
ACID-ALKALINE DIET
HEAT: FOOD & TOXINS

11-12 March 2021, Bangkok, Thailand

Dr. PAKPILAI THAVISIN

S Medical Clinic

www.smedicalclinic.com

1



Acid-Alkaline Balance

• pH = potentials of Hydrogen

• Venous Blood is normally slightly Alkaline,                                                  
pH 7.35-7.45 to function properly.
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The pH balance = one of the 

most important biochemical 

balances in all human body 

chemistry. 

pH controls the speed of our 

body's biochemical 

reactions, enzyme activity as 

well as the speed that 

electricity moves through 

our body. 



Acid-Alkaline Balance

• Acid = pH 1 – <7                                                                                                                
= A proton (H+) donor or electron acceptor (e-) = Negative ions 

• Acids are ionic compounds that break apart in water to form a 
hydrogen ion (H+).

• The strength of an acid is based on the concentration of H+ ions in the 
solution. The more H+ the stronger the acid.

• Acidic Anions (-) in food include chloride, phosphorous, sulfates, 

and other organic acids.

• Animal protein tend to be high in sulfur-containing amino acids. These 
amino acids are metabolized toward sulfuric acid➔ Acid-forming

[Protons = positively charged ions: Hydrogen (H+)] 

[Electrons = negatively charged ions: Hydroxyl/Hydroxide (OH-)] 
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Acid-Alkaline Balance

• Base or Alkaline pH= >7 – 14                                                                                                    
= an electron donor or proton (H+) acceptor e.g.: Bicarbonate(HCO3⁻) 
accepts H+ ions = Positive ions

• Bases are ionic compounds that break apart to form a negatively 
charged hydroxide ion (OH-) in water. The greater the concentration of 
OH- ions the stronger the base.

• Basic/Alkaline Cations (+) in food include sodium, potassium, 
calcium, and magnesium. Plant foods don’t contain high levels of 

sulfur-containing amino acids and are generally Alkaline-forming.

[Protons = positively charged ions: hydrogen (H+)] 

[Electrons = negatively charged ions: Hydroxyl/Hydroxide (OH-)] 
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(https://quizlet.com/au/381523226/cellular-metabolism-diagram/)

Cellular Metabolism
C6H12O6 + 6O2 ===➔
6CO2 + 6H2O + 38 ATP

5



Acids in the Body

The Metabolic Activities in the body produce lots of Hydrogen ion ➔Acidosis

Volatile Acids:

• Produced by Oxidative metabolism of CHO, Protein, Fat; average 15,000-
20,000 mmol. of CO2 per day

• Excreted through LUNGS as CO2 gas

Fixed Acids: (1 mEq/kg/day)

• Generated during Catabolism of: Amino acids (oxidation of sulfhydryl groups 
of cystine, methionine), Phospholipids (hydrolysis), Nucleic acids

• Once produced they remain in the body fluids until eliminated by KIDNEYS
e.g., Sulfuric acid, Phosphoric acid, Organic acids

• Kidneys maintain Acid-Base Balance by Excreting Hydrogen ions + Retaining 
Bicarbonate ions.

(https://www.slideshare.net/dramithsreedharan/acid-base-balance-12153101) 6
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The Role of pH and Healthy Living

• Blood pH: Arterial blood pH = 7.41                                                                                
(7.40 and less= acidosis, 7.42 and more = alkalosis)                                                                         

Venous blood pH = 7.365 (7.35-7.45)

• Interstitial fluids and Connective tissue pH:                                                                          
pH in these areas is 7.34 and 7.40

• Urine pH: slightly acid in the morning (pH 6.5 -7.0), 
generally becoming more alkaline (pH = 7.5 - 8.0) by 
evening.                                                                                         
neutral urine pH =6.5-8.0; <6.0 or > 8.5 are unhealthy.                                            
(www.chemcraft.net)
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The Role of pH & Healthy Living

• Salivary pH Test: generally more acidic than 
blood, salivary pH mirrors the blood ( if not 
around meals ) 

• A fair indicator of the health of the 
extracellular fluids and their alkaline mineral 
reserves. 

• Optimal pH for saliva is 6.4 to 6.8.
After eating, the saliva pH should rise to ≥7.8  

• Portable pH Meter: first thing in the 
morning

• < 6.4: insufficient alkaline reserves, alkaline 
minerals deficiency; Calcium, Magnesium. 

8



• Acid body is a magnet for Sickness, Disease, Aging and Cancer.
Cancerous tissue is Acid.                                                                
Inflammatory tissue is acid.

•➔ Normal cells die in acid environment

➔Mutated cells that can survive in acidity

➔Leukemia and other kind of Cancers 

• pH slightly above 7.4, cancer cells become dormant.
pH 8, cancer cells die while healthy cells live.

• Blood pH 6.9 can induce coma and death.

pH is Vital for Whole body Health
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(http://blog.gtsmeditour.com/leukemia-types-
symptoms-treatments/)



Acid & Alkaline Balance

• An Acid: a substance capable of releasing hydrogen ions in solution. 

• A Base (alkaline) is any substance that tends to accept hydrogen ions in 
solution. 

• Modern food continuing generates acid which must be neutralized.

• Our body has 3 main regulatory systems:

1. Buffer systems that work in cellular fluid and the bloodstream to keep pH 

constant.

2. The Respiratory center (lungs & O2/CO2 carrying structures)

3. Kidney regulation: adjust the pH to a constant level by changing either 

what they secrete (NH+4, Titratable acids) and/or how they filter things (-

HCO3).  10

http://en.wikipedia.org/wiki/Base_(chemistry)


Acid-Alkaline Balance

“Borrowing” buffers”: to buffer acid loads

: Calcium and Phosphorus

➔ Bone is the biggest stockpile of these minerals in the body.                                                                      

➔ the primary causes of osteoporosis is the loss of calcium from  

bones to buffer acid loads in the body, not lack of dietary Calcium

(The United States, Finland, England, Israel and Sweden have the highest intake 
of calcium from dairy, yet they also have the highest rates of osteoporosis. 
Eskimo and Inuit consume nearly 2,200 mg of calcium /day yet have the highest 
levels of osteoporosis in the world.)

