
 1 

 

 

Differences in Diet Quality and Concurrent Chronic Diseases by Level of Glycemic Control in US Adults 

 

 

Thesis  
 

Presented in Partial Fulfillment of the Requirements for the Degree Master of Science in the Graduate 

School of The Ohio State University 

 

By 

Stephanie Marissa Fanelli, BS 

Graduate Program in Allied Medicine 
 

The Ohio State University 

2019 
 

 

Thesis Committee 

Christopher A. Taylor, PhD, RDN, LD, FAND, Adviser 

Jessica L. Krok-Schoen, PhD, MA 

Randell K. Wexler, MD, MPH, FAAFP  



 2 

 

 

 
 
 
 
 
 
 
 
 
 

Copyrighted by 

Stephanie Marissa Fanelli 

2019 
 

 



 ii 

Abstract 

Background: Along with rising rates of diabetes come increased prevalence of common comorbidities: 

obesity, hyperlipidemia, and hypertension. Diet is a key element in the prevention and treatment of 

such diseases. Therefore, the aim of this study was to identify differences in diet quality by degree of 

glycemic control and chronic diseases in a nationally representative sample of adults.  

Methods: Dietary, anthropometric, and laboratory data from 23,708 adults, aged 31 years and older, 

were gathered from the 2005-2016 NHANES. Glycated hemoglobin (%A1c) classified participants by level 

of glycemic control: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); 

and poorly controlled diabetes (≥7%). Dietary data gathered from 24-hour recalls were used to calculate 

diet quality (HEI-2015) by glycemic level. Chronic disease prevalence was evaluated for overweight or 

obesity (BMI ≥25), hyperlipidemia (total cholesterol ≥200 mg/dL), and hypertension (BP ≥120/80 mm 

Hg).  

Results: Rates of hypertension and obesity were highest in adults with diabetes, where more than 50% 

presented with hypertension and over 90% with overweight or obesity. Prevalence of hyperlipidemia 

was greatest in the prediabetes group. Adults with diabetes had significantly poorer diet quality than 

those with normal glycemia, and overall diet quality was lower in the presence of hypertension and 

overweight or obesity.   

Conclusions: Adults with diabetes had higher rates of chronic diseases and poorer diet quality than 

adults with normal glycemia. Furthermore, diet quality was poorer when another chronic disease was 

present. These findings support the need for nutrition therapy to target overall diet quality in the 

population with diabetes. 
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Chapter 1. Introduction 

Diabetes Mellitus Background 

Diabetes affects more than 30 million adults in the US alone and prevalence is expected to rise 

as a result of increasing rates of obesity, physical inactivity, urbanization, aging, and population growth1–

3. Along with rising rates of diabetes, long-term complications and comorbidities, such as microvascular 

disease and macrovascular conditions, will likely increase as well4. Contributing to the development of 

and risk for diabetes are both nonmodifiable and lifestyle factors. Among the modifiable risk factors are 

dietary patterns, which have been a focus of diabetes prevention research4,5.  

Assessing dietary patterns among those with already diagnosed diabetes is an additional area of 

research and it has been discovered that individuals with diabetes tend not to meet recommendations 

for fruit or vegetable6, fiber7–9, added sugar10, saturated fat6–9,11,12, and sodium intakes7,8,13. Typically, 

failure to meet the recommendations for one dietary component is accompanied by that of additional 

dietary components, yielding inadequate quality of overall diet10,14. However, insufficient literature 

exists evaluating overall diet quality in Americans with diabetes nor diet quality stratified by levels of 

glycemic control. Inadequate diet quality may contribute to the risk for additional chronic diseases, such 

as hypertension and hyperlipidemia, which serve as risk factors for the development of comorbidities, 

including cardiovascular disease15. Not only would the development of comorbidities contribute to 

increased mortality rates among those with diabetes, national and personal healthcare costs would rise, 

as well16,17.  

In an effort to fill the gaps in current literature, the aim of this study was to assess the 

differences in diet quality and markers of chronic diseases by level of glycemic control in the US adult 

population. This information would aid in the development and improvement of public health initiatives 
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aimed at improving diet quality and reducing the development of subsequent chronic conditions in 

adults with diabetes. 

Research Questions 

1. How does diet quality in adults differ by glycemic level (normal glycemia: A1c <5.7%; 

prediabetes: A1c 5.7-6.4%; controlled diabetes: A1c 6.5-6.9%; and poorly controlled diabetes: 

A1c 7%)? 

2. Do adults with diabetes have more markers of chronic diseases (overweight or obesity, 

hyperlipidemia, and hypertension) than those without diabetes? 

3. Is diet quality poorer in adults with diabetes and concurrent chronic diseases?  
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Chapter 2. Review of Literature 

Background of Diabetes 

Diabetes mellitus refers to a group of chronic, progressive diseases that are characterized by 

hyperglycemia and altered metabolism due to decreased insulin secretion and sensitivity3,4,16. The three 

primary subtypes of diabetes mellitus include type 1 diabetes, type 2 diabetes, and gestational 

diabetes3,18. Type 2 diabetes is the most common form of all diabetes cases and will be the focus of this 

thesis1. The remainder of this thesis will refer to type 2 diabetes as diabetes. 

Past trends show a rising rate of diabetes in both developed and developing countries3. In 2000, 

more than 17 million adults (8% of the population), ages 20 through 79, in the United States had 

diabetes19. In 2015, an estimated 30.2 million US adults ages 18 and older (12.2% of the population) had 

either diagnosed or undiagnosed diabetes and 84.1 million US adults (33.9% of the population) had 

prediabetes1,2. By 2030, it is projected that 30.3 million people in the US will have diabetes and by 2045 

approximately 35.6 million will have the chronic disease2,16. Considering type 2 diabetes accounts for 

90% to 95% of all diabetes cases, it can be assumed that case estimations closely represent type 2 

diabetes rates specifically1.  

Diabetes was the sixth leading cause of disability and the seventh leading cause of death in the 

US in 20151,20. In 2017, approximately 4 million people died from diabetes around the world16. As the 

prevalence of obesity rises, the prevalence of diabetes is expected to rise coincidingly3. The increasing 

incidence of this chronic disease threatens to further increase rates of common complications. Diabetes 

oftentimes leads to macrovascular complications such as hypertension (HTN), hyperlipidemia (HLD), 

coronary artery disease, stroke, myocardial infarctions, cerebral vascular disease, and peripheral 

vascular disease, as well as microvascular conditions such as retinopathy, nephropathy, and 

neuropathy4. Macrovascular disease is the primary cause of morbidity and mortality in those with 
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diabetes3. Additionally, compared to those without diabetes, patients with diabetes have a 15% higher 

risk of all-cause mortality20.  

 Managing diabetes requires considerable medical supplies, medications, and laboratory testing, 

resulting in an economic burden for both the individual and the nation. In the US, for those of ages 20 

through 79, the total healthcare expenditure on diabetes was $348 billion in 2017, with $11,638 as the 

mean healthcare expenditure per person with diabetes16. Costs are expected to surpass $500 billion by 

2025 in the US alone17. These projections assume the mean expenditure per person and diabetes 

prevalence rate remain stable with only demographic changes, yielding modest cost predictions that will 

likely be exceeded16.  

Etiology of Diabetes  

Diabetes is a progressive disease16. Before disease onset, patients develop impaired glucose 

tolerance (IGT) in prediabetes, during which pancreatic islet beta-cells fail due to the presence of insulin 

resistance, likely caused by obesity or excess adipocytes21,22. Prior to diabetes diagnosis, up to 50% of 

pancreatic beta-cells may have already failed20. This pancreatic beta-cell decline contributes to the 

decrease in metabolic control and the increase in chronic hyperglycemia during disease progression16,21. 

Mild to moderate symptoms may manifest during prediabetes, yet they typically present themselves 

after disease onset. Typical symptoms of diabetes include increased thirst, frequent urination, tiredness, 

blurred vision, slow-healing wounds, recurrent infections, and tingling sensations or numbness in hands 

and feet16.  

In metabolically healthy individuals, high blood glucose levels lead to the release of insulin from 

pancreatic beta-cells, triggering uptake of amino acids, fatty acids, and glucose from the blood into 

tissues15,23. In addition, insulin travels to the liver to promote the conversion of glucose into glycogen, 

the storage form of glucose, for later energy use24,25. These mechanisms help in lowering blood glucose 
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levels to return to homeostasis24. Alternatively, when blood glucose concentrations are low, cells in the 

pancreas release glucagon, which signals for the breakdown of glycogen into glucose within the liver22,24. 

This glucose is released into the bloodstream, raising blood glucose levels24. Communication between 

insulin-sensitive peripheral tissues and pancreatic beta-cells signal for the release of these pancreatic 

hormones, insulin or glucagon, when blood glucose levels disrupt homeostasis23.  

Diabetes is characterized by insulin resistance in target organs, hyperinsulinemia, and insulin 

deficiency due to pancreatic beta-cell failure20. Insulin resistance, present prior to hyperglycemia, refers 

to when the cells in peripheral tissues and target organs do not respond to the presence of insulin and 

subsequently prevent the uptake of glucose into cells from the bloodsteam15,16. In the presence of 

insulin resistance, signals for further insulin secretion are sent to pancreatic beta-cells in an effort to 

maintain plasma glucose homeostasis, leading to hyperinsulinemia23. Over time, this repeated signaling 

can lead to inadequate insulin production from pancreatic beta-cells and, in combination with insulin 

resistance, contributes to chronic hyperglycemia16,23. The degree of beta-cell failure helps to determine 

the degree of hyperglycemia23. However, hyperglycemia can further worsen pancreatic beta-cell 

function, leading to continued hyperglycemia and fueling a vicious cycle of worsened metabolic 

outcomes and disease progression15.  

Chronic hyperglycemia may play a role in damaging target cells by impairing their ability to limit 

glucose uptake from the blood26. This leads to intracellular hyperglycemia and promotes mitochondrial 

synthesis of reactive oxygen species, which activate multiple metabolic mechanisms identified to play a 

role in the pathogenesis of microvascular and macrovascular disease26,27.  

The American Diabetes Association (ADA) is responsible for setting diagnostic criteria for normal 

glycemia, prediabetes, controlled diabetes, and poorly controlled diabetes18. To diagnose diabetes, at 

least one of the criteria in Table 1 must be met18. The following glycated hemoglobin (A1c) increments 
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help to identify diabetes status: less than 5.7% is normal glycemia, 5.7 to 6.4% is prediabetes, 6.5 to 

6.9% is controlled diabetes, and 7% or greater is poorly controlled diabetes18. This analysis considers an 

A1c of 7% or greater to be classified as poorly controlled diabetes because levels less than 7% are 

typically recommended for proper blood glucose management18. Therefore, A1c levels greater than this 

recommendation indicate improper blood glucose management. 

 

 

Must meet at least 1 of the following criteria: 

Fasting plasma glucose  126 mg/dL (7.0 mmol/L) 

2-hour plasma glucose  200 mg/dL (11.1 mmol/L) during an oral glucose tolerance test using 75 grams of 
anhydrous glucose dissolved in water 

Glycated hemoglobin (A1c)  6.5% (48 mmol/mol) 

A random plasma glucose  200 mg/dL (11.1 mmol/L) in patients with symptoms of hyperglycemia 

 
Table 1. American Diabetes Association Criteria for Diabetes Diagnosis18 

 

 

Risk Factors for Diabetes 

Common risk factors for diabetes include both nonmodifiable and modifiable factors that may 

contribute to disease development and progression5. Some factors highlighted below include genetics, 

demographics, weight status, physical inactivity, metabolic characteristics, smoking, sleep deprivation, 

and dietary patterns4.  

 Individuals with a family history in a first degree relative have a 2- to 3-fold increased risk of 

developing diabetes, and a 5- to 6-fold risk in those with both a maternal and paternal history of 

diabetes28,29. This increased risk is thought to be due to environmental as well as genetic factors, such as 

diabetes-associated loci4,30. More than 75 loci have been identified in genome-wide association studies 

with the majority of the loci associated with impaired beta-cell function as opposed to impaired insulin 
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sensitivity4,30. Further research is needed to identify additional variants that account for the majority of 

genetic susceptibility30.  

