
UC Irvine
UC Irvine Electronic Theses and Dissertations

Title
Dietary profiles, organic food consumption, and urinary glyphosate levels in a cohort of 
postmenopausal women in Orange County, California

Permalink
https://escholarship.org/uc/item/1r95p7gh

Author
Huang, Wei-Lin

Publication Date
2019
 
Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1r95p7gh
https://escholarship.org
http://www.cdlib.org/


 

 

 
 
 
 

UNIVERSITY OF CALIFORNIA, 
IRVINE 

 
 

Dietary profiles, organic food consumption, and urinary glyphosate levels in a cohort of 
postmenopausal women in Orange County, California 

 
 

THESIS 
 
 

submitted in partial satisfaction of the requirements 
for the degree of 

 
 

MASTER OF SCIENCE 
 

in Biomedical and Translational Science 
 
 

by 
 
 

Wei-Lin Huang 
 
 
 
 
 
 
 

                                                               Thesis Committee: 
                               Assistant Professor Hannah Lui Park, Ph.D., Chair 

                                     Professor Sheldon Greenfield, M.D. 
                                              Assistant Professor Andrew Odegaard, Ph.D. 

 
 
 

 
 
 

2019 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

© 2019 Wei-Lin Huang 
 

 



ii 
 

DEDICATION 
 
 

 
To 

 
 

My Loved Family and Friends 
 
 

and  
 
 

Science  
 
 
 
 
 
 
 
 
 
 
 
 

  



iii 
 

TABLE OF CONTENTS 
 

                            Page 

LIST OF FIGURES vi 

ACKNOWLEDGMENTS viii 

ABSTRACT OF THE THESIS x 

INTRODUCTION 1 

The Rising Popularity of Organic Food 1 

The Motivation and Profiles of Organic Food Consumers 2 

The Safety of Using Pesticides 3 

The Safety Concerns of Glyphosate 4 

Research Gap and Research Questions 5 

Hypothesis 6 

Research Objectives 7 

Chapter 1 – Background 8 

1-1. The advantages of consuming organic food 8 

1-2. Dietary profiles, lifestyle factors and socioeconomic status between organic 

food and conventional food consumers – what is currently known 9 

1-3. The health impact of consuming organic food 11 

1-4. Health concerns of using glyphosate and risks associated with glyphosate 

exposure 13 

Chapter 2 – Methods 17 

2-1. Study design 17 



iv 
 

2-2. Study population and recruitment 18 

2-3. Individual characteristics 19 

2-4. Dietary data from Automated Self-Administered Recall System (ASA24) 20 

2-5. Biospecimen collection, processing and storage 20 

2-6. Urinary glyphosate levels analysis 21 

2-7. Dietary data cleaning and processing 22 

2-8. Organic food consumption index development 23 

2-9. Determination of dietary intake and healthy eating index (HEI-2015) scores 24 

2-10. Statistical methods 26 

Chapter 3 – Results 28 

3-1. Participant characteristics 28 

3-2. Dietary habits 30 

3-3. Dietary intake profiles 31 

3-4. Diet quality 32 

3-5. Urinary glyphosate levels across different levels of organic food 

consumption 33 

3-6. The association between food groups intake and urinary glyphosate levels 36 

3-7. The association between diet quality and urinary glyphosate levels 38 

Chapter 4 – Discussion 40 

4-1. Significance 40 

4-2. Basic characteristics of organic food consumers 41 

4-3. Dietary profile of organic food consumers 42 



v 
 

4-4. Association between organic food consumption frequency and urinary 

glyphosate levels 43 

4-5. Methodology advantage 45 

4-6. Limitations 47 

4-7. Future directions 48 

Bibliography 50 

Appendices 65 

Supplemental table 1. The association between food groups intake and urinary 

AMPA levels, stratified by the level of organic food consumption.* AMPA levels are 

expressed as µg/g creatinine, mean (SE). 65 

Supplemental table 2. Association between organic food consumption index and 

the level of organic food consumption assessed by general organic food 

consumption question 66 

 

  



vi 
 

LIST OF FIGURES 

 
                                  Page 

Figure 1. Overall study design 18 

Figure 2. ASA24 dietary recall exclusion criteria and number of valid ASA24 dietary 

recalls 22 

Figure 3. Organic food consumption index development 24 

 

 
 
 
 
  



vii 
 

LIST OF TABLES 

 

                                  Page 

Table 1. HEI-2015 components and scoring standards 26 

Table 2. Cohort characteristics 29 

Table 3. Dietary habits across different levels of organic food consumption 30 

Table 4. Energy-adjusted dietary intake per day across different levels of organic food 

consumption 32 

Table 5. Diet quality across different levels of organic food consumption 33 

Table 6. Basic distribution of participants who were included in the urinary analysis 35 

Table 7. Urinary glyphosate levels by levels of organic good consumption 36 

Table 8. The association between food groups intake and urinary glyphosate levels, 

stratified by the levels of organic food consumption.* Glyphosate levels are expressed as 

µg/g creatinine, mean (SE). 37 

Table 9. The association between diet quality and urinary glyphosate and AMPA levels, 

stratified by the levels of organic food consumption* 39 

 

  



viii 
 

ACKNOWLEDGMENTS 
 

I would like to thank Drs. Hannah Lui Park, Sheldon Greenfield and Andrew Odegaard for 

serving on my committee and give me such a wonderful research opportunity.  I want to 

express my gratitude to everyone who spent their time helping me complete this thesis. 

Without their help, this thesis could not have been possible.  I give my biggest thanks to Dr. 

Hannah Lui Park, the best mentor I have ever had. I appreciate your immediate help every 

time I met obstacles not only in my research but also in my life. I also thank Dr. Park for giving 

me huge flexibility and encouraging me to explore more. I want to give my sincere thanks to 

Dr. Sheldon Greenfield, who always inspires me and crystalized my ideas. Many thanks also 

go to Dr. Andrew Odegaard, who helped me develop my thesis and stay on the right track.  

I want to give my gratitude to the MEE Study team. It was my honor to join the team and 

work with all of the team members, Dr. Trina M. Norden-Krichmar, Dr. Deborah L. Goodman, 

Dr. Argyrios Ziogas and Dr. Andrew Odegaard. Although I joined the team late, they always 

gave me support and encouragement. I would like to give my deep appreciation to Rachel 

McFarland Lucia, Andrea Alvarez, and Irene Masunaka. Their kind support always relieved 

my stress and helped me move forward. I also want to give my thanks to the undergraduate 

students in Dr. Park’s lab, Melodie Elyasian, Amanda Hidajat, Daphne Thampy and Kailynn 

Yang. Without their hard work, the MEE Study couldn’t move so smoothly.  

My sincere appreciation also goes to the faculty at the UC Irvine Health Policy Research 

Institute (HPRI): Dr. Sherrie Kaplan, Dr. Sheldon Greenfield, Dr. John Billimek, Dr. Richard 

Kelly and others. They gave me a comprehensive picture of the health care system, which is 

more than medication. The training expanded my ability and possibility to pursue my career 



ix 
 

goal. I also want to give my deep thanks to the HPRI staff, namely, Ms. Marissa Saplala, Ms. 

Thuy Pham and Mr. Daniel Nguyen. Their help and support started from the time before I 

came to UC Irvine and has continued in these two years. With their support, I could always 

focus on my research.  

Then, I want to thank my friends (Chloe Wang, Eric Chen and Yoga Chan) and classmates 

(Abhinav Grover, Tina Saber, Junior Su, Jennifer Maffre and Harwood Garland). I appreciate 

that fate let us meet and I am so glad that I have all of them surrounding me. I will never 

forget their kind support when I was in a tough time.  

Finally, I want to express my greatest gratitude to my mom, dad, and my sister. They always 

stand behind me no matter who am I. With their support, I know everything can be possible. 

I also want to give thanks to my boyfriend, KP, who have been with me for 10 years. His 

support and love make me strong and give me the power to pursue my dream.  

UC Irvine was my first step in the United States, where I have received so much help and 

support. I will never forget how it makes me strong and gives me the ability to make this 

world better. Zot! Zot! Zot!  

 
 
 
 
 
 
 
 
 
 
 
 
 
 



x 
 

 
 

ABSTRACT OF THE THESIS 
 

Dietary profiles, organic food consumption, and urinary glyphosate levels in a cohort of 
postmenopausal women in Orange County, California 

 
By 

 
Wei-Lin Huang 

 
Master of Science in Biomedical and Translational Science 

 
 University of California, Irvine, 2019 

 
Assistant Professor Hannah Lui Park, Ph.D., Chair 

 
 
 

Background: Health concerns surrounding the herbicide, glyphosate, have increased 

recently due to its widespread use in agriculture and lack of regular surveillance programs 

in the food supply. However, studying the potential association between organic food 

consumption, which should decrease one’s exposure to glyphosate, and human health may 

be complicated due to confounding by the profiles of organic food consumers. Thus, 

understanding organic food consumer profiles is crucial. In addition, it is unknown whether 

self-reported organic food consumption frequency is indicative of one’s actual exposure to 

glyphosate. 

Objective: To identify demographic, health-related, and diet-related factors associated with 

organic food consumption and to determine the association between self-reported organic 

food consumption frequency and urinary glyphosate levels. 

Method: 375 women in Orange County were ranked into three groups based on their self-

reported frequency of organic food consumption. Factors associated with frequency of 
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organic food consumption, and urinary glyphosate levels across groups were analyzed. 

Results: Self-reported organic food consumption frequency was associated with education, 

BMI, and healthy diet. We found highest urinary glyphosate levels in the sometime organic 

food consumers among the three groups, but it was not statistically different. However, grain 

intake was positively associated with glyphosate levels in infrequent organic food 

consumers. 

Conclusion: The organic food consumer characteristics we observed were consistent with 

previous findings, and must be considered as confounders when studying the potential 

health effects of organic food consumption. We observed associations between urinary 

glyphosate levels and the diet, but our study findings should be confirmed in a larger 

population. 
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INTRODUCTION 

The Rising Popularity of Organic Food 

The United States became the most significant agricultural product exporter in the world due 

to advancements in mechanization along with chemical and pharmaceutical agents. This 

mechanization enlarged the scale of production and decreased the workforce that was 

needed. Use of pesticides and fertilizers dramatically increased the yield of crops. The use of 

pesticides on crops increased by 143 % from 1964 to 19761.  

As evidence accumulated that using fertilizers and pesticides may cause adverse effects on 

the ecosystem and human health2, organic farming was introduced to the market in many 

parts of the world, aimed at producing crops and livestock without depending on synthetic 

fertilizers and pesticides3. The criteria for organic food farming varies from country to 

country. In the United States, the standards for organic food production and handling are 

made and regulated by the United States Department of Agriculture (USDA), including no use 

of most agrochemicals (synthetic pesticides, soluble fertilizers, and growth regulators) or 

genetically modified organisms, and limited use of veterinary medicine and pesticides. Only 

certain substances are approved for organic farming, such as some naturally occurring 

ingredients and some synthetic substances used for equipment cleaning4.  

