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Abstract 

In 1984, Rolland-Cachera et al. showed that the age at adiposity rebound (AR) was associated 

with later weight status, whereby an early AR confers greater risk of obesity. This growth 

pattern is particularly associated with metabolic risk, likely influenced by early environmental 

factors preceding the AR. In 2004, Cole showed that the age at AR reflects the degree of BMI 

centile crossing occurring at that time, and he concluded that as a statistical phenomenon it 

did not constitute a critical period. The question for discussion here is: does the age at AR 

reflect a critical period? Either way early AR The conclusion is a useful predictor of that it 

does not, and that its value in predicting later obesity and confirmsarises because it reflects 

the impact of an earlier critical period. Thus, either way, the AR constitutes an early marker of 

later risk of obesity and emphasises the importance of early life in determining later health.  

 

Introduction 

In 1984, based on the observation of body mass index (BMI) trajectories, Rolland-Cachera et 

al. first identified the “adiposity rebound” (AR) which corresponds to the second rise in 

adiposity occurring by). It is the age corresponding to the nadir of 6 yearsthe BMI curve when 

BMI, after a rise in infancy and subsequent fall, starts to rise again (1). TheyThese authors 

showed that an early rebound was associated with later risk of obesity and pointed out the 

importance of that the early lifeperiod preceding the rebound appeared to be a critical period 

determining later health (1, 2).  

Dietz (3) subsequentlydefined a critical period in this context as “a developmental stage in 

which physiologic alterations increase the later prevalence of obesity”, and he suggested that 

“the time of adiposity rebound may represent a critical period for the development of 

adiposity”, but later ”. Later he noted that “an earlier rebound of BMI occurs at higher 

percentiles”, and concluded it did not“the period of AR could represent an epiphenomenon” 

(4). Cole (5) showed that the age at AR statistically reflects the degree of BMI centile 

crossing occurring at that time, and as such it didthus explaining why AR is predictive. But he 

also pointed out that a critical period should be bounded with a distinct beginning and end, 

and since this association applies at any age, the age at AR does not constitute a critical 

period.  The papers by Dietz and Cole (3-4, 5) have since been interpreted by some as 

criticizing the AR concept.  
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The aim of this commentary is to emphasise the value of the age at AR, critical period or not. 

The authors address the issue from their complementary viewpoints, i.e. the association of 

BMI trajectories with risk factors on the one hand, and a statistical approach on the other. 

 

Observational approach 

Growth curves are useful tools to identify critical periods for child development. In contrast to 

weight, the BMI-for-age curves showcurve shows ascending and descending phases which 

reflect, a pattern that reflects body fat development, e.g. skinfold thickness (3, 6) and likely 

corresponds to variations in the cellularity of adipose tissue (1). Originally the AR was 

detected on individual BMI curves (1), and an early AR was subsequently shown to predict 

later overweight independently of BMI level at rebound (1, 6-1011).  

From early childhood (before the age of 6 years corresponding to mean age at rebound) until 

adulthood, most children change BMI level category (7, 8) (Figure S1). Changes in weight 

status appear clearly on individual BMI curves. (Figure S2). The ages at AR recorded on these 

curves easily visualize the different types of trajectoriestrajectory and help understand the low 

BMI tracking from early to late childhood. For example, a fat child will stay fat after an early 

rebound or join the median after a late rebound, while a thin child can become overweight 

after an early rebound or stay thin after a late rebound (2, 6) (Figure S1). 8).  

As a rule, unlike high BMI centiles presenting an early rebound (4), individual BMI 

trajectories associated with an early AR are characterized by an average or low BMI at or 

before the rebound, and by an increase in BMI only after the rebound (6-1213) (Figure 1a).  

This pattern is now recognized to be particularly associated with later metabolic risksdisease 

(6, 11-12, 13). One possible underlying mechanism could be alterations in body composition 

(14). By contrast with obesity starting in early life (15) (Figure 1b), low postnatal BMI gain 

preceding an early rebound (Figure 1a) mightmay be associated with subsequent lower lean 

body mass relative to fat mass. Indeed, low BMI gain before the age of 2 years has been 

shown to reduce adult lean body mass (14), thus increasing metabolic risks such as insulin 

resistance (14-16).  

