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Th e six months prior to conception, pregnancy, and the 
fi rst two years of a child’s life are periods of heightened 
vulnerability to developmental abnormalities, some with 
life-long consequences.  

Eating a well-balanced diet composed of ample 
organic fruits and vegetables, dairy and grain products 
throughout this period can both largely eliminate 
dietary exposure to pesticides and establish and sustain 
taste-based preferences in the child for nutrient-dense, 
fl avorful foods. 

An expecting mother’s diet during pregnancy directly 
controls the adequacy of the nutrients available to the 
developing fetus and also plays a major role in determining 
how many toxic chemicals are present in amniotic fl uids, 
and whether the levels approach those capable of blocking 
normal development. 

Outlined below are specifi c steps that both society and 
parents can take to get their children off  to a good start, and 
keep them on the right track as they continue to develop.

Public food and nutrition assistance programs and 
policies should emphasis sound dietary choices and 
provide ample resources to assure that children and 
pregnant women have access to organic fruits, vegetables, 
and dairy products.

Examples of organic food interventions based on economic 
incentives include farm to cafeteria programs that 
increase children’s access to organically-produced, local 
foods and increasing access to organic foods through the 
Supplemental Nutrition Assistance Program (formerly  

Food Stamps) and WIC (Special Supplemental Nutrition 
Program for Women, Infants and Children).  

Maternity leave policy in the U.S. should include 
economic incentives (e.g., paid maternity leave) so that 
women need not choose between careers, keeping food on 
the table and what is best for their newborn children.

Policies of this sort are already the norm in many 
developed countries.  Mother-friendly policy changes are 
most acutely needed for non-affl  uent women and mothers 
with infl exible work schedules. 

1.  Getting Children Off  to a “Good Start” and Keeping Th em 
on the Right Track

Overview and Summary of Key Points
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Th e building blocks for healthy development in children 
should ideally be put in place at least six months before 
conception. A healthful diet and other sound lifestyle 
choices are critical before and throughout pregnancy and 
during the fi rst two years of the child’s life.  Th is is the 
period when a child gets his or her start in life.  Once a 
child reaches two years old, it is essential for parents and 
other care givers to keep the child on track.  

By this we mean growing and developing at a healthy, but 
not excessive, pace.  Nutrient needs remain high, as do 
developmental dangers associated with exposure to toxic 
chemicals.  While many of the child’s major organs and 
systems are fully or nearly formed by age two, some continue 
to progress through multiple, critical developmental stages 
through adolescence.  Th e brain, nervous system, and 
reproductive organs are the last major parts of the child’s 
body to reach full development.

As noted above, a healthful diet and sound lifestyle choices 
are critical before and throughout pregnancy. Both under- 
and over-nutrition of the fetus as well as exposing the fetus 
to environmental toxins may have long-term negative eff ects 
on human health (Gillman et al., 2007). Th e most common 
permanently disabling birth defect in the United States is 
spina bifi da (CDC and Spina Bifi da Association websites, 
2009). 

Spina bifi da occurs within the fi rst few weeks of pregnancy, 
often before a woman knows she is pregnant. Spina bifi da 
is a neural tube defect. Th e neural tube is embryonic tissue 
that gives rise to the brain and spinal cord. In spina bifi da, 
the fetal spinal column doesn’t close (NIH website, 2009).

Another neural tube defect is anencephaly. In anencephaly, 
much of the brain doesn’t develop, thus, babies with 
enencephaly are either stillborn or die shortly after birth 
(NIH website, 2009). Pregnant Mexican mothers who 
worked in agriculture and were exposed to agricultural 

Parents also have an important role to play in 
tilting the odds toward their children’s proper 
development and good health.  Such strategies 
include: 

• Breastfeeding infants at least through six
   months of age; 
• Purchasing more organic fresh fruits and 
   vegetables with their nutrient-rich peels; 
• Planting a home or family garden or 
   participating in a CSA farm;
•  Consuming a healthful breakfast everyday; 
•  Cooking and eating more family meals at
    home; and 
•  Trying new recipes and quick meal ideas that 
    incorporate organically produced, raw and 
    minimally processed foods. 

  What is a “Good Start” and What is the Right 

  Track?

A.  Getting Children Off  to a “Good Start” 
Begins Before and During Pregnancy
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chemicals during the acute risk period – three months 
before and the one month after the last menstruation 
period – had children with a higher risk of anencephaly 
(Lacasaña et al., 2006). Th us, production of organic 
fruits and vegetables reduces the pesticide exposure of 
agricultural workers in the fi eld and consumers in the 
home, both before and during pregnancy.

Folic acid given before pregnancy, especially in the acute 
risk period, reduces the incidence of spina bifi da (CDC 
website, 2009)

2
.  In addition, in pregnant Agouti mice, 

dietary supplements of folic acid and other related 
vitamins produces pups that grow up to have lower rates 
of obesity, diabetes, and cancer (Gillman et al., 2007).  

Th e epigenetic
3
 mechanism associated with this observed 

phenomenon involves switching off  the Agouti gene by 
methyl groups from the supplements (Waterland and 
Jirtle, 2004). Some of these eff ects are tissue specifi c 
and can be induced in normal rats by maternal dietary 
manipulation (Lillycrop et al., 2005). Furthermore, the 
transgenerational eff ects of prenatal exposure to the Dutch 
famine on neonatal adiposity (fatness) and health later in 
life have been observed (Painter et al., 2008).  Epigenetic 
changes in one generation can result in phenotypic changes 
across multiple generations (Gillman et al., 2007).

Fruits and vegetables are good sources of food folate that 
should be consumed by women of childbearing age as 
part of a healthful diet. Koebnick and colleagues (2001) 
found that long-term high vegetable intake favorably 
aff ected plasma folate as well as red blood cell (RBC) 
folate concentrations throughout pregnancy and reduced 
the risk of folate defi ciency if adequate vitamin B12 was 
supplied (Koebnick et al., 2001). 

A more recent Dutch study found that women who 
consumed a Mediterranean-style dietary pattern rich in 
fruits, vegetables, healthful oils, fi sh and whole grains had 
a reduced risk of giving birth to a child with spina bifi da 
than women who consumed the least Mediterranean-like 
dietary pattern. Th e more closely the women adhered 
to the Mediterranean-style diet, the higher their serum 
and RBC folate and serum Vitamin B12 levels were. 
When controlling for other factors, including folic acid 
supplements as well as body mass index (another risk factor 
for having a baby with spina bifi da), the researchers found 
the Mediterranean-style dietary pattern independently 
reduced spina bifi da risk (Vujkovic et al., 2009). 

Recently, exposure to multiple environmental toxins 
during pregnancy has been linked to a higher body mass 
index in off spring. For example, exposure to cigarette 
smoke and DDE

4
  (DDE – the main metabolite of the 

pesticide DDT), were linked to a higher body mass 
index in toddlers (Verhultst et al., 2009). In another 

2
In 1998, the Food and Nutrition Board of the National Academy of Sciences Institute of Medicine (IOM) recommended that to reduce their risk for a neural 

tube defect, all women capable of becoming pregnant should take 400 micrograms of synthetic folic acid daily, from fortifi ed foods or supplements or a combi-
nation of the two, in addition to consuming food sources of folate from a varied diet (IOM, 1998).   
3
An “epigenetic” change is a change where environmental factors infl uence the activity of genes but do not cause structural changes or mutations in the genes.

4
DDE = dichlorodiphenyldichloroethylene, DDT = Dichlorodiphenyltrichloroethane
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study, researchers found that children whose mothers 
were exposed to hexachlorobenzene (a fungicide) during 
pregnancy had a higher risk of being overweight at 6 years 
of age (Smink et al., 2008). Researchers at the National 
Institute of Environmental Health Sciences (NIEHS) also 
reported that brief exposure early in life to environmental 
endocrine (hormone) disrupting chemicals (especially 
diethylstilbestrol - DES) resulted in increases in body 
weight as mice aged (Newbold et al., 2007). 

Such fi ndings are part of the growing scientifi c fi eld 
termed “the developmental origins of adult disease,”  which 
is concerned with how perinatal

5
  infl uences may aff ect 

the development of chronic disease later in life (Newbold 
et al., 2007). Perinatal infl uences of concern include 
exposure to either under- or over-nutrition as well as 
exposure to environmental toxins, including exposures to 
environmental endocrine disrupting chemicals (Gillman 
et al., 2007). 

For example, in a non-human primate model, chronic 
maternal overfeeding resulted in fetal oxidative stress 
in the liver, resulting in fatty liver and disordered lipid 
handling by the fetus (McCurdy et al., 2005; McCurdy et 

al., 2009). Th ese same authors observed that reversing the 
maternal high fat diet to a low-fat diet during a subsequent 
pregnancy improved fetal liver triglyceride levels and 
partially normalized gluconeogenic enzyme expression, 
without changing maternal body weight (McCurdy, 
2009). 

In addition, Lassiter and colleagues (2008, p. 1461) 
observed that, “it is increasingly evident that exposures 
experienced during fetal or neonatal life, including 
chemical exposures such as those studied here [parathion, 
which is an organophosphate (OP) pesticide] can lead to 
misprogramming of metabolism, appetite, and endocrine 
status contributing ultimately to morbidities such as 
obesity and diabetes.” In a separate study, fetal and neonatal 
rats exposed to chlorpyrifos (another OP pesticide) had 
excessive weight gain and leptin dysfunction (leptin is a 
hormone that regulates appetite) (Lassiter and Brimjioin 
2008). 

Obesity and diabetes also can result from intrauterine 
malnutrition and SGA (small-for-gestational-age) births. 
In 1991, Hales and Barker (Hales and Barker, 1991) 
studied 468 64-yr-old men with known birth weights 
and weights at one year of age. Ninety-three of these men 
had impaired glucose tolerance or hitherto undiagnosed 
diabetes. Th e aff ected men had a lower mean birth weight 
and a lower weight at one year. Th e proportion of men 
with impaired glucose tolerance fell progressively from 26 
percent (6/23) among those who had weighed 18 pounds 
or less at one year to 13 percent (3/24) among those who 
had weighed 27 lb or more. Corresponding fi gures for 
diabetes were 17 percent (4/23) and nil (0/24).

A follow-up study in men and women aged 50 years (Phipps 
et al., 1993) found that the subjects with impaired glucose 
tolerance or non-insulin-dependent diabetes mellitus had 
lower birthweight and a smaller head circumference and 

5
Perimatal is defi ned as the period beginning after the 28

th
 week of pregnancy through 28 days following birth.



  The Organic Center                     Critical Issue Report                        Page  
          
  March 2009                                That First Step              10  

were thinner at birth. Th e prevalence of impaired glucose 
tolerance or diabetes fell from 27 percent in subjects who 
weighed 5.5 pounds or less at birth to just 6 percent in 
those who weighed more than 7.5 pounds. Th e trends 
with birthweight were independent of duration of 
gestation, so the authors concluded that the results were 
related to reduced fetal growth rates. 

Th is phenomenon was evident in children as young as 
seven years of age (Law et al., 1995). Obesity may also be 
linked to this eff ect, since, in a separate study, adults born 
small for gestational age were more likely to be obese than 
adults born at an appropriate size (Meas et al., 2008).

