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INTROdUCTION

Low-grade inflammation is a mechanistic link between 
obesity and cardiometabolic disorders.1,2 C-reactive 
protein (CRP) is a sensitive and dynamic physiological 
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AbSTRACT
Importance: The impact of long-term burden of excessive body 
weight, beginning in childhood, on inflammatory status in adulthood 
has been poorly described.
Objective: To characterize the longitudinal body mass index 
(BMI) trajectory from childhood and examine its relationship with 
inflammatory status in adulthood.
Methods: We included 1285 adults who had 4–15 repeat measurements 
of BMI from childhood to adulthood. The area under the curve (AUC) 
of growth curves was calculated to characterize long-term burden (total 
AUC) and trends (incremental AUC) of BMI.
Results: After adjusting for covariates, higher values of BMI in terms 
of childhood and adulthood, as well as total and incremental AUC, 
were strongly associated with elevated levels of adult C-reactive protein 
(CRP) in the four race-sex groups. There were significant differences 
in linear and nonlinear curve parameters between the normal and 
high CRP groups for all race-sex groups (P < 0.01). Compared 
with participants who had consistently low BMI in both childhood 
and adulthood, participants with high BMI in adulthood had higher 
CRP levels (P < 0.001), irrespective of their childhood BMI status; 
participants with high BMI in childhood but low BMI in adulthood had 
similar adult CRP levels.
Interpretation: The impact of excessive body weight on inflammation 
is cumulative and exacerbated over time. The influence of childhood 
overweight/obesity on inflammatory status in adulthood can be 
alleviated by reducing adiposity in adulthood.

KEYwORdS
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marker of systemic inflammation3 that has been associated 
with increased risks of diabetes4,5 and cardiovascular 
disease,6,7 independent of traditional cardiovascular 
risk factors. Obesity is a state of chronic inflammation 
that is characterized by elevated levels of inflammatory 
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biomarkers.8-10 Several longitudinal studies, including 
ours, have demonstrated that childhood body mass index 
(BMI) is associated with levels of adult inflammatory 
biomarkers;11-13 however, the impact of longitudinal burden 
of excessive body weight from childhood to adulthood on 
inflammatory status has been poorly described. 

Despite extensive evidence that  long-term BMI 
trajectories during particular life periods are associated 
with biomarkers of inflammation,14 there has been limited 
information on detailed trajectory parameters of BMI 
across lifespan and their associations with inflammatory 
status in adulthood among races and sexes. Longitudinal 
studies followed from early life have indicated that the 
influence of childhood obesity on cardiometabolic risk in 
adulthood can be reversed by requiring normal weight by 
adulthood.15 However, it has been largely unclear whether 
a favorable change in body weight from childhood has a 
beneficial effect on inflammatory status in adulthood. In 
this study, we utilized longitudinal data from the Bogalusa 
Heart Study to examine the associations of cumulative 
burden and trajectory measures of body weight with 
systemic chronic inflammation in adulthood, as measured 
by CRP levels.

METHOdS
Ethical approval

Study protocols were approved by the Institutional Review 
Board of the Tulane University Health Sciences Center. 
Written informed consent was obtained from each study 
participant or from a parent/guardian when appropriate at 
each examination. 

Study participants

The Bogalusa Heart Study is a series of long-term 
epidemiologic studies in a semirural biracial community in 
Bogalusa, Louisiana.16 The study has conducted multiple 
cross-sectional surveys every 2 to 3 years from childhood. 
There were 9 cross-sectional surveys of children aged 4 
to 19 years and 11 cross-sectional surveys of adults aged 
20 to 51 years who were previously examined as children 
were conducted between 1973 and 2010. As a result, there 
were serial observations from childhood to adulthood 
in the same individuals. The present longitudinal study 
cohort consisted of 1285 adult subjects (893 whites and 
392 blacks; 43.6% males; mean age is 40.8 years in the 
last survey). These participants had 4–15 measurements 
of BMI from childhood to adulthood (7.0 times on 
average, at least 2 times in childhood and at least 2 times 
in adulthood). The mean follow-up period was 31.1 years 
(range: 14.2–41.9 years) from the first children survey to 
the last adult survey.

