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Introduction!

On March 2 and 3, 2015, the National Academies of Sciences,
Engineering, and Medicine’s Roundtable on Environmental Health
Sciences, Research, and Medicine held a workshop to explore the role
that chemical exposures may play in the development of obesity. The
obesity epidemic that has gripped the United States and much of the
developed world for the past several decades has proved remarkably
resistant to the various approaches tried by clinicians and public health
officials to fight it. This raises the possibility that, in addition to the
continued exploration of consumer understanding and behavior, new
approaches that go beyond the standard focus on energy intake and
expenditure may also be needed to combat the multifactorial problem of
obesity. The workshop statement of task is provided in Box 1-1.

The speakers at the workshop discussed evidence from both studies
with animal models and human epidemiological studies that exposure to
environmental chemicals is linked both to weight gain and to glucose
tolerance, insulin sensitivity, inflammation, and other aspects of the
metabolic syndrome. In addition to conventional environmental chemical
exposures, the planning committee for this workshop included one panel
to discuss the potential role of other exposures, including sugar, artificial
sweeteners, and antibiotics, in aiding or causing obesity. The speakers
also examined possible biological pathways and mechanisms underlying
the potential linkages.

! The planning committee’s role was limited to planning the workshop, and
this Proceedings of a Workshop has been prepared by the workshop rapporteur
as a factual summary of what occurred at the workshop. Statements, recom-
mendations, and opinions expressed are those of individual presenters and
participants and are not necessarily endorsed or verified by the National Academies
of Sciences, Engineering, and Medicine, and they should not be construed as
reflecting any group consensus.

Copyright © National Academy of Sciences. All rights reserved.



The Interplay Between Environmental Chemical Exposures and Obesity: Proceedings of a Workshop

2 ENVIRONMENTAL CHEMICAL EXPOSURES AND OBESITY

BOX 1-1
Statement of Task

An ad hoc committee will plan and conduct a public workshop
featuring presentations and discussions to outline current scientific
understanding of the effect of environmental chemical exposures on
the development of obesity and of potential preventive interventions.
The committee will identify specific topics to be addressed, develop
the agenda, select and invite speakers and other participants, and
moderate the discussions. An individually authored summary of the
presentations and discussions at the workshop will be prepared by a
designated rapporteur in accordance with institutional guidelines.

After hearing about the present state of the science of environmental
exposures and obesity, the speakers discussed future research needs and
offered suggestions for policies that could reduce the health and human
costs of the current epidemic of obesity. The workshop did not focus
broadly on public health interventions to treat or prevent obesity. The
workshop audience, which took part in the discussions, included both
attendees at the workshop, which was held at the National Institute of
Environmental Health Sciences in Research Triangle Park, North
Carolina, and also people who watched via a webcast and who were able
to submit questions to the speakers through the workshop’s website.

This workshop, The Interplay Between Environmental Exposures
and Obesity, was one in a series of workshops focused on current and
emerging environmental issues and their impacts on human health. These
workshops are sponsored by the Roundtable on Environmental Health
Sciences, Research, and Medicine. The Roundtable was established in
1998 to provide a mechanism for parties from academic programs,
consumer interest groups, government agencies, and industry to convene
and discuss sensitive and difficult environmental public health issues.
The purpose is to share perspectives and foster rigorous dialogue but not
to provide recommendations.

The following is a summary and synthesis of the presentations and
discussions that took place during the 2 days of the workshop. When
reading this Proceedings of a Workshop, it is important to keep in mind
that the opinions expressed and any recommendations made are those of
the individual speakers themselves and do not represent the position of the
Academies. Indeed, the purpose of the Roundtable is to provide a
mechanism for interested parties in environmental health to meet and
discuss sensitive and difficult environmental issues in a neutral setting. The

Copyright © National Academy of Sciences. All rights reserved.
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INTRODUCTION 3

Roundtable fosters dialogue about these issues, but it does not provide
recommendations or even try to find a consensus on these issues.

