
ABSTRACT 

OBRIANT, JASON MARK. Engaging Students in Healthcare to Impact Effects of Food 

Insecurity on Patients with Type 2 Diabetes and Measure the Effects of High Intensity Exercise 

on Blood Glucose. (Under the direction of Dr. Jonathan C. Allen). 

 

 

Diabetes is a collection of chronic diseases characterized by elevated blood glucose and 

is rapidly becoming a leading, world-wide disease burden of mortality. For people dealing with 

any form of the disease, it significantly increases overall healthcare costs, time spent engaging in 

glycemic management practices, and the risk for comorbid conditions. Diabetes also has a 

reciprocal relationship with food insecurity, and prevalence rates tend to be greater in 

populations where either condition is present. Because type 2 diabetes can almost exclusively be 

controlled and prevented by optimal nutrition, the impact of food insecurity, which describes a 

set of economic and environmental barriers limiting access to optimal or sufficient food, is 

especially deleterious on individuals experiencing both conditions simultaneously. The hallmark, 

measurable symptom of diabetes is hyperglycemia. After optimal diet, exercise or physical 

activity is the next most effective way to reduce elevated blood glucose without the use of 

pharmacological agents or exogenous insulin. Most Americans do not meet the minimum 

physical activity guidelines set forth by the U.S. Department of Health and Human Services of 

150 minutes of moderate-intensity or 75 minutes of high-intensity activity per week. 

The aim of this dissertation was to explore barriers to optimal nutrition, test an exercise 

protocol to reduce postprandial hyperglycemia, and investigate the impact on learning when 

healthcare students assist with research. There are two primary studies (Project FEED and The 

CGM-Exercise Trial) which recruited participants from the community. Each primary 

investigation also has a companion, pedagogical study exploring healthcare studentsô learning 

after participating with human health research as part of their required curriculum. The first 



study, Project FEED, investigated the unique nutrition barriers faced by patients living in an 

urban environment when dealing with uncontrolled diabetes and food insecurity. Using a 

qualitative approach, researchers interviewed patients (n = 14) recruited from a medical clinic. 

The major dietary barriers described by the patients were transportation and money. Another 

theme we observed was the reliance on spirituality or faith in God. Spiritual practice served 

multiple roles in their lives, but overall could be seen as a protective belief which gave access to 

contentment despite challenging circumstances. These findings may be useful for program 

planners when designing culturally appropriate interventions to effect behavior change by 

utilizing and addressing these social determinants of health. Study 2, the pedagogical companion 

to Project FEED, explored student learning for disease specific topics and their willingness to 

engage in interprofessional collaborations. Students recruited from a medical school and dietetic 

internship program (n=28) were partnered together to engage in an interprofessional education 

experience. Each pairing was assigned a Project FEED patient, and they provided monthly 

nutrition education in the patientôs home for 6 consecutive months. Student teams worked 

together to teach the content and help establish and monitor goals with their patient. Researchers 

found that when healthcare students from different disciplines work together, there is an 

improvement in appreciation for the other professionôs role and increases in self-assessed 

perceived knowledge of disease specific nutritional recommendations.  

In study 3, researchers explored a novel approach to meet the physical activity 

recommendations for Americans by using multiple bouts of high intensity interval training 

(HIIT) and investigated its effects on postprandial blood glucose (PPBG). Healthy participants 

(n=18) were recruited from the Triangle region in North Carolina and instructed to consume the 

same daily diet for four days. On two consecutive days they performed 5 mins of HIIT exercise 



immediately before each meal. Blood glucose was measured using a continuous glucose monitor. 

The data was inconclusive if this regimen was effective at lowering PPBG. The fourth study, the 

pedagogical companion to the CGM-Exercise Trial, demonstrated that a minimum of 5 hours of 

participation with clinical skills practice on a research trial, significantly improves student 

learning and confidence performing entry-level clinical skills. In summary, diabetes and food 

insecurity are complex public health issues and cause more adverse health outcomes for 

individuals when they are experienced together. To mitigate the ill effects of these conditions, 

proper training of future healthcare workers is essential to develop the skills necessary to treat 

patients in a collaborative, compassionate manner while taking into account their social 

determinants of health.  
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CHAPTER 1: LITERATURE REVIEW   

Statement of the Problem and Dissertation Overview 

Food insecurity, a social determinant of health, and diabetes, a leading cause of death, 

both have prevalence rates > 10% in the U.S. population. These increasingly common yet 

complex conditions negatively impact health and increase oneôs risk of chronic diseases. Food 

insecurity increases the risk for diabetes and diabetes increase the risk for food insecurity. Both 

conditions can be significantly improved and even remitted by having access to and consuming a 

high-quality diet. To better treat patients with either or both conditions, clinicians and future 

healthcare workers should understand the beneficial role of nutrition while holistically 

considering the physiological, environmental, economic, and cultural experiences of patients. In 

this review of the literature, food insecurity and diabetes are framed as significant public health 

issues. A description of population and individual risk factors, nutrition shortfalls and 

intervention, condition burden, and other associated risks are discussed. Solutions for each 

condition are also reviewed here, which were used to inform the methodologies and intervention 

design of the research projects in Chapters 2-5 that follows. The primary objectives of this 

dissertation are to (1) understand the unique experiences of patients dealing with the burden of 

both food insecurity and uncontrolled diabetes, (2) investigate the effect of multiple bouts of 

premeal high-intensity exercise before meals on postprandial blood glucose, (3) measure 

perceived learning of healthcare students engaging in interprofessional education, and (4) 

measure perceived knowledge and confidence after healthcare students participate on a human 

health intervention trial.   
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Food Insecurity: Prevalence 

The Economic Research Service of the USDA provides an annual report on household 

food security and food insecurity. Data from civilian households was collected from the Food 

Security Supplement section of the Current Population Survey (CPS) to estimate food security 

prevalence in 2020. The CPS data include 34,330 households that completed the survey from 

50,000 households selected. In the household report, 89.5% of U.S. households were food secure 

and 10.5% (13.8 million households) were food insecure. Of the food insecure, 6.6% had low 

food security and 3.9% had very low food security.1 Food security definitions are provided in 

Table 1.1. 

Some population subgroups have higher rates of food insecurity. Households with 

children, Black householders, households in the South, and when the reference person was 

unemployed all had increased prevalence. In contrast, women and men living alone, White 

households, households in the Midwest, and when the reference person is employed had 

decreases in prevalence. Food secure households tend to spend 18% more for food, as a percent 

of total income, than the typical food insecure household of equivalent size.1   

Health and Dietary Consequences of Food Insecurity 

Food insecurity affects both dietary quality and dietary quantity. Food insecure 

households frequently worry about food running out, not being able to afford a balanced meal, 

altering portion sizes, skipping meals, eating less than they feel they should, and experiencing 

hunger but not eating. Lower food security is associated with a greater risk for many chronic 

diseases including the following:  hypertension, coronary heart disease (CHD), hepatitis, stroke, 

cancer, asthma, diabetes, arthritis, chronic obstructive pulmonary disease (COPD), and kidney  
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disease. It is also associated with a higher probability of multiple comorbidities and a 40% 

increase in overall prevalence of chronic illness which suggests that people with food insecurity 

will deal with the burden of chronic disease management, greater healthcare costs, and potential 

for economic hardship.2  

 

Table 1.1 Food Security Status Definition and Severity ï adapted from Food Insecurity, 

Chronic Disease, and Health Among Working-Age Adults, ERR-235 USDA, Economic 

Research Service (2017) 

 

Even though some individuals concomitantly experience poverty and food insecurity, 

food insecurity can exist independently regardless of poverty status. Food insecurity is often 

associated with higher intakes of highly palatable foods and lower intakes of fruits, vegetables, 

low-fat dairy, fiber, vitamin A, vitamin B6, calcium, magnesium, zinc.3,4 One of the most 

damaging effects of poor diet is the increased likelihood of malnutrition. Malnutrition previously 

Food 

Security 

Status         

(2-category) 

Food 

Security 

Status         

(4-category) 

Definitions 
Severity of 

Food 

Insecurity 

Food Secure High food 

security 

Households had no problems or anxiety about 

consistently accessing adequate food 

Less severe 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

More severe 

Marginal food 

security 

Households had problems, at times, or anxiety 

about acquiring adequate food, but the 

quality, variety, and quantity of their food 

intake were not substantially reduced 

Food Insecure Low food 

security 

At times during the year, households reduced 

the quality, variety, and desirability of their 

diets due to a lack of resources for food, but 

the quantity of food intake and normal eating 

patterns were not substantially disrupted 

Very low food 

security 

At times during the year, eating patterns of 

one or more household members were 

disrupted and food intake reduced because the 

household lacked money and other resources 

for food 
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has been mostly associated with underweight, encompassing cachexia, sarcopenia, and 

insufficient nutrient intake, but it is increasingly being observed in overnutrition and obesity 

which affects more than 40% of U.S. adults.5 Malnutrition may contribute to the incidence of 

obesity, and conversely, obesity may similarly contribute to malnutrition. Malnutrition is 

associated with the development and worsening of chronic diseases, higher incidence of 

contraction and severe illness from infectious diseases like SARS-CoV-2, poor immune 

response, and premature mortality.5-7 

Diabetes is a chronic disease showing a strong relationship to malnutrition. Although the 

prevalence of malnutrition in people with diabetes has been estimated for specific groups and 

appears to be greater when compared to matched cohorts, the total population prevalence is not 

known. A large, domestic data set using Centers for Medicare and Medicaid Services (CMS) 

beneficiaries showed diabetes with malnutrition was associated with a 69% increase in risk for 

death compared to the diabetes without malnutrition group. This same group also found similar 

disease effects of increase risk of death when coupled with malnutrition for other common 

comorbid conditions including ischemic heart disease (63%), chronic obstructive pulmonary 

disorder (60%), and heart failure (54%).5 International studies from China, Spain, and Israel 

investigating diabetesô risk for malnutrition found consistent results of about a 2-fold increase in 

malnutrition using odds ratios (OR = 2.12, 1.97, and 2.15 respectively).8-10 In Turkey, 14.4% of 

patients in a diabetes outpatient clinic received a positive screening for increased risk of 

malnutrition using a nutritional assessment tool.11  

Home Health 

Roughly half of older adults being admitted for hospital services are malnourished. Of 

these, adults living alone or experiencing a reduction in social engagements have higher rates of 
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malnutrition and worse health status.12 Malnourished patients in acute care receiving treatment 

experience a greater risk of complications and adverse health events both during hospitalized 

care and after discharge. Although malnutrition can be addressed while hospitalized, itôs unlikely 

that all parameters of the condition can be resolved. This affects postacute care outcomes and 

may lead to greater readmissions.13,14 Home health agencies (HHA) are uniquely positioned to 

provide timely, impactful, and preventative care to this vulnerable patient population. Preventing 

hospital readmissions is a goal for HHAs and other postacute providers. Postacute care has 

observed one of the largest increases in spending from Medicare.13 Two possible interventions to 

reduce the strain of malnutrition on readmissions, poor patient outcomes, and the overall 

economic burden of the healthcare system are nutrition provisions via supplemental food 

assistance and nutrition education. Since access is often a barrier, home delivery of nutrition 

resources and education is a plausible workaround.    

A large, nonprofit health care system screened over 5000 patients for malnutrition and 

identified that 2135 patients were at moderate nutrition risk, and of these 1546 met eligibility 

requirements to receive oral nutrition support for one month. The nutrition support products were 

delivered directly to the patientsô homes. The absolute reduction in 30-day hospitalization was 

3.6% with a relative risk reduction of 24.3%. Net savings per treated patient was $1,500.13 

Although nutrition support services, such as oral nutrition support and home meal deliveries, 

appear to be cost effective and can reduce the risk of all-cause mortality, they typically do not 

address the deleterious impact of social isolation and psychological well-being.15 Programs 

utilizing a combination approach of supplemental nutrition support, nutrition education, and 

direct human interaction to reduce time in solitude may address immediate health risks related to 

malnutrition and psychological disposition. Nurses and physicians report feeling undereducated 
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and lack the necessary skills to provide nutrition education and nutrition counseling services and 

would prefer to refer these services to registered dietitians nutritionists (RDN). Individualized 

nutrition education has the potential to improve and reduce malnutrition for isolated individuals 

and older adults experiencing environmental barriers and trying to manage chronic diseases.12  

Slowing the Diabetes and Obesity Epidemics 

The World Health Organization and others have described the staggering increases in 

rates of obesity and type 2 diabetes over the last 40 years as global epidemics. Obesity and 

T2DM are largely preventable, so it is imperative to treat early and often by addressing dietary 

and lifestyle behaviors to mitigate the pathological nature and progression of either disease.16-18 

Although primary care physicians (PCP) are frequently the sole providers responsible for the 

management of these conditions, RDNs should be utilized for their unique training and 

educational background. Additionally, RDNs have proven to be cost-efficient providers.19 

Registered dietitians receive training in the treatment and prevention of diseases by 

administering nutrition therapy independently or as part of a medical team.20,21  

Obesity and T2DM place a tremendous cost burden on health care systems and individual 

health.22-24 Optimal management of these chronic diseases and others should include a RDN or 

other nutrition practitioner because they are usually the only member of a health care team with 

substantial training in nutrition. In 1985, the Food and Nutrition Board of the National Academy 

of Sciences-National Research Council issued a report that recommended the addition of 

nutrition education in medical schools.25 There has been some increase in medical schools 

incorporating nutrition education into their curriculums since then, but overall, the amount of 

nutrition-specific training medical students receive is limited.26    

 



 

7 

 

Nutrition Education in Medical Training Programs 

Increasing rates of hospital malnutrition, diabetes, obesity, heart disease, and cancer all 

have a strong link to poor diet and physical inactivity.19 Medical education, perhaps less 

holistically, often focuses on disease pathogenesis, rather than learning about prevention and 

salutogenesis. Salutogenesis is the process through which health and well-being are produced or 

the generation of health and wellness.27-29 Graduate medical education (GME) is limited in 

educational competencies targeting disease prevention and optimizing health span. Since most 

chronic diseases and many acute illnesses are affected by poor nutrition, it is important for 

physicians to have basic working knowledge of how an optimal diet can improve the health of 

their patients. Nutrition education, as defined by Contento, is ñAny combination of educational 

strategies, accompanied by environmental supports, designed to facilitate voluntary adoption of 

food choices and other food- and nutrition-related behaviors conducive to health and well-being. 

Nutrition education is delivered through multiple venues and involves activities at the individual, 

community, and policy levels.ò30 A 2013 survey assessed the degree to which U.S. medical 

schools were providing the minimum recommendation of 25 hours of nutrition education. Only 

29% of schools out of 121 institutions were meeting the minimum requirement. Thirty-six 

percent of the schools were not even meeting half of the requirement.  

The Academy of Nutrition and Dietetics has advocated for interprofessional education in 

nutrition as an essential component of GME.19 From surveys between 2010-2017, medical 

students report feeling that their nutrition knowledge is inadequate and practicing physicians felt 

their nutrition training was insufficient. Common barriers to nutrition counseling for physicians 

were perceive lack of nutrition knowledge, insufficient skills and confidence, poor attitudes, and 

low outcome expectancy. Even a brief, low-intensity nutrition curriculum significantly improved 
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medical studentsô knowledge, behaviors, confidence, and willingness to engage in nutrition 

counseling.19,31,32 

Diabetes Mellitus:  Types, diagnostic criteria and health impacts 

Diabetes mellitus is a group of chronic diseases characterized by the reduced ability to 

take up glucose for normal metabolism. It affects over 500 million people world-wide, is a 

leading cause of death in industrialized countries, and a significant cost burden for individuals 

and healthcare systems. Despite its immense reach and negative implications to individuals and 

large populations, it remains largely preventable and is very responsive to behavioral changes 

and pharmacological treatments if needed. The primary feature of the disease is elevated blood 

glucose (hyperglycemia) which is often a secondary response to low insulin production or insulin 

resistance. Diabetes mellitus, or diabetes, is sub classified into three primary types:  Type 1 

diabetes (T1DM), Type 2 diabetes (T2DM) and Gestational diabetes (GDM).  Other types of 

diabetes have various etiologies ranging from genetic defects of B-cell function, insulin action, 

endocrinopathies, surgery induced, and diseases of the pancreas. Prediabetes, a subthreshold 

diagnosis for diabetes, is also a major health concern because of the high risk it poses for 

developing diabetes.33 The following review of the literature will  focus primarily on T2DM 

which is the most prevalent and preventable form. Many of the management approaches that are 

helpful for T2DM may have similar benefits and utility for those with T1DM and GDM; 

however, these patients are considered more vulnerable and require intensive medical 

management and oversight.   

Type 2 diabetes account for 90-95% of all diagnosed cases. Type 2 diabetes is 

characterized by insulin resistance and to some degree beta-cell failure. Insulin resistance results 

in hyperglycemia due to the decreased tissue sensitivity and responsiveness to insulin. Most 
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individuals with T2DM are obese which itself causes some degree of insulin resistance. Risk 

factors for developing T2DM are increasing age, obesity, low physical activity, low education 

levels, hypertension, dyslipidemia, belonging to certain racial/ethnic groups (African American, 

American Indian, and Hispanic), or having a prior diagnosis of gestational diabetes.34,35   

Prediabetes is not a clinical entity; however, it is used to describe blood glucose levels 

that are elevated above the normal lab reference range but below the levels required for the 

diagnosis of diabetes.  Elevated blood glucose values for the diagnosis of prediabetes can be 

determined by measuring glycated hemoglobin (HbA1c), impaired fasting glucose (IFG) or 

impaired glucose tolerance (IGT). Consequently, individuals with prediabetes have a greater risk 

for diabetes and cardiovascular disease. Prediabetes has an association with other comorbidities 

like obesity, hypertension, and dyslipidemia with a presentation of high triglycerides and low 

HDL cholesterol.34 

Diagnostic criteria for testing for diabetes in nonpregnant individuals can be performed 

by evaluating blood glucose levels exceeding thresholds established for fasting plasma glucose 

(FPG), two-hour plasma glucose after a 75-g oral glucose tolerance test (OGTT), or using HbA1c 

measures. Values exceeding thresholds for FPG or the OGTT are diagnosed with impaired 

fasting glucose (IFG) or impaired glucose tolerance (IGT) respectively.36,37 Either diagnosis is 

indicative of prediabetes. Table 1.2 shows blood glucose and HbA1c cut points recommended by 

the American Diabetes Association (ADA).34 Unlike FPG and the OGTT, HbA1c does not have 

to be obtained while in a fasted state, which offers some convenience, and it is less susceptible to 

daily fluctuations from exercise, stress, illness, or short-term medication use.  The HbA1c 

measurement is contraindicated in pregnancy, for patients experiencing blood loss, 
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erythropoietin therapy or hemolysis. Only FPG or OGTT are appropriate to diagnose diabetes 

given these conditions.38  

 

Table 1.2. Diagnostic Criteria for Diabetes Mellitus and Prediabetes ï adapted from the 

American Diabetes Association Position Statement (2013) 

 Test 

Diagnosis FPG (mg/dL) 
OGTT  

(mg/dL) 
HbA1c % 

Normal (Nondiabetic) < 100 < 140 < 5.6 

Prediabetes 

1. Impaired Fasting Glucose 

2. Impaired Glucose Tolerance 

100-125 (1.) 140-199 (2.) 5.7-6.4* 

Diabetes > 126 > 200 > 6.5 

*The American Association of Clinical Endocrinologists (AACE) recommends using an HbA1c range of 

5.5-6.4% for High Risk for Diabetes, and they recommend following up with either FPG or OGTT to 

confirm a diagnosis of prediabetes.39 

 

Asymptomatic adults with risk factors for diabetes or prediabetes have a greater 

propensity of developing T2DM and should be considered for testing. Screening before the age 

of 45 should occur if one or more of the following are present: first-degree relative with diabetes, 

high-risk race/ethnicity, previous diagnosis of GDM, history of CVD, hypertensive, 

dyslipidemia, polycystic ovary syndrome, physical inactivity, severe obesity or acanthosis 

nigricans. After the age of 45, all patients should be tested. Testing should be repeated at least 

every 3 years even with an initial negative screening.34 

Diabetes Mellitus:  Disease prevalence and burden (cost, time and health)   

Prevalence. World-wide, diabetes affected 537 million adults in 2021, an increase from 

463 million in 2019.17,40 The National Diabetes Statistics Report of the Centers for Disease 

Control and Prevention (CDC) estimated that 34.2 million (10.5%) of the U.S. population had 
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diabetes in 2018. Over the age of 18 years, the prevalence increases to 13.0%. For the 34.1 

million U.S. adults with diabetes, 26.7 million are diagnosed (10.2%) and 7.3 million are 

undiagnosed (2.8%). Of these, only 5-10% are type 1 diabetes; the rest are type 2 diabetes.41  

Rates are highest among American Indians, Black, and Hispanic ethnic groups; counties in the 

southern and Appalachian regions of the U.S.; individuals over the age of 44; and with obesity. 

