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OVER THE PAST 30 YEARS, THE

prevalence of chronic con-
ditions in children and
adolescents has increased,1

particularly for asthma,2 obesity,3 and
behavior/learning problems (eg, atten-
tion-deficit/hyperactivity disorder).4

There have also been changes in rates
of rarer conditions, such as sequelae of
prematurity,5 neonatal human immu-
nodeficiency virus 1 infections,6 and
Down syndrome,7 due to advances in
treatment and prenatal care. Children
with cystic fibrosis and sickle cell ane-
mia now survive longer.8 These in-
creases raise important questions con-
cerning the course of chronic conditions
over time: what are the collective inci-
dence, persistence, and remission rates?

In this analysis, we examined fluc-
tuations in having a chronic health con-
dition over time. The phrase chronic con-
dition might imply permanence. Yet
conditions change over time because of
new treatments, environmental fac-
tors, and a child’s development, in ad-
dition to the nature of the condition it-
self. Understanding prevalence and
dynamics of chronic conditions on a na-
tional scale is important when design-
ing health policy, making accurate
clinical predictions, and targeting inter-
ventions to prevent chronic condi-
tions. Because demographic variables are
associated with prevalence of many con-
ditions, as well as mitigating or causal
factors (eg, health care access and en-

vironmental exposures),1 understand-
ing these changes among population
subgroups can lead to intervention strat-
egies to reduce disparities.

One previous study, using data from
the 1960s to examine changes in hav-
ing a chronic health condition over
time, found that half of children with
a chronic condition at the end of the
study had been classified as having the
condition at the beginning, and vice
versa.9 Since then, the epidemiology of
chronic conditions in children has

changed considerably, with a rise in
overweight/obesity and mental health
conditions. Furthermore, advances
since 1960 in diagnosis and treatment
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Context Rates of obesity and other childhood chronic conditions have increased over
recent decades. Patterns of how conditions change over time have not been widely
examined.

Objective To evaluate change in prevalence of obesity and other chronic condi-
tions in US children, including incidence, remission, and prevalence.

Design, Setting, and Participants Prospective study using the National Longi-
tudinal Survey of Youth–Child Cohort (1988-2006) of 3 nationally representative co-
horts of children. Children were aged 2 through 8 years at the beginning of each study
period, and cohorts were followed up for 6 years, from 1988 to 1994 (cohort 1, n=2337),
1994 to 2000 (cohort 2, n=1759), and 2000 to 2006 (n=905).

Main Outcome Measures Parent report of a child having a health condition that
limited activities or schooling or required medicine, special equipment, or specialized health
services and that lasted at least 12 months. Obesity was defined as a body mass index at
or above the 95th percentile for age. Chronic conditions were grouped into 4 categories:
obesity, asthma, other physical conditions, and behavior/learning problems.

Results The end-study prevalence of any chronic health condition was 12.8% (95%
confidence interval [CI], 11.2%-14.5%) for cohort 1 in 1994, 25.1% (95% CI, 22.7%-
27.6%) for cohort 2 in 2000, and 26.6% (95% CI, 23.5%-29.9%) for cohort 3 in
2006. There was substantial turnover in chronic conditions: 7.4% (95% CI, 6.5%-
8.3%) of participants in all cohorts had a chronic condition at the beginning of the
study that persisted to the end, 9.3% (95% CI, 8.3%-10.3%) reported conditions at
the beginning that resolved within 6 years, and 13.4% (95% CI, 12.3%-14.6%) had
new conditions that arose during the 6-year study period. The prevalence of having a
chronic condition during any part of the 6-year study period was highest for cohort 3
(51.5%; 95% CI, 47.3%-55.0%), and there were higher rates among male (adjusted
odds ratio [AOR], 1.24; 95% CI, 1.07-1.42), Hispanic (AOR, 1.36; 95% CI, 1.11-
1.67), and black (AOR, 1.60; 95% CI, 1.35-1.90) youth.

Conclusions Prevalence of chronic conditions among children and youth increased
from 1988 to 2006. However, presence of these conditions was dynamic over each
6-year cohort.
JAMA. 2010;303(7):623-630 www.jama.com
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of other conditions may affect current
persistence and remission rates. We
therefore update this work with re-
cent, nationally representative data and
include obesity and behavior/learning
problems. We estimated changes in
prevalence, incidence, and rates of re-
mission of broad categories of condi-
tions using 3 consecutive cohorts of
children. We also examined preva-
lence of having a condition during any
part of the 6-year study period among
these cohorts.

We asked the following questions:
did prevalence of chronic conditions in-
crease or decrease among cohorts over
time and between same-aged cohorts
measured 6 years apart? To what de-
gree do chronic conditions persist, re-

mit, and develop over time? Did the
prevalence of chronic conditions dur-
ing any part of the 6-year study period
vary with sex, race/ethnicity, poverty,
maternal educational attainment, or ma-
ternal obesity?

METHODS
We analyzed 3 cohorts of children born
to women in the National Longitudi-
nal Survey of Labor Market Experi-
ence, Youth Cohort (NLSY) (http:
//www.bls.gov/nls/nlsy79.htm). This
ongoing survey collects annual data
from a national probability sample of
12 686 youth aged 14 through 21 years
in 1979 regarding their health, educa-
tion, and employment, oversampling for
racial/ethnic minority and economi-
cally disadvantaged white subjects. Of
the original sample, 90% were inter-
viewed in 1988 and 81% in 2000, and
56% of the original sample completed
every annual survey from 1978 through
2006. In 1986, data collection ex-
tended to children of female partici-
pants, collected every 2 years. Chil-
dren’s eligibility required that they lived
primarily with their mothers, and their
mothers were interviewed in the same
year. Until 2006, child-centered inter-
views were completed separately from
mothers’ interviews. The response rates
for the child-centered interviews var-
ied from 90% of eligible children in
1998 to 99% in 2006.

Interviews were typically con-
ducted in the home by trained field staff.
Verbal consent was obtained from
mothers at each interview. The insti-
tutional review board at the Harvard
School of Public Health deemed this
study exempt from review.

