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Introduction 

Naturopathic physicians have the ability to make an impact on current and future generations of 
patients. In order to make a significant impact on patient health, practitioners must first explore 
why a patient developed hypothyroidism, diabetes, breast cancer or another disease. Patient 
lifestyle can provide many answers, but many patients who live healthy lifestyles suffer from these 
diseases and disorders. So what is the cause of disease? Of course, the answer to this question is 
multi-factorial, but a recent paradigm shift is changing the way that people think about patient care. 

What causes disease?  

Nature versus Nurture 

Before delving into the details of how to treat disease, it is import to first examine its cause. But 
what exactly causes disease? Those who are familiar with the study of genetics are familiar with the 
idea of nature versus nurture.  
 

 

Figure 1 
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Genetics 

In the concept of nature versus nurture, genetics represent the nature part of the equation.  

Genetics focus on the idea that changes occur through: 

• Mutations—either a point mutation of a single nucleotide or deletion of a portion of the 
genome. 
 

SNPs—single nucleotide polymorphisms (don’t cause dramatic change, but they cause alteration of 
enzymes).  The most common example of this is with the MTHFR SNP that causes an alteration in 
the ability to use and methylate folic acid, ultimately causing a “tweak” in the pathway.   

 

  

Figure 2 

 
For many years, the paradigm in scientific research was that someday scientists would understand 
the genetic code enough that every disease could be tied to its gene, and then drug targets could be 
created that would modify those genes, allowing for the eradication or elimination of that disease. 
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The hope was that a gene (genotype) led to a certain physiology (phenotype).  Of course, today it is 
understood that the story is much more complex.   

 

 

Figure 3 

 
Craig Venter, the president for Celera, the corporate division of the Human Genome Project, once 
said:  “Genes can’t possibly explain all of what makes us what we are.”  Ultimately, this was the 
conclusion reached once scientists finished mapping the human genome.  This has to do with the 
fact that, by itself, a gene is basically passive—DNA cannot make itself, assemble a protein or 
perform a cellular function.  

Lifestyle 

On the opposite end of the nature versus nurture spectrum is lifestyle choice. Typically, lifestyle 
choices are the primary focus for naturopathic physicians. Current preventive strategies focus on 
lifestyle modification through the encouragement of physical activity, healthy nutrition, stress 
management and smoking cessation.   
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Figure 4 

 
One of the most important elements of preventive medicine is screening and early detection. But 
even with these strategies, there is increased incidence of disease increase. From 2004 to 2008, the 
Center for Disease Control (CDC) tracked the rate of diabetes in the United States. As the figures 
below demonstrate, in a four year span the rates of diabetes increased each year.  
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Figure 5 
 

 
 
Figure 6 
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Figure 7 
 

 
 
Figure 8 
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These statistics reflect an overall trend of declining patient health in the United States. Despite 
advances in medicine, life expectancy in United States is predicted to decline in the 21st century, 
according to an article in “The New England Journal of Medicine.”   

Chronic disease is starting to affect patient health in an unprecedented way. Clearly, the current 
approach to patient care is not working effectively. So how should this be addressed? 
 

   
 
Figure 9 

Epigenetics 
Epigenetics focuses on striking a balance between genetics and lifestyle.  But what is epigenetics 
and how does it occur? And, more importantly, how can it be applied to preventive medicine?  
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Figure 10 

 
Epigenetics describes heritable changes in gene function that do not involve a change to the 
genome. The term was coined in the 1940s by Conrad Washington. Washington recognized that 
there was a strong interaction between genes and their environment. It was this process, 
Washington believed, that brought the phenotype or physiology into being. The mechanism was 
first proposed in 1975.  The thought was that it was caused by methylation.   

Methylation is the idea that cells and epigenomes are dynamic. In theory, this dynamic nature 
allows genes to code for proteins. Those proteins then have biochemical reactions and reaction 
products. The result can then alter genetic expression in order to optimize a cell’s function in its 
own environment. 
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Figure 11 

As a gene is transcribed, it is manufactured into a protein, and then that protein can have an effect 
within the body. The SRC protein undergoes a phosphorylation and a conformational change which 
then changes genetic transcription. 

