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Abstract

Background: The contribution of long-term vs. recent-onset obesity to cardiometabolic risk in 

adolescence remains controversial.

Objective: To investigate the association of time of onset and length of obesity with the 

cardiometabolic profile of adolescence.

Methods: Prospective study in 678 16-year-olds. BMI was measured at birth-1-5-10-16y and 

BMI trajectories were interpolated using cubic splines. BMI >2 sd at <6y was defined as early 

obesity. Waist circumference (WC), blood pressure, lipid and glucose profiles were measured at 

16y. A cardiometabolic risk score was computed (MetS_score). According to the BMI trajectory, 

four groups were defined: participants who were never obese (NOB), participants with obesity 

during adolescence (recent-onset obese, ROB), participants who were obese in early childhood but 

transitioned to normal/overweight as preadolescents (formerly obese, FOB), and participants who 

were obese in early childhood and remained obese (persistently obese, POB).

Results: ROBs and POBs had significantly unhealthier cardiometabolic profile than NOBs. No 

differences were observed in the cardiometabolic profile of ROBs compared to POBs. Although 

FOBs had higher WC and MetS_score than NOBs, no differences were found in other biomarkers. 

FOBs were in healthier cardiometabolic condition than ROBs and POBs.
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Conclusions: Both, long-term and recent-onset obesity increase the cardiometabolic risk in 

adolescents.

INTRODUCTION

Obesity is a major public health concern worldwide, contributing to a decline in healthy 

years of life years and significant economic costs (1). In Chile, the prevalence of obesity 

rose from 4.5% in the mid-1980s to 33.3% in 2017 (2,3). Currently, more than three-quarters 

of adults are overweight or obese (4), and 51% of preschoolers and 1st graders have some 

degree of excess weight (3).

Childhood obesity is a significant predictor of the persistence of obesity and the 

development of cardiometabolic disorders in adulthood, including Metabolic Syndrome 

(MetS) (5,6). Among the critical determinants for the development of long-lasting obesity, 

early adiposity rebound (AR) has been identified as the most important (7). Under normal 

circumstances, BMI increases throughout the first year of life and declines to a nadir around 

the age of 6. The second rise in BMI, following this minimum, marks the beginning of the 

AR (7). Obesity in early childhood, or AR before the age of 6, is associated with epigenetic 

programming of metabolism that allows adaptation to the external environment (8). 

Likewise, postnatal nutrition has been proposed to have long-term health effects by 

promoting growth acceleration (9), with AR now occurring at a younger age compared to 

several decades ago (10). Maternal influences (e.g. diabetes, tobacco use, and excessive 

weight gain during pregnancy) and the obesogenic environment (e.g. physical inactivity and 

excessive intake of proinflammatory foods) also contribute to an early onset of obesity and, 

thus, to a greater risk of cardiometabolic disorders (11,12).

Longitudinal studies in children and adolescents from a variety of countries have found a 

relationship between early-onset obesity and later risk of obesity (7, 13-14). A follow-up 

study conducted in France was the first to show that obesity before the age of 6 was 

associated with higher adiposity levels in adolescence (7). In the UK, the Avondale 

Longitudinal Study of Parents and Children (ALSPAC) also found that obesity in the early 

childhood years was linked to increased BMI and fat mass in adolescence (13). Other studies 

report associations between early onset of obesity and greater risk of high blood pressure, 

dyslipidemia, impaired glucose tolerance and diabetes in childhood, adolescence or 

adulthood (15-19). However, not all studies agree. Evidence from cohort studies suggests 

that early cardiovascular risk in adolescents relates to magnitude and/or duration of obesity, 

independent of age at obesity onset (20-22). Differences in both frequencies of BMI 

assessment and methodologies to estimate BMI trajectories may explain, in part, 

disagreement between studies. Here, we aimed to investigate the association of time of onset 

and length of obesity with the cardiometabolic profile of adolescence, under the hypothesis 

that long-term and recent-onset obesity make a similar contribution to the cardiometabolic 

risk in the adolescent period.
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METHODS