 Additional nonmodifiable risk factors for diabetes include age and sex3. The majority of people 

with diabetes in the US are greater than 45 years of age1. Biological changes manifest with age due to a 

decline in beta-cell function and insulin secretion17. Additionally, diabetes distribution varies across 

sexes, and some estimates assume higher incidence in men and others in women1,31–33. Women with 

polycystic ovarian syndrome have an increased risk for diabetes34.  

Data show that the risk for developing diabetes is higher for Asians, Hispanics, and African 

Americans than non-Hispanic whites35,36. Differences in risk for diabetes among ethnicities are most 

likely due to both biological and behavioral factors, including genetic predispositions, age, psychosocial 

factors, socioeconomic status, and cultural lifestyle habits37.  

The term diabesity refers to the commonly simultaneous presence of diabetes and obesity3. The 

risk for diabetes, as well as IGT, increases with higher body weight. Increase in body mass index (BMI) 

has been found to be the most important factor examined, compared to age and race or ethnicity, to 

predict diabetes, accounting for 50% of the increase in diabetes prevalence in men and 100% in 

women38. Additionally, central or abdominal obesity is linked to the highest incidence of diabetes and 

the greatest degree of insulin resistance39,40. 

 A sedentary lifestyle reduces physical activity and therefore energy expenditure, and likely will 

contribute to weight gain and the risk for diabetes39. However, it has been shown that physical 

inactivity, even in the absence of weight gain, still increases risk for diabetes41. On the other hand, a 

study showed that regular physical activity, including both aerobic and strength-training, improves blood 

glucose control, lipid profiles, and blood pressure21. A previous intervention study showed that risk for 

diabetes may be lessened by as much as 60% with combined weight loss and physical activity42.  
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 Insulin resistance is one of the best metabolic predictors of diabetes15. Insulin resistance itself is 

characterized by HTN and HLD21. Additional metabolic characteristics that increase risk for diabetes 

include gestational diabetes and any criteria for prediabetes, such as IGT, impaired fasting glucose (IFG), 

and metabolic syndrome3,43. These metabolic factors seen in prediabetes are associated with a 5-fold 

increase in developing diabetes in the future and about 25% of patients with either IFG or IGT will 

develop diabetes within 3 to 5 years after onset21,43.  

Modifiable lifestyle and behavioral risk factors for diabetes include smoking, sleep deprivation, 

and dietary patterns. It is hypothesized that smoking impairs insulin sensitivity and is linked to greater 

abdominal fat and waist-to-hip ratio39. Data have shown that risk for diabetes increases along with the 

number of daily cigarettes smoked per day and that diabetes risk may remain heightened for ten years 

following smoking cessation40. Additionally, sleep deprivation is suspected to augment insulin resistance, 

HTN, hyperglycemia, and HLD21. These effects may contribute to the development and progression of 

diabetes. A U-shaped relationship has been identified between the hours of sleep and risk for diabetes44. 

The lowest risk for diabetes was seen at 7 to 8 hours of sleep per day44.  

Lastly, assessing dietary patterns is preferred over single food groups due to the comprehensive 

nature of eating a variety of foods in any given day45,46. There is a paucity of literature aimed at 

identifying associations between dietary patterns and diabetes prevention47. Diets high in refined grains, 

red meat, processed meats, and sugar sweetened beverages are associated with a higher risk for 

diabetes48,49. On the contrary, dietary patterns that are richer in fruits, vegetables, nuts, legumes, and 

whole grains are associated with diabetes prevention when compared to the former dietary pattern48–50. 

While dietary patterns examine habitual food intakes, diet quality evaluates overall nutritional 

adequacy. 
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Diet Quality in Individuals with Diabetes 

Diet quality is measured by indices which compare how well an individual’s eating patterns align 

with the recommendations46,51. For instance, the Healthy Eating Index (HEI)-2015 assesses the 

compliance of dietary patterns with the evidence-based 2015-2020 Dietary Guidelines for Americans 

(DGA)46,52,53. Higher HEI-2015 scores signify greater adherence to the 2015-2020 DGA and the maximum 

HEI score of 100 represents perfect adherence to its associated DGA. In general, HEI scores greater than 

80 indicate good dietary habits, whereas scores of less than 51 are considered to be poor54,55. Scores 

between those cutoffs are thought to need improvement55.  

The average Total HEI-2010 score in US adults is 58 for those of ages 18 to 64 years, and the 

average score is 65.5 for those older than 64 years of age56. These scores signify that the average US 

adult’s diet quality needs improvement. Although the overall diet quality of the US population has been 

examined previously55,57–60, there is a lack of literature evaluating the impact of diet quality in the adult 

population with diabetes in the US6. Literature assessing diet quality by degree of glycemic control is 

lacking, as well. Among the limited existing literature are inconsistencies, as one study identified higher 

HEI scores in those with diabetes versus in those without diabetes in their sample, yet the mean HEI-

2010 score for the diabetes group (57.7) was lower than that of the general US adult population in 

another study56,61. Although more research is needed to assess diet quality in individuals with diabetes, 

there is some literature available that assessed specific dietary components of eating patterns in this 

target population6–8,11,12,62–64.  

The adult population with diabetes has previously been found to consume fewer than 5 servings 

of fruits and vegetables combined per day, indicating that the recommended intake (1.5 to 2 cups of 

fruits and 2 to 3 cups of vegetables per day65) was not met6. Fruits and vegetables contribute not only 

micronutrients yet also dietary fiber, a type of complex carbohydrate. Although data suggest an increase 



 10 

in total carbohydrate intake among American adults with diabetes from 1988 to 2004, there was no 

increase in fiber intake. This indicates a higher intake of simple carbohydrates, as found in refined grains 

and added sugars, as opposed to complex carbohydrates, as found in fruits and vegetables8. 

Additionally, a significant reduction of fiber intake in Americans with diabetes from 1988 to 2012 was 

identified, and average intakes did not meet the fiber recommendations (14 grams per 1000 calories)7,9. 

In 2013 to 2014, nearly 56% of the US adult population, not limited to those with diabetes, had 

an added sugar intake that surpassed the recommendation set by the 2015-2020 DGA (less than 10% of 

daily calories from added sugars66)14,63. In fact, added sugar intakes exceeding recommendations were 

identified in more than 71% of people evaluated in a 2005 to 2010 NHANES study10. One study has 

indicated agreeably high added sugar intake in the population with diabetes12, whereas others have 

hypothesized lower intakes due to diabetes-related nutrition education on sugar’s effect on blood 

glucose control61,67.  

Literature also suggests that adults with diabetes surpass the daily recommended limit of 

saturated fat in the 2015-2020 DGA (less than 10% of daily calories from saturated fat66)6–9,11,12. This 

increased saturated fat intake may be due to the combination of high red meat and processed meat 

intake as well as added fats11. Saturated fat intakes between 1988 and 2012 remained relatively stable, 

yet consistently exceeded recommendations7,8.  

On average, Americans consume 3,436 mg per day of sodium whereas Americans with diabetes 

have been found to consume an average of 3,214 mg or greater of sodium per day8,13. These intake 

levels surpass the 2015-2020 DGA recommendation (less than 2,300 mg per day of sodium66) as well as 

the American Heart Association’s limit of 1,500 mg per day of sodium13. A trends study identified 

increases in sodium intake between 1988 and 2012 in the US population with diabetes as well as 

consistent insufficient potassium intakes7. These high sodium and low potassium intakes are of concern 



 11 

to the population with diabetes, in particular, due to increased risk for HTN and cardiovascular disease 

(CVD)13. Overall, noncompliance to one subcomponent of the DGA is typically linked to noncompliance 

of additional subcomponents, leading to overall poor dietary patterns that may impact the development 

of chronic diseases10,14. 

Long-term Complications of Diabetes and Chronic Diseases 

These trends in dietary patterns identified in the adult population with diabetes may contribute 

to the development of additional chronic diseases as a result of impaired glucose and lipid metabolism 

in the presence of diabetes68. Diabetes is oftentimes accompanied by metabolic outcomes that serve as 

risk factors for the development of macrovascular disease, such as HTN, HLD, and CVD15. The increased 

prevalence of diabetes has amplified the amount of CVD attributable to diabetes over the last 60 

years21,69. It is estimated that 60% of people with diabetes have HTN, and the combined presence of HTN 

and diabetes increases risk for CVD by 4-fold13,70. Managing blood pressure and lipid profiles is essential 

to the prevention of macrovascular disease, just as controlling blood glucose is vital to prevent 

microvascular complications21.  

Dietary contributors to the development of HTN include excess sodium intake and insufficient 

potassium intake13. As evidenced, adults with diabetes exceed sodium recommendations. Therefore, it 

may be hypothesized that poorer diet quality in those with diabetes is associated with a higher 

incidence of HTN and a greater subsequent risk for CVD.  

HLD consists of high triglycerides, low high-density lipoprotein cholesterol (HDL-C), and 

increased low-density lipoprotein cholesterol (LDL-C) levels68,71. Epidemiology data suggest that high 

saturated fat intakes negatively impact metabolic profiles, such as increasing LDL-C, triglycerides, A1c, 

and inflammatory biomarkers in those with diabetes72,73. On the contrary, adherence to the saturated 
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fat intake recommendations has been associated with significantly lower LDL-C and BMI in adults with 

diabetes12.  

Failure to adhere to added sugar recommendations is associated with poorer lipid profiles and 

increased inflammatory markers than lower added sugar intake in individuals with diabetes72. 

Adherence to the added sugars intake recommendation is significantly associated with lower 

triglycerides and higher HDL-C in adults with diabetes, independent of BMI12. Epidemiologic data 

demonstrate that people whose added sugar consumption exceeds the recommendations are at an 

increased risk for obesity, HLD, HTN, and CVD10. This CVD risk remains heightened even after adjusting 

for blood pressure and total serum cholesterol10. Additionally, fiber intake of 15 grams or greater per 

1,000 calories has been associated with improved plasma lipid profiles, decreased A1c, and lower BMI 

compared to those of lower fiber intake in the adult population with diabetes12,72. However, as 

evidenced, fiber recommendations in individuals with diabetes are not being met7–9 

Diet quality metrics have been linked to chronic conditions and mortality. High HEI scores are 

found to be inversely associated with risk of all-cause mortality, CVD, and cancer for men and women 

without diabetes45,63,74,75. Assessing specific components of dietary patterns allows for more targeted 

associations between diet and outcomes yet evaluating overall diet quality would produce more 

comprehensive findings for the adult population with diabetes.  

Conclusions  

The nationwide prevalence and progressive nature of diabetes make it a focal point in research. 

Considering diabetes is heavily influenced by lifestyle factors, future research should aim to fill the gaps 

in current diet-related diabetes literature. Preexisting literature demonstrates that Americans with 

diabetes do not meet the recommendations for specific components of dietary patterns, alike that of 

the American population without diabetes, yet the impact of diet quality in the various stages of disease 
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progression has seldom been explored. Assessing the diet quality of Americans by diabetes status would 

assist in the understanding of how diet impacts disease progression as well as allow for the 

improvement of nutrition interventions. In turn, this may help to reduce the progression of the disease 

and the development of additional chronic conditions.  
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Chapter 3. Methods 

Overview of Study 

The data in this cross-sectional analysis were taken from the 2005 to 2016 NHANES and included 

adults aged 31 years and older at the time of data collection. Data were used to assess differences in 

diet quality (HEI-2015) as well as markers (BMI, blood pressure, and total cholesterol) indicative of 

chronic conditions (obesity, HTN, and HLD) stratified by level of glycemic control. Glycemic control was 

organized into groups by glycated hemoglobin (A1c) values: Normal glycemia (<5.7%); prediabetes (5.7-

6.4%); controlled diabetes (6.5-6.9%); and poorly controlled diabetes (7%). Laboratory values were 

measured from blood samples taken during the in-person exam and dietary intakes were collected 

during the dietary interview of the NHANES process. Estimations of nutrient intakes were made using 

the Food and Nutrition Database for Dietary Studies. Obtaining Institutional Review Board approval was 

not necessary for this study, as all data were taken from publicly available sources containing de-

identified information.  