Those with less than a high school education have nearly twice the incidence rate compared to 

those completing high school. The racial differences in diabetes incidence are likely explained by 

modifiable biological differences and a combination of environmental, psychosocial, 

socioeconomic, and behavioral factors (Table 1.3). Biological factors exert the strongest 

association and produce the greatest hazard ratio compared to the other factors from the groups.42  

There were significant, annual increases in both disease incidence and prevalence from 

1990-2008.  Since then, there has been a leveling-off of prevalence from 2009-2017 and a slight 

decrease in incidence during the same period that is attributed to the decline in incidence in non-

Hispanic Whites and Asians. Incidence in Hispanic and Non-Hispanic Black populations are 

mostly level over the last 20 years although higher overall compared to Whites and Asians.35 

Another group, using NHANES data from 2011-2012, a representative sample of the U.S. adult 

population (age > 20 years), estimated total prevalence of 12-14% for total diabetes (9.1% 

diagnosed cases and 5.2% undiagnosed diabetes).43  

The estimated prevalence of prediabetes reported by the CDC for 2018 was 88 million 

(34.5%) of U.S. adults aged 18 years or older.  Almost half of adults 65 years or older had 

prediabetes.41  

  Disease burden.  Presently, no curative agents for diabetes exist; therefore, when an 

individual is diagnosed with diabetes, they usually deal with all aspects of the burden of the 
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Table 1.3 Modifiable Diabetes Risk Factors 

Group Risk Factor 

I. Biological  i.   Waist circumference 

ii.  Body weight 

iii. Medications 

iv. Blood lipids (HDL, LDL, triglycerides) 

v.  Blood pressure 

 

II. Environmental i.   Racial composition of neighborhood 

ii.  Neighborhood poverty  

 

III. Psychosocial  

 

 

i.   Depressive symptoms 

ii.  General disposition 

IV. Socioeconomic  i.   Educational level 

ii.  Education level of parents 

iii. Employment status 

iv. Marital status 

v.  Difficulty paying for necessities 

 

V. Behavioral i.   Smoking 

ii.  Alcohol consumption 

iii. Dietary intake (fruits, vegetables, whole grains, sodium, and SSBs) 

iv. Physical activity 

 

 

disease for the duration of their life.  Individuals with diabetes have, on average, a greater 

financial burden because it is costly to treat and manage the disease compared to individuals 

without diabetes. Globally, diabetes was estimated to cost $0.96ï1.32 trillion USD in health care 

expenditures annually.17,44 The United States ranks number one worldwide in diabetes-related 

health expenditures. The economic burden of diagnosed diabetes in the U.S. in 2017 was 

estimated to be $327 billion ($237 billion in direct medical costs and $90 billion in reduced 

productivity) an increase of $66 billion (25% increase) since 2007 (Figure 1.1) Direct costs are 

the costs attributed to the health expenditures paid by the patient or the government of which the 

patient receives medical benefits. Individuals with diabetes on average incur medical 
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expenditures of $16,750 per year ($9,600 is attributed to diabetes), and these expenses are 

estimated to account for 20% of the nationôs health care dollars going to treating people with 

diabetes.  Annual per capita medical spending for people with diabetes is 2-3 times more than for 

people without the disease.45,46   

 

Figure 1.1. Economic Burden of Diabetes Mellitus in the United States from 2007-2017 ï 

adapted from Economic Costs of Diabetes in the U.S. in 2017 (2018) 

 

The most commonly diagnosed form of diabetes is type 2 diabetes, so a lot of work has 

gone into the investigation of prevention through lifestyle changes. Diabetes related self-care 

behaviors can impart a significant time burden on individuals with diabetes. For optimal disease 

management, patients may need to perform a combination of the following self-care activities:  

monitor blood glucose, take oral antihyperglycemic medications, inject insulin, monitor feet and 

skin care, shop for medicines and other health items, monitor blood pressure, buy food, cook, 

and/or engage in physical activity. A German questionnaire estimated that patients with diabetes 

had on average 4 hours per week of self-care behaviors exclusive to the time-consuming  



 

14 

 

self-care activities were monitoring blood glucose (58 minutes per week) and injecting insulin 

(41.7 minutes per week).47 

One of the primary disease markers in the health burden of diabetes is hyperglycemia 

management. If hyperglycemia is minimized and overall glycemia is controlled safely within the 

healthy glycemic range (minimizing episodes of hypo- and hyperglycemia), the adverse health 

outcomes associated with diabetes can be substantially reducedðeven over a 30-year period.23,48 

A primary concern for individuals with poorly controlled diabetes mellitus are the health 

endpoints of micro- and macrovascular events. Hyperglycemia has a causal role in the 

development and progression of microvascular conditions like retinopathy, nephropathy and 

neuropathy.49-51 Macrovascular complications appear to have a stronger associative relationship 

with elevated C-peptide than hyperglycemia.24 C-peptide or connecting peptide is a short, 31 

amino acid polypeptide that connects the alpha and beta chains of insulin together when it is in 

its immature pro form. Even still, compared to age-matched, nondiabetic individuals, diabetes 

confers a 10-fold increase in risk of myocardial infarction and stroke.23,24,52 

Type 2 Diabetes Mellitus:  Prevention efforts and disease management approaches 

Type 2 diabetes is characterized by improper utilization of insulin which results in an 

increase in blood glucose.  The primary treatment regimen for people with type 2 diabetes is 

dietary and lifestyle changes; however, pharmacological therapies may be needed to improve 

disease management. To avoid using pharmacological interventions, people with T2DM can 

reduce circulating blood glucose by limiting carbohydrate intake, adjusting the timing of 

consumption, changing meal composition, and increasing physical activity.     

For the prevention and management of T2DM, it is well understood that two of the most 

important lifestyle factors are diet and regular physical activity. Exercise is a useful tool for 
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improving glucose tolerance and insulin sensitivity53, may increase GLP-1 concentrations in the 

fed state54, reduces postprandial blood lipids55, and reduces the amount of exogenous insulin 

needed and other glycemic-lowering pharmacological aids.56  

Screening and risk assessment may be valuable tools to enroll participants in intervention 

programs and serve as external motivators.  In a systematic review of prospective studies, HbA1c 

values in the ranges of 5.0-5.5%, 5.5-6.0%, and 6.0-6.5% were respectively associated with 2, 5 

and 20 times the relative risk of developing diabetes compared to HbA1c values < 5.0%. For the 

same HbA1c ranges (5.0-5.5%, 5.5-6.0%, and 6.0-6.5%), 5-year disease incidence rates were 

estimated at <5-9%, 9-25% and 25-50% respectively.36 A summary of these figures are found in 

Table 1.4. Therefore, monitoring and screening for diabetes risk using HbA1c may be an effective 

tool for prevention and initiating behavior changes in at-risk individuals. 

Table 1.4. Using HbA1c as a Predictive Tool for Diabetes Risk and Disease Development     

HbA1c   
Relative Risk of Developing 

DM  
5-Year Incidence Rates of DM 

< 5.0% Baseline Baseline 

5.0 ï 5.5% 2 5 ï 9% 

5.5 ï 6.0% 5 9 ï 25% 

6.0 ï 6.5% 20 25 ï 50% 

 

                          

Exercise or physical inactivity is now identified as a leading risk factor for global 

mortality. Physical activity, as defined by the World Health Organization, is bodily movement 

requiring energy expenditure to support the contractions of skeletal muscles. This includes 

working, playing, performing chores, travelling and engaging in recreational pursuits. Physical 

activity does not require or imply any specific aspects or quality of movement. Exercise is a 

subset of physical activity, and described as planned, physical movement performed with the 

intent to improve or maintain one or more components of physical fitness. Exercise may be used 



 

16 

 

for sports training, chronic disease management and prevention, and overall well-being.57  The 

Physical Activity Guidelines for Americans, released by the U.S. Department of Health and 

Human Services recommends that adults should perform a minimum of 150-300 minutes of 

moderate-intensity physical activity while also performing resistance exercises on two or more 

days each week. The recommendation minimums for physical activity for adolescents and 

children are even greater. In 2015, almost a third of Americans were considered ñinactiveò or 

had less than 10 minutes of activity per week, 19% had ñinsufficient activityò, 16% had 

ñsufficient activityò, and the remaining 33% were considered ñvery activeò or obtaining greater 

than 300 minutes of activity per week (Figure 1.2).58 

Physically active individuals have less chronic disease risk, reduced depressive 

symptoms and anxiety, sleep better, report improvements in mood, and better overall function. 

Half of the U.S. population currently does not meet the minimum recommended dose of 

exercise.  Sedentary behavior is characterized by an energy expenditure of < 1.5 METs 

 

 

Figure 1.2. Weekly Physical Activity Dose in Minutes by Percentage of U.S. Adult Population 

from 2015 ï adapted from 2018 Physical Activity Guidelines Advisory Committee Scientific 

Report  
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(metabolic equivalents). Moderate-intensity is defined as roughly 3-6 METs and vigorous-

intensity as > 6 METs.59 One metabolic equivalent (MET) is the amount of oxygen consumed 

while sitting at rest and is equal to 3.5 ml O2 per kg body weight x min.60 A noteworthy 

amendment in the 2018 Scientific Report is the omission of the minimum bout requirements.58   

In the 2008 report, the duration of an exercise bout was set at a minimum of 10 minutes.59 The 

2018 committee concluded that bouts of any length can accumulate and contribute to the overall 

health benefits of physical activity. Table 1.5 contains a summary of the physical activity related 

terms and threshold levels for different exercise intensities. Among individuals who are or 

become more physically active, they will experience less severity and incidence of the following 

noncommunicable diseases:  heart disease, stroke, hypertension, type 2 diabetes, dementia, 

depression, postpartum depression, excessive weight gain, falls with injuries among the elderly, 

and breast, colon, endometrial, esophageal, kidney, stomach, and lung cancer.58 

 

Table 1.5 Physical Activity Terms for Evaluation of Level or Dosea 

Terms Categories [Steps]b 

Intensity [Dose]a Light [Low] Moderate [Moderate] Vigorous [Optimal] 

    Absolute < 3.0 METs 3.0 ï 5.9 METs > 6.0 METs 

    Relative  

         Maximal HR 0 ï 39% 40 ï 59% 60 ï 84% 

         Perceived Exertionc 0 ï 4  5 ï 6  7 ï 10  

Stepsd < 5,000 5,000 ï 10,000 > 10,000 
aAmount of physical activity performed during a specific time. Dose is cumulative over a 24-hour period 
b Bracketed terms are associated with number of Steps 
cScale from 0-10, where 0 is level of effort while sitting and 10 is maximal effort 
dNot a guideline, but can contribute to total physical activity 

 

Even though any dose of physical activity appears to confer some benefit, it is still 

unclear what the optimal duration, intensity, frequency, and timing of exercise should be for 

various age groups, races, and illness to optimally manage health, chronic disease, and overall 
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well-being.58 An exercise prescription should at a minimum have the appropriate intensity 

titrated to an individualôs specific level of fitness. For clinicians, they must consider the 

metabolic effects of exercise and its potential to improve serum postprandial carbohydrate and 

lipid metabolites.53,61-68 The ópostprandial phenomenonô suggests that the accumulation of blood 

glucose and triglycerides contributes to the development and progression of diabetes and 

atherogenesis respectfully.66 Many, mostly small trials have investigated the effect of various 

doses and exercise protocols on postprandial blood glucose and lipids (primarily nonesterified 

fatty acids and triglycerides). Hypertriglyceridemia combined with high levels of blood glucose 

impairs metabolic flexibility and likely induces insulin resistance.69,70 

Inclusion of any movement produced by the contraction of skeletal muscles has been 

shown to improve glycemic control in carbohydrate intolerant subjects and those with type 2 

diabetes. Many studies have utilized aerobic activity in doses > 30 minutes; however, there are 

beginning to be more trials that incorporate shorter durations, varying intensities, and protocols 

that include resistance training.   

The relative intensity of exercise can be measured clinically by using either the percent of 

aerobic capacity (VO2max) or percent of maximal heart rate. Subjective measures also exist, like 

the rating of perceived exertion scale, a simple tool the exerciser can use to self-assess effort 

level on a numerical scale which corresponds to intensity. These tools are beneficial for finding 

an optimal exercise prescription and titrating appropriately. For example, a more well-trained 

individual may be able to generate a higher wattage of work in a shorter duration compared to a 

sedentary individual. To equalize effort or intensity the more well-trained individual may need to 

perform an activity at a greater speed or with more relative resistance.  
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Medical Nutrition Therapy (MNT) is individualized nutrition care provided by a 

registered dietitian nutritionist or another nutrition professional meeting alternative criteria set 

forth by the representative state.  In 2001, MNT was included in the Federal Register by the 

Centers for Medicare & Medicaid Services (CMS) authorizing provider coverage for the 

provision of nutrition services for patients with diabetes and renal disease. Medical nutrition 

therapy services are defined by CMS as ñnutritional diagnostic, therapy, and counseling services 

provided by a registered dietitian or nutrition professional for the purpose of managing 

diseaseò.71 Although carbohydrate counting and the diabetic exchange method may be two of the 

most common methods of nutrition education for patients requiring glycemic management, other 

dietary techniques and protocols are emerging as alternative, workable approaches.  The 

following is a brief review of novel dietary approaches that have been investigated for the 

control of T2DM.   

Food Order. The order in which nutrients in a meal are consumed has been shown to 

significantly lower postprandial hyperglycemia in patients with type 2 diabetes. A small pilot of 

11 subjects were given the same isocaloric meal on two separate, fasted occasions. The meal 

contained high glycemic index carbohydrates, low-fat protein, and nonstarchy carbohydrates.  

When the protein and nonstarchy carbohydrates were consumed first, they observed a decrease in 

postprandial glucose levels at 30 (-28.6%), 60 (-37%), and 120 (-16.8%) minutes, and serum 

insulin at 60 (49.6%) and 120 (-40.2%) minutes.72  

Similar results were observed in a slightly larger Japanese study that employed the 

strategy, óvegetables before carbohydrateô. They included a second arm that was evaluated over 

a 30-month period using monthly nutrition education sessions on free-living patients with 

diabetes. The intervention group had a significant decrease in HbA1c from (8.2% to 7.1%) over 
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the 30-month intervention.73 The same group later demonstrated in an educational intervention 

the advice to consume vegetables before carbohydrates was more effective than focusing on an 

exchange-based meal plan.74  

Fasting protocols. There are a variety of fasting protocols that have become more 

popular. The three most common regimens are: (1) continuous energy restriction, i.e. caloric 

restriction (total daily kcals do not typically exceed 1200); (2) intermittent energy restriction (2 

days, usually nonconsecutive, of energy intake < 0-600 kcal/d), i.e. alternate day fasting or the 

5:2 diet; and (3) time restricted eating or time restricted feeding (the feeding window of an 

individual is reduced to a 4-8 h time period).75,76 A study comparing continuous vs intermittent 

fasting observed improvements in HbA1c, weight loss, and fat mass loss although there were no 

significant differences between the groups.77 Another group found intermittent fasting more 

advantageous for weight loss compared to continuous energy restriction in obese men.78 The 

authors postulated that intermittent fasting is easier to execute since it only requires attention two 

days per week, requiring less consistency, and that it may produce órest periodsô that minimize 

the compensatory metabolic responses or reductions in resting energy expenditure.77,78 

Simplicity, circadian rhythm regulation, reduced daily fed-state, and relying less on glucose are 

possible reasons why time restricted feeding regimens are able to produce lower blood pressure, 

decrease inflammation, and reductions in body weight in a small human trial and in rodents.75,79 

Meal Frequency. The fed-state, i.e. the postprandial phase, lasts roughly 3 hours after 

the ingestion of a meal. After consuming a mixed meal containing carbohydrates, there is an 

increase in insulin, blood glucose, glycogenesis, and in caloric excess the potential for fatty acid 

synthesis.    
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Eating less frequently, i.e. 2 meals per day may be more advantageous than eating six 

smaller meals. This is similar to the principles of time restricted feeding by extending time 

between meals. Both practices, in theory, are simple to execute and both can reduce the length of 

time an individual is in the fed-state. One randomized crossover study showed improvements in 

body weight, hepatic fat content, fasting plasma glucose, C-peptide, glucagon, and oral glucose 

insulin sensitivity when the subjects with T2DM consumed only breakfast and lunch compared 

to when they were assigned a six meal per day regimen.80      

Diabetes Prevention and Management Programs.  Lifestyle interventions can prevent 

or delay development of T2DM in individuals with prediabetes and may be more effective than 

first-line pharmacological therapies as demonstrated in the National Diabetes Prevention 

Program (DPP) trial.81 The National DPP is a year-long, group-based model, created in 2010 to 

address the increasing burden of prediabetes and T2DM in the U.S.  It is a cost-effective 

intervention centered on behavior change, focusing on healthy eating and physical activity, and 

was initially established by the CDC to improve evidence-based prevention programming in 

clinical and community-based settings. Organizations that enroll individuals in a DPP will use a 

CDC-approved curriculum, host a minimum of 22 sessions over at least a 1-year time frame and 

submit participant attendance, weight loss, and physical activity every 6 months.82 Despite 

positive outcomes from DPPs, referral (4.2%) and participation (2.4%) rates among qualified 

adults remain low. Although Blacks and Asians reported receiving more referrals, white females 

were most likely to participate. More concerning, it also appears potential participants lack an 

interest in enrolling in the offered programming. Seventy-four percent of adults who were not 

referred, reported a lack of interest in engaging in a year-long diabetes prevention program.83   
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Diabetes Mellitus:  Technological management devices 

Continuous Glucose Monitoring.  Continuous glucose monitoring (CGM) also known 

as continuous glucose monitoring system (CGMS) has been approved by the FDA as recently as 

the late 1990ôs. These medical devices measure blood glucose concentration in subcutaneous 

tissue at set time intervals (usually every 5 mins) for the duration of the wear period. The CGM 

has a sensing monofilament that is inserted in the abdomen or backside of the upper arm. Newer 

models have a battery life to sustain a wear period that is approved for 7-10 days although the 

earlier models were only accurate up to 72 hours. Fingerstick glucose readings are often 

necessary for device calibration.84  

An article by Clark & Lyons from 1962 proposed the first-generation of glucose 

biosensors in their review of the uses of electrode systems for continuous monitoring of pH, 

pCO2 and pO2 in cardiovascular surgery.  They described placing a thin layer of the enzyme, 

glucose oxidase (GOx or GOD), containing dialysis membranes and a detector electrode to 

determine glucose by measuring the decrease in O2 concentration and the liberation of hydrogen 

peroxide.85 In the second generation of glucose sensors, the electron-acceptor, O2, was replaced 

with a synthetic electron redox mediator. This resolved the deficit caused by oxygen 

concentrations being one order of magnitude lower than measured glucose concentration.86 This 

eventually led to the development of the modern-day glucometer, which is a personal, portable 

blood-glucose meter, for the use of self-monitoring of blood glucose (SMBG).87,88  

 The ultimate use and benefit of CGM devices is to reduce hypo- and hyperglycemic 

excursions, obtain overnight blood glucose data and trends, and increase convenience to the 

patient by decreasing some of the time burden of conventional SMBG using invasive finger 

sticks. Conventional SMBG involving finger sticks has notable weaknesses for its diagnostic 
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capabilities. Finger sticks only measure blood glucose at a single point in time, nor do they 

provide information on the direction or velocity of changing glucose.89 For T1DM, insulin 

requiring T2DM and insulin-naïve T2DM patients, most evidence indicates that consistent, 

frequent SMBG improves overall glycemic control, which imparts a subsequent reduction in 

HbA1C, and an overall reduction in risk of adverse events.90 Although testing frequency appears 

to improve control, testing is burdensome.47 The profile of individuals most likely to test more 

regularly are older, female, living with a partner, longer duration of diabetes, multiple daily 

injection therapy (MDI), lower HbA1c, poor hypoglycemic awareness, and recent hypoglycemic 

events.91 

Newer CGM models are beginning to receive FDA approval for ñnon-adjunctive useò, 

which means treatment decisions can be made without the use of additional finger sticks. At the 

time of this writing, two types of CGM systems are currently available: real-time CGM (rtCGM) 

and intermittently scanned continuous glucose monitoring (isCGM) also known as óflashô 

monitoring.89  

Behavioral Change Theories and Models 

Among the leading causes of death in the U.S., diet and exercise, both lifestyle behaviors, 

are two modifiable factors that can help reduce the risk of disease onset or improve disease 

management. Most Americans do not consume enough fruits, vegetables, fiber and 

micronutrients while simultaneously consuming too many processed foods, sugars, salt, saturated 

fat, and calories. As mentioned previously, less than half of all Americans obtain enough levels 

of physical activity. Even though much is known about the positive benefits of optimizing diet 

and physical activity, very few people prioritize their time and take the necessary actions to 

execute these powerful health modifying behaviors. The execution of these changes, behavior 
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change or lifestyle change, describes changes in activities or practices by individual or groups 

that may improve health outcomes, decrease risk factors for chronic disease or improve disease 

management. The following sections will explore behavior change theories and examples of 

successfully employed techniques. Although in this writing, the primary focus of behavior 

change and behavior change theories reviewed will be related to diet and physical activity  

 

Table 1.6 Summary Table of Behavior Change Models with Key Constructs and 

Determinants 

Models and Theory 
Key Constructs and 

Determinants 
Miscellaneous Features 

Health Belief Model 1) Perceived susceptibility 

2) Perceived severity 

3) Perceived threat or risk*  

4) Perceived benefits*  

5) Perceived barriers*  

6) Self-efficacy*   

7) Cues to action  

Modifying factors can impact some 

constructs* 

1) Age 

2) Gender 

3) Ethnicity 

4) Personality 

5) Socioeconomics 

Social Cognitive 

Theory 

1) Knowledge 

2) Perceived self-efficacy 

3) Outcome expectations 

4) Goals 

5) Perceived facilitators 

6) Impediments 

There is continuous interaction 

between: 

1) Personal factors 

2) Behavior 

3) Environmental factors 

Transtheoretical Model/ 

Stages of Change 

(SOC) 

1) Precontemplation 

2) Contemplation 

3) Preparation 

4) Action 

5) Maintenance  

6) Termination 

The Processes of Change explain 

advancement through SOC 

1) Consciousness-raising 

2) Dramatic relief  

3) Self-reevaluation 

4) Environmental reevaluation 

5) Self-liberation  

6) Helping relationships 

7) Counterconditioning 

8) Reinforcement management 

9) Stimulus control 

10) Social liberation 
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modifications, much is written on addictive behaviors such as alcohol and smoking cessation, 

mental health disorders, and more currently, addictive gaming, and screen-time use. 