: Glutamine: found in skeletal muscle. To neutralize the  excess of dietary  

acids, glutamine is leached from muscle ➔ muscle loss
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Acid & Alkaline Balance

• Low grade chronic metabolic acidosis = sub-clinical rise in 
acidity

• Your body’s attempt to maintain a constant pH in the face of an 
acidic environment:

• Hypercalciuria (high concentrations of calcium in the urine): 
metabolic acidosis causes a release in calcium from bone to 
neutralize the acidic environment of the body➔ weak bone ➔
Osteoporosis

• Negative nitrogen balance (high concentrations of nitrogen in 
urine). metabolic acidosis causes muscle breakdown to liberate 
Glutamine which is responsible for binding (acidic) hydrogen 
ions to form ammonium. Glutamine acts much like calcium to 
neutralize the body’s acidosis ➔ muscle waste ➔Sarcopenia 
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Respiratory &

Metabolic acidosis are 

typically linked to: 

-↑ lactic acid                                 

- Hypoventilation                        

➔↓ O2.

Compensation:

- Respiratory: ↑ RR ➔

eliminate CO2, ↑O2

- Renal: secrete H+ & 

reabsorb and generate 

HCO3⁻



(Subclinical) Metabolic Acidosis:

Too much Acid & Too much CO2 ➔ Too little Base (bicarbonate) in blood

• Bad diet: too much Processed Food, Animal Meat/Fat, Sugar, Dairy 
(cheese, milk), Soft drinks (Soda), Alcohol, Caffeine, diabetic acidosis,...

• Stress & Overactive adrenal gland, Cortisol➔ ↑CO2 & ↓O2

• Toxicity: Allopathic drugs (aspirin, antibiotics, etc.), Heavy Metals, 
Poisons 

• Strenuous Exercise: Lactic acidosis

• Respiratory Acidosis: lung disorders, emphysema, severe asthma, 
bronchitis, pneumonia, etc.

• Kidney Failure: inability to remove acid/reabsorb base in the kidneys 

➔ Nausea, Vomiting, Fatigue, Hyperventilation (breath faster & deeper to 
get rid of CO2 ➔Air Hunger)
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Acid-Alkaline Balance

• The acid-base balance in body fluids is one of the most vital 
aspects of homeostasis.

• If pH levels aren’t balanced ➔ negative health outcomes that include:

- Decreased growth factors, Growth hormone resistance

- Mild hypothyroidism

- Higher levels of blood cortisol

- Loss of muscle mass, bone mass

- Enzymatic changes in cells

- Altered regulation of metabolites and minerals

- Decreased uptake and release of oxygen

- Severely affect many organs including brain, arteries, heart, muscle, 

etc., ➔ serious health problems ➔ cells become poisoned and die 
15
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Acidity causes Inflammatory Disorders

- Pull out Calcium from bone to alkalinize blood

➔ bone destruction, risk of osteoporosis

- Arthritis and Rheumatic diseases

- Heartburn, Bloating, Constipation/Diarrhea

- Allergies, rashes, inflamed Acne, Dermatitis

- Insomnia, Migraine

- Decrease Energy

- Fatigue & Illness, etc. 



Dr. Otto Warburg:
“Low-Oxygen and Highly-Acidic 

conditions caused Cancer.”

In the early 1900s, the Nobel-prize 

winning Dr. Otto Warburg, 

suggested that cancer cells “live 

in hypoxic, very low oxygen, 

and acidic conditions and 

derive energy from sugars by 

fermenting them the way yeast

does. He theorized that “low-

oxygen and highly-acidic 

conditions caused cancer.”
(Wikipedia),
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Neutralize Acid Body by: 

➔ Fresh vegetables & (not sweet) fruit

➔ Sodium/Potassium Bicarbonate = Baking Soda, 

ENO, Soda Mint 

➔Alkaline water drinking (pH > 8)

➔Avoid Acid-Forming food (sugar, burnt animal 
meat & fat, processed food, soft drinks), 
Chemicals, Heavy Metals and Drugs!

18

Acid & Alkaline Balance



ALKALINE DIET

The History:

• In the late 1870’s a scientist named Marcellin Berthelot used 
the Bomb Calorimeter to study the amount of heat produced or 
absorbed during chemical reactions, turned the item (i.e., fruits, 
vegetables, meat, etc.) into an ash-type substance, then mixed 
this ash with water and check the pH of each item. 

• He discovered that items with a higher pH (more alkaline) 
were plant-based items such fruits and vegetables, while 
those with a lower pH (more acidic) were meats.
(https://mnoncology.com/about-us/practice-news/acid-alkaline-balance-and-cancer-
the-truth-behind-the-myth/, Apr 02. 2014)

19
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Acid-Alkaline Diet
• Acid-Forming Food & Alkaline-Forming 

Food                         

NOT Acid Food / Alkaline Food

• When food is metabolized and broken 
down, it leaves certain chemical & metallic 
residue➔ noncombustible “Ash”, which 
combines with our body fluids ➔ pH ➔
Acid or Alkaline

• Some Acid food such as strawberries, 
lemon and tangerine (pH 3.5) are 
metabolized into ‘Alkaline Forming Food 
(Ash)’ due to high content of K, Mg, Ca 
alkaline minerals. 20



Acid and Alkaline forming food

• General Alkaline forming food: most fruits, green 
vegetables, peas, beans, spices, herbs, seeds, nuts, green tea, 
herbal tea.

• General Acid forming food: meat, fish, poultry, eggs, grains, 
cheese, coffee, alcohol, nicotine, refined CHO, white flour 
(bread, pasta, noodles), burned food, processed food and 
sugar.                                                                                            
Allopathic drugs, Heavy metals, Pesticides, Herbicides, 
Insecticides and Recreation drugs (cocaine, heroine, etc.) 
cause Acidity. 

21
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Acid and Alkaline forming food

• To Maintain health: Eat 60% Alkaline forming foods and                        
40% acid forming food.

• To Restore health: Eat 80% alkaline forming food and                      
20% acid forming food.
4:1 is good ratio for active people (exercise creates lots of acid)

http://www.google.co.th/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&docid=joGPqpgxYlj6QM&tbnid=vwvmOmSNr-eTWM:&ved=0CAcQjRw&url=http://rafaqat.com/12-healthy-foods-for-heart/&ei=IrYhVLPAH5KhugSnmYCwCQ&bvm=bv.75775273,d.c2E&psig=AFQjCNENYwxyEd7bdamK69LUuOzV8Xa0sw&ust=1411581789093512
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Healthy Food: more Alkaline-less Acid Forming Food

- Mild alkaline (80% in diet): 

fruits, vegetables, berries, etc.