Research Questions 

1. How does diet quality in adults differ by glycemic level (normal glycemia: A1c <5.7%; 

prediabetes: A1c 5.7-6.4%; controlled diabetes: A1c 6.5-6.9%; and poorly controlled diabetes: 

A1c 7%)? 

2. Do adults with diabetes have more markers of chronic diseases (overweight or obesity, 

hyperlipidemia, and hypertension) than those without diabetes? 

3. Is diet quality poorer in adults with diabetes and concurrent chronic diseases?  

Overview of NHANES  

The National Health and Nutrition Examination Survey (NHANES) is a program facilitated by the 

Centers for Disease Control (CDC) and Prevention’s National Center for Health Statistics (NCHS)76. It first 
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began in 1971 as three individual installments yet transitioned to a continuous program in 1999 that 

examines a broader range of health topics annually77. Types of data collected include demographic, 

socioeconomic, dietary, and other health-related information gathered through interviews, as well as 

medical, dental, physiological assessments and laboratory tests76. The NCHS Research Ethics Review 

Board is responsible for assessing and granting permission for the NHANES to be conducted78. The aim 

of NHANES is to provide information on trends in the health status of individuals in the US that may be 

used for health research and initiatives76,77.  

Data Collection  

Participants 

In preparation of conducting the NHANES, 15 distinct sections of the US were identified and 1 

county from each section was randomly selected for participation79. About 20 to 24 smaller groups 

within each county were then chosen for continuation in the random sampling process. From there, 

about 30 households from within the selected smaller groups were visited by NHANES interviewers and 

demographic information was collected. Lastly, an algorithm was used to determine which members of 

the household were eligible for inclusion in the survey79. This allowed for a nationally representative 

sample of the noninstitutionalized resident population. Exclusion criteria included individuals in 

institutionalized settings, and active-duty military personnel76. Additionally, the proximity of 

participants’ homes to the mobile examination center (MEC) was taken into consideration during 

selection, and typically results in high response rates76. 

Certain populations were oversampled during specific years in an effort to allow meaningful 

data collection of minority groups and to increase generalizability to the US population. The 1999 to 

2006 NHANES oversampled Mexican-Americans whereas the 2007 to 2010 NHANES included 
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oversampling of the Hispanic population76. Additionally, the 2011 to 2014 NHANES oversampled the 

Asian population76.  

Approximately 5,000 persons have been examined across the 15 study locations per year for 

NHANES, and data were collected for those of all ages76. However, this particular study used participants 

31 years and older at the time of the survey, as prevalence of the chronic diseases in question is greater 

in this population80,81. Participation in the survey was voluntary and confidential77. 

Physical and Serum Laboratory Assessments  

 Once selected, participants who consented completed an interview and a physical examination 

in the MEC. During this time, they had blood drawn for laboratory analysis. Among the assessments 

were height, weight, blood pressure, A1c, and a lipid panel.  

During the physical examination, standing height and weight were measured for each 

participant. Standing height was assessed by positioning participants on the stadiometer platform while 

following proper protocol, such as instructing participants to stand upright with heels together and toes 

apart as well as ensuring the back of the head, shoulders, buttocks, and heels were touching the 

backboard. Meanwhile, weight was measured in kilograms using a digital scale and participants were 

directed to stand in the center of the scale with their hands by their sides. These two values were used 

to determine BMI per participant. The following BMI criteria were used to categorize weight status: 

underweight (BMI 18.5); normal weight (BMI of 18.5-24.9); overweight (BMI of 25.0-29.9); and obese 

(BMI 30.0)82. BMI values indicating both overweight and obese were considered to be positive markers 

of one of the chronic diseases examined in this analysis. 

Diagnostic criteria outlined in the 2017 American College of Cardiology and American Heart 

Association (ACC/AHA) Guidelines for the Prevention, Detection, Evaluation, and Management of High 

Blood Pressure in Adults were used in this analysis as opposed to those from the 2003 Seventh Report or 
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the 2014 Eighth Report of the Joint National Committee on the Prevention, Detection, Evaluation, and 

Treatment of High Blood Pressure83–85 (Table 2). The 2003 and 2014 guidelines both designated HTN at 

140/90 mm Hg for the general population. In contrast, the 2017 ACC/AHA guidelines recommend 

diagnosing HTN at 130/80 mm Hg. This lowered diagnostic threshold translates to a greater 

proportion of the sample having HTN, yet aligns with the most recent guidelines of clinical practice and 

therefore was selected for use in the current study86.  

Blood pressure was measured during the physical examination in the MEC, and both systolic and 

diastolic measurements were used to assess blood pressure and hypertensive stages in adults. Blood 

pressure was collection followed standardized protocol and participants were instructed to rest for at 

least 5 minutes in a seated position prior to the blood pressure measurements to reduce inaccurate 

readings. Additionally, blood pressure was measured three times for each participant, and the averaging 

rules for determining mean blood pressure from the NHANES Physician Examination Procedures Manual 

were followed82. In this analysis, participants were excluded if they did not have more than two 

complete blood pressure readings recorded. The first blood pressure reading was discarded and the 

remaining readings were averaged per participant. This average was then used for further analyses in 

this study. 

A1c values were represented as a percentage to demonstrate the percent of hemoglobin, a 

protein found in blood, that was bound by glucose. This value indicates the degree of blood glucose 

control for the prior 90 days. Table 3 shows the A1c values and their designated categories of diabetes 

status. Measuring A1c is a preferred method for assessing and monitoring diabetes status compared to 

fasting plasma glucose and oral glucose tolerance test18,87. Some advantages to utilizing A1c are that 

patients are not required to be fasting, the preanalytical stability is greater, the value is less affected by 

acute exacerbations of stress on the body, and it provides longer term blood glucose information as 



 18 

opposed to a single snapshot in time18,87. However, a disadvantage to measuring A1c is lower test 

sensitivity18. Additionally, those with conditions that involve increased red blood cell turnover, such as 

sickle cell disease, pregnancy, hemodialysis, recent blood transfusions or loss, or erythropoietin therapy 

should use plasma glucose criteria to diagnose diabetes rather than A1c18.   

Serum lipid profiles are laboratory analyses performed that require a blood sample. Lipid panels 

measured the concentration of total cholesterol, HDL-C, and triglycerides88. An equation was then used 

to calculate LDL-C. Fasting, generally at least 9 hours without eating or drinking anything aside from 

water, is not necessary to measure total cholesterol and HDL-C yet is required for an accurate 

triglyceride measurement88; therefore, participants’ fasting status was recorded before the blood draw. 

Table 4 demonstrates healthy blood cholesterol levels for US men and women over the age of 20. This 

analysis considered total cholesterol levels of 200 mg/dL to be considered as elevated.  

Dietary Data Collection 

What We Eat in America is the dietary interview portion of the NHANES which was conducted 

for each participant. Each dietary interview included the Dietary Recall section, the Supplement and 

antacid use section, and the Post-Recall section89. The Automated Multiple Pass Method (AMPM), a 

computer-assisted dietary interview system, was developed by Westat under the United States 

Department of Agriculture’s (USDA) Agricultural Research Service and was used for the interview. The 

AMPM was comprised of 5 steps (Figure 1) to improve accuracy of the 24-hour dietary recall by 

maximizing participants’ chances to remember and report consumed foods. The AMPM was shown to 

yield accurate assessments of energy and sodium intakes and is therefore a reliable tool for gathering 

dietary intake data90,91. The 24-hour dietary recall measured food and beverage intake from midnight to 

midnight. The interview took place in person in the MEC89. During this interview, information regarding 

time and place of consumption and title of meal or snack was gathered. At the end of this interview, 
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participants were asked about their typical intakes, salt use for the day prior to the interview (both at 

the table and during cooking), and any special diets followed. In an effort to improve accurate 

estimations of portion sizes, 3-dimensional measuring guides (such as glasses, bowls, mugs, mounds, 

circles, thickness tools, spoons, water bottles, and food models) were provided to participants.  

Data Preparation 

Food and Nutrients Database for Dietary Studies 

 Information gathered from the 24-hour dietary recalls was coded and linked to the Food and 

Nutrients Database for Dietary Studies (FNDDS) and the Food Patterns Equivalents Database (FPED). The 

FNDDS converts information gathered from the What We Eat in America dietary interviews into 

individual food files and total nutrient intake files. These files contain the designated USDA food codes, 

quantities of foods consumed (in grams), and the nutrients in each food. An updated FNDDS is released 

each time What We Eat in America data are released and currently includes 65 nutrients.  

FPED is a tool used to assess dietary patterns and works by converting foods and beverages in 

the FNDDS files into 1 of 37 mutually exclusive food components per 100 grams of each ingredient 

(Table 5)92. FPED uses cup equivalents of Fruits, Vegetables, and Dairy; ounce equivalents of Grains and 

Protein Foods; teaspoon equivalents of Added Sugars; gram equivalents of Solid Fats and Oils; and 

number of alcoholic beverages. 

Healthy Eating Index-2015 

The HEI-2015 is a scale used to measure diet quality and to compare how dietary intakes align 

with the DGA. The scale was first developed in 1995, was then revised in 2005 and again in 2010, with 

the latest revision taking place in 2015 using the 2015-2020 DGA as the reference standard56,93. The HEI-

2015 demonstrates construct validity, criterion validity, and reliability, and therefore is deemed as an 
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appropriate method to assess diet quality in relation to the 2015-2020 DGA52. As new DGA are released 

every 5 years, the HEI will too be updated to reflect the new precedents53.  

The HEI-2015 includes 13 components, 9 of which are adequacy components and are 

recommended in a healthy diet, whereas 4 are moderation components that should be limited in a 

healthy diet (Table 6)52,63. The maximum score of 100 indicates complete adherence to the 2015-2020 

DGA. Some changes to note in the HEI-2015 include that legumes now fit into 4 components: Total 

Vegetables, Greens and Beans, Total Protein Foods, and Seafood and Plant Proteins63. Additionally, 

Empty Calories from the HEI-2010 was removed and Saturated Fats, originally from the HEI-2005, was 

reinstalled in the HEI-2015 along with Added Sugars. The HEI-2015 also considers all energy from alcohol 

within the total energy53,63. This scale is density-based and measures amounts per 1,000 calories53.  

Data Analysis 

To conduct the analyses of the included data while accounting for the oversampled populations, 

SPSS Complex Samples (Version 24) was used. This provided a nationally representative sample. 

Participants were stratified into groups of diabetes status based on A1c values: normal glycemia 

(<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); and poorly controlled diabetes (7%). 

Differences in diet quality and markers of chronic disease by diabetes status were assessed by a Chi 

square and one-way analysis of variance. Analysis of covariance tested for differences between BMI, 

blood pressure, and total cholesterol by diabetes status, controlled for age, sex, race, ethnicity, and 

percent of the federal poverty level. Chi square tested for differences in categories of diet quality by 

diabetes status among participants included in the sample. Descriptive statistics were used to 

summarize the data and produce population-based means and sample-based standard errors for all 

variables. Significance was set a priori at α ≤0.05.  
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Blood Pressure Category Systolic Blood Pressure  Diastolic Blood Pressure 

Normal <120 mm Hg and <80 mm Hg 

Elevated 120-129 mm Hg and <80 mm Hg 

Hypertension 

Stage 1 130-139 mm Hg or 80-89 mm Hg 

Stage 2 140 mm Hg or 90 mm Hg 
Individuals with SBP and DBP in 2 categories should be designated to the higher BP category. BP indicates blood pressure 
(based on an average of ≥ 2 careful readings obtained on ≥ 2 occasions, as detailed in Section 4); DBP, diastolic blood pressure; 
and SBP, systolic blood pressure83. 
 
