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Abstract

Background and Objectives: Adult class II/III obesity (BMI ≥ 35 kg/m2) has significant 

adverse health outcomes. Early prevention and treatment are critical, but prospective childhood 

risk estimates are lacking. This study aimed to define the prospective risk of adult class II/III 

obesity, using childhood BMI.

Methods: Children ages 3–19 years enrolled in cohorts of The International Childhood 

Cardiovascular Cohort (i3C) Consortium with measured BMI assessments in childhood and 

adulthood were included. Prospective risk of adult class II/III obesity was modeled based on 

childhood age, sex, race and BMI.

Results: 12 142 individuals (44% male, 85% white) were assessed at median age 14 

[Interquartile range, IQR: 11, 16] and 33 [28, 39] years. Class II/III adult obesity developed in 6% 

of children with normal weight; 29% of children with overweight; 56% of children with obesity; 

and 80% of children with severe obesity. However, 38% of the 1 440 adults with class II/III 

obesity (553/1440) were normal weight as children. Prospective risk of adult class II/III obesity 

varied by age, sex and race within childhood weight status classifications, and is notably higher for 

girls, black participants, and those in the United States. The risk of class II/III obesity increased 

with older adult age.

Conclusions: Children with obesity or severe obesity have a substantial risk of adult class II/III 

obesity, and observed prospective risk estimates are now presented by age, sex, race and childhood 

BMI. Clinical monitoring of children’s BMI for adult class II/III obesity risk may be especially 

important for females and black Americans.

Table of Contents Summary

This study developed prospective risk estimates of adult class II/III obesity using childhood BMI, 

childhood age, sex and race, using longitudinal international data.

Introduction

The prevalence of adult class II/III obesity, defined as a body mass index (BMI) ≥ 35 kg/m2, 

is increasing worldwide.1 Compared with class I obesity (30 ≤ BMI < 35 kg/m2), class II/III 

obesity carries greater risks of all-cause mortality,2 adverse health effects1, 3 and limitations 

in activities of daily living.4 Adult obesity is typically persistent and often progressive,3, 5–7 

and adult class II/III obesity is rarely reversible, even with bariatric surgery.8–10

Despite these health risks, little is known about the early natural history of adult class II/III 

obesity. Childhood obesity is recognized as a significant threat to both current and later 

cardiometabolic health.11, 12 Because BMI tracks strongly between childhood and 

adulthood13, 14 and risk of disease or mortality increases with longer durations of obesity,
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15, 16 there has been a general focus on the risk for poor adult outcomes in children with 

obesity, rather than differentiations based on degree of obesity. It is important to note that 

childhood growth charts and obesity thresholds were developed from cross-sectional data to 

enable comparison with age- and sex-specific peers, rather than from longitudinal data or 

prospective risk of adult obesity. To date, few cohorts have had the longitudinal data 

necessary to assess how childhood BMI, age, sex and race are related to prospective risk for 

adult class II/III obesity.

The International Childhood Cardiovascular Cohort (i3C) Consortium originally enrolled 

over 40,000 childhood participants in the 1970s and 1980s, with over 12,000 seen at a clinic 

visit in adulthood. The present study leverages these consolidated consortium data to define 

the relation between childhood age-specific BMI and adult class II/III obesity, and to 

evaluate the impacts of sex, race and country of origin on class II/III obesity risk.

Methods

Study Population

The i3C Consortium has been described previously.17, 18 Briefly, the Consortium includes 

seven large epidemiologic cohorts from the United States (Bogalusa Heart Study [BHS, 

Louisiana]; Minneapolis Childhood Cohorts [MPLS, Minnesota]; Muscatine Study [MUSC, 

Iowa]; NHLBI Growth and Health Study [NGHS, Ohio]; and Princeton Lipid Research 

Study [PLRS, Ohio]); Finland [Cardiovascular Risk in Young Finns Study [YFS]); and 

Australia (Childhood Determinants of Adult Health Study [CDAH]), which collectively 

recruited over 40 000 children and adolescents in the 1970s and 1980s for assessment of a 

variety of cardiometabolic risk factors. A subset of each of these cohorts has been re-

evaluated at least once in adulthood, including an ongoing coordinated recruitment of former 

participants.18 Ethical approval for each study was granted by the Institutional Review 

Board (IRB) of the cohort’s home institution. All study participants provided written 

informed consent at each adult study visit, and both parental consent and participant assent 

were provided for childhood visits. The IRB at Cincinnati Children’s Hospital Medical 

Center approved this secondary data analysis.

