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Blood levels [Normal die] Ketogenic Diabetic
diet ketoacidosis
Glucose (mg/dl) 80-120 65-80 >300
Insulin (mu/l) 6-23 6.6-9.4 @o
Therapeutic uses of kemgenic_'. diets
A Paoli et al Glucagon Low High High
a CARDIOVASCULAR b
STRONG EVIDENCE EMERGING EVIDENCE
e et — KB produc. Low 115-180 400
DIABETES bk ACNE ‘
X | ez (griday)
KB conc. (mmol/dl) 0.1 4-10 >20
:"I NEUROLOGICAL
DISEASE
' I pH 7.4 7.4 <7.3

SLIGGESTED MECHANISMS

diract anticom
offect of kstone bodins
rcuced neuron.

Figure 1. Suggested mechanisms for the therapeutic action of ketogenic diets in pathologies for which there exists strong (a) and emerging
(b} evidence.
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Seizure Control with Medications
MEDICATION STATISTICS IST SEIZURE DRUG ZND SEIZURE DRUG 3RD SEIZURE DRUG ADDITIONAL DRUG

Newly , '
epilepsy | o,
patients — - , | 3/0

Uncontrolled

seizures
36%

For people who are not responsive to seizure drugs,

Ketogenic Diet therapies may be the solution.

10-25% of people who try these therapies become seizure free. Source: Kwan P. Brodie MJ. N Engl J Med. 2000;324:314-319.
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KD in GLUT1 and Pyruvate dehydrogenase

Aafirit

Glucose Glucose

!

Pyruvate

l@ l‘— Fat
Acetyl-CoA < Acetoacetyl
LoA

Ketones

B-Hydroxybutyrate

. o Acetoacetate
Respiratory Chain

BBB

Figure 1 Ketosis and brain energy metabolism. Glucose enters the brain via the facilitated
glucose transporter GLUT1 (H); ketones penetrate the blood—brain barrier (BBB) via
the MCTI-transporter (@). Both substrates enter the citric acid cycle as acetyl-CoA for
energy production. @O GLUTI DS is caused by a defect in GLUTI-mediated glucose transport
into brain. @ Pyruvate dehydrogenase deficiency impairs acetyl-CoA production. In both
conditions, ketones bypass the transport/enzyme defect as acetoacetyl-CoA and provide
acetyl-CoA.
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Rediscovering an ancient
treatment
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1928

An Experience with a Ketogenic Dietary
in Migraine®

By Trumax G. Scuwaner, M.D., Philadelghia, Pa.

E practice of dietary restriction

I or the control of hemicranial at-
tacks is well known and doubtless
dates back to a time when men or per-
haps more often women first exper-
ienced such crises. Some migraine
victims, long before consulting a physi
cian, have learned to associate their
sickness with the ingestion of certain
foods and have accordingly omitted
them from their dietary often with
satisfactory results, The practice has
been further extended by physicians
wha interdict for their patients as
nearly as [easibility permits some one
of the three great food groups. Even
this course has undoubtedly been sug-
gested by patients themselves when
they have offered the observation that
an increased intake of either carbohy-
drates, proteing, or fats has been fol-
lowed by sick headaches and that re-
striction in one of these three types of
food has seemingly been of some bene-
fit. Here and there, either on their
own initiative or under direction, in-
dividuals have practiced either pro-
longed or periodic fasting for bilious
headaches not without some good ef-
fect as it would seem at least to those

*Read before the American College of
Physicians, March 8, 1928, New Orleans,
La

whao have gone thropgh this experience
Up to the present time various ex-
planations have been offered for the
apparent effectivity of either complete
or partial dietary restriction in the con-
trol of migraine, but many of these
explanations are largely theoretical
and are open to justifiable adverse
criticism,

With a knowledge that diet would
seem to have a relationship to the mi-
graine attacks of some individuals it
must have occurred to many that the
starvation treatment as advocated in
epilepsy by Guelpa and Marie (1)
abroad and by Geylin in this country
must have some reasonable logic in
its application, When Wilder (2) in
1921 suggested = high fat diet for
the treatment of epilepsy on the hypo-
thesis that the ketone bodies are
responsible for the favorable effect of
starvation in epilepsy, the conviction
of the logic of a ketogenic diet must
also have heen born home to those
who had been observing migraine in
relationship to diet. It was only when
Peterman (3) in 1925 reported re-
sults in the treatment of epilepsy by
ketogenic diet that the applicability of
this type of diet in migraine sug-
gested itself to me,

