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Objective: In this review article, we briefly describe the status of treatment options for HFpEF and the 
role of mitochondrial dysfunction in the pathogenesis of HFpEF as an alternative therapeutic target. We also 
examine the mechanisms of D-ribose in cellular energy production and discuss the potential disadvantages 
and benefits of supplemental use of D-ribose in patients with HFpEF. 
Background: Heart failure is a major cardiovascular disease that impacts over 6 million Americans and is 
one of the leading causes for morbidity and mortality. Patients with heart failure often experience shortness 
of breath and fatigue along with impaired physical capacity, all leading to poor quality of life. As a subtype of 
heart failure, heart failure with preserved ejection fraction (HFpEF) is characterized with impaired diastolic 
function. Currently, there are no effective treatments specifically for HFpEF, thus clinicians and researchers 
are searching for therapies to improve cardiac function. Emerging evidence indicate that mitochondrial 
dysfunction and impaired cardiac bioenergetics are among the underlying mechanisms for HFpEF. There 
is increased interest in investigating the use of supplements such as D-ribose to enhance mitochondrial 
function and improve production of adenosine triphosphate (ATP). 
Methods: For this narrative review, more than 100 relevant scientific articles were considered from various 
databases (e.g., PubMed, Web of Science, CINAHL, and Google Scholar) using the keywords “Heart 
Failure”, “HFpEF”, “D-ribose”, “ATP”, “Mitochondria”, Bioenergetics”, and “Cellular Respiration”.
Conclusions: It is essential to find potential targeted therapeutic treatments for HFpEF. Since there 
is evidence that the HFpEF is related to impaired myocardial bioenergetics, enhancing mitochondrial 
function could augment cardiac function. Using a supplement such as D-ribose could improve mitochondrial 
function by increasing ATP and enhancing cardiac performance for patients with HFpEF. There is a recently 
completed clinical trial with HFpEF patients that indicates D-ribose increases ATP production and improves 
cardiac ejection fraction. 
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Introduction 

Background

Heart disease is a common disorder that continues to rank as 
the leading cause of mortality in the United States (U.S.) and 
worldwide, accounting for 1 out of every 4 deaths in the U.S 
and 16% of the world’s total deaths (1,2). With the global 
population of persons aged 65 and older increasing each year, 
the prevalence of heart disease is also increasing (3). Among 
those with heart disease, heart failure, a serious condition, 
afflicts more than 6.2 million American adults and accounts 
for 13.4% of deaths each year, more than half of all heart 
disease attributable deaths (4). The number of American 
adults with heart failure is estimated to increase to more 
than 8 million, or about 3% of the population, by 2030 (4). 
Overall lifetime risk of developing heart failure ranges from 
20% at age 45 to 45% at age 95, with variability between sex 
and race. There are also significant increases in lifetime risk 
among those with certain risk factors such as elevated blood 
pressure and body mass index (4).

The burden of heart failure is expansive, with high 
morbidity and mortality compared to many other chronic 
diseases. Heart failure results in decreased quality of life, 
disability, financial hardship, increased medical expenses, 
and more frequent hospital visits. The total economic cost of 
heart failure in the U.S. is projected to reach $70 billion by 
2030 with more than two-thirds of the cost in direct medical 
expenses (4). Heart failure is one of the leading causes for 
in-patient hospitalization stays in the U.S with more than  
1 million each year (5). The outcomes of heart failure 
patients after hospitalization are poor with case fatality rates 
of 10.4% at 30 days, 22% at 1 year, and 42.3% after 5 years, 
according to the National Heart, Lung, and Blood Institute’s 
Atherosclerosis Risk in Communities study (4).

Several types of heart failure have been identified based 
on the specific cardiac dysfunctional characteristics of the 
patient. The subset of heart failure classified as HFpEF 
accounts for at least 50% of heart failure cases and is more 
commonly diagnosed in women. Current treatment options 
for HFpEF are limited to mainly symptom management, 
heart failure risk factor reduction, and comorbid disease 
treatments. With the expected increasing prevalence of 
HFpEF cases in an aging population, new treatments 
targeted specifically for this disease are needed to improve 
patient outcomes and quality of life. 

