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ABSTRACT

A Mediterranean diet (Med diet) has been shown to prevent and treat cardiovascular
disease (CVD). The association between CVD risk and nutrition has led to an increased interest
in the benefits of dietary intervention. In the United States, where 1 out of 4 deaths are related to
CVD, attempts at implementing healthful dietary patterns, such as the Med diet, have proven
unsuccessful. This is possibly because the food and lifestyle choices associated with these dietary
patterns are not typical in the United States. The impact of barriers in relation to dietary
adherence is an area of research necessary in order to improve the success of dietary
interventions. As certain barriers may be specific to environment and location, this follow-up
study was conducted to better understand the perceived and actual barriers specific to individuals
residing in a rural Pennsylvania region. Study participants (n=30) in the main MED Beef Diet
Study received 12 weeks of exposure to a Mediterranean cuisine. The follow-up study was
designed to assess the individuals in a free-living environment. A total of 9 participants
completed the 3-month follow-up study. Perceived and actual barriers to dietary change were
assessed at baseline and the end of the 3 months, respectively. At 3 months, self-reported
adherence to a Med diet was found to be negatively associated with both perceived (r=-0.760;
p<0.02) and actual barriers (r = -0.877, p<0.01). Barriers such as difficulty shopping for foods
and planning meals, lack of knowledge for food preparation, lack of time for food preparation,
expense of foods, limited time in general, and inability to adapt in social settings were commonly
reported. These findings support the idea that barriers are an important consideration when
developing dietary interventions, and the specific barriers identified can then be of focus while
trying to improve adherence to a Med diet and the prevention of CVD.
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Review of a Mediterranean Diet
The Mediterranean Diet (Med diet) is a dietary pattern inspired from countries
surrounding the Mediterranean Sea. The dietary pattern reflects the variety of foods traditionally
consumed in the Mediterranean region during the mid-20th century. The staple foods include
whole grains, fruits, vegetables, beans, herbs, spices, nuts and healthy oils, specifically olive oil,
as found in the Oldways Mediterranean Diet Pyramid, shown in figure 1. In the 1960’s, the
Harvard School of Public Health and the World Health Organization (WHO) became aware of
low chronic disease prevalence among these regions (Willett et al., 1995). This discovery, along
with life expectancy exceeding world averages, was a surprise due to the limited available
medical services. This led to the scientific investigation of the Med diet and its impact on chronic
disease prevention and increasing life expectancy (Altomare et al., 2013).
The Med diet’s significance was
soon recognized globally based on its role
in the protection against cardiovascular
disease (CVD). Being the leading cause of
death worldwide, CVD, and more
specifically ischemic or coronary heart
disease (CHD), is among the most studied
chronic diseases (GBD 2015 Risk Factors
Collaborators, 2016). This globally
Figure 1. Oldways Mediterranean Diet Pyramid

recognized health issue motivated many

efforts to identify risk factors and treatment options (Kreatsoulas & Anand, 2010). The discovery
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of the Med diet’s role in CVD prevention was accompanied by evidence suggesting benefits for
the prevention and treatment of other diseases including certain types of cancer,
neurodegenerative diseases, diabetes mellitus, obesity, and total mortality (Sofi et al., 2013). The
focus of this thesis will be the role of the Med Diet in cardiovascular disease risk prevention and
what challenges impact the adherence to implementing a Med diet in the United States (U.S.), a
non-Mediterranean region.

Prevention of Cardiovascular Disease with a Mediterranean Diet

Credited for the discovery of the Med diet’s correlation to health benefits, Ancel Keys,
conducted the “Seven Countries Study” in 1958. This study evaluated populations in Greece and
Southern Italy, the Netherlands, former Yugoslavia, Finland, United States of America, and
Japan. Italy and Greece were found to have the lowest prevalence of CHD in comparison to the
other regions. Even just beyond the borders of Italy and Greece, mortality rates were found to be
similar to the rest of the world (Sofi et al., 2013).
After this revelation of a Med diet’s cardiovascular benefits, many similar clinical trials
on a variety of populations were conducted. For example, the “Lyon Diet Heart Study,”
conducted in France, included individuals with a prior history of myocardial infarction and found
that within 27 months of following a Med diet, the rates of coronary events and mortality
decreased by 73% and 70%, respectively (de Lorgeril et al., 1998). “The Elderly Prospective
Cohort Study”, including 74,607 men and women above the age of 60 in 9 European countries
(Denmark, France, Germany, Greece, Italy, the Netherlands, Spain, Sweden, United Kingdom),
was designed to assess the association between recorded intake of specified dietary food groups,
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representative of a Med diet, and risk of total mortality. Using an adherence scale created for the
study, they found the risk of mortality was inversely related to the degree of adherence,
specifically, an increase of 2 points on a 10-point scale. With 0 being the lowest adherence and 9
being the highest adherence, this increase was equivalent to an 8% reduction in cardiovascularrelated mortality (Trichopoulou et al., 2005). Mitrou et al. (2007), used a Med diet pattern to
predict all-cause mortality in a US population using data from The National Institutes of Health –
American Association of Retired Persons Diet and Healthy Study. This study included incidents
of CVD deaths among 27,799 individuals between 1995 and 2005. Adherence with a Med diet
pattern was assessed using a 9-point scale, greater adherence to a Med diet was associated with a
12-20% reduction of all-cause and cause-specific mortality (Mitrou et al., 2007).
These findings were supported in both primary and secondary trials conducted in various
non-Mediterranean populations. The PREDIMED trial (Prevención con Dieta Mediterránea) was
a landmark trial designed to assess the long-term effects of the Med diet on incident CVD. A
total of 7447 individuals (aged 55 to 80 years) at high cardiovascular risk, were randomly
assigned to receive one of three diets: a Med diet high in extra-virgin olive oil, a Med diet high in
nuts, or a control diet (low-fat). Among persons at high cardiovascular risk, a Med diet
supplemented with extra-virgin olive oil or nuts reduced the incidence of myocardial infarction,
stroke, and death from CVD by 30% in 4.8 years (Estruch et al., 2013). Originally planned for 6
years, the study was prematurely stopped because it was deemed unethical to continue the study
knowing that the control group was being deprived of benefits. Thus, the PREDIMED trial was
the first primary prevention trial to show that a Med diet results in a significant reduction in the
risk of major cardiovascular events compared to a low-fat diet in less than 5 years.
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The U.S. has now recognized the Med diet as one of three recommended dietary patterns
included in the 2015-2020 Dietary Guidelines for Americans. Some adjustments from a
traditional Med diet have been incorporated to accommodate the needs of the U.S. population,
such as an increase in dairy consumption to ensure adequate calcium and vitamin D and a lower
fruit recommendation in consideration of the growing number of individuals diagnosed with
diabetes and pre-diabetes (HHS & USDA, 2015). Despite minor adjustments, the emphasis on
certain components of the diet such as increasing olive oil, fibrous foods, and moderate alcohol
intake remains in the Dietary Guidelines as the leading contributors to good health. The specific
food components that characterize a Med diet are now a focal point for research on the
prevention of CVD.

