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Abstract

While childhood malnutrition is associated with increased morbidity and mortality, less well

understood is how early childhood growth influences height and body composition later in life.

We revisited 152 Peruvian children who participated in a birth cohort study between 1995 and

1998, and obtained anthropometric and bioimpedance measurements 11 to 14 years later. We used

multivariable regression models to study the effects of childhood anthropometric indices on height

and body composition in early adolescence. Each standard deviation decrease in length-for-age at

birth was associated with a decrease in adolescent height-for-age of 0.7 SD in both boys and girls

(all p<0.001) and 9.7 greater odds of stunting (95% CI 3.3 to 28.6). Each SD decrease in length-

for-age in the first 30 months of life was associated with a decrease in adolescent height-for-age of

0.4 in boys and 0.6 standard deviation in girls (all p<0.001) and with 5.8 greater odds of stunting

(95% CI 2.6 to 13.5). The effect of weight gain during early childhood on weight in early

adolescence was more complex to understand. Weight-for-length at birth and rate of change in

weight-for-length in early childhood were positively associated with age- and sex-adjusted body

mass index and a greater risk of being overweight in early adolescence. Linear growth retardation

in early childhood is a strong determinant of adolescent stature, indicating that, in developing
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countries, growth failure in height during early childhood persists through early adolescence.

Interventions addressing linear growth retardation in childhood are likely to improve adolescent

stature and related-health outcomes in adulthood.
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Childhood malnutrition is one of the leading causes of mortality and morbidity in low and

middle income countries (United Nations, 2000). Stunting, severe wasting, and intrauterine

growth restriction combined are responsible for 2.2 million deaths and 21 percent of

disability-adjusted life-years lost for children under five years of age (Black et al., 2008).

Moreover, it is estimated that 178 million children under five in developing countries are

stunted (Black et al., 2008). Malnutrition is a major contributor to the intergenerational

poverty plaguing low and middle income countries and it has been identified as an

international priority as part of the United Nations Millennium Development Goals (United

Nations, 2000).

The long-term consequences of linear growth retardation during childhood on adolescent,

adult and intergenerational health outcomes are less well understood and have emerged as a

topic of importance to the field of evolutionary biology. Linear growth retardation in utero

and during early childhood contributes to shorter adolescent and adult stature (Coly et al.,

2006; Billewicz and McGregor, 1982; Sachdev et al., 2005; Victora et al., 2008), increased

risk of overweight (Popkin et al., 1996; Law et al., 1992), cognitive impairments (Niehaus et

al., 2002; Berkman et al., 2002) and reduced human capital (Victora et al., 2008; Chen and

Zhou, 2007). Furthermore, recent evidence suggests that stunting followed by rapid growth

in childhood may increase the risk of developing cardiovascular disease (Forsen et al., 2004;

Singhal et al., 2004; Mamun et al., 2009; Eriksson et al., 1999), obesity (Mamun et al., 2009,

Monteiro et al., 2003), type 2 diabetes mellitus (Barker et al., 2002), and other symptoms of

metabolic syndrome in childhood (Taveras et al., 2009) and adulthood (Victora et al., 2008).

Investigations into the physiologic basis of these findings have found that while there is no

difference in the resting and total energy expenditure between stunted and non-stunted

children (Hoffman et al. 2000a), stunted children have lower rates of fat oxidation (Hoffman

et al. 2000b), contributing to an increased deposition of fats and increased levels of adiposity

later in life (Frisancho 2003; Sawaya et al. 2003). Phenotypic variations in response to

prenatal environmental stimuli illustrate an adaptive signaling mechanism from mother to

child, indicating a malleable metabolic strategy early in life (Kuzawa and Pike 2005).

Epidemiologic studies that have assessed the contribution of early growth to later stature and

body composition have typically based their conclusions using a few anthropometric

measurements during childhood (Lucas et al., 1999; Keijzer-Veen et al., 2005). We sought

to characterize the effect of longitudinal growth patterns in the first three years of life on

height and body composition attained in early adolescence. To achieve this aim, we revisited

a birth cohort of Peruvian children who were followed daily for diarrheal surveillance and

measured monthly for anthropometric growth in the first 30 months of life.
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MATERIALS AND METHODS

Study site

We conducted a follow-up study of a birth cohort of children living in Pampas de San Juan

de Miraflores, a peri-urban community (pueblo joven) located 25 kilometers south from the

city-center of Lima, Peru. Established in 1965, it remained a sparsely populated shanty town

until the 1980's when it began to receive a large and continuous influx of indigenous

immigrants from the highlands during the period of political violence and instability in Peru.