Mitochondrial dysfunction may play a significant role in 
the pathogenesis of HFpEF (6). A primary characteristic 
of mitochondrial dysfunction is impaired synthesis of 

adenosine triphosphate (ATP), the cellular energy molecule. 
Without an adequate supply of ATP, cardiomyocytes may 
not be able to function normally, initiating or contributing 
to symptoms of heart failure. D-ribose is a naturally and 
endogenously generated monosaccharide critical for cellular 
energy production. Emerging evidence shows promise for 
the supplemental use of D-ribose to manage heart failure 
symptoms. 

Objective

This article explores the role that supplemental D-ribose 
may have for patients with HFpEF, including possible 
benefits, disadvantages, and mechanisms of action. Key 
questions addressed in this review include the following:

(I)	 What is Heart Failure with Preserved Ejection 
Fraction?

(II)	 How does mitochondrial bioenergetics affect 
HFpEF?

(III)	 What role does supplemental D-ribose have for 
HFpEF treatment? 

We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
dx.doi.org/10.21037/atm-21-2291).

HFpEF

Heart failure can be classified in several ways (acute vs. 
chronic, left vs. right sided, forward vs. backwards, and 
low vs. high output). One of the most common and useful 
classifications is by ejection fraction. Heart failure with 
reduced ejection fraction (HFrEF), is also called systolic 
heart failure. With this form of heart failure, the left 
ventricle (LV) loses its ability to contract normally and left 
ventricular ejection fraction is less than 40%. In contrast, 
HFpEF is also called diastolic heart failure in which the 
diastolic function of the LV is impaired due to a stiff or 
noncompliant LV. The heart is unable to adequately fill with 
blood during the diastolic period between each contraction. 
HFpEF is characterized by signs and symptoms of heart 
failure and a left ventricular ejection fraction (LVEF) ≥50%. 
Heart failure associated with intermediate reductions in 
LVEF (40% to 49%) is also commonly grouped into a 
new category called heart failure with midrange failure 
(HFmrEF). HFpEF causes almost one-half of the more than 
6 million cases of heart failure in the U.S. (7). It is more 
common among older patients, obese women, and those 
with hypertension (8). HFpEF results from abnormalities 
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of active ventricular relaxation and is often caused by 
hypertension, coronary artery disease, and valvular disease 
(Table 1). The prognosis of HFpEF is comparable to that of 
HFrEF and is worsened by higher levels of brain natriuretic 
peptide, older age, a history of myocardial infarction, and 
significantly reduced diastolic function.

HFpEF should be suspected in patients with typical 
symptoms (fatigue, weakness, dyspnea, orthopnea, and 
paroxysmal nocturnal dyspnea) and signs (S4 heart sound, 
edema, rales, and jugular venous distension) of chronic 
heart failure. Echocardiographic findings of normal ejection 
fraction with impaired diastolic function confirm the 
diagnosis. The echocardiographic criteria recommended 
by the European Society of Cardiology for the diagnosis 
of HFpEF includes a LVEF of ≥50% and LV end-diastolic 
volume index (LVEDI) <97 mL/m2 (9). Elevated LV filling 
pressure is indicated by a ratio of mitral early diastolic 
inflow velocity to mitral early annular lengthening velocity 
(E/e’) >15 (10). Measurement of natriuretic peptides is also 
useful in the evaluation of the severity of the disease in 
patients with HFpEF (11). 

Clinical trials of pharmacologic therapy for HFpEF 
have produced largely neutral results (12). In the absence of 
definitive evidence, current management strategies should be 
based on an understanding of the underlying pathophysiologic 
processes in HFpEF. Thus, the management of patients with 
HFpEF is principally directed toward treating associated 
or contributing conditions (such as coronary artery disease, 
hypertension, or atrial fibrillation) and symptoms (edema 

and other findings of congestion or volume overload). This 
approach is consistent with recommendations for treatment 
of patients with HFpEF included in the 2017 focused update 
of the 2013 American College of Cardiology Foundation/
American Heart Association (ACC/AHA) Heart Failure 
guidelines (13). Management of heart failure should be 
provided according to published clinical practice guidelines 
to improve symptomatic heart failure.