This study focuses on 3 cohorts of
children born to women in the NLSY.
Cohort 1 includes children aged 2
through 8 years in 1988; cohort 2 in-
cludes children aged 2 through 8 years
in 1994; and cohort 3 includes chil-
dren aged 2 through 8 years in 2000.
Each cohort was followed up for 6 years
until ages 8 through 14 years in 1994
(cohort 1), 2000 (cohort 2), and 2006
(cohort 3). We included only children
with complete health and measure-

ment data for all biennial surveys dur-
ing each study period (68% of all chil-
dren surveyed during the first year of
each study period). No child was in
more than 1 cohort. Since all children
had mothers who were aged 14 through
21 years in 1979, mothers of children
in later cohorts were older.

Chronic Conditions

At each biennial interview, mothers
were asked whether children had
any physical, emotional, or mental
condition that prevented him or her
from attending school regularly, doing
regular school work, or doing usual
childhood activities or that required
frequent attention or treatment from
a doctor or other health professional,
regular use of any medication, or use of
special equipment. Mothers were then
asked what conditions the child had
and how long (number of years, or
less than 1 year) the child had had the
condition. Conditions were recorded
verbatim and coded by the interviewer.

Because some conditions are rare, we
categorized conditions into 4 groups:
asthma, obesity, other physical condi-
tions, and behavior/learning problems
(BOX). Categories were not mutually
exclusive: if a child had both asthma
and seizure disorder, then she or he
would be categorized as having asthma
and other physical condition (seizure
disorder). A condition was considered
chronic if it lasted for at least 12
months. Obesity was defined as a body
mass index (BMI), which was calcu-
lated as weight in kilograms divided by
height in meters squared, at or above
the age- and sex-specific 95th percen-
tile.10 Measurements were usually ob-
tained by in-home interviewers with a
scale and tape measure (eg, 83% of
heights, 73% of weights in 1990; 74%
of heights, 68% of weights in 2000); for
others, parents reported the measure-
ment. We also created a variable that
identified children having a condition
in any of the 4 subgroups.

Other Variables

We included several socioeconomic and
demographic variables that we hypoth-

Box. Specific Chronic
Conditions Categorized as
Behavior/Learning Problems
and Other Physical
Conditions

Behavior and learning problems:

Learning disability

Minimal brain dysfunction

Minimal cerebral dysfunction

Attention-deficit disorder

Hyperkinesis

Hyperactivity

Mental retardation

Serious emotional disturbance

Chronic nervous disorder

Other physical conditions:

Respiratory disorder (other than
asthma)/sinus infections

Speech impairment

Serious difficulty hearing

Serious difficulty seeing

Allergic condition

Crippled, orthopedic handicap

Heart trouble

Chronicearproblems/earinfections

Blooddisorderorimmunedeficiency

Epilepsy or seizures

Other condition
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esized may be related to rates of chronic
conditions and obesity, based on pre-
vious work.11-13 We included child age,
sex, and maternal education (�12 years
or �12 years of school). Although child
race/ethnicity was unavailable, we used
mother’s race/ethnicity (black, His-
panic, or non-Hispanic white, as-
signed by surveyors based on the 1978
household screening data) as a proxy.
Poverty level was defined as family in-
come at the beginning of each study pe-
riod (�100% or �100% of the federal
poverty level)14 and was missing for
16% of participants. Maternal obesity
was defined as BMI at or above 30, de-
rived from self-reported height and
weight at the beginning of each co-
hort period.

Data Analysis

We used NLSY-provided weights to cal-
culate means and proportions to rep-
resent children aged 2 through 8 years
born to women who were aged 14
through 21 years in 1979 in the United
States. We used a unique maternal iden-
tifier as the primary sampling unit to
take into account clustering of obser-
vations within families. Data analysis
was performed using SAS version 6
(SAS Institute, Cary, North Carolina)
and Stata version 10 (StataCorp, Col-
lege Station, Texas).

We calculated prevalence of any
chronic condition and of conditions in
the 4 subgroups (asthma, other physi-
cal condition, behavior/learning prob-
lem, and obesity) in the first and last
year for all cohorts grouped together
and for each cohort individually. Next,
for any chronic condition and sub-
groups, we calculated incidence, per-
sistence (proportion of children ini-
tially with a chronic condition who also
had the condition at end of the study
period), and “new cases” (proportion
of conditions reported in the final year
of each study period that were not
present at the beginning). Estimations
of behavior/learning problems were per-
formed only for all cohorts combined
because of small cell sizes for indi-
vidual cohorts. Using data from each bi-
ennial data collection during the study

periods, we then calculated the preva-
lence of having a chronic condition dur-
ing any part of the 6-year study period
for any chronic condition and subcat-
egories of conditions for all cohorts.

We used �2 tests to compare differ-
ences in prevalence, incidence, persis-
tence, new cases, and prevalence of
having a chronic condition during
any part of the 6-year study period
between consecutive cohorts. A
McNemar test (paired �2 test using
the Yates correction) was used to esti-
mate significance when evaluating
changes in prevalence over time
within cohorts. Finally, we examined
the association between sociodemo-
graphic variables (child age, sex, race/
ethnicity, maternal obesity, maternal
education, poverty) and prevalence of
having a chronic condition during
any part of the 6-year study period in
multivariate logistic regression mod-
els that included all participants. To
account for missing poverty data, we
used UVIS (univariate imputation
sampling) in Stata version 10,15 which
imputes a variable using logit regres-
sion with sociodemographic variables
having significant statistical associa-
tion with nonmissing poverty data

(child age, maternal obesity, maternal
education, and race/ethnicity). All P
values are 2-tailed. To account for
multiple comparisons, P values of
�.01 were considered significant. To
account for cohort ef fects , we
included a variable that designated
the cohort in these models.

For sensitivity analyses, we sepa-
rately performed the described analy-
sis including only those with objec-
tively measured height and weight and
including only those with nonmissing
poverty data.

