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 ABSTRACT: 

 A multitude of pregnant mothers throughout the world experience some sort of nausea 

 and vomiting symptoms while pregnant. There is a large body of literature that has examined the 

 evolutionary significance of nausea and vomiting of pregnancy (NVP), and why it continues to 

 persist within our society. The purpose of this thesis is to perform a literature review and to add 

 onto the current literature present within this multidisciplinary field. In order to do so, the field’s 

 published works were compiled and examined, being careful to only choose credible and 

 significant sources in order to understand why pregnant mothers experience pregnancy sickness 

 and aversions to certain foods, and how these aversions and cultural food taboos affect the 

 nutrition and development of the mother and their fetus. 

 Keywords:  Fetal development, morning sickness, Nausea and Vomiting of Pregnancy (NVP), 

 teratogens, miscarriage, maternal nutrition, and birth defects. 

 INTRODUCTION: 

 Throughout history, the prevalence of nausea and vomiting has been recognized as a 

 common symptom for most pregnant mothers. During the first trimester of pregnancy, about 

 70-80% of women experience nausea and vomiting of pregnancy (NVP), or roughly 4,000,000 

 and 350,000 mothers affected annually by NVP within the United States and Canada  (Lee & 

 Saha, 2011)  . Evolutionary biologists believe that pregnancy sickness may be an adaptation 

 providing behavioral prophylaxis against diseases and infections that could arise from ingested 

 toxins, where nausea causes aversion and repulsion from the substance and vomiting results in 

 expulsion of the harmful substance  (Fessler, 2002)  . The most critical time of development tends 

 to be the first trimester when peak development occurs and the mother experiences greatest 

 immune vulnerability. This explains why NVP could have been selected to be most prevalent 

https://www.zotero.org/google-docs/?broken=JolZyv
https://www.zotero.org/google-docs/?broken=JolZyv
https://www.zotero.org/google-docs/?broken=WOmIxI
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 within the first trimester, so the fetus was protected from teratogens and pathogens that can 

 deform fetal organs and limbs  (Lee & Saha, 2011)  . 

 Although NVP is believed to be an adaptation selected to protect the mother and fetus 

 from harmful teratogens early in pregnancy, a continual prevalence of NVP throughout the 

 second and third trimester could negatively affect the nutritional status of the mother. 

 Additionally, not all food aversions experienced by the mother could be harmful for their health 

 or the health of the fetus. If NVP was an adaptation selected within the human's ancestral 

 population, then discriminatory specificity should have been included within the natural selection 

 process to avoid losing beneficial substances within the mother’s diet  (Fessler, 2002)  . If a mother 

 experiences aversions to beneficial substances and becomes malnourished as a result, then the 

 fetus won’t get the nutrients it needs for proper growth, resulting in inadequate development that 

 could cause negative effects throughout the child’s whole life. 

 During mid-gestation and up to two years of age is when a child’s brain development is 

 most sensitive  (Webster, 2014)  . Malnutrition during this stage of the child’s life can cause 

 improper development of their brain. Additionally, lower birth weights due to malnutrition and 

 higher birth weight due to overnutrition can increase risks of certain diseases, such as diabetes, 

 lower cognitive performance, cancer, kidney disease, etc.  (Fall, 2013)  . During pregnancy, the 

 nutritional requirements for the mother drastically increases. However, in addition to food 

 aversions, some cultures place food taboos for pregnant women in order to limit resource 

 consumption to protect mothers and fetuses from dangerous foods  (Placek et al., 2017)  . 

 Throughout history, these aversions and taboos were in place to aid in protection from harmful 

 pathogens and infections during pregnancy. Nonetheless, some of these aversions and taboos are 

https://www.zotero.org/google-docs/?broken=81g45P
https://www.zotero.org/google-docs/?broken=r3KWJG
https://www.zotero.org/google-docs/?broken=K4RFwZ
https://www.zotero.org/google-docs/?broken=hMzfUi
https://www.zotero.org/google-docs/?broken=kzA4W6
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 towards foods that can be beneficial to fetal development, and restricting access to these certain 

 food groups can cause the mother to face deficiencies in vital nutrients. 

 This thesis will conduct a review of the literature within this field of study in order to 

 assess the various foods that women experience aversions to while pregnant. Additionally, an 

 examination of various food taboos from different cultures will be conducted. The main goal of 

 this thesis is to understand why the body experiences NVP as well as its evolutionary 

 significance within the human population. NVP, food taboos and whether they correlate with 

 malnutrition and deficiencies in pregnant mothers will also be assessed. In summation, this thesis 

 will perform a meta-analysis of the current literature to deduce whether a correlation exists 

 between NVP and birth defects due to malnutrition. 

 METHODS: 

 Due to this thesis being a literary review on the current field of study, the literature 

 surrounding this field had to be acquired. The process of acquiring these sources was utilizing 

 the Portland State’s library database as well as google scholar to find primary and secondary 

 sources of literature. These articles were carefully examined for credibility, whether the article 

 had been reviewed, the information discussed within the article, and whether this article was a 

 good match for the topic being discussed within this thesis. The sources were then selected and 

 saved using zotero. This application helped to keep all the sources within a folder for easy 

 access. Additionally, annotations were made for each of the articles to help keep them organized, 

 and for quick skimming of the sources so the proper articles could be utilized for their intended 

 section of the thesis. 

 The vast majority of the sources compiled were primary sources, with a select few 

 articles being secondary sources. The secondary sources primarily consisted of articles reviewing 



 How NVP Effects Maternal Nutrition and Fetal Development  5 

 the current scientific literature, with two of the sources being textbooks that fit within this 

 multidisciplinary field. The primary sources helped to give background information on the topics 

 discussed within this paper, and aided in expanding upon the knowledge obtained from the 

 current literature. These articles were predominantly scientific articles. Many of the sources went 

 over the scientific and medical background of fetal development, fetal malformations, fetal and 

 maternal nutrition, nausea and vomiting of pregnancy, and more. Through reading and compiling 

 information from these sources, it aided in expanding upon the literature within the field and 

 answering the thesis question posed within this paper. 