- Strongly alkaline: Calcium, Magnesium, 

Potassium

- Mild acid (20% in diet): 

grains, legumes, nuts, seeds

- Strong acid (avoid): Animal Meat, Fat,                                           

soft drink, sugar, dairy, processed food                                                     

Allopathic/Synthetic medications

Too high animal products, processed food and sugar, 

+ too low fresh vegetables ➔Acidosis➔ Diseases



• Strong Alkaline: Minerals- Calcium, Potassium and 
Magnesium

• Fresh Fruits, Fresh Vegetables

• Herbs, Herbal tea

• Fruits such as Orange and Lemon are acid with pH 3.5 but also 
contain lots of Alkaline Minerals (K. Ca, Mg).

• Sodium & Potassium work with proteins, Phosphates and 
Carbonates to keep a proper balance of Acid-Alkaline in 
Blood. (➔ Sodium bicarbonate)
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Alkaline forming food = Anti-inflammation



•Animal Meat-Dairy Products

•Sugar

•Saturated Fat

•Alcohol

•Caffeine

•Processed food

•Allopathic drugs

•Chemical / Toxins
25

Acid forming food = Pro-Inflammation Food



pH values of Different Drinks

• A popular brand of Cola – 2.5 pH (it takes 32 glasses of a 10.0 pH 
alkaline water to neutralize one can of Cola !!!)

• Diet soft drink -3.2 pH

• Popular brand beer - 4.7 pH

• Distilled water – 7.0 pH

• Some Filled Tap water – 8.4 pH

• Fresh vegetables (green) juice – 8.9 pH

• Alkaline water – 7.40-10.0 pH                                                                        
(Iceland spring water – 8.88 pH,                                                                     
Icelandic-8.4, Aqua Pana- 8.0, 8+)
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Acid & Alkaline Balance

• Since the urinary Anion and Cation excretion is directly related to food 
intake, it’s possible to approximate net acid or base load from the 
composition of the food ➔ score that describes the level of acid loads 
they present to the kidneys ➔ Potential Renal Acid Load ( PRAL)
(Remer and Manz) 

• PRAL: The net acid or base load:
:the composition of the food,                                                                                              
:the bioavailability of the different micro and macronutrients  

(especially protein) of the food,    

:the sulfur content of the food,                                                   

:the obligatory diet-independent organic acid losses                                                                      
➔ estimate a physiologically meaningful index of the acid or base load 
based on the food consumed (PRAL) 27



Acid-Alkaline Balance

• Foods are measured with 
a Potential Renal Acid 
Load (PRAL) (mEq.) —
score that describes the 
net level of acid or base 
loads they present to the 
kidneys. (Remer. T and Manz. 
F, J. Am Diet Assoc,95:791-
797,1995) 

• A score of 0 would 
represent a neutral load.

• A positive score is more 
acidic.

• A negative score is more 
alkaline.
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Acid-Alkaline Balance:                                                   
PRAL = Potential Renal Acid Load

• PRAL of pre-industrialized diets were around -88 mEq/L (more 
alkaline-forming).                                                                                                 
PRAL of modern diets are around +47 mEq/L (more acid-forming).

•➔ Diet induced life-long low grade system acidosis.

29

http://www.precisionnutrition.com/wordpress/wp-content/uploads/2009/05/acid-base-modern-pre-industrial.png


Potential renal acid load 
(PRAL): Acid-Producing 
Potential of selected food 
items (per 100-g serving) is 
adapted from estimates 
performed by Remer and 
Manz and calculated as 
PRAL (mEq/100 g.) 

= 0.49 × protein (g/100 g)                 
+ 0.037 × P (mg/100 g)                           
− 0.021 × K (mg/100 g)                      
− 0.026 × Mg (mg/100 g)                        
− 0.013 × Ca (mg/100 g). 

(Scialla and Anderson, ACKD © National Kidney Foundation. ACKD = Advances in Chronic Kidney Disease) 30

https://ajkdblog.files.wordpress.com/2017/09/fig-1-scialla-and-anderson.jpg
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http://www.ackdjournal.org/article/S1548-5595(12)00209-1/abstract


PRAL 
score

Food Group and Food PRAL Score

Meat and Meat Products Average 9.5

Lean Beef

Chicken

Canned, Corned Beef

Frankfurters

Liver Sausage

Lunch Meat

Lean Pork

Rump Steak

Salami

Turkey Meat

Veal Fillet

7.8

8.7

13.2

6.7

10.6

10.2

7.9

8.8

11.6

9.9

9.0
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PRAL 
score

Milk, Dairy, and Eggs

Milk and non-cheese average

Low protein cheese average

High protein cheese average

1.0

8.0

23.6

Buttermilk

Low Fat Cheddar

Gouda Cheese

Cottage Cheese

Sour Cream

Whole Egg

Egg White

Egg Yolk

Hard Cheese

Ice Cream

Whole milk

Whole Milk Pasteurized

Parmesan Cheese

Processed Cheese

Whole Milk Yogurt w/Fruit

Whole Milk Yogurt Plain

0.5

26.4

18.6

8.7

1.2

8.2

1.1

23.4

19.2

0.6

1.1

0.7

34.2

28.7

1.2

1.5
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PRAL 
score

Vegetables Average  -2.8

Asparagus

Broccoli

Carrots

Cauliflower

Celery

Chicory

Cucumber

Eggplant

Leeks

Lettuce

Mushrooms

Onions

Peppers

Potatoes

Radishes

Spinach

Tomato Juice

Tomatoes

Zucchini

-0.4

-1.2

-4.9

-4.0

-5.2

-2.0

-0.8

-3.4

-1.8

-2.5

-1.4

-1.5

-1.4

-4.0

-3.7

-14.0

-2.8

-3.1

-2.6 33



PRAL score

Calculating your PRAL score

1. Record the amount (in grams) of each food you eat in a meal.

2. Multiply the PRAL score for a food type by your food amount                     
(convert grams to 100 grams by dividing by 100).