The scale of organic food production ranges from small local farms to large high-technology 

enterprises located in over 178 countries in 2017. Worldwide, the area of land used for 

organic agriculture has steadily grown. From 1999 to 2017, the organic agriculture land 

increased six-fold. Australia, Argentina and China have the largest agricultural area for 

organic crops, which account for 43.06% of organic agriculture land worldwide. 90% of 
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organic product sales are in North America and Europe. According to the latest survey in 

2017, the United States has the most abundant organic food market in the world, which was 

valued at 43 billion US dollars, 4 times more than Germany, which is ranked second5.  

The Motivation and Profiles of Organic Food Consumers 

Several factors have been shown to drive people to choose organic foods including health, 

taste, and animal welfare6 as well as environmental concerns7. For example, studies have 

shown differences in nutrient composition between organic and conventional products. 12 

of 15 reviews or meta-analyses showed that organic foods have higher concentrations of 

vitamin C, total antioxidants and total omega-3 fatty acids8. The belief in healthfulness of 

eating organic food is the most frequent motivation. This result was not only found in 

developed countries, including Poland9, Australia10, Sweden11, Denmark12, and the United 

States13,14 but also found in developing countries, such as India15 and China16.  

Several studies conducted in Europe have shown that organic food consumption is 

associated with healthier dietary habits and lifestyles. People who consume organic food 

tended to be physically active, non-smokers and consume less alcohol17–19. Studies from 

France17, Germany19, Denmark18, and Norway20 showed that organic food consumers tended 

to consume more plant-based foods and less sweets and meat products than conventional 

food consumers. The Nutrinet-santé Cohort Study in France also demonstrated that organic 

food consumers exhibited a dietary pattern that more closely adheres to dietary guidelines 

compared to conventional food consumers17.  

Food safety is also a very important factor that drives consumers to choose organic food11,21. 

Several systematic reviews have confirmed that organic foods are less likely to have 

pesticide residues compared with conventional foods,22,23 and diet intervention studies have 
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also shown that consumption of organic food results in lower urinary organophosphorus 

pesticide levels compared to conventional foods24–28. 

Although differences in composition and pesticide residues between organic and 

conventional food have been demonstrated, the evidence supporting a potential health effect 

of consuming organic food in humans is greatly insufficient29. Few intervention and 

observational studies have focused on the association between health and organic food 

consumption. The biggest challenge for observational studies to address this question is the 

residual confounding. For example, organic food intake has been shown to be confounded by 

health behaviors and socioeconomic factors. Organic food consumers have been shown to 

have healthier lifestyles, dietary intake, and socioeconomic advantage17–20. Thus, in order to 

determine if organic food intake is associated with health, the first critical step is to 

understand the profiles of organic food consumers so that factors associated with organic 

food consumption can be adjusted for in the analysis.  

The Safety of Using Pesticides 

Besides the nutrition advantage of organic food, low risk of pesticide exposure is another 

important advantage that people value in organic food. Many studies have shown the 

association between use of some types of pesticides and health issues, including negative 

effects on the skin and in the digestive, nervous, hepatic, circulatory, respiratory, 

reproductive and endocrine systems as well as on genetic integrity30–34. Some pesticides 

were abandoned due to their severe effects on human health and the environment. For 

example, dichlorodiphenyltrichloroethane (DDT), an organochlorine pesticide, the most 

commonly used pesticide from 1940 to 1960, was banned in 1972 by the United States 

Environmental Protection Agency (EPA)35 due to its persistent negative effect on the 
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environment and human health36–38. Organophosphates, another type of pesticide, are 

considered more environmentally-friendly than organochlorines, but research has shown 

that several serious health effects are associated with organophosphate exposure, including 

cardiovascular disease31, male reproductive dysfunction39, neuropsychological disorder40, 

dementia41 and non-Hodgkin’s lymphoma42.  

The Safety Concerns of Glyphosate 

The safety of glyphosate is controversial. Glyphosate, which is  a broad-spectrum systemic 

herbicide, is the most heavily used herbicide in the United States43. When it was first 

introduced to the market in 1974, glyphosate was only used to kill off weeds before planting 

crops, which would have likely only resulted in very low exposure in humans through 

ingestion. Based on the observations that 1) no significant toxicity has occurred in acute, sub-

chronic, and chronic studies; 2) dermal absorption of glyphosate and its plant metabolite, 

Aminomethylphosphonic acid (AMPA), is low; 3) Glyphosate and AMPA are eliminated from 

humans unmetabolized; and 4) the accumulation rates of glyphosate and AMPA in any 

animal tissue are low, regulatory agencies concluded that glyphosate has low toxicity in 

humans44. However, because glyphosate is now also used as a desiccant on pre-harvest 

crops, and, because of the introduction of genetically modified glyphosate-tolerant crops 

(genetically modified organisms [GMOs]), its use has greatly expanded. Glyphosate-tolerant 

crops survive against glyphosate exposure because they can metabolize glyphosate, and the 

primary metabolite is AMPA. Glyphosate is now widely used on 70 fruit and vegetable items, 

including maize, soybean, canola wheat, barley and edible beans45. The use of glyphosate has 

increased nearly 100-fold since 197446, which has resulted in high levels of residues of 
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glyphosate and AMPA on many crops as well as in processed foods47. A report from the U.S. 

Department of Agriculture (USDA) in 2011 revealed that glyphosate residues were found in 

90.3% of 300 soybean samples, and AMPA was found in 95.7% of samples47. Bohn et al. also 

showed that glyphosate-tolerant soybeans contain high levels of glyphosate residues48. 

Other studies have demonstrated that glyphosate residues can be found in different popular 

U.S. food products49,50 , farm animals51,52, baby and children’s food, and even tap water53. The 

urinary levels of glyphosate that have been observed in humans also reflect these results. 

Mills et al. found that urinary glyphosate levels in older adults increased from 1993 to 2006. 

The prevalence rate of finding urinary glyphosate levels above the limit of detection (LOD) 

also increased54.  

However, the glyphosate residue levels in and on raw food, including fruits, vegetables and 

grains, are not regularly monitored by USDA, which conducts the national-wide pesticide 

surveillance program, resulting in a severely limited capacity to estimate individuals’ 

glyphosate exposure through their diet. 

Research Gap and Research Questions 

Although several studies have indicated the differences in composition and pesticide 

residues between organic and conventional food, there is limited evidence on the potential 

health effect of organic food consumption in humans. One of the biggest challenges is that 

organic food consumption may be confounded by a healthy lifestyle, including a healthy diet, 

and socioeconomic status. For example, European studies have demonstrated that higher 

organic food consumption is associated with healthier dietary habits, including less meat, 

less sweets and alcohol, and more vegetable and fruit55. However, there is limited research 

comparing the dietary profiles between organic food consumers and conventional food 
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consumers in the U.S.13,14, which has the biggest organic food market in the world. Since there 

are differences in health behaviors56 and lifestyles between Americans and Europeans, 

results from the European studies may not be suitable for generalizing to the U.S. population. 

Therefore, a critical first step to studying the potential health effects of organic food 

consumption is to understand the overall profiles of organic food consumers in the U.S. in 

order to identify potential confounders. 

Another challenge is that assessment of one’s glyphosate exposure can only currently be 

done via biochemical analysis of urine samples. This would necessitate the availability of 

urine samples or collection of new samples in a cohort in order to study the potential 

association between glyphosate exposure and health outcomes. Several studies have 

demonstrated that there is an association between organic food consumption and several 

pesticide exposures in humans24–27,57, but the evidence on glyphosate exposure is limited. A 

better understanding of the relationship between organic food consumption and glyphosate 

exposure is needed. 

Hypothesis 

Based on the evidence from European studies that organic food consumers have a healthier 

lifestyle, namely, lower BMI, higher physical activity, non-smoker, and higher diet quality, I 

hypothesize that the organic food consumers in Orange County, CA, U.S., will also have a 

healthier lifestyle. Moreover, based on the evidence that exposure of humans to pesticides in 

a non-agricultural setting is mainly through the diet, I hypothesize that frequency of organic 

food consumption will be negatively associated with urinary glyphosate levels. Based on the 

fact that glyphosate is commonly used in plant cultivation, I also hypothesize that the intake 
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of non-organic fruit, vegetable and grains will be associated with increased urinary 

glyphosate levels.  

Research Objectives 

To test these hypotheses, I will collect data from 400 women in Orange County, CA. This will 

include demographic and dietary information, including socioeconomic status, eating habits, 

dietary intake, and organic food consumption frequency. Glyphosate exposure will be 

measured using urine samples. First, I will identify the demographic characteristics 

associated with self-reported frequency of organic food consumption and examine whether 

eating habits, dietary intake and diet quality are associated with self-reported frequency of 

organic food consumption. Second, I will determine if there is an association between 

urinary glyphosate levels and self-reported organic food consumption. Then, I will examine 

the relationship between urinary glyphosate levels and fruit, grain and vegetable intake, 

stratified by self-reported frequency of organic food consumption. Finally, the association 

between urinary glyphosate levels and diet quality will be examined.   
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Chapter 1 – Background 

1-1. The advantages of consuming organic food  

Two factors are important for belief in the healthfulness of organic food: that there is an 

inherent nutritional advantage of organic food, and that consuming organic food avoids 

chemical exposures, such as pesticides. Systematic reviews and meta-analyses which 

compared the nutrient composition between organic and conventional crops varied in their 

scope, inclusion criteria and statistical methods, but there is generally an agreement 

between them22,23,58,59. Lower total nitrate and higher phosphorus in organic crops 

compared to conventional crops have been consistently found in these systematic 

reviews23,59. Level of vitamin C, which has been focused on most, is higher in organic crops 

compared with conventional crops22,23. Systematic reviews and meta-analyses have also 

demonstrated the increase of polyphenols, which play an important role in preventing 

diseases including cardiovascular disease (CVD), neurodegeneration and cancer, in organic 

crops compared to conventional crops22,23,58. In terms of cadmium and other toxic metals, 

Smith-Spangler et al.22 and Barański et al.23 showed conflicting results. Smith-Spangler’s 

research did not show a significant difference in cadmium level, while Barański’s result 

indicated the reduction of cadmium in organic crops compared to conventional crops. Both 

studies agreed that there are no differences in the levels of lead, mercury and arsenic 

between organic and conventional crops22,23. For animal-based foods, fatty acids have 

received the most attention. Most of the groups focused on the composition of omega-3 fatty 

acids, which have been considered an important factor for human health60. A meta-analysis 

reported a higher content of total omega-3 fatty acids in organic cow’s milk than 
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conventional milk61, which was consistently observed in other studies22,62. There is no 

available systematic review comparing the fatty acid difference between organic and 

conventional eggs. A meta-analysis conducted by Średnicka-Tober’s group indicated the 

significantly higher total PUFA and omega-3 PUFA in organic meats compared to 

conventional meats63.  