RESULTS
Data were available for 2337 children
in cohort 1, 1759 children in cohort 2,
and 905 children in cohort 3 and their
mothers (TABLE 1). Differences in race
and poverty status among the cohorts
largely reflect the age shift of mothers
of the NLSY such that mothers of the
children in cohorts 2 and 3 were pro-
gressively older than those in cohort 1.
Rates of maternal obesity increased with
each cohort (cohort 1, 15.6%; 95% con-
fidence interval [CI], 13.6%-17.9%; co-
hort 2, 22.0%; 95% CI, 19.4%-24.9%;
cohort 3, 24.9%; 95% CI, 21.4%-
28.6%).

Table 1. Baseline Characteristics of Children and Youth Aged 2 Through 8 Years in
Longitudinal Cohorts in 1988, 1994, and 2000a

Cohort 1
(n = 2337)b

Cohort 2
(n = 1759)b

Cohort 3
(n = 905)b

Age of child, mean (SD), yc 4.40 (1.83) 4.51 (1.60) 4.94 (1.49)

Age of mother, mean (SD), yc 27.6 (2.5) 32.9 (2.2) 38.3 (1.8)

Female sex, % (95% CI) 50.3 (47.8-52.7)
n = 1156

48.4 (45.7-51.0)
n = 902

49.0 (45.6-52.4)
n = 451

Ethnicity, % (95% CI)
Non-Hispanic white 72.6 (70.4-74.7)

n = 1020
84.0 (82.2-85.7)

n = 1028
83.8 (81.3-86.1)

n = 589

Black 18.6 (16.9-20.4)
n = 789

11.0 (9.6-12.5)
n = 444

10.6 (8.9-12.7)
n = 190

Hispanic 8.8 (7.8-10.1)
n = 528

5.0 (4.2-5.9)
n = 287

5.6 (4.3-7.2)
n = 126

Mothers with �12 y of
education, % (95% CI)c

28.4 (25.7-31.3)
n = 610

49.9 (46.5-53.2)
n = 806

62.9 (58.6-67.0)
n = 530

Household poverty (�100%
FPL), % (95% CI)c

25.1 (22.7-27.6)
n = 791

13.1 (11.2-15.2)
n = 342

12.0 (9.6-14.8)
n = 152

Maternal obesity, % (95% CI)c 15.6 (13.6-17.9)
n = 426

22.0 (19.4-24.9)
n = 455

24.9 (21.4-28.6)
n = 251

Abbreviations: CI, confidence interval; FPL, federal poverty level.
aAll estimates weighted to nationally represent US children born to mothers who were 14 through 21 years old in 1979.

Numbers are unweighted samples.
bChildren were aged 2 through 8 years in their respective study periods: 1988 for cohort 1, 1994 for cohort 2, and 2000

for cohort 3.
cMeasured in the first year of the cohort study (in 1988 for cohort 1, 1994 for cohort 2, 2000 for cohort 3).
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Prevalence, Incidence, Persistence,
and New Cases
Prevalence of any chronic condition, in-
cluding obesity, increased with subse-
quent cohorts (TABLE 2). The baseline
prevalence for cohort 2 (16.6%; 95% CI,
14.6%-18.8%) and cohort 3 (25.2%;
95% CI, 22.0%-28.7%) was higher com-
pared with cohort 1 (11.2%; 95% CI,
9.7%-12.8%; P � .001). Within-
cohort differences between baseline and
end-study prevalence of having any

chronic condition were seen for co-
hort 1 (baseline, 11.2%; 95% CI, 9.7%-
12.8%; end-study, 12.8%; 95% CI,
11.2%-14.5%; P= .01) and cohort 2
(baseline, 16.6%; 95% CI, 14.6%-
18.8%; end-study, 25.1%; 95% CI,
22.7%-27.6%; P� .001) but not for co-
hort 3 (baseline, 25.2%; 95% CI, 22.0%-
28.7%; end-study, 26.6%; 95% CI,
23.5%-29.9%; P=.44).

Having a chronic condition was dy-
namic over time. Combining all co-

horts, 16.6% (95% CI, 15.3%-18.0%)
of children had any chronic condition
at baseline. At the end of the study pe-
riod, 20.8% (95% CI, 19.4%-22.3%) re-
ported a chronic condition. However,
only 7.4% (95% CI, 6.5%-8.3%) of all
children reported a chronic condition
both at baseline and at the end of the
study period; 13.4% (95% CI, 12.3%-
14.6%) of participants represented new
cases. For 9.3% of children (95% CI,
8.3%-10.3%), a chronic condition was

Table 2. Weighted Prevalence, Incidence, Percentage of New Cases, and Persistence of Chronic Conditionsa

Cohort/Chronic
Condition

% (95% Confidence Interval)

BL Prevalence
P

Valueb ES Prevalence
P

Valueb
P Value vs BL of

Same Cohort
Incidence

During Study
P

Valueb New Casesc
P

Valueb
Persisting

Conditionsd
P

Valueb

All cohorts (n = 5001)
Chronic

condition
(any)

16.6 (15.3-18.0)
n = 858

20.8 (19.4-22.3)
n = 1069

�.001 16.1 (14.7-17.5)
n = 667

77.3 (74.5-80.1)
n = 884

37.6 (33.8-41.6)
n = 351

Asthma 2.0 (1.6-2.6)
n = 119

3.6 (3.1-4.3)
n = 195

�.001 2.9 (2.3-3.5)
n = 145

76.7 (68.4-85.4)
n = 145

42.4 (31.6-54.0)
n = 50

Other physical
condition

3.9 (3.3-4.7)
n = 170

5.7 (4.9-6.6)
n = 235

�.001 4.6 (3.9-5.4)
n = 184

77.3 (70.7-82.8)
n = 184

32.9 (25.4-41.4)
n = 51

Obesity 11.9 (10.8-13.1)
n = 611

13.3 (12.1-14.5)
n = 721

�.001 10.1 (9.0-11.2)
n = 467

66.7 (62.4-70.7)
n = 467

37.2 (32.7-42.0)
n = 254

Behavior/learning
probleme

1.0 (0.7-1.4)
n = 48

4.7 (4.0-5.4)
n = 221

�.001 4.2 (3.6-5.0)
n = 202

89.9 (83.9-93.8)
n = 202

45.5 (28.9-62.1)
n = 19

Cohort 1 (n = 2337)f
Chronic

condition
(any)

