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As providers of pediatric health care, nurses and
nurse practitioners (NPs) are well aware of the
increasing incidence of obesity and diseases

associated with obesity in children and adolescents. This
article provides an overview of the current research
concerning nutrigenomics, vitamins, nutritional supple-
ments, and other nutriceuticals in the treatment of such
conditions. Many of these have an effect on obesity that
is independent of calories consumed and energy
expended (Table 1).

Nutriceuticals are defined as food products that,
because of their bioactive properties, have a role in health
and disease. It has long been known that poor nutrition
in childhood has the potential to limit physical growth
and cognitive development, but the Oriente Study1

demonstrated that these detriments continued well into
adulthood and were responsible for deficits in adult
human capital and economic productivity. This longitudi-
nal study demonstrated the importance of optimal nutri-
tion in the developing person.

NUTRIGENOMICS AND CHILDHOOD OBESITY
Breastfeeding
The science of nutrigenomics further complicates this
picture. Studies have shown that nutrients can interact

with the genome and change genetic expression. One of
the most well-known nutrigenomic phenomena in pedi-
atrics involves the protective role of breastfeeding against
obesity later in life. Leptin found in human milk is
thought to affect the genome in such a way as to confer
prospective protection against obesity.2 Other researchers
have found that maternal diet during pregnancy influ-
ences the fetal genome, leading to persistent changes in
gene expression and metabolism within the offspring.3

High Fructose Corn Syrup Consumption
Another important nutrigenomic interaction has been
demonstrated when high fructose corn syrup (HFCS) is
consumed. A 2010 animal study4 showed 2 very signifi-
cant findings. The first concerned weight gain in rats
given access to equivalent calorie amounts of their regu-
lar diet plus either sucrose or HFCS. The rats all con-
sumed identical total calorie amounts during the study
period, but the rats who consumed HFCS gained signifi-
cantly more body weight than those consuming identical
calorie amounts of sucrose. 

As astounding as this finding is, the researchers car-
ried their investigation 1 step further, looking at rats for
an extended period. In addition to finding that both
male and female rats with access to HFCS gained
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 significantly more body weight, they discovered that this
weight was abdominal fat, and the rats showed increases
in serum triglycerides. This result gives support to the
idea that the type of food consumed could produce
nutrigenomic interactions that might be as important as
the caloric content of the food itself. More ongoing
research might shed greater clarity on these complex
nutrient/genome interactions.

Interaction Between the Genome and Dietary
Supplements
Nutrigenomics might also help to identify safe and effective
dietary supplements that could be effective against the wors-
ening obesity epidemic. The World Health Organization
projects that by 2020 more than 60% of the global disease
burden will be the result of chronic disorders associated
with obesity. In the United States, the incidence of obesity
has doubled in adults and tripled in children since 1980.5

Several natural dietary supplements and micronutrients have
been studied for their potential in weight management in
adults and some in children.

EFFECTS OF THE GUT MICROFLORA ON OBESITY 
Obesity results from alterations in the body’s regulation of
energy intake, expenditure, and storage. Recent evidence
demonstrates that many nutrients and probiotics can influ-
ence energy expenditure, calorie extraction, and fat storage. 

Probiotics and Prebiotics
Two recent studies looked at gut microflora in infancy and
the relationship to childhood obesity. One revealed that
changes in the microflora of the infant gut precedes the
development of overweight, and the researchers recommend
that further studies be undertaken to determine the benefi-

cial effects of altering the microflora of the infant gut to
prevent obesity.6 No specific recommendations were offered
as to whether probiotics or prebiotics might be beneficial,
but this is a promising area of obesity research in children.  

A Finnish study demonstrated beneficial effects of
probiotic supplementation prenatally and control of
 obesity in the first several years of life.7 This could be
important in lifelong obesity trends. 