 RESULTS: 

 1. Evolution of Pregnancy Sickness & Physiology 

 In regards to pregnancy sickness, multiple perspectives exist across the cultural, 

 sociological, and medical fields. Within the cultural field, researchers emphasize the importance 

 of cultural practices and beliefs concerning pregnant individuals, because these beliefs and 

 practices can impact and affect the attitude and experiences women have towards pregnancy 

 sickness. In addition, the medical viewpoint has ongoing research on this topic, with a goal to 

 grasp a better understanding of the intricate interaction betwixt the genetic, hormonal, and 

 environmental factors that play a role in the emergence and intensity of nausea and vomiting of 

 pregnancy (NVP). Lastly, the sociological perspective stipulates that attention needs to be drawn 

 onto the impact NVP has on the lives of women within society. The toll pregnancy can have on 

 the pregnant mother, both psychologically and physically, can result in decreased productivity. 

 Thus, pregnant mother’s careers and economic independence can be affected, and therefore can 

 affect whether a pregnant mother is stigmatized or supported due to society's response towards 

 NVP. 
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 During pregnancy, “morning sickness” is a common symptom a multitude of women 

 experience. However, this symptom is a misnomer, because this gestational nausea and vomiting 

 occur at various points throughout the day and not just in the morning. Additionally, “morning 

 sickness” is just an accumulation of symptoms that co-occur with pregnancy and not a “sickness” 

 per se. Women experiencing nausea and vomiting during pregnancy does not mean that they are 

 sick or have a disease. Pregnant mothers that experience these symptoms tend to be healthy 

 women who give birth to healthy babies. This statement is supported by Sherman and Flaxman’s 

 article, “Nausea and vomiting of pregnancy in an evolutionary perspective,” which expresses 

 that: 

 The  nausea  and  vomiting  of  pregnancy  symptoms  experienced  by  90%  to  95%  of  women 
 do  not  fit  the  definition  of  “disease”  (ie,  “a  departure  from  health”  or  “a  condition  that 
 impairs  a  vital  function”).  Neither  are  they  manifestations  of  physiological  frailty  in 
 response  to  metabolic  demands  of  pregnancy.  Rather,  nausea  and  vomiting  of  pregnancy 
 is  an  intricate  mechanism  that  probably  evolved  to  serve  a  useful  function:  protecting  the 
 pregnant woman and embryo from food-borne infections and toxins. 

 Therefore, nausea and vomiting of pregnancy is seen more as an adaptation that can prove more 

 beneficial than harmful to the mother and embryo if these symptoms are not inordinate. During 

 pregnancy, and specifically within the first trimester, a pregnant mother may experience 

 immunosuppression. A lowering in the immune system is crucial for the maternal body to not 

 reject the fetus. Within the maternal body, the fetus is seen as an invader. If the immune system’s 

 response does not decrease, then the maternal immune system would attack and reject the 

 growing fetus, causing the mother to experience a spontaneous abortion. A spontaneous abortion, 

 or early miscarriage, is the “spontaneous termination of an intrauterine pregnancy during the first 

 trimester” (Alves et al., 2023). The classification for this type of early miscarriage has had the 

 cut-off altered from <20 weeks of gestation to <10 weeks of gestation according to some 
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 organizations. There exists a multitude of instances that can result in early miscarriage, Alves et 

 al. describes that; 

 In  more  than  60%  of  pregnancy  losses  between  6  to  10  weeks  of  gestation,  the  etiology  is 
 believed  to  be  fetal  chromosomal  abnormalities,  including  trisomies,  monosomy,  and 
 polyploidy.  Additionally,  inflammatory  and  immunologic  dysregulation  is  thought  to  play 
 a role in some cases, likely due to the effect on trophoblastic invasion. 

 Additionally, maternal age is the most common factor for spontaneous abortions. Alves et al. 

 augmented the fact that the risk of early miscarriage increases drastically from 9%-17% in 

 mothers 20-30 years old, to 75-85% in mothers at 45 years of age and older. Chronic diseases are 

 also a factor in predisposing the mother to spontaneous abortions, such as diabetes, autoimmune 

 conditions, thyroid disease, and more. 

 However, in lowering the immune system to protect the fetus from immunological attack, 

 the mother becomes more susceptible to disease or infections, which can also increase the 

 mother’s risk for early miscarriage. Within a Cornell University study (2000), the researchers 

 stated that “the analysis of hundreds of studies covering tens of thousands of pregnancies 

 suggests that morning sickness and the aversion to potentially harmful foods is the body’s way of 

 preserving wellness of the mother at a time when her immune system is naturally suppressed (to 

 prevent rejection of the child that is developing in her uterus) and has reduced defenses against 

 food-borne pathogens” (  Cornell Chronicle  , 2000). Within the article “Maternal Immunological 

 Adaptation During Normal Pregnancy” by Abu-Raya et al. (2020), Table 1 illustrates the various 

 illnesses and infections pregnant mothers are susceptible to due to their lowered immune system. 

 The table indicates that pregnant mothers are susceptible to malaria, listeriosis, and tuberculosis. 

 Additionally, mothers have an increased maternal severity to diseases such as Coccidiomyosis, 

 Dengue fever, Ebola virus, Hepatitis E viral infection, Influenza, Invasive pneumococcal disease, 

 and more. 
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 In addition,  Abu-Raya et al.  ’s (2020) article provides more information regarding the 

 lowered immune system of pregnant mothers, stating that pregnancy has been associated with 

 alterations in the number of T cell subsets. T cells express receptors with the potential “to 

 recognize diverse antigens from pathogens, tumors, and the environment, and also maintain 

 immunological memory and self-tolerance” (Kumar, 2018). In conjunction, T cells help your 

 immune system to recognize and fight off specific antigens and bacteria. When examining the 

 difference between the number of T helper cells and cytotoxic T cells between pre-pregnant and 

 currently pregnant women, Abu-Raya et al. (2020) found that T cells were lower in the third and 

 first trimester of pregnancy. Additionally, the amount of suppressor T cells was highest in the 

 first trimester. Thus, during pregnancy, the number of T cells decreases, causing pregnant women 

 to experience immunosuppression. 

