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ABSTRACT 

Heart failure (HF) patients are at risk of new-onset type 2 diabetes because of heightened 

insulin resistance resulting from compensatory mechanisms of cardiac dysfunction. Patients with 

coexisting HF and diabetes face increased risks of morbidity and mortality in comparison to 

patients with HF alone which makes the early identification and management of type 2 diabetes 

among HF patients important. The objectives of this dissertation were to 1) assess prevalence 

and trends of type 2 diabetes and prediabetes among HF patients in the U.S. (study 1, chapter 3), 

to 2) compare diagnostic methods for type 2 diabetes among HF patients in the U.S. (study 2, 

chapter 4), and to 3) examine the association between the Dietary Approaches to Stop 

Hypertension (DASH) diet adherence and insulin resistance among HF patients in the U.S. 

(study 3, chapter 5). In study 1, more than 85% of HF patients showed signs of hyperglycemia: 

prevalence estimates of diagnosed, undiagnosed type 2 diabetes, and prediabetes among HF 

patients were 34.7%, 12.8%, and 39.1%, respectively. Prevalence estimates of diagnosed type 2 

diabetes were significantly different between non-Hispanic whites (20.1% [95% CI, 13.5-

27.6%]) and Hispanics (52.1% [95% CI, 35.9-68.0%]) (P < 0.001). The prevalence of type 2 

diabetes and prediabetes did not significantly change between 2005 and 2016. In study 2, we 

found the concordance in diabetes case detection among diagnostic methods for diabetes to be 



limited: hemoglobin A1c (HbA1c) alone identified only 27.0%, whereas the 2-hour plasma 

glucose after oral glucose tolerance test alone identified 70.5% of cases. We found that the 

currently recommended HbA1c cutoff point of 6.5% would have left 76% of diabetes cases in 

our sample undiagnosed. In study 3, we observed that HF patients with the highest DASH 

adherence, in comparison to those with the lowest DASH adherence, showed 77.1% lower odds 

of having the highest level of insulin resistance (odds ratio: 0.229 [95% CI: 0.073-0.716]; p = 

0.017 for linear trend). In conclusion, emphasis needs to be placed on the prevention and early 

diagnosis of new-onset type 2 diabetes among HF patients to reduce the individual and societal 

burden.  

INDEX WORDS: Heart failure, Type 2 diabetes, Prediabetes, Insulin resistance, 

Cardiovascular epidemiology, Secondary prevention, Diabetes tests, 

Dietary Approaches to Stop Hypertension diet 

  



 

 

DIABETES MANAGEMENT IN HEART FAILURE 

 

by 

 

YUTA ISHIKAWA 

B.S., Kyoto Prefectural University, Japan, 2012 

M.P.H., Louisiana State University Health Sciences Center, New Orleans, 2017 

 

 

 

 

 

A Dissertation Submitted to the Graduate Faculty of The University of Georgia in Partial 

Fulfillment of the Requirements for the Degree 

 

DOCTOR OF PHILOSOPHY 

 

ATHENS, GEORGIA 

2021 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2021 

Yuta Ishikawa 

All Rights Reserved 

  



 

 

DIABETES MANAGEMENT IN HEART FAILURE 

 

by 

 

YUTA ISHIKAWA 

 

 

 

 

      Major Professor: Elisabeth Lilian Pia Sattler 

      Committee:  Alex Kojo Anderson 

         Emma Monkhouse Laing 

         Donglan Zhang 

         

 

 

 

 

 

 

 

 

 

 

Electronic Version Approved: 

 

Ron Walcott 

Vice Provost for Graduate Education and Dean of the Graduate School 

The University of Georgia 

December 2021 

 



 

 iv 

 

 

ACKNOWLEDGEMENTS 

 I would like to express my gratitude to my major professor Dr. Elisabeth L. P. Sattler, 

who always encouraged me to aim high and gave me tremendous support throughout my 

doctorate degree program. I am so appreciative of your generosity with your time to help me 

overcome many challenges that I have faced as an international doctoral student, and you always 

treated me like a true family member. I am forever proud of being your first doctoral student.  

 I would like to thank my advisory committee members, Drs. Alex K. Anderson, Emma 

M. Laing, and Donglan “Stacy” Zhang for their guidance and constructive feedback. Dr. 

Anderson, you were always willing to share your time and expertise to advance my professional 

development. Dr. Laing, you always welcomed me with open arms to motivate and keep me 

uplifted in my dissertation studies. Dr. Zhang, you have taught me the many lessons regarding 

statistical analyses of complex sample survey data.  

 I am forever grateful for the love, support, and encouragement of my family, Emiko, 

Akira, Mari, and Sakura, and friends and colleagues, Rupal Trivedi-Kapoor, Ryo Tamura, Kota 

Banzai, Mai Spaulding, Yura Son, Julie Heejin Jeon, Gissel Ferriol, Oskar Pérez, Drs. Richard 

D. Lewis, Joseph M. Kindler, Arshed A. Quyyumi, Sandra B. Dunbar, Tung-Sung Tseng, 

Melissa K. Melby. Especially my parents have shown me a great understanding of studying 

outside of my home country and never held me back from pursuing my dream.  

Finally, I would like to thank Mariko, my wonderful wife, for her love and support. You 

have always encouraged and inspired me throughout my doctorate degree program. You have 

always been my strength. I cannot wait to begin our next journey together! 



 

 v 

 

 

TABLE OF CONTENTS 

Page 

ACKNOWLEDGEMENTS ........................................................................................................... iv 

LIST OF TABLES ....................................................................................................................... viii 

LIST OF FIGURES .........................................................................................................................x 

CHAPTER 

 1 INTRODUCTION .........................................................................................................1 

   Problem Statement ...................................................................................................1 

   Purpose of Dissertation Research ............................................................................3 

   Dissertation Overview .............................................................................................4 

 2 LITERATURE REVIEW ..............................................................................................6 

   Introduction ..............................................................................................................6 

   Heart Failure ............................................................................................................7 

   Type 2 Diabetes .....................................................................................................13 

   Diabetes in Heart Failure .......................................................................................15 

   Unintended Consequences of Heart Failure Medications on Heart Failure 

Outcomes in Heart Failure Patients with Diabetes ................................................19 

   Effects of Hypoglycemic Medications on Heart Failure Outcomes in Heart Failure 

Patients with Diabetes ............................................................................................20 

   Heart Failure and Nutrition ....................................................................................21 

   Diabetes and Nutrition ...........................................................................................22 



 

 vi 

   Nutrition as a Therapeutic Modality ......................................................................24 

   Gaps in Current Research on Diabetes Management in Heart Failure Patients ....36 

   Summary ................................................................................................................37 

 3 PREVALENCE AND TRENDS OF TYPE 2 DIABETES MELLITUS AND 

PREDIABETES AMONG COMMUNITY-DWELLING HEART FAILURE 

PATIENTS IN THE UNITED STATES .....................................................................39 

   Abstract ..................................................................................................................40 

   Introduction ............................................................................................................41 

   Methods..................................................................................................................42 

   Results ....................................................................................................................46 

   Discussion ..............................................................................................................49 

 4 COMPARISON OF DIAGNOSTIC METHODS FOR DIABETES IN PATIENTS 

WITH HEART FAILURE: A NATIONAL HEALTH AND NUTRITION 

EXAMINATION SURVEY ANALYSIS ...................................................................59 

   Abstract ..................................................................................................................60 

   Introduction ............................................................................................................62 

   Research Design and Methods ...............................................................................64 

   Results ....................................................................................................................67 

   Conclusions ............................................................................................................69 

 5 HIGH ADHERENCE TO THE DIETARY APPROACHES TO STOP 

HYPERTENSION DIET IS ASSOCIATED WITH LOW LEVELS OF INSULIN 

RESISTANCE AMONG COMMUNITY-DWELLING HEART FAILURE 



 

 vii 

PATIENTS: A NATIONAL HEALTH AND NUTRITION EXAMINATION 

SURVEY ANALYSIS .................................................................................................79 

   Abstract ..................................................................................................................80 

   Introduction ............................................................................................................82 

   Methods..................................................................................................................83 

   Results ....................................................................................................................86 

   Discussion ..............................................................................................................90 

 6 SUMMARY AND CONCLUSIONS ........................................................................100 

   Summary of Findings ...........................................................................................100 

   Strengths and Limitations ....................................................................................102 

   Clinical Implications and Recommendations for Future Research ......................104 

REFERENCES ............................................................................................................................107 

APPENDICES 

 A SUPPLEMENTAL MATERIALS FOR CHAPTER 3..............................................154 

 B SUPPLEMENTAL MATERIALS FOR CHAPTER 4..............................................157 

 C SUPPLEMENTAL MATERIALS FOR CHAPTER 5..............................................160 

  



 

 viii 

 

 

LIST OF TABLES 

Page 

Table 3.1: Sociodemographic and Medical Characteristics of U.S. Adults with Heart Failure 

across Type 2 Diabetes Mellitus Categories ......................................................................54 

Table 3.2: Weighted Type 2 Diabetes Mellitus and Prediabetes Prevalence per 100 Adults with 

Heart Failure in the U.S., 2005-2016 .................................................................................56 

Table 4.1: Sociodemographic and Medical Characteristics of U.S. Adults with Heart Failure ....74 

Table 4.2: Cohen's Kappa Coefficients for Diabetes Diagnosis among Hemoglobin A1c, Fasting 

Plasma Glucose, and 2-hour Plasma Glucose ....................................................................75 

Table 5.1: Sociodemographic and Medical Characteristics of U.S. Adults with Heart Failure ....94 

Table 5.2: Associations of Selected Characteristics with the Highest Level of Insulin Resistance 

among Heart Failure Patients in the Multivariable Logistic Regression Model ................96 

Appendix A.2: Sociodemographic and Health Characteristics of Participants with Heart Failure 

Aged 20+ Years by Attendance of Mobile Examination Center Session ........................156 

Appendix B.2: Sociodemographic and Medical Characteristics of Included and Excluded 

Participants with Heart Failure ........................................................................................159 

Appendix C.1: Criteria for Determining Dietary Approaches to Stop Hypertension Diet Index 

Scores ..............................................................................................................................161 

Appendix C.2: Associations of Sample Characteristics with the Highest Level of Insulin 

Resistance among Heart Failure Patients in Simple Logistic Regression Models ..........162 



 

 ix 

Appendix C.4: Sociodemographic and Health Characteristics of Included and Excluded 

Participants with Heart Failure ........................................................................................165 

Appendix C.5: Intakes of Nutrient and Food Group across Dietary Approaches to Stop 

Hypertension Diet Adherence Index Quartiles ................................................................166 

Appendix C.6: Total Numbers and Rates of Missing Values for Included Variables in Logistic 

Regression Model 3 .........................................................................................................169 

  



 

 x 

 

 

LIST OF FIGURES 

Page 

Figure 3.1: Prevalence Trends in Type 2 Diabetes Mellitus and Prediabetes among Heart Failure 

Patients ...............................................................................................................................58 

Figure 4.1: Proportions of Participants with Heart Failure and Newly Diagnosed Diabetes as 

Identified by Hemoglobin A1c, Fasting Plasma Glucose, and 2-hour Plasma Glucose and 

Their Overlap .....................................................................................................................76 

Figure 4.2: Receiver Operating Characteristic Curves of Hemoglobin A1c and Fasting Plasma 

Glucose for Diagnosis of Diabetes among Heart Failure Patients .....................................77 

Figure 5.1: Odds Ratios of the Level of Insulin Resistance across the Dietary Approaches to Stop 

Hypertension Diet Adherence Index Quartiles among Heart Failure Patients ..................97 

Appendix A.1: Analytic Sample Selection ..................................................................................155 

Appendix B.1: Flow Chart of Analytic Sample Selection ...........................................................158 

Appendix C.3: Flow Chart of Analytic Sample Selection ...........................................................164 

 



 

 1 

 

 

CHAPTER 1 

INTRODUCTION 

Problem Statement 

Heart failure (HF) is a chronic and progressive disease caused by structural and 

functional impairment of ventricular filling and ejection of blood (1) and represents one of the 

leading causes of morbidity and mortality in the Western world (2). An estimated 6.2 million 

American adults lived with HF during 2013-2016 (3), and the number is projected to increase by 

46% in 2030, which is equal to over 8 million American adults (4). This increasing trend can be 

primarily attributed to the aging of society and improved survival after myocardial infarction 

because of medical advances over past decades (5). Epidemiological and clinical data have 

demonstrated that coexisting HF and type 2 diabetes are highly prevalent, ranging between 10% 

and 47% (6, 7). A meta-analysis of 38,000+ patients with coexisting HF and type 2 diabetes 

showed increased risks of all-cause mortality, cardiovascular mortality, and hospitalizations 

compared to those with HF alone (8). Thus, the coexistence of HF and type 2 diabetes 

predisposes to an increased individual and societal burden due to increased healthcare costs (9).  

Historically, clinicians have thought of diabetes as a risk factor in the development of HF. 

This has been supported by observational studies which reported individuals with diabetes to 

have a 2- to 4-fold increased risk of developing new-onset HF in comparison to those without 

diabetes (6). The mechanism underlying the development of HF among patients with type 2 

diabetes was first suggested by Rubler in 1972, who described diabetic cardiomyopathy as 

myocardial diastolic dysfunction with structural and functional changes that diabetic individuals 
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develop in the absence of coronary artery disease, valvular disease, or other conventional 

cardiovascular risk factors, such as hypertension and dyslipidemia (10). As a consequence, 

clinicians and public health officials have traditionally focused on the primary and secondary 

prevention of HF among type 2 diabetes patients (11).  

 During the global epidemic of type 2 diabetes (12), the directionality of the causal 

relationship between type 2 diabetes and HF has received significant attention (6, 7). Growing 

epidemiological and clinical evidence sheds light on the bidirectional association of the two 

chronic conditions: While diabetes is a known risk factor for the development of HF, HF patients 

are at risk of new-onset type 2 diabetes as well (13-15). Heart failure pathophysiology and 

medication-induced nutrient imbalances give rise to insulin resistance, resulting in a 1.7-fold 

higher risk of developing new-onset type 2 diabetes among HF patients, compared to individuals 

without HF (16). Previously, prevalence rates of type 2 diabetes among HF patients were 

estimated from selected in- and outpatient populations in clinical trials and registries and showed 

a wide range of estimates between 10% to 47% (6, 7). Although few population-based studies 

estimated prevalence rates and trends of type 2 diabetes among HF patients, their estimates were 

derived from predominantly non-Hispanic white majority populations (17-23). Thus, more 

diverse, nationally representative prevalence and trend estimates of type 2 diabetes among HF 

patients, and the sociodemographic and health characteristics of HF patients at risk of developing 

type 2 diabetes, are needed. Such new evidence facilitates the development of targeted clinical 

guidance for the prevention and management of both coexisting conditions.  

Previous studies suggested limited concordance among evidence-based diagnostic 

methods for diabetes, as recommended by the American Diabetes Association, including 

hemoglobin A1c, fasting plasma glucose, and 2-hour plasma glucose after oral glucose tolerance 
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test, in populations with coronary artery disease and acute coronary syndrome (24-27). There is 

currently limited understanding of the clinical performance of diagnostic measures of diabetes 

among HF patients. Because using a diagnostic method with low sensitivity likely delays 

identification and treatment of diabetes and consequently put HF patients at increased risks of 

morbidity and mortality, an investigation into the appropriateness of diagnostic measures for 

diabetes in this population is needed.  

Lastly, adherence to healthy dietary patterns, such as the Dietary Approaches to Stop 

Hypertension (DASH) diet, has shown to improve insulin resistance in clinical trials with 

individuals without established HF (28-30). However, it is currently unclear whether adherence 

to the DASH diet shows beneficial effects on insulin resistance among HF patients without a 

prior diagnosis of diabetes that are similar to those observed among non-HF patients (28-30). It 

is important to fill these gaps in knowledge and to raise awareness among researchers, clinicians, 

and policymakers of strategies needed to address type 2 diabetes prevention among HF patients. 

Purpose of Dissertation Research 

The purpose of this dissertation research is to 1) assess the burden of type 2 diabetes 

among HF patients and 2) to provide evidence that may assist in the improved prevention of type 

2 diabetes among HF patients. The specific objectives of this dissertation are to 1) assess the 

prevalence and trends of type 2 diabetes, including diagnosed and undiagnosed type 2 diabetes 

and prediabetes, among U.S. community-dwelling adults with HF, 2) compare diagnostic 

methods for diabetes among U.S. community-dwelling adults with HF, and 3) examine the 

association between the Dietary Approaches to Stop Hypertension (DASH) diet adherence and 

the severity of insulin resistance among U.S. community-dwelling HF patients without diabetes.  
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Dissertation Overview 

This dissertation consists of 6 chapters. Chapter 1 introduces the gaps in research related 

to the coexisting conditions of type 2 diabetes and HF and describes the purpose of the 

dissertation research.  

Chapter 2 contains a review of the literature related to the following dissertation-relevant 

topics: 1) definition and classification, pathophysiology, epidemiology, and clinical significance 

of HF, 2) definition and classification, pathophysiology, and epidemiology of type 2 diabetes, 3) 

pathophysiology, epidemiology, and clinical significance of coexistence of HF and type 2 

diabetes and the degree of accordance among diagnostic methods for diabetes, 4) unintended 

consequences of HF medications on HF outcomes among patients with coexisting HF and 

diabetes, 5) potential effects of hypoglycemic medications on HF outcomes among HF patients 

with diabetes, 6) energy imbalance and nutritional deficiencies among HF patients, 7) medical 

nutrition therapy for diabetes and effects of healthy eating patterns, including Mediterranean, 

DASH, and plant-based dietary patterns, on diabetes-related outcomes, 8) effects of nutritional 

status, medication therapy, sodium restriction, adherence to healthy dietary patterns, and 

nutritional supplementation on HF outcomes.  

Chapters 3-5 contain 3 original research articles in manuscript format. The work 

presented in Chapter 3 is entitled “Prevalence and Trends of Type 2 Diabetes Mellitus and 

Prediabetes among Community-Dwelling Heart Failure Patients in the United States”, which is a 

secondary analysis of National Health and Nutrition Examination Survey (NHANES) data aimed 

at assessing the prevalence and trends of type 2 diabetes and prediabetes among community-

dwelling HF patients in the U.S. Chapter 4 describes a project entitled “Comparison of 

Diagnostic Methods for Diabetes in Patients with Heart Failure: A National Health and Nutrition 



 

 5 

Examination Survey Analysis”, which is a cross-sectional study using NHANES data to examine 

the degree of agreement among hemoglobin A1c, fasting plasma glucose, and 2-hour plasma 

glucose after oral glucose tolerance test for diabetes identification among HF patients. Chapter 5 

presents a project entitled “High Adherence to the Dietary Approaches to Stop Hypertension 

Diet is Associated with Low Levels of Insulin Resistance among Community-Dwelling Heart 

Failure Patients: A National Health and Nutrition Examination Survey Analysis”, which was a 

cross-sectional study of 1999-2016 NHANES data which aimed to examine the association 

between the DASH diet adherence and insulin resistance among HF patients. Chapter 6 

concludes the dissertation study findings and provides recommendations for future research 

directions.  
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CHAPTER 2 

LITERATURE REVIEW 

Introduction 

Heart failure (HF) represents one of the leading causes of morbidity and mortality in 

developed countries (2). Epidemiological and clinical data show that coexisting HF and type 2 

diabetes are highly prevalent (31). Cardiovascular diseases are the primary cause of mortality in 

patients with diabetes (32), and it is estimated that the risk of HF in men and women with 

diabetes increases 2-fold and 5-fold compared to their counterparts without diabetes, respectively 

(33). This may be explained by advanced glycation end products, created by non-enzymatic 

reactions between glycating compounds and lipids/proteins, causing microvascular damages, 

which result in increased vascular disease risk (34). Thus, type 2 diabetes has traditionally been 

considered as a risk factor for developing new-onset HF. Although HF development among 

diabetes patients has received more attention in the past, growing epidemiological and clinical 

evidence suggests that the association between diabetes and HF might be bidirectional: HF 

patients may be at high risk of developing new-onset type 2 diabetes as well (13-15). This 

literature review discusses the clinical significance of HF and diabetes, the pathophysiological 

mechanisms underlying diabetes development among HF patients, and effects of 

pharmacological and nonpharmacological approaches on diabetes and HF outcomes, with 

particular focus on nutrition. In addition, this literature review defines gaps in current research 

and underlines the importance of the present dissertation research.  
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Heart Failure 

Definition and Classification of Heart Failure 

Heart failure is a chronic and progressive syndrome characterized by structural or 

functional impairment of ventricular filling and ejection of blood (1). The classification of HF 

can be based on a) the time of onset, b) the location of the myocardial impairment, c) the 

functional status of ventricular ejection fraction, and d) cardiac output (35). Based on the time of 

onset, HF is classified as acute or chronic. Acute HF shows a rapid onset of new (de novo) HF or 

sudden worsening (decompensation) of signs and symptoms of HF, while patients who have 

previously experienced HF and are currently stable are referred to as having chronic HF (36). 

The impairment of the myocardium can occur at the left, the right, or both ventricles, but most 

patients with HF experience symptoms due to a deficit of the left ventricular myocardial function 

(35). The clinical status of left ventricular ejection fraction (LVEF; %) classifies patients into 

two categories: heart failure with preserved ejection fraction (HFpEF) and heart failure with 

reduced ejection fraction (HFrEF). The definition of HFrEF varies among guidelines and have 

been defined as LVEF ≤ 35%, < 40%, and ≤ 40% (36-38). Patients with HF are classified as 

HFpEF if LVEF is ≥ 50%, and they are further classified as borderline HFpEF if the LVEF is 

between 41% and 49% (37). Patients with HF may also be classified by cardiac output (35). 

Cardiac output can be measured by a resting cardiac index based on the volume of blood pumped 

by the heart and the body surface area, and patients with high-output failure show an elevated 

resting cardiac index (> 2.5-4.0 L/min/m2) and lower systemic vascular resistance. Low-output 

failure shows insufficient cardiac output and is more common than high-output failure. In 

addition to clinically defined classifications, the American College of Cardiology/American 

Heart Association (ACC/AHA) staging system and the New York Heart Association (NYHA) 
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functional classification are used to describe the severity of HF (37). The ACC/AHA staging 

system defines 4 stages of HF based on the development and progression of HF; Stage A: At 

high risk for HF but without structural heart disease or symptoms of HF; Stage B: Structural 

heart disease but without signs or symptoms of HF; Stage C: Structural heart disease with prior 

or current symptoms of HF; Stage D: Refractory HF requiring specialized interventions (37). The 

NYHA functional classification defines 4 classes based on the exercise capacity and 

symptomatic status of HF; Class I: No limitation of physical activity. Ordinary physical activity 

does not cause symptoms of HF; Class II: Slight limitation of physical activity. Comfortable at 

rest, but ordinary physical activity results in symptoms of HF; Class III: Marked limitation of 

physical activity. Comfortable at rest, but less than ordinary activity causes symptoms of HF; 

Class IV: Unable to carry on any physical activity without symptoms of HF, or symptoms of HF 

at rest (37).  

Diagnosis of Heart Failure 

A diagnosis of HF is confirmed using various parameters: laboratory assessment 

(complete blood count, urinalysis, serum electrolytes, blood urea nitrogen, serum creatine, 

glucose, fasting lipid profile, liver function tests, thyroid-stimulating hormone, and natriuretic 

peptides), noninvasive cardiac imaging techniques (chest X-ray; transthoracic echocardiography, 

TTE; computerized tomography scans, CT scans; magnetic resonance imaging, MRI; and 12-

lead electrocardiogram, 12-lead ECG), and/or invasive evaluation (a pulmonary artery catheter, 

invasive hemodynamic monitoring, coronary arteriography, and endomyocardial biopsy) (37). 

Natriuretic peptides, including brain natriuretic peptide (BNP) and N-terminal pro-B-type 

natriuretic peptide (NT-proBNP), both of which are secreted in response to volume expansion 

and pressure overload, are used to support a clinical judgment of HF diagnosis in both in- and 
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outpatient settings (37). For example, a single measurement of natriuretic peptide (BNP ≤ 100 

pg/ml or NT-proBNP ≤ 300 pg/ml) clinically excludes HF (39). Chest X-rays are used to 1) 

examine heart size and pulmonary congestion, and 2) identify alternative cardio-pulmonary 

diseases. Results of TTE are used to assess 1) left ventricular systolic/diastolic function, 2) right 

ventricular function, and 3) pulmonary artery pressure (37). Cardiac CT scans can accurately 

assess cardiac structure and function, including of the coronary arteries (36). Cardiac MRI 

assesses 1) volumes, mass, and ejection fraction of both the left and right ventricles and 2) 

myocardial infiltration or scar (36). A 12-lead ECG is useful to 1) determine heart rhythm, heart 

rate, QRS morphology, and QRS duration (36). Invasive evaluation is recommended when a 

clinical assessment is inadequate and/or hemodynamics are uncertain. A diagnosis algorithm of 

HF can vary depending on the time of onset (36). Patients with suspected acute HF are first 

examined if they have cardiogenic shock and/or respiratory failure during the urgent phase after 

first medical contact. If they have these symptoms, the patients receive circulatory or ventilatory 

support for immediate stabilization and will be transferred to an intensive care unit (ICU)/critical 

care unit (CCU). If they have neither cariogenic shock nor respiratory failure or their symptom 

becomes stabilized after ICU/CCU, patients with suspected acute HF are then examined to 

identify an acute etiology, following an immediate initiation of specific treatment if necessary 

and clinical evaluation to confirm acute HF with laboratory assessment and cardiac imaging 

techniques. In non-acute settings, patients with suspected HF will receive a comprehensive 

assessment, including clinical history, physical examination, ECG, natriuretic peptides, and 

echocardiography, to confirm HF and identify its etiology.  
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Pathophysiology of Heart Failure 

Pathophysiological changes in HF begin when compensatory mechanisms for ventricular 

impairment attempt to maintain adequate cardiac performance. Compensatory mechanisms 

include the Frank-Starling mechanism, activation of neurohormonal pathways, and cardiac 

remodeling (40). The Frank-Starling mechanism involves adjustment of cardiac myocytes to its 

contraction force and stroke volume to the left ventricular end-diastolic volume (41). Thus, the 

afterload of the heart increases when cardiac output decreases to prevent congestion in the early 

stage of HF. The activation of neurohormonal pathways is the first response to impaired cardiac 

function, including the sympathetic nervous system (SNS), the renin-angiotensin-aldosterone 

system (RAAS), and natriuretic peptides (40). In impaired cardiac function, the effects of 

baroreceptors, the main inhibitors of the SNS, decrease while excitatory impulses increase. The 

imbalance between baroreceptors and excitatory impulses induces the activation of SNS, leading 

to increased cardiac contractility and rapid heart rates in order to redistribute blood in the body. 

