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Abstract (150) 

The aims of this study are to determine the trajectories of obesity during early childhood, to identify the 
risk factors associated with the trajectories, and to examine how the community influences on the onset of 
obesity during early childhood. Data were from the Early Childhood Longitudinal Study, Birth Cohort 
and the County Health Rankings, nationally representative data at the individual and county level, 
respectively. Parametric survival modeling that account for multilevel structure and complex survey 
design shows that the baseline hazard of being overweight and obese (OW/OB) was the highest at 10 
months, but decreased throughout early childhood. Black children and children with overweight mothers 
were more likely to experience the earlier onset of OW/OB, whereas children born VLBW and with 
moderate weight gain mothers experienced the delayed onset of OW/OB. Children born in counties with a 
worse health behaviors score experienced the earlier onset of obesity than their counterparts.  

 

 

Introduction 

Childhood obesity is one of the most salient health problems in the United States (CDC, 2011; Koplan, 
Liverman, & Kraak, 2005). Despite ample research on the adult obesity epidemic that covers obesity 
trajectories and risk factors associated with adult obesity in the United States, little research focused on 
the childhood obesity trajectory and its association with other covariates during the early life course, 
which is the gap to be overcome. Understanding the natural history of obesity and the role of other risk 
factors during the early childhood is very crucial due to the considerable impact of obesity epidemic in 
the current era and its implication in the life course perspectives.  

The aims of this study are to determine the trajectories of obesity hazard during early childhood, to 
identify the risk factors associated with the onset of obesity, and to examine how the community 
influences on the onset of obesity during early childhood. The successful completion of this study will 
advance obesity research by filling the currently existing knowledge gaps, and provide empirical evidence 
about the onset, trajectories, and risk factors of the childhood obesity epidemic. 

 

Literature review 

Researchers have revealed the trend of obesity is uprising over time (Mokdad et al., 2001; Mokdad et al., 
1999, 2000). Not only the increase has grown larger over time, but also disparities exist among minority 
groups (Lee, Lee, Guo, & Harris, 2011; Moss & Yeaton, 2011)). However, given the lack of biological 
data at a population level, the effect of biological variations is reflected in birth characteristics such as sex, 
race/ethnicity, birth weight, and other birth outcomes. The impact of adverse birth outcomes (e.g., low 
birth weights (LBW)) on childhood obesity is known as threefold (e.g., critical period or accumulation 



model, or weathering or fetal-origin hypothesis). Firstly, LBW is positively associated with childhood 
obesity in that the brains of nutritionally deprived LBW infants are programmed to eat more by having 
fewer pathways for signaling fullness in the brain region that controls appetite that known as a fetal-origin 
hypothesis (Desai & Ross, 2011). Secondly, LBW is positively associated with later insulin resistance, 
hypertension and cardiovascular disease that are associated with obesity (e.g., weathering, critical period 
or accumulation models) (Gluckman, Hanson, Cooper, & Thornburg, 2008). Thirdly, accelerated weight 
gain in early childhood is also positively associated with childhood obesity (Casey et al., 2012). In the 
cross-sectional studies from Argentina and Australia at the population level, however, the association 
between LBW and childhood obesity was not empirically found (Hirschler, Bugna, Roque, Gilligan, & 
Gonzalez, 2008; Oldroyd, Renzaho, & Skouteris, 2011).  

 

Methods 

Data were from the Early Childhood Longitudinal Study, Birth Cohort (n=10,700) (ECLS-B) and the 
2010 County Health Rankings (the Rankings), nationally representative data at the individual and county 
level, respectively. Dependent Variable was the duration of time for overweight/obese (OW/OB) onset. 
Independent variables and covariates include prenatal, demographic, birth outcomes, and county level 
composite scores (listed in Table 2). County level composite scores for health behaviors (HB), clinical 
care (CC), social and economic factors (SF), and physical environment (PE) come from the 2010 
Rankings, which were calculated as the weighted sum of standardized measures. Several parametric 
survival models on 𝜏𝑗  were compared to determine the best-fit baseline hazard of overweight/obese 
during early childhood. The specific model specification is  

ln(ti) = xjβx + ln�τj�,  τj = exp�−xjβx� tj , where the distribution of τj determines the functional 
form of the baseline hazard. 

Longitudinal data, multilevel structure, and complex survey design were accounted for in the analyses. 

 

Results 

Previous studies have indicated that the BMI trajectory would be a gamma function (e.g., Adiposity 
rebound (Rolland-Cachera et al., 1984; Rolland-Cachera, Deheeger, Maillot, & Bellisle, 2006)). We also 
found that the generalized gamma function is the best fit model for baseline hazard on OW/OB, 
supporting the previous studies (Table is not shown). Figure 1 visualizes the OW/OB trajectories during 
early childhood, which was estimated using the generalized gamma function; the hazard is the largest 
around 10 months and gradually decrease during the early childhood.  