Regarding chemical exposures, pesticides are the most common chemicals that consumers 

will be exposed to when consuming plant foods from conventional farming. In contrast, 

organic farming, which is done without using synthetic fertilizers and pesticides, gives 

consumers a lower chance of exposure to pesticides. Reports from both European64 and U.S65 

pesticide surveillance programs have shown lower pesticide contamination in organic crops 

than conventional crops. Besides, systematic reviews have consistently found reduced 

pesticide levels in organic crops22,23,66. Intervention studies also showed a similar conclusion. 

Controlled feeding studies in children and adults have indicated that the consumption of 

organic foods resulted in lower urinary pesticide levels compared to the groups that 

consumed conventional foods24–27. Research from Curl’s group, which estimated exposure to 

organophosphate pesticides through dietary intake, also showed that there is an association 

between dietary pesticide exposure and organic food consumption57. 

1-2. Dietary profiles, lifestyle factors and socioeconomic status between organic 

food and conventional food consumers – what is currently known 

Likely due to the popular belief that organic food is healthier than conventional food, most 

of the research has shown that organic food consumers tend to have healthier diets, more 

awareness on nutrition, higher education and income, lower body mass index, and are more 

physically active than people who seldom or never consume organic food. The Nutrinet-
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Santé Cohort Study from France is probably the leading group that has focused on the 

characteristics of organic food consumers. Their studies have shown that regular organic 

food consumers are more educated and physically active17. Regular organic food consumers 

were more aware of nutrition guidelines recommending plant-based foods rather than 

animal-based foods and had better diet quality67. In addition, regular organic food 

consumers consumed more plant-based foods and less sweets, alcoholic beverages, 

processed meat, and milk. Their nutrient intake profiles were also healthier than non-

organic food consumers17,55. Research from other European countries, such as Germany19, 

Denmark18, and Norway20,68 also showed similar results. However, some research showed 

that the pattern of organic food consumers was more complicated and not easy to generalize. 

Subgroup analysis showed the two-sided trend that both young adult (<25 years) and older 

adult (> 40 years) age groups were most likely to consume organic food, which does not 

follow the typical age gradient14,68. Households with children were more likely to consume 

organic food than ones without children21. Race and ethnicity may also be associated with 

organic food consumption. Dettmann’s study showed that African American families were 

less likely to buy organic food than white families. However, among African Americans who 

did purchase organic food, they spent the greater proportion of their vegetable budget on 

organic vegetable13, which is similar to Zepeda’s result69.  

However, Torjusen et al. showed an interesting result that frequency of organic food 

consumption was positively associated with prevalence of smoking and use of alcohol in 

pregnant women in Norway, which are not considered to be healthy lifestyle factors68. This 

suggests that organic food consumers may not lead a universally healthy lifestyle, 

particularly in subgroups such as pregnant women68. A Finnish group tried to understand 
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the association between a combination of health indicators and good health, and found it 

difficult. Although the health indicators were associated with good health, the combination 

of health indicators were quite diverse in participants70. For example, smoking has been 

considered as a main factor on health, but the majority of smokers had either no or one 

additional unhealthy habit70. In addition, diets may change based on the health conditions. 

For example, Alfano et al. found that there were dietary changes made after diagnosis with 

cancer or having cancer-related symptoms in breast cancer survivors71. Overall, these 

results demonstrate the complexity of profiling organic food consumers, which may be 

affected by culture, age, education, race/ethnicity, household status, income, health status, 

and life experience. 

1-3. The health impact of consuming organic food 

Studies examining the association between organic food consumption and health outcomes 

are limited. Issues in methodology may be one of the reasons why. There have only been a 

few long-term interventional studies, focused on the association between organic food 

consumption and health, presumably largely because of the high cost. Recent intervention 

studies were only based on small populations and had short follow-up time, which results in 

limited statistical power and inability to determine the potential long-term effects of organic 

food consumption. Six intervention studies included in Smith-Spangler’s meta-analysis 

showed no difference in plasma or urinary carotenoids, polyphenols, vitamins E and C levels, 

low-density lipoprotein cholesterol, antioxidant activity ability to protect against DNA 

damage, or immune system markers between organic and conventional food consumers22.  

There are some challenges to observational studies of organic food consumption, including 

the lack of a suitable biomarker and measurement error when evaluating the intake of 
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organic food. The absence of a biomarker increases the difficulty of assessing chemical 

exposure. The intake of organic food can only rely on self-reported questionnaires, which 

makes the measurement prone to have measurement error. Moreover, the profiles of organic 

food consumers may confound results of observational studies. Organic food consumers 

have been found to have healthier lifestyles, higher nutrient intake, and higher 

socioeconomic status. All of these factors are also associated with reduction in risk and 

mortality for various diseases. Therefore, observational studies focused on the association 

between organic food intake and health outcomes have to carefully adjust for variables such 

as demographics and lifestyle, including dietary intake and dietary quality variables.  

Several observational studies in children showed a lower prevalence of allergy and atopic 

diseases in families who prefer to consume organic food72–78. After excluding the children 

who consumed organic dairy products in utero and infancy, the result still showed a 

significantly lower risk of eczema at age 2 years. Another study, the MOBA birth cohort study, 

has demonstrated a reduced risk of pre-eclampsia in pregnant women following an organic 

diet79. Research from Denmark80 and Norway81 showed negative associations between 

organic food consumption and the prevalence of hypospadias in boys.  

In adults, the Nutrinet-Santé Cohort Study investigated weight change across individuals 

who reported different frequencies of organic food consumption. Their results indicated that 

the BMI of frequent organic food consumers increased slower than non-organic food 

consumers. A significantly reduced risk of obesity was also found in organic food consumers 

compared to conventional food consumers82. Research on sperm quality have also indicated 

positive results associated with organic food consumption. Two of these four studies 

examined Danish farmers and showed higher sperm density and quality in organic food 



13 
 

farmers83,84. One of the studies focusing on the Danish general population demonstrated 

lower concentrations of morphologically normal spermatozoa in non-organic food 

consumers85; however, Larsen's research which had a similar population setting showed no 

difference between organic and conventional food consumers86.  

In terms of chronic diseases, including cancer, which have high prevalence rates in 

developed countries, the evidence is scant. Organic food consumers have a lower incidence 

of hypertension, type 2 diabetes, hypercholesterolemia, and cardiovascular problems in the 

Nutrinet-Santé Cohort Study67. However, the frequency of a declared history of cancer was 

higher in organic food consumers. Because of the cross-sectional design, the possibility of 

reverse causation cannot be excluded. For example, the diagnosis of cancer can change one’s 

diet and exercise71. The Nutrinet-Santé Cohort Study from France and the Million Women 

study from the United Kingdom are the only two prospective cohort studies conducted in 

adults focusing on the association between organic food consumption and cancer incidence. 

Both of them recruited over 60,000 participants. The Nutrinet-Santé Cohort Study found that 

the overall risk of getting diagnosed with cancer was lower among the organic food 

consumers compared to non-organic food consumers87. However, the Million Women study 

did not show reduced overall risk of cancer, but only reduced risk of non-Hodgkin lymphoma 

in participants who often consumed organic foods88. 

1-4. Health concerns of using glyphosate and risks associated with glyphosate 

exposure  

Although the assessment of glyphosate safety has been done several times by the U.S. 

Environmental Protection Agency (EPA), the assessments may be insufficient to 

comprehensively address the potential health impacts of glyphosate89. Most of the studies 
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that were used to evaluate the risk of glyphosate exposure were conducted more than 30 

years ago, which did not consider the usage of glyphosate which has since diversified and 

expanded dramatically. Besides, classical toxicity assessment only focuses on the acute toxic 

effects of high dosages of glyphosate administration but not the chronic effects under low 

dosages, which is crucial for assessing the safety of exposure to chemicals such as endocrine 

disruptors, of which glyphosate is one90,91.  

Recent studies have shown that glyphosate may cause adverse effects in animals and humans 

with long-term and low-dose exposure, including damage of the liver and kidney92–99, 

interruption of the endocrine system100–102, congenital malformations51, and changes in gut 

microbiome species103–105. Several groups studied the safety of glyphosate-based herbicides 

with the dosage is now generally considered as “safe” for humans and found the potential 

ability to induce hepatorenal damage93,95,98,99. In the examination of the effect on the 

endocrine system, research has shown disruption of the reproductive development in male 

rat offspring100 as well as the ovarian function in zebrafish101. Research on human cell lines 

have also revealed that the glyphosate-based herbicides are toxic and inhibits the conversion 

of androgen into estrogen in human cell lines102. One study found the ability of glyphosate to 

cause malformation of the piglets51. The effect of glyphosate on microbiomes has also been 

studied. Relationships between microbiomes and human health have been shown and 

received much attention in recent years106. Clair et al. showed that a glyphosate-based 

herbicide can inhibit the growth of three food microorganisms, Geotrichum candidum, 

Lactococcus lactis subsp. cremoris and Lactobacillus delbrueckii subsp. Bulgaricus, which are 

widely used in traditional and industrial dairy technologies104. Examining the potential effect 

of glyphosate on gut bacteria, Shehata et al. revealed that the beneficial bacteria were 
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moderately to highly susceptible to glyphosate, while the pathogenic bacteria were highly 

resistant to the glyphosate103. This result indicated that glyphosate has the ability to change 

the composition of the gut microbiome. Krüger’s group also demonstrated that glyphosate 

can suppress the antagonistic effect of Enterococcus spp. on Clostridium botulinum, which 

may result in the increased prevalence rate of C. botulinum-related diseases in cattle105.  

Several studies in human cell lines and human epidemiology studies have also shown the 

potential effect of glyphosate on cancer107–111. Thongprakaisang et al. showed that 

glyphosate induces the growth of human breast cancer cells via estrogen receptor111 and 

Wiatkowska et al. revealed that glyphosate can cause DNA damage and DNA 

hypomethylation, which can lead to activation of oncogenes in human peripheral blood 

cells107. Epidemiologic studies have also shown an association between glyphosate exposure 

and lymphoma108–110.  

Although there is only limited evidence in humans for non-Hodgkin lymphoma and the few 

animal and cell line studies which showed the potential of glyphosate on cancer 

development, the World Health Organization’s International Agency for Research on Cancer 

(IARC) classified glyphosate as “probably carcinogenic to humans” in 2015. Subsequently, 

concern about the carcinogenic potential of glyphosate has increased. In August 2018, for 

the first time, a San Francisco jury ordered Monsanto, the maker of glyphosate, to pay $289 

million to a school groundskeeper who was diagnosed with terminal non-Hodgkin 

lymphoma after using Roundup, a commercial pesticide with glyphosate. After eight months, 

in Edwin Hardeman’s case, the jury reached a similar decision again in which Roundup was 

a substantial factor in causing their cancer. It was the first time that such a case was tried in 
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federal court. Now, thousands of similar cases are pending at either the federal or state levels 

in accusation of Monsanto. 
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Chapter 2 – Methods 

2-1. Study design 

This study has a cross-sectional design. Two first void urine samples, five questionnaires and 

access to electronic medical records were collected from each study participant (Fig 1). 

