
DOI: 10.1542/peds.113.4.S1.1133 
 2004;113;1133-1140 Pediatrics

G. Miller and Bradford J. Hurley 
Tracey J. Woodruff, Daniel A. Axelrad, Amy D. Kyle, Onyemaechi Nweke, Gregory

 Trends in Environmentally Related Childhood Illnesses

This information is current as of July 14, 2005 

 http://www.pediatrics.org/cgi/content/full/113/4/S1/1133
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

rights reserved. Print ISSN: 0031-4005. Online ISSN: 1098-4275. 
Grove Village, Illinois, 60007. Copyright © 2004 by the American Academy of Pediatrics. All 
and trademarked by the American Academy of Pediatrics, 141 Northwest Point Boulevard, Elk
publication, it has been published continuously since 1948. PEDIATRICS is owned, published, 
PEDIATRICS is the official journal of the American Academy of Pediatrics. A monthly

 by on July 14, 2005 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org/cgi/content/full/113/4/S1/1133
http://www.pediatrics.org


Trends in Environmentally Related Childhood Illnesses

Tracey J. Woodruff, PhD, MPH*; Daniel A. Axelrad, MPP‡; Amy D. Kyle, PhD, MPH§;
Onyemaechi Nweke, MPH‡; Gregory G. Miller, MS‡; and Bradford J. Hurley, BA�

ABSTRACT. Tracking incidence or prevalence of dis-
eases and using that information to target interventions
is a well-established strategy for improving public
health. The need to track environmentally mediated
chronic diseases is increasingly recognized. Trends in
childhood illnesses are 1 element of a framework for
children’s environmental health indicators, which also
includes trends in contaminants in the environment and
in concentrations of contaminants in bodies of children
and their mothers. This article presents data on 3 groups
of important childhood diseases or disorders that seem to
be caused or exacerbated, at least in part, by exposure to
environmental agents and for which nationally represen-
tative data are available. They are asthma, childhood
cancers, and neurodevelopmental disorders. Data were
used from the National Health Interview Survey for
asthma and neurodevelopmental disorders; the Surveil-
lance, Epidemiology, and End Results Program for child-
hood cancer incidence; and the National Vital Statistics
System for childhood cancer mortality. The prevalence of
children with asthma doubled between 1980 and 1995,
from 3.6% in 1980 to 7.5% in 1995. The annual incidence
of childhood cancer increased from 1975 until approxi-
mately 1990 and seems to have become fairly stable since.
Childhood cancer mortality has declined substantially
during the past 25 years. Incidence of certain types of
cancers has increased since 1974, including acute lym-
phoblastic leukemia, central nervous system tumors, and
non-Hodgkin’s lymphoma. Approximately 6.7% of chil-
dren aged 5 to 17 were reported to have attention-deficit/
hyperactivity disorder in 1997–2000, and approximately 6
of every 1000 children were reported to have received a
diagnosis of mental retardation during the same period.
Pediatrics 2004;113:1133–1140; children, environmental
health, tracking, surveillance, illness, asthma, cancer.

ABBREVIATIONS. NHIS, National Health Interview Survey;
ADHD, attention-deficit/hyperactivity disorder; PCB, polychlori-
nated biphenyl.

Tracking the incidence or prevalence of diseases
and using that information to target interven-
tions is a well-established strategy for improv-

ing public health. Although tracking (or surveillance)
approaches have been applied more commonly to
infectious diseases, the need to track environmen-
tally mediated chronic diseases is increasingly recog-
nized,1 particularly as unexplained increases in im-
portant diseases are being noted.2 Tracking can
provide data that can be used in research and can
lead to identification of hypotheses for detailed in-
vestigation. Tracking can also be used to identify
opportunities and needs for interventions or policy
changes.3