Finally, the early rebound recorded in most children with obesity constitutes an early marker 

of later risk of obesity. It reveals the existence of processes initiated during a critical period 

starting in early life but not specifically atbefore the age of the AR. This suggestion proposed 

earlier (1, 2) was a primary step toward the concept of “early programming” (or “1000 
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days”)”, i.e. from conception to age 2 years) developed later on (17). During this period 

preceding the AR, environmental factors may have operated, modifying BMI trajectories, 

altering body composition and programming later metabolic disease (2, 18).diseases. Potential 

factors driving an early rebound could be maternal BMI, gestational diabetes, formula 

feeding, high dietary protein intake, or other factors promoting accelerated growth, all of them 

likely involving epigenetic modifications (2, 3, 17, 18).  

 

Statistical approach  

Cole (5) showed that the age at AR was linked to the underlying pattern of BMI centile 

change, with a rising trend in centile over time, i.e. upward centile crossing, corresponding to 

an earlier AR and a falling trend to a later AR. A rising trend in BMI centile at one age 

statistically predicts a higher BMI centile at later ages, which may explain why the age at AR 

is predictive. This same association also operates in reverse, so that a child whose BMI centile 

is on a rising trend is likely to have been on a lower centile before. Thus the age at AR is 

statistically associated both with a higher centile at AR and an even higher centile later (19). 

This association should hold quite generally, without the need to invoke any special biological 

timing. So the existence of the AR does not reflect a critical period. because the period when 

the association holds is not bounded in time.  

Cole’s argument (5) compared the child’s age at AR to the age at AR on the child’s BMI 

centile curve. But another approach is to compare the child’s age at AR to the median age at 

AR. This ignores the child’s BMI centile and focuses instead on the timing of AR. As such it 

links directly to the concept of developmental age, which is defined by the timing of relevant 

developmental markers. In this sense the age at AR is just another developmental marker, 

analogous to other well-established markers such as menarcheal age or bone age (1). The 

timing of the markerseach marker indicates advanced or delayed developmental age, and 

advanced developmental age (i.e. an early AR) is known to be a risk factor for later obesity 

(20). This in turn has well-established implications for metabolic health in later childhood and 

adulthood. As a marker it occurs relatively early in life – much earlier say than pubertal 

markers such as menarche – and thus it provides an early glimpse of later developmental risk. 

TheHowever the child’s developmental age is likely to behave been set during a critical 

period even earlier in early life, occurringwell before their age at AR, so that the age at AR 

reflectsis a later manifestation of this critical period but is not itself a critical period (2). 
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Conclusion 

Whichever way it is interpreted, either visually or statistically, the AR highlights the early 

developmental processes driving the risk of later obesity. The two approaches confirm the 

importance of early life as a critical period programming later health risk–a period that 

predates the age at AR. ResearchThe AR is not itself a critical period, but research on factors 

responsible for an early AR should help understand the early mechanisms for the development 

of obesity.  
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Figure legend 

 

Figure 1.  

BMI trajectories according to age at adiposity rebound (Figure 1aAR) (a) and BMI level at 6 

years (Figure 1bb), plotted against the 3rd and 97th centiles of the French BMI references 

(13reference (6). Groups are split at the median value of each indicator. The BMI curves 

based on either an early age at AR or a high BMI at 6 years both  lead to later overweight, but 

following different trajectories, and are likely not associated with the same health outcomes. 

(Data from the ELANCE Longitudinal Study (2)., 6)). 
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BMI trajectories according to age at adiposity rebound (AR) (a) and BMI level at 6 years (b), plotted against 
the 3rd and 97th centiles of the French BMI reference (6). Groups are split at the median value of each 
indicator. The BMI curves based on either an early age at AR or a high BMI at 6 years both  lead to later 

overweight, but following different trajectories, and are likely not associated with the same health outcomes. 
(Data from the ELANCE Longitudinal Study (2, 6)).  
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Figure S1.  