Kissel et al. showed that first-void urine is a good predictor of the overall daily exposure for 

pesticides such as organophosphate112. To deal with the variation in diet from day to day, 

two individual first-void urine samples were self-collected, each requested the night before 

on random days within 5 days of each other via text message from the study team. Five 

questionnaires including three 24-hour dietary recalls, a pesticide exposure questionnaire, 

and a breast health questionnaire, were completed within 10 days of each other. Of the three 

ASA24 dietary recalls, two were paired with a urine collection to enable the dietary recall 

and corresponding urine specimen to reflect the same day’s intake. The pesticide exposure 

questionnaire and breast health questionnaire were completed by participants on the 

collection appointment day. For a subset of participants who were recruited from the UCI 

Athena Breast Health Network, the breast health questionnaire had been previously 

completed at their most recent mammogram appointment.  
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Figure 1. Overall study design 

 

2-2. Study population and recruitment 

375 postmenopausal women age 45 to 65 with no personal history of breast cancer were 

recruited from the UC Irvine Athena Breast Health Network, an ongoing cohort of women 

undergoing breast screening at UCI Health, and from the UCI and surrounding communities 

in Orange County, California. Study recruitment began in 2017. Potential participants who 

met the recruitment criteria were recruited by mail, email, and telephone communication. 

After the verbal or emailed consent was received, the collection appointment was made 

based on the participant’s preference for the date, time and location. In addition to verbal 

instructions on how to collect and store urine samples by the study coordinator, a paper copy 

of the detailed instructions along with two urine specimen collection cups were mailed out 

to the participants prior to the collection appointment. Lastly, the study coordinator guided 

the participants in completing the three dietary recalls. All study-related materials were 
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available in both English and Spanish, and the study coordinator was fluent in both 

languages.  

2-3. Individual characteristics  

The breast health questionnaire was used to collect the data on demographic and lifestyle 

factors, including age, race/ethnicity, education, smoking status, alcohol consumption, 

physical activity and body mass index (BMI). The pesticide exposure questionnaire was 

collected and managed using REDCap electronic data capture tools hosted at the University 

of California, Irvine113. REDCap (Research Electronic Data Capture) is a secure, web-based 

application designed to support data capture for research studies, providing 1) an intuitive 

interface for validated data entry; 2) audit trails for tracking data manipulation and export 

procedures; 3) automated export procedures for seamless data downloads to common 

statistical packages; and 4) procedures for importing data from external sources. The 

pesticide exposure questionnaire provided the information about participant’s organic food 

consumption, dining preferences and their potential exposure to pesticides from other 

sources. “Organic” food was defined as being either labeled “USDA Organic,” purchased from 

a local organic farm, grown without pesticides in a home garden, or raised on organic feed 

without hormones and without antibiotics. The organic food consumption questions, which 

were adapted from Curl et al.57, included one general question (“Do you eat organic food?”) 

and six specific questions regarding different food groups (“If you eat [food group], how 

often is that food organic?”). The food groups included fruits, vegetables, grains, meats, eggs 

and dairy products. Each of these questions had the answer options “Seldom or never”, 

“Sometimes”, “Often and always”, and “Do not know”. For the six food groups’ questions, 

there was an additional option “I do not eat the food”. The dining preferences questions 
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provided information about the frequency of having a meal in fast food restaurants or other 

food establishments, deli or grocery stores, and home-cooked food. The exposure questions 

included pesticide exposure at home or workplace, and history of living on a farm.  

2-4. Dietary data from Automated Self-Administered Recall System (ASA24) 

Automated Self-Administered Recall System (ASA24) is a well-established and validated 

web-based system dietary recall system supported by the National Cancer Institute114–116. 

Based on USDA’s Food and Nutrient Database for Dietary Surveys (FNDDS) food codes, 

ASA24 generates total intakes of 65 nutrients, including macronutrients and micronutrients, 

and 37 foods groups.  

Participants recorded all foods, beverages and supplements consumed at breakfast, lunch, 

dinner and any other occasion from midnight to midnight (24 hours) for the day before. 

Participants first entered the basic information of their meal, including occasion name, time 

and location. Then, participants chose each food they had from the food browser and 

provided the condition of the food, including cooking method, sauce, oil and any additional 

items that were added. The amount of the food was also estimated by portion size images 

linked to portions in FNDDS. Upon the completion of ASA24 dietary recalls, the data was 

exported as an Excel spreadsheet, including the total intake of every macronutrient, 

micronutrient, food group, and supplement.  

2-5. Biospecimen collection, processing and storage 

Participants were sent text requests on two random evenings within the week before their 

blood collection appointment to self-collect their first-void urine samples the following 

mornings and place them in a freezer (-20C) until their study appointment. The 4-oz (118 
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ml) collection cups labeled with their study ID were individually wrapped, made of high-

density polyethylene plastic and have a spill-proof screw-on sealing cap to provide leak 

resistance. A security seal on the cap prevented any tampering. The refrigerated or frozen 

urine samples were collected by the study coordinator at the time of the blood collection 

appointment and were temporarily stored in a cooler with ice while the coordinator was in 

the field. Upon arrival at the lab, the urine samples were aliquoted into 2 x 7-ml aliquot (for 

glyphosate and other pesticides levels analysis), 1 x 25-ml aliquot (for future analysis), and 

the remaining in 25-ml aliquots. Aliquots will be stored at -80°C until they are sent out to the 

analytic lab.  

2-6. Urinary glyphosate levels analysis  

7 ml aliquots of urine samples were shipped with dry ice to the Translational Genomics 

Research Institute (TGen), which is an affiliate of City of Hope, for the urinary glyphosate and 

AMPA levels analysis, which were measured by liquid chromatography coupled with tandem 

mass spectrometry (LC-MS/MS, Thermo Vanquish UPLC coupled with a Thermo TSQ-Altis 

triple quadrupole mass spectrometer) using the method described by Jensen et al.117. 

Thermo XCalibur Quan Browser software was used to perform quantitative analysis. Quality 

control was assessed based on recommendations by the U.S. Food Drug and Administration 

(FDA) on Bioanalytical Method Validation Guidance for Industry118. The limit of detection 

(LOD) for glyphosate was 0.044 ng/ml and for AMPA was 0.03 ng/ml. The glyphosate and 

AMPA levels which were lower than the LOD were replaced by ½ LOD, based on the guideline 

from the EPA used to address samples that have a value lower than the LOD119. The 

creatinine concentration was quantified by Arbor Assays’ DetectX Urinary Creatinine 

Detection Kit. Standards and samples were prepared in triplicates and then read at 490 nm 
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on Biotek Multiplate reader. The urinary glyphosate and AMPA levels were normalized by 

urinary creatinine concentration to adjust for the influence of water intake on glyphosate 

concentration.  

2-7. Dietary data cleaning and processing 

1045 ASA24 dietary recalls were collected. 365 participants had at least one dietary recall 

(97.33%). The process of cleaning the dietary recalls is shown in Figure 2. 57 dietary recalls 

which were not considered “complete” (meaning that quantities consumed of the reported 

foods were not recorded) were removed (5.45%), and 988 dietary recalls from 358 

participants remained in the dataset. Dietary recalls which had total Kcals lower than 500 

kcal/day and higher than 3,500 kcal/day were removed, which followed the recommended 

method for excluding outliers used in epidemiologic studies involving diet analysis120. Thus, 

an additional 38 dietary recalls were removed and 950 dietary recalls from 355 (94.4%) 

participants remained in the dataset. 324 (86.1%) participants had at least two dietary 

recalls, and 249 (66.2%) participants had three dietary recalls. 

 

Figure 2. ASA24 dietary recall exclusion criteria and number of valid ASA24 dietary recalls 
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2-8. Organic food consumption index development 

We generated an organic food consumption index to represent the ratio of organic eating to 

their overall diet, which was adapted from Nutrinet-Santé Cohort Study87. The organic food 

consumption index was calculated and processed from answers to questions about the 

frequency of organic food group consumption (Figure 3). 

Participants were first asked the general question, “Do you eat organic food?” with answer 

options being “Seldom or Never,” “Sometimes,” “Often or Always,” and “Do not know/Not 

sure” (adapted from Curl et al, 201557). Participants who answered “Seldom or Never” or “Do 

not know/Not sure” were assigned an index of 0 for the organic food consumption index, 

while those who answered “Sometimes” or “Often or Always” to the general question above 

were further asked about their frequencies of consumption of six groups of food: “If you eat 

[food group], how often is that food organic?” The food groups included fresh fruits/fruit 

juice, vegetables/vegetable juice, grains, meat, eggs, and dairy. These questions shared the 

same answer options with the general question except with the addition of “I do not eat the 

food.” Answers to these questions were assigned points (0: “Do not know/Not sure” or 

“Seldom and never;” 0.5: “Sometimes;” 1: “Often and always”). Then, the scores from these 

questions were summed up and divided by the number of food groups the participant 

reported consuming. That is, to adjust for differences in participants’ general consumption 

of different types of food (for example, no meat), the score was calculated after excluding the 

food groups that participant answered “I do not eat the food” from the denominator. The 

minimum index score was 0 while the maximum index score was 1.0. Based on the index and 

the percentile ranks, all participants were grouped into three groups for different types of 

organic food consumers (“Infrequent,” “Sometime,” and “Frequent” organic food 
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consumers). The cut-off to differentiate between “Infrequent” and “Sometime” was 0 (33rd 

percentile rank), while the cut-off to differentiate between “Sometime” and “Frequent” was 

0.5 (67th percentile rank). 131 (35.03%) participants were in the “Infrequent” group, 122 

(32.62%) participants were in the “Sometime” group, and 121 (32.35%) participants were 

in the “Frequent” group. 

 

Figure 3. Organic food consumption index development 

 

2-9. Determination of dietary intake and healthy eating index (HEI-2015) scores           

The daily intake for each participant was measured, and values are shown in average with 

standard deviation. Daily amounts of energy (kcal), fruit, vegetable, grains, meat, dairy, 

sodium, fiber, protein, total fat, saturated fat and added sugars were calculated and adjusted 
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for energy, which is a common method (“Nutrient density” approach) in epidemiologic 

studies focusing on dietary intake121. For food groups, daily intake was expressed as intake 

(cup equiv. or oz. equiv.) per 1000 kcal, while for macronutrients, including protein, 

carbohydrate, fat, and sugar, daily intake was expressed as % kcal.  

The Healthy Eating Index-2015 (HEI-2015) was generated and released by the USDA Center 

for Nutrition Policy and Promotion, which was designed to evaluate diet quality according 

to the 2015-2020 Dietary Guidelines for Americans (DGA)122. HEI-2015 has been evaluated 

and validated, and consists of 13 components, which includes 9 adequacy components and 

4 moderation components (Table 1). The total maximum score is 100 points. Each 

component is scored on a density basis out of 1000 calories, except the fatty acids, which is 

scored by a ratio of unsaturated to saturated fatty acids. For the 9 adequacy components, 

which include 9 types of healthy food groups, the closer the dietary intake of the food group 

reaches the values set in the guidelines, the higher the score. For the 4 moderation 

components, which include 4 unhealthy food groups, the lower the dietary intake of the food 

group, the higher the score. A higher HEI-2015 score represents higher diet quality and 

adheres more closely to the DGA. In this study, the HEI-2015 score per participant was 

calculated instead of per day per participants by using a component in the ASA24 output. 

