OR 1-26;1-03,
1.54; P=0-03, OR1-28;1.02-1-61; P=0-03, respec-
tively) in the upper v. the 3 lower quartiles.
Johnson 2017,“6) USA, BMI 9 months ~20-60 BMI, FMI, FFMI One unit increase in infant BMI Z-score associated with
Birth cohort (Fels n 350 (52-6 %) years BMI at 20 years (f = 0-70;0-31-1-09; P < 0-001).
Longitudinal study) one unit increase in infant BMI Z-score associated with
FFMI at 20 years (p=0-75; 0-37-1-12; P<0-001).

One unit increase in infant BMI Z-score associated with
FFMI at 30 years (p =0-34; 0-12-0-56).

No associations between infant BMI and body composi-
tion after age 30.

Kwon 2017,47 USA, BMI 1.5,3,6,9 ~8, 19 years Adiposity (DXA scan) Trajectories of BMI were analysed, trends were identified,
Birth cohort (lowa n 1093 (n/r) months, 1 SP was divided into “consistently low BMI in childhood”
Fluoride Study) Adiposity (DXA) years, 16, 20 (group 1), ‘steep increase in BMI second year of life’

subset at 8 and months, 2 (group 2), ‘steep increase in BMI the first year of life’

19 years: n years (group 3), ‘consistently high BMI in childhood’ (group 4)

495, n 314 Females: Group and group 4 had higher FMI at age 8
years and 19 years than group 1 and group 2. P-val-
ues < 0-01 and 0-04, respectively.

Males: no statistical association.

Lagstrém 2008,®) Finland, BMI Birth, 7, 13 ~13 years Obesity (Cole’s cut-off point)  Females:
Prospective rando- n 541 (n/r) months, 2-13 Girls who were overweight at 13 years exceeded cut-off
mised trial (STRIP) years point for overweight (22-58 kg/m?®) from age 5 years
onward.

Males:

Boys who were overweight at 13 years exceeded cut-off
point for overweight (21-91 kg/m?®) from age 8 years
onward.

Lammi 2009,“9 Finland, BMI Birth-11 years ~15-39 T2D diagnose Increased risk (OR 1-87; 1.04, 3-37, P=0-04) of T2D with
Case-control study n 128 (n/r) years (34-5 a gain of 1kg/m? in the minimum BMI at between 3 and
years) 11 years old v. those who gained less than 1 kg/m?.
Salonen 2009,?% Finland, BMI Birth-11 years ~56-70 (61-5 BMI Females: No association was seen in women.
Birth cohort 1934-44 n 588 (n/r) years) Clinical subsample: MetS Males: Inverse association between MetS and 1 sp z-
Clinical subset: score increase in BMI between ages 0-2 years (OR
2003 (n/r) 0-53;0-33, 0-87).
* Normal weight
SP in adulthood
Skidmore 2007,59 Great Britain, BMI 2 years, 4 years,7 ~53 years Lipid levels Negative association between TC and 1 sp increase in

Birth cohort (NSHD)

n 2311 (n/r)

years, 11
years, 15
years, 36 years

BMI at age 2 and 4 years (P=0-007 and 0-003,
respectively).

Positive associations between BMI at 36-56 and TC and
LDL-C (all P<0-05).

All results are reported after adjusting for adult BMI,
except for age 36 and 53.
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Table B1 Continued SN
N
Setting, sample Age Age outcome <
Lead author, year, study size in analysis Type of exposure assessed Outcome
design (Y%female) exposure assessed (mean age) measured Key findings
Females:
Negative association between BMI from 7 to 15 years
and HDL-C (regression coefficient-0-098; —0-139,
—0-057; P<0-001)
Males:
Negative association between BMI from 7 to 15 years
and HDL-C (regression coefficient-0-044; —0.-079,
—0-010; P=0-01)
Ziyab 2014,5" UK, BMI 1-2,4 and 10 ~18 years BP Early persistent obesity trajectory (IOTF cut-offs for
Birth cohort (The Isle  n 1240 (n/r) years obesity were exceeded at age 4, 10 and 18 years)
of weight birth experienced higher sBP (mean difference 11-3 mmHg)
cohort) and dBP (mean difference 12 mmHg) than the normal

trajectory. All P < 0-001.

Delayed overweight (IOTF thresholds for overweight were
crossed at age 10 and 18 years) experienced higher
sBP (mean difference 6-1 mmHg) and dBP (mean dif-
ference 5-5 mmHg) than the normal trajectory.

1 = increased.

a: adult; BP: blood pressure; Cl: confidence intervals; CM: cardiometabolic; cIMT: carotid intima-media thickness; CRP: c-reactive protein; dBP: diastolic blood pressure; DM; diabetes mellitus; DXA: dual energy X-ray absorptiometry; FFM: fat
free mass; FFMI: fat free mass index; FM: fat mass; FMI: fat mass index; HDL-C: HDL-cholesterol; HOMA-IR; Homeostatic Model Assessment for Insulin Resistance; HR: hazard ratio; LBW: low birth weight; LDL-C: LDL-cholesterol; IGT;
impaired glucose tolerance; INCAP: Institute of Nutrition of Central America and Panama Oriente; IOTF: International Obesity Taskforce; MetS: metabolic syndrome; n; sample size included in analysis; NHSD: National Survey of Health and
Development Cohort; n/r; not reported; PBF: percentage body fat; PI: Ponderal index; RR: risk ratio; sBP: systolic blood pressure; SF: skinfold; SP: study population; STRIP: Special Turku Coronary Risk Factor Intervention Project; TC: total
cholesterol; TG: total glucose; T2D: type 2 diabetes; WC: waist circumference; WHR; waist hip ratio.
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