 
 
Figure 12 
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How do Epigenetic Changes Occur? 
Epigenetic changes occur when DNA makes proteins, and then those proteins change a cellular 
environment, causing alteration in genetic function. In other words, epigenetics is a full circle 
process that involves a gene making a protein and a protein changing the cell environment, 
ultimately altering the way a gene is read.   

Figure 13 is an illustration of a methyl group that contains one carbon, three hydrogens and a bond 
that can bind to other substances. DNA methylation is probably the most well-studied mechanism 
for epigenetic change.  A new area of study of epigenetics suggests the presence of small RNA and 
micro RNA that can also affect the function of genes and how those genes are read. 

 
 
Figure 13 

DNA Methylation 
In DNA methylation, a nucleotide cytosine typically binds to glonoine in DNA, or always binds to 
glonoine. When this process occurs, a methyl group is added to the fifth carbon on the cytosine 
molecule.   
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Figure 14 
 

This typically occurs in promoter regions of a gene (an active gene that makes an important 
protein). Methylation typically results in the silencing of a gene and hypo-methylation or under-
methylation typically results in the activation of a gene. DNA methylation adds a methyl group to 
CpG dinucleotide which ultimately changes the three-dimensional folding of DNA. This, in turn, can 
affect its readability.   

Activating and Silencing Genes 

Figure 15 is an example of intertwined DNA. Histone modifications are the molecules in figure 15 
that the DNA is coiling around. When this coiling occurs it can be difficult to transcribe and read the 
genes.   
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Figure 15 

Addressing Epigenetic Influence 
Influencing epigenetic change can be achieved through lifestyle choices, targeted nutritional 
therapies as well as through pharmaceutical agents such as azacitidine (inhibitor of DNA 
methylation) for myelodysplastic syndromes.   

Another important step in influencing epigenetic change is through diet; increasing methyl donors 
such as methionine, choline, betaine, folic acid and vitamin B12 can help achieve this. 

Methyl donors Cofactors in methyl metabolism 

Methioinine Folic Acid 

Choline Vitamin B12 

 Pyridoxyl Phosphate 

Figure 16 
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Epigenetics and Preconception 

Agouti Mouse Model 

Epigenetics has been looked at in a number of studies. Perhaps the most well know is the Agouti 
mouse model. This foundational experiment subsequently served to influence numerous other 
studies. The two mice in figure 17 were photographed at 21 days old. They were genetically 
identical, lived in the same environment, fed the same food, yet, clearly, phenotypically they were 
very different.   

 
 
Figure 17 

 
The brown mouse on the right is relatively normal-sized, while the yellow mouse on the left is 
obese, and essentially diabetic. The mothers’ of both mice were fed the same food. The only 
difference was that the brown mouse’s mother was supplemented with folic acid and vitamin B12 
for two weeks prior to conception through gestation and weaning.  

Based on these findings it can be argued that having methyl donors present can make a measurable 
difference in adult physiology between health and disease.   



© 2012 Diversified Business Communications  15. 

  

A similar experiment was conducted alerting the supplement doses. What researchers found was 
that the different supplement doses yielded different expressions. Figure 18 illustrates a scale of 
healthiness for five mice with the mouse on the far right demonstrating the healthiest traits and the 
mouse on the far left the unhealthiest traits. This spectrum of molting clearly indicates a correlation 
between supplement dose and health.  

 
 
Figure 18 
 

Overkalix Study 

These types of genetic inheritances are also seen outside of the animal world. In 1920, a remote 
village in Överkalix, Sweden went through a period of extreme famine when their food supply was 
interrupted. Researchers studied the offspring of the children that were conceived during that time 
of famine and discovered that these subjects had much higher rates of heart disease and diabetes. 
Similar trends were discovered in other instances of food shortage such as during the Irish Potato 
Famine and in Nazi Germany. 

