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A b s t r a c t :  

The prevention and treatment of cardiovascular diseases have always been a 
focal point in related fields. This paper explores the application and underlying 
mechanisms of exogenous and endogenous β-hydroxybutyrate supplementation 
in addressing cardiovascular diseases, including myocardial ischemia, 
myocardial infarction, diabetic cardiomyopathy, hypertension, myocardial 
inflammation, hypertrophic cardiomyopathy, and heart failure. Exogenous 
β-hydroxybutyrate supplementation offers a rapid and direct energy source for 
the heart, thereby aiding in the prevention and management of cardiac injury. 
Notably, the overall efficacy of exogenous β-hydroxybutyrate is markedly 
superior to that of endogenous β-hydroxybutyrate. Endogenous fatty acids, 
derived from a ketogenic diet, undergo oxidation to form β-hydroxybutyrate in 
the body for energy production. However, this process is significantly influenced 
by glucose and lipid metabolism, particularly in the context of underlying 
health conditions. Currently, the use of a ketogenic diet is not advocated for the 
prevention or treatment of myocardial ischemia, myocardial infarction, diabetic 
cardiomyopathy, or hypertension.
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1. Introduction
The global fatality rate of cardiovascular diseases (CVD) 
has been increasing year by year [1], and it has become one 
of the severe public health problems in China. In 2019, 
the number of deaths from CVD in rural and urban areas 
accounted for 46.74% and 44.26% of the total deaths, 
respectively [2]. It is predicted that the domestic CVD 
mortality rate will reach 1,973.8 per 100,000 people from 
2020 to 2030 [3]. Therefore, exploring effective strategies 
to control the progression of CVD is of great significance 
for reducing the risk of death and improving the current 
status of the disease.

β-hydroxybutyrate (β-OHB), which accounts 
for 70% of ketone bodies, is the main substance that 
provides energy and exerts protective effects on the 
heart. It controls the occurrence or development of 
CVD by reducing vascular fibrosis and promoting 
endothelial cell proliferation. Studies have suggested 
that the compensatory increase of β-OHB is a risk factor 
for the occurrence of CVD. When heart injury occurs, 
metabolic patterns change, leading to a decrease in 
glycolytic capacity and a shift to ketone body oxidation 
as the main energy source. Therefore, supplementing 
β-OHB can prevent the production of more compensatory 
products that may aggravate heart injury [4]. However, in 
the prevention or treatment of different types of CVD, 
exogenous and endogenous β-OHB supplementation has 
shown varying results, such as protection or damage, and 
its role in various CVD remains controversial. This article 
summarizes the supplements and functions of β-OHB, 
reviews its application in the prevention and treatment of 
CVD, summarizes its mechanism of action, and provides 
references for related applications such as early clinical 
prevention and treatment of CVD and drug development.

2. Supplementation of β-OHB
2.1. Exogenous β-OHB supplementation
Exogenous β-OHB supplementation elevates blood 
ketone levels, with a blood β-OHB concentration >0.5 
mmol/L, resulting in nutritional ketosis and a shift in 
overall metabolism. This enhancement increases the 
heart’s ability to oxidize β-OHB, elevates mitochondrial 
redox potential, and ultimately increases the free energy 
of ATP hydrolysis. In CVD, exogenous β-OHB is often 

supplemented through ketone salts or ketone esters. 
Ketone salts, primarily in the form of sodium, calcium, 
magnesium, etc., are commonly used exogenous β-OHB 
supplements. Ester-based β-OHB supplements are 
classified into monoesters and diesters based on whether 
they contain β-OHB and/or its precursors. Ketone esters 
have a faster absorption rate and ability to elevate blood 
ketones than ketone salts. Only 50% of serum β-OHB can 
be detected after oral administration of ketone salts, and 
levels return to normal after 24 hours [1,5].

