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Very low calorie ketogenic diet
Low calorie diet
waist circumferences
Ketones bodies
baseline observation carried forward

acetoacetate

Dual x-ray absorptiometry

Respiratory quotiet
Sleeping energy expenditure
Baseline diet
Doubly labeled water
Bioelectrical Impedance Analysis

Body mass index

Beta-hydroxybutyric acid
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Standard ketogenic diet (SKD)
15-202%, 5-10 %

PROTEIN CARB

(40ld)) dodbs

A

' www.healthline.com/nutrition/ketogenic-diet-type



Targeted keto diet (TKD) (40ld]) dnuio
20 9 10-15 94

PROTEIN CARB

AR
w

www.healthline.com/nutrition/ketogenic-diet-type



Cyclical keto diet (CKD)

25 9, 25 9%

PROTEIN CARB
-

/A

“ www.healthline.com/nutrition/ketogenic-diet-type

15-209%;, 5-10 %

PROTEIN SARB
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https://charliefoundation.org/classic-keto/

High-Protein Keto Diet (HPKD) (aeld]) dsuio

30% 9%
PROTEIN CARB

A2\

“ www.healthline.com/nutrition/ketogenic-diet-type
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Table 1 | Blood levels during a normal diet, ketogenic diet, and

diabetic ketoacidosis (Paoli et al., 2012).

Blood Normal Ketogenic Diabetic
levels diet diet ketoacidosis

Glucose (mg/dL) 80-120 65-80 =300
Insulin (pU/L) 6-23 6.6-9.4 >~ ()
KB conc (mmol/L) 0.1 /-8 >25
pH 14 74 <73

, A., et al.2015. Ketosis, ketogenic diet and food intake control: a complex relationship
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' Paoli, A., Bosco, G., Camporesi, E.M. and Mangar, D., 2015. Ketosis, ketogenic diet and food intake control: a complex relationship
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* Obesity treatment by very low- %-

Basilio Moreno,et al : Fows s
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Long-term maintenance of
weight loss

80% of target weight loss 20% of target weight loss

Multidisciplinary team (dietary counselling / physical activity / psychological support)

Stage 1 Stage 2 Stage 3
Active Stage Dietary re-education Maintenance
Phase 1|Phase 2 |Phase 3 Gradual re-introduction of different foods Balanced diet
I I l
VLCH diet LC diet Maintenance diet
(600-800 kcal/day) (800-1500 kcal/day) (1500-2250 kcal/day)

4 LS
45-55%cho
15-25%pro  © .

Nl 25-35%fat
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Weight loss
COMPLETERS (n=45)

_— 0.5 mo 2 mo 4 mo 6 mo 12 mo 18 mo 24 mo
-2.0
-4.0
o -6.0
o
= -80
_§ -10.0
= -12.0
- 14.0
o -14.
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O LC diet (n=23)
-26.0
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-12 4
-16 4
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.24 A L S »
Easeline 2 months 4 months 6 months 12months 18 months 24 months
(n=45) (n=452) (n=45) (n=45) (n=44) (n=39) (n=45)
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a) Absolute values of reduction of fat body mass and lean body
mass (Kg)
2m dmo 6 mo 2Zm 18mo 24 mo
(h=4%)  (n=dd) (=) (hadd) (nsdt) (nadd)
0 . y ; . .
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Changes in visceral fat mass

Baseline 2mo dmo 6mo 2mo  16mo  24mo
(n=45) (n=45) (n=44) (n=45) (n=44) (n=d1) (n=d4)
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* Energy expenditure and body composition changes

after an isocaloric ketogenic diet in overweight and
obese men

Kevin D Hall, et al: ,Bocsg®
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4 week inpatient 4 week inpatient

Baseline Diet (BD) Low Carb Ketogenic Diet (KD)

|
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TABLE 1

Daily diet compositon of the 7-d, 2400-kcal rotating menus for the BD

and KD'
BD KD

Energy., kcal 2398 2394
Protein. g o1 o1
Carbohvydrate, g 300 31
Fat, g 93 212
Sodium, mg 200 S060
rrans Fat, g 1.2 2.3
Monounsaturated fat, g 31.8 1002
Polyvunsaturated fat, g 199 325
Saturated fat, g 33.0 H5.6
Fiber, g 26 12
Total sugar, g 147 10
Protein. % of energy 15 15
Carbohvydrate. % of energy S50 5
Fat. % of energy 35 20
Chemical analvysis

Protein, % of energy 16.1 += 0.4- 169 = 0.5

Carbohvydrate., % of energy 48.1 = 0.7 59 = 1.1

Fat. % of energy 35.6 = 0.6 773 = 1.0

Sodium, mg 26065 = 157 4910 = 610

Fiber, g 2377 = 2.2 13.2 = 2.1
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TABLE 4