Table 2. American College of Cardiology and American Heart Association Guidelines for Blood Pressure Thresholds in Adults83 
 

 

Glycated Hemoglobin (A1c) Diabetes Status 

< 5.7% Normal glycemia 

5.7 to 6.4% Prediabetes 

6.5 to 6.9% Controlled diabetes 

 7% Poorly controlled diabetes 

 
Table 3. Glycated Hemoglobin (A1c) Values to Categorize Diabetes Status18 
 

 

Demographic Total Cholesterol Non-HDL LDL HDL 

Men 20 years old 125-200 mg/dL 130 mg/dL 100 mg/dL 40 mg/dL 

Women 20 years old 125-200 mg/dL 130 mg/dL 100 mg/dL 50 mg/dL 

 
Table 4. Healthy Total Cholesterol Levels for US Adults94 
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Figure 1. The 5 Step Automated Multiple Pass Method89 

Step 5: The Final Review Probe

Collects any additional information not yet recalled and 
reported

Example: ate 1 cheesestick while cooking dinner

Step 4: The Detail and Review Cycle

Gathers information about food portions, source of 
food, where the food was eaten, and foods eaten 
between meals

Example: 1 fistful of white pasta from restaurant 
leftovers and was eaten at kitchen table

Step 3: The Time and Occasion Pass

Encourages participants to think about their eating 
patterns over the last 24 hours

Example: drank coffee with cream and sugar as soon as 
I got out of bed

Step 2: The Forgotten Foods List

Obtains a report of easily forgotten foods
Example: juice with breakfast, crackers in between 
meals

Step 1: The Quick List Pass

Obtains a report of easily remembered foods Example: eggs at breakfast, pasta at dinner
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Main Components FPED Food Components for 2015-2016 

Fruit 1 Total fruit 

2 Citrus, melons, and berries 

3 Other fruits 

4 Fruit juice 

Vegetables 5 Total vegetables 

6 Dark green vegetables 

7 Total red and orange vegetables 

8 Tomatoes 
9 Other red and orange vegetables (excludes, tomatoes) 

10 Total starchy vegetables 

11 Potatoes (white potatoes) 

12 Other starchy vegetables (excludes white potatoes) 

13 Other vegetables 

14 Beans and peas computed as vegetables 

Grains 15 Total grains 

16 Whole grains 

17 Refined grains 

Protein Foods 18 Total protein foods 

19 Total meat, poultry, and seafood 

20 Meat (beef, veal, pork, lamb, game) 

21 Cured meat (frankfurters, sausage, corned beef, cured ham 

and luncheon meat made from beef, pork, poultry) 

22 Organ meat (from beef, veal, pork, lamb, game, poultry) 

23 Poultry (chicken, turkey, other fowl) 

24 Seafood high in n-3 fatty acids 

25 Seafood low in n-3 fatty acids 
26 Eggs 

27 Soybean products (excludes calcium fortified soy milk and 

mature soybeans) 

28 Nuts and seeds 

29 Beans and peas computed as protein foods 

Dairy 30 Total dairy (milk, yogurt, cheese, whey) 

31 Milk (includes calcium fortified soy milk) 

32 Yogurt 

33 Cheese 

Oils 34 Oils 

Solid Fats 35 Solid fats 

Added Sugars 36 Added sugars 

Alcoholic Drinks 37 Alcoholic drinks 

 
Table 5. Food Patterns Equivalents Database Food Components for 2015-2016 
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Component: Maximum 
Points: 

Standard for Maximum 
Score: 

Standard for Minimum Score of Zero: 

Adequacy: 

  Intakes per 1,000 kcals  

Total Fruits2 5 ≥0.8 cup equiv. No fruit 

Whole Fruits3 5 ≥0.4 cup equiv. No whole fruit 

Total Vegetables4 5 ≥1.1 cup equiv. No vegetables 

Greens and Beans4 5 ≥0.2 cup equiv. No Dark Green Vegetables or Legumes 

Whole Grains 10 ≥1.5 oz. equiv. No Whole Grains 
Dairy5 10 ≥1.3 cup equiv. No Dairy 

Total Protein Foods6 5 ≥2.5 oz. equiv. No Protein Foods 

Seafood and Plant Proteins6,7 5 ≥0.8 oz. equiv. No Seafood or Plant Proteins 

Fatty Acids8 10 (PUFAS+MUFAS)/SFAs≥2.5 (PUFAS+MUFAS)/SFAs≤1.2 

Moderation: 

Refined Grains 10 ≤1.8 oz. equiv. ≥4.3 oz. equiv. 

Sodium 10 ≤1.1 gram ≥2.0 grams 

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

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

1. Intakes between minimum and maximum are scored proportionately.   
2. Include 100% fruit juice.  
3. Includes all forms except juice.  
4. Includes legumes (beans and peas).  
5. Includes all milk products, such as fluid milk, yogurt, cheese, and fortified soy beverages.   
6. Includes legumes (beans and peas).   
7. Includes seafood, nuts, seeds, soy products (other than beverages), and legumes (beans and peas).   
8. Ratio of polyunsaturated fatty acids (PUFAs) and monounsaturated fatty acids (MUFAs) to saturated fatty acids 
(SFAs).  

 
Table 6. Healthy Eating Index 2015 Scoring Criteria53 
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Chapter 4. Results and Discussion 

Results 

Demographics 

 The final sample consisted of 23,708 adults, aged 31 years and older, from the 2005 to 2016 

NHANES (Table 7). Diabetes was more prevalent in males (52.1-53.7%) than in females (46.3-47.9%). 

Diabetes was more prevalent in adults who were obese (>65.7%), married (>64%), had stage 2 HTN 

(>30.8%), and had some college education or an associate’s degree (>29.8%).  

Diet Quality by Level of Glycemic Control 

 Mean diet quality scores demonstrate that adults with prediabetes and diabetes have 

significantly poorer diet quality compared to the normal glycemia group as evidenced by lower Total 

HEI-2015 scores (P<0.001, Table 8). Regardless of glycemic category, diet quality was poor for Whole 

Grains, Greens and Beans, Sodium, Total Fruit, Whole Fruit, and Seafood and Plant Proteins (HEI-2015 

<50% of maximum score).  

Of the thirteen food components measured, there were significant differences among groups 

for Total Fruit, Dairy, Seafood and Plant Proteins, Refined Grains, Sodium, Added Sugars, and Saturated 

Fat. Adults with prediabetes and diabetes had lower diet quality for all food components except for 

Dairy (controlled diabetes had higher score), Total Protein Foods (poorly controlled diabetes had highest 

score), and Added Sugars (poorly controlled diabetes was highest, while diabetes groups had 

significantly higher scores than the normal glycemia and prediabetes groups). Scores for Total Protein 

Foods were similar across all groups, yet adults with diabetes consumed significantly more saturated fat 

than adults with normal glycemia, suggesting greater intake of fatty meats in the diabetes population. 



 26 

Markers of Chronic Diseases by Level of Glycemic Control 

 To identify whether adults with diabetes have more markers of chronic conditions than those 

without diabetes, A1c, blood pressure, total cholesterol, and BMI were analyzed (Table 9). Data show 

highest rates of normal weight in adults with normal glycemia (30.6%) and lowest rates in those with 

controlled diabetes (8.3%). Likewise, the normal glycemia group had greatest rates of overweight 

(36.7%), which were lower in prediabetes (32.8%) and diabetes groups (25.2% and 23.5%). Obesity rates 

were highest in the controlled (66.5%) and poorly controlled (65.7%) diabetes adults, and lower in the 

normal glycemia (31.2%) and prediabetes (48.4%) groups. Although lower when compared to the 

diabetes groups, obesity was still largely prevalent in adults with prediabetes.  

 Adults with normal glycemia had highest rates of normal blood pressure (47.1%), with lower 

rates in across prediabetes (32.0%) and diabetes groups (25.4% and 28.0%). Prevalence of elevated 

blood pressure and stage 1 and stage 2 HTN were greater in the diabetes and prediabetes groups 

compared to diabetes-free adults. Adults with controlled (30.8%) and poorly controlled diabetes (31.4%) 

had greatest rates of stage 2 HTN.  

 Contrary to the previous findings, adults with diabetes (controlled diabetes: 67.2%; poorly 

controlled diabetes: 60.4%) had greater rates of desirable cholesterol levels than those without diabetes 

(normal glycemia: 50.6%; prediabetes: 52.8%). Rates of moderate cholesterol levels were lowest in the 

diabetes groups (controlled diabetes: 22.8%; poorly controlled diabetes: 23.8%). High risk levels 

fluctuated between groups, with prediabetes adults claiming the greatest percentage (17.3%).  

Diet Quality in Adults by Level of Glycemic Control and Markers of Chronic Diseases 

 Adults with normal glycemia had better diet quality than their prediabetes and diabetes 

counterparts with the exceptions of highest Total HEI-2015 scores in adults with controlled diabetes for 

the elevated cholesterol, normal blood pressure, and elevated BMI groups (Table 10). All of the lowest 
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diet quality scores belonged to the diabetes or prediabetes groups. Overall, diet quality was poorer in 

adults with both poorly controlled diabetes and obesity (50.9 ± 0.4) as opposed to diabetes alone (50.7 ± 

0.39).  

Discussion 

Medical nutrition therapy for adults with diabetes emphasizes overall diet quality, yet the lay 

public focuses on individual dietary components95–98. This study contributes to the body of evidence 

supporting the need for an emphasis on overall diet quality in adults with diabetes and in those with 

comorbidities. Diet quality and prevalence of markers of chronic diseases were examined in US adults 

with normal glycemia, prediabetes, controlled diabetes, and poorly controlled diabetes. This study 

found that adults with diabetes and prediabetes have significantly poorer diet quality than those 

without diabetes. Prevalence of obesity and stage 2 HTN is higher in adults with diabetes, yet lower for 

elevated cholesterol levels compared to those with normal glycemia and prediabetes. Lastly, diet quality 

is poorer in the presence of elevated markers for chronic diseases.  

 Assessing overall diet quality provides insight into the risk for disease development and 

progression46,51. The HEI indicates compliance to the DGA, which are aimed at the general 

population46,52,53. Core tenants of the DGA include emphasis on fruit and vegetable consumption, whole 

grains as opposed to refined grains, and lean proteins as opposed to fatty meats66. These same core 

principles are shared across multiple recommended dietary patterns, such as the Dietary Approaches to 

Stop Hypertension (DASH) eating plan and the Mediterranean diet, as well as in the prevention and 

treatment of diabetes and other chronic diseases66,99–101. Therefore, assessing the overall diet quality 

through these indices provides insight into the risk of chronic disease development in the general 

population as well as in adults with diabetes.  
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US adults have an overall poor diet quality. A previous study found a mean diet quality score 

(Total HEI-2015) of 58 out of 100 for adults in the general population56. Although slightly lower, our 

findings are in alignment, with a total score of 53 out of 100 for US adults greater than 30 years of age 

without diabetes. Our findings confirm poor overall diet quality in the general population of US adults.  

Furthermore, we place particular interest in the population with diabetes. The presence of 

diabetes itself serves as a risk factor for morbidity and mortality13,21,69,70. In addition, previous studies 

have identified inverse associations between diet quality and CVD, cancer, and all-cause 

mortality45,63,74,75,102. The simultaneous presence of diabetes and poor diet quality is a cause for concern 

and warrants the evaluation of diet quality in this population. A prior study identified a Total HEI-2010 

score of 57.7 for adults with diabetes, and report higher diet quality in those with the disease than those 

without61. However, the current study reports lower diet quality results of 50.8 in adults with diabetes, 

supporting our original hypothesis that adults with diabetes have poorer diet quality than their diabetes-

free counterparts. In the current analysis, the range of total diet quality scores in all glycemic groups fits 

into the lowest quintile of diet quality from a previous study, which is associated with a 12-28% 

increased risk for CVD, cancer, and all-cause mortality74.  