11.2 (9.7-12.8)
n = 285

12.8 (11.2-14.5)
n = 334

.01 9.7 (8.2-11.5)
n = 216

79.8 (75.1-84.6)
n = 312

32.1 (25.9-38.9)
n = 106

Asthma 1.6 (1.1-2.3)
n = 49

3.1 (2.3-4.1)
n = 80

.002 2.5 (1.8-3.4)
n = 61

78.0 (64.1-87.5)
n = 61

42.3 (25.7-60.9)
n = 19

Other physical
condition

3.1 (2.3-4.1)
n = 63

2.3 (1.6-3.1)
n = 43

.31 1.6 (1.0-2.4)
n = 35

67.2 (50.1-80.6)
n = 35

24.2 (14.0-38.5)
n = 18

Obesity 7.0 (5.9-8.3)
n = 187

8.3 (7.0-9.7)
n = 225

.03 6.5 (5.3-7.9)
n = 157

73.2 (65.4-79.8)
n = 157

31.5 (24.0-40.1)
n = 68

Cohort 2 (n = 1759)f
Chronic

condition
(any)

16.6 (14.6-18.8)
n = 324

�.001 25.1 (22.7-27.6)
n = 475

�.001 �.001 20.4 (18.1-23.0)
n = 306

�.001 79.7 (75.8-83.6)
n = 393

.97 42.1 (35.8-48.7)
n = 151

.04

Asthma 1.8 (1.2-2.7)
n = 43

.65 4.5 (3.5-5.8)
n = 82

.05 �.001 3.7 (2.8-4.9)
n = 61

.06 80.6 (68.0-89.0)
n = 61

.75 47.9 (29.5-66.9)
n = 21

.69

Other physical
condition

4.1 (3.1-5.4)
n = 63

.13 7.7 (6.3-9.4)
n = 118

�.001 �.001 6.3 (5.0-7.9)
n = 97

�.001 78.6 (64.9-76.2)
n = 97

.18 40.1 (27.3-54.3)
n = 21

.12

Obesity 12.3 (10.6-14.3)
n = 241

�.001 16.9 (14.9-19.2)
n = 335

�.001 �.001 13.7 (11.7-15.4)
n = 224

�.001 70.8 (64.9-76.2)
n = 224

.42 40.1 (32.8-47.8)
n = 111

.13

Cohort 3 (n = 905)f
Chronic

condition
(any)

25.2 (22.0-28.7)
n = 249

�.001 26.6 (23.5-29.9)
n = 260

.44 .54 20.4 (17.2-24.0)
n = 145

.98 71.3 (65.1-77.5)
n = 179

.02 36.7 (30.2-43.9)
n = 94

.26

Asthma 2.9 (1.8-4.6)
n = 27

.10 3.1 (2.1-4.6)
n = 33

.11 .43 2.1 (1.4-3.3)
n = 23

.03 66.1 (45.4-81.9)
n = 23

.26 37.0 (20.6-57.2)
n = 10

.44

Other physical
condition

5.0 (3.6-6.9)
n = 44

.38 8.0 (6.2-10.3)
n = 64

.81 .04 6.7 (5.0-8.9)
n = 52

.81 79.9 (67.3-88.4)
n = 52

.82 32.2 (18.8-49.3)
n = 12

.46

Obesity 19.0 (16.2-22.3)
n = 183

�.001 15.8 (13.2-18.9)
n = 161

.43 .13 10.6 (8.3-13.4)
n = 86

.06 54.4 (45.3-63.1)
n = 86

.003 37.8 (30.3-46.2)
n = 75

.69

Abbreviations: BL, baseline; ES, end study.
aPercentages will not necessarily sum to 100 because of differing denominators.
bP value vs previous cohort.
cPercentage of end-study new cases is the number of children who had the condition at the end of the study period who did not report the condition at study entry divided by the total

number of children who reported a condition at the end of the study period.
dPercentage of conditions present at baseline that persisted is the number of children who reported the condition at study entry who also reported condition at the end of the study period

divided by the total number of children with the condition at study entry.
eFor individual cohorts, analysis of behavior/learning problems was not performed because of small cell sizes.
fChildren were aged 2 through 8 years in their respective study periods: 1988 for cohort 1, 1994 for cohort 2, and 2000 for cohort 3.
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reported at baseline but remitted by the
study’s end.

Similar to patterns for all chronic
conditions, there was substantial
change within individuals having or
not having subcategory conditions
(Table 2). The prevalence of asthma
and behavior/learning problems was
higher at the end of the study periods
compared with basel ine for al l
cohorts combined (asthma: baseline,
2.0%; 95% CI, 1.6%-2.6%; end-study,
3.6%; 95% CI, 3.1%-4.3%; behavior/
learning problems: baseline, 1.0%;
95% CI, 0.7%-1.4%; end-study, 4.7%;
95% CI, 4.0%-5.4%; P� .001). For all
cohorts, 42.4% (95% CI, 31.6%-
54.0%) of children with asthma and
45.5% (95% CI, 28.9%-62.1%) of
children with behavior/learning
problems at the beginning of the
study reported them 6 years later.

For obesity, the baseline prevalence
increased substantially over time, with
cohort 2 (12.3%; 95% CI, 10.6%-
14.3%) and cohort 3 (19.0%; 95% CI,
16.2%-22.3%) higher compared with
cohort 1 (7.0%; 95% CI, 5.9%-8.3%;
P� .001). Also, prevalence increased
over time in cohort 2 (end-study,
16.9%; 95% CI, 14.9%-19.2%; P� .001)
but not in cohort 3 (end-study, 15.8%;
95% CI, 13.2%-18.9%, P=.13). Among-
cohort differences in prevalence at the
end of the study, compared with the
previous cohort, were seen in cohort 2
(P� .001) but not in cohort 3 (P=.44).
For all cohorts, 37.2% (95% CI, 32.7%-
42.0%) of children with obesity at the
beginning of the study were so classi-
fied 6 years later.