 

 
 

Top: Distribution of BMI development from 1 to 21 years according to BMI categories at 1 

and 21 years based on the 25
th
 and 75

th
 centiles of the French reference (6). 

Bottom: The corresponding BMI curves of the same groups of subjects between 1 and 10 

years (Rolland-Cachera et al. Ann Hum Biol 1987 (8). Reproduced by kind permission of 

Taylor and Francis http://tandfonline.com). 

  

Page 9 of 17 Pediatric Obesity



2 

 

Figure S2. 

 

 

 
 

Four examples of Body Mass Index development plotted against the French reference (6): 

Case 1, fat at 1 year, remained fat after an early adiposity rebound (2 years);  

Case 2, fat at 1 year, did not stay fat after a late rebound (8 years);  

Case 3, thin at 1 year, became fatter after an early rebound (4.5 years);  

Case 4, thin at 1 year, remained thin after a late rebound (8 years).  

The four examples are from the French reference study (6). 

(Rolland-Cachera et al. Ann Hum Biol 1987 (8)). 
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Abstract 

In 1984, Rolland-Cachera et al. showed that the age at adiposity rebound (AR) was associated 

with later weight status, whereby an early AR confers greater risk of obesity. This growth 

pattern is particularly associated with metabolic risk, likely influenced by early environmental 

factors preceding the AR. In 2004, Cole showed that the age at AR reflects the degree of BMI 

centile crossing occurring at that time, and he concluded that as a statistical phenomenon it 

did not constitute a critical period. The question for discussion here is: does the age at AR 

reflect a critical period? The conclusion is that it does not, and that its value in predicting later 

obesity arises because it reflects the impact of an earlier critical period. Thus, either way, the 

AR constitutes an early marker of later risk of obesity and emphasises the importance of early 

life in determining later health.  

Introduction 

In 1984, based on the observation of body mass index (BMI) trajectories, Rolland-Cachera et 

al. first identified the “adiposity rebound” (AR). It is the age corresponding to the nadir of the 

BMI curve when BMI, after a rise in infancy and subsequent fall, starts to rise again (1). 

These authors showed that an early rebound was associated with later risk of obesity and 

pointed out that the period preceding the rebound appeared to be a critical period determining 

later health (1, 2). Dietz (3) defined a critical period in this context as “a developmental stage 

in which physiologic alterations increase the later prevalence of obesity”, and he suggested 

that “the time of adiposity rebound may represent a critical period for the development of 

adiposity”. Later he noted that “an earlier rebound of BMI occurs at higher percentiles”, and 

concluded “the period of AR could represent an epiphenomenon” (4). Cole (5) showed that 

the age at AR statistically reflects the degree of BMI centile crossing occurring at that time, 

thus explaining why AR is predictive. But he also pointed out that a critical period should be 

bounded with a distinct beginning and end, and since this association applies at any age, the 

age at AR does not constitute a critical period.  The papers by Dietz and Cole (4, 5) have since 

been interpreted by some as criticizing the AR concept.  

The aim of this commentary is to emphasise the value of the age at AR, critical period or not. 

The authors address the issue from their complementary viewpoints, i.e. the association of 

BMI trajectories with risk factors on the one hand, and a statistical approach on the other. 
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Observational approach 

Growth curves are useful tools to identify critical periods for child development. In contrast to 

weight, the BMI-for-age curve shows ascending and descending phases, a pattern that reflects 

body fat development, e.g. skinfold thickness (3, 6) and likely corresponds to variations in the 

cellularity of adipose tissue (1). Originally the AR was detected on individual BMI curves (1), 

and an early AR was subsequently shown to predict later overweight independently of BMI 

level at rebound (1, 6-11).  

From early childhood (before the age of 6 years corresponding to mean age at rebound) until 

adulthood, most children change BMI level category (7, 8) (Figure S1). Changes in weight 

status appear clearly on individual BMI curves (Figure S2). The ages at AR recorded on these 

curves easily visualize the different types of trajectory and help understand the low BMI 

tracking from early to late childhood. For example, a fat child will stay fat after an early 

rebound or join the median after a late rebound, while a thin child can become overweight 

after an early rebound or stay thin after a late rebound (8).  