This article presents data on 3 groups of important
childhood diseases or disorders that seem to be
caused or worsened, at least in part, by exposure to
environmental agents and for which nationally rep-
resentative data are available: asthma, cancers, and
neurodevelopmental disorders. A framework for en-
vironmental public health tracking would address
the full pathway from environment to disease and
would track releases of contaminants, ambient con-
centrations, and human exposures, as well as ad-
verse outcomes. One step necessary to develop such
a framework is to identify the diseases that should be
included and to determine the existing data sources
that are available for them. Identification of these
outcomes and analysis of the available data are part
of a larger national effort to develop concrete, quan-
tifiable measures of children’s environment health.4,5

SELECTION OF MEASURES AND DATA SOURCES

The following criteria were used to select child-
hood illnesses for this analysis: 1) importance to the
health of children, 2) availability of data for much or
all of the United States, 3) sufficient quality of data to
generate reliable results, and 4) published research
showing an established or suggested link between
environmental contaminants and the illnesses. The
groups of illnesses identified as meeting these crite-
ria were asthma, childhood cancer, and certain neu-
rodevelopmental disorders. The data sources used
were the National Health Interview Survey (NHIS)
for asthma and neurodevelopmental disorders6,7; the
Surveillance, Epidemiology, and End Results Pro-
gram for childhood cancer incidence8; and the Na-
tional Vital Statistics System for childhood cancer
mortality (Table 1).9

From the *United States Environmental Protection Agency, San Francisco,
California; ‡United States Environmental Protection Agency, Washington,
DC; §School of Public Health, University of California, Berkeley, California;
and �ICF Consulting, Washington, DC.
Received for publication Oct 7, 2003; accepted Oct 20, 2003.
Reprint requests to (T.J.W.) Environmental Protection Agency, 75 Haw-
thorne St, (SPE-1), San Francisco, CA 94105. E-mail: woodruff.
tracey@epa.gov
The views expressed in this article are those of the authors and do not
necessarily represent those of the US Environmental Protection Agency.
PEDIATRICS (ISSN 0031 4005). Copyright © 2004 by the American Acad-
emy of Pediatrics.

PEDIATRICS Vol. 113 No. 4 April 2004 1133

 by on July 14, 2005 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


CHILDHOOD ILLNESSES

Asthma
Asthma is the most common chronic disease

among children and is costly in both human and
monetary terms.10 In 1994–1996, 24% of children
with asthma had to limit their activities as a result of
the disease, and asthma caused children to miss 14
million days of school.11 Asthma prevalence approx-
imately doubled between 1980 and 1995 in the
United States.4,5 The tendency to develop asthma can
be inherited, but genetic factors are unlikely to ex-
plain the significant increases that have occurred in
the past 20 years.10

It is well established that several environmental
pollutants that are found outdoors and indoors ex-
acerbate asthma. Certain environmental factors may
also contribute to the development of asthma. Expo-

sure to dust mites has been identified as a cause of
asthma, and exposure to cockroaches and tobacco
smoke have been identified as probable causes of
asthma.10 Although research is limited, there is some
evidence that indoor air pollutants such as nitrogen
dioxide, pesticides, plasticizers, and volatile organic
pollutants may also play a role in asthma.10 Several
recent studies suggest that chronic exposure to ozone
may be associated with the development of asthma
in children who exercise outside and that chronic
exposure to particulate matter may affect lung func-
tion, growth, and development.12–14 One study
found that exposure to hazardous air pollutants is
linked to increases in chronic respiratory symptoms
characteristic of asthma.15

Children who already have asthma are sensitive to
outdoor air pollutants, including ozone, particulate

TABLE 1. Description of Data Sources for the National Data Used Here for Asthma, Cancer, ADHD, and Mental Retardation

Outcome Years
Available

Data Source Data Description Notes

Asthma 1980–2000 Centers for Disease Control
and Prevention, National
Center for Health Statistics,
National Health Interview
Survey

Data for ages 0–17. The NHIS is a
continuing nationwide sample
survey of the civilian
noninstitutionalized population
collected by personal household
interviews. In 2000, 32 374 people
18 years or older and 13 376
children aged 0–17 were
interviewed.

Data are based on parental response
to whether child has had asthma
in last 12 months (see text).