The HEI score per participants was calculated from all the ASA24 recalls collected from a 

certain participant, regardless of how many 24-hours recalls participants had completed. 

The SAS code was provided by the Epidemiology and Genomics Research Program in the 

Division of Cancer Control and Population Sciences (DCCPS)123.  The total food group intake 

over days was divided by the total energy summed over days, where: 

∑  𝑡𝑜𝑡𝑎𝑙 𝑓𝑜𝑜𝑑 𝑔𝑟𝑜𝑢𝑝 𝑖𝑛𝑡𝑎𝑘𝑒 𝑜𝑣𝑒𝑟 𝑑𝑎𝑦𝑠

∑  𝑡𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑜𝑣𝑒𝑟 𝑑𝑎𝑦𝑠
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Then, the ratio was compared with the HEI scoring standards on an amount of food group 

intake per 1000 kcal (Table 1). 

Table 1. HEI-2015 components and scoring standards 

Component 
Maximum 

points 
Standard for maximum 

score 
Standard for minimum score 

of zero 

Adequacy: 

Total Fruits 5 ≥0.8 cup equiv. per 1,000 kcal No Fruit 

Whole Fruits 5 ≥0.4 cup equiv. per 1,000 kcal No Whole Fruit 

Total Vegetables 5 ≥1.1 cup equiv. per 1,000 kcal No Vegetables 

Greens and Beans 5 ≥0.2 cup equiv. per 1,000 kcal 
No Dark Green Vegetables or 
Legumes 

Whole Grains 10 ≥1.5 oz equiv. per 1,000 kcal No Whole Grains 

Dairy 10 ≥1.3 cup equiv. per 1,000 kcal No Dairy 

Total Protein Foods 5 ≥2.5 oz equiv. per 1,000 kcal No Protein Foods 

Seafood and Plant 
Proteins  

5 ≥0.8 oz equiv. per 1,000 kcal No Seafood or Plant Proteins 

Fatty Acids* 10 (PUFAs + MUFAs)/SFAs ≥2.5 (PUFAs + MUFAs)/SFAs ≤1.2 

Moderation: 

Refined Grains 10 ≤1.8 oz equiv. per 1,000 kcal ≥4.3 oz equiv. per 1,000 kcal 

Sodium 10 ≤1.1 gram per 1,000 kcal ≥2.0 grams per 1,000 kcal 

Added Sugars 10 ≤6.5% of energy ≥26% of energy 

Saturated Fats 10 ≤8% of energy ≥16% of energy 

* PUFAs, polyunsaturated fatty acids; MUFAs, monounsaturated fatty acids; SFA, saturated fatty acids 

2-10. Statistical methods 

SAS software (SAS Studio 3.8, SAS Institute Inc., Cary, NC, USA) was used for data analysis. 

The value of each variable was expressed as the mean and standard deviation or as the 

number and percentage in the group. All statistical tests were 2-sided, and the p-value <0.05 

was considered as statistically significant.  

For the first part of the thesis, profile of organic food consumers, chi-square and Analysis of 

variance (ANOVA) tests were used to analyze whether the frequency of organic food 

consumption was associated with different variables, including demographic variables, 

lifestyles variables, weight, environmental exposure variables, dietary habits, dietary intake 
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of macronutrient and food groups, and dietary quality. For the continuous variables, after 

the data were confirmed to be normally distributed, ANOVA was performed to detect 

significant differences between different levels of organic food consumption. For the 

categorical variables, the chi-square test was used to test for significantly different 

distributions across organic food consumption groups.  

In the second part, the association between diet and glyphosate exposure was examined. To 

compare urinary glyphosate exposure across different levels organic food consumption, a 

linear regression model was generated in which the independent variable was three levels 

of organic food consumption and the dependent variable was urinary glyphosate levels. The 

model was further adjusted for age, race/ethnicity, education, BMI, and alcohol 

consumption, which were considered as the factors affecting urinary glyphosate levels other 

than the diet. Then Analysis of covariance (ANCOVA), which can adjust for covariance, was 

used to test whether the food groups intake was associated with urinary glyphosate levels. 

It was also adjusted for age, race/ethnicity, education, BMI, smoking status and alcohol 

consumption. Results are shown as adjusted means with standard error.  Finally, the 

association between diet quality (Health Eating Index-2015) and urinary glyphosate levels 

stratified by frequency of organic food consumption was also examined using ANCOVA.  
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Chapter 3 – Results 

3-1. Participant characteristics 

Demographics, lifestyle factors, BMI and environmental exposures were analyzed across the 

three groups with different frequencies of organic food consumption (Table 2). The mean 

age of participants was 56.8 years. Most participants (66.3%) were White followed by 

Hispanic (16.8%) and Asian (11.0%). Neither age nor race/ethnicity were significantly 

associated with frequency of organic food consumption. White and Hispanic participants 

were evenly distributed across three groups, while more Asian participants were infrequent 

organic food consumers, but this was not statistically different. The distribution of education 

level was different across the three groups (p=0.0098). The majority of participants with a 

high school education or less did not frequently consume organic food, while for participants 

who had at least some college, the proportions were nearly equal in different levels of 

organic food consumption. BMI was significantly associated with levels of organic food 

consumption (p= 0.0046). Frequent organic food consumers had lower BMI compared to 

infrequent organic food consumers. Among the lifestyle variables examined, organic food 

consumption did not vary with smoking status, alcohol consumption or weekly physical 

activity. Environmental exposures were also examined. Organic food consumption was not 

associated with the length of time living on a farm or the starting age of living on a farm.  
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Table 2. Cohort characteristics 

 
Organic food consumption frequency 

p-value 
Infrequent Sometime Frequent 

N (%) 131 (35.0%) 122 (32.6%) 121 (32.4%)  

Age, years, mean (SD) 56.21 (4.83) 57.34 (4.09) 56.98 (4.62) 0.13 

Race/Ethnicity, N (%)    0.43 

White 81 (32.7%) 80 (32.3%) 87 (35.1%)  

Hispanic  23 (36.5%) 19 (30.2%) 21 (33.3%)  

Asian 18 (43.9%) 16 (39.0%) 7 (17.1%)  

Other/unknown 9 (40.1%) 7 (31.8%) 6 (27.3%)  

Education, N (%)    0.0098 

High school graduate or less 19 (65.5%) 5 (17.2%) 5 (17.2%)  

Some college or technical school 26 (31.3%) 27 (32.5%) 30 (36.1%)  

College graduate or more  84 (32.6%) 89 (34.5%) 85 (33.0%)  

Smoking status, N (%)    0.86 

Current smoker 7 (46.7%) 4 (26.7%) 4 (26.7%)  

Former smoker 26 (31.7%) 30 (36.6%) 26 (31.7%)  

Non-smoker  88 (35.1%) 85 (33.9%) 78 (31.9%)  

Alcohol consumption, N (%)    0.52 

Never 34 (36.2%) 35 (37.2%) 25 (26.6%)  

Less than 2 drinks per week 53 (34.6%) 52 (34.0%) 48 (31.4%)  

2-7 drinks per week 26 (37.1%) 16 (22.9%) 28 (40.0%)  

More than 7 per week  17 (34.0%) 16 (32.0%) 17 (34.0%)  

Weekly physical activity that 
meets the physical activity 
guidelines, N (%) 

   0.16 

No 87 (38.3%) 74 (32.6%) 66 (29.1%)  

Yes 44 (29.9%) 48 (32.7%) 55 (37.4%)  

BMI, kg/m2, mean (SD) 28.22 (6.71) 26.22 (5.55) 25.66 (6.99) 0.0046 

Environmental exposures     

History of living on the farm, N 
(%) 

   0.51 

˃ 10 years 4 (20.0%) 7 (35.0%) 9 (45.0%)  

≤ 10 years 13 (43.3%) 9 (30.0%) 8 (26.7%)  

None  114 (35.2%) 106 (32.7%) 104 (32.1%)  

Age when started living on a 
farm, mean (SD) 

5.88 (4.72) 6.81 (6.96) 11.65 (13.54) 0.28 
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3-2. Dietary habits  

Eating outside the home has been considered a health risk and is associated with less healthy 

food choices124,125. In our study, fast food was defined as a meal or snack from a place such 

as McDonald’s, In-N-out, Subway, Burger King and other chain restaurants. Home-cooked 

food was defined as food cooked at home with basic simple ingredients. Results for the 

dietary habits across different organic food consumption groups are presented in Table 3. 

Infrequent organic food consumers had more fast food (p=0.0002). There was a trend that 

infrequent organic food consumers had less home-cooked food, but it was not statistically 

different (p=0.07). There was no difference in the frequency of eating in other (non-fast food) 

eating establishments or from a deli or grocery store. 

 

Table 3. Dietary habits across different levels of organic food consumption 

 
Organic food consumption frequency 

p-value 
Infrequent Sometime Frequent 

Eating fast food     0.0002 

≥ 1 time/week 39 (51.32%) 26 (34.21%) 11 (14.47%)  

< 1 time/week 92 (30.87%) 96 (32.21%) 110 (36.91%)  

Eating in other eating 
establishments  

   0.10 

≥ 1 time/week 81 (33.47%) 74 (30.58%) 87 (35.95%)  

< 1 time/week 50 (38.17%) 48 (36.64%) 33 (25.19%)  

Having prepared food in deli or 
grocery store  

   0.74 

≥ 1 time/week 20 (31.75%) 23 (36.51%) 20 (31.75%)  

< 1 time/week 111 (35.69%) 99 (31.83%) 101 (32.48%)  

Having home-cooked food    0.07 

˂ 1 time/day 75 (40.76%) 55 (29.89%) 54 (29.35%)  

≥ 1 time/day 56 (29.47%) 67 (35.26%) 67 (35.26%)  
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3-3. Dietary intake profiles 

Dietary intake profiles were analyzed and shown in mean values across groups (Table 4). 

