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Abstract 

 
A large percentage of the population copes with acute or chronic health problems and pain at any given time. Finding 

ways to improve health and reduce pain is an important area of study. Stress has a negative impact on health, while 

mindfulness has been demonstrated to help reduce stress and certain pain symptoms, such as headaches. The current 

research included two studies. Study 1 used data from the Emerging Adulthood Measured at Multiple Institutions 2 

(EAMMi2) project and Study 2 used data collected from Georgia Gwinnett College (GGC) to analyze the associations 

of mindfulness and stress on physical symptoms including pain. Study 1 sampled from 32 institutions and gathered 

information from 3022 participants. Of the participants that contributed, 2201 were female, 751 were male, and 53 

identified as other and they ranged in age from 18 to 61 years old (M=21). Study 2 sampled from Georgia Gwinnett 

College and gathered information from 182 participants. Of the participants, 147 were female and 35 were male, 

ranging in age from 19 to 24 years old (M=21). We found a positive correlation between increased stress and increased 

physical symptoms (Study 1: r = 0.37, p<0.05; Study 2: r=0.44, p<0.05), a negative correlation between increased 

stress and increased mindfulness (Study 1: r = -0.43, p<0.05; Study 2: r=-0.45, p<0.05), and a negative correlation 

between increased mindfulness and increased physical symptoms (Study 1: r = -0.28, p<0.05; Study 2: r= -0.22, 

p<0.05). The most frequently reported physical symptoms in both studies were headache, back pain, limb pain, 

tiredness, and trouble sleeping. In Study 2, we collected data at GGC using the same surveys. 
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1. Introduction 

 
While the United States can boast of financial wealth, it falls short in terms of population health. When compared to 

16 “peer” high income countries, the United States held lower life expectancies than nearly all of them, placing lowest 

in male life expectancy and second lowest in female life expectancy above Denmark.1 Researchers have found a 

number of factors linked to poor health, including diet, inactivity, drug abuse, and stress. Stress is thought to negatively 

affect the physical health of an individual contributing to physical symptoms.2 In 2016, 12.8% of American 

adolescents, ages 12 to 17 years, and 6.7% of American adults, ages 18 years and older, experienced major depressive 

episodes.3 In 2018, the average reported stress level was 4.9 out of 10 which indicates a consistent moderate stress 

level among Americans.4 In addition, more than three-quarters of American adults experienced stress symptoms, such 

as headaches, fatigue, and sleeping troubles.5 Stress has been linked to six leading causes of death in the United States: 

cancer, coronary heart disease, accidental injury, respiratory disorders, cirrhosis of the liver, and suicide.6 Not only 

does stress burden the health of the population, it also has a major impact on the U.S. economic system. It is estimated 

that stress-related disorders cause the United States $42 billion each year, largely in part because of the repeated use 

of health care services.7 The relatively poor health of the United States and the prevalence of negative effects of stress 

on the population’s health calls for an investigation into preventative measures that can be taken to reduce these 
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negative outcomes. The current research project will be an investigation of factors that impact human health including 

stress, mindfulness, and the 5-HTTLPR polymorphism. 

   The literature sources gathered from studies which used the Patient Health Questionnaire (PHQ-15) suggest that 

headaches, back pain, limb pain, and fatigue are among the most reported physical symptoms across several 

populations.8,9,10 According to the Healthy People 2020 data collection produced in the U.S. by the Office of Disease 

Prevention and Health Promotion (ODPHP) 34.8 per 1,000 adults in 2017 suffered from chronic back pain. The same 

report found that 67.5% of adults in 2017 did not get sufficient sleep.3 Another report, Health, United States, 2016: 

With Chartbook on Long-term Trends in Health, released by the National Center for Health Statistics (NCHS), found 

that 15% of American adults in 2017 reported severe headaches or migraines within the past 3 months prior to the 

survey.11 

   In relatively recent years, research suggests that the immune system interacts with the central nervous system (CNS) 

and the endocrine system more than previously believed. The endocrine system, which secretes hormones, is important 

to the stress response while the central nervous system plays an important role in the control of most bodily functions. 