As is common throughout the developing world, these rural transplants initially relied to a

large extent on a grey market of economic production without government support or access

to basic utilities. Infection and undernutrition were exceedingly common with high rates of

diarrhea and stunting in children (Checkley et al., 2004).

In the last two decades Pampas has undergone many economic and social developments. In

1989, most homes were temporary structures constructed of wooden poles and woven

thatch, without water or sewage lines. By 2008, over 75 percent of homes were constructed

from brick or cement with in-home water and sewage lines. Recent community development

has also decreased the homogeneity in socioeconomic status within the community since the

initial follow-up. More recently established residents live higher in the Andean foothills on

more steeply sloped land which lacks the infrastructure found in the flatter regions closer to

Lima. The community is described in more detail elsewhere (Berkman et al., 2002; Gilman

et al., 1993; Checkley et al., 2003).

Original study

The original study took place between February 1995 and December 1998. Women in their

third trimester of pregnancy were asked to participate in a study aimed at describing the

epidemiology of diarrheal disease in early childhood (Checkley et al., 2002; Checkley et al.,

2003; Checkley et al. 2004). In our earlier study, we found that children who were ill with

diarrhea for 10% of the time during the first 24 months were 1.5 cm shorter than children

who never had diarrhea (Checkley et al., 2003). Follow-up began in the first six months of

life and consisted of daily surveillance for diarrheal diseases and monthly anthropometric

measurements. We measured length or height to the nearest 0.1 cm with a locally made

wooden platform and sliding footboard/headboard and weight to the nearest 0.1 kg with

Salter scales (Salter Housewares LTD, Tonbridge, England). We measured length in

children who were less than two years of age, and height in those who were two years of age

and older. For the purpose of our analysis, however, and to differentiate early childhood

length/height measurements from adolescent height, we will refer to any childhood

measurements of height as length. We calculated length-for-age (LAZ) and weight-for-

length (WLZ) using the 2006 WHO anthropometric growth standards for children (Bloem,

2007).

Follow-up study

Between August 2008 and April 2009, we tracked and revisited participants who were

enrolled no later than three months of age and completed at least 12 months of longitudinal

follow-up. Of the original cohort, we tracked 152 participants who met these criteria and
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requested parental written informed consent and child assent to perform a follow-up visit.

Follow-up consisted of a socioeconomic survey and measurement in triplicate of weight,

height and bioelectrical impedance. We measured height to the nearest 0.1 cm with a locally

constructed wooden stadiometer and sliding headboard, and weight to the nearest 0.01 kg

with a digital scale (Tanita, Tokyo, Japan). We measured resistance and reactance using a

Quantum II Handheld Bioelectrical Impedance Analyzer (RJL Systems, Clinton Township,

Michigan, USA). We used the mean of the three values for analysis.

We used the anthropometric data collected during the follow-up study to calculate body

mass index (kg/height2), and calculated height-for-age (HAZ) and body mass index-for-age

(BAZ) using the 2007 WHO anthropometric reference for children and adolescents (de Onis

et al., 2007). We calculated percent body fat, fat free mass and fat mass indices using an

aggregate of four separate algorithms validated for children from 9-13 years of age

(Houtkooper et al., 1992; Deurenberg et al., 1992; Mellits et al., 1970; Pietrobelli et al.,

2003), in a methodology shown to be robust (Wells et al., 2009). We calculated fat and fat-

free mass indices by dividing each respective raw mass value by height2 (Wells et al., 2002).

Definitions

We defined the beginning of a diarrheal episode as a day in which the mother indicated the

child had diarrhea and the child had passed three or more liquid or semi-liquid stools. We

defined the end of a diarrheal episode after recording two consecutive days without diarrhea.

We calculated longitudinal prevalence of diarrhea as the number of days of diarrhea divided

by the number of days of diarrhea surveillance in the first year of life multiplied by 100. We

defined stunting as a LAZ < −2 standard deviations (SD), wasting as a WLZ < −2 SD, and

overweight and obesity as a BAZ > 1 SD and > 2 SD, respectively.