The analysis cohort for this study includes any individual with at least one childhood (age < 

20) body mass index (BMI) and at least one adult BMI (age ≥ 24) measurement, with the 

maximum measured adult BMI used in this study. For all analyses, a single childhood or 

adolescent visit was selected for each individual using simple random sampling, if cohorts 

assessed BMI multiple times during childhood. Supplemental Table 1 presents the 

distribution of sex by year of age at the selected visit.

Variable Selection and Definitions

The key variable of interest in the present study is BMI assessed as weight (kg) divided by 

height (m) squared. In childhood, BMI categories were defined using the Centers for 

Disease Control and Prevention (CDC) 2000 growth charts, as: normal weight (BMI < 85th 

percentile); overweight (85th percentile ≤ BMI <95th percentile); obesity (95th percentile ≤ 

BMI < 120% of 95th percentile) or severe obesity (BMI ≥ 120% of 95th percentile). The 
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CDC thresholds were selected because the majority of participants were from the US; 

however, we also present analyses using International Obesity Task Force (IOTF) 

thresholds19 in Supplemental Table 2. In adulthood, the maximum BMI was classified as 

normal weight (BMI < 25 kg/m2); overweight (25 ≤ BMI < 30 kg/m2); class I obesity (30 ≤ 

BMI < 35 kg/m2), or class II/III obesity (BMI ≥ 35 kg/m2). Class II/III obesity is the 

primary adult outcome in the present study.

Statistical Analysis

All analyses were conducted using SAS (SAS Institute, Cary, NC) or R. Characteristics of 

the analysis dataset overall and by cohort are presented as number (%) or median 

(interquartile range, IQR).

Modeling of prospective risk of class II/III obesity using childhood BMI as a continuous 

independent variable (kg/m2) was conducted using logistic modeling with covariate 

adjustment, including data from all cohorts. Covariates of interest included country of study, 

sex, race, highest level of education (defined from self-report in adulthood as ≤high school 

or equivalent, some post-high school, 4-year university degree, or > university degree), age 

in childhood, and age at adult measurement (continuous). Quadratic forms of childhood age 

(e.g., age2); as well as all two-way interactions among childhood age or childhood age2, sex, 

BMI, race and education level were also tested, with the final model including only variables 

significant at p<0.05. Contour maps were generated from the final BMI prediction model, 

depicting the absolute estimated risk (probability) of adult class II/III obesity by childhood 

age and BMI, separately by sex (in all cohorts) and race (in US cohorts only).

Results

The cohort for this study included 12,142 participants (44% male; 85% white, Table 1). 

Median age at the selected childhood visit was 14 (Interquartile range [IQR]: 11, 16) years, 

and 82% of children were normal weight, 11% were overweight, 5% were obese and 2% 

were severely obese. Median year of the selected childhood visit was 1980 (IQR: 1975, 

1985). Adult BMI was assessed at median age 33 (IQR: 28, 39) years, after a median of 21 

(IQR: 18, 27) years of follow-up from the childhood measurement. Maximum adult weight 

status was 41% normal weight, 32% overweight, 15% class I obese, and 12% class II/III 

obese.

The unadjusted absolute and relative risks of adult class II/III obesity by standard CDC 

childhood BMI categories (with normal weight group as reference) are presented in Table 2. 

Overall, class II/III adult obesity developed in 6% of normal-weight children; 29% of 

overweight children; 56% of children with obesity; and 80% of children with severe obesity. 