Information and knowledge are useful tools to aid in behavior change; however, 

independently, they appear to have many inadequacies for sustained, motivated lifestyle changes 

required to observe significant, measurable improvements in health outcomes. The provision of 

knowledge about a given topic is referred to as education, or in this context, nutrition education.  

Nutrition education can be delivered to individuals or groups and is typically seen to be 

more useful as a preventative tool rather than a therapeutic one.69 Modern definitions of nutrition 

education include knowledge, skills, supports, and food and nutrition-related behaviors that can 

be used to inform the design process for intervention programs and educational curricula.70            

Behavioral change theories attempt to explain the decision-making process of why and/or 

how individuals or groups change modify specific activities and behaviors.71 Theories are useful 

tools for planning, implementing and evaluating interventions by answering ówhatô information 

is needed and ówhyô and óhowô individuals may respond or feel. Although there are multiple 

definitions of theory, the one used for this paper is from Kerlinger which states that a theory is ña 

set of interrelated constructs (concepts), definitions, and propositions that present a systematic 

view of phenomena by specifying relations among variables, with the purpose of explaining and 

predicating phenomenaò.  A concept is a major component of a theory and when a concept is 

adopted in a theory it is termed a construct. Variables specify how a construct can be measured 

in a specific situation and should be matched to constructs.72 Many factors affect an individualôs 

decision-making process and their perceived ability to execute a change. The behavior change 

theories reviewed here use a combination of the following factors: determinants, motivation, 

ability, support (interpersonal and environmental). The three most reviewed behavior change 
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theories and models in the published literature are the health belief model, social cognitive 

theory, and transtheoretical model.72,73 Table 1.6 provides a summary of the key features of each 

of the models described here. 

The Health Belief Model (HBM) was one of the earliest conceptual models used to 

explain health behaviors for the prevention or avoidance of diseases.  It is a combination of Kurt 

Lewinôs theory that an individualôs perception of reality, rather than objective reality, influence 

behavior.74,75 Lewin is considered by many to be the ñfather of social change theoriesò.76 His 

theory was later extended by Leventhal and others to explain the variations in adherence to 

treatment and integrating stimulus-response theory with cognitive theory to predict and explain 

behavior. Put simply, the HBM describes that an individualsô willingness to change is influenced 

by their health beliefs or convictions. The HBM offers explanations to some of the specific 

determinants or constructs that influence behavior.72,73,77  

The determinants of action or key constructs of the model proposes that action is 

primarily motivated by the beliefs or convictions held by an individual about specific health-

related information. The key constructs are (1) perceived susceptibility, (2) perceived severity, 

(3) perceived threat or risk, (4) perceived benefits, (5) perceived barriers, (6) self-efficacy and 

(7) cues to action. The model also acknowledges that age, sex and ethnicity exert indirect 

behavioral influences by impacting perceived threat, barriers and benefits.     

The HBM was originally used to guide public health workers to design preventative 

interventions and predict behaviors related to health conditions.  It is found in the literature as a 

tool to evaluate the effectiveness of health intervention use and educational programming.  A 

study evaluating the effects of an educational intervention on 120 (60 intervention, 60 control) 

T2DM patients used the HBM to assess for effectiveness.  Changes were measured at baseline, 3 
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and 6 months for the key constructs, and self-efficacy through a questionnaire data collection 

tool.  The researchers found an increase in perceived susceptibility, perceived severity, perceived 

benefits, self-efficacy and a decrease in perceived barriers after attending only two 30-45 m 

education sections. Although they observed changes in beliefs, it is unclear if this will result in 

significant improvements in short or long-term health outcomes.78    

Social Cognitive Theory (SCT) was born from social learning theory and developed and 

described in books authored by Albert Bandura.82,83 The primary assumption of SCT is that 

human behavior is explained by the dynamic interactions between personal, behavioral, and 

environmental determinants. It has a core set of determinants which include knowledge, 

perceived self-efficacy, outcome expectations, goals, perceived facilitators and impediments.84  

Although the HBM and the TTM are models of individual health behavior, the SCT is a model of 

interpersonal health behavior where individuals interact with the environment and influence each 

other in a form of reciprocal determinism.72  

Transtheoretical Model (TTM) and Stages of Change (SOC) was originally developed 

in the late 1970s and 1980s by James Prochaska and others from a comparative analysis of the 

leading theories of psychotherapy and behavior change. The stages of change were discovered 

from subjectsô disclosing that they used different processes at different times in their attempts to 

stop smoking. This led to the concept that behavior change happens through a series of stages.  

The TTM is built on the stages of change which contain six core constructs: (1) 

precontemplation, (2) contemplation, (3) preparation, (4) action, (5) maintenance and (6) 

termination. Some newer interpretations of the model omit termination leaving five core 

constructs. The TTM model describes change as a gradual, continual process that develops 

overtime, but it may also be dynamic and nonlinear.72,79 The TTM does not help predict 
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behavior; however, it proposes self-change is a model of behavior change that can help guide 

planned change efforts.72 Although not reviewed here, other theories, like the theory of planned 

behavior (TPB), identify intentions as the best predictors of behavior change. 

Behavior change can be described by the phenomena of all the pre-action(s) and 

motivation(s) that takes place before an actionable step is performed. Pochaska provides an 

explanation of progress through the SOC by the Processes of Change (POC) which contain ten 

constructs: (1) consciousness-raising, (2) dramatic relief or emotional arousal, (3) self-

reevaluation, (4) environmental reevaluation, (5) self-liberation or commitment, (6) helping 

relationships, (7) counterconditioning, (8) reinforcement management (managing rewards), (9) 

stimulus or environmental control, and (10) social liberation. The POC have practical 

implications when designing an intervention. Figure 1.3 illustrates the processes that typically 

support progression between the SOC. If an intervention was designed to improve stimulus 

control or provide helping relationship to a population that is mostly in the precontemplation and 

contemplation stages of change, the intervention would likely be less effective than a targeted 

one based on the subjectôs stages of change. Prochaskaôs reports most at-risk populations align 

with the following stage of change distributions:  40% of the population are precontemplators, 

40% are contemplators and 20% are preparing although other studies show some discrepancy to 

this generalizable rule observing the precontemplation distribution closer to 20%79-81. 

Foregoing a formal assessment of a target populations SOC, or the lack of informed 

studies, could result in a fundamental design flaw of a well-intended intervention if the 

distribution in the stages of change, a variable, does not match the process of change.79   
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Figure 1.3. Conceptual Overlay of the Constructs of the TTM/SOC for Intervention Design 
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TTM/SOC Informed Behavioral Change. Some studies have solely examined the 

scales and measures for assessing stages of change, decisional balance, situational self-efficacy 

and processes of change for specific populations.81 These preliminary findings may be 

particularly helpful for informing future clinical or public health interventions to tailor the 

behavior change strategies to the individual stage of change subgroups in a study.   

Since behavior change cannot take place until an individual has taken an actionable step 

and had a change in beliefs or cognition, the TTM can help researchers and program designers 

create individualized interventions designed to help people progress along the stages of change. 

To aid in the movement along the stages of change, interventions may use the process of change 

constructs to influence desirable behaviors. The ten processes of change can be divided into the 

following two process categories: experiential/cognitive and behavioral.  Experiential processes 

are (1) consciousness-raising, (2) dramatic relief or emotional arousal, (3) self-reevaluation, (4) 

environmental reevaluation, (5) self-liberation or commitment whereas the behavioral processes 

are (6) helping relationships, (7) counterconditioning, (8) reinforcement management (managing 

rewards), (9) stimulus or environmental control, and (10) social liberation.73.  
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CHAPTER 2: HEALTH AND DIETARY BARRIERS OF FOOD INSECURE PATIENTS  

WITH DIABETES:  A MIXED -METHODS ANAL YSIS OF PROJECT FEED 

ABSTRACT 

Objectives: The aims of this study were to (1) evaluate dietary quality and psychological 

disposition and (2) explore psychosocial and environmental barriers and facilitators to healthy 

eating in food insecure patients with uncontrolled type 2 diabetes mellitus. 

Methodology: A total of 14 participants were recruited from an outpatient clinic in the Triangle 

region of North Carolina. Dietary quality was assessed using the 24-hour recall method and 

psychological screenings were done using the HRQOL and PHQ-2. Semistructured interviews 

contained questions from three primary categories: perception of healthy eating, barriers to 

healthy food, and experience with discrimination. Interviews were recorded, transcribed, coded, 

and analyzed using thematic analysis. All data and interviews were obtained from the 

participantsô homes. 

Results: The mean energy intake was 1358 kcal. Shortfall nutrients were vitamin A, folate, 

vitamin C, vitamin D, calcium, potassium, magnesium, and fiber while saturated fat, sodium, 

phosphorus, and niacin were greater than reference amounts. Deficiencies were observed in all 

food groups except refined grains and oils. Thirty-three percent of participants had a positive 

screening for the likelihood of a major depressive disorder. Two major themes emerged:  barriers 

to healthy behaviors (subthemes: transportation, money, and comorbidities) and reliance on God.  

Conclusion and Implications:  Based on these findings, programs working with patients 

dealing with food insecurity and chronic conditions should consider reducing the barriers for 

obtaining healthy, suitable foods by addressing their financial constraints, obstacles with 

transportation, and the physical and psychological burden of comorbidities. A component of 
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spirituality may be beneficial because it appears this population relies on their faith in God for 

comfort and to experience contentment.  
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INTRODUCTION  

Food insecurity (FI) and diabetes mellitus are both independently associated with poor 

health, inadequate or improper nutrient intake, and exert an additional financial burden on 

individuals dealing with either of these issues.2-5,7,22,24,45,46,52 When both issues are present in an 

individual, they synergistically confound health and create additional obstacles for disease 

treatment. Food insecurity is a social determinate of health and can be identified and categorized 

by the 6, 10, or 18 item survey screeners developed by the USDAôs Economic Research 

Service.92 Diabetes is a chronic medical condition with tiered criteria to describe severity and a 

leading cause of death in the United States.39 The prevalence rates of FI and diabetes are greater 

in minority and economically disadvantaged groups. Diabetes is an independent risk factor for 

food insecurity, and food insecurity is associated with an increase in mortality. Food insecurity 

and diabetes are multidimensional issues requiring comprehensive interventions and an 

interdisciplinary care approach for these patients. Because access to nutritious foods and 

healthcare utilization are typically low in these patients, they have a greater risk of developing 

comorbidities and experience substantial barriers to appropriate disease management 

behaviors.5,10,11,42,43  

In 2020, the prevalence of food insecurity was estimated to effect 10.5% of U.S. 

households. Of these households, 6.6% had low food security and 3.9% had very low food 

security.1 Low food security reduces access to desirable foods, but quantity of food intake is not 

severely disrupted. Whereas households with very low food security experience reduced food 

intake due to a lack of money or other resources for food. Households in the South, containing 

children, Black householders, and when the reference person is unemployed all have greater food 

insecurity prevalence. Food secure households tend to spend 18% more, as a percent of total 
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income, for food than the typical food insecure household of equivalent size, and the latter may 

make tradeoffs that reduce their access to healthcare and disease management equipment or 

treatment.1  

 In 2018, the Centers for Disease Control and Prevention (CDC) estimated that 10.5% of 

the U.S. population had diabetes, and for adults over the age of 18 years, the prevalence 

increases to 13.0%.41 Rates are highest in American Indians, Black, and Hispanic ethnic groups; 

counties in the southern and Appalachian regions; individuals over the age of 44; and those with 

obesity (BMI > 30).42,93 Adults who did not complete high school have nearly twice the 

incidence rate compared to those who completed high school. Racial differences in diabetes 

incidence are likely explained by modifiable biological differences and a combination of 

environmental, psychosocial, socioeconomic, and behavioral factors. Biological factors like 

elevated waist circumference, body weight, blood pressure, and dyslipidemia exert the strongest 

association with disease incidence. Other risk factors include racial and poverty composition of 

neighborhoods, depressive symptoms, educational level, employment and marital status, 

difficulty paying for basic needs, smoking and alcohol use, dietary intake (low intakes of fruits, 

vegetables, and whole grains and high intakes of sodium and sugar sweetened beverages), and 

physical inactivity.42  

Food insecurity negatively affects both dietary quality and quantity. People experiencing 

FI tend to have lower intakes of fruits, vegetables, low-fat dairy, fiber, vitamin A, vitamin B6, 

calcium, magnesium, zinc, and higher intakes of ultra-processed foods.3,4,94 Multiple 

international and domestic groups have identified that a Western dietary pattern containing 

nutrient poor foods consisting of refined grains, sugar sweetened beverages, and low nutrient 

density foods is associated with a significantly greater risk of developing diabetes than a more 
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traditional, cultural, and plant-based diet.42,43,95-99 These findings explain, in part, why chronic 

disease rates, like diabetes, are 40% greater in people with FI. Because poor dietary quality is a 

risk for disease development, it is not surprising that these issues are interconnected and 

confounding.1,2,100 If diabetes precedes FI, the individual experiences significant increases in 

health care expenses and the additional time burden for disease management. The costs 

associated with diabetes may stress already limited financial and time resources leading to the 

disruptions in oneôs ability to procure suitable foods in sufficient quantities.45-47  

Food pantries, soup kitchens, and shelters are the most common nonfederal form of 

emergency nutrition support for people dealing with food insecurity. These hunger-relief 

charities help reduce or eliminate the barriers associated with cost and access to food. These 

agencies were initially designed to provide temporary assistance; however, many households 

utilize these services regularly.101 Through the Feeding American network, there are 

approximately 60,000 charity agencies that serve customers directly and 200 food banks which 

act as larger distribution hubs for the smaller point-of-access agencies.102 Although food pantries 

do not appear to be effective at reducing food insecurity, they do seem to decrease the impact 

and overall burden somewhat.101 Another notable shortcoming of food pantries is the poor 

nutritional quality of the available foods. Since most food pantries do not have refrigeration or 

freezer storage, they often lack the capacity to distribute perishable food. Without refrigeration, 

food must be shelf-stable, so the largest percentage of distributed items and calories are 

nonperishable.103-105 

The conundrum food assistance agencies face is offering sufficient calories to reduce the 

impact of hunger and low food resources while being mindful of the impact poor dietary quality 

has on the health of their customers. For agencies to offer more nutritious foods they must 
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navigate issues with supply and acquisition and then satisfy their clientsô preferences and the 

demands for specific food items.103,105,106 Various interventions have been piloted in food 

pantries, and modest improvements in supply and customer food selection behaviors were 

observed. Intervention programs designed to improve the dietary quality of food pantry users 

mostly utilized some form of nutrition education to affect the desired behaviors. Strategies 

included more traditional education sessions and brochures to target a specific nutrient or food 

group, like sodium107 or whole grains,108 or more novel approaches using a peer mentor 

model,109 color-coded food quality ranking system,110-112 or food sampling/exposures.103,108,113  

Other qualitative studies have explored the general experiences of food pantry customers 

and their barriers and facilitators to healthy eating. To expand on previous work, our study 

investigates the health profile and experiences of a medically vulnerable cohort of patients 

dealing with food insecurity and uncontrolled diabetes in an urban environment who were 

participating in a fresh produce home delivery program. The aims of this study were to 

investigate (1) dietary profile and psychological disposition and (2) through semi-structured 

interviews, explore the perceptions and decisions made when choosing foods, challenges 

obtaining foods, and experiences with discrimination in healthcare.  
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METHODS 

Study Design 

This cross-sectional, mixed-methods study obtained data from a medically vulnerable 

cohort of patients participating in a home delivered fresh produce program. Data was collected 

from multiple short surveys and an in-depth interview. Diet and psychological disposition were 

assessed using an ASA24 hour food recall114 and through surveys assessing self-efficacy, 

disposition, and mood.115,116 Recorded, semistructured interviews were used to explore the 

specific barriers and facilitators of food insecure patients with uncontrolled diabetes. Participants 

who enrolled in the study program, Project FEED (Feeding Empowerment and Educational 

Delivery), were provided monthly in-home nutrition education by a FEED team and a monthly 

bag of fresh produce. Participants received these services at no cost for 6 months. Project FEED 

is an interinstitutional collaboration between a medical school and a dietetic internship (DI) 

program in the Triangle region of North Carolina. FEED teams contained a first-year medical 

student partnered with a graduate level dietetic internship student. Each FEED team was 

responsible for following their assigned patient for the duration of the 6-month in home, nutrition 

education and produce delivery program.  

Student Teams Training 

Each FEED team had one medical school student and one dietetic student. All teams 

were required to attend an initial orientation, two training sessions, provide informed consent 

(Appendix A1), and complete a survey, which was used for the analysis of a separate study. The 

orientation provided an overview of the program, expectations, and an opportunity for student 

participants to ask the researchers questions. The first training session, taught by a medical 

school faculty member, covered basic motivational interviewing techniques. Students met their 



 

38 

 

teammate and performed a team building activity. On a separate evening, the second training 

session reviewed the nutrition education curriculum and how to establish appropriate goals with 

the patient participant. FEED teams were assigned their patient during the second session and 

medical staff provided an overview of the patientôs health history, contact information, and any 

confounding health, social, or living issues that could make the sessions more challenging.  

Nutrition Education Curriculum 

The nutrition education curriculum was written and organized by an RDN and designed 

by one of the medical research team members. The curriculum was written at an 8th grade 

reading level and contains six units which introduced and reviewed the following topics: 

vegetables, fruits, grains, protein, quick meals, and snacks. Educational content was primarily 

sourced and adopted from the United States Department of Agricultureôs MyPlate and Dietary 

Guidelines for Americans, 2015-2020.117 Additional information was obtained from the Centers 

for Disease Control and Prevention, the National Institute of Diabetes and Digestive and Kidney 

Diseases, and the American Diabetes Association. Each unit was specifically designed to address 

optimizing dietary strategies to improve blood glucose control and improve other diabetes related 

outcomes through nutrition. The complete manual is located in Appendix A2. 

Participants   

Purposive, convenience sampling was used to recruit participants from a large, outpatient 

university medical center during the Spring of 2018. Potential participants were screened using a 

multiple pass method to ensure all eligibility requirements were met. The first screening pass 

was conducted internally by clinic staff. Food insecurity screening was performed using the 

Economic Resources and Food Security USDA 6-item questionnaire.92 If patients were positive 

for food insecurity, they were invited to participate in the clinicôs on-site fresh produce program. 
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The clinicôs fresh produce program provides a free bag of fresh fruits and vegetables each week 

that could be picked up for personal use. From the fresh produce program patient pool, a second 

pass was done to sort for the appropriate medical characteristics. The eligibility requirements 

were: two or more comorbidities and at least one was diabetes with an HbA1c > 8.0. If all 

eligibility requirements were met at this point, contact from the outpatient medical staff was 

made and an invitation to participate in Project FEED was offered. For interested patients willing 

to participate, the third pass was done to ensure home suitability and safety. A visit to the 

patientôs residence was performed by a licensed clinical social worker (LCSW) or a registered 

dietitian nutritionist (RDN) to ensure a safe environment for researchers and students. Other 

exclusionary criteria were:  lack of stable housing, unable to communicate, unable to consent, 

Spanish speaking only.  
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Figure 2.1. Project FEED Participant Eligibility Flow Diagram Spring 2018  

 

 

 

 

Eligible to participate 

Food insecure 

Not eligible to participate 

Invited to participate in Project FEED 

Accepts 

Home safety vetted by LCSW & RDN 

Home is safe 

2nd 

pass 

3rd 

pass 

1st 

pass 
Clinic patients screened for food insecurity 

Eligible to participate in fresh produce program 

Enrolls 

> 2 comorbidities, HbA1c  > 

8.0%, transportation barriers 

Food secure 

Does not enroll 

< 2 comorbidities, HbA1c  < 

8.0%, access to transportation 

Does not accept 

Home is unsafe 



 

41 

 

Materials and Instruments 

Semi-structured Interview Guide 

Researchers developed a semi-structured interview guide with a series of open-ended 

questions organized into three different categories exploring facilitators of healthy eating, 

barriers to healthy food, and experiences with discrimination in healthcare. There were eight 

required questions with the option of up to six additional probing questions to explore a positive 

response and obtain more context from a required question. Interviews were recorded using 

Olympus digital voice recorders. Interviewers completed ethics training and received basic 

qualitative research methodology education from content area experts from their respective 

universities. All interviewers had experience in health care, treating patients with food insecurity, 

and diabetes. Interview questions were reviewed by content area experts and then the researchers 

conducted internal, mock interviews. Some minor edits were made to several questions for 

clarification and the order of the questions was changed to improve cohesiveness and flow of 

interview. 