Biostatistical methods

We analyzed our data in two stages. In the first stage, we estimated the change for LAZ and

WLZ per month of age using a random-effects model (Laird and Ware, 1982), adjusted for

sex and the longitudinal prevalence of diarrhea. In exploratory analyses, we found the

change in LAZ per month of age to be relatively linear; therefore, we were able to

summarize the age-related changes in LAZ using a random intercept (per SD) and a random

slope (per SD/30 months). In contrast, the change of WLZ per month of age was not linear.

Instead there were two slopes with an inflexion at approximately six months of age. As a

result, we estimated the change in WLZ using a random intercept (per SD), and two random

slopes, one from 0 to 5 months of age (per SD/6 months), and another from 6 to 30 months

of age (per SD/24 months). Subject-specific intercepts were used as proxies for LAZ and

WLZ at birth.

In the second stage, we used multiple linear and logistic regression models to assess the

contributions of the estimated subject-specific intercept and subject-specific slopes on our

outcomes of interest, adjusted for age in early adolescence, sex, maternal education (no

education beyond primary school as reference), and number of people per room in 2008

(lowest two tertiles as reference). Maternal education serves as a proxy for socioeconomic

status in infancy as more educated women tend to have healthier babies (Raum et al. 2001).
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Number of people per room, a measure of residential crowding, has been found to be a

proxy of household income (Evans and Kantrowitz, 2002; Raum et al., 2001). We did not

include the longitudinal prevalence of diarrhea in this stage because it was included in the

first stage. Outcomes of interest in 2008 were HAZ, BAZ, BMI, fat mass index, and fat free

mass index, and stunted and overweight status.

We conducted our analyses in STATA (Stata Corp., College Station, TX) and R (www.r-

project.org).

Ethics

The original study was approved by the Internal Review Boards of A.B. PRISMA, Lima,

Peru, and the Johns Hopkins School of Public Health, Baltimore, MD. The follow-up study

was approved by the Internal Review Boards of A.B. PRISMA, Lima, Peru. Planning and

implementation of this study was conducted without a conflict of interest.

RESULTS

Cohort characteristics

Of the 333 individuals invited to participate in the original cohort, 196 met the inclusion

criteria for follow-up. We were able to contact 156 (80%) of these individuals of whom 152

(78%) completed follow-up (Figure 1). We did not find differences in early growth in height

(p=0.82), weight (p=0.53), maternal height (p=0.12), the percentage of households without

sanitation facilities (p=0.34) water connection (p=0.27) or in the house flooring material (p

= 0.60) between the 152 participants included in the follow-up and the 44 (22%) participants

of the original cohort that met inclusion criteria but who did not participate in this follow-up

study.

We display baseline characteristics of the participants stratified by sex in Table 1. The mean

age of entry into the original study was 13.9 days (range 0 to 54 days). There were no cases

of early childhood wasting. In 2008, we found no differences in age, height, body mass

index for age Z score (BAZ) or socioeconomic indicators between the sexes (Table 1);

however boys had higher mean fat free mass index than did girls. Girls had higher relative

mean weight, fat mass index and percent body fat than did boys. At the time of follow-up,

mean height-for-age Z score (HAZ) was −1.0 SD in boys and −1.1 SD in girls, and the

prevalence of stunting was 8.1% and 19.4%, respectively.

Longitudinal growth patterns during early childhood

24% of participants entered the study at less than one month of age, and 71% entered at less

than two months of age. All participants were still in the study at 12 months of age, and 72%

were still available for follow-up at 2 years. There were no significant differences by sex in

the rate of change of length-for-age from birth through 30 months of age. At birth, 71% of

boys and 70% of girls were between −1 SD and 1 SD in LAZ. LAZ decreased linearly with

age, with an average rate of change in LAZ from 0 to 30 months of −1.8 SD and −1.6 SD in

boys and girls, respectively. In contrast, average weight-for-length Z score (WLZ) values

showed greater sex-based variation. Boys had greater birth WLZ, higher rates of change in
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WLZ in the first six months of life, and decreased more in WLZ from 6 to 30 months of age.

At birth, 67.1% of boys and 47.8% of girls had WLZ values between −1 SD and 1 SD. Mean

WLZ in the first six months of life increased by 0.5 SD for boys and 0.3 SD for girls; and

mean WLZ between 6 and 30 months of age decreased by 0.2 SD for both boys and girls.