B.  Developing and Maintaining Self-Control 
– Matching Appetite with Food Intake

Ross and colleagues have proposed that both appetite 
and satiety mechanisms develop during the 

last third of gestation during pregnancy 
(Ross et al., 2003).  A “satiety mechanism” 

is a biochemical or neurological 
pathway in the body that results in a 

-- “I am getting full” -- signal from 
the stomach to the brain. 

Exposing the fetus to high 
maternal nutrient intake 
may result in changes 
within the central appetite 
regulatory network 
(Muhlhausler et al., 2006). 

For example, exposure to a high fat diet in utero may 
aff ect the appetite center of the fetus’ brain, resulting in 
possible problems with appetite control after birth (Dr. 
Jacob Friedman, Personal Communication, February 9th, 
2009). 

As noted in the previous section, exposure to certain OP 
pesticides (e.g., parathion and chlorpyrifos) during the fetal 

and neonatal periods may also result in a misprogramming 
of appetite (Lassiter et al., 2008; Lassiter and Brimjioin, 
2008). Th us, intra-uterine imprinting of appetite 
mechanisms may aff ect appetite control in the infant, 
child, and adult, with the risk of generating dysfunctional 
appetite and perhaps obesity (Ross et al., 2003).  Hence, 
consuming a healthful diet during pregnancy that includes 
an ample supply of organically-produced foods may play 
an important role in the developing fetus’ appetite control.

Another important strategy for regulating calorie intake 
and maintaining 
appetite control 
during infancy 
is breastfeeding. 
B r e a s t f e e d i n g  
gives infants 
more control over 
how much they 
eat, thus helping 
them self-regulate 
calorie intake 
and reduce the 
risk of pediatric 
o v e r w e i g h t 
and obesity. 
Breastfeeding may 
also infl uence the 
appetite control 
hormone leptin 
(Bergenstal et al., 
2007). 

In addition, inappropriate parental child feeding behaviors, 
particularly parental restriction, during early childhood 
are associated with child weight gain (Clark et al., 2007), 
Th is is because parental restriction of a child’s food intake 
may actually teach a child to overeat. Th us, parents should 
allow infants and toddlers to eat until they are satiated and 
avoid coercive “clean your plate” feeding practices (Fox et 
al., 2006). 
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C.  Developing Healthful Food Preferences, 
Dietary Patterns and Lifestyles

A published review of risk factors for overweight
6
  in 

preschool-aged children found evidence for a direct 
association between childhood overweight and maternal 
pre-pregnancy body size, maternal smoking during 
pregnancy, and children’s television media use. A strong 
inverse association between breastfeeding and overweight 
was found while moderate evidence was found for children’s 
physical activity level (Hawkins and Law, 2006). In addition, 
a recent longitudinal study found that being in the highest 
quintile of weight gain between birth and fi ve months, as 
well as maternal smoking, almost doubled the odds of being 
overweight at 4.5 years (Dubois and Girard, 2006)

Parental overweight or obesity and being raised in middle-
income or poor families also raised the odds of  children 

being overweight at 4.5 years (Dubois and Girard, 2006). 
As noted earlier, researchers are beginning to evaluate how 
exposure to other environmental toxins during pregnancy, 
such as pesticides, may increase a child’s body mass index 
during the early years, and possibly later in life (Verhultst 
et al., 2009; Smink et al., 2008).

During pregnancy and lactation, a mother can help her 
baby become familiar with the tastes of a variety of healthful 
foods by consuming these foods herself and consequently 
passing on the fl avors of these foods to her baby via 
amniotic fl uid and breast milk.  Th e human fetus swallows 
larger amounts of amniotic fl uid during pregnancy, with 
the amount increasing as gestation proceeds (Ross et 
al., 1997). Th us, the fl avors of foods that are consumed 
by a pregnant woman transfer to the amniotic fl uid. For 
example, the amniotic fl uid of women consuming garlic a 
few minutes before amniocentesis has been found to have 
a defi nite garlic odor (Mennella et al., 1995). 

6
For children and teens (aged 2-19 years), Body Mass Index (BMI) ranges are defi ned so that they take into account normal diff erences in body fat between 

boys and girls and diff erences in body fat at various ages. Previously, BMI ranges above a normal weight in children and teens were labeled as “overweight” (a 
BMI at or above the 95th percentile for children of the same age and sex) and “at risk of overweight” (a BMI at or above the 85th percentile and lower than the 
95th percentile). More recently, these labels have been changed to “obesity” and “overweight,” respectively (CDC, 2009).

Th e progression from normal weight (boy on left) to overweight (middle) to obese (boy 
on the right) can occur as a result of consuming 100 to 200 calories per day in excess of 
energy expenditure.



  The Organic Center                     Critical Issue Report                        Page 
          
  March 2009                                That First Step              12  

 Mennella and colleagues designed a study in which women 
consumed carrot juice during both the third trimester and 
the fi rst two months of lactation, only during gestation, 
only during lactation, or not at all. About one month after 
starting on infant cereal, the infants were fed cereal made 
with carrot juice. Th e infants whose mothers consumed 
carrot juice exhibited fewer facial expressions when fed the 
carrot-fl avored cereal compared to the plain cereal. Th ose 
infants exposed in the uterus were perceived as enjoying 
the carrot-fl avored cereal most of all (Mennella et al., 
2001). 

Breastfeeding also exposes an infant to the fl avors of food 
via his or her mother’s breast milk. In fact, when a lactating 
woman consumes garlic, her breast milk develops a garlic 
odor after about an hour, which peaks at about two hours, 
and decreases thereafter. A nursing infant can apparently 
detect these changes, since the infant attaches to the breast 
for longer periods of time and sucks more when the milk 
smelled like garlic (Mennella et al., 1991). 

In order to establish food preferences, foods need to be 
tasted. Infants exposed to a single new food (e.g., green 
beans or peas) for eight to ten consecutive days increase 
their acceptance (increased intake and less adverse facial 
reactions) of that novel food (Sullivan and Birch, 1994; 
Forestell and Mennella, 2007). Variety is a second approach 
to promoting vegetable acceptance during infancy. Eight 
or nine days of feeding four diff erent vegetables within 
or between meals lead to increased acceptance of carrots, 
green beans, and spinach (Mennella et al., 2008) or carrots 
and a novel food, chicken puree (Gerrish and Mennella, 
2001). 

Healthful dietary habits 
and patterns need to be 
continued throughout 
childhood. Such habits 
include eating a good 
breakfast, consuming 
a variety of fruits and 

vegetables and other nutrient dense foods, and drinking 
the right fl uids.  Consuming more foods in their fresh 
form, or slightly processed form, can also promote good 
health. Reducing time spent watching television, increasing 
physical activity, and getting an adequate amount of 
sleep every night are other important health-promoting 
behaviors. Each of these healthful lifestyle behaviors is 
reviewed in more detail in this section.

Eating a Good Breakfast

Eating a good breakfast is important for children, not 
only for learning (Benton, 2007), but also for reducing the 
risk of obesity, and thus diabetes. For adolescents with an 
obese parent, eating breakfast was a favorable factor for 
protecting the adolescent from obesity (Fiore et al., 2006). 
Unfortunately, breakfast consumption by older children 
declines with age (Barton et al., 2005).

Consuming a Variety of Fruits and Vegetables 
and Other Nutrient Dense Foods

Recent research has found that infants and toddlers 
may not be exposed to an adequate variety of fruits and 
vegetables in their diet. Fox and colleagues (2004) found 
that from 18 percent to 33 percent of infants and toddlers 



  The Organic Center                     Critical Issue Report                        Page  
          
  March 2009                                That First Step               13  

between the ages 7 and 24 months consumed no discrete 
servings of vegetables, and 23 percent to 33 percent 

consumed no fruits. 
French fries were one of 
the three most common 
vegetables consumed by 
infants 9 to 11 months of 
age. By 15 to 18 months, 
French fries were the 
most common vegetable.

A high preference for 
nutrient-dense foods, 
such as fruits and 
vegetables, may protect 
a child from becoming 
overweight. Lakkakula 
and colleagues studied 

341 black children (43 
percent boys, 68 percent 4th graders) attending low-
income, public elementary schools in Louisiana. Th e 
researchers found that children who reported a very low 
preference for fruits and vegetables were more likely to 
be categorized as at risk for overweight or overweight 
than those who reported a high preference for fruits and 
vegetables (Lakkakula et al., 2008). Parental modeling 
behavior and exposing infants, toddlers and young children 
to the taste of diff erent foods in the home can increase 
their intake of fruits, vegetables and other nutrient-dense 
foods, which in turn, may decrease the risk of childhood 
overweight.

Th e Organic Center published a State of the Science 
Review (SSR) entitled, “Do Organic Fruits and Vegetables 
Taste Better than Conventional Fruits and Vegetables?” in 
September 2006 (Th euer, 2006).  It reviewed published 
studies comparing the organoleptic qualities of organic 
versus conventional foods, with a focus on fruits and 
vegetables.  Organoleptic qualities include taste and fl avor, 
aroma, mouth feel, juiciness, and suitability for storage. 
Th is SSR found that more often than not organic fruits 
and vegetables including apples, tomatoes and strawberries 
tasted better than their conventional counterparts. Evidence 

in support of superior taste in organic produce was found 
to be strongest in apples (Th euer, 2006). 

Previous research has found that organic apples are fi rmer 
and have superior storage capacity (Hajslova et al., 2005), a 
phenomena associated with lower plant tissue nitrate levels 
and slower growth rates and greater physiological maturity 
at harvest. However, the Organic Center’s SSR noted that 
maturity at harvest and storage methods generally trump 
production methods with respect to organoleptic quality. 
Th us, it was also concluded that future cultivation studies 
should include measurement of tissue nitrate levels (which 
may infl uence storage capacity, shelf-life and taste) and 
organoleptic quality, including product fi rmness and taste 
testing (Th euer, 2006).  

A more recent review on the quality of plant products from 
organic agriculture reaffi  rmed that a variety of organic 
fruits and vegetables taste better than their conventional 
counterparts. Better taste and smell for bread made from 
organic grain were also reported (Rembialkowska, 2007).

Drinking the Right Fluids

Soft drink consumption has increased by 300 percent in 
the past 20 years, and 56-85 percent of children in school 
consume at least one soft drink daily. Th e odds ratio of 
becoming obese among children increases 1.6 times for each 
additional can or glass of sugar-sweetened drink consumed 
beyond their usual daily intake of the beverage. Soft drinks 
currently constitute the leading source of added sugars in 
the diet and exceed the U.S. Department of Agriculture’s 
recommended total sugar consumption for adolescents. 
(Harrington, 2008)

Drinking sweetened beverages between meals is of 
particular concern. Dubois et al. (2007) found that 6.9 
percent of children who were non-consumers of sugar-
sweetened beverages between meals between the ages of 
2.5 to 4.5 years were overweight at 4.5 years, compared 
to 15.4 percent of regular consumers (four to six times 
or more per week) at ages 2.5 years, 3.5 years, and 4.5 
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years. Th us, consumption of sugar-sweetened beverages 
between meals more than doubles the odds of being 
overweight when other important factors are considered 
in multivariate analysis (Dubois et al., 2007). 