The growing understanding of how psychological and social factors affect the CNS, endocrine system, and immune 

system led to the development of the field of psychoneuroimmunology (PNI). One way the immune system 

communicates with the body is through cytokines, including proinflammatory cytokines which promote 

inflammation.12 Researchers believe that cytokines play a role in several states, including feelings of sickness, 

depression, and social withdrawal.12 The majority of PNI research focuses on the relationship between stressors and 

the immune system. Research suggests that the sympathetic nervous system activation serves as the route by which 

stress affects the immune system. When the sympathetic activation leads to mobilization of resources, the initial effect 

is positive, but prolonged stress causes adverse physical effects. These adverse effects from stress influence the 

immune system through two routes: the peripheral nervous system—which includes the sympathetic nervous 

system—and the release of hormones through the endocrine system. The peripheral system is connected to the immune 

system by organs such as the thymus, spleen, and lymph nodes. The hormone release targets organs in the body such 

as the adrenal gland. When stimulated by the endocrine system and the sympathetic nervous system, the adrenal gland 

releases hormones and neurotransmitters such as epinephrine, norepinephrine, cortisol and other glucocorticoids. The 

latter two tend to depress the immune system.12 Elevated cortisol is associated with various physical and emotional 

distress conditions as well as producing an anti-inflammatory response.12 Two-way communication may also occur 

between the immune system and the nervous system through cytokines and the peripheral nervous system, potentially 

causing symptoms such as fatigue and depression.12 This evidence suggests that the immune system and stress 

response are intertwined and a malfunction in one can affect another. 

   Recently, research has focused on investigating genetic factors that influence individuals’ reactions to life stressors.13 

There are several genes linked to stress, anxiety and depression related to serotonergic systems and brain-derived 

neurotrophic factors, HTR2A, NR3C1, Val66Met, TPH2, and Arg441His, to name a few.14 Another genetic factor 

linked to stress is the serotonin-transporter-linked polymorphic region (5-HTTLPR). The 5-HTTLPR is a genetic 

polymorphism of the SLC6A4 protein coding gene. It codes for serotonin transporters which enable the reuptake of 

serotonin, 5-hydroxytryptamine or 5-HT. Serotonin is a neurotransmitter involved in the function of many brain areas, 

including the hippocampus, septal area, amygdala, raphe nucleus, cerebral cortex, and nucleus accumbens.15 Serotonin 

and serotonergic systems are linked to a number of human perceptions and behaviors including anxiety and pain.16 

The 5-HTTLPR polymorphism has been found to influence an individual’s perceived stress.17 The polymorphism 

consists of a short (s) and long (l) variation and has three prominent genotypes—ss, sl, and ll—where the ss genotype 

is most linked to anxiety-related personality traits.18 An in vitro study conducted on human lymphoblastoid cell lines 

found that the s allele reduces the transcriptional effectiveness of the serotonin gene, which decreases the serotonin 

transporter (5-HTT) expression and reduces the reuptake of serotonin.18 The reduction of serotonin reuptake caused 

by the ss genotype leads to an increase of serotonin in the cleft and this may explain the linkage to an increase in 

anxiety and depression.19 This is contrary to the fact that the low serotonin reuptake induced by taking SSRI drugs is 

a treatment for anxiety and depression. This paradox remains unexplained, but could be attributed to early 

developmental compensatory mechanisms caused by the reduced expression of 5-HTT.  

   A study was conducted to determine if the s allele increased risk of depression associated with the stress of a chronic 

illness. The researchers found that individuals with the s allele of the 5-HTTLPR had a higher mean of perceived stress 

level than individuals with the ll allele.17 This indicates that among chronically ill patients, those that carried the ss 

allele of the 5-HTTLPR reported a higher perceived stress level than those with the ll allele, indicating that the s allele 

may be linked with a greater perceived stress. In addition, individuals with the ss allele show a pro-inflammatory 

response bias which can lead to an adverse effect on the immune system leading to mental and physical illness.13 

