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Abstract

Introduction: Obesity prevalence among children and adolescents has risen sharply, yet there is
a limited understanding of the age-specific dynamics of obesity as there is no single nationally
representative cohort following children into young adulthood. Investigators constructed a pooled
data set of 5 nationally representative panels and modeled age-specific obesity incidence from
childhood into young adulthood.
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Methods: This longitudinal prospective follow-up used 718,560 person-years of observation in a
pooled data set of 5 high-quality nationally representative panels— National Longitudinal Survey
of Youth 1979 and 1997, National Longitudinal Study of Adolescent Health, and Early Childhood
Longitudinal Study-Kindergarten cohorts of 1998 and 2011—constructed by the authors covering
1980-2016. Differences in obesity incidence across birth cohorts and disparities in obesity
incidence by sex and race/ethnicity (non-Hispanic Black, Hispanic, and non-Hispanic White) were
tested in multivariate models. Data were analyzed from September 2018 to October 2021.

Results: Obesity incidence increased by approximately 6% for each 1 year of age (hazard
ratio=1.06, 95% CI=1.05, 1.07); however, incidence was non-linear, exhibiting an inverted U-
shaped pattern before age 15 years and then rising from adolescence through age 30 years. Obesity
incidence more than doubled between the cohorts born in 1957-1965 and those born in 1974—
1985 during adolescence. There was no significant change among those born in 1991-1994 and
2003-2006 up to age 15 years. Compared with non-Hispanic White children, non-Hispanic Black
and Hispanic children had higher obesity incidence in all study cohorts. The magnitude of these
disparities on the relative scale remained stable throughout the study period.

Conclusions: Although many children become obese prior to age 10 years, obesity incidence
rises from about age 15 years into early adulthood, suggesting that interventions are required at
multiple developmental stages.

INTRODUCTION

Obesity levels have increased rapidly among U.S. children.1~* Between 1988-1994

and 2015-2018, the percentage of American children with obesity aged 2—-18 years
approximately doubled.>® Obesity during childhood and adolescence is associated with a
wide range of illnesses, negative social consequences, and poor academic performance.’-1°
Children and adolescents with obesity have a high likelihood of remaining obese long
term,16-21 what is termed “entrenched obesity,”?! elevating the risk of chronic disease and
mortality.22-26 Thus, prevention of obesity before it develops has been a foremost public
health priority.

Obesity prevalence, which is commonly reported to monitor obesity levels, does not provide
information on the actual ages of obesity onset, where prevention efforts could be tailored.
Rather, it offers a snapshot of existing obesity at specific ages or periods. Alternatively,

the age-specific obesity incidence identifies the age-based risks of becoming obese, thereby
informing developmentally appropriate interventions to prevent or at least delay obesity
onset. For instance, if the preschool years hold the highest risk, investments should be
disproportionately targeted to families with children in this age group; if incidence is highest
upon school entry or thereafter, school-based interventions could be preferable.

Studies measuring obesity incidence among U.S. children are few and have been restricted
in the ages and birth cohorts examined.2’-32 In a review, Cheung et al.32 counted only 3
studies of childhood obesity incidence among 19 that relied on nationally representative
data. The average follow-up length was 2.0 years. There exists minimal information on how
the age-specific incidence of obesity changes throughout childhood and adolescence within
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a birth cohort, and to what extent age-specific incidence is changing across birth cohorts
including changes by sex and race/ethnicity.

A limiting factor has been the lack of a nationally representative panel following children
from an early age into adulthood. To provide a comprehensive evaluation, 5 national
longitudinal (panel) studies of U.S. children, adolescents, and young adults were examined.
Collectively, cohorts born during 1957-2007 at ages 4-30 years were included, although not
all birth cohorts were observed at all ages. Changes in the age-specific incidence of obesity
within birth cohorts as they aged and differences in incidence across non-overlapping birth
cohorts at specific ages were investigated where the data permitted. Differences by sex and
race/ethnicity were also examined.