Study design and population

We studied 678, 16- to 17-year-old adolescents living in Santiago, Chile, of low-to-middle 

socioeconomic status (SES). Participants are from the Santiago Longitudinal Study (SLS) 

and were recruited at 4 months, in 1992-1996 from public health care facilities, to 

participate in research related to nutrition, growth, and development as infants with follow-

up at 1, 5, 10, 16y (23). To be eligible they had to be full-term singletons and weighing ≥3 

kg at birth, free of acute or chronic health problems, thus, none had genetic disorders 

associated with obesity. It is worth mentioning that participants were born during a dramatic 

nutritional transition from parents and/or grandparents who were exposed to child 

undernutrition. At 16 y, they were assessed for the presence of cardiovascular risk factors 

(24,25). Ethical approval was obtained by the IRBs of the University of Michigan, Institute 

of Nutrition and Food Technology (University of Chile), and the University of California, 

San Diego. Informed and written consent was provided according to the norms for Human 

Experimentation, Code of Ethics of the World Medical Association (Declaration of Helsinki, 

1995).

Measurements

Anthropometric assessment—At 1,5,10 and 16y, a research physician used 

standardized procedures to measure the height (cm) to the nearest 0.1 cm, using a Holtain 

stadiometer, and weight (kg) to the nearest 0.1 kg, using a scale (Seca 725 and 703, Seca 

GmbH & Co. Hamburg, Germany). Birthweight was gathered from health records. At 16y, 

waist circumference (WC) was measured with a non-elastic flexible tape and recorded to 0.1 

cm (Seca 201, Seca GmbH & Co. Hamburg, Germany). Measurements were taken twice, 

with a third measurement if the difference between the first two exceeded 0.3 kg for weight, 

0.5 cm for height and 1.0 cm for WC. BMI and BMI for age and sex (BMIz) were 

calculated. Obesity was diagnosed with 2006 and 2007 WHO references according to age: 

BMIz >2 sd. Obesity in early childhood was defined as having a BMIz >2 sd before the age 

of 6. Total fat mass (TFM) was determined on dual X-ray absorptiometry (DXA) (apparatus: 

Lunar Prodigy Corp., Madison, WI. Software: Lunar iDXA ENCORE 2011, Version 

13.60.033) and total fat-free mass (TFFM) was estimated.

Additional cardiometabolic risk assessment—After 15 min at rest and before the 

other physical evaluations, systolic and diastolic blood pressures (SBP and DBP) were 

measured three times on the non-dominant arm using a standard mercury 

sphygmomanometer, according to the Second Task Force on Blood Pressure Control in 

Children (1987); the average value was used for analyses. Fasting serum total glucose, 

insulin, total cholesterol, triglycerides (TG), HDL-cholesterol (HDL-C), and high-sensitivity 

C-reactive protein (hs-CRP) were measured after 8-12 hours overnight fast. Glucose was 

measured with an enzymatic colorimetric test (QCA S.A., Amposta, Spain), and RIA 

(Diagnostic Products Corporation, Los Angeles, CA) was used for insulin determination. 

Cholesterol profile was determined by dry analytical methodology (Vitros®; Ortho Clinical 

Diagnostics Inc., Raritan, NJ), and hs-CRP was measured with a sensitive latex-based 

immunoassay. The homeostatic model assessment (HOMA) was used to quantify insulin 
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sensitivity (26). HOMA-IR was estimated as the product of fasting glucose (mmol/L) and 

insulin (μU/mL) divided by the constant 22.5, with values ≥ 2.6 denoting insulin resistance 

(27). hs-CRP values of >1.0 were considered low-grade systemic (LGS), according to the 

AHA/CDC joint Statement on Markers of Inflammation and Cardiovascular Disease (28). To 

avoid abnormally high hs-CRP levels, participants who were sick (e.g. cold, viral infections, 

diarrhoea, etc.) at least 10 days before the assessment had their appointment rescheduled. 