A systematic review of large cross-sectional studies, in 
conjunction with those from well-powered prospective 
cohort studies with long periods of follow-up, show a 
positive association between greater intakes of sugar-
sweetened beverages and weight gain and obesity in both 
children and adults (Malik et al., 2006). Th ese authors also 
noted that a school-based intervention found signifi cantly 
less soft-drink consumption and prevalence of obese and 
overweight children in the intervention group than in 
control subjects after 12 months, and a recent 25-week 
randomized controlled trial in adolescents found further 
evidence linking sugar-sweetened beverage intake to body 
weight. 

One goal for parents is to help their children develop a 
taste for nutritious beverages such as milk. Daughters of 
milk-drinking mothers consume more milk and fewer 
soft drinks, so they have more adequate calcium intakes 
(Fisher et al., 2004), and thus they are likely to have denser 
bones (Fiorito et al., 2006). Preschool children, on average, 

drink less milk each day than the recommended 16 ounces 
(O’Conner et al., 2006). Long-term consumption of soft 
drinks by children weakens bones whereas long-term 
consumption of milk strengthens bones (Libuda et al., 
2008).

Maintaining a Healthful Lifestyle

Survey research based on a population-based study in 
Minnesota found that adolescents who value at least 
two of following food production practices – organically 
produced, locally grown, non-genetically engineered and 
non-processed – are more likely than their peers to have a 
dietary pattern that is consistent with the Healthy People 
2010 objectives for fruit, vegetable and fat intake. In 
addition, the percentage of adolescents indicating support 
for organic food was higher among non-overweight than 
overweight adolescents (Robinson-O’Brien, et al., 2009). 

Adolescents who valued each of the above mentioned food 
production practices were more likely than their peers to 
be nonwhite (p < 0.001) and have a low socioeconomic 
status (p < 0.001) (Robinson-O’Brien et al., 2009). Th ese 
results are, in part, consistent with fi ndings by the Hartman 
Group, who reported that Hispanic Americans and Asian 
Americans are more likely than Caucasian Americans to 
purchase organically-produced food (Baxter, 2006). 

Even though adolescents from low socioeconomic status 
groups may be more likely to value food from alternative 
food production practices (e.g., organically-produced 
foods) than persons with higher socioeconomic status, it 
has been observed that persons residing in lower-income 
neighborhoods often have limited access to organic foods 
(APHA, 2007). 

Unfortunately, the populations with the highest rates 
of obesity – e.g., low-socioeconomic status, inner-city, 
agricultural populations – are the same populations 
with greater exposures to OP pesticides (Lassiter et al., 
2008; Eskenaki et al., 2007; Perera et al., 2005; Fenske 
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et al., 2000). With this information in mind, it may be 
benefi cial to discuss alternative production practices 
(e.g., organically-produced foods) as part of nutrition 
education programs for adolescents (Robinson-O’Brien 
et al., 2009). Increasing lower-income consumers’ access 
to organically-produced foods, through multiple venues 
(e.g., supermarkets, farmers’ markets, and farm to cafeteria 
programs), is also critical.

Another part of a healthful lifestyle is getting an adequate 
amount of sleep every night. Unfortunately, due to hectic 
schedules and a face-paced lifestyle, the number of hours 
of sleep Americans get every night has decreased over time. 
Epidemiological studies have found a positive association 
between short sleep duration and obesity in both children 
and adults ( Jones et al., 2008). 

Because low leptin and high ghrelin levels (two hormones 
involved in appetite control) have been observed during 
sleep deprivation, short sleep duration could result 
in obesity by increasing appetite ( Jones et al., 2008). 
Researchers in Denmark found that animals fed a low-
fertilizer input diet without pesticides had a more restful 
sleep than animals fed a diet with pesticides (Lauridsen et 
al., 2008).

Physical activity also 
needs to be part of 
a healthful lifestyle. 
Physical activity and 
TV viewing were 
the only signifi cant 
predictors (other than 
baseline BMI) of BMI 
among a tri-ethnic 
cohort of 3-4-year-old 
children followed for 
3 years. Both physical 
activity (negatively 
associated) and TV 
viewing (positively 
associated) became 

stronger predictors as the children aged. It appears that 
6 or 7 years of age is a critical age when TV viewing and 
physical activity may aff ect BMI. Th erefore, focusing on 
reducing time spent watching television and increasing 
time spent in physical activity may be successful means 
of preventing obesity among this age group ( Jago et al., 
2005). 

Th e American Academy of Pediatrics (AAP) recommends 
limiting television viewing to no more than one to two 
hours of quality programming per day for children aged 
two years and older. Parent should discourage television 
viewing for children younger than two years of age, and 
encourage more interactive activities that promote proper 
brain development (e.g., talking, playing, singing, and 
reading) (AAP, 2001). 

Physical inactivity, high consumption of sweetened 
beverages, and skipping breakfast were three controllable 
risk factors for the higher obesity observed in adolescents 
in poor families compared to those in non-poor families 
(Miech et al., 2006). In contrast, consuming cereal for 
breakfast was associated with more healthful eating 
throughout the entire day, including consumption of 
less fat and more fi ber and calcium, and greater physical 
activity among girls (Albertson et al., 2008). 
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D. Concrete Steps Toward Healthy 
Childhood Development 

Parents need tools to help tilt the odds toward a healthy 
pregnancy and birth, and normal development of their 
children.  Rising unemployment and today’s economic 
downturn has pushed millions of people into, or closer 
to poverty. Another challenge is society’s lack of fi nancial 
commitment towards disease prevention, wellness, and 
self-care. Concrete steps that society and parents can take 
to promote healthy childhood development are listed 
below.

  Steps Society Can Take

Our society invests heavily in the treatment and 
management of chronic diseases such as Type 2 diabetes for 
adults. In contrast, it spends very little for the prevention 
and treatment of childhood obesity to stave off  the onset 
of Type 2 diabetes. Th us, unless there is a signifi cant 
investment in obesity prevention and treatment during 
childhood within schools, communities, and the health 
care system, recent trends in childhood obesity will likely 
lead to increases in Type 2 diabetes among young adults, 
resulting in even greater costs to society and the health 
care system (Lee, 2008). 

1) Base food interventions and public policies on 
economic incentives.

One way to deal more eff ectively with the economic 
challenges that many families face while reducing the 
future costs to society and the health care systems, is to 
base food interventions on economic incentives.

Research has shown that a targeted subsidy provided to 
WIC participants that enabled them to purchase fruits 
and vegetables resulted in increased fruit and vegetable 
consumption (Herman et al., 2006; Herman et al., 2008). 

Changes to the WIC program also include providing 
incentives to promote breastfeeding among WIC 
participants by increasing the amount of fruit and 
vegetable vouchers allotted to women who breastfeed 
(Levi et al., 2008). Th is is one positive step to increase 
the rates of breastfeeding by lower-income women in the 
United States (U.S.). However, recent research found that 
the strongest predictor of whether or not a woman would 
continue breastfeeding was whether or not she returned to 
work within six weeks of delivery. 

In addition, the risk of not establishing breastfeeding was 
higher among mothers who went back to work between 6 
to 12 weeks after delivery than women who were still not 
working at this time. Finally, women who held positions 
as managers, had fl exible work schedules and more job 
autonomy were more likely than other women to start 
breastfeeding, and to continue breastfeeding their infants 
longer (Guendelman et al., 2009).

Examples of food interventions based on 
economic incentives include:

• USDA’s Fruit & Vegetable Snack Program - a  
program designed to increase fruit and vegetable 
availability in schools, 

• Farm to cafeteria programs, 

• Bonuses and vouchers that enable Supplemental 
Nutrition Assistance Program (SNAP) recipients to 
purchase more fruits and vegetables, and

• Th e new Supplemental Nutrition Program for 
Women, Infants and Children (WIC) food package 
– which includes fruits and vegetables (fresh, frozen, 
dried or canned), whole wheat bread, other whole 
grains as well as other culturally diverse healthful food 
items (Darmon and Drewnowski, 2008). 
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Th us, current federal government policy in the U.S. may 
not make it economically feasible for a woman to sustain 
breastfeeding during the fi rst 6 months of life, particularly 
for non-affl  uent women or women who do not have a fl exible 
work schedule (Gundelman et al., 2009).   To improve rates 
of sustained breastfeeding in the U.S., pediatricians and 
other health care professionals can advocate for “extending 
paid postpartum leave and fl exibility in working conditions 
for breastfeeding women.” (Gundelman et al., 2009). 

California is one of several states in the U.S. that provides 
workers with paid maternity leave. In addition, California’s 
Paid Family Leave Program extends its state disability 
insurance (SDI) benefi ts (for paid pregnancy leave) up 
to six additional weeks postpartum for infant bonding 
(Gundelman et al., 2009).

2) Develop and implement innovative school-based 
initiatives and strategies.

Schools have a role to play in addressing the obesity 
epidemic. Given the current economic environment, 
schools are experimenting with new strategies that can 
lower costs while increasing revenues. 

One such experiment is the School Lunch Initiative in 
Berkeley, CA. As part of this initiative, Berkeley United 
School District has upgraded its school kitchens to better 
handle fresh food, and reheat meals made from scratch in 
a central kitchen. Th ey have a salad bar in each school that 
serves fresh fruits and vegetables daily, where priority is 
given to locally-produced organic food (Newman et al., 
2008). 

Previous experience has shown that participation in 
a school-based organic salad bar program increased 
children’s and staff ’s consumption of fruits and vegetables 
(Flock et al., 2003). Schools can also implement gardening 
programs to increase students’ willingness to taste fruits 
and vegetables and increase preference for fruits and 
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vegetables among children whose current preferences for 
fruits and vegetables are low (Robinson-O’Brien et al., 
2009). 

Other innovative school-based strategies include hosting 
tasting parties and making changes to the cafeteria 
environment. For example, hosting “tasting parties” could 
be held where students are asked to rate diff erent versions 
of a healthful snack or entrée (Newman et al., 2008). 

Other strategies include making changes to the cafeteria 
environment including longer lunch periods, shorter lunch 
lines, and more pleasant seating arrangements. 

Students who have more time to eat their lunch are more 
likely to eat all of their lunch, and as a result, may eat a 
more balanced meal. Pleasant seating arrangements during 
the lunch hour that allow time for socialization can also 
promote more healthful eating behaviors among students 
(Newman et al., 2008).

Chef Ann Cooper: “Th e Renegade Lunch Lady” is the director of nutrition services for the Berkeley Unifi ed School District.
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   Steps Parents Can Take 

Many excellent books have been written about parenting 
in these challenging times, including Raising Baby Green 
(2007) and Feeding Baby Green (2009) by Dr. Alan 
Greene, a renowned pediatrician and member of the 
Center’s Board of Directors.  Dr. Greene’s website, www.
drgreene.com, off ers parents up to date information on a 
wide range of topics and challenges. 