Activated SNS thereupon stimulates the RAAS, resulting in the release of renin from the kidney 

and in the conversion of inactive pre-hormone angiotensinogen to angiotensin I. Angiotensin I is 

then converted to angiotensin II by angiotensin-converting enzyme, and angiotensin II induces 

vasoconstriction to regulate blood pressure and secretion of aldosterone from the adrenal cortex, 

increasing sodium and water reabsorption from the kidney into the blood. Activated SNS and 

RAAS provoke myocardial stretching by volume or pressure overload, and consequently release 

natriuretic peptides from the heart chambers. Released natriuretic peptides promote vasodilation 

and subsequent reduction in the atrial/ventricular fillings, as well as deactivation of SNS and 

RAAS (42, 43). Although the acute activation of neurohormonal pathways maintain 

cardiovascular homeostasis, the chronic activation will cause cardiac remodeling (44). Cardiac 
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remodeling is defined as the structural and functional alteration in the heart, including changes of 

heart dimensions, mass, and shape in response to impaired cardiac function (45, 46). Progression 

of cardiac remodeling consequently leads to the enlargement of the heart (cardiomegaly), 

microstructural changes (e.g., cardiomyocyte hypertrophy, apoptosis, and necrosis), interstitial 

fibrosis, macrostructural changes (e.g., left ventricular hypertrophy), ventricular dilation, and left 

ventricular stiffness (40, 46). These pathophysiological changes contribute to increased 

inflammatory responses and oxidative stress in the heart, and eventually the wide spectrum of 

clinical manifestations in HF appear, including pulmonary manifestations (e.g., pulmonary 

congestion, dyspnea, orthopnea, cardiac asthma, Cheyne-stokes respiration etc.), anemia, edema, 

gastrointestinal symptoms, cardiac cachexia, renal failure, and cerebral symptoms (e.g., 

confusion, sleep disorders, dizziness, altered mood, disorientation, etc.) (47).  

Prevalence and Incidence of Heart Failure in the U.S. 

Heart failure is a highly prevalent and growing problem of public health significance. 

Particularly among older adults and non-Hispanic blacks, incidence rates of HF are high (3). An 

estimated 6.2 million American adults had HF during the period 2013-2016 (3), and the 

prevalence of HF is projected to increase by 46% in 2030, which is equal to over 8 million 

American adults (4). The age and gender stratified prevalence rates show that 12.8% of males 

and 12.0% of females aged 80+ years had HF, so did 6.9% of males and 4.8% of females aged 

60-79 years (3). The incidence of HF is approximately 21 per 1,000 population among older 

Americans aged 65+ years (48). The age- and race-stratified incidence rates of acute 

decompensated HF show that non-Hispanic black males aged 75+ years had the highest 

incidence rate, in comparison to non-Hispanic black females, non-Hispanic white males, and 

non-Hispanic white females in the same age group (34.7, 31.4, 32.0, and 26.2 per 1,000 person-
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years, respectively) (3). In different age groups (55-64 and 65-74 years of age), non-Hispanic 

blacks, both male and female, showed higher incidence rates compared to their non-Hispanic 

white counterparts (3).  

Significance of Heart Failure 

The clinical manifestations of HF significantly impact individuals and society. In 2017, 

80,480 reported mortality cases in the U.S. (43,656 females and 36,824 males) were attributed to 

HF (3). The HF mortality cases across racial/ethnic and gender groups varied as follows: 36,004 

cases for females and 30,076 cases for males in non-Hispanic whites, 4,683 cases for females 

and 4,068 cases for males in non-Hispanic blacks, 752 cases for females and 633 cases for males 

in non-Hispanic Asians, and 1,960 cases for females and 1,820 cases for males in Hispanics (3). 

In addition, the 30-day, 1-year, and 5-year mortality rates after hospital discharges for HF were 

10.4%, 22.0%, and 42.3%, respectively (49). Although survival after the onset of HF in older 

adults has improved over past years (50), the number of HF-related hospital discharges has 

increased in both males and females in the U.S. In 1997, approximately 1,750,000 (males) and 

1,400,000 (females) HF-related hospital discharges occurred, while it reached 3,500,000 cases 

for both males and females in 2014 (51). Increased hospitalization rates contribute to increased 

total medical costs for HF, which was estimated to be $30.7 billion in 2012. About 80% of these 

costs were associated with hospitalizations (4). Because the elderly population is growing and 

this population is more likely to be hospitalized for HF complications compared to any other 

conditions (52), health care expenditures for HF are predicted to increase continuously (4). 

Under the Affordable Care Act in 2010, the Hospital Readmissions Reduction Program (HRRP), 

a financial incentive program to reduce healthcare expenditures for excess readmissions due to 

HF, acute myocardial infarction, and pneumonia among Medicare beneficiaries, was established 
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and implemented in 2012 (53). After the implementation of HRRP, readmission rates for the 

targeted conditions declined nationwide (54, 55).  

Type 2 Diabetes 

Definition and Diagnosis of Type 2 Diabetes 

Diabetes is a metabolic disorder characterized by hyperglycemia due to impaired insulin 

secretion, insulin action, or both (56). Diabetes can be classified into several categories based on 

the clinical circumstances at the time of diagnosis. Type 2 diabetes is characterized as relative 

insulin deficiency, which results from defective β-cell insulin secretion, impaired response to 

insulin stimulation of targeted tissues, or both (56). Patients with suspected type 2 diabetes 

receive a diagnostic test for diabetes using the following criteria: 1) fasting plasma glucose 

(FPG) ≥ 126 mg/dL, 2) hemoglobin A1c (HbA1c) ≥ 6.5%, 3) 2-hour plasma glucose (2hPG) 

after the oral glucose tolerance test (OGTT) ≥ 200 mg/dL, and 4) a random plasma glucose ≥ 200 

mg/dL for a patient with classic symptoms of hyperglycemia or hyperglycemic crisis (56). 

Unless a patient meets a random plasma glucose ≥ 200 mg/dL, a second test is required for 

confirmation of diabetes using the same criteria. A second test is recommended to be performed 

either by repeating the same test on a different day or by a different test using a new blood 

sample on the same day as the first test. Although all diagnostic measures are considered to be 

equally appropriate for diabetes diagnosis, some discordance among these measures may exist 

(57). 

Pathophysiology of Type 2 Diabetes 

Type 2 diabetes is a chronic disease of impaired glucose metabolism, which involves a 

feedback loop between β-cell and insulin-sensitive tissues (58). In normal glucose metabolism 

among heathy individuals, insulin secretion in response to β-cell stimulation controls glucose 
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uptakes by insulin-sensitive tissues while the tissues release feedback information to regulate 

their need for insulin (59). In contrast, impaired glucose metabolism in type 2 diabetes is 

characterized by insulin resistance, which occurs when insulin-sensitive tissues do not respond 

well to insulin in multiple organs, including skeletal muscle, adipose tissue, the liver, and the 

heart (60). Insulin resistance results from several mechanisms, including inflammation and 

inflammatory cytokine production (61). For example, interleukin-1β (IL-1β), a proinflammatory 

cytokine, reduces insulin sensitivity in peripheral tissues (62, 63) and induces insulin resistance 

in fat cells (64) and liver cells (65). In addition, increased levels of other inflammatory markers, 

including C-reactive protein (CRP), interleukin-6 (IL-6), and tumor necrosis factor (TNF)-α, are 

correlated with impaired insulin sensitivity, insulin signalizing, and β-cell function (66-69). 

When insulin resistance develops in insulin-sensitive tissues, it impedes the feedback loop and 

increases insulin secretion from β-cells to maintain glucose homeostasis (58). Over time, insulin 

secretion triggered by increased plasma glucose is gradually impaired or lost, resulting in 

hyperglycemia (70). The severity of hyperglycemia is determined by the magnitude of β-cell 

dysfunction, and therefore hyperglycemia tends to become more severe and more difficult to 

treat as the disease is progressing (71). Although type 2 diabetes cannot be fully cured once 

developed, early management of modifiable risk factors for type 2 diabetes can prevent or delay 

the development of type 2 diabetes. Black (72) and Piccolo et al. (73) have described conceptual 

frameworks of risk factors influencing type 2 diabetes development, including demographic, 

socioeconomic, genetic, behavioral, psychological, healthcare utilization, and clinical factors. 

The risk factors involve complex interactions and can have direct and/or indirect effects on type 

2 diabetes development. Meanwhile, risk factor modification likely reduces the risk of 
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developing new-onset diabetes (74, 75). Therefore, identification of modifiable risk factors in a 

high-risk population and early intervention are critical to diabetes management. 

Prevalence of Type 2 Diabetes in the U.S. 

Data from the 2016 National Health Interview Survey (NHIS) revealed that 21.0 million 

individuals aged 18+ years reported having type 2 diabetes, which resulted in an estimated 

8.58% of U.S. adults who had type 2 diabetes (76). The rates varied by age, gender, 

race/ethnicity, and education level groups. Adults aged 65+ years had the highest prevalence of 

type 2 diabetes (19.62%), followed by those aged 45-64 years (11.03%), 30-44 years (3.29%), 

and 18-29 years (0.66%). Males showed a higher prevalence of type 2 diabetes than females 

(8.86% and 8.32%, respectively). Non-Hispanic blacks had the highest prevalence of type 2 

diabetes (11.52%), followed by Hispanics, non-Hispanic whites, and non-Hispanic Asians (9.07, 

7.99, and 6.89%, respectively). Individuals with less than high-school education level had the 

highest prevalence compared to those with high school and more than high school education 

(14.20, 9.99, and 6.89%, respectively). 

Diabetes in Heart Failure 

Prevalence of Diagnosed and Undiagnosed Diabetes in Heart Failure Patients 

Diabetes is a common comorbidity in HF patients, and the prevalence of diagnosed 

diabetes varies depending on patient type (in- vs. outpatients) and ejection fraction status (HFrEF 

vs. HFpEF). In outpatient settings, approximately 20-30% of patients with HFrEF have a 

previous diagnosis of diabetes (19, 77-79). In inpatient settings, the Efficacy of Vasopressin 

Antagonism in Heart Failure Outcomes Study with Tolvaptan (EVEREST) study reported that 

40% of inpatients with HFrEF had diabetes (80). The Candesartan in Heart Failure: Assessment 

of Reduction in Mortality and morbidity (CHARM) study included patients with both HFrEF and 



 

 16 

HFpEF, and showed that 35% of participants with HFrEF and 40% of those with HFpEF had 

comorbid diabetes (81). In addition, the prevalence of HF patients with undiagnosed diabetes, 

defined as if they did not have a previous diagnosis of diabetes but had elevated levels of fasting 

glucose and HbA1c above clinical thresholds, was approximately 15-25% (9, 81-83). Because 

none of these studies differentiated types of diabetes, the understanding of the prevalence of type 

2 diabetes among HF patients is limited.  

Prognosis of Heart Failure in Patients with and without Diagnosed or Undiagnosed Diabetes 

Both diagnosed and undiagnosed diabetes are associated with a poor prognosis among 

HF patients. Cohort studies following HF patients with and without diabetes showed that 

coexisting diabetes significantly increased risks of all-cause hospitalization (9, 84), 

hospitalization due to worsening HF symptoms (81, 85), all-cause mortality (9, 82, 84), and 

cardiovascular mortality (83, 85). The CHARM study showed that diabetes increased the risk of 

hospitalization due to worsening HF symptoms, all-cause mortality, and cardiovascular mortality 

in both reduced and preserved ejection fraction functional types (81, 86). In addition, HF patients 

with undiagnosed diabetes had an increased risk of hospitalization due to worsening HF 

symptoms, all-cause mortality, and cardiovascular mortality compared to HF patients without 

diabetes (83, 85). Although impaired glucose metabolism in diabetes is not a reversible 

condition, better glycemic control may lead to better prognosis among HF patients with diabetes. 

Ad-hoc analysis of the CHARM study showed that HbA1c levels elevated by only 1% increased 

hospitalization for worsening HF symptoms, cardiovascular mortality, and all-cause mortality in 

HF patients with diabetes (87). In addition, a cohort study of inpatients with acute HF showed 

that participants with elevated plasma glucose levels had 3-fold higher in-hospital mortality 

compared to those with normal plasma glucose levels (88). Therefore, the early diagnosis and 
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subsequent treatment of diabetes are important to reduce patient burden, hospitalizations, and 

mortality.  

Pathophysiology Underlying Diabetes Development in Heart Failure Patients 

The pathophysiological changes caused by HF symptoms, including SNS activation, 

neurohormonal abnormalities, elevated proinflammatory cytokines production, and metabolic 

alterations, contribute to insulin resistance and consequently the development of type 2 diabetes 

among HF patients (89). Activated SNS and RAAS, as compensation for cardiac dysfunction, 

stimulate lipolysis and therefore increase plasma free fatty acid (FFA) concentration (90). 

Increased plasma FFAs predispose to hyperglycemia through inhibition of glycolysis (91, 92) 

and insulin-stimulated glucose uptake (93, 94), induce lipotoxicity (95), and boost production of 

reactive oxygen species (13). In addition, cardiac dysfunction and its compensatory mechanisms 

induce cardiac and systematic proinflammation and increased inflammatory cytokine production 

(e.g., IL-1β, IL-6, TNF-α, etc.) (96), which impair insulin sensitivity, insulin signaling, and β-

cell function (62-69). These metabolic alterations lead to the development of insulin resistance, 

reduce the β-cell capacity for insulin secretion, and result in new-onset diabetes (89). Moreover, 

increased angiotensin-II, due to the RAAS activation and hyperinsulinemia, cause 

vasoconstriction and blood pressure elevation, but eventually lead to exhaustion of cardiac 

activities and aggravate HF symptoms (97). This sustained activation results in elevated 

neurohormonal activation and a vicious cycle of insulin resistance and type 2 diabetes 

development (13). The reported pathophysiological alterations in HF patients along with the 

epidemiological evidence imply that HF patients are at high risk for developing new-onset 

diabetes.  
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A strong body of evidence shows that the severity of insulin resistance in patients with 

HF is associated with age, body mass index, smoking, daily physical activity, levels of serum 

triglycerides and high-density lipoprotein cholesterol, LVEF, NYHA functional class, and 

etiology of HF (98, 99). However, the number of included variables in previous studies 

examining the association with insulin resistance in patients with HF were limited, and many of 

the previously identified factors associated with insulin resistance in non-HF populations have 

not been examined in patients with HF, including waist circumference, diet (intake of energy, 

total fat, saturated fat, carbohydrate, dietary fibers, micronutrients, alcohol; adherence to certain 

dietary patterns, such as the Dietary Approaches to Stop Hypertension (DASH) dietary pattern), 

psychological distress, sleep deprivation, and medication use (e.g., angiotensin-converting 

enzyme inhibitors, β-blockers, diuretics, corticosteroids, oral contraceptives, nicotinic acid, 

antipsychotic agent, etc.) (100-102).  

Diagnostic Methods for Diabetes in Heart Failure Patients 

 While most studies performed to date relied on either FPG or HbA1c alone to identify HF 

patients with type 2 diabetes, growing evidence suggests that FPG and HbA1c measurements 

may have lower performance than 2hPG after OGTT for detecting new-onset diabetes in 

populations with cardiovascular diseases. In patients with myocardial infarction, a risk factor for 

HF, the performance of HbA1c in diagnosing diabetes is weaker than the performance of FPG, 

as shown by an area under the receiver operating characteristic (ROC) curve of 0.71 for HbA1c 

and 0.76 for FPG based on 2-hour OGTT (103). In patients with coronary artery disease and 

acute coronary syndrome without history of diabetes, an independent risk factor for HF (104), 

the recommended HbA1c cutoff point for a diagnosis of diabetes (≥ 6.5%) had low sensitivity at 

16-29%, and an area under the ROC curve of HbA1c for the identification of patients with 
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diabetes ranged from 0.48 to 0.73, suggesting insufficient accuracy for diagnosing diabetes. In 

addition, the discordance among these diabetes measures was reported among over 4,000 

patients with coronary artery disease, showing FPG alone identified 75%, 2hPG identified 40%, 

and HbA1c alone identified 17% of cases, while only 7% of cases were identified by all three 

methods (24). Only 1 small study reported that 14 of 56 patients with chronic HF were newly 

diagnosed with diabetes, where a total of 11 patients (76%) were identified by 2hPG alone, 2 

patients (14%) by FPG and 2hPG, and 1 patient (7%) by FPG alone (82). Consequently, FPG 

misdiagnosed 40% of HF patients with newly diagnosed diabetes, as confirmed by 2hPG after 

OGTT (82). The lower performance of FPG in diagnosing diabetes, in comparison to 2hPG, 

among HF patients may be explained by pathophysiological mechanisms underlying diabetes 

development in HF patients. Heart failure patients are vulnerable to insulin resistance and may 

develop glucose intolerance before developing impaired fasting glucose (105). In addition, the 

small observational study among chronic HF patients showed that none of the participants with 

newly diagnosed diabetes was identified by HbA1c (82). Under certain clinical conditions, 

HbA1c measurements can be affected and become less reliable, such as in anemia (106), which 

is highly prevalent among HF patients (107-109). The low performance of HbA1c in diagnosing 

diabetes among HF patients stem from a study with a small number of HF patients, therefore 

limiting the interpretation of observed effects in HF patients.  

Unintended Consequences of Heart Failure Medications on Heart Failure Outcomes in 

Heart Failure Patients with Diabetes 

Heart failure pharmacotherapy is essential for HF management. However, some HF 

medications may show reduced efficacy in preventing HF hospitalizations and mortality, and 

have unintended consequences in HF patients with diabetes (110). Angiotensin-converting 
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enzyme inhibitors (111, 112) and angiotensin II receptor blockers (113, 114), both of which are 

used to lower blood pressure, increase blood flow to the heart, and reduce the heart’s workload, 

have shown positive effects on HF hospitalization rates and mortality among HF patients without 

diabetes; however, this positive effect has not been found among HF patients with diabetes (115, 

116). Aliskiren, a direct renin inhibitor, has shown severe side-effects among HF patients with 

diabetes, including an increased risk of renal dysfunction, hyperkalemia, stroke, and 

hospitalization (117, 118). Thiazide diuretics, used for reduced volume overload and reduced 

blood pressure, can have negative effects on vascular and glucose metabolic abnormalities, 

including endothelial dysfunction and elevated vascular oxidative stress (119), hyperlipidemia 

(120), insulin resistance (121), new-onset diabetes (122), activation of SNS (123) and RAAS 

(124). These unintended consequences negatively impact HF prognosis in HF patients with 

diabetes.  

Effects of Hypoglycemic Medications on Heart Failure Outcomes in Heart Failure Patients 

with Diabetes  

Several hypoglycemic medications have shown unintended negative consequences on 

HF-related morbidity and mortality in HF patients; therefore, careful consideration is required 

when choosing most adequate hypoglycemic medications for HF patients with diabetes. Heart 

failure patients requiring insulin treatment have shown increased mortality, compared to those 

not requiring insulin therapy (125). In addition, treatment with insulin was associated with 

increased risks of all-cause mortality among HF patients aged 75+ years (126). 

Thiazolidinediones, which are used for improving insulin resistance, may contribute to fluid 

retention (127, 128) and increased incidence of HF events regardless of any prior history of 

clinical HF (129, 130); therefore, clinical guidelines recommended avoiding use of 
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thiazolidinediones in patients with NYHA class II-IV HF (37). Dipeptidyl peptidase-4 inhibitors, 

which are used for elevating insulin release stimulation, may increase the risk of cardiovascular 

events and worsen HF symptoms (131, 132) although retrospective cohort studies showed 

inconclusive results (133, 134). Glucagon-like peptide-1 receptor agonists, which are used for 

lowering HbA1c and weight while displaying a low risk of hypoglycemia, increase HF-related 

events and mortality in HF patients (135, 136). In contrast, sodium-glucose cotransporter-2 

(SGLT2) inhibitors, which are used for increasing urinary glucose and sodium excretion, have 

shown to reduce cardiovascular mortality and HF hospitalization in HF patients with diabetes 

(137, 138). The latter study results may be explained by an increasing concentration of 

circulating ketone bodies as a result of reduced plasma glucose levels and increased lipolysis in 

adipose tissue (139), which might be used as alternative energy source in the presence of insulin 

resistance (140) and other hemodynamic effects, including reduced blood pressure, oxidative 

stress, arterial stiffness, and SNS activation (141).  

Heart Failure and Nutrition 

Heart failure and nutrition are strongly associated. Pathophysiological and clinical 

manifestations of HF and the effect of HF medications likely influence nutritional status and 

consequently HF prognosis. In HF, the activation of neurohormonal pathways, accompanied by 

systemic inflammation, may cause elevated total energy expenditure and catabolic/anabolic 

imbalance, leading to negative energy balance compared to healthy controls (142). In addition, 

systemic fluid overload, caused by impaired myocardial function and renal perfusion, induces 

nausea, loss of appetite, and early satiety (143), which result in reduced nutritional intake. Given 

the high prevalence of HF in older adults, age-related factors, including cognitive, physical and 

sensory dysfunction, medication interactions, social isolation, and low-socioeconomic status, 
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also affect their nutritional status (144). In addition, reduction of nutritional intake and 

malabsorption due to gastrointestinal edema place HF patients at a high risk of micronutrient 

deficiencies, including vitamin B1, B2, B6, folate, vitamin C, D and E, calcium, magnesium, 

iron, selenium, coenzyme Q10, and creatine, some of which play an important role in energy 

synthesis (145-148). Furthermore, HF medication may have unintended consequences in 

micronutrient deficiencies. For instance, loop diuretics may promote micronutrient loss, 

including B vitamins, potassium, calcium, magnesium, and selenium through excessive urinary 

excretion (149). Given the imbalance between increased energy demand due to the 

hypercatabolism and reduced energy supply due to pathophysiological changes and subsequent 

outcomes (150), an estimated 50% of HF patients are subject to malnutrition, and 15% of them 

might develop cardiac cachexia (143), both of which are associated with increased mortality and 

hospitalization rates (151, 152). Because of nutritional deficiencies among HF patients, dietary 

management seems to be a promising solution. Nevertheless, randomized controlled trials 

examining the effects of nutritional interventions have shown inconclusive results (153), and, 

due to lack of evidence-based nutritional interventions, current HF guidelines have focused on 

sodium restriction alone (154). However, sodium restriction may be associated with a decline in 

intake of energy, macronutrients, and specific food groups (155, 156). Clinical trials are 

warranted to establish evidence of dietary approaches on malnutrition and clarify the role of 

sodium restrictions in dietary HF management.  

Diabetes and Nutrition 

Dietary management, including nutrition therapy, is an important pillar of diabetes 

management. The American Diabetes Association (ADA) recommends that patients with 

diabetes should be actively involved in self-management education and support (157, 158), and 
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should receive individualized eating plans and medical nutrition therapy (MNT), provided by a 

registered dietitian nutritionist who is knowledgeable and skilled in giving diabetes-specific 

MNT (159). The ADA sets 4 goals of nutrition therapy for patients with diabetes: 1) to promote 

and support healthful eating patterns, emphasizing a variety of nutrient-dense foods in 

appropriate portion sizes, in order to improve overall health, achieve proper weight management, 

biomarker levels (glycemic, blood pressure, lipid, etc.), and delay or prevent diabetic 

complications; 2) to address individual nutrition needs considering personal and cultural 

preferences, health literacy, access to healthful foods, intention and ability to make behavioral 

changes, and barriers to change behaviors; 3) to maintain the pleasure of eating by providing 

nonjudgmental messages about food choices; and 4) to give practical tools for developing 

healthy eating patterns (160). There is currently no recommended calorie distribution of 

macronutrients in a meal, including carbohydrate, fat, and protein (160) and a variety of eating 

patterns is recommended for the diabetes management (161, 162). As an example of a healthy 

eating pattern, the ADA suggests Mediterranean (163, 164), DASH (165-167), and plant-based 

(168, 169) dietary patterns based on previous research showing positive results on diabetes 

management. Although low-carbohydrate eating patterns may improve glycemia and potentially 

reduce the need for antihyperglycemic medications for individuals with type 2 diabetes (170-

172), low-carbohydrate meal plans are currently not recommended for certain populations, 

including those with renal disease and those taking SGLT2 inhibitors (173). As a practical tool 

for basic meal planning guidance, the ADA suggests using the diabetes plate method, which 

shows a visual guide to control portion sizes of a meal with an emphasis on low-carbohydrate (or 

non-starchy) vegetables (174). In addition, weight management and reduction are important for 

patients with diabetes who are overweight or obese. Although underlying mechanisms remain 



 

 24 

uncertain, the degree of obesity is associated with insulin resistance potentially due to 1) 

increased production of adipokines/cytokines, 2) dysmetabolic sequelae caused by ectopic fat 

deposition, and 3) mitochondrial dysfunction (175). Furthermore, obesity-induced insulin 

resistance contributes to abnormal β-cell mass and function (176, 177), eventually resulting in β-

cell dysfunction (178). In contrast, maintaining weight loss for 5 years is associated with well-

controlled glycemic and lipid levels among patients with diabetes (179). Dietary interventions, 

including meal replacement to reduce calorie intake (179-181), the Mediterranean dietary pattern 

(182), and low-carbohydrate meal plans (170) have shown short-term (1-2 years) benefits of 

weight loss among patients with diabetes. However, healthcare providers should consider needs, 

feasibility, and safety to conduct these interventions to patients with diabetes (180).  

Nutrition as a Therapeutic Modality 1  

Heart failure is a systematic disorder that results from structural and functional 

impairments of the cardiac blood circulatory system. Despite the availability of novel diagnostic 

and treatment approaches, HF presents a significant cause of morbidity and mortality (183, 184). 