Exogenous β-OHB supplementation plays a 
crucial role in controlling obesity, improving metabolic 
status, enhancing athletic performance, and serving as 
an anti-aging metabolite. In maintaining and protecting 
cardiovascular health, exogenous β-OHB infusion 
increases the heart rate of healthy elderly individuals by 
25% and resting myocardial blood flow by 75% [6]. Aerobic 
perfusion of high-concentration β-OHB in healthy mice 
can increase the β-OHB oxidation rate, generating a large 
number of reducing equivalents through the citric acid 
cycle without causing a burden on the heart, indicating the 
safety of exogenous β-OHB application for the heart [7].

2.2. Endogenous β-OHB supplementation
The ketogenic diet (KD) is a dietary plan that combines 
high fat, low carbohydrates, and moderate protein, 
primarily satisfying the high-energy demands of 
cardiac metabolism by promoting fatty acid oxidation 
in hepatocytes to produce ketones. The KD lowers 
the metabolic efficiency of the citric acid cycle in 
hepatocytes, causing an accumulation of acetyl-CoA that 
cannot enter the cycle. This leads to the production of 
ketones, mainly β-OHB, which are transported through 
the blood to high-energy tissues like the heart, brain, and 
skeletal muscles for oxidation and utilization. The KD is 
classified into classic KD, medium-chain triglyceride KD, 
modified Atkins diet, and low glycemic index treatment 
based on lipid content. Diets with a lower lipid content 
have shorter fatty acid chain lengths, resulting in faster 
metabolism to β-OHB and an earlier onset of effects [8].

Initially used to control refractory epilepsy, the KD 
has proven effective in treating neurological diseases such 
as Parkinson’s disease, Alzheimer’s disease, and autism 
spectrum disorders. Its therapeutic role in cardiovascular 
health has gained increasing attention in recent years. 
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Dietary intervention presents the greatest opportunity 
to alter cardiovascular outcomes, including improving 
or eliminating heart risk factors, preventing myocardial 
infarction, stroke, and cardiovascular death, and reducing 
the burden on heart plaques [9]. The KD can improve heart 
function and delay aging in elderly mice by reducing 
oxidative stress, enhancing mitochondrial function, 
promoting autophagy flux, decreasing left ventricular 
end-systolic diameter, and reducing cardiomyocyte cross-
sectional area [10].

3. Application and mechanism of 
exogenous β-OHB in CVD
3.1. Exogenous β-OHB supplementation 
prevents myocardial ischemia-reperfusion 
injury by reducing reactive oxygen species
Myocardial ischemia leads to cellular hypoxia, where 
the myocardium does not have sufficient oxygen 
for glucose glycolysis to produce energy. Therefore, 
β-OHB generated by the liver becomes the primary 
energy source for cardiomyocytes. The heart drives 
ketogenesis through 3-hydroxy-3-methylglutaryl-CoA 
synthase and succinyl-CoA transferase (SCOT), where 
β-OHB can accumulate to 23.9 nmol per milligram 
of myocardial tissue. This nourishes the heart through 
the coronary arteries, accelerating functional recovery 
from ischemia/reperfusion (I/R) injury [11]. In mice with 
myocardial ischemia under continuous β-OHB exposure, 
a concentration of 10 mmol/L was found to be optimal 
for preventing I/R injury. β-OHB enhances the expression 
of forkhead box O3 (FoxO3) by promoting histone 
acetylation in cardiomyocytes, thereby inhibiting caspase-
1-mediated pyroptosis and preventing acute myocardial 
I/R injury [12]. Reactive oxygen species (ROS) regulate 
mitochondrial membrane permeability during myocardial 
I/R, causing irreversible heart damage. β-OHB reduces 
ROS generation by decreasing the microtubule-associated 
protein 1 light chain 3B-II (LC3B-II)/LC3-I protein 
ratio and enhancing lysosome-associated membrane 
protein-2 content in the myocardium. This promotes 
autophagic flux, reduces mitochondrial ROS production, 
and mitigates oxidative and endoplasmic reticulum stress, 
ultimately lowering serum troponin I, creatine kinase 
(CK), and lactate dehydrogenase (LDH) levels. It also 

reduces infarct size, minimizing heart damage caused by 
I/R in mice [13].