ORGANIZATION OF THIS PROCEEDINGS OF A WORKSHOP

The organization of this Proceedings of a Workshop follows the
structure of the workshop’s proceedings. Chapter 2 describes the
presentations and discussions during Session 1 of the workshop that
focused on framing the issue of obesity from both the public health and the
environmental health perspectives. Chapter 3 summarizes the presentations
and discussions during Session 2 of the workshop, which explored the role
of chemical exposures and obesity over the life span. Chapter 4 covers
presentations on the biological pathways and environmental influences as
well as the subsequent discussions that occurred in the workshop’s third
session. Chapter 5 summarizes the presentations and discussions from
Session 4 of the workshop on emerging evidence on other exposures that
may play a role in the development of obesity. Chapter 6 includes the
presentations and discussions from the workshop’s fifth session
discussing future research needs. Finally, Chapter 7 recaps the discussions
from the workshop’s final session, Session 6, which covered potential
policy solutions to obesity discussed at the workshop. The workshop
agenda is found in Appendix A, and biographical sketches of the workshop
speakers are included in Appendix B.

Copyright © National Academy of Sciences. All rights reserved.
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2

Framing the Problem

The workshop’s first session was dedicated to framing the problem
of environmental exposures and obesity. To do that, two speakers
described the issue from two different perspectives: the public health
perspective and the environmental health perspective.

PUBLIC HEALTH OVERVIEW

The first speaker was William Dietz, the director of the Sumner
Redstone Global Center for Prevention and Wellness at the Milken Institute
of Public Health at George Washington University. He presented his
observations via the telephone.

Background on Obesity

Dietz began by describing the standard criteria for obesity, which is
based on body mass index (BMI). BMI is defined as weight in kilograms
divided by height in meters squared. For example, a 6-foot man (or
woman) who weighs 184 pounds has a BMI of 25, as does a woman (or
man) who is 5 feet 4 inches and 145 pounds. A BMI of 25 is at the lower
end of being overweight, which is defined as having a BMI from 25 to
less than 30. A person with a BMI of 30 or above is said to have obesity.
The classifications are not perfect, and a number of men are classified as
overweight when in reality they simply have more muscle mass than
normal. Thus, there is a lot of misclassification, particularly for men with
BMIs between 25 and 30. However, “For both men and women,” Dietz
said, “a BMI greater than 30 is invariably associated with increased body
fat unless you play linebacker for the New England Patriots.”

The criteria for children are different because they are growing. A child
who is above the 85th percentile in BMI for his or her age is said to be
overweight, while those whose BMI is above the 95th percentile are said
to have obesity. However, Dietz emphasized, these standards are based

5
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6 ENVIRONMENTAL CHEMICAL EXPOSURES AND OBESITY
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FIGURE 2-1 Obesity trends in 2- to 19-year-old U.S. children.

NOTE: Obesity is defined as a BMI greater than or equal to the gender- and
weight-specific 95th percentile BMI from the 2000 Centers for Disease Control
and Prevention (CDC) growth charts (CDC, 2000).

SOURCES: Dietz presentation to workshop, March 2, 2015, from CDC, 2014.

on national surveys and historical data that were collected before the
rapid increase in obesity. Thus, it is possible for 17 percent of children to
have obesity, because 17 percent of a national sample of children from
several decades ago have a BMI at or above the 95th percentile.

The percentage of children in the United States who have obesity has
been increasing steadily since the late 1970s (see Figure 2-1). Currently,
nearly 20 percent of children between 6 and 19 years old have obesity.

There have been similar increases in obesity among children in
countries around the world. The worst problems have been in the
developed world, but even in developing countries the prevalence of
obesity has been increasing, although the prevalence still remains much
lower than that in the developed world.