Overall, the mean caloric intake was 1,685 kcal, which was close to 1,600 kcal, the 

recommended energy intake for women over 50. The average intakes of fruits, vegetables, 

and grains were each lower than the recommended values. Table 4 shows the mean daily 

intakes of food groups and macronutrients across different levels of organic food 

consumption. The intake of vegetables, including dark green, red and orange, starchy and 

other vegetables, and legumes, was significantly higher in organic food consumers 

(p=0.0034). Frequent organic food consumers consumed fewer grains overall, especially 

refined grains (p=0.0067 and 0.0057). There was no difference in the intake of whole grains 

between groups. However, frequent organic food consumption was associated with higher 

intake of fiber (p=0.0012). 
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Table 4. Energy-adjusted dietary intake per day across different levels of organic food 

consumption 

 
Organic food consumption frequency 

p-value 
Infrequent Sometime Frequent 

Total energy intake, kcal 
1733.55 
(487.76) 

1686.38 
(477.81) 

1633.39 
(419.82) 

0.25 

Total Fruit, cup-equiv. /1,000 kcal 0.61 (0.95) 0.76 (0.72) 0.70 (0.59) 0.33 

Total Vegetable, cup-equiv. /1,000 kcal 1.12 (0.72) 1.30 (0.82) 1.50 (1.02) 0.0034 

Total Grains, cup-equiv. /1,000 kcal 2.70 (1.16) 2.66 (1.15) 2.27 (1.10) 0.0067 

Whole Grains, cup-equiv. /1,000 kcal 0.53 (0.58) 0.66 (0.66) 0.56 (0.53) 0.21 

Refined Grains, cup-equiv. /1,000 kcal 2.17 (1.13) 2.00 (1.14) 1.72 (1.00) 0.0057 

Total meat, ounces- equiv. /1,000 kcal 2.63 (1.67) 2.42 (1.65) 2.37 (1.84) 0.47 

Total dairy, cup-equiv. /1,000 kcal 0.75 (0.51) 0.71 (0.47) 0.78 (0.56) 0.64 

Sodium, g per 1,000 kcal 1.78 (0.49) 1.73 (0.50) 1.71 (0.42) 0.54 

Fiber, % total calories 4.10 (1.83) 4.95 (1.95) 4.80 (1.94) 0.0012 

Total Protein, % total calories 17.85 (4.81) 17.51 (5.06) 17.97 (5.25) 0.78 

Carbohydrate, % total calories 43.90 (10.37) 44.74 (10.55) 41.51 (10.10) 0.05 

Total fat, % total calories 36.84 (8.06) 36.22 (8.54) 38.13 (9.60) 0.24 

Saturated fat, % total calories 11.44 (3.46) 10.70 (3.25) 11.52 (3.86) 0.15 

Added Sugars, % of total calories 8.84 (6.30) 8.41 (5.83) 8.50 (5.60) 0.84 

 

3-4. Diet quality  

The overall diet quality and diet quality across three groups were examined (Table 5) 

Overall, the mean HEI score was 63.7, which was higher than in the U.S. population, which 

was 59 in 2011-2012 according to data from the National Health and Nutrition Examination 

Survey126. Table 5 shows the mean values of the HEI scores, including total and individual 

component scores. Frequent organic food consumers had significantly higher total HEI-2015 

scores compared to infrequent organic food consumers (p=0.0003). High levels of organic 

food consumption were positively associated with HEI score in components including total 

vegetables, greens and beans, total fruits, whole fruits, seafood and plant proteins, and 
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refined grains. Scores in other components, including whole grains, dairy, total protein foods, 

fatty acids, sodium, added sugars and saturated fats, were not significantly different across 

different levels of organic food consumption. 

 

Table 5. Diet quality across different levels of organic food consumption 

 
Organic food consumption frequency 

p-value 
Infrequent Sometime Frequent 

Total HEI-2015 60.37 (11.85) 65.40 (11.95) 66.04 (11.59) 0.0003 

Adequacy Components (The higher intake, the higher score)   

Total Vegetables 3.83 (1.40) 4.07 (1.38) 4.31 (1.32) 0.02 

Greens and Beans 3.23 (2.20) 3.77 (1.95) 4.06 (1.72) 0.0055 

Total Fruits 2.46 (1.94) 3.18 (1.89) 3.17 (1.72) 0.0029 

Whole Fruits 2.91 (2.15) 3.57 (1.89) 3.81 (1.79) 0.002 

Whole Grains 3.30 (3.27) 3.85 (3.18) 3.52 (3.22) 0.42 

Dairy 5.30 (3.01) 5.09 (2.83) 5.38 (3.01) 0.74 

Total Protein Foods 4.68 (0.88) 4.66 (0.88) 4.69 (0.87) 0.95 

Seafood & Plant Proteins 3.86 (1.79) 4.09 (1.62) 4.40 (1.39) 0.04 

Fatty Acids 5.85 (3.46) 6.63 (3.32) 6.20 (3.50) 0.21 

Moderation Components (The lower intake, the higher score)  

Sodium 3.33 (3.26) 3.87 (3.33) 3.92 (3.28) 0.30 

Refined Grains 7.62 (3.04) 7.87 (2.88) 8.57 (2.25) 0.01 

Added Sugars 8.41 (2.18) 8.39 (2.4) 8.40 (2.23) 0.99 

Saturated Fats 5.60 (3.32) 6.37 (3.27) 5.61 (3.35) 0.13 

 

3-5. Urinary glyphosate levels across different levels of organic food consumption 

Basic characteristics of the participants whose urine samples were analyzed (N = 201) were 

first examined to check whether the distribution of the basic characteristics was similar to 

the overall sample population (Table 6). Similar to the results from Table 2, only education 

and BMI were significantly different between different levels of organic food consumption.  
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Glyphosate and AMPA levels in urine were measured. The values from two urine samples 

were first normalized by creatinine levels and then averaged for each participant (Table 7). 

Results showed there was no association between organic food consumption and urinary 

glyphosate levels (p=0.96). Interestingly, sometime organic food consumers had the highest 

glyphosate levels compared to frequent and infrequent organic food consumers. However, 

the AMPA results showed a significant difference between groups and presented a gradient 

pattern in which frequent organic food consumers had the highest AMPA levels followed by 

sometime organic food consumers and infrequent organic food consumers (p=0.01). After 

adjusting for age, race/ethnicity, education, BMI, alcohol consumption and smoking status, 

urinary AMPA level remained significantly associated with organic food consumption.  
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Table 6. Basic distribution of participants who were included in the urinary analysis 

 
Organic food consumption frequency 

p-value 
Infrequent Sometime Frequent 

N 70 (34.8%) 63 (31.3%) 68 (33.8%)  
Age, years, mean (SD) 56.59 (4.7) 57.14 (3.76) 56.21 (4.18) 0.45 
Race/Ethnicity, N (%)    0.63 

White 46 (33.3%) 43 (31.2%) 49 (35.5%)  
Hispanic  6 (28.6%) 6 (28.6%) 9 (42.9%)  
Asian 13 (46.4%) 10 (35.7%) 5 (17.9%)  
Other/unknown 5 (35.7%) 4 (28.6%) 5 (35.7%)  

Education, N (%)    0.047 
High school graduate or less 9 (69.2%) 3 (23.9%) 1 (7.7%)  
Some college or technical school 9 (23.7%) 14 (36.8%) 15 (39.5%)  
College graduate or more  51 (34.2%) 46 (30.9%) 52 (34.9%)  

Smoking status, N (%)    0.81 
Current smoker 4 (50.0%) 2 (25.0%) 2 (25.0%)  
Former smoker 9 (27.3%) 13 (39.4%) 11 (33.3%)  
Non-smoker  47 (35.1%) 45 (33.6%) 42 (31.3%)  

Alcohol consumption, N (%)    0.84 
Never 20 (35.1%) 20 (35.1%) 17 (29.8%)  
Less than 2 drinks per week 31 (39.2%) 24 (30.4%) 24 (30.4%)  
2-7 drinks per week 10 (32.3%) 8 (25.8%) 13 (41.9%)  
More than 7 per week  8 (28.6%) 9 (32.1%) 11 (39.3%)  

Weekly physical activity that 
meets the physical activity 
guidelines, N (%) 

   0.15 

No 46 (40.4%) 34 (29.8%) 34 (29.8%)  
Yes 24 (27.6%) 29 (33.3%) 34 (39.1%)  

BMI, kg/m2, mean (SD) 28.31 (6.71) 24.75 (5.07) 25.88 (8.14) 0.0097 
Environmental exposures     

History of living on the farm, N 
(%) 

   0.08 

> 10 years 0 (0%) 6 (50.0%) 6 (50.0%)  
≤ 10 years 9 (47.4%) 6 (31.6%) 4 (21.1%)  
None  61 (35.9%) 51 (30.0%) 58 (34.1%)  

Age when started living on a 
farm, mean (SD) 6.11 (4.48) 7.42 (7.83) 11.5 (15.26) 

0.49 
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Table 7. Urinary glyphosate levels by levels of organic good consumption 

  
Glyphosate levels 
 (µg/g creatinine) 

AMPA levels 
(µg/g creatinine) 

 N mean (SD) p-value 
Adjusted  
p-value* 

mean (SD) p-value 
Adjusted  
p-value* 

Organic food 
consumption index 

201 0.39 (0.46) 0.68 0.60 0.16 (0.22) 0.01 0.02 

Organic food consumption 
frequency 

 0.96 0.90  0.01 0.02 

Infrequent 70 0.35 (0.37)   0.22 (0.32)  
 Sometime 63 0.50 (0.57)   0.15 (0.15)  

Frequent 68 0.35 (0.41)   0.12 (0.13)  
*Models adjusted for age, race/ethnicity, education, BMI, alcohol consumption and smoking status 

3-6. The association between food groups intake and urinary glyphosate levels 

We examined whether food intake was associated with urinary glyphosate levels. The intake 

of fruits, vegetable, grains, meats and dairy product were shown as quantile to evaluate the 

pattern of glyphosate levels in four quantiles. The adjusted means and standard errors are 

shown in Table 8. The adjusted means were adjusted for age, race/ethnicity, education, 

alcohol consumption, smoking status and BMI, which were factors that may have affected the 

urinary glyphosate levels in the diet model. None of the food groups intake were associated 

with urinary glyphosate levels in overall participants. Then, the analysis was stratified by 

frequency of organic food consumption. In infrequent organic food consumers, grain intake 

was associated with urinary glyphosate levels (p=0.01). Quantile 4, which had the highest 

grains intake, had the highest glyphosate levels compared to quantile 1, which had the lowest 

grains intake. There was no association between any food group intake and urinary 

glyphosate levels in sometime and frequent organic food consumers (p=0.27 & p=0.45).  
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Table 8. The association between food groups intake and urinary glyphosate levels, stratified 

by the levels of organic food consumption.* Glyphosate levels are expressed as µg/g 

creatinine, mean (SE). 