e

Data were from 5 national panel studies: National Longitudinal Survey of Youth 1979
(NLSY79) and 1997 (NLSY97), National Longitudinal Study of Adolescent Health
(ADDTH), Early Childhood Longitudinal Study-Kindergarten cohorts of 1998 (ECLS-
K:1998) and 2011 (ECLS-K:2011). These data sets have been described previously.33-40
The NLSY79 baseline wave was a stratified multistage cluster sample (/7=6,111) of U.S.
non-institutionalized civilians aged 14-21 years in 1979 (cohorts born during 1957-1965).
It collected data annually during 1979-1994 and biennially thereafter.3® Weight and height
data were available from 1981 onward. The baseline wave of NLSY 1997 was a stratified
multistage cluster sample (77=8,984) of youth aged 12-18 years in 1997 (cohorts born during
1979-1985).34:39 NLSY1997 was conducted annually during 1997-2011 and biennially
thereafter. The baseline wave was a stratified cluster sample (/7=20,745) of adolescents aged
11-21 in the 1994-1995 school year (cohorts born during 1974-1984). Follow-up waves
were in 1996, 2001, and 2007.3%40 The baseline waves of ECLS-K:1998 (/7=21,409) and
ECLS-K:2011 (/7=18,174) were stratified multistage cluster samples of American children
aged 3-7 years (birth cohorts 1991-1994 and 2003-2006, respectively).3” The percentage
of respondents participating in =1 follow-up wave was: 88.74% for ADDTH, 85.02% for
NLSY79, 73.28% for NLSY97, 82.84% for ECLS-K: 1998, and 82.60% for ECLS-K:2011.

All data sets were probability samples designed to be nationally representative at the time
of enrollment and will be representative for later years except for subsequent immigration
or emigration. One exception: Because the ECLS-K studies are school-based samples, the 4
year olds in ECLS-K were representative of 4-year-olds in school (kindergarten or higher),
which would not be representative of all 4-year-olds in the U.S. at the time, as most children
do not start kindergarten until age 5 years. These children were included in the study
because of interest in making inference about children at as young an age as possible.

Appendix Figure 1 shows the years and ages contained in the pooled data set. A total of
64,772 unique respondents aged 4—24 years at the initial wave of their respective study were
included. Respondents were followed for a total of 718,560 person-years.
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Height and weight were measured in ECLS-K: 1999, ECLS-K:2011, and the follow-up
waves of ADDTH and self-reported in NLSY79, NLSY97, and the baseline wave of
ADDTH. These data were adjusted in 3 ways. First, outliers were identified and removed
using Cook’s distance (575 outliers were detected). Second, self-reported values were
corrected for measurement error. Third, missing values were imputed and years where there
was no survey were conducted were interpolated.

Self-reported weight and height data were corrected using correction factors obtained from
an analysis of the 1999-2016 National Health and Nutrition Examination Survey, which
contains both self-reported and clinically measured height and weight for a subsample.
Calibration models in the National Health and Nutrition Examination Survey were fitted
predicting measured weight and height (separately) as a function of self-reported height and
weight by sex and race/ethnicity among those aged 16-30 years.#! Further details are in
Appendix 2.

In the NLSY79, height was asked in 1981-1982, 1985, and 2006-2016 (biennially). Height
was imputed using a linear interpolation for waves in which height was not collected.
NLSY97 did not ask about height in the last 2 waves (2013 and 2015) and height was

set in those waves to a value equal to the 2011 wave when all respondents were aged

>25 years. Using sequential imputation, BMI (kg/m?) was imputed for all survey waves in
instances when weight or height were missing or were eliminated owing to being an outlier
(collectively, 6.7% of person-year observations). Finally, BMI was linearly interpolated in
all non-survey years to complete the person-year cells of the data.

Obesity for respondents aged <17 years was defined as BMI =95th percentile of the sex-
specific BMI-for-age growth charts from the Centers for Disease Control and Prevention.42
Obesity for those aged =17 years was defined as a BMI =30 kg/m2. Appendix 3 summarizes
the thresholds by age.

The main outcome was obesity incidence defined as follows. A transition from a non-obese
to obese state was counted as an incident event if the respondent remained obese for 2
adjacent waves in order to reduce the influence of random fluctuations across the BMI
threshold. That is, a respondent was considered to experience an incident event at time ¢if
they were not obese at time 7— 1 and obese at both times fand ¢+ 1. In approximately 30%
of instances in which there was a non-obese to obese transition from #- 1 to £ obesity was
not observed in #1. Recurrent incident events for the same individual were permitted. Eight
percent of individuals experiencing 1 incident event experienced a subsequent event.