Overmight fasted plasma concentrations measured during the BD and KD

F-E:[‘iﬂdfij
BD (n = 17) KD (n = 17) P-

Acetoacetate, mmol/L 0108 = 0075 0781 = 0,069 |=0.0001
BHE, mmol/L 0.103 = 0071 0758 = 0,066 00001
FFAs, mmol/L. 0479 = 0.035 0803 = 0,029 [=0.0001
Glycerol, mg/L. 7.21 = 078 11.1 = 0.66 0.0006
Glucose, mg/dL. 81.4 = 1.5 1.9 = 14 0.664
Glucagon, pg/mL 936 £ 89 126 = B.6 =< 0.0001
C-peptide,” ng/mL 1.47 = 0.11 1.15 = 0.11 = 0.0001
Insulin,” pwU/mL 7.92 = 0.93 6.27 = 09 0.0039
Triglyceride, mg/dL 104 = 6.4 5.4 6 0.001
Leptin, ng/mlL. 294 = 1.1 7.13 = 1.1 =< 0.0001
TS5H. pIU/mlL 1.84 = 0.19 1.98 = 0.18 0.0448
Free thyroxine, ng/dL. 1.18 = 0.033 1.32 = 0.032 |<<0.0001
Total thyroxine, ug/dL 6.536 = 0.3 6,76 = 0.3 0.109
Free tri-iodothyronine, pg/mL 2.85 = 0.097 2.5 = 0,094 |<<0.0001
Total tri-iodothyronine, ng/dLL 95.1 £ 3.6 75.7 = 3.4 = 0.0001
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* Impact of a 6-week non-energy-restricted ketogenic

diet on physical fitness, body composition and
biochemical parameters in healthy adults

Paul Urbain,et al : Ko ®
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Aszessed for eligibility (n = 72)
=  Wiritten informed consent
+ Blood sampling {renal and liver function)

Excluded (n = 14)

= MNot meeting inclusion criteria (n= 3)
= Declined to participate (n = 11)

- time constraints (n = 2)

- unsure of keeping up with diet (n = 4)
- unknown reasons (n = 5)

¥

Assigned to classes and individual counselling

(n = 58)

+*  Semi-guantitative 7-day food record

Excluded (n=12)

* Declined to participate (n = 12)

- unsure of keeping up with diet (n = 2)
- time constraints (n=T)

- unknown reasons (n = 3)

- unable to comply with the dietin = 1)

- health issue external to study (n = 1)

- persistent gatrointestinal complaints (n= 1)
- persistent headache (n = 1)

e
¥
Allocated to ketogenic diet (n = 46)
+ Week1
Crop outs (n=4)
N
h
Completed study (n = 42)
*+ Week©G

ig. 1 Flow diagmam of the study participants from eligibility criteria screening t©o study completion
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%i*jfTable 3 Weight and body composition | =

Unit PRE POST P-value

Weight kg 703115 684+ 10.3 <0.001
Whole-body air displacement plethysmography (ADP) :

F M kg 226 +8.7 21.7x8.2 <0.001

FFM kg 44.7 (36.7-72) 439 (36.1-70.5) <0.001
Bioelectrical impedance analysis (BIA)

FM kg 209 £ 6.9 19463 <0.001

FFM kg 47.3 (38.6-76.1) 46.7 (38.3-75.3) 0.182

Body cell mass kg 243 (20.0-43.3) 244 (19.0-43.4) 0427

Phase angle” ° 6.1 (4.8-8.5) 6.3 (4.8-8.2) 0.030

Abbreviations: FFM fat-free mass, FM fat mass

“Phase angle, one of the raw data obtained at a frequency of 50 kHz

Radian, Unit system SI derived unit, Unit of Angle, Symbol rad or °, Symbol for
» the unit of bioelectrical phase angle is ° a8

| "% e A : T RY = . , 7 — - i X
Bk o1 biodic BRI dRT Y N UEEDR | TR




Table 4 Fasting blood parameters

e —r—

Unit PRE POST Reference range Pvalue
Glucose and lipids
Glucose mg/dl 914+73 88.7+53 74106 0009
TG rmig/dl 64 (38-212) 62 (39-172) <150 0089
HDOL-C mg/dl J13+143 7361156 =4 0088
LDL-C mg/dl 1109+31.3 1228+336 <160 0001
TC mg/dl 1865+ 347 1953+ 347 <200 0019
LDL-C/HDL-C 1.47 (050-3.62) 158 (056-292) <45 0084
TG/HDL-C 0.89 (043-4.24) 076(048-337) <2 0039
Hormones
T5H pU/mi 1.81 (0.01-7.26) 187 (0.15-10.29) 027-420 0202
fT3 prmaol/l 491 (3.84-1087) 411(291-880) 34-68 <0.001
f14 pmaol/l 157 (119-37.1) 16.4 (126-36.2) 106-227 0.008
Insulin pmaol/l 553 +237 430+£197 18-173 0.001
IGF-1 ng/mi 175 (52-427) 140 (31-337) 72-457 <0.001

Abbrewiations: CRP C-reactive protein, C cholesterol, GOT glutamic-oxaloacetic transaminase, GPT glutamic-pyruvic transaminase, HOL high-density lipoprotein, IGF-]
yinsulin-like growth factor 1, LDL low-density lipoprotein, MCH mean corpuscular haemaglabin, MCHC mean corpuscular haemoglobin concentration, MOV mean
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BMI KG/m2

1 month

2 months

3 months

4 months

5 months

6 months
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a ""qurﬂow—calnn?ketogemc diet with aminoacid

.+ supplement versus very low restricted-calorie diet for
‘*w oreserving muscle mass during weight loss: a pilot

ouble-blind study.
ol G. MERRA, et al: Qlfs&;ue,93°
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- Table I. Comparison between the body composition before and after admimstration of very-low-carbohydrate ketogenic diet

for 3 weeks.