Sample:
¾ cup (170 g) cabbage, ¾ cup (180 g) lentils, Small piece (100 g) of fruit

PRAL:
- Broccoli: 1.7 x -2.8 mEq/100 g = -4.76 mEq                                                                 

(-2.8 is the PRAL for 100 g of vegetables)
- Kidney beans: 1.8 x 2.6 mEq/100 g = 4.68 mEq                                                          

(2.6 is the PRAL for 100 g of legumes)
- Fruit: 1 x -3.1 mEq/100 g = -3.1 mEq                                                                                   

(-3.1 is the PRAL for 100 g of fruit)
Net PRAL: -4.76 + 4.68 + -3.1 = -3.18 mEq (net alkalinity)
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Acid & Alkaline Balance

• ORP = Oxidation Reduction Potential (mv.: millivolts)

• Oxidizing = To oxidize, To rust, To burn up, To break down 
(accept electron) = Oxidants / Free Radicals  
Positive (+) ORP = oxidize, rust, or breakdown 

• Reducing = giving away, neutralizing oxidation.                                                                                
Reducing potential = the ability to donate energy to the body 
(give out or loss electron) = Anti-oxidants
Negative (-) ORP = energizes, is antioxidant 

• The higher the negative ORP of a food or drink, the greater 
potential it has to fight the aging process of the body at a 
cellular level.
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Alkaline Water
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ORP: Oxidation Reduction Potential: + accept Electrons, (-) lose Electron

pH of Common 
Drinks (pH + ORP 
More Acid) 
Carbonated Cola Drinks: 
pH ~ 2.5/ORP +394 mv. 
XXXade Sport Drinks: pH 
~ 2.5/ORP +450 mv.
Popular Bottled Water 
(RO): pH ~5/ORP 
+424mv.
Tap Water: pH 6–8/ORP 
+386 mv.
Mashed potato ORP 
+56.3 mv.
Fresh Organic Veggie 
Juice: pH ~9/ORP <-250 
mv. 
Alkalinized water ORP -
275 to -850 mv. 37



Acid & Alkaline Balance

• Exogenous glutamine 
supplementation has been shown 
to neutralize acidosis.                           
(Welbourne, et al. JPEN. 18(3): 243-7, 1994)

• Sodium or Potassium bicarbonate 
(NaHCO3 or KHCO3) 
supplementation. 2-5 g. dose of
baking soda (NaHCO3) would be 
sufficient to neutralize the milk 
shake.

• “If we will maintain this alkaline 
design of our body through an 
alkaline lifestyle and diet we can 
prevent ALL sickness and 
disease.” (pHMiracleLiving.com) 
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Acid-Alkaline Balance Diet

• Balance your blood pH to alkaline (pH> 7.40) can cure or at least 
improve almost all diseases; inflammation, degeneration, infection, 
toxicity and cancer.

• Alkalinize blood pH by eating 1-2 big bowls of green vegetables/d.                                
+ 7 colors fruits and vegetable (5-8 servings/d.) 

• Some recommend eating fresh vegetable 10% of BW./d

• Drink mineral water pH > 7.5, preferable pH > 8.

• Alkaline Minerals (Ca, K, Mg) & Glutamine supplements

• Sodium Bicarbonate (NaHCO3):                                                                         
- Baking Soda ¼ tsp. (1,300 mg of sodium bicarbonate) in a glass of 

water, 2-4 times/d.

- Soda Mint (300 mg/tablet, used in peptic ulcer & gastritis treatment)                         

4-6 tablets/time, 2-4 times/day 39



Sodium Bicarbonate

• Orally: an antacid, minimize uric acid crystallization, alkalinize 
urine during bladder infections, correct acidosis in kidney disorders.

• Injection: Metabolic acidosis from severe renal disease, uncontrolled 
diabetes, circulatory insufficiency due to shock or severe dehydration, 
cardiac arrest and severe primary lactic acidosis.

• Tx. drug intoxications including barbiturates.

• Tx. Poisoning or overdose from many                                                             
chemicals, negating cardiotoxic and                                                                       
neurotoxic effects.

• Tx. Neurological disorders in children
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Acid & Alkaline Balance

The Alkaline Diet: Is There Evidence That an Alkaline pH Diet Benefits 
Health? (Gerry K. Schwalfenberg *J Environ Public Health. 2012, A Review)

• There may be some value in considering an alkaline diet in reducing 
morbidity and mortality from chronic diseases.

• Fruits, vegetables, fruit juices, potatoes, and alkali-rich and low phosphorus 
beverages (red and white wine, mineral soda waters) having a negative acid load. 
Whereas grain products, meats, dairy products, fish, and alkali poor and low 
phosphorus beverages (e.g., pale beers, cocoa) have relatively high acid loads.

• A mild reduction of plasma bicarbonate results in a negative 
calcium balance which could benefit from supplementing 
bicarbonate in the form of potassium bicarbonate.
(Sebastian A, Improved mineral balance and skeletal metabolism in postmenopausal women treated with 
potassium bicarbonate. New England Journal of Medicine. 1994;331(4):p. 279) 
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Acid & Alkaline Balance

The Alkaline Diet: Is There Evidence That an Alkaline pH Diet Benefits 
Health? (Gerry K. Schwalfenberg *J Environ Public Health. 2012)

• In situations that result in acute acidosis, supplementing younger patients 
with sodium bicarbonate prior to exhaustive exercise resulted in 
significantly less acidosis in the blood.
(Webster MJ, Effect of sodium bicarbonate ingestion on exhaustive resistance exercise performance. Medicine and Science in Sports 
and Exercise. 1993;25(8):960–965.)   

• In chronic renal failure, correction of metabolic acidosis with bicarbonate 
significantly improves parathyroid levels and levels of the active form of 
vitamin D 1,25(OH)2D3. (Lu KC., et. al. Mineral and Electrolyte Metabolism. 1995;21(6):398–402)

• Excess dietary protein with high acid renal load may decrease bone 
density if not buffered by ingestion of supplements or foods that are alkali 
rich. (Barzel US, Massey LK. Excess dietary protein may can adversely affect bone. Journal of Nutrition. 1998;128(6):1051–1053) 
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Acid & Alkaline Balance

The Alkaline Diet: Is There Evidence That an Alkaline pH Diet Benefits 
Health? (Gerry K. Schwalfenberg *J Environ Public Health. 2012)

• Correction of the acidosis with bicarbonate or potassium citrate increases 
growth hormone significantly and improved growth in children with severe 
acidosis (such as renal tubular acidosis).                                                                    
(McSherry E, Journal of Clinical Investigation.1978;61(2):509–527)

• The use of enough potassium bicarbonate in the diet to neutralize the daily 
net acid load in postmenopausal women resulted in a significant increase in 
growth hormone. (Frassetto L, Journal of Clinical Endocrinology and Metabolism. 1997;82(1):254–259)

• Alkaline supplement (bicarbonate) Improved growth hormone levels
➔ improve quality of life, reduce cardiovascular risk factors, improve 
body composition, and even improve memory and cognition ➔ ↓urinary 
calcium loss equivalent to 5% of bone calcium content over a period of 3 
years. (Wass JAH, Reddy R. Growth hormone and memory. Journal of Endocrinology. 2010;207(2):125–126) 
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Acid & Alkaline Balance

• Extracellular alkalinization by using bicarbonate may result in

improvements in therapeutic effectiveness of chemotherapy. (Raghunand N, et al.  