 Another table from Abu-Raya et al. (2020), Table 4, illustrates an exhausted list of 

 cellular changes experienced during pregnancy. For example, the table states there were lowered 

 levels of T cells, B cells, CD5  +  B cells, IgG levels, lowered number of T helper cells and 

 cytotoxic cells in first and third trimester, lowered plasma IL-2 levels, percent of Th2, reduced 

 PHA-stimulated T lymphocyte proliferation, decreases in IL-2 and IFN-ℽ, IgA levels in the third 

 trimester, and IgM levels in the second and third trimester in pregnant women as compared to 

 non-pregnant women. 

 Additionally, the authors observed increases in IFN-ℽ and IL-4 secreting cells, higher B 

 cell activating factor levels, IgG1 levels, IgG3 levels in second trimester, higher galactosylation 

 and sialylation of Fc portion of IgG, increase in asymmetric IgG antibodies, IgA levels in first 

 trimester, and higher IgM levels in first trimester and late-third trimester. These changes within 

 the B cells, T cells, and other immunoglobulins during pregnancy could indicate the decrease in 

https://www.frontiersin.org/articles/10.3389/fimmu.2020.575197/full
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 immune function during pregnancy. However, Abu-Raya et al. (2020) emphasized the scarcity of 

 data on T cell function during pregnancy, as well as the inconsistency within research. In 

 addition, Abu-Raya et al. (2020) indicated that a clear understanding of how the immunological 

 changes affected maternal susceptibility was still lacking. Therefore, further research still needs 

 to be conducted. Yet, the study indicated the existence of “highly dynamic cooperative 

 interactions between the maternal and fetal immune system, rather than a broad maternal 

 immune suppression” (Abu-Raya et al., 2020). Thus, indicating an important immunological 

 adaptation over time. 

 With this evolutionary adaptive trait, it begs the question why natural selection would 

 favor the maternal body to become immunosuppressed if it means the maternal body will 

 become more susceptible to pathogens and teratogens? Immunosuppression is supposed to help 

 the mother’s body not to reject the fetus, but this protective mechanism opens the door to 

 foodborne diseases and pathogens that can result in spontaneous abortions. 

 During pregnancy, the maternal body is proficient in having an adaptive immunity. With 

 the suppressed immune response, the body experiences nausea and vomiting as a way to protect 

 the mother from harmful substances. Normally, NVP begins about five weeks after the menstrual 

 period, if the germinal stage proves successful, and peaks around eight to twelve weeks. The first 

 trimester is when NVP is most prevalent, but these symptoms gradually decrease during the 

 second and third trimester. The mechanism of NVP protecting the developing fetus through 

 causing the mother to avoid and physically expel potentially abortifacient and teratogenic foods, 

 is known as the embryo protection hypothesis. Unfortunately, there have not been too many tests 

 done on the embryo protection hypothesis. Currently, there are five predictions of the embryo 
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 protections hypothesis, according to Flaxman and Sherman (2000), and these predictions are as 

 followed: 

 1.  NVP should be associated with positive pregnancy outcomes 

 2.  Foods that trigger NVP should contain teratogens, mutagens, and abortifacients. 

 3.  NVP should be more common when the embryo is most sensitive to toxic chemicals. 

 4.  Foods containing toxins should be most aversive to women when embryonic 

 organogenesis is most sensitive to disruption by exogenous chemicals 

 5.  The frequency of NVP should depend on the diet of a population: symptoms should be 

 uncommon in populations where staple foods rarely contain substances that could 

 damage embryos. 

 Most literature within the field of evolutionary biology has found that NVP is positively 

 correlated with beneficial reproductive outcomes, where mothers who experience NVP are more 

 likely to carry to full term and less likely to experience spontaneous abortions. Data has 

 illustrated that “NVP protects the embryo from teratogenic phytochemicals and shields both the 

 mother and her developing embryo from foodborne pathogens and their associated toxins” 

 (Flaxman & Sherman, 2000). Therefore, NVP has been shown to be beneficial to both the 

 mother and her developing fetus, causing the embryo protection hypothesis to be renamed as the 

 maternal and embryo protection hypothesis. 

 Thus, since the mother’s cell-mediated immune response is lowered during pregnancy to 

 inhibit her body from attacking the fetus, and that the common pregnancy symptom, NVP, aids in 

 keeping the mother and embryo away from teratogenic and abortifacient food, the maternal 

 protection hypothesis is supported. This hypothesis is also consistent amongst the variable 

 cravings and aversions pregnant mothers experience. 
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 2. Food Aversions: 

 In accordance with nausea and vomiting of pregnancy, mothers experience food aversions 

 and cravings during pregnancy. There can be a multiple of reasons for these cravings and 

 aversions, for instance, Khan (2023) describes four reasons as to why this alteration happens 

 during pregnancy. The first reason could be the maternal-fetal protection hypothesis. Since the 

 mother’s immune system is lowered during pregnancy, she experiences aversions as well as NVP 

 to protect herself and the fetus from potential foodborne pathogens. Therefore, this innate 

 protective mechanism within the mother could potentially be a cause for her food aversions and 

 cravings. 

 The second reason could be due to hormonal changes. During pregnancy, women 

 experience a rise in human chorionic gonadotropin hormone (hCG). hCG is primarily produced 

 by the “syncytiotrophoblastic cells of the placenta during pregnancy. The hormone stimulates the 

 corpus luteum to produce progesterone to maintain the pregnancy. Smaller amounts of hCG are 

 also produced in the pituitary gland, the liver, and the colon” (Betz & Fane, 2023). This hormone 

 helps in thickening the lining of the uterus, which is essential for fetal growth. Normally, hCG 

 levels are high within the maternal body for the first ten weeks of gestation. High levels of hCG 

 is correlated with nausea and vomiting, which could be the reason for the belief in the 

 association between hormonal changes and food aversions. 