An estimated 6.2 million Americans aged 20+ years have HF, and by 2030, the prevalence of HF 

is predicted to increase by 46% (3). Older Americans are more often hospitalized for HF than for 

any other condition (52), and 43% of HF patients require 4+ hospital readmissions after 

diagnosis (3). Rates of 30-day, 1-year, and 5-year mortality after HF-related hospital discharges 

remain high at 10.4%, 22.0%, and 42.3%, respectively (3). Due to high healthcare utilization and 

cost of care, total medical costs associated with HF were about $30.7 billion in 2012 and are  

 

1 Ishikawa Y, Sattler ELP. 2021. Current Atherosclerosis Reports 17;23(4):13. 
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projected to increase to $70 billion by 2030 (4). Given the human and economic burden 

associated with the condition, low-cost strategies to improve HF outcomes are desperately 

needed. Because HF patients commonly experience nutritional imbalances and malnutrition, 

which have been linked to increased morbidity and mortality (185-187), nutrition intervention is 

a plausible approach to managing HF. However, dietary guidance has traditionally focused on 

sodium restriction alone; a recommendation for which the evidence base is controversial. This 

article (1) discusses associations of malnutrition, nutritional imbalances, and HF and (2) 

summarizes the most recent available evidence regarding nutrition as a therapeutic modality in 

HF. The majority of the published literature on effective HF therapy relates specifically to 

HFrEF, which is characterized by LVEF < 35-50% (36, 38, 188-191). In contrast, in HFpEF, 

LVEF remains at ≥ 50% in the presence of non-diastolic abnormalities in cardiovascular function 

(36, 38, 188-191). As a result, this review is predominantly concerned with research related to 

the nutritional management of HFrEF, unless it is specifically stated otherwise. 

Malnutrition and Nutrition Imbalances in Heart Failure 

Malnutrition 

Malnutrition is a common manifestation in patients with HF, and the underlying 

pathophysiological mechanisms are multifactorial and heterogeneous. Dependent on the patient 

population and the criteria used for diagnosis, about 30 to 70% of HF patients show some level 

of malnutrition (143, 185). Malnutrition is more prevalent among patients with more severe HF, 

as assessed by the NHYA functional classification (192). Through complex interactions between 

neurohormonal activation, intestinal edema, anorexia, and an imbalance between anabolism and 

catabolism, direct and indirect pathogenic effects as part of HF progression lead to an overall 

energy deficit and malnutrition (150). Moreover, malnutrition may lead to a reduction of cardiac 
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output and eventually predispose HF patients to complications, including higher rates of hospital 

(re)admissions and mortality (185-187). Chronic malnutrition, along with immunological and 

inflammatory disorders, may further place HF patients at increased risk of developing cardiac 

cachexia, characterized as unintentional edema-free weight loss through loss of muscle, fat, and 

bone mass, which is strongly associated with decreased health-related quality of life and 

increased mortality (193). Malnutrition among HF patients, mediated through intestinal edema-

induced malabsorption and anorexia, often involves micronutrient deficiencies, including 

deficiencies of B vitamins, vitamin C, vitamin D, calcium, selenium, zinc, iron, and coenzyme 

Q10 (CoQ10) (145, 146, 194). Up to 75% of HF patients experience deficiencies in one or more 

micronutrients (195). Although insufficient dietary intake of micronutrients is frequently 

observed in the general elderly population (196), HF patients of any age are vulnerable to 

micronutrient deficiencies due to mechanisms other than insufficient dietary intake alone (197-

202). Micronutrients are essential cofactors to cardiac metabolism and function and are involved 

in the regulation of endothelial function, neurohormonal activation, myocardial energy 

metabolism, vascular inflammation, and oxidative stress (194). Observational studies indicate 

that micronutrient deficiencies are associated with the severity of HF progression, as assessed by 

the levels of BNP, NT-proBNP, and LVEF, exercise intolerance, hospital (re)admissions, and 

mortality (194). Moreover, a multicenter prospective cohort study demonstrated that 

micronutrient deficiencies predicted HF outcomes, where HF patients in the high deficiency 

category, defined as deficiency in 7+ out of 17 evaluated micronutrients, showed a 2-fold 

increased risk of all-cause hospitalization and mortality compared to those with a lower number 

of or no deficiencies (203). Given the clinical impact of malnutrition on HF outcomes, 

monitoring of nutritional status should be a standard part of HF treatment. 
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Impact of Heart Failure Medication Therapy 

Medications are the first-line approach for the management of HF; however, unique 

interactions between medications and nutrients likely have an effect on nutritional status through 

alterations in cell bioavailability, intestinal absorption, and urinary excretion of nutrients (149, 

204, 205). Within existing HF pathophysiology, these can exacerbate macro- and micronutrient 

imbalances and malnutrition (206). Angiotensin-converting enzyme inhibitors and angiotensin II 

receptor blockers, both RAAS inhibitors with proven benefits for HF morbidity and mortality, 

may induce hyperkalemia due to decreased renal potassium excretion and zinc depletion due to 

increased renal zinc excretion (204, 205). In addition, angiotensin-converting enzyme inhibitors 

and angiotensin II receptor blockers have shown to cause taste disturbances (207, 208), which 

can lead to reduced appetite and food intake. Loop, thiazide, and potassium-sparing diuretics, 

which are commonly used for congestion management in volume-overloaded patients, accelerate 

urinary excretion of micronutrients and have shown to cause deficiencies in B vitamins, folic 

acid, calcium, magnesium, potassium, zinc, and selenium (149, 204, 205). Furthermore, the use 

of beta-blockers is associated with the risk of developing hyperkalemia by minimizing potassium 

excretion and increasing reabsorption (149), and beta-blockers deplete CoQ10, which is essential 

for energy production, due to inhibition of CoQ10-dependent enzyme (209). Calcium-channel 

blockers alter potassium homeostasis: they increase serum potassium concentration at usual 

doses while significantly reducing serum potassium concentration at large doses (210), 

predisposing HF patients to hypokalemia, increased mortality, and (re)admissions (211). 

Covalent bonding between hydralazine and vitamin B6 may result in vitamin B6 deficiency 

(205). Lastly, digoxin may exacerbate renal elimination of vitamin B, magnesium, potassium, 

calcium, and phosphorus (204), whereas it may reduce dietary intake overall by causing iatro- 
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genic anorexia (212). Minimizing adverse outcomes from these interactions is crucial for HF 

management and might be achievable through monitoring and personalizing intakes of these 

micronutrients in HF patients. 

Obesity 

Evidence from a meta-analysis shows a 40% increase in new-onset HF per 5-unit 

increment in body mass index (BMI) (213). Body mass index has shown to have a greater impact 

on the development of HFpEF than on HFrEF (214). The pathogenic effects of obesity on HF are 

multifactorial, involving alterations in cardiac structure, function, metabolism, and lipotoxicity, 

and indirect effects through an increase in predisposing risk factors, such as endothelial 

dysfunction, atherosclerosis, hypertension, diabetes, atrial fibrillation, and kidney disease (193, 

215). Loss of 5-10% of body weight through lifestyle modification is recommended for 

individuals with BMI ≥ 25 kg/m2 for HF prevention (216). 

Despite the established role of obesity in HF development, observational studies show 

associations between increased BMI and better, not worse, prognosis among patients with 

established HF (217, 218), regardless of the subtype of HF (219). This observation is called the 

“obesity paradox” and has led to controversies regarding weight-loss recommendations among 

patients with HF (193). Several hypotheses were proposed to explain the underlying 

mechanisms, including increased total blood volume and cardiac output, increased protective 

cytokines, attenuated RAAS, high physical function with increased muscle mass and strength, 

and better health-seeking behaviors due to elevated levels of health consciousness among 

overweight and obese HF patients (149, 220-222). However, the relationship between obesity 

and improved HF prognosis needs to be interpreted with caution. Research from the Meta-

analysis Global Group in Chronic Heart Failure reported that the association could be u-shaped 
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in both subtypes of HF, with no beneficial survival effects for HF patients with BMI ≥ 35 kg/m2 

(219), and the positive association was not observed in subgroups of HF, including patients with 

diabetes (223). More recently, a meta-analysis confirmed beneficial effects of overweight and 

obesity on all-cause mortality among HF patients; however, a neutral effect of obesity on 

cardiovascular mortality was observed, and HF decompensation incidence was exacerbated 

among HF patients who were overweight or obese (224). Furthermore, a meta-analysis of 

clinical studies indicated that intentional weight loss of approximately 40 kg (88 lbs) following 

bariatric surgery is likely to reverse cardiac remodeling in obese patients without established HF 

(224). Well-designed randomized controlled trials (RCTs) are needed to examine the effect of 

weight loss safety and effectiveness among patients with HF, which has been emphasized by the 

Heart Failure Society of American Scientific Statement Committee (193). 

Nutrition in the Treatment of Heart Failure 

Sodium Restriction 

Dietary sodium restriction is widely recommended for cardiovascular disease prevention 

based on evidence showing correlations among dietary sodium intake, hypertension, end-organ 

damage, and mortality (225, 226). In addition, human clinical studies demonstrated reduced 

blood pressure among normotensive and hypertensive populations after dietary sodium 

restriction (225). However, mechanisms explaining the differential effects of sodium restriction 

on outcomes in patients with and without HF are currently unclear. Currently, there is no 

consensus among experts on the exact level of dietary sodium restriction to be used in HF (≤ 

1,500-3,000 mg/day), and evidence quality ratings used in clinical guidelines show weak 

evidence support for such recommendation (36, 38, 188-191, 227-229). Randomized controlled 

trials showed that among hospitalized HF patients with impaired ejection fraction, blood pressure 
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and heart rate were improved as a result of sodium restriction; however, congestion symptoms, 

the rate of hospital (re)admissions, and mortality were not changed (230-232). Among 

community-dwelling HF patients receiving outpatient care, RCTs were inconclusive regarding 

changes in the severity of HF symptoms, as assessed by the NYHA functional class, and health-

related quality of life, as assessed by the Kansas City Cardiomyopathy Questionnaire (KCCQ), 

when comparing levels of sodium intake (230). One hypothesis opposing sodium restriction in 

HF may be that decreased dietary sodium intake leads to low cardiac output, stroke volume, and 

renal perfusion, which subsequently increases neurohormonal activation (e.g., BNP, angiotensin 

II, aldosterone, plasma renin activity), proinflammatory cytokine levels (e.g., TNF-α and IL-6), 

and a reduction of anti-inflammatory cytokines (e.g., interleukin-10), resulting in cardiac 

remodeling, decompensation, and (re)admission (233, 234). Due to the weak evidence base 

supporting sodium restriction among HF patients, the ACC/AHA guideline for the management 

of HF downgraded the level of evidence for the sodium intake recommendation from class I 

(235) to class IIa (188). Other international guidelines categorize sodium intake 

recommendations as supported by low or limited levels of evidence (38, 189-191, 227-229), 

while the European Society of Cardiology guideline no longer recommends dietary sodium 

restriction (36). Adequately powered RCTs are needed to improve our understanding of the 

physiological effects of dietary sodium restriction on HF outcomes. Such studies should be 

stratified by subtype of HF (e.g., HFrEF vs. HFpEF), disease severity (e.g., NYHA class), HF-

related comorbidities (e.g., diabetes and renal disease), and other patient characteristics (e.g., 

demographic, sodium-sensitivity) (188). Sodium restriction may not be the best therapeutic 

lifestyle target after all, because observational evidence shows poor diet quality, including 

inadequate intakes of energy, protein, fat, carbohydrate, thiamin, calcium, and zinc, among HF 
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patients with low dietary sodium intake (155, 236). Mechanistically, high blood pressure, a 

contributing factor to HF pathophysiology, may be negatively affected by sodium density in 

relation to energy intake, especially among non-obese individuals (237). Lastly, recent interest 

has shifted away from focusing on the single micronutrient sodium and towards understanding 

the influence of the dietary pattern consumption, in the context of nutritional status, on HF 

outcomes. This approach is supported by the Academy of Nutrition and Dietetics evidence-based 

practice guideline which recommends individualized sodium restriction within the range of 

2,000-3,000 mg/day for the dietary management of HFrEF (229). 

Dietary Patterns 

Plant-Based Diet 

A significant amount of research supports the association between the consumption of 

plant-based diets and the prevention of obesity, hypertension, diabetes, and heart disease (238-

240). A typical plant-based diet is rich in plant origin foods, including fruits, vegetables, whole 

grains, and nuts, while allowing limited intake of animal products (241). Observational and 

interventional studies found that plant-based diets may prevent new-onset HF (242-247). The 

REasons for Geographic and Racial Differences in Stroke (REGARDS) prospective cohort 

study, which had a median follow-up of 8.7 years and collected data on over 16,000 participants 

without prior history of coronary artery disease and HF, showed that individuals with the highest 

plant-based diet adherence, in comparison to individuals with the lowest plant-based diet 

adherence, reduced their risk of new-onset HF by 40% (242). In addition, the Swedish 

Mammography Cohort study, a population-based prospective cohort study with a mean follow- 

up of 12.9 years in over 34,000 women with no prior history of cancer and cardiovascular 

diseases, showed that greater consumption of fruits and vegetables was associated with a 20% 
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reduction in new-onset HF (243). In interventional trials conducted in patients at risk of new-

onset HF, participants who consumed a plant-based diet that emphasized increased intake of 

complex carbohydrates and reduced intake of fat and animal-based protein along with other 

means of lifestyle modification (e.g., exercise and stress management) significantly reduced 

BMI, blood pressure, clinical biomarkers (e.g., total cholesterol, low-density lipoprotein-

cholesterol, apoprotein B, c-reactive protein, and insulin) and improved on the frequency of 

cardiac events (e.g., angina, needs of revascularization), physical functional capacity, LVEF, and 

quality of life (244-247). 

Although clinical feeding trials using plant-based diets as a treatment modality for 

patients with established HF are limited, several case report studies showed potential health 

benefits as a result of the diets. In patients with HFrEF (LVEF 20-35%), consuming a plant-

based diet emphasizing increased consumption of whole foods and reduction of fat intake while 

eliminating consumption of animal products improved cardiac performance and function, 

including increased LVEF, stroke volume, lumen diameter at the left anterior descending 

coronary artery ostial stenosis lesion, and decreased left ventricular mass (248-250). In addition, 

these patients showed improvement in physical function capacity, glucose homeostasis, and 

adiposity (248, 249). 

Dietary Approaches to Stop Hypertension Diet 

The DASH diet is an example of a heart healthy, low-saturated fat diet with emphasis on 

vegetable, fruit, whole grain, nut, seafood, poultry, and low-fat dairy product intake. It limits 

intake of red and processed meat, sugars, and processed foods and limits daily sodium 

consumption to less than 2,300 mg or 1,500 mg (low sodium)/day (251). The DASH diet has 

shown to lead to reductions in blood pressure comparable to medication therapy in adults who 
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were not taking antihypertensive medications and had average systolic and diastolic blood 

pressures of 160 mmHg and 80–90 mmHg, respectively (252). Moreover, meta-analyses of 

prospective cohort studies suggest a significant inverse relationship between the consumption of 

a DASH diet and the incidence of diabetes, cardiovascular disease, coronary heart disease, and 

stroke, as well as reduced risks of all-cause, cardiovascular-, and cancer-specific mortality 

among healthy populations (253, 254). In addition, meta-analyses of RCTs found individuals 

who are consuming a DASH diet to have significantly lowered systolic and diastolic blood 

pressure, total cholesterol, low-density lipoprotein, CRP, and insulin levels (102, 255, 256). Most 

importantly, DASH diet consumption has shown promising effects on HF-related 

pathophysiological mechanisms, quality of life, and mortality in patients with established HF 

(257-262). The Women’s Health Initiative, a prospective cohort study with a median follow-up 

of 4.6 years, showed a 16% reduction in mortality among women with HF who consumed diets 

closest to the DASH diet pattern in comparison to those with the least adherence to the DASH 

diet pattern (257). Beneficial effects of DASH diet consumption on HF outcomes were reported 

in clinical trials as well. The Dietary Approaches to Stop Hypertension in Diastolic Heart Failure 

(DASH-DHF) pilot study tested the effects of consuming a DASH diet for 21 days on HF 

outcomes among 13 HFpEF patients. Consumption of a DASH diet for 21 days was associated 

with improvements in systolic and diastolic blood pressure, diastolic function, left ventricular 

and arterial system, oxidative stress, and cardiac energy metabolism (258-260). A RCT among 

48 HF patients with NYHA functional classes I–III and left ventricular systolic or diastolic 

dysfunction demonstrated that patients who received the DASH diet intervention for 3 months 

improved exercise tolerance, as assessed by the six-minute walk test, and quality of life, as 

assessed by the Minnesota Living with Heart Failure Questionnaire, compared to those in a 
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control group (261). Although the Geriatric OUt-of-hospital Randomized MEal Trial in Heart 

Failure (GOURMET-HF), a randomized controlled feeding trial using home delivery of sodium-

restricted DASH meals, showed only trends towards improvements in quality of life and 30-day 

HF hospital readmissions between the DASH diet and usual care groups after 12 weeks of 

intervention, the authors acknowledged limitations in statistical power and difficulties with the 

recruitment of this study population (262). Given these promising results on HF risk factors and 

outcomes, larger, better-powered studies are needed. 

Mediterranean Diet 

Limited evidence suggests that the Mediterranean diet may improve HF prognosis among 

HF patients. The Mediterranean diet is characterized by high intakes of fruit, olive oil, and nuts; 

moderate intake of poultry and fatty fish; and limited intakes of alcohol, red and processed 

meats, dairy products, and sweets (263). The diet has been associated with a lower risk of 

cardiovascular events, including new-onset HF and HF mortality, among healthy (264) and high-

risk populations (265). Among patients with established HF, the only available data stem from 

Women’s Health Initiative data which showed that higher adherence to a Mediterranean diet was 

associated with a reduced risk of mortality among women with HF. However, the results were no 

longer statistically significant after adjusting for further covariates in their final model (257). 

Nutritional Supplementation 

Nutritional supplementation likely plays an important role in managing malnutrition and 

micronutrient deficiencies in HF patients; however, effective nutritional supplementation 

strategies are not well supported by the current literature (194, 266). Evidence from a meta-

analysis of 5 RCTs in malnourished HF patients suggests some improvement of nutritional status 

and rates of hospital (re)admissions and mortality as a result of nutritional supplementation 
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(266). However, the included studies represented low- to moderate-quality evidence with small 

sample sizes and short follow-up periods. Moreover, the included studies used diverse HF 

populations (e.g., inpatient vs. outpatient), outcomes (e.g., anthropometric measurement, 

physical function, quality of life, (re)admission, or mortality), and nutritional supplementation 

strategies, such as oral nutritional supplements (ONS) with or without specific amino acids (e.g., 

branched-chain amino acids), the combination of conventional treatment and personalized 

nutritional intervention (diet optimization, specific nutritional recommendations, and ONS when 

needed), or the combination of ONS and resistance exercise. The need for more robust evidence 

to fill this knowledge gap has been emphasized by experts at the National Institutes of Health 

National Heart, Lung, and Blood Institute and the Office of Dietary Supplements (267). 

Future Research 

Large clinical feeding trials are needed to fill gaps in our understanding of nutrition as a 

treatment modality in HF, particularly while considering different etiologies (ischemic vs. non-

ischemic), subtypes (HFrEF vs. HFpEF), and comorbidities, and within the context of 

pharmacotherapy. These trials are best conducted within the infrastructure of Clinical and 

Translational Science Alliances (CTSAs) which may be able to overcome the unique challenges 

associated with the recruitment and enrollment of elderly HF patients while facilitating 

innovative clinical and translational research across the USA. The 60 currently existing CTSA 

hubs are sponsored by the National Institutes of Health National Center for Advancing 

Translational Sciences and provide networks that foster essential infrastructure for and 

innovation in training and research to promote meaningful clinical and translational research 

(268). 
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Conclusion 

Malnutrition and nutrition imbalances are common among HF patients because of 

complex pathophysiological mechanisms related to HF progression and medication therapy, 

which are predisposing patients to poor HF prognosis with significant morbidity and mortality. 

In the absence of high-quality evidence addressing poor HF outcomes in the context of 

nutritional imbalances, current dietary guidance for HF management places emphasis on sodium 

and fluid restriction alone; a recommendation that has recently been challenged due to 

effectiveness and safety concerns. Limited, yet promising clinical studies support a beneficial 

impact of plant-based and DASH dietary patterns on HF-related health outcomes, including 

hospital (re)admissions and mortality. 

Gaps in Current Research on Diabetes Management in Heart Failure Patients 

Adequate diabetes prevention and management strategies among HF patients are essential 

for safe and effective HF treatment aimed at improving HF prognosis and outcomes; however, 

there are several gaps in knowledge in this area. Previously reported prevalence data of HF 

patients with diagnosed and undiagnosed type 2 diabetes were limited to the inclusion of in- and 

outpatient HF patients of predominantly non-Hispanic white ethnicity, therefore limiting the 

generalizability of results to US adults (17-23). Prevalence and trends analysis of type 2 diabetes 

among HF patients in a nationally representative sample of community-dwelling individuals may 

help to recognize the severity and unmet needs of the population in question. In addition, 

previous evidence has questioned use of FPG and HbA1c to identify type 2 diabetes in patients 

with HF (82). Examining the adequacy of guideline-recommended clinical parameters for the 

diagnosis of diabetes for HF patients and the degree of discordance among diagnostic diabetes 

measures in this population may help in determining the need for clinical guidance specific to 
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HF patients and may therefore assist in improved early identification of type 2 diabetes in 

patients with HF. Finally, given that patients with coexisting HF and type 2 diabetes have 

increased risks of morbidity and mortality in comparison to patients with HF alone (9), cost-

effective strategies to prevent or delay new-onset type 2 diabetes in HF patients are warranted. 

The ADA recommends the DASH diet as an example of healthy dietary pattens to prevent the 

development of type 2 diabetes (269), which has shown to improve insulin resistance in 

individuals without established HF in clinical trials (28-30). Compared to individuals without 

HF, HF patients suffer from multiple comorbidities, including neurohormonal abnormalities, 

metabolic, and immunological abnormalities (6), which may affect the way the DASH diet 

impacts HF and/or diabetes outcomes among HF patients. Therefore, it is currently unclear 

whether adherence to the DASH diet shows similar effects on insulin resistance among HF 

patients as observed among non-HF patients. A better understanding of associations of DASH 

diet consumption with insulin resistance in patients with HF may provide further evidence on 

beneficial effects of the prevention of diabetes among HF patients. 

Summary 

Heart failure patients are at high risk of developing new-onset type 2 diabetes. HF 

pathophysiology promotes insulin resistance and the development of type 2 diabetes, and 

coexistence of the two conditions has shown to be associated with increased hospitalization rates, 

mortality, and healthcare expenditures over those with HF alone. There is limited knowledge 

regarding epidemiology of diabetes and diabetes prevention in HF patients. Raised awareness of 

the clinical implications of the coexisting conditions is important to promote early identification 

and prevention of type 2 diabetes among HF patients and to understand the role healthy nutrition 

plays in the prevention of diabetes among HF patients. This dissertation 1) examined the 
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prevalence of type 2 diabetes and prediabetes in U.S. community-dwelling adults with HF, 2) 

compared guideline-recommended diagnostic methods for diabetes among U.S. community-

dwelling adults with HF, and 3) explored the association between the DASH diet adherence and 

the severity of insulin resistance among U.S. community-dwelling HF patients without diabetes. 
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Abstract 

Aims 

This study estimated national prevalence and trends of diagnosed and undiagnosed type 2 

diabetes mellitus (T2DM) and prediabetes among heart failure (HF) patients in the U.S. 

Methods 

This cross-sectional study included 527 participants aged 20+ years with a diagnosis of HF, 

using data from the National Health and Nutrition Examination Survey 2005-2016. We assessed 

prevalence estimates of diagnosed and undiagnosed T2DM, and prediabetes stratified by age-

standardized sociodemographic and health characteristics. Trends of T2DM and prediabetes 

prevalence were examined using logistic regressions. 

Results 

Over 85% of participants showed signs of hyperglycemia. Prevalence rates of diagnosed and 

undiagnosed T2DM among HF patients were 34.7% (95% confidence interval (CI), 29.2-40.3%) 

and 12.8% (95% CI, 9.2-16.9%), respectively. Prediabetes affected 39.1% (95% CI, 33.6-44.9%) 

of HF patients. Prevalence estimates of diagnosed T2DM were significantly different between 

non-Hispanic whites (20.1% [95% CI, 13.5-27.6%]) and Hispanics (52.1% [95% CI, 35.9-

68.0%]) (P < 0.001). The prevalence of T2DM and prediabetes did not significantly change 

between 2005 and 2016. 

Conclusions 

Prevalence rates of T2DM and prediabetes among community-dwelling HF patients in the U.S. 

remained high between 2005 and 2016. Prevention of and targeted intervention for T2DM 

among at-risk HF patients is needed, particularly among those of Hispanic origin.  
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Introduction 

Scientific statements published recently by the Heart Failure Association of the European 

Society of Cardiology and the American Heart Association and Heart Failure Society of America 

emphasize the need to better understand the epidemiology, prevention, and management of 

coexisting heart failure (HF) and type 2 diabetes mellitus (T2DM) (6, 7). 

Patients with coexisting T2DM and HF have particularly poor patient outcomes and 

accrue significantly higher healthcare costs compared to patients with either of the two 

conditions alone (270, 271). Heart failure pathophysiology gives rise to metabolic impairments 

and insulin resistance, resulting in abnormally high incidence rates of T2DM in this population 

(272, 273). A meta-analysis of 38,000+ patients with acute and chronic HF showed that the 

presence of T2DM was an independent risk factor of increased all-cause mortality, 

cardiovascular mortality, and hospitalizations (8). Previous prevalence rates of T2DM among HF 

patients from clinical trials and registries have been estimated from selected in- and outpatient 

populations and ranged between 10% and 47% (6, 7). Only few studies have provided prevalence 

and trend estimates of T2DM among HF patients using population-based data (17-23); however, 

these studies included predominantly non-Hispanic white majority populations, therefore 

limiting the generalizability of results. Currently, no nationally representative data exists on the 

magnitude and temporal trends of T2DM among HF patients, nor on the sociodemographic and 

health characteristics of at-risk patients. Given the shared pathophysiology between HF and 

T2DM and the potential for synergistic treatment approaches, such information is essential for 

the development of targeted clinical guidance for the management of both coexisting conditions. 