Baseline (TO) After 3 weeks of VLKD (T1)

n=9 mdia (SD) media (SD) P
Weight (kg)* 99.78 (4.57) 92.80 (4.78) 0.00*
BMI (kg/m?)* 33.69 (3.51) 31.36 (3.59) 0.00*
Waist circumference (cm)? 103.90 (5.98) 98.40 (5.91) 0.00*
Abdomen circumference (cm)? 111.82 (5.42) 108.20 (6.73) 0.03*
hip circumference (cm)® 114.30 (6.42) 111.30 (7.73) 0.01*
Trunk Body Fat (kg)* 20.37 (5.59) 19.78 (4.99) 0.59
Trunk Body Lean (kg)* 25.06 (5.|55) 26.23 (4.74) 0.69
Android Body Fat (kg)* 3.3046 (1.11) 3.2078 (0.92) 0.76
Android Body Lean (kg)* 3.75(1.09) 3.92(0.61) 0.75
Gynoid Body Fat (kg)* 6.01 (1.50) 5.70(1.10) 0.30
Gynoid Body Lean (kg)* 8.06 (2.18) 8.59 (1.81) 0.67
Total Body Fat (kg)* 37,24 (9.31) 3479 (9.38) 0.02%
Total Body Lean (kg)* 53.01 (12.86) 54 .93 (8.96) 0.75
Percentage Body Fat (%)* 40.30 (8.25) 37.52 (9.63) 0.30

-

gired r-test a or a non-parametric Wilcoxon test’.
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~ Table Il. Comparison between the body composition before and after administration of very low restricted-calorie diet for 3
/- weeks.

Baseline (TO) After 3 weeks of VLKD (T1)
n=9 mdia (SD) media (SD) P 5

Weight (kg)* 7477 (5.04) 68.80 (4.24)

BMI (kg/m?)* 29.21 (1.07) 26.90 (1.34)

Waist circumference (cm)® 84.72 (2.73) 83.75 (7.05)
Abdomen circumference (cm)® 99.92 (3.18) 96.67 (3.34)

Hip circumference (cm)® 109.42 (3.61) 105.98 (2.61)

Trunk Body Fat (kg)® 16.20 (1.86) 15.32 (2.11)

Trunk Body Lean (kg)° 18.32 (1.09) 16.98 (1.25)

Android Body Fat (kg)* 2.76 (0.41) 2.39 (0.45)

Android Body Lean (kg)* 2.70 (0.21) 2.38(0.20)

Gynoid Body Fat (kg)° 6.71 (2.05) 542 (0.64)

Gynoid Body Lean (kg)* 5.85(0.57) 5.53 (0.46)

Total Body Fat (kg)* 33.06 (3.60) 30.59 (3.65)

Total Body Lean (kg)* 39.00 (3.03) 35.70 (3.09)
Percentage Body Fat (%) 4437 (3.35) 4453 (4.14)

Ned 7-test a or a non-parametric Wilcoxon test’.

—

-






( Ketosis > (Mb‘) =

AMPK
-~ food intake

AMPK 7N
MlLipid oxydation
¥mTOR
Ninsulin efficacy

AMPK *
B HMG-CoA reductase
B $rCholesterol synthesis

LIVER

MUSCLE

FIGURE 3 | Effects of ketone bodies on ANVP-activated protein kinase
(AMPK) actions in different tissues.

\ | 4 Paoli, A., et al .2015. Ketosis, ketogenic diet and food intake control: a complex relationship




Ketosis (M‘O‘)

[ Orexigenic Anorexigenic ]

" Circulating FFA

w NPY

@ T AMPK phosphorylation

s Circulating Adiponectin
N CCK

4 or = post prandial glucose

b Circulating Ghrelin

% W AMPEK phosphorylation (directly by BHEB)

prn—
w e AgRP expression

RE 4 | Scheme of orexigenic and anorexigenic effects of ketosis. The gamma-amincbutyric acid;, BHE, p-hydroccybutyric acid; FRA, free fatty acids;
o is highly schamatic. =:-r miore details please sea the taxt. ANPE, ROS, reactive oxygen specias; MPY, neurcpeptide Y, AgHEP agout
tivated protain Kinase: CCK, cholacystokinin, GABA gona—ralated protein.

“ Paoli, A., et al .2015. Ketosis, ketogenic diet and food intake control: a complex relationship
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