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The adiposity rebound in the 21st century child-

ren: meaning for what?
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With the increase in the prevalence of overweight and obesity worldwide, early adiposity rebound, which
is known to have a strong association with obesity, has recently been a focus of research. Early adiposity
rebound is conventionally known to have a close relationship with non-communicable diseases. However,
novel insights into early adiposity rebound have implied an acceleration of growth and puberty, which is
directly reflected in the trends in the timing of adiposity rebound, in the 21st century compared with in the
past. Furthermore, the observation that lean mass changes rather than fat mass changes show a more
similar pattern to body mass index trajectories is interesting. In this article, the later outcomes and risk
factors of early adiposity rebound are briefly summarized, and the current trends in the timing of adiposity
rebound and novel insights into its relationship with body composition are reviewed.
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Introduction

During the developmental period, body mass index (BMI), which is used as an index of
obesity, shows an interesting growth trajectory. In general, BMI rapidly increases during the
first year of life, then subsequently decreases and reaches a nadir at around 6 years of age.
Thereafter, BMI increases again throughout childhood, and this second rise is referred to as
the adiposity rebound. Adiposity rebound was first reported in 1984 by Rolland-Cachera
et al.” They found a relationship between the age at adiposity rebound and final adiposity
(at age 16 years), and showed that an early rebound (before age 5.5 years) is followed by a
higher adiposity level than a later rebound (after age 7 years).” Since then, numerous studies
have suggested early adiposity rebound as a predictive marker of obesity in later childhood,
adolescence, and adulthood.””

In 2010, approximately 6.7% of preschool-aged children worldwide were overweight or
obese, and this prevalence is predicted to increase to 9.1% by 2020."” According to the Korean
National Health and Nutrition Examination Survey VII performed in 2016, 8.6% and 9.6%
of children and adolescents aged 2-18 years were overweight and obese, respectively."” In
line with these findings, the timing of adiposity rebound is expected to be different in the 21st
century compared with that in the past. In this article, the trends and novel insights in the
timing of adiposity rebound with conventional concepts are reviewed.

Determination of adiposity rebound

The exact timing of adiposity rebound is difficult to judge. The most traditional and best
method is to trace an individual’s adiposity plot through visual inspection."'” However, most
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previous studies were population studies or cross-sectional surveys,
and only a few of them measured data with sufficient frequency to
allow identifying the age of adiposity rebound. Moreover, owing
to the small body size of children, even minimal errors in weight or
height measurement may considerably influence the determination
of BML To compensate for these practical weaknesses, various
statistical approaches have been proposed.***'*"”

In addition, depending on the characteristics of subjects, follow-
up durations, and measurement intervals, some studies defined the
timing of adiposity rebound as the age at which the lowest BMI
occurred before the second BMI rise” or at which a specific BMI in-
crease occurred during the period of adiposity rebound.'*"” Apart
from BM, another study considered the timing of adiposity rebound
based on weight and height separately, which implies the velocity
rather than the nadir of BMI'

Later outcomes in children with early adiposity
rebound

1. Childhood and adult obesity

Although there are many confounding factors, the close rela-
tionship between the timing of adiposity rebound and later obesity
is well known."” The critical and sensitive periods in childhood for
the development of obesity were reported to be gestation and early
infancy, the period of adiposity rebound, and adolescence.” During
the period of adiposity rebound, high BMI (overweight and obesity)
at age 5 years™'®'"®* or 7 years of age” has been proposed to have a
significant relationship with adult obesity. Some studies concluded
that the timing of adiposity rebound could account for about 30% of
adult obesity that begins in childhood.*'**"

2. Non-communicable diseases

There have been studies on the relationships between early
adiposity rebound and non-communicable diseases such as insulin
resistance/type 2 diabetes mellitus® ™"

ease,””!

and cardiovascular dis-
not only in adulthood but also in adolescence or even
earlier. Mo-Suwan et al.”” showed a significant correlation between
early adiposity rebound at 3-6 years of age and homeostasis model
assessment of insulin resistance values at 8.5 years of age. Koyama
et al.” found that early adiposity rebound is associated with higher
triglyceride levels, atherogenic index, apolipoprotein B, and blood
pressure, and lower high-density lipoprotein cholesterol levels at 12
years of age.

Risk factors for adiposity rebound

Many risk factors related to early adiposity rebound have been
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studied; however, for some of them, the evidence is not yet con-
clusive.