Other Instruments  

During enrollment visits with participants, researchers obtained a 24-hour dietary recall 

and read aloud and recorded their responses for three short surveys. Dietary recalls were 

obtained using the National Cancer Institute, Automated Self-Administered 24-Hour Dietary 

Assessment Tool (ASA24).114 The Healthy Days tool or Health-Related Quality of Life 

(HRQOL) is a surveillance tool to assess ñan individualôs or groupôs perceived physical and 

mental health over timeò. We used the 4 question HRQOL which uses scaled responses. The tool 

is maintained in the Centers for Disease Control and Preventionôs Division of Population Health 

and can be used as a proxy to measure the health component of overall quality of life.115 The 
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Table 2.1 Semi-structured Interview Guide for Project FEED Participants 

Category Prompts and Questions 

Perception of 

Healthy Eating 

Prompt: Iôm going to ask you some question about the types and kinds of 

foods you typically eat.   

     1. Tell me about the foods you eat on a regular basis. 

     2. What do you eat at home that you consider to be a healthy meal? 

     3. What makes it easy for you to eat healthy? 

Barriers to 

Healthy Food 

Prompt: Iôm going to ask you some questions about issues that could make 

eating more challenging. 

     4. What makes it difficult for you to eat healthy? 

     5. Can you tell me about the things that make it hard to get food.  

      

         Probe:  For example, some people don't have transportation to a     

                     grocery store. 

Prompt: Being able to eat and have access to food are really important to 

health and wellbeing. Other things that are also important include having a 

safe place to live and exercise, having supportive relationships, and being 

able to get around.  

     6. Can you describe how these issues are going for you?           

      

          Probe:  a) What makes these things difficult?  

                      b) What helps you with meeting these needs? 

Experience with 

Discrimination 

Prompt: I am going to ask you some question about discrimination. If you 

are uncomfortable answering any of these questions, feel free to decline a 

response.   

     7. Have you ever experienced discrimination or been treated unfairly  

         because of your weight, what you eat, or how you look when  

         obtaining medical services?  

 

         Probe:   a) If so, can you tell me about the last time this happened?  

                      b) Why do you think it happened?  

                      c) How does that make you feel?  

     8. Have you ever experienced discrimination because of your race or     

         gender?  

  

         Probe: How do you think that affects the healthcare you receive? 
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Patient Health Questionnarie-2 (PHQ-2), 2 question screener, was used to screen for depression 

in a first-step approach.116 Researchers developed three questions to assess perception of self-

efficacy related to shopping and cooking. The self-efficacy tool was not validated.    

Data Collection 

Researchers contacted research participants by phone to schedule a time for home 

interviews and data collection. Researcher first reexplained the purpose of the study, provided an 

overview of Project FEED, expectations for participants, benefits, potential risks, and then 

encouraged questions before obtaining consent. One researcher from the team conducted the 

interview and obtained responses to the three surveys in the participantsô main living space or 

kitchen. Interviews were recorded then downloaded from an audio recording device to a HIPAA 

compliant repository. Participants were asked not to have other household members present 

during the data collection session to reduce any bias. Total time spent in each participantsô home 

ranged from 60-90 minutes and most recorded, semi-structured interviews took approximately 15 

minutes. Surveys were read to participants and responses were recorded by the research staff 

member on behalf of the participant. The multiple pass ASA24 dietary recall was also read and 

recorded by the researchers based on the participantôs responses. Dietary recalls were cleaned 

and reviewed in detail for missing data. All recalls were inspected for breakoffs, outliers, and 

entry duplications. All interviews and survey data were collected during May and June of 2018.   

Data Analysis 

Interview recordings were transcribed verbatim and time stamped by undergraduate 

research assistants who were trained to transcribe audio files. Transcriptions and audio files were 

then reviewed by a researcher to ensure text and audio matching. To develop the codebook, each 

participantsô transcript was reviewed in triplicate by the research team. During weekly meetings, 
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the team discussed first impressions, emerging themes, notes, and memos. The initial 

transcription review process yielded four coding categories with a total of 21 individual codes. 

Final edits were made to the codebook including code exclusionary criteria (e.g. when a code is 

not appropriate to use for a particular circumstance) and any code definition which shared 

overlapping meaning were redefined. Two codes were removed, which left four code categories 

and 19 individual codes. Table 2.2 provides a summary of the final code book, and the full 

manual can be found in Appendix A4.  

Before research assistants could begin assigning codes to the transcriptions, they had to 

complete coder training. Coders completed ethics training using a self-paced module, reviewed 

basic qualitative research methodology and theory, and practiced with an actual passage. Coders 

were required to assign codes to a passage from a deceased participantôs interview transcript. 

The code associations were discussed in a group setting and examples were provided on why a 

code may be a good or poor fit for different scenarios. After coders were trained, all transcripts 

were reread and coded using codes from the revised coding manual. To increase trustworthiness, 

all interviews were coded independently by a lead researcher, registered dietitian, and research 

assistant. The researchers continued to meet weekly during the coding process and used 

consensus coding to determine appropriate assignment of codes. When consensus was unable to 

be reached after group discussions, the lead researcher would make the final decision.   

Raw counts, means, and percentages were used to quantify demographic characteristics, 

health metrics, food security, self-efficacy, health related quality of life, and depression from the 

three surveys and screeners. Using a single pass 24-hour recall, we calculated averages for total 

energy, macro and micronutrients, saturated fat, added sugars, food groups, sources of foods, and 
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beverage consumption patterns. We also looked at number of eating occasions, feeding window, 

and eating environment.  

 

Table 2.2 Summary of Code Categories and Individual Codes from Project FEED Code 

Book Spring 2018  

             Code Category                                              Individual Codes 

Dietary Habits                                        Food Decisions (healthy) 

 Food Decisions (unhealthy) 

 Food Choice Compromises 

 Skipping Meals 

 Ability to Prepare Meals 

 Nutrition Facts Panel Understanding 

Barriers to Healthy Eating Financial 

 Miscellaneous 

 Perceived 

 Environmental 

Motivations  God 

 Coping Strategies 

 Physical Activity 

 Assistance/Support Structures 

Social Determinants of Health Comorbidities 

 Experience with Crime or Violence  

 Physical Safety 

 Health Literacy 

 Discrimination 
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RESULTS 

Demographic Profile 

A total of 14 participants were enrolled and consented to Project FEED. Baseline data 

was obtained for 12 of 14 (86%) and interviews were obtained for 14 of 14 (100%) of 

individuals. Participants complied with the request to conduct the interviews in private although 

during two interviews we were briefly interrupted by other household occupants. These slight 

interruptions did not appear to disrupt the candor of the interview process. Two participants 

became deceased during the 6-month nutrition education intervention portion and two more were 

lost to follow up, so they were unable to complete the nutrition education component. The 

average age of the participants was 55 years old (range 23-74 years), 11 (79%) were female, 12 

were Black (86%), 1 was White (7%), and 1 identified as Other (7%). All participants were 

unemployed or retired and had an annual income of less than $35,000. Only 3 (21%) lived with a 

partner or were married, and the rest, 9 (79%), were single or resided alone.  

The mean BMI (body mass index) for the group was 40. All participants had more than 

two comorbidities, and the average number of chronic disease diagnoses per person was 4.8  

 

Table 2.3 Project FEED Patient Demographics 

Participant Characteristics Number of  

Participants (%)*  

Total No.                   14 (100%) 

Age, y 

      Range                  23-74 

      Mean                  55 

Sex 

      Male                     3 (21%) 

      Female                   11 (79%) 
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Table 2.3 Continued  

Ethnicity 

      Black                   12 (86%) 

      White                      1   (7%) 

      Other                      1   (7%) 

Income 

      < 25K                    11 (92%) 

      25-35K                      1   (8%) 

Education 

      HSsome                     4 (33%) 

      HSgrad                     6 (50%) 

      BS                     2 (17%) 

Relationship Status 

      Single                    5 (42%) 

      Partner                    1   (8%) 

      Married                    2 (17%) 

      Widowed                    2 (17%) 

      Separated                    2 (17%) 

Food Security Status 

      Food secure                    0   (0%) 

      Marginal food security                    1   (8%) 

      Low food security                    5 (42%) 

      Very low food security                    6 (50%) 

Health Metrics 

      BMI                    9   (40)* 

      Chronic Diseases                  14  (4.8)*  

      HbA1c %                  11  (9.7)*  

*Health metric values in parenthesis are calculated means  
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 (range 2-8 separate diagnosis). All participants had ñuncontrolledò diabetes and the mean HbA1c 

was 9.7%. Nearly all participants had a food security status of Low Food Security or Very Low 

Food Security, 42% and 50% respectively. One person had Marginal Food Security (8%).      

Psychosocial Screeners 

Self-efficacy and confidence in ability to eat a healthy diet were assessed from three 

questions related to food quality, preparing, and obtaining healthy foods. Three (27%) 

respondents felt they ate healthy ñmost of the timeò, six (50%) felt that they ate healthy 

ñsometimesò, and the remaining 3 (27%) chose ñnot very oftenò or ñnone of the timeò. Eight of 

12 (66%) reported ñsomeò or ñcompletely confidentò preparing healthy meals. Most, 10 out of 

12 (83%), participants felt at least ñsomewhat confidentò in their ability to choose healthy foods 

from the grocery store.  

 

 

 

Table 2.4 Healthy Eating Self-Efficacy Screener 

 Level of Confidence 

Question/Item Not at all Not very 

often 

Sometimes Somewhat 

confident 

Completely 

confident 

Ability to eat healthy 1 (08%) 2 (17%) 6 (50%) 3 (25%) 0 (00%) 

Preparing healthy meals 1 (08%) 2 (17%) 1 (08%) 5 (42%) 3 (25%) 

Choosing health foods 2 (17%) 0 (00%) 0 (00%) 7 (58%) 3 (25%) 

 

  From the four question Health Related Quality of Life Scale (HRQOL), most 

respondents, 9 (75%), said their health was ñfairò or ñpoorò, 1 (8%) person chose ñgoodò, and 2 

(17%) chose ñexcellentò. Over the last 30 days, 6 (50%) participants reported that their physical 

health was not good ñmore than half daysò or ñnearly every dayò, 5 (42%) chose ñseveral daysò, 

and only 1 stated ñnot at allò. Mental health was slightly better than physical health for the last 
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30 days. Four (33%) participants reported their mental health was not good ñmore than half 

daysò or ñnearly every dayò, 5 (42%) chose ñseveral daysò, and 3 (25%) stated ñnot at allò.   

Four out of 12 (33%) participants scored > 3 on the PHQ-2 which suggests a major 

depressive disorder is likely. When asked about having low interest or pleasure when doing 

things only 3 (25%) chose ñmore than half of the daysò or ñnearly every dayò, 6 (50%) chose 

ñseveral daysò, and 3 (25%) reported not experiencing low interest or pleasure. For disposition, 5 

(42%) reported not ever feeling down, depressed, or hopeless; however, 4 (33%) reported a 

negative disposition on ñseveral daysò, and 3 (25%) on ñmore than half of the daysò. 

 

 

 

Table 2.5 Health Related Quality of Life Scale (HRQLS) and Patient Health Questionnaire-

2 (PHQ-2) 

 Perceived Physical and Mental Health Over 

Time 

Question/Item Not at all Several 

days 

> Half 

days 

Most days 

How many days during the past 30 days 

was your physical health not good? 

1 (08%) 5 (42%) 4 (33%) 2 (17%) 

How many days during the past 30 days 

was your mental health not good? 

3 (25%) 5 (42%) 3 (25%) 1 (08%) 

How many days did poor physical or 

mental health prevent usual activities? 

3 (27%) 4 (36%) 1 (09%) 3 (27%) 

 Depressed Mood 

How often have you had little interest or 

pleasure in doing things? 

3 (25%) 6 (50%) 2 (17%) 1 (08%) 

How often have you felt down, 

depressed, or hopeless? 

5 (42%) 4 (36%) 3 (25%) 0 (00%) 

 

ASA24 

The mean energy intake was 1358 kcal, which is lower than the reference value for 

individuals over the age of 50 years old. Fiber was also notably lower than the recommended  
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amount at 11 grams. Fat and protein were consisted with reference amounts and saturated fat was 

19 grams. On average participants consumed approximately 10 teaspoon-equivalents of added 

sugars.   

 

  

Table 2.6 Energy and Macronutrient Profile  

Dietary Component (Value) Project FEED 

[mean] 

Reference Valuea   

[F > 50 years old] 

+ difference (%)e 

Energy (kcal)a 1358 1600    -242   (85%) 

Protein (g)bRDA 60 46     +14 (130%) 

Fat (20-35% of total E in g)c 54 36 ï 62         0 (100%) 

Saturated Fat (g)d 19 20        -1   (95%) 

Carbohydrates (g)RDA 160 130     +30 (123%) 

Sugar (g) 61   

Added Sugard (t equivalents) 10 12        -2   (83%) 

Fiber (g)AI 11 21      -10   (52%) 

abased on EER (Estimated Energy Requirement) using a reference female that is sedentary, 55 years old,      
 126 lbs and 64ò 
bValue based on reference weight using 0.8 g/kg/d 
cAMDR (Acceptable Macronutrient Distribution Range) 
d% DV (Daily Value) 
epercentages are provided as a reflection of adequacy to the Reference Value 

 

Participants consumed lower than the reference value for total fruit, total vegetable, 

legumes, total grains, whole grains, and dairy. They consumed greater than the reference value 

for refined grains, protein, and oils. On average less than a half serving of whole grains were 

consumed. Most dietary protein came from poultry (42%) and other meats like pork and beef 

(31%). Cured meats (i.e. processed meats, ñlunch meatsò) and eggs accounted for 11% each.  

Less than 1% of calories from protein each came from seafood, legumes, and soy, while nuts 

accounted for approximately 2% of protein intake mostly from peanut butter. For vegetables, 



 

51 

 

more than half of the participants only consumed potatoes or other starchy vegetables like peas 

or corn. This subset also lacked any intake of red, orange, or dark green vegetables nor did they 

consume a source of legumes. Only one participant consumed a partial serving of legumes.  

 

 

Table 2.7 Food Group Equivalents and Intake 

Food Groupa (serving size) Project FEED 

[mean] 

Reference Value 

[F > 50 years old] 

+ difference (%)b 

Fruit, Total (c-eq) 0.5 1.5       -1.00  (33%) 

Vegetables, Total (c-eq) 1.35 2       -0.65  (68%) 

Vegetables, Starchy (c-eq) 0.6 0.6        0.00 (100%) 

Legumes (c-eq) 0.04 0.14       -0.10   (29%) 

Grains, Total (oz-eq) 3.7 5 (3 whole)       -1.30   (74%) 

Grains, Refined (oz-eq) 3.4 2      +1.40  (170%) 

Protein (oz-eq) 5.25  5      +0.25  (105%) 

Dairy (c-eq) 0.6 3       -2.40    (20%) 

Fats, Oils (g) 13.5 5 (t)      +8.50  (270%) 

Fats, Solid (g) 26 NA             NA 

aUS Department of Agriculture, Healthy U.S.-Style Eating Pattern for 1,600 calorie level pattern 
bpercentages are provided as a reflection of adequacy to the Reference Value 

 

Of the micronutrients, vitamin A, folate, vitamin C, vitamin D, calcium, potassium, and 

magnesium were below recommended dietary intake levels. Iron, sodium, phosphorus, and 

niacin were consumed in amounts greater than reference values. When comparing mean intakes 

to the median values, significant decreases were observed in iron (13 grams to 9 grams), vitamin 

A (329 mcg to 223 mcg), vitamin C (55 mg to 33 mg), and vitamin K (88 mcg to 58 mcg). 

Nearly two-thirds of the participants (64%) reported drinking sugar sweetened beverages or fruit-

flavored beverages. Only 3 (21%) participants consumed any tap water, and 79% consumed only  
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Table 2.8 Mineral and Vitamin Intake  

Dietary Component (Value) Project FEED 

[mean] 

Reference Valuea  

[F > 50 years old] 

+ difference    

(%) 

Calcium (mg)
RDA

 537 1200       -663  (45%) 

Copper (mg)
RDA

 88 90           -2  (98%) 

Iron (mg)
RDA

 13 8          +5 (163%) 

Potassium (mg)
AI

 1663 4700     -3037   (35%) 

Sodium (mg)
AI

 2610 1300    +1310 (200%) 

Magnesium (mg)
RDA

 180 320       -140   (56%) 

Phosphorus (mg)
RDA

 858 700      +158 (123%) 

Selenium (mcg)
RDA

 88 55        +33 (160%) 

Zinc (mg)
RDA

 8 8            0 (100%) 

Vit ARDA 329 700      - 371  (47%) 

Thiamin (mg)RDA 1.2 1.1       +0.1 (109%) 

Riboflavin (mg)RDA 1.2 1.1       +0.1 (109%) 

Niacin (mg)RDA 20 14         +6  (142%) 

Vit B6RDA 1.7 1.5      +0.2  (113%) 

Folate, total (mcg)RDA 257 400      -143    (64%) 

Vit B12 (mcg)RDA 2.7 2.4      +0.3  (112%) 

Vit C (mg)RDA 55 75        -20    (73%) 

Vit D (mcg)RDA 2 15        -13    (13%) 

Vit K (mcg)AI 88 90          -2    (98%) 

abased on EER (Estimated Energy Requirement) using a reference female that is sedentary, 55 years old, 

126 lbs and 64ò 
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bottled water. The average total moisture intake from both foods and beverages was 1712 grams. 

No one reported any consumption of alcohol. 

Semi-structured Interviews 

Fourteen of 14 (100%) semi-structured interviews were completed. The average length of 

the interviews was 13.51 minutes, and the range was 3:31-48:52 minutes. All participants were 

asked 8 questions from three categories:  Perception of Healthy Eating, Barriers to Healthy Food, 

and Experience with Discrimination. The Experience with Discrimination section contained two 

close-ended questions with follow up probes if the interviewer received a positive response. Two 

dominant themes emerged from this cohort of patients as they described the burden of living 

with uncontrolled diabetes and food insecurity and their attempts to reconcile poor health and 

environmental circumstances. The patient experiences are described in the following sections 1) 

barriers to healthy behaviors and 2) and thankfulness for God.  

Barriers to Healthy Behaviors  

Participants consistently described transportation and money as barriers that limited 

access to self-defined healthy foods. Additionally, confounding psychological stressors existed 

simultaneously. Participants expressed concerns related to the management burden of 

comorbidities and experiences with violence. This confluence of stressors and barriers appeared 

to challenge the adoption of otherwise healthy behaviors, caused worsening health outcomes, and 

effectively reduced their ability to properly engage in consistent disease management practices.  

Transportation  

Participants frequently cited limited financial resources as a significant impediment to 

being able to afford a convenient mode of transportation to access preferred foods. 

Transportation posed a significant barrier to preferred grocers or food retailers which they 
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described as having a better selection and a higher quality of food. These food retailers were 

usually further away, so public or private transportation was required. Since most participants 

did not have access to a private vehicle, they relied on rides from friends, family, public 

transportation if they lived in close proximity to a bus line, or had enough money to purchase a 

nonshared, commercial ride service. When the cost of transportation became prohibitive, there 

was a greater reliance on local stores such as Dollar Tree, Family Dollar, or private corner stores. 

Participants reported that when they have to rely on stores that are closer to home, they have to 

accept the trade-off on quality for convenience. Food costs were not always cheaper in the stores 

with a closer proximity to their residence; however, their selection and overall food quality were 

described as worse. Participants often had to contend with the dilemma of spending more money 

on transportation to procure desired foods versus obtaining food from local retailers. The cost of 

transportation would therefore reduce the total available funds for food potentially resulting in an 

unacceptable quantity.  

ñWell, my aid takes me to the store. So, if she donôt come itôs hard for me to get 

there because, uh, if I donôt have the money to pay the cab then I canôt [get] 

there. So, thatôs hard for me to get there to the store, mainly because if I donôt 

have the finances to get there or the money to buy the food.ò  

Some participants utilized a supplemental approach using both public transportation and support 

from friends and family. This individual expresses her frustration of having to wait for her 

daughter to drive her to the store on the weekend. If she chooses to take the bus mid-week, she 

has to make a 1-hour bus trip to Walmart each way. She stated her daughter was only available 

to transport her on the weekends because she is working. She describes her two options of 

waiting and going without preferred foods versus enduring a long trip that ultimately costs more.  
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ñYeah, it can get aggravating, if it comes to that point. Iôm like, you know what, 

let me wait until the weekend. Thatôs what I normally try to do, unless itôs 

something I really, really want to eat and I donôt have it in the house.ò  

There was also a general perception that healthier foods are more difficult and costly to access.  