Young women with low exposure to life stress and little to no history of mental health disorders were exposed to acute 

stressors via the Trier Social Stress Test (TSST) to determine if the ss or ll allele showed a predisposition to have a 
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greater reaction to acute stress. The study found that individuals with the ss allele showed a pro-inflammatory bias 

under stressful conditions. The pro-inflammatory bias indicates that individuals with the bias show an increase in the 

amount of pro-inflammatory cytokines produced by the body under stressful conditions. Excessive amounts of these 

pro-inflammatory cytokines have been linked to an increase in anxiety and depression. Both genotype groups, ss and 

ll, reported strong experiences of stress and negative emotion after the TSST establishing that ss individuals did not 

show a pro-inflammatory bias because they simply perceived greater stress.13 This demonstrates that individuals with 

the ss allele of the 5-HTTLPR polymorphism differ biologically from those with other variants showing a more severe 

biological stress response that may negatively affect physical and mental health. 

   Brain chemistry and structure differ between individuals. For example, differences in receptor binding capacity exist 

between genders for the type-2 serotonin receptor (5HT2R).20 Such differences may play a role in the differences in 

psychiatric diagnoses between men and women. Relatedly, studies have found that the 5-HTTLPR polymorphism can 

produce opposite effects in men and women. When twenty-two age-matched healthy men and women were compared, 

the researchers found that gender influenced the postsynaptic serotonergic response in the living human brain. The 

study consisted of two samples, both containing men and women, which focused on the stressor of caregiver status 

and childhood socioeconomic status (SES). Women with the ss allele had an increased vulnerability to depression 

under stressful life situations, whereas men with the ll allele genotype had increased vulnerability under the same 

conditions.21 The opposite effect the 5-HTTLPR polymorphism has on men and women may be explained by the 

differences in the brain structure of men and women. No differences have been found in the frequencies of the 

genotypes between genders.21,22 New research continues to emerge on the demographics affected by this 

polymorphism. However, this research suggests that there could be differences between certain populations. 

   The concept of mindfulness has been a part of many religious practices for a long time, but recently researchers have 

been exploring the effects of mindfulness on psychological well-being, including reducing the amount of stress that 

affects an individual. Mindfulness is defined as enhanced awareness and attention to the current experience.23 

Mindfulness is of particular interest to treatment of stress and anxiety because it provides an alternative, or aid, to 

medicinal treatment.24 It is practiced in many ways, for example, various types of meditation and yoga, qi gong and 

tai chi, energy healing, and biofeedback all involve mindfulness in some capacity, and some from a religious, spiritual, 

or secular perspective. This paper will focus specifically on a secular mindfulness in the psychological respect, of 

which there are two types, state and trait mindfulness. State mindfulness describes a specific time period or moment 

of being mindful that is not a daily aspect of an individual’s life. Trait mindfulness is a consistent mindfulness that 

some individuals possess that makes them aware of their activities in day to day life.23 For example, being mindful 

during a period of meditation is a state of mindfulness that may dwindle after the dedicated mindful time, but being 

consistently mindful during a normal day at work and continuing that mindfulness is an example of trait mindfulness. 

Mindfulness, specifically trait mindfulness, shows signs of reducing stress and improving well-being in those who are 

consistently mindful, and possibly, those who routinely practice state mindfulness.23 The reduction of stress associated 

with mindfulness may cause a reduction in presented physical symptoms. The intent of this project was to look at the 

relationships between health, stress, and mindfulness as well as the function that the 5-HTTLPR polymorphism plays 

in these relationships. 

 

 

2. Methodology 

 

2.1. Survey 

 
John Grahe and associates collected a set of surveys to use in the EAMMi2 study. The current study selected a smaller 

group of surveys for use in the behavioral genetics health psychology research, which included several surveys, such 

as: Patient Health Questionnaire (PHQ-15) (1=no pain, 3=a lot of pain), Perceived Stress Scale (PSS) (1=not stressed, 

5=very stressed), and Mindful Attention Awareness Scale (MAAS) (1=no mindfulness, 6=frequent 

mindfulness).23,25,26,27 The symptoms measured by the PHQ-15 in these studies were stomach pain, back pain, pain in 

your limbs, headaches, chest pain, dizziness, fainting spells, feeling your heart pound, shortness of breath, 

constipation, nausea, feeling tired, and trouble sleeping. The surveys were administered to two separate groups of 

participants—the EAMMi2 group, Study 1, and the GGC group, Study 2. Study 1 sampled from 32 institutions and 

gathered information from 3022 participants. Of the participants that contributed, 2201 were female, 751 were male, 

and 53 identified as other ranging in age from 18 to 61 years old (M=21.0). Study 2 sampled from Georgia Gwinnett 