A benefit of the current analysis is the ability to examine which dietary elements are responsible 

for the overall poor diet quality of the diabetes population in addition to identifying which areas are the 

most successful. One area that the diabetes population reigns in is added sugar consumption. Previous 

studies have identified conflicting results regarding added sugar intake10,12,63,67,103. Our findings align with 

those reporting significantly lower intakes and moderate adherence to the DGA recommendation in 

adults with diabetes12,63,67,103. These lower intakes are likely due to greater exposure to nutrition 

education and awareness of dietary sugar’s affect on blood glucose67. A cross-sectional analysis 
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identified an inverse dose response between duration of diabetes as well as frequency of blood glucose 

self-monitoring and sugar-sweetened beverage consumpsion, supporting the prior hypotheses103.  

Although added sugar intake is reduced in adults with diabetes, our data inform us of the many 

remaining areas of concern in this target population that pose as threats to the exacerbation of 

diabetes, comorbidities, and mortality. Adults with diabetes consume significantly higher amounts of 

saturated fat than those without diabetes. Considering total protein intakes were fairly consistent across 

glycemic groups, we infer that adults with diabetes consume more fatty meats, including red meats and 

processed meats, and more added fats than their diabetes-free counterparts11. These results align with 

those of previous analyses, in which intakes of adults with diabetes surpass the recommended limit of 

saturated fat6–9,11,12.  

Across all levels of glycemia in our sample, participants have especially poor intakes of whole 

grains, green vegetables, beans, fruit, seafood, and plant proteins, and excessive sodium intakes. 

Previously, it has been reported that adults with diabetes do not meet recommended fruit, vegetable, 

whole grain, and fiber intakes6–9. Additionally, their sodium consumption has increased all the while 

maintaining inadequate potassium intakes7. Our findings support the notion that US adults, with and 

without diabetes, do not meet recommendations for such dietary components. These inadequacies are 

problematic, as these food categories serve as the main pillars of the DGA, the DASH diet, and the 

Mediterranean diet, which have been linked to reduced risk for morbitiy and mortality45,63,74,75. 

Conversely, dietary patterns that do not comply with the recommendations may contribute to the 

development or progression of diabetes and common comorbidities, such as hypertension, 

hyperlipidemia, and obesity13,15,68. 

The current study found that more than 50% of adults with diabetes have HTN, 30% of which 

are classified as stage 2. Our rates are slightly lower than previous estimates that state 60-80% of adults 
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with diabetes have concurrent hypertension1,13,70,83. Previous research also found that it is twice as 

common in the diabetes population than in the normal glycemia population83. Our findings support that 

adults with diabetes have double the rate of stage 2 HTN than normal glycemia adults. By following the 

2017 ACC/AHA’s lowered diagnostic thresholds for elevated blood pressure and both stages of HTN, our 

data nearly double the proportion of adults with markers of HTN. The benefit to utilizing the 2017 

thresholds includes outcomes that reflect most recent protocol and clinical practice guidelines. Along 

with prevalence, we found that diet quality worsened in the presence of HTN for all glycemic groups. 

Considering this study’s data suggest noncompliance to key principles of the DASH diet, including 

emphasis on whole grains, fruits, vegetables, and lean proteins as well as limited sodium and sufficient 

potassium intake, it can be presumed that diet quality plays a role in the high rates of HTN in this target 

population13,104,105.  

Epidemiology data associate high intakes of saturated fat and added sugars with worsened total 

cholesterol values in adults with diabetes10,12,72,73. HLD has been reported in more than 70% of adults 

with diabetes106. However, results from the current study differ from previous prevalence estimations 

and show that only 33-40% of adults with diabetes have HLD, whereas nearly 50% of adults with 

prediabetes and normal glycemia have elevated cholesterol levels. These findings may be due to use of 

statin medications in the diabetes population. A national analysis identified that 58-67% of adults with 

diabetes were on lipid-lowering statin therapy1. Medication data were not included in this current 

analysis due to their unavailability from NHANES at the time of analysis. This absence of medication data 

inhibits our ability to determine whether cholesterol values are metabolic or pharmacologic. This notion 

may explain the absence of significant differences in diet quality seen among adults with normal versus 

elevated total cholesterol levels. However, even in the presence of pharmacologic blood lipid control, 
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diet quality remains to be relevant in the prevention and management of comorbidities and 

mortality10,12,72.  

Obesity is highly prevalent among the diabetes population, and an increase in BMI is considered 

to be one of the strongest predictors of diabetes in both sexes3,38. In this study, more than 90% of adults 

with diabetes are either overweight or obese, mirroring a previous prevalence estimate1. Although more 

prominent in the diabetes groups, nearly 50% of adults with prediabetes and more than 30% of those 

without diabetes are obese. These data reflect previous findings regarding weight trends in US adults107. 

Although multifaceted, one potential contributor to the higher overweight and obesity rates in the 

diabetes groups is use of insulin to manage blood glucose. Weight gain is a common side effect of insulin 

therapy, and therefore, may contribute to these outcomes108. Across all glycemic groups, diet quality 

was poorer when overweight or obesity was present. The high rates of overweight or obesity and 

reduced diet quality among all groups, including in normal glycemia and prediabetes adults, are 

alarming and may forebode disease development and exacerbation3.  

Strengths and Limitations 

The current study has numerous strengths. Sampling weights produced nationally 

representative estimates for noninstitutionalized US citizens, increasing the external validity through 

broad generalizability. The study design of NHANES includes a large sample size determined by a 

multistage sampling process as well as oversampling of subpopulations, also contributing to greater 

generalizability. Additionally, data from six NHANES cohorts were pooled to generate stronger results 

that more accurately reflect the target population.  

Additional strengths of the current analysis include following standardized protocols to gather 

dietary data and perform laboratory and physical assessments. Dietary data were gathered from 24-

hour dietary recalls utilizing the AMPM. The AMPM increases the accuracy of the recall, producing more 
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thorough intake estimates90,91. One limitation is the use of data from only one day of intake per 

participant, which prevents us from identifying dietary trends in each individual. However, the large 

sample size of the current analysis allows for cumulative trends and nationally representative results.  

Blood pressure was measured following standardized procedures, including using an 

appropriately sized cuff, allowing each participant to rest seated for five minutes prior to the 

assessment, and measuring blood pressure three times per visit. However, the 2017 ACC/AHA guidelines 

recommend the averaging of blood pressure readings from two or more separate visits, whereas all 

three readings were taken in one single visit to the MEC in NHANES.  

Lastly, the absence of prescription medication data serves as a limitation to the current analysis, 

as it prevents us from determining which markers of chronic conditions have been influenced by 

pharmacological intervention. These data would be particularly useful in interpreting the HLD data, as 

adults with diabetes had highest prevalence of desirable cholesterol levels. Our data may 

underrepresent the proportion of adults with HLD that are masked by pharmacologic control. 

Implications for Research and Clinical Practice 

Due to inconsistent results in the body of evidence, additional research examining overall diet 

quality in the diabetes population is needed to either support or dispute our findings that diet quality is 

poorer in adults with diabetes and prediabetes compared to those with normal glycemia. Furthermore, 

future studies should aim to assess the impact that the aging population has on diet quality in those 

with diabetes. This would allow for a unique viewpoint, as better diet quality has been reported in older 

adults yet poorer diet quality has been reported in adults with diabetes58.  

Although no causal relationship can be confirmed by cross-sectional analyses, our findings 

support the need for emphasis on overall diet quality in medical nutrition therapy for both the 

population with and without diabetes. Our results demonstrate the successful campaign of discouraging 
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added sugar intake among adults with diabetes in an effort to better manage blood glucose; yet in doing 

so, attention has been shifted away from other necessary aspects of dietary patterns, resulting in 

decreased overall diet quality.  

Lastly, our analyses provide unique insights into the progression of diet quality along with the 

stages of diabetes. Our results demonstrate that diet quality is poorer in adults with less glycemic 

control, with prediabetes scores significantly poorer than those of adults with normal glycemia, and 

poorly controlled diabetes scores lower than those of controlled diabetes. Considering that the criteria 

for prediabetes, such as IGT, increase the risk for diabetes development by 5-fold and that poor diet 

quality is associated with increased risk for diabetes, the population with prediabetes is at an especially 

critical point21,43. Medical nutrition therapy efforts should be encouraged in this population in an effort 

to delay or prevent the disease progression to diabetes and its comorbidities97,109.  

Conclusions 

Poorer diet quality is associated with greater risk for CVD, cancer, and all-cause mortality in the 

general population45,63,74,75. Presence of diabetes and the comorbidity triad of HTN, HLD, and obesity 

further increase these risks3,4,20,106. Our findings support the notion that adults with diabetes and 

additional chronic diseases have poorer diet quality than the general population. These simultaneous 

risk factors for morbidity and mortality create a sense of urgency for lifestyle interventions to target diet 

quality in adults with diabetes and comorbidities. Acknowledging the aspects of diet quality in which 

adults with diabetes are doing well and are doing poor allows for better targeted nutrition therapy, 

improving the overall diet quality, and in turn, reducing morbidity and mortality. 
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  Normal 
Glycemia 

(n=14,481) 
Prediabetes 

(n=5,923) 

Controlled 
Diabetes 
(n=923) 

Poorly 
Controlled 
Diabetes 
(n=2,021) 

  n (%) 

Gender Male 7165 (47.1%) 2881 (46.5%) 484 (52.1%) 1071 (53.7%) 
 Female 7676 (52.9%) 3042 (53.5%) 439 (47.9%) 950 (46.3%) 

Weight 
Status 

UW (<18.5) 234 (1.4%) 58 (0.9%) 0 (0%) 3 (0.2%) 

NW (18.5-24.9) 4447 (30.6%) 1018 (17.8%) 98 (8.3%) 248 (10.6%) 

OW (25-29.9) 5365 (36.7%) 1983 (32.8%) 253 (25.2%) 518 (23.5%) 

OB (30) 4655 (31.2%) 2796 (48.4%) 556 (66.5%) 1205 (65.7%) 

Marital 
Status 

Single/Widowed/Divorced 5095 (30.7%) 2353 (35.7%) 359 (36%) 790 (35.5%) 

Married/Living as Married 9741 (69.3%) 3569 (64.3%) 564 (64%) 1228 (64.5%) 

Education <9th grade 1425 (4.5%) 880 (8.6%) 170 (11.4%) 424 (13.3%) 
Level 9-11th grade 1976 (9.5%) 927 (13.3%) 172 (16.9%) 348 (14.1%) 
 High School/GED 3233 (21.4%) 1467 (26.4%) 208 (22.9%) 461 (26%) 
 Some college or AA degree 4156 (30.3%) 1541 (28.7%) 226 (29.8%) 528 (30.1%) 
 College graduate 4042 (34.3%) 1101 (23.1%) 147 (19.1%) 255 (16.5%) 

Total  Desirable (<200) 7849 (50.6%) 3171 (52.8%) 612 (67.2%) 1192 (60.4%) 
Cholesterol Moderate risk (200-239) 4705 (33.5%) 1778 (29.9%) 202 (22.8%) 477 (23.8%) 
 High risk (240) 2150 (16%) 903 (17.3%) 88 (10%) 316 (15.8%) 

Blood Normal (<120/<80) 6414 (47.1%) 1709 (32%) 240 (25.4%) 494 (28%) 
Pressure Elevated (120-129/<80) 2336 (16.1%) 1027 (18.4%) 162 (19.2%) 350 (19.3%) 
 Stage 1 (130-139 or 80-89) 2910 (21.3%) 1382 (24.8%) 196 (24.7%) 430 (21.3%) 
 Stage 2 ( 140 or  90) 2479 (15.4%) 1485 (24.9%) 271 (30.8%) 626 (31.4%) 

  Mean (SEM) 

Age (years) 
 

50.5 (0.2) 59.6 (0.3) 61.4 (0.6) 58.6 (0.4) 

Unweighted counts and population percentages. 
Glycemic control evaluated as: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); poorly 

controlled diabetes (7%). 
 
