
Introduction
This study aims to investigate the impact the ketogenic diet and certain ketones have on heart fibrosis and 
heart cell death.

Conclusions

This study shows evidence in animal, cell, and human associative data that the 
ketogenic diet increases heart fibrosis, and specifically through the ketone B-
hydroxybutyrate, not acetoacetate.

Amendments
It was pointed out by Dr. Dom D'Agastino that the diet was massively skewed to saturated fats for the animals, which 
is an excellent point as some of the effects seen in the study may be more due to the extremely high saturated fat 
content of the ketogenic diet rather the ketogenic diet, itself. 

1

The ketogenic diet (extreme low carb, high fat) has been used for epilepsy, weight loss, 
diabetes, cancers, and other pathologies. The diet forces the body to use fats instead of 
carbohydrates for energy and also allows the formation of ketones like acetoacetate, B-
hydroxybutyrate, and acetone. 

Ketone concentrations are typically low at 100 to 250 micromollar concentration, but on a 
ketogenic diet on fasting, it can reach upwards of 8 millimolar. Yet, under pathological 
conditions (like uncontrolled diabetes), it can reach 25 millimolar. 

1.

2

Ketogenic diet has been under scrutiny for having potentially negative effects on the heart 
in clinical settings. Elevated ketones in diabetes are associated with greater risk of stroke, 
coronary heart disease.  

2.
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3

The researchers fed rats a ketogenic diet and the rats lost weight, lost body fat, and reduced 
their blood pressure. 

3.

Table 1
The researchers put rats on either their normal diet, a calorie 
restricted diet (30% calorie restriction), or a ketogenic diet (low 
carbohydrate, high fat diet allowed to consume at will). The 
researchers did echocardiograms (images of the heart) and 
measured various aspects of the size and function of the heart. 
Abbreviations are defined under the table. 

Primary Results:
- There was an increase in heart rate in the ketogenic diet. 
- The Left Atrial Diameter (LAD), Left Ventricular Posterior Wall 
Diameter (LVPWd), Left Ventricular diameter (LVDd), Right 
Ventricular Anterior Wall Thickness (RVAW) all increased in size 
with the ketogenic diet consuming rats. 

Take Away: There is heart growth in certain sections of the 

heart, as well as greater heart rate with a ketogenic diet. 
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Figure 1
The researchers have taken samples of the heart of these animals and are running a series of tests 
on them using microscopes and protein measures. [1A] The researchers are taking measurements of 
the amount non-muscle tissue in the heart of these three sets of animals (normal diet, calorie 
restricted, ketogenic diet). The more non-muscle, collagen tissue, the greater potential fibrosis - this is 
shown in the Masson stain (blue is collagen). Images quantified below. [1B] A similar experiment, but 
differentiating which types of collagen. [1C] This is a protein measure for two types of collagen and a 
smooth muscle actin protein. [1D] Concentration of ketones in the blood. [1E] Concentration of 
ketones in the heart muscle. 

Rats were then injected with two of the three ketones for 16 weeks and the experiments were 
repeated to show a cause and effect relationship. [1F] The researchers injected acetoacetate or beta-
hydroxybutyrate into the animals for 16 weeks and measured collagen/fibrosis in the heart tissue. 
[1G-H] are the same as [1B] and [1C].

Primary Results
- Increased collagen with the ketogenic diet group, but not the normal diet or calorie restricted group.
- Increased ketones in the ketogenic diet group and the calorie restricted group - more in the 
ketogenic diet group. 
- Injection of B-hydroxybutyrate (ketone) increased collagen presence in the heart, but acetoacetate 
(ketone) did not.

Take Away: Elevated ketones, specifically B-hydroxybutyrate, increases collagen 

production/fibrosis in the heart. 
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Table 2
This is the exact same experiment at Table 1, but the researchers 
have started injecting the animals with ketones (acetoacetate, 
AcAc or B-hydroxybutyrate, B-OHB) or nothing (saline).

Primary Results
- B-hydroxybutyrate increases heart rate. 
- Left atrial diameter (LAD), Left Ventricular Anterior Width 
diameter (LVAWd), Left Ventricular dimension (LVDd/s) and Right 
ventricular anterior wall thickness (RVAW) increased with B-
hydroxybutyrate injections. 

Take Away: B-hydroxybutyrate injection leads to similar 

physical/clinical outcomes as being on a ketogenic diet, but 
acetoacetate does not. 
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Figure 2
Researchers wanted to know how ketones lead to fibrosis of the heart so they 
looked at a series of different heart cells to tease that out - looking at human 
cardiomyocytes (HCM), Rat cardiomyoblasts (immature rat heart cells, H9C2), 
mouse cardiomyocytes (mouse heart cells, HL-1), Mouse embryonic fibroblasts 
(MEFs, which create collagen), and 3T3 cells which are also mouse fibroblasts. 
[2A-B] Here, they are looking at the amount of apoptosis (cell death) with the 
addition of nothing (control), trichostatin A (TSA, a growth inhibitor and apoptosis 
inducer), or beta-hydroxybutyrate (B-OHB, the ketone of interest) in the liquid 
surrounding the cells (the media). [2C] Here, they are looking at the amount of a 
protein found in the cells that is a marker of cell death - caspase 3. If more is 
cleaved/cut, this is a strong indication of greater apoptosis (cell death). [2D] This 
microscope data shows another measure of apoptosis (cell death) as more cells 
that are labeled green are dying or dead (because the green is a fluorescence that 
indicates the DNA in the cells have been cut/sheered, causing cell death, called a 
TUNEL assay). This diagram shows the heart cells from mice that were fed a 
ketogenic diet and the mice that were injected for 16 weeks with B-OHB. [2E] A 
repeat of 2C, but in heart tissue (like that seen in 2D) looking at caspase (marker 
of cell death, with more cleavage of caspase 3). 