Obesity has also increased in the adult population. For instance, the
prevalence of obesity among U.S. men doubled between 19761980 and
2003-2004. The increase was approximately uniform across Caucasians,
African Americans, and Mexican Americans. There was a similar
approximate doubling of the obesity rates among U.S. women during that
same time, although the overall prevalence of obesity was significantly
higher among women than among men (Flegal et al., 2010).

Copyright © National Academy of Sciences. All rights reserved.
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FRAMING THE PROBLEM 7

One of the prevalent misconceptions about obesity concerns its
relationship with poverty, Dietz said. Among men, the prevalence of obesity
differs very little among the various socioeconomic classes or among non-
Hispanic whites, non-Hispanic blacks, and Mexican Americans. Interestingly,
the only statistically significant relationship between socioeconomic class
and obesity appears in African-American men and Mexican-American men,
where upper-income men are significantly more likely to have obesity than
those in other socioeconomic classes (Ogden et al., 2010).

The story among U.S. women is different. According to data from
the 2005 to 2008 National Health and Nutrition Examination Survey,
women in lower socioeconomic brackets are significantly more likely to
have obesity than those in the middle or upper socioeconomic brackets.
However, when broken into racial/ethnic categories, the relationship is
significant only among non-Hispanic whites. There are no significant
socioeconomic gradients for obesity among African-American women or
Mexican-American women (Ogden et al., 2010).

Factors Leading to Obesity

The rapid increases in obesity seen over the past decade cannot be
explained by genetics, Dietz said. More than 100 genes have been shown
to be related to obesity, but those genes have always been present in the
population in approximately the same proportions that exist today. Dietz
explained that genes may affect susceptibility to obesity through their
impact on the individual’s energy balance either by calorie intake or by
calorie expenditure.

It does not take much of a shift in energy balance to produce obesity,
Dietz said. For example, the shift in mean body weight of 2- to 5-year-
olds since the 1970s can be accounted for by an excess of approximately
30 calories per day. However, the change in the energy balance
necessary to reduce obesity is much greater than that necessary to
produce it. Physical activity can play a significant role in changing body
composition, but it is a poor way to lose weight because it is hard to
achieve the major caloric deficits necessary for weight loss through
physical activity.

Although on one level obesity is simply the product of an energy
imbalance, it is actually extremely complex. Dietz illustrated this point
with a slide showing various pathways inside and outside the body
related to obesity. At the center of the illustration were the critical
interactions between energy intake and energy expenditure, the

Copyright © National Academy of Sciences. All rights reserved.
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8 ENVIRONMENTAL CHEMICAL EXPOSURES AND OBESITY

imbalance of which accounts for obesity. But many factors influence
energy intake and expenditure, and these are loosely grouped into seven
categories: food production, food consumption, societal influences,
individual psychology, individual activity, the activity environment, and
biology. Dietz said that he expected that much of the focus of the
workshop would be on biological factors, which are various mechanisms
that affect the pathways that regulate energy intake and expenditure. The
nonbiological factors, in contrast, affect the susceptibility of individuals
to an energy imbalance. They do not cause obesity in the traditional
sense of biological agents, but they make it more or less likely.

Social and Behavioral Influences

For the rest of his presentation, Dietz focused on how the macro-
environment and behavior influence susceptibility to obesity.

In the 1950s, he said, the typical diet consisted of milk and other
dairy products, meat and eggs, potatoes, fruits, and vegetables—in short,
mostly unprocessed foods that were prepared at home. Today, a much
larger portion of the average American diet is highly processed: pizza,
sodas, canned foods, and so on. The shifts in food practices from then
until now have been enormous. There are a variety of reasons for this
shift, Dietz said, including the increased availability and lower cost of
highly processed foods as well as increased portion sizes.

“All of these factors promote increased food intake,” Dietz said.
“The more variety an individual is exposed to, the more likely [he or she
is] to overconsume foods. The greater the portion size, the more likely
we are to overconsume,” Dietz said. Because of the reduced consumption
of unprocessed foods like fruits and vegetables, higher-calorie foods
account for a greater part of the diet.