Food and Lifestyle Choices Associated with Prevention
Of the key components of a Med diet, olive oil is among the most popular studied due to
the availability, versatility, and various health benefits. The Mediterranean region is traditionally
known for the cultivation of olives, dating back 3,000 years (Riley, 2002). Used for cooking,
baking, flavoring, and snacking, olive oil is a highly versatile liquid fat. The popularity of olive
oil continues to increase as new research emerges about the relationship between olive oil’s
bioactive compounds and heart health (Martinez-Gonzalez & Bes-Rastrollo, 2014). Olive oil is
known for its high percentage of monounsaturated fats and phenolic compounds. Though the
biological properties vary based on type (extra virgin, virgin, etc.), the low concentrations of
saturated fats and high amounts of phenolic antioxidants are thought to be the benefiting factors
for heart health (Frankel, 2011).
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Whole, plant-based foods are also an essential part of the Med diet. Vegetables, fruits,
beans, nuts and seeds, legumes, and whole cereal grains prepared in a multitude of ways are
thought to account for the observed benefits (Trichopoulou, 2001). These foods contribute
omega-3 and omega-6 fatty acids, vitamins, antioxidants, minerals, phytochemicals, fiber, and
plant protein (Hu, 2003). Plant-based foods such as nuts and grains are now recognized as being
just as important for health as vegetables and fruits. This, in part, is related to the amount of fiber
these foods provide. Yet, to make food more palatable to the consumer, many westernized
countries began processing their grains, and, consequently, removing the fiber. Thus, intake of
highly processed, low-fiber foods combined with diets high in saturated fat from animal sources
have taken the place of getting calories from whole, plant-based food items (Dinu et al., 2017).
Wine also is a staple component of a traditional Med Diet. Wine was introduced in the
mid-20th century when the region allowed for vineyards and the development of wineries
followed. The potential health benefits of wine were first recognized as part of the “French
paradox” in which the French were known for their consumption of diets high in saturated fats
and yet low incidence of ischemic heart disease. This phenomenon was thought to be attributed
to their intake of red wine (Haseeb et al., 2017). Wine, and red wine in particular, contains
bioactive constituents called polyphenols, which have been shown to play a role in reducing the
risk of developing heart disease (atherosclerosis). Polyphenols appear to possess
antihypertensive, and anti-inflammatory properties that are being more thoroughly studied for the
treatment of CVD and cancer. To date, however, the bioavailability of polyphenols in red wine is
questionable, as is the relation of ethanol to health, therefore red wine cannot yet be held solely
accountable for preventing cardiovascular disease.
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In addition to the food components, lifestyle is said to play a significant role in the health
of these populations. This is evident in their guiding pyramid which displays a base that has
individuals being active and enjoying their lives. The Mediterranean way is to live happily
“…with an appropriate balance between energy intake and expenditure,” (Altomare et al., 2013).
Staying active, eating with family, and engaging in conversation are considered as part of the
health outcomes recorded. Physical activity, in particular, is promoted for the prevention of
CVD. Likewise, a general guideline to eliminate a sedentary lifestyle has been made by the U.S.
Preventative Services Task Force (Giada et al., 2007). The 2008 Physical Activity Guideline for
Americans recommend healthy adults spend 150 minutes per week in moderate-intensity aerobic
activity or 75 minutes per week in vigorous-intensity aerobic activity (Lanier et al., 2016). In
accordance with the Dietary Guidelines for Americans, the recommendations for physical
activity are to be paired with a Med diet, to establish lifestyle behaviors similar to those
populations first recognized for their remarkable health status (Gomez-Huelgas et al., 2015).

Previous Attempts at Implementing a Mediterranean Diet
Despite recommendations by the 2015-2020 Dietary Guidelines for Americans and the
ease and availability of the key components of a Med diet, the U.S. population continues to
struggle with implementation and maintenance of a Med style dietary pattern. Diet
implementation is the application or adoption of certain components of an eating pattern into
one’s own dietary pattern, while maintenance involves the long-term ability to adhere to those
changes. Currently, the typical American diet consists of excess added sugars, saturated fat,
sodium, and calories. The poor diet quality of Americans is one of the primary causes of

7

mortality and chronic disease in this country, with CVD being the most prevalent (MartinezGonzalez & Bes-Rastrollo, 2014). It is possible that barriers such as socioeconomic factors,
limited nutrition knowledge, preparation time, convenience, and other culturally relevant barriers
have limited the adoption of a Med diet in the U.S. (Bonaccio et al., 2016).