Multiple trials have not demonstrated medications to 
be effective treatment of the underlying physiology of 
HFpEF, except for palliative use of diuretics. Patients with 
congestive symptoms should be treated with a diuretic 
to reduce volume overload. If hypertension is present, it 
should be treated according to evidence-based guidelines. 
It is important to note that clinical trials of angiotensin 
receptor blockers raise concerns about adverse effects, and 
these medications should be used with caution. Exercise 
and treatment by multidisciplinary teams may be helpful. 
Physicians should consider referring patients with HFpEF 
who can exercise safely for exercise training or cardiac 
rehabilitation. 

Studies have shown that in HFpEF there is muscle 
mitochondrial  energetic impairment,  particularly 
during exertion (14,15). There are still questions on the 
pathogenesis that leads to this mitochondrial dysfunction 
including oxidative stress, changes in sympathetic tone, 
increased cytokine production, insulin resistance etc. There 
are also differences in mitochondrial dysfunction between 
patients with HFpEF and HFrEF. In HFpEF patients, 
there is an increase in impairment of mitochondria function 
resulting in less ATP production (16,17).

Currently, there are limited treatment options for 
HFpEF management, and the large patient population 
impacted by this disorder has an urgent need for effective 
and safe therapies. Due to their effects on mitochondrial 
bioenergetics, supplemental D-ribose and ubiquinol could 
be potential options for HFpEF management. Providing 
evidence-based recommendations for management 
alternatives of this debilitating and common syndrome is of 
vital importance.

Mitochondria and bioenergetics 

Mitochondria are important organelles that are responsible 
for cellular energy production. They are composed of 
inner and outer membranes with an intermembrane space 
between the two membranes. The proteins within the 
outer membrane are called porins and they are essential for 

Table 1 Causes of HFpEF

Anemia 

Atrial fibrillation

Chronic kidney disease

Chronic obstructive pulmonary disease (COPD)

Coronary artery disease

Diabetes mellitus

Hypertension 

Hypertrophic cardiomyopathy

Obesity

Obstructive sleep apnea

Pericardial disease

Valvular heart disease

HFpEF, heart failure with preserved ejection fraction.
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movement of ions in and out of the mitochondrion. The 
cristae space is the inner membrane of the mitochondria 
generating a high surface area that allows for increased 
ATP generation. Cristae are studded with many proteins 
(i.e., ATP synthase, complexes I-IV) that are involved 
in electron transport, ATP synthesis, and transport of 
metabolites in and out of the mitochondrial matrix (18). 
There are also other mitochondrial components such as 
granules, ribosomes, and mitochondrial deoxyribonucleic 
acid (mtDNA). The mtDNA play an important role in the 
regulation of apoptosis, free radical generation, and cellular 
metabolism (19).

 Mitochondria produce cellular energy through the 
process of respiration and regulate cellular metabolism 
(20,21). Mitochondria are central to the synthesis of 
adenosine triphosphate (ATP) (22). ATP consists of three 
principal structures: (I) adenine, the nitrogenous base; (II) 
ribose, the sugar; and (III) phosphate groups connected 
to ribose (23). ATP is synthesized by the enzyme ATP 
synthase and it is an important and essential cellular 
energy source for the myocardium (24,25). Mitochondria 
participate in three major cellular processes, including: (I) 
oxidative phosphorylation which is the synthesis of ATP by 
phosphorylation for energy via the electron transport chain; 
(II) cellular respiration where glycolysis occurs; and (III) 
bioenergetics where cellular energy transformations and 
transductions arise (26-28). The electron transport chain 
consists of a series of protein complexes (I-IV) that contains 
enzymes, peptides, and many other molecules. During this 
process there is a transfer of electrons that are involved in 
moving electrons from NADH and FADH2 to molecular 
oxygen. The protons are moved from the mitochondrial 
matrix to the intermembrane space allowing oxygen to be 
reduced to water (29). Under normal conditions about 4% 
of ATP is generated by glycolysis and 1% from the citric 
acid cycle. Approximately 95% of ATP is generated in the 
myocardium derived from oxidative phosphorylation in the 
mitochondria (30).