Although no significant change was
found over time in the prevalence of
other physical conditions within co-
hort 1 (baseline, 3.1%; 95% CI, 2.3%-
4.1%; end-study, 2.3%, 95% CI, 1.6%-
3.1%; P=.31), rates increased over time
within cohort 2 (baseline, 4.1%, 95%
CI, 3.1%-5.4%; end-study, 7.7%, 95%
CI, 6.3%-9.4%; P� .001).

The prevalence of having a chronic
condition during any part of the 6-year
study period increased approximately
10% with each cohort, with 51.5% (95%
CI, 47.3%-55.0%) of cohort 3 report-

ing a chronic condition during the most
recent study period (FIGURE). In-
creases in obesity and other physical
conditions largely drove this increase
across the 3 cohorts.

Association With
Sociodemographic Characteristics

Greater odds of the prevalence of hav-
ing a chronic condition during any part
of the 6-year study period were found
among black children (46.6%; 95% CI,
43.6%-49.7%) and Hispanic children
(42.3%; 95% CI, 38.4%-46.3%) com-
pared with non-Hispanic white chil-
dren (36.8%; 95% CI, 34.7%-38.9%)
(adjusted odds ratio [AOR], 1.60; 95%
CI, 1.35-1.90, and AOR, 1.36; 95% CI,
1.11-1.67, respectively) (TABLE 3). The
higher odds of prevalence of asthma and
obesity among ethnic minority chil-
dren contributed to these differences,
although ethnic minority children were
less likely to have reported other physi-
cal conditions and behavior/learning
problems. We found associations be-
tween maternal obesity and having any
chronic condition and all subcatego-
ries of conditions; this association was
strongest for child obesity (42.1%; 95%
CI, 38.2%-46.1%, vs 23.3%; 95% CI,

21.6%-25.1%, of children with moth-
ers who were not obese) (AOR, 2.07;
95% CI, 1.70-2.51). There was also an
association between male sex and
prevalence of having a condition dur-
ing any part of the 6-year study period
for all conditions except obesity.

Sensitivity analyses with objective
height and weight data and nonmiss-
ing poverty data were consistent with
the main findings (eTable 1 and
eTable 2, available at http://www.jama
.com).

COMMENT
In our analysis of 3 nationally repre-
sentative cohorts of children, we ex-
amined changes in the incidence, rates
of remission, and prevalence of obe-
sity and other chronic conditions at any
time in 6 years. We offer 3 key find-
ings. First, there was a high preva-
lence of having a chronic condition dur-
ing any part of the 6-year study period.
Second, this prevalence increased with
each subsequent cohort. Third, the
presence of a chronic condition was dy-
namic over time, with much variation
in the persistence of conditions.

This study complements recent work
documenting the increasing inci-

Figure. Prevalence of Any Chronic Condition and Subgroups of Conditions During Any Part
of the 6-Year Study Period for Cohorts 1, 2, and 3
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For the prevalence of any condition and for the subgroups obesity and other physical condition, P� .001 for
group comparison among cohorts. For asthma, P=.01 for group comparison among cohorts. For behavior/
learning problem, P=.07 for group comparison among cohorts. Other physical conditions included respiratory
disorders (other than asthma) and sinus infections, speech impairments, serious difficulties hearing, serious
difficulties seeing, allergic conditions, crippled or orthopedic handicaps, heart trouble, chronic ear problems or
ear infections, blood disorders or immune deficiency, epilepsy or seizures, or other conditions.
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dence and prevalence of chronic con-
ditions, especially asthma2 and over-
weight/obesity.3,16 Our study is among
the first to examine increasing preva-
lence of chronic conditions in a co-
hort over time in the United States and
to document the patterns of change in
chronic conditions in different co-
horts over several years. It also is con-
gruent with work by Jessop and Stein,9

who analyzed survey data from 1963 to
1970, and Neff et al,17 who analyzed
claims data from a large health in-
surer. Both studies found similar pat-
terns of remission of conditions over
time.

We found that prevalence of a
chronic condition at any point during
the study period was very high and in-
creased over time. Among cohort 3,
51.5% of 8- through 14-year-olds at one
point in the 6-year study period re-
ported a chronic condition compared
with 27.8% in cohort 1. Others report
similar changes in prevalence over the
past 2 decades in childhood obe-
sity,3,16 asthma,2,18 and diagnoses of neu-
robehavioral disorders,4 especially au-
tism.19

Many factors may have contrib-
uted, including environmental changes,
which may affect rates of chronic res-

piratory conditions46 and obesity,47 bet-
ter survival rates of conditions such as
prematurity,5 and the development of
“late effects” of some treatments, such
as chemotherapy.34 Medicaid expan-
sions and the State Children’s Health
Insurance Plan (S-CHIP) increased ac-
cess to health care during the time this
study was conducted,48,49 and chil-
dren in later cohorts would have had
greater opportunities for diagnosis and
ongoing treatment of their chronic con-
ditions. This may be especially true for
less severe conditions that rarely flare
to the point of needing emergent care.
The push for increased surveillance for
behavior/learning problems in chil-
dren may have identified cases that
would have previously gone undiag-
nosed. For some behavior/learning
problems, patients qualify for thera-
pies only with a diagnosis; thus, diag-
nosis may be influenced by pursuit of
treatment.