There seemed, however, at the time

341
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1930

MIGRAINE

RESULTS OF TREATMENT BY KETOGENIC DIET
IN FIFTY CASES®*

CLIFFORD J. BARBORKA, MD.,
ROCHESTER, MINN,

Early in my experience with the ketogenic diet. it
was tried in cases of migraine. Since then Lennox and
Cobb,? in their monograph on epile have stated that
it would be of interest to know whether the induction of
acidosis is of benefit in cases of migraine. Since the
original report from the Mayo Clinic, |

* Schnabel * has
reported his experience with a ketogenic diet in cases
of migraine.

Some of the recent etiologic theories
suggestions are of interest in considering the justifica-
tion of a ketogenic regimen in cases of migraine. R. and
S. Weissmann-Netter * found apparent changes in the
acid-base balance: the hydrogen ion concentration and
alkali reserve are normal in the periods of freedom from

nd therapeutic
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KETOGENIC DIET—BARBORKA 1825

ttention to the use of large doses of calcium lactate in
an effort to lessen the irritability of the nerves.

The suggestion that migraine i times a phe-
nomenon of protein sensitization is not new, Pagniez *
and his associates assumed that migraine is an anaphy
lactic manifestation. Miller and Raulston® continued
the work in this country. Vaughan,' Rowe,"* and many
others have considered migraine from the standpoint
of an allergic manifestation. Curtis-Brown ¥ pro-
posed the theory of inherited impaired metabolism
with intolerance of nitrogenous foods, a protein-poison
theory. They advocated various forms of treatment
from the use of peptone to the restriction of certain

2 Duval,'* Diamond,'* Hetinyi,'* McClure
and  Huntsinger,'” and others have approached the
problem from the standpoint of dysfunction of the
liver and duodenum. They have called attention to
biliary stasis as an etiologic factor. The French litera-
ture has emphasized duodenal mi ine;: in it evidence

Tase 1. —Observations on Pal

Disease, On Diet,

Case  Age Bex® Attacks Before Treatment Years

1 » ') About once & week, Iastiog two to three 13
days

2 » ¥ Twice a week, lasting about two days . )

3 ? Two to theee time s week, lasting twelve to w
elghteen hours

4 g Once & week, larting twelve to thirtysix n
hours

» n ¥ Two to three & month, lasting two to three (]
days

6 4 g At least two & month . n

7 n v One to two & week, Jasting several hours 4

- [’ 2 Ope to two a week, lasting o o days, 25

use mt thirtyclght; no alterstion
1
9 -] 9 omiting beginning at age of two n
14; attacks about

1© s wed twice @ week n

n 0 ? Three to six weeks FO— bt

12 ” ] One to thres & week lasting about twelve »
hours

13 1 d lic migralne thirty-eight years; ab a4
dominal migraioe Inst two yean
H =~ g Every two to four weeks e L]

* [n the tables, & indicates male; 9, female
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Months Ketosis Comment

= Always present Atlacks disappeared after iwo months

H Always present 1 hea frequent first slx weeks oo
bt none since

2 Periodie Controlied after first two months

o Always preseat First month on diet less pevere headache
every week: then entirely free sin

o Periodie After first two months free from attacks

" Periodie Attacks disappeared after two montls

" Always present After two mwonths some reliel; alter
three months arrested

15 Always prefeat After 1wo months no beadaches

13 Always preseat Controlied since ketosis developed

18 Almost always Ko headaches after first three weeks
present

n Alwnys present Attacks eontrolled ginee being on diet

[ Periodic Allocks controlied simce fourth week on

™ Present one yeat, \ abdominal apd cephalic migraine

-~

red after six weeks
ek in Brat three moalbs; none
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induced and monitored on a weekly basis. A caloric restric-
tion of 600 to 800 calories per day is maintained. Blood pres-
sure, blood chemistries, and electrocardiograms are moni-

tored regularly, Most patients stay in ketosis for 4 months or

longer. depending on how much weight needs o be lost
After poing into ketosis, my wife went from having
maost daily headaches to being completely free of migraines

Her last migraine was in late April, 2004. She maintained ke-
tosis and the modified fast for almost 7 months and then went

Which kind of diet?