The primary objective of this study was to assess the prevalence and trends of T2DM 

(total, diagnosed, and undiagnosed) and prediabetes among U.S. community-dwelling HF 
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patients using data from the National Health and Nutrition Examination Survey (NHANES) 

2005-2006 to 2015-2016 cycles. Sociodemographic and health characteristics associated with 

T2DM, and prediabetes were examined. 

Methods 

Study Design and Population 

The NHANES uses a multistage, stratified sampling design to recruit a nationally 

representative sample of the U.S. civilian, non-institutionalized population. The survey design 

and sampling methods have been described in detail elsewhere (274-276). The NHANES is an 

ongoing survey that collects publicly available data through in-home interviews and visits to a 

mobile examination center (MEC) in 2-year cycles. This study employed a secondary analysis of 

NHANES data using a cross-sectional design and used data obtained from survey cycles between 

2005 and 2016. 

The analytic sample included U.S. adults aged 20+ years with a self-reported physician 

diagnosis of HF who were randomly selected for the MEC fasting morning session based on 

NHANES sample design procedures (Appendix A.1). Participants selected for the MEC morning 

session were therefore representative of the entire sample (274-276). We only included 

participants who were randomly selected to attend the MEC morning session because of the 

availability of clinical parameters for fasting plasma glucose (FPG) and 2-hour plasma glucose 

(2hPG) after oral glucose tolerance test (OGTT). We did not observe differences in 

sociodemographic and health characteristics between participants aged 20+ years with HF who 

attended the MEC morning session and those who did not (Appendix A.2). The prevalence of HF 

among participants aged 20+ years who attended the MEC morning session was 2.6% (95% 

confidence interval [CI], 2.3-2.9%), which is comparable to prevalence estimates of HF in the 
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U.S. (2.2%) (3). Participants were excluded from the analyses if they 1) reported pregnancy (n = 

2), 2) had missing data on self-reported physician diagnosis of diabetes (n = 0), 3) had 

incomplete data on diagnostic measures for diabetes unless they had a previous diagnosis of 

T2DM (n = 17), or if they 5) had type 1 diabetes mellitus (n = 4).  

Data Collection 

A standardized questionnaire was used to collect self-reported information, including 

sociodemographic and medical information. Participants’ medication history was collected at in-

home interviews (277). Sociodemographic information included age (≤ 64 or ≥ 65 years), gender 

(female or male), race/ethnicity (non-Hispanic white, non-Hispanic black, all Hispanic, or other), 

education level (< high school, high school graduate, or ≥ high school), and poverty income ratio 

(≤ 1.30, 1.31-3.50, or ≥ 3.51). Information on participants’ medical history included history of 

heart disease (angina, coronary heart disease, myocardial infarction), hypertension, stroke, 

hospitalization(s) in the past 12 months (yes/no), and duration of HF (0-5 or 6+ years). 

Information on HF medication use included angiotensin-converting enzyme inhibitors, 

angiotensin II receptor blockers, beta blockers, loop diuretics, and nitrates and vasodilators. A 

self-reported physician diagnosis of HF was confirmed if participants answered affirmatively to 

the question: “Has a doctor or other health professional ever told you that you had congestive 

heart failure?” Further details about the data collection methods have been described elsewhere 

(277).  

Clinical data in NHANES were collected using a standardized protocol at the MEC. 

Hemoglobin A1c (HbA1c) was measured in whole blood samples using instruments certified by 

the National Glycohemoglobin Standardization Program and standardized to the reference 

method used in the Diabetes Control and Complication Trials (278). Fasting plasma glucose 
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concentrations were measured and OGTT results were conducted in all participants aged 12+ 

years, who were randomly selected for the morning fasting examination, following a 9-hour fast. 

The values of FPG and 2hPG were calibrated to make them comparable throughout survey 

cycles, as recommended by the National Center for Health Statistics (NCHS) (279).  

Type 2 Diabetes Mellitus and Prediabetes  

Diagnosed T2DM was defined by self-report of a previous physician diagnosis. 

Undiagnosed T2DM was defined by the absence of a previous physician diagnosis and the 

presence of ≥ 1 of 3 of the following American Diabetes Association diagnostic criteria: 1) 2hPG 

after OGTT ≥ 11.1 mmol/L (200 mg/dL), 2) HbA1c ≥ 48 mmol/mol (6.5%), 3) FPG ≥ 7.0 

mmol/L (126 mg/dL). This definition was consistent with a previous study assessing prevalence 

estimates of undiagnosed T2DM in the U.S. general population (280). Total T2DM was defined 

as having diagnosed or undiagnosed T2DM. Prediabetes was defined by the absence of T2DM 

and the presence of ≥ 1 of 3 of the following American Diabetes Association diagnostic criteria: 

1) 2hPG after OGTT of 7.8-11.0 mmol/L (140-199 mg/dL), 2) HbA1c of 42-47 mmol/mol (5.7-

6.4%), 3) FPG of 6.1-6.9 mmol/L (100-125 mg/dL) (281). Individuals without a previous 

diagnosis of diabetes who did not meet these criteria were defined as not having diabetes. 

Individuals with type 1 diabetes were identified for exclusion if all of the following criteria were 

met: 1) diabetes diagnosis at age < 30 years, 2) current insulin use, and 3) starting insulin 

treatment within one year of diagnosis. This classification algorithm provided reliable estimates 

of the type 1 diabetes prevalence in the U.S. in a previous study (282).  

Statistical Analysis  

Survey analysis procedures with appropriately applied sample weights were used to 

account for the complex, multistage, probability sampling design and to produce nationally 
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representative estimates of the U.S. civilian, non-institutionalized population. Participant 

characteristics were summarized using means and standard errors (SE) for continuous variables 

with normal distribution, median and interquartile ranges for continuous variables with non-

normal distribution, and percentages for categorical variables. Differences in participant 

characteristics among the T2DM category groups were examined using the survey-weighted 

general linear models for continuous variables and Rao-Scott F adjusted chi-square tests for 

categorical variables.  

The prevalence of total, diagnosed, and undiagnosed T2DM, and prediabetes in 

participants with HF from the NHANES 2005-2016 cycles was calculated and stratified by age, 

gender, race/ethnicity, education level, and poverty income ratio. Combining 6 NHANES cycles 

increased the reliability of the prevalence estimates by increasing the sample size. The results of 

the overall prevalence without stratification and age group strata were unstandardized, while the 

other stratified estimates were age-standardized using appropriate weights for age groups 

according to the 2000 Census data (20-44 years, weight, 0.5113; 45-64 years, weight, 0.3114; 

≥65 years, weight, 0.1772). This was to enable comparisons within the stratification independent 

of age. Standard errors were calculated using the Taylor series method, and the corresponding 

95% confidence limits were calculated using the arcsine transformation, as recommended by the 

NCHS (283, 284). The overall differences in prevalence by and within strata were examined by 

survey-weighted general linear models. Linear trends of the prevalence of T2DM and 

prediabetes were examined using each survey cycle as a continuous variable in logistic 

regressions. It was not necessary to impute missing values according to NHANES analytic 

guidelines since no variables had > 11% of missing data (283, 284). Further, NHANES analytic 
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guidelines consider a relative standard error (RSE) of ≤ 30% as statistically reliable, even when 

the sample size is small (283).  

All statistical tests were 2-sided, and P-values of < 0.05 were considered statistically 

significant. P-values were adjusted by Bonferroni correction for multiple testing. All statistical 

analyses were performed using SAS version 9.4 (SAS Institute, Cary NC).  

Results 

Characteristics of the Analytic Sample 

A total of 527 U.S. adults with self-reported HF diagnosis were included in the analyses 

(n = 218 with diagnosed T2DM, n = 66 with undiagnosed T2DM, n = 175 with prediabetes, and 

n = 68 without diabetes). Among participants with HF and diagnosed T2DM, n = 134 were 

further classified as having had (pre-existing) T2DM prior to a HF diagnosis (data not shown). 

Descriptive characteristics of the analytic sample are presented in Table 3.1. On average, the 

analytic sample was older (mean age in years ± SE: 65.7 ± 0.8), non-Hispanic white (71.5%), 

and obese (31.4 ± 0.6 kg/m2). The median length of HF duration since initial diagnosis was 7 

years (IQR, 2-12 years). There were significant differences in sociodemographic and medical 

characteristics across participants with diagnosed, undiagnosed T2DM, prediabetes, and without 

diabetes. In comparison to participants without diabetes, the mean (± SE) age of individuals with 

T2DM or prediabetes was higher (diagnosed T2DM [mean age in years ± SE]: 67.2 ± 1.0, 

undiagnosed T2DM: 69.3 ± 1.4, prediabetes: 65.6 ± 1.4, no diabetes: 59.1 ± 2.6, respectively; P 

= 0.006). In addition, individuals with T2DM or prediabetes were more likely obese (body mass 

index [BMI]: 33.8 ± 0.7 kg/m2, 31.3 ± 0.9 kg/m2, 31.3 ± 0.9 kg/m2, and 26.0 ± 0.6 kg/m2, 

respectively; P < 0.001) and had higher systolic blood pressure (133.7 ± 1.6 mm Hg, 130.1 ± 4.3 

mm Hg, 128.6 ± 2.2 mm Hg, and 122.3 ± 2.5 mm Hg, respectively; P = 0.006). Compared to 
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participants without diabetes, those with T2DM or prediabetes were more likely to have chronic 

kidney disease (CKD; diagnosed T2DM: 45.2%, undiagnosed T2DM: 43.1%, prediabetes: 

41.2%, no diabetes: 19.6%, respectively; P = 0.019), to have hypertension (88.0%, 72.3%, 

79.9%, and 51.5%, respectively; P = 0.001), and to use angiotensin-converting enzyme inhibitors 

(40.1%, 37.9%, 43.4%, and 14.1%, respectively; P = 0.003), beta-blockers (63.7%, 71.5%, 

56.8%, and 34.9%, respectively; P = 0.005), and loop diuretics (51.8%, 60.0%, 37.4%, and 

18.2%, respectively; P < 0.001).  

Prevalence of Type 2 Diabetes Mellitus and Prediabetes among Community-dwelling Heart 

Failure Patients 

The prevalence of T2DM and prediabetes among community-dwelling HF patients 

during the 2005-2016 NHANES cycles is shown in Table 3.2. Prevalence estimates were 47.5% 

(95% CI, 42.3-52.7%) for total T2DM, 34.7% (95% CI, 29.2-40.3%) for diagnosed T2DM, 

12.8% (95% CI, 9.2-16.9%) for undiagnosed T2DM, and 39.1% (95% CI, 33.6-44.9%) for 

prediabetes. In addition, prevalence estimates were 22.4% (95% CI, 17.4-27.8%) for pre-existing 

T2DM (data are not shown in the table).  

Prevalence of Type 2 Diabetes Mellitus and Prediabetes among Community-dwelling Heart 

Failure Patients Stratified by Sociodemographic and Health Characteristics 

We found the prevalence of total T2DM to be significantly different across race/ethnicity 

groups. Prevalence estimates of total T2DM were 27.1% (95% CI, 20.1-34.7%) in non-Hispanic 

whites, 33.0% (95% CI, 20.8-46.5%) in non-Hispanic blacks, 62.5% (95% CI, 44.1-79.2%) in 

Hispanics, and 11.3% (95% CI, 8.6-14.3%) in other race/ethnicity groups, respectively (P < 

0.001). Compared to non-Hispanic white participants, the prevalence of total T2DM was 

significantly higher in Hispanics (P < 0.001) and lower in other race/ethnicity groups (P < 
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0.001). Similar trends were observed for the prevalence of diagnosed T2DM. Prevalence 

estimates of diagnosed T2DM were higher in Hispanics compared to non-Hispanic whites 

(52.1% [95% CI, 35.9-68.0%] and 20.1% [95% CI, 13.5-27.6%], respectively; P < 0.001). In 

non-Hispanic black participants in comparison to non-Hispanic white participants, the 

prevalence of total T2DM and diagnosed T2DM was 5.9% and 8.6% higher, respectively (P = 

0.439 and P = 0.237, respectively). No statistically significant differences were observed for the 

prevalence of total T2DM, diagnosed T2DM, undiagnosed T2DM, and prediabetes across age, 

gender, education level, and poverty income ratio groups (poverty income ratio data are not 

shown).  

 We found prevalence estimates of undiagnosed T2DM among HF patients without 

reported hospitalization in the past 12 months to be 2-fold higher compared to HF patients with 

at least one hospitalization in the past 12 months (9.1% [95% CI, 4.7-14.7%] and 4.5% [95% CI, 

2.3-7.3%], respectively; P = 0.118). In addition, the prevalence of total T2DM was significantly 

higher in HF patients who were obese compared to HF patients who were not obese (BMI < 

30kg/m2; 24.5% [95% CI, 14.7-35.9%] and 39.8% [95% CI, 30.8-49.1%], respectively; P = 

0.021). Similar findings were observed for the prevalence of diagnosed T2DM across BMI 

categories (18.9% [95% CI, 9.8-30.1%] and 30.9% [95% CI, 22.3-40.3%]; P = 0.078). We 

further found HF patients with a history of stroke to have significantly higher prevalence 

estimates of total T2DM and diagnosed T2DM than those without a history of stroke (total 

T2DM: 75.7% [95% CI, 65.2-84.8%] and 31.8% [95% CI, 24.5-39.5%], respectively; P < 0.001; 

diagnosed T2DM: 69.4% [95% CI, 60.3-77.7%] and 24.4% [95% CI, 18.0-31.5%], respectively; 

P < 0.001). Similarly, HF patients with a history of comorbidities, including CKD ≥ stage 3, 

heart disease, and hypertension showed 10+% higher prevalence estimates of total T2DM than 
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their counterparts (heart disease and hypertension data are not shown). No statistically significant 

differences were observed in the prevalence of total T2DM, diagnosed T2DM, undiagnosed 

T2DM, and prediabetes depending on the duration of HF.  

Trends of Type 2 Diabetes Mellitus and Prediabetes among Community-dwelling Heart Failure 

Patients 

Unweighted samples in individual NHANES cycles from 2005-2016 ranged from 70 to 

98 participants (Figure 3.1). The prevalence of total T2DM was consistently high between 2005-

2006 (43.8% [95% CI, 31.3-56.7%]) and 2015-2016 (45.3% [95% CI, 35.4-55.4%]; P = 0.373 

for linear trends). This persistent trend was identified for diagnosed T2DM (2005-2006, 31.3% 

[95% CI, 14.8-50.7%]; 2015-2016, 34.1% [95% CI, 22.6-46.6%]; P = 0.887), undiagnosed 

T2DM (2005-2006, 12.5% [95% CI, 2.4-28.7%], RSE > 30%; 2015-2016, 11.2% [95% CI, 4.8-

19.9%]), RSE > 30%; P = 0.402), and prediabetes (2005-2006, 39.0% [95% CI, 30.4-47.9%]; 

2015-2016, 47.3% [95% CI, 33.6-61.3%]; P = 0.439).  

Discussion 

In this nationally representative sample of community-dwelling HF patients in the U.S., 

over 85% of patients showed signs of hyperglycemia: 47.5% had diagnosed or undiagnosed 

T2DM, and an additional 39.1% had prediabetes. Across racial/ethnic groups, Hispanic 

participants showed prevalence rates of over 50% for total and diagnosed T2DM; these 

prevalence estimates were more than twice as high as in non-Hispanic white participants. 

Additionally, 1 in 10 Hispanic participants with HF had undiagnosed T2DM. Trends of T2DM 

and prediabetes prevalence estimates among community-dwelling HF patients remained high 

through the NHANES 2005-2006 to 2015-2016 cycles.  
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Compared to the general U.S. population, the present study shows prevalence estimates 

of undiagnosed, total, and diagnosed T2DM that were 2-, 3-, and 4-fold higher in U.S. 

community-dwelling HF patients when using the same data source and T2DM diagnostic 

methodology (280). These elevated prevalence estimates of T2DM among community-dwelling 

HF patients are plausible on the basis of pathophysiological mechanisms underlying the 

coexistence of these two conditions. While T2DM has traditionally been viewed as a risk factor 

for HF development due to diabetic or ischemic cardiomyopathy induced by hyperglycemia, 

insulin resistance, and hyperinsulinemia, growing clinical and observational evidence suggest a 

bidirectional relationship of the two chronic conditions (285, 286). Heart failure-induced 

pathophysiological mechanisms, including sympathetic nervous system activation, 

neurohormonal abnormalities, elevated proinflammatory cytokines production, and metabolic 

alterations, likely contribute to insulin resistance and consequently result in heightened risk for 

new-onset T2DM (89). Only 22.4% of HF patients in our sample had pre-existing T2DM. Based 

on this finding, acknowledging the possibility of a reverse order of etiology carries importance 

for adequately addressing existing gaps in the care of at-risk patients.  

While previously known predictors of T2DM among patients with HF, including elevated 

body mass index, diuretic therapy, and CKD (287), were confirmed by our study, we additionally 

discovered clinically useful information regarding sociodemographic and health characteristics 

associated with T2DM among HF patients. Knowledge of these characteristics will assist in 

better targeting at-risk HF patients in the U.S. in an attempt to reduce patient complications and 

healthcare costs. To our knowledge, this is the first study to find minority HF patients to be 

disproportionately burdened by T2DM. Participants of Hispanic origin showed prevalence 

estimates twice as high as non-Hispanic whites. In addition, prevalence estimates in non-
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Hispanic blacks were over 5% higher in comparison to non-Hispanic whites. The heightened 

prevalence of T2DM among minorities in our nationally representative sample of U.S. 

community-dwelling adults likely explains the higher prevalence rates observed in our sample, 

when compared to previous studies in Europe and the U.S. that did not have adequate 

representation from minority populations in their samples. Previous diabetes prevalence 

estimates ranged between 11.7% and 31.7% (17-23). The heightened burden of T2DM we 

observed in Hispanic and non-Hispanic black HF patients in the U.S. carries importance for 

clinical practice, because, compared to their non-Hispanic white counterparts, Hispanics and 

non-Hispanic blacks experience greater barriers to diabetes self-management and inferior quality 

of diabetes care, including examinations of glycemia, blood pressure, and microvascular 

functions, leading to higher rates of diabetes complications and mortality (288, 289).  

 One in ten community-dwelling HF patients in our study had undiagnosed T2DM. The 

high prevalence of undiagnosed T2DM observed in our nationally representative sample of 

community-dwelling HF patients in the U.S. may be explained by several factors. First, current 

HF guidelines place little emphasis on T2DM screening for HF patients without previously 

diagnosed T2DM, and T2DM may therefore be missed (1, 36). Second, 34% of discharged HF 

patients receive no routine follow-up for HF outpatient care, and only 43% of them visit a 

cardiologist during the first three years after hospital discharge, resulting in a lack of opportunity 

to screen HF patients for T2DM (290). Our results showed that HF patients with at least 1 

hospitalization in the past year showed much lower prevalence estimates of undiagnosed T2DM 

than those without hospitalization, suggesting that those who sought medical care may be more 

likely diagnosed. Given that previous studies show an increased risk of all-cause and 

cardiovascular mortality among HF patients with undiagnosed T2DM compared to those with 
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diagnosed T2DM, HF guidelines should emphasize the importance of routinely screening HF 

patients for T2DM and consider multidisciplinary approaches to managing HF comorbidities.  

Our study indicates that prevalence estimates of T2DM and prediabetes among U.S. 

community-dwelling HF patients remained at a high level between 2005 and 2016. These 

findings did not follow trends observed in the U.S. general population, which shows increasing 

trends of total and diagnosed diabetes between 1988 and 2012 (280). Among community-

dwelling HF patients, the Olmsted study showed that prevalence estimates of diabetes increased 

from 13% during 1979-1984 to 25% during 1995-1999 (P = 0.03 for trends) (17), and the 

Framingham Heart Study showed increases of 23.2% during 1985-1994, 31.7% during 1995-

2004, and 26.4% during 2005-2014 (results of trend analyses were not available) (18). The 

inconsistent results in prevalence trends over time may be attributed to the effect of racial and 

ethnic differences on survival of patients with HF, where the overall survival after the onset of 

HF has improved in the non-Hispanic white majority population while minorities still show a 

higher 5-year mortality rate (5, 49). Therefore, previous prevalence estimates of T2DM among 

HF patients in the non-Hispanic white majority population may demonstrate its increasing 

trends, whereas the current prevalence estimates of T2DM in our nationally representative 

sample of community-dwelling HF patients with adequate representation of minorities may show 

a more consistent trend of prevalence estimates over time.  

This study has several limitations. Our study showed high standard errors with relatively 

wide confidence intervals due to the small raw sample size of eligible participants with HF due 

to the low overall prevalence of HF in the U.S. non-institutionalized population (2.6%, 95% CI 

2.3-2.9%). However, most prevalence estimates had corresponding RSEs ≤ 30%, which indicate 

statistical reliability. Although more than 600 participants were excluded from our analyses due 
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to not being selected for the morning MEC visit, the potential for selection bias should be 

considered minimal, because the MEC sessions were randomly assigned to participants 

according to NHANES sample design procedures. Appropriate sample weights for those, who 

attended the MEC morning session, were applied to our estimates in order to account for the 

complex, multistage, probability sampling design. Moreover, there was no difference in 

sociodemographic characteristics between participants aged 20+ years with HF who attended the 

MEC morning session and those who did not, which further supports that a potential selection 

bias was minimized. In addition, participants with undiagnosed T2DM were identified based on 

a single measurement of FPG, HbA1c, and 2hPG after OGTT following the NHANES protocol, 

which can potentially cause misclassification due to within-person variation and may 

consequently over- or under-estimate its prevalence (281). Repeated measurements are 

recommended to confirm T2DM and would provide a more accurate prevalence estimate of 

undiagnosed and total T2DM among community-dwelling HF patients. Despite these limitations, 

this study has high generalizability to community-dwelling HF patients in the U.S. civilian, non-

institutionalized population, and provides valuable epidemiological information for healthcare 

providers. 

 In a nationally representative sample of U.S. community-dwelling HF patients, 

prevalence estimates of T2DM and prediabetes were persistently high over the past decade. 

Prevalence estimates of diagnosed or undiagnosed T2DM were more than twice as high in 

Hispanic than in non-Hispanic white patients. These substantially high prevalence estimates of 

T2DM and prediabetes among community-dwelling HF patients in the U.S. highlight the need to 

implement screening strategies and to develop targeted interventions to address T2DM, 

especially in Hispanic patients with HF.
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Table 3.1. Sociodemographic and Medical Characteristics of U.S. Adults with Heart Failure across Type 2 Diabetes Mellitus Categories 
 

Total 
Diagnosed 

T2DM 

Undiagnosed 

T2DM 
Prediabetes No Diabetes 

 

  

  (n=527) (n=218) (n=66) (n=175) (n=68) P Valuea 

Sociodemographic Characteristics       

Age, mean (SE) 65.7 (0.8) 67.2 (1.0) 69.3 (1.4) 65.6 (1.4) 59.1 (2.6) 0.006 

Female, No. (Weighted, %) 245 (49.4) 107 (52.8) 27 (42.8) 78 (48.3) 33 (49.8) 0.790 

Race/Ethnicity, No. (Weighted, %)            

  Non-Hispanic White 280 (71.5) 97 (63.5) 40 (81.2) 104 (76.4) 39 (68.7) 

0.093 
  Non-Hispanic Black 128 (14.7) 64 (18.9) 14 (9.0) 35 (12.8) 15 (15.2) 

  All Hispanic 93 (8.5) 49 (12.8) 10 (7.7) 25 (4.9) 9 (8.9) 

  Other 26 (5.2)  8 (4.8) 2 (2.1) 11 (5.8) 5 (7.3) 

Education, No. (Weighted, %)b            

  <High School 209 (33.4) 98 (38.7) 23 (27.6) 59 (29.4) 29 (36.7) 

0.355   High School Graduate 124 (25.3) 48 (24.9) 21 (35.7) 40 (25.1) 15 (16.8) 

  >High School 193 (41.3) 71 (36.4) 22 (36.7) 76 (45.5) 24 (46.5) 

Poverty Income Ratio, No. (Weighted, %)b            

  ≤1.30 204 (35.3) 88 (40.1) 25 (28.9) 63 (32.6) 28 (37.4) 

0.805   1.31-3.50 191 (43.3) 79 (41.0) 21 (40.9) 68 (45.7) 23 (44.2) 

  ≥3.51 76 (21.4) 25 (18.9) 12 (30.2) 30 (21.7) 9 (18.4) 

Physical Examination and Laboratory Values             

Body Mass Index, mean (SE), kg/m2 31.4 (0.6) 33.8 (0.7) 31.3 (0.9) 31.3 (0.9) 26.0 (0.6) <0.001 

Systolic Blood Pressure, mean (SE), mm Hg 129.7 (1.2) 133.7 (1.6) 130.1 (4.3) 128.6 (2.2) 122.3 (2.5) 0.006 

Diastolic Blood Pressure, mean (SE), mm Hg 66.2 (0.7) 66.3 (1.0) 66.8 (2.0) 65.3 (1.2) 67.7 (1.2) 0.576 

eGFR < 60 mL/min/1.73m2, No. (Weighted, %) 207 (39.9) 93 (45.2) 26 (43.1) 74 (41.2) 14 (19.6) 0.019 

Medical History, No. (Weighted, %)        

Angina 110 (22.3) 43 (21.6) 19 (24.6) 36 (24.4) 12 (15.8) 0.688 

Coronary Heart Disease 188 (33.5) 77 (34.5) 27 (42.9) 61 (33.1) 23 (23.9) 0.374 

Myocardial Infarction 228 (42.6) 91 (39.6) 27 (45.4) 82 (48.9) 28 (29.7) 0.196 

Hypertension 426 (77.9) 187 (88.0) 53 (72.3) 142 (79.9) 44 (51.5) 0.001 

Stroke 116 (22.0) 54 (26.5) 17 (23.5) 31 (16.8) 14 (24.1) 0.456 

Duration of Heart Failure (Years)b            

  0-5 223 (43.5) 84 (42.1) 25 (37.1) 84 (48.0) 30 (39.8) 
0.549 

  6+ 293 (56.5) 129 (57.9) 38 (62.9) 89 (52.0) 37 (60.2) 
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Table 3.1. Sociodemographic and Medical Characteristics of U.S. Adults with Heart Failure across Type 2 Diabetes Mellitus Categories (Continue) 