Table 7. Demographic Characteristics of Sample Population by Level of Glycemic Control 
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HEI-2015 Score  
(Score range) 

Normal 
Glycemia 

(n=14,481) 
Prediabetes 

(n=5,923) 

Controlled 
Diabetes 
(n=923) 

Poorly 
Controlled 
Diabetes 
(n=2,021) P 

 Adjusted means (SEM)  

Total Fruit (0-5) 2.3 (0.03)a 2.2 (0.05)b 2.0 (0.10) b 2.1 (0.07) b 0.011 

Whole Fruit (0-5) 2.3 (0.03) 2.2 (0.05) 2.1 (0.10) 2.1 (0.08) 0.330 

Total Vegetables (0-5) 3.2 (0.02) 3.2 (0.04) 3.2 (0.08) 3.2 (0.06) 1.000 

Greens and Beans (0-5) 1.7 (0.04) 1.6 (0.04) 1.5 (0.10) 1.5 (0.07) 0.061 

Whole Grains (0-10) 2.6 (0.04) 2.5 (0.08) 2.8 (0.16) 2.6 (0.12) 0.764 

Dairy (0-10) 4.9 (0.05)a 4.8 (0.06)a 5.4 (0.13)b 4.9 (0.10)a 0.007 

Total Protein Foods (0-5) 4.3 (0.01)a 4.3 (0.03)ab 4.3 (0.07)ab 4.4 (0.04)b 0.046 

Seafood and Plant Proteins (0-5) 2.5 (0.03)a 2.4 (0.05)b 2.4 (0.12)ab 2.3 (0.08)b 0.018 

Fatty Acids (0-10) 5.3 (0.06) 5.1 (0.07) 5.1 (0.15) 5.2 (0.13) 1.000 

Refined Grains1 (0-10) 6.4 (0.05)a 6.0 (0.08)b 5.5 (0.17)b 5.7 (0.12)b <0.001 

Sodium1 (0-10) 4.6 (0.04)a 4.0 (0.08)b 3.4 (0.18)c 3.5 (0.12)c <0.001 

Added Sugars1 (0-10) 6.8 (0.05)a 6.7 (0.08)a 7.5 (0.14)b 7.7 (0.12)b <0.001 

Saturated Fat1 (0-10) 6.3 (0.05)a 5.9 (0.08)b 5.6 (0.14)c 5.6 (0.13)c <0.001 

Total HEI Score (0-100) 53 (0.2)a 50.8 (0.3)b 50.8 (0.6)b 50.7 (0.4)b <0.001 

Adjusted for age, race, ethnicity, sex, marital status, and percent of federal poverty rate. 
Glycemic control evaluated as: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); poorly 

controlled diabetes (7%). 
1Moderation components; higher scores indicate lower consumption. 
 
Table 8. Differences in Healthy Eating Index 2015 Scores by Level of Glycemic Control in US Adults 
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Normal 
Glycemia 

(n=14,481) 
Prediabetes 

(n=5,923) 

Controlled 
Diabetes 
(n=923) 

Poorly 
Controlled 
Diabetes 
(n=2,021)  

n (%) P 

Cholester
ol 

Desirable (<200) 7849 (50.6%) 3171 (52.8%) 612 (67.2%) 1192 (60.4%) <0.001 

Moderate (200-239) 4705 (33.5%) 1778 (29.9%) 202 (22.8%) 477 (23.8%)  

High (≥240) 2150 (16.0%) 903 (17.3%) 88 (10.0%) 316 (15.8%)  

Blood 
pressure 

Normal (<120/<80) 6414 (47.1%) 1709 (32.0%) 240 (25.4%) 494 (28.0%) <0.001 

Elevated (120-129/<80) 2336 (16.1%) 1027 (18.4%) 162 (19.2%) 350 (19.3%)  

Stage 1 (130-139 or 80-89) 2910 (21.3%) 1382 (24.8%) 196 (24.7%) 430 (21.3%)  

Stage 2 (≥140 or ≥90) 2479 (15.4%) 1485 (24.9%) 271 (30.8%) 626 (31.4%)  

Obesity UW (<18.5) 234 (1.4%) 58 (0.9%) 0 (0.0%) 3 (0.2%) <0.001 

NW (18.5-24.9) 4447 (30.6%) 1018 (17.8%) 98 (8.3%) 248 (10.6%)  

OW (25-29.9) 5365 (36.7%) 1983 (32.8%) 253 (25.2%) 518 (23.5%)  

OB (≥30) 4655 (31.2%) 2796 (48.4%) 556 (66.5%) 1205 (65.7%)  

Adjusted for age, race, ethnicity, sex, marital status, and percent of federal poverty rate. 
Glycemic control evaluated as: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); poorly 

controlled diabetes (7%). 
 
Table 9. Prevalence of Markers of Chronic Diseases by Level of Glycemic Control in US Adults 

 

 

Chronic Disease 
(Measure) 

 

Normal 
Glycemia 

(n=14,481) 
Prediabetes 

(n=5,923) 

Controlled 
Diabetes 
(n=923) 

Poorly 
Controlled 
Diabetes 
(n=2,021) 

  Adjusted means (SEM) 

Hyperlipidemia 
(Total cholesterol) 

Normal  51.9 (0.3) 51.4 (0.3) 50.4 (0.7) 50.8 (0.5) 

Elevateda 
51.9 (0.3) 51.1 (0.4) 53.2 (1.2) 51.5 (0.6) 

Hypertension 
(Blood pressure) 

Normal  52.8 (0.3)* 52.0 (0.5) 53.4 (1.1) 51.3 (0.7) 

Elevatedb 
51.2 (0.3) 51.0 (0.3) 50.9 (0.8) 50.9 (0.5) 

Overweight 
or Obesity (BMI) 

Normal  53.9 (0.3)* 53.0 (0.7)* 52.7 (1.9) 51.5 (1.3) 

Elevatedc 
51.0 (0.2) 50.8 (0.3) 51.3 (0.6) 50.9 (0.4) 

Adjusted for age, race, ethnicity, sex, marital status, and percent of federal poverty rate. 
Glycemic control evaluated as: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); poorly 

controlled diabetes (7%). 
aElevated total cholesterol: ≥200 mg/dL. 
bElevated blood pressure: ≥120/<80 mm Hg, systolic blood pressure ≥130 mm Hg, or diastolic blood pressure >80 mm Hg. 
cElevated BMI: overweight/obesity categorized by BMI values of ≥25 kg/m2. 
*P<0.05 
 
Table 10. Differences in Total Healthy Eating Index 2015 Scores across Glycemic Level by Markers of Chronic Diseases in US 
Adults 
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Chapter 5. Manuscript 

Introduction 

Type 2 diabetes affects more than 30 million adults in the US and prevalence is expected to rise 

as a result of increasing rates of obesity, physical inactivity, urbanization, aging, and population growth1–

3. Additionally, nearly 20% of adults with diabetes have a triad of concurrent chronic diseases, namely 

hypertension, hyperlipidemia, and obesity106. The presence of diabetes and these chronic diseases serve 

as risk factors for morbidity and mortality as a result of microvascular and macrovascular 

complications13,21,69,70.  

Diet plays an integral role in the prevention and treatment of diabetes and comorbidities. Diet 

quality is measured by indices which compare how well an individual’s eating patterns align with the 

recommendations46,51. The Healthy Eating Index (HEI)-2015 assesses the compliance of dietary patterns 

with the evidence-based 2015-2020 Dietary Guidelines for Americans (DGA)46,52,53. Higher HEI-2015 

scores signify greater adherence to the 2015-2020 DGA and the maximum HEI score of 100 represents 

perfect adherence to its associated DGA. Previous studies have identified inverse associations between 

diet quality and cardiovascular disease, cancer, and all-cause mortality45,63,74,75,102. 

Assessing overall diet quality provides insight into the status of a population’s dietary health, yet 

consumption of individual food components has been the primary focus of diet-related diabetes 

prevention and treatment research4,5. Adults with diabetes tend not to meet recommendations for fruit 

or vegetable6, fiber7–9, added sugar10, saturated fat6–9,11,12, and sodium intakes7,8,13. Typically, failure to 

meet the recommendations for one dietary component is accompanied by that of additional dietary 

components, yielding inadequate quality of overall diet10,14. However, insufficient literature exists 

evaluating overall diet quality in Americans stratified by level of glycemic control.  
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Therefore, the aim of this study was to assess the differences in diet quality and markers of 

chronic diseases by varying degrees of glycemic control in a nationally representative sample. This 

information aids in the development or improvement of public health initiatives aimed at improving diet 

quality and reducing the development of subsequent chronic conditions in those with diabetes. 

Methods 

Sample Population 

Data from 23,708 adults aged 31 years and older were gathered from the 2005 to 2016 National 

Health and Nutrition Examination Survey (NHANES). NHANES is a series of continuous surveys 

conducted by the National Center for Health Statistics of the Centers for Disease Control and Prevention 

aimed at identifying health-related trends in the US population. Participants were selected utilizing 

stratified, multistage probability sampling of noninstitutionalized US citizens. Participants gave informed 

consent and data were deidentified before released to the public.  

Dietary, anthropometric, and laboratory data were gathered to assess diet quality and severity 

of chronic disease markers per participant in the current analysis. Demographic characteristics, including 

sex, age category, marital status, and highest level of education, were assessed during in-home 

interviews. Anthropometric and laboratory data were assessed during in-person visits to the mobile 

examination center. All methods were approved by the National Center for Health Statistics Research 

Ethics Review Board.  

Chronic Disease Measures 

Anthropometric and laboratory data were gathered during the visit to the mobile examination 

center89. Percents of glycated hemoglobin (A1c) and total cholesterol levels were determined by blood 

samples collected during the visit and sent to the University of Minnesota for analysis82. Blood pressure, 
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height, and weight were measured during the physical examination portion of the visit. This analysis 

eliminated participants from the sample who lacked data for these selected chronic diseases. 

A1c data were used to categorize participants into the following levels of glycemic control: 

normal glycemia (A1c <5.7%); prediabetes (A1c 5.7-6.4%); controlled diabetes (6.5-6.9%); and poorly 

controlled diabetes (7%). Additionally, total cholesterol concentration was measured via enzymatic 

assay as part of the serum lipid panel. Values of 200 mg/dL or greater were considered to be elevated, 

with values of 240 mg/dL or greater were further categorized as high risk for hyperlipidemia in the 

current analysis.  

 Three readings of both systolic and diastolic blood pressure were measured per participant 

during the visit to the mobile examination center and followed standard protocols82. The current 

analysis used the 2017 ACC/AHA guidelines to categorize blood pressure levels into normal blood 

pressure (<120/<80 mm Hg), elevated blood pressure (120-129/<80 mm Hg), stage 1 hypertension (130-

139/80-89 mm Hg), and stage 2 hypertension (140/90 mm Hg)83. For analysis, the first blood pressure 

reading was eliminated and the remaining readings were averaged. Participants with less than three 

readings were excluded from the sample. 

 Weight status was grouped by BMI (kg/m2), which is a comparison of height to weight. Standing 

height and weight were among the assessments conducted during the physical examination in the 

mobile examination center. These two measurements were used to calculate BMI. BMI values were 

categorized into underweight (BMI <18.5), normal weight (BMI of 18.5-24.9), overweight (BMI of 35.0-

39.9), and obese (BMI 30).  

Dietary Intakes and Quality 

Dietary data were gathered through 24-hour dietary recalls conducted by trained interviewers89. 

Dietary recalls utilized the Automated Multiple Pass Method, which is a multistep method shown to 
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deliver improved accuracy of dietary intake data90,91. Recalls captured intakes from midnight to midnight 

the prior day. Dietary intake data were then coded and linked to the Food and Nutrient Database for 

Dietary Studies and the Food Patterns Equivalents Database to generate nutrient intake estimates. Diet 

quality was assessed with the HEI-2015. Amounts per 1,000 kcal were calculated. The HEI-2015 is 

comprised of 13 individually graded components, either worth 5 or 10 points for a maximum score per 

component. The maximum total score of 100 indicates perfect compliance with the DGA. 