Enhancement of chemotherapy by manipulation of tumour pH. British Journal of Cancer. 1999;80(7):1005–1011) 

• It has been suggested that inducing metabolic alkalosis may be useful in 
enhancing some chemotherapy regimes by using sodium bicarbonate.
(Raghunand N, Gillies RJ. pH and chemotherapy. Novartis Foundation Symposium. 2001;240:199–211)

Conclusion: Alkaline diets may result in a number of health benefits:

• Increased fruits and vegetables in an alkaline diet would improve the K/Na 
ratio and may benefit bone health, reduce muscle wasting, as well as mitigate 
other chronic diseases such as hypertension and strokes.

• The resultant increase in growth hormone may improve many outcomes from 
cardiovascular health to memory and cognition. 

• Alkaline diet: reduce morbidity and mortality of chronic disease that are 
plaguing our aging population. (Gerry K. Schwalfenberg. et.al., The Alkaline Diet: Is there Evidence that an 
Alkaline pH Diet Benefits Health? J Environ Public Health. 2012)
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Sodium Bicarbonate

• Baking Soda: a supplement that provides dietary bicarbonate, which can 
increase serum levels of bicarbonate (normally produced by the kidneys) 
and subsequently buffer acid production in the body.

• The main mechanism of action:  negating the effects of acidosis.                                                             
It provides benefits both in situations of chronic mild acidosis, commonly 
seen in metabolic ailments or during aging as kidney function slowly 
declines, and in exercise-induced acidosis.

• 5 g of sodium bicarbonate taken daily appears to be somewhat effective in 
reducing acidosis induced by the diet or the aging process (using 
potassium bicarbonate appears to be better).

• It may reduce the rate of bone loss over time in susceptible populations.

• In athletes, the standard doses of sodium bicarbonate supplementation 
(200-300 mg/kg) tend to reliably benefit performance . 45



Bicarbonate Supplements

• Exercise induces acidosis and fatigue, the ingestion of potential buffering 
agents such as sodium bicarbonate, sodium citrate or potassium 
bicarbonate has been suggested to attenuate metabolic acidosis and improve 
anaerobic performance [McNaughton, et al. Recent Developments in the Use of Sodium 

Bicarbonate as an Ergogenic Aid. Curr. Sports Med. Rep. 2016, 15, 233–244].

• The recommended dosage of sodium/potassium bicarbonate has usually 
ranged within 0.3–0.4 g kg−1/BW and ingestion time before performance has 
varied from 60 to 120 min, in single or split doses.                                                              
[Carr, A.J. et al, Reliability and effect of sodium bicarbonate: Buffering and 2000-m rowing performance. Int. 
J. Sports Physiol. Perform. 2012, 7, 152–160.]

• Highly alkalized water is suggested during periods of intense training and 
competition to improve hydration and to increase the rate of lactate 
utilization following anaerobic exercise. [Kurylas, A. et al. The Effectiveness of Alkaline 

Water in Hydrating Athletes. J. Nutr. Health Food Sci. 2017, 5, 1–4].
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The effectiveness of chronic supplementation with sodium and potassium 
bicarbonate, fortified with minerals on speed and repeated sprint ability in 
26 elite soccer players. (Jakub Chycki, et al. Nutrients. 2018 Nov;10(11):1610)

• The experimental gr. ingested (with plenty of water: 600 ml), a single dose of 3000 
mg sodium bicarbonate, 3000 mg potassium bicarbonate (6 caps containing 500 mg 
each), 1000 mg (600 mg + 400 mg) calcium phosphate and calcium citrate, 1000 mg 
potassium citrate, and 1000 mg magnesium citrate twice a day, 90 min before each 
practice session + an additional dose of bi-carbonates and minerals, 90 min before 
the exercise test protocol and the day before the test. (The dosage 5 to 9 g/d has 
shown significant improvements in buffering capacity with no gastrointestinal 
distress.)

• The control gr. ingested placebo. 

• The athletes were tested at baseline and after nine days of supplementation.          
Anaerobic performance was evaluated by the Repeated Anaerobic Sprint Test 
(RAST: 6 × 30 m max sprints, separated by 10 s of active recovery).
Resting, post ingestion and post exercise concentrations of HCO3

− and blood pH and 
lactate concentration were measured. 47
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The effectiveness of chronic supplementation with sodium and potassium bicarbonate, 
fortified with minerals on speed and repeated sprint ability in 26 elite soccer players. 
(2018)

Results: statistic significant 

• Improvement in the results of the RAST (from 25.09 s to 24.53 s with p = 0.00001), 

• ↑ post exercise blood Lactate concentration (from 7.94 to 9.36 mmol/L with p = 
0.00001),      

• ↑post ingestion blood pH (from 7.38 to 7.47 with p = 0.00011), 

• ↑ resting HCO3
− values (from 23.21 to 28.81 mmol/L with p = 0.00001). 

• ↑ post exercise HCO3
− concentration (from 12.83 to 14.24 mmol/L with p = 0.00001), 

• ↑the resting concentration of Mg (from 2.17 to 2.44 mg/dL with p = 0.00012).

• A significant increase in RAST performance of elite soccer players supplemented with 
sodium and potassium bicarbonate along with minerals ingested 2/d x 9 day training. 

• The improvements in anaerobic performance were caused by increased resting blood 

pH and bicarbonate levels ➔NaHCO3
− ergogenic effect (the ability to increase 

work output) 48



Baseline and post intervention blood pH at rest, post ingestion, and post exercise in the 

experimental and control groups. * statistically significant.

(Jakub Chycki, et al. Nutrients. 2018 Nov; 10(11): 1610.)
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(Jakub Chycki, et al. Nutrients. 2018 Nov; 10(11): 1610.)