Researchers found that these health and disease traits were passed down for up to three 
generations from offspring to grandchildren.  
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Figure 19 
 

The results of this study and others like it reinforce the theory that exposure to certain types of 
stress, for example, can be passed on for several generations. Preventative medicine can vastly 
improve the health of a patient, but it is also important not to think of this treatment in a one 
dimensional way. Decisions can affect not just the patient sitting in the office, but the generations 
that will follow that patient. Using this treatment approach will provide a greater epigenetic impact 
on a global scale. 

Key Periods of Epigenetic Imprinting/Impact 
There are a number of key periods for epigenetic imprinting. The first occurs during preconception. 
The second is during fetal development. Finally, the third occurs before and during puberty.  
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Figure 20 
 

Preconception  

During preconception, immediate maturation of egg and sperm occur. There is a four-month 
window of maturation for both egg and sperm during preconception. Promoting increased care 
during this time is critical. Patients often want to become pregnant at any cost; advocating 
interventions will allow the patient to have the healthiest child possible.   

Quality of gametes can depend on: 

• Nutritional status 
• Environmental exposures 
• Stress 

Why Increased Risk at Preconception? 

One of the reasons why the period of preconception is so important is that once fertilization occurs, 
the genome undergoes extensive demethylation. This allows for the potential for all genes to be 
transcribed. Cytosine methylation is re-established after implantation and DNA methylation must 
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then be maintained throughout many rounds of rapid cellular proliferation. Early methyl donor 
malnutrition (over or under) can lead to epigenetic changes, impacting disease. 

 
 
Figure 21 

 
Figure 22 demonstrates an illustration of several methyl groups at the time of implantation. A 
genetic change can be seen across every cell in the body. Because of this, epigenetic-related 
diseases tend to have global effects.   
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Figure 22 
 

Looking at DNA, methylation can be measured and it is the same everywhere. In other diseases, 
only certain tissues are affected. This information reveals a great deal about the timeframe in which 
the insult happened or the nutritional deficiency occurred.  

Some essential nutrients to consider during preconception are listed below.  

• Epigenetic influence: 
 Folic Acid 
 Vitamin B12 
 Iron, Zinc 
• Protection from Oxidative Damage 
 Vitamins A, C, E, Zinc, Selenium 
• Other 
 Omega 3 fatty acids 

Some of the essential nutrients during the preconception period such as folic acid and vitamin B12 
are probably the most well-known methyl donors; however, methionine is the best option that can 
be consumed nutritionally. This amino acid can be found in common foods such as many green 
vegetables, eggs and beef liver.  
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Iron and zinc are not methyl donors, but studies have shown they are important in supporting 
epigenetic effects. Numerous studies have shown that zinc-deficient mothers give birth to children 
who have hypomethylation. The cause for this occurrence is unknown.  

Lastly, vitamins A, C and E as well as selenium can help protect DNA from oxidative damage. 1 

Prenatal Influences 

Nutritional and environmental factors have an influence on genomes and epigenetics. But what are 
these influences and what type of effect do they have on a mother’s offspring? How do emotional 
factors such as stress and anxiety affect offspring? What can be done to minimize these detrimental 
effects? 

 

  
 
Figure 23

                                                             

1 BMC Public Health 2011;11:46. 



  

If a woman is smoking and pregnant, when she ingests toxins, she is affecting herself, she is 
affecting her growing child and the developing gametes within the child are also affected.  So when 
a mother makes a choice to not take care of herself, she is directly affecting up to three generations.  
 
More research is needed to prove that these affects are inheritable. In order to prove this, the fourth 
generation to the first generation that didn’t have a direct exposure needs to be evaluated. Animal 
studies have shown up to seven generations of toxic effect.   

Barker Hypothesis  

The Barker Hypothesis is one of the most well-known studies conducted that evaluated the aspects 
of prenatal nutrition and its effect on offspring and future generations. This scientific paradigm 
hypothesizes that children who have a lower birth weights are at higher risk for developing 
coronary artery disease and other adult-onset diseases.   