There have been comparable changes in physical activity, Dietz said.
They may be less quantifiable, but they are nonetheless important.
Physical education and recess have been eliminated or reduced in
schools. The time spent in front of television and computer screens has
increased, particularly in children. The use of appliances has displaced
what used to be household activities, like washing the dishes and hanging
up the clothes to dry. The movement of large numbers of people to
suburbs means that children are less likely to walk to school because
many suburbs lack sidewalks, and even if they have sidewalks, they do
not connect people with places where people want to go. As a result,
people are increasingly reliant on cars. Research has shown that the more

Copyright © National Academy of Sciences. All rights reserved.
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time that someone spends in a car, the more likely he or she is to have
obesity. Finally, because society is now in a postindustrial era, there has
been a shift from manufacturing to services, which has led to a decrease
in the amount of energy that people spend on performing physical
activities.

Maternal behavioral factors associated with obesity in a child include
a higher prepregnancy weight, excessive weight gain during pregnancy,
gestational diabetes, and tobacco use during pregnancy.

Finally, early exposure to various adverse experiences—including
physical and verbal abuse, family incarcerations, divorce, poverty, drug
use, and alcohol use—is associated with an increased prevalence of
severe obesity in adulthood. The connection between these early
experiences and obesity in adulthood is in part due to the effects of the
experiences on brain development.

Recent Progress

There have recently been some encouraging data about obesity,
Dietz said. For example, over the past decade or so there has been a
plateau in the prevalence of obesity in both boys and girls 2 to 19 years
old. Similarly, over the past decade there have been no significant
increases in obesity among adults, either men or women. What is
particularly encouraging, he said, is that recent data indicate that the
obesity rate among 2- to 5-year-old U.S. children has actually started to
drop, after nearly three decades of increases.

Local data have shown a similar trend. Although the quality of the
local data is much more variable, six states and 16 communities have
reported that the rates of childhood obesity have dropped. “There is still
work that needs to be done to validate the samples to assure that the
samples themselves are comparable,” Dietz said, “but I think we can say
in some of the states and communities which have been examined pretty
intensively ... there are significant decreases in the prevalence of childhood
obesity.”

Why have the rates started to decrease? Researchers are beginning to
look into that question, Dietz said. One factor seems to be that nationally
there have been substantial changes in food consumption. Between
1999-2000 and 2009-2010, the average consumption of sugar drinks in
the United States dropped by 68 calories per day among 2- to 19-year-
olds and by 45 calories per day among adults (Kit et al., 2013). Between
20032004 and 2007-2008, fast food consumption in the United States
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dropped by 64 calories per day among 2- to 11-year-olds, by 14 calories
per day among 12- to 19-year-olds, and by 33 calories per day among
adults (Powell et al., 2012). An agreement between the companies that
supply 25 percent of the calories in the United States and the Healthy
Weight Commitment Foundation pledged in 2010 to reduce the number
of calories in the U.S. food supply by 1.5 trillion calories; the actual
reduction achieved in 2014 was 6.4 trillion calories, or 78 calories per
person per day.

These changes in consumption could clearly account for flattening of
the obesity prevalence curve, Dietz said. However, he said, “that is no
cause for complacency because we still have a prevalence of about 20
percent obesity in 6- to 11-year-olds and about the same, maybe a little
more, in 12- to 19-year-olds, and about 34 percent of the adult population
is obese.” Thus, there is still work to do.

ENVIRONMENTAL HEALTH OVERVIEW

The next speaker was Jerry Heindel, a health science administrator in
the Division of Extramural Research and Training at the National
Institute of Environmental Health Sciences (NIEHS). He provided an
environmental health perspective on the current obesity epidemic.