 Alterations in the mother’s smell and taste can be another reason for food aversion and 

 cravings. Taste buds can be altered due to NVP, changing the mother’s flavor profile and 

 influencing her food preferences. Additionally, a woman's sense of smell can become more 

 sensitive during pregnancy. An article that reviewed studies about pregnancy and olfaction, 

 found that “85% of pregnant women (n = 60) identified at least one odor to which they were 
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 more sensitive and Nordin et al. (2004) reported that, relative to non-pregnant women (n = 76), 

 more of the pregnant women (n = 144) reported “stronger-than-normal smell sensation” of 

 particular odors, including cooking odors, cigarette smoke, spoiled food, perfumes, spices, and 

 coffee” (Cameron, 2014). Therefore, increased sensitivity to olfaction and taste can cause women 

 to experience certain aversions and cravings during pregnancy. 

 Lastly, the fourth suspected reason for food aversions and cravings could be because of 

 cultural influences. Different cultures have various food taboos in regards to what pregnant 

 women can and can not eat. These taboos can thus influence aversions to those specific foods. 

 An example of a cultural food taboo comes from Fessler’s article “Reproductive 

 Immunosuppression and Diet,” stating that 

 In Tamil Nadu, India, meat and eggs are sometimes proscribed because they induce 
 vomiting and also because they are “hot” foods (Ferro-Luzzi 1973); “hot” foods are often 
 taboo during the first trimester because they are thought to be abortifacient (Pool 1986). 
 Papaya, another “hot” food, is an even more prevalent target: mango, elsewhere a 
 common focus of cravings, is also avoided because it is “hot” (Ferro-Luzzi 1973). While 
 the latex present in papaya skin does indeed induce uterine contractions (Cherian 2000), 
 there are no reports of such an effect for mango. Therefore Tamil Nadu pregnancy beliefs 
 suggest taboo formation based on observations of causality combined with symbolic 
 elaboration and extension. 

 Cultures place food taboos for pregnant mothers, because they believe that these certain foods 

 can result in miscarriages, or that these foods could be potential allergens, and severe allergic 

 reactions could be catastrophic to a fetus and its mother. Another article by Ferguson (2015) 

 discussed Placek’s study on Tamil Nadu, India. This study found that the women from villages in 

 the rural countryside of Tamil Nadu largely avoided fruits. This aversion stems from the cultural 

 belief that the consumption of fruit can harm the development of the fetus or result in 

 miscarriage. For instance, the pregnant mothers residing in this region “believe eating mangoes, 

 black grapes, papaya and other fruits while pregnant causes miscarriage and premature birth, as 

 well as manthai, a disease characterized by black or blue patches on an infant’s skin,” (Ferguson, 
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 2015). Thus, cultural beliefs can strongly influence the food aversions pregnant mothers may 

 experience, because as Placek’s study shows, pregnant women tend to avoid certain foods they 

 learn can potentially be harmful for their fetus from others in their community, rather than 

 relying on the aversions their body naturally experiences. 

 Additionally, Flaxman and Sherman (2000) conducted 21 studies that examined food 

 cravings, as well as 20 studies that examined food aversions during pregnancy. Flaxman and 

 Sherman interviewed 6,239 women about cravings, and then 5,432 women about aversions 

 during gestation. Both authors concluded that pregnant women experienced the most aversions 

 towards meat. Figure 2 depicts the various gestational cravings and aversions from Flaxman and 

 Sherman’s (2000) study. The triple asterisks illustrate a vast difference between cravings and 

 aversions, whereas NS shows no difference between gestational cravings and aversions. Of the 

 following food categories, there is meat, non-alcoholic beverages (N-A), vegetables (Veg), 

 alcoholic beverages (Alc), ethnic strong and spicy foods (ESS), dairy (D), sweets (S), grains and 

 starches (G&S), as well as fruits and fruit juices (F). 

 From the figure, it is evident that meat was the most targeted food category for aversions, 

 and fruit was the most craved food. Since pregnant mothers experience immunosuppression, they 

 are more likely to become ill from foods containing viruses, bacteria, and/or fungi. Meats, such 

 as fish, poultry, eggs, beef, lamb, or pork, contain a multitude of various viruses or parasites that 

 can result in foodborne illnesses within the mother, which then has adverse effects on fetal 

 development and can result in miscarriages. For instance, meat contains a protozoan parasite 

 called  Toxoplasma gondii  , which can result in schizophrenia, spontaneous abortions, neonatal 

 diseases, as well as neurological birth defects within the developing fetus. This parasite can only 

 be acquired through the consumption of undercooked or raw meat. Healthy individuals rarely 
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 develop illnesses from the consumption of undercooked or raw meat, however, the same cannot 

 be said for individuals who are immunocompromised, such as pregnant mothers. 

 Within Fessler’s (2002) article, they examine the evolutionary perspective of NVP as 

 well as meat consumption during pregnancy. In Fessler’s section on meat, pathogens, and 

 pregnancy, Fessler illustrates the various meat-borne pathogens and how they pose a threat to 

 pregnant women. Fessler states that meat is one of the most dangerous food types to pregnant 

 women, especially within their first trimester. Due to meat possessing an abundance of 

 pathogens, it poses a great risk to maternal health and fetal development. These pathogens can 

 greatly hinder and negatively impact organogenesis. Fessler’s (2002) article contains Table 3, 

 which illustrates the various meat-borne pathogens that pose a threat during gestation. The 

 pathogens listed include  Toxoplasma gondii  ,  Listeria monocytogenes, Escheriachia coli, Brussels 

 abortus B. melitensis, Shigella dysenteriae, Campylobacter jejuni, Clostridium perfringens,  and 

 Leptospira. 