3.2. Exogenous β-OHB supplementation 
reduces myocardial  infarct ion s ize  by 
decreasing the number of apoptotic cells
Severe myocardial ischemia leads to myocardial 
infarction (MI), and elevated β-OHB is an independent 
risk factor for cardiac death three years after MI patient 
discharge [14]. Exogenous β-OHB supplementation 
effectively prevents MI. In rats administered intravenous 
ketone esters and subjected to MI modeling, β-OHB 
increased 40-fold to maintain energy supply after MI. 
Compared to the MI group, there was a reduction in 
infarct size and the number of apoptotic cells in the 
infarct zone [15]. Injecting β-OHB into MI rats also treats 
heart function impairment caused by MI. After three 
weeks of injection, MI rats showed activation of the 
Notch homolog 1/hairy and enhancer of split 1 (Notch1/
Hes1) pathway, inhibiting cardiomyocyte apoptosis and 
endoplasmic reticulum stress. This reduced myocardial 
infarction size, significantly lowered serum LDH and 
CK isoenzyme levels, and improved cardiac function and 
pathological changes in acute MI rats [16].

3.3. Exogenous β-OHB supplementation 
enhances antioxidant capacity to prevent and 
treat diabetic cardiomyopathy
Elevated levels of ROS and nitrogen in patients 
with diabetic hyperglycemia are major factors in the 
development of diabetic cardiomyopathy (DCM). ROS 
causes oxidative stress damage, leading to cardiomyocyte 
apoptosis and cardiac dysfunction [17]. Four weeks of 
ketone ester feeding enhances mitochondrial biogenesis 
and increases antioxidant stress capacity in diabetic 
db/db mice, improving cardiac systolic and diastolic 
function and preventing the progression of the disease 
to DCM [18]. Oxidative stress induces the accumulation 
of collagen 4 (COL4) and thickening of the basement 
membrane, leading to cardiac microvascular fibrosis in 
diabetic rats. Ten weeks of ketone ester intake can inhibit 
the production of COL4, promote the generation of 
copper-zinc superoxide dismutase, reduce nitrotyrosine 
levels, and alleviate cardiac microvascular fibrosis [19]. 
Thioredoxin 1 (Trx1) plays an antioxidant protective 
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role in DCM. Treating cardiomyocytes with β-OHB for 
16 hours upregulates Trx1 through protein acetylation, 
protecting the heart [20]. In diabetic patients, the heart’s 
intake of glucose, lactic acid, and pyruvate decreases, 
while the intake of β-OHB increases. β-OHB can 
downregulate the NOD-like receptor protein 3 (NLRP3) 
inflammasome in the human body, inhibit inflammatory 
responses, and thereby reduce left ventricular hypertrophy 
in diabetic patients [21].

3.4. Exogenous β-OHB supplementation 
improves vascular function in hypertensive 
populations
Supplementing with exogenous β-OHB can effectively 
prevent hypertension. Healthy individuals who consume 
ketone esters experience an increase in systolic blood 
pressure, heart rate, and biventricular function, along 
with a decrease in systemic vascular resistance. Obesity 
is a risk factor for hypertension. Obese individuals who 
drink ketone ester beverages can lower blood sugar and 
inflammation, thereby reducing blood pressure, increasing 
heart rate, and improving vascular function [22]. When 
rats drink diluted water with a low dose of ketone esters 
for four weeks, it can expand blood vessels by activating 
potassium channels and nitric oxide synthase, improving 
endothelium-dependent and -independent vasodilation in 
aged spontaneously hypertensive rats (SHRs). However, 
it may cause vascular damage in young and healthy rats, 
indicating that exogenous β-OHB can treat and reverse 
the decline in vascular function that comes with age [23].