A. Fruits 

 

Fruits intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.4 (0.08) 0.44 (0.08) 0.41 (0.07) 0.36 (0.07) 0.91 

Organic food consumption 
frequency  

     

Infrequent 0.48 (0.11) 0.5 (0.12) 0.24 (0.09) 0.25 (0.13) 0.23 

Sometime 0.39 (0.17) 0.56 (0.16) 0.7 (0.16) 0.38 (0.13) 0.43 

Frequent 0.19 (0.17) 0.25 (0.12) 0.47 (0.11) 0.48 (0.14) 0.38 
 

B. Vegetables 

 Vegetables intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.44 (0.08) 0.37 (0.07) 0.35 (0.08) 0.45 (0.07) 0.71 

Organic food consumption 
frequency  

     

Infrequent 0.43 (0.1) 0.34 (0.1) 0.33 (0.15) 0.29 (0.12) 0.85 

Sometime 0.46 (0.16) 0.45 (0.19) 0.58 (0.15) 0.47 (0.14) 0.93 

Frequent 0.34 (0.23) 0.40 (0.12) 0.13 (0.11) 0.54 (0.11) 0.10 
 

C. Grains 

 Grains intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.26 (0.07) 0.43 (0.08) 0.42 (0.07) 0.49 (0.08) 0.17 

Organic food consumption 
frequency  

     

Infrequent 0.27 (0.10) 0.25 (0.14) 0.15 (0.1) 0.60 (0.09) 0.01 

Sometime 0.26 (0.14) 0.58 (0.18) 0.61 (0.13) 0.55 (0.15) 0.27 

Frequent 0.27 (0.14) 0.42 (0.11) 0.45 (0.12) 0.16 (0.18) 0.45 
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D. Meats 

 Meats intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.51 (0.07) 0.31 (0.08) 0.39 (0.08) 0.38 (0.08) 0.26 

Organic food consumption 
frequency  

     

Infrequent 0.46 (0.12) 0.22 (0.15) 0.27 (0.10) 0.43 (0.11) 0.44 

Sometime 0.58 (0.14) 0.36 (0.15) 0.71 (0.19) 0.39 (0.15) 0.44 

Frequent 0.42 (0.11) 0.32 (0.12) 0.31 (0.17) 0.34 (0.17) 0.91 
 

E. Dairy products 

 Dairy products intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.41 (0.08) 0.54 (0.07) 0.38 (0.08) 0.29 (0.07) 0.08 

Organic food consumption 
frequency  

     

Infrequent 0.27 (0.12) 0.48 (0.11) 0.4 (0.14) 0.31 (0.10) 0.58 

Sometime 0.37 (0.13) 0.86 (0.14) 0.55 (0.17) 0.26 (0.14) 0.03 

Frequent 0.58 (0.18) 0.38 (0.12) 0.28 (0.14) 0.28 (0.11) 0.50 
*Adjusted for age, race/ethnicity, education, BMI, alcohol consumption and smoking status  

 

3-7. The association between diet quality and urinary glyphosate levels 

Then, we examined whether the diet quality is associated with urinary glyphosate levels. The 

HEI-2015 total scores were shown as quartiles. The urinary glyphosate and AMPA levels 

were shown as means and standard errors. Table 9 shows that there was no association 

between diet quality and urinary glyphosate levels. Then, the analysis was stratified by 

frequency of organic food consumption to assess whether organic food consumption 

frequency affects the association between diet quality and urinary glyphosate or AMPA 

levels. The result showed that there was no association between diet quality and urinary 

glyphosate or AMPA levels in three organic food consumption frequency groups.  
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Table 9. The association between diet quality and urinary glyphosate and AMPA levels, 

stratified by the levels of organic food consumption*  

A. Urinary glyphosate levels (µg/g creatinine), mean (SE) 

 HEI-2015 total scores 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.42 (0.09) 0.41 (0.08) 0.41 (0.08) 0.39 (0.08) 0.99 

Organic food consumption 
frequency  

     

Infrequent 0.31 (0.12) 0.46 (0.10) 0.26 (0.14) 0.32 (0.14) 0.65 

Sometime 0.68 (0.17) 0.26 (0.22) 0.37 (0.13) 0.62 (0.14) 0.29 

Frequent 0.41 (0.23) 0.32 (0.13) 0.46 (0.12) 0.27 (0.13) 0.68 

 

B. Urinary AMPA levels (µg/g creatinine), mean (SE) 

 HEI-2015 total scores 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.23 (0.05) 0.16 (0.04) 0.18 (0.04) 0.13 (0.04) 0.41 

Organic food consumption 
frequency  

     

Infrequent 0.28 (0.11) 0.17 (0.09) 0.37 (0.13) 0.17 (0.12) 0.60 

Sometime 0.23 (0.06) 0.19 (0.07) 0.13 (0.04) 0.13 (0.05) 0.72 

Frequent 0.10 (0.06) 0.13 (0.04) 0.15 (0.03) 0.11 (0.04) 0.74 
*Adjusted for age, race/ethnicity, education, BMI, alcohol consumption and smoking status  
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Chapter 4 – Discussion 

4-1. Significance 

As organic food becomes more popular, a better understanding of the health effects of 

organic food is urgently needed. However, the association between organic food 

consumption and health outcomes is confounded by the profile of organic food consumers. 

Previous studies that focused on the profile of organic food consumption were conducted in 

Europe, but the United States has the largest organic food market in the world. The profile of 

organic food consumers may be distinct in the United States compared to European 

countries. In this study, we analyzed data and specimens from 375 women in Orange County, 

California. Basic demographics, diet intake, diet habit, diet quality, and other factors were 

analyzed. Although these participants are not fully representative of the general public in the 

United States, this is the first study to describe a profile of organic food consumers in a non-

agricultural setting in the United States.  While the results we found need to be confirmed 

using a larger population, our research provides an important first step towards 

understanding the profile of organic food consumers in the United States and gives a good 

foundation for future studies to focus on the health effects of organic food consumption. 

Despite the growing evidence of the adverse health outcomes of glyphosate either on animals 

or humans, very few studies have evaluated overall human exposure. In a recent review127, 

which collected 19 studies focusing on glyphosate exposure, 8 studies reported urinary 

glyphosate levels in occupationally and para-occupationally exposed subjects, while 14 

studies collected the data from the general population. However, most of them focused on 

the spatial difference or temporal difference within a few years. Only one study examined 

the association between diet and urinary glyphosate levels in the general population setting. 
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Krüger et al. showed that conventional food consumers have higher urinary glyphosate 

levels compared to organic food consumers128. However, the detailed method of grouping 

participants and the characteristics of the participants were not revealed in the study, which 

decreases the impact of the research. For the first time, we measured urinary glyphosate 

levels and determined its association with dietary intake. Our results showed significantly 

lower AMPA levels in frequent organic food consumers compared to infrequent and 

sometime organic food consumers. Although glyphosate levels and organic food 

consumption were not statistically associated, we did observe a trend that glyphosate levels 

were higher in infrequent and sometime organic food consumers than in frequent organic 

food consumers.  

Due to the lack of surveillance programs to regularly monitor glyphosate residues in food, it 

is hard to track the dietary exposure of glyphosate on humans. Although we did not analyze 

levels of glyphosate residues on/in food, we did find an association between grains intake 

and urinary glyphosate levels and thus propose that high glyphosate residues are found in 

grains. Although the urinary analysis results were based on a small population, our research 

provides a first glance at how diet affects glyphosate exposure in humans in the U.S. More 

research is needed to confirm the findings from this study.  

4-2. Basic characteristics of organic food consumers 

We found frequent organic food consumers had higher education and lower BMI across 

different levels of organic food consumers (Table 3). These results were consistent with 

findings from European and other U.S. studies. However, our result did not show a significant 

difference in age, race/ethnicity and lifestyle, including smoking status, alcohol 

consumption, and physical activity. The study was designed to only recruit women ages 45 
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to 65 years, which resulted in a narrow age range of our participants. This limited our ability 

to detect age differences in different levels of organic food consumers. For race/ethnicity, 

although it was not significantly different, we found that a higher proportion of Asian 

participants consumed low or no organic food, which is consistent with the result from 

Racheal et al.13, whose study focused on organic food purchase preferences in the United 

States, and from the Hartman Group129, which is the leading group in the industry that 

studies consumer behaviors on food and beverages in the United States. Both of them found 

that individuals of Asian race/ethnicity were less likely to purchase organic food compared 

to other race/ethnicity groups. Some European studies found that organic food consumers 

have healthier lifestyles than non-organic food consumers, including high physical activity, 

non-smoker, and low alcohol consumption. However, in our study, we did not find any 

differences in these variables. Only a small proportion of our study participants were current 

smokers or heavy alcohol consumers, which limited the power to detect differences in 

organic food consumption according to these lifestyle variables. 

4-3. Dietary profile of organic food consumers 

For the first time, we demonstrated that organic food consumption was inversely associated 

with the frequency of fast food consumption (Table 4). Fast foods have been considered as 

unhealthy, which is associated with increased risk of obesity130,131, CVD132, and type 2 

diabetes133. Our finding suggests that organic food consumers were not only aware of the 

food they eat, but also have healthier eating habits compared with the participants who had 

less frequent organic food consumption.  

In the dietary profiles analysis, we found that organic food consumers ate more vegetables, 

fewer grains, especially refined grains, and more fiber (Table 5). This result is consistent 
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with the European conclusion that organic food consumers are more likely to consume plant-

based food. Although frequent organic food consumers had lower grain intake, the intake of 

whole grains was not different than in infrequent organic food consumers, while the intake 

of refined grains was significantly lower than in infrequent organic food consumers. 

Compared to whole grains, refined grains are milled, which results in the removal of many 

nutrients. Unlike whole grains, which can reduce the risk of hypertension134,135, obesity136–

138, type 2 diabetes139, refined grains are not associated with reduced risk of these 

diseases140,141. Moreover, the Dietary Guidelines Advisory Committee (DGAC) also 

recommended replacing most refined grains with whole grains142. The report from the 

American Heart Association also supports this recommendation143. Although the intake of 

whole grains did not increase, the intake of refined grains was significantly reduced in 

frequent organic food consumers, which can be considered closer to a healthy diet than in 

infrequent organic food consumers. 

The pattern of diet quality was also consistent with the result from other European studies 

showing that frequent organic food consumers exhibit an overall better diet quality than 

infrequent organic food consumers17,55,67. If breaking down the total score into individual 

components, the significant differences appeared in specific components, including 

vegetables, greens and beans, total fruits, whole fruits and refined grains. This agreed with 

the result from the NutriNet-Santé study, which found that regular organic food consumers 

are more aware of the nutrition guidelines recommending eating plant-based foods rather 

than animal-based foods67.  

4-4. Association between organic food consumption frequency and urinary 

glyphosate levels             
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Interestingly, in the urinary glyphosate analysis, we found a different pattern for glyphosate 

than for AMPA. Sometime organic food consumers had the highest glyphosate levels 

compared to both infrequent organic food consumers and frequent organic food consumers, 

while AMPA levels showed the gradient from high organic food consumption to low organic 

food consumption. Compared to infrequent and frequent organic food consumers, sometime 

organic food consumers have higher uncertainty. Their degree of how their diet adheres to 

organic food as well as their motivation about organic food is not clear. By comparing the 

profile of different levels of organic food consumption, we found that sometime organic food 

consumers were closer to organic food consumers for some variables, while they were the 

opposite for other variables, which indicates uncertainty within these participants. In 

addition, the days of urine collection were randomly chosen. Although participants reported 

the foods they ate on a certain day, participants did not reveal the percentages of organic 

food consumed on that day, which may have also increased the variability of the analysis.  

Based on the different nature of glyphosate and AMPA, another explanation is possible. One 

of the common strategies of generating glyphosate-tolerant crops is inserting a gene that can 

quickly transform glyphosate to AMPA, which becomes non-toxic to crops144. Since 

glyphosate remains unchanged in the human body and AMPA only occurs in glyphosate-

tolerant crops, the AMPA in human urine may be due to the intake of glyphosate-tolerant 

crops (genetically modified [GM] crops). Based on this information and the results from our 

study, we can roughly hypothesize that participants who are sometime organic food 

consumers may be more concerned with GM crops more than other, non-GM organic foods. 