Hospitalization in the Past 12 Monthsb             

  None 312 (63.0) 119 (63.3) 42 (63.6) 108 (62.6) 43 (62.8) 
0.999 

  1+ 214 (37.0) 98 (36.7) 24 (36.4) 67 (37.4) 25 (37.2) 

Medication Use, No. (Weighted, %)            

Angiotensin-converting Enzyme Inhibitors 195 (37.6) 91 (40.1) 21 (37.9) 70 (43.4) 13 (14.1) 0.003 

Angiotensin II Receptor Blockers 78 (13.0) 37 (17.5) 8 (9.9) 27 (12.8) 6 (4.7) 0.077 

Beta-blockers 314 (58.1) 140 (63.7) 41 (71.5) 105 (56.8) 28 (34.9) 0.005 

Loop Diuretics 228 (42.7) 113 (51.8) 33 (60.0) 68 (37.4) 14 (18.2) <0.001 

Nitrates and Vasodilators 101 (18.4) 46 (17.9) 9 (9.9) 30 (22.7) 16 (14.8) 0.239 
a P-value indicates significance of overall differences among T2DM category groups using survey-weighted general linear models for  

continuous variables and the Rao-Scott F adjusted chi-square tests for categorical variables.; b Raw counts did not sum to group total due to missing values; 

Abbreviations: eGFR, estimated glomerular filtration rate; SE, standard error; T2DM, type 2 diabetes mellitus. 
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Table 3.2. Weighted Type 2 Diabetes Mellitus and Prediabetes Prevalence per 100 Adults with Heart Failure in 

the U.S., 2005-2016 

    Total T2DM Diagnosed T2DM 
 Total No. of  Prevalence,  P  No. of  Prevalence,  P  

 No. Casesa % (95% CI)b Valuec Casesa % (95% CI)b Valuec 

Overall Prevalence 527 284 47.5 (42.3-52.7)   218 34.7 (29.2-40.3)   

Age Group (Years)            

  ≤ 64 203 102 42.1 (33.3-51.3) 
0.124 

83 33.0 (24.5-42.2) 
0.608 

  65+ 324 182 50.9 (44.7-57.0) 135 35.7 (29.4-42.3) 

Gender           

  Female 245 134 32.5 (22.5-43.3) 
0.746 

107 27.6 (17.5-38.9) 
0.753 

  Male 282 150 34.8 (24.6-45.8) 111 25.2 (15.9-35.7) 

Race/Ethnicity           

  NH White (Ref.) 280 137 27.1 (20.1-34.7) 

<0.001 

97 20.1 (13.5-27.6) 

<0.001 
  NH Black 128 78 33.0 (20.8-46.5) 64 28.7 (16.8-42.2) 

  All Hispanic 93 59 62.5 (44.1-79.2)d 49 52.1 (35.9-68.0)d 

  Others 26 10 11.3 (8.6-14.3)d 8 9.8 (6.6-13.5)d 

Education Level       
   

  < HS (Ref.) 209 121 31.5 (22.0-41.9) 

0.475 

98 26.1 (16.7-36.9) 

0.847   HS Graduate 124 69 39.4 (25.5-54.3) 48 28.8 (14.9-45.1) 

  > HS 193 93 32.2 (20.5-45.0) 71 26.0 (15.7-37.9) 

Duration of HF (Years)     
 

 

  0-5 223 109 34.3 (19.9-50.4) 
0.851 

84 27.2 (12.8-44.6)e 
0.610 

  6+ 293 167 36.1 (22.1-51.4) 129 22.3 (12.9-33.3) 

Hospitalization      
 

 

  None 312 161 36.7 (26.1-48.0) 
0.308 

119 27.6 (18.9-37.3) 
0.656 

  1+  214 122 29.4 (20.1-39.6) 98 24.9 (15.8-35.2) 

Body Mass Index      
 

 

  Not Obese 247 103 24.5 (14.7-35.9) 
0.021 

77 18.9 (9.8-30.1) 
0.078 

  Obese  255 161 39.8 (30.8-49.1) 131 30.9 (22.3-40.3) 

CKD ≥ Stage 3      
 

 

  No 296 143 31.7 (24.2-39.8) 
0.317 

104 24.2 (17.6-31.4) 
0.275 

  Yes 207 119 44.1 (22.0-67.5) 93 37.4 (16.4-61.2)e 

Stroke      
 

 

  No 409 211 31.8 (24.5-39.5) 
<0.001 

164 24.4 (18.0-31.5) 
<0.001 

  Yes 116 71 75.7 (65.2-84.8) 54 69.4 (60.3-77.7) 
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Table 3.2. Weighted Type 2 Diabetes Mellitus and Prediabetes Prevalence per 100 Adults with Heart Failure in 

the U.S., 2005-2016 (Continue) 

  Undiagnosed T2DM Prediabetes 
 No. of  Prevalence,  P  No. of  Prevalence,  P  

 Casesa % (95% CI)b Valuec Casesa % (95% CI)b Valuec 

Overall Prevalence 66 12.8 (9.2-16.9)   175 39.1 (33.6-44.9)   

Age Group (Years)  
       

  ≤ 64 19 9.1 (4.7-14.8) 
0.105 

64 38.7 (29.0-48.8) 
0.899 

  65+ 47 15.2 (10.2-20.9) 111 39.5 (32.5-46.6) 

Gender  
       

  Female 27 4.9 (2.5-8.0) 
0.171 

78 42.0 (24.6-60.5) 
0.927 

  Male 39 9.7 (4.6-16.3)e 97 41.0 (28.5-54.1) 

Race/Ethnicity  
       

  NH White (Ref.) 40 7.0 (4.1-10.7) 

0.089 

104 46.3 (29.0-64.1) 

0.039 
  NH Black 14 4.4 (1.9-7.7)e 35 39.9 (22.1-59.2) 

  All Hispanic 10 10.4 (3.0-21.6)e 25 19.2 (7.5-34.7)d,e 

  Others 2 1.5 (0.0-5.2)d,e 11 53.9 (25.4-81.1) 

Education Level  
       

  < HS (Ref.) 23 5.4 (3.0-8.4) 

0.264 

59 38.9 (22.5-56.7) 

0.762   HS Graduate 21 10.6 (5.7-16.9) 40 39.5 (22.0-58.4) 

  > HS 22 6.2 (1.8-12.9)e 76 44.0 (27.6-61.0) 

Duration of HF (Years)  
 

  
 

  0-5 25 7.2 (3.7-11.7) 
0.359 

84 41.0 (23.2-60.1) 
0.570 

  6+ 38 13.8 (3.3-29.9)e 89 48.9 (28.3-69.7) 

Hospitalization  
 

 
  

 

  None 42 9.1 (4.7-14.7) 
0.118 

108 42.7 (30.6-55.1) 
0.746 

  1+  24 4.5 (2.3-7.3) 67 39.3 (22.2-57.9) 

Body Mass Index  
 

 
  

 

  Not Obese 21 5.6 (2.9-9.1) 
0.343 

95 38.7 (19.4-60.1) 
0.611 

  Obese  30 8.8 (4.0-15.3)e 76 45.1 (33.2-57.3) 

CKD ≥ Stage 3  
 

 
  

 

  No 39 7.6 (4.5-11.4) 
0.827 

100 40.9 (30.0-52.2) 
0.900 

  Yes 26 6.7 (1.5-15.3)e 74 42.6 (20.0-66.9) 

Stroke  
 

 
  

 

  No 47 7.4 (4.2-11.3) 
0.720 

144 42.8 (32.3-53.6) 
<0.001 

  Yes 17 6.3 (2.6-11.5)e 31 17.4 (8.8-28.3) 

Obese was defined as body mass index ≥ 30 kg/m2. CKD ≥ Stage 3 was defined as estimated glomerular 

filtration rate < 60 mL/min/1.73m2.; a Unweighted total number of cases. Raw Counts did not sum to group total 

due to missing values.; b Overall and age group results are non-age-standardized. Gender, race/ethnicity, and 

poverty income ratio groups are age-standardized to the 2000 Census data.; c P-value indicates significance of 

overall differences in prevalence by strata.; d The prevalence is significantly different compared to the reference 

groups.; e Relative standard error > 30%.; Abbreviations: CI, confidence interval; CKD, chronic kidney disease; 

HF, heart failure; HS, high school; NH, non-Hispanic; Ref, reference; T2DM, type 2 diabetes mellitus. 
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Figure 3.1. Prevalence Trends in Type 2 Diabetes Mellitus and Prediabetes among Heart Failure Patients – Trend Estimates of Type 2 

Diabetes Mellitus (Total, Diagnosed, and Undiagnosed) and Prediabetes per 100 U.S. Adults with Heart Failure, 2005-2016 (P > 0.050 

for the Linear Trends). Superscript of “a” indicates relative standard error > 30%. Abbreviation: T2DM, type 2 diabetes mellitus.

 2005-2006 2007-2008 2009-2010 2011-2012 2013-2014 2015-2016 
P Value for 

Linear Trends 

Total T2DM 
43.8 

(31.3-56.7) 

54.8 

(43.2-66.1) 

55.8 

(38.7-72.1) 

46.1 

(31.9-60.7) 

42.0 

(34.5-49.6) 

45.3 

(35.4-55.4) 
0.373 

Diagnosed T2DM 
31.3 

(14.8-50.7) 

39.2 

(31.0-47.8) 

40.0 

(23.3-58.1) 

30.5 

(18.3-44.2) 

35.2 

(26.7-44.2) 

34.1 

(22.6-46.6) 
0.887 

Undiagnosed T2DM 
12.5 

(2.4-28.7)a 

15.6 

(7.1-26.5)a 

15.7 

(8.5-24.6) 

15.6 

(6.8-27.3)a 

6.7 

(3.3-11.3) 

11.2 

(4.8-19.9)a 
0.402 

Prediabetes 
39.0 

(30.4-47.9) 

36.6 

(27.0-46.8) 

34.3 

(20.1-50.1) 

42.1 

(27.7-57.3) 

34.5 

(21.3-49.1) 

47.3 

(33.6-61.3) 
0.439 
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Abstract 

Objective 

The use of hemoglobin A1c (HbA1c) to diagnose diabetes among cardiovascular disease patients 

has shown low sensitivity. The objective of the study was to compare the diagnostic performance 

of HbA1c, fasting plasma glucose (FPG), and two-hour plasma glucose (2hPG) among heart 

failure (HF) patients. 

Research Design and Methods 

We included 237 HF patients aged 20+ years without history of diabetes, using data from the 

National Health and Nutrition Examination Survey 2005-2016. Diagnostic diabetes criteria were 

based on the American Diabetes Association guidelines: (1) HbA1c ≥6.5%, (2) FPG ≥126 

mg/dL, and (3) 2hPG ≥200 mg/dL. The sensitivity, specificity, and Receiver Operating 

Characteristic (ROC) curves for HbA1c and FPG were examined against 2hPG as the reference 

method.  

Results 

Included participants had a mean age of 65±1 (SE) years, 45.5% were female, and 12.5% were 

non-Hispanic black. Among included participants, 50 patients (20.5%) met at least 1 of 3 clinical 

criteria for diabetes. 2hPG alone identified 70.5% of patients, whereas HbA1c alone identified 

only 27.0% of patients. Sensitivity and specificity using a HbA1c cutoff at ≥6.5% were 24.4% 

and 97.6%, respectively. The Youden’s J statistic for HbA1c was maximized at 6.1%. The area 

under the ROC curve of HbA1c against 2hPG was significantly lower compared to FPG (0.79, 

95% CI 0.70-0.88; 0.89, 95% CI 0.84-0.94, respectively; p=0.04).   
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Conclusions 

Blood glucose criteria are preferred over HbA1c when diagnosing diabetes among patients with 

HF. The recommended HbA1c cutoff should be lowered to 6.1% for HF patients when FPG or 

2hPG cannot be completed.   
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Introduction 

The progressive nature of heart failure (HF) pathophysiology, including the development 

of neurohormonal, metabolic, and immunological abnormalities, place HF patients at high risk 

for developing new-onset type 2 diabetes (7). Coexisting HF and diabetes, in comparison to HF 

alone, are associated with higher risks of all-cause and cardiovascular mortality and heart failure-

related hospitalizations (8). The risk of complications and mortality is particularly problematic 

for HF patients with coexisting undiagnosed diabetes, which affects up to 22% of HF patients 

(81). In a retrospective cohort study, the mortality risk of HF patients with undiagnosed diabetes 

was similar to the risk of HF patients with diagnosed diabetes although individuals with HF and 

undiagnosed diabetes demonstrated a lower overall cardiovascular risk profile, as shown by a 

lower prevalence of hypertension, dyslipidemia, peripheral vascular disease, and previous 

myocardial infarction (291). These findings suggest the need to routinely screen HF patients for 

the presence of type 2 diabetes which appears to be critical to improving HF prognoses. 

The American Diabetes Association (ADA) currently recommends a diagnosis of 

diabetes to be based on one or more of the following measures: 1) fasting plasma glucose (FPG) 

level ≥ 126 mg/dL, 2) two-hour plasma glucose (2hPG) after oral glucose tolerance test (OGTT) 

≥ 200 mg/dL, 3) hemoglobin A1c (HbA1c) value ≥ 6.5%, and 4) patients with classic symptoms 

of hyperglycemia, hyperglycemic crisis, or a random plasma glucose ≥ 200 mg/dL (292). The 

ADA states that these measures are equally appropriate for diagnostic screening (292). However, 

growing evidence in populations with cardiovascular diseases suggests that there is limited 

accordance among HbA1c, FPG, and 2hPG as diagnostic measures for diabetes. The European 

Action on Secondary Prevention through Intervention to Reduce Events (EUROASPIRE) IV 

study reported that, among 4,004 coronary artery disease patients with no history of diabetes, 
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1,158 patients were newly diagnosed with diabetes: FPG alone identified 75%, 2hPG identified 

40%, and HbA1c alone identified 17% of cases (24). Only 7% of cases were identified by all 

three methods (24). Observational studies in coronary artery disease and acute coronary 

syndrome patients with no history of diabetes showed that, using FPG ≥ 126mg/dL and/or 2hPG 

≥ 200 mg/dL as reference for diabetes diagnosis, the recommended HbA1c cutoff point for a 

diagnosis of diabetes (≥ 6.5%) had low sensitivity at 16-29% (25-27). In addition, the area under 

the curve (AUC) of the Receiver Operating Characteristic (ROC) curve of HbA1c for the 

identification of patients with diabetes ranged from 0.48 to 0.73, which indicated insufficient 

accuracy for diagnosing diabetes (25-27). Therefore, using HbA1c as diagnostic criterion alone 

likely falls short of correctly diagnosing new-onset type 2 diabetes in patients with 

cardiovascular diseases. 

Previous evidence on the potentially suboptimal performance of HbA1c among 

cardiovascular disease patients stems exclusively from populations with coronary artery disease 

and acute coronary syndrome (25-27). Compared to patients with coronary artery disease and 

acute coronary syndrome, however, patients with HF are more vulnerable to anemia due to 

impaired erythropoiesis in bone marrow (293), which is a known mechanism impairing the 

formation of hemoglobin and HbA1c. Consequently, HbA1c measurements are less reliable 

among patients with anemia (294-298). Given that anemia is present in about 30% of stable and 

about 50% of hospitalized HF patients and that it is more common among HF patients with 

diabetes (293), an investigation into the appropriateness of diabetes diagnostic methods in this 

population is warranted. 

This study aimed to compare the performance of current diagnostic methods for type 2 

diabetes among HF patients. A better understanding of the clinical performance of diabetes 
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diagnostic measures among HF patients will improve existing clinical guidance aimed at 

preventing complications in medically complex HF patients. 

Research Design and Methods 

Study Design and Population 

This cross-sectional study included data from National Health and Nutrition Examination 

Survey (NHANES) cycles between 2005 and 2016. The NHANES is an ongoing survey 

conducted since 1999 by the National Center for Health Statistics (NCHS) of the Centers for 

Disease Control Prevention, and uses a multistage, stratified sampling design to represent a 

nationally representative sample of the civilian, non-institutionalized population in the United 

States (274-276). The NHANES study protocols were approved by the research ethics boards of 

the NCHS, and all participants provided written informed consent before the data collection.  

The analytic sample included participants aged 20+ years with a self-reported physician-

diagnosis of HF. Participants were excluded if they 1) did not attend the Mobile Examination 

Center (MEC) morning session which is required for obtaining the fasting clinical parameters 

used in our analyses, 2) reported a self-reported physician-diagnosis of diabetes or diabetes 

medication use, because individuals with diabetes were excluded from OGTT data collection 

according to NHANES procedures (283), which has been described in previous studies (25-27), 

3) had incomplete data on HbA1c, FPG, and 2hPG after OGTT, or 4) if they were pregnant. Any 

potential for selection bias was minimized by applying appropriate sample weights in our 

analysis in order to account for the complex, multistage, probability sampling design (283). 

Data Collection 

The NHANES uses a standardized questionnaire which is implemented at in-home 

interviews to collect sociodemographic and medical information. Sociodemographic information 
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included in our study were age, gender, race/ethnicity, education level, and poverty income ratio. 

Information on participants’ medical history included angina, coronary heart disease, myocardial 

infarction, hypertension, stroke, duration of HF, need for dialysis, and hospitalization(s) in the 

past 12 months. Medication history information was collected at in-home interviews by brown 

bag medication review. In the present analyses, information on HF medication use included 

angiotensin-converting enzyme inhibitors (ACEi), angiotensin II receptor blockers (ARBs), beta-

blockers, loop diuretics, and hydroxymethylglutaryl (HMG) coenzyme A reductase inhibitors 

(“statins”). A self-reported physician diagnosis of HF was confirmed if participants answered 

“yes” to the question: “Has a doctor or other health professional ever told you that you had 

congestive heart failure?” Further details about the data collection methods have been described 

elsewhere (277). 

Anthropometric and clinical data were collected according to a standardized protocol at 

the MEC visits. Anemia was defined as hemoglobin levels < 13 g/dL for men and < 12 g/dL for 

women (299). Estimated glomerular filtration rates (eGFR) were calculated using the 

Modification of Diet in Renal Disease Study equation (300), and eGFR < 60 mL/min/1.73m2 

were categorized as chronic kidney disease (CKD). Assessment of HbA1c was performed using 

instruments certified by the National Glycohemoglobin Standardization Program and 

standardized to the reference method used in the Diabetes Control and Complication Trials. The 

calibration of HbA1c was not conducted in this study, as recommended by NCHS (279). 

Assessments of FPG and 2hPG were performed in all included participants following a 9-hour 

fast. After the initial blood specimen collection, participants were asked to drink a calibrated 

dose (75 grams) of glucose and plasma glucose was measured 2 hours (±15 minutes) later. The 

calibrations for FPG and 2hPG were performed using suggested regression equations by NCHS 
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since instruments and methods used for these assessments have changed over different survey 

cycles (301).  

Diagnostic Criteria for Diabetes  

Diagnostic criteria for diabetes were based on the ADA guideline (292), which defines a 

diagnosis of diabetes according to the following values: 1) HbA1c ≥ 6.5%, 2) FPG ≥ 126 mg/dL, 

and/or 3) 2hPG ≥ 200 mg/dL. Although the ADA guidelines recommend at least 2 abnormal test 

results, either from the same blood sample or from two separate blood samples, to confirm a 

diabetes diagnosis (292), a single measurement of HbA1c, FPG, and 2hPG following NHANES 

procedures is considered sufficient for the screening-yield comparison with these methods, as 

shown in previous studies (24-26, 302).  

Statistical Analysis 

Survey analysis procedures with appropriate sample weights were used to account for the 

complex, multistage, probability sampling design (e.g., oversampling, nonresponse, and 

noncoverage). Participant characteristics were summarized using means and standard errors (SE) 

for continuous variables with normal distribution, medians and interquartile ranges (IQR) for 

continuous variables with non-normal distribution, and percentages for categorical variables. The 

ability to diagnose diabetes with each of the 3 diagnostic methods at their respective cutoff 

points was measured by calculating sensitivity, specificity, positive predictive values (PPV), and 

negative predictive values (NPV), respectively. The Youden’s J statistic for optimal diagnostic 

cutoff points were calculated for HbA1c and FPG using the following equation: sensitivity + 

specificity – 1 (303). Cohen’s kappa coefficient was calculated to assess the interrater reliability 

between the respective diagnostic methods using the Jackknife variance estimation method. 

Receiver Operating Characteristic (ROC) curves were examined for the diagnosis of diabetes 



 

 67 

based on HbA1c against FPG (≥ 126 mg/dL) and HbA1c and FPG against 2hPG (≥ 200 mg/dL), 

respectively. The equivalence test for the AUCs of ROCs between HbA1c and FPG against 

2hPG was performed using the Chi-square tests (304). 

All statistical tests were 2-sided, and P values < 0.05 were considered statistically 

significant. All statistical analyses were performed using SAS version 9.4 (SAS Institute, Cary, 

NC, USA) and R statistical software version 3.6.2 (R Foundation for Statistical Computing, 

Vienna, Austria).  

Results 

A total of 1,154 NHANES participants met age and HF inclusion criteria. After excluding 

participants who did not attend the MEC morning session (n = 604), did not report a history of 

physician-diagnosis of diabetes or diabetes medication use (n = 230), had incomplete data on 

diagnostic measures for diabetes (n = 83), or were pregnant (n = 0), n = 237 participants were 

included into the analyses (Appendix B.1). The prevalence of HF among participants aged 20+ 

years who attended the MEC morning session was 2.6% (95% confidence interval [CI], 2.2-

2.9%) which is comparable to previous prevalence estimates of HF in the U.S. population (3). 

Included and excluded participants did not show significant differences in most 

sociodemographic and medical characteristics; however, included participants were more likely 

non-Hispanic white (77.1% vs. 67.7%, respectively; p = 0.007), and more likely to report a 

history of coronary heart disease (33.0% vs. 41.1%, respectively; p = 0.038) and hypertension 

(68.7% vs. 80.9%, respectively; p = 0.001) (Appendix B.2). 

Sociodemographic and medical characteristics of the study participants are summarized 

in Table 4.1. On average, participants were older (mean age ± SE: 65.0 ± 1.1 years), and 

predominantly male (54.5%), non-Hispanic white (74.6%), and obese (44.4%). A large 
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proportion of participants had an education level greater than high school diploma (46.1%) and a 

poverty income ratio between 1.31-3.50 (46.0%). Most individuals reported a history of 

hypertension (70.1%), 6+ years since the first physician diagnosis of HF (55.5%), and beta-

blockers use (52.2%). Fifty-two patients (21.0%) had anemia, and 93 patients (39.2%) had CKD. 

Seventy-nine (36.0%) and 30 (9.9%) patients took ACEi and ARBs, respectively. Median levels 

of FPG, 2hPG, and HbA1c were 104.3 (IQR: 95.6-115.8) mg/dL, 135.7 (IQR: 95.1-169.3) 

mg/dL, and 5.6 (IQR: 5.3-5.9) %, respectively.  

Fifty patients (20.5%) met at least one of three clinical criteria for diabetes. The 

proportions of participants who met at least 1 of 3 clinical criteria for diabetes and their overlap 

are shown in Figure 4.1. Of the 50 participants diagnosed with diabetes, 27.0% were identified 

by HbA1c alone, 49.8% by FPG alone, 70.5% by 2hPG alone, 64.5% by FPG and/or HbA1c, and 

90.1% by FPG and/or 2hPG. The proportion of individuals being diagnosed with diabetes by all 

3 methods was 12.3%.  

 Cohen’s kappa coefficients for diabetes diagnosis using the ADA recommended cutoff 

point of FPG, 2hPG, and HbA1c are shown in Table 4.2. The interrater reliability between 

HbA1c and blood glucose criteria indicated fair agreement, where Cohen’s kappa coefficients of 

HbA1c to FPG and 2hPG were 0.27 and 0.30, respectively. In contrast, the interrater reliability 

between FPG and 2hPG indicated moderate agreement, showing Cohen’s kappa coefficient of 

0.43.  

The ROC curves assessing performances of HbA1c and FPG in diagnosing diabetes are 

presented in Figure 4.2. The ROC curve assessing the performance of HbA1c in diagnosing 

diabetes, defined by FPG ≥ 126mg/dL, indicated fair performance, as shown by an AUC of the 

ROC curve of 0.74 (95% CI, 0.63-0.85) (Figure 4.2-A). The ADA recommended HbA1c cutoff 
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point for the diagnosis of diabetes (≥ 6.5%) had low sensitivity at 24.7% and high specificity at 

96.7%, with a PPV of 45.5% and an NPV of 91.9%. The Youden’s J statistic for HbA1c was 

maximized at 5.9% (62.5% sensitivity and 66.8% specificity). Similar trends were identified for 

the performance of HbA1c in diagnosing diabetes, defined by 2hPG ≥ 200 mg/dL, as shown by 

an AUC of the ROC curve of 0.79 (95% CI, 0.70-0.88). Sensitivity and specificity using the 

HbA1c cutoff at 6.5% were 24.4% and 97.6%, respectively (Figure 4.2-B). The Youden’s J 

statistic for HbA1c was maximized at 6.1% (57.4% sensitivity and 86.9% specificity). In 

contrast, the performance of FPG in diagnosing diabetes, defined by 2hPG ≥ 200 mg/dL, was 

excellent, as shown by an AUC of the ROC curve of 0.89 (95% CI, 0.84-0.94). Sensitivity and 

specificity using the recommended FPG cutoff point (≥ 126 mg/dL) were 42.7% and 95.3%, 

respectively (Figure 4.2-C). The Youden’s J statistic for FPG was maximized at 110 mg/dL 

(93.1% sensitivity and 75.2% specificity). The AUC of the ROC curves for the performance of 

FPG in diagnosing diabetes, defined by 2hPG ≥ 200 mg/dL, was significantly higher than the 

performance of HbA1c (p = 0.04).  