1. Parental obesity

Maternal obesity and paternal obesity were both identified as
factors that accelerate the BMI growth trajectory of a child'>'?;
however, maternal weight seems to be the strongest and most con-
sistent factor related to early adiposity rebound in many previous
studies.”*® According to data from the Generation 1 study in
Australia, maternal obesity in early pregnancy showed an odds ratio
of 3.7 for early adiposity rebound compared with average adiposity
rebound.” Toschke et al.”” found that maternal BMI was associated
with both a positive shifting and skewing in the BMI distribution.
Genetic predisposition and sharing environment and habits may
influence the adiposity of the child.

2. Small for gestational age at birth

A small size at birth per se is well known to be associated with
early adiposity rebound, obesity, and metabolic syndrome,”*”
especially in children with early catch-up growth.”’ Maeyama et
al."” reported an early age for adiposity rebound often before age 3
years. However, catch-up growth depends not only on birth weight
but also on gestational age. The rate of catch-up growth, timing of
adiposity rebound, and BMI trajectory during the first 3 years were
reported to be dependent on gestational age at birth, which occurred
at a boundary of 37 weeks gestational age."”

3. Breastfeeding

To date, breastfeeding is the only factor known to have a protec-
tive effect against childhood obesity and early adiposity rebound.
The mechanism of this protective effect was assumed to involve
reducing the plasma insulin level, thereby decreasing fat storage and
preventing the development of excessive early adiposity.” In other
words, breastfeeding protects children from insulin resistance.”***”
A meta-analysis of studies on long-term health outcomes found that
breastfeeding was associated with a lower risk of type 2 diabetes,
with an odds ratio of 0.65.”

4. Other concerns

Maternal smoking during the pregnancy,
status of the family,'” screen time,” and early protein intake
have been suggested to be related to the timing of adiposity re-
bound; however, there are discrepancies in findings. Higher protein
intake may stimulate the secretion of insulin and insulin-like growth
factor-1, both of which accelerate growth and increase the fat mass
(FM).”]
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Fig. 1. Body mass index trajectories from birth to 18 years in Korean boys (A) and girls (B). The 1st, 3rd, 5th, 15th, 25th, 50th, 75th, 85th, 95th, 97th,

and 99th percentile curves are shown in consecutive order. P, percentile.

Adiposity rebound in 21st century children

1. Adiposity curve in Korean children based on the national re-
ference

A BMI curve was plotted using data from the 2017 Korean Na-

tional Growth Chart (Fig. 1) As the 2017 Korean Growth Standard
adopted the World Health Organization Child Growth Standards for
children aged 0-35 months, there is a transition point at 36 months
of age. At 24 months of age, there is another transition point from
length-based BMI to height-based BMI. The timing of adiposity
rebound was determined when all consecutive BMI values (interval
of 1 month) showed an increase after the nadir exceeding 0.1 kg/
m2‘41)
In boys, BMI showed an infantile peak around 6-7 months of age
regardless of the BMI percentile. Then, BMI decreased to the nadir
value. In the 5th percentile of the BMI curve, the minimum BMI was
13.9 kg/m’ and adiposity rebound occurred at age 77 months (6.5
years). In the 50th percentile of the BMI curve, the minimum BMI
was 15.9 kg/m” and adiposity rebound occurred at age 66 months
(5.5 years). In the 95th percentile of the BMI curve, the minimum
BMI was 17.6 kg/m” and adiposity rebound occurred at age of 38
months (3.2 years).

In girls, BMI showed an infantile peak around 6-7 months of
age regardless of the BMI percentile. Then, BMI decreased to the
nadir value. In the 5th percentile of the BMI curve, the minimum
BMI was 13.7 kg/m” and adiposity rebound occurred at age 89
months (7.4 years). In the 50th percentile of the BMI curve, the mini-
mum BMI was 15.7 kg/m’ and adiposity rebound occurred at age
66 months (5.5 years). In the 95th percentile of the BMI curve, the

minimum BMI was 17.4 kg/m” and adiposity rebound occurred
at age 37 months (3.1 years). The subsequent increase in BMI was
more pronounced in the higher percentiles in both sexes, which was
in accordance with the German Health Interview and Examination
Survey for Children and Adolescents data.””

2. Trends of adiposity rebound in 21st century children

Globally, there has been a time shift in the BMI distribution and
adiposity rebound timing. In Scotland, there has been a substantial
shift of BMI distribution in the general population of a birth cohort
born in 2004 compared with those born in 1990.* A longitudinal
study in Japan showed that the mean age of having minimal BMI
was 4.8 years in boys and 4.7 years in girls born between 1995 and
1996.” In the Czech Republic, compared with that in 1951, the time
of adiposity rebound has gradually shifted to earlier ages in both
boys and girls (Table 1)."Y Additionally, it has been suggested that
the BMI velocity after adiposity rebound also changed over time.
In the most recent cohort, boys and girls had greater maximum
BMI velocities and adolescent BMI values than their counterparts
in previous cohorts, although the BMI values at the age of adiposity
rebound did not significantly differ."”