Barker was a scientist in the U.K.  His study looked at death rates in 100,000 men and women in the 
U.K. between 1911 and 1930. He noticed a strong trend that low birth weight correlated with 
higher risk of adult-onset cardiovascular disease. This theory has been well studied and studies 
have been repeated on almost every continent with similar results reported.   
 

 
 
Figure 24 
 



  

Studies overwhelmingly found that children who are born at around nine pounds tend to have the 
lowest death rate due to heart disease before age 60. Higher birth weights show increased risks for 
coronary heart disease. This may have to do with the fact that babies who are born at over nine 
pounds tend to be born to mothers with gestational diabetes or some other kind of hormonal 
influence in the womb.  Lastly, children with lower birth weights also tend to have increased risk 
for heart disease. 

Birth Weight and Heart Disease 

Birth weight is not determined by genetic variation, but by prenatal environment such as 
malnutrition of the mother or poor blood flow to the placenta that limits the ability for nutrients to 
cross the placenta and reach the fetus. In other words, birth weight isn’t genetic. 
 

  
 
Figure 25 

 
When a child is born at a low birth weight, the genes adapt to survive. The genes are programmed 
to function on smaller amounts of calories. But when the child is exposed to higher calorie foods, a 
rift occurs since the child’s body is unable to handle a high calorie diet.   



  

A major factor that influences birth weight is the quality of placental development and the health 
status of the mother.  Some of the factors that can influence birth weight include a small uterine 
size, nutrient availability, oxygen supply and hormonal exposure. 2, 3 

Low birth weight has been shown to have correlations with childhood asthma and the onset of 
acute leukemia. Low volume of placenta has been associated with increased cardiometabolic risk in 
addition to low birth weight.  

On the other hand, high birth weight (over nine pounds) has been associated with increases in 
heart disease, breast cancer and hepatoblastoma. 4, 5, 6, 7   

Maternal Malnutrition 

In 1940, an eight-month period of famine in the Netherlands resulted from a Nazi blockade. Food 
was rationed for everyone in that area and people received only 400 to 800 calories per day.   

 
 
Figure 26 
                                                             

2 Bull World Health Organ 1987;65:663-737. 
3 Ann Rev Nutr 2010;30:315-39. 
4 Bull World Health Organ 1987;65:663-737. 
5 Arch Ped Adoles Med 2001;155:401-6. 
6 Leukemia 2008;22:1692-7. 
7 Eur J Ob Gyn Repro Biol. 1995;61:15-22. 



  

In May of 1945 the famine ended, rationing stopped and people were able to return to normal 
eating patterns. It was a horrible period in world history, but from a scientific perspective, it 
provided an opportunity to study the effects of a drastic low-calorie diet. Researchers tracked the 
health history of the offspring and found that women who were pregnant during the famine gave 
birth to children who had higher risks for obesity, mood disorders, impaired blood sugar and lipid 
metabolism. The offspring were also found to have higher cholesterol, reduced renal function and 
hypertension. The risks varied depending upon gestational age during the famine. 8   

Researchers looked at the genes and epigenetic patterns of those conceived during the famine. 
Those offspring were then compared to siblings who were alive during the famine or born after the 
famine. Researchers assumed that these siblings and the offspring inhabited the same environment.  
After 60 years, those conceived during the famine had less methylation than unexposed same-sex 
sibling on marker genes. Alterations to the HPA axis in those that were in the womb during the 
famine were also noted.  Subjects also showed decreased production of ACTH and cortisol as a 
response to administration of a corticotropin-releasing hormone, and a decreased cortisol response 
to ACTH when it was administered intravenously. Further, stress patterns were also shown to be 
modulated. 9   

Maternal Nutrition and Schizophrenia 

In prenatal famine, the rates of schizophrenia were shown to double in offspring both during the 
famine in the Netherlands and in another famine that occurred in China, suggesting that severe 
mood disorders can be linked to this type of prenatal origin. 10   