Statistical Analyses 

Data from 2005 to 2016 NHANES were gathered from publically available sources and imported 

into SPSS Complex Samples (version 24, IBM SPSS Inc., Chicago, IL).  A nationally representative sample 

of weighted population-based estimates was assembled using sampling weights provided by the Centers 

for Disease Control and Prevention’s Center for Health Statistics. Analyses controlled for age, sex, race, 

ethnicity, marital status, and percent of federal poverty rate. Analysis of variance assessed differences in 

diet quality by glycemic category and Chi square tested for differences in diet quality by level of BMI, 

total cholesterol, and blood pressure by glycemic level. Descriptive statistics generated means with 

standard errors or unweighted counts with weighted population percentages. Significance was set a 

priori at 0.05. 

Results 

Demographics 

Data from 23,708 adults aged 31 years and older from the 2005 to 2016 NHANES were stratified 

into normal glycemia (n=14,841), prediabetes (n=5,923), controlled diabetes (n=923), and poorly 

controlled diabetes (n=2,021) to conduct the analysis (Table 1). Diabetes was more prevalent in males 

(52.1-53.7%) than in females (46.3-47.9%). Diabetes was more prevalent in adults who were obese 
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(>65.7%), married (>64%), stage 2 hypertensive (>30.8%), and had some college education or associate’s 

degree (>29.8%). 

Diet Quality by Level of Glycemic Control 

Adults with diabetes and prediabetes had significantly poorer diet quality, as evidenced by total 

HEI-2015 scores, compared to the normal glycemia group (P<0.001). Regardless of glycemic category, 

diet quality was poor for Whole Grains, Greens and Beans, Sodium, Total Fruit, Whole Fruit, and Seafood 

and Plant Proteins (HEI-2015 <50% of maximum score). 

Out of the thirteen food components measured, there were significant differences among 

groups were seen in Total Fruit, Dairy, Seafood and Plant Proteins, Refined Grains, Sodium, Added 

Sugars, and Saturated Fat. Adults with prediabetes and diabetes had lower diet quality for all food 

components except for Dairy (controlled diabetes had significantly higher score), Total Protein Foods 

(poorly controlled diabetes had highest score), and Added Sugars (poorly controlled diabetes was 

highest, while diabetes groups had significantly higher scores than the normoglycemic and prediabetes 

groups). Scores for Total Protein Foods were similar across all groups, yet adults with diabetes 

consumed significantly more saturated fat than normal glycemia adults, suggesting greater intake of 

fatty meats in the diabetes population. 

Markers of Chronic Diseases by Level of Glycemic Control 

Data show highest rates of normal weight in adults with normal glycemia (30.6%) and lowest 

rates in those with controlled diabetes (8.3%). Likewise, the normal glycemia group had greatest rates of 

overweight (36.7%), which were lower in prediabetes (32.8%) and diabetes groups (25.2% and 23.5%). 

Obesity rates were highest in the controlled (66.5%) and poorly controlled (65.7%) diabetes adults, and 

lower in the normal glycemia (31.2%) and prediabetes (48.4%) groups. Although lower when compared 

to the diabetes groups, obesity was still largely prevalent in adults with prediabetes. 
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 Adults with normal glycemia had highest rates of normal blood pressure (47.1%), with lower 

rates in across prediabetes (32.0%) and diabetes groups (25.4% and 28.0%). Prevalence of elevated 

blood pressure and stage 1 and stage 2 HTN were greater in the diabetes and prediabetes groups 

compared to diabetes-free adults. Adults with controlled (30.8%) and poorly controlled diabetes (31.4%) 

had greatest rates of stage 2 HTN.  

Contrary to the previous trends, adults with diabetes (controlled diabetes: 67.2%; poorly 

controlled diabetes: 60.4%) had greater rates of desirable cholesterol levels than those without diabetes 

(normal glycemia: 50.6%; prediabetes: 52.8%). Rates of moderate cholesterol levels were lowest in the 

diabetes groups (controlled diabetes: 22.8%; poorly controlled diabetes: 23.8%). High risk levels 

fluctuated between groups, with prediabetes adults claiming the greatest percentage (17.3%).  

Diet Quality in Adults by Level of Glycemic Control and Markers of Chronic Diseases 

Adults with normal glycemia had better diet quality than their prediabetes and diabetes 

counterparts with the exceptions of highest Total HEI-2015 scores in adults with controlled diabetes for 

the elevated cholesterol, normal blood pressure, and elevated BMI groups (Table 4). All of the lowest 

diet quality scores belonged to the diabetes or prediabetes groups. Overall, diet quality was poorer in 

adults with both poorly controlled diabetes and obesity (50.9 ± 0.4) as opposed to diabetes alone (50.7 ± 

0.39).  

Discussion 

Medical nutrition therapy for adults with diabetes emphasizes overall diet quality, yet the lay 

public focuses on individual dietary components95–98. This study contributes to the body of evidence 

supporting the need for an emphasis on overall diet quality in adults with diabetes and in those with 

comorbidities. Diet quality and prevalence of markers of chronic diseases were examined in US adults 

with normal glycemia, prediabetes, controlled diabetes, and poorly controlled diabetes. This study 
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found that adults with diabetes and prediabetes have significantly poorer diet quality than those 

without diabetes. Prevalence of obesity and stage 2 HTN is higher in adults with diabetes, yet lower for 

elevated cholesterol levels compared to those with normal glycemia and prediabetes. Lastly, diet quality 

is poorer in the presence of elevated markers for chronic diseases.  

 Assessing overall diet quality provides insight into the risk for disease development and 

progression46,51. The HEI indicates compliance to the DGA, which are aimed at the general 

population46,52,53. Core tenants of the DGA include emphasis on fruit and vegetable consumption, whole 

grains as opposed to refined grains, and lean proteins as opposed to fatty meats66. These same core 

principles are shared across multiple recommended dietary patterns, such as the Dietary Approaches to 

Stop Hypertension (DASH) eating plan and the Mediterranean diet, as well as in the prevention and 

treatment of diabetes and other chronic diseases66,99–101. Therefore, assessing the overall diet quality 

through these indices provides insight into the risk of chronic disease development in the general 

population as well as in adults with diabetes.  

US adults have an overall poor diet quality. A previous study found a mean diet quality score 

(Total HEI-2015) of 58 out of 100 for adults in the general population56. Although slightly lower, our 

findings are in alignment, with a total score of 53 out of 100 for US adults greater than 30 years of age 

without diabetes. Our findings confirm poor overall diet quality in the general population of US adults.  

Furthermore, we place particular interest in the population with diabetes. The presence of 

diabetes itself serves as a risk factor for morbidity and mortality13,21,69,70. In addition, previous studies 

have identified inverse associations between diet quality and CVD, cancer, and all-cause 

mortality45,63,74,75,102. The simultaneous presence of diabetes and poor diet quality is a cause for concern 

and warrants the evaluation of diet quality in this population. A prior study identified a Total HEI-2010 

score of 57.7 for adults with diabetes, and report higher diet quality in those with the disease than those 
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without61. However, the current study reports lower diet quality results of 50.8 in adults with diabetes, 

supporting our original hypothesis that adults with diabetes have poorer diet quality than their diabetes-

free counterparts. In the current analysis, the range of total diet quality scores in all glycemic groups fits 

into the lowest quintile of diet quality from a previous study, which is associated with 12-28% increased 

risk for CVD, cancer, and all-cause mortality74.  

A benefit of the current analysis is the ability to examine which dietary elements are responsible 

for the overall poor diet quality of the diabetes population in addition to identifying which areas are the 

most successful. One area that the diabetes population reigns in is added sugar consumption. Previous 

studies have identified conflicting results regarding added sugar intake10,12,63,67,103. Our findings align with 

those reporting significantly lower intakes and moderate adherence to the DGA recommendation in 

adults with diabetes12,63,67,103. These lower intakes are likely due to greater exposure to nutrition 

education and awareness of dietary sugar’s affect on blood glucose67. A cross-sectional analysis 

identified an inverse dose response between duration of diabetes as well as frequency of blood glucose 

self-monitoring and sugar-sweetened beverage consumpsion, supporting the prior hypotheses103.  

Although added sugar intake is reduced in adults with diabetes, our data inform us of the many 

remaining areas of concern in this target population that pose as threats to the exacerbation of 

diabetes, comorbidities, and mortality. Adults with diabetes consume significantly higher amounts of 

saturated fat than those without diabetes. Considering total protein intakes were fairly consistent across 

glycemic groups, we infer that adults with diabetes consume more fatty meats, including red meats and 

processed meats, and more added fats than their diabetes-free counterparts11. These results align with 

those of previous analyses, in which intakes of adults with diabetes surpass the recommended limit of 

saturated fat6–9,11,12.  
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Across all levels of glycemia in our sample, participants have especially poor intakes of whole 

grains, green vegetables, beans, fruit, seafood, and plant proteins, and excessive sodium intakes. 

Previously, it has been reported that adults with diabetes do not meet recommended fruit, vegetable, 

whole grain, and fiber intakes6–9. Additionally, their sodium consumption has increased all the while 

maintaining inadequate potassium intakes7. Our findings support the notion that US adults, with and 

without diabetes, do not meet recommendations for such dietary components. These inadequacies are 

problematic, as these food categories serve as the main pillars of the DGA, the DASH diet, and the 

Mediterranean diet, which have been linked to reduced risk for morbitiy and mortality45,63,74,75. 

Conversely, dietary patterns that do not comply with the recommendations may contribute to the 

development or progression of diabetes and common comorbidities, such as hypertension, 

hyperlipidemia, and obesity13,15,68. 

The current study found that more than 50% of adults with diabetes have HTN, 30% of which 

are classified as stage 2. Our rates are slightly lower than previous estimates that state 60-80% of adults 

with diabetes have concurrent hypertension1,13,70,83. Previous research also found that it is twice as 

common in the diabetes population than in the normal glycemia population83. Our findings support that 

adults with diabetes have double the rate of stage 2 HTN than normal glycemia adults. By following the 

2017 ACC/AHA’s lowered diagnostic thresholds for elevated blood pressure and both stages of HTN, our 

data nearly double the proportion of adults with markers of HTN. The benefit to utilizing the 2017 

thresholds includes outcomes that reflect most widespread protocol and clinical practice guidelines. 

Along with prevalence, we found that diet quality worsened in the presence of HTN for all glycemic 

groups. Considering this study’s data suggest noncompliance to key principles of the DASH diet, 

including emphasis on whole grains, fruits, vegetables, and lean proteins as well as limited sodium and 
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sufficient potassium intake, it can be presumed that diet quality plays a role in the high rates of HTN in 

this target population13,104,105.  

Epidemiology data associate high intakes of saturated fat and added sugars with worsened total 

cholesterol values in adults with diabetes10,12,72,73. HLD has been reported in more than 70% of adults 

with diabetes106. However, results from the current study differ from previous prevalence estimations 

and show that only 33-40% of adults with diabetes have HLD, whereas nearly 50% of adults with 

prediabetes and normal glycemia have elevated cholesterol levels. These findings may be due to use of 

statin medications in the diabetes population. A national analysis identified that 58-67% of adults with 

diabetes were on lipid-lowering statin therapy1. Medication data were not included in this current 

analysis due to their unavailability from NHANES at the time of analysis. This absence of medication data 

inhibits our ability to determine whether cholesterol values are metabolic or pharmacologic. This notion 

may explain the absence of significant differences in diet quality seen among adults with normal versus 

elevated total cholesterol levels. However, even in the presence of pharmacologic blood lipid control, 

diet quality remains to be relevant in the prevention and management of comorbidities and 

mortality10,12,72.  

Obesity is highly prevalent among the diabetes population, and an increase in BMI is considered 

to be one of the strongest predictors of diabetes in both sexes3,38. In this study, more than 90% of adults 

with diabetes are either overweight or obese, mirroring previous prevalence estimates1. Although more 

prominent in the diabetes groups, nearly 50% of adults with prediabetes and more than 30% of those 

without diabetes are obese. These data reflect previous findings regarding weight trends in US adults107. 