Actual Barriers Associated with Implementation
Identifying barriers to implementing dietary change is a focal point for researchers across
the globe. A study conducted in the East of England (the most eastern region of the UK) was
designed to examine the participant’s perceived barriers and facilitators that impacted their
ability to adhere to a Med diet. Focus group participants (n=11) in general found the Med diet
enjoyable but difficult to adopt. Individuals reported feeling physical benefits, they felt their food
quality was improved, and they enjoyed having the opportunity to experience new foods.
However, there was difficulty among the groups with time spent grocery shopping, higher cost of
foods, and the additional preparation time involved (Middleton, et al., 2015). In a similar study
conducted in a U.S. Appalachian food desert, changing personal habits seemed to be the largest
barrier faced (Hardin-Fanning, 2013). Family attitudes also played a major role in dietary
adherence, as perceptions of a Med diet and how to incorporate components into meals lead to
decreased motivation to implement the diet. Additional barriers included limited availability of
food products, high cost of food, preparation difficulty, and lack of health understanding. Lower
income and education levels also were correlated with lower adherence, thus targeting
interventions designed to increase knowledge and accessibility to healthy foods could promote
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sustained behavior change (Hardin-Fanning, 2013). Together these studies provide insight into
potential barriers experienced by individuals.

Perceived Barriers associated with Implementation
Perceived barriers, are obstacles identified before change is attempted and are shown to
play an important role in behavior change. Perceived barriers may stem from an individual’s
perception of their own self-efficacy or how successful they believe they will be in implementing
the behavior change. In a secondary analysis of behavioral weight loss trial data, the Barriers to
Healthy Eating (BHE) Scale was used to assess perceived barriers to weight loss. The BHE total
score was positively associated with measurements of weight, total energy, and fat intake
changes, suggesting that reducing barriers could lead to improved outcomes (Wang et al., 2015).
A similar observational study including 113 women and 100 men examined whether changes in
perceived barriers were associated with energy intake and body weight. Over the course of 12
months, declines in perceived barriers were associated with greater energy restriction and weight
loss. An exploratory factor analysis identified lack of knowledge, lack of control, and lack of
time as perceived barriers (Welsh et al., 2012).
Barriers to health behaviors, such as eating fruits and vegetables, a main component of a
Med diet, was investigated in the Scottish Health Survey and used for analysis by McMorrow et
al. (2017). They found that those women who reported a lack of cooking skills, a dislike of the
taste of healthy food or finding the foods too boring, lack of food preparation time, and lack of
willpower were less likely to meet fruit and vegetable recommendations. Of note is their finding
that not all commonly identified barriers were associated with lower fruit and vegetable intakes.
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For example, perceiving healthy foods as being too expensive was a frequently reported barrier,
however, those women who reported this barrier were not significantly less likely to meet the
recommended fruit and vegetable intake compared to those who did not report this as a barrier.
This is important because it suggests that not all perceived barriers have the same impact on
behavior change (McMorrow et al., 2017).

Rationale for Continued Research
A Mediterranean dietary pattern includes a focus on both foods and lifestyle behaviors,
therefore, implementing and maintaining a Med diet in non-Mediterranean countries introduces
challenges based on various cultural norms. Challenges such as food availability, cost, and
education all vary based on population. Thus, it is relevant to gain perspective on individual
barriers and challenges from any population with exposure to the Med diet. This proposal
addresses the identification of barriers as part of a clinical trial being conducted in central
Pennsylvania. In short, participants received 12 weeks of a Med diet with varying levels of lean
beef. At the end of the intervention period, information and recipes relevant to the Med diet were
provided, and participants were encouraged to implement a Med diet in a free-living
environment for 3 months. At the start and end of the 3-month period, participants were asked to
identify their perceived and actual barriers, respectively. The purpose of the current study was to
gain insight about the relationship between perceived and actual barriers and adherence to a Med
diet. All procedures were approved by the Institutional Review Board of the Pennsylvania State
University (IRB#00002555).
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Methods