Examinations

All measurements were obtained by trained staff members 

according to a standard protocol.16 In each survey, height 
and weight were measured in duplicate, and the mean 
values were used for analysis. BMI was calculated as 
weight in kilograms divided by height in meters squared 
to evaluate overall adiposity. Information on smoking and 
alcohol use was obtained by a standardized questionnaire. 
Current smoking and alcohol drinking were defined as 
smoking at least 1 cigarette per day and consuming alcohol 
every day, respectively, during the prior 12 months.

Venous blood samples were collected after fasting for at 
least 12 hours. CRP was measured in the last two adult 
surveys (i.e., 2004–2007 and 2008–2010). We used the 
last CRP measure in adulthood to make the follow period 
as long as possible. High-sensitive CRP was measured 
by latex particle-enhanced immunoturbidimetric assay on 
Hitachi 902 Automatic Analyzer. 

Statistical methods

Random-effects mixed models were used to establish 
growth curves of BMI for each individual using multiple 
BMI measurements from childhood to adulthood.17-19 The 
area under the curve (AUC) was used as a measure of 
long-term burden and trends of BMI. For each participant, 
the AUC was calculated as the integral of the curve 
parameters during the follow-up period, and then the AUC 
values were divided by the number of follow-up years 
because of different follow-up periods among participants 
(Figure S1). Total AUC (a + b) was used to evaluate 
long-term cumulative burden of BMI and incremental 
AUC (a), determined by within-subject variability, were 
used to represent a combination of linear and nonlinear 
longitudinal trends.

Adult CRP was log-transformed before subsequent 
analyses due to its skewed distribution. Generalized 
linear model was performed to investigate the difference 
in mean levels of study variables and curve parameters 
between race and sex groups. We used multivariable 
linear regression models to examine the association of 
CRP with BMI in terms of childhood values (the first 
survey), adulthood values (the last survey), and total and 
incremental AUC values by race and sex, adjusted for adult 
age, smoking and alcohol drinking. Childhood, adulthood 
and AUC values of BMI were adjusted for childhood age, 
adulthood age and average age, respectively, by regression 
residual analyses in race-sex groups and then standardized 
by Z-transformation (mean = 0, SD = 1) before regression 
analysis. To assess the association of BMI status in 
childhood and adulthood with adult CRP, the participants 
were divided into four groups of low-low, high-low, low-
high and high-high of childhood BMI-adulthood BMI 
using race-sex specific BMI medians as cut-offs. 

RESULTS

In childhood, there were no significant racial and sex-
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related differences in obesity prevalence (Table 1). In 
adulthood, men had higher obesity prevalence among 
white participants, but lower obesity prevalence among 
black participants (44.8% for white men, 38.9% for white 
women, P < 0.05; 44.9% for black men, 59.4% for black 
women, P < 0.01). Moreover, race difference in obesity 
prevalence (white < black) was observed only among 
women. Race differences (white < black) in total AUC and 
incremental AUC of BMI were observed only in women. 
White men had higher total AUC and incremental AUC of 
BMI, compared with white women; however, black men 
had lower higher total AUC and incremental AUC of BMI, 
compared with black women. CRP levels showed sex-
related differences (men < women) for both races and race 
differences (white < black) for both sexes. 

White men and black men had similar trajectories of BMI 
growth curves. However, black women had a more rapid 
increase than did other race-sex groups; this difference 
was discernible around the age of 15 years (Figure 1). 
White women tended to have a lower BMI than the 
remaining race-sex groups after the age of 20 years. Curve 
parameters (β0 + b0, β1 + b1 and β2 + b2) for BMI all differed 
from 0 (P < 0.001).

