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Topics

● Formulating a TCR diet

● Nutrient sufficiency (micros, macros, fibre, plants vs animals)

● Problematic nutrients (PUFAs, sugar and UPF)

● Cautions, contraindications

● Assessment and monitoring



Defining and formulating 
a carbohydrate restricted diet





Nutritional adequacy



Nutritional adequacy

● Provision of all essential nutrients

● CHO is not essential (Tondt et al., 2020)

● TCR for epilepsy vs. non-epileptic applications

● Dietary guidelines & RDAs

○ Expert opinions

○ Contextual

● LCHF diets are nutritionally sufficient (no deficiencies reported in clinical trials)



Nutritional adequacy: Macronutrients in TCR

● Protein: meets/exceeds DRI (46-56g/d)

● Carbohydrate: falls short of DRI (130g/d)

○ The amount of energy the brain needs (glucose vs. ketones) (Westman et al. 2003)

● Fat: Exceeds AMDR (20-35% TDEI)











Patient tips to ensure nutritional sufficiency
● Eat an animal-based diet:

○ Mainly ruminants
○ Include organ meats
○ Bone broth

● Eat fatty fish (salmon, trout, mackerel, sardine, pilchards) or bone marrow at least twice 
weekly. 

○ If you don’t eat this then supplement with Fish Oil (2g daily) or krill or algae oil.

● Eat free range or organic liver twice weekly (100-300g/week).

● Eat fermented foods.

● See at least 20 minutes of midday sun daily or supplement with Vitamin D3 (based on 
recommendations, and bloods).

● If magnesium is a concern eat 1-2 handfuls of nuts daily (except cashews, which are high in 
carbohydrate) and add cacao to the diet.



Nutritional adequacy:
Plants vs. Animals
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Plants and Protein

Food Limited Amino Acid Complement

Beans 

(7g prot/ ½ cup)

Methionine Grains, nuts, seeds

Grains* 

(3 g prot/ ½ cup)

Lysine, threonine Legumes

Nuts/seeds 

(7 g prot/ 30 g) 

Lysine Legumes

Vegetables* 

(2 g prot/ ½-1 cup)

Methionine Grains, nuts, seeds

Corn Tryptophan, lysine Legumes

Most plant based proteins aren’t complete - need to complement



Plants and Protein

Complete plant proteins
● Quinoa. (1 cup cooked = 8 g protein)
● Soy (1 cup cooked = 29 g protein)
● Buckwheat. (1 cup cooked = 6 g protein)
● Hemp (1/4 cup = 15 g protein)
● Chia seeds (100 g seeds = 17 g protein)
● Spirulina.
● Tempeh. (1 cup cooked = 30 g)
● Amaranth. (1 cup cooked = 9 g protein)

But not as high quality nor as compact as animal protein



Plants and Protein

To meet 1g/kg BW requirement of a 70kg person:

- 3 handfuls (9 g) nuts & seeds

- 1.5 cups of legumes

- 3 cups of grains

- 3 cups of veg

(OR approx. 2 L or 1.5 kg  plant foods)

Vs. 300 g steak.
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“99% of pesticides consumed by people 

are made by plants” (and many are 

carcinogenic) 

~ Bruce Ames, Dietary pesticides 99.9% all natural



Petroski W et al., 2020
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Summary of plants vs animals

● Micronutrients from plants are less potent and bioavailable

● Micronutrient needs are contextual

● Protein from plants is generally not complete or concentrated

● Fats from plants may be healthy when packaged in whole food BUT processed seed and 

vegetable oils are toxic

● Plants contain anti nutrients that may be problematic for some people

● Fibre may be less important in the context of a KD



Ultra Processed food (UPF)
and nutrients of concern



UPF: Refined carbs and High GI/GL diets







“Conclusions

The present systematic review provides evidence for beneficial effects 

of long-term interventions administering a low glycemic index/load 

diet with respect to fasting insulin and pro-inflammatory markers 

such as C-reactive protein which might prove to be helpful in the 

primary prevention of obesity-associated diseases.”

https://www.sciencedirect.com/topics/medicine-and-dentistry/systematic-review
https://www.sciencedirect.com/topics/medicine-and-dentistry/disease