Conclusions 

Among this nationally representative sample of community-dwelling HF patients with no 

known history of diabetes, 20.5% of participants met at least one of the ADA diagnostic criteria 

for diabetes. Among these participants, the overlap in diabetes case detection among HbA1c, 

FPG, and 2hPG was very small. Hemoglobin A1c alone identified the smallest number of the 

cases (27.0%), whereas 2hPG alone detected the largest number of cases (70.5%). The overall 

performance of HbA1c to identify diabetes, using 2hPG as the reference method, was suboptimal 

and significantly lower than the performance of FPG. Consequently, screening for diabetes with 
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the currently recommended HbA1c cutoff point at 6.5% would have left 76% of patients 

undiagnosed.  

The present study suggests that use of HbA1c alone at the currently recommended cutoff 

point of < 6.5% is insufficient in adequately diagnosing diabetes among HF patients. In our 

sample, HbA1c identified only about one-quarter of individuals with diabetes, as measured by 

2hPG. These findings are consistent with a small cross-sectional study among 56 patients with 

chronic HF in which 14 patients were newly diagnosed with diabetes (305). A total of 11 patients 

(76%) were identified by 2hPG alone, 2 patients (14%) by FPG and 2hPG, and 1 patient (7%) by 

FPG alone (305). In this study, none of the participants with newly diagnosed diabetes was 

identified by HbA1c. In addition, low sensitivity of HbA1c in diagnosing diabetes compared to 

FPG and 2hPG, as found by our study, has previously been reported among patients with 

coronary artery disease or acute coronary syndrome in Europe (25-27). These findings stand in 

contrast to evidence supporting HbA1c as adequate diagnostic method in the diagnosis of 

diabetes among individuals without cardiovascular diseases. A meta-analysis in individuals 

without established cardiovascular diseases showed that the AUC of ROC curves of HbA1c in 

diagnosing diabetes, as confirmed by 2hPG, indicated excellent performance (AUC 0.89; 95% 

CI 0.86-0.91) while HbA1c at 6.5% had a sensitivity of 0.68 and specificity of 0.96 (306). 

Furthermore, the AUC of HbA1c was not significantly different to the AUC of FPG in patients 

without cardiovascular diseases. The ADA clinical guidelines consider HbA1c, FPG, and 2hPG 

as equally appropriate measures when screening patients for diabetes; however, it is likely that 

when cardiovascular patients are screened for diabetes by using HbA1c alone, a large proportion 

of cases are missed. 
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 The mechanisms underlying the low performance of HbA1c in identifying diabetes 

among cardiovascular patients may be explained by impaired formation of erythropoiesis in bone 

marrow due to anemia. Anemia is a common comorbidity in cardiovascular disease patients 

(293). Previous studies reported that up to 43% of coronary artery disease patients (307), 30 % of 

stable HF patients, and 50% of hospitalized HF patients had anemia (293). In our study, one in 

five community-dwelling HF patients had coexisting anemia. The pathophysiology of anemia 

among HF patients involves impaired erythropoiesis in bone marrow resulting from several 

mechanisms (293). These proposed mechanisms are supported by a meta-analysis of over 3,000 

stable HF patients that confirmed HF patients with coexisting anemia to have a lower 

observed/predicted erythropoietin ratio than those without anemia (308). Abnormal 

neurohormonal activation as compensatory mechanism of cardiac dysfunction increases 

proinflammatory cytokine production (13), and chronic inflammation which contribute to 

impaired erythropoiesis (309). In addition, impaired erythropoiesis among HF patients is caused 

by absolute iron-deficiency, caused by a reduction of total body iron store levels associated with 

anorexia, intestinal edema-induced iron malabsorption, iron maldistribution by hepcidin-induced 

downregulation of iron transporters, and functional iron-deficiency due to inflammatory 

cytokine-induced upregulation of hepatic hepcidin production (293). Furthermore, erythropoiesis 

may be suppressed by HF pharmacotherapy, including ACEi and ARBs, which inhibit 

angiotensin II formation, which is a trigger of erythropoietin synthesis, and an increase N-acetyl-

seryl-aspartyl-lysyl-proline, a strong inhibitor of erythropoiesis (293). Ultimately, the significant 

reduction in plasma erythropoietin levels, caused by the aforementioned mechanisms, may lead 

to the selective destruction of newly formed erythrocytes via neocytolysis which ultimately 

impacts the formation of HbA1c (294). Consequently, measured HbA1c levels may appear to be 
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artificially reduced without affecting blood glucose levels. Given the high frequency of anemia 

among HF patients and the findings of our study, it might be advisable for clinicians to prioritize 

FPG or 2hPG over HbA1c measurements when screening for diabetes if an OGTT cannot be 

performed.  

Although the low sensitivity of HbA1c measurements seems problematic for adequately 

identifying diabetes among HF patients, it may be the only widespread practically feasible option 

within the HF population. A previous clinical study found that 31% of 331 eligible patients with 

HF declined to undergo overnight fasting or an OGTT (82). The authors discussed that the 

patient burden of fasting may not be possible for older and physically impaired HF patients with 

comorbidities. The present study demonstrated that the Youden’s J statistic for HbA1c was 

maximized at 6.1% with 57.4% sensitivity and 86.9% specificity for a diabetes diagnosis in 

reference to 2hPG. Considering the difficulties faced with collecting fasting patient information, 

a HbA1c cutoff point at 6.1% may be considered as diagnostic diabetes criterion for HF patients. 

Further evidence on the prognostic impact and cost-effectiveness regarding the suggested 

tailored cutoff of HbA1c is warranted.  

There are several potential limitations in this study. Over 900 participants aged 20+ years 

with HF were excluded from our analyses, which may introduce an impression of selection bias. 

However, 65% of individuals were excluded as a result of not being randomly selected for the 

MEC morning session during which clinical parameters required for our study were collected. 

More information regarding the NHANES sampling procedures and the representativeness of the 

sample invited to the MEC morning session were described elsewhere (274-276). We used 

appropriate survey weights to account for the complex, multistage, probability sampling design. 

Furthermore, the absence of detailed information on HF characteristics in NHANES datasets, 
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including HF subtypes and severity of symptoms, may affect interpretation of our results for 

clinical sub-populations. Nevertheless, our study provided clinically important information 

regarding diagnostic measures of diabetes among HF patients using a nationally representative 

sample of community-dwelling HF patients in the U.S. 

In summary, the accordance among HbA1c, FPG, and 2hPG as diagnostic measures for 

diabetes is limited among HF patients. Our findings suggest that blood glucose criteria may be 

preferred over HbA1c to screen for diabetes among HF patients without a history of diabetes. 

Finally, a tailored HbA1c cutoff point at 6.1% as criterion for diabetes diagnosis should be 

considered for HF patients when FPG and 2hPG cannot be assessed.
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Table 4.1. Sociodemographic and Medical Characteristics of U.S. Adults with Heart Failure 

 Total  

(n = 237) 

Sociodemographic Characteristics 

Age, mean (SE) 65.0 (1.1) 

Female, % 45.5 

Race/Ethnicity, %  

  Non-Hispanic White 74.6 

  Non-Hispanic Black 12.5 

  All Hispanic 6.6 

  Other 6.3 

Education, %   

  Less than High School 31.3 

  High School Graduate 22.6 

  More than High School 46.1 

Poverty Income Ratio, %  

  ≤ 1.30 33.5 

  1.31-3.50 46.0 

  ≥ 3.51 20.5 

Physical Examination and Laboratory Values 

BMI Classification, %  

  ≤ Normal Weight (BMI ≤ 24.9 kg/m2) 26.4 

  Overweight (BMI 25.0-29.9 kg/m2) 29.2 

  ≥ Obesity (BMI ≥ 30 kg/m2) 44.4 

Systolic Blood Pressure, Mean (SE), mm Hg 126.7 (1.7) 

Diastolic Blood Pressure, Mean (SE), mm Hg 66.0 (0.9) 

Fasting Plasma Glucose, Median (IQR), mg/dL 104.3 (95.6-115.8) 

2-Hours Plasma Glucose, Median (IQR), mg/dL 135.7 (95.1-169.3) 

Hemoglobin A1c, Median (IQR), % 5.6 (5.3-5.9) 

Medical History, %  

Newly Diagnosed Diabetes 20.5 

Anemia 21.0 

Angina 24.5 

Coronary Heart Disease 32.7 

Chronic Kidney Disease 39.2 

Dialysis in the Past 12 Months 1.6 

Myocardial Infarction 46.6 

Hypertension 70.1 

Stroke 18.8 

Duration of Heart Failure (Years) 

  0-5 44.5 

  6+ 55.5 

Hospitalization in the Past 12 Months 

  None 62.6 

  Once 20.5 

  Twice+ 16.9 

Medication History, %  

Angiotensin-Converting Enzyme Inhibitors 36.0 

Angiotensin II Receptor Blockers 9.9 

Beta-blockers 52.2 

Loop Diuretics 38.4 

Statin 49.5 

Abbreviations: BMI, body mass index; IQR, interquartile range; SE, standard error. 
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Table 4.2. Cohen's Kappa Coefficients for Diabetes Diagnosis 

among Hemoglobin A1c, Fasting Plasma Glucose, and 2-hour  

Plasma Glucose  

  HbA1c FPG 2hPG 

HbA1c ≥ 6.5% - 0.27 0.30 

FPG ≥ 126 mg/dL 0.27 - 0.43 

2hPG ≥ 200 mg/dL 0.30 0.43 - 

Abbreviations: 2hPG, 2-hour plasma glucose; FPG, fasting plasma  

glucose; HbA1c, hemoglobin A1c.     
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Figure 4.1. Proportions of Participants with Heart Failure and Newly Diagnosed Diabetes as 

Identified by Hemoglobin A1c, Fasting Plasma Glucose, and 2-hour Plasma Glucose and Their 

Overlap. 2hPG = 2-hour plasma glucose; FPG = fasting plasma glucose; HbA1c = hemoglobin 

A1c.  

19.7% 

9.9% 

17.8% 

12.3% 

35.6% 

4.8% 

2hPG ≥200 mg/dL 

70.5% 

FPG ≥126 mg/dL 

49.8% 

FPG ≥126 mg/dL and/or 2hPG ≥200 mg/dL  

90.1% 

HbA1c ≥6.5% 

27.0% 
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Figure 4.2. Receiver Operating Characteristic Curves of Hemoglobin A1c and Fasting Plasma 

Glucose for Diagnosis of Diabetes among Heart Failure Patients. Asterisks indicate that area 

under the receiver operating characteristic curves of fasting plasma glucose and hemoglobin A1c 

for diagnosis of diabetes defined by 2-hour plasma glucose (≥ 200 mg/dL) were significantly 

different. 2hPG = 2-hour plasma glucose; ACU; area under the curve; FPG; fasting plasma 

glucose; HbA1c = hemoglobin A1c; NPV = negative predictive value; PPV = positive predictive 

value; SEN = sensitivity; SPE = specificity. 
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IS ASSOCIATED WITH LOW LEVELS OF INSULIN RESISTANCE AMONG 

COMMUNITY-DWELLING HEART FAILURE PATIENTS: A NATIONAL HEALTH AND 

NUTRITION EXAMINATION SURVEY ANALYSIS 4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4 Ishikawa Y, Laing EM, Anderson AK, Zhang D, Kindler JM, Trivedi-Kapoor R, Sattler ELP.  

 Submitted to American Journal of Clinical Nutrition, 10/06/2021. 



 

 80 

Abstract 

Background 

Heart failure (HF) patients are at risk of developing type 2 diabetes. Adherence to the Dietary 

Approaches to Stop Hypertension (DASH) diet has shown to improve insulin resistance in 

populations without HF. Given the complexity of HF pathophysiology and common drug-

nutrient interactions, it is unknown whether positive effects of the DASH diet on insulin 

resistance persist among HF patients.  

Objective 

This study examined the association between adherence to the DASH diet and insulin resistance 

among U.S. adults with HF. 

Methods 

Using data from National Health and Nutrition Examination Survey 1999-2016 cycles, we 

included 348 individuals aged 20+ years with HF and no history of diabetes. Participants were 

classified by DASH diet adherence index quartiles: quartile 1 indicated the lowest and quartile 4 

indicated the highest adherence. The highest level of insulin resistance was defined by the upper 

tertile of the Homeostatic Model Assessment of Insulin Resistance (HOMA-IR). Associations 

between level of insulin resistance and DASH diet adherence and its linear trends were examined 

using logistic regressions. 

Results 

Trend analyses showed that participants in upper DASH diet adherence index quartiles were 

more likely older, female, non-Hispanic white, of normal weight, and had lower levels of fasting 

insulin than those in lower quartiles. Median values of HOMA-IR from lowest to highest DASH 

diet adherence index quartiles were 3.1 (interquartile range, 1.8-5.5), 2.9 (1.7-5.6), 2.1 (1.1-3.7), 
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and 2.1 (1.3-3.5). Multivariable logistic analyses indicated that participants with the highest 

compared to the lowest DASH adherence showed 77.1% lower odds of having the highest level 

of insulin resistance (0.229, 95% confidence interval: 0.073-0.716; p = 0.017 for linear trend). 

Conclusions 

High levels of adherence to the DASH diet were associated with lower insulin resistance among 

community-dwelling HF patients in the U.S. Heart healthy dietary patterns likely protect HF 

patients from developing type 2 diabetes.  
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Introduction 

Heart failure (HF) is a complex clinical syndrome of neurohormonal abnormalities and 

metabolic alterations, and presents as one of the leading causes of hospital readmissions and 

mortality, affecting over 6.2 million Americans at an associated medical cost of $30.7 billion in 

2012 (3). Heart failure patients are at risk of developing type 2 diabetes due to compensatory 

mechanisms of cardiac dysfunction which increases circulating levels of plasma free fatty acids, 

proinflammatory cytokines, and reactive oxygen species, leading to the development of insulin 

resistance (6, 13). Patients with coexisting HF and type 2 diabetes face increased clinical 

challenges related to morbidity and mortality in comparison to patients with HF alone (9), 

suggesting the need for cost-effective strategies to prevent or delay new-onset type 2 diabetes in 

HF patients. 

Evidence-based guidance from the American Diabetes Association calls for adherence to 

healthy dietary patterns as a strategy to prevent the development of type 2 diabetes, including 

through consumption of the Dietary Approaches to Stop Hypertension (DASH) diet (269). The 

DASH dietary pattern, which encourages consumption of vegetables, fruits, whole grains, nuts, 

legumes, seafood, poultry, and low-fat dairy products while limiting red and processed meat, 

added sugars, and sodium (1,500–2,300 mg/day) (251), has shown to improve insulin resistance 

in clinical trials that included individuals without established HF (28-30). Compared to 

individuals without HF, HF patients are more vulnerable to insulin resistance due to HF 

pathophysiology and medication-induced nutrient imbalances which are known to impair insulin 

secretion and signaling regulation (13, 150, 310-312). Due to the complexity of HF 

pathophysiology, it is currently unclear whether adherence to the DASH diet shows similar 

effects on insulin resistance among HF patients as observed among non-HF patients. Previous 
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studies have shown positive effects of DASH diet consumption on HF-related outcomes in 

populations with HF. Among female patients with HF in the Women’s Health Initiative study, 

DASH diet consumption reduced the odds of mortality by 16% after a median follow-up of 4.6 

years (257). In addition, small-scale randomized controlled DASH diet feeding trials have shown 

improvements in systolic and diastolic blood pressure, oxidative stress, cardiac energy 

metabolism, cardiac functional outcomes, and exercise tolerance (258-261). These trials further 

demonstrated trends towards improvements in patients’ quality of life and a reduction in 

recurrent hospital admissions among individuals with HF after DASH diet consumption (262). 

Since there are no studies examining the effect of DASH diet consumption on insulin resistance 

among HF patients, epidemiological evidence on such associations is warranted to indicate the 

direction of future clinical trials regarding diabetes prevention and management in HF. 

 This secondary data analysis aimed to examine the relationship of adherence to the 

DASH diet with the level of insulin resistance among U.S. community-dwelling HF patients. We 

hypothesized that greater adherence to the DASH diet would be associated with lower levels of 

insulin resistance.  

Methods 

Study Design and Population 

This cross-sectional study was a secondary analysis of National Health and Nutrition 

Examination Survey (NHANES) data between 1999 and 2016. The NHANES is an ongoing 

survey that uses a multistage, stratified sampling design to include a nationally representative 

sample of the civilian, non-institutionalized population in the U.S. The NHANES study protocols 

were approved by the research ethics boards of the National Center for Health Statistics (NCHS), 



 

 84 

and all participants provided written informed consent before the data collection. The survey 

design and sampling methods have been described in detail elsewhere (276).  

The analytic sample included adults aged 20+ years with a self-reported physician 

diagnosis of HF. Participants were excluded from the analyses if they 1) did not attend the 

mobile examination center (MEC) morning session, 2) had incomplete data on fasting plasma 

glucose and insulin to calculate the Homeostatic Model Assessment of Insulin Resistance 

(HOMA-IR), 3) had a physician diagnosis of diabetes or used diabetes medications, 4) were 

pregnant, or 5) showed implausible energy intakes (gender-specific < 1st and > 99th percentiles of 

energy intake per day) (313). We only included participants who were randomly selected to 

attend the MEC morning session according to NHANES sampling procedures because of the 

availability of clinical parameters for fasting plasma glucose and insulin needed for the 

calculation of HOMA-IR. Any potential for selection bias was minimized by applying 

appropriate sample weights for those who attended the MEC morning session in our analysis in 

order to account for the complex, multistage, probability sampling design (283). 

Assessment of Adherence to the DASH Diet 

Daily total energy and nutrient intake from foods and beverages were estimated based on 

cycle-specific versions of the U.S. Department of Agriculture Food and Nutrition Database for 

Dietary Studies (FNDDS). Food group intakes were calculated using MyPyramid Equivalents 

and FNDDS databases. Usual dietary intake was estimated based on the National Cancer 

Institute (NCI) method to minimize measurement error (314), and estimations were adjusted for 

age, gender, race/ethnicity, body mass index (BMI), 24-hour dietary recalls (first recall 

administered during the MEC session or second recall administered by phone 3-10 days later), 

and the day-of-week of 24-hour recall (Monday-Thursday or Friday-Sunday). The DASH diet 
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index scores were calculated using scoring criteria developed by Fung et al. (315), which scores 

eight food groups and nutrients to derive a total score ranging from 8-40, with higher values 

indicating better adherence to the DASH diet (Appendix C.1). Participants were classified by 

DASH diet index score quartiles according to a previous study (257): participants in quartile 1 

indicated the lowest level and those in quartile 4 indicated the highest level of DASH diet 

adherence.  

Assessments of Insulin Resistance  

The following equation was used to calculate HOMA-IR: HOMA-IR = [fasting plasma 

glucose (nmol/L)*fasting insulin (µIU/mL)/22.5] (316). Participants were divided into tertiles of 

HOMA-IR (tertile 1: ≤ 1.71, tertile 2: 1.72-3.58; tertile 3: ≥ 3.59), with tertile 3 representing the 

highest level of insulin resistance. This approach is commonly practiced given the absence of an 

established cutoff point for HOMA-IR (317). Previous research has shown that the upper 

HOMA-IR tertile, compared to the lowest tertile, independently predicted incidence of type 2 

diabetes (318).  

Statistical Analysis 

Survey analysis procedures with appropriate sample weights were used to account for the 

complex, multistage, probability sampling design and to produce nationally representative 

estimates of the U.S. civilian, non-institutionalized population (283). Participant characteristics 

were summarized using means and standard errors (SE) for continuous variables with a normal 

distribution, medians and interquartile ranges (IQR) for continuous variables with a non-normal 

distribution, and percentages for categorical variables. Trends of differences in participant 

characteristics across the DASH diet index quartiles were examined using general linear models 

for continuous variables with a normal distribution. For continuous variables with a non-normal 
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distribution, a log transformation was applied before trend analyses to achieve an approximately 

normal distribution. For categorical variables, differences and trends in proportions of participant 

characteristics across the DASH diet index quartiles were examined using the Rao-Scott F 

adjusted chi-square tests and logistic regression models, respectively. Associations of adherence 

to the DASH diet to the level of insulin resistance and its linear trends were examined using 

logistic regression models. Model 1 was not adjusted. Model 2 was adjusted for age, gender, and 

race/ethnicity. Model 3 was further adjusted for BMI, dietary energy, waist circumference, 

smoking, triglyceride levels, high-density lipoprotein (HDL)-cholesterol levels, history of liver 

disease, and history of stroke. While dietary energy was intentionally selected into the model 

because of a potentially confounding effect (319), the other variables were selected because of 

significant associations with insulin resistance in the unadjusted models (Appendix C.2). 

Variance inflation factors (VIF) < 2.5 in multivariable logistic regression models were 

considered to confirm the absence of multicollinearity (320). All statistical tests were 2-sided, 

and P values < 0.05 were considered statistically significant. No imputation was needed 

according to the NHANES analytic guideline since no variables had ≥ 11% of missing data 

(283). No correction for multiple statistical tests was applied because this study aimed to test 

preplanned hypotheses. All statistical analyses were performed using SAS version 9.4 (SAS 

Institute, Cary NC) and R statistical software version 3.6.2 (R Foundation for Statistical 

Computing, Vienna, Austria).  

Results 

Analytic Sample 

The analytic sample selection is shown in Appendix C.3. Among 92,062 participants, 

1,705 participants were aged 20+ years and had a history of HF. After excluding participants 



 

 87 

who did not attend the MEC morning session (n = 919), who had incomplete measurements of 

HOMA-IR (n = 78), who had a history of diabetes or diabetes medication use (n = 288), were 

pregnant (n = 2), or showed implausible dietary data (n = 70), a total of n = 348 HF patients were 

included in the analyses. The prevalence of HF among included participants was 2.4% (95% 

confidence interval [CI], 2.2-2.7%) which is comparable to previous prevalence estimates of HF 

in the U.S. population (3). Compared to excluded participants, included participants were 

significantly more likely male (57.2% vs. 48.6%; p = 0.024) and non-Hispanic white (80.6% vs. 

69.4%; p = 0.001), and they were less likely to report hypertension (66.1% vs. 76.6%; p = 0.005) 

(Appendix C.4).  

 Sociodemographic and medical characteristics of study participants across quartiles of the 

DASH diet adherence index are shown in Table 5.1. The DASH diet index scores ranged from 

11-37 points among all participants (11-20 points in quartile 1; 21-24 points in quartile 2; 25-27 

points in quartile 3; 28-37 points in quartile 4). Linear trend analyses showed that there were 

increasing linear trends across DASH diet adherence index quartiles in age (mean age ± SE: 55.7 

± 1.9 years in quartile 1, 62.1 ± 1.6 years in quartile 2, 69.9 ± 0.8 years in quartile 3, 72.4 ± 1.7 

years in quartile 4; p < 0.001 for trend), proportion of female participants (33.1%, 39.1%, 45.6%, 

and 58.7%, respectively; p < 0.001), proportion of non-Hispanic whites (59.7%, 78.8%, 80.5%, 

and 91.8%, respectively; p < 0.001), proportion of participants with normal weight (22.6%, 

13.5%, 42.5%, and 36.6%, respectively; p < 0.001), systolic blood pressure (mean systolic blood 

pressure ± SE: 122.4 ± 3.1 mm Hg, 127.2 ± 1.8 mm Hg, 127.4 ± 2.7 mm Hg, and 132.3 ± 2.8 

mm Hg, respectively; p = 0.041), and proportion of participants with a history of angina (13.9 %, 

22.4%, 44.0%, and 29.9%, respectively; p = 0.007). In addition, there were decreasing linear 

trends across DASH diet adherence index quartiles in diastolic blood pressure (mean diastolic 
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blood pressure ± SE: 70.9 ± 2.2 mm Hg, 69.3 ± 0.8 mm Hg, 67.2 ± 1.7 mm Hg, and 62.6 ± 1.9 

mm Hg, respectively; p = 0.008), fasting insulin levels (median fasting insulin levels [IQR]: 11.8 

[7.1-21.3] uU/mL, 11.7 [7.3-19.6] uU/mL, 8.3 [4.5-14.0] uU/mL, and 8.2 [5.7-11.4] uU/mL, 

respectively; p = 0.021), and smoking rates (51.3%, 26.1%, 21.4%, and 4.3%, respectively; p < 

0.001). No linear trend across DASH diet adherence index quartiles was observed for fasting 

plasma glucose (median fasting plasma glucose [IQR]: 101.8 [95.2-108.1] mg/dL, 105.0 [96.3-

116.5] mg/dL, 103.2 [93.7-112.1] mg/dL, and 106.0 [95.8-116.4] mg/dL, respectively; p = 

0.559).  

Intake of Nutrient and Food Groups across DASH Diet Adherence Index Quartiles 

The intake of nutrients and food groups across quartiles of the DASH diet adherence 

index is described in Appendix C.5. Participants with high levels of DASH diet adherence 

showed higher intakes of dietary fiber, vitamin E, vitamin A, vitamin B6, folate, vitamin C, 

calcium, magnesium, and potassium, while they showed lower intakes of total energy, protein, 

total fat, saturated, monounsaturated, and polyunsaturated fatty acids, cholesterol, and 

carbohydrates, in comparison to participants with low levels of DASH diet adherence. 

Participants with high levels of DASH diet adherence showed higher protein-energy and 

carbohydrate-energy ratios but a lower total fat-energy ratio, in comparison to participants with 

low levels of adherence to the DASH diet. As expected, participants with high levels of DASH 

diet adherence showed comparably higher intakes of fruits, vegetables, nuts, and legumes, whole 

grains and lower intakes of red and processed meats, discretionary oil and solid fat, and 

sweetened beverages.   
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Associations between HOMA-IR Levels and DASH Diet Adherence 

Results of the logistic regression analyses to examine associations between HOMA-IR 

levels and DASH diet adherence index quartiles are presented in Figure 5.1. Median values of 

HOMA-IR were 3.1 (IQR, 1.8-5.5) in quartile 1, 2.9 (1.7-5.6) in quartile 2, 2.1 (1.1-3.7) in 

quartile 3, and 2.1 (1.3-3.5) in quartile 4. Frequencies of the highest level of insulin resistance in 

DASH diet adherence index quartiles were 45.9% in quartile 1, 40.7% in quartile 2, 25.6% in 

quartile 3, and 21.6% in quartile 4. In the unadjusted Model 1, participants with the highest level 

of DASH diet adherence showed the lowest odds of having the highest level of insulin resistance, 

compared to those with the lowest level of DASH diet adherence (odds ratio [OR] 0.324, 95% CI 

0.129-0.818). Linear trends for improved insulin resistance were observed with increasing levels 

of DASH diet adherence (p = 0.005). Similar findings were observed after adjusting for 

demographic characteristics (Model 2), where participants with the highest level of DASH diet 

adherence had the lowest odds of having the highest level of insulin resistance in comparison to 

those with the lowest level of DASH diet adherence (adjusted OR 0.323, 95% CI 0.106-0.986). 