That is, they may have decreased intake of GM food, while simultaneously maintaining 
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consumption of conventional foods, which resulted in higher glyphosate levels but lower 

AMPA levels compared to the other groups.  

In our study, we found that only grains intake was associated with urinary glyphosate levels 

but not other plant-based foods. Although this result may not be consistent with findings 

which focused on other pesticides like organophosphates57, which are also applied on crops, 

it aligns with the values of glyphosate residues in different foods that have been reported49. 

The Detox Project found that grain products, such as cereals, granolas and snack bars had 

high levels of glyphosate49. We also checked whether food groups intake was associated with 

urinary AMPA levels. No significant association was found when the stratification was 

applied (Supplement table 1). However, our result was based on about 70 samples; thus, 

more samples are needed to confirm this result.  

In the adjusted model, age, race/ethnicity, BMI, education, alcohol consumption, and 

smoking status were chosen to be included in the model. Indeed, no epidemiologic studies 

to date have examined the association between dietary intake and urinary glyphosate levels, 

which made it difficult to select potential confounders. Thus, first we considered the 

variables that are commonly used in organic food consumption studies, which are age and 

race/ethnicity. BMI and education were also chosen based on our result that BMI and 

education were significantly different across the three levels of organic food consumption 

groups. Alcohol consumption and smoking status were included since the raw materials of 

wine, beer and tobacco may have been exposed to pesticides, and we did not address this 

when we generated the organic food consumption index.     

4-5. Methodology advantage 
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To examine the profiles of organic food consumers, we generated an organic food 

consumption index, based on their answers to six organic food group consumption 

questions. This method was adapted from the NutriNet-Santé study, which gives scores to 

each answer and sums up the scores to get a total organic food consumption score. Unlike in 

the NutriNet-Santé study, the scores in our study were further adjusted for the possible food 

groups that the participant may consume. This adjustment makes the index more precise, 

since it avoids the overemphasis of organic food consumption in the food groups that the 

participant doesn’t eat and also separates the participants who answered: “I am not sure or 

I don’t know” and “I do not eat that food” in the food groups questions.  

Urine is considered to be a good biospecimen for evaluating chemical exposures, such as 

pesticides145. Glyphosate is unchanged in the human body and is excreted mainly through 

urine44, which makes the urine a suitable sample for examining glyphosate exposure. Kissel 

et al. also demonstrated that first-void urine is a good predictor of overall daily exposure for 

organophosphates (OP), another class of pesticide112. In addition to two urine samples, we 

also collected three 24-hour dietary recalls, two of which corresponded to the urine samples 

and reflected the dietary intake of the urine collection day. This design is different than the 

design from Curl et al57, which estimated the urinary OP pesticide levels through a food 

frequency questionnaire reflecting the diet in the past year. Alison et al. has shown that there 

is a short biological half-life of glyphosate in humans, about 3.5 ~ 14.5  hours146; thus, urine 

can only reflect short-term glyphosate exposure. Compared to the food frequency 

questionnaire, 24-hour dietary recalls can represent the short-term diet better. Thus, our 

design enabled us to track glyphosate exposure in the diet more precisely.  
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When recruiting, the study coordinator did not reveal the specific environmental exposure 

or potential associations we were focusing on, which may have reduced the possibility that 

participants changed their diet or other health behaviors when participating in the study. 

Additionally, participants were prompted to collect their urine the night before and to recall 

their diet over the previous 24 hours without prior notice. This limited the possibility that 

participants changed their diet to match our research hypothesis. Additional survey 

questions regarding the awareness of health may reduce this bias and can further be treated 

as a confounder in future analyses.  

4-6. Limitations 

Although this study presents several strengths, some limitations should be noted. First, the 

sample size is relatively small, with only 375 participants, and the study population consists 

of only postmenopausal women in Orange County, California. Compared to similar studies 

conducted in Europe, which have about 28,245 participants, our study has a significantly 

small sample size. Also, compared to other cohorts, such as the National Health and Nutrition 

Examination Survey (NHANES) cohort, our cohort is slightly more homogeneous in which all 

of our participants are women within a narrow age range coming from the UC Irvine Athena 

Breast Health Network and UC Irvine surrounding community. Moreover, our study also has 

volunteer bias147. That is, we were more likely to recruit health-conscious individuals, thus 

limiting the generalizability of our findings. Our participants may be more aware of their 

health and more willing to stay healthy. 

Second, this study has some other bias and measurement error. The frequency of organic 

food consumption and 24-hour dietary intakes were self-reported, which are prone to have 

response bias148, which is a common bias in behavioral and healthcare research. For 
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example, in our questions, the definition of “Seldom or never,” “Sometimes,” and “Always” 

was not well defined, which may have caused measurement error. Another possible 

measurement error may have occurred in the development of the organic food consumption 

index. We only asked participants their organic food consumption frequencies for six types 

of food groups, namely, vegetables, fruits, grains, meats, eggs, and dairy products. However, 

there are substantial parts of food groups that were not included in the questionnaire, such 

as oil, coffee, tea, and wine. In the Nutrinet-santé Cohort Study, 16 types of food groups are 

included. Our instrument may not be able to give a comprehensive picture of organic food 

consumption in each participant, but only provide the information about organic food 

consumption in essential food groups87.  

Finally, the questionnaire for the frequency of organic food consumption and the organic 

food consumption index have not been validated. However, we have tested the index on the 

answer to the general question that asked participants about their frequency of eating 

organic food (without specifying which food groups). The results showed that the organic 

food consumption index was significantly associated with their answer to the general 

question (Supplemental Table 2). Participants who reported that they often or always 

consumed organic food had a higher organic food index followed by participants who 

sometimes and seldom consumed organic food. Moreover, our analysis of the profiles of 

organic food consumers indirectly validates the questionnaire. The participants who had a 

higher index had a profile similar to the profile of organic food consumers found in other 

research17,67, which indicated that the organic food index is valid to represent the frequency 

of organic food consumption of the participant.  

4-7. Future directions 
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In this study, we examined the profile of organic food consumers in Orange County, 

California. Since our cohort had a small sample size, 375 women, and homogenous 

characteristics, our findings need to be confirmed with a larger sample size and more 

generalized population, perhaps in other cohorts, such as Multi-Ethnic Study of 

Atherosclerosis (MESA), which is another cohort recruiting participants from six U.S. areas.  

For the urinary glyphosate analysis, a larger sample size should also be applied. Currently, 

we only had 156 participants with urinary glyphosate levels available, who were evenly 

distributed in the three groups. These participants were the ones recruited in the first half 

of the study. It is possible that our results may change when the urinary analysis data from 

all the participants are available and analyzed.  

Later, more items need to be added to the questionnaire in order to avoid measurement 

error from the one-item-scale questionnaire. More behavior, motivation, and nutrient 

knowledge questions would also be very important when considering confounders in a study 

focusing on the association between organic food consumption and health. In addition, the 

food groups should be considered thoroughly and expanded in the questionnaire to include 

seafood, oil, wine, coffee and so on, since more and more research has found variable 

pesticide residue levels in different types of raw and processed foods. The questionnaire 

should also be validated and tested. Validation with a different biomarker, such as a different 

chemical in the urine or serum, may help validate the questionnaire.  

Finally, unfortunately, we only had about two years study time, which is not enough to 

generate any conclusions about the health effects of organic food consumption. We will 

follow up with current participants on their health and other environmental exposures, and 

in the meantime, we will enlarge our sample size. 
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Appendices 

Supplemental table 1. The association between food groups intake and urinary AMPA levels, 

stratified by the level of organic food consumption.* AMPA levels are expressed as µg/g 

creatinine, mean (SE). 

A. Fruits 

 

Fruits intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.25 (0.04) 0.16 (0.04) 0.12 (0.04) 0.17 (0.04) 0.20 

Organic food consumption 
frequency  

     

Infrequent 0.29 (0.1) 0.19 (0.12) 0.13 (0.09) 0.34 (0.12) 0.45 

Sometime 0.25 (0.05) 0.16 (0.05) 0.09 (0.05) 0.13 (0.04) 0.17 

Frequent 0.13 (0.05) 0.11 (0.03) 0.15 (0.03) 0.09 (0.04) 0.60 
 

B. Vegetables 

 Vegetables intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.25 (0.04) 0.18 (0.04) 0.13 (0.04) 0.13 (0.04) 0.15 

Organic food consumption 
frequency  

     

Infrequent 0.31 (0.09) 0.24 (0.09) 0.16 (0.14) 0.14 (0.11) 0.67 

Sometime 0.22 (0.05) 0.12 (0.06) 0.16 (0.05) 0.11 (0.04) 0.38 

Frequent 0.09 (0.06) 0.13 (0.03) 0.09 (0.03) 0.15 (0.03) 0.55 
 

C. Grains 

 Grains intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.17 (0.04) 0.2 (0.04) 0.16 (0.04) 0.16 (0.04) 0.91 

Organic food consumption 
frequency  

     

Infrequent 0.28 (0.10) 0.47 (0.13) 0.11 (0.10) 0.17 (0.09) 0.18 

Sometime 0.11 (0.04) 0.13 (0.06) 0.16 (0.04) 0.21 (0.05) 0.50 

Frequent 0.14 (0.04) 0.09 (0.03) 0.17 (0.03) 0.10 (0.05) 0.31 
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D. Meats 

 Meats intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.2 (0.04) 0.14 (0.04) 0.22 (0.04) 0.12 (0.04) 0.21 

Organic food consumption 
frequency  

     

Infrequent 0.37 (0.11) 0.18 (0.14) 0.22 (0.09) 0.15 (0.10) 0.55 

Sometime 0.14 (0.04) 0.16 (0.05) 0.27 (0.06) 0.09 (0.04) 0.13 

Frequent 0.13 (0.03) 0.11 (0.03) 0.13 (0.04) 0.14 (0.05) 0.91 
 

E. Dairy products 

 Dairy products intake 
p-value 

Q1 Q2 Q3 Q4 

Overall 0.16 (0.04) 0.26 (0.04) 0.15 (0.04) 0.11 (0.03) 0.03 

Organic food consumption 
frequency  

     

Infrequent 0.16 (0.10) 0.46 (0.10) 0.22 (0.12) 0.12 (0.08) 0.07 

Sometime 0.14 (0.04) 0.23 (0.05) 0.16 (0.06) 0.09 (0.05) 0.25 

Frequent 0.14 (0.05) 0.14 (0.03) 0.14 (0.04) 0.08 (0.03) 0.42 
*Adjusted for age, race/ethnicity, education, BMI, alcohol consumption and smoking status  

 

Supplemental table 2. Association between organic food consumption index and the level of 

organic food consumption assessed by general organic food consumption question 

 

 

 
Organic food consumer type according to one general 

question p-value  
Seldom / never Sometimes Often / always 

N, (%) 120 (32.09%) 106 (28.34%) 148 (39.57%)  

Organic food 
consumption index 

0 (0) 0.35 (0.22) 0.67 (0.25) <0.0001 