¥ JILLICHIL LOD SCVOLC TITEIAIICS 01 UIC Paicingl siJc.

The migraines were described as a “throbbing, burn-
ing. hot knife” sensation in one temple. During her adult-
hood. the headaches progressed and were occurring many
times a week. She tried multiple lifestyle changes without
s of the headaches.

any change in the frequen xercise, di-

eting, and two pregnancies did not alter the frequency.
Numerous medications were prescribed by neurologists
over the years. Agents that helped the most included Imitrex.
Amerge, and Fioricet. Pharmacy profiles show that in 2004,
at the age of 43, the patient was filling prescriptions about

every 6 weeks for: Imitrex 50 mg #18, Amerge 2.5 mg #9, and
Fioricet #30.

In an effort to lose the weight gained during pregnancy.

the patient enrolled in a diet program under medical super-
vision. Patients undergo a modified fast, taking 3 to 4 high-
protein, low-carbohydrate shakes a day. Each shake is 200
calories, and the shakes are the sole calorie source. Ketosisis

Columbia Medical Practice
Columbia, MD, 21045,
The Johns Hopkins Hospital
Baltimore, MD, 21205
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Very low calorie diet (VLCD)
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Is it a difficult diet?
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Diet transiently improves migraine in two twin
sisters: possible role of ketogenesis?

Cherubino Di Lorenzo, PhD*
Antonio Curra, PhD®

Giulio Sirianni, MD*
Gianluca Coppola,PhD®

Martina Bracaglia, MD* 13 Monthz
::)e:“"d[;: ﬁ:::i:OMMD?‘ January | February | March april May Jung iy Sugust | September | Cetober | Howember | Cecembar
Siimloiidohy 1 3 Dieton | 2 Dieton Diston
Francesco Pierelli, MD’ 5 ;i 5 5 5
3 3 3
*Don Carlo Gnocchi Onlus Foundation, Milan, Italy 4 2 2
= Department of Medical-Surgical Sciences and 3 2 2
Biotechnologies, A. Fiorini Hospital, Terracina, LT, [ 3 3 2 2
Sapienza University of Rome Polo Pontino, Latina, italy T ] 3 3 3
¢ Wellness Medicine, Krom Genetics Institute, Rome 3 5 5 7 5
Italy 5 3 3 = T
* G.B. Bietti Foundation-IRCCS, Department of -
Neurophysialogy of Vision and Neurophthaimalogy, 16 3 1
Rome, Italy 11 3 ¥
* Department of Medical and Surgical Sciences and 12 3 3 2z
Biotechnologies and ICOT, “Sapienza” University of 13 2 2 2
Rome Polo Pontino, Latina, Italy CE} ] T ]
IRCCS Neuromed, Pozzilli (1S), Italy “ iE ] 3 5 1
5 [16 3 2
i)
Correspondence to: Cherubino Di Lorenzo 17 3 2 2
E-mail: cherub@inwind. it 18 2 | T
19
20
Summary b |
22 3 2 2
The ketogenic diet is a high-fat, low-carbohydrate 5 5
diet long used to treat refractory epilepsy; n 23 3 2 k2
esis (ketone body formation) is a physiological phe 24 3 2 4
nomenon also observed in patients following low: 25 3
carbohydrate, low-calorie diets prescribed for rapic 7% F] 2
weight loss. FT ] 5 5
We report the case of a pair of twin sisters, whose = = = = = =
high-frequency migraine improved during a keto 28 3 Dictoff 2 Dietoff 2 Dictoff 2 3
genic diet they followed in order to lose weight. 29 3 2
The observed time-lock between ketogenesis anc k1] 1 2
migraine improvement provides some insight intc ET] 2
how kelonss.act tolmprove migreine. BHSAE |SH4MA | OO0 | S5 | ST | AAMA | 203 | A0S | 1emd | a3 | GRS | s0s

KEY WORDS: katogenic diet, migraine, prophylaxis, weight loss.
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ORIGINAL ARTICLE

Migraine improvement during short lasting ketogenesis: a proof-of-
concept study

C. Di Lorenzo?, G. Coppola®, G. Sirianni®, G. Di Lorenzo®, M. Bracaglia®, D. Di Lenola®,
A. Siracusano®, P. Rossi"9 and F. Pierelli"