Myocardial mitochondria are the main source of energy 
for cardiac metabolism. These organelles are very dynamic 
with quality control measures to enhance performance of 
the muscle. One of the major pathophysiologic mechanisms 
now recognized for heart failure is mitochondrial 
dysfunction. Under physiologic conditions, mitochondria 
play a major role in cardiomyocyte energy production, 
electrolyte homeostasis, apoptosis, and calcium signaling. 
Since the mitochondrial respiratory chain produces oxygen-
free radicals, the inner and outer membranes assist mtDNA 

in damage repair and communication among organelles. 
Furthermore, the genome within the nucleus regulates the 
replication of mtDNA and the synthesis of mitochondrial 
proteins (31). 

In patients with HFpEF, there are structural and energetic 
cardiomyocyte mitochondria aberrations. These changes 
may occur from different pathophysiologic mechanisms such 
as increased free radical damage to the mitochondria that 
leads to reduced ATP production (30). With the alteration 
in supply and demand of ATP to the cardiomyocyte, there is 
often activation of downstream signaling pathways causing 
inflammation and diastolic dysfunction (32). These changes 
in mitochondrial function are now being included in the 
pathophysiology of HFpEF (17).

Cellular D-ribose

D-ribose is a naturally occurring 5-carbon monosaccharide 
(pentose) that serves an important role in the genetic and 
energetic structures within the cell (33). D-ribose exists 
in equilibrium as an open-chain and 2-ring structures. 
The open chain structure of D-ribose is an aldose due to 
it containing an aldehyde functional group on C1. The 
cyclic forms of D-ribose are the pentagonal ring structure 
(the furanose) from the reaction with the aldehyde and 
C4, and the hexagonal ring structure (the pyranose) 
from the reaction of the aldehyde and C5. Both ring 
structures have α and β forms depending on the position 
of the constituents attached to C1 (34). The furanose 
ring structure of D-ribose is a precursor to the structures 
of nucleic acids (DNA and RNA), coenzymes (NADH, 
NADPH, FADH2, and acetyl coenzyme A), and energy 
molecules (ATP, GTP, etc.) (33,35).

D-ribose is synthesized in the cell’s cytosol by the 
pentose phosphate pathway (PPP) (33). This pathway is 
also known as the hexose monophosphate shunt (HMS) 
due to it “shunting” glucose-6-phosphate (G6P) from 
other metabolic pathways to the PPP. Since G6P is used 
in other pathways such as glycolysis, gluconeogenesis, 
and glycogenesis, the first step in the PPP is regulated 
by glucose-6-phosphate dehydrogenase (G6PDH), an 
enzyme that is stimulated by increasing levels of NADP+ 
(35,36). The first half of the PPP is considered the 
oxidative phase. G6P is oxidized by G6PDH with NADP+ 
to form D-6-phosphogluconolactone and NADPH. D-6-
phosphogluconolactone is further oxidized forming more 
NADPH, hydrolyzed, and decarboxylated to form ribulose-
5-phospate (37). The NADPH produced from this pathway 
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provides the cells with antioxidant defense and participates 
in anabolic reactions for cholesterol, steroids, and fatty 
acids (36). The second half of the PPP is the non-oxidative 
phase. The ribulose-5-phosphate formed from the first 
phase undergoes non-oxidative reactions that form the 
key components: ribose-5-phosphate (R5P), fructose-6-
phosphate (F6P), and glyceraldehyde-3-phosphate (G3P). 
F6P and G3P can feedback into glycolysis and contribute 
to the production of ATP and intermediates for cellular 
respiration (37). R5P contributes to the synthesis of 
nucleotides by undergoing a double phosphorylation from 
an ATP molecule to produce an activated form called 
phosphoribosyl pyrophosphate (PRPP). PRPP can enter 
two pathways in order to synthesize ribonucleotides for 
RNA and ATP. The salvage pathway recycles existing 
nitrogenous bases and adds them to PRPP. The de novo 
pathway uses simple molecules such as amino acids to 
create the nitrogenous bases that attaches to the pentose 
ring (35,38,39). NAD+ and NADP can be synthesized from 
PRPP by the salvage pathway with nicotinamide and the  
de novo pathway with tryptophan (40). In patients with 
HFpEF, there is decreased intracellular myocardium 
adenine nucleotide concentrations. Ingestion of D-ribose 
allows for conversion of glucose through the PPP, PRPP, 
and salvage pathways into ATP (Figure 1) (41). 