In addition, registered dietitian and therapist, Ellyn Satter, 
MS, RD, has published excellent books on topics such as 
infant and child feeding practices, parenting practices, 
and breastfeeding. For more information, see: Your Child’s 
Weight: Helping without Harming (2005) and Child of 
Mine: Feeding with Love and Good Sense (2000), both of 
which are available at: www.ellynsatter.com

A list of recommended strategies to tilt the odds toward 
good health, while sticking to a budget, follows.

1) If possible, breastfeed your child at least through 
six-months of age.

Breastfeeding is very inexpensive compared to the 
cost of purchasing infant formula. The US Preventive 
Services Task Force on Breastfeeding has concluded 
that coordinated interventions, with both prenatal 
and postnatal components, can increase breastfeeding 
initiation, duration and exclusivity (Calonge et al., 
2008). 

Some researchers believe that low rates of sustained 
breastfeeding may at least partially explain why 
disadvantaged US children are at greater risk of becoming 
overweight. For example, using data from a large school-
based study, Woo and colleagues (2008) reported that 
being breastfed for longer than 4 months was associated 
with a lower body mass index z-score and lower odds of 
being at risk for overweight or overweight – independent 
of race or parental education. Th eir analysis also found 
that being breastfed for longer than 4 months partially 
explained the association between social disadvantage and 
increased adiposity. 

Based on these results, the researchers concluded that 
“increasing breastfeeding duration could result in lower 
adolescent adiposity for all racial and socioeconomic 
status groups and potentially minimize socioeconomic 
disparities in adiposity” (Woo et al., 2008).

Other researchers reported that the rate of breastfeeding 
was lower in youth with Type 2 diabetes (for Hispanic, 
white and African American youth) (Mayer-Davis et 
al., 2008). Further analysis revealed that the protective 
eff ect of breastfeeding against Type 2 diabetes was in 
large part attributable to its eff ect in moderating current 
childhood overweight status (regardless of ethnic group). 
However, additional analyses that incorporated duration 
of breastfeeding and potential confounders provided 
evidence of a dose response, even after inclusion of body 
mass index z-score. Th us, these researchers concluded 
that breastfeeding may protect against the development of 
Type 2 diabetes in youth (Mayer-Davis et al., 2008).
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2) Purchase and consume more organic fresh fruits 
and vegetables, and consume produce with edible 
skins such as apples, pears, and cucumbers without 
removing their nutrient-rich peels.

Parents should purchase and consume organic fruits and 
vegetables themselves and off er them to their children. 
A diet consisting of primarily organic foods provides a 
dramatic and immediate protective eff ect against exposure 
to organophosphate (OP) pesticides, such as malathion 
and chlorpyrifos (Curl et al., 2003; Lu et al., 2006; Lu et al., 
2008). 

Especially during pregnancy and lactation, exposing babies 
to new fl avors via amniotic fl uid and breast milk is good; 
exposing babies and young children to OP pesticides is not 
good. Th e ability to safely consume organic apples and other 
organic fruits and vegetables with their nutrient-dense skins 
intact is also an economically-important advantage. Mothers 
can serve organic produce after a light washing to remove dirt 
or bacteria, and in this way assure their children are getting 
the most nutrient “bang” for the family’s food “buck.”

3) Purchase organic foods through a CSA 
(community supported agriculture) farm or at a 
farm stand or farmers’ markets.  

Purchasing organically produced foods through a community 
supported agriculture (CSA) farm or at a farm stand or 
farmers’ market are strategies that can be implemented to deal 
with rising food costs. One survey found that the number one 
reason to participate in a CSA farm was to increase access to 
high quality organically-produced foods (ATTRA, 1995). 
Locally-produced organically grown foods, when in season, 
can be lower in price than non-organically produced foods. 
You can freeze and/or can what you don’t use for later use. 
To fi nd a CSA farm or farmers’ market near you, go to:  www.
localharvest.org.

Th e Group Health Cooperative of South Central Wisconsin 
reimburses its members for participating in a CSA farm as a 
“wellness” reimbursement. Non-profi t organizations such 
as Just Food (www.justfood.org) provide low-income 
individuals with diff erent mechanisms that enable them 
to participate in a CSA farm. Th ese include: sliding-scale 
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prices, work shares, accepting Food Stamps
7  (electronic 

benefi t cards), and spreading payments out over time. 

4) Plant a home garden.

Planting a home garden is one way to increase access 
to organically produced fruits and vegetables while 
increasing opportunities for physical activity (Burros, 
2008). Establishing a home garden can also help families 
re-establish a sense of control over their food supply, and 
to connect with nature (thereby reducing stress) (Wells 
and Evans, 2006). 

Preschool-aged children in rural Missouri who almost 
always ate home-grown produce were 2.3 times more 
likely to eat fi ve servings of fruits and vegetables a day 
than preschool-aged children who reported rarely or never 
eating home-grown produce. Frequent consumption of 
home-grown produce also promoted a positive home 
environment by increasing the availability of produce 
(Nanney et al., 2007). 

Another study found that implementation of a home-based 
food gardening program resulted in signifi cantly higher 
intakes of vitamin A (beta-carotene) in young children 
from households that had gardens than young children 
from households without gardens (Faber et al., 2002).

5) In off -season months, seek out organic dried 
fruits, canned or frozen fruits and vegetables, 
and organic fruit and vegetable juices that can be 
purchased in bulk. 

Everyone needs four to 13 servings of fruits and 
vegetables every day, year round (for individuals two 
years of age and older) (DHHS and USDA Dietary 

Guidelines, 2005)
8
.   Reaching this goal can be a challenge 

in winter months.  Th is is why families should seek out 
organic fruits and vegetables that can be purchased 
in bulk, or in case lots.  Smart comparison shopping 
can often lower the price per unit of an organic fruit or 
vegetable product to below the cost of highly processed 
and excessively sweetened conventional products.

6) Introduce the family to fruit and vegetable based 
blended drinks and smoothies and other food items 
made with organic yogurt, milk, juices, and fresh or 
dried produce.

Even with attention to detail and good planning, most 
families discard uneaten a portion of the fresh fruits and 
vegetables that fi nd their way onto countertops or into 
refrigerators.  Most overly ripe produce can be easily 
incorporated in tasty and nutritious blended drinks, such 
as smoothies and/or used in the making of nutritious 
breads (e.g., banana nut bread). Of course, as with any 
food or drink item, portion control must be practiced. 

By expanding the options for consuming fruits and 
vegetables, families can drive down the percent 

of food that is wasted and increase 
nutrients consumed per 

dollar spent. Companies 
that sell organic milk 

and yogurt, such as 
Organic Valley 

Family of Farms 

7
The Food Stamp Program is now called the Supplemental Nutrition Assistance Program or SNAP. 8
Nine servings (or 4 and one half cups) of fruits and vegetables are recommended per day based on a ‘reference 2000 calorie diet’, with lower or higher 

amounts depending on the calorie level (1000 - 3200 calories per day).  This results in a recommended range of 4-13 servings of fruits and vegetables 
per day (for 1000 - 3200 calorie levels, in individuals 2 years of age and older) (US DHHS & USDA, 2005 Dietary Guidelines for Americans).
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(http://www.organicvalley.coop/coupons) and Stonyfi eld 
Farm (http://www.stonyfi eld.com/coupons/signin.cfm), 
off er valuable coupons on their websites. Th ese can be 
downloaded for use at local supermarkets. Using coupons, 
such as these, is another way to economize food choices 
while supporting the health of your family.

7) Consume a healthful breakfast everyday. 

Among girls aged 9 to 10 years, consuming cereal for 
breakfast was associated with more healthful eating 
throughout the entire day, including consumption of less 
fat, more fi ber and calcium consumption, and with less 
soda consumption (Albertson et al., 2008). In addition, 
participation in the School Breakfast Program may protect 
against childhood obesity “by encouraging students to 
consume breakfast more regularly” (Gleason and Hedley, 
2009). 

8) Cook and eat more family meals at home.

Restaurant meals (both sit down restaurant and fast food 
meals) have been shown to contain more calories than meals 
prepared at home (Binkley, 2008). In another study, having 
few shared meals and ‘eating on the run’ was associated with 

poorer dietary intake in young adults (e.g., higher intakes of 
soft drinks, fast food and fat) (Larson et al., 2009). Th us, 
preparing and sharing more meals together at home may be 
an important health-promotion strategy.

9) Try new recipes and quick meal ideas that 
incorporate organically produced foods.

Recipes and quick meal ideas that incorporate organically 
produced foods can be found on the following websites:

Chef Dominica Catelli: http://www.mom-a-licious.com

Earthbound Farm: http://www.ebfarm.com/Recipes/
index.aspx

Organic Valley Family of Farms: http://www.
organicvalley.coop/recipes

Spectrum Organic Oils:  http://www.spectrumorganics.
com/?section=recipes

Stonyfi eld Farms: http://www.stonyfi eld.com/Recipes
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2.  Benefi cial Phytochemicals in Food

Overview and Summary of Key Points

Plants produce a dizzying array of natural chemicals 
often referred to as “plant secondary metabolites.”  Th ese 
phytochemicals are part of a plant’s response to stress from 
excessive sunlight and heat, pest attacks, too much or too 
little water, inclement weather, and mineral or chemical 
imbalances in the soil.   

Most phytochemicals are antioxidants and polyphenols.  
Some are vitamins. Th e antioxidants ingested on a daily 
basis by an individual via food and beverages augment the 
antioxidants produced by the body.  As we age, we rely more 
heavily on antioxidants in food and beverages because our 
body’s ability to synthesize antioxidants gradually wears 
out over time.     

Polyphenol and antioxidant phytochemicals account for 
a signifi cant share of the well-documented benefi ts of a 
diet rich in fruits and vegetables.  Science is incrementally 
identifying the specifi c, benefi cial roles played by individual 
phytochemicals in preventing or slowing progression of 
a number of diseases, especially those triggered or made 
worse by infl ammation.  

While intakes of individual phytochemicals can be 
important to help people deal with specifi c health 
problems, the overwhelming weight of evidence points 
to routine, daily total antioxidant intake from a variety of 
diff erent foods as the most reliable indicator of whether 
the phytochemicals in a person’s diet will promote good 
health.

A number of studies have shown that consumption of 
phytochemicals in conjunction with high-fat diets can 
reduce or reverse the expected adverse impacts on blood 

lipids and sugar levels.  In one study, rutin or coumaric 
acid dietary supplementation reduced the insulin levels 
in the blood of rats on a high-fat diet by one-half to over 
two-thirds (Hsu et al., 2009).

Anything that increases average daily human 
consumption of phytochemicals is likely to contribute 
positively to the prevention of disease and promotion of 
healthy development and aging.  

Dozens of studies have compared the polyphenol 
and antioxidant content of organic food, compared to 
conventional foods grown on the same soils in the same 
region.  Organic production increases total phenolic and 
antioxidant content of food by, on average, 25 percent 
(Benbrook et al., 2008).  