Maternal Low-Protein Diet 

Obviously, in the United States, famine is not really an issue; however, under nutrition from a 
nutrient perspective is more of a concern. Most mothers are able to consume the correct amount of 
calories, or more than is needed, but they don’t always receive the right nutrients from those 
calories. Even within a normal caloric intake, there can be changes based on macronutrient 
intake. 11, 12, 13 

                                                             

8 Early Hum Development 2006;82:485-91 
9 Rosebloom TJ et al. Coronary heart disease after prenatal exposure to the Dutch famine 1944-45.  Heart 
2000 Dec; 84(6): 595-8. 
10 JAMA 2005;294:557-62. 
11 Endocrinol 2001;142:2841-53. 
12 J Clin Invest 1997;100:1768-74. 



  

During the first trimester of pregnancy, women often feel nauseous and have trouble eating. This 
type of low-protein diet during pregnancy has been linked to increased expression of glucocorticoid 
receptor, which can increase the capacity for gluconeogenesis and lead to insulin resistance later on 
in life. 14 

This has also been shown to decrease the expression of an enzyme that can inactivate the 
glucocorticoid receptor, increasing receptor activity. It also upregulates glucokinase receptor 
expression in the liver, so the liver has greater capacity for glucose uptake.  

Promoter genes for glucocorticoid receptor were also shown to be imprinted in such a way as to 
impart a different receptor metabolism or glucocorticoid metabolism, increasing the risk for 
metabolic syndrome. Changes in the fatty acid metabolism were expressed, leaving people more 
susceptible to hypocholesterolemia in this aspect of lipid metabolism.  

Interestingly, adults who had low-protein diets during the prenatal period exhibited lower 
concentrations of DHA in both the liver and brain. Therefore, a low-protein diet can potentially 
affect fatty acid metabolism even in the omega-3 realm, not just related to cholesterol. 15  

Overall, low-protein maternal diets were shown to lead to vascular dysfunction, impaired 
immunity, increased susceptibility to oxidative stress on a cellular level, increased fat deposition 
and altered feeding behavior.  

Maternal High-Protein Diet 

In Scotland, a study was conducted on mothers who consumed about a pound of meat per day and 
to avoid carbohydrates throughout pregnancy. In adulthood, children from the study were found to 
have much higher cholesterol and blood cortisol levels compared to children that were part of the 
control group in the study.  These results may have to do with a decrease in carbohydrate or an 
increase in protein. 16, 17 

 

                                                                                                                                                                                                    

13 Life Sci 2004;74:1407-15. 
14 Am. J. Clin. Nutr 1999;69:179-197. 
15 Br J Nutr 2003;90:345-52 

16 J Clin Endocrinol Metab 2003;88:3554-60. 
17 Reprod Toxicol 2008;25:2-6. 



  

Prenatal Imprinting 

Maternal dietary exposure to methyl donors (folic acid, SAM) may be a determinant in modulating 
the susceptibility to diseases in adult life including: 

• Diabetes  
• Metabolic syndrome 
• Glucocorticoid excess 
• Obesity 
• Hypertension 
• Insulin resistance 
• Hyperlipidemia 
• Hyperglycemia 

Folic acid is perhaps most widely known for its ability to prevent spina bifida and other similar 
birth defects; however, this supplement has a much bigger role in protecting health during 
pregnancy because maternal dietary exposure to methyl donors can be a determinant in changing 
the susceptibility to disease in adult life. 18 

Environmental Exposures during pregnancy 

As noted earlier, environmental exposures can affect not just the mother and her baby, but future 
generations as well.  

BPA Exposure  

BPA is perhaps one of the most ubiquitous environmental toxins in existence today. The Agouti 
mouse experiment mentioned earlier looked at BPA and its effect on offspring. Pregnant Agouti 
mice were exposed to BPA. The offspring of these exposed mice developed into yellow, obese mice 
more frequently than expected.  