Models were adjusted for age, sex (female/male), and race/ethnicity (non-Hispanic White
[henceforth, White], non-Hispanic Black [Black], Hispanic). Because not all surveys
separated Whites from other non-Black races, for the purposes of data harmonization other
non-Black races were combined into the White category in instances in which they were
separated.
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Statistical Analysis

RESULTS

First, obesity incidence by age and birth cohort was graphed based on a discrete-time
semi-parametric survival analyses fitted using complementary log-log binary regressions.*3
A flexible parameterization of age was used by employing penalized cubic splines with
ridge regularization and &= 10 knots.

Second, complementary log-log regression models were employed to identify the hazard
ratios (HRs) associated with age, sex, race/ethnicity, and study. These models are akin to
estimating age/cohort models and identify patterns by age and birth cohort. In Model 1,
female and male participants were combined and birth cohort, sex, and race/ethnicity were
included as control variables. Models 2 (female) and 3 (male) were sex-stratified versions of
Model 1. Model 4 (female and male participants combined) was an interactive model, which
included 2-way interactions between birth cohort and age, birth cohort and sex, and birth
cohort and race/ethnicity. Model 4 provides tests of whether the HRs associated with age,
sex, and race/ethnicity have changed over birth cohorts.

All estimates, including HR model parameter estimates, were weighted using weights
supplied in each study. Variance estimates accounted for survey weights, clustering, and
stratification.** Baseline sample weights provided in each data set were used. The ADDTH
and NLSY97 data sets had overlapping age by cohort data for certain age cohorts between
1997 and 2007; sampling weights in these 2 combined data sets were down weighted by
the fraction of the total unweighted sample size in order to avoid “double counting” of
population estimates.*> All analyses were performed in R, version 3.6.3.

Unweighted descriptive characteristics are shown in Table 1. At initial wave, 49.40% were
female, 16.86% were Black, and 18.62% were Hispanic. Mean BMI was 19.58 kg/m? and
11.63% were obese at the initial wave.

Figure 1 shows obesity incidence expressed as a percentage by age and study based on the
semi-parametric model. Before age 15 years, incidence followed an inverted U-shape with
peak incidence at approximately age 9 years in the ECLS cohorts (those born in 1991-1994
and 2003-2006). The pattern suggests decreasing incidence in early adolescence and then
rising incidence from approximately age 15 years into early adulthood. In the NLSY97
(born 1979-1985) and ADDTH (1974-1984), obesity incidence approximately tripled from
2% at age 15 years to 5%—6% by age 30 years. For the earlier NSLY79 cohort (born 1979-
1985), incidence also increased with age, although the level of incidence was considerably
lower than in the NLSY97 (born 1979-1985) and ADDTH (1974-1984) cohorts.

Table 2 shows HRs of incident obesity. On average, incidence increased 6.00% (HR=1.060,
95% CI=1.061, 1.067) for each additional year of age and female participants had 9.9%
(HR=1.099, 95% CI=1.047, 1.155) higher incidence compared with male participants
(0<0.001) (Model 1). Blacks (HR=1.459, p<0.001) and Hispanics (HR=1.485, p<0.001)
had a higher incidence compared with Whites (Model 1). Among the study cohorts covering
adolescence and young adulthood (NLSY79, ADDTH, NLSY97), those in NLSY97 (born
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1979-1985) and ADDTH (born 1974-1984) had significantly (p<0.001) higher obesity
incidence (HR=2.256 and HR=2.185, respectively) compared with the NLSY79 cohort
(born: 1957-1967). Among the younger-aged study cohorts (ECLS-K:1998, ECLS-K:2011),
those in ECLS-K:2011 (born 2003-2006) had slightly lower incidence compared with those
in ECLS-K: 1998, but this comparison was not statistically significant at the p=0.05 level
(HR=0.985, p=0.712). Patterns for each sex (Models 2 and 3) did not differ markedly from
each other.

To evaluate changes over the studies, Table 3 shows study-specific HRs for age, sex,

and race/ethnicity. Male and female cohorts were combined. Comparisons of similar-aged
cohorts were investigated: ECLS-K: 1998 and ECLS-K:2011 for respondents aged <15 years
and NLSY79, NLSY97, and ADDTH for adolescents and young adults. Comparing birth
cohorts at similar ages, there were no statistically significant (p=0.05 threshold) differences
in the female-to-male ratio over the cohorts (e.g., the 95% Cls for the HRs for female
overlapped among NSLY79, NLSY97, and ADDHLTH as well as between ECLS98 and
ECLS11). Blacks and Hispanics had higher incidence relative to Whites in all cohorts. There
was no indication of widening race/ethnic disparities in the HRs over the study cohorts at
younger (ECLS-K: 1998, ECLS-K:2011) or older ages (NLSY79, ADDTH, NLSY97).