Effects of growth during early childhood on adolescent height

Individuals who were shorter at birth and who grew less in length during early childhood

were more likely to be stunted in early adolescence. Both LAZ at birth and the rate of

change in LAZ per month of age during early childhood were approximately linear with

adolescent HAZ (Figure 2). Specifically, each 1 SD decrease in LAZ at birth was associated

with a decrease in adolescent HAZ of 0.7 SD in both boys and girls (Table 2; all p<0.001);

and, each 1 SD decrease in LAZ in the first 30 months of life was associated with an

decrease in adolescent HAZ of 0.4 SD in boys and 0.6 SD in girls (Table 2; all p<0.001).

Coefficients of determination for the association between childhood linear growth and

adolescent height ranged from 60% in boys to 66% in girls. Children with a lower LAZ at

birth and those with a lower or more negative rate of change in LAZ during early childhood

had significantly increased odds of being stunted in early adolescence, even after adjusting

for socioeconomic status (Table 3). Since we did not find an interaction effect between sex

and either LAZ at birth or the rate of change in LAZ (p=0.17), combined regression analyses

revealed that each SD decrease in LAZ at birth was associated with a 9.7 greater odds of

stunting (95% CI 3.3 to 28.6) and each SD decrease in LAZ in the first 30 months of life

was associated with 5.8 greater odds of stunting (95% CI 2.6 to 13.5). We did not find

associations between either WLZ at birth or the rate of change in WLZ from 6-30 months on

adolescent HAZ (Table 2) or on the risk of stunting in early adolescence (Table 3).

Coefficients of determination for the association between childhood ponderal growth and

adolescent height ranged from 25% in girls to 26% in boys.

We display patterns of longitudinal growth during early childhood stratified by adolescent

HAZ tertiles (Figure 3A) and adolescent stunted status (Figure 3B). Specifically, stunted

adolescents and those in the lowest tertile of adolescent HAZ had lower LAZ values

throughout early childhood when compared with non-stunted individuals and those in the

upper tertile of adolescent HAZ. This effect was even greater in girls. Our findings strongly

suggest that height deficits accumulate over childhood and persist into early adolescence.

Among 27 participants who were stunted at 12 months of age, 11 (40.7%) remained stunted

in early adolescence, while of 125 individuals who were not stunted at 12 months, only nine

(7.2%) were stunted at follow-up.

Effects of growth during early childhood on adolescent weight and body composition

The effects of growth during early childhood on adolescent weight and body composition

were more complex to understand. Both LAZ at birth and change in LAZ during early

childhood were positively associated with fat free mass index in boys but not in girls (Table

4). In girls, each SD increase in LAZ at birth was associated with an increase of 0.7 kg/m2 in

fat mass index (p=0.03) and an increase of 2.1% (p=0.02) in percent body fat.
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The influence of WLZ at birth and during early childhood on BAZ in early adolescence was

less clear (Figure 4). First, we found that the effect of changes in WLZ on adolescent body

composition differed by sex. While the rate of change in WLZ from 0 to five months was a

significant predictor of adolescent BAZ in both sexes, it was also an important predictor of

adiposity in girls and fat free mass index in boys (Table 2). Increased rate of change in WLZ

from six to 30 months was associated with increased BAZ and percent body fat in females,

and greater fat free mass index in males (Table 2). This effect, however, was of a lower

magnitude than that observed with the change in WLZ from birth to five months of age.

In Figure 5, we summarize the relationship between WLZ in infancy by BAZ tertiles and

overweight status in early adolescence. Individuals who were overweight or in the highest

tertile of BAZ in early adolescence had markedly higher WLZ values during early childhood

compared to adolescents who were not overweight or were in the lowest tertile of BAZ at

follow-up. These differences show sex-based variability and appear to be more pronounced

in males. In Figure 6, we show weight parameters in early childhood stratified by fat free

mass index, fat mass index and percent body fat tertiles in early adolescence. Higher fat free

mass levels in early adolescence appear to be associated with more rapid growth in both

weight and height during early childhood in boys but not in girls. Conversely, greater

adolescent fat mass levels appeared to be associated with more rapid weight gain in girls but

not in boys. This indicates that more rapid weight gain in infancy in boys leads to higher

muscle mass in early adolescence, whereas this association appears to be absent in girls. In

logistic regression analysis, we found that the rate of change in WLZ from 0 to 5 months of

age was the strongest predictor of adolescent overweight status in both boys (OR=5.6, 95%

CI 1.8 to 17.7) and girls (OR=3.6, 95% CI 1.4 to 9.7).