Figure 1. The Estimated Trajectories of Obesity during Early Childhood 

         Overweight/Obese Hazard Trajectory                   Cumulative Overweight/Obese Hazard Trajectory 



    
 

Table 1 summarizes the risk factors associated with the OW/OB trajectories identified in Figure 1. 
Compared to NH-White, NH-Black children experienced the earlier onset of OW/OB, whereas Hispanic 
children experienced the delayed onset. VLBW and HBW children experienced the delayed onset of 
OW/OB than NBW. Children with overweight and obese mother were more likely to experience the 
earlier onset of OW/OB. When the characteristics of birth place were included in the model (Model 2), 
the effects of child race, birth weight, and maternal overweight were attenuated, and the effects of 
ethnicity, HBW, and maternal obesity were disappeared. Children born in counties with a worse health 
behaviors score experienced the earlier onset of obesity than their counterparts. 

Table 1. Generalized Gamma Regression (Accelerated Failure Time Metric) Model on the Onset of 
Overweight/Obesity during early Childhood 

  Model 1: Individual Model 2: Individual + County 
  b LCI95% UCI95% b LCI95% UCI95% 
Child’s Race/Ethnicity (Ref= White(NH))             
Black (Non-Hispanic) 0.94 0.92 0.97 0.95 0.93 0.97 
Hispanic 1.02 1.01 1.04 1.01 0.99 1.02 
Else (Non-Hispanic) 1.01 0.99 1.02 1 0.98 1.02 
Birth Weight (Ref=NBW (2500~3999g))       
VLBW ( < 1499g) 1.07 1.04 1.1 1.05 1.01 1.09 
LBW (1500~2499g) 1 0.97 1.02 0.99 0.97 1.02 
HBW (4000g~) 1.01 1 1.03 1.01 0.99 1.03 
Maternal Obesity before Pregnancy (Ref=Normal)       
Underweight 1.01 0.98 1.03 1.01 0.98 1.04 
Overweight 0.97 0.96 0.99 0.98 0.97 0.99 
Obese 0.98 0.97 0.99 0.99 0.97 1 
Maternal Weight Gain during Pregnancy (Ref =  ~15lb)       
16-30lb 1.04 1.01 1.06 1.03 1.01 1.05 
31-45lb 1.03 0.99 1.06 1.02 0.99 1.05 
45-98lb 1.02 0.99 1.05 1.02 0.98 1.04 
County level Composite Scores  (Birth place)       
Health Behaviors    0.9 0.87 0.93 
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Clinical Care    1.01 0.94 1.07 
Social and Economic Factors    1.02 0.98 1.05 
Physical Environment    0.97 0.9 1.06 
Constant 9.12 8.76 9.5 8.83 8.18 9.53 
ln_sig             
Children Sex (Male) 1.09 1.02 1.17 1.1 1.03 1.17 
Constant 0.2 0.17 0.23 0.18 0.15 0.22 
kappa       
Constant 0 0 0 0 0 0 

Notes:  
1. Dependent variable is the failure time (e.g., the time to be OW/OB). 
2. Covariates included in both models were children’s health status, mother’s age, education, marital status, birth place, 

plurality, preterm birth, breast feeding, method of delivery, medical risk factors for pregnancy,  obstetric procedure, 
complications of labor and/or delivery, abnormal conditions of the newborn, congenital anomalies of the child, prenatal 
tobacco and/or alcohol use.  

3. The standard errors were adjusted within individuals (Model 1 and 2) and counties (Model 2). 
4. To ease the interpretation, all coefficients in accelerated failure time metric were transformed b = exp(coefficient); b> 1 is 

interpreted as the delayed rates, whereas b<1 is the accelerated rates when compared to its reference group. Therefore, the 
appropriate interpretation of the coefficient is that “the expected time to be OW/OB for NH-Black children was 6% smaller 
(or earlier) than for NH-White children, whereas that for Hispanic children was 2% greater (or later) than for NH-White 
children.” 

 

Conclusions 

The baseline hazard of being OW/OB was the highest at 10 months, but decreased throughout early 
childhood. Black children and children whose mothers were overweight before pregnancy were more 
likely to experience the earlier onset of OW/OB. Children born VLBW and children whose mothers 
gained moderate weight during pregnancy experienced the delayed onset of OW/OB. Children born in 
counties with a worse health behaviors score experienced the earlier onset of obesity than their 
counterparts. 

Further research will be to include child-, parents-, family-level measures which vary by each wave; to 
take into account the lost follow-ups: current models take into account the initial survey weight but not 
the attrition of participants; and to better understand the childhood obesity epidemic, repeated and multi-
states modeling on obesity status  are  required. 
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