 Additionally, Fessler (2002) discusses how faunal remains of human ancestors illustrate 

 that meat was a part of our diet, and there’s the potential that the consumption of meat could date 

 back to around the beginning of our genus. Therefore, it is likely our species, overtime, has 

 developed adaptations favoring the aversion of meat during pregnancy. Since meat contains an 

 abundance of pathogens and the ability to harm the fitness of our population, it is logical for 

 natural selection to select the trait in which women experienced nausea and vomiting towards 

 meat and other potential abortifacient foods. The next section of the paper will explore fetal 

 development, as well as when it peaks and when the fetus is most susceptible to teratogens. 
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 3. Fetal Development 

 In accordance with prenatal development, there exists three distinct stages of 

 development. The first stage is the germinal period, which occurs between weeks 0-2. This 

 period begins immediately after conception and focuses on cell division and implantation of the 

 zygote into the mother’s uterus. This period is the shortest out of the three. After the sperm 

 implants itself into the egg, the zygote is created and travels down the fallopian tube towards the 

 uterus. During its journey, the zygote divides into two distinct structures, the embryo and the 

 placenta. The zygote continues to divide its cells until it becomes a blastocyst. Once it becomes a 

 blastocyst, it has arrived to the uterus and implants itself into the uterine lining. If successful, the 

 blastocyst will continue to undergo development and traverse onto the second stage. 

 The second stage of development is the embryonic stage, which occurs between weeks 

 3-8 of gestation. Within this stage, the embryo undergoes organogenesis. This process gives the 

 blastocyst more human characteristics, transforming the blastocyst into an embryo. 

 Organogenesis helps to form structures such as the “neural tube (which later becomes the brain 

 and spinal cord), head, eyes, mouth and limbs form” (  Fetal Development  , 2024). Around the 

 sixth week, the arms, legs, and heart begin to form. Additionally, the heart will begin to pulse 

 around this time. At the eighth week, which marks the end of this stage, most of the embryonic 

 systems and organs have developed and taken shape. A lot of mothers experience nausea and 

 vomiting around this time, and the main reason for this could be due to the fact that the fetus is 

 most susceptible during this period of organogenesis. There are many environmental factors that 

 can harm fetal development such as malnutrition, disease, stress, age, poverty, and teratogens. 

 Below is a figure created with BioRender.com, to summarize the timeframe and severity of fetal 

https://my.clevelandclinic.org/health/articles/7247-fetal-development-stages-of-growth
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 abnormalities as depicted within  the human development textbook Human Development 

 Teaching & Learning Group (2020).  Human Development  . Pg 76). 

 Figure 1.  Timeline illustrating the magnitude of adverse effects to fetal development. 

 Thus, by looking at the figure, it is evident that organogenesis is a period in which harm done 

 onto the embryo has the greatest range of consequences on development. Additionally, the 

 danger of these factors in this phase are “greatly exacerbated by the fact that,  during precisely 

 this period,  the mother’s ability to resist infection is severely compromised” (Fessler, 2002). 

 Since the mother is immunocompromised, she is more susceptible to illnesses and environmental 

 factors such as teratogens and abortifacients. Table 4 depicts a summation from the Human 

 Development Teaching & Learning Group (2020) on teratogens and their effects on fetal 

 development. 
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 Table 1.  Teratogens and how they affect the developing fetus. 

 Teratogen  Effects 

 Alcohol  Fetal alcohol syndrome. 
 Physical abnormalities (flattened noses, small heads, small eye holes) 
 Poor cognitive function (higher rate of ADHD, poor judgment, poor 
 impulse control, lower IQ, and leaning issues) 

 Caffeine  Increases the risks of miscarriage. 
 Recommended that mothers should not consume more than 200 mg of 
 caffeine a day. 

 Nicotine/Tobacco  Fetus exposed to nicotine, carbon monoxide, and tar → lessens 
 oxygen availability to fetus. 
 Low birthweight, ectopic pregnancy, placental abruption, placenta 
 previa, fetal growth restriction, stillbirths, birth defects, early puberty 
 for girls, learning disabilities, and sudden infant death (SIDS). 

 Cocaine  Stillbirths, low birth weight, and spontaneous abortions. 

 Marijuana  Cause issues with brain development if used heavily. 

 Methamphetamines  Lower birth weight, developmental issues, high infant mortality, as 
 well as behavioral issues. 

 Heroin  Attentional deficit problems, motor control impairments, difficulty in 
 behaviors, as well as withdrawal. 
 **Neonatal abstinence syndrome = when the mother uses addictive 
 drugs during pregnancy, the infant, while in the womb, can become 
 addicted to that drug and go through withdrawal after birth. 

 Mercury  Negatively impacts hearing and vision, as well as causes brain 
 damage. Mercury is present in bigger fish such as tuna, and 
 consumption should be limited. 

 Pesticides  Low birth weight, miscarriage, birth defects, premature birth, and 
 learning issues. 

 Lead Poisoning  Delays in neurological development, prematurity, miscarriage, and 
 lower birth weight. 
 Ex. Flint, Michigan has high levels of lead in their water. 
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 Bisphenol A (BPA)  Causes birth defects due to a disruption of certain genes. 
 Found in plastics, and beverage containers. 

 Radiation  Impaired neurological development, miscarriage, cancer, birth defects, 
 and low birthweight. 

 Prescription Drugs  Issues with overall health, birth defects, issues with fetal development. 
 Ex. Ibuprofen can cause issues in blood flow to the fetus during the 
 last three months of gestation. 
 **Only medications prescribed by providers that know the mother is 
 pregnant is okay. 

 Tosoplasmosis 
 (toxoplasma gondii 
 parasite) 

 Stillbirths, birth defects in the eyes and brain, as well as premature 
 births. 
 Most babies don’t show symptoms, but 10% experience pneumonia, 
 eye infections, jaundice, as well as enlarged spleen and liver. 
 **These parasites can be contracted from coming in contact with dirty 
 fruits and vegetables; eating raw or undercooked meat as well as 
 coming in contact with utensils that touch raw meats; soil; sand; and 
 cat feces (litter box). 

 Sexually Transmitted 
 Infections (STIs) 

 Chlamydia, gonorrhea, and syphilis can be passed on from the infected 
 mother to the child. 
 Results in ectopic pregnancy, premature rupture of amniotic sac, birth 
 defects, stillbirths, premature birth, and miscarriage. 

 Human 
 Immunodeficiency 
 Virus (HIV) 

 Mothers with HIV can transmit it to the fetus during labor, 
 breastfeeding, or prenatally. 
 Mothers can take antiviral medications to reduce the risk of 
 transmission from 25% ro 2%. 
 Mothers should deliver babies via C-section and avoid breastfeeding 
 to also lower transmission risks. 