However, over one-third of adults with class II/III obesity (553/1 440, 38%) were normal 

weight as children. Compared with the US cohorts, the non-US cohorts had generally lower 

obesity rates in childhood (<3% versus 10%) and lower class II/III obesity rates in adulthood 

(6% [308/5134] versus 16% [1132/7008). This lower childhood obesity rate resulted in a 

higher proportion (49% [150/308]) of non-US class II/III adults having been normal weight 

as children. Analyses using the childhood IOTF thresholds rather than the CDC 2000 

thresholds yielded similar results (Supplemental Table 2)
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Prospective risk of adult class II/III obesity using functions of continuous childhood BMI, 
age, race and sex

In an attempt to better estimate risk prediction for adult class II/III obesity from childhood 

BMI and childhood age, we developed a multivariable logistic regression model; the final 

model included childhood age, childhood age2, childhood BMI, childhood age × BMI and 

childhood age2 × BMI interaction effects, education level, race, sex, country of study, and 

adult age at maximum BMI (Table 3). This model had an area under the ROC curve of 

0.872.

The modeled results are presented graphically for the US cohorts in Figures 1 and 2, and for 

the non-US cohorts in Supplemental Figure 1 as a “risk contour map,” with the absolute 

predicted risk (probability) of adult class II/III obesity depicted by the values of the contour 

lines (e.g., the 0.4 line indicating 40% risk for class II/III obesity in adulthood). In these 

charts, the shaded areas behind the contour lines represent the current CDC growth chart 

categories, for reference only. Clinically, this chart can be used similarly to a growth chart, 

with the intersection of the child’s age and BMI falling on or between the contour lines, 

providing the estimated risk for developing class II/III obesity at the given adult age (e.g., 

age 35 in Figure 1 and age 45 in Figure 2). For example, a white 5 year-old girl with a BMI 

of 20 kg/m2 (which is in the obese range, shaded dark gray, for this age) would have ~60% 

risk of developing adult class II/III obesity by age 35 (Figure 1D) and ~80% risk by age 45 

(Figure 2D).

The contour maps show that the risk of adult class II/III obesity among both the US and non-

US cohorts varies significantly and continuously across childhood BMI at each childhood 

age. This variation is evident even within the standard CDC overweight and obese 

classifications, indicated by the shaded areas on the graphs. As shown in Table 3, and 

presented graphically in Figures 1 and 2, risk is substantially higher for girls than boys; for 

black participants than white participants; for those with lower education; as well as at older 

adult ages. In general, the shape of the prospective risk curve is somewhat flatter than the 

growth chart percentile curves, especially in later adolescence, such that all standard BMI 

categories (even normal weight) are associated with greater prospective risk in older versus 

younger children. This is particularly evident for US adolescent black girls, whose 

prospective risk of class II/III obesity in adulthood is as high as 50% even within the normal 

range of BMI.

Discussion

This study provides a detailed prospective evaluation, in a large (n=12 142) international 

cohort, of the risks for developing adult class II/III obesity (BMI ≥ 35 kg/m2), based on their 

childhood measures of BMI, age, sex and race. The results show that, while the prospective 

risk is particularly high in children with obesity and severe obesity (56% and 80%, 

respectively), a plurality of those who develop class II/III obesity in adulthood were children 

with normal weight.

Estimating prospective adult class II/III obesity risk using observed measurements in both 

childhood and adulthood provides a more nuanced view of how childhood BMI relates to 
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adult obesity. Presented as a series of contour maps specific to sex, race and adult age, these 

data can be used clinically to evaluate the prospective risk of adult class II/III among 

children and adolescents, and to initiate conversations with patients and their families 

regarding risk.

A recent study, using complex simulation modeling of childhood trajectories predicting 

obesity at age 35, provides comparable estimates of the risk of class II/III obesity by 

childhood BMI category, particularly for children with obesity and severe obesity.20 

However, contrary to our findings, the simulation study estimated that children with normal 

weight had a very high probability of severe obesity by age 35 (31.9% of males and 32.9% 

of females who were normal weight at age 5) which decreased significantly with childhood 

age. The prospective risk of adult class II/III obesity among children with normal weight in 

the present analysis was lower (6%) and remained relatively stable by age at childhood 

measurement. The present study does, however, show that risks increase somewhat for 

adolescents with normal weight, especially among black and female participants. These 

differences may be due to assumptions about the future (unobserved) prevalence of severe 

obesity in the simulation study based on continuation of secular trends, compared to the use 

of observed adult outcomes in the present study.