Baseline and post intervention blood HCO3
−

at rest, post ingestion, and post exercise in 

the experimental and control groups. * statistically significant.
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The effectiveness of chronic supplementation with sodium and potassium bicarbonate, 
fortified with minerals on speed and repeated sprint ability in 26 elite soccer players. 

(2018): Discussion

• The ergogenic effect of sodium bicarbonate and other buffering 
supplements on exercise performance stems from the reinforced 
extracellular bicarbonate buffer capacity to regulate acid–base balance 
during exercise.

• The oral intake of NaHCO3
− elevates the concentration of bicarbonate 

ions (HCO3
−), thus increasing the alkalotic environment in the 

extracellular fluid compartments [Carr, A.J.; et al. Effects of acute alkalosis and acidosis on 

performance: A meta-analysis. Sports Med. 2011, 41, 801–814]

• The elevated HCO3
− enlarges the gradient between extracellular and

intracellular H+
➔ stimulates the lactate/H+ cotransporter ➔ leads to a 

greater efflux of H+ from intramuscular regions into the extracellular 
fluid, allowing HCO3

− and buffering compensatory systems to remove H+

➔↑ pH. [Price, M.J.; Singh, M. Time course of blood bicarbonate and pH three hours after sodium bicarbonate 
ingestion. Int. J. Sports Physiol. Perform. 2008, 3, 240–242]
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Sodium Bicarbonate in CKD

A study at William Harvey Research Institute and Barts and the London NHS 
Trust, London, United Kingdom:

• 134 adult pts with CKD (Chronic Kidney Disease) with creatinine 
clearance [CrCl] 15 to 30 ml/min per 1.73 m2) and serum bicarbonate 16 to 
20 mmol/L to either supplementation with oral Sodium Bicarbonate 
(1.82+/- 0.80 g/d) or standard care for 2 yr. 

• This study demonstrates that Sodium Bicarbonate supplementation 

slows the rate of progression of renal failure to ESRD (end-stage renal 

disease) (6.5 versus 33%) and improves nutritional status (reduced 
protein catabolism, reduced ammonia production, and tubular 
damage) among patients with CKD. (BP remained the same despite 
sodium). (Ione de Brito-Ashurst, et.al, J Am Soc Nephrol 20: 2075–2084, 2009)
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Diet-dependent Acid load and Type 2 Diabetes

• An experimental study in healthy adults also showed that induction of mild 
metabolic acidosis decreases insulin sensitivity. (Defronzo RA. Glucose intolerance 

following chronic metabolic acidosis in man. The American journal of physiology 1978;236: E328–E34.) 

• Diet-induced low-grade acidosis increased cortisol bioactivity may promote 
insulin resistance through activating cell signaling pathways. (Reynolds RM, Walker 

BR. Human insulin resistance: the role of glucocorticoids. Diabetes, obesity & metabolism 2003;5: 5–12)

• Acidosis induced by long-term high protein consumption over months to 
years appears to increase IGF-1 concentrations. (Robey IF. Examining the relationship 

between diet-induced acidosis and cancer. Nutrition & metabolism 2012;9:72)

• Activated signal transduction pathways through insulin resistance and IGF-1
are the main pathophysiological mechanisms thought to explain the 
association between type 2 diabetes & breast cancer.                                                  
(Wolf I, et al. Diabetes mellitus and breast cancer. The Lancet Oncology 2005;6: 103–11.)
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Acid-base imbalance and Carcinogenesis

• Insulin resistance, a key mechanism in diabetes mellitus may contribute to 
risk of breast cancer. (Xue F, Michels KB. Diabetes, metabolic syndrome, and breast cancer: a 

review of the current evidence. The American Journal of Clinical Nutrition 2007;86: 823S–35S)

• Acidic pH levels in the extracellular space may enhance the invasive and 
metastatic potential of cancer cells. (Shi Q, et al. Regulation of vascular endothelial growth 

factor expression by acidosis in human cancer cells. Oncogene 2001;20: 3751–6)

• Evidence suggests that chronic diet-induced low-grade acidosis (by long-
term high protein consumption) may increase insulin-like growth factor-1 
(IGF-1) which is associated with an increased risk of breast cancer. 
(Fürstenberger G, Senn H-J. Insulin-like growth factors and cancer. The Lancet Oncology 2002;3: 298–302)

• Acid-Base imbalance can affect cellular and molecular activities that 
stimulate carcinogenesis or tumor progression. (Robey IF. Examining the relationship 
between diet-induced acidosis and cancer. Nutrition & metabolism 2012;9: 72)
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Sodium Bicarbonate

• Tumor acidity is a driving force in invasion and 
metastases. 
Recently, it has been shown that buffering of 
extracellular acidity through systemic 
administration of oral bicarbonate can inhibit 
the spread of metastases in a mouse model for 
metastatic breast cancer.                                          
(Robey IF., Cancer Res., 2009 Mar 15;69(6):2260-8)

• The higher the pH (the more oxygen present in 
the cells of the body), the harder it is for cancer 
to thrive.

• Improved survival was a significant outcome in 
all groups treated with bicarbonate.
(Ian F Robey and Natasha K Martin: BMC Cancer 2011(11):235)
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Bicarbonate increases tumor pH and inhibits Spontaneous 
Metastases (Ian F Robey, Cancer Res. 2009 Mar 15;69(6):2260-8)

• The extracellular pH of malignant solid tumors is acidic, in the range of 6.5 to 
6.9, whereas the pH of normal tissues is significantly more alkaline, 7.2 to 7.5
(Griffiths JR. Are cancer cells acidic? Br J Cancer. 1991;64:425–7).

• The external pH of solid tumors is acidic as a consequence of increased 
metabolism of glucose and poor perfusion. (Gillies R, Robey IF. Causes and consequences of 
increased glucose consumption in cancers. J Nucl Med. 2008;49:24–42S.)

• Acidic conditions stimulate tumor cell invasion and metastasis in vitro and in 
vivo and may involve lysosomal proteases. (Glunde K, et al. Extracellular acidification alters 
lysosomal trafficking in human breast cancer cells. Neoplasia. 2003;5:533–45). 