 Rubella (German 
 Measles) 

 Contraction of Rubella in the first three months of pregnancy can 
 result in birth defects, such as damage to the heart, eyes, brain, and 
 ears. Vaccination as a child significantly helps reduce the possibility of 
 contracting this virus. 

 Aside from teratogens and abortifacients, there are a multitude of maternal factors that 

 affect the developing fetus. Maternal age poses risks for the developing fetus. Mothers over the 
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 age of 35 are at a greater risk for miscarriages, diabetes, fertility problems, high blood pressure, 

 premature birth, placenta previa, cesarean section, stillbirths and “a baby with a genetic disorder 

 or other birth defects,” (Human Development Teaching & Learning Group, 2020). Women are 

 born with all the eggs they are ever going to have, so as women progress in age, the quality of 

 these eggs go down due to environmental teratogens affecting the quality of these eggs. 

 However, prenatal screening tests can be beneficial for older mothers to determine potential 

 health risks the fetus may face. 

 Conversely, becoming a mother too young carries risks as well. Teenagers are at risk for 

 high blood pressure and anemia Additionally, teenagers tend to give birth to infants that are low 

 in birth weight or premature, which can cause a multitude of health risks for these infants. 

 According to Human Development Teaching & Learning Group (2020),, the authors state that; 

 Premature  and  low  birthweight  babies  may  have  organs  that  are  not  fully  developed 
 which  can  result  in  breathing  problems,  bleeding  in  the  brain,  vision  loss,  and  serious 
 intestinal  problems.  Very  low  birthweight  babies  (less  than  3  1/3  pounds)  are  more  than 
 100  times  as  likely  to  die,  and  moderately  low  birthweight  babies  (between  3  1/3  and  5  ½ 
 pounds)  are  more  than  5  times  as  likely  to  die  in  their  first  year,  than  normal  weight 
 babies  (March  of  Dimes,  2012c).  Again,  the  risk  is  highest  for  babies  of  mothers  under 
 age  15.  A  primary  reason  for  these  health  issues  is  that  teenagers  are  the  least  likely  of  all 
 age  groups  to  get  early  and  regular  prenatal  care.  Additionally,  they  may  engage  in  risky 
 behaviors  during  pregnancy,  including  eating  unhealthy  food,  smoking,  drinking  alcohol, 
 and  taking  drugs.  Additional  concerns  for  teenagers  are  repeat  births.  About  25%  of  teen 
 mothers under age 18 have a second baby within 2 years after the first baby’s birth. 

 In addition, gestational diabetes is another factor that can impact fetal development. Untreated 

 gestational diabetes can result in premature birth; low blood glucose levels; problems during 

 birth/labor, because babies can become heavier than nine pounds; breathing problems for the 

 infant; jaundice; and stillbirth. High blood pressure/hypertension is another factor impacting 

 development. Mothers experiencing hypertension can have either gestational or chronic 

 hypertension. If mothers have this condition, it can result in preeclampsia, placental abruptions, 

 premature birth, and low birth weight. 



 How NVP Effects Maternal Nutrition and Fetal Development  20 

 Rh disease can also negatively impact fetal development. Rh is a protein within the 

 blood, where if this Rh factor is present, it signifies that an individual has a positive blood type 

 (A+, B+, AB+, O+). Conversely, if the Rh factor is absent, then that signifies the individual has a 

 negative blood type (A-, B-, AB-, O-). If a mother who is Rh negative has a child whose blood 

 type is Rh positive, then they are at risk of  the fetus developing a form of anemia referred to as 

 Rh disease (March of Dimes, 2009). During pregnancy, the baby’s blood cells will mix into the 

 mother’s bloodstream through her placenta, resulting in her immune system to produce 

 antibodies to fight off the ‘foreign invaders.’ Thus, the fetus is at risk for Rh disease, which can 

 result in jaundice, brain damage, heart failure, anemia, stillbirth, and death after birth (March of 

 Dimes, 2009 ). However, there are treatments for Rh disease, and most of the time the infant 

 recovers fully. 

 Another maternal factor that can affect fetal development is weight gain during 

 pregnancy. Mothers need to gain a healthy amount of weight during pregnancy to aid in their 

 child’s development. If too little weight is gained, that can result in an infant who is lower in 

 weight. On the other hand, if too much weight is gained during pregnancy, the infant is more 

 likely to be larger in size and/or premature. Higher weight also puts the mother more at risk for 

 preeclampsia and diabetes. Table 3.1 from the Human Development Teaching & Learning Group 

 (2020) demonstrates what is considered healthy and unhealthy weight gain during pregnancy. 

 The table states that mothers who were at a good weight before pregnancy need to gain 25 to 35 

 pounds. For mothers that are underweight, they need to gain a total of 28-40 pounds for a healthy 

 pregnancy. Mothers who were overweight before pregnancy need to gain only 12 to 25 pounds, 

 and those who were obese need to gain no more than 11 to 20 pounds. Within the first trimester, 

 it is suggested that mothers of all weights should gain one to four and a half pounds. Within the 
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 second and third trimester, mothers of a good weight should gain one pound per week, 

 underweight mothers should gain a bit more than one pound a week, overweight mothers should 

 gain a little bit more than half a pound per week, and obese mothers should gain less than half a 

 pound per week. Additionally, this section within the textbook stated putting on weight slowly 

 during pregnancy was best for fostering a healthy fetus. 

 Lastly, stress and depression are other maternal factors that can negatively impact fetal 

 health and development. High levels of stress can result in the mother giving birth prematurely, 

 and having a child lower in birth weight. Additionally, stress can result in negative side effects to 

 the function of the infant’s immune system and brain development. Depression can occur during 

 pregnancy, as well as pre and post-pregnancy. Maternal depression can result in giving birth to 

 babies lower in birth weight, giving birth prematurely, having fewer facial expressions, higher 

 irritability, less attentiveness, and less active (Titchenal et al., 2020). Thus, maternal health is 

 crucial during pregnancy and fetal development. 