Another key finding of this study is that 38% of adults with current class II/III obesity were 

children with normal weight, suggesting that for some individuals, young adult onset obesity 

also plays an important role. This has been noted in other prospective studies from 

individual i3C Consortium cohorts21 and the recent simulation study,20 but has largely been 

missed in retrospective studies of adult class II/III obesity. Class III obesity in adults seeking 

bariatric surgery22 or medical weight management23 is associated with earlier self-reported 

age at obesity onset22, 23 and higher reported weights at specific ages,22 compared with 

individuals with class I or II obesity. However, most of these previous studies have not 

considered childhood weight status. The non-trivial risk of children with normal weight 

attaining class II/III obesity by mid-adulthood, coupled with the finding of significant 

proportions of adult class II/III obesity occurring among children who were formerly normal 

weight, underscores the need to focus on adult severe obesity risk in BMI trajectories that 

rise above the normal range, whenever that occurs from childhood to adulthood.

A dilemma presented is how to properly identify which children with normal weight or 

overweight may be at increased risk of class II/III obesity in adulthood. In the present study, 

both female sex and black race experienced greater obesity prevalence during childhood 

(data not shown), and both of these groups were independently associated with greater 

absolute risk of developing adult class II/III obesity in this study. Lower levels of education 

reported in adulthood were also associated with higher risks of adult class II/III obesity. 

However, the temporal relationship between education and class II/III obesity development 

is not as clear, as both education and obesity levels change as participants age. Prospective 

data from the Longitudinal Study of Adolescent Health also noted higher incidence rates of 

severe obesity by ages 24–34 in females and minority groups,24 and black race was also a 

risk factor for class III obesity in an earlier analysis from the NGHS cohort.25 Additional 

factors, such as early life exposures (e.g., maternal cigarette smoking during pregnancy,26 

maternal pre-pregnancy BMI,27 birth weight and early feeding characteristics28), parental 
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BMI, genetics, additional socioeconomic characteristics, and dietary or physical activity 

habits, which were not available for this analysis and may be important, should be explored 

in other studies to determine additional critical factors for the development of adult class 

II/III obesity. However, this analysis suggests that attention should be focused on both the 

prevention of childhood obesity at all ages, especially in girls and black populations, and to 

preventing children with normal weight in these groups from developing into adults with 

class II/III obesity.

Despite a large sample size; measured BMI values in childhood and adolescence; and 

extensive longitudinal follow-up, some potential study limitations should be noted. The i3C 

Consortium cohorts were enrolled in the 1970s and 1980s, prior to the obesity epidemic of 

the later 1980s. Thus, participants who were adults by the mid-1980s would likely have 

experienced obesity epidemic-related BMI gains in their adult years. Future studies may find 

a lower proportion of adults with class II/III obesity who were children with normal weights. 

However, the current prevalence of childhood obesity has stabilized at ~18% of 6–19 year-

olds in the United States, with ~67% normal weight,29 and this is similar to the distribution 

of childhood BMI categories for many of the cohorts included here. In addition, several key 

early-life, socioeconomic and lifestyle factors were either not collected in most cohorts or 

inconsistently assessed across time and cohort, so analysis of how these factors may modify 

the risk of adult class II/III was not possible. Another limitation is that the assembled 

cohorts are not nationally-representative, particularly in the United States, which may affect 

generalizability of results. However, as existing nationally-representative cohorts (such as 

the National Health and Nutrition Examination Survey) do not include sufficient 

longitudinal follow-up, such data are currently not available in the United States.

In conclusion, data from the long-term prospective i3C Consortium of seven cohorts with 

data from childhood to adulthood demonstrate that the prospective risk of developing adult 

class II/III obesity is particularly high for children with obesity and severe obesity. Our key 

findings note that 1) over one-third of adults with class II/III obesity were children with 

normal weights; 2) girls and black children in the United States have significantly higher 

prospective risks of developing class II/III obesity as adults at all levels of childhood BMI; 

and therefore, 3) assessment using standard childhood BMI categories thresholds may not be 

sufficient to capture the true prospective risk. Taken together, these findings indicate that 

greater clinical attention should be given to longitudinal preventive measures, such as 

achieving a healthy diet and sufficient physical activity, even in children and adolescents 

with normal weights. With tailored childhood monitoring through childhood, adolescence 

and young adulthood, it may be possible to prevent the high rate of progression to adult class 