ñIt is harder to get healthy food because of the money. Getting healthy food is 

more expensive.ò   

Money  

Although money was frequently cited as a common barrier to transportation, they were 

not always blended areas of concern. Money still appeared to be an independent underlying 

stressor and functioned as another barrier to healthy food access and healthcare utilization. This 

participant, immediately preceding this passage, stated that transportation was not an issue for 

her. She cognitively separates the two and sees money as an insufficient resource to bridge the 

gap between other supplemental resources and aid programs.  

ñSometimes money makes it hard for me to get food. um...I donôt get uh a lot of food 

stamps and I uh have two grandkids that um I take care of and I uh be working part-time 

because Iôm disabled. I get a disability check, but that whole check goes to my bills, so the only 

money I have...the money I get from my little part time job so [it] makes [it] kinda hard 

sometimesò.  

This participant found an innovative strategy to maximize her money. She frequents a variety of 

different food retailers and developed relationships with many of the store employees and 

managers. Employees of the store will give her a call, or she will call them to learn if there are 

any deals on food items.  
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ñI let them know I am on a budget, and I need a little help. He [the manager] 

said, ñwe always [give] help if you askinò, so I say ñlet me askò, and Iôve been 

asking. And thatôs what, thatôs what they do.ò 

The store manager and workers are more than willing to assist her by providing this information 

if she calls the store. Another participant employs a similar strategy. She described a challenging 

scenario where she didnôt have enough money to afford formula and diapers. She concluded that 

the baby was at risk of becoming malnourished, so she pursued assistance from the store 

managers rather than utilizing federal or state sponsored nutrition support programs.   

ñIf you got to go in the store, and you donôt have the money, just walk up to the 

lady, tell the lady, ñsay look I donôt have the money to get my baby no milk or get 

my baby no Pampers, so can you please help me out?ò, and if she can help you, 

she going to help you, or either she going to send you somewhere else where you 

can get help.ò 

Comorbidities 

Comorbidities were common in this cohort of participants. Twelve of the 14 (86%) 

participants had 4 or more diagnosed conditions. All participants had a diagnosis of diabetes, and 

other common conditions that were described were health issues (nonspecific), lethargy, pain, 

and depression. They acknowledged the complexities of trying to manage these chronic 

conditions and the mental and physical exhaustion they experience as a result. Some participants 

admitted to enduring bouts of lethargy that made it more difficult to actively manage their 

conditions and engage in health promoting behaviors. Here a participant describes how physical 

exhaustion interferes with her motivation to cook and eat healthier foods so she resorts to 

consuming convenience, highly processed food items.  
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ñI just don't feel like preparing nothing and maybe even eat the wrong stuff like 

the Weenies and stuff, and stuff like that. Just sometimes too tired and just don't 

feel like it.ò  

Another participant acknowledges that constant effort is required to control and maintain blood 

glucose. She also mentions how critical the timing of management is and, at times, must be acted 

on immediately to avoid a dire outcome.  

ñCuz blood sugar may want to decide to go high and you gotta. you gotta fight for 

that. You gotta be like aight, I know Iôm gonna be tired, maybe if I take this 

insulin, then I can relax, or then you gotta wake up to low blood sugar, youôll be 

like, ugh.ò  

There is also a sense of concern that current conditions could worsen and negatively impact other 

conditions or health attributes. Some references were made to specific biometrics and labeled as 

ñunderò or ñout ofò control. Here, a participant refers to the length of time dealing with a foot 

ulcer and its impact on quality of life. There is also the awareness that when blood glucose and 

HbA1c are elevated, this correlates to a poor healing environment for the ulcer, and the 

persistence of the ulcer is causing frustration.  

ñNext week itôs going to be four months, thatôs ridiculous, yeah, itôs like the more 

your blood elevates, is the more the wound stop trying to heal. Because heôs like 

when you bring down the your A1C level you will notice how the wound start 

healinô good. It has to do when your, ya know, your blood level and it was 

elevated, up to a nine. I think itôd be, it would bring back up my mood, cause right 

now I feel so depressed with ya know the foot.ò  
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Similarly, this participant understands the importance of exercise to help improve diabetes and 

other illnesses; however, she suffers from chronic pain which is a cited barrier to her engaging in 

exercise.  

ñéitôs kinda hard for me to do exercises and things cuz, um, I be in a lot of pain 

most of the time so that kinda makes it hard.ò  

This participant commented that the lack of money, onset of neurological symptoms, and 

depressed mood were all reasons why she described her health as ñbadò. Like others she has 

multiple physicians and there appears to be a management burden as they work with her to 

attempt to find a solution for the bouts of vertigo. She describes the scope of impact as a part of 

[her] life. 

ñémoney is a main factor and then umm. You know, like I was saying before, I 

have to base my days, based on my dizzy spills. So, when I would like to go to the 

pantry or the shelter, but sometimes I am not able to because I'm too dizzy to get 

out or too dizzy to go for a walk. It's just that part of my life; itôs a main obstacle 

in my life. But I'm trying really hard with my primary doctor, specialist, and all 

the different medical [people]  and then there is my mental health you know. When 

I get in one of my real bad depression episodes, I just don't want to do anything. 

and that's not healthy.ò 

Spirituality  

Faith in God was a consistent theme throughout our interviews. Participants described 

God as a source of contentment, hope, and safety. There was an awareness of the severity of 

oneôs conditions, health status, and financial limitations; however, their belief in God allowed an 

optimistic reframing to one of ñthis could be worseò. Participants displaying an attitude of 
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contentment appeared to find solace that any predicament they were currently facing would be 

temporary or a predetermined challenge in which they were provided the strength by which to 

overcome. In this example, a participant was responding to a question related to being able to 

afford preferred foods. Initially her responses were,  

ñéyou got to make with what you got.ò and ñI can afford what I need to afford.ò  

She describes not being able to afford some foods that she desired, but at the same time 

suggesting she has her minimum needs met. She finds security and trust in God, and that He will 

provide food for her, so she must be patient.  

ñéif I want something and I know I canôt afford itéI got God on my side and 

heôs going to make it happen. He may not make it happen when you want it to 

happen, but he will make it happen right on time.ò  

This participant described suffering with poor health for the last 20 years, and she stated she is a 

difficult patient to diagnose and treat because of the complexity of her symptoms and health 

conditions. She spoke appreciatively of her relationship and the work a cardiologist performed to 

successfully diagnose and treat her when she underwent triple bypass surgery and received 

multiple stints. She believes the cardiologistôs work and Godôs intervention were responsible for 

keeping her alive. She believes God has preserved her life and that she must now help others.  

ñBut Iôm not complaining because a lot of people wouldnôt still be here. Itôs God. 

Itôs just nobody but the Lord. I know who it is. So, I try not to complain.ò  

A different participant similarly gave context to her financial concerns related to food access. 

She admitted to not having enough money for food or having the ñright food in the houseò 

because of her lack of available transportation. She described having limited mobility and having 
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to rely on forearm crutches which she explained made mobility and obtaining food difficult. 

When asked about other aspects of her health, she explained that she relies on a relationship with 

God for guidance, comfort, and daily support.  

ñIt could be better. You know, I, um, I take it day by day. You know [trying to] 

improve on things, but ya know if I donôt keep God in [the midst] of it, it would 

never work for me.  Which I gotta keep God in a relationship for spiritual 

guidance and get through my daily process, yeah.ò    
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DISCUSSION 

Other qualitative studies have previously investigated the impact of food insecurity on 

type 2 diabetes in similar populations;118-121 however, this is one of the first to take a mixed-

methods approach to investigate other stressors and barriers to a healthy diet. Money and 

transportation were the two most commonly reported barriers to obtaining healthy foods while 

physical pain, experiences with violence, and relying on others to access goods and medical 

services were also mentioned as frequent stressors. The nutritional patterns we observed were 

consistent with many dietary risk factors for the development and progression of chronic 

illnesses. Managing and worrying about comorbidities, especially diabetes, was both a time 

burden and stressor. Many of the participants relied on their faith in God and had a spiritual 

practice to cope with these stresses. Our findings appear to be consistent with the work of other 

groups and further builds on the literature to understand the characteristics and behaviors of this 

medically vulnerable population dealing with food insecurity and type 2 diabetes.  

Barriers to Healthy Food 

Money is clearly linked to food insecurity and food insecurity is associated with higher 

rates of diabetes, other comorbidities, and worse health outcomes overall.2,6,7 Even though 

money was expressed as a barrier for acquiring food, it was not apparent that the participants saw 

their economic position as a potential cause for their current health status. Since this line of 

questioning was not explicitly asked, itôs unclear if this association was present or not. Money 

was not described as a barrier for larger purchases or expenses like rent or mortgage payments, 

utilities, medical bills, or debt, but there was a heightened sense of monetary awareness around 

the costs of smaller purchases. Exact costs for certain products and services were often cited and 
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mentioned. Participants performed many micro decisions for smaller expenses and calculated 

costs to stay within the confines of their budget.  

A commonly described barrier that money presented was access to food. ñAccessò for the 

participants could be defined as suitable grocer location and desired mode of transportation. For 

the participant to have full access to preferred foods, they had to have sufficient money to afford 

both the cost of the food and the transportation necessary to travel to the food retailer. 

Oftentimes, the preferred grocer was further away, thereby increasing the cost for transportation 

and causing a redistribution of food-funds for travel expenses. Conversely, grocers with a more 

ideal proximity were reported to have less food variety and lower quality products. Other 

qualitative analysis of persons dually experiencing food insecurity while managing diabetes also 

found transportation as a major barrier to food access, the ability to meal-plan, and obtaining 

preferred foods.119-121 Our study cohort used a variety of public and private transportation 

methods to gain access to food. No one blamed their health on or suggested that owning a private 

vehicle would result in an improvement in their health. Relying on public transportation and 

others, such as friends and family members, seemed commonplace. Food access related to 

limitations in transportation were exacerbated because the participants resided in known food 

desert tracts.122  

People experiencing food insecurity tend to have a lower overall dietary quality,3,4 which 

is an outcome we also observed. Overall, their consumption patterns could be described as pro-

hypertensive or a pro-oxidative stress diet. The average diet was characterized by high intakes of 

saturated fat, sodium, sugar, and sugar sweetened beverages, while calcium, potassium, 

magnesium, whole grains, fiber, and plant-based sources of protein were low. Commonly 

consumed foods were refined grains from white bread, hush puppies, and pasta; from protein 
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ground beef, chicken, and lunch meats; the most common vegetables were white potatoes, green 

beans, corn, and cabbage; very little fruit was consumed; and snack foods like potato chips, ice 

cream, crackers, and pork rinds were abundant. No one consumed sufficient water. Most meals 

that were consumed came from prepared or convenience foods. Participants reported feeling 

confident in their ability to cook. However, in this sampling, cooking was almost never 

performed other than warming up canned or frozen food in the microwave or on the stovetop.  

Spirituality 

Resilience was an emergent theme in other studies containing similar participant 

demographics who were also experiencing a combination of food insecurity, diabetes, or mental 

health issues.118-121 Although resilience was not an independent and dominant theme in our 

study, it was present and intertwined throughout the participantsô faith and trust in God, which 

was a major theme. This phenomenon has been described as ñGod-reliantò. Relying on God in 

this context allows emotional stresses to be shared or fully transferred to an external entity 

alleviating some or all the worry.123 Spirituality may provide the capacity to transcend what may 

be otherwise perceived as bleak circumstances such as poor or worsening health conditions and 

limited financial resources. Walker et al. explored potential intervention programs for food 

insecure, African Americans living in the inner city with diabetes. They found that faith in God 

and religion were important facilitators, and participants relied on these beliefs as plausible 

coping mechanisms. Paradoxically, negative health outcomes were not attributed to God or ñHis 

planò,121 which we similarly observed. Some participants appeared to be more than accepting of 

their health and economic situation and may even hold a theological deterministic position. This 

position of accepting what is and what is to come threatens personal responsibility and the will to 

make executive changes. They also reported that participants desired interventions that had a 
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peer-relational component, access to community resources, and stress management.121 Two 

participants from our cohort suffered massive heart failure and described being thankful for their 

health and the blessing of life which they attributed to Godôs mercy and grace. The ability to be 

resilient, appears to be the result of consciously remaining in a state of contentment. Suffering 

and enduring hardships are common themes found throughout many religious doctrines 

including the Bible. This phenomenon is likely tied to the spiritual practice of actively trying to 

emulate or endure similar experiences held by the primary deity of a particular religion. 

Resilience may emanate from spirituality, and spirituality is a common coping mechanism in 

African Americans dealing with financial stress and illness. Spirituality is used to cope with the 

stress of family pressures, parenting, and daily psychological distress.121,123,124       

Another similar study conducted by Myers, et al., investigated the coping strategies of 

African Americans diagnosed with a mental illness and experiencing food insecurity. When 

asked about their relationship with food, the researchers learned that participants were lonely and 

isolated. During moments of stress or sadness, participants reported either eating more due to 

boredom, or less because they felt preparing food for one was too burdensome.119 We observed 

the potential for these effects also. Most of our participants lived alone and ate meals in isolation. 

All interviews were conducted in the participantsô homes during daytime hours. Our researchers 

reported that windows were covered by blinds or curtains to restrict natural light, and televisions 

were often left on without anyone watching. Nearly all participants reported eating with the 

television on. Myers, et al., concluded that a strong social theme related to food and mental 

health exists in this population. The desire to eat communally was tied into aspects of familial, 

social bonding, and even nostalgia. Even though this group was economically disadvantaged, 

there was a strong desire to share resources with others.119 Our findings confirmed the outcomes 
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described in the literature that external social supports, coping strategies, and concern of oneôs 

health may have a greater place of importance than money alone. These factors should be 

considered and incorporated into any thoughtful programmatic design and when proposing 

policy to help this population. Faith-based features may increase relatability, improve relational 

development, and increase acceptance. A biopsychoscocial-spiritual approach may be needed to 

improve desired behavioral and health outcomes.125 

Limitations 

Although we did not intentionally seek out African American participants, our multiple 

pass screening criteria yielded a patient cohort that was predominately African American (86% 

and 93% nonWhite). This did not impact any procedures of the study design but does reflect the 

local population for the specific geographical area where we recruited. One of our main 

objectives was to explore barriers to healthy eating. We did not explicitly survey how well 

utilized or knowledgeable they were of federal or state sponsored nutrition support services. 

SNAP was mentioned by two participants, but we did not explore the benefit amount or if the 

benefits were consistently used.  

Instead of obtaining 3 separate 24-hour recalls from each participant, which is more in 

line with a higher level of rigor, we only obtained one 24-hour recall from each participant. It 

usually took multiple attempts to schedule an appointment and cancellations, rescheduling close 

to the appointment time, and no shows were common. Feasibly, it would have been very difficult 

to obtain two additional passes for each participant and potentially subject them to an 

unnecessary burden.   
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CONCLUSIONS 

In this cohort of individuals experiencing food insecurity and uncontrolled diabetes, 

money and transportation were consistently expressed as significant barriers to a healthy diet and 

preferred foods. Future programs attempting to improve food access should address these two 

barriers while also considering incorporating components of faith-based practices to enhance 

acceptance and connect with these individuals at a spiritual level. If faith-based practices are not 

feasible or acceptable, using community or family may improve social bonding and reduce 

isolation. Although pain was not a dominant theme, it was noted during several interviews. 

Future studies may consider exploring meditation in the form of prayer or other biofeedback 

techniques to help reduce pain associated with chronic illness and other etiologies not explored 

here. If addressed, the determinants described in this study may yield an improvement in quality 

of life by improving overall health from a biopsychosocial-spiritual perspective.  
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CHAPTER 3: INTERPROFESSIONAL EDUCATION BETWEEN DIETETIC INTERNS 

AND MEDICAL STUDENTS IMPROVES  CONFIDENCE IN NUTRITION 

EDUCATION DELIVERY SKILLS  

ABSTRACT 

Research Question/Aims 

Does participation with an interprofessional education program between students enrolled in two 

different medical specializations increase confidence in delivering nutrition education and 

improve willingness to collaborate with other healthcare providers?  

Methodology 

Graduate students from a dietetic internship (DI) program and first year medical students were 

partnered together in teams of two. Each student team was assigned a patient who had received a 

positive screening for food insecurity and uncontrolled diabetes from a local clinic. For 6 

months, student teams delivered fresh produce to their patient and provided monthly nutrition 

education in the patientôs home. The nutrition education curriculum covered basic nutrition 

information such as serving sizes, food groups, label reading, and how to improve blood glucose 

control. The students completed pre- and post-participation surveys to self-assess their 

knowledge and skills gained from participating in the program. 

Results 

Studentsô Change in Perceived Confidence after the 6-month program compared to baseline 

demonstrated significant (p-value < 0.05) increases in confidence for 7 of the 9 items. 

Confidence increased in studentsô ability to obtain a diet history, counsel patients, make a 

referral, and the nutritional management of common chronic diseases.   

Conclusion/Importance  
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Healthcare training programs should consider utilizing interprofessional educational 

opportunities to increase confidence, learning, and the ability to collaborate within the healthcare 

interdisciplinary team, which may improve overall patient care and health outcomes. 
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INTRODUCTION  

Interprofessional education (IPE) is thought to be a precursor to productive and effective 

interprofessional collaborations (IPC), especially in health care delivery.126 The World Health 

Organization (WHO) defines IPE as occurring when students from two or more professions learn 

about, from and with each other to enable effective collaboration and improve health 

outcomes.127 In a comprehensive update of a large meta-analysis, the Institute of Medicine, found 

that IPE was associated with stronger competency specific knowledge, improvements in 

perception and attitudes, and changes in skills. To a lesser degree, some studies observed 

changes to the delivery of patient care and improvements in clinical outcomes.126 A logical 

progression is that IPE will lead to more IPC which will lead to better patient outcomes and 

satisfaction for both healthcare workers and patients. Providers engaged in interprofessional 

collaborative practices should know how to work in an interprofessional team with health 

workers from different professional backgrounds and competently communicate within the team 

to patients, families, and communities.127   

Models that have been used for IPE often feature designated courses with specific 

learning outcomes targeting IPE. They often involve bringing together student representatives 

from a variety of medical and allied health specializations. In diverse teams, they will engage in 

collaborative patient-centered care, evidence-based practice, communication, and/or quality 

improvement assignments and projects.28,128 Possible barriers for academic programs adopting an 

IPE framework are curricula coordination and planning and interpersonal relationship 

development. Students from different disciplines often arrive at specific professional training 

degrees with different levels of knowledge, and this can lead to lower levels of appreciation 

towards a profession that may have less rigorous admittance standards.129   
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METHODS 

During Fall 2018 in the Triangle region of North Carolina as part of an interinstitutional 

collaboration, graduate students from a dietetic internship (DI) program and first year medical 

school students participated in a fresh produce home delivery and nutrition education program. 

Students from each institution were partnered with a student from the other program and these 

student teams were assigned a patient for whom they were responsible for delivering fresh 

produce and monthly nutrition education in the patientôs home.   

Student Recruitment 

Both cohorts of students were recruited through their programôs experiential learning 

competencies that were aligned within an academic training course. Student participation in the 

program through the course was mandatory; however, students had to opt-in to the study and 

complete informed consent found in Appendix A1. Information sessions were held separately for 

each group of students and their respective course instructors to explain the program, study 

design, expectations for participation, and answer any preliminary questions. Training was held 

over the course of two evenings. Each training session taught motivational interviewing skills, 

held team-building exercises, and an opportunity to review and practice the delivery of the 

nutrition education curriculum. Training was provided by a medical doctor and registered 

dietitian and the topics were: Engaging Hard-to-Reach Patients; Tips for Effective Nutrition 

Education; and Motivational Interviewing.  

Nutrition Education Curriculum  

The nutrition education curriculum was written and organized by an RDN and designed 

by one of the medical research team members. The curriculum was written at an 8th grade 

reading level and consisted of six units which introduced and reviewed vegetables, fruits, grains, 
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protein, quick meals, and snacks. Curriculum workbook content was adopted from publicly 

available nutrition information from the USDA, CDC, ADA, and NIDDK. Each unit was 

specifically designed to address optimizing dietary strategies to improved blood glucose control 

and improve other diabetes related outcomes through nutrition. The workbook is located in 

Appendix A2.  

Patient Recruitment 

Patients were recruited from a large outpatient university medical center during the 

Spring of 2018. Patients already participating in the clinicôs on-site fresh produce program were 

used for the sampling pool because they already met an initial screening criterion for food 

insecurity. The fresh produce program provided eligible patients with a free bag of fresh fruits 

and vegetables each week that they could pick up for personal use. Food insecurity was 

identified by the Economic Resources and Food Security USDA 6-item screener by one of the 

clinicôs medical staff.92 Additional eligibility requirements included a diagnosis of two or more 

comorbidities with at least one being diabetes and an HbA1c > 8.0. For interested patients willing 

to participate, a social worker or registered dietitian conducted a home visit to ensure a safe 

environment for researchers and students. Exclusionary criteria were lack of stable housing, 

unable to communicate, unable to consent, Spanish speaking only.  