Specific Aims
1.) To assess the association between an individual’s perceived barriers, as measured at baseline
(the start of the 3-month free-living period), and level of dietary adherence, as measured at
the end of the 3-month free-living period.
Hypothesis: The number of perceived barriers identified at baseline will be inversely
associated with adherence to a Mediterranean diet at 3 months. Perceived barriers will be
identified at baseline using the Maintenance Questionnaire, BHE, and BMED. Level of
adherence to a Med diet will be assessed using the MEDAS and MDS at 3 months.
2.) To assess the association between an individual’s actual barriers (as measured at 3 months)
and level of dietary adherence as measured at the end of the 3-month free-living period.
Hypothesis: The number of actual barriers will be inversely associated with adherence to
a Mediterranean diet at 3 months. Actual barriers will be identified using the BHE and BMED
at 3 months and dietary adherence to a Med diet will be measured using the MEDAS and
MDS at 3 months.
3.) To assess the association between dietary adherence to a Med diet, as measured at the end of
the 3-month free-living period and cardiovascular risk factors measured at the end of the 3month period.
Hypothesis: Adherence to a Mediterranean Diet will be associated with greater
cardiovascular benefits at 3 months. This will be measured by looking at the association
between dietary adherence score (MEDAS and MDS) and blood lipid/lipoprotein
measures at 3 months.
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Previous Research by Principal Investigator
This study is an extension of the “Dose-Response Effects of Lean Beef in a
Mediterranean-Style Dietary Pattern on CVD Risk Factors” study also referred to as the
Mediterranean Diet with Beef Study (MED Beef) conducted by Dr. Penny Kris-Etherton and Ms.
Jennifer Fleming in the Department of Nutritional Sciences at Penn State University. This
follow-up study was designed to assess the impact of an individual’s perceived and actual
barriers on their ability to implement and maintain a healthy dietary pattern, and specifically a
Mediterranean style dietary pattern, into their current lifestyles.
Participants included generally healthy males and females aged 30 to 70 years living in
central Pennsylvania. Of the 36 participants enrolled in the original trial, this study includes 9
individuals who completed the intervention period and agreed to participate in the 3-month freeliving follow-up period. The original MED Beef Study is a 4-period randomized controlled
feeding cross-over trial designed to assess the effect of lean red meat as part of a Med style diet
on risk factors contributing to the development of CVD. The controlled feeding intervention
consisted of four diet periods, administered in randomized order, each lasting 4 weeks with a 2week compliance break between periods. This thesis research study was conducted after the
participants completed all four diet periods, which began in May 2017 and lasted through
February 2018.
The four test diets were:
1) a Mediterranean diet (MED 0.5) that provided 0.5 oz. per day of lean beef;
2) a matched MED diet (MED 2.5) with the same fatty acid profile as the MED diet, but
contained 2.5 oz. per day of lean beef;
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3) a matched MED diet (MED 5.5) that provided 5.5 oz. per day of lean beef (on a 2100 calorie
diet); and
4) an Average American Diet (AAD).

Student Contributions
The student was completely responsible for the coordination and collection of data for
this follow-up study. During the 3-month free-living period the student used this time to create
an information booklet on the Med diet, which included tips on how to implement the diet at
home. In addition, she identified several popular recipes from the MED Beef controlled feeding
study and converted the batch amounts (portioned in grams) to standard household measures.
She compiled questionnaires provided by the principal investigators of the MED Beef Study and
developed a baseline (maintenance questionnaire) and follow-up questionnaire to address her
specific study questions and identify those individuals interested in participating in the follow-up
study. After completion of the controlled feeding portion the student reached out to each
participant to explain the rationale for the follow-up study and determine their interest in
participating. She then set up the initial visit with those who expressed interest. This meeting
began with an explanation of the study and review /signing of the informed consent form.
Information about the Med diet and recipes also were discussed. The student administered the
questionnaires about perceived barriers and scheduled the 3-month follow-up meetings. The
student met each participant at the follow-up visit to organize the collection of biochemical data
and to administer the follow-up questionnaires. Nurses at the clinical center measured vital signs
and performed a blood draw. The student then sent participant blood samples to Quest for
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analysis. After receiving the results of the lipid analyses she provided a thank you letter to each
participant summarizing their lab results in comparison to optimal levels. The steps and materials
are explained in further detail below.

Initial Visit
After completion of all four diet periods, those participants interested in proceeding with
the 3-month follow-up study were scheduled for an educational session on how to implement a
Med style dietary pattern at home (in their free-living environment). During this session a
consent form was completed, dietary implementation was discussed, and education materials,
including a recipe booklet with all the study recipes, were provided. Upon completion of the
session participants also completed several questionnaires.

Education Materials
The participants in MED Beef were given various recipes during each of their treatment
periods. Though they may have heard about health benefits or other information on the Med diet,
assumptions could not be made about their level of knowledge to adopt these dietary patterns
into their current lifestyles. With inspiration from Oldway’s Mediterranean Diet Pyramid, an
information booklet was created (see Appendix A). The booklet provided basic information
about what a Med diet is and how to differentiate it from other diets. The booklet also described
the characteristics of the staple food components of a Med diet that contribute to health benefits
and chronic disease prevention. Lastly, the booklet discussed tips on how to implement a Med
diet such as taking small steps, replacing only 1-2 foods at a time, and finding foods individually
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preferred, since there are many variations within the Med diet. Information was gathered from
Oldway’s (“Oldways 4-Week Mediterranean Diet Menu Plan Book,” 2009.) and USDA (“Food
Composition | Food and Nutrition Information Center | NAL | USDA,” 2015).
A recipe booklet of the meals provided throughout the study was also created (Appendix
B). Recipes were originally formulated in bulk amounts using gram weights in order to
accurately weigh out participant portions. Over the course of the study, participants recipe
preferences were collected and most popular recipes were converted into household measures.
Specifically, items were converted from grams to cups, tablespoons, teaspoons, etc. using
measurements (“COOKITSIMPLY.COM: Food and liquid measurements and conversion
tables,” 2017). and Aqua-Calc (“Weight to Volume conversions for common substances and
materials,” 2017). The purpose of the recipe booklet was to assist participants in their efforts to
adopt a Med diet as well as to compensate them for participating in the study.