UPF: Sugar



Sugar

● Overweight/obesity

● IR and T2D

● MetS

● Dyslipidemia

● Hypertension

● Inflammation

● NAFLD

● Gout

● Dysbiosis

● Atherosclerosis

● Oxidative stress

● Addictive

Lustig R, 2010; Cheng WL et al., 2021

https://www.mdpi.com/2227-9059/9/7/728




UPF: Linoleic Acid PUFA
(primarily from processed seed/vegetable oil)



N-6 PUFA 
composition of 
common foods

Name % LA

Safflower oil 74.62%

Evening Primrose oil 65-80%

Grape seed oil 69.60%

Sunflower oil 65.70%

Corn oil 59%

Wheat germ oil 55%

Soybean oil 51%

Sesame oil 45%

Peanut oil 32%

Almonds 24%

Canola oil 21%

Chicken fat 18-23%

Name % LA

Egg yolk 16%

Linseed oil (flax) 15%

Pork 12%

Lard 10%

Olive oil 10% (3.5 - 21%)

Palm oil 10%

Cocoa butter 3%

Macadamia oil 2%

Butter 2%

Coconut oil 2%

Ruminants 

(beef/lamb) 1-2 %



Populations getting fat and sick on different macros?



BMI from 1965 to 2011 in the U.S.

Cohen E et al. Statistical review of US macronutrient consumption data, 1965–2011: Americans have been following dietary guidelines, coincident 

with the rise in obesity. 2015.
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Energy contribution (%) from fat and carbohydrates between 1965 and 2011 in the U.S.

Cohen E et al. Statistical review of US macronutrient consumption data, 1965–2011: Americans have been following dietary guidelines, coincident with 

the rise in obesity. 2015.

https://www.sciencedirect.com/science/article/pii/S0899900715000775


Changes in dietary fat in the U.S. from 1965 to 2011

Cohen E et al. Statistical review of US macronutrient consumption data, 1965–2011: Americans have been following dietary guidelines, coincident with 

the rise in obesity. 2015.

https://www.sciencedirect.com/science/article/pii/S0899900715000775


Zhai  FY, Du  SF, Wang  ZH, Zhang JG, Du WW, Popkin MB. Dynamics of the Chinese diet and the role of urbanicity, 1991–2011. Obesity Reviews. 17 December 2013. https://doi.org/10.1111/obr.12124

Du SF, Wang HJ, Zhang B, Zhai ZY, Popkin BM. China in the period of transition from scarcity and extensive undernutrition to emerging nutrition‐related non‐communicable diseases, 1949–1992. Obesity 

Reviews. 17 December 2013 https://doi.org/10.1111/obr.12122

https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12124
https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12124
https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12124
https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12124
https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12124
https://onlinelibrary.wiley.com/doi/full/10.1111/obr.12122


The following foods have increased over this time in both populations: 

● Refined seed/vegetable oils

● Pork and poultry

● Refined ultra-processed grains and sugars 

○ though not the absolute or relative amount of 

carbohydrate for both cases

Cohen E et al. Statistical review of US macronutrient consumption data, 1965–2011: Americans have been following dietary guidelines, coincident with 

the rise in obesity. 2015.

Du SF, Wang HJ, Zhang B, Zhai ZY, Popkin BM. China in the period of transition from scarcity and extensive undernutrition to emerging nutrition‐related 

non‐communicable diseases, 1949–1992. Obesity Reviews. 17 December 2013 https://doi.org/10.1111/obr.12122

https://www.sciencedirect.com/science/article/pii/S0899900715000775
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Du%2C+S+F
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Wang%2C+H+J
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhang%2C+B
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Zhai%2C+F+Y
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Popkin%2C+B+M
https://doi.org/10.1111/obr.12122
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UPF: Other ingredients of concern



UPF: Other ingredients of concern
• To improve…

• flavour

• texture 

• appearance 

• shelf-life

• Artificial flavouring

• Artificial colourants

• MSG – monosodium glutamate 

• Sodium benzoate (acidic foods/drinks – e.g. sodas, orange juice) 

• Carrageenan

https://www.healthline.com/nutrition/common-food-additives#section13



Clinical aspects of TCR



Cautions and Contraindications



Contraindications
Contraindication Complications

Carnitine deficiency and carnitine 
associated enzyme deficiency

Defective ketogenesis - fatal 
hypoglycemia

Mitochondrial fatty acid B-oxidation 
disorders 

Defective ketogenesis - fatal 
hypoglycemia

Pyruvate carboxylase deficiency Defective ketogenesis - fatal 
hypoglycemia

Acute intermittent porphyria Carbohydrate restriction induces 
relapse of the condition 



Cautions
Caution Symptoms Cause Treatment

Dehydration 
and loss of 
sodium, 
potassium 
and 
magnesium

Keto-flu: dehydration, fatigue, 
hypotension, lightheadedness, 
headaches, difficulty 
concentrating and muscle 
cramps

Usually in first week.