DISCUSSION

In this longitudinal study of a birth cohort of Peruvian children, we found that length-for-age

at birth and the rate of change in length-for-age in early childhood were strong predictors of

adolescent stature. Our data indicates that linear growth retardation early in life is a

relatively fixed process throughout early adolescence in this population. It further suggests

that, in developing countries, children who are short at birth do not catch-up in length as

children and have a shorter stature in early adolescence. This effect was consistent in both

boys and girls. Furthermore, there was no single window of time during early childhood in

which growth in length had a greater impact on height at early adolescence. Therefore, in

developing countries, growth in length early in childhood is critical in propelling an

individual to reach their full height potential and any linear growth retardation in early

childhood manifests in near permanent deficits in height in early adolescence.

We used a novel analytical approach that combined linear splines and random-effects to

model the separate contributions of growth in height and weight during early childhood on

adolescent stature and body composition. Our finding of a positive association between

linear growth retardation in early childhood and stunted stature in early adolescence is

consistent with observations in other developing countries (Coly et al., 2006; Billewicz et

al., 1982; Sachdev et al., 2005; Martorell et al., 1995). On the other hand, we found that the

effect of weight gain during early childhood on weight in early adolescence was more
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complex to understand. Specifically, rate of change in weight-for-length in early childhood

were positively associated with age- and sex-adjusted body mass index and a greater risk of

being overweight in early adolescence. Our findings are consistent with data from other

studies of populations in both developing and developed countries (Sachdev et al., 2005;

Victora et al., 2008; Taveras et al., 2009; Adair et al., 2009; Corvalan et al., 2007; Law et

al., 2002; Victora et al., 2007; Baird et al., 2005). This increased risk of being overweight in

early adolescence, in turn increases the risk of becoming overweight and obese in adulthood

(Guo et al., 2002).

However, body mass index is a poor measure of body composition as it overestimates

fatness in muscular individuals (Rothman, 2008). When we assessed the independent

contributions of fat free mass and adiposity to total adolescent body composition, we found

that an increased rate of change in weight-for-length during early childhood predicted a

greater relative accumulation of lean mass in males and adiposity in females. These findings

are consistent with those observed in Brazil and Guatemala (Corvalan et al., 2007; Victora et

al., 2007; Gigante et al., 2007; Li et al., 2003; Wells et al., 2005) and may indicate sex-

dependent variation in the developmental determinants of body composition.

Boys are known to grow more rapidly in utero than girls (Lubchenco et al., 1963; Pedersen,

1980), leaving less reserve energy in the placenta and increasing the risk of intrauterine

undernutrition and subsequent compensatory catch-up growth should the mother not access

sufficient nutrients during gestation (Lampl et al., 2010; Eriksson et al., 2010). This may

help explain the increased prevalence of hypertension and other conditions associated with

early undernutrition in males (Eriksson et al., 2010). If this hypothesis is correct we would

expect males to benefit more than females from catch-up growth early in development. Our

finding of increased rate of weight gain in early childhood associating with increased lean

mass in early adolescence, in males but not females, support this hypothesis. In Guatemala

male children who were stunted in early childhood had less lean mass in adulthood, while

early childhood stunting in females associated with decreases in both lean and fat mass (Li

et al., 2003). In addition to sex-based variability in response to growth insults during

gestation and infancy, these growth patterns indicate differences in how best to interpret

growth markers in populations with a high versus low prevalence of undernutrition,

differences which need to be carefully explored given the potential intergenerational

consequences of stunting in females (Kuzawa, 2007). Furthermore, among stunted infants,

distinction must be made between growth indicating regression to the mean and true catch-

up growth (Cameron et al., 2005).

We considered various potential shortcomings in our analysis. While other studies that have

examined the developmental origins of disease have had access to larger samples (Sachdev

et al., 2005; Monteiro et al., Barker et al., 2005; Adair and Cole, 2003), few other

longitudinal studies of early growth outcomes have had an equivalent frequency of serial

measurement follow-up early in life, which afforded us enough power to find effects of early

childhood growth on adolescent height using the methodology described above. A similar

methodology was used in the Barry Caerphilly Growth Study conducted in Wales, United

Kingdom (McCarthy et al., 2007); however, they relied on three-month long intervals

between measurements. Additionally, emerging evidence indicates infant growth patterns
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and associated adult health outcomes may differ between populations in developed and

developing countries due to nutrition, environmental exposures and physical activity

(Popkin, 1998, 2001), limiting the generalizability of their findings to developing

populations.