The timing of adiposity rebound has shifted not only among
overweight and obese children, but also among children at the 10th
percentile of BMI for age. Therefore, beyond the predictive role
of later obesity, the secular trend of increased height, accelerated
growth, and earlier maturation compared with that in the past may
imply the timing of adiposity rebound.*’ Moreover, environmental
factors such as low levels of physical activity, frequent television
watching, and inappropriate feeding practices have been reported to

https://doi.org/10.3345/kjp.2018.07227 377


https://doi.org/10.3345/kjp.2017.60

Kang MJ, et al. = Adiposity rebound in children

Table 1. Trends in the timing of adiposity rebound in 21st century children

Country BMI Boys Girls Reference
Czech Republic Year of the survey 2001 1995 2001 1951 44)
BMI 10P 5.3 yr 6.4 yr 5.6 yr 6.5 yr
BMI 50P 49yr 6.2 yr 5.2yr 6.4yr
BMI 90P 4.2yr 6.0yr 41yr 5.8yr
Poland Year of the survey 2010 1983 2010 1983 57, 58)
BMI 15P 6.4 yr 7.7yr 5.3yr 7.4yr
BMI 50P 52yr 7.5yr 3.0yr 7.4yr
BMI 85P <3.0yr 6.6 yr <3.0yr 7.3yr
Germany Year of the survey 2003-2006 2003-2006 42)
BMI 10P 6.5yr 6.5yr
BMI 50P 5.5yr 5.5yr
BMI 90P 4.5yr 4.5yr
United States Year of the survey 1999-2008 1999-2008 59
BMI mean, White 55yr 5.0yr
BMI mean, African American 4.8yr 49yr
BMI mean, Hispanic 4.8 yr 5.1yr
BMI mean, Asian 51yr 55yr

BMI, body mass index; P, percentile.

be responsible for early increase in BMI in some children.*

Novel insights into adiposity rebound in relation to
body composition

Because BMI reflects both FM and lean mass (LM), to confirm
that the renewed increase of BMI is the true increase of adiposity,
changes in body composition were studied. A small Dunedin study
in girls that used dual-energy X-ray absorptiometry showed that
early adiposity rebound was associated with increases in FM rather
than LM, as expected.” However, several studies suggested that the
direction of change in BMI and the LM index during the period of
adiposity rebound was identical," whereas an increase in the FM
index lagged behind 2-3 years, particularly for boys.”**” On the basis
of the evidence on changes in body composition, adiposity rebound
coincided with a cessation of FM decline and an increase in LM.***
Therefore, the timing of adiposity rebound was the indicator of
individual development rather than increased body fat,"” and a more
accurate term for adiposity rebound would be “BMI rebound.”” In
line with this, being tall at age 3 years, rather than having a high
BMI at age 3 years, was shown to be associated with an earlier
rebound.”’

Williams and Goulding ™ found different rates of physical de-
velopment between the early, average, and late rebound groups, with
the late-rebound group reaching maturity later. Several other studies
have also noted that a more rapid linear growth in infancy or tallness
in early childhood is associated with early pubertal maturation or

16)
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later obesity.”” German et al.*” studied the onset and tempo of
puberty in relation to adiposity rebound, and showed that the early
AR group had earlier pubarche and menarche in girls and a more
rapid progression of puberty in boys than the later adiposity rebound
group. Therefore, early adiposity rebound indicates faster growth,
more advanced development, and earlier puberty. In this context,
the finding that the shifting trends in adiposity rebound reflect the
acceleration of growth in the 21st century is not surprising.

Conclusions

Although the timing of adiposity rebound has complex meanings,
an important point is that BMI rebound has a impact on adverse
health outcomes. Therefore, targeting modifiable factors in very
early life to delay the timing of adiposity rebound is important.
Nowadays, 63.3% of 0- to 1-year-old children and 90.6% of 1- to
5-year-old children spend time in some form of childcare center
based on a childcare survey in 2013 by the Korea Institute of Child
Care and Education.” Therefore, childcare settings should be in-
volved in intervention efforts to prevent obesity. Additionally, health
check-up programs for infants and children should be emphasized
to screen for those at a high risk for early adiposity rebound.
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