Scientists worldwide are scrambling to discover the 
chemical triggers of satiety in humans (a sense of 
fullness).  Research investments are driven by the hope 
that once these triggers are understood, they can be 
manipulated in plants by farmers or otherwise exploited 
in future weight control programs and pharmaceutical-
based interventions.
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One phytochemical in particular – resveratrol – has 
captured the attention of scientists and the food industry.  
Th is  stilbene,  a polyphenolic activator of a key regulatory 
protein, mimics the eff ects of calorie restriction in lower 
organisms.  ( Jiang, 2008).  Moreover, the most potent 
analogue of resveratrol has been shown to actually 
reverse certain aspects of the aging process, leading some 
journalists to ask if this phytochemical might be the source 
of the mythical “Fountain of Youth.”

Th e resveratrol in red grapes and red wine is thought 
to account for some of the benefi ts linked to the 
Mediterranean Diet.  Organically managed vineyards 
produce wine grapes containing markedly more resveratrol 

than nearby conventionally managed vineyards (Levite et 
al., 2000; Miceli et al., 2003; Dani et al., 2007).  

A typical fungicide spray program in a conventional grape 
vineyard in the Southeastern U.S. triggered dramatic 
declines in resveratrol levels in grape leaves and fruit.  In 
one grape variety, resveratrol levels were almost fi ve-times 
higher in the plots not treated with nine applications of 
fungicides, and for two other cultivars, the levels were 
about three-fold higher (Magee et al., 2002).

A. Resveratrol, Cardiovascular Health, and 
the “Fountain of Youth”

Resveratrol is a polyphenol stilbene compound present in 
red grapes, peanuts, and several other dark-colored fruits, 
vegetables, and some legumes (Udenigwe et al, 2008).   
Resveratrol also is found in green grapes, hops, blueberries, 
bilberries, and cranberries, but at concentrations generally 
well below those found in red grapes and peanuts.

Resveratrol is produced by grapevines in response to 
attack by fungal pathogens, including Botrytis cinerea (van 
Baarlen et al., 2004).  Other biotic and abiotic sources of 
stress are also known to trigger resveratrol synthesis.  

Stilbenes combat fungi by inhibiting their respiration (van 
Baarlen et al., 2004).  Often, the initial form of a stilbene 
produced by a plant changes in response to enzymatic 
action, either altering its ability to access fungi or increasing 
its inherent toxicity.  For example, pterostilbene and piceid 
are formed as a result of enzymatic transformation of 
resveratrol, and both are more toxic to many fungi than 
resveratrol.

Resveratrol is the focus of intense research by food 
scientists and medical researchers, in large part because 
relatively high intakes of resveratrol appear to play an 
important role in the unexpectedly positive cardiovascular 
health outcomes among those people consuming a 
Mediterranean Diet that is high in fruits and vegetables, 
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whole grains, legumes, olive oil, fresh herbs, yogurt, and 
seafood.  Wine, usually red, is consumed in moderation.   

One recent study done at Tufts University led to 
speculation in the popular press that resveratrol might 
be the magic potion behind the mythological “Fountain 
of Youth.”  Th e experiment added 0.016 percent of the 
most potent analogue of resveratrol – pterostilbene – to 
the diet of aged rats.  Remarkably, this stilbene actually 
reversed cognitive defi cits, as well as dopamine release.  It 
also improved working memory in the treated rats ( Joseph 
et al., 2008).  Th is is one of the only studies suggesting 
that consumption of phytochemicals can actually reverse 
certain aspects of the aging, as opposed to simply slowing 
down the aging process. 

  Th e Health Benefi ts of Resveratrol

Few phytochemicals have been more intensively studied 
than resveratrol, in large part because of resveratrol’s wide 
range of documented health benefi ts.  Possible impacts, 
which include longevity, blood glucose management and 
diabetes, cholesterol metabolism, infl ammation, and 
metabolic syndrome are reviewed in detail in Chapter 4.  
Here, we introduce briefl y some of the evidence showing 
the breadth of resveratrol’s other health benefi ts, 
along with the ways that farmers can enhance 
resveratrol levels in harvested foodstuff s.

Oxidative stress and infl ammation 
play a role in cardiovascular dysfunction 
in aging. Following stroke, levels of free 

Grapes aff ected by Botrytis cinerea (also known as noble rot), a grey mold pathogen known to trigger resveratrol synthesis. 

Image by A.  Haenni
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heme  increase signifi cantly inside cells. Heme is part of 
the protein “hemoglobin.” Free heme (heme that is not 
bound to protein) is a prooxidant (i.e., it increases oxidative 
stress). Resveratrol stimulates the neuroprotective enzyme 
that breaks down free heme  (Zhuang et 
al., 2003).  Th is is one of the reasons 
resveratrol and other polyphenol 
compounds are under intense study in 
the hope that they may be useful in anti-
aging therapeutic strategies (Labinsky et 
al., 2006). 

Resveratrol inhibits the growth of 
estrogen-sensitive human breast cancer 
cells in a dose-dependent fashion (Lu and 
Serrero, 1999). Its anti-cancer activity is 
mainly due to its ability to trigger cancer 
cell death via a number of pathways 
(Udenigwe et al., 2008).  It has been 
shown in various studies to help stop 
tumor initiation, slow tumor promotion, 
and block tumor progression.  Th irteen 
published studies between 2006 and 
2007 document the anti-cancer properties of resveratrol 
in a wide range of human and animal cell models (for the 
list, see Udenigwe et al., 2008).

Alzheimer disease is characterized by accumulation of 
amyloid-beta plaques in the brain. Resveratrol protects 
against amyloid-beta toxicity in central nervous system 
cells (Chen et al., 2005), suggesting therapeutic potential 
for resveratrol and other similar compounds in Alzheimer’s 
patients.  Other animal research has shown that resveratrol 
may protect against cartilage loss associated with arthritis 
(Elmali et al., 2005).

Given the many positive eff ects of resveratrol observed in 
a wide array of experimental models, ensuring a generous 
intake of this substance is clearly a prudent dietary measure, 
especially since there is no evidence of any adverse eff ects 
from levels of consumption of resveratrol that are possible 
via diet.  

Consuming organic red grapes and red wine is a step in 
the right direction, since organic management increases 
resveratrol nutrient density in grapes by at least a third on 
average.  Th ere are, moreover, promising opportunities to 

further increase resveratrol concentrations in grapes and 
other produce through farming system changes. 

  Increasing Resveratrol Concentrations in Food

Cultural practices on the farm impacting a variety of sources 
of plant stress can infl uence resveratrol accumulation in 
grapevine leaves and fruit.  Potential plant triggers for 
resveratrol synthesis include pesticides, UV radiation, 
wounding, salicylic acid, systemic acquired resistance, 
ethylene, and ozone (van Baalen et al., 2004).

Furthermore, a negative correlation was found between 
resveratrol levels and the rate of nitrogen fertilization, a 
classic example of the dilution eff ect (Fregoni et al., 2000; 
Bavaresco et al., 2001).  

Fungicide applications have also been shown to reduce 
concentrations of resveratrol.  In a study involving muscadine 
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grapes grown in the Southeast, the impacts of fungicide 
applications on resveratrol levels were quantifi ed.

During the growing season, four fungicides were applied 
in a rotation totaling nine applications.  On average 
across several cultivars, disease severity was cut in half by 
these treatments (from a score of “severe” to “moderate”), 
compared to an untreated control.  Th e impacts of fungicide 
applications were modest in three of fi ve cultivars, and were 
more signifi cant in two.

Th e biggest diff erences observed in the experiment, however, 
entailed the impacts of fungicide sprays on resveratrol levels.  
In the Noble variety, the resveratrol levels in the unsprayed 
plots were almost fi ve times higher than in the fungicide 
treated plots.  Th ere was about a three-fold diff erence in 
two other cultivars, and modest increases in the last two 
(Magee et al., 2002).

Moreover, this study shows that a grape variety bred for a 
high level of disease resistance, e.g. Noble, can protect itself 
nearly as eff ectively through resveratrol synthesis as when 
sprayed nine times with four diff erent fungicides.  

Even if there is a modest increase in the percent of culls and 
somewhat lower yields in untreated vineyards, as there was 
in some varieties in the muscadine grape study, the economic 
tradeoff  would still be positive, or at least nearly neutral for 
the farmer, since nine fungicide applications entail cash 
costs well over $100 per acre.  

Other management system changes can increase resveratrol 
nutrient density.  Some studies show that increased 
potassium fertilization correlates with higher levels of 
resveratrol (Fregoni et al, 2000). Th e exogenous application 
of a live soil-borne biological control Bacillus species (Paul 
et al, 1998) has also been reported to lead to an increased 
accumulation of resveratrol in grapevine leaves.

A number of studies show that organically grown grapes 
generally contain substantially higher concentrations 
of resveratrol.  Several studies have shown that organic 
farming systems can increase resveratrol concentrations by 
one-third or more (Levite et al, 2000; Miceli et al., 2003; 
Dani et al., 2007). 

Most scientists conducting such experiments explain the 
diff erences by pointing out that plants under organic 
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management must rely more heavily on their innate 
defense mechanisms (i.e., biosynthesis of resveratrol) to 
contain damage from pathogens, compared to plants in 
conventional vineyards where fungicides are routinely 
applied to knock down fungal pathogen populations.  Th e 
Muscadine grape study discussed above provides powerful 
support for this explanation.

B. Other Health-Promoting Phytochemicals

  Vitamin C 

Many studies have focused on Vitamin C levels in human 
blood as an indicator for intake of fruits and vegetables.  A 
recent European study found that individuals in the top 
quintile for plasma Vitamin C levels (i.e., the 20 percent of 
the people in the study with the highest Vitamin C levels 
in blood) had an odds ratio of only 0.38 for contracting 
diabetes, compared to individuals in the low Vitamin C 
quintile (Harding et al., 2008).  

Th is means that those individuals in this study consuming 
fruits, vegetables, and/or Vitamin C supplements suffi  cient 
to raise their Vitamin C levels enough to get into the top 
quintile had a 68 percent lesser chance of contracting 
diabetes.

  Salicylic Acid and Salicylates

Salicylic acid is a phenolic acid responsible for the anti-
infl ammatory action of aspirin. Patients who take aspirin 

prophylactically to reduce blood clotting have a reduced 
risk of heart attacks, atherosclerosis, and colorectal cancer. 
Salicylic acid and its salts, the salicylates, are natural 
constituents of fruits and vegetables (Swain et al., 1985). 
Blood salicylate levels are higher in vegetarians than in 
non-vegetarians (Blacklock et al., 2001). 

Consumption of organic foods may increase the intake of 
salicylic acid. Organic vegetable soups contained almost 
six-times more salicylic acid than non-organic ones 
(Baxter et al., 2001), suggesting that the vegetables and 
plants used to prepare them contained greater amounts 
of this phenolic acid than the corresponding non-organic 
ingredients. 

Th e serum concentrations of salicylic acid in vegetarians 
overlap those of patients taking the most commonly 
recommended prophylactic dosage of aspirin used to 
reduce blood clotting, 75 mg daily (Blacklock et al., 2001). 
However, the total amount of salicylate metabolites 
excreted in the urine indicates that the daily intake of 
bioavailable salicylates by vegetarians is considerably lower 
than that supplied by a 75-mg dose of aspirin (Lawrence 
et al., 2003). Consequently, the amount of salicylic acid 
available from vegetables may be too low to provide any 
health benefi ts for most people ( Janssen et al., 1996; 
Janssen et al., 1997).