Procedures and Outcomes Measured 

Student teams contacted their assigned patient and scheduled a convenient time to deliver 

the fresh produce and conduct the hour-long nutrition education. This procedure was repeated for 

6 months. Using the curriculum, students would set monthly dietary goals for the patients and 

follow up with achievement of each at the subsequent visit. One DI and one medical student 

were paired and assigned to a patient that they would visit together and provide nutrition 
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education monthly for a total of 6 months. Patient evaluations were conducted separately, as a 

part of a larger study, and will not be reviewed here.   

Students were asked to fill out a survey describing their skills and confidence for various 

topics related to diabetes management and care (Appendix B1). The first survey was 

administered at the beginning of the initial training session which all students were required to 

attend. The follow up survey was administered at a 6-month wrap-up session. Skills and 

confidence were self-assessed by each student using a 5-point Likert scaled response. Paired t-

Tests were used to check for significance (Ŭ = 0.05) between group means. 
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RESULTS 

Fourteen dietetic internship students were matched with 14 first-year medical students. 

All 28 students (100%) completed the baseline survey and 20 of 28 (71%) completed the 6-

month follow up survey after their participation with the home delivered nutrition education 

program. The survey investigated items related to clinical skills, overall patient care, and disease 

specific nutrition management knowledge. The first category included clinical skills and overall 

patient care. Of the 5 items assessed in this category, all were significant except the perceived 

importance to refer to a nutrition professional. The mean score of the post group for this item still  

 

Table 3.1 Studentsô Change in Perceived Skills and Confidence After Participating in       

an Interprofessional Education Program 

Question 
Baseline Mean  

(variance) 

6-Mo Mean 

(variance) 
p-value 

Clinical Skills 

     Obtain Diet Hx 3.20 (1.12) 4.00 (0.74) 0.002 

     Counsel Patients 3.25 (1.57) 3.80 (0.69) 0.024 

     MI Skills 3.15 (0.66) 3.85 (0.56) 0.005 

     Referral (Teammate) 2.80 (1.22) 3.75 (1.88) 0.002 

     Referral (Other Nut. Prof.) 1.35 (0.45) 2.05 (3.10)    0.100NS 

Nutritional Management of Disease 

     LDL 3.20 (1.75) 3.60 (1.20)    0.057NS 

     Renal 2.60 (1.94) 3.50 (1.11) 0.000 

     T2DM 3.10 (1.88) 4.00 (1.05) 0.001 

     Celiac 3.10 (2.52) 3.65 (2.03) 0.030 
NS = Not Significant 

 

observed an increase (0.70) although it did not meet significance (0.100). This was likely do to 

confusion in the participant responses since it was the only item with a high variance value 

(3.10). For knowledge related to nutritional management of diseases, three of the four items were 

significant. The only item that did not reach significance (p-value = 0.057) was management of 
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LDL cholesterol although the mean value for that item did improve (0.40).Participants were also 

asked where they gained most of their relevant knowledge on nutrition during their educational 

training. Most students chose traditional lectures followed by case studies and not receiving any 

relevant training at all. The graph below demonstrates the format and distribution of receiving 

relevant nutrition education to help patients treat diseases using nutrition. 

 
 

Figure 3.1 Type of training where most nutrition knowledge was obtained                                               

by medical students and dietetic interns 
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DISCUSSION 

This study was one of the first to use IPE and IPC with students from a dietetic internship 

program and a medical school to provide nutrition education for a medically vulnerable patient in 

the patientôs home. Each student was able to learn more about the educational requirements and 

professional skills of their partnerôs healthcare professional area. Each pairing also received the 

experience of working with a patient for 6 months. Using a team-based collaboration method 

likely decreased the anxiety and responsibility compared to working with a patient alone. 

 When medical students are exposed to nutrition in their training curriculums, they report 

an increase in knowledge, confidence, and both a willingness to provide nutrition education and 

refer to nutrition professionals.31,32 Since nutrition is such an important factor for the 

development of noncommunicable diseases such as diabetes, heart disease, obesity, cancer, and 

hypertension, earlier preventative nutrition education and counseling could reduce and prevent 

the onset and worsening of these conditions. Poor dietary habits are associated with the greatest 

reduction of disability-adjusted life years. After tobacco, which is second, elevated BMI, blood 

pressure, and fasting plasma glucose are the third through the fifth most significant contributors 

to lifespan reduction, and they are all modifiable lifestyle factors that are strongly tied to diet.130 

If physicians appreciate the role diet and lifestyle have in preventing these chronic conditions, 

they may be more willing to refer their patients to registered dietitian nutritionist or address these 

issues themselves.21,27,131,132  

Our findings did demonstrate an increase in medical studentsô willingness to refer to 

other healthcare professionals and a stronger understanding of the nutrition specific factors 

effecting chronic and autoimmune illnesses. These benefits were also observed in their 

improvements in confidence levels to deliver nutrition education, provide nutrition counseling, 
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and understanding of the role of nutrition in disease management. Although this was not an 

evaluation metric, the student pairings appeared to enjoy each otherôs company and formed 

strong bonds during the experience. We did not receive any negative feedback from either 

student group during the first year of the program. The program is now in its fifth year and both 

institutions are satisfied with the success of the program and the work performed by their 

respective students.  

The dynamic nature of health systems requires more intentional efforts for educators and 

curriculum planners to continually coordinate redesign efforts to ensure training is aligned with 

practices. Student healthcare training programs are rarely reformed in real time after a health 

system undergoes a redesign.126 Both cohorts of students were recruited through their programôs 

experiential learning competencies that were aligned with an academic training course. 

Professional healthcare training courses should consider utilizing these experiences to expose 

students to industry standards and common practices. An added benefit could also be early 

practice and interactions with actual patients. Utilizing an interprofessional education approach, 

collaboration of resources between other medical training programs could enhance knowledge 

and confidence of entry level clinical skills for their graduates.    

Most medical education tends to take a traditional approach, which is less holistic in 

nature, and more emphasis is given to disease pathogenesis and symptom management. The 

traditional approach relies on pharmacological therapies to address unfavorable symptoms and 

out-of-range biometrics. Prevention and salutogenesis are rarely taught and are underutilized in 

the traditional medical model.27-29 Salutogenesis is the process through which health and well-

being are sustained, and it highlights the behavioral patterns associated with the ability to 

maintain or generate optimal health. Graduate medical education (GME) is limited in 
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competencies targeting disease prevention and health span optimization. It has been well 

documented that most students in GME training programs in the U.S. do not receive more than 

approximately 25 hours of nutrition education.25,28,133,134 Since most chronic diseases and many 

acute illnesses are affected by poor nutrition, it is important for physicians to have at least a basic 

working knowledge of how an optimal diet can improve the health of their patients. A 2013 

survey assessed the degree to which U.S. medical schools were providing the minimum 

recommendation of 25 hours of nutrition education. Only 29% of schools out of 121 institutions 

were meeting the minimum requirement. Thirty-six percent of the schools were not even meeting 

half of the requirement. Efforts have been made to ensure nutrition education is covered in GME 

curriculums, and although some improvements have been noted, there is still a shortfall in 

content hours.135 This is a consistent finding observed in medical schools in Europe and from 

other continents.136,137 Traditional medical training does not equip physicians with the skills 

needed to help patients contented with real-world nutrition challenges and optimizing an 

individualôs diet for health, wellness, and healing.29 Interprofessional educational programs 

appear to increase the perceived value of the other partnering profession. This should lead to 

more intentional collaborations and foster a robust interdisciplinary team for comprehensive 

patient care.   
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CONCLUSION 

Increasing partnerships with interprofessional educational experiences between 

healthcare training programs is an excellent way to satisfy experiential learning competencies. 

Having early exposure to IPE may improve willingness to engage in IPC, particularly when 

treating complex patients as a part of a healthcare team. Our findings suggest that an IPE 

experience also increases treatment knowledge, professional referral competence, and may 

improve offerings of preventative services.  
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CHAPTER 4: EFFECTS OF SHORT-INTERVAL, HIGH INTENSITY EXERCISE ON 

POSTPRANDIAL GLUCOSE  

ABSTRACT 

Aim: To examine the effects of short bouts of high intensity interval training (HIIT) before 

meals on postprandial blood glucose. 

Methods: Fourteen healthy adults participated in this randomized, crossover study. The trial 

lasted for 1 week (day 0-day 6). On day 0, a daily, repeatable menu was individualized, 

continuous glucose monitor fitted, and anthropometric measurements were obtained. The menu 

plan was repeated on days 1, 2, 4, and 5. Meals were consumed at the same time each day. In one 

arm of the study, a 5-minute HIIT workout video was performed before each meal on days 1 & 

2. All activity was restricted for days 3-5. The other arm restricted activity on days 1-3 and 

performed the exercise on days 4 & 5. Day 3 was a washout for both groups and diet was 

liberalized. The primary outcome investigated was change in postprandial blood glucose 

assessed at 120 minutes after each meal by the difference from baseline glucose measurements.  

Results: Postprandial blood glucose was lower for 4 (29%) participants on exercise days 

compared to nonexercised days. Participant level significance was determined by at least 2 of 3 

aggregated meal groupings reaching a level of significance which was determined by a p value < 

0.05. Total significant meal groupings were 12 of 42 (29%) for T = 0-120 minutes and 16 of 42 

(38%) for T = 30-120 minutes.   

Conclusion: In healthy, young adults, HIIT before meals did not significantly reduce PPBG for 

most participants. 
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INTRODUCTION  

In 2018, there were 34.1 million U.S. adults (13.0%) living with diabetes.41 Another 29.6 

million more adults are estimated to be undiagnosed. The prevalence of diagnosed and 

undiagnosed when combined may account for more than one quarter of the U.S. adult 

population.17 Diabetes was the 7th leading cause of death in the U.S in 2019, yet with the addition 

of Covid-19 in 2020, it dropped to 8th with over 100,000 deaths and a year-over-year increase of 

almost 17%.138,139   

Diabetes mellitus is a group of chronic diseases characterized by a reduction in the 

capability of cells to uptake glucose to use for normal metabolic processes.33 Type 2 diabetes 

mellitus (T2DM) account for 90-95% of all diagnosed cases. Type 2 diabetes is primarily 

characterized by insulin resistance which is a condition that decreases tissue sensitivity and 

responsiveness to insulin resulting in an increase in the concentration of blood glucose. Most 

individuals with T2DM are also obese, which itself causes some degree of insulin resistance. 

Other common risk factors for developing T2DM are low physical activity, poor dietary quality, 

or having a prior or existing diagnosis of gestational diabetes or prediabetes.34,35   

Physical inactivity is now identified as a leading risk factor for global mortality. 

Physically active individuals have less chronic disease risk, reduced depressive symptoms and 

anxiety, sleep better, report improvements in mood, and better overall health and function. 

Physical activity is bodily movement requiring energy expenditure to support the contractions of 

skeletal muscles. This includes working, playing, performing chores, and engaging in 

recreational pursuits. Exercise is a subset of physical activity and described as planned, physical 

movement performed with the intent to improve or maintain one or more components of physical 

fitness.57  The Physical Activity Guidelines for Americans recommends that adults should 
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perform a minimum of 150-300 minutes of moderate-intensity physical activity while also 

performing resistance exercises on two or more days each week. In 2015, almost a third of 

Americans were considered ñinactiveò or had less than 10 minutes of activity per week and 

another 19% had ñinsufficient activityò.58 In total, over half of all American adults are not 

meeting the minimum activity level dose of 150 mins per week. With the onset of Covid-19, 

almost a third of adults in the U.S. and in other countries further reduced physical activity levels. 

Physical activity levels declined because of social distancing measures; school, work and 

business closures; and concerns of contracting the virus.140-142  

Sedentary behavior is characterized by an energy expenditure of < 1.5 METs  

(metabolic equivalents). Moderate-intensity is defined as roughly 3-6 METs and vigorous-

intensity as > 6 METs.59 One metabolic equivalent (MET) is the amount of oxygen consumed 

while sitting at rest and is equal to 3.5 ml O2 per kg body weight x min.60 A noteworthy 

amendment in the 2018 Scientific Report is the omission of the minimum bout requirements.58  

In the 2008 report, the duration of an exercise bout was set at a minimum of 10 minutes.59 The 

2018 committee concluded that bouts of any length can accumulate and contribute to the overall 

health benefits of physical activity. This amendment to the definition of exercise could result in 

different strategies and approaches to fulfilling physical activity requirements. Individuals may 

have more flexibility in how, where, and when they exercise to reap the positive health benefits 

of being active. Any dose of physical activity appears to confer some benefit, but it is still 

unclear what the optimal duration, intensity, frequency, and timing of exercise should be. An 

exercise prescription should, at a minimum, have the appropriate intensity titrated to an 

individualôs specific level of fitness. When individualizing physical activity, considerations 
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should be made to ensure suitability for different age groups, races, and type of illness to 

optimally prevent or manage chronic disease and improve overall well-being.58  

For clinicians, they must consider the metabolic effects of exercise and its potential to 

improve serum postprandial carbohydrate and lipid metabolites.53,61-68 The ópostprandial 

phenomenonô suggests that the accumulation of blood glucose and triglycerides contributes to 

the development and progression of diabetes and atherogenesis.66 Although blood is an excellent 

transporter of nutrients to peripheral tissues, it should not be relied on as a reservoir for excesses 

because of the unfavorable health consequences mentioned above. Some small trials have 

investigated the effects of various exercise doses and protocols on reducing postprandial blood 

glucose and lipids. 68,143-152 Hypertriglyceridemia combined with high levels of blood glucose 

impairs metabolic flexibility and likely induces insulin resistance.69,70 Metabolic flexibility is an 

individualôs ability to effectively oxidize both carbohydrates and lipids at rest. Inclusion of any 

movement produced by the contraction of skeletal muscles has been shown to improve glycemic 

control in carbohydrate intolerant subjects and those with T2DM. Many studies have utilized 

aerobic activity in doses > 30 minutes; however, there are beginning to be more trials that 

incorporate shorter durations, varying intensities, and protocols that compare the effects of short 

bouts to longer durations.143,147,150,151,153-155 The current study attempts to explore a simple, 

calisthenics-based HIIT workout that could be performed quickly without any equipment to 

reduce postprandial blood glucose. More work has been done into post-meal activity, so there is 

some novelty in exploring the effects of pre-meal activity. Exercising before eating may also be 

an advantageous approach if completing exercise first will mitigate or lessen the perceived time 

restrictive barrier to exercise.     
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METHODS 

This premeal exercise trial recruited healthy individuals during Spring 2021 from the 

Triangle region in North Carolina. This study was funded in part by a Deanôs Teaching 

Fellowship Grant. The multi-institutional site research took place in the Department of Human 

Sciences, North Carolina Central University in Durham, NC and the Department of Food, 

Bioprocessing, and Nutritional Sciences at North Carolina State University in Raleigh, NC.  

Participants and Eligibility Requirements 

Participants > 18 years old were recruited through research marketing fliers (Appendix 

C1), student list servs, social media, and word of mouth. Interested participants were contacted 

by a researcher and described the trialôs expectations. Participants were required to have access 

to food, be willing to eat the same daily menu for four days, exercise before meals, wear a 

continuous glucose monitoring device, have access to a compatible smart phone, and check 

blood glucose via finger stick a minimum of four times per day. Exclusionary criteria:  insulin-

dependent, dual pharmacotherapy for glucose management, incompatible smart phone, BMI < 23 

or > 40, known physical activity restrictions or ambulatory disabilities, pregnancy, or < 18 years 

old.  An honorarium was offered to all individuals that completed the 7-day trial.  

A total of 22 participants were recruited and met the demographic and health-related 

inclusionary criteria. During the initial enrollment session, 4 of the participantsô smart phones 

were deemed to be incompatible with the CGM application. Eighteen were randomized and 9 

were place in each exercise arm. Four participants dropped out (2 from each arm) for frequent 

device synching errors (n=2) or withdrew (n=2). Participants unable to adhere to the protocol, 

disclosed this to the researchers and voluntarily withdrew. For a summary, see Figure 4.1.     
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Trial Design 

Participants came to one of the university sites on Sunday (day 0) to enroll. Enrollment 

sessions took approximately 90 minutes to complete informed consent (Appendix C2), download 

and synch smartphone application for the continuous glucose monitor (CGM), obtain 

anthropometric measurements, provide glucometer training and supplies (OneTouch Verio®, 

Lifescan, Inc., Milpitas, CA, USA), and fit CGM to abdomen or back of arm (GuardianÊ 

Connect CGM, Medtronic, Minneapolis, MN, USA). Research assistants trained in 

 

 

Figure 4.1 CONSORT diagram of subjects in analysis cohort 
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nutrition helped participants plan a daily menu that would be repeated on days 1, 2, 4, and 5. Day 

3 was a washout day where participants were not required to consume the standard meal and had 

to restrict activity. Repeated meal plans contained 3 meals and 1 snack. Meals and snack were 

consumed within the same hour during each of the four trial days. All meals and snacks 

contained a minimum of 30 grams of carbohydrates. A food record was kept during the entire 

trial. Participants received instructions on how to appropriately record food, drinks, and the time 

on their meal record. Abstinence from alcohol was required throughout the duration of the trial. 

On day 6 the CGM was removed, supplies returned, and final surveys completed. Participants 

were divided into two groups:  exercise before meals on days 1 and 2 (n=9) or exercise before 

meals on days 4 and 5 (n=9). Figure 4.2 shows an overview of the crossover trial design and 

protocol order. A series of three high intensity interval training (HIIT) routines using only body 

weight were designed by an exercise physiologist. Exercise routines were recorded and posted 

online to make viewing accessible and to standardize the dose of activity (Appendix C3). Each 

video targeted a separate lower and upper body muscle group. There were four exercises for each 

routine which were repeated twice each. Exercises were performed for 20 seconds followed by a 

10 second rest for a total of 4 minutes with a 60 second warm up. Each session lasted 5 minutes 

for a total of 15 minutes of high-intensity exercise during each exercise day. The 3 video series 

was repeated on the second exercise day. Participants were instructed to maintain vigorous 

intensity while performing the exercise repetitions during the 20 second work period. Exercise 

was not permitted on nonexercised days or during the washout day. Other instructions included 

avoiding strenuous or demanding physical work and keep walking consistent on all days. 

Participants were provided with an instructional packet to reference the protocol at home and a 

contact number was provided if any questions or concerns arose (Appendix C4).    
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Figure 4.2 Overview of Trial Design 

 

Measurements 

Weight, height, BMI (kg/m2), and body fat percent using an Omron HBF 306 handheld, 

bioelectrical impedance body fat analyzer (Omron Healthcare, Inc; Lake Forest, IL) were 

obtained on day 0. Blood glucose was recorded every 5 minutes by the CGM for the entire wear 

period (day 0-6). The glucometer was used to obtain four daily capillary blood glucose 

measurements to calibrate the CGM. Capillary blood glucose measurements were entered into 
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the smart phone application four times per day. Dietary composition was calculated using 

Cronometer (Cronometer Software Inc., Revelstoke, B.C., Canada). 

 Statistical Analysis 

Primary outcomes were the differences in glucose excursions on intervention days 

compared to control days. We used spaghetti plots to graph and visually inspect differences in 

the matched breakfast, lunch, and dinner meals per person. The plotted measurements are 180-

minute post-prandial blood glucose measurements where time 0 is considered the baseline blood 

glucose measurement for that meal. Time 0 began at the first bite of a meal. A double-matched 

day overlay approach was used to compare the duplicated intervention meals to the duplicated 

control meals. To control for carbohydrate intake, participants not meeting the acceptable 

macronutrient distribution range of 45% were arbitrarily labeled as having moderate intake. 

Those consuming > 45% of calories from carbohydrate were labeled as high.  