3.5. Exogenous β-OHB supplementation 
activates antioxidant pathways to reduce 
myocardial damage caused by myocardial 
inflammation
When the heart is damaged by lipopolysaccharide 
(LPS) and doxorubicin (DOX), mitochondrial oxidative 
stress and inflammatory responses occur. Glycolysis of 
glucose is insufficient for energy supply, subsequently 
enhancing the synthesis and utilization of the auxiliary 
fuel β-OHB, improving the heart’s resistance to 
myocardial inflammatory responses.  In human 
vascular endothelial cells, β-OHB activates antioxidant 
pathways by inhibiting histone deacetylase (HDAC) 
activity, reducing mitochondrial superoxide production, 

and enhancing the expression of antioxidant genes 
Foxo3a and metallothionein 2A (Mt2). This increases 
mitochondrial basal oxygen consumption rate and 
respiratory reserve capacity [24]. Twenty days of ketone 
ester gavage significantly increases β-OHB in mouse 
myocardium, activates the Foxo3A/Mt2 pathway through 
HDAC, reduces myocardial oxidative stress, improves 
mitochondrial respiratory function, and can prevent 
myocardial sepsis caused by LPS [25]. Gavaging mice with 
β-OHB shows that β-OHB can increase the expression of 
matrix metalloproteinase 9 by activating the extracellular 
signal-regulated kinase 1/2 pathway, inhibit apoptosis, 
reduce oxidative stress, and maintain mitochondrial 
membrane integrity. This treats the decline in heart 
function caused by DOX and reduces cardiotoxicity [26].

3.6. Exogenous β-OHB supplementation treats 
cardiomyocyte hypertrophy in mice with 
hypertrophic cardiomyopathy
Transverse aortic contraction (TAC) is a common 
method for inducing hypertrophic cardiomyopathy 
(HCM) in animal models. Two weeks of treatment with 
drinking water containing 20% ketone ester reduced 
cardiomyocyte hypertrophy and cardiac fibrosis in TAC 
mice, delaying the deterioration of cardiac function. 
However, acute intravenous infusion of β-OHB for one 
hour only increased cardiac output and improved cardiac 
metabolism in TAC mice [27]. Current evidence suggests 
that a single acute exogenous β-OHB supplementation 
has limited effects on the treatment of HCM, only 
affecting cardiac metabolism. The role of exogenous 
β-OHB supplementation in human patients has not yet 
been explored, and the mechanism of action has not been 
elucidated or discussed, which needs to be supplemented 
in subsequent research.

3.7. Exogenous β-OHB supplementation exerts 
antioxidant effects to slow down the occurrence 
and development of heart failure
Heart failure (HF) is the end-stage manifestation of CVD, 
and the elevation of β-OHB in late-stage myocardium is a 
compensatory response to cardiomyocyte injury [28]. In HF 
patients, the ratio of β-OHB production to consumption 
increases by three times compared to healthy adults. The 
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compensatory increase in serum β-OHB concentration 
is positively correlated with the decrease in ejection 
fraction, and excessive accumulation impairs cardiac 
function [29]. Ketosis induced by β-OHB supplementation 
leads to cardiac metabolic reprogramming, which helps 
reduce cardiac dysfunction and disease progression 
during HF development. After oral administration of 
a ketone ester drink for six minutes, β-OHB increased 
by 12.9 times, which was positively correlated with left 
ventricular mass and diameter, negatively correlated 
with left ventricular ejection fraction, and characterized 
by reduced mitochondrial oxidative metabolism [30]. 
Intravenous injection of β-OHB increased cardiac output 
by 40% and left ventricular ejection fraction by 8% in HF 
patients, without impairing myocardial energy utilization 
efficiency [31,32]. Treatment of HF rabbit cardiomyocytes 
with β-OHB showed higher reduced glutathione (GSH) 
levels than HF cells, indicating that β-OHB exerts 
antioxidant effects to treat HF-induced cardiac function 
damage [33]. Oral administration of ketone esters for one 
week in mice and two days in rats, followed by TAC 
combined with apical MI surgery (TAC/MI) for HF 
modeling, showed that oral ketone esters prevented the 
decrease in left ventricular ejection fraction caused by HF 
and improved left ventricular dysfunction. However, the 
improvement in the myocardial infarction area was better 
with two weeks of oral ketone ester treatment compared 
to two days of preoperative ketone ester prevention [34]. In 
the treatment of HF, β-OHB downregulates the oxidase 
2/glycogen synthase kinase 3β (NADPH oxidase 2/
glycogen synthase kinase-3β, NOX2/GSK-3β) pathway, 
increases the number of cardiac T regulatory cells to 
inhibit inflammation, improves diastolic function and 
fibrosis in HF mice, and promotes the recovery of cardiac 
function [35].