A Brief History of the Field

Heindel began by offering a brief history of the field of environmental
exposures and obesity. The field got its start in 2002, he said, with a review
article by Paula Baillie-Hamilton, “Chemical toxins: A hypothesis to
explain the global obesity epidemic” (Baillie-Hamilton, 2002). In that
article, Baillie-Hamilton offered a compelling chart showing how closely
the rise in the rates of obesity correlated with the increase in chemical
production, with a certain lag time (see Figure 2-2). “Of course, it was
just a correlation,” Heindel said, “but it pulled together a lot of data and
got people thinking.”
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FIGURE 2-2 Correlation between rise in chemical production and increase in
obesity rates.

SOURCES: Heindel presentation to workshop, March 2, 2015, from Baillie-
Hamilton, 2002. The publisher for this copyrighted material is Mary Ann
Liebert, Inc., Publishers.

Even more compelling than the chart, however, was the literature
search that Baillie-Hamilton had carried out. In that search she identified
a number of toxicological studies going back to the 1970s and 1980s that
had shown that various chemicals increased weight in experimental
subjects. The types of chemicals on her list included pesticides, such as
organophosphates and carbamates; polychlorinated biphenyls (PCBs);
polybrominated biphenyls and fire retardants; heavy metals; solvents;
and plastics, such as phthalates and bisphenol A (BPA). At the time that
the studies had been done, Heindel said, no one was paying attention to
increased weight in the subjects because the focus was on the decreases in
weight and the general toxicity caused by high doses of the substances.

Then, over the next few years there were several commentaries on
the subject published, and NIEHS funded an initiative to understand the
fetal basis of disease, which included the fetal origins of obesity in its

Copyright © National Academy of Sciences. All rights reserved.



The Interplay Between Environmental Chemical Exposures and Obesity: Proceedings of a Workshop

12 ENVIRONMENTAL CHEMICAL EXPOSURES AND OBESITY

purview. In 2004, Heindel and Ed Levin of Duke University held the first
symposium on the fetal origins of and environmental influences on
obesity. The biggest change occurred in 2006, when Bruce Blumberg of
the University of California, Irvine, wrote a review article and coined the
term “obesogen,”l Heindel said. “I think that really stimulated the field
because it caught on in the press.”

In just the past few years, NIEHS has funded another initiative on the
role of environmental chemicals in the development of obesity, type 2
diabetes, and the metabolic syndrome with the goal of stimulating new
research in the field. That initiative is ongoing.

Background Information on Obesity: Setting the Stage

Next, Heindel offered some background on obesity and its causes. A
number of factors are involved in the development of obesity, he said,
including one’s genetic background, congenital illness, drug use, viruses,
antibiotics, and various environmental factors, including a lack of
exercise, stress, a lack of sleep, and nutrition. The focus of his talk, he
said, was on one particular environmental factor that leads to obesity:
exposure to environmental chemicals.

Body weight is controlled by the endocrine system, Heindel
explained. The endocrine system is highly complex and interrelated.
There are hormones that dictate appetite and satiety as well as the
development of adipose tissue. Because it is a finely tuned system,
endocrine-disrupting chemicals can throw off its operation and lead to
weight gain.

An endocrine disrupter, Heindel explained, is defined as an
exogenous chemical or mixture of chemicals that interferes with any
aspect of hormone action. More than 800 chemicals are now known to
have some endocrine-disrupting activity. These chemicals fall into more
than a dozen different classes, according to their intended uses, including
pesticides, herbicides, flame retardants, plastics, plasticizers, surfactants,
solvents, heavy metals, personal care products, sunscreens, and cosmetics.
The point, Heindel said, is that these chemicals were designed for a
specific purpose, but they also have the side effect that they can interfere
with some aspect of the endocrine system.