When researchers looked at their DNA, the methylation at the appropriate sites was decreased by 
31%.  In other words, these mice had less methylation and less regulation after exposure to BPA.  
Methylation was consistent throughout the mouse’s body, suggesting demethylation occurred in 
early development. Ultimately, BPA was shown to remove methyl groups from DNA.  

When women were exposed to BPA during early development (pregnancy and early neonatal) 
hypomethylation issues in infants were noted. Early exposure to BPA as a neonate was shown to 

                                                             

18 Am. J. Clin. Nutr 1999;69:179-197. 



  

cause the same DNA methylation seen in adulthood, and increased risk of prostate disease and 
carcinogenesis. 19 

Further studies have shown that co-exposure to certain nutrients protect against these effects. 
These nutrients include folic acid, vitamin B12 and genistein from soy. These three nutrients can 
provide at least some protection against these threats. 20  

Xenoestrogen Exposure 

Another toxin that can have detrimental epigenetic effects is xenoestrogen. In studies, exposure of 
pregnant rats to alkylphenol polyethoxylates like OPP, and phthalates like BPP was shown to 
reduce mean testicular size in offspring. In these instances, the morphology on a cellular level 
looked normal, but offspring exposed to this toxin had decreased sperm count of 10 to 21% after 
maturation.   

Further, exposure to octylphenols, another type of xenoestrogen, has been shown to suppress FSH 
secretion, decreased testes size and changed the Sertoli cell number.  21, 22  

Endocrine Disruptor Vinclozolin Study 

A case study was conducted using vinclozolin, an antifungal that is known to have a negative 
epigenetic impact. In animal studies, pregnant mice and rats were exposed to vinclozolin. 
Researchers found that fourth generation mice and rats who were not directly exposed to 
vinclozolin still exhibited negative effects. In this way, vinclozolin works not just by directly being 
toxic but by changing epigenetics that are then inherited.   
 

                                                             

19 Ho et al.  Cancer Res 66:5624-5632 
20 Dolinoy D. et al.  Maternal nutrient supplementation counteracts bisphenol A-induced DNA 
hypomethylation in early development. Proceedings of the National Academy of Sciences.  2007;104:13056-
61. 
21 Enironmental Health Perspectives 1995;103(12):1136. 
22 Endocrinology 2000;141(7):2667. 



  

 
 
Figure 27 
 

In this case, epigenetic patterns that changed also increased the risk for prostate disease, sperm 
abnormality, kidney disease, immune dysfunction, hypercholesterolemia and abnormal testes.   



  

 
 
Figure 28 

 
Lead exposure and Alzheimer’s 

Several studies have shown that exposure to lead during prenatal development period in rats led to 
an increased production of:  

 APP (Amyloid Precursor Protein) 
 Abeta 
 Oxidative marker 8-oxo-dG 

Interestingly, pathogenesis was not observed in younger brains, suggesting epigenetic changes and 
influence on gene transcription and oxidative DNA damage. 23 

Polycyclic Aromatic Hydrocarbons (PAH)  

Polycyclic aromatic hydrocarbons, PAHs, are a toxic element of cigarette smoke.  

 

 
                                                             

23 J Mol Neurosci 2008;34(1):1-7. 



  

Prenatal exposure of PAH in air/cigarette smoke have been linked with:  

 Increased measures in cord blood 
 Poor behavior scores in New York City children 
 Developmental delay 
 Low birth weight, chest and head circumference 
 Asthma 24 

The Environmental Working Group (EWG) recently looked at adult volunteers that had no known 
toxic exposure to PAH. Subjects claimed to live clean lifestyles. They also did not report living near 
toxic areas such as dumps or waste treatment facilities. Despite this, researchers found 167 
chemicals present in the subjects. On average, each individual had at least 91 measurable chemicals 
that were detected in the blood and urine.  

The EWG also examined newborn umbilical cords of people who had no known toxic exposure. On 
average there were 200 industrial chemicals, pollutants and other chemicals found in the umbilical 
cord, including DDT, perfluorochemicals, brominated fire retardants, PCBs, PAHs, dioxins, furans, 
naphthaline and mercury. 25    

These frightening statistics emphasize the importance of protecting women from toxins by utilizing 
nutrients such as methyl B12 and methyl folate.   