The PPP is a slow and rate-limited process due to the 

limited availability of G6PDH (42). D-ribose plays an 
important role in providing a framework for the formation 
of molecules that transfer and produce energy and the 
production of intermediates that can feedback into other 
pathways for cellular respiration. Researchers have increasing 
interest in exploring the possibility of supplemental D-ribose 
as a means to increase intracellular energy in cells with 
impaired bioenergetics (33). Supplemental D-ribose bypasses 
the oxidative phase of the PPP by first being phosphorylated 
by a ribokinase and forming R5P that feeds into the non-
oxidative phase of the PPP (34). Even though supplemental 
D-ribose may consume energy during phosphorylation and 
omit the formation of NADPH from the oxidative phase, it 
is hypothesized that supplemental D-ribose can contribute 
an increase in overall cellular energy by accelerating the 
synthesis of ATP (42,43). It is thought that D-ribose may 
benefit patients with mitochondrial dysfunction by increasing 
ATP levels. A study by Omran et al. evaluated the effect of 
supplemental D-ribose on diastolic function in patients with 
heart failure. The study found significant echocardiographic 
data indicating an improvement in diastolic function 
and significant enhancement in perceived quality of life 
from the questionnaires completed by participants in the 
D-ribose group (22). Various studies have assessed the use of 
supplemental D-ribose, but all have been limited by either a 
small sample size, a lack of diversity in subject demographics, 
varying fitness levels of participants in studies observing the 
effect on D-ribose and exercise, absent monitoring of diets 
that may contain D-ribose, dosing amount of D-ribose, or 
varying duration of supplementation (44-46). D-ribose may 
have an overall benefit, but some studies have shown that 
D-ribose may participate in protein glycation leading to 
cell cytotoxicity (34). Glycation can cause the production 
of reactive oxygen species (ROS) and advanced glycation 
end-products (AGEs) that can accumulate and form protein 
aggregates. AGEs have been associated with aging and 
neurodegenerative diseases (47). In vitro studies using human 
serum albumin (HSA) and in vivo studies using mice models 
have shown the ability of D-ribose to glycate proteins leading 
to glycated serum proteins. Further research is needed on the 
role of supplemental D-ribose on the possible formation of 
AGEs by protein glycation in humans (48). 

HFpEF and use of D-ribose 

Mitochondrial function requires nutrients and oxygen 
for metabolic function, especially for myocardial tissue. 
Mitochondria can be damaged from many sources 

Figure 1 There is a decrease in the intracellular myocardium 
concentrations of total adenine nucleotides with heart failure 
and the body replaces ATP by using either the salvage or de novo 
pathways of purine nucleotide metabolism. This reformative 
process starts the conversion of glucose through the pentose 
phosphate pathway (PPP). During this process phosphoribosyl-
1-pyrophosphate (PRPP) is converted to inosine monophosphate 
(IMP) then to adenosine monophosphate (AMP). Once there is 
more AMP, it can be converted to ATP for energy (40).