Gut Microflora in Lean and Obese Children
One meta-analysis looked specifically at the effects of
gut flora on obesity, with surprising findings.8 Studies of
bacteria diversity in the human gut (microbiota)
revealed the prevalence of 36,000 distinctly different
species of organisms in the healthy intestinal tract. Most
studies showed that the gut microbiota affected nutrient
acquisition and energy regulation, and that the micro-
biota of obese versus lean humans were distinctly differ-
ent, suggesting that differences in caloric extraction of
ingested food may result from the composition of the
gut microbiota. Interactions among microbes in the
 gastro intestinal tract also appeared to have an important
role in host energy homeostasis. The metabolic activities
of the gut microbiota facilitated the extraction of calo-
ries from ingested dietary substances and influenced the
storage of these calories in adipose tissue. 

The trillions of bacteria that live in the normal gut
appeared to have an important effect on nutrient acquisi-
tion and energy regulation. Not only do the gut micro-
biota have an important role in regulating weight, but
they might be partly responsible for the development of
obesity in some people. Maintaining the health of gut
microflora may contribute to preventing or treating obe-
sity in children and adolescents.

Table 1. Factors Affecting Childhood Obesity Independent of Caloric Intake

Nutrigenomics

Pre-natal nutrition and breastfeeding

Health of the gut microflora

Intake of zinc, vitamins A, C, D, E, folate, and calcium

Consumption of dietary capsaicin , and dietary polyphenols found in tea, grapes and grape seeds, cinnamon, saffron,
turmeric, cocoa, and certain fruits such as citrus, pomegranate, apples and blueberries

Mediterranean diet

Stress management

Intake of omega-3 fatty acids
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NUTRICEUTICALS AFFECTING OBESITY
One study in adults described 2 nutriceuticals with bene-
ficial effects on weight loss. These nutriceuticals—
hydroxycitric acid (HCA), a natural extract isolated from
the dried fruit rind of Garcinia
cambogia, and the micronutrient
niacin-bound chromium—pro-
vided safe weight loss in adults.
Further studies might show sim-
ilar benefit in children.

Zinc has been shown to
influence the synthesis, storage,
and release of insulin. A 2009
study described a randomized,
blinded, crossover trial involving 60 obese children. When
given 20 mg zinc daily, the treatment groups experienced
significant reductions in fasting plasma glucose levels and
fasting insulin levels. These changes disappeared when the
zinc was withdrawn. The authors concluded that, in addi-
tion to lifestyle modifications, zinc supplementation
might be a useful and safe additional intervention for
improvement of cardiometabolic risk factors related to
childhood obesity.9

VITAMIN AND MINERAL DEFICIENCIES ASSOCIATED
WITH OBESITY
Other research has focused on certain nutritional deficien-
cies that are present in overweight children or adolescents
presenting for bariatric surgery. One study described these
nutritional deficiencies as being the result of limited intake
of nutrient-dense foods, greater intake of nutrient-poor
convenience foods, and increased adiposity/total body fat
affecting storage and availability of certain nutrients, includ-
ing fat-soluble vitamins, such as vitamin D. In addition, the
author stated that higher-fat diets were associated with
decreased intake of vitamins A and C and folate, and that
increased consumption of sweetened drinks was associated
with lower intake of milk and, therefore, lower intake of
calcium and vitamin D3. 

10

Vitamin D Deficiency
Another study examined vitamin D deficiency in obese
children and adolescents. Findings revealed that 74% of
obese children and adolescents were vitamin D–deficient,
compared to 32% of controls. Additionally, it was demon-
strated that serum 25(OH) D levels were positively cor-
related with insulin sensitivity and negatively correlated

with hemoglobin A1c (HbA1c). The authors concluded
that children and adolescents with low vitamin D status
were more likely to be obese and may be at increased
risk of developing impaired glucose metabolism inde-

pendent of body adiposity.11

The combination of low
serum 25-(OH)D and inade-
quate calcium intake report-
edly is associated with
cardiovascular risk factors,
such as hypertension, obesity,
metabolic syndrome, and
diabetes mellitus type 2.
Vitamin D and calcium

insufficiencies have also been correlated with heart
disease, malignancies, inflammatory bowel disease, and
multiple sclerosis in adults.12 The combination of a
deficiency of both nutrients deserves special considera-
tion in children and adolescents. 