The CDC also reported that urinary phthalates and their metabolites were in over 75% of study 
participants’ urine measured. BPA was detected in more than 95% of 400 adults studied. 26   

This information is disturbing, but animal research suggests protection methods for these types of 
exposures. Before a patient becomes pregnant it is advisable to put her through a detoxification 
program to get the liver functioning prior to conception. In Poland, vitamin A taken pre-pregnancy 
has been demonstrated to reduce the risk of adverse birth outcomes due to prenatal pollutant 
exposure. 

Further studies have demonstrated that co-exposure to certain nutrients were protective. Some of 
these nutrients include: 

 Folic Acid 

 Vitamin B12 

 Genistein from soy 

                                                             

24 Respir Med 2011;105(6):869-76. 
25 www.EWG.org 
26 www.cdc.gov 



  

Often, particularly in early pregnancy, injections of folic acid and methyl carbylamines can be 
prescribed, especially when a woman is sick and unable to eat or take a prenatal vitamins. This can 
be achieved with a vitamin B complex.   

Using soy during pregnancy is met with mixed reactions; however, the genistein from soy has been 
studied extensively in animal trials and has been proven to have positive effects. Trials have not yet 
been conducted to study these effects on humans.  27, 28 

Like other types of human research, research surrounding epigenetics is difficult to conduct 
because there is a lack of control over the test subjects. Animal research subjects can be caged and 
fed a consistent diet, yielding measurable results. This obviously cannot be done with humans. The 
many variables in lifestyle and dietary choices make tracking the results of a long-term human 
research project immensely difficult. Additionally, when looking at adult health, huge populations of 
people are needed to yield useful data.   

Maternal Stress during Gestation 

Keeping stress levels low during pregnancy is important because it can impact the way genes 
function which can be carried on throughout life. Research has shown that women who have high 
levels of stress during gestation have changes in the function of their HPA axis and 
neurotransmitters levels. Higher rates of reported anxiety, increased emotionality, slower motor 
development, decreased learning abilities as well as decreased length of gestation have also been 
noted in these offspring.  Maternal stress during pregnancy has been linked to early labor and 
decreased infant birth weight, both of which clearly have other associated effects. 29, 30, 31 

Maternal Stress and Immunity 

Maternal stress during gestation has demonstrated numerous effects including:  

• Decreased macrophage and neutrophil function in two-month-old offspring 
• Decreased cytotoxicity of NK cells 
• Decreased production of TNF-a and IL-6 upon stimulation with LPS (lipopolysaccharide) in 

rhesus monkeys 
• Increased corticosterone and fever response to LPS in rats 
• Decreased thymic size and function  

                                                             

27 Int J Occup Envoron Health 2007;13(2):175-80. 
28 Dolinoy D. et al.  Maternal nutrient supplementation counteracts bisphenol A-induced DNA 
hypomethylation in early development. Proceedings of the National Academy of Sciences.  2007;104:13056-61. 
29 Kofman 2002 
30 Maccari et al 2003 
31 Welberg et al 2001 



  

Most of these studies examined the effects of acute stress from an event that could be measured, 
not from everyday stressors. 32    

When a mother is under stress she releases glucocorticoids and catecholamines. These can pass 
directly through the placenta, affecting the developing baby. But this process can also modulate the 
function of the placenta and decrease the ability for blood and oxygen to flow move through the 
placenta. This can change the transporters and receptors within the placenta that alter the function. 
 