4. Application and mechanism 
of endogenous ketogenic diet in 
cardiovascular diseases
4.1. Endogenous ketogenic diet cannot prevent 
myocardial ischemia-reperfusion injury
When KD is consumed for a certain period as a preventative 
measure, the heart’s β-OHB remains at supernormal 
levels. However, in sudden cardiac ischemia and hypoxia, 

it is difficult for the myocardium to oxidize β-OHB for 
energy. In obese rats, two weeks of KD intervention led 
to inhibited mitochondrial biogenesis and adiponectin 
systems, significantly reducing the levels of cardiac 
antioxidants superoxide dismutase 2 (SOD2) and catalase 
(CAT), thereby impairing the recovery of left ventricular 
function after isolated ischemia/reperfusion (I/R) [36]. KD 
also struggles to rapidly provide sufficient energy to treat 
I/R injury due to the slow increase in endogenous β-OHB 
levels. The anaerobic oxidation of glucose alone cannot 
meet the high energy demand of the heart, making the 
therapeutic effect of KD on I/R potentially unoptimistic [15], 
although direct evidence is still lacking.

4.2. Endogenous ketogenic diet has a negative 
effect on the prevention and treatment of 
myocardial infarction
The effectiveness of KD in preventing MI is not 
significant. After four weeks of KD feeding, MI modeling 
was performed on mice, revealing a decrease in both 
glycolysis-related enzymes and β-OHB metabolism under 
hypoxic conditions, insufficient to provide adequate 
energy to the myocardium [15]. The therapeutic effect of 
KD after MI also shows negative outcomes, with long-
term KD intervention increasing overall mortality [9]. A 
male with no history of heart disease developed Type II 
MI after four weeks of KD intervention, although the 
specific mechanism remains unclear [37]. In humans with 
MI, there is a sharp compensatory increase in β-OHB in 
the heart, causing damage. KD cannot timely replenish 
β-OHB and is difficult to reverse cardiomyocyte death, 
leading to the continuous deterioration of heart function.

4.3. Endogenous ketogenic diet can prevent but 
not treat diabetic cardiomyopathy
Eight weeks of KD can exert anti-apoptotic protective 
effects through the phosphatidylinositol 3-kinase/protein 
kinase B (PI3K/Akt) pathway, enhancing mitochondrial 
function, reducing oxidative stress, controlling blood 
glucose in db/db mice, and preventing disease progression 
to DCM [38]. However, long-term KD treatment shows 
negative effects. Increased glucose availability in the 
myocardium of diabetic mice leads to reduced ketone body 
utilization and suppressed expression of key ketogenic 
enzymes such as D-β-OHB dehydrogenase 1 (BDH1) 
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and 3-oxoacid CoA transferase [39]. Twelve weeks of KD 
weakens interleukin-33/suppression of tumorigenicity 
2 ligand (IL-33/ST2L) signaling in T regulatory cells, 
reduces mitochondrial function in DCM mice, inhibits fatty 
acid oxidation, and elevates glycolysis levels. This results 
in cardiac fibroblast activation and interstitial fibrosis, 
which are not conducive to improving heart function in 
DCM [40]. While KD plays a role in preventing diabetes 
progression to DCM, its effect on treating myocardial 
damage in established DCM is minimal due to sufficient 
energy provision by hyperglycemia-induced glycolysis in 
the absence of significant changes in related enzymes.