DISCUSSION

Three key findings emerged. First, obesity incidence changes in a highly non-linear pattern
by age, increasing from age 4 years, peaking at around age 9 years, and subsequently
declining until adolescence, after which it rises into young adulthood. Second, among
adolescents, obesity incidence more than doubled between the cohorts born in 1957-1965
and those born in 1974-1985. By contrast, there were no significant changes in incidence
among those born in 1991-1994 and 2003-2006 aged <15 years. Third, Blacks and
Hispanics, relative to Whites, had higher obesity incidence at all ages with no appreciable
changes in the disparities on the relative scale.

Van Cleave et al.28 analyzed the NLSY-Child Cohort of 1980-1988, reporting an incidence
of 1.7% for children aged 4.5-10.5 years in the U.S. Using the same data, Strauss and
Knight3! reported an incidence rate of 1.3%. For children aged 4-8 years, an incidence
rate of 1.4% was observed in 1999 and 1.0% in 2011. One study reported an adjusted
incidence rate of 6.4% for Americans aged 18-29 years, but that study was based on an
indirect assessment of incidence from the cross-sectional 2019 Behavioral Risk Factors
Surveillance System.#® The estimates in this age range from the ADDTH and NLSY97
ranged from approximately 2.5% to 6%. Cunningham and colleagues?’ reported that
incidence decreased from 5.4% during kindergarten (age 5-6 years) to 1.7% between fifth
and eighth grade (age 9-14 years). However, Cunningham et al. investigated the first onset
of obesity in children, whereas this study allowed for recurrence of incidence. Eight percent
of individuals experiencing an incident event had a recurrent event.

The shape of the incidence pattern observed here is likely a function of many social
and biological processes occurring across developmental stages. These estimates suggest
that incidence rises through the early schooling years. Datar and colleagues,*” using the
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ECLS-K:1998, found that the largest weight gain during the elementary school years

was between the first and third grade and this was most pronounced among Hispanics.
Although Datar et al., like this study, did not examine the reasons for this growth, the
pattern suggests that school-based exposures such as changes in dietary patterns due to the
influence of other children or being outside of the home for extended periods, combined
with insufficient physical activity throughout the school day, may be contributing factors.
After early childhood, the second increase in incidence by age began in early adolescence
and persisted into early adulthood. This rise may be precipitated in part to the onset of
puberty, which is associated with weight gain especially among girls,*8 and reinforced by
poor diet throughout the teenage and young adulthood years. The persistent disparities

by race/ethnicity are furthermore a function of many interacting social and behavioral
factors. The role of early-life factors in contributing to the higher levels of childhood
obesity among non-Hispanic Blacks and Hispanics has received considerable attention,49:50
particularly the roles of maternal depression, early introduction of solid foods, and low
levels of breastfeeding. Structural factors such as neighborhood environment, food deserts,
and racism are also thought to be important contributors.51:52

Using cross-sectional data, Ogden and colleagues® documented obesity prevalence trends
by age groups between 1999-2000 and 2017-2018, finding no significant trend in obesity
across cohorts during early childhood (age 2-5 years), but moderate increases between ages
6 and 8 years (15.8% to 19.3%) and more substantial ones in adolescence (16.0% to 20.9%).
Consistent with these snapshots, the findings in this study suggest little change in incidence
between cohorts born in the early 1990s and those born in the early 2000s between ages 4
and 7 years. There were sizeable increases between the 1957-1965 birth cohort and those
born in the 1970s and first half of the 1980s.

Earlier work has shown that Black and Hispanic adolescents, compared with White
adolescents, have higher incidence of transitioning to obesity and lower incidence of
transitioning from being obese to non-obese.27:31:53-56 The findings in this study indicate
that, on the relative scale, there has been no widening in racial/ethnic disparities in
incidence. With increasing obesity levels, however, stable relative differences over time
translate into wider absolute differences over time and are therefore consistent with
widening absolute racial/ethnic differences in obesity prevalence documented by Ogden
et al.*” Hispanic and non-Hispanic Black children represent a growing percentage of all
children, and if current patterns persist into the future, a larger share of American children
may become obese.