• It has previously been shown that chronic oral NaHCO3 can lead to reversal of 
tumor acidosis (Raghunand N, et al. Enhancement of chemotherapy by manipulation of tumour pH. Br J 
Cancer. 1999;80:1005–11. 14)

• The study investigates whether inhibition of this tumor acidity will reduce the 
incidence of in vivo metastases ➔Oral NaHCO(3) selectively increased the pH 
of tumors and reduced the formation of spontaneous metastases in mouse 
models of metastatic breast cancer. 57
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Bicarbonate increases tumor pH and inhibits Spontaneous 
Metastases (Ian F Robey, Cancer Res. 2009 Mar 15;69(6):2260-8)

• The metastatic MDA-MB-231 adenocarcinoma cells were injected into mammary 
fat pads of female immunodeficient (SCID) mice ➔ randomized into two groups: 
control and bicarbonate gr. (provided drinking water with 200 mmol/L 
NaHCO3, an equivalent dose in a 70-kg human would be 12.5 g/d )

• Bicarbonate Tx. ➔ significant reductions in the number and size of 
metastases to lung, intestine, and diaphragm

• In the 30-day experiment: Bicarbonate Tx. mice had a total of 147 metastatic 
lung lesions, whereas the Control gr. had 326 lung lesions (P = 0.03).                                 
The average lesion diameters (± SE) were 4.5 ± 0.12 and 5.2 ± 0.14 mm in the 
NaHCO3 and Control gr., respectively (P < 0.0001). 

• In the 60-day experiment: The average numbers of lesion pixels per animal in 
control and NaHCO3 gr. were 382 and 74, respectively (P = 0.0004). 

• None of the NaHCO3  Tx animals had > 240 lesion pixels, whereas half of the 
control animals had > 240 lesion pixels. 

• Both experiments showed dramatically fewer lesions in the bicarbonate-treated 
group than in control animals.
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Figure A: the 30-day experiment, the bicarbonate-treated mice had a total of 147 metastatic lung lesions, whereas the 

control group had 326 lung lesions (P = 0.03). The average lesion diameters (± SE) were 4.5 ± 0.12 and 5.2 ± 0.14 mm in 

the NaHCO3 and Control groups, respectively (P < 0.0001). 

Figure B: the 60-day experiment, the average numbers of lesion pixels (>60 μm. in diameter) per animal in control and

NaHCO3 groups were 382 and 74, respectively (P = 0.0004).

Figure C: The survival curve for the bicarbonate vs control animals ➔ Bicarbonate therapy increased survival (P = 

0.027). (Ian F Robey, Cancer Res. 2009 Mar 15;69(6):2260-8)
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Bicarbonate increases tumor pH and inhibits Spontaneous 
Metastases (Ian F Robey, Cancer Res. 2009 Mar 15;69(6):2260-8)

• Average pHe values were 7.4 ± 0.06 in the NaHCO3-treated tumors, 
compared with pHe 7.0 ± 0.11 under control conditions.                                                       
The pHi of tumors was unaffected, being 7.0 ± 0.06 and 7.1 ± 0.09 under 
treated and control conditions, respectively.

• The pHi and pHe were measured in nontumor tissues in the same animals 
(e.g., hind limb muscle) ➔ pHi and pHe were unaffected by bicarbonate, 
being 7.22 ± 0.04 and 7.40 ± 0.08, respectively, in both groups.  

• Despite significant effects on the formation of metastases and tumor pHe, 
chronic bicarbonate therapy had no effect on blood chemistries, indicating 
that systemic pH was fully compensated in these animals. 

• The chronic nature of the treatment, NaHCO3 did not lead to systemic 
metabolic alkalosis.
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Bicarbonate increases tumor pH and inhibits Spontaneous 
Metastases (Ian F Robey, Cancer Res. 2009 Mar 15;69(6):2260-8)

• The inhibition of tumor metastasis was due to increased bicarbonate “buffering” of 
interstitial fluid of either the primary or the metastatic tumors ➔ the bicarbonate 
levels in tumors were increased to be consistent with the rest of the body, leading to a 
selective increase in tumor pHe. 

• Concentrations as low as 50 mmol/L reduced the incidence of spontaneous metastases.
The largest effect was observed at the highest dose investigated, 200 mmol/L, indicating 
that, even at this dose, the effect is incomplete. 

Conclusion:

• Oral bicarbonate therapy significantly reduced the incidence of metastases in 
experimental models of breast and prostate cancer and that the effect seems to be 
primarily on distal (i.e., colonization), rather than proximal (i.e., intravasation), processes

• Increases in pHe significantly reduced the release of a lysosomal protease, cathepsin B.

• The dramatic effect of bicarbonate therapy on the formation of breast cancer 
metastases in this model system warrants further investigation. 61
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Higher Diet-dependent Acid Loads vs. Risk of Breast Cancer

• The 1st study to evaluate the association between BC risk and acidogenic diet

• The nationwide large prospective cohort study to evaluate the association 
between breast cancer risk and acidogenic diet: data from 43,570 Sister 
Study participants (ages 35-74) who completed a validated food frequency 
questionnaire at enrollment (2003-2009) and satisfied eligibility criteria. 

• Excluded participants: extreme energy intakes (<600 and >3500 kcals/d), were 
pregnant, had extreme body mass index (BMI) values (<15 or >50 kg/m2) or had a 
history of any cancer except non-melanoma skin cancer, women who had type 2 
diabetes and/or use of anti-diabetic medications, or hypertension and/or use of anti-
hypertensive medications at baseline.

• The Potential Renal Acid Load (PRAL) score was used to estimate diet-
dependent acid load. Higher scores reflect greater consumption of protein 
and phosphorus, and lower consumption of potassium, calcium and 
magnesium.
(Yong-Moon Mark Park. Et al. Higher diet-dependent acid load is associated with risk of breast cancer: 
Findings from the sister study. Int J Cancer. 2019 Apr 15;144(8):1834-1843.) 62
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Higher Diet-dependent Acid Loads vs. Risk of Breast Cancer

RESULTS:

• Women with higher PRAL were younger, less physically active, and had higher 
BMI, shorter lifetime duration of breastfeeding, and younger age at menopause.                   
They were more likely to have less education and lower income. They also were less 
likely to consume multivitamins and to have used hormone therapy in the past, but 
more likely to be former drinkers and to have ever smoked. 

• Women with higher PRAL tended to consume more red meat, poultry, added 
sugar, high fat dairy, protein, and fats, and less fruits, vegetables, and
carbohydrates. 