A surprising finding is that many
children with a reported chronic con-
dition at ages 2 through 8 years did not
have the condition 6 years later. Addi-
tionally, most chronic conditions at the
end of each study period represented
new conditions that developed in the
previous 6 years. This dynamism chal-

lenges the notion that chronic condi-
tions persist without change. Al-
though having a chronic condition in
childhood is a risk factor for having the
same chronic condition later, many
chronic conditions appear to remit for
a significant period before relapsing or
resolve completely. After cancer treat-
ment, a child may no longer fit criteria
for having a chronic condition, al-
though late effects can result in other
conditions.34 Many young children with
developmental delay receive therapy
during critical years before catching
up.35,36 A child’s natural development
helps resolve conditions such as chronic
constipation. For conditions where
symptoms wax and wane, mild cases
may be more common and likelier to
remit, while severe cases may per-
sist.17 This cycling is distinct from
patterns of chronic conditions in adults,
where conditions present later in life
and persist, and represents in part
differences in epidemiology and devel-
opment in children compared with
adults.20

Our finding of limited persistence of
asthma complements findings from ear-
lier studies. In a study following up chil-
dren from birth to puberty, more than
50% with wheezing before age 4 years

Table 3. Weighted Adjusted Odds Ratios of Prevalence of Having a Chronic Condition or Subcategory of Condition During Any Part of the
6-Year Study Perioda

Cohorts 1, 2, and 3
(n = 5001)

Prevalence During Any Part of the 6-y Study Period, AOR (95% CI)a

Any Condition
(n = 1959)

Asthma
(n = 362)

Other Physical Condition
(n = 548)

Behavior/Learning
Problem
(n = 317)

Obesity
(n = 1429)

Age, continuous 0.95 (0.91-0.99) 1.02 (0.94-1.11) 1.15 (1.08-1.22) 1.13 (1.04-1.23) 0.85 (0.81-0.89)

Male sex 1.24 (1.07-1.42)
n = 1025

1.59 (1.23-2.05)
n = 218

1.52 (1.23-1.87)
n = 324

2.96 (2.18-4.02)
n = 238

1.06 (0.91-1.24)
n = 712

Race/ethnicity
Black 1.60 (1.35-1.90)

n = 628
1.59 (1.17-2.17)

n = 132
0.59 (0.45-0.77)

n = 117
0.74 (0.42-0.95)

n = 84
2.04 (1.69-2.46)

n = 504

Hispanic 1.36 (1.11-1.67)
n = 379

1.46 (1.02-2.01)
n = 77

0.73 (0.53-0.99)
n = 78

0.63 (0.49-0.95)
n = 51

1.58 (1.27-1.97)
n = 289

Maternal BMI �30 1.96 (1.63-2.36)
n = 611

1.46 (1.07-1.99)
n = 118

1.56 (1.20-2.03)
n = 160

1.74 (1.27-2.40)
n = 106

2.07 (1.70-2.51)
n = 485

Maternal education �12 y 0.85 (0.71-1.00)
n = 789

0.93 (0.68-1.27)
n = 142

1.15 (0.91-1.46)
n = 261

0.67 (0.49-0.91)
n = 98

0.75 (0.62-0.91)
n = 550

Household poverty �100% FPL 1.00 (0.82-1.20)
n = 513

1.12 (0.81-1.56)
n = 111

0.98 (0.73-1.32)
n = 111

1.64 (1.15-2.32)
n = 96

0.99 (0.80-1.22)
n = 391

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; FPL, federal poverty level.
aAdjusted for age per 1-year increase, sex (reference category, female), race/ethnicity (reference, non-Hispanic white), maternal obesity (reference, maternal BMI �30), maternal edu-

cation (reference, �12 years), poverty status (reference, �100% FPL), and cohort group using logistic regression, taking into account sample weights and clustering of observations
within families.
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had no wheezing at age 6 years2; among
cases of persistent asthma before pu-
berty, 40% remitted following pu-
berty.21 In other longitudinal, popula-
tion-based studies, more than half of
cases of mild asthma resolved.22,23

Fluctuations over time for obesity are
also noteworthy. Although past re-
ports emphasized that obesity in child-
hood predicts obesity later in life,24,25

recent studies highlight individual vari-
ability of obesity during childhood.
Robbins et al26 followed up children
aged 3 through 7 years in Philadel-
phia health centers, and although preva-
lence of obesity did not change after 2
years, a substantial minority changed
classification. Studies of older chil-
dren found less movement.27,28 Nota-
bly, in our study, prevalence of obe-
sity did not change from 2000 to 2006.
This is likely due to the decrease in new
cases at the end of the study among chil-
dren in cohort 3 compared with co-
hort 2 and is consistent with previous
reports of flattening childhood obe-
sity rates in recent years.29

Previous longitudinal studies of chil-
dren with attention-deficit/hyperactiv-
ity disorder demonstrated a higher
degree of persistence than what we
found among children with behavior/
learning problems. One review esti-
mated persistence of 69% to 79% at ages
10 through 21 years30; however, most
subjects were patients referred to spe-
cialists or diagnosed by standardized re-
search criteria with likely greater se-
verity that is less apt to resolve. Patients
with conduct disorder demonstrated a
persistence of only 50% after 1 year, but
many patients with remitted condi-
tions met diagnostic criteria again in
subsequent years.31 In contrast, stud-
ies of patients with autism and As-
perger syndrome reveal that it rarely re-
solves.32 ,33 As behavior/learning
problems often present in middle child-
hood, higher prevalence at the end of
the study period is not surprising.

The prevalence of any chronic con-
dition during any part of the 6-year
study period was associated with male
sex, minority race/ethnicity, and ma-
ternal obesity. The association be-

tween maternal obesity and offspring
chronic conditions may be driven by the
association between maternal weight
and child weight. However, children
of obese mothers were more likely to
have other conditions as well. The as-
sociation of maternal obesity during
gestation and chronic conditions in
children is beginning to be explored,37,38

and previous studies alluded to an in-
creased rate of health problems gener-
ally in caregivers of children with dis-
abilities.39,40 Associations between
male sex and poverty and behavior/
learning problems are congruent with
other studies.41-43 The association of mi-
nority race/ethnicity with asthma and
obesity and the inverse relationship of
minority race/ethnicity with other
physical conditions and behavior/
learning problems are consistent with
previous studies.12,43-45

Limitations

Children’s information was parent-
reported and subject to recall bias.
Except for obesity, the NLSY did not
use objective criteria for diagnoses.
Some children may have been overdi-
agnosed, which may affect percep-
tion of remission. The NLSY defini-
tion of chronic conditions differs
from other surveys and methods, and
rates cannot be directly compared.50

We could not examine associations
between disease severity and resolu-
tion. Some conditions are more
common among children of older
mothers, and older, more educated
mothers may have different health
care–seeking behaviors and access to
services, which may affect prevalence
of some conditions. If a child had a
condition that resolved but then
developed another, separate condi-
tion within the same subcategory, we
categorized this child as having a
persistent condition; however, this
potential misclassification would bias
toward the null hypothesis. Catego-
ries of behavior/learning problems
and other chronic conditions were
heterogeneous, and we could not
make conclusions about specific con-
ditions.