In model 2, linear trends for improved insulin resistance were observed with increasing levels of 

DASH diet adherence (p = 0.017). After further adjusting for BMI, waist circumference, 

smoking status, dietary energy levels, triglyceride levels, HDL-cholesterol levels, and history of 

stroke, similar findings were observed (Model 3; adjusted OR 0.229, 95% CI 0.073-0.716, p for 

linear trend = 0.017). Obese participants showed increased odds of the highest level of insulin 

resistance compared to those with normal BMI, and participants with dyslipidemia showed 

increased odds of the highest level of insulin resistance in comparison to those with normal lipid 

levels (Table 5.2). In contrast, participants who were currently smoking had decreased odds of 
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the highest level of insulin resistance in comparison to their counterparts. No multicollinearity 

(Model 2: VIF = 1.1; Model 3: VIF = 1.4) and interaction were detected.  

Discussion 

In this sample of community-dwelling HF patients in the U.S., good adherence to the 

DASH diet was independently associated with low levels of insulin resistance. To our 

knowledge, this is the first study reporting an association of DASH diet adherence with insulin 

resistance in HF patients. 

Our finding of the inverse association between adherence to the DASH diet and insulin 

resistance in HF patients is consistent with previously published observational studies in 

individuals without established HF (321-323). Cross-sectional studies have shown that adherence 

to the DASH diet was inversely correlated with HOMA-IR among patients without diabetes 

(321, 322). In a cohort study with 3-year follow-up, individuals with the highest levels of DASH 

diet adherence had 51% lower odds of developing insulin resistance in comparison to those with 

the lowest levels of DASH diet adherence. These findings were independent of demographic 

characteristics, anthropometric data, physical activity levels, and smoking status (323).  

In contrast to observational studies, randomized controlled trials (RCTs) provided 

inconclusive results regarding the effects of DASH diet-based nutritional counseling on insulin 

resistance in populations without established HF (28-30, 102). A meta-analysis of 4 RCTs 

including 869 individuals without established HF demonstrated no effect of DASH diet-based 

nutritional counseling on HOMA-IR (102). However, more recently published RCTs showed 

that DASH diet-based nutritional counseling significantly reduced HOMA-IR values in 

overweight and obese individuals with primary arterial hypertension (28), polycystic ovary 

syndrome (29), and nonalcoholic fatty liver disease (30). These observed differences may be 
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attributed to the fact that the meta-analysis was published in 2013 and the results of more 

recently published RCTs were not included. In addition, given that the meta-analysis included 

healthy individuals and individuals with pre-existing conditions, the results of the meta-analysis 

are unlikely to be representative of any effects observed among typically multimorbid HF 

patients.  

The mechanisms underlying the effects of DASH diet consumption on insulin resistance 

may be explained by previous literature that suggests consumption of key food groups and 

nutrients emphasized by the DASH diet to have positive effects on the insulin-dependent glucose 

transportation translocation process. First, whole-grains, nuts, and legumes are well-known 

sources of digestion-resistant starch, a type of carbohydrate that cannot be digested and absorbed 

in the small intestine but is fermented by microbiota in the colon (324). Digestion-resistant starch 

consumption has shown to increase the glucose-dependent insulinotropic polypeptide (325), 

which in turn promotes insulin-dependent glucose transporter translocation in skeletal muscle 

(326). Second, high red meat consumption, which the DASH diet limits, may independently 

exacerbate insulin resistance since excess intake of arginine and alanine from red meat 

accelerates glucagon secretion, which impedes insulin action and consequently causes 

hyperinsulinemia (327). In addition, the DASH diet may positively influence HF 

pathophysiology associated with the development of insulin resistance. Deficiencies in essential 

macrominerals, including calcium, potassium, and magnesium, are often observed among HF 

patients due to HF pathophysiology and medication-induced micronutrient imbalances (150), and 

a lack of these macrominerals leads to impairments of insulin secretion and signaling regulation 

(310-312). Adherence to the DASH diet likely helps ensure adequate intake of these 

micronutrients and consequently to maintain the regulation of the insulin-dependent glucose 
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transportation translocation (328-330). Furthermore, adherence to the DASH diet may delay or 

prevent insulin resistance through attenuation of the activated sympathetic nervous system (SNS) 

and renin-angiotensin-aldosterone system (RAAS) (331) among HF patients who have activated 

SNS and increased RAAS activity to compensate for reduced cardiac output (40). Activation of 

these neurohormonal pathways may cause elevation of plasma free fatty acid levels and 

imbalance of reactive oxidative species production, resulting in impaired insulin-dependent 

glucose transporter translocation (13, 332). Although effects of the DASH diet on 

neurohormonal activities remain unknown among HF patients, a clinical trial among overweight 

and obese patients without HF demonstrated that a DASH diet-based nutritional education 

intervention reduced arterial norepinephrine concentration and microneurographic nerve 

recordings of muscle sympathetic nerve activity, an indicator of the SNS activity (333). A 

potential mechanism for positive effects of the DASH diet on neurohormonal pathways may 

involve reduced dietary sodium intake, which protects sympathetic-regulatory function against 

factors associated with increased SNS activities, including aldosterone or angiotensin II (334). A 

dietary strategy with sole emphasis on aggressive reduction of dietary sodium intake, however, is 

controversial in HF management. Randomized controlled trials did not support beneficial effects 

of aggressive sodium reduction on HF outcomes, including congestion symptoms, New York 

Heart Association functional class, hospital (re)admissions, health-related quality of life, and 

mortality (230-232). These findings highlight the limitation of a single nutrient strategy and 

underscore the importance of generating evidence that examines effects of heart-healthy dietary 

pattern consumption on HF prognosis. 

The results of our study should be considered with several limitations. Over 1,300 

participants with HF were excluded from our analyses, which may create the impression of 
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selection bias. However, approximately 70% of participants were excluded due to NHANES 

sampling procedures which randomly select a subsample to be included in the MEC morning 

session to obtain the clinical parameters essential to our analyses. This subsample is 

representative of the general U.S. population. We estimated HF prevalence among the MEC 

morning session subsample at 2.4% which was comparable to prevalence estimates of HF among 

U.S. adults (2.2%) (3). Although we observed differences in characteristics between included 

and excluded participants with HF, none of these characteristics were associated with insulin 

resistance, and therefore, any potential selection bias effect should be considered minimal. 

Missing values for covariates in the multivariate logistic regression models may have affected 

the statistical inference of our results; nevertheless, no covariate in the models had 10% or more 

missing data (Appendix C.6), and therefore, no imputation of missing values was needed, as 

recommended by NCHS (283). Despite these limitations, our study used a nationally 

representative sample with standardized data collection methods, which produced highly 

generalizable results for community-dwelling HF patients in the U.S. 

In conclusion, in a sample of community-dwelling HF patients in the U.S., higher levels 

of adherence to a DASH diet were associated with lower insulin resistance. Clinical DASH 

feeding trials are needed to examine causal effects of adherence to the DASH diet on the 

prevention of insulin resistance and the development of type 2 diabetes among patients with HF.  
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Table 5.1. Sociodemographic and Medical Characteristics of U.S. Adults with Heart Failure   

   DASH Diet Adherence Index  

Characteristics ALL Quartile 1 Quartile 2 Quartile 3 Quartile 4 P Value1 

DASH Diet Score Range 11 - 37 11 - 20 21 - 24 25 - 27 28 - 37  

Participants, No. 348 76 109 82 81  

Sociodemographic Characteristics      

Age, Mean (SE), Years 65.3 (0.9) 55.7 (1.9) 62.1 (1.6) 69.9 (0.8) 72.4 (1.7) < 0.001 

Female, % 44.2 33.1 39.1 45.6 58.7 < 0.001 

Race/Ethnicity, %       

  Non-Hispanic White 78.6 59.7 78.8 80.5 91.8 

< 0.001 
  Non-Hispanic Black 10.5 35.7 5.2 6.0 1.5 

  All Hispanic 6.6 0.9 11.6 7.0 4.0 

  Other 4.3 3.7 4.3 6.5 2.7 

Physical Examination, Laboratory Values, and Behavioral Factors    

BMI Categories, %       

  Normal Weight 27.8 22.6 13.5 42.5 36.6  

  Overweight  36.1 27.0 47.4 30.7 34.1 < 0.001 

  Obese 36.0 50.4 39.1 26.8 29.2  

Abnormal Abdominal Fat, %2 65.9 67.3 74.8 55.7 62.5 0.180 

SBP, Mean (SE), mm Hg 127.6 (1.6) 122.4 (3.1) 127.2 (1.8) 127.4 (2.7) 132.3 (2.8) 0.041 

DBP, Mean (SE), mm Hg 67.4 (0.9) 70.9 (2.2) 69.3 (0.8) 67.2 (1.7) 62.6 (1.9) 0.008 

Fasting Insulin, Median (IQR), uU/mL3 9.5 11.8 11.7 8.3 8.2 0.021 
 (5.9-15.9) (7.1-21.3) (7.3-19.6) (4.5-14.0)  (5.7-11.4)  

Fasting Plasma Glucose, Median (IQR), mg/dL3 104.0 101.8 105.0 103.2 106.0 0.559 

 (95.9-115.1) (95.2-108.1) (96.3-116.5) (93.7-112.1) (95.8-116.4)  

Serum Triglyceride, Median (IQR), mg/dL3 128.0 127.7 133.9 116.8 127 0.266 

 (88.7-169.5) (77.2-168.4) (97.0-196.0) (81.9-170.3) (83.4-149.8)  

High Serum Triglycerides Levels, %2 34.7 35.1 44.0 30.8 25.8 0.124 

HDL-Cholesterol, Median (IQR), mg/dL3 46.9 44.4 45.7 47.4 49.6 0.018 

 (39.4-58.5) (35.8-55.1) (39.7-59.0) (40.1-58.3) (40.4-70.2)  

Low HDL-Cholesterol Levels, %2 35.1 42.5 35.5 30.1 33.5 0.326 

LDL-Cholesterol, Mean (SE), mg/dL 106.5 (2.2) 99.6 (4.6) 109.6 (2.5) 108.0 (3.5) 106.4 (4.2) 0.528 

High LDL-Cholesterol Levels, %2 53.1 50.3 53.6 55.8 51.9 0.878 

Smoking, % 24.6 51.3 26.1 21.4 4.3 < 0.001 

Medical History, %       

Angina 27.8 13.9 22.4 44.0 29.9 0.007 

Coronary Heart Disease 38.4 39.2 30.9 46.3 39.7 0.439 

Myocardial Infarction 44.5 41.2 52.9 46.3 34.1 0.283 

Hypertension 67.7 63.2 61.1 80.4 67.2 0.272 
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Stroke 21.3 18.7 17.5 31.2 18.5 0.614 

Medication Use, %       

Angiotensin Converting Enzyme Inhibitors 31.6 36.1 37.5 23.7 28.0 0.142 

Angiotensin II Receptor Blockers 8.7 8.6 9.2 7.8 9.2 1.000 

β-blockers 47.6 47.2 38.8 52.6 54.8 0.213 

Loop Diuretics 35.8 30.6 44.6 28.3 35.8 0.810 
1For continuous variables p-values indicate significance of linear trend over the DASH diet index quartiles groups using survey-weighted general linear 

models. For categorical variables p-values indicate significance of linear trend over the DASH diet index quartiles groups using survey-weighted 

logistic regressions.; 2Abnormal abdominal fat was defined as waist circumference ≥ 102 cm for male or ≥ 88 cm for female. High serum triglyceride 

levels were defined as serum triglyceride levels ≥ 150 mg/dL. Low HDL-cholesterol levels were defined as HDL-cholesterol levels < 40 mg/dL for  

male or < 50 mg/dL for female. High LDL-cholesterol levels were defined as LDL-cholesterol levels ≥100 mg/dL.; 3P-values were assessed after log- 

transformations.; Abbreviations: BMI, body mass index; CKD, chronic kidney disease; DASH, dietary approaches to stop hypertension; DBP, diastolic  

blood pressure; HDL, high-density lipoprotein; IQR, interquartile range; LDL, low-density lipoprotein; No, number; SDP, systolic blood pressure; SE, 

standard error.        
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Table 5.2. Associations of Selected Characteristics with the Highest Level of Insulin Resistance among Heart  

Failure Patients in the Multivariable Logistic Regression Model 

   P for  

 AOR (95% CI) P-Value Interaction 

DASH Diet Adherence Index (Ref. Quartile 1)   

  Quartile 2 0.512 (0.200-1.310) 0.161  

  Quartile 3 0.453 (0.151-1.360) 0.157  

  Quartile 4 0.229 (0.073-0.716) 0.012  

Age ≥ 65 Years (Ref. < 65 Years) 1.034 (0.490-2.182) 0.930 0.170 

Male (Ref. Female) 0.540 (0.196-1.490) 0.232 0.429 

Racial/Ethnic Minorities (Ref. Non-Hispanic White) 1.383 (0.597-3.208) 0.447 0.958 

Dietary Energy (Ref. Tertile 1; < 1560 kcal)  0.636 

  Tertile 2 (1560-1949 kcal) 0.889 (0.343-2.300) 0.807  

  Tertile 3 (≥ 1950 kcal) 1.811 (0.572-5.739) 0.310  

Current Smoker (Ref. Not Smoking) 0.202 (0.073-0.560) 0.002 0.543 

BMI Categories (Ref. Normal Weight, < 25 kg/m2)  0.925 

  Overweight (25-29 kg/m2) 2.976 (0.615-14.407) 0.174  

  Obese (≥ 30 kg/m2) 7.724 (1.227-48.606) 0.030  

Abnormal Abdominal Fat (Ref. Normal Abdominal Fat) 1.798 (0.544-5.945) 0.333 0.768 

High Serum Triglyceride Levels (Ref. Normal Level) 2.273 (1.016-5.087) 0.046 0.436 

Low HDL-Cholesterol Levels (Ref. Normal Level) 2.504 (1.166-5.378) 0.019 0.353 

History of Stroke (Ref. No History) 0.693 (0.277-1.732) 0.430 0.588 

R-square was 0.306.; DASH diet adherence index Quartile 1 indicates the lowest level and quartile 4 indicates the 

highest level of adherence. Abnormal abdominal fat was defined as waist circumference ≥ 102 cm for male or  

≥ 88 cm for female. High serum triglyceride levels were defined as serum triglyceride levels ≥ 150 mg/dL. Low 

HDL-cholesterol levels were defined as HDL-cholesterol levels < 40 mg/dL for male or < 50 mg/dL for female. 

Abbreviations: AOR, adjusted odds ratio; BMI, body mass index; Ref. reference group. 
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Figure 5.1. Odds Ratios of the Level of Insulin Resistance across the Dietary Approaches to Stop Hypertension Diet Adherence Index 

Quartiles among Heart Failure Patients - Quartile 1 indicates the lowest level and quartile 4 indicates the highest level of adherence. 

Odds ratio and p value for linear trends were examined by logistic regressions with survey analysis procedures. Model 1 was the 

unadjusted model. Model 2 was adjusted for age (< 65 years or ≥ 65 years), gender (female or male), and race/ethnicity (non-Hispanic 

white or other racial minorities). Model 3 was further adjusted for body mass index (< 25 kg/m2, 25-29 kg/m2, or ≥ 30 kg/m2), waist 

circumference (normal [< 102 cm for male; < 88 cm for female] or abnormal abdominal fat [≥ 102 cm for male; ≥ 88 cm for female]), 

current smoker (yes or no), dietary energy (< 1560 kcal, 1560-1949 kcal, or ≥ 1950 kcal), triglyceride levels (normal [< 150 mg/dL] or 

high levels [≥ 150 mg/dL]), high-density lipoprotein-cholesterol levels (normal [≥ 40 mg/dL for male; ≥ 50 mg/dL for female] or low 

levels [< 40 mg/dL for male; < 50 mg/dL for female]), and history of stroke (yes or no). Abbreviations: AOR, adjusted odds ratio; CI, 
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HOMA-IR, median (IQR) 3.1 (1.8-5.5) 2.9 (1.7-5.6) 2.1 (1.1-3.7) 2.1 (1.3-3.5) 

Participants with the Highest Level of IR, No. (%) 32 (45.9) 42 (40.7) 24 (25.6) 17 (21.6) 
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confidence interval; DASH, Dietary Approaches to Stop Hypertension; HOMA-IR, homeostatic model assessment-insulin resistance; 

IQR, interquartile range; IR, insulin resistance; No, number; OR, odds ratio.  
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 CHAPTER 6  

SUMMARY AND CONCLUSIONS  

Summary of Findings 

The objective of this dissertation was to assess the burden of type 2 diabetes and provide 

evidence on improved ways to prevent type 2 diabetes in heart failure (HF) patients. The first 

dissertation study, presented in Chapter 3, assessed prevalence and trends of diagnosed and 

undiagnosed type 2 diabetes and prediabetes among U.S. community-dwelling adults with HF. 

We used a nationally representative sample of the U.S. civilian, non-institutionalized HF 

patients, and found more than 85% of participants to show signs of hyperglycemia. Prevalence 

estimates of diagnosed and undiagnosed type 2 diabetes among HF patients were 34.7% and 

12.8%, respectively, which are 4- and 2-hold higher in comparison to the general U.S. population 

(280). Prediabetes affected 39.1% of HF patients. Prevalence estimates of type 2 diabetes were 

different across sociodemographic and health characteristics. Hispanics showed significantly 

higher prevalence estimates of diagnosed type 2 diabetes than non-Hispanic whites (52.1% vs. 

20.1%, respectively; P < 0.001). In addition, prevalence estimates of diagnosed type 2 diabetes 

among HF patients with a history of stroke were significantly higher compared to prevalence 

estimates in their counterparts (69.4% vs. 24.4%, respectively; P < 0.001). Furthermore, we 

found that prevalence estimates of type 2 diabetes and prediabetes among U.S. community-

dwelling HF patients did not change but remained at a high level between 2005 and 2016. 

The second dissertation study, presented in Chapter 4, was conducted to compare 

diagnostic methods for diabetes among U.S. community-dwelling adults with HF and without a 
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history of diabetes. In this study, 50 participants met at least 1 of 3 clinical criteria for diabetes, 

but the overlap in diabetes case detection among the criteria was very small: 2-hour plasma 

glucose (2hPG) after oral glucose tolerance test (OGTT) alone identified 70.5% of patients, 

while hemoglobin A1c (HbA1c) alone identified only 27.0% of patients. The proportion of 

individuals being diagnosed with diabetes by all 3 methods was 12.3%. Our study findings were 

consistent with previous studies among patients with coronary artery disease (24) and HF (305). 

In addition, the performance of HbA1c in identifying diabetes was suboptimal and significantly 

lower than the performance of fasting plasma glucose, resulting in 76% of patients to remain 

undiagnosed if the currently recommended HbA1c cutoff point of 6.5% was used to screen for 

diabetes. The sensitivity and specificity of HbA1c was maximized at 6.1%. Our study provided 

new evidence on the differential performance of HbA1c, FPG, and 2hPG for diagnostic 

screening in HF patients, and findings suggest blood glucose criteria may be preferred over 

HbA1c to screen for diabetes among HF patients without a history of diabetes. In addition, a 

HbA1c cutoff point at 6.1% as criterion for diabetes diagnosis should be considered for HF 

patients if FPG and 2hPG are impractical in the target population.  

The third dissertation study, presented in Chapter 5, was conducted to examine the 

association between adherence to the Dietary Approaches to Stop Hypertension (DASH) diet and 

the severity of insulin resistance among U.S. community-dwelling HF patients without a history 

of diabetes, and found that greater adherence to the DASH diet was associated with lower levels 

of insulin resistance. Participants with the highest DASH adherence, compared to those with the 

lowest level of adherence, had higher intakes of essential nutrients, including macrominerals 

which are frequently deficient among HF patients due to HF pathophysiology and medication-

induced mineral imbalances, but are important to regulate insulin-dependent glucose 
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transportation translocation processes and may therefore play a significant role in the prevention 

of diabetes in this population. In addition, in comparison to participants with the lowest DASH 

adherence, participants with the highest DASH adherence had lower intakes of red and processed 

meat, which are known to accelerate the development of insulin resistance (327), suggesting that 

eating less red and processed meat may prevent or delay new-onset diabetes in this population. 

We found that median values of HOMA-IR from the lowest to highest DASH adherence groups 

were 3.1 (Interquartile range, 1.8-5.5), 2.9 (1.7-5.6), 2.1 (1.1-3.7), and 2.1 (1.3-3.5), respectively. 

Frequencies of high insulin resistance from the lowest to highest DASH adherence groups were 

45.9%, 40.7%, 25.6%, and 21.6%, respectively. In addition, HF participants with the highest 

compared to the lowest DASH adherence had 77.1% lower odds of having the high levels of 

insulin resistance.  

Strengths and Limitations 

There are several limitations to the research presented. The cross-sectional study design 

using National Health and Nutrition Examination Survey (NHANES) data precludes drawing 

temporal and causal relationships in our findings. In the first dissertation study, presented in 

Chapter 3, causality between prevalence estimates of type 2 diabetes and prediabetes and 

sociodemographic and health characteristics cannot be determined. In the second dissertation 

study, presented in Chapter 4, assumptions about the effects of low diagnostic performance of 

HbA1c in identifying diabetes on clinical HF outcomes cannot be made. In the third dissertation 

study, presented in Chapter 5, causal inferences between adherence to the DASH diet and the 

severity of insulin resistance cannot be drawn. Therefore, it is not possible to determine whether 

DASH diet consumption improves insulin resistance among HF patients based on a cross-

sectional study. In addition, all self-reported information collected in the NHANES, including 
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reported physician diagnoses of HF and diabetes, are subjected to recall bias. The NHANES 

datasets are limited in HF-related information, because these datasets were not intentionally 

designed to examine the HF population. A lack of HF-related information may limit our 

understanding of analytic sample characteristics in relation to HF characteristics, comparability 

to other HF studies, and magnitude of our findings, particularly with regard to HF subtypes and 

severity of symptoms. For example, patients with coexisting diabetes and preserved ejection 

fraction (left ventricular ejection fraction > 40%) have higher mortality rates in comparison to 

patients with coexisting diabetes and reduced ejection fraction (left ventricular ejection fraction ≤ 

40%) (81). Furthermore, HF patients with more severe symptomatic status, defined as New York 

Heart Association (NYHA) Class III, have a higher risk of developing new-onset diabetes, in 

comparison to HF patients with mild symptomatic status, defined as NYHA Class I (16), and 

these differences may have influenced our study results. Given that adverse clinical outcomes 

may be dependent on HF ejection fraction phenotype and severity of symptoms, subgrouping HF 

patients based on the HF characteristics would provide a better interpretation of study findings 

for clinical sub-populations.  

 Despite these limitations, using the NHANES data allowed for high generalizability to 

community-dwelling HF patients in the U.S. civilian, non-institutionalized population. 

Standardized interview, anthropometry, and laboratory data collection methods minimizes the 

random error associated with measurements, which increase validity of our findings. The 

findings of this dissertation add valuable epidemiological evidence on developing clinical 

preventive strategies to improve HF prognosis.  
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Clinical Implications and Recommendations for Future Research 

The findings of this dissertation provide important clinical implications. The findings 

presented in Chapter 3 signify the extent of undiagnosed diabetes and prediabetes in the U.S. 

adult population and emphasize the need to improve diabetes screening efforts in at-risk HF 

patients. We found HF patients of Hispanic origin to be a particularly important target for these 

efforts. In comparison to non-Hispanic whites, racial minorities experience greater barriers to 

diabetes self-management and higher risks of diabetes complications due to inferior quality of 

diabetes care, including less frequent examinations of glycemia, blood pressure, and 

microvascular functions, caused by lower socioeconomic status and reduced access to care (288, 

289). Future research in this area is needed to better understand details regarding characteristics 

associated with HF patients at risk for undiagnosed diabetes and prediabetes beyond our study 

findings. For example, it may be important to examine pathophysiological risk profiles 

associated with diabetes and prediabetes among HF patients, such as left ventricular ejection 

fraction and HF severity staging. Prospective cohort study data designed with the goal of 

improving HF care, such as the global congestive heart failure (G-CHF) registry (335), Change 

the Management of Patients with Heart Failure (CHAMP-HF) registry (336), European Society 

of Cardiology Heart Failure Long-Term (ESC-HF-LT) registry (337), Asian Sudden Cardiac 

Death in Heart Failure (ASIAN-HF) prospective observational study (338), would be best suited 

to close this knowledge gap.  

The findings presented in Chapter 4 outlined limitations of using HbA1c as diagnostic 

criterion among U.S. HF patients without a history of diabetes and suggest use of blood glucose 

criteria, including FPG and 2hPG, in order to accurately determine a diagnosis of diabetes. The 

study also highlighted improved performance of HbA1c in diagnosing diabetes in HF patients if 
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the cutoff point is lowered to 6.1%. Future research is needed to examine the performance of 

HbA1c, FPG, and 2hPG in diagnosing diabetes stratified by demographic and clinical sub-

populations for a better understanding of the appropriateness of diagnostic measures in important 

subpopulations. For instance, it may be important to examine the receiver operating 

characteristic curve of HbA1c in diagnosing diabetes based on the status and severity of anemia 

among HF patients, because anemia, a highly prevalent comorbidity among HF patients (293), is 

known to systematically change HbA1c values irrespective of blood glucose levels (294-298). In 

addition, future research should examine the cost-effectiveness of lowered HbA1c cutoff points 

for a diagnosis of diabetes among HF patients, because lowering the HbA1c cutoff point may 

increase a chance of false positives and may therefore potentially lead to unnecessary preventive 

interventions when the actual risk of diabetes-related morbidity and mortality may be low. A 

cost-effectiveness simulation study, using the Markov simulation model developed by the 

Centers for Disease Control and Prevention and Research Triangle Institute International (339), 

should be conducted to examine the individual and societal health benefit of lowering HbA1c 

cutoff point among HF patients.  