2Don Carlo Gnocchi Onlus Foundation, Milan; ®Department of Neurophysiology of Vision and Neurophthalmology, G.B. Bietti
Foundation — IRCCS, Rome; “Wellness and Dietary Medicine, Krom Genetics Institute, Rome; “Department of Systems Medicine,
University of Rome ‘Tor Vergata', Rome; CDepartment of Medico-Surgical Sciences and Biotechnologies, Sapienza University of Rome, Standard Diet
Latina; "Headache Clinic, INI, Grottaferrata, RM; University Consortium for Adaptive Disorders and Head Pain (UCADH), Pavia;
and “"IRCCS — Neuromed, Pozzilli, IS, Italy group (n=51)

Subjects excluded:
- 43 migraineurs non-fulfilling
inclusion/exclusion criteria

A

[/
SD [/ N

v

Subjects excluded:
- 141 non-headache patients

- 44 non-migraineurs headache a
Ketogenic Diet Q
group (n=45)
1-month
headache diary | D1 | ‘ / /

European Journal of Screening phase Day 0 1st nent 2" nent 3rd assessment 4t assessment

Neurology 2015, 22: 170-177 (n=324) Baseline visit visit (after 1- visit (after 2- visit (after 3- visit (after 6-

month) months) months) months
treatment)

doi:10.1111/ene.12550
Figure 1 Outline of the study design. SD, standard low-calorie diet; KD, ketogenic very-low-calorie diet, supplemented by nutra-

ceutical integrators; TDI, transitional diet supplemented by nutraceutical integrators; TD2, transitional diet without nutraceutical

integrators.
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ORIGINAL ARTICLE

Migraine improvement during short lasting ketogenesis: a proof-of-
concept study

C. Di Lorenzo?, G. Coppola®, G. Sirianni®, G. Di Lorenzo®, M. Bracaglia®, D. Di Lenola®,
A. Siracusano?, P. Rossi"? and F. Pierelli”
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ove I‘VieW Of Ketogenic Diet
hypotheses for an Lipid Metabolism Glncose Mictabolism
effect of the N

\ 4

A 4

ketogenic diet in a4 rura 4 —
migraine |
prevention. ! tnstn 4

Ketone Bodies f \
FFA :Free Fatty Acids v A 4

PPARs PPARa 4
PUFA : Polyunsaturated Fatty Acids
| I \
PPAR : Peroxisome Proliferator-Activated Receptor A4 v N N
i Mitochondrial Amino Acid Inflammation
Modified TCA . " .
TCA Tricarboxylic Acid Cycle Biogenesis ) Metabolism Pathways
GABA : y-Aminobutyric Acid /
. Glutamat f < ATP f
SNS : Sympathetic Nervous System
L
* : Down-Regulation v v h 4
Neurotransmitter
. GABA Na/K-ATPase :
f : Up-Regulation t t Synthesis
: A affects B J_ ‘L / J_ £

Hvperexcitabilit Serotoninergic SNS/Norepinephrine Neurogenic
: A affects B strongly yp y Dysfunction Dysfunction Inflammation

. A inhibits B Migraine
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Di Lor et al. The Journal of Headache and Pain (2016) 17:58

Dol 101186/ 101940160650 The Journal of Headache
and Pain
7 $
m $ 3
#
Cortical functional correlates of L & 2

responsiveness to short-lasting preventive

intervention with ketogenic diet in (/‘

migraine: a multimodal evoked potentials e

study — / ™~ —

Cherubino Di Lorenzo"", Gianluca Coppolaz, Martina Bracaglia3, Davide Di Lenola®, Maurizio Evangelista4,
Giulio Sirianni®, Paolo Rossi®, Giorgio Di Lorenzo’, Mariano Serrao®, Vincenzo Parisi® and Francesco Pierelli*®

Interictal

6 Coppola et al., 2007; 201
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Ketogenesis and Cluster
Headache
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Looking for information out of conventional
channels...

— ey

? Herbert Markley

| have followed 4 patients with chronic cluster headache who became
headache free as long as they could maintain a strict Atkins diet. They
monitored their urinary ketosis with test strips. They all found that the
headaches returned when they stopped spilling ketones, improved when
they got ketotic again. All three gave up on this management because it
was too taxing to follow the diet protocol. All three have done much better

now with Botox.
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