D-ribose absorbed 
in small intestine

Conversion to glucose via 
Pentose Phosphate Pathway (PPP) 

Phosphoriboxyl-1-pyrophosphate (PRPP)

Salvage pathway 
Adenine IMP

ADP ATPAMP

Hypoxanthine
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such as pharmaceutical drugs, cigarette smoke, genetic 
abnormalities, occupational chemicals, etc. Patients with 
cardiovascular disease where mitochondrial dysfunction 
occurs can cause a progressive decline in ATP synthesis. 
When decline of ATP in mitochondria arises, there is 
increased oxidative stress with loss of structural integrity of 
mitochondria (20). This mitochondrial dysfunction from 
ATP depletion and free radical damage occurs in many 
organs and leads to various diseases. 

Normal myocardium produces approximately 50–
70% of the ATP for mitochondrial β-oxidation of fatty 
acids. In patients with HFpEF, there is a diminishing 
in mitochondrial bioenergetics that leads to reduced 
myocardial ATP. This decrease in APT production 
in HFpEF results in diminished cardiac function and 
performance. The myocardial mitochondria will shift from 
using lipids to glucose in an attempt to maintain ATP 
production for cellular function. Often in patients with 
HFpEF, this mechanism is disrupted and there is significant 
loss of ATP leading to apoptosis of cardiomyocytes. The 
respiratory chain is also altered and there is decreased 
activity within the mitochondrial complexes I thru V leading 
to less ATP production. With heart failure, the replication 
of mtDNA is severely diminished which causes a decrease 
in mtDNA-encoded proteins. Without these proteins, the 
mitochondrial biogenesis (mass) is impaired. Myocardial 
cells control the rate of mitochondrial biogenesis through 
SIRT1-dependent pathways that reduce myocardial 
oxidative stress and prevent apoptosis (20,21). There are 
several studies that have demonstrated that mitochondrial 
dysfunction plays a major role in the pathogenesis of heart 
failure (49) (Table 2). 

Supplemental D-Ribose has been investigated in 
animal models to enhance myocardial metabolism and 
performance following myocardial ischemia (23,24). It 
has also been used with humans to examine the effects of 
oral D-ribose supplementation on cardiac hemodynamics 
and quality of life. In this study the participants consumed 
D-ribose for 3 weeks and a placebo for 3 weeks. The 
investigators found improved diastolic function and 
enhanced quality of life indicators with D-ribose but not 
with the placebo powder (22). Derosa et al. investigated 
53 ischemic heart disease patients and tested several 
nutraceutical compounds. These include D-ribose with 
creatine, vitamin B1, and vitamin B6. They concluded 
that these supplements with a physical exercise program, 
improved their exercise tolerance (27). Another study 
examined 11 patients with heart failure (New York Heart 

Association class II–IV) that had clinical symptoms, 
normal left ventricular systolic function, and diastolic 
dysfunction. The patients received 5 grams of D-ribose 
daily for 6 weeks. They found improvement in diastolic 
filling velocity and maximal oxygen consumption (28). 
Thus, supplemental D-ribose is a pentose carbohydrate 
that helps replenish deficient ATP levels in patients 
with HFpEF. With the use of D-ribose, the cells are 
able to bypasses a key metabolic enzyme needed for 
the production of ATP and assist the failing depleted 
myocardium heart to produce energy and reduce diastolic 
dysfunction (28,57). These studies suggest that D-ribose 
could be a potential treatment for patients with HFpEF or 
diastolic dysfunction. 