4.4. Endogenous ketogenic diet should be 
prohibited in the treatment of hypertension
KD induces oxidative stress, inflammatory responses, and 
fibrosis, leading to glucose and lipid metabolism disorders 
in spontaneously hypertensive rats (SHRs). Endogenously 
generated β-OHB cannot exert its beneficial effects 
and instead aggravates hypertension by activating the 
renin-angiotensin-aldosterone system. Therefore, KD 
should be prohibited in the treatment of hypertensive 
patients. Four weeks of KD increases the activity of the 
mammalian target of the rapamycin (mTOR) pathway 
in SHRs, promoting β-OHB-induced cardiac fibroblast 
fibrosis progression through the mTOR pathway. This 
reduces antioxidant glutathione (GSH) content, increases 
the production of oxidative product malondialdehyde 
(MDA), elevates systolic blood pressure, and adversely 
affects the heart [41]. KD also upregulates the nuclear 
factor-κB pathway, inhibiting the expression of 
endothelial nitric oxide synthase and platelet-endothelial 
cell adhesion molecules in SHRs’ mesenteric arteries, 
while promoting the expression of interleukin-1β and 
tumor necrosis factor-α. This impairs endothelial function 
and exacerbates mesenteric artery hypertension [42]. The 
effects of KD in secondary hypertension have not been 
explored, and studies on its preventative role in both 
primary and secondary hypertension are lacking.

4.5. Endogenous ketogenic diet reduces 
myocardial inflammation
Using 18F-fluorodeoxyglucose (18F-FDG) myocardial 
uptake to detect myocardial inflammation in rats showed 
that a 7-day KD reduced 18F-FDG uptake, indicating 

a significant therapeutic effect on the myocardium 
compared to 2 and 4 days. This suggests that entering 
a ketotic state requires continuous KD intervention 
for a period of time [43]. Current evidence indicates the 
beneficial role of KD in myocardial inflammation, but 
further research is needed. It can be actively applied to 
patients and animal models with myocardial inflammation 
for validation and mechanistic exploration.

4.6.  Endogenous ketogenic diet  exerts 
antioxidant effects to prevent and treat 
hypertrophic cardiomyopathy
A 4-week KD increased BDH1 by 2.8 times in mice after 
transverse aortic constriction (TAC), and the contribution 
of β-OHB to energy supply through the tricarboxylic 
acid cycle increased by 25%, providing sufficient energy 
to prevent the occurrence of pressure-overload cardiac 
hypertrophy [44]. KD treats pathological cardiomyocyte 
hypertrophy and left ventricular systolic dysfunction in 
TAC mice by inhibiting the mTOR pathway, enhancing 
BDH1 and SCOT, and suppressing phenylephrine [45]. To 
confirm the role of BDH1 in HCM, BDH1-overexpressing 
mice were used, showing that increased BDH1 effectively 
reduces TAC-induced cardiac oxidative stress injury [46]. 
Specific knockout of the BDH1 gene in cardiomyocytes 
resulted in decreased left ventricular ejection fraction and 
increased left and right ventricular end-diastolic volumes 
after TAC, leading to pathological heart deterioration. 
However, feeding a KD to BDH1 knockout mice one 
week before and four weeks after TAC significantly 
improved heart function and reduced mortality [47]. The 
preventive and therapeutic effects of KD in HCM mice 
mainly rely on upregulating the expression of ketone 
metabolism-related enzymes, increasing myocardial 
β-OHB concentration, and enhancing the contribution of 
β-OHB to energy supply. However, research discussing 
the effects of KD in HCM patients is still lacking.