 
 
Figure 29 

 
Maternal stress during gestation has demonstrated: 

• Increased risk of atopic diseases 
• Self-reported high anxiety in pregnancy associated with increased IgE in cord blood 
• Increased level of pro-inflammatory cytokines in mother  
• Increased exposure to proinflammatory cytokines in utero is suspected to increase risk of 

allergy for infant later in life 33 
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Maternal depression and anxiety in the third trimester have been shown to lead to increased 
methylation of glucocorticoid receptor NR3CI gene. This was associated with increased salivary 
cortisol stress response in infants at three months. Interestingly, this response was not blunted in 
infants born to mothers treated with SSRIs. 34  

Maternal Nurturing and Epigenetics  

Post-partum animal studies have shown that mothers who have decreased nurturing responses 
produce offspring with higher stress responses. Researchers have measured hypermethylation 
changes that occur based on nursing, connection to parents and nurturing response of parents. On 
the other hand, mothers who demonstrated good stress responses produced offspring with 
similarly strong stress responses. Studies have repeatedly shown that early attachment can alter 
genetic expression.  

Assisted Reproduction and Epigenetic Impact 

In vitro fertilization or drug therapy is often used as an assisted reproductive option for women 
who have trouble conceiving. Many women use drugs like Clomid during a cycle to increase the 
odds of getting pregnant. 

Though there is not significant research to prove or disprove this, ovarian stimulation with drugs 
like Clomid may increase levels of homocystine in follicles, leading to potential inflammatory 
patterns that can develop early on with exposure to these drugs.  There is a demonstrated 
difference in DNA methylation patterns in samples from children born after IVF versus children 
conceived naturally. Ovarian stimulation has also been shown to lead to elevated follicular 
homocysteine levels.  

Rare epigenetic diseases such as Beckwith–Wiedemann syndrome have also been noted at much 
higher rates in kids born to assisted reproductive technologies, especially IVF. 35   

Key Prenatal Interventions  

Some key prenatal interventions include: 

 Good nutrition 
 Avoidance of over or under-nutrition 
 Balanced diet with moderate protein intake (1 to 1.5 grams per kilogram of body 

weight) 
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 Supplementation with nutrients with demonstrated safety and benefit in prenatal 
period 

 Avoidance of exposure to environmental pollutants 
 Stress Management 

 Prenatal yoga 
 Slowing down of lifestyle 

Pubertal 

Between the ages of 8 to 12, research has found that adolescents (particularly boys) are at the 
highest risk for exposures. Some epigenetics effects seem to be sex-specific. An Avon longitudinal 
study found that epigenetics can be passed down a sex-specific line. The study found that fathers 
who started smoking before age 11 had sons (but not daughters) with greater BMI. 

The study also found that paternal grandfather’s food supply was associated with mortality of 
grandsons and grandmothers’ food supply was associated with mortality of granddaughters. 36 

Pubertal Nutrition  

Interestingly, studies have found that boys who have good nutrition during a slow-growth period 
produced offspring with increased risk of mortality. Those who had famine during that time period 
produced healthier offspring who were protected against cardiovascular death. With women, these 
results were the opposite; women who lived during a famine produced granddaughters with higher 
rates of heart disease. Women who were well-fed during that period had granddaughters with 
lower rates. The reason for this pattern is not yet known, but is currently being studied. 37, 38 

Interventions during Puberty 

Focusing on nutrition during puberty is essential, especially for boys. Having an open discussion 
with adolescents about proper food and lifestyle choices can have a huge impact on their lives and 
the lives of future generations. 

Supplementation with a multivitamin and omega-3 can be effective during puberty, though 
nutrition should be the primary source of supplementation for this age group.  
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Conclusion 
The origins of adult disease are multi-factorial. The current medical paradigm focuses on 
interventions for an individual to impact their own health. When a patient isn’t able to lose weight, 
it is easy to assume that she simply isn’t following a diet plan; however, as noted throughout this 
paper with the examples of animal studies, the reasons are usually not that straightforward. Many 
factors contribute to a patient’s ability to achieve health. Explaining these genetic factors to a 
patient can help minimize frustration and provide increased encouragement.   

Most patients are simply unaware of the impacts of parental epigenetic inheritance. When working 
with a couple who is having trouble conceiving, it is important to show them the bigger picture 
from a generational perspective. Increasing the awareness of patients can have an impact on them 
as well as their offspring.   
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