 T-tests were used to statistically evaluate the postprandial effects using time 0-120 mins 

and time 30-120 mins. The PPBG difference from baseline between intervention days 1 and 2 

were compared to the average PPBG difference from baseline between control days 1 and 2, for 

each meal, for each individual. The inflated Type I error rate stemming from multiple 

comparisons was adjusted for by using the Bonferroni test. Participant level significance was 

determined by at least 2 of 3 aggregated meal groupings achieving a level of significance which 

was determined by a p value < 0.05. Follow up surveys were also administered at the completion 

of the trial on day 6. Questions evaluated how well the subject was able to execute the protocol 

and the degree to which this protocol deviated from their typical dietary and physical activity 

regimens. The pre and post survey questions are found in Appendix C5.  
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RESULTS 

A summary of participant characteristics is shown in Table 4.1. The mean body mass 

index and body fat % between treatment arm groups was similar however mean body weight 

differed. Age, sex, ethnicity, academic rank, employment status, weekly working hours, and 

 

Table 4.1 Research Subjects 

Participant Characteristics Treatment Arm 1  Treatment Arm 2 

Total No. 7 7 

Mean Baseline Anthropometrics  

      Height (inches) 71.14 (+/- 4.95) 67.86 (+/- 4.30) 

      Weight (lbs) 191.86 (+/- 44.31) 178.40 (+/- 36.78) 

      BMI  26.32 (+/- 3.36) 27.11 (+/- 4.47) 

      Body Fat (%) 23.50 (+/- 7.33)  22.14 (+/- 11.30) 

Age, years  

     18-20 1 (14.29%)  0 (00.00%) 

     21-23  0 (00.00%)  1 (14.29%) 

     24-29 2 (28.57%) 2 (28.57%) 

     30-39 2 (28.57%) 1 (14.29%) 

     40-49 2 (28.57%) 2 (28.57%) 

     50+ 0 (00.00%) 0 (00.00%) 

Sex  

      Male 5 (71.43%) 3 (42.86%) 

      Female 2 (28.57%) 3 (42.86%) 

Ethnicity  

      American Indian 0 (00.00%) 0 (00.00%) 

      Asian  0 (00.00%) 1 (14.29%) 

      Black 0 (00.00%) 0 (00.00%) 

      Hispanic 2 (28.57%) 1 (14.29%) 

      White 5 (71.43%) 3 (42.86%) 

      Other 0 (00.00%) 1 (14.29%) 

Typical Exercise Frequency  

      Never 1 (14.29%) 0 (00.00%) 

      1-2/month 2 (28.57%) 0 (00.00%) 

      1-2/week 0 (00.00%) 2 (28.57%) 

      3-4/week 2 (28.57%) 2 (28.57%) 

      5-6/week 0 (00.00%) 2 (28.57%) 

         7/week 1 (14.29%) 0 (00.00%) 
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Table 4.1 continued   

Collegiate Status  

      1st year  0 (00.00%) 0 (00.00%) 

      2nd year 0 (00.00%) 0 (00.00%) 

      3rd year 1 (14.29%) 1 (14.29%) 

      4th year 1 (14.29%) 0 (00.00%) 

      5th year 0 (00.00%) 0 (00.00%) 

      2nd BA/BS degree 1 (14.29%) 1 (14.29%) 

      Graduate school 2 (28.57%) 3 (42.86%) 

      Not a student 2 (28.57%) 1 (14.29%) 

Employment  

      Unemployed 2 (28.57%) 3 (42.86%) 

      On campus  2 (28.57%) 0 (00.00%) 

      Not on campus 3 (42.86%) 3 (42.86%) 

Working Hours  

      0-10 0 (00.00%) 0 (00.00%) 

      11-20 1 (14.29%) 2 (28.57%) 

      31-40 3 (42.86%) 1 (14.29%) 

      40+ 1 (14.29%) 0 (00.00%) 

Living Conditions  

      On campus 0 (00.00%) 0 (00.00%) 

      Apartment 1 (14.29%) 2 (28.57%) 

      Lives w/ family 3 (42.86%) 1 (14.29%) 

      Single-family residence 1 (14.29%) 0 (0%) 

 

living environment were all reported but did not contribute to the final analysis. 

Analysis of Blood Glucose 

Spaghetti plots overlaying 2 intervention meals (red) matched to 2 control meals (black) 

can be found in Appendix C6. There are three separate mealtime plots per participant with four 

total meals overlayed on each one. The measurements in the plots are 180-minute postprandial 

blood glucose measurements beginning at time 0 minutes which is considered the baseline blood  
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Table 4.2 Summary of Postprandial Blood Glucose Spaghetti Plot Observations 

Subject Breakfast Lunch Dinner 

Arm 1 

2 Greater difference for 

one of the intervention 

days initially and then a 

large plummet. Both 

control curves similar 

 

One control had a 

different pattern, 

otherwise not a significant 

difference in shape or 

return to baseline 

Very different patterns 

compared to breakfast and 

lunch. Controls didnôt 

return to baseline until 

after 3 hours. Controls and 

intervention days have 

later peak with slow drop. 

3 Interventions have higher 

peaks and controls drop 

significantly below 

baseline after 1 hr  

Intervention and control 

have similar pattern* 

Intervention and control 

have similar pattern* 

4 Intervention peaks are 

higher and take longer to 

return to baseline 

Intervention peaks are 

slightly higher* 

 

Multiple peaks for control 

and interventions, higher 

peaks for interventions* 

5a Similar curves, 

intervention peaks 

slightly greater* 

Intervention peaks are 

delayed compared to 

control, slightly greater, 

and return to baseline 

slower* 

Similar curves and 

pattern* 

6a One normal curve and 

two atypical ones 

suggesting a steep initial 

drop  ̂

Overall, curves are fairly 

similar and all eventually 

drop below baseline.  

 

Shape of curves are 

similar; however, one 

intervention day spikes 

significantly while the 

other three drop similarly 

to the breakfast and lunch 

patterns 

12 All curves dip below 

baseline. Intervention 

curves are more negative. 

 

Both control peaks are 

more greater than 

intervention peaks 

 

One control curve had a 

significant spike and 

remained elevated for 

almost 3 hours. The other 

curves are similar at time 

100 then intervention 

curves begin to rebound 

around 2 hours 

17a Similar curves; no 

differences 

Similar curves; no 

differences 

Similar curves; slightly 

greater intervention peaks 



 

91 

 

Table 4.2 continued 

Arm 2 

7a One control is 

significantly greater, and 

other 3 are similar. 

Intervention responses are 

muted; whereas one 

control spike and the other 

plummet s 

with a greater intensity 

All curves have multiple 

peaks of varying 

intensities 

10a Controls curves drop 

further below baseline 

than matched 

interventions 

 

Three curves follow a 

normal pattern. One 

control has a wide initial 

peak and the other one 

drops below baseline.  

Similar overall. 

Intervention has greatest 

peak and both fall further 

below baseline 

11 All curves tightly 

controlled around 

baseline. Slightly lower 

drop from intervention. 

 

For 1 set of matched meal, 

intervention peak is lower. 

One control remains at 

baseline. ̂

One control and 

intervention remain 

slightly under baseline. 

The other control has 2 

distinct peaks. ̂

13 All curves tend to drop 

below baseline, no 

distinguishable 

differences. 

Curves dropping below 

baseline ̂

Curves dropping below 

baseline ̂

14a Delayed peaks for all 

curves  ̂

Delayed peaks for 3 of 4 

curves; irregular shape 

Controls and one 

intervention curve are 

similar. One intervention 

is drastically different 

from the others. 

15 Similar curves Moderately similar curves Controls stay relatively 

flat and interventions peak 

around 2 hours 

16 Interventions are lower 

than matched controls. 

Three are similar.  

Most values are below 

baseline although one 

intervention has a 

significant peak after 1 

hour 

No consistent pattern 

*missing a control meal  

^missing an intervention meal 
ahigh carbohydrate meal (> 45% total kcal from carbohydrates) 
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glucose measurement for that meal. Time 0 is the first bite of a meal. All 42 individual mealtime 

groupings were plotted, and 13 (7 control and 6 intervention meals) were missing one of the four 

meals. Eight percent of the individual meal data is missing. All but one (12 of 13) of the missing 

meals occurred during the end of the wear period. Since participants had some freedom in 

choosing the type and amount of carbohydrates they would consume at each meal, we added a 

carb-amount descriptor to indicate carbohydrate intake ranges. Carbohydrate intake per meal was 

categorized as either moderate (26ï44%) or high (>45%) based on a percent of calories from 

carbohydrate compared to the average daily total calories consumed. Table 4.2 shows the mixed 

mixed results found from the visual inspection of the spaghetti plots. Overall, there was a 

significant amount of variation in meal blood glucose patterns. The visual inspections yielded 

observations of potentially 9 comparisons where PPBG was lower for intervention meals and 4 

where it was greater. Sixteen had normal shaped curves (i.e. a positive peak around 50-100 

minutes followed by a return to baseline by 180 minutes), 11 had negative peaks or plotted 

primarily below baseline blood glucose, 3 had multiple peaks, and 8 were highly irregular and 

did not have a discernable pattern.  

A statistical representation of the spaghetti plots using t-tests was performed from two 

separate baseline measurements to 120 minutes. The results test whether the average PPBG 

difference from baseline is lower for intervention days than control days for each meal grouping 

per individual. In Table 4.3, we tested the period time 0-120 minutes with a total postprandial 

time of 120 minutes. As a cohort, 4 of 14 (29%) subjects demonstrated a reduction in PPBG 

compared to control meals. To satisfy our definition of significant, two of the three mealtime 

values must show a level of significant reduction from the intervention meals. Per meal 

grouping, 12 of 42 (29%) were significant (p-value < 0.05). The distribution of significant 
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findings between treatment arms 1 and 2 was similar. Each arm had 2 significant participants and 

significant meals were evenly distributed (breakfast, lunch, and dinner all had 4 significant 

results). Table 4.4 represents the period of T=30 to T=120 with a total postprandial time of 90 

minutes. Here we also found 4 of 14 (29%) of the subjects demonstrated significant reductions in 

the PPBG compared to the controls. Per meal grouping, there was a greater level of significance, 

16 of 42 (38%). Across the two arms the significant meals were again very even. There were 

 

Table 4.3 Postprandial Blood Glucose from Time 0 ï 120 mins.  

SUBJECT BREAKFAST  LUNCH  DINNER  
Total # Meals 

Significant 

2 0.001    (1.37) 0.0234e
-4

 (2.09) 0.059     (0.83) 2 

3 0.256    (1.28) 0.044e
-7

   (1.26) 1.000     (0.43) 1 

4 1.000    (2.99) 1.000      (1.95) 1.000     (5.41) 0 

5 0.097    (3.01) 0.201      (3.24) 1.000     (2.33) 0 

6 0.008e
-3

 (4.81) 1.000      (1.43) 0.609     (2.51) 1 

12 1.000     (2.50) 1.000      (1.31) 0.001     (2.52) 1 

17 0.477     (1.41) 0.007e
-2

 (1.60) 0.039     (1.99) 2 

7 1.000     (1.58) 0.395     (1.94) 0.651     (2.51) 0 

10 1.000     (1.84) 1.000     (1.44) 1.000     (1.37) 0 

11 0.021e
-9

 (0.62) 1.000     (1.95) 1.000     (1.35) 1 

13 0.003e
-6 

 (1.01) 1.000     (0.91) 0.007e
-8

 (1.26) 2 

14    1.000    (0.89) 0.004e
-3

 (3.28) 0.001    (2.08) 2 

15 0.011    (2.28) 1.000     (3.06) 1.000    (1.99) 0 

16 1.000    (2.74) 1.000     (1.60) 1.000    (2.18) 0 
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Table 4.4 Postprandial Blood Glucose from Time 30 ï 120 mins.  

SUBJECT BREAKFAST  LUNCH  DINNER  
Total # Meals 

Significant 

2 0.009    (1.77) 0.004    (2.55) 0.028e
-3

 (1.07) 3 

3 1.000    (1.57) 1.000    (1.47) 0.001    (0.41) 1 

4 1.000    (3.89) 0.017e
-3

 (2.02) 1.000    (5.35) 1 

5 1.000    (3.89) 1.000    (4.15) 0.222    (2.94) 0 

6 0.296    (5.22) 1.000    (1.81) 1.000    (2.90) 0 

12 0.007e
-6

 (2.72) 0.001   (1.57) 0.019e
-4

 (2.98) 3 

17 1.000    (1.77) 0.210    (1.98) 1.000    (2.48) 0 

7 0.036e
-5 

(1.75) 1.000    (2.29) 1.000    (3.15) 1 

10 1.000    (2.30) 1.000    (1.69) 1.000    (1.74) 0 

11 0.031e
-4

 (0.56) 1.000    (2.06) 0.002    (1.48) 2 

13 0.015e
-3

 (0.63) 0.008e
-2

 (1.06) 1.000    (1.33) 2 

14 1.000    (1.08) 0.727    (4.02) 0.001    (2.46) 1 

15 0.121    (2.38) 0.049e
-4

 (1.24) 1.000    (2.20) 1 

16 0.001    (3.27) 1.000 (1.74) 1.000    (1.45) 1 

 

6 significant meals for breakfast and 5 for both lunch and dinner.  
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DISCUSSION 

In this study involving healthy, nondiabetic participants, a before meal, 5-minute high-

intensity exercise routine did not significantly reduce postprandial blood glucose compared to 

matched nonexercised days. This exercise prescription was designed to meet the current physical 

activity guidelines, and it relied on the assumption that participants would be more willing to 

perform and better tolerate high intensity physical activity before eating rather than after. Both 

arms of the trial had healthy, active participants who were under the age of 50 years old.  

Participant meal plans were not standardized; however, there were specific guidelines 

they had to follow: eat 3 meals a day (plus a snack if desired), have a contributing source of 

carbohydrates in each meal, and replicate the daily meals consumed and time of consumption 

during the four trial days. The consistency in timing and meal composition helped to control 

variation within an individual. The meal guidelines did not control for variation across 

individuals in the study because there was not a ñset meal planò that everyone followed. In this 

regard, our assumption was that individuals would be more compliant eating the same daily meal 

plan if they were consuming foods they were accustomed to and could choose. This also 

simulated more of a ñfree livingò or ñreal worldò dietary scenario than providing a standardized 

meal to all participants. To monitor compliance, a daily food log was recorded that contained 

type, amount, and time when food was consumed. From a post-evaluation survey, 11 (79%) of 

participants reported never deviating from the meal plan, and only 3 (21%) reported deviating 1-

2 times over the trial week. 

At least two systematic reviews have explored the effects of exercise timing on 

postprandial blood glucose. One review examined post-meal exercise and concluded that the 

most consistent benefits from exercise were seen in long-duration (> 45 minutes) of moderate-
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intensity aerobic exercise.156 The other review included methodologies using either or both pre- 

and post-meal exercise, and they found that post-meal exercise produced a greater improvement 

in PPBG.157 Walking as a form of low-intensity exercise has generally been shown to produce 

favorable glycemic responses. A 30-minute, 1 time per day walking regimen was less effective at 

reducing incremental area under the curve (iAUC) when compared to 10 minutes, 3 times per 

day after each meal.151 Another similarly designed crossover study included 64 participants with 

T2DM and using a longer trial length of 60 days and walking duration of 45-minute compared 

the same 1 time per day bout against three 15-minute bouts after meals. They also found a 

greater reduction in HbA1c (-0.9%) and in their five-point glucose profile (p value <0.001).148 

Another study using three different regimens found that replacing long sitting periods with some 

standing (2.5 hours) and short bouts of low-intensity walking (2.2 hours) was significantly more 

effective at reducing iAUC, time in hyperglycemia, and insulin resistance than a 1-time lengthier 

bout of moderate-intensity activity (i.e. cycling).147 With equivalent total daily activity, it appears 

more advantageous to distribute movement, especially low-intensity exercise, throughout the day 

in proportional intervals rather than bunching activity into one concentrated time. This effect 

may be explained by excess post exercise oxygen consumption (EPOC) and the metabolic shifts 

in macronutrient utilization occurring during the fed phase of metabolism as a result of physical 

activity. The fed phase lasts approximately 3 hours after the onset of a meal and is primarily 

characterized by the increase in insulin an anabolic hormone.  

Although basic, low-intensity walking has been shown to be a sufficient driver to reduce 

plasma blood glucose in participants with T2DM, our study was the first to test multiple, short 

bouts of premeal high intensity interval training on PPBG in healthy individuals. Since ñlack of 

timeò is often reported as a barrier to exercise, these small bouts would hopefully reduce the 
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perception of this barrier. A 2015 meta-analysis compared the effects of HIIT to a control group 

or other forms of exercise. They found HIIT improved insulin resistance better than other forms 

of exercise, decreased fasting glucose and HbA1c in those with T2DM, decreased body weight 

significantly compared to controls but not other forms of exercise, and improved 

cardiorespiratory fitness.158 Other studies found similar favorable metabolic outcomes from high-

intensity training, and the benefits were greatest if participants were sedentary or untrained, had a 

diagnosis of T2DM, metabolic syndrome, or were obese.143-145,155,159 Controlled trials also found 

HIIT improved intrahepatic triglycerides, visceral lipids,146 suppressed blood pressure for a 

longer period of time,146 and even reduced musculoskeletal pain when untrained participants 

began an exercise program.160 One of the most favorable benefits of HIIT, and exercise in 

general, is its role in preventing the metabolic disorders and symptoms it also tends to 

improve.161 During our trial, we were unable to observe significant reductions in PPBG. Since 

our participants were young, healthy adults and more active than those found in other studies, 

they likely already had favorable glucose metabolism. As a group, they had optimal blood 

glucose measurements, and their cumulative, 4-day average blood glucose was 96.53 mg/dL 

(range 84.93 ï 112.90 mg/dL). Only 3 participants had an average BG > 100 mg/dL. We did not 

measure serum insulin; however, other trials were able to observe a decrease in insulin even 

though they were unable to detect a significant effect on blood glucose.144,162 Gay et al, only 

observed significant blood glucose reducing effects if premeal blood glucose was > 90 mg/dL.155 

High-intensity exercise increases heart rate and requires > 60-65% of VO2max or > 6.0 

METs.58,144,158 Vigorous physical activity can increase muscle glycogenolysis, GLUT4 activity, 

and catecholamine levels. Collectively, these metabolic effect could increase the rate of blood 

glucose uptake in muscle.  



 

98 

 

Limitations 

Eight percent of the mealtime data was lost due to sensor failures towards the end of the 

wear period. Sensors coming dislodged was the most common reason, followed by low battery, 

and the sensor losing communication to the smart phone app. No participants lost more than 1 of 

the 4 grouped trial meals. Controls and intervention meals were lost evenly because of the 

crossover design. Carbohydrate intake varied between participants. The average daily 

carbohydrate intake was 248 g (range 89-452g), and the average percent of calories from 

carbohydrates was 46% (range 27-66%). Eight (57%) consumed less than the AMDR for 

carbohydrates of 45%. This more likely resembles a ñreal worldò intake pattern, and to increase 

compliance, participants were permitted to choose foods of their liking. It is possible meals may 

have been recorded but not eaten, and food may have been consumed but not recorded; however, 

in the post-evaluation survey, nearly all participants reported a high degree of compliance.  
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CONCLUSION 

In healthy, young adults performing multiple daily bouts of high intensity interval 

training before meals, we were unable to detect a reduction in postprandial blood glucose 

measurements by a continuous glucose monitor. This exercise protocol was not perceived as 

burdensome, so it may be feasible to reevaluate with participants who have impaired fasting 

glucose or impaired glucose tolerance.   
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CHAPTER 5: CONNECTING DIABETES MANAGEMENT THEORY TO PRACTICE: 

INTEGRATING RESEARH IN AN UNDERGRADUATE DIETETICS COURSE   

ABSTRACT 

Background/Aim 

Dietetic students often report feeling disconnected from course material and the application of 

theoretical concepts to actual practices and skills of an entry-level Registered Dietitian 

Nutritionist (RDN). This study aims to determine if assisting with a human intervention trial 

integrated in an undergraduate course will increase knowledge, understanding, and confidence of 

common diabetes mellitus management practices in undergraduate dietetic students.  

Methodology 

Students from a Spring 2021 nutrition metabolism course were required to assist a minimum of 5 

hours on a human blood glucose and exercise intervention trial. The learning outcomes were 

modified to integrate research assistant work in the course. Students who agreed to participate in 

this study provided informed consent (n=19) and completed a pre (week 2) and post-participation 

survey (week 15) administered through Qualtrics. The survey contained a total of 17 items 

grouped in 4 separate categories.  

Results 

Fourteen of the 17 (82%) surveyed items demonstrated a statistically significant improvement in 

the four categories exploring studentsô self-assessed general knowledge, understanding, and 

confidence of blood glucose, diabetes, exercise, and clinical research.  
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Conclusion/Importance 

Our findings suggest that when students assist in research related to course learning outcomes, 

they report greater understanding and confidence of diabetes and blood glucose management 

practices that would be expected of an entry-level RDN.  
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INTRODUCTION  

The primary goal of a didactic program in dietetics (DPD) is to prepare students with the 

knowledge needed to begin a supervised practice program. Didactic program in dietetics are 

typically found at the undergraduate level, require specific coursework, precede supervised 

practice, and expose learners to mandated competencies. Knowledge and understanding of key 

nutrition and dietetics concepts should be learned during the DPD portion while skills and 

practice competence are obtained during supervised practice in a postgraduate setting.163,164 to 

train and prepare for a career as a registered dietitian nutritionists (RDN). The core knowledge 

competencies set forth by ACEND, the international accreditation agency for RDN educational 

programs, requires all core knowledge to be assessed by the training institution.165 Although 

DPDs do not have standardized educational interventions, students should be assessed using a 

variety of learning activities. Programs may choose to utilize experiential learning techniques to 

improve the learners experience and help connect the theoretical knowledge to applied skills. 