4.7. Endogenous ketogenic diet prevents and 
treats heart failure by reducing oxidative stress
During the progression of HF, the body’s reliance on 
ketone bodies for energy increases due to decreased 
glycolysis and fatty acid oxidation. Lipid supplementation 
is beneficial for mitochondrial repair in HF hearts [48]. 
Mice with specific knockout of the skeletal muscle ketone 
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body breakdown rate-limiting enzyme gene underwent 
TAC and developed HF after five weeks. Elevated fasting 
circulating β-OHB concentrations were detected, which 
inhibited cardiac NLRP3 inflammasome activation, 
reduced cardiac inflammation, and slowed the progression 
of HF. This suggests that chronic accumulation of 
β-OHB is an effective way to control HF progression [49]. 
KD regulates the expression of glucose and fatty acid 
metabolism-related enzymes in HF, increases myocardial 
β-OHB concentration, and prevents HF progression. 
A 4-week KD increased BDH1 protein expression by 
1.9 times in TAC/MI-induced HF mice, demonstrating 
improved myocardial ketone utilization in HF mice 
through increased ketone delivery and uptake, and 
upregulation of antioxidant gene control [44]. KD is also 
used in the treatment of HF mice. An 8-week intermittent 
KD preserves ketogenesis in the liver, increases the 
levels of cardiac antioxidant enzymes SOD2, CAT, and 
glutathione peroxidase 1, reduces oxidative stress, and 
improves cardiac systolic and diastolic function [50].

5. Safety and potential risks of β-OHB
Currently, the application of β-OHB supplementation 
in CVD remains controversial. Its effects depend not 
only on the glucose and lipid metabolism status of the 
underlying disease itself but also on the formula, dosage, 
intake method, intervention timing, and duration of the 
supplementation.

The updating of β-OHB intake concentration and 
the ratio of KD nutrients is a hot topic in the field of 
β-OHB supplementation research. High concentrations of 
β-OHB treatment on human vascular endothelial cells led 
to reduced cell viability and induced oxidative stress at 
48 hours, while low concentrations of β-OHB treatment 
significantly reduced cell viability at 72 hours [51]. In 
protecting heart function in CVD patients, preferential 
oxidation of short-chain fatty acids for energy promotes 
the preservation of ejection fraction in HF patients [52]. 
Excessive intake of β-OHB can cause fat intolerance, 
hyperketonemia, and metabolic acidosis in humans. It 
can also lead to side effects in the digestive, urinary, and 
respiratory systems due to fatty acid oxidation-induced 
hepatitis. Certain patients with chronic underlying 
diseases are contraindicated for KD intervention [53].

The intake method also affects the available amount 
of β-OHB to the heart. Using a ketone ester tracer for 
intravenous injection in humans, it was observed that the 
heart has the strongest uptake, while oral administration 
shows more ketone ester retention in the gastrointestinal 
tract and reduced availability to the heart [54]. There is no 
significant difference in the effect between oral ketone 
ester drinks and nasal feeding, both can increase blood 
β-OHB levels [1].

Early intervention is essential when using KD for 
treatment. The NLRP3 inflammasome is activated within 
the first hour to one day of cardiac pressure overload, and 
starting KD after two days of heart injury cannot inhibit 
inflammation [55]. With prolonged intervention time, the 
effect of β-OHB on the heart shifts from protective to 
detrimental. Both 16 weeks of intraperitoneal injection of 
β-OHB and KD maintain high levels of β-OHB in rats, 
promoting histone acetylation and transcriptional activation 
of the silent information regulator 7 promoter, which in turn 
inhibits the transcription of mitochondrial and ribosomal-
encoded genes, exacerbating cardiac apoptosis and fibrosis, 
leading to impaired heart function [56].

In terms of improving effectiveness, combining 
exogenous and endogenous supplementation, as well 
as combining KD with exercise, yields better results. 
A 6-week intervention of KD combined with ketone 
salts in overweight and obese adults induced higher 
nutritional ketosis in the first two weeks compared to KD 
intervention alone, with lower urinary nitrogen excretion 
and reduced nitrogen loss [57]. KD combined with exercise 
therapy can lower blood glucose in diabetic mice, 
improve insulin sensitivity, and effectively alleviate lipid 
metabolism disorders caused by KD [58].