Although multifaceted, one potential contributor to the higher overweight and obesity rates in the 

diabetes groups is use of insulin to manage blood glucose. Weight gain is a common side effect of insulin 

therapy, and therefore, may contribute to these outcomes108. Across all glycemic groups, diet quality 
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was poorer when overweight or obesity was present. The high rates of overweight or obesity and 

reduced diet quality among all groups, including in normal glycemia and prediabetes adults, are 

alarming and may forebode disease development and exacerbation3.  

The current study has numerous strengths. Sampling weights produced nationally 

representative estimates for noninstitutionalized US citizens, increasing the external validity. 

Generalizability was further increased by the study design of NHANES and its multistage sampling 

process. Additionally, data from six NHANES cohorts were pooled to generate stronger results. One 

limitation is the use of data from only one day of intake per participant. However, the large sample size 

of the current analysis allows for cumulative results. Additionally, dietary data were gathered from 24-

hour dietary recalls utilizing the Automated Multiple Pass Method, increasing the accuracy of the recall. 

Also, the 2017 ACC/AHA guidelines recommend averaging blood pressure readings from two or 

more separate visits, whereas all three readings were taken in one single visit to the MEC in NHANES. 

Lastly, the absence of prescription medication data serves as a limitation in preventing us from 

determining which markers of chronic diseases are metabolic versus pharmacologic. Our data may 

underrepresent the proportion of adults with HLD that are masked by pharmacologic control. 

Conclusions  

Poorer diet quality is associated with greater risk for CVD, cancer, and all-cause mortality in the 

general population45,63,74,75. Presence of diabetes and the comorbidity triad of HTN, HLD, and obesity 

further increase these risks3,4,20,106. Our findings support the notion that adults with diabetes and 

additional chronic diseases have poorer diet quality than the general population. These simultaneous 

risk factors for morbidity and mortality create a sense of urgency for lifestyle interventions to target diet 

quality in adults with diabetes and comorbidities. Acknowledging the aspects of diet quality in which 
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adults with diabetes are doing well and are doing poor allows for better targeted nutrition therapy, 

improving the overall diet quality, and in turn, reducing morbidity and mortality. 
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  Normal 
Glycemia 

(n=14,481) 
Prediabetes 

(n=5,923) 

Controlled 
Diabetes 
(n=923) 

Poorly 
Controlled 
Diabetes 
(n=2,021) 

  n (%) 

Gender Male 7165 (47.1%) 2881 (46.5%) 484 (52.1%) 1071 (53.7%) 
 Female 7676 (52.9%) 3042 (53.5%) 439 (47.9%) 950 (46.3%) 

Weight 
Status 

UW (<18.5) 234 (1.4%) 58 (0.9%) 0 (0%) 3 (0.2%) 

NW (18.5-24.9) 4447 (30.6%) 1018 (17.8%) 98 (8.3%) 248 (10.6%) 
OW (25-29.9) 5365 (36.7%) 1983 (32.8%) 253 (25.2%) 518 (23.5%) 

OB (30) 4655 (31.2%) 2796 (48.4%) 556 (66.5%) 1205 (65.7%) 

Marital 
Status 

Single/Widowed/
Divorced 

5095 (30.7%) 2353 (35.7%) 359 (36%) 790 (35.5%) 

Married/Living as 
Married 

9741 (69.3%) 3569 (64.3%) 564 (64%) 1228 (64.5%) 

Education <9th grade 1425 (4.5%) 880 (8.6%) 170 (11.4%) 424 (13.3%) 
Level 9-11th grade 1976 (9.5%) 927 (13.3%) 172 (16.9%) 348 (14.1%) 
 High School/GED 3233 (21.4%) 1467 (26.4%) 208 (22.9%) 461 (26%) 

 Some college or 
AA degree 

4156 (30.3%) 1541 (28.7%) 226 (29.8%) 528 (30.1%) 

 College graduate 4042 (34.3%) 1101 (23.1%) 147 (19.1%) 255 (16.5%) 

Total  Desirable (<200) 7849 (50.6%) 3171 (52.8%) 612 (67.2%) 1192 (60.4%) 

Cholesterol 
Moderate risk 
(200-239) 

4705 (33.5%) 1778 (29.9%) 202 (22.8%) 477 (23.8%) 

 High risk (240) 2150 (16%) 903 (17.3%) 88 (10%) 316 (15.8%) 

Blood 
Normal 
(<120/<80) 

6414 (47.1%) 1709 (32%) 240 (25.4%) 494 (28%) 

Pressure 
Elevated (120-
129/<80) 

2336 (16.1%) 1027 (18.4%) 162 (19.2%) 350 (19.3%) 

 Stage 1 (130-139 
or 80-89) 

2910 (21.3%) 1382 (24.8%) 196 (24.7%) 430 (21.3%) 

 Stage 2 ( 140 or 

 90) 
2479 (15.4%) 1485 (24.9%) 271 (30.8%) 626 (31.4%) 

  Mean (SE) 

Age (years) 
 

50.5 (0.2) 59.6 (0.3) 61.4 (0.6) 58.6 (0.4) 

Unweighted counts and population percentages. 
Glycemic control evaluated as: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); poorly 

controlled diabetes (7%). 
 
Table 11. Demographic Characteristics of Sample Population by Level of Glycemic Control 
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HEI-2015 Score  
(Score range) Normal 

Glycemia 
(n=14,481) 

Prediabetes 
(n=5,923) 

Controlled 
Diabetes 
(n=923) 

Poorly 
Controlled 
Diabetes 
(n=2,021) 

P 

 Adjusted means (SEM)  

Total Fruit (0-5) 2.3 (0.03)a 2.2 (0.05)b 2.0 (0.10) b 2.1 (0.07) b 0.011 

Whole Fruit (0-5) 2.3 (0.03) 2.2 (0.05) 2.1 (0.10) 2.1 (0.08) 0.330 

Total Vegetables (0-5) 3.2 (0.02) 3.2 (0.04) 3.2 (0.08) 3.2 (0.06) 1.000 

Greens and Beans (0-5) 1.7 (0.04) 1.6 (0.04) 1.5 (0.10) 1.5 (0.07) 0.061 

Whole Grains (0-10) 2.6 (0.04) 2.5 (0.08) 2.8 (0.16) 2.6 (0.12) 0.764 

Dairy (0-10) 4.9 (0.05)a 4.8 (0.06)a 5.4 (0.13)b 4.9 (0.10)a 0.007 

Total Protein Foods (0-5) 4.3 (0.01)a 4.3 (0.03)ab 4.3 (0.07)ab 4.4 (0.04)b 0.046 

Seafood and Plant Proteins (0-5) 2.5 (0.03)a 2.4 (0.05)b 2.4 (0.12)ab 2.3 (0.08)b 0.018 

Fatty Acids (0-10) 5.3 (0.06) 5.1 (0.07) 5.1 (0.15) 5.2 (0.13) 1.000 

Refined Grains1 (0-10) 6.4 (0.05)a 6.0 (0.08)b 5.5 (0.17)b 5.7 (0.12)b <0.001 

Sodium1 (0-10) 4.6 (0.04)a 4.0 (0.08)b 3.4 (0.18)c 3.5 (0.12)c <0.001 

Added Sugars1 (0-10) 6.8 (0.05)a 6.7 (0.08)a 7.5 (0.14)b 7.7 (0.12)b <0.001 

Saturated Fat1 (0-10) 6.3 (0.05)a 5.9 (0.08)b 5.6 (0.14)c 5.6 (0.13)c <0.001 

Total HEI Score (0-100) 53 (0.24)a 50.8 (0.29)b 50.8 (0.6)b 50.7 (0.39)b <0.001 

Adjusted for age, race, ethnicity, sex, marital status, and percent of federal poverty rate. 
Glycemic control evaluated as: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); poorly 

controlled diabetes (7%). 
1Moderation components; higher scores indicate lower consumption. 
 
Table 12. Differences in Healthy Eating Index 2015 Scores by Level of Glycemic Control in US Adults 
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Normal 
Glycemia 

(n=14,481) 
Prediabetes 

(n=5,923) 

Controlled 
Diabetes 
(n=923) 

Poorly 
Controlled 
Diabetes 
(n=2,021)  

n (%) P 

Cholesterol Desirable (<200) 7849 (50.6%) 3171 (52.8%) 612 (67.2%) 1192 (60.4%) <0.001 

Moderate (200-239) 4705 (33.5%) 1778 (29.9%) 202 (22.8%) 477 (23.8%)  

High (≥240) 2150 (16.0%) 903 (17.3%) 88 (10.0%) 316 (15.8%)  

Blood 
pressure 

Normal (<120/<80) 6414 (47.1%) 1709 (32.0%) 240 (25.4%) 494 (28.0%) <0.001 

Elevated (120-129/<80) 2336 (16.1%) 1027 (18.4%) 162 (19.2%) 350 (19.3%)  

Stage 1 (130-139 or 80-89) 2910 (21.3%) 1382 (24.8%) 196 (24.7%) 430 (21.3%)  

Stage 2 (≥140 or ≥90) 2479 (15.4%) 1485 (24.9%) 271 (30.8%) 626 (31.4%)  

Obesity UW (<18.5) 234 (1.4%) 58 (0.9%) 0 (0.0%) 3 (0.2%) <0.001 

NW (18.5-24.9) 4447 (30.6%) 1018 (17.8%) 98 (8.3%) 248 (10.6%)  

OW (25-29.9) 5365 (36.7%) 1983 (32.8%) 253 (25.2%) 518 (23.5%)  

OB (≥30) 4655 (31.2%) 2796 (48.4%) 556 (66.5%) 1205 (65.7%)  

Adjusted for age, race, ethnicity, sex, marital status, and percent of federal poverty rate. 
Glycemic control evaluated as: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); poorly 
controlled diabetes (7%). 
 
Table 13. Prevalence of Markers of Chronic Diseases by Level of Glycemic Control in US Adults 

 

 

Chronic Disease 
(Measure) 

 

Normal 
Glycemia 

(n=14,481) 
Prediabetes 

(n=5,923) 

Controlled 
Diabetes 
(n=923) 

Poorly 
Controlled 
Diabetes 
(n=2,021) 

  Adjusted means (SEM) 

Hyperlipidemia 
(Total cholesterol) 

Normal  51.9 (0.3) 51.4 (0.3) 50.4 (0.7) 50.8 (0.5) 

Elevateda 
51.9 (0.3) 51.1 (0.4) 53.2 (1.2) 51.5 (0.6) 

Hypertension 
(Blood pressure) 

Normal  52.8 (0.3)* 52.0 (0.5) 53.4 (1.1) 51.3 (0.7) 

Elevatedb 
51.2 (0.3) 51.0 (0.3) 50.9 (0.8) 50.9 (0.5) 

Overweight 
or Obesity (BMI) 

Normal  53.9 (0.3)* 53.0 (0.7)* 52.7 (1.9) 51.5 (1.3) 

Elevatedc 
51.0 (0.2) 50.8 (0.3) 51.3 (0.6) 50.9 (0.4) 

Adjusted for age, race, ethnicity, sex, marital status, and percent of federal poverty rate. 
Glycemic control evaluated as: Normal glycemia (<5.7%); prediabetes (5.7-6.4%); controlled diabetes (6.5-6.9%); poorly 

controlled diabetes (7%). 
aElevated total cholesterol: 200 mg/dL. 
bElevated blood pressure: ≥120/<80 mm Hg, systolic blood pressure ≥130 mm Hg, or diastolic blood pressure >80 mm Hg. 
cElevated BMI: overweight/obesity categorized by BMI values of ≥25 kg/m2. 
*P<0.05 
 
Table 14. Differences in Total Healthy Eating Index 2015 Scores across Glycemic Level by Markers of Chronic Diseases in US 
Adults 
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