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Introduction

Study Design & Additional Information

This study investigates the ketogenic diet composition and its impact on seizures, as well as
some health markers, in a wide range of ages including infants to adults.

Conclusions
An unsaturated fat based ketogenic diet reduces seizure frequency in the majority of people after 12 months
on the diet, with some experiencing complete elimination of seizures.
A mixed fat (including saturated fats) ketogenic diet increases cholesterol, but had no effect in triglycerides.
However, an unsaturated ketogenic diet does not increase cholesterol, and has similarly no effect in
triglycerides.

Amendments
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The researchers selected people that experienced at least
one seizure a week, but were already using a mixed fat
ketogenic diet (meaning, they were consuming saturated
and unsaturated fats to make up the nutritional fat
required of the ketogenic diet). Participants were a wide
range of ages (4 adults, 7 teenagers, 26 children, and 13
infants) with a skew toward more men than women (39
male, 11 female). Participants were on their ketogenic diet
for at least 5 months. Then, they were put into one of two
conditions - a mixed fat (25% saturated fat) ketogenic diet
or a unsaturated fat (lower saturated fat) ketogenic diet
with equal energy intake and macronutrient proportions.
They were on these respective ketogenic diets for 12
months and recorded the number of seizures they
experienced, as well as had blood measurements taken to
assess biomedical markers like cholesterol, blood fats,
etc. Parallel design study.
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1. In other studies, 50% of patients with drug resistant epilepsy have a 50% reduction in epileptic
symptoms while 10-20% become completely symptom free. However, after a few months on
the ketogenic diet, it is thought (by observation, not scientific data) that there is a plateau in
seizure reduction.
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SD
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Other studies have not focused much on the type of fat that makes up the ketogenic diet, so
this study wanted to investigate. Other studies, in cells and in animals have shown benefit of
an unsaturated fat based ketogenic diet on seizure-like outcomes. One possibility is due to
elevated omega-3 fatty acids (fat molecules) in the blood due to selective mobilization to the
brain. Clinical, human studies with omega-3 fat supplementation have had mixed results, but
this may be due to different ratios of omega-3s to omega-6s.

SD
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SD: The researchers selected people that experienced at least one seizure a week, but were
already using a mixed fat ketogenic diet (meaning, they were consuming saturated and
unsaturated fats to make up the nutritional fat required of the ketogenic diet). Participants
were a wide range of ages (4 adults, 7 teenagers, 26 children, and 13 infants) with a skew
toward more men than women (39 male, 11 female). Participants were on their ketogenic
diet for at least 5 months. Then, they were put into one of two conditions - a mixed fat (25%
saturated fat) ketogenic diet or a unsaturated fat (lower saturated fat) ketogenic diet with
equal energy intake and macronutrient proportions. They were on these respective
ketogenic diets for 12 months and recorded the number of seizures they experienced, as
well as had blood measurements taken to assess biomedical markers like cholesterol, blood
fats, etc. Parallel design study.
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Table 4
These data are the biomedical health markers (TG: triglycerides, blood fats; Chol: Cholesterol;
HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein) compared. Baseline: before they
were on the prescribed ketogenic diet; MFKD: Mixed Fat Ketogenic Diet; PUFA-KD:
Polyunsaturated Fat Ketogenic Diet. The various "groups" (1 - 3) have different proportions of
omega-3s to omega-6 fats that make up their unsaturated fat content of their diet.

Primary Results
- Triglycerides were unchanged by either ketogenic diet.
- Cholesterol was reduced by the PUFA-KD.
- HDL was unchanged by either ketogenic diet.
- LDL was reduced by the PUFA-KD.
- MFKD increased cholesterol across the board vs baseline.

Take Away: The ketogenic diet, with high saturated fat, increases cholesterol and LDL,
but contrary to those results, an unsaturated fat based ketogenic diet reduces cholesterol
compared to the saturated fat mixed ketogenic diet; however, in reality, comparing the
unsaturated fat keto vs the baseline, it simply has no effect. There is also extreme variability in
the results, but overall, this means an unsaturated fat based ketogenic diet does not change
cholesterol while a saturated fat based ketogenic diet increases cholesterol.
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2. Switching to an unsaturated fat based ketogenic diet reduces seizures more than being on a
mixed fat ketogenic diet, especially for those that had dramatic reductions on the mixed fat
ketogenic diet, already. Also, the ratio of omega-3 fats to omega-6 fats also may play a role
in that an imbalance leads to more pro-inflammatory cell secretions (cytokines) that promote
inflammation.
Omega fats compete to be processed/reacted with by desaturation enzymes (these
enzymes change the shape of the fat molecule for other functions) and as these enzymes
prefer alpha-linoleic acid (an omega-3 fat) over linoleic acid (an omega-6 fat), there low ratio
of omega-3 to omega-6 can inhibit this conversion process.
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3 and 4. Supplementation with omega-3 fats does not have enough evidence behind it to be
sure it is effective against seizures; however, ketogenic diet + supplementation has a small
amount of evidence in favor. Other studies have shown that there is a need to consume 3-6
grams of omega-3s a day and for 3-6 months to see effects. This is because orally
consumed omega-3 (DHA) fats get trapped in chylomicrons (particles that carry fats from the
intestines), and isn't released in a free form (not trapped in a carrier particle) until weeks
later when those fats are saturated (react with the previous enzymes).
Brain levels of DHA (omega-3 fat) increase slowly since the half life of DHA is 2.5 years and
the incorporation into the brain is slow, even if blood levels increase.
In cells and in animal models, unsaturated fats have anti-epileptic effects. They change the
structure of the neuron's (brain cells) rafts (clusters of fats) in the cell membrane that allows
for greater plasticity (ability to adapt, react), allowing the cells an easier time with synaptic
rearrangement and axonal sprouting (the cells change the way they are able to
communicate with one another). Any oxidation damage, or other damage, of the membrane
can lead to imbalance in the bilayer (the cell membrane is two layers of fat, cholesterol, and
proteins) - this imbalance, in turn, leads to less functionality of the membrane and less ability
for the cell to function in exchanging of molecules, creating new connections, etc.
There are also differences in the speed of fat metabolism base on the fat being metabolized,
as well as increased risk of oxidation (damage) by omega-6 fats compared to omega-3 fats,
so if the membrane is more omega-6, there is increased risk of damage. Having more
omega-3 fats in the brain cell membrane leads to stabilization of the cell membrane and
allows for more controlled exchange of ions between the inside and outside of the cell,
reducing misfiring (action potentials) and overexcitation.
Unsaturated fats may also interact with potassium channels and sodium/potassium pumps,
this leads to greater ability to stabilize the membrane potential of the cell. Unsaturated fat
may also increases uncoupling protein in the mitochondria, which may reduce reactive
oxygen specie production. They may also stimulate PPAR that reduce the expression of proinflammatory cytokines, reducing inflammation, but also reducing apoptosis (cell death),
thereby also reducing inflammation recruitment, which is linked to seizures. .
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