Participants with hs-CRP values of >9.0 were excluded from the analysis when 

inflammation was the outcome (n=18 or 2.6%). MetS was diagnosed based on the 2009 

AHA/NHLBI/IDF Joint Interim Statement. This includes having three of the following 

cardiometabolic biomarkers: abdominal obesity (WC ≥ 80 and 90 cm in females and males, 

respectively), high blood arterial pressure (SBP ≥ 130 mmHg, DBP ≥ 85 mmHg), 

hypertriglyceridemia (TG ≥150 mg/dL), low HDL (≤50 and ≤40 mg/dL in females and 

males, respectively), and fasting hyperglycaemia (glucose ≥100 mg/dL) (29). Additionally, a 

continuous score representing a composite cardiometabolic risk factor profile was computed 

according to Gurka et al. (30). The equations provide a sex-specific and race-specific score 

measure for MetS risk based on standardized and log-transformed values for each 

component of the MetS. A lower composite metabolic risk score denotes a healthier 

cardiometabolic profile.

Other covariates—Sex and breastfeeding (BF) length were used as covariates since both 

have been reported as variables associated with obesity and cardiometabolic risk in this 

cohort (25,31). Information on breastfeeding duration was gathered in infancy by maternal 

self-report. For those receiving formula/cow milk supplementation at before the age of 4 

months, the date of the first bottle was recorded based on maternal recall. For all other 

infants, this information was asked prospectively, on a weekly basis. Mothers were also 

asked the date of the last BF. In Chile, at the time of this study, bottle feeding was equivalent 

to formula feeding, as feeding expressed breastmilk by bottle was exceedingly rare. Almost 

the entire sample was initially breastfed, with only five participants never being breastfed. 

Using the date of the first bottle of milk/formula and date of the last BF, we created a 

variable denoting short exclusive BF or BF as the sole source of milk ≤3 months. Other 

variables, such as diet quality and sedentary behavior were not considered as covariates 

because in previous works we found that both loose significance in predictive models of 

cardiometabolic risk due to the fact that unhealthy diets and reduced time allocation for 

exercise are highly prevalent in these participants (24,27).

Data analysis

All variables were checked for distribution normality (Shapiro-Wilk test) before the analysis. 

WC, SBP, DBP, HOMA-IR, TG, and HDL were normalized by natural logarithm 

transformation. Statistical analysis was conducted using transformed data, but 

untransformed data are presented here. For each participant, we interpolated the BMI 

trajectory from birth to adolescence using cubic splines. Cubic polynomials is a 

mathematical numerical analysis to construct new data points within the range of a discrete 

set of known data points, which allows for modeling of smoothed, non-linear trajectories of 

BMI across different ages and do not require that all children have the same number of 

measurements or that the measurements be obtained at the same ages (32,33). By using this 
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method, we fitted the models with data from all assessments (birth, 1, 5, 10, and 16 y), 

obtained 678 BMI trajectories from birth to adolescence, and got interpolated data for ages 

not measured during the anthropometric assessment. Once we obtained the full BMI 

trajectory, in those participants who were obese or had had obesity in early childhood we 

estimated the timing of obesity onset and the length of obesity, with a precision of weeks. 

Next, based on the observation of each interpolated BMI trajectory, we created four mutually 

exclusive groups: participants who were never obese (NOB); participants with obesity 

during adolescence (recent-onset obese, ROB); participants who were obese in early 

childhood but transitioned to normal/overweight as preadolescents (formerly obese, FOB); 

and participants who were obese in early childhood and remained obese (persistently obese, 

POB). Analysis of variance was used for comparison of mean values of anthropometric and 

cardiometabolic variables. Pearson Chi-square analysis assessed differences in the 

prevalence of cardiometabolic risk factors and MetS. To determine the contribution of long-

term and recent-onset obesity to the cardiovascular risk in adolescence, we conducted 

analysis of covariance (ANCOVA). A first model was unadjusted and a second model 

controlled for sex and breastfeeding duration. Post hoc analyses were conducted with 

Bonferroni correction to assess further differences between groups. A P value of <0.05 

denoted statistical significance. Data were analyzed using Stata for Windows version 15.0 

(Lakeway Drive College Station, TX, US) and Python 2.7.13 for GNU/Linux (The Python 

Software Foundation, Wilmington, DE, US).