Race- and sex-specific linear regression analyses of the 
relationship between adult log-CRP level and BMI in 
terms of childhood, adulthood, and AUC values in four 
separate regression models are shown in Table 2. After 

adjusting for adult age, smoking status, and alcohol 
drinking status, all BMI measures were associated with 
adult CRP levels in all four race-sex groups. No sex 
differences in the effect size of BMI measures on CRP 
were observed except for adult BMI in whites (P = 0.013). 
No race differences in the effect size of BMI measures on 
CRP levels were observed, except for childhood BMI in 
women (P = 0.043) and adult BMI in men (P = 0.007). 
After additional adjustment for adult BMI, no significant 
associations between childhood BMI and adult CRP levels 

TAbLE 1 Characteristics of study participants according to race and sex

Characteristics 
white black P for race difference

Male (n = 402) Female (n = 491) Male (n = 158) Female (n = 234) Male Female

Childhood

   Age (year) 9.9 ± 3.3 9.8 ± 3.4 9.8 ± 3.0 9.5 ± 2.9 0.710 0.161

   BMI (kg/m2) 17.9 ± 3.6 17.8 ± 3.7 17.4 ± 3.4 17.5 ± 3.7 0.185 0.285

   Obesity, n (%) 23 (5.7) 27 (5.5) 12 (7.6) 14 (6.0) 0.410 0.792

Adulthood

   Age (year) 41.0 ± 5.7 40.9 ± 5.7 40.9 ± 6.0 40.3 ± 5.9 0.859 0.209

   BMI (kg/m2) 30.3 ± 6.1* 29.4 ± 7.7 30.6 ± 7.9* 32.7 ± 9.0 0.710 <0.001

   Obesity, n (%) 180 (44.8)* 191 (38.9) 71 (44.9)** 139 (59.4) 0.973 <0.001

   Smoker, n (%) 114 (28.4) 148 (30.1) 64 (40.5)** 65 (27.8) 0.006 0.513

   Drinker, n (%) 140 (34.8)* 207 (42.2) 33 (20.9)** 79 (33.8) 0.001 0.031

   CRP (mmol/L) 0.97 (0.43–2.34)** 1.64 (0.60–3.73) 1.30 (0.53–3.08)** 2.61 (0.87–5.44) 0.020 <0.001

Long-term measures

  Average Age (year) 23.6 ± 5.0 23.7 ± 4.9 23.0 ± 4.8 22.9 ± 4.3 0.189 0.029

  BMI AUCt (kg/m2) 25.5 ± 4.6** 24.5 ± 5.3 25.3 ± 5.3* 26.8 ± 6.1 0.596 <0.001

  BMI AUCi (kg/m2) 7.7 ± 3.0** 6.9 ± 3.9 7.8 ± 3.6** 9.1 ± 4.5 0.646 <0.001

Data are presented as mean ± standard deviation or median (interquartile range) or n (%). Sex difference within racial groups: *P < 0.05; **P < 0.01. 
BMI, body mass index; CRP, C-reactive protein; AUCt, total area under the curve; AUCi, incremental area under the curve.

FIGURE 1 Growth curves of body mass index (BMI) according to race 
and sex.
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were found, except for the negative association in white 
women (β = −0.140, P < 0.01).

Growth curves of BMI from childhood to adulthood in 
normal and high adult CRP groups according to race 
and sex are shown in Figure 2. Normal and high CRP 
levels were defined by the median values. The high CRP 
group showed consistently higher BMI from childhood to 
adulthood in all four race-sex groups; the differences in 
BMI between the two CRP groups became greater with 
age. 

Table 3 presents detailed information concerning the curve 
parameters in normal and high adult CRP groups according 
to race and sex. No race and sex differences in values of 
any curve parameters were found in the normal and high 
CRP groups. All curve parameters (β0 + b0, β1 + b1, and β2 

+ b2) of BMI all differed from 0 (P < 0.001). Adults with 
high CRP levels, compared with those with normal CRP 
levels, had greater values of all curve parameters (β0 + b0, 
β1 + b1, and β2 + b2) of BMI in each race-sex group, except 
for smaller β2 + b2 in the high CRP group in white men. 