II/III obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations:

BMI Body mass index

BHS Bogalusa Heart Study

CDAH Childhood Determinants of Adult Health Study

CDC Centers for Disease Control and Prevention

i3C Consortium The International Childhood Cardiovascular Cohort (i3C) 

Consortium

IQR Interquartile range

MPLS Minneapolis Childhood Cohorts

MUSC Muscatine Study

NGHS NHLBI Growth and Health Study

PLRS Princeton Lipid Research Study

YFS Cardiovascular Risk in Young Finns Study
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What is Known on This Subject

Adult class II/III obesity in adulthood is a significant health concern. The origins of adult 

class II/III obesity may begin in childhood, but little is known about its natural history or 

risk prediction among children, when prevention may be possible.

What This Study Adds

This prospective evaluation of the risks of adult class II/III obesity based on childhood 

age, sex, race and BMI provides a clinical tool for risk prediction. Even children of 

normal weight can experience elevated risks, particularly among US black girls.
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Figure 1: Risk of Adult Class II/III Obesity at age 35 by Childhood Age and BMI.
Contour lines represent risk of developing class II/III obesity by age 35; adult risk level is 

indicated by the number on the contour (e.g., 0.9=90% risk). Shaded areas, presented for 

reference only, represent (from top to bottom): childhood severe obesity (darkest gray), 

obesity (dark gray), overweight (medium gray) and normal weight (light gray), according to 

the CDC 2000 growth charts. Results are presented by race (white or black only) and sex 

groups, with the country fixed as United States. A) White males; B) Black males; C) White 

females; D) White males.
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Figure 2: Risk of Adult Class II/III Obesity at age 45 by Childhood Age and BMI.
Contour lines represent risk of developing class II/III obesity by age 45; adult risk level is 

indicated by the number on the contour (e.g., 0.9=90% risk). Shaded areas, presented for 

reference only, represent (from top to bottom): childhood severe obesity (darkest gray), 

obesity (dark gray), overweight (medium gray) and normal weight (light gray), according to 

the CDC 2000 growth charts. Results are presented by race (white or black only) and sex 

groups, with the country fixed as United States. A) White males; B) Black males; C) White 

females; D) White males.
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Table 1:

Description of the i3C Consortium Study Cohorts

Overall BHS CDAH MPLS MUSC NGHS PLRS YFS

N 12 142 22% (2 
619)

19% (2 
329) 6% (749) 19% (2 

249) 5% (605) 6% (786) 23% (2 
805)

Sex (% M) 44% (5 389) 44% (1 
164)

49% (1 
148) 50% (373) 47% (1 

049) 0% (0) 45% (356) 46% (1 
299)

Race (% NH 

white) 
a 85% (9 444) 69% (1 

795)
96% (1 

721) 71% (532) 99% (1 
756) 46% (275) 71% (560) 100% (2 

805)

Childhood data 
b

Year of selected 
visit (median, 
IQR)

1980 (1975, 
1985)

1977 
(1975, 
1980)

1985 (1985, 
1985)

1984 
(1980, 
1987)

1971 (1971, 
1973)

1991 
(1989, 
1994)

1975 
(1974, 
1976)

1980 (1980, 
1983)

N visits 2 (1, 4) 4 (2,5) 1 (1, 1) 16 (4, 18) 2 (1, 3) 10 (9, 10) 1 (1, 1) 3 (2, 4)

 % with ≥2 
visits 60% (7 308) 88% (2 

291) 0% (0) 95% (712) 59% (1 
315)

100% 
(605) 24% (190) 78% (2 

195)

Age at selected 
visit 14 (11, 16) 13 (11, 16) 12 (10, 14) 13 (11, 15) 15 (13, 17) 14 (12, 17) 13 (11, 16) 15 (10, 18)

Era of birth (n, %)

   1950-<1960 19% (2 258) 10% (271) 0% (0) 0% (0) 79% (1 
770) 0% (0) 28% (217) 0% (0)

   1960-<1970 38% (4 661) 72% (1 
885) 4% (95) 27% (203) 21% (479) 0% (0) 72% (569) 51% (1 

430)