Another limiting factor was the timing of follow-up occurred near the onset of puberty.

Unfortunately we did not collect information on pubertal staging which may temper our

conclusions, limiting them to the early-adolescent period. During early adolescence, males

and females are known to experience significant increases in fat free and fat mass,

respectively (Loomba-Albrecht and Styne, 2009). Differences in the timing of the growth

spurt could be a major potential confounding factor in interpreting results; however, while it

is likely some portion of our sample was undergoing their natural pubertal development, it is

possible that some individuals advanced their timing of menarche (Vink et al., 2010)

following increased compensatory growth velocity in early childhood, and thus the onset of

puberty and fat accumulation in females,. Therefore, the degree to which increased rate of

growth in early childhood may predict fat mass may be exaggerated by measuring fat mass

at puberty. Stunting has been shown to be associated with delayed maturation in several

developing country populations. Thus, that children with low length-for-age in early

childhood that are shorter than other children at puberty onset might be due to either a

permanent deficit in stature or to a greater pubertal delay than other children and thus to a

delayed growth spurt in height. Pubertal maturation also has important impacts on fat mass

and fat free mass. Finally, while the algorithms used to calculate bioimpedance were not

validated for this population, Wells et al. showed aggregate calculations to be a robust

substitute. It should be noted that a recently published reference curve for adiposity in a

Caucasian population places both genders mean body fat percentage above the 85th

percentile in adiposity (McCarthy et al. 2006). Thus it is possible that the bioimpedance

calculation overestimated adiposity, although just as likely that the reference curve

underestimated normal levels of adiposity in this particular population.

In developing countries undergoing rapid economic development, the prevalence of

overweight and obesity is increasing dramatically while infectious disease and malnutrition

remain as major health burdens (Monteiro et al., 2003; Popkin, 2001; Uuay et al., 2001).

Within these societies, addressing malnutrition early in development is proving increasingly

complex, as the potentially deleterious effects of rapid weight gain in infancy must be

weighed against the short (Pelletier et al., 1993) and long term (Martorell et al., 2010)

benefits of nutritional supplementation in underweight infants. In this study we found the

risks associated with rapid growth early in development to be unclear. The dangerous

consequence of limiting rapid compensatory growth was diminished growth early in life,

which was strongly associated with short adolescent height. Our findings are consistent with

those of a recent multi-country study (Stein et al., 2010), and contribute to the field of

evolutionary biology. Decreased adult stature has been associated with a host of adverse

outcomes, including: increased risk of respiratory morbidity (Leon et al., 1995),

cardiovascular morbidity (Davey Smith et al., 2000; Rosenberg et al., 1995), decreased

income (Victora et al., 2008), increased offspring morbidity, underweight, and stunting

(Ozaltin et al., 2010; Subramanian et al., 2009). Our finding that poor growth early in life
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contributes to later phenotypic variation, indicates an evolutionary stress response on the

organism level with apparent intergenerational effects (Frisancho, 2009).

In summary, our data lends support to the notion that linear growth retardation in early

childhood is a fixed process and that height deficits accumulated during childhood appear

very difficult to recover and persist in early adolescence as stunted stature. Therefore,

interventions aiming to reduce the risk of linear growth retardation and related health

outcomes must focus on the prenatal period and the first three years of life with programs

such as nutritional supplementation, infectious disease control, improved access to water and

sanitation, and micronutrient interventions.
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Figure 1.
Follow-up of participants from original cohort.
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Figure 2.
(a) Scatter plot of (a) length-for-age intercept and (b) rate of change in length-for-age during early childhood, by adolescent

height-for-age in 2008; 2008-2009, Lima, Peru.
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Figure 3.
(a) Mean LAZ of subjects in early childhood by adolescent HAZ tertile. (b) Mean LAZ of subjects in early childhood by

stunting adolescent status. Both stratified by sex.
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Figure 4.
Scatter plot of (a) weight-for-length intercept, (b) weight-for-length slope 0-5 months during early childhood, and (c) weight-

for-length slope 6-30 months during early childhood, by adolescent body mass index for age in 2008; 2008-2009.
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Figure 5.
(a) Mean WLZ in infancy by adolescent BAZ tertiles. (b) Mean WLZ in during early childhood by adolescent overweight status.

Both stratified by sex.
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Figure 6.
Mean WLZ in early childhood by (a) percent body fat tertiles, (b) Fat mass index tertiles, (c) Fat free mass index tertiles.

Stratified by sex.
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