6. Conclusion 
In summary, exogenous β-OHB supplementation has a 
better effect, providing the heart with sufficient alternative 
energy substances quickly and directly, preventing and 
treating heart injury. It activates the FoxO3a/MT2A 
and Notch1/Hes1 pathways, inhibits the NOX2/GSK-
3β pathway to reduce apoptosis, oxidative stress, and 
inflammatory response, increases ketone metabolism-
related enzymes, maintains heart energy supply, and 
alleviates discomfort caused by CVD. Endogenous 
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KD supplementation requires further oxidation in the 
body to generate β-OHB for energy supply, which is 
greatly influenced by the glucose and lipid metabolism 
status of the underlying disease itself and plays a role in 
preventing CVD. In diabetic patients, it can exert an anti-
apoptotic effect by activating the PI3K/AKT pathway, 
protecting the heart and preventing progression to DCM. 
However, in the treatment of DCM, it activates the IL-
33/ST2l pathway, exacerbating cardiac fibrosis. The 
action pathways of exogenous and endogenous β-OHB 
supplementation are shown in Figure 1.

Figure 1. The mechanisms of exogenous and endogenous 
β-hydroxybutyrate (β-OHB) in the prevention and treatment of 
cardiovascular diseases. KD: ketogenic diet; FoxO3a: forkhead 
box O3a; MT2A: metallothionein 2A; ROS: reactive oxygen 
species; NOX2: NADPH oxidase 2; GSK-3β: glycogen synthase 
kinase-3β; BDH1: D-β-OHB dehydrogenase 1; SCOT: succinyl-
CoA transferase; NLRP3: NOD-like receptor protein 3; TXNIP: 
thioredoxin-interacting protein; Gal-3: galectin-3; Hes1: hairy 
and enhancer of split 1; Bcl-2: B-cell lymphoma-2; Bax: Bcl-2-
associated X protein; PI3K: phosphatidylinositol 3-kinase; AKT: 
protein kinase B; PERK: protein kinase R-like endoplasmic 
reticulum kinase; eIF2α: eukaryotic initiation factor 2α; ATF4: 
activating transcription factor 4; CHOP: enhancer-binding 
protein homologous protein; IL-33: interleukin-33; ST2L: 
suppression of tumorigenicity 2 ligand; FAS: fatty acid synthetase; 
ACACB: acetyl-CoA carboxylase beta; CPT1A: carnitine 
palmitoyltransferase 1A.

Currently, there is insufficient direct evidence for 
the use of exogenous β-OHB supplementation in the 
treatment of myocardial ischemia and prevention of 
HCM, and endogenous KD supplementation has not 
been explored for the treatment of myocardial ischemia, 
prevention of hypertension, and myocardial inflammation. 
An overview of the therapeutic effects of CVD is 
provided in Table 1. 

Table 1. Comparison of the preventive (P) and 
therapeutic (T) effects of exogenous and endogenous 
β-hydroxybutyrate supplementation on cardiovascular 
diseases

Types of cardiovascular diseases
Exogenous Endogenous

P T P T

Myocardial ischemia reperfusion ○ − × −

Myocardial infarction ○ ○ × ×

Diabetic cardiomyopathy ○ ○ ○ ×

Hypertension ○ ○ − ×

Myocardial inflammation ○ ○ − ○

Hypertrophic cardiomyopathy − ○ ○ ○

Heart failure ○ ○ ○ ○

○: protective effect, ×: harmful effect, −: no direct evidence to 
support its use.

Although this review highlights a number of 
studies mentioning oxidative stress markers involved in 
the development and progression of CVD, there are no 
definitive biochemical markers that can indicate whether, 
which, and how to supplement β-OHB. More research is 
needed to fill this current gap.
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