 Proper nutrition and health during pregnancy is vital in regards to epigenetics. For 

 instance, “Maternal diets or nutritional compositions contribute to the establishment of the 

 epigenetic profiles in the fetus that have a profound impact on individual susceptibility to certain 

 diseases or disorders in the offspring later in life” (Li, 2018). Epigenetics functions to alter 

 phenotypes without altering the DNA sequence, as well as to regulate gene expression. The 

 health of the mother can influence the child’s epigenetic status. For instance, during pregnancy, 

 the infant experiences a stage of plasticity where the development of the fetus can be subjected to 

 changes due to the environment or genetic profile. This is known as fetal programming, where 

 factors influencing fetal development can cause life-long implications. 
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 DNA methylation more specifically, plays a vital role in this critical moment of fetal 

 plasticity. Research in the UK discovered that gestational diabetes caused alterations within 

 methylation patterns at the CpG sites within the genome. Additionally, excessive weight gain 

 during pregnancy was seen to increase the levels of DNA methylation which affected 

 developmental programming in the child  (Geraghty, 2016). Early embryogenesis is the period 

 that is critical for re-establishment of epigenetic profiles. The way in which the epigenetic profile 

 is re-written can either result in positive or negative outcomes for the fetus. If mismatches occur 

 during embryogenesis, then poor alterations can occur such as increased risk for specific 

 diseases, embryonic lethality, or developmental malformations. 

 However, there exists beneficial re-writing, where this can lead to disease prevention and 

 other advantageous outcomes for the infant (Li, 2018). Epigenetic mechanisms are greatly 

 influenced by environmental factors, such as maternal nutrition and  teratogens. Figure 1 within 

 Li’s (2018), illustrates how environmental factors influence the infant’s epigenetic 

 reprogramming. According to the figure, maternal diet and exposure to certain teratogens and 

 abortifacients has a direct correlation with fetal development. After conception, the fetus uses the 

 maternal nutrient stores to help it grow and develop. Without adequate nutrients, the 

 development of the fetus will be negatively impacted, because their high metabolic demands 

 won’t be met. In addition, maternal diet plays an important role in early-life epigenetic 

 programming and fetal gut microbiomes. Thus, improper diets and exposure to teratogens can 

 result in alterations in gene expression and phenotypes within the fetus. 
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 4. Effects of Deficiencies on health and development 

 Nutrition is crucial during pregnancy, for both the mother and the fetus. Many pregnant 

 mothers experience deficiencies for certain vitamins and minerals, which can prove harmful for 

 the developing fetus. There exists a multitude of women, especially those of a lower 

 socioeconomic class, that enter pregnancy already deficient in key nutrients. Thus, the 

 gestational needs will exacerbate these deficiencies and cause harm to the mother and her fetus’s 

 development. A new study written by Kelley, 2023, who researches in the Lifecourse 

 Epidemiology of Adiposity (LEAD) Center at the  University of Colorado Anschutz Medical 

 Campus  , found that during pregnancy, about 90% of women do not receive proper nutrients. 

 Pregnant mothers have to take supplements, since the food they are consuming does not give 

 them the adequate amount of nutrients needed to satisfy gestational demands. However, the study 

 also found that 99% of affordable supplements lack the proper dose of nutrients needed to 

 regulate the nutritional imbalance. 

 Micronutrients are essential nutrients that are required by the body in small amounts, but 

 play a crucial role in maintaining overall health and well-being. During pregnancy, the 

 importance of micronutrients becomes even more pronounced, as they are essential for the 

 normal growth and development of the fetus, as well as the health of the mother. These nutrients 

 support many metabolic activities, such as motility, differentiation, cell signaling, proliferation, 

 and apoptosis. Thus, these nutrients aid in homeostasis, tissue function, regulation, and growth. 

 For the fetus to develop into a healthy neonate, these vitamins and minerals are crucial since they 

 promote healthy gestation through their support of the maternal, placental, and fetal stages. 

 Another study conducted by the University of Southampton, 2023, stated that; 

 Scientists  from  the  University  of  Southampton,  working  with  experts  worldwide, 
 surveyed  more  than  1,700  women  and  found  most  were  missing  essential  nutrients  found 

https://www.cuanschutz.edu/
https://www.cuanschutz.edu/
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 in  abundance  in  meat  and  dairy  products.  These  included  vitamins  B12,  B6  and  D,  folic 
 acid and riboflavin which are essential for the development of fetuses in the womb. 

 Due to NVP symptoms and food aversions, this can also explain the abundance of malnutrition 

 in pregnant mothers. Since pregnant women largely experience food aversions towards meat, this 

 can inadvertently result in deficiencies within the vitamins listed above. For instance, an article 

 written by OB-GYN Pierre-Lambert, 2023, discussed how pregnancy sickness is a common 

 pregnancy complication which can result in nutritional deficiencies. Deficiencies in certain 

 vitamins can result in different effects on the developing fetus. Deficiencies in certain vitamins 

 can cause varying consequences on the developing fetus. Below is a table that has been 

 constructed to summarize the different nutrients and harm the deficiencies can cause to the fetus 

 based on what was discussed in Daston and Uriu-Adams’ (2024) article. 

 Table 2.  Effects of vitamin deficiencies on fetal development. 

 Nutrient Type  Deficiency Effects 

 Iodine  Cretinism and goiter = neurological disorder. 
 Can also cause fetal death, abnormal bone 
 development, mental impairment, and severe 
 growth restrictions. 

 Vitamin A  Visual impairment and blindness. 

 Riboflavin, niacin, folic acid, and pantothenic 
 acid 

 Structural malformations 

 Pyridoxine and thiamine  Increase embryonic mortality and decrease 
 fetal growth 

 Folate  Neural tube defects 

 Vitamin B12  Megaloblastic anemia, neurological 
 development delay, and is an independent risk 
 factor for neural tube defects 



 How NVP Effects Maternal Nutrition and Fetal Development  25 

 Choline  Negatively alter brain structure and function 

 Vitamin D  Neonatal hypocalcemia, lowered infant 
 growth, and poor bone mineralization. 