  Th e “Defense Protein” Osmotin

Phytoalexins are “self-defense” substances that are 
formed by plants in response to pest attack. Resveratrol 
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is a “phytoalexin” that is synthesized by the grapevine 
in response to attack by the gray mold fungus, Botrytis 
cineria, and other fungal pathogens. But plants can also 
protect themselves with other substances. 

Fungal infections in plants can induce plants to produce 
defense proteins that target specifi c metabolic processes 
that are essential to fungal growth and survival.  Fungi have 
cells that are surrounded by a plasma membrane. Plants 
under attack by fungi can produce the protein “osmotin” 
(Narasimhan et al., 2001), a phytochemical known to 
erode fungal plasma membrane components. 

Fruits and vegetables grown on organic farms generally 
must contend with higher levels of fungal pathogens 
because they are raised without the use of synthetic 
fungicides.  Th is can lead to higher concentrations of 
osmotin per gram of plant tissue. Osmotin is very resistant 
to digestion.  

Surprisingly, osmotin is a biological analog of the 
mammalian hormone adiponectin, which regulates cellular 
lipid and sugar metabolism in humans (Narasimhan et 
al., 2005). Adiponectin levels are higher in women who 

adhere to the healthier 
M e d i t e r r a n e a n 
dietary pattern rich 
in whole grains, 
olive oil, and fruits 
and vegetables 
(Mantzoros et al., 
2006).  Organic 
cultivation may yield 
fruits and vegetables 
with elevated levels of 

osmotin, among other phytochemicals providing specifi c 
benefi ts in keeping human lipid and sugar metabolism 
within healthy bounds.  Further research is needed to 
confi rm these mechanisms and to better understand how 
to grow nutritionally enhanced, phytochemical dense 
foods.

  Rutin and Coumaric Acid

Rutin is a fl avonoid glycoside found in buckwheat, the leaves 
of Rheum species, and a variety of fruits and vegetables.  
Coumaric acids are derivatives of the phytochemical 
cinnamic acid and are found in peanuts, tomatoes, carrots, 
garlic, apple skins, and a variety of other foods.  

Th ese chemicals were used in a just-published study 
carried out with rats fed a very high-fat diet for eight weeks 
(Hsu et al., 2009).  After eight weeks on the high-fat diet, 
several indicators of lipid and blood glucose metabolism 
were measured in groups of rats fed a control diet, the high 
fat diet, and high fat diet plus a low or high dose of rutin 
or coumaric acid.  Hsu and colleagues (2009) report that 
dietary supplementation with these two phytochemicals 
decreased body weight gain, reduced liver weight and the 
buildup of fat tissue, and improved several markers of 
blood health, despite high fat diets.

Th e high-fat diet increased insulin levels in the blood from 
4.3 ng/liter to 8.8 ng/liter.  In the group of rats receiving 
the high dose of rutin, insulin levels dropped to 6.4 ng/
liter, and in the high-diet coumaric acid group, the level 
fell to 5.7 ng/liter (Hsu et al., 2009).  Accordingly, these 
phytochemicals reduced the buildup of insulin in the blood 
of the rats on a high fat diet by 48 percent to 68 percent. 
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3.  Endocrine Disruptors, Pesticides, and Other Environmental 
Toxins

Overview and Summary of Key Points

About 30 percent of today’s children are obese or 
overweight, according to a variety of government statistics.  
Th at means around 70 percent are growing up while 
managing their weight within a healthy range.  Why?

A signifi cant share of today’s overweight and obese 
children will develop diabetes during their lifetimes, while 
the remainder will not.  Why will a child fall in one group 
or the other?  

What accounts for the vast diff erences in health outcomes 
among children raised in similar settings, consuming 
similar diets?  Why are there many families with one or 
two overweight or obese children, living alongside and 
eating the same meals as normal-weight siblings?

A big part of the answer to these questions is rooted in 
epigenetics – changes in gene expression patterns that 
alter the health trajectories of individuals, without altering 
an individual’s underlying DNA.  

Mounting evidence, moreover, links epigenetic changes 
during fetal development to the likelihood a person might 
suff er later in life from overweight, obesity, and/or diabetes.  
Th is is a string of events referred to as the “Developmental 
Origins of Health and Disease (Gillman et al., 2007),” “the 
developmental origins of adult disease,” (Newbold et al., 
2007) or the “fetal origins of adult disease.” 

In fact, the majority of epigenetic changes linked to 
overweight, obesity, and diabetes happen within the womb 
during fetal development and of these, many are driven by 
exposures to environmental endocrine disruptors.  

Th e timing of exposures is just as important, and in some 
cases, more important than the dose levels delivered to the 
developing embryo and fetus.  

Over one-half of the most widely used pesticides on the 
market today are known endocrine disruptors, including 
nine of the ten pesticides accounting for the largest share 
of overall pesticide dietary risks.  For most Americans, 
exposures to these chemicals are regrettably common, and 
happen several times most days.

Extensive data compiled by the U.S. Department of 
Agriculture show that the average person is exposed to 10 
to 13 pesticides each day via food, beverages, and drinking 
water (Benbrook, 2008, drawing on the annual results of 
the USDA’s “Pesticide Data Program”).  Fresh fruits and 
vegetables and beverages, including milk and drinking 
water, account for most of these exposures.

Some foods contribute several residues in a single 
serving.  Around 2 billion apples in 2004 were consumed 
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that contained fi ve or more pesticides and/or pesticide 
metabolites, according to USDA pesticide residue and 
food consumption data (Benbrook, 2008).  In recent 
years the average serving of fresh fruits and vegetables has 
contained two residues.

A few of the pesticides ingested each day are among those 
known to cause epigenetic changes in gene expression 
patterns that, among other impacts, might disrupt normal 
glucose and fat metabolism and evoke signs of a “pre-
diabetic” state (e.g., elevated serum glucose).  

In a seminal article in Environmental Health Perspectives 
in 1993, Dr. Colborn and colleagues published the fi rst 
list of endocrine disrupting chemicals, a list that included 
35 pesticides representing about 20 percent of the 
commercially important pesticides at that time (Colborn 
et al., 1993).  Dr. Th eo Colborn and her colleague Dr. 
Lynn Carroll provided the Center an up-to-date list of 
pesticides known to disrupt endocrine system functions.  

Th ere are now 180 pesticide active ingredients identifi ed 
as endocrine disruptors.  Th e 2009 list encompasses well 
over half the important pesticides used by farmers in the 
U.S. and globally.  Most Americans are exposed to fi ve to 
seven of these chemicals on a daily basis.  

Steroid  hormones are given to a majority of the nation’s 
dairy cattle to improve the cost-eff ectiveness of artifi cial 
insemination (Caraviello et al., 2006).  Multiple injections 
with these endocrine disrupting drugs are made within two 
to fi ve months prior to the culling and slaughter of many 
treated dairy cows.   A signifi cant portion of beef cattle 
are also treated with hormone injections to synchronize 
artifi cial insemination.  

Because the government is not routinely testing for these 
hormones in animal tissues or hamburger, there is no way 
to estimate exposures or risk to pregnant women and their 
children.

L i k e w i s e , 
millions of 
doses of steroid 
hormones are 
a d m i n i s t e r e d 
to beef cattle in 
feedlots during 
the last few 
months of their 
life to promote 

growth and feed effi  ciency.  Th e quantity of these drugs 
given to beef cattle in commercial feedlots is signifi cant, 
and suffi  cient to lead to detectable levels of the drugs in 
crop fi elds, nearby streams and reservoirs.  Little is known 
about levels of exposure to these endocrine disruptors 
through the food supply because, again, limited routine 
testing is done in commercial beef products.

Consuming organic foods during pregnancy is a simple, 
accessible way for mothers to virtually eliminate dietary 
exposures to pesticides and animal drugs, thereby lowering 
risk, while also increasing daily intakes of polyphenols and 
antioxidants.  Organic fruits and vegetables are, on average, 
about 25 percent more nutrient dense than comparable 
conventional foods (Benbrook et al., 2008).  Th ese extra 
nutrients can help both mother and child repair some of 
the damage done by exposures to endocrine disruptors via 
the air, water, or in and around the home.  

Reducing routine, day-to-day exposures to endocrine 
disruptors in food is one proactive, prevention-oriented 
step that families can take to tilt the odds in favor of 
healthy passage for a newborn through the ever-so-
critical early stages of development.  Organic food free of 
endocrine-disrupting pesticide residues is so important at 
this stage of life because even minute levels of endocrine 
disruptors during critical windows of development can 
trigger epigenetic changes leading, in some cases, to serious 
and negative lifelong consequences. 



A. Are Genetic Changes Driving the Increase 
in Obesity and Diabetes? 

Why are health outcomes often so diff erent for children 
that grow up in the same family, eating the same food and 
spending time in the same places?

Why are the odds much greater that an overweight 
individual will develop Type 2 diabetes than a person of 
normal weight, yet still, many normal weight individuals 
end up being affl  icted by the disease?

Science is beginning to deliver answers to these questions, 
some tentative and others more certain, although also 
situation specifi c.  While a person’s genes surely have a big 
infl uence on how an individual develops, genes alone do 
not control destiny.  Lifestyle factors, diet, exposures to 
chemicals, illnesses early in life, and luck play big roles in 
how each infant develops and matures and in how their 
personal health trajectory will unfold.  

Th e genes contributed by mom and dad place distinct 
boundaries around the possible pathways of development 
for each child from the moment after conception.  With 
each passing day though, the possible pathways will 
multiple and diverge as a result of factors impacting cell 
division and diff erentiation, gene expression, damage to 
DNA, and the ability of the mother and the developing 
embryo and fetus to repair gene-replication mistakes along 
the developmental highway.

Genes are not destiny in large part because of epigenetics, 
which encompasses, and is the result of, the process 
through which gene expression patterns are altered over 
a lifetime, resulting in diff erent development trajectories.  
Wikipedia defi nes epigenetics as –

“In biology, the term epigenetics refers to 
heritable changes in phenotype (appearance) 
or gene expression caused by mechanisms 
other than changes in the underlying DNA 
sequence (hence the name epi – ‘in addition 
to’ - genetics). Th ese changes may remain 
through cell divisions for the remainder of 
the cell’s life and may also last for multiple 
generations. However, there is no change 
in the underlying DNA sequence of the 
organism; instead, non-genetic factors cause 
the organism’s genes to behave (or ‘express 
themselves’) diff erently.” 

Most of the epigenetic changes linked to overweight, 
obesity, and diabetes happen within the womb during 
fetal development (see Newbold et al., 2007 for a recent 
review).  Th e changes are driven largely by exposures 
to environmental endocrine disruptors, as well as other 
maternal environmental infl uences such as smoking, stress 
levels, and drug use (Gillman et al., 2007).  Th e timing of 
exposures is just as important, and in some cases, more 
important than the dose levels delivered to the developing 
embryo and fetus.  