College and gathered information from 182 participants. Of the participants, 147 were female and 35 were male 

ranging in age from 19 to 24 years old (M=21.2). The data from these surveys were cleaned and analyzed. 
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2.2. Hypothesis 

 
It was hypothesized that: 

 

(1) Gender differences will only appear in stress levels and physical symptoms. 

(2) Individuals with higher stress scores will report more adverse physical symptoms. 

(3) Individuals with higher mindfulness scores will report lower stress scores. 

(4) Individuals with higher mindfulness scores will report less adverse physical symptoms.  

 

 

3. Data 

 

3.1. Correlations Between Variables 

 
In Study 1 and 2, there was a negative correlation between stress and mindfulness where individuals who showed 

higher stress showed lower mindfulness (Study 1: r=-0.43, p<0.05; Study 2: r=-0.45, p<0.05). There was a negative 

correlation between physical symptoms and mindfulness where individuals who showed higher physical symptoms 

showed lower mindfulness (Study 1: r=-0.28, p<0.05; Study 2: r=-.022, p<0.05). There was a positive correlation 

between physical symptoms and stress where individuals who showed higher physical symptoms showed higher stress 

(Study 1: r=0.37, p<0.05, Study 2: r=0.44, p<0.05). The number of individuals genotyped to date (n=24 out of 90) is 

insufficient for analysis. Genotyping is ongoing. 

   Although statistically significant correlations were found, it is important to note outliers in both Study 1 and Study 

2 that do not follow the reported trends. Interestingly, while several individuals did report relatively high mindfulness 

and high stress, it is worth noting that none of the individuals scoring lowest on the mindfulness (<1.5) reported a 

stress score below 2.5.  

 

 

 
 

Figure 1. Scatterplot depicting the negative correlation between increasing mindfulness and increasing stress in 

Study 1 (EAMMi2) 
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3.2. Comparing the Studies 

 

3.2.1. gender differences in study 1 

 
Study 1 (EAMMi2) surveyed 3023 and found statistically significant differences between men and women regarding 

mindfulness, stress, and physical symptoms with all p-values below 0.05. Men reported slightly higher mindfulness 

scores than women, but as shown in Table 1, the mean difference is very small (ΔM=0.06). Women reported 

significantly higher levels of stress than men. Women reported higher scores for back pain, limb pain, headache, and 

feeling tired compared to men. The p-values were all significant except for limb pain. A summary of these findings is 

shown below in Table 1. 

 

3.2.2. gender differences in study 2 

 
Study 2 (GGC) surveyed 182 individuals and found significant differences between men and women regarding 

mindfulness, stress, and physical symptoms with all p-values below 0.05. This follows the survey trends seen in the 

larger population of Study 1. Men reported higher mindfulness scores than women. Women reported significantly 

higher levels of stress than men. Women reported higher scores for back pain, limb pain, headache, and feeling tired 

than men. The p-values were all significant. These findings are summarized in Table 1. 

 

3.2.3. differing mindfulness, recurring physical symptoms, and similar percent frequencies 

 
Only mindfulness scores were significantly different between Study 1 and Study 2. Overall, Study 1 (M=3.70, 

SD=0.84) participants scored lower for mindfulness than Study 2 (M=3.91, SD=0.89) participants. The most 

frequently reported physical symptoms in both studies were headache, back pain, limb pain, tiredness, and trouble 

sleeping. The percent frequency distributions for levels of mindfulness, stress, back pain, limb pain, and headache 

were similar for both Study 1 and Study 2 with bell-shaped distribution curves showing most of the score levels to be 

moderate. Scores for fatigue were similar in both Study 1 and Study 2. However, this symptom showed a skew towards 

high scores with the majority of the scores being reported as high for Study 1 (55% of the total population) and Study 

2 (68% of the total population).  