This study had limitations. No single study covered the entire analyzed age range. Data on
earlier cohorts at younger ages or more recent cohorts at older ages were not available.
Though all data sets were nationally representative of the U.S. population of a given
cohort at the time of enrollment (with the exception of those aged 4 years in the

ECLS-K data sets), there is no attempt to refresh a given panel with immigrants. Given
relatively low immigration rates for non-Hispanic Whites, there should be little impact on
representativeness of later waves of this group. For non-Hispanic Blacks and Hispanics,
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this exclusion may be of bigger concern. The share of the U.S. Black population that

is foreign-born has increased appreciably since the 1980s. In 2017, among non-Hispanic
Black children aged <18 years, 3% were foreign-born.>” Among Hispanic children aged <18
years, 11% were foreign-born in 2017. Foreign-born children generally have lower obesity
prevalence compared with native-born children®8 and therefore the estimates of obesity
incidence for the Hispanic population and to a lesser extent for the non-Hispanic Black
population may be an underestimate.

CONCLUSIONS

Although it is encouraging that the growth in obesity incidence over birth cohorts has
appeared to slow, a high proportion of children still become obese prior to their adolescence
in recent cohorts. Moreover, incidence rises nearly linearly between ages 15 and 30 years
—a span of 15 years—suggesting that successful preventive efforts targeting adolescents
and young adults can have a sizeable impact on overall obesity prevalence. Proximally,

high caloric intake, consumption of foods with poor nutritional value, and inadequate
physical activity are all likely contributors. However, intervening on a broad set of “distal”
determinants such as school policies (e.g., promotion of healthy foods/beverages, increasing
physical activity) and structural factors (e.g., improving access to maternal/infant care,
improving neighborhood environments, reducing discrimination) are critical.5%-80 Relatedly,
given persistent inequality in obesity incidence by sex and race/ethnicity (and the shifting
racial/ethnic composition across cohorts), this study further highlights the continued need
for culturally tailored programs for particularly vulnerable populations in this regard,
including girls, Hispanics, and Blacks. A priority for future research is to understand

how obesity dynamics may be mediated by other factors, such as SES and contextual
environments.
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Figure 1.

Hazard of incident obesity expressed as a percentage by birth cohort and age.
NLSY, National Longitudinal Survey of Youth 1979 and 1997; ADDTH, National
Longitudinal Study of Adolescent Health; ECLS, Early Childhood Longitudinal Study-

Kindergarten cohorts of 1998 and 2011.
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Table 1.
Unweighted Descriptive Statistics of the Pooled Data (n=64,772)
Characteristic Pooled NLSY79 ADDTH NLSY97 ECLS-K:1998 ECLS-K:2011
Birth cohorts, range 1957-2006 1957-1965 1974-1984 1979-1985 1991-1994 2003-2006
Sample size (% of pooled sample) ~ 64,772 (100) 5,849 (9.03) 18,414 (28.43) 8,528 (13.17) 18,995 (29.33) 12,986 (20.05)
Study years, range 1981-2016 1981-1994 1995-2007 1997-2014 1998-2007 2010-2016
Number of waves 43 10 4 16 6 7
Mean follow-up, years 8.74 9.22 10.65 14.00 6.50 5.66
Characteristics at Initial Wave
Age range, years 4-24 16-24 11-21 12-18 4-7 4-7
Mean age (SD) 10.66 (5.73) 19.51(2.24) 157 (1.74) 14.38 (1.49) 5.14 (0.41) 5.13 (0.41)
Mean BMI (SD) 19.58 (4.82)  23.02(3.65)  22.95(4.77)  22.09 (4.67)  16.27 (2.19) 16.43 (2.20)
Percentage obese (SD) 11.63(32.06) 5.40(22.61) 12.12(32.63) 11.73(32.17) 11.56 (31.97)  13.79 (34.48)
Percentage female 49.40 50.95 50.41 47.97 49.03 48.75
Percentage male 50.60 49.05 49.59 52.03 50.97 51.25
Percentage White 64.52 80.63 61.57 53.90 67.12 64.60
Percentage Black 16.86 12.24 21.48 20.19 14.96 13.00
Percentage Hispanic 18.62 7.13 16.95 25.90 17.93 22.40

Note: Total of 718,560 person-years of data. Racial categories Whites and Black are non-Hispanics.

NLSY, National Longitudinal Survey of Youth 1979 and 1997; ADDTH, National Longitudinal Study of Adolescent Health; ECLS, Early
Childhood Longitudinal Study-Kindergarten cohorts of 1998 and 2011.
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Tahle 2.