EFFECTS OF SPECIFIC FOODS AND SUPPLEMENTS ON
MITOCHONDRIAL ACTIVITY
Another area of obesity research focuses on the effects of
foods and supplements on the mitochondrial activity
within adipocytes themselves. 

Capsaicin and Polyphenols
Dietary capsaicin was found to improve fasting glucose,
insulin, and triglyceride levels and change the expression
of inflammatory adipocytokine genes and macrophages
in animals.13 Studies have also supported the hypothesis
that polyphenols could influence adipogenesis.14

Polyphenols are found in such foods and supplements as
black, green, and white tea; grapes and grape seeds; red
oranges, grapefruits, pomegranates, apples, and blueber-
ries; cinnamon, saffron, turmeric, and cocoa. If polyphe-
nols could enhance the mitochondrial activity within
adipocytes, fat storage could be diminished. Focusing on
the adipose cell before it becomes deposited with fat
might be an excellent approach to the prevention of
obesity, but more research in children is needed.

Antioxidants
Antioxidants have also been shown to modulate obesity
in adults and laboratory animals. These bioactive mole-
cules also influence the function of the mitochondria of
adipose tissue. One review reported that certain bioactive

Breastfeeding, with its
protective effects on later
obesity, is essential in the

battle against obesity.
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food components, such as vitamin B3, retinoids, fatty
acids, and polyphenols, and antioxidants could have the
potential to improve mitochondrial function and thus
prevent adipose tissue dysfunction at the cellular level.
Others concluded that antioxidants can play an important
role in the treatment of obesity and related diseases.15

Antioxidants are further discussed in the next section.

Macronutrients
Macronutrients, such as elements of the Mediterranean
diet, have also been associated with a decreased incidence
of obesity. The Mediterranean diet is not a specific list of
ingredients but comprises fruits and vegetables, whole
grains, fish, and nuts, with olive oil as the main source of
dietary fat. Researchers have found that diet quality, not
total calories, was significantly associated with improved
weight status, after multiple adjustments, including physi-
cal activity and overall energy density.16

The role of polyphenols, antioxidants, and the overall
quality of food consumed in weight control has been
demonstrated. The type of foods consumed, independent
of total calories, does have an effect on weight and the
prevention and treatment of obesity and deserves further
study in children.

OXIDATIVE STRESS AND ITS EFFECTS ON OBESITY
Oxidative stress is found in obese children at the cel-
lular level. It has been suggested that obesity may be a
condition of chronic oxidative stress, an imbalance
between tissue free radicals, reactive oxygen species
(ROS), and antioxidants.17

ROS can be implicated in such obesity-related con-
ditions as atherosclerosis, type 2 diabetes, and arthritis.
ROS are combated with
antioxidants. Readily available
dietary antioxidants include
vitamins A, E, C, B3, B6, B12,
selenuim, copper, zinc, man-
ganese, magnesium, and glu-
tathione. Blood antioxidants
(carotenoids, vitamins E and C)
and trace minerals (zinc, sele-
nium, and magnesium) have
been found to be consistently
lower in obese than nonobese
children and adults. Some authors argue that to increase
the antioxidant capacity of the body, we must increase

exogenous intake of antioxidants.18 It is not yet known if
supplementation with these antioxidants and minerals has
the power to affect the development or treatment of
obesity in pediatric patients, but the data seem promising.

PSYCHOLOGICAL STRESS AND ITS EFFECTS ON OBESITY
Lifestyle factors also contribute to obesity development.
One review describes the relationship between psycho-
logical stress and the production of endogenous glucocor-
ticoids, which are known to influence appetite regulation
and metabolism.19 The authors also discussed the ability of
early life stress to program obesity in the long term. This
area of research deserves greater study, but working to
limit or eliminate sources of stress in our pediatric
patients could lead to better weight management.