1970 or later 43% (5 223) 18% (463) 96% (2 
234) 73% (546) 0% (0) 100% 

(605) 0% (0) 49% (1 
375)

BMI percentile at 
selected visit 
(median, IQR)

56 (32, 78) 56 (29, 81) 55 (33, 74) 69 (43, 88) 63 (41, 81) 72 (46, 90) 56 (32, 82) 46 (25, 68)

Weight status at selected visit (n, %)

Normal 82% (9 998) 79% (2 
074)

88% (2 
045) 70% (528) 80% (1 

797) 67% (403) 79% (617) 90% (2 
534)

Overweight 11% (1 336) 12% (309) 9% (216) 16% (120) 12% (275) 18% (111) 12% (96) 8% (209)

Obese 5% (615) 7% (175) 3% (64) 10% (73) 6% (138) 9% (57) 7% (54) 2% (54)

Severely obese 2% (193) 2% (61) <1% (4) 4% (28) 2% (39) 6% (34) 2% (19) <1% (8)

Adulthood data

N assessments 
c 3 (2, 3) 3 (1, 5) 3 (2, 3) 2 (1, 2) 3 (2, 4) 3 (2, 3) 2 (1, 3) 3 (2, 4)

% with ≥2 adult 
assessments 82% (9 941) 72% (1 

889)
85% (1 

990) 70% (520) 86% (1 
935) 94% (566) 71% (561) 88% (2 

480)

Age at maximum 
measured BMI, 
years

33 (28, 39) 33 (27, 40) 31 (29, 33) 37 (26, 39) 30 (28, 39) 26 (24, 26) 38 (36, 41) 37 (33, 43)

Highest Education reported in adulthood

≤ High school or 
equivalent 33% (3,674) 37% (675) 25% (574) 28% (174) 43% (963) 17% (72) 25% (195) 37% 

(1,021)

Some post-high 
school 32% (3,510) 23% (418) 30% (694) 30% (181) 31% (694) 33% (135) 35% (274) 40% 

(1,114)

4-year university 
degree 25% (2,704) 31% (572) 30% (698) 24% (149) 19% (430) 24% (97) 27% (210) 20% (548)
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Overall BHS CDAH MPLS MUSC NGHS PLRS YFS

> University 
degree 10% (1,088) 9% (173) 15% (362) 18% (110) 7% (162) 26% (109) 13% (97) 3% (75)

Person-years of 
follow-up at time 
of maximum 
measured BMI, 
years

21 (18, 27) 23 (17, 29) 20 (19, 20) 30 (15, 31) 17 (13, 25) 16 (14, 16) 25 (24, 27) 27 (21, 31)

Maximum 
measured BMI, 
kg/m2

26 (23, 31) 28 (24, 33) 25 (22, 28) 28 (24, 33) 26 (23, 30) 27 (23, 34) 27 (24, 32) 26 (23, 29)

Weight status at maximum measured BMI in adulthood (n, %)

Normal 41% (4 977) 34% (896) 51% (1 
176) 33% (245) 46% (1 

032) 38% (228) 33% (261) 41% (1 
139)

Overweight 32% (3 860) 28% (720) 34% (801) 31% (234) 28% (630) 25% (155) 33% (260) 38% (1 
060)

Obese, Class I 15% (1 865) 19% (497) 10% (238) 18% (136) 15% (343) 15% (91) 19% (148) 14% (412)

Obese, Class II/III 12% (1 440) 19% (506) 5% (114) 18% (134) 11% (244) 22% (131) 15% (117) 7% (194)

Median (Interquartile range) or Number (percent) presented

a
Race data not available for all cohort members

b
Childhood data presented for randomly-selected childhood visit used in analysis

c
Assessments in adulthood may include measured or self-reported data.

Abbreviations: BHS: Bogalusa Heart Study; CDAH: Childhood Determinants of Adult Health; MPLS: Minneapolis Childhood Cohorts; MUSC: 
Muscatine Study; NGHS: NHLBI Growth and Health Study; PLRS: Princeton Lipid Research Study; YFS: Cardiovascular Risk in Young Finns 
Study; IQR: Interquartile range; NH: non-Hispanic.