Lastly, the findings presented in Chapter 5 indicated greater adherence to the DASH diet 

to be independently associated with lower levels of insulin resistance and suggest the importance 

of following heart-healthy dietary patterns to prevent or delay new-onset type 2 diabetes among 

HF patients. In this study, higher intake of key macrominerals as a result of closer adherence to 

the DASH diet pattern among HF patients may compensate for HF pathophysiology and 

medication-induced deficiency of the macrominerals and therefore prevent diabetes development 

by improving insulin-dependent glucose uptake in target tissues. Future studies should 

implement randomized controlled DASH diet feeding trials to examine causal relationships 
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between DASH diet consumption and improved insulin resistance among HF patients without 

history of diabetes. Adjusting for key confounding factors, including left ventricular ejection 

fraction and HF severity, is important since these factors likely affect the direction and 

magnitude of the causal relationships between DASH diet consumption and insulin resistance 

(98). Clinical and Translational Science Alliances may provide the essential infrastructure and 

facilitate the recruitment and enrollment of HF patients to conduct such a study (268). 
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Appendix A.1. Analytic Sample Selection. Abbreviations: HF, heart failure; NHANES, National 

Health and Nutrition Examination Survey; MEC, mobile examination center.

Total no. of participants in 2005-2016 NHANES cycles (Raw Counts; n = 60,936) 

HF participants aged 20+ years who attended MEC morning session (n = 550) 

No history of HF (n = 34,180)  

Eligible participants (n = 527) 

• Diagnosed type 2 diabetes mellitus (n = 218) 

• Undiagnosed type 2 diabetes mellitus (n = 66) 

• Prediabetes (n = 175) 

• No diabetes mellitus (n = 68) 

Pregnant (n = 2) 

Missing data on self-reported physician diagnosis of diabetes mellitus (n = 0) 

Did not attend MEC morning session (n = 604) 

Incomplete data on diagnostic measures for diabetes (n = 17) 

Type 1 diabetes mellitus (n = 4) 

Aged < 20 years (n = 26,756) 
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Appendix A.2. Sociodemographic and Health Characteristics of Participants with Heart Failure Aged 20+ Years 

by Attendance of Mobile Examination Center Session 

  Attended MEC  Did Not Attend MEC   

 Morning Session Morning Session P 

  (n=550) (n=604) Valuea 

Sociodemographic Characteristics    
Age, mean (SE) 65.9 (0.7) 67.0 (0.7) 0.235 

Gender, No. (%)    
  Male 287 (50.7) 344 (50.8) 

0.997 
  Female 263 (49.3) 260 (49.2) 

Race/Ethnicity, No. (%)    
  Non-Hispanic White 288 (71.6) 300 (68.4) 

0.571 
  Non-Hispanic Black 136 (14.4) 173 (17.5) 

  All Hispanic 97 (8.1) 97 (8.0) 

  Other 29 (5.9) 34 (6.1) 

Education, No. (%)b     
  Less than High School 219 (32.8) 208 (27.8) 

0.363   High School Graduate 131 (25.7) 161 (27.4) 

  More than High School 199 (41.4) 234 (44.9) 

Poverty Income Ratio, No. (%)b   
 

  ≤ 1.30 211 (35.0) 232 (31.8) 

0.347   1.31-3.50 200 (43.3) 228 (49.7) 

  ≥ 3.51 78 (21.8) 88 (18.5) 

Medical History, No. (%)   
 

Angina 115 (22.4) 147 (26.3) 0.209 

Coronary Heart Disease 198 (35.6) 251 (42.6) 0.053 

Hypertension 443 (76.8) 484 (79.0) 0.486 

Myocardial Infarction 235 (42.6) 253 (42.9) 0.946 

Stroke 119 (22.3) 122 (19.3) 0.290 

Duration of Heart Failure (Years)b   
 

  0-5 237 (44.2) 286 (48.2) 
0.251 

  6+ 300 (55.8) 305 (51.8) 

Hospitalization in the Past 12 Monthsb   
 

  None 323 (61.4) 339 (57.8) 
0.324 

  1+ 226 (38.6) 262 (42.2) 

Medication Use, No. (%)   
 

Angiotensin-converting Enzyme Inhibitors 203 (37.4) 183 (31.7) 0.106 

Angiotensin II Receptor Blockers 85 (13.9) 96 (18.7) 0.111 

Beta-blockers 331 (59.9) 352 (61.8) 0.609 

Loop Diuretics 238 (42.7) 257 (44.1) 0.666 

Nitrates and Vasodilators 106 (18.8) 118 (17.8) 0.715 
a P-value indicates significance of differences between the groups using survey-weighted general linear models 

for continuous variables and the Rao-Scott F adjusted chi-square tests for categorical variables.; b Raw counts did 

not sum to group total due to missing values.; Abbreviations: MEC, mobile examination center; No, numbers; SE, 

standard error.     
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Appendix B.1. Flow Chart of Analytic Sample Selection. HF = heart failure; NHANES = 

National Health and Nutrition Examination Survey; MEC = mobile examination center.

HF participants aged 20+ years (n = 1,154) 

Total no. of participants in 2005-2016 NHANES cycles (Raw Counts: n = 60,936) 

Age < 20 years (n = 26,756) 

Eligible participants (n = 237) 

No attendace in the MEC morning session (n = 604) 

 

No history of HF (n = 33,026) 

History of diabetes or diabetes medication use (n = 230) 

Incomplete diagnostic measures for diabetes (n = 83)  

Pregnant (n = 0) 



 

 159 

Appendix B.2. Sociodemographic and Medical Characteristics of Included and Excluded Participants with Heart 

Failure    
  Included Participants Excluded Participants   

Characteristics (n = 237) (n = 917) P Value* 

Age, mean (SE) 65.1 (1.1) 66.9 (0.5) 0.100 

Female, % 42.2 51.5 0.051 

Race/Ethnicity, %    

  Non-Hispanic White 77.1 67.7 

0.007 
  Non-Hispanic Black 10.5 17.7 

  All Hispanic 6.4 8.6 

  Other 6.0 6.0 

Education, %    

  Less than High School 29.8 30.5  

  High School Graduate 23.1 27.7 0.461 

  More than High School 47.1 41.9  

Poverty Income Ratio, %    

  ≤1.30 32.0 33.9  

  1.31-3.50 46.3 46.5 0.862 

  >3.50 21.7 19.6  

Angina, % 24.6 24.2 0.914 

Coronary Heart Disease, % 33.0 41.1 0.038 

Myocardial Infarction, % 46.2 41.6 0.321 

Hypertension, % 68.7 80.9 0.001 

Stroke, % 18.1 21.7 0.308 

* P-value indicates significance of differences between the groups using survey-weighted general linear models 

for continuous variables and the Rao-Scott F adjusted chi-square tests for categorical variables. Abbreviation: 

No, numbers; SE, standard error. 



 

 160 

 

 

APPENDIX C 

SUPPLEMENTAL MATERIALS FOR CHAPTER 5 

 



 

 161 

Appendix C.1. Criteria for Determining Dietary Approaches to Stop Hypertension Diet Index Scores 

DASH Diet Index Components/Score 1 Point 2 Points 3 Points 4 Points 5 Points 

Fruits, cup eq. ≤ 0.4800 0.4800-0.7210 0.7210-0.9440 0.9440-1.2950 > 1.2950 

Vegetables, cup eq. ≤ 0.6213 0.6213-0.8368 0.8368-1.0250 1.0250-1.2500 > 1.2500 

Nuts and Legumes, cup eq. ≤ 0.4050 0.4050-0.5300 0.5300-0.7392 0.7392-1.1430 > 1.1430 

Whole Grains, oz eq. ≤ 0.3190 0.3190-0.6090 0.6090-0.8260 0.8260-1.0550 > 1.0550 

Low-fat Dairy, cup eq. ≤ 0.0084 0.0084-0.0205 0.0205-0.0362 0.0362-0.1920 > 0.1920 

Sodium, mg1 > 3,560.0 3,030.0-3,560.0 2,580.0-3,030.0 2,200.0-2,580.0 ≤ 2,200.0 

Red and Processed Meats, oz eq.1 > 3.2950 2.9550-3.2950 2.1630-2.9550 1.7300-2.1630 ≤ 1.7300 

Sweetened Beverages, tsp eq.1 > 7.9900 3.7140-7.9900 2.0000-3.7140 0.5800-2.0000 ≤ 0.5800 
1Scores were calculated based on a reverse scoring method. Abbreviations: cup eq., cup equivalent; DASH, dietary approaches to stop hypertension; oz eq., 

ounce equivalent; tsp eq., teaspoon equivalent.      
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Appendix C.2. Associations of Sample Characteristics with the Highest Level of Insulin Resistance among Heart 

Failure Patients in Simple Logistic Regression Models 

Characteristics OR (95% CI) P-Value 

Sociodemographic Characteristics   

Age ≥ 65 Years (Ref. < 65 Years) 0.718 (0.400-1.287) 0.264 

Male (Ref. Female) 0.850 (0.488-1.481) 0.564 

Racial/Ethnic Minorities (Ref. Non-Hispanic White) 1.681 (0.909-3.110) 0.097 

Not Married or Living with Partner  1.176 (0.685-2.018) 0.555 

(Ref. Married or Living with Partner)   
Education (Ref. Less than High School)   
  High School Graduate 0.957 (0.409-2.243) 0.920 

  More than High School 0.989 (0.482-2.028) 0.976 

Without Job (Ref. With Job) 0.522 (0.269-1.015) 0.052 

Poverty Income Ratio (Ref. ≤ 1.30)   
  1.31-3.50 1.057 (0.552-2.023) 0.866 

  > 3.50 0.908 (0.388-2.126) 0.823 

Food Insecurity (Ref. Food Security) 0.842 (0.379-1.871) 0.670 

Physical Examination, Laboratory Values, and Behavioral Factors 

BMI Categories (Ref. Normal Weight, < 25 kg/m2)   

   Overweight (25-29 kg/m2) 6.774 (2.089-21.965) 0.002 

   Obese (≥ 30 kg/m2) 20.466 (6.584-63.616) < 0.001 

Abnormal Abdominal Fat (Ref. Normal Abdominal Fat) 6.672 (3.485-12.773) < 0.001 

Systolic Blood Pressure (Ref. < 120 mm Hg)   

  120-139 mm Hg 1.148 (0.602-2.189) 0.673 

  ≥ 140 mm Hg 0.590 (0.304-1.146) 0.118 

Diastolic Blood Pressure ≥ 80 mm Hg (Ref. < 80 mm Hg) 0.928 (0.433-1.992) 0.848 

High Total Cholesterol Levels (Ref. Normal Levels) 0.610 (0.319-1.164) 0.133 

High Serum Triglyceride Levels (Ref. Normal Levels) 3.264 (1.669-6.384) 0.001 

Low HDL-Cholesterol Levels (Ref. Normal Levels) 2.686 (1.391-5.188) 0.004 

High LDL-Cholesterol Levels (Ref. Normal Levels) 0.932 (0.505-1.719) 0.819 

Dietary Energy (Ref. Tertile 1; < 1560 kcal)   
  Tertile 2 (1560-1949 kcal) 0.930 (0.469-1.847) 0.836 

  Tertile 3 (≥ 1950 kcal) 1.516 (0.821-2.801) 0.182 

Alcohol Drinker (Ref. Not Drinking) 0.797 (0.420-1.511) 0.484 

Current Smoker (Ref. Not Smoking) 0.418 (0.195-0.898) 0.026 

No Physical Activity (Ref. Physical Activity) 1.166 (0.576-2.361) 0.667 

Medical History   

Family History of Diabetes (Ref. No) 1.344 (0.758-2.381) 0.381 

≥ CKD Stage 3a (Ref. CKD < Stage 3a) 0.576 (0.296-1.121) 0.104 

History of Angina (Ref. No History) 0.865 (0.460-1.624) 0.649 

History of Coronary Heart Disease (Ref. No History) 0.696 (0.391-1.239) 0.216 

History of Myocardial Infarction (Ref. No History) 1.246 (0.684-2.272) 0.469 

History of Hypertension (Ref. No History) 0.948 (0.507-1.772) 0.865 

History of Stroke (Ref. No History) 0.440 (0.207-0.934) 0.033 

No Health Insurance (Ref. Health Insurance) 1.280 (0.388-4.217) 0.683 

4+ Outpatient Care Over Past 12 months (Ref. 0-3) 0.733 (0.360-1.492) 0.389 

Inpatient Care Over Past 12 months (Ref. None) 0.621 (0.309-1.247) 0.178 

6+ Years of Duration of Heart Failure (Ref. 0-5 Years) 1.308 (0.751-2.275) 0.340 

Medication Use   

ACEi and/or ARBs (Ref. No Use) 1.417 (0.773-2.598) 0.258 

β-blockers (Ref. No Use) 1.370 (0.764-2.457) 0.288 

Loop Diuretics (Ref. No Use) 1.742 (0.900-3.370) 0.099 

Nitrates and Vasodilators (Ref. No Use) 0.986 (0.469-2.072) 0.970 

Statin (Ref. No Use) 1.305 (0.700-2.431) 0.399 
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Anticoagulation (Ref. No Use) 0.709 (0.322-1.559) 0.390 

Abnormal abdominal fat was defined as waist circumference ≥ 102 cm for male or ≥ 88 cm for female. High total 

cholesterol levels were defined as total cholesterol levels ≥ 200 mg/dL. High serum tri-glyceride levels were 

defined as serum triglyceride levels ≥ 150 mg/dL. Low HDL-cholesterol levels were defined as HDL-cholesterol 

levels < 40 mg/dL for male or < 50 mg/dL for female. High LDL-cholesterol levels were defined as LDL-

cholesterol levels ≥100 mg/dL. Abbreviations: ACEi, angio-tensin converting enzyme inhibitors; ARBs, 

angiotensin II receptor blockers; BMI, body mass index; CKD, chronic kidney disease; OR, odds ratio; Ref. 

reference group. 
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Appendix C.3. Flow Chart of Analytic Sample Selection - HF, heart failure; HOMA-IR, homeostatic model assessment-insulin 

resistance; MEC, mobile examination center; NHANES, National Health and Nutrition Examination Survey.

Total no. of participants in 1999-2016 NHANES cycles (Raw Counts; n = 92,062) 

HF participants aged 20+ years who attended the MEC morning session (n = 1,705) 

Age < 20 years (n = 49,512) 

Eligible participants (n = 348) 

History of diabetes or diabetes medication use (n = 288) 

No history of HF (n = 47,807) 

Did not attend the MEC morning session (n = 919) 

Pregnant (n = 2) 

Implausible dietary data (n = 70) 

No complete measurement of HOMA-IR (n = 78) 

HF participants aged 20+ years who were 

excluded from the analyses (n = 1,357) 
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Appendix C.4. Sociodemographic and Health Characteristics of Included and Excluded Participants with Heart 

Failure  
 Included Participants Excluded Participants   

Characteristics (n = 348) (n = 1,357) P Value1 

Age, Mean (SE) 65.5 (0.8) 66.7 (0.5) 0.177 

Gender, %    
  Male 57.2 48.6 

0.024 
  Female 42.8 51.4 

Race/Ethnicity, %    
  Non-Hispanic White 80.6 69.4 

0.001 
  Non-Hispanic Black 8.9 16.5 

  All Hispanic 6.2 8.9 

  Other 4.3 5.3 

Education, %    
  Less than High School 33.1 35.1  
  High School Graduate 28.5 25.1 0.630 

  More than High School 38.4 39.9  
Angina, % 27.2 27.3 0.984 

Coronary Heart Disease, % 38.0 41.6 0.317 

Heart Attack, % 44.3 43.8 0.900 

Hypertension, % 66.1 76.6 0.005 

Stroke, % 20.5 19.7 0.815 
1P-value indicates significance of differences between the groups using survey-weighted general linear models 

for continuous variables and the Rao-Scott F adjusted chi-square tests for categorical variables. Abbreviation: 

SE, standard error. 
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Appendix C.5. Intakes of Nutrient and Food Group across Dietary Approaches to Stop Hypertension Diet Adherence Index Quartiles 

    DASH Diet Adherence Index 

  ALL Quartile 1 Quartile 2 Quartile 3 Quartile 4 

Total Energy, Median (IQR), kcal 1,788 1,921 1,930 1,662 1,654 

  (1,449-2,186) (1,582-2,327) (1,575-2,321) (1,336-2,041) (1,339-2,026) 

Macronutrient Consumption, Median (IQR) 

Protein, g  68.4 71.4 70.4 65.0 66.9 

 (55.2-83.6) (58.2-86.0) (57.2-85.0) (51.8-80.1) (54.0-85.0) 

Total Fat, g 66.2 73.7 74.0 64.3 55.3 

 (50.9-84.4) (57.9-92.7) (58.1-92.4) (49.8-81.3) (43.0-69.8) 

Saturated Fatty Acids, g 21.5 24.2 24.1 20.4 18.1 

 (16.8-27.0) (19.4-30.2) (19.3-29.7) (16.1-25.2) (14.4-22.5) 

Monounsaturated Fatty Acids, g 23.9 26.6 27.1 23.7 19.1 

 (18.1-30.8) (20.7-33.5)  (21.1-34.0) (18.2-30.2) (14.7-24.5) 

Polyunsaturated Fatty Acids, g 14.6 15.8 15.7 14.3 13.0 

 (10.7-19.5) (11.7-20.9) (11.5-20.6) (10.5-19.4)  (9.7-17.2) 

Cholesterol, mg 242.1 296.8 286.6 208.4 197.5 

 (182.6-317.7) (232.2-374.2) (223.7-362.3) (160.0-266.9) (152.1-253.8) 

Carbohydrates, g 223.2 230.2 239 204.9 216.5 

 (182.5-271.5) (190.6-276.6) (197.4-284.8) (165.8-251.4) (177.5-263.5) 

Dietary Fiber, g 14.0 10.1 13.9 13.0 18.1 

 (10.9-17.6) (7.9-12.5) (11.4-16.6) (10.3-16.2)  (14.9-21.9) 

Macronutrient Consumption Ratio, Median (IQR) 

Protein, % of Total Energy Intake 15.3 14.7 14.6 15.6 16.2 

  (13.7-17.0) (13.3-16.2) (13.2-16.2) (14.1-17.2)  (14.7-18.1) 

Total Fat, % of Total Energy Intake 33.2 33.9 34.4 34.5 30.0 

   (29.9-36.6) (30.9-37.3) (31.5-37.6) (31.6-37.8) (27.4-32.8) 

Carbohydrates, % of Total Energy Intake 50.0 47.8 49.5 49.1 52.9 

 (46.4-53.9) (44.3-51.8) (46.1-53.3) (45.8-52.4)  (49.4-56.7) 

Micronutrient Consumption, Median (IQR) 

Vitamin E, mg α-Tocopherol eq. 6.3 5.3 6.3 6.3 7.0 

   (4.7-8.2) (4.1-7.0) (4.8-8.2) (4.8-8.3)  (5.4-9.1) 

Vitamin A, μg RAE 598.6 443.3 528.3 601.9 840.2 

 (409.9-855.4) (313.2-615.4) (367.3-735.7) (428.1-835.7) (606.3-1,129.5) 

Thiamin, mg 1.44 1.43 1.48 1.39 1.45 

  (1.15-1.79) (1.15-2.75) (1.18-1.83) (1.10-1.74) (1.17-1.84) 

Riboflavin, mg 1.96 1.87 1.98 1.92 2.02 

 (1.53-2.47)  (1.46-2.37)  (1.54-2.49)  (1.50-2.42)  (1.61-2.55) 

Niacin, mg 20.9 22.0 21.8 19.6 20.5 
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 (16.6-26.3) (17.8-26.8) (17.2-26.9) (15.3-24.6) (16.4-26.4) 

Vitamin B6, mg 1.72 1.57 1.76 1.6 1.92 

 (1.34-2.20) (1.22-1.97)  (1.37-2.21) (1.24-2.05)  (1.50-2.45) 

Total Folate, μg 350.4 333.7 346.9 341.9 377.0 

 (287.4-425.3)  (277.3-395.8)  (284.2-413.9) (275.0-414.2) (309.7-476.5) 

Vitamin B12, μg 4.4 4.5 4.5 4.4 4.2 

 (3.2-5.9) (3.3-6.0) (3.3-6.0) (3.2-5.9)  (3.2-5.7) 

Vitamin C, mg 75.0 47.0 74.1 67.2 112.8 

 (49.4-110.0) (31.4-67.4)  (52.0-102.7) (45.4-95.7) (80.1-153.8) 

Calcium, mg 788.5 722.0 744.1 809.2 868.5 

  (617.2-985.9) (567.4-910.1) (582.2-929.6) (640.3-1,008.2) (691.4-1,077.1) 

Phosphorus, mg 1,166 1,136 1,176 1,123 1,211 

 (934-1,437) (915-1,399) (944-1,438) (891-1,396) (973-1,511) 

Magnesium, mg 249.2 203.6 246.9 242.7 294.0 

 (199.9-307.0)  (164.7-247.9) (202.2-296.2) (194.5-298.3)  (240.2-359.7) 

Iron, mg 13.6 13.1 14.1 12.9 14.2 

 (10.8-17.1) (10.4-16.3)  (11.1-17.5)  (10.2-16.2) (11.3-18.1) 

Zinc, mg 10.3 10.4 11.2 9.6 9.9 

 (8.1-13.0) (8.3-13.0)  (8.9-14.0) (7.6-12.2) (7.8-12.6) 

Copper, mg 1.2 0.9 1.2 1.0 1.4 

 (0.9-1.4) (0.8-1.1) (1.0-1.5) (0.8-1.2)  (1.1-1.7) 

Sodium, mg 2,939 3,293 3,164 2,720 2,664 

  (2,328-3,662) (2,662-4,031) (2,534-3,874)  (2,143-3,379) (2,120-3,350) 

Potassium, mg 2,443 2,047 2,425 2,365 2,829 

 (1,938-3,026)  (1,632-2,515) (1,946-2,954) (1,869-2,919) (2,297-3,472) 

Selenium, μg 91.7 101.3 93.8 87.6 86.9 

 (74.8-111.5) (83.2-121.0) (76.9-112.9) (71.3-106.6) (70.7-106.3) 

Food Group Consumption, Median (IQR) 

Total Fruits, cup eq. 0.8 0.4 0.7 0.9 1.2 

 (0.5-1.3) (0.3-0.7) (0.4-1.1) (0.5-1.3) (0.8-1.8) 

Total Vegetables, cup eq. 1.4 1.1 1.4 1.2 1.8 

 (1.0-1.8) (0.8-1.5) (1.1-1.8)  (0.8-1.5) (1.4-2.3) 

Vegetables Except Potatoes and  0.9 0.7 1.0 0.8 1.3 

  Legumes, cup eq. (0.6-1.4) (0.4-1.0) (0.7-1.3) (0.5-1.2) (0.9-1.9) 

Nuts and Legumes, cup eq. 0.6 0.3 0.7 0.7 0.7 

 (0.3-1.1) (0.2-0.6)  (0.4-1.1) (0.4-1.2) (0.4-1.2) 

Total Grains, oz. eq. 5.7 5.8 6.1 5.6 5.3 

  (4.8-6.9)  (4.9-6.9) (5.2-7.3) (4.6-6.6)  (4.5-6.5) 

Whole Grains, oz. eq. 0.7 0.5 0.6 0.7 1.0 
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 (0.4-1.0) (0.3-0.8) (0.4-0.9) (0.4-1.0) (0.5-1.4) 

Total Protein Foods, oz. eq. 4.7 5.6 4.9 4.6 4.2 

 (3.5-6.2) (4.2-7.1)  (3.7-6.4) (3.3-6.0) (3.1-5.6) 

Red and Processed Meats, oz. eq. 2.4 3.0 2.6 2.3 2.2 

    (1.8-3.1) (2.1-3.7) (1.9-3.3) (1.7-2.9)  (1.7-2.8) 

Total Dairy, cup eq. 1.3 1.2 1.3 1.3 1.4 

  (1.0-1.7) (0.8-1.6)  (1.0-1.7) (1.0-1.7) (1.1-1.9) 

Low-fat Dairy, cup eq. 0.1 0.1 0.0 0.1 0.1 

 (0.0-0.3) (0.0-0.3) (0.0-0.2) (0.0-0.3) (0.0-0.3) 

Discretionary Oil, g 15.8 17.8 14.6 17.5 14.8 

 (10.1-23.4) (11.5-26.3) (9.1-22.1)  (11.3-25.7) (9.5-21.5) 

Discretionary Solid Fat, g 33.7 38.5 40.1 30.6 27.4 

  (25.1-44.3) (29.5-49.3) (30.9-50.6) (23.1-39.3) (20.8-35.3) 

Added Sugar, tsp. eq. 14.3 20.2 16.8 11.8 10.5 

 (9.1-20.9) (14.5-27.3) (11.6-23.3) (7.8-17.7) (6.8-15.5) 

Sweetened Beverages, tsp. eq. 2.6 5.1 3.2 2.4 1.6 

 (0.8-5.9) (1.4-10.7) (0.9-6.8) (0.7-5.2) (0.5-3.6) 

Intakes of nutrient and food were adjusted for age, gender, race/ethnicity, body mass index, 24-hour dietary recalls (first recall administered during the MEC 

session or second recall administered by phone 3-10 days later), and the day-of-week of 24-hour recall (Monday-Thursday or Friday-Sunday). Abbreviations: 

DASH, dietary approaches to stop hypertension; eq, equivalent; IQR, interquartile range; oz, ounce; RAE, retinol activity equivalent; tsp, teaspoon. 
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Appendix C.6. Total Numbers and Rates of Missing Values for Included Variables in Logistic Regression  

Model 3 

Variables (n = 348) Total Number of Missing Values Rate of Missing Values (%) 

Age  0 0 

Gender 0 0 

Race/Ethnicity 0 0 

Dietary Energy 0 0 

Current Smoker 0 0 

Body Mass Index  14 4.0 

Abnormal Abdominal Fat  24 6.9 

Serum Triglyceride 4 1.1 

HDL-Cholesterol 0 0 

History of Stroke 0 0 

Abbreviation: HDL, high-density lipoprotein. 