Figure 3 presents covariates adjusted adult CRP levels, 
according to childhood and adult BMI statuses in all 
participants. Compared with participants who had 
consistently low BMI in both childhood and adulthood, 
participants with high BMI in adulthood had higher 
CRP levels (P < 0.001), irrespective of their BMI status 
in childhood. In contrast, there were no differences in 
adult CRP levels between participants who had high 
childhood BMI but low adult BMI and participants who 
had consistently low BMI. Finally, all analyses were 
repeated after excluding 59 participants with CRP levels > 
10 µg/dL; the results were similar to those of the original 
analysis (data was not shown).

dISCUSSION

This longitudinal analysis demonstrated that BMI 
values measured in childhood and adulthood, as well 
as lifelong burden and trends (AUCs), were positively 
and significantly associated with adult CRP levels in 

multiple race-sex groups. Adults with high CRP levels 
had distinct long-term BMI trajectories from childhood, 
compared with adults who exhibited normal CRP levels. 
In addition, compared with participants with low BMI 
in both childhood and adulthood, participants with high 

TAbLE 2 Standardized regression coefficients (standard errors) of BMI measures on adult log-CRP levels according to race and sex

bMI
white black P for race difference

Male Female P‡ Male Female P‡ Male Female

Childhood 0.172 ± 0.049** 0.137 ± 0.045* 0.562 0.272 ± 0.078** 0.242 ± 0.065** 0.745 0.090 0.043

Childhood† −0.053 ± 0.059 −0.140 ± 0.046* 0.916 −0.053 ± 0.090 0.045 ± 0.071 0.958 1.000 0.001

Adulthood 0.354 ± 0.048** 0.473 ± 0.040** 0.013 0.506 ± 0.072** 0.404 ± 0.061** 0.334 0.007 0.147

AUCt 0.314 ± 0.048** 0.343 ± 0.043** 0.472 0.401 ± 0.076** 0.375 ± 0.061** 0.841 0.127 0.517

AUCi 0.292 ± 0.050** 0.342 ± 0.043** 0.163 0.298 ± 0.082** 0.252 ± 0.065** 0.728 0.913 0.076

Adult age, smoking, and alcohol drinking were included in the models for adjustment. †adjusted for adult BMI; ‡P-values for comparison of regression 
coefficients between sexes. *P < 0.01; **P < 0.001. BMI, body mass index; CRP, C-reactive protein; AUCt, total area under the curve; AUCi, incremental 
area under the curve. 

FIGURE 2 Growth curves of BMI according to adult CRP levels by 
race and sex. High and normal CRP was defined by its race-sex specific 
medians. BMI, body mass index; CRP, C-reactive protein.

FIGURE 3 Covariates adjusted mean values of adult CRP according 
to childhood and adulthood BMI status. *P < 0.001 compared with the 
low-low group. High and Low BMI was defined by its race-sex specific 
medians. Covariates included race, sex, adult age, smoking, and alcohol 
drinking. BMI, body mass index; CRP, C-reactive protein.
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BMI in adulthood had higher CRP levels, regardless of 
their childhood BMI status. However, participants with 
high BMI in childhood but low BMI in adulthood had 
adult CRP levels similar to those of participants with 
consistently low BMI. These findings suggest that the 
high chronic inflammation state among overweight/obese 
children may be improved by reducing adiposity status.