! “Obesogen” refers to chemical compounds that may have an impact on
metabolic processes or may increase individuals’ susceptibility to obesity, or
both. The term is used in this Proceedings of a Workshop in the manner in
which the researchers used it at the workshop.
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Do these chemicals in the environment make it into the human body,
and is there enough exposure to these chemicals that some effects could
be expected? The data say yes, Heindel said. He mentioned in particular
a study from the Centers for Disease Control and Prevention (CDC) that
found measurable amounts of nearly 300 different chemicals in cord
blood from babies. In addition, a small study of 50 pregnant women
found 47 chemicals in every one of the women tested. Further, some
chemicals were found in every one of thousands of people tested by
CDC. “Certainly,” he said, “there is significant exposure to these
endocrine-disrupting chemicals.”

Heindel cautioned that the presence of these chemicals in the womb
does not mean that they are causing any harm. However, he added, “it
does mean we have accepted a strategy whereby every pregnant woman
is contaminated with a variety of chemicals without her knowledge with
the potential for harm to either her or the baby.”

The Obesogen Hypothesis

Data collected over the past 10 or 12 years clearly show that
developmental exposures to environmental chemicals can lead to a
variety of diseases and dysfunctions later in life, Heindel said. In
particular, the period of development that takes place in utero and early
in childhood is the period when the human body is most sensitive to
exposure to environmental chemicals, and such exposures can disrupt
development in ways that cause problems long after the chemicals are
gone.

A variety of diseases are caused by such developmental exposures,
Heindel said, and he believes that obesity is clearly one of them. He
pointed out that although there are chemicals that will cause weight gain
in adults, it is believed that the developmental stage is much more
sensitive to metabolic disruptions and the development of obesity, and as
a result, the field has been focused on developmental exposures to
chemicals linked to an increased likelihood of obesity later in life.

This is the obesogen hypothesis: that the obesity epidemic is due, in
part, to environmental exposures during development. In particular, the
hypothesis is that a subset of endocrine-disrupting chemicals, which are
called obesogens, act during development and disrupt adipose tissue
development in such a way that the disruption alters the number of fat
cells. The chemicals can also alter subsequent food intake and
metabolism by having effects on the pancreas, adipose tissue, liver,
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gastrointestinal tract, brain, or muscle. The ultimate result is that these
environmental endocrine-disrupting chemicals alter the programming of
the body’s set point or its sensitivity to the development of obesity later
in life.

This is a very important point, Heindel said. The chemicals are not
causing obesity per se, but rather they play a role increasing the body’s
sensitivity to the development of obesity. “It is very important that you
all realize that we who are working in this field understand that food
intake and exercise are very important and that they are certainly key to
the obesity epidemic,” Heindel said. “But we believe that environmental
chemicals are altering the set point or sensitivity for gaining weight—
that is, how much food does it take to put on weight and how much
exercise does it take to reduce weight. Those effects are occurring via
alterations in this developmental programming of this endocrine system
that controls weight gain.”

Examples of Obesogens

There are a number of examples of such obesogens, Heindel said,
with clear data showing a connection between environmental exposures
and obesity. For example, more than 20 different epidemiological studies
have shown that cigarette smoking by a mother during pregnancy results
in her child having an increased likelihood of being obese. The obesity
generally shows up at about the time that the child starts school, he said.

There is some interesting evidence related to prenatal exposure to
diethylstilbestrol (DES). This is a drug that was given to millions of
women to prevent miscarriage. It did not actually help with that, but it
did cause a number of different diseases and dysfunctions, including
some very rare cancers, in the children of the mothers who took it.

Although not demonstrated in humans, animal models have
demonstrated that one of the possible effects of prenatal exposure to DES
is obesity. In one experiment, newborn mice were given DES for 5 days
beginning at birth. Once the exposed mice hit puberty, they began
gaining weight significantly faster than control animals that did not get
the drug. Then, by the time the exposed mice were 9 months old, they
were morbidly obese. Interestingly, they got fat without eating any more
or exercising any less than the control mice.

Other animal studies have contributed to a growing body of evidence
indicating that environmental exposures can increase susceptibility to
obesity. BPA, a chemical used to make various plastics such as the ones
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used in water bottles, has shown a slightly different effect in mice. In one
series of experiments, BPA exposure did not lead to weight gain but,
rather, led to an increase in the percentage of body fat and a decrease in
the percentage of lean body mass.