Pesticides are one of the triggers for epigenetic changes 
during fetal development, and, in fact may emerge as one of 
the most important (Amway and Skinner, 2005; Colborn 
and Carroll, 2007), especially for pregnant women living 
in areas with intensive pesticide use (Arbuckle et al., 2001; 
Garry et al., 2002).  Adverse impacts on sperm quality may 
be among the factors contributing to aberrant developmental 
outcomes (Swan et al., 2003; Colborn and Carroll, 2007).
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B. Endocrine Disruptors in the Food Supply

Th e endocrine system includes a series of glands including 
the pancreas, thyroid and parathyroid, the adrenal glands, 
and the pituitary (the master gland of the endocrine 
system;  located at the base of the brain).
 
Th e glands of the endocrine system secrete proteins and 
hormones that turn on, turn off , and otherwise modulate 
the activity of virtually all aspects of development, 
reproduction, blood sugar management, and normal, day-
to-day metabolism.  

Collectively, the endocrine system functions as a sort of 
“motherboard,” or master control switch for the ongoing 

daily functions of the body that none of us consciously 
thinks about or can control.  Th e box “An Overview of 
the Endocrine System” is taken from the TEDX (Th e 
Endocrine Disruptor Exchange) website (http://www.
endocrinedisruption.com/endocrine.introduction.
overview.php ).  Dr. Th eo Colborn founded TEDX, which 
serves as a clearinghouse for scientifi c information on 
endocrine disruptors.
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Excerpt from TEDX Overview of the 
Endocrine System

“Th e endocrine system is the exquisitely balanced 
system of glands and hormones that regulates such 
vital functions as body growth, response to stress, 
sexual development and behavior, production and 
utilization of insulin, rate of metabolism, intelligence 
and behavior, and the ability to reproduce. 

Hormones are chemicals such as insulin, thyroxin, 
estrogen, and testosterone that interact with specifi c 
target cells. Th e interactions occur through a number 
of mechanisms, the easiest of which to conceptualize 
is the lock and key. For example, target cells such as 
those in the uterus contain receptors (locks) into 
which specifi c estrogenic hormones (keys) can attach 
and thereby cause specifi c biological actions, such as 
regulating ovulation or terminating pregnancy. 

Other endocrine disrupting mechanisms include 
binding hormone transport proteins or other proteins 
involved in signaling pathways, inhibiting or inducing 
enzymes, interfering with uptake and export from 
cells, and modifying gene expression.”

As explained in the box, endocrine disruptors are chemicals 
or contaminants that can work in a myriad of ways, and 
some of those ways can push an individual toward obesity 
by disturbing the body’s hormonal regulation (Keith et al., 
2006). Many endocrine disruptors are “lipophilic”  or
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fat-soluble.  Most are environmentally stable.  
Concentrations of fat-soluble, persistent endocrine 
disruptors tend to bioaccumulate to higher levels within 
food chains. 

Many endocrine disruptors bind to estrogen receptors. 
Th e estrogen receptors  and  (ESR1, ESR2) play a role 
in adiposity (fat buildup), lipid metabolism and feeding 
behavior (Nilsson et al., 2007). Th is suggests the intriguing 
possibility that during fetal development, exposures to 
environmental estrogens could change feeding behavior, 

as well as alter the pathway of adipocyte (fat cell) 
development. 

Endocrine disruptors include several 
pesticides, some polychlorinated 

biphenols (PCBs), alkylphenols, 
dichlorodiphenyltrichloroethane, and 

organotin compounds, which are used 
in antifouling paints and as fungicides.  

Pesticides and steroid hormone animal 
d r u g s are the most relevant classes of endocrine 
disruptors in assessing the potential impacts of organic 
farming on obesity and diabetes, and are the focus of the 
balance of this chapter.

C.  Pesticide Impacts on Obesity and Diabetes

Th e average American is exposed to 10 to 13 diff erent 
pesticides and/or pesticide metabolites through food, 
beverages, and drinking water every day (Benbrook, 2008).  
Where does this estimate come from?

Th e USDA’s “Pesticide Data Program” (PDP) tests food 
and beverages for pesticide residues and has created an 
enormous database on pesticide residues in food and 
beverages, including drinking water.  Th e PDP tested over 
86,000 samples of conventional fruits and vegetables from 
1993 to 2006: 39,130 fruit and 47,180 vegetable samples.  
About three-quarters of the 39,000 conventional fruit 
samples contained residues, while 60 percent of vegetables 
were found to contain one or more residues.  

Two or more residues were found on most samples of 
several important fruits and vegetables. For example, there 
were 743 samples of apples tested by the PDP in 2004, 
and 73 percent contained three or more residues and one-
quarter had fi ve or more.  Each sample of apples tested by 
the PDP represents about 3.6 million pounds of apples, 
or 11 million apples.  Accordingly, consumers ate around 
2 billion apples in 2004 involving fruit with fi ve or more 
pesticide and/or pesticide metabolite residues.

On average, fresh fruit and vegetables contain about two 
residues per sample, based on recent USDA testing.  

Recent USDA food consumption surveys show that 
the average American consumes about 3.6 servings of 
fresh and processed fruits and vegetables daily.  Of these, 
about two are composed of fresh fruits and vegetables, 
the food groups most likely to contain pesticide residues.  
Accordingly, an average person consumes four residues 
daily just through fresh fruits and vegetables.  

Another two to three residues are ingested through fl uid 
milk, and on average, another two to three residues are 
ingested in a normal day from other foods, juices, and 
beverages, for a total of eight to ten from food, juices, and 
beverages.

Drinking water is another important source of pesticide 
exposure, particularly for people living in the Midwest and 
other farming regions.  Th e PDP also tests drinking water 
as it comes out of the tap.  About 54 percent of drinking 
water samples tested positive for one or more pesticides 
and pesticide metabolites in 2004 (see Appendix M in 
the 2004 PDP annual report for detailed fi ndings).  Th e 
average American consumes about six servings of drinking 
water per day, about half of which contain pesticides, 
leading to two to three exposures daily through drinking 
water.    

When exposures via drinking water are added to those 
from the diet, the total is 10 to 13 pesticide and/or 
pesticide metabolite residues a day.  Any exposures from 
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pesticide use in and around the home, schools, offi  ces, or 
parks will further increase the number of daily exposures.  

  Pesticides Known to Disrupt Endocrine
  System Functions

It is an obviously complex task to estimate the possible 
impacts of so many exposures to pesticides on endocrine 
system function, especially given the need to take into 
account the possible additive and/or synergistic impacts 
resulting from simultaneous exposures to multiple 
chemicals.

To isolate those pesticides most likely to pose risks through 
endocrine disruption, we asked Dr. Th eo Colborn, a 
member of the Center’s scientifi c advisory committee, to 
provide an up-to-date list of pesticides shown to function 
as endocrine disruptors.  Dr. Lynn Carroll on the staff  of 
TEDX provided us with the latest version of her growing 
list of pesticides shown to disrupt endocrine system 
function in one or more published studies.  Th is most 

current list appears in Appendix Table 1.  Th e list includes 
currently registered pesticide active ingredients, as well 
as several pesticides no longer registered and used, (e.g., 
DDT and toxaphene).

Table 3.1 reports the numbers of pesticides identifi ed as 
endocrine disruptors by type of pesticide.  Remarkably, 
there is now evidence that 180 pesticides pose risk of 
endocrine disruption.  Insecticides account for nearly half, 
or 79.  Th e three nematicides on the list include two of the 
most widely used contemporary active ingredients: metam 
sodium and methyl bromide.  

Th e top two herbicides used by American farmers are 
among fi ve widely applied active ingredients on the list: 
glyphosate, atrazine, acetochlor, metolachlor, and 2,4-D.  

Th e 79 insecticides on the list also include the market 
leader in pounds applied (chlorpyrifos), and collectively 
account for most of the insecticide pounds applied in 
recent years across U.S. agriculture.
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In the 1993 article in Environmental Health Perspectives, 
Dr. Colborn, Fred vom Saal, and Ana Soto published the 
fi rst list of endocrine disrupting chemicals (Colborn et 
al., 1993).  A total of 35 pesticides appeared on the 1993 
list, representing about 20 percent of the commercially 
important pesticide active ingredients used by farmers 
around the world at that time.  

Sixteen years later, the list contains 180 active ingredients 
and encompasses well over half the important pesticides 
used by farmers in the U.S. and globally.

Th e increase in the number of pesticides shown to impair 
endocrine system function tells only part of the story.  
Th e endocrine system impacts and/or directly controls 
many organ systems, all aspects of development, and most 
important metabolic functions.  For this reason, there is a vast 
array of possible impacts, through dozens of mechanisms 
of action.  Data compiled by TEDX shows that several of 
the most widely used pesticides that are also often present 
in the American food supply can disrupt endocrine system 

function in several diff erent ways, at multiple stages of 
development, resulting in adverse impacts on a wide range 
of organ systems and metabolic processes.  

Nine out of ten of the top pesticide dietary risk drivers in 
recent years are endocrine disruptors and most of these 
target two or more aspects of endocrine system function, 
and a few impair four or more (see Benbrook, 2008 for a 
description of the dietary risk index used to identify these 
dietary risk drivers).  Th ese nine high-risk pesticides, 
in terms of human dietary exposure, are chlorpyrifos, 
methamidophos, endosulfan, dimethoate, acephate, 
diazinon, azinphos methyl, dicofol, and methomyl.  Th e 
tenth dietary risk driver lacking evidence of endocrine 
disruption is oxamyl.

Only modest steps to reduce exposures to these dietary 
risk drivers have been taken by the Environmental 
Protection Agency (EPA) since passage of the “Food 
Quality Protection Act” (FQPA) in 1996.  Th e new law 
directed the Administrator of EPA to begin a testing 
program for pesticides to determine their capacity to act 
like estrogens and/or other hormones in the environment.  
Th at program of testing has not started yet after 12 years 
of discussions, stakeholder meetings, and controversy over 
what to test for and how.

  Examples of Pesticides Known to Disrupt the
  Endocrine System

Th e fungicide vinclozolin is among the 45 fungicides 
identifi ed as an endocrine disruptor. It was fi rst registered 
in the U.S. in 1981 to control various types of rot caused 
by Botrytis species, Sclerotinia species, and other types 
of mold- and blight-causing organisms, on strawberries, 
lettuce (all types), stonefruit, grapes, raspberries, onions, 
and succulent beans. It has also been used on turf in golf 
courses, commercial and industrial sites, and ornamentals 
in green houses and nurseries. 

At the peak of vinclozolin use around year 2000, the PDP 
found residues in six of the approximate 15 foods tested 

Table 3.1 Pesticides Identifi ed as Endocrine 
Disruptors by Type of Pesticide

Acaracides (mite control) 9

Fungicides (plant disease control) 45

Herbicides (weed control) 44

Insecticides (insect control) 79

Nematicides (nematode control) 3

All Pesticides 180
Source: Dr. Th eo Colborn, TEDX (Th e Endocrine 
Disruptor Exchange)
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that year, including several important children’s foods 
(grapes, strawberries, green beans).  As recently as 2005, 
47 percent of 263 frozen green bean samples tested by 
PDP were found to contain residues of vinclozolin (mean 
level 0.049 ppm). Most food uses of vinclozolin were 
discontinued over the past decade. Th e remaining food 
uses are on Belgian endive, canola, and wine grapes, which 
were scheduled to end in 2008 (Environmental Protection 
Agency, 2003).  