Methods

This review considered research articles and systematic 
reviews of HFpEF, D-ribose, mitochondrial bioenergetics, 
cellular respiration, and ATP production from January 
2011 to April 2021. Inclusion of systematic review articles 
ensured that we maximized the examination of studies that 
may not clearly use the terms HFpEF, bioenergetics, and 
cellular respiration. The literature search was completed 
using the following strategy. With collaboration of a 
research team, literature searches were conducted in the 
databases PubMed, Web of Science, CINAHL plus Full 
Text, and Google Scholar from January 2011 to April 2021. 
For this search, keywords for the concepts of “HFpEF”, 
“Heart Failure”, “D-ribose”, “ATP”, “Mitochondria”, 
Bioenergetics” and “Cellular Respiration” were combined 
in varied ways using “AND” and “OR” search operators. 
Limits were applied to the search including articles 
published in the last 10 years and when available, humans 
and RCT filters. A PubMed search using only medical 
subject headings (MeSH) was conducted to ensure retrieval 
of the most precise results. Although certain limitations 
were found in some of the studies due to sample size, the 
overall trend of using D-ribose supplementation for HFpEF 
was positive. 

Discussion

D-Ribose has been shown in animal and human studies 
to increase myocardial ATP production and improve 
cardiac function. In a few clinical trials, oral D-ribose 
supplementation enhanced cardiac hemodynamics, ejection 
fraction, and quality of life in patients with heart failure. 
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Table 2 Pre-clinical and clinical articles related to the D-ribose and heart disease

Articles Summary

Pre-clinical articles

Ojetola, Adedeji, & Fasanmade, 
(2021) (50)

This study investigated cardiovascular effects of different doses of D-Ribose-L-cystein (DRLC) Wistar 
rats. Prolonged administration of DRLC 250 mg/kg supplementation, increased possess the ability to 
yield better cardiovascular responses. Thus, suggesting that supplementation with DRLC at  
250 mg/kg may improve cardiac function by decreasing in triglycerides, atherogenic index and 
C-reactive protein

Lamberts, Caldenhoven,  
Lansink, Vaessen, St. Cyr, & 
Stienen, (2007) (51)

In 40 Wistar rats (n=40) with compensatory right ventricular hypertrophy. These rats were given 
daily oral dose of either 150 mg.kg dextrose (placebo) or D-ribose and folic acid (150 and 40 mg∙kg, 
respectively. These investigators found that right ventricular energy status was depressed D-ribose 
with folic acid improved diastolic stiffness, collagen content, and diastolic ventricular interaction in 
the right ventricle

St Cyr, Bianco, Schneider, 
Mahoney, Tveter, & Einzig  
(1989) (23)

In canines, these investigators found that d-ribose enhance recovery of diastolic function follow  
20 minutes of induced myocardial ischemia 

Clinical articles

Li, Wang, Xiao, Zhang, Fang, 
Yang, Zhang, Masser, Qin  
(2021) (52)

Review article of the potential physiological functions of D-ribose, its toxic effects, clinical value and 
its utility for the treatment of heart failure and diabetes

Pierce, Shen, Vacek, Rahman, 
Krueger, Gupta, & Hiebert  
(2020) (35)

A review article concerning d -ribose and how it may improve mitochondrial bioenergetics. 
It specifically addresses the role of mitochondrial metabolism as it may relate to HFpEF 
pathophysiology and the potential mechanisms by which ubiquinol and d -ribose may impact 
mitochondrial function

Derosa, Pasqualotto, Catena, 
D’Angelo, & Maffioli, (2019) (27)

A clinical trial examining 53 subjects who were given a nutraceutical composition containing creatine, 
D-ribose, vitamin B1, and vitamin B6 or the placebo. These supplements in addition to standard 
therapy and exercise improved exercise tolerance I patients with cardiovascular disease

Shecterle, Terry, and St. Cyr 
(2018) (53)

In this review article there is an overview of ischemic heart disease and the role that D-ribose could 
have on increasing myocardial energetics and function. There is an excellent review of the pentose 
phosphate and de novo pathways

Cicero & Colletti, (2017) (54) This review of literature article examined studies related to hawthorn, coenzyme Q10, L-carnitine, 
D-ribose, carnosine, vitamin D, omega-3 PUFAs, and beet nitrates. They concluded that these 
nutraceuticals may be a useful as an effective management for patients with heart failure

Bayram, St. Syr, & Abraham 
(2015) (27)