RESULTS

Mean age of participants (n=678) in adolescence was 16.8y (0.3 SD), 52.3% were males and 

24% (n=162) had obesity in early childhood. In adolescence, the prevalence of obesity was 

16.4% and 9.7% met the criteria for MetS. Of participants, 69.2% (n=470) were NOB, 6.8% 

(n=46) were ROB, 16.6% (n=112) were FOB, and 7.3% (n=50) were POB. Figure 1 shows 

the BMI trajectory from birth to adolescence in the four groups. Mean age at obesity onset 

was 13.5y (0.5 SD) in ROB adolescents, 1.5y (0.7 SD) in FOB adolescents, and 1.9y (0.9 

SD) in POB adolescents. Likewise, the mean length of obesity was 3.3y (0.4 SD) in ROB 

adolescents, 7.4y (1.5 SD) in FOB adolescents, and 14.9y in POB adolescents. FOB 

participants stopped being obese at 8.8 (1.0 SD) years of age.

Table 1 contains the anthropometric and cardiometabolic profile in the four groups. In the 

sample, sex was not related to an earlier onset or greater length of obesity. Comparison of 

the anthropometric profile in the adolescent period showed that ROB and POB adolescents 

had significantly higher values of BMI, BMIz, WC, TFM%, and lower values of TFFM% 

than NOB and FOB adolescents. Also, ROB and POB adolescents had similar values in all 

anthropometric markers assessed in the study, except for WC. Although FOB adolescents 

had higher BMI, BMIz, WC, TFM%, and MetS score, along with lower TFFM%, compared 

to the NOB group, they had lower values BMI, BMIz, WC, and TFM% and higher values of 

TFFM% compared to ROB and POB participants. Comparison of the anthropometric profile 

in infancy and childhood showed that all groups had similar weight at birth. BMIz at 1 and 5 

years of age was higher in POB and FOB adolescents compared to NOB and ROB 

adolescents. ROB participants had higher BMIz at 5 years of age compared to NOB 

adolescents. BMIz at 10 years of age was similar among ROB and FOB participants, 
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although both groups had higher values compared to NOB adolescents. At 10 years of age, 

POB participants had higher BMIz than NOB, FOB and ROB adolescents. Comparison of 

the cardiometabolic profile in the adolescent period showed that POB and ROB participants 

had similar values in all biomarkers assessed. Likewise, no differences were found among 

NOB and FOB participants in all cardiometabolic markers assessed, except for MetS score. 

Last POB and ROB adolescents had higher cardiometabolic values compared to NOB and 

FOB adolescents.

We also found that ROB and POB adolescents had a greater prevalence of abdominal 

obesity, high BP, hypertriglyceridemia, IR and MetS compared to NOB and FOB 

adolescents (Figure 2).

Results of the regression analysis conducted to determine the contribution of recent-onset 

and long-term obesity to the cardiometabolic risk are contained in Table 2. After accounting 

for the effect of sex and breastfeeding length, we observed that ROB and POB adolescents 

had unhealthier anthropometric and cardiometabolic values compared to NOB adolescents 

(reference group) in all the biomarkers assessed. However, although FOB participants had 

significantly higher values of BMI (+ 0.56 SD), WC (+ 6.7 cm), TFM (+ 4.9%) and MetS 

score (+ 0.27) than NOB participants, no difference were found in SBP, DBP, glucose, 

insulin, HOMA-IR, TG, HDL and hs-CRP.

A comparison of cardiometabolic markers between groups (post-hoc analysis) showed that 

ROB and POB adolescents had a similar profile, except for the fact that POB participants 

had higher WC values (+ 6.0 cm) compared ROB adolescents (Figure 3). Likewise, we 

found that FOB adolescents had significantly lower values of TFM%, WC, SBP, TG, insulin, 

HOMA-IR and hs-CRP, along with higher HDL-chol than ROB and POB participants (see 

also Table S1 and S2 in supplementary material).