• Higher PRAL scores were correlated with higher consumption of red meat and
poultry and lower consumption of fruits and vegetables, as well as lower HEI-
2015 . (HEI-2015: Healthy Eating Index, developed by the US Department of Agriculture 
to measure adherence to the Dietary Guidelines for Americans and the Food Guide Pyramid, 
used to explore the effect of overall diet quality) 63



Higher Diet-dependent Acid Loads vs. Risk of Breast Cancer

RESULTS: The associations between PRAL quartiles and Invasive BC:

• Invasive breast cancer risk was increased in the highest quartile of PRAL 
compared to the lowest quartile with a trend of increasing risk (HR=1.21, 95% 
CI,1.04–1.41) with increasing PRAL. 

• The association was significant for ER-negative (HR (Highest vs. lowest Q): 1.67
[95% CI, 1.07–2.61]) but not for ER-positive breast cancer (HR (Highest vs. lowest 

Q): 1.16 [95% CI, 0.97–1.38])

• The association with high PRAL was more pronounced for ER-PR- negative 
and triple negative breast cancer (HR (Highest vs. lowest Q): 1.77 [95% CI, 1.12–
2.82], HR (Highest vs. lowest Q): 2.20 [95% CI, 1.23–3.95] respectively.

• Consistent results were found using the alternative indices for diet-dependent 
acid load, NAE, NEAP, and A:P ratio
(Triple-negative breast cancer is cancer that tests negative for estrogen receptors, 
progesterone receptors, and excess HER2 protein. About 10-20% of BC are triple-
negative BC, HR: Hazards Ratio, CI: Confidence Interval,)
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Higher Diet-dependent Acid Loads vs. Risk of Breast Cancer

• No significant association was observed with total invasive and ER-positive 
breast cancer.

• Inverse associations were observed between (-) PRAL (alkaline diet) and ER (-ve) 
and Triple negative BC. (Compared with a PRAL score of “0”, the HRs for the 
10th percentile (−13.2 mEq/d) of PRAL were 0.60 (95% CI, 0.44–0.89) for ER-
negative BC and 0.35 (95% CI, 0.17–0.71) for triple negative BC.)

Summary:

• Higher diet-dependent acid load was associated with increased risk of invasive 
breast cancer, especially for ER-negative and triple-negative breast cancer.

• Negative PRAL scores representing consumption of alkaline diets were associated 
with decreased risk of ER-negative and triple-negative breast cancer compared to 
neutral PRAL scores.

• This study support that diets high in fruits and vegetables and low in meat may 
decrease breast cancer risk. (Yong-Moon Mark Park. Et al. Higher diet-dependent acid load is associated 
with risk of breast cancer: Findings from the sister study. Int J Cancer. 2019 Apr 15;144(8):1834-1843.) 65
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Hazard ratios (HRs) and 95% CIs for the association 
between potential renal acid load and risk of ER-
PR- negative and triple negative breast cancer.                     
SD: standard deviation; HR: hazard ratio; 95% CI: 
95% confidence interval; ER: estrogen receptor; PR: 
progesterone receptor; +: positive; −: negative.
(Yong-Moon Mark Park. Et al. Higher diet-dependent acid load is 
associated with risk of breast cancer: Findings from the sister 
study. Int J Cancer. 2019 Apr 15;144(8):1834-1843.)

PRAL score quartiles, mEq/d)
Q1: < -5.33
Q2: -5.33 to 2.25
Q3: 2.25 to 9.52
Q4: >9.52
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Hazard ratios (HRs, solid lines) and 95% CIs (dashed lines) for the association of potential renal acid load (PRAL)
Yong-Moon Mark Park. Int J Cancer. 2019 Apr 15;144(8):1834-1843.)

Inverse associations were observed between (-) PRAL (alkaline diet) and ER (-ve) and Triple negative BC.67
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Sodium Bicarbonate Supplement

Sodium bicarbonate (baking soda) is generally well tolerated (2-300 mg/Kg 
body wt./day). High dose: > 500 mg/Kg body wt./day may cause side 
effects:

• Gastrointestinal side effects (gastric upset, nausea, burp, etc.) if consume 
too much at once or too rapidly (react adversely with stomach acid).

• Metabolic alkalosis if consumed exceed recommended dosages: headache, 
irritability, confusion, muscle weakness, slow reflexes, swelling of the feet or 
ankles 

• Increase potassium excretion and may induce a potassium deficiency.

• Others: thirsty, frequent urinate, 

• Precaution in patients with severe heart/renal/ hepatic problems.
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Effects of Mineral Waters on Acid-Base Status in Healthy Adults: 

• 129 healthy men and women aged 18 to 75 years, consumed 1,500-2,000 mL of 1 
of 4 mineral waters with different bicarbonate content and different PRAL 
values daily for 4 weeks:                                                                                                           
- Low bicarbonate, high PRAL (LBHP, HCO3

-: 403.0 mg/L, PRAL: 10.7);                                                                                                   
- Medium-high bicarbonate, medium PRAL (MBMP, HCO3

- : 1816.0 mg/L, 
PRAL: -10.8);                                                                                                                   
- High bicarbonate, low PRAL (HBLP, HCO3

-: 2451.0 mg/L, PRAL: -19.3);                                                                                                    
- Medium-high bicarbonate, low PRAL (MBLP, HCO3

-: 1846.0 mg/L, PRAL: -
22.1).                                                                                                                       

The primary outcome was the net acid excretion (NAE) in the 24-h urine 
output.

• Results: MBMP, HBLP, and MBLP led to a significant decrease in NAE 
values.(MBMP gr. ↓ 48%, HBLP gr. ↓ 68% and MBLP gr. ↓53% (P = 0.001).                                                                                                                            
A slight increase in serum bicarbonate HBLP gr. (P = 0.057) and MBLP gr. 
(P = 0.001). (Paulina Wasserfurth. Et al., Food Nutr Res. 2019 Dec 3;63.) 69
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Effects of Mineral Waters on Acid-Base Status in Healthy Adults:

Percentage change of the net acid excretion (NAE) from t0 to t4.                                                   
(Paulina Wasserfurth. Et al., Food Nutr Res. 2019 Dec 3;63.)

Conclusion: Daily 

consumption of at least 

1,500-2,000 mL of mineral 

water rich in bicarbonate 

(>1800.0 mg/L) with 

medium or low PRAL (<-11 

mEq/L) can effectively 

reduce the NAE level by 

reducing the dietary acid 

load under free-living 
conditions in healthy adults.
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