In 11 patients with heart failure, oral D-ribose was administered for 6 weeks. These investigators 
found that D-ribose improved cardiac function measured by echocardiogram in patients with 
diastolic heart failure

Wagner, Herrick, Shecterle, & St. 
Cyr (2009) (55)

This review article outlined studies that indicate that D-ribose may improve diastolic dysfunction 
following myocardial ischemia, and congestive heart failure. They suggest that D-ribose provides the 
necessary metabolic substrate during heart failure when the myocardium is in an energy-deficient 
state

Herrick & St. Cyr (2008) (56) In this article, the authors review states of ischemia and/or hypoxia and the lower levels of cellular 
myocardial energy. They propose that ribose appears to provide a potential solution to the problem 
in replenishing ATP levels in patients with cardiovascular diseases

Omran, Illien, MacCarter, St. Cyr, 
Luderitz, (2003) (22)

In this feasibility study, 15 subjects with chronic coronary artery disease and heart failure were given 
oral D-ribose or placebo. After 3 weeks of D-ribose, the data indicated patients with coronary artery 
disease and heart failure had improved diastolic function and quality of life

HFpEF, heart failure with preserved ejection fraction.
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Unfortunately, the major limitation of these studies was the 
small sample size of 15 or less participants. Also, there was 
no measurement in these studies of ATP concentration or 
mitochondria. On clinicaltrials.gov, a recently completed 
study with HFpEF patients has been completed with results 
indicating that oral supplemental D-ribose increased ATP 
production and improved ejection fraction. Improving 
myocardial ATP deficiency by enhancing mitochondrial 
bioenergetics could offer a potential treatment for patients 
with HFpEF. 

There are also data measuring mitochondrial proteins 
that are continually remodeling to improve mitochondrial 
function (58). This constant synthesis and turnover of 
mitochondrial proteins are more susceptible to free radical 
damage affecting oxidation phosphorylation and ultimately 
ATP production (59). Thus, supplemental D-ribose may be 
able to assist with maintaining myocardial energy production 
and reduce the damage to mitochondrial transcriptome and 
proteome allowing for improved diastolic function (52). 

With HFpEF there are decreased concentrations of ATP 
in cardiac myocytes, and to preserve adequate cardiac ATP 
supplies ADP/ATP ratio must be held as low as possible. If 
the ratio increases, there can be cardiac dysfunction caused 
by a limited ability to convert ADP to ATP in the circulation. 
Thus, supplemental D-ribose may accelerate PRPP synthesis 
directly to increase myocardial ATP production and decrease 
HFpEF. Chen et al. found that there was a time-dependent 
association between ATP concentration and diastolic 
function. When D-ribose was administered, there was a quick 
restoration of ATP and reduction of diastolic dysfunction (60).  
Thus, D-ribose improves function and limits damage through 
bypassing the rate-limiting step in the PPP pathway causing 
a rise in PRPP by increasing the de novo synthesis rate of ATP 
(Figure 1) (52). 

There are many early-phase clinical trials focusing on 
mitochondrial agents for patients with HFpEF. These 
therapeutic approaches include strategies for modulation 
of mitochondrial function, particularly stimulation of 
mitochondrial biogenesis. D-ribose, ubiquinol (CoQ10), 
and resveratrol have been studied in HFpEF with a 
completed study assessing the effects of these agents on 
cardiac function; however, the results have not yet been 
published (17). 

Conclusions 

HFpEF is a debilitating disease with few effective medical 
treatment options for patients. With mitochondrial 

dysfunction in HFpEF patients, ATP synthesis is impaired, 
potentially presenting with symptoms of fatigue and 
shortness of breath. D-ribose supplementation may support 
mitochondrial energy production through acceleration of 
ATP synthesis by means of bypassing the oxidative phase of 
the pentose phosphate pathway and resulting in an increased 
quantity of available intracellular ATP. The mitochondrial 
bioenergetic pathways suggest that supplemental D-ribose 
may be a viable therapeutic option for HFpEF patients.
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