ADHD 1997–2000 Centers for Disease Control
and Prevention, National
Center for Health Statistics,
National Health Interview
Survey

See NHIS description above. Data for
ages 5–17. Terminology for this
condition has evolved. The
American Psychiatric Association
adopted the name “attention
deficit disorder” in early 1980s and
revised it to “attention-deficit/
hyperactivity disorder” in 1987.75

The NHIS of 1997–2000 used here
to represent prevalence of ADHD
used the term “attention deficit
disorder.”

Data for 1997–2000 are
combined because of
small response in single
years. Data for children
aged 5–17 are used
because of difficulty in
diagnosing ADHD in
younger children.

Data are based on parental response
to the question, “Has a doctor or
health professional ever told you
that �child’s name� had attention
deficit disorder?”

Mental retardation 1997–2000 Centers for Disease Control
and Prevention, National
Center for Health Statistics,
National Health Interview
Survey

See NHIS description above. Data for
ages 0–17. Data are based on
parental response to the question,
“Has a doctor or health
professional ever told you that
�child’s name� had mental
retardation?”

Most common definitions
emphasize subaverage
intellectual functioning
before 18 years of age,
usually defined as IQ
�70, and impairments in
life skills. Different
severity categories,
ranging from mild
retardation to severe
retardation, are defined
by IQ scores.66

Childhood cancer 1974–1998 National Cancer Institute;
Surveillance, Epidemiology
and End Results Program
(incidence); Centers for
Disease Control and
Prevention, National
Center for Health Statistics,
National Vital Statistics
System (mortality).

Data for ages 0–19. Population-based
data used for incidence of cancer
that includes information from 5
states and 5 metropolitan areas
accounting for approximately 14%
of the US population. This is a
reasonably representative subset of
the US population.

All rates are age-adjusted
to the 1970 US standard
population.
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matter, and sulfur dioxide.16–29 These pollutants can
exacerbate asthma, leading to difficulty in breathing
and increases in the use of medication, visits to doc-
tors’ offices, trips to emergency departments, and
admissions to the hospital.

Figure 1 presents trends in asthma prevalence for
children in the United States since 1980. The preva-
lence of children with asthma doubled between 1980
and 1995, from 3.6% in 1980 to 7.5% in 1995. Asthma
prevalence decreased between 1995 and 1996.

Asthma is a complex disease that can be difficult to
differentiate from other wheezing disorders, espe-
cially in children younger than 6 years. This feature
makes it difficult to obtain an accurate measurement
of how many children have asthma. Methods used in
the NHIS to estimate the prevalence of asthma
changed in 1997. Before 1997, children with asthma
were identified by asking parents whether a child in
their family had asthma during the previous 12
months. In 1997–2000, a parent was asked whether
his or her child had ever received a diagnosis of
asthma by a health professional. If the parent an-
swered yes, then he or she was asked whether the
child had had an asthma attack or episode in the
previous 12 months. The percentage of children with
an asthma attack in the last 12 months measures the
population with incomplete control of asthma and
sometimes is referred to as “attack prevalence.”
Starting in 2001, the NHIS included a question that
allows the estimation of the percentage of children
who currently have asthma. In 2001, 8.7 percent (6.3
million) of children had asthma.

Childhood Cancer
Although cancer in childhood is rare compared

with cancer in adults, it is the second most common
cause of death, after injuries and accidents, among

children 1 to 19 years of age.30 The annual incidence
of childhood cancer increased from 1975 until ap-
proximately 1990 and seems to have become fairly
stable since 1990. There are differing analyses on
how much of the increase is a real increase or is from
diagnostic improvements or reporting changes.31,32

One aspect that has not been considered in these
analyses is underreporting as a result of reporting
delay and reporting errors, which has been found to
be significant in trends for adult cancers.33 In either
case, it is critically important to monitor trends to
assess whether there are increases or decreases of
this important disease. Mortality has declined sub-
stantially during the past 25 years, largely as a result
of improvements in treatment (Fig 2).30

Trends in incidence of all forms of childhood can-
cer combined may be useful for assessing the overall
burden of cancer among children. However, inci-
dence of individual cancers varies considerably.
Moreover, environmental chemicals have been more
closely linked to some childhood cancers than to
others. Children may be particularly susceptible to
exposures in utero or during early life because the
fetus or young child’s physiology is undergoing
rapid development, such as rapid cell division,
changing metabolic activity, and evolving hormonal
systems.34 Figure 3 shows the trends in cancer inci-
dence by type for the 4 most common childhood
cancers. An accompanying article in this supplement
by Miller discusses the potential role of environmen-
tal contaminants and childhood cancer.