BMI category definitions: Childhood: Normal weight (BMI <85th percentile); Overweight (85th ≤BMI<95th percentile); Obese (95th≤BMI<120% 

of 95th percentile); Severely obese (BMI≥120% of 95th percentile). Adulthood: Normal weight (BMI<25 kg/m2); Overweight (25≤BMI<30 kg/

m2); Obese, Class I (30≤BMI<35 kg/m2); Obese, Class II/III (BMI≥35 kg/m2).
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Table 2:

Risk of adult class II/III obesity by standard CDC childhood BMI categories

Childhood BMI
categories

Percent of
Cohort

(random
childhood

visit)

Absolute Risk of
Adult Class II/III

Obesity (%)

Relative Risk
(RR)

[95% CI]

Percent of adults
with Class II/III
obesity from this
childhood BMI

category

All Cohorts

 Normal weight 82% 6% (553/9998) 1.0 (Ref) 38% (553/1440)

 Overweight 11% 29% (390/1336) 5.3 [4.7, 5.9] 27% (390/1440)

 Obese 5% 56% (342/615) 10.1 [9.0, 11.2] 24% (342/1440)

 Severely obese 2% 80% (155/193) 14.5 [13.0, 16.2] 11% (155/1440)

US Cohorts

 Normal weight 77% 7% (403/5419) 1.0 (Ref) 36% (403/1132)

 Overweight 13% 32% (290/911) 4.3 [3.7, 4.9] 26% (290/1132)

 Obese 7% 58% (290/497) 7.8 [7.0, 8.8] 26% (290/1132)

 Severely obese 3% 82% (149/181) 11.1 [9.9, 12.4] 13% (149/1132)

Non-US Cohorts (YFS and CDAH)

 Normal weight 89% 3% (150/4579) 1.0 (Ref) 49% (150/308)

 Overweight 8% 24% (100/425) 7.2 [5.7, 9.1] 32% (100/308)

 Obese 2% 44% (52/118) 13.5 [10.4, 17.4] 17% (52/308)

 Severely obese <1% 50% (6/12) 15.3 [8.5, 27.5] 2% (6/308)

CDC BMI category definitions: Normal weight (BMI <85th percentile); Overweight (85th ≤BMI<95th percentile); Obesity (95th≤BMI<120% of 

95th percentile); Severe obesity (BMI≥120% of 95th percentile).
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Table 3:

Final Risk Model for Adult Class II/III Obesity

Beta Estimate ± SE OR (95% CI) Included in Figure(s)

Risk Model

Intercept −18.9 ± 2.24 - All

Sex

 Female Reference Reference 1C and D, 2C and D, Supp Figures C and D

 Male −0.23 ± 0.04 0.63 (0.54, 0.73) 1A and B, 2A and B, Supp Figures A and B

Race/ethnicity

 White Reference Reference 1B and D, 2B and D

 Black 0.88 ± 0.10 2.42 (1.99, 2.94) 1A and C, 2A and C

 Hispanic −0.02 ± 0.37 0.98 (0.47, 2.02) Not shown

 Other/mixed −0.21 ± 0.16 0.81 (0.60, 1.10) Not shown

Childhood age, y 1.15 ± 0.34 - All

Childhood BMI, kg/m2 0.92 ± 0.13 - All

Age*BMI −0.08 ± 0.02 - All

Age2 −0.05 ± 0.01 - All

Age2*BMI 0.003 ± 0.001 - All

Covariates

Country

 US Reference Reference Figures 1 and 2

 Australia −0.35 ± 0.12 0.71 (0.56, 0.90) Supp Figures A and C

 Finland −0.55 ± 0.10 0.58 (0.47, 0.71) Supp Figures B and D

Adult age, y 0.09 ± 0.01 1.09 (1.08, 1.11) =age 35 (Figure 1, Supp) =age 45 (Figure 2)

Education level

 ≤High school 0.71 ± 0.15 2.04 (1.51, 2.74) Not shown

 More than high school 0.65 ± 0.15 1.91 (1.42, 2.58) All

 University degree 0.36 ± 0.16 1.43 (1.05, 1.96) Not shown

 More than university degree Reference Reference Not shown

Bold indicates statistically significant odds ratios or Beta estimates (p≤0.05); odds ratios are not provided for the intercept or terms involved in 
interactions.
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