Baseline Questionnaires

The MED Diet Maintenance Questionnaire:
The MED Diet Maintenance Questionnaire was designed specifically for this study to
identify a participant’s level of interest in implementing a Mediterranean diet and, if there was
interest, what were the motivating factors. Questions 1-6 were designed to assess the
participant’s level of enjoyment, energy and attitudes toward maintaining or adhering to a
Mediterranean diet on their own, using a 5-point Likert scale (with values of 1-5). For those
indicating that they would likely discontinue the diet, the questionnaire asked individuals to
specify what it was they did not enjoy about the diet or felt they could not maintain. The sum
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total of questions 1-6 were used to assess the association with dietary adherence, with 6 being the
least likely to adhere to a Mediterranean diet and 30 being the most likely to adhere. In addition,
three open-ended questions were included; 2 were designed to obtain more specific information
about their previous responses in questions 1-6 and one to assess potential barriers by asking:
“What barriers in your current lifestyle do you feel would prevent you from continuing this
diet?” (for example: convenience, time, accessibility, or previous habits). Participants also were
asked to set a goal for the next three months including what type of dietary change they were
planning to implement. These additional questions were used as guiding tools for the participants
attempting to maintain a Med diet and did not contribute to specific results.
Barriers to Healthy Eating Scale:
To meet the second objective of this study, participants completed the 22 item Barriers to
Healthy Eating Scale (BHE; Burke et al., 2004). Using a 5-point Likert scale (1=not a problem at
all to 5=a very important problem for me) participants were asked to identify what barriers they
perceive may hinder their ability to maintain a similar dietary pattern on their own. The sum of
their responses was used to determine the likelihood of adherence based on the perceived impact
of each of the barriers listed. After 3 months, the questionnaire was administered again to
compare their perceived versus actual barriers numerically.
List of Barriers to a Mediterranean Diet Questionnaire (BMED):
The BMED is a 21-item checklist used to identify potential barriers to adhering to a
Mediterranean Diet. Examples include: cooking skills, the price of healthy food, busy lifestyle
etc. Scores were calculated by adding up the number of items identified, with higher scores
indicating a greater number of perceived barriers.
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Follow-up Visit
Three months following the initial visit, each participant’s ability to implement a
Mediterranean lifestyle in a free-living environment was assessed. During these three months, no
further dietary or lifestyle guidance was provided. At the 3-month follow-up visit participants
were asked to complete a similar set of questionnaires, two dietary adherence scales, and
physical and biochemical testing (weight, blood pressure, and blood sample). The follow-up
questionnaire packet included three questions (follow-up questions A-C; FUA-C): A) “Did you
attempt to maintain a Mediterranean Style eating pattern?”, if participants answered “yes” to the
first question, they were asked question B) rate the level of their success on a scale of 1-5 (with 1
being very successful and 5 being not at all successful), and C)“Did you incorporate any of the
study recipes into your diet?”. They were then instructed to complete the Barriers to Healthy
Eating Scale and List of Barriers Questionnaire, as described above, as well as two dietary
adherence scales. For those participants who answered “no” to the first question, they were asked
to describe why they did not attempt to maintain a Med diet. They were then instructed to skip
the first two questionnaires and only complete the two dietary adherence scales. The second
question about the incorporation of study recipes was for our information only.

Adherence Scales
Mediterranean Diet Assessment Scale (MEDAS; Estruch et al., 2013)
The Mediterranean Diet Adherence Screener (MEDAS) is a 14-item dietary screener
used to assess level of adherence to a Mediterranean diet. The screener assessed the intake of
specific foods and frequency of consumption of those foods. The various foods included olive
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oil, vegetables, fruits, red meat, full-fat dairy products, sweetened beverages, legumes, fish, nuts,
weekly intake of wine, commercial sweets, preference of chicken or turkey over red meats, and
weekly use of sofrito. Each food had a specific criterion based on the frequency of that food
item: 1 point if frequency met criteria and 0 points if the criteria were not met. The points were
added to determine a quantitative score of compliance with the Med diet. Scores may range from
1 to 14 with higher scores indicating greater compliance.
The Mediterranean Diet Score (MDS; Panagiotakos et al., 2006):
This questionnaire assessed the 11 main components of the Mediterranean diet (nonrefined cereals, fruits, vegetables, potatoes, legumes, olive oil, fish, red meat, poultry, full-fat
dairy products and alcohol). Consumption of items presumed to be close to this pattern were
assigned scores of 0, 1, 2, 3, 4 and 5 depending upon whether a participant reported their
consumption as none, rare, frequent, very frequent, weekly or daily, respectively. The
consumption of foods presumed to be away from this pattern (red meat and products, poultry and
full fat dairy products) were assigned scores on a reverse scale. For example, red meat was
assigned a score 5 for consumption of ≤ 1 serving per week, and a score of 0 for consumption of
more than 10 servings per week. Then a total score ranging from 0 to 55 was calculated, with
higher scores indicating greater adherence.

Physical and Biochemical Testing
In addition to the questionnaires, participants also completed physical and biochemical
testing. These tests included measures of weight, blood pressure, and a blood sample. A 12-hour
fasting blood sample of 10-25 ml was collected to measure total cholesterol, low-density
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lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), triglycerides, and
blood glucose. Results of the physical and biochemical tests were given to participants and
compared with recommended ranges. Cardiovascular disease risk was also assessed using
Americans College of Cardiology’s ASCVD Risk Estimator Plus. These data were not used to
assess adherence but were provided to the participant as informative information about their
current health status and risk for CVD.

Statistical Analysis
A total of 9 participants were included in the final analyses. For the lipid data one
participant was not included because she was an outlier with values greater than 3 standard
deviations from the mean. Data were checked for normality using proc univariate with statistics
including the mean, median, mode, standard deviation, skewness, and kurtosis. Data were nonnormally distributed, so non-parametric analyses were used. Spearman correlation was used to
assess the association between perceived barriers at baseline and 3 months with level of
adherence to a Med diet. Correlations between cardioprotective risk factors and adherence to a
Mediterranean diet were also assessed. Data are presented as the Spearman’s correlation
coefficient (rho) and significance was defined as p<0.05. A linear regression line was plotted on
scatterplots to visualize the linear relationships, even though distributions were not normal. Data
were analyzed using SAS 9.4 (SAS Institute, Cary, North Carolina).
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Results

Population Details
Nine individuals agreed to participate in the MED Beef Follow-up study. Participants
were generally healthy nonsmoking males (n=5) and females (n=4) aged 30 to 70 years.
Baseline values for each participant are listed below in table 1.
Table 1. Participant Baseline Values
Participant