Neurodevelopmental Disorders
Researchers estimate that between 3% and 8% of

the infants born each year in the United States are or
will be affected by neurodevelopmental disorders
such as attention-deficit/hyperactivity disorder

Fig 1. Percentage of children with asthma, 1980–2001.
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(ADHD), mental retardation, or autism.35 Neurode-
velopmental disorders may result from exposure of
the fetus or young child to environmental contami-
nants. A child’s brain is vulnerable to adverse im-
pacts from some environmental toxicants during its
developmental process.36,37 Causes of neurodevelop-
mental disorders are unknown in the majority of
cases.35

Lead, methylmercury, polychlorinated biphenyls

(PCBs), and other widely distributed environmental
contaminants have been shown to damage children’s
developing brains and nervous systems. Exposure to
lead during childhood reduces intelligence and af-
fects cognitive development.38–40 Studies also have
found that childhood exposure to lead contributes to
ADHD41 and hyperactivity and distractibility42–44;
increases the likelihood of dropping out of high
school and having a reading disability, reduced vo-

Fig 2. Childhood cancer incidence and mortality for children under 20, 1974–1998.

Fig 3. Childhood cancer by type for children under 20, 1974–1998.
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cabulary, and lower class standing in high school45;
and increases the risk for antisocial and delinquent
behavior.46

Methylmercury also negatively affects children’s
neurologic development. Studies of methylmercury
exposure in utero found adverse impacts on intelli-
gence47,48 and decreased functioning in language,
attention, and memory.49 Particularly high levels of
mercury exposure in utero cause mental retarda-
tion.50,51

Several studies link neurodevelopmental effects to
elevated levels of PCBs, including lowered intelli-
gence and behavioral deficits such as inattention
and excessive reaction to stimulation. Most of these
studies find effects associated with exposure in utero
resulting from the mother’s having eaten food con-
taminated with PCBs.52–57 Adverse effects on in-
telligence and behavior also have been found in
children of mothers who were highly exposed to
mixtures of PCBs, chlorinated dibenzofurans, and
other pollutants before conception.58–60 There is sug-
gestive evidence from animal and human studies
indicating some potential for adverse effects on neu-
rologic development for metals such as cadmium
and arsenic,42,61–63 organophosphate pesticides,64

and some brominated flame retardants.65

This article presents 2 neurodevelopmental out-
comes that may be related partly to environmental
contaminant exposures: ADHD and mental retarda-
tion.

ADHD
ADHD is defined as impairment in functioning

associated with multiple symptoms of inattention to
tasks or instructions, hyperactivity, and impulsivi-

ty.66 It can make family and peer relationships diffi-
cult, diminish academic performance, and reduce
vocational development.

The causes of ADHD are unknown. Few studies
have looked explicitly at the relationship between
ADHD and exposures to environmental contami-
nants. However, evidence supports a hypothesis that
environmental contaminants may contribute to some
portion of the incidence of ADHD, based on infer-
ence from studies focusing on specific symptoms or
types of behavior associated with ADHD. As noted
above, studies have found relationships between be-
havioral problems—including attention problems,
hyperactivity, and impulsivity—and exposures to
lead42–46,67 and PCBs.53–56 Such behavioral problems,
in their more severe forms, may result in a diagnosis
of ADHD. Animal studies also provide supporting
evidence that exposures to PCBs and lead may con-
tribute to ADHD.67,68