As a rule, unlike high BMI centiles presenting an early rebound (4), individual BMI 

trajectories associated with an early AR are characterized by an average or low BMI at or 

before the rebound, and by an increase in BMI only after the rebound (6-13) (Figure 1a). This 

pattern is now recognized to be particularly associated with later metabolic disease (6, 12, 13). 

One possible underlying mechanism could be alterations in body composition (14). By 

contrast with obesity starting in early life (15) (Figure 1b), low postnatal BMI gain preceding 

an early rebound (Figure 1a) may be associated with subsequent lower lean body mass 

relative to fat mass. Indeed, low BMI gain before the age of 2 years has been shown to reduce 

adult lean body mass (14), thus increasing metabolic risks such as insulin resistance (14-16).  

Finally, the early rebound recorded in most children with obesity constitutes an early marker 

of later risk of obesity. It reveals the existence of processes initiated during a critical period 

starting in early life before the age of the AR. This suggestion proposed earlier (1, 2) was a 

primary step toward the concept of “early programming” (or “1000 days”, i.e. from 

conception to age 2 years) developed later on (17). During this period preceding the AR, 

environmental factors may have operated, modifying BMI trajectories, altering body 

composition and programming later metabolic diseases. Potential factors driving an early 

rebound could be maternal BMI, gestational diabetes, formula feeding, high dietary protein 

intake, or other factors promoting accelerated growth, all of them likely involving epigenetic 

modifications (2, 3, 17, 18).  

Page 13 of 17 Pediatric Obesity



4 

 

Statistical approach  

Cole (5) showed that the age at AR was linked to the underlying pattern of BMI centile 

change, with a rising trend in centile over time, i.e. upward centile crossing, corresponding to 

an earlier AR and a falling trend to a later AR. A rising trend in BMI centile at one age 

statistically predicts a higher BMI centile at later ages, which may explain why the age at AR 

is predictive. This same association also operates in reverse, so that a child whose BMI centile 

is on a rising trend is likely to have been on a lower centile before. Thus the age at AR is 

statistically associated both with a higher centile at AR and an even higher centile later (19). 

This association should hold quite generally, without the need to invoke any special biological 

timing. So the existence of the AR does not reflect a critical period because the period when 

the association holds is not bounded in time.  

Cole’s argument (5) compared the child’s age at AR to the age at AR on the child’s BMI 

centile curve. But another approach is to compare the child’s age at AR to the median age at 

AR. This ignores the child’s BMI centile and focuses instead on the timing of AR. As such it 

links directly to the concept of developmental age, which is defined by the timing of relevant 

developmental markers. In this sense the age at AR is just another developmental marker, 

analogous to other well-established markers such as menarcheal age or bone age (1). The 

timing of each marker indicates advanced or delayed developmental age, and advanced 

developmental age (i.e. an early AR) is known to be a risk factor for later obesity (20). This in 

turn has well-established implications for metabolic health in later childhood and adulthood. 

As a marker it occurs relatively early in life – much earlier say than pubertal markers such as 

menarche – and thus it provides an early glimpse of later developmental risk. However the 

child’s developmental age is likely to have been set during a critical period even earlier in life, 

well before their age at AR, so that the age at AR is a later manifestation of this critical period 

but is not itself a critical period (2). 

Conclusion 

Whichever way it is interpreted, either visually or statistically, the AR highlights the early 

developmental processes driving the risk of later obesity. The two approaches confirm the 

importance of early life as a critical period programming later health risk–a period that 

predates the age at AR. The AR is not itself a critical period, but research on factors 

responsible for an early AR should help understand the early mechanisms for the development 

of obesity.  
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Figure legend 

 

Figure 1.  

BMI trajectories according to age at adiposity rebound (AR) (a) and BMI level at 6 years (b), 

plotted against the 3rd and 97th centiles of the French BMI reference (6). Groups are split at 

the median value of each indicator. The BMI curves based on either an early age at AR or a 

high BMI at 6 years both  lead to later overweight, but following different trajectories, and are 

likely not associated with the same health outcomes. (Data from the ELANCE Longitudinal 

Study (2, 6)). 
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