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REVIEW ARTICLE

ALSUntangled #63: ketogenic diets
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Abstract
ALSUntangled reviews alternative and off label treatments with a goal of helping patients make more informed
decisions about them. Here we review ketogenic diets. We shows that these have plausible mechanisms, including
augmenting cellular energy balance and reducing excitotoxicity, neuroinflammation and oxidative stress. We review
a mouse model study, anecdotal reports and trials in ALS and other diseases. We conclude that there is yet not
enough data to recommend ketogenic diets for patients with ALS, especially in light of the many side effects these
can have.
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The ALSUntangled group

ALSUntangled reviews alternative and off-label
treatments on behalf of people living with ALS
(PALS). Here we review the use of ketogenic diets
for which we have had 270 requests (1).

Overview

Ketogenic diets increase the formation of ketone
bodies, chemicals that can be used as a source of
energy by neurons in the brain (2). In general,
ketogenic diets are high in fat, normal in protein,
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and low in carbohydrates (2). There are at least
three different versions (Table 1), defined by the
ratios of fat to proteinþ carbohydrate intake, and
by the specific kind of fat (more typical long-chain
triglycerides, LCTs, or more ketogenic medium-
chain triglycerides, MCTs). Ketogenic diets have
been effectively used as a treatment for drug-resist-
ant epilepsy in children since the 1920s (2,3).
Over the past two decades, these have been
studied in neurodegenerative diseases including
ALS (4,5). At least one Internet website currently
advertises ketogenic diets as an ALS treatment (6).

Mechanistic plausibility

There are at least four mechanisms by which keto-
genic diets could favorably impact ALS progres-
sion (reviewed in 7): improving brain energy
production, decreasing excitotoxicity, reducing
neuroinflammation, and ameliorating oxidative
stress. Here we briefly summarize the evidence
for these.

Energy production. Impairments in brain energy
production and metabolism are believed to play
key roles in ALS pathophysiology (4,8). Ketogenic
diets and the ketone bodies they generate have
been shown to improve markers of brain mito-
chondrial energy production in multiple animal
models of different diseases (4,8–11) including
ALS (12). Previous trials targeting mitochondrial
dysfunction in people with ALS have failed to
show benefits (13,14), but newer agents that
accomplish this in different ways are currently in
trials (NCT04414345, NCT04098406).

Excitotoxicity. Excitotoxicity from excessive
amounts of glutamate has long been implicated in
ALS pathophysiology (15,16). Riluzole, a drug
that prolongs survival in people with ALS, acts in
part by reducing glutamate release (17). Other
drugs that reduce glutamate-mediated excitotoxic-
ity have failed to produce benefits in PALS
(reviewed in 18). Ketone bodies can also reduce
glutamate release (19). Ketogenic diets reduce
brain glutamate levels in some (20) but not all ani-
mal studies (9).

Neuroinflammation. Inflammation occurs in the
brains and spinal cords of people with ALS and is
believed to play a role in driving disease progres-
sion (21,22). Many clinical trials are currently test-
ing products that reduce neuroinflammation (for

example, NCT04057898, NCT04579666,
NCT04499963, NCT04297683, NCT04436510).
Ketone bodies can inhibit caspase-1 activation and
block the release of pro-inflammatory chemicals
called cytokines, and ketogenic diets can reduce
biomarkers of neuroinflammation and improve
clinical measurements in animal models of differ-
ent diseases (23).

Oxidative stress. Oxidative stress has long been
implicated in ALS pathophysiology (24). One anti-
oxidant called edaravone slowed progression in a
trial of people living with ALS (25). Many other
antioxidants have not shown such a benefit (26).
Ketogenic diets can boost the production of
endogenous antioxidants and reduce some markers
of oxidative stress in animal models (27,28).

Based on the ability of ketogenic diets to favor-
ably alter biomarkers of brain energy production,
inflammation, and oxidative stress, and to reduce
brain glutamate levels in animals, we assign a
Table of Evidence (TOE) “Mechanisms “grade of
B (Table 2). Full descriptions of our TOE and
what the different grades mean can be found in
reference 29.

Pre-Clinical

We found one study of a ketogenic diet in the
G93A mutant SOD1 mouse model of ALS (12).
Animals treated with this diet (caloric composition,
fat 60%, carbohydrate 20%, protein 20%) had
delayed loss of motor function, better-preserved
body weight, and more motor neurons in their spi-
nal cord at autopsy compared to animals fed a
standard diet (fat 10%, carbohydrate 70%, protein
20%). Blood ketones were >3.5 times higher in
the ketogenic diet-fed animals compared to con-
trols. In addition, in vitro experiments showed the
neuroprotective effect of the principal ketone body,
D-b-3 hydroxybutyrate(DBH), on mitochondrial
ATP generation and neuroprotection. This study
is flawed due to the very small sample size and
lack of randomization. This has never been inde-
pendently replicated. Based on this positive, flawed
published study, we assign a TOE “Pre-Clinical”
grade of C (Table 2).

Of interest, a different pre-clinical study admin-
istered a medium-chain triglyceride (which was
metabolized into ketone bodies) into the G93A
mutant SOD1 mouse model of ALS (30). This
also resulted in delayed motor function and better

Table 1. Comparison of ketogenic diets by the percentage of calories (from reference (2)).