Adipose tissue, particularly intra-abdominal adipose 
tissue, is a highly active metabolic and endocrine organ. 
It secretes various inflammatory mediators, including 
cytokines, acute phase reactants, and growth factors.20,21 
These inflammatory mediators (e.g., tumor necrosis 
factor-α and interleukin-6) can reach the liver through 
the portal vein and thus regulate the hepatic production 
of CRP.22 Many previous studies have demonstrated 
a strong cross-sectional association between obesity 
and inflammatory markers.8-10 Several lifelong studies, 
including the Bogalusa Heart Study, have investigated 
associations between excessive adiposity in childhood and 
biomarkers of chronic inflammation in adulthood.11-13,23 
A birth cohort study in India showed that weight gain 
between the ages of 2 and 11 years was positively 
associated with adult CRP levels, as well as the levels 
of two other inflammatory biomarkers (fibrinogen and 
plasminogen activator inhibitor-1).12 Data from the 
Childhood Determinants of Adult Health study in Australia 
showed that higher childhood BMI was associated with 
elevated levels of CRP and fibrinogen 20 years later.13 
The Young Finns Study found that childhood BMI was 

predictive of adult CRP levels, independent of obesity, 
blood pressure, lipid levels, smoking status, and insulin 
level.23 

These prior  s tudies were l imited to single BMI 
measurements  in  chi ldhood and thus  could not 
investigate the long-term burden of excessive adiposity 
from childhood. In the present study with repeated 
measurements of BMI revealed that childhood BMI, 
as well as its long-term cumulative burden and trends 
from childhood, were predictive of elevated CRP levels 
in middle adulthood. These observations suggest that 
excessive adiposity in early life and its lifelong burden 
play a vital role in the process of chronic inflammation. 
It needs to be pointed out that CRP levels were within 
normal limits in most adults in our general population 
cohort. Although childhood BMI and its long-term 
measures (i.e., cumulative burden and trends) exhibited 
significant associations with adult inflammatory status, the 
biological significance and underlying mechanisms must 
be addressed in further studies. Some previous studies 
have demonstrated significant associations between 
DNA methylation and BMI in children.24,25 High BMI in 
childhood may affect inflammation in adulthood through 
the induction of DNA hyper- or hypo-methylation.

Consistent with several previous studies,26-28 our results 
showed sex and race differences in CRP levels, with 
women and blacks having higher CRP levels than their 
respective counterparts (i.e., men and whites). We also 

TAbLE 3 Curve parameters of BMI in high and normal adult CRP groups according to race and sex

Variables
white black P for race difference

Male Female Male Female Male Female

High/Normal CRP, n 201/201 245/246 79/79 117/117 – –

β0+b0 (kg/m2)

   High 24.8 ± 4.9 23.8 ± 5.6 24.9 ± 5.7 26.2 ± 6.1 0.983 0.682

   Normal 22.7 ± 3.8 21.9 ± 4.1 21.8 ± 3.4 23.6 ± 4.6 0.804 0.703

   P† <0.001 <0.001 <0.001 <0.001 – –

β1+b1 (kg·m−2·yr−1)

   High 0.55 ± 0.19 0.51 ± 0.27 0.59 ± 0.23 0.68 ± 0.32 0.843 0.554

   Normal 0.46 ± 0.15 0.37 ± 0.19 0.44 ± 0.17 0.52 ± 0.23 0.897 0.459

   P† 0.008 <0.001 0.009 0.010 – –

β2+b2 (kg·m−2·yr−2)