 Vitamin K  High percentage of miscarriages and 
 prematurity. 
 Bone abnormalities, cognitive impairment, 
 and optic atrophy. 

 Zinc  Affects development of almost every organ. 
 Fetal malformations and CNS malformations. 

 Copper  Menkes’ disease = X-linked disorder of 
 copper metabolism. 
 Cognitive impairment and severe connective 
 tissue and cardiovascular defects that 
 typically result in fetal death by the age of 
 three. 

 However, not only can deficiencies in vitamins cause harm to the mother and the fetus, 

 megadoses of vitamins can also be harmful. For example, taking too much vitamin A can be 

 teratogenic, negatively impacting organogenesis. The nutrient retinoic acid is an active form of 

 vitamin A that aids in controlling genes responsible for establishing the embryonic body pattern 

 (Daston & Uriu-Adams, 2024). For proper regulation of gene expression, the embryo ensures 

 proper regulation of vitamin A levels. If improperly regulated and there is an abundance of 

 vitamin A present within the fetal body, these control mechanisms would cease to function 

 properly, resulting in  abnormal development. 

 Therefore, maintaining the proper amount of vitamins and minerals needed is necessary 

 for the health and development of the mother and fetus. An article published by Christian et. al., 

 2016, discusses micronutrient deficiencies in pregnancy,  as well as its health effects and 

 preventions against such deficiencies. Their tables are informative on the Recommended Dietary 
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 Allowances (RDA) requirements for pregnant mothers and the importance of specific vitamins 

 and minerals. Table 1 within Christian et. al., 2016 article, illustrates Canada and the USA’s RDA 

 recommendations for micronutrient intake for pregnant and nonpregnant women. For vitamin A, 

 pregnant mothers need 770 μg RAE ( retinol activity equivalents) while nonpregnant mothers 

 need 700 μg RAE. For folate, pregnant mothers need 600 μg DFE (dietary folate equivalents) 

 whereas nonpregnant women need 400 μg DFE. The table includes a large variety of essential 

 micronutrients and the RDA recommendations for how much pregnant and nonpregnant women 

 need. 

 In general, the RDA requirements for pregnant mothers tends to be higher than regular 

 women. Within the first trimester, the pregnant mother’s energy requirements are the same as a 

 nonpregnant, nonlactating woman. However, within the second trimester, her energy 

 requirements increase. The IOM states that in her second trimester, the mother should consume 

 an extra 340 calories per day, and then an additional 450 calories a day within her third trimester. 

 Mothers need more energy and nutrients when pregnant. Therefore, it is vital for pregnant 

 mothers to receive adequate amounts of carbohydrates, calories, vitamins, and minerals within 

 their diet. 

 DISCUSSION: 

 In regards to maternal nutrition, an article  Maternal Nutrition  published under UNICEF, 

 stresses the importance of proper nutrition before, during, and after pregnancy. Having a 

 nutritious diet before pregnancy is vital for building energy and nutrient reserves, because during 

 pregnancy and breastfeeding the need for energy and nutrients increase. The journal article goes 

 in depth on nutrient needs, innovations for maternal nutrition, as well as ten key actions to better 

 the nutrition of adult and adolescent women. However, there are numerous women who’s 
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 nutritional status is poor simply because they cannot afford or don’t have access to nutritional 

 foods. Thus, pregnant and breastfeeding mothers are not able to ensure their babies have the best 

 chance to develop and survive. As discussed within this thesis, poor nutrition and deficiencies 

 can have harmful effects on the mother and her developing baby. “Worldwide, women’s diets are 

 influenced by various factors, especially food access and affordability, gender inequality and 

 social and cultural norms that may constrain women’s ability to make decisions about their 

 nutrition and care”  (  Maternal Nutrition | UNICEF  , n.d.)  . Therefore, it is vital women around the 

 world have access to healthy foods to not only support their development, but the development 

 of their kids. 

 Additionally, teaching healthy cooking skills and healthy meal interventions can prove 

 beneficial for the nutritional  status of the mother and her offspring. With the presence of NVP, it 

 is hard for some women to maintain a healthy diet. The presence of nausea and vomiting can 

 inhibit some women from being able to eat full meals or get the proper nutrients into their diet. A 

 study conducted by  Garcia et al., 2021  , illustrates that their findings “support the development of 

 cooking skills interventions for pregnant women as a strategy for improving maternal and child 

 nutrition and provide rich data to inform program development.” For instance, practice in meal 

 preparation, budgeting on food, and/or batch cooking can aid in maintaining a healthy diet, as it 

 diminishes the stresses of managing and cooking meals, especially when coupled with the 

 stresses of prepping for a newborn.. 

 CONCLUSION: 

 The purpose of this thesis was to answer how nausea and vomiting of pregnancy (NVP) 

 affects maternal and fetal health. NVP is hypothesized to be an evolutionary adaptation to help 

 deter pregnant mothers from teratogens that can be harmful to her and her developing fetus. 

https://www.zotero.org/google-docs/?0i6DrJ
https://www.zotero.org/google-docs/?lYOs8S
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 These teratogens can negatively impact development and result in miscarriages, so NVP is 

 important in mitigating these harmful outcomes. However, the presence of nausea and vomiting 

 can negatively impact the nutritional status of the mother, making it harder for her to maintain a 

 healthy diet. This can thus result in nutrient deficiencies, which can also harm the development 

 of the fetus and result in birth defects. Spina bifida is an example of a birth defect caused by a 

 folate deficiency. 

 Therefore, NVP has its costs and benefits, where nausea and vomiting protects the 

 mother and fetus from teratogens, but can negatively impact her diet depending on the severity of 

 NVP symptoms. Additionally, inaccessibility to healthy foods due to unaffordability, inequality, 

 racial disparity, and food venues without healthy products was seen to negatively affect maternal 

 nutrition. In conjunction, future research on education about NVP and maternal nutrition; 

 increasing accessibility to healthy food for all minorities and socioeconomic classes; and 

 interventions for healthy cooking skills is important for the betterment of maternal health and 

 fetal development. 
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