BMI
(kg/m^2)

Triglycerides
(mg/dL)

LDL-C
(mg/dL)

HDL-C
(mg/dL)

202

24.7

168.0

143.0

50.0

Blood
Glucose
(mg/dL)
98.0

204

27.9

279.0

239.0

52.0

N/A

209

24.5

86.0

96.0

70.0

94.0

210

25.5

59.0

73.0

66.0

95.0

214

36.1

131.0

117.0

49.0

111.0

215

26.9

142.0

123.0

60.0

89.0

216

25.2

149.0

133.0

61.0

104.0

217

24.5

83.0

113.0

68.0

110.0

218

25.1

60.0

136.0

69.0

86.0

Motivation, Perceived Barriers and Adherence
The Maintenance Questionnaire, which targeted an individual’s motivation to adopt a
Med diet was not correlated with either adherence scale (MDS: r=0.535, p=0.138; MEDAS:
r=0.403, p=0.282), however the regression line showed a trend toward a positive linear
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relationship between motivation at baseline and dietary adherence at 3 months (figure not
shown). The correlation between baseline barriers (perceived barriers) as measured using the
BHE and adherence at 3 months as measured via the MEDAS was statistically significant
(r=0.760, p=0.017), suggesting that individuals with a greater number of perceived barriers are
less likely to adhere to a Med diet (Figure 2). Whereas the correlation between the BHE and the
MDS adherence scale did not reach statistical significance (r=-0.763, p=0.017), the trend was in
the same direction. Likewise, the correlation between perceived barriers as measured via the
barriers to a Med diet scale (BMED) and adherence was not as strong (MDS: r=0.535, p=0.138;
MEDAS: r=-0.091, p=0.817)as the observed correlation when using the BHE scale, however, the
trend was in the same direction (figure not shown).
Figure 2. Correlation between Barriers to Healthy Eating (BHE) at Baseline and Dietary
Adherence (MEDAS) at the 3 Month Follow-up
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Perceived and Actual Barriers
To assess the role perceived barriers play in predicting actual barriers, the correlation
between perceived barriers (baseline) and actual barriers (3 months) was analyzed. As shown in
Figure 3, there was a significant correlation between the perceived barriers and actual barriers
using the BHE scale (r=0.778, p=0.023). This suggests that the measurement of perceived
barriers may help to identify those at greatest risk of having actual barriers.
Figure 3. Correlation between Barriers to Healthy Eating at Baseline (Perceived) and
Barriers to Healthy Eating at the 3 Month Follow-Up (Actual)

Actual Barriers and Adherence
The following data represent the correlation between actual barriers (assessed at 3
months) and dietary adherence. As shown in Figure 4, there was a significant negative
correlation between actual barriers (as measured via BHE) and dietary adherence as measured
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using the MEDAS (r=-0.877, p=0.010). This suggests that individuals with a greater number of
actual barriers will have lower levels of adherence to a Med diet.
Figure 4. Correlation between Barriers to Healthy Eating at 3 Months (Actual) and Dietary
Adherence (MEDAS)

Follow-up Questions and Barriers
The following sets of scatter plots represent the correlations between the follow-up
questions (FUA-C, as described above), and actual barriers as measured via the BHE
questionnaire. There was no correlation between BHE at 3 months and Follow-up Question A
(FUA), asking if there was an attempt at implementing a Med diet (r=0.000, p=0.000). There was
a strong positive correlation between BHE at 3 months and Follow-up Question B (FUB), asking
participants to rate success of implementation, (r=0.705, p=0.051), as illustrated in Figure 5. No
significant correlation was found between BHE and Question C (FUC), asking if the recipes
were incorporated (r=0.253, p=0.545).
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Figure 5. Correlation between Barriers to Healthy Eating (Actual) and 3 Month Follow-Up
Question B

Follow-up Questions and Adherence
The following sets of scatter plots represent the correlation between the follow-up
questions (FUA-C) and dietary adherence, as measured via the MEDAS and MDS scales. No
correlation was observed between the MEDAS (r=-0.439, p=0.237) and MDS (r=-0.069,
p=0.859) adherence scales with Follow-up Question A (FUA). Follow-up Question B (FUB)
showed a significant negative correlation with both dietary adherence scales (MEDAS, r=-0.919,
p=0.001; MDS, r=-0.722, p=0.043), see Figures 6 and 7. Figure 6 presents with only 5 points in
the scatter plot due to oversampling, which happens when more than one observation has the
same or very similar values. This happened as a result of the small response set of both the
MEDAS and FUB as well as the small number of participants. Though there was only a trend
toward significance between the MEDAS and FUC (r=-0.544, p=0.163), this suggests that
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individuals who incorporated the study recipes into their meal planning had greater levels of
dietary adherence.
Figure 6. Correlation between Dietary Adherence via MEDAS and 3 Month Follow-Up
Question B

Figure 7. Correlation between Dietary Adherence via MDS and 3 Month Follow-Up
Question B
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Cardiovascular Risk and Adherence

All cardiovascular data excludes one participant because she was an outlier with values
greater than 3 standard deviations above the mean. The correlation between dietary adherence,
measured via MEDAS, and cardiovascular risk factors are shown in Table 2.
Table 2. The correlation between the MEDAS dietary adherence scale and cardiovascular
risk factors
Cardiovascular
Risk Factor
(n=8)
BMI
Total Cholesterol
LDL
HDL
Systolic BP
Diastolic BP
Triglycerides

Spearmans
Correlation
Coefficient (rho)
-0.349
0.126
-0.441
0.567
-0.159
0.323
-0.504