EFFECTS OF OMEGA-3 FATTY ACIDS ON OBESITY
Other research examines the effects of omega-3 fatty
acids (FAs) on obesity. Most studies were conducted on
adults and laboratory animals. One suggested that
increased consumption of omega-3 FAs could reduce
body fat in obese animals and protect against the devel-
opment of obesity in animals fed obesogenic diets,20

while another described the positive effects of dietary
monounsaturated FAs on blood lipid profiles, blood pres-
sure, insulin sensitivity, serum glucose, and risk for obe-
sity in adults.21

Other studies found that omega-3 FAs influenced
postprandial satiety in overweight and obese adult volun-
teers during weight loss, contributing to improvements in
weight loss, and that higher plasma levels of total omega-3
FAs were associated with a healthier body mass index,
waist circumference, and hip circumference.22,23 Another

study24 concluded that maternal
prenatal consumption of
omega-3 FAs was associated
with lower childhood adiposity
at age 3. One study25 of adoles-
cents found that the serum FA
pattern in obese adolescents dif-
fered significantly from that in
age-matched lean controls, sug-
gesting an abnormal essential
FA metabolism in obese adoles-
cents. These findings suggest

that omega-3 FAs may play an important role in weight
status and abdominal adiposity.

Maintaining the health of
gut microflora may

contribute to preventing or
treating obesity in children

and adolescents.
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The research shows that dietary modifications, such as
increased intake of antioxidants or omega-3 FAs, might
independently modify the inflammation associated with
excess adiposity, and that additional research on the
impact of diet and exercise on inflammation in children
was needed. Few studies examined the effects of omega-3
FAs on humans, and even fewer looked at children and
adolescents, but the results look promising and deserve
further study. 

GENERAL SUPPLEMENTATION RECOMMENDATIONS
Some of the recent research pertaining to obesity and
nutriceuticals shows very clear benefit in the prevention
or treatment of obesity, whereas others show benefit in
ameliorating the comorbidities associated with chronic
obesity, such as diabetes and cardiovascular disease. Still
others describe a potential benefit needing more dedi-
cated research before a recommendation can be made.
It is not yet known if supplementation with these
nutrients can prevent or treat obesity in children and
adolescents, as more research is needed, but the available
evidence is promising. 

Vitamin D
Caution is advised, especially when recommending
 supplements of fat-soluble vitamins such as vitamin D.

Expert consensus is developing regarding the evaluation
of vitamin D serum levels. A 2010 report26 in the British
Medical Journal describes the optimal serum concentration
of 25-OHD to be 75 nmol/l or greater. A 2009 report
by Greer27 in Pediatrics had not adopted this level as opti-
mal and recommended an acceptable serum level to be
above 50 nmol/l. Current recommendations are to give
400 IU/day during infancy and 800 IU/day of vitamin
D3 after the first year. Giving more than this amount is
not recommended without first measuring serum levels.

Fish Oil
Many studies report that the safety profile of omega-3
FAs generally is favorable but warn that fish oil can pro-
duce an unpleasant oily sensation, a fishy aftertaste, or
“fishy burp” that could affect compliance. Other poten-
tial adverse effects described included gastrointestinal
upset, altered immune response, reduced blood pressure,
and increased risk of bleeding (at high doses). Children
on anticoagulant therapy or in the pre- or postoperative
period should use high dose fish oils with caution. 

According to the US Food and Drug Administration,28

a daily dose of less than 3 g EPA!DHA is considered to
be safe, including in the preoperative period. No dosage
recommendations for children have been firmly estab-
lished. Intake of fatty fish may be unsafe because of

Table 2. Tiers 1 and 2 Recommendations for Obesity Prevention and Treatment

Tier 1 Recommendations for Obesity Prevention and Treatment - Macronutrients
Limit processed foods and sweetened drinks

Replace processed foods and sweet drinks with water, whole grains, non-processed fruits and vegetables, lean protein,
fish, skim and soy milk

Limit dietary oils; choose monounsaturated oils when possible such as olive oil

Avoid high fructose corn syrup

Promote breastfeeding as the optimal nutrition for infants

Advocate for and practice judicious antibiotic prescribing

Assess and manage patients' environmental and psychological stress

Tier 2 Recommendations for Obesity Prevention and Treatment - Micronutrients
Supplement patients and expectant mothers with omega-3 oils 

Promote diets rich in antioxidants, such as nuts, berries, beans, apples, plums, and citrus fruits

Encourage intake of probiotic-rich foods, such as yogurt, kefir, kim chi, tempeh, miso, and sauerkraut

Ensure adequate intake of calcium and vitamin D-rich foods such as skim milk and fortified soy milk

Promote adequate intake of B vitamin-rich foods such as nuts, eggs, and fortified grains

Assess 25OH-D serum levels when indicated to determine hypovitaminosis, and treat with vitamin D if levels are below
50 nmol/L
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potentially  significant amounts of toxins, such as mercury,
polychlorinated biphenyls (PCBs), dioxin, and dioxin-
related compounds. 