DISCUSSION

This study shows that recent-onset obesity raises the risk of cardiometabolic disorders in 

adolescence as much as long-term obesity. In our sample, adolescents with recent-onset 

obesity had a similar cardiometabolic profile than adolescents who were obese since early 

childhood and remained obese through adolescence. Several follow-up studies agree that the 

relationship between obesity in early childhood and cardiovascular risk during adulthood is 

associated with the trajectory of BMI (34-37). Different BMI trajectories might be related to 

different health risks in adult life but not yet in adolescence. A retrospective cohort study 

comparing adults with and without MetS showed that BMI trajectories were similar in the 

first years of life but differed progressively since the age of 4 (38). Yet another longitudinal 

study showed that increased birth-weight in both preterm and term children was associated 

with early obesity that persists in the school stage (39). A review of several longitudinal 

studies showed that high BMI since birth was associated with both high lean and fat body 

masses in adulthood, whereas low or normal BMI at birth followed by an early adiposity 

rebound and subsequent increase in BMI was associated with increased fat body mass rather 

than increased lean body mass in the adult years (14). This second model may be associated 

with greater health risks than the first model. In our sample, persistently obese participants 
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had a normal birth weight and a BMI trajectory of biological risk started around the age of 

2y, thus, they are closer to the second model. Although in our study persistence of obesity 

was not related to greater cardiometabolic risk in adolescence compare to recent-onset 

obesity, we are unable to say whether persistently obese adolescents will have similar 

cardiometabolic values than recently obese adolescents at some point in adulthood.

A second major finding shows that obesity in early childhood led to increased 

cardiometabolic risk in adolescence only when obesity persisted through the years. In our 

sample, participants who were obese before the age of 6 but transitioned to a normal/

overweight in their preadolescent years did not show an unhealthy cardiometabolic profile at 

16y. This group showed a BMI trajectory of biological risk for about seven years.

Although a strong body of evidence shows that obesity in early childhood is associated with 

higher cardiometabolic risk in the future, these studies do not differentiate between subjects 

who were obese in early childhood and stopped being obese later and those who were obese 

in early childhood and remained obese. In our sample, almost 70% of participants who were 

obese before the age of 6 were no longer obese in preadolescence or adolescence. At 16 

years, this group had a cardiometabolic profile similar to participants who had normal 

weight since infancy and a much healthier cardiometabolic profile than recent onset and 

persistently obese participants. This suggests that the cardiometabolic risk associated with 

early obesity might be reversible when children are able to transition to normal/overweight. 

However, these children should be followed as they grow because although FOB adolescents 

did not show an unhealthier cardiometabolic profile compared to NOB adolescents, the 

former did have significantly higher values of BMI, TFM% and MetS score at 16y than the 

latter.

Our findings highlight the importance of protecting lifestyles (i.e. diet and physical activity) 

in the early stages of life, paying special attention in children who had BMI trajectories of 

risk before the age of 6. In Chile, this is particularly relevant since the prevalence of obesity 

in the population under 6 years of age has is twice the prevalence of obesity in adolescents: 

27% vs. 13% (3). Likewise, in the current obesogenic context is quite more difficult to leave 

obesity behind and, thus, children who had obesity since the early stages of life would be 

more exposed to remain obese later. A recent follow-up in >30,000 German adolescents 

between 15 and 18 years of age found that half of the obese adolescents in the sample had 

been overweight/obese since the age of 5. Moreover, nearly 90% of children who were obese 

at 3 years of age were overweight/obese in adolescence (40).