Hazard Ratios (HRs) of Incident Obesity Using the Pooled Data (n=64,772)

Characteristic

Total
Model 1
HR (95% CI)

Male
Model 2
HR (95% CI)

Female
Model 3
HR (95% CI)

Age
Sex
Male
Female
Birth cohort (birth year)
NLSY79 (1957-1967)
ADDTH (1974-1984)
NLSY97 (1979-1985)
ECLS-K:1998 (1991-1994)
ECLS-K:2011 (2003-2006)
Race
White
Black
Hispanic

Intercept

1.060 (1.054, 1.067)

1.000
1.099 (1.047,1.155)

1.000
2.256 (2.074, 2.455)
2.185 (2.002, 2.384)
3.459 (3.045, 3.928)
3.405 (2.957, 3.921)

1.000
1.459 (1.370, 1.553)
1.485 (1.398, 1.577)
0.012 (0.011, 0.013)

1.061 (1.051, 1.070)

1.000

1.000
2.359 (2.076, 2.680)
2.366 (2.077, 2.696)
4.381 (3.633, 5.283)
4.437 (3.615, 5.446)

1.000
1.218 (1.109, 1.337)
1.370 (1.257, 1.494)
0.011 (0.010, 0.013)

1.060 (1.051, 1.069)

1.000

1.000
2.174 (1.943, 2.431)
2.039 (1.813, 2.295)
2.738 (2.300, 3.261)
2.592 (2.130, 3.154)

1.000
1.711 (1.572, 1.863)
1.611 (1.480, 1.753)
0.013 (0.012, 0.015)

Note: Age has been centered at its grand mean. Racial categories Whites and Black are non-Hispanics. Total of 718,560 person-years of data.

NLSY, National Longitudinal Survey of Youth 1979 and 1997; ADDTH, National Longitudinal Study of Adolescent Health; ECLS, Early

Childhood Longitudinal Study-Kindergarten cohorts of 1998 and 2011.
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Table 3.

Hazard Ratios (HRs) From Models Including Interactions Between Study Cohort and Age, Sex, and Raee/
Ethnicity Using the Pooled Data (n=64,772)

Total Model 4
Characteristic HR (95% CI)
Age
NLSY79 (1957-1967) 1.112 (1.089, 1.137)
ADDTH (1974-1984) 1.050 (1.040, 1.061)

1duosnuen Joyiny 1duosnuey Joyiny
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NLSY97 (1979-1985)
ECLS-K:1998 (1991-1994)
ECLS-K:2011(2003-2006)

Sex

Female (ref: males)
NLSY79 (1957-1967)
ADDTH (1974-1984)
NLSY97 (1979-1985)
ECLS-K:1998 (1991-1994)
ECLS-K:2011(2003-2006)

Race/ethnicity

NH Blacks (ref: NH Whites)
NLSY79 (1957-1967)
ADDTH (1974-1984)
NLSY97 (1979-1985)
ECLS-K:1998 (1991-1994)
ECLS-K:2011(2003-2006)

Hispanics (ref: NH Whites)
NLSY79 (1957-1967)
ADDTH (1974-1984)
NLSY97 (1979-1985)
ECLS-K:1998 (1991-1994)
ECLS-K:2011(2003-2006)

1.058 (1.049, 1.067)
0.985 (0.968, 1.002)
1.166 (1.122, 1.212)

1.257 (1.079, 1.464)
1.169 (1.083, 1.262)
1.096 (1.004, 1.196)
0.809 (0.734, 0.892)
0.760 (0.664, 0.870)

1.631 (1.339, 1.986)
1.445 (1.321, 1.581)
1.367 (1.227, 1.524)
1.532 (1.338, 1.755)
1.374 (1.118, 1.688)

1.670 (1.287, 2.168)
1.261 (1.129, 1.410)
1.564 (1.418, 1.724)
1.499 (1.332, 1.687)
1.750 (1.509, 2.028)

Note: Model controls for main effects of study cohort, age sex, race/ethnicity. Total of 718,560 person-years of data.

1duosnuen Joyiny

NLSY, National Longitudinal Survey of Youth 1979 and 1997; ADDTH, National Longitudinal Study of Adolescent Health; ECLS, Early
Childhood Longitudinal Study-Kindergarten cohorts of 1998 and 2011.
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