% Fat (LCT) % Fat (MCT) % Protein % Carbohydrates

Classic Ketogenic diet 90 0 8.4 1.6
MCT diet 11 60 10 19
Atkins diet 60 0 35 5
Typical American diet 35 0 15 50
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preserved spinal cord motor neuron counts.
Unfortunately, most of the drug studies done in
this mouse model of ALS have not translated into
benefits for PALS (31).

Cases

In the PatientsLikeMe Community, seven PALS
reported using ketogenic diets and four provided
detailed treatment evaluations (32). Two reported
“moderate” effectiveness, and two “can’t tell.” No
more details are available on these patients. We
were unable to validate their diagnoses or treat-
ment reports. One neurologist on the
ALSUntangled team (GL) had a patient with con-
firmed bulbar onset ALS try a ketogenic diet; this
did not slow their progression and was compli-
cated by rhabdomyolysis (33). We found no other
PALS who reported trying ketogenic diets for their
ALS. Based upon the two cases with unconfirmed
subjective benefits, we assign a TOE “Cases”
grade of D (Table 2).

Trials

We found one previous trial of a ketogenic diet in
PALS (NCT01016522). This study started in
2009 and was terminated in 2015 due to low
enrollment (34). The only enrolled patient toler-
ated a diet of KetoCal 4:1 enteral formula (80%
fat 17% protein 3% carbohydrates) administered
via PEG for 28 weeks. No serious adverse events
occurred. Non-serious adverse events included
transient nausea, stomach pain, dizziness, diarrhea,
muscle spasms, increased sweating, and tremor.
After an initial 5 kg weight loss, his weight stabi-
lized. His ALSFRS-R, Forced vital capacity, and
McGill Quality of Life scores was stable through-
out the trial. His Iowa Fatigue Scale score

improved indicating a lessening of fatigue. Without
a control group, these efficacy outcomes cannot be
interpreted. Therefore, we assign a TOE “Trials”
grade of U (Table 2).

Of interest, there has been a randomized, dou-
ble-blind, 6-month-long trial comparing a high-fat
hypercaloric diet (n¼ 8 patients) to a high-carbo-
hydrate hypercaloric diet (n¼6 patients) and an
isocaloric diet (n¼ 6 patients). Patients on the
high-fat hypercaloric diet experienced more
adverse events including weight loss than those in
the other groups. Patients on the high-carbohy-
drate hypercaloric diet had the fewest adverse
events including deaths and were least likely to
drop out of the study early (35).

Risks and costs

Most patients on ketogenic diets in previous trials
across different indications (ex. 36–42) report
adverse events. These commonly include nausea,
diarrhea, stomach pain, dehydration, flu-like symp-
toms, bad breath, pancreatitis, electrolyte distur-
bances, decreased bone density, and kidney stones.
Weight loss often occurs on ketogenic diets (41);
unfortunately, weight loss may be especially prob-
lematic for PALS because it is correlated with
accelerated progression (43). Serious adverse
events can occur in up to 10% of patients in trials
of ketogenic diets and can include severe hypopro-
teinemia, hemolytic anemia, renal tubular acidosis,
marked increase in transaminases (40).
Rhabdomyolysis (33) and fatal cardiac arrhythmias
(44) have been reported. Based on these reports,
we assign a TOE “Risks” grade of D. It is import-
ant to again note that there are very few reports of
any kind documenting the safety and tolerability of
ketogenic diets in people with ALS; there could be
different side effects in this population.

The cost of ketogenic diets can be comparable
to a regular diet (45). However, some experts sug-
gest hospitalization during initiation (46) and regu-
lar consultation with a nutritionist on these diets
to maintain compliance and minimize side effects
(47). It is estimated that 40 h of telephone follow-
up each year may be necessary for patients on
ketogenic diets (48). Because of the low carbohy-
drate allowance, the recommended daily allowance
of several vitamins and minerals is difficult to
meet; supplementation of B, C and D vitamins,
and calcium, magnesium, zinc, iron, copper, and
selenium may be necessary (49). All this will add
to the cost.

Conclusion

Ketogenic diets have plausible mechanisms for
treating ALS. One flawed preclinical study and
two PatientsLikeMe participants reported benefits;
these were not independently verified. Two other

Table 2. Table of evidence for ketogenic diets.

Grade Explanation

Mechanism B In animals, ketogenic diets can favorably
alter biomarkers of brain energy
production, inflammation, and
oxidative stress, and reduce brain
glutamate levels

Pre-clinical C One flawed study in an ALS mouse model
suggests benefits on motor function,
weight, and motor neuron counts

Cases D 2 PALS on PatientsLikeMe reported
“moderate” effectiveness but we did not
have records to validate their diagnoses
or improvements

Trials U We found only one completed trial of a
ketogenic diet for ALS; the single
enrolled patient had stable ALSFRS-R
over 28 weeks, but the lack of a control
group precludes interpretation

Risks D Most patients on ketogenic diets
experience side effects and these can
be severe

Amyotrophic Lateral Sclerosis and Frontotemporal Degeneration 3



PatientsLikeMe participants and one patient under
the care of an ALSUntangled investigator did not
show benefits. A trial of a ketogenic diet was only
able to enroll a single patient and their experience
cannot be interpreted due to the lack of any con-
trol group. We hope to see another trial of a keto-
genic diet in people with ALS. Until then, given
the frequent side effects, we do not advise such
diets for the treatment of ALS.
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