P-value

0.3975
0.7663
0.2741
0.1428
0.7062
0.4356
0.2029

The correlation between dietary adherence as measured via the MDS scale and
cardiovascular risk factors is shown in Table 3.
Table 3. The correlation between the MDS dietary adherence scale and cardiovascular risk
factors
Cardiovascular
Risk Factor
(n=8)
BMI
Total Cholesterol
LDL
HDL
Systolic BP
Diastolic BP
Triglycerides

Spearman’s
Correlation
Coefficient (rho)

P-value

0.628
0.073
-0.279
-0.352
0.472
0.274
-0.109

0.0954
0.8641
0.5037
0.3931
0.2372
0.5125
0.7970
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Although no statistically significant correlations between dietary adherence and
cardiovascular risk factors were observed, there was a trend in the expected direction for LDL
and MEDAS. As illustrated in Figure 8, dietary adherence was inversely associated with LDL
suggesting that greater dietary adherence had a beneficial impact on LDL. A similar inverse
trend was observed for dietary adherence and triglycerides (Figure 9), while the opposite was
true for HDL, with greater levels of dietary adherence being associated with higher levels of
HDL (Figure 10).
Figure 8. Correlation between LDL and Dietary Adherence via MEDAS
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Figure 9. Correlation between Triglycerides and Dietary Adherence via MEDAS

Figure 10. Correlation between HDL and Dietary Adherence via MEDAS
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Adherence Scale Association
The correlation between the MDS dietary adherence scale and the MEDAS scale was not
significant (r=0.501, p=0.170). Based on our results the MEDAS scale was a better tool for
assessing adherence to a Med diet in our population (figure not shown).
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Discussion

Correlations between Barriers and Dietary Adherence
In this study, it was expected that individuals with a greater sense of perceived barriers
(as measured at the start of the 3-month free-living period) would have lower levels of success
adhering to a Med diet. Likewise, it was expected that those with the highest level of perceived
barriers would have the highest level of actual barriers (those measured at the 3-month followup) and, therefore, lower levels of dietary adherence. It also was anticipated that those
individuals with greater levels of adherence would have the least cardiovascular risk factors.
In the present study, there was a significant correlation between levels of perceived
barriers and dietary adherence suggesting that the more barriers an individual perceives as
hindering their success to adopting a Med style diet the less likely they are to be successful.
Thus, in order to increase adherence to a Med diet there needs to be interventions directed
toward the identification of perceived barriers prior to the implementation of dietary change.
Furthermore, as illustrated in in Figure 2, there is a significant correlation between levels of
perceived barriers and those measured 3 months later (actual barriers). This is important as it
suggests that interventions need to both identify and target the reduction of perceived barriers as
a means to promoting greater success with eliciting dietary change. Given that many participants
experienced the barriers they had perceived as being a challenge, it is possible that an
intervention targeting perceived barriers may prove to be effective. As would be expected,
Figure 3 illustrates the significant negative correlation between actual barriers and dietary
adherence, with those participants reporting a higher level of actual barriers, having decreased
levels of dietary adherence.
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After the 3-month free-living period, participants were asked to report their level of
success in implementing a Med diet. Their self-reported level of success was significantly
correlated to their actual barriers, as shown in Figure 4, as well as dietary adherence, shown in
Figures 5 and 6. This suggests that participants’ level of perceived success was impacted by the
actual barriers they faced. This may relate, in part, to an individual’s sense of self efficacy. Those
participants who perceived they would face the greatest challenges also reported having faced
the greatest barriers and ultimately felt the least successful. They also were found to have the
lowest levels of dietary adherence. This, too, suggests that targeting the identification and
reduction of perceived barriers may improve self-efficacy and subsequently an individual’s level
of success in making dietary change.
CVD risk was expected to decrease as dietary adherence increased due to supporting
evidence of the Med diet improving cardiovascular health. Dietary adherence was shown to trend
expectedly with LDL, triglycerides, and HDL. The trends observed provide additional support
for the hypothesis of a Med diet being associated with reduced CVD risk.

Identifying Motives and Barriers
Several open-ended questions were included in this study to gain a better understanding
of an individual’s motivation to maintain a Med diet and the possible barriers they may face.
This information may be useful in the development of interventions aimed at increasing
motivation and reducing potential barriers. The goal was for participants to become aware of
their potential challenges and attempt to find ways of overcoming them before they hindered
their success in implementing a Med diet.
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At the start of the 3-month free living period participants were asked to indicate what
they enjoyed the most about consuming a Med diet versus what they enjoyed the least. Positive
responses included the healthful effects of the diet, the feeling that the diet was well balanced,
the incorporation of olive oil, fruits, fish, greens, along with feeling good about consuming less
sugar and salty processed foods. Also recorded was the enjoyment of fresh and good-tasting
foods, as well as an excitement for the variety of foods the Med diet provided. What participants
found least desirable was the inability to replace certain food items that they did not like. For
example, many participants felt there were excessive amounts of greens and garlic and some did
not enjoy the taste of the falafel, eggplant, or beets. While some reported the lack of cheese and
salty snacks was a challenge no one complained about the lack of sweets.
When asked whether or not they would like to continue a Med diet, all participants
answered yes. The reported health benefits of a Med diet was the greatest contributor to their
desire to maintain the diet. Other motivating factors included their enjoyment of the food and
how good the diet made them feel.
Lifestyle barriers were reported to be the greatest preventative factor for maintaining a
Med diet. For example, participants found changing their everyday habits was difficult.
Specifically, their reported barriers included difficulty shopping for foods and planning meals,
lack of knowledge for food preparation, lack of time for food preparation, expense of foods,
limited time in general, and inability to adapt in social settings. The barriers reported were
consistent with dietary change barriers previously reported in the referenced literature.
Participants were also asked to set a goal. This was a realistic perspective on what dietary
changes they felt could be implemented over the next three months. Some participants answered
to make the Med diet a habit by the end of the month, most were less ambitious with goals to
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increase olive oil, fruit, and/or vegetable intake. The majority of participants were not able to
reach their goal by three months.