Approximately 6.7% of children aged 5 to 17 were
reported to have ADHD in 1997–2000 (Fig 4). Al-
though these data from the NHIS are the best avail-
able national data, it is difficult to estimate the prev-
alence of ADHD. Unlike illnesses such as cancer,
diagnosis of ADHD and other psychiatric disorders
relies on recognition of various types of behaviors in
different combinations, and therefore requires a
great deal of judgment. Also, a diagnosis of ADHD
may depend on whether a parent or a teacher raises
concerns about a child’s behavior. Furthermore, cul-
tural factors may influence the way a child’s behav-
ior is labeled and diagnosed. In addition, the NHIS
relies on parents’ reporting their child’s diagnosis of
ADHD, and accuracy of parental responses may be
influenced by a variety of factors.

Fig 4. Percentage of children aged 5 to 17 reported to have ADHD and children aged 0 to 17 reported to have mental retardation,
1997–2000.
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ADHD data are available from the NHIS only for
the years 1997–2000, which does not provide a suf-
ficient basis for detecting whether there has been any
increase or decrease in ADHD over time. Although
more children recently have received a diagnosis of
and been treated for ADHD, this increase may be
attributable in part to greater awareness of the con-
dition, development of effective treatments, or other
factors.

Mental Retardation
Researchers have identified many causes of mental

retardation, including genetic disorders, traumatic
accidents, and prenatal events such as maternal in-
fection or exposure to alcohol.69,70 Exposure to lead
and exposure to particularly high levels of mercury
also have been shown to cause mental retarda-
tion.50,51,71 Furthermore, lead, mercury, and PCBs all
have been found to have adverse effects on intelli-
gence and cognitive functioning. Any contaminant
with such effects has potential to increase the inci-
dence of mental retardation in an exposed popula-
tion.72

The causes of mental retardation are unknown in
30% to 50% of all cases.70 The causes are more fre-
quently identified for cases of severe retardation (IQ
�50). The cause of mild retardation (IQ between 50
and 70) is unknown in �75% of cases.73,74 Approxi-
mately 6 of every 1000 children were reported to
have received a diagnosis of mental retardation in
1997–2000, as shown in Fig 4.

DISCUSSION
This article presents data on trends in incidence

and prevalence of several important childhood ill-
nesses that may be related in part to environmental
pollutants. For asthma and some childhood cancers,
the frequency seems to have increased over the last
25 to 30 years. A relatively high percentage of chil-
dren are affected by ADHD and mental retardation,
but the data are insufficient to determine trends. The
frequency of these diseases and disorders provides a
compelling basis for increased attention to these ill-
nesses and their causes.

This article reflects consideration of 3 groups of
diseases. Others may also be relevant to include in
future analyses. Certain illnesses not discussed here,
such as birth defects and waterborne diseases, may
be environmentally mediated. However, nationally
representative data are not available for these dis-
eases. Environmental factors also may affect human
reproduction, contributing to effects such as earlier
age at puberty. Work is ongoing to identify and
develop data sources that could provide trend infor-
mation for these important conditions.

Trends in exposures to environmental contami-
nants should be evaluated as part of a process to
define the role of environmental contaminants in
these and other childhood illnesses. For example,
data on exposures to environmental contaminants
associated with neurodevelopmental disorders in
children, such as lead and mercury, should be con-
sidered in conjunction with the data on neurodevel-

opmental disorders in children. Additional data on
exposures to environmental contaminants that are or
may be associated with childhood illnesses are pre-
sented and discussed in the Environmental Protec-
tion Agency’s “America’s Children and the Environ-
ment” report series.4,5

The prevalence of many childhood diseases varies
by race/ethnicity and family income. For example,
children of lower-income families and children of
color are more likely to have had an asthma attack in
the previous 12 months than are white children
and/or children from higher-income families.4,5

Evaluating data by race/ethnicity and income can
identify groups of children who are at higher risk
and contribute to information on health disparities.
Data on the incidence of childhood illnesses by race
and family income also are available in the “Ameri-
ca’s Children and the Environment” reports.4,5
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