Many forms of experiential learning exist and are used in dietetics undergraduate education such 

as interprofessional education, flipped or team-based leaning, targeted training sessions, cultural 

immersion, service learning, workshop, simulated practice, and research.166-172 Dietetics 

educations, not unlike other healthcare worker training programs, should effectively be 

graduating students ready for entry-level practice capable of treating a diverse range of patient 

conditions and backgrounds. Students often report feeling underprepared after completing the 

DPD training portion and intimidated by the rigor and skills needed to perform at a high level 

during supervised practice.169,173 

Similar to dietetics, other healthcare training programs also follow a stepwise path from 

classroom-based theory and knowledge then progressing to practice-based work skills to develop 
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readiness for entry-level, professional work for that discipline. Skill-based training is typically 

preceded by knowledge acquisition from within the classroom setting, but there appears to be a 

progressive movement and an appreciation for integrating and exposing students to practice-

based work earlier in the training process through experiential learning activities. Dietetics 

educators are under substantial pressure to find balance in their relationships with and between 

students, stakeholders, preceptors, accreditors, and the associated university.182 

A commonly utilized experiential activity is simulation.174 Simulation activities may 

include hypothetical or real case studies, role play, standardized patients, and lifelike medical 

manikins (also known as mannequins).171,172,174,175 Any activity or combination of approaches 

has demonstrated increases in student learning and confidence in skills.176 These beneficial 

teaching methods attempt to simulate the patient-provider experience; however, it is extremely 

difficult to fully replicate the dynamic, unpredictable, and potentially stressful encounters 

working with actual patients. It is clear that students benefit from early patient encounters during 

their training.177 There is even evidence that patients may benefit from student encounters.178 

Organizational structure, adequate resources, curricular, accreditor requirements, and 

geographical location are all potential barriers limiting students, especially undergraduates, 

access to patients. There is a current push in healthcare for service providers to practice patient-

centered care.179 A patient-centered approach positions the patient at the focal point of the 

treatment plan and provides an individualized service with greater patient agency, education, and 

involvement in their own care process.180,181 Training and resources should be available to 

students to experience this provision of care where the patient is the expert in their own lives and 

conditions. Dietetic students are interested in relevant experiences, collaborating with other 

universities and organizations, and opportunities to develop dietetics competencies through 
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practice. Our study aims to measure the perceived learning and confidence of undergraduate 

students participating on a research based experiential learning activity. This study may be useful 

in informing future educational practices.  
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METHODS 

Undergraduate nutrition and dietetics students from a Spring 2021 nutrition metabolism 

course were required to assist on a blood glucose exercise trial. Prior to the trial, all student 

research assistants received training for the participant orientation activities. Orientation 

activities were discussed, practiced, and reviewed during the course lecture time and small 

assignments were assigned to reinforce concepts.  The trial recruited healthy participants to 

perform high intensity exercise bouts at prescribed times, consume a standardized menu, record 

daily food intake, and check blood glucose four times per day while wearing a continuous 

glucose monitoring (CGM) device. The trial period lasted for 7 days, and recruitment and 

enrollment were continuous from January through May. If a potential participant met all 

eligibility requirements and consented to complete the trial, they were assigned an enrollment 

orientation. Trial enrollment took approximately 90 minutes. During the enrollment orientation, 

participants were fitted with a CGM sensor and received instructions how to use the integrated 

smart phone Bluetooth application. Student research assistants were responsible for obtaining 

anthropometric measurements (height, weight, BMI, and body fat percent), helping participants 

plan an individualized menu meeting carbohydrate requirements, providing glucometer training, 

and reviewing the trial and exercise protocols. Dietetics students assisted on all aspects of the 

research for a minimum of 5 hours except inserting the CGM sensor. Although students were 

required to assist with the trial to satisfy the course requirement, they were not required to 

consent and participate with the educational evaluation portion of the study. Students were also 

informed that they were able to withdraw from the study at any time without penalty to course 

standing or grade.  
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Twenty-five students were enrolled in the course, and 19 completed both the pre (week 2) 

and post-participation (week 15) survey. One student dropped the course, 2 did not complete the 

pre survey, 2 did not complete the post survey, and 1 declined to consent. Surveys were 

completed through Qualtrics (Appendix D1). Unique identifiers were provided to match surveys 

while maintaining anonymity. Perceived learning and confidence were measured using a seven-

point Likert scale (1-Strongly Agree ï 7 Strongly Disagree) over 17 items grouped into 4 

separate categories: general glucose control, exercise, assessment skills, and clinical research. 

Paired t-tests and Wilcoxon signed rank tests were used to evaluate significance using an alpha 

of < 0.01.  
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RESULTS 

Normality via quartile-quartile plots was first checked, and although there was a slight 

deviation from the fitted line, the assumption of normality was valid. Each survey contained 17 

unique items which tested for significance using a p-value of < 0.01. These results are shown in 

Table 5.1. Studentsô perceived knowledge and confidence improved for 16 of 17 measured items 

and reached significance for 14 of 17 (82%). Items were grouped across four categories and the 

aggregate mean difference is provided in parenthesis following each category title:  I. Diabetes 

and Glucose Control (0.93); II. Exercise and Diabetes (0.72); III. Treating Individuals with 

Diabetes (1.20); and IV. Clinical Research (0.83). Twelve items from categories I, II, and IV 

primarily assessed change in knowledge and five items from category III assessed confidence in 

performing basic clinical dietetics skills related to diabetes care. The greatest categorical change 

was in confidence followed by glucose regulation knowledge. Exercise had the lowest level of 

improvement followed by clinical research. Students responded that they already had a good 

understanding and awareness of the benefits and uses of each before participating on the 

research. Pretest measurements of the perceived understanding of the mechanisms by which 

exercise can improve health outcomes in persons with diabetes and the value of clinical research 

to improve the human condition were both very high. Although both items improved after 

participation, neither reached significance. The only item that did not reach a significant level of 

improvement (p=0.03) and did not have a high initial level of understanding or confidence was 

studentôs perceived comfortability making lifestyle recommendation for patients with diabetes. 

The skills included from this item were exercise prescription, meal timing, meal composition, 

and sleep.  
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Table 5.1 Studentsô Perceived Learning and Confidence in Dietetics Related Skills  

 Mean (SD) n=19   

Category and Item Pre Post 
Mean 

diff . 

P-

valuea 

I. Diabetes and Glucose Control  
      

     1. I am knowledgeable about diabetes. 2.74 (0.87) 2.11 (0.57) 0.63 < 0.01 

     2. I am knowledgeable about glucose  

         diagnostic devices. 

3.74 (0.99) 2.32 (1.29) 1.42 < 0.001 

     3. I am knowledgeable about insulin. 2.84 (0.90) 2.11 (0.66) 0.73 < 0.001 

     4. I understand how glucose metabolism is  

         regulated in the human diabetic model. 

3.58 (1.17) 2.26 (1.05) 1.32 < 0.001 

     5. Diagnostic medical devices are important  

         tools for managing glucose in persons  

         with diabetes. 

2.00 (0.94) 1.47 (0.77) 0.53 < 0.01 

II. Exercise and Diabetes                                             

 
   

     6. I understand how exercise improves  

         health outcomes in diabetes. 

2.00 (1.05) 1.68 (0.82) 0.32 0.04 

     7. Exercise can significantly lower blood  

         glucose. 

2.32 (0.95) 1.79 (1.09) 0.53 0.01 

     8. I understand the metabolic changes that  

         occur after exercise. 

3.63 (1.40) 2.31 (0.95) 1.32 < 0.001 

III. Treating Individuals with Diabetes 

 
   

     9. I am confident obtaining anthropometric  

         measurements.  

4.26 (2.00) 2.95 (1.61) 1.31 < 0.01 

  10. I would feel comfortable planning a  

        diabetic menu  

4.10 (1.73) 2.98 (1.00) 1.12 < 0.01 

  11. I am comfortable assessing diets using  

        food records. 

3.21 (1.72) 2.32 (0.82) 0.89 < 0.001 

  12. I feel comfortable making lifestyle (i.e.  

         exercise, meal timing, meal composition,  

         sleep) recommendations for patients with  

         diabetes 

3.79 (1.81) 3.05 (1.47) 0.74 0.03 

  13. I have experience using diagnostic  

         medical devices, interpreting reports, and  

         making therapeutic recommendations. 

5.26 (1.66) 3.31 (1.67) 1.95 < 0.001 

IV. Clinical Research 

 
   

  14. I am aware how to conduct human  

        clinical research. 

4.63 (1.83) 2.74 (1.48) 1.89 < 0.001 
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Table 5.1 continued     

  15. I am aware of ethical consideration in  

        human research. 

2.79 (1.58) 2.05 (1.03) 0.74 0.01 

  16. I am aware of privacy issues for research  

        participants. 

2.47 (1.31) 1.79 (0.85) 0.68 0.01 

  17. I think clinical research is important to   

        help understand ways to improve adverse  

        human conditions. 

1.31 (0.48) 1.32 (0.75) -0.01 0.5 

 

The mean difference of the average total survey score comparing pre and post surveys 

was 16.21 with a standard error of 3.19. The paired t-test resulted in a p-value of < 0.001. These 

results were confirmed when using the Wilcoxon signed rank test. The Wilcoxon statistic was 

W+ = 162.5, which resulted in a p-value of < 0.001. This provides evidence that the pre-survey 

score population shifted above the post-survey score population, indicating that studentsô self-

assessed understanding of the topics increased after participating on the trial.  
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DISCUSSION 

To our knowledge, this is one of the first studies exploring the benefits of incorporating 

research assistant work into an undergraduate dietetics course as a form of experiential learning. 

We found that when students assisted on a human research intervention trial, they improved their 

perceived knowledge of a disease state and self-assessed confidence performing clinical skills 

common to the dietetics profession. Experiential learning in the form of research assistant work 

may also increase entry-level competence, an appreciation for the importance of substantiating 

evidence-based practice, and executing research projects to advance the profession.183 Very little 

research has been done on the perceived readiness of entry-level dietitians. In an Australian 

review of almost 70 papers associated with types of dietetics workforce preparation and 

preparedness methods, the researchers found only 1 paper focusing on development using the 

area of research or research skills.184 As the profession grows, itôs imperative that more dietetics 

specific research is conducted to explore novel approaches that improve patient outcomes and 

satisfaction.  

In our study, student research assistants were able to interact, educate, and practice 

communication skills with the research participants. Many of the techniques performed are the 

same skills that entry-level dietitians will use when conducting a thorough patient assessment. 

Students are often only trained in the classroom setting or taught treatment theory, but they are 

rarely given the opportunity to practice on actual people or patients outside the classroom. In the 

context of this trial, there was an opportunity to practice these skills on low-risk individuals in a 

less intimidating environment. Since this participant cohort was not being treated for any 

condition nor did they require any management of disease, they were not exposed to any 

appreciable risk interacting and working with the undergraduate research assistants. Dietetic 
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students tend to have positive attitudes towards teaching and experiential methods that they 

perceive will benefit their ability to effectively communicate with and treat patients.185 Although 

these research participants were not actual patients, all the training and clinical procedures 

performed by student research assistants are directly transferable skills that can be used with a 

wide range of patients and patient conditions.   

Although we did not directly measure communication comfortability, four of the assessed 

items required direct communication with the service-user. All other knowledge areas assessed 

require effective communication during nutrition education and nutrition counseling. 

Communication is a foundational skill necessary to bridge the gap from traditional point-of-care 

healthcare service utilization to patient-centered care. The patient-centered approach has been 

endorsed by the Institute of Medicine and the World Health Organization and appears to be an 

approach that is preferred by patients receiving healthcare services.178-180 Students and dietetics 

professionals alike may possess the technical knowledge to treat patients, but there is often a 

disconnect or lack of follow through from patient education to actual, measurable behavior 

change. Experiential learning in various forms can help improve the application of knowledge to 

the practice setting by increasing skills, confidence, and engagement.170-172,174,177 A theoretical 

framework is provided in Figure 5.1 demonstrating the learning synergy that can occur when 

multiple pedagogical methods are utilized to reinforce key concepts. There are many drivers 

involved with a patientôs ability to effectively engage in change. When they feel supported and 

their problems understood, they are more likely to change. The patient-centered care approach 

helps reduce the effects of some behavioral change barriers by improving the dietitian-patient 

relationship, using appropriate communication methods, and allowing the patient to be the 

primary driver for their own care.    
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Figure 5.1 Conceptual Model Using Research as an Experiential Learning Activit y 

 

 

The primary limitation of this study is the inability to suggest the adoption of this model 

for other programs if the research participant cohort differs. Since our participant research cohort 

was mostly healthy, young adults without any significant health problems, this effectively 

reduced the risks during interactions and no therapeutic recommendations or decisions were 

required of the students. Although likely a valuable experience, working with medically 

compromised participants could pose a greater risk from the student interactions and education. 

Under these parameters, additional faculty supervision of students would be needed, more 

external training, and greater recruitment and screening efforts of participants to ensure no harm 

is done on a more vulnerable population.   
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CONCLUSION 

Integrating research assistant work into an undergraduate dietetics course demonstrated 

an increase in studentsô perceived knowledge and confidence for dietetics related concepts and 

skills used in direct patient care. These findings suggest that undergraduate students can perform 

some of the basic skills that would be expected of an entry level RDN. Earlier patient or 

participant practice in healthcare training programs may improve practitioner comfortability, 

communication skills, and ability to provide patient-centered care.  
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Appendix A1 Student Participant Consent Form 

 

 

Consent to Participate in a Research Study 

ADULT  

Evaluation of a Home Visiting Nutrition Education Program with Food Delivery on Patient 

Fruit and Vegetable Consumption and Student Learning  

 

 

 

 

You are being asked to take part in this research study because you are a MD/PA student or 

dietetic intern interested in participating in conducting home-based nutrition education. Research 

studies are voluntary and include only people who choose to take part. Refusal to participate in 

this study involves no penalty or loss of benefits. Please read this consent form carefully and take 

your time making your decision. As your study doctor or study staff discusses this consent form 

with you, please ask him/her to explain any words or information that you do not clearly 

understand.  We encourage you to talk with your family and friends before you decide to take 

part in this research study.  The nature of the study, risks, inconveniences, discomforts, and other 

important information about the study are listed below. 

 

Please tell the study doctor or study staff if you are taking part in another research study. 

 

Dr. Larry Greenblatt will conduct the study and it is funded by the Schweitzer Fellowship.  

 

 

CONCISE SUMMARY 

 

The purpose of this research study is to determine the effectiveness of an interdisciplinary student-

run nutrition education program on improving student knowledge of and comfort engaging in 

nutrition counseling. Duke Outpatient Clinic patients will be enrolled in a program where graduate 

level medical and nutrition students will visit the patientôs home to deliver food and provide 

nutrition education over the course of six months. Each visit will take between 1-2 hours. Students 

will engage in motivational interviewing, SMART goal, and curriculum preparation orientations. 

Participants will be asked to complete surveys before the program starts, after the program ends, and 

six months after their last nutrition education session. They will also complete recorded reflections 

on a monthly basis during their monthly food drop off. Information from the electronic medical 

record will also be collected including height, weight, HbA1c, blood pressure, cholesterol, and 

changes in medications. Total study duration is about 6 and one-half months.  

 

The greatest risk of this study is the loss of confidentiality.  

DUKE UNIVERSITY HEALTH SYSTEM 
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WHO WILL BE MY DOCTOR ON THIS STUDY?  

If you decide to participate, Dr. Greenblatt will be your doctor for the study and will be in 

contact with your regular health care provider throughout the time that you are in the study and 

afterwards, if needed. 

 

WHY IS THIS STUDY BEING DONE?  

The purpose of this study is to determine  

1. The effectiveness of a home based nutrition program in increasing fruit and vegetable 

consumption in patients with diabetes and other chronic diet related illness who are also 

experiencing food insecurity 

2. The effectiveness of an interdisciplinary student-run nutrition education program on 

improving student knowledge of and comfort engaging in nutrition counseling. 

 

 

HOW MANY PEOPLE WILL TAKE PART IN THIS STUDY?  

Approximately 28 students will take part in this study at Duke School of Medicine and NCCU.  

 

WHAT IS INVOLVED IN THE STUDY?  

If you agree to be in this study, you will be asked to sign and date this consent form.  You will be 

paired with a medical student or dietetic intern who will partner with you to conduct home visits. 

You and your partner will be paired with a Duke Outpatient Clinic patient to conduct home visits 

on a monthly basis to deliver food and provide nutrition education. You will also work with the 

patient to create health related goals and you will follow up with the patient on a weekly basis 

via test, call, or email. You will be asked to complete surveys and recorded interviews. Surveys 

will be completed before your begin the program, shortly after you complete the program, and 

six months after your last session. Recorded interviews will be completed on a monthly basis 

during your monthly food bag drop off. These surveys and interviews can be completed over the 

phone if we are unable to complete them in person. The interview conversation will be audio-

recorded, and later will be transcribed, though names and identifiers will be removed.  

 

HOW LONG WILL I BE IN THIS STUDY?  

If you choose to be a part of this study, you will actively be engaged in the program for six 

months. A follow-up survey will be conducted six months after your last session.  

 

You can choose to stop participating at any time without penalty or loss of any benefits to which 

you are entitled. However, if you decide to stop participating in the study, we encourage you to 

talk to the PI, Dr. Greenblatt, first. 

 

WHAT ARE THE RISKS OF THE STUDY?  

There are no physical risks associated with this study.  There is, however, the potential risk of 

loss of confidentiality.  Every effort will be made to keep your information confidential; 

however, this can not be guaranteed.  Some of the questions we will ask you as part of this study 

may make you feel uncomfortable.  You may refuse to answer any of the questions and you may 

take a break at any time during the study.  You may stop your participation in this study at any 

time. During the interview, if you would like us to turn off audio-recording you may request to 



 

142 

 

do that; we will then ask you if you would like to continue the conversation with the research 

team, unrecorded. You may choose not to.  

 

ARE THERE BENEFITS TO TAKING PART IN THE STUDY?  

If you agree to take part in this study, there may be direct benefit to you. You will have the 

opportunity to engage in an additional educational experience. We hope that in the future the 

information learned from this study will benefit other students in your position.   

 

WILL MY INFORMATION BE KEPT CONFIDENTIAL?  

Participation in research involves some loss of privacy. We will do our best to make sure that 

information about you is kept confidential, but we cannot guarantee total confidentiality. Your 

personal information may be viewed by individuals involved in this research and may be seen by 

people including those collaborating, funding, and regulating the study. We will share only the 

minimum necessary information in order to conduct the research.  

 

While the information and data resulting from this study may be presented at scientific meetings 

or published in a scientific journal, your name or other personal information will not be revealed. 

To maintain confidentiality, you will be assigned a unique code number, and the key to the code 

will be kept securely. All the information we collect from you will be kept in locked files and 

encrypted, secured computer servers.  

 

WHAT ARE THE COSTS TO YOU?  

 

Costs will include travel expenses and time spent participating in nutrition education and 

completing surveys.  

 

WHAT ABOUT COMPENSATION?  

There is no compensation for participation in this study.  

 

WHAT ABOUT RESEARCH RELATED INJURIES?  

Immediate necessary medical care is available at Duke University Medical Center in the event 

that you are injured as a result of your participation in this research study. However, there is no 

commitment by Duke University, Duke University Health System, Inc., or your Duke physicians 

to provide monetary compensation or free medical care to you in the event of a study-related 

injury. 

 

For questions about the study or research-related injury, contact Dr. Larry Greenblatt at (insert 

PIôs number here with area code) during regular business hours and at (insert PIôs 24-hour 

number here with area code) after hours and on weekends and holidays. 

 

WHAT ABOUT MY RIGHTS TO DECLINE PARTICIPATION OR WITHDRAW 

FROM THE STUDY? 

 

You may choose not to be in the study, or, if you agree to be in the study, you may withdraw 

from the study at any time. If you withdraw from the study, no new data about you will be 



 

143 

 

collected for study purposes other than data needed to keep track of your withdrawal. All data 

that have already been collected for study purposes will be sent to the study sponsor.   

 

Your decision not to participate or to withdraw from the study will not involve any penalty or 

loss of benefits to which you are entitled, and will not affect your access to health care at Duke.  

If you do decide to withdraw, we ask that you contact Dr. Greenblatt and let him know that you 

are withdrawing from the study.  His email is larry.greenblatt@duke.edu.    

 

Your data may be stored and shared for future research without additional informed consent if 

identifiable private information, such as your name and medical record number, are removed. If 

your identifying information is removed from your samples or data, we will no longer be able to 

identify and destroy them. 

 

WHOM DO I CALL IF I HAVE QUESTIONS OR PROBLEMS?  

For questions about the study or a research-related injury, or if you have problems, concerns, 

questions or suggestions about the research, contact Dr. Larry Greenblatt  

 

For questions about your rights as a research participant, or to discuss problems, concerns or 

suggestions related to the research, or to obtain information or offer input about the research, 

contact the Duke University Health System Institutional Review Board (IRB) Office at (919) 

668-5111. 

 

STATEMENT OF CONSENT 

"The purpose of this study, procedures to be followed, risks and benefits have been explained to 

me. I have been allowed to ask questions, and my questions have been answered to my 

satisfaction. I have been told whom to contact if I have questions, to discuss problems, concerns, 

or suggestions related to the research, or to obtain information or offer input about the research. I 

have read this consent form and agree to be in this study, with the understanding that I may 

withdraw at any time.  I have been told that I will be given a signed and dated copy of this 

consent form." 

 

______________________________ ___________     ____________ 

Signature of Subject  Date                   Time 

 

______________________________ ___________     ____________ 

Signature of Person Obtaining Consent Date                   Time 

 

 

 

(Optional) 

___________________________________    _____________________      ____________ 

Signature of Principal Investigator    Date                Time 

 

(If applicable, add or substitute any of the following:) 

 

 

mailto:larry.greenblatt@duke.edu
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___________________________________ ___________     ____________ 

Signature of Legal Representative Date                   Time 

 

__________________________________________ 

Relationship to Subject   

   



 

145 

 

Appendix A2 Project FEED Nutrition Education Curriculum 
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