Implications
Chronic conditions in childhood are
common and dynamic, underscoring
the benefits of continuous, compre-
hensive health services for all children
to adjust treatment of chronic condi-
tions, promote remission, and prevent
onset of new conditions. Future re-
search should examine etiological dif-
ferences between persistent and remit-
ted cases.

Author Contributions: Dr Van Cleave had full access
to all of the data in the study and takes responsibility
for the integrity of the data and the accuracy of the
data analysis.
Study concept and design: Gortmaker, Perrin.
Acquisition of data: Gortmaker.
Analysis and interpretation of data: Van Cleave,
Gortmaker, Perrin.
Drafting of the manuscript: Van Cleave, Gortmaker,
Perrin.
Critical revision of the manuscript for important in-
tellectual content: Gortmaker, Perrin.
Statistical analysis: Van Cleave, Gortmaker, Perrin.
Obtained funding: Gortmaker, Perrin.
Administrative, technical, or material support: Perrin.
Study supervision: Gortmaker, Perrin.
Financial Disclosures: None reported.
Funding/Support: Preparation of this work was sup-
ported by a Robert Wood Johnson Foundation Inves-
tigator Award in Health Policy Research (grant
033659), the Centers for Disease Control and Pre-
vention (Prevention Research Centers grant
U48DP00064), and a cooperative agreement with the
Maternal and Child Health Bureau (U53MC04773).
Role of the Sponsor: The funding agencies had no role
in the design and conduct of the study; in the collec-
tion, analysis, and interpretation of the data; or in the
preparation, review, or approval of the manuscript.
Disclaimer: This work is solely the responsibility of the
authors and does not represent the official views of
the Centers for Disease Control and Prevention or other
granting institutions.
Online-Only Material: eTables 1 and 2 are available
at http://www.jama.com.
Additional Contributions: Arthur Sobol, MS, Har-
vard School of Public Health, helped acquire and ana-
lyze a portion of the data presented here. He did not
receive compensation for his contribution separate from
his supporting grant.

REFERENCES

1. Perrin JM, Bloom SR, Gortmaker SL. The increase
of childhood chronic conditions in the United States.
JAMA. 2007;297(24):2755-2759.
2. Akinbami LJ, Moorman JE, Garbe PL, Sondik EJ. Sta-
tus of childhood asthma in the United States,
1980-2007. Pediatrics. 2009;123(suppl 3):S131-
S145.
3. Ogden CL, Carroll MD, Curtin LR, McDowell MA,
Tabak CJ, Flegal KM. Prevalence of overweight and
obesity in the United States, 1999-2004. JAMA. 2006;
295(13):1549-1555.
4. Robison LM, Sclar DA, Skaer TL, Galin RS. Na-
tional trends in the prevalence of attention-deficit/
hyperactivity disorder and the prescribing of methyl-
phenidate among school-age children: 1990-1995. Clin
Pediatr (Phila). 1999;38(4):209-217.
5. Robertson CM, Watt MJ, Yasui Y. Changes in the
prevalence of cerebral palsy for children born very pre-
maturely within a population-based program over 30
years. JAMA. 2007;297(24):2733-2740.

DYNAMICS OF OBESITY AND CHRONIC HEALTH CONDITIONS

©2010 American Medical Association. All rights reserved. (Reprinted) JAMA, February 17, 2010—Vol 303, No. 7 629

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/4500/ on 01/20/2017



6. Simpson BJ, Shapiro ED, Andiman WA. Prospec-
tive cohort study of children born to human immu-
nodeficiency virus-infected mothers, 1985 through
1997. Pediatr Infect Dis J. 2000;19(7):618-624.
7. Collins VR, Muggli EE, Riley M, Palma S, Halliday
JL. Is Down syndrome a disappearing birth defect?
J Pediatr. 2008;152(1):20-24.
8. Reiss J, Gibson R. Health care transition. Pediatrics.
2002;110(6 pt 2):1307-1314.
9. Jessop DJ, Stein RE. Consistent but not the same:
effect of method on chronic condition rates. Arch Pe-
diatr Adolesc Med. 1995;149(10):1105-1110.
10. Centers for Disease Control and Prevention growth
charts. http://www.cdc.gov/GrowthCharts. Ac-
cessed June 21, 2009.
11. Dietz WH, Gortmaker SL. Preventing obesity in
children and adolescents. Annu Rev Public Health.
2001;22:337-353.
12. Bethell CD, Read D, Blumberg SJ, Newacheck PW.
What is the prevalence of children with special health
care needs? Matern Child Health J. 2008;12(1):
1-14.
13. Halfon N, Newacheck PW. Prevalence and im-
pact of parent-reported disabling mental health con-
ditions among US children. J Am Acad Child Adolesc
Psychiatry. 1999;38(5):600-609.
14. Baker PC, Mott FL. NLSY Child Handbook 1989.
Columbus, OH: Center for Human Resource Re-
search, Ohio State University; 1989.
15. Royston P. Multiple imputation of missing values.
Stata J. 2004;4(3):227-241.
16. Troiano RP, Flegal KM. Overweight children and
adolescents. Pediatrics. 1998;101(3 pt 2):497-
504.
17. Neff JM, Sharp VL, Popalisky J, Fitzgibbon T. Using
medical billing data to evaluate chronically ill children
over time. J Ambul Care Manage. 2006;29(4):
283-290.
18. Newacheck PW, Halfon N. Prevalence, impact,
and trends in childhood disability due to asthma. Arch
Pediatr Adolesc Med. 2000;154(3):287-293.
19. Barbaresi WJ, Katusic SK, Colligan RC, Weaver
AL, Jacobsen SJ. The incidence of autism in Olmsted
County, Minnesota, 1976-1997. Arch Pediatr Ado-
lesc Med. 2005;159(1):37-44.
20. Forrest CB, Simpson L, Clancy C. Child health ser-
vices research. JAMA. 1997;277(22):1787-1793.
21. Guerra S, Wright AL, Morgan WJ, Sherrill DL,
Holberg CJ, Martinez FD. Persistence of asthma symp-
toms during adolescence. Am J Respir Crit Care Med.
2004;170(1):78-85.