   High −0.103 ± 0.082 −0.063 ± 0.101 −0.077 ± 0.097 −0.097 ± 0.106 0.816 0.698

   Normal −0.090 ± 0.059 −0.067 ± 0.069 −0.091 ± 0.058 −0.098 ± 0.095 1.000 0.708

   P† 0.006 <0.001 <0.001 0.003 – –

Data are shown as mean ± standard deviation. High and normal CRP was defined by its median. Curve parameters were all different from 0 (P < 0.001). 
Sex differences were not found for all comparisons. †P-values for difference in βs between high and normal CRP groups were adjusted for average age, 
with additional adjustment for β0+b0 for β1+b1 and β2+b2. BMI, body mass index; CRP, C-reactive protein; –, not applicable.
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observed that white women had a stronger association 
between BMI and CRP level, compared with white 
men; black men had a stronger association between 
BMI and CRP level, compared with white men. These 
findings were supported by a recent large meta-analysis 
involving 51 cross-sectional studies, which showed that 
the magnitude of the association between BMI and CRP 
level was greater in women than in men.8 The race and sex 
differences in CRP levels and their associations with BMI 
may be partially explained by the disparate prevalence of 
traditional cardiovascular risk factors between sexes and 
races. Furthermore, women and blacks have more body fat 
mass (compared with men and whites, respectively), which 
secretes adipokines such as interleukin-6 and leptin.29 

Several lifelong studies have reported that distinct 
trajectories of BMI from childhood are associated with 
cardiometabolic risk.30,31 The Young Finns study identified 
six discrete long-term BMI trajectories from childhood 
to adulthood; it demonstrated that individuals who had 
consistently high BMI had an increased cumulative 
cardiovascular risk load in mid-adulthood.30 However, 
limited information is available regarding the trajectory 
parameters of longitudinal BMI profile from childhood 
and their relationships with inflammatory status in 
adulthood. In the current study, we found that lifelong 
BMI trajectories differed among adults according to their 
CRP levels, such that the high CRP group had higher 
BMI values and greater rates of increase over time. The 
difference in BMI between the two CRP groups became 
greater with age. These observations indicate that the 
impact of excessive body weight on inflammation is 
cumulative and exacerbated throughout life. 

In the current study, we found that childhood BMI was 
not associated with adult CRP after adjusting for current 
adult BMI in the linear regression models. Stratified 
analyses of childhood and adult BMI values demonstrated 
that adult CRP levels depended on adult BMI, instead of 
childhood BMI. These results suggest that the influence 
of excessive body weight in childhood on inflammatory 
status is mainly mediated through adult body weight. 
This mediation effect of adult BMI was also noted in 
the four large-scale longitudinal cohorts followed since 
childhood in the International Childhood Cardiovascular 
Cohort Consortium for childhood BMI in relation to type 
2 diabetes, hypertension, dyslipidemia, and carotid-artery 
atherosclerosis.15 

The main strength of our study is its repeated longitudinal 
measurements of BMI from childhood to adulthood, which 
allowed for characterizing BMI trajectory parameters and 
evaluating long-term burden of excessive adiposity from 
childhood. However, this study had several limitations. 
First, BMI was used to evaluate overall obesity in this 
study, but it could not distinguish between fat mass and 
lean mass. Second, we used only CRP levels to measure 

chronic inflammatory status among the participants; more 
inflammatory biomarkers (e.g., fibrinogen, interleukin-6, 
and tumor necrosis factor-α) should be measured in 
future studies. Third, CRP levels in childhood were not 
measured in our study cohort; thus, we could not examine 
the influence of childhood BMI on the progression of CRP 
levels from childhood to adulthood. Fourth, children at 
baseline had much lower obesity prevalence than today’s 
children; therefore, caution is needed when generalizing 
the results in the current study to today’s childhood 
population.

In summary, BMI values in childhood and adulthood, 
as well as lifelong burden and trends, were positively 
associated with adult chronic inflammatory status, 
as measured by CRP levels. The impact of excessive 
adiposity in childhood on inflammation in adulthood was 
mainly mediated through adult body weight, suggesting 
that the adverse effect of childhood overweight/obesity 
can be reversed by reducing weight before adulthood. The 
findings underscore the importance of lifelong weight 
control in improving chronic inflammatory status and thus 
reducing future cardiovascular risk.

CONFLICT OF INTEREST 
None declared.

REFERENCES
 1. Wang Z, Nakayama T. Inflammation, a link between 

obesity and cardiovascular disease. Mediators Inflamm. 
2010;2010:535918.