Another study of BPA looked for the mechanisms behind the
chemical’s effect. In this case, the researchers used a different animal
model, and they did see increased weight in the animals exposed to BPA
as well as increased food intake. When the researchers examined the
brains of the animals, they found an increased number of appetite
neurons and a decreased number of satiety neurons, indicating that
changes to the numbers of appetite and satiety neurons may have been
how BPA exerts its influence.

Yet another study looked at exposure to diethylhexyl phthalate
(DEHP), a plasticizer found in various plastics, including plastic toys.
Developmental exposure to the chemical increased visceral fat tissue and
also the number of fat cells in an animal model. The increase in weight in
the exposed animals was relatively minor, but they had huge amounts of
fat filling up their abdomens.

That experiment illustrated an important point about environmental
exposures. The development of increased fat actually occurred at the
lowest dose tested. At the highest dose—500 milligrams per kilogram,
which is the usual dose that toxicologists use to look for effects of these
chemicals on different systems—there was no increase in fat. The lesson,
Heindel said, is that the experimenter must pay attention to the effects of
very low doses because in many cases the dose—response curves are not
linear.

In addition to animal models, Heindel said that about 33 human
epidemiology studies have now linked developmental exposure to environ-
mental chemicals to weight gains in children later in life. The chemicals that
have exhibited such effects include PCBs, BPA, hexachlorobenzene, poly-
cyclic aromatic hydrocarbons, and the chemicals produced by maternal
smoking.

Recently, some troubling data in lab animals indicate that it is
possible to have transgenerational inheritance of obesity—that is, that the
chemically produced obesity can be passed along to subsequent
generations. In these experiments, a pregnant female is exposed to an
environmental chemical, and the offspring are examined for effects.
Then, the male offspring are mated with females that have had no such
exposure to get a third generation, and the process is repeated. Obesity
from the second generation shows up again in the third and fourth
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generations in animals that were never exposed to the chemical at all,
Heindel explained. Some studies have shown such an effect with
tributyltin, the pesticide dichlorodiphenyltrichloroethane (DDT), jet fuel,
and a mixture of BPA and two phthalates.

This is very troubling, Heindel said, because it indicates that if a
pregnant mother is exposed to a chemical, it may affect not only her
children but also her grandchildren and her great grandchildren as well.

At this point there is a large list of chemicals for which data for either
humans or animals suggest a metabolic disruption or an obesogenic effect,
and it seems to be just the tip of the iceberg, Heindel said, because it seems
that a new chemical is being added to the list every month or two.

Data Gaps and Needs

NIEHS is now funding 57 grants in the area of obesity and diabetes,
Heindel said. Of those, 32 are in humans, 20 are in animals, and 5 are
basic cellular and molecular studies. In the 32 studies with human birth
cohorts, developmental exposures to various chemicals are assessed, and
the children are followed later in life to see if they become overweight or
obese. Thus, in the next 4 or 5 years, he said, there will be a huge
increase in the amount of data available on this issue both from the
human studies and from the animal studies, plus all of the other studies
being funded around the globe.

Still, he added, the field is still young—only about 10 years old—and
there are many data gaps and needs and many questions to be answered:
screens need to be developed to determine which chemicals have the
ability to cause weight gain, for instance; dose-responses need to be
determined; the sites at which the chemicals act and their mechanisms
need to be discovered; the animal studies need to be coordinated with the
human studies so that their insights can be compared and combined; and
S0 on.

Heindel closed by noting that because the field is so new, there are
many opportunities to help direct the research. That is why meetings like
this workshop are so valuable, he said, so that it is sooner, rather than
later, that the field is able to understand the importance of environmental
chemicals in the obesity epidemic.

DISCUSSION

Lynn Goldman of the Milken Institute School of Public Health at
George Washington University opened the discussion session with a
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