Two authors discuss the 2 main types of FAs and
endorse omega-3 over omega-6 oils to promote optimal
health in infants and children.29 These researchers and
others describe contaminants in commercial fish oils.
Heavy metals, dioxins, hormones, PCBs, and other con-
taminants have been identified in fish as well as commer-
cial fish oils. It is recommended that only supplemental
fish oils that have been purified (through such processes
as molecular distillation and then independently tested to
verify untainted status) be consumed. 

SPECIFIC TIER 1 RECOMMENDATIONS
From the review of the literature, there are Tier 1 and
Tier 2 recommendations for health care providers to offer
to pediatric patients and their families to prevent or treat
obesity. Tier 1 recommendations include which foods and
drinks are consumed, the so-called “macronutrients” in
human diets (Table 2). Patients can safely be encouraged
to limit processed foods and sweetened drinks and replace
them with water, whole grains, nonprocessed fruits and
vegetables, lean protein, fish, skim and soy milk, and lim-
ited monounsaturated oils when possible. Avoiding HFCS
whenever possible seems prudent, especially in view of its
effect on weight gain independent of total caloric intake
in animal models. These dietary changes alone can
improve adiposity, independent of calorie intake.

Other Tier 1 recommendations include promoting
breastfeeding as the optimal nutrition for infants.
Breastfeeding, with its protective effects on later obesity,
is essential in the battle against obesity. Advocating for
and practicing judicious antibiotic prescribing is another
Tier 1 recommendation. Preserving the health of the gut
microbiota by avoiding unnecessary antibiotics will help
ensure optimal probiotic health, which, in turn, could
improve metabolic function. 

Management of environmental stress can also have a
positive effect on the pathophysiology of obesity. Nurse
practitioners are in an ideal position to assess for environ-
mental and psychological stress, as well as treat or refer
for treatment to reduce stress in their patients.

SPECIFIC TIER 2 RECOMMENDATIONS
Tier 2 recommendations concern the use of “micronutri-
ents,” such as probiotics, vitamins, antioxidants, and sup-

plementary oils (Table 2). There is less available evidence
for these recommendations in children, and more data
are needed before a direct link between their use and
childhood obesity prevention or treatment can be estab-
lished, but their use is not considered harmful. Health
care providers should consider recommending such sup-
plements as omega-3 oils and antioxidants, both to pedi-
atric patients and expectant mothers. Commonly
recommended antioxidants include vitamins C and E,
which are also found in nuts, berries, and citrus fruits. 

Other beneficial nutrients include probiotics and
other vitamins. Probiotics can be found in foods such as
natural yogurt, kefir, miso, tempeh, kim chi, and sauer-
kraut. Calcium and vitamin D are plentiful in skim milk
and fortified soy milk, and B vitamins are found in nuts,
eggs, and fortified grains. In addition to those micronu-
trients found in food, recommending supplemental doses
of these products could prove beneficial in obesity pre-
vention and treatment. Vitamin D3 doses in excess of the
current recommended daily allowances should be admin-
istered only after hypovitaminosis is demonstrated via
serum measurement of 25OH-D levels.

CONCLUSION
What is abundantly clear is that obesity is a complex and
multifactorial condition, influenced by much more than
simply how many calories are consumed and expended.
The type of food, the frequency and timing of its intake,
genetic makeup, gut microflora diversity, dietary supple-
ments, and the complexities of the nutrigenomic envi-
ronment contribute to adiposity and obesity. As usual, as
in most areas of health care and life, there is so much to
be learned. 
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