Interventions aimed at Decreasing Barriers
Based on the study results, barriers, both perceived and actual, need to be identified and
decreased in order to improve dietary adherence. Many of the barriers identified may be
improved through nutrition counseling. Visiting with a Registered Dietitian (RD) can improve
awareness of individual barriers, improve knowledge deficits, and help set realistic goals catered
to individual needs.
Other commonly reported barriers are more difficult to overcome. A complicating factor
in what is stopping most Americans from consuming a healthy diet is the food system itself.
Barriers such as lack of food availability and the high cost of healthy foods are both highly
impacted by the food system. Those barriers might seem out of individual control but in fact
individual demand does influence food systems supply (Nesheim et al., 2015). If individuals
demand healthy, Mediterranean food, it is in the interest of the market to supply those food items
at an affordable cost. An increased demand for certain food items can also decrease the cost of an
item. Education about and promotion of the Med diet and its health benefits can lead to more
individuals demanding healthier items being available to them. Thus, public health awareness
may improve productivity and the economy.
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Strengths
A strength of this research was the participants’ opportunity to familiarize themselves
with a Med diet. This study was a follow-up to the MED Beef study in which individuals
received 12 weeks of a Mediterranean controlled style diet, which helped to teach them about the
foods and portion sizes they should be consuming. A variety of foods were provided giving them
the opportunity to discover food items they might not have tried before. Their familiarity of a
Med diet was also increased with the provided education handouts and recipe guides. They
received all the tools required to be successful in implementing a Med diet on their own.
Another strength of this research was the information given to individuals about CVD
risk factors. Participants were provided information about individual CVD risk using the
ASCVD risk calculator. In addition to a risk analysis, risk factors such as blood glucose, total
cholesterol, LDL, HDL, triglycerides, and blood pressure were explained in a thank you letter.
This included their values as well as a normal/healthy value for comparison. They may find this
information useful as a motivating factor to continue their efforts in implementing lifestyle
modifications.

Weaknesses
A major weakness of the study was the small sample size. Without adequate power it is
difficult to find associations that are present, and it may be the case that there appear to be
relationships when there are not. As well, we did not adjust our statistical testing for the multiple
comparisons conducted. We do believe that our study was conducted as well as possible, yet a
greater sample size is needed to further test these relationships. In addition, we did have to
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eliminate one participant from the cardiovascular risk data set, as she was an outlier, which
further reduced our sample size.
Another possible weakness was the reliance on self-reported data. People often
overestimate healthy patterns of living and potentially greater levels of dietary adherence.
Although food frequency questionnaires and 24-hours are often criticized because of this, it
would have been interesting to compare actual dietary intake with their reports of dietary
adherence to a Med diet.

Conclusions
The Med diet is shown to prevent cardiovascular disease. This research is supported by
specific food components and characteristics of the Med diet that contribute to positive health
outcomes. Despite recommendations by the 2015-2020 Dietary Guidelines for Americans to
adopt a healthy Med diet, the increasing prevalence of cardiovascular risk factors in the U.S.
leads us to believe that the implementation of a Med diet in the U.S. has been largely
unsuccessful. This thesis and other supporting evidence show the influence that perceived and
actual barriers have on adopting and maintaining a Med diet. Barriers may include those faced at
the individual and population level. Thus, perceived and actual barriers are important factors to
target when developing interventions aimed at eliciting dietary change and, specifically, the
implementation of a Med diet in various non-Mediterranean regions.
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Gettysburg, PA
•
•
•

Volunteered in YWCA’s child services, working with meal preparation
Conversed with children about eating habits and their perception about food and health
Introduced healthier alternatives to snacks, breads, and dairy products that supported
dietary guidelines

Additional Experience
CLIMBING WALL MONITOR | PENN STATE ADVENTURE RECREATION | FALL
2017 – CURRENT
State College, PA
• Introduce an inclusive, community-oriented environment for all of Penn State’s students
and faculty interested in climbing
• Ensure a safe, fun, and physical, mental challenge for new and experienced climbers

CLIMBING INSTRUCTOR & ART DIRECTOR | CAMP BRULE | SUMMERS 2014 –
2017
Forksville, PA

•
•
•

Developed advantageous group dynamics for young scouts to carry throughout any
environment they choose to be involved in
Organized field trips, activities, and lesson plans to help adventure seeking scouts engage
in fine art merit badges
Patiently learned to adapt to many types of scouts, leaders, and situations that can happen
in a month of camp

SKI TECHNICIAN | LIBERTY MOUNTAIN RESORT | WINTER SEASONS 2011 – 2015
Fairfield, PA
•
•

Gained valuable experience helping others enjoy their leisure time though difficult sports
with teaching and gear guidance
Took on common stressors involving family vacations in order to ensure beginner skiiers
and snowboarders would return for more

Extracurricular Activities
STUDENT FARM CLUB | FALL 2017 - CURRENT
Supporting sustainable food systems through Penn State’s campus farm
PENN STATE DHARMA LIONS | SPRING 2016 – CURRENT
Meditation group for practice of self-awareness and mindfulness
PENN STATE CLUB YOGA | SPRING 2016 – CURRENT
Exploring mind and body connection
Professional Memberships

ACADEMY OF NUTRITION AND DIETETICS | JUNE 2017 - CURRENT