Limitations and strengths

This study has some limitations that should be considered while interpreting its results. Our 

study population is not representative of the Chilean adolescent population because it 

included adolescents with low-to-middle SES. However, our findings may be relevant 

because of several reasons. According to several population surveys, the prevalence of 

obesity and cardiometabolic risk factors is significantly higher in individuals of low-to-

middle SES (3,4). Also, more than 50% of children under 6 years of age, from these SES 

levels, have overweight or obese (3). Another major limitation has to do with the fact that all 

of our participants had normal birthweight, so our findings cannot be generalized to children 
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with extreme birthweights for gestational age. This could underestimate the cardiometabolic 

risk associated with long-term and recent-onset obesity. Despite these limitations, our study 

has several strengths. This sample is made up of adolescents born in the 1990s, during the 

emergence of the obesity epidemic in Chile. Moreover, they are offspring of parents or 

grandparents who were exposed to childhood undernutrition. Thus, or cohort is an 

exceptional setting to examine the impact of obesity since early childhood on subsequent 

cardiometabolic risk in a population exposed to the programming of a thrifty phenotype. A 

second major strength is the availability of health and growth data from birth to adolescence, 

with multiple evaluations that allows estimation of BMI trajectories since the very 

beginning, using mathematical models and computer algorithms. Still, we must admit that a 

model based on interpolated data has its limitations since interpolated data do not have the 

same reliability as measured data. Last, in multiple studies, the BMI trajectory since 

childhood has been modelled by linear spline; here, we used polynomial functions that allow 

smoothing this trajectory, and thus obtain a more realistic representation (33,34). Cubic 

splines provide a better fit for the data than linear splines because the cubic interpolator 

requires the function to be continuous, as well as the first and second derivatives of the 

function; this is what allows smoothing the trajectory between two discrete points. In healthy 

subjects, we know that changes in the BMI trend are not abrupt, and so they are better 

represented through a cubic function compared to a linear function. In contrast, the linear 

interpolator only requires that the function be continuous, but not the derivatives. In the 

trajectory that is reflected in the fact that the line connecting two points abruptly changes its 

trajectory.

Conclusion

This cohort study showed that both long-term and recent-onset obesity increase the risk of 

cardiometabolic disorders in adolescence. In fact, recent onset obesity rose the risk of 

cardiometabolic disorders in adolescence as much as long-term obesity. Also, we found that 

adolescents who had early obesity but were able to transition to normal/overweight had a 

healthier cardiometabolic profile compared to recent-onset and persistently obese 

adolescents. Thus, tackling obesity during critical stages of development such as infancy, 

childhood and adolescence might be an effective strategy to prevent persistence of obesity, 

and reduce the risk of cardiometabolic diseases in adulthood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. BMI for age and sex (BAZ) from birth to adolescence in the Santiago Longitudinal 
Study (n=678).
Participants who were never obese (NOB); participants with obesity during adolescence 

(recent-onset obese, ROB); participants who were obese in early childhood but transitioned 

to normal/overweigh as preadolescents (formerly obese, FOB); and participants who were 

obese in early childhood and remained obese (persistently obese, POB).

Burrows et al. Page 11

Pediatr Res. Author manuscript; available in PMC 2020 February 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Cardiometabolic risk at 16y by time of onset and persistence of obesity in the Santiago 
Longitudinal Study (n=678).
Metabolic Syndrome and its components diagnosed using the AHA/NHBLI/IDF joint 

statement. Insulin resistance diagnosed with HOMA-IR values ≥ 2.6. Participants who were 

never obese (NOB); participants with obesity during adolescence (recent-onset obese, ROB); 

participants who were obese in early childhood but transitioned to normal/overweigh as 

preadolescents (formerly obese, FOB); and participants who were obese in early childhood 

and remained obese (persistently obese, POB).
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Figure 3. Association of age of onset and persistency of obesity with cardiometabolic profile in 
adolescence: Post-hoc analysis for selected biomarkers (n=678).
Participants who were never obese (NOB); participants with obesity during adolescence 

(recent-onset obese, ROB); participants obese in early childhood but transitioned to normal/

overweigh as preadolescents (formerly obese, FOB); and participants who were obese in 

early childhood and remained obese (persistently obese, POB). (a) Systolic Blood Pressure, 

(b) HDL Cholesterol; (c) HOMA-IR; (d) Metabolic Syndrome. (1) Significantly different 

from NOB. (2) Signficantly different from ROB. (3) Significantly different from FOB. (4) 

Significantly different from POB.
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