Increased glycogen use 
(glycogen is stored with water, 
and water is released during 
glycogenolysis).

Lower insulin concentrations 
(insulin signals the kidneys to 
retain water and sodium).

5 g sodium/ d + fluid to 
thirst

Medication 

(diabetic and 

hpt)

Hypoglycaemia 

Ketoacidosis

Keto-flu/dehydration 

Insulin, oral hypoglycaemics

Sulfonylureas

Anti-hypertensives

Deprescription under 

supervision of 

knowledgeable MD

Raised total 

and LDL 

cholesterol

None Increase dietary saturated fat

(May be offset by lower insulin’s 

effect on inhibiting HMG-CoA 

reductase)

Evaluate in context of: 

Atherosclerosis 

Cardiovascular Disease 

(ASCVD) risk and CAC 

scores, TG and HDL



Mild side-effects and troubleshooting
Problem Cause Action

Fatigue & constipation ‘keto-flu’ or excessive protein. 5 g sodium/ d + fluid to thirst
< 2 g /kg IBW / d protein
Laxative (e.g. magnesium oxide, other)

Muscle spasm, aches or loss 
(with/without anxiety or insomnia)

Natriuresis of fasting-induced 
magnesium or potassium wasting.

Magnesium chelate supplement for 20 
days, supplying 200 - 400mg elemental 
magnesium daily. 

Keto-rash Prurigo pigmentosa. Unknown cause -
possibly insufficient protein or 
nutrients.

Check and correct nutrient or protein 
insufficiencies. This rash usually goes 
away within a few days.

Weight loss plateau Possibly too much carbohydrate or fat, 
frequent meals/snacks, alcohol, 
portions size or eating past satiety.

Check and amend CHO, fat, portion 
size, energy intake, or consider 
implementing IF.

Cravings and addictions Psychological, carbohydrate. Psychologist, LCHF.

Social situations Lack of control over food, or peer 
pressure/ criticism

Ideas for travelling and eating out. 
Coping strategies.



Patient tips to prevent side effects
To combat common side effects associated with TCR (particularly in the 
first week of the diet) - such as constipation, fatigue, lightheadedness 
and muscle aches:

●Drink plenty of fluids (to thirst)

●Add salt to your food

●Drink a cup of bone broth every day (providing 1-2 g additional sodium 
or ½ - 1 tsp additional salt daily)

Murphy TE & Surtees B (Real Food Dietitians), 
2018



Assessment and monitoring



Pre-assessment
● Complete medical history

● Physical examination (including weight, waist circumference, neck circumference 

(for sleep apnea risk), blood pressure, pulse and body composition measurement if 

available.)

● Diet history (24HR, food diary and FFQ) 

● Complete blood count, serum electrolytes/renal function/glucose, liver function 

tests, fasting serum lipid profile

● Serum thyroid function tests (TSH, free T4)

● Electrocardiogram if symptoms for heart disease        

● HgbA1c, insulin (screen for pre-diabetes, diabetes, especially if metabolic syndrome 

is present)

Westman & Yancy. Ketogenic. 2023



Follow-up

● Focused history (adverse effect symptoms, hunger level) 

● Physical exam (heart, lungs, waist/anthropometry, peripheral edema)

● Diet evaluation (24HR, food diary, FFQ)

● Vital signs (blood pressure, pulse)

● Serum chemistry panel (electrolytes, renal function, glucose, liver function)

● Fasting serum lipid profile

● HbA1c, insulin 

● Review of medications, especially diabetes and hypertension medications

Westman & Yancy. Ketogenic. 2023



Summary

● An LCHF diet is <130g cho, VLCHF/KD is <50g cho, moderate protein, > 60% fat 

● TCR can be nutritionally sufficient

● Animal based diets are superior to plant based diets:

○ Micronutrient provision

○ Avoidance of antinutrients

○ High quality protein

○ Avoidance of excessive LA intake

● Nutritional requirements and benefits (e.g. micronutrients and fibre) are 

contextual



Thank you