 2. Berg AH, Scherer PE. Adipose tissue, inflammation, and 
cardiovascular disease. Circ Res. 2005;96:939-949.

 3. Pepys MB, Hirschfield GM. C-reactive protein: a critical 
update. J Clin Invest. 2003;111:1805-1812.

 4. Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. 
C-reactive protein, interleukin 6, and risk of developing type 
2 diabetes mellitus. JAMA. 2001;286:327-334.

 5. Wang X, Bao W, Liu J, Ouyang YY, Wang D, Rong S, 
et al. Inflammatory markers and risk of type 2 diabetes: 
a systematic review and meta-analysis. Diabetes Care. 
2013;36:166-175.

 6. Emerging Risk Factors Collaboration, Kaptoge S, Di 
Angelantonio E, Lowe G, Pepys MB, Thompson SG, et al. 
C-reactive protein concentration and risk of coronary heart 
disease, stroke, and mortality: an individual participant 
meta-analysis. Lancet. 2010;375:132-140.

 7. Emerging Risk Factors Collaboration, Kaptoge S, Di 
Angelantonio E, Pennells L, Wood AM, White IR, et al. 
C-reactive protein, fibrinogen, and cardiovascular disease 
prediction. N Engl J Med. 2012;367:1310-1320.

 8. Choi J, Joseph L, Pilote L. Obesity and C-reactive protein in 
various populations: a systematic review and meta-analysis. 
Obes Rev. 2013;14:232-244.

 9. Tam CS, Clément K, Baur LA, Tordjman J. Obesity and 
low-grade inflammation: a paediatric perspective. Obes Rev. 



27Pediatr Investig 2021 Mar; 5(1): 21-27

2010;11:118-126.
10. Skinner AC, Steiner MJ, Henderson FW, Perrin EM. 

Multiple markers of inflammation and weight status: 
cross-sectional analyses throughout childhood. Pediatrics. 
2010;125:e801-809.

11. Toprak D, Toprak A, Chen W, Xu JH, Srinivasan S, 
Berenson GS. Adiposity in childhood is related to C-reactive 
protein and adiponectin in young adulthood: from the 
Bogalusa Heart Study. Obesity (Silver Spring). 2011;19:185-
190.

12. Lakshmy R, Fall CH, Sachdev HS, Osmond C, Prabhakaran 
D, Biswas SD, et al. Childhood body mass index and adult 
pro-inflammatory and pro-thrombotic risk factors: data from 
the New Delhi birth cohort. Int J Epidemiol. 2011;40:102-
111.

13. Sun C, Magnussen CG, Ponsonby AL, Schmidt MD, 
Carlin JB, Huynh Q, et al. The contribution of childhood 
cardiorespiratory fitness and adiposity to inflammation in 
young adults. Obesity (Silver Spring). 2014;22:2598-2605.

14. Thompson AL, Koehler E, Herring AH, Paynter L, Du S, 
Zhang B, et al. Weight gain trajectories associated with 
elevated C-reactive protein levels in Chinese adults. J Am 
Heart Assoc. 2016;5:e003262.

15. Juonala M, Magnussen CG, Berenson GS, Venn A, 
Burns TL, Sabin MA, et al. Childhood adiposity, adult 
adiposity, and cardiovascular risk factors. N Engl J Med. 
2011;365:1876-1885.

16. Berenson GS. Bogalusa Heart  Study: a long-term 
community study of a rural biracial (Black/White) 
population. Am J Med Sci. 2001;322:267-274.

17. Li S, Chen W, Srinivasan SR, Bond MG, Tang R, Urbina 
EM, et al. Childhood cardiovascular risk factors and carotid 
vascular changes in adulthood: the Bogalusa Heart Study. 
JAMA. 2003;290:2271-2276.

18. Cook NR, Rosner BA, Chen W, Srinivasan SR, Berenson 
GS. Using the area under the curve to reduce measurement 
error in predicting young adult blood pressure from 
childhood measures. Stat Med. 2004;23:3421-3435.