In 2005 a shocking study was published in Science 
magazine by a team at the Center for Reproductive Biology, 
Washington State University in Pullman, WA.  Anway 
et al. (2005) showed that transient vinclozolin exposure 
to a gestating female rat during the period of gonadal 
sex determination (an example of a “critical window of 
development”) produced an adult male rat phenotype in 
the F1  generation showing decreased sperm production 
and viability and increased male infertility.  But even more 
important, the team found that these male reproductive 
defi cits were transferred through the male germ line 
through four full generations.  

Th e organochlorine pesticides methoxychlor and 
endosulfan are endocrine disruptors. Th ese broad-
spectrum insecticides have been used against fl ies, 
mosquitoes, cockroaches, chiggers, and a wide variety of 
other insects. Both have been used on agricultural crops 
and livestock, and in animal feed, barns, grain storage bins, 
home garden, and on pets. All methoxychlor tolerances 
were revoked in 2002 (Environmental Protection Agency, 
2002).  While the use of methoxylchlor had been declining 
for years, it has remained in the food supply.  

Th e last residues of parent methoxychlor were found 
by PDP in two pear samples in 1998.  A methoxychlor 
metabolite (olefi n) was found in two apple samples in 
2004 and three cherry samples in 2001.  Methoxyclor  p,p’, 
another metabolite, was found in wheat grain samples in 
2006 and 2005, in wheat fl our in 2004, barley and wheat 
fl our in 2003, and rice in 2002.  

Endosulfan, also known as Th iodan, remains in 
widespread use, especially in developing countries and is 
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one of the most worrisome insecticides still on the market. 
Endosulfan and its metabolic breakdown products 
(endosulfan 1, endosulfan II, and endosulfan sulfate) 
are frequently found in many fresh fruits and vegetables 
during annual PDP testing.

In 2006 PDP testing endosulfan sulfate was found in 12 
of the 21 fresh and processed foods tested.  Almost 84 
percent of summer squash contained endosulfan sulfate 
residues, as did 29 percent of winter squash.  Peaches, 
potatoes, spinach, collard greens, and eggplant contained 
residues in 2 percent or more of the samples tested.  In 
addition, mean residue levels were relatively high in some 
crops – 0.59 ppm in collard greens and 0.15 ppm in 
plums.

Prochloraz is an imidazole fungicide that displays multiple 
endocrine activities. It inhibits steroid synthesis and acts 
as an androgen receptor antagonist (Noriega et al., 2005). 
It is used in Europe on cereals such as wheat and barley 
and on a few other crops, but is not allowed in the U.S. or 
Canada.

Methoxychlor, prochloraz, and vinclozolin can produce 
infertility and anatomical alterations in experimental 
animals as a result of disruptions of one sort or another 
in the endocrine system (Anway et al., 2005; Anway et al., 
2006; Cupp et al., 2003; Noriega et al., 2005; Uzumcu et 
al., 2004). 

  Pesticides and Obesity

An obese individual has a greater amount of body fat 
than normal-weight individuals, and hence also carries a 
much greater burden of fat-soluble endocrine disruptors 
than does a relatively lean individual (Pelletier et al., 
2002; Pelletier et al., 2003). Fat-soluble, persistent 
endocrine disruptor concentrations have increased in the 
environment in the past three decades. 

Concentrations of less persistent pesticides identifi ed as 
endocrine disruptors have not, as a general rule, risen as 
dramatically, and in some cases have fallen in step with 
reductions in the volume of a pesticide applied.  For example, 
there was only a slight drop in average concentrations 
of the major metabolite of chlorpyrifos in the urine of 
individuals included in the 1988-1994 NHANES study 
(National Health and Nutrition Examination Study), 
compared to the 2001-2002 NHANES (Schafer et al., 
2004).  Levels of a metabolite of methyl parathion fell 
about 20 percent between the two surveys, as did levels of 
the herbicide 2,4-D.  

Another important scientifi c fi nding has emerged in recent 
years.  Exposure to low doses of certain organophosphate 
(OP) insecticides during critical phases of development 
can increase the risk of excessive weight gain and impaired 
glucose and fat metabolism. More specifi cally, laboratory 
data provides evidence that:
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All OP insecticides are neurotoxins, and most have been 
shown to impair neurological development in one way 
or another, and in many cases, in multiple ways.  It is no 
surprise, then, that fetal exposures to these ubiquitous 
insecticides can impair the intricate processes of 
development that determine the propensity of a child to 
manage weight and normally control blood sugar levels.  
New fi ndings, and deeper insight into the mechanisms 
through which OP insecticides may be contributing to 
the nation’s current epidemic of childhood overweight 
and obesity, and diabetes are coming, given the scope of 
research underway on this topic.

In the interim, there is compelling evidence that a 
predominantly organic diet dramatically reduces exposures 
to OP insecticides.  Th e important studies of Dr. Alex 
(Chensheng) Lu, now at the Harvard University School of 
Public Health, have shown that providing a predominantly 
organic diet to school age children virtually eliminates, 
after just a few days, evidence of dietary exposure to OP 
insecticides (Lu et al, 2008; Lu et al, 2006; Curl et al., 
2003). 

In a 2008 State of Science Review, Th e Organic Center 
drew on USDA PDP pesticide residue data and EPA 
toxicological data to estimate that organic production 
of the fruits and vegetables consumed in the United 
States would reduce pesticide dietary risks by 97 percent 
(Benbrook, 2008).   

By choosing organic foods in the months before planning 
to conceive, and then through pregnancy, a mother can 
eliminate one of the most common daily sources of 
endocrine disruptors.  A mother’s choice to consume 
organic food will not guarantee safe passage for the 
developing child through its many critical windows of 
development.  It will improve the odds that development 
proceeds normally, such that exposures to OP insecticides 
do not increase the likelihood that the growing child will 
encounter problems moderating hunger and controlling 
blood sugars.  

D.  Other Chemicals and Contaminants

Several hundred other chemicals are known to disrupt 
endocrine system function.  Here we focus only on those 
associated with food production, and which are also 
substantially eliminated through organic farming. 

  Steroid Hormones in the Food Supply

A possible contributor to the obesity epidemic is the 
use of steroid hormones in meat production and on 
conventional dairy farms (Keith et al.,  2006).   Estrogens 
and progestogens are given to the cows on most 
conventional dairy farms to synchronize estrus, with the 
goal of reducing the time and cost involved in artifi cial 
insemination programs (Colazo et al., 2006; Colazo et 
al., 2005; Martinez et al., 2002; Martinez et al., 2004).  A 
2004 survey of 103 conventional dairy farms across the 
country found that 87 percent of the herds used hormonal 
synchronization injections (Caraviello et al., 2006).  
Th ree reproductive management programs account for 
most of the cows treated on conventional dairy farms: 
Ov-Synch, PreSynch, and HeatSynch.  Th e Ov-Synch 

•   Exposure to chlorpyrifos (an OP pesticide) 
during neonatal and fetal periods results in 
excessive weight gain and leptin dysfunction, 
leading to impaired regulation of fat tissues and 
failure to recognize satiety (a sense of fullness 
during meal times), (Lassiter and Brimijoin, 
2008); 

•  Low-dose exposure to parathion (also an OP 
pesticide) resulted in increased weight gain and 
evoked signs of a pre-diabetic state (e.g., elevated 
serum glucose and impaired fat metabolism) in a 
rat study (Lassiter et al, 2008). 

•  Exposure to the OP malathion may lead to 
insulin resistance (Vosough-Ghanbari et al., 
2007), causes a transitory hyperglycemia in rats 
(Abdollahi et al., 2004), and also elevates LDL 
and triglycerides (Lasram et al., 2009).
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program synchronizes ovulation in lactating dairy cows.  
It begins with an injection of the hormone GmRH 
(Gonadotropin-Releasing Hormone), followed seven days 
later by an injection of PGF2, a prostaglandin, and then 
two days later with a second GnHR injection.  Twenty-
four hours later, the cow is artifi cially inseminated.

Th e PreSynch programs adds two additional PGF2  
treatments to the OvSynch program.  Th ese treatments 
occur 28 days and 14 days before the fi rst GnHR injection, 
and are followed by another injection of PGF2, and then 
two days later, the second GnHR injection.  Again, twenty-
four hours later, the treated cow is artifi cially bred.

Th e HeatSynch program replaces the second GnRH 
injection in the PreSynch program with a treatment of 
ECP (estradiol cypionate) designed to induce ovulation.  
Th e cows are then either artifi cially inseminated 48 hours 
later, or breed to estrus (Caraviello et al., 2006).

Th ese three reproductive management programs entail 
three, fi ve, and fi ve injections per treated cow.  Moreover, 
many high-producing dairy cows experience serious 
negative energy balance, since normal metabolism and 
milk production is burning more food energy each day 
than the animal is consuming via feed.  As a result, such 
cows lose weight and are often diffi  cult to rebreed, hence 
the need for reproductive management assistance from 
steroid hormones.  

A signifi cant percentage of the dairy cows treated with 
reproductive hormones and TAI (“timed artifi cial 
insemination”) experience no pregnancy, so the cows are 
treated again, and again, and some several times more.  
Th e Caraviello et al. survey (2006) reported that dairy 
farm managers tried to achieve pregnancy an average of 
8.8 times before culling a hard-to-breed cow.  

A signifi cant share of the hamburger supply in the U.S. 
comes from culled dairy cattle, many of which have recently 
been through at least two and sometimes more rounds of 
reproductive aid injections in an attempt to get them to 
rebreed.  Moreover, these treatments usually occur within 
three to fi ve months of when the farmer would typically 
cull a cow and send her to slaughter, since milk production 
levels tend to drop off  quickly when lactations extend 
beyond approximately 305 days.  

Opinions vary widely over whether exposures to these 
hormones matter in terms of human health.  But since 
reproductive aids involving steroids and hormones are 
not permitted on organic dairy farms, organic milk and 
meat derived from organically managed dairy cows do not 
contribute to dietary exposures and possible risks from 
these compounds.  

  Steroids in Beef Cattle Production

Trenbolone acetate is an anabolic steroid used to promote 
growth in conventionally raised cattle (Cranwell et al., 
1996; Mader, 1998). Trenbolone acetate is hydrolyzed to 
the active compound, 17-beta-trenbolone, which is also 
one of the metabolites excreted by cattle. Reproductive 
alterations have been reported in fi sh living in waters 
receiving cattle feedlot effl  uent, and in vitro androgenic 
activity displayed by feedlot effl  uent samples has been 
related to these eff ects (Durhan et al., 2006; Wilson et al., 
2002). 

Steroid hormone administration to organically managed 
livestock is not permitted, so organic beef production 
poses no risk of exposures to synthetic growth promoting 
hormones via the food supply.