 
Table 1. Average score of Study 1 (EAMMi2) and Study 2 (GGC) data for each variable with standard deviation in 

parenthesis (all p-values are significant with values of p<0.05) 

 

 
 

 

4. Conclusion 
 
Several studies have been conducted on the relationship between stress, physical symptoms, and mindfulness, as well 

as stress and the 5-HTTLPR gene. This study sought to observe the relationship between mindfulness and stress in 

conjunction with the impacts of these variables on an individual’s physical health to add literature to this growing area 

of research. In addition, the literature suggests that individuals with the ss allele of the 5-HTTLPR polymorphism may 

report higher stress scores, lower mindfulness scores, and more adverse physical symptoms. 
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   It was hypothesized that individuals with higher stress scores would report more adverse physical symptoms, 

individuals with higher mindfulness scores would report lower stress scores, and individuals with higher mindfulness 

scores would report less adverse physical symptoms. 

   The study found that (1) gender differences appeared in stress levels, physical symptoms, and mindfulness levels, 

(2) individuals with higher stress scores reported more adverse physical symptoms, (3) 

individuals with higher mindfulness scores reported lower stress scores, and (4) individuals with higher mindfulness 

scores reported less adverse physical symptoms.  

 

4.1. Gender Differences Appeared Between Stress, Mindfulness, and Physical Symptoms 

 
Males and females showed significantly different scores in mindfulness, stress, and physical symptoms. This study 

found females reported higher levels of stress than men in both study samples which is consistent with previous 

literature and may be attributed to appraisal, physical response, social structure, coping, or a combination of these 

variables. Females and males tend to appraise stress in different ways as well as having different coping mechanisms, 

physical responses, and social infrastructures when dealing with stress which account for the differences between 

genders although females are more likely to report increased levels of stress.28,29,30,31  

   Males and females showed different levels of mindfulness with males reporting higher mindfulness scores than 

females in both study samples. These findings differ from previous studies that reported no gender differences in 

mindfulness levels.32,33,34 While one study found a marginal association between gender and mindfulness with men 

reporting higher trait mindfulness, this was not believed to be representative of the larger population.35 This difference 

could be due to the increased amount of stress among women. These previous studies were all conducted outside of 

the United States, in Britain, China, and Canada, which may account for the difference in findings. 

   Males and females reported different occurrences of physical symptoms with females reporting higher severity of 

physical symptoms. The literature is inconclusive pertaining to gender differences in health and self-reported health. 

Some studies suggest that there is a gender difference in self-reported health due to biological and social reasons.36 

Other research suggests that there are no gender differences between individual’s self-reported health, but they found 

differences in physical symptoms when health was tested objectively.37 More recent research suggests that the gender 

difference is dwindling as new generations are born with greater life expectancy and higher education.38 However, the 

age range of that study was roughly 38-77 years old while the age range of the current study is 18-61 years old with 

the vast majority of participants falling between 18 to 25 years old. The current study may offer a look at the younger 

generation and reflect a changing sense of stability in younger generations. Many of the participants in the current 

study are college students who experience many life transitions which may affect their sense of stability. This may 

cause them greater amounts of stress which may lead to decreased immune function and adverse physical symptoms. 

 

4.2. Stress, Mindfulness, and Physical Symptoms All Demonstrated Significant Correlations 

 
Stress and physical symptoms show a positive correlation meaning individuals with higher stress generally reported 

higher physical symptom scores. This finding is well supported by the literature.39 Mindfulness and stress show a 

negative correlation meaning individuals with higher mindfulness generally reported lower stress. This finding is also 

well supported by the literature.23,40 Mindfulness and physical symptoms show a negative correlation meaning 

individuals with higher mindfulness generally reported lower physical symptom scores. This finding is also well 

supported by the literature.23,41,42 Importantly, individuals with higher dispositional mindfulness tend to have healthier 

eating habits, better sleep, and better physical health. However, beyond traditional healthy habits (eating, sleeping, 

and exercising) higher dispositional mindfulness was found to contribute to increased physical health.41 One 

explanation is that mindfulness helps reduce stress which leads to better immune function.12 Additionally, mindfulness 

can increase immune function by activation of the left anterior cortex of the frontal lobe.24 

   Importantly, in this study stress, mindfulness, and physical symptoms were simultaneously surveyed from two 

sample populations, allowing for a cohesive investigation of how all three variables working within the population are 

correlated. These populations demonstrate that increased mindfulness correlates to decreased stress, decreased stress 

correlates to decreased physical symptoms, and increased mindfulness correlates to decreased physical symptoms. 