19. Chen W, Li S, Srinivasan SR, Boerwinkle E, Berenson GS. 
Autosomal genome scan for loci linked to blood pressure 
levels and trends since childhood: the Bogalusa Heart Study. 
Hypertension. 2005;45:954-959.

20. Van Gaal LF, Mertens IL, De Block CE. Mechanisms 
linking obesity with cardiovascular disease. Nature. 
2006;444:875-880.

21. Fuster JJ, Ouchi N, Gokce N, Walsh K. Obesity-induced 
changes in adipose tissue microenvironment and their 
impact on cardiovascular disease. Circ Res. 2016;118:1786-
1807.

22. Calabro P, Chang DW, Willerson JT, Yeh ET. Release of 
C-reactive protein in response to inflammatory cytokines by 

human adipocytes: linking obesity to vascular inflammation. 
J Am Coll Cardiol. 2005;46:1112-1113.

23. Juonala M, Viikari JS, Rönnemaa T, Taittonen L, Marniemi 
J, Raitakari OT. Childhood C-reactive protein in predicting 
CRP and carotid intima-media thickness in adulthood: the 
Cardiovascular Risk in Young Finns Study. Arterioscler 
Thromb Vasc Biol. 2006;26:1883-1888.

24. Küpers LK, Monnereau C, Sharp GC, Yousefi P, Salas 
LA, Ghantous A, et al. Meta-analysis of epigenome-
wide association studies in neonates reveals widespread 
differential DNA methylation associated with birthweight. 
Nat Commun. 2019;10:1893.

25. van Dijk SJ, Peters TJ, Buckley M, Zhou J, Jones PA, 
Gibson RA, et al. DNA methylation in blood from 
neonatal screening cards and the association with BMI and 
insulin sensitivity in early childhood. Int J Obes (Lond). 
2018;42:28-35.

26. Nazmi A, Victora CG. Socioeconomic and racial/ethnic 
differentials of C-reactive protein levels: a systematic 
review of population-based studies. BMC Public Health. 
2007;7:212.

27. Khera A, McGuire DK, Murphy SA, Stanek HG, Das SR, 
Vongpatanasin W, et al. Race and gender differences in 
C-reactive protein levels. J Am Coll Cardiol. 2005;46:464-469.

28. Lakoski SG, Cushman M, Criqui M, Rundek T, Blumenthal 
RS, D’Agostino RB Jr, et al. Gender and C-reactive protein: 
data from the Multiethnic Study of Atherosclerosis (MESA) 
cohort. Am Heart J. 2006;152:593-598.

29. Sundquist J, Winkleby MA, Pudaric S. Cardiovascular 
disease risk factors among older black, Mexican-American, 
and white women and men: an analysis of NHANES 
III, 1988–1994. Third National Health and Nutrition 
Examination Survey. J Am Geriatr Soc. 2001;49:109-116.

30. Buscot MJ, Thomson RJ, Juonala M, Sabin MA, Burgner 
DP, Lehtimäki T, et al. Distinct child-to-adult body mass 
index trajectories are associated with different levels of 
adult cardiometabolic risk. Eur Heart J. 2018;39:2263-2270.

31. Huang RC, de Klerk NH, Smith A, Kendall GE, Landau LI, 
Mori TA, et al. Lifecourse childhood adiposity trajectories 
associated with adolescent insulin resistance. Diabetes Care. 
2011;34:1019-1025.

SUppORTING INFORMATION
Additional Supporting Information may be found online in 
the supporting information tab for this article.

How to cite this article: Yan Y, Li S, Liu Y, Bazzano L, He J, 
Mi J, et al. The impact of body weight trajectory from childhood 
on chronic inflammation in adulthood: The Bogalusa Heart 
Study. Pediatr Investig. 2021;5:21-27. https://doi.org/10.1002/
ped4.12248