Next, the researchers looked at protein levels of two key enzymes that are 
necessary for ketone use for energy (BDH1 and SCOT enzymes). They wanted to 
know if mitochondria would have elevated levels of these enzymes and other 
molecules associated to the citrate cycle, a part of mitochondrial energy 
production. 

[2F-G] This is in rat heart tissue, looking at the two ketogenic enzymes that allow 
the cells to use ketones for energy. [2H] In plated cells, as before, with the 
addition or non-addition of B-hydroxybutyrate (B-OHB), and the researchers 
measured the levels of mitochondrial metabolites that are involved in the 
tricarboxylic acid cycle located in the mitochondrion - a proxy measure of 
mitochondrial energy production. [2I] This is a repeat of 2F, but in heart tissue 
instead of just cells. 

Primary Results
- Ketogenic diet and B-hydroxybutyrate increase cell death 
- B-hydroxybutyrate reduces SCOT and BDH1 expression. 
- Keto and B-OHB reduce mitochondrial metabolites associated with energy 
production and increase levels of lactate and pyruvate. 

Take Away: Ketogenic diet, likely partially - if not fully, through B-

hydroxybutyrate, leads to heart cell death and seemingly reduced ketone 
utilization for energy by mitochondria. 
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Figure 3
The researchers are now investigating the effect of beta-
hydroxybutyrate (B-OHB, ketone) on mitochondria. [3A] Using a 
fluorescence to visualize mitochondria in three cell types (Human 
cardiomyocytes, human heart cells, HCM; H9C2, rat immature 
cardiac/heart cells; and, HL-1, mouse cardiac/heart cells). The more 
fluoresence, the larger the mitochondria, and the researchers added 
increasing concentrations of B-OHB to the cell media (liquid 
surrounding the cells). [3B] Here, the researchers are quantifying the 
amount of mitochondrial DNA to nuclear DNA. If there is more 
nuclear DNA than mitochondrial, this implies a reduction in 
mitochondria. Again, with the addition of increasing B-OHB levels. 
[3C] The same as 3A, but in mouse heart cells. [3D] Same as 3B, 
but in rat tissue consuming normal diet, calorie restricted diet, or 
ketogenic diet. [3E] Same as 3D, but with injection of ketones 
(acetoacetate or Beta-hydroxybutyrate) to the rats. 

Primary Results
- Mitochondria reduce in size in human and mouse heart cells.
- Mitochondria reduce in number/size in rats consuming a ketogenic 
diet and when supplied with B-OHB. 

Take Away: Ketogenic diet and ketones reduce mitochondrial 

size and potentially number, as well, in animal and human heart 
cells. 
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Figure 4
[4A-B] The researchers are testing the protein concentrations of 
mitochondrial biogenesis (production/synthesis) proteins and mitochondrial 
degradation (autophagy) proteins. [4C] Sirtuin7 (SIRT7) is a protein that 
controls protein synthesis of certain proteins related to mitochondrial 
production (GFM2, MRPL16/24), so the researchers looked at the 
expression of this gene in previously described human and animal cells. 
[4D] Looking at the protein levels of Sirt7. [4E] Addition of Beta-
hydroxybutyrate (B-OHB) to cells decreases gene expression of 
mitochondrial genes, but the knockdown of SIRT7 ameliorates this B-OHB 
effect. [4H] Protein levels of SIRT7 in rat hearts fed normal, calorie 
restricted, or ketogenic diets, or injected with acetoacetate or B-OHB 
ketones.

Primary Results
- Beta-hydroxybutyrate reduces mitochondrial biogenesis proteins, but 
does not affect autophagy in heart cells. 
- B-OHB increases Sirt7 expression. 
- Sirt7 directly reduces mitochondrial biogenesis. 
- Ketogenic diet increases Sirt7 expression. 

Take Away: Ketogenic diet, through B-OHB, likely reduce 

mitochondrial content in heart cells by reducing biogenesis/production of 
mitochondria, not increasing autophagy. This is mediated, majorly (if not 
completely), by Sirtuin7 protein expression, which regulate the gene 
expression of mitochondrial genes. 
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I won't write detailed notes on this section, because it's a lot of 
tests to come to one conclusion: B-OHB affects Sirtuin7 
expression through its reduced Histone Deacetylase 2 
expression, leading to greater acetylation of the promoter of 
Sirt7.
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Figure 6
The researchers took samples from humans that had fibrotic hearts 
and were undergoing heart transplant and measured for a series of 
markers they had previously outlined in previous data of this paper 
to create a bridge between what was observed with keto and what is 
observed in fibrosis. [6A] The tissues were measured for the amount 
of beta-hydroxybutyrate and acetoacetate ketone levels in human 
rheumatic fibrotic heart tissue (AF) and non-fibrotic tissue (SR). [6B] 
Looking at the some of the key proteins we've been reading over in 
throughout the study in the AF and SR tissues. [6C] Looking at the 
Sirtuin7 expression in these heart tissue samples. [6D] The amount 
of mitochondria in these two heart tissues. [6F] The mechanism 
putting all the data together of this study. 

Primary Results
- Fibrotic heart tissue has elevated levels of B-hydroxybutyrate. 
- Fibrotic heart tissue has elevated Sirtuin7, increased collagen, and 
reduced mitochondrial biogenesis proteins. 
- Mitochondrial content is lower in the fibrotic tissue. 

Take Away: Human heart tissue with fibrosis has more B-OHB, 
associating with increased Sirtuin7 and reduced mitochondrial 
content, as well as elevated fibrosis. 
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