  Outliers are important to note. While the majority of the population followed these correlation trends, there were 

outliers as demonstrated in Figure 1. An individual could score high mindfulness while still scoring high stress due to 

factors that outweigh their dispositional mindfulness. These factors might include work load, socioeconomic status, 

and major life alterations. The same can be said for individuals who score high mindfulness and still show increased 
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physical symptoms. While mindfulness is thought to help alleviate immune system distress brought on by stress, an 

individual could have underlying health problems that lead to increased physical symptom severity.  

 

4.3. Mindfulness Differed between Study 1 and Study 2 

 
The overall mindfulness of Study 1 was significantly less than that of Study 2. This may be a function of the regional 

differences as Study 1 captured the mindfulness scores of institutions across the nation while Study 2 focused on GGC, 

which is an institution in the Southeastern United States. GGC also offers a unique and diverse student population due 

to the nature of the school. Many GGC students are immigrants, first generation college students, and/or nontraditional 

students. 

 

4.4. Back Pain, Limb Pain, Headaches, And Feeling Tired Are The Most Reported Physical 

Symptoms 

 
As mentioned in the introduction, back pain, limb pain, headaches, and feeling tired are among the most reported 

physical symptoms across several populations in studies using the PHQ-15.8,9,10 The current study found that in Study 

1 and Study 2 the highest reported physical symptoms were back pain, limb pain, headaches, feeling tired, and trouble 

sleeping. These findings are in keeping with the literature and trouble sleeping may be reported with feeling tired. 

 

4.5. Feeling Tired Differed From The Other Physical Symptom Percent Frequency Distributions 

 
The frequency distributions for back pain, limb pain, and headaches all followed normal distribution curves with the 

highest percent of participants reporting moderate scores in both studies. However, in both studies, the percent 

frequency for feeling tired was negatively skewed with 67.69% of Study 1 participants and 54.95% of Study 2 

participants reporting the highest score. This possibly indicates that the majority of participants noted they were 

“bothered a lot” by feeling tired, which is most likely a product of American culture: The National Safety Council 

reports that 38% of working Americans—more that 54 million workers—report sleep deprivation.43  

   Feeling tired was the only symptom in which the majority of participants indicated being “bothered a lot.” However, 

distributions for back pain, limb pain, and headaches showed that the majority of participants were “bothered a little.” 

This is somewhat concerning given that the sample population was a relatively young population of college students 

who are already indicating moderate levels of pain symptoms. These findings could be attributed to that fact that this 

survey was a self-report survey meaning that because participants were a younger population, they may have rated 

pain differently than an older population who has experienced more severe pain symptoms. On the other hand, these 

findings may suggest that the negative effect stress has on individual health is beginning to develop at a young age 

and could signal that measures to reduce stress and present negative side effects are immediately necessary. 

 

4.6. Areas for Future Study 

 
Further studies may gather DNA in conjunction with survey information to provide a large sample of data observing 

the relationship between the ss allele of the 5-HTTLPR polymorphism, stress, mindfulness, and physical symptoms. 

Exploring gender differences in mindfulness as well as physical symptoms, particularly in college populations in the 

United States, would help expand on the results found in this study. The difference in mindfulness found between the 

larger national study and the smaller regional study presents an opportunity for further research into the differences in 

regional mindfulness in the United States. Further mindfulness studies could also be done on the unique GGC 

population to determine if there is a statistically significant difference between the population at GGC and other 

universities. This study focused on the relationship of dispositional/trait mindfulness with stress, physical symptoms, 

and implications of the 5-HTTLPR polymorphism. However, future studies may investigate how state mindfulness 

and mindfulness-based therapy affect the stress and physical symptoms of those individuals with the 5-HTTLPR 

polymorphism as a treatment for the higher levels of anxiety and depression that many with the ss allele experience. 
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