22. Sears MR, Greene JM, Willan AR, et al. A longi-
tudinal, population-based, cohort study of childhood
asthma followed to adulthood. N Engl J Med. 2003;
349(15):1414-1422.
23. Phelan PD, Robertson CF, Olinsky A. The Mel-
bourne Asthma Study: 1964-1999. J Allergy Clin
Immunol. 2002;109(2):189-194.
24. Salsberry PJ, Reagan PB. Dynamics of early child-
hood overweight. Pediatrics. 2005;116(6):1329-
1338.
25. Freedman DS, Khan LK, Serdula MK, Dietz WH,
Srinivasan SR, Berenson GS. The relation of child-
hood BMI to adult adiposity. Pediatrics. 2005;
115(1):22-27.
26. Robbins JM, Khan KS, Lisi LM, Robbins SW, Michel
SH, Torcato BR. Overweight among young children
in the Philadelphia health care centers. Arch Pediatr
Adolesc Med. 2007;161(1):17-20.
27. Hesketh K, Wake M, Waters E, Carlin J, Crawford
D. Stability of body mass index in Australian children.
Public Health Nutr. 2004;7(2):303-309.
28. Whitaker RC, Wright JA, Pepe MS, Seidel KD, Dietz
WH. Predicting obesity in young adulthood from child-
hood and parental obesity. N Engl J Med. 1997;
337(13):869-873.
29. Ogden CL, Carroll MD, Flegal KM. High body
mass index for age among US children and adoles-
cents, 2003-2006. JAMA. 2008;299(20):2401-
2405.
30. Spencer TJ, Biederman J, Mick E. Attention-deficit
/hyperactivity disorder. Ambul Pediatr. 2007;7
(1)(suppl):73-81.
31. Lahey BB, Loeber R, Hart EL, et al. Four-year lon-
gitudinal study of conduct disorder in boys. J Ab-
norm Psychol. 1995;104(1):83-93.
32. Howlin P, Goode S, Hutton J, Rutter M. Adult out-
come for children with autism. J Child Psychol
Psychiatry. 2004;45(2):212-229.
33. Cederlund M, Hagberg B, Billstedt E, Gillberg IC,
Gillberg C. Asperger syndrome and autism. J Autism
Dev Disord. 2008;38(1):72-85.
34. Geenen MM, Cardous-Ubbink MC, Kremer LC,
et al. Medical assessment of adverse health out-
comes in long-term survivors of childhood cancer.
JAMA. 2007;297(24):2705-2715.
35. Riethmuller AM, Jones R, Okely AD. Efficacy
of interventions to improve motor development in
young children. Pediatrics. 2009;124(4):e782-
e792.
36. Law J, Garrett Z, Nye C. Speech and language
therapy interventions for children with primary speech

and language delay or disorder. Cochrane Database
Syst Rev. 2003;(3):CD004110.
37. Watkins ML, Rasmussen SA, Honein MA, Botto
LD, Moore CA. Maternal obesity and risk for birth
defects. Pediatrics. 2003;111(5 pt 2):1152-1158.
38. Haberg SE, Stigum H, London SJ, Nystad W,
Nafstad P. Maternal obesity in pregnancy and respi-
ratory health in early childhood. Paediatr Perinat
Epidemiol. 2009;23(4):352-362.
39. Raina P, O’Donnell M, Rosenbaum P, et al. The
health and well-being of caregivers of children with
cerebral palsy. Pediatrics. 2005;115(6):e626-e636.
40. Eisenhower AS, Baker BL, Blacher J. Children’s de-
layed development and behavior problems. Soc Sci
Med. 2009;68(1):89-99.
41. Maughan B, Rowe R, Messer J, Goodman R,
Meltzer H. Conduct disorder and oppositional defi-
ant disorder in a national sample. J Child Psychol
Psychiatry. 2004;45(3):609-621.
42. Costello EJ, Compton SN, Keeler G, Angold A. Re-
lationships between poverty and psychopathology.
JAMA. 2003;290(15):2023-2029.
43. Pastor PN, Reuben CA. Racial and ethnic differ-
ences in ADHD and LD in young school-age children.
Public Health Rep. 2005;120(4):383-392.
44. Gold DR, Wright R. Population disparities in
asthma. Annu Rev Public Health. 2005;26:89-
113.
45. Anderson SE, Whitaker RC. Prevalence of obe-
sity among US preschool children in different racial and
ethnic groups. Arch Pediatr Adolesc Med. 2009;
163(4):344-348.
46. Etzel RA. How environmental exposures influ-
ence the development and exacerbation of asthma.
Pediatrics. 2003;112(1 pt 2):233-239.
47. Committee on Prevention of Obesity in Children
and Youth. Koplan JP, Liverman CT, Kraak VA, eds.
Preventing Childhood Obesity: Health in the Balance.
Washington, DC: National Academies Press; 2005.
48. Racine AD, Kaestner R, Joyce TJ, Colman GJ. Dif-
ferential impact of recent Medicaid expansions by race
and ethnicity. Pediatrics. 2001;108(5):1135-1142.
49. Szilagyi PG, Dick AW, Klein JD, Shone LP,
Zwanziger J, McInerny T. Improved access and qual-
ity of care after enrollment in the New York State Chil-
dren’s Health Insurance Program (SCHIP). Pediatrics.
2004;113(5):e395-e404.
50. Perrin EC, Newacheck P, Pless IB, et al. Issues in-
volved in the definition and classification of chronic
health conditions. Pediatrics. 1993;91(4):787-
793.

DYNAMICS OF OBESITY AND CHRONIC HEALTH CONDITIONS

630 JAMA, February 17, 2010—Vol 303, No. 7 (Reprinted) ©2010 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/pdfaccess.ashx?url=/data/journals/jama/4500/ on 01/20/2017


