How does acid production from the foods we eat drive metabolic disease?

* DAL- dietary acid load
* PRAL- potential renal acid load
* NEAP- net endogenous acid production

Table 1 Best predictive formulas for DAL. Table adjusted from Parmenter et al. [110]

Equation

Formula

NEAP, [87]

NEAP, [65]

PRAL; [96]

([0.488 x protein in g/d] +[0.0366 x phosphorus in mg/d]) — ([0.0205 X potassium in mg/d] + [0.0263 X magnesium in
mg/d]+[0.0125 X calcium in mg/d])+body surface areax41/1.73

([0.488 x protein in g/d] +[0.0366 X phosphorus in mg/d]) —([0.0205 X potassium in mg/d] +[0.0263 X magnesium in
mg/d]+[0.0125 x calcium in mg/d])+32.9+ (0.15 X [{ potassium } + {calcium X2} + {magnesium X 2} — {phos-
phorus x 1.8}]) (all in mmol/d)

([0.75 x sulfate] + [0.63 X phosphorus]) — ([0.80 X potassium] + [0.25 X calcium] + [0.32 X magnesium]) (all in mEq/d)

European Journal of Physiology (2024) 476:427-443

*Average PRAL Range: Contemporary Western diets typically
produce a total dietary acid load ranging from 50 to 80 mEq per
day. In specific U.S. population studies, mean PRAL values for
those on a "High-PRAL Diet" (consistent with typical Western
patterns) were approximately 23.35 mEq/day.

*Key Drivers: The high PRAL is primarily due to a heavy intake
of animal proteins (meat, cheese, eggs), processed foods,
and refined grains, which are rich in acid-forming precursors
like phosphorus and sulfur-containing amino acids.

*Deficiencies: The SAD is typically low in "base-forming" foods
such as fruits, vegetables, and legumes, which would
otherwise provide alkalizing minerals (potassium, magnesium,
calcium) to neutralize the acid.
*Health Implications: A chronic high PRAL diet is associated
with low-grade metabolic acidosis, which may increase the risk
of:

e Chronic kidney disease and kidney stones.

¢ Insulin resistance and Type 2 diabetes.

* Hypertension and cardiovascular disease.

¢ Reduced bone mineral density and sarcopenia.
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Acid-Base Balance with Normal Renal Function

H+ production
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Graphic from ScienceDirect.com

Exogenous sources of acid

» Animal foods (especially sharp/processed cheese, eggs and meat).

e Grains.

o Ketogenic/low-carb diets.

« This generally only increases acid load until the body adapts to utilising ketones.

* Anaerobic exercise.

¢ Prolonged fasting.

e ~48hours or longer.
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Types of Acidic Foods
« Animal Products: Red meat, poultry, fish, eggs, and most dairy (cheese).
» Grains & Starches: Wheat, rice, corn, pasta, bread, and processed cereals.

» Sugars & Processed Items: Soda, sweets, sugary drinks, processed snacks, and
artificial sweeteners.

« Beverages: Alcohol, coffee, and some fruit juices.

« Condiments: Ketchup, soy sauce, vinegar. @

What do you eat on an alkaline diet?

Food components that leave acidic ash @ include protein, phosphate, and sulfur, while alkaline
components include calcium, magnesium, and potassium.

Certain food groups are considered ¢ acidic, alkaline, or neutral:

» Acidic: meat, poultry, fish, dairy, eggs, grains, alcohol
» Neutral: natural fats, milk, starches, sugars

« Alkaline: fruits, nuts, legumes, vegetables

SUMMARY

According to proponents of the alkaline diet, the metabolic waste — or ash — left from
the burning of foods can directly affect the acidity or alkalinity of your body.

www.healthline.com
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INTRODUCTION
Metabolic acidosis is a chronic condition that
many people in the Western world have but
o not realise it.'™ It occurs when there is
retention of acid in the body, which leads to
a depletion in the bicarbonate stores of the
body. The term metabolic acidosis is typi-
cally used when referring to low blood pH
or acidemia due to a metabolic abnormality.
However, this is inappropriate as most cases
of metabolic acidosis do not have acidemia.
In fact, a low blood pH is typically one of the
last surrogate markers to become abnormal in
those with low-grade metabolic acidosis.? This
is because the body maintains a normal blood
pH at the expense of bicarbonate reserves.
Metabolic acidosis primarily occurs inside
the cell and in the fluid that surrounds our
tissues (interstitial fluid) *When checking for
m chnld Tanl ot

matahalic acidncic tha Alin

blood). Thus, someone with a low blood pH
has likely had low-grade metabolic acidosis
for years or more likely decades.

Low-grade metabolic acidosis is something
that many people in the Western world have.”
Low-grade means there are no apparent or
noticeable harms but the body is retaining
acid, depleting bicarbonate stores and
damage is occurring in numerous tissues in
the body. Typically, with low-grade metabolic
acidosis, the blood pH drops slightly, as does
the bicarbonate levels, but they will still be in
the ‘normal’ range. Thus, if blood pH and/
or bicarbonate levels are at the lower end of
normal this is highly suggestive that someone
has metabolic acidosis.”

With low-grade metabolic acidosis, the
total blood buffering capacity is reduced and
thus a greater reliance on muscle, bone and
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Box1 Ways to test for low-grade metabolic acidosis?'

1/13/26

9
Acid suppressor Comments
Sodlum citrate 5 g suppresses 60 mEq of acid.
Should be taken with food.
Sodium or potassium bicarbonate  This can suppress stomach acid
and thus sodium or potassium
citrate is the better option.
PRAL, potential renal acid load.
10
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%
OR (95% CI) Weight

Author (year)
Arisawa et al. (2020) 1.23(1.08, 1.40) 3072
Arisawa et al. (2020) 1.21(1.01,1.46) 28.02
Sanz etal. (2022) 237(1.12,5.00) 756
wase et al. (2015) 261(1.25,555) 761
Jafari etal. (2021) 17.20 (2.34,127.00) 131
Mozaffari et al. (2019) 4 3.77(0.77,18.40) 203
Rezazadegan et al. (2022) —4:— 147 (0.61,3.49) 591
Mohammadtard et al. (2020) = 105(0.70,1.57) 1683
Overall, DL (I’ = 56.4%, p = 0.025) 0 142(1.12,179) 100.00

T T
0078125 1 128
FIGURE 2
Forest plot of the pooled data for the association between high dietary acid load (based on NEAP) and odds of metabolic syndrome.
%
— OR (95% CI) Weight
Sanz et al. 2022) —— 265 (1.25, 5.61) 16.59
wase et al. (2015) e 222(1.04,483) 16.26
Jafai et al. (2021) et 129(0.39,4.21) 9.91
Mozaffari et al. (2019) -—é—.— 4.06(0.88, 18.74) 6.90
Rezazadegan et al. (2022) ——— 156 (0.65, 3.66) 14.49
Tangestani et al. (2022) T 280 (0.95, 8.22) 1.24
Mohammadifard et al. (2020) —-— 0.90 (0.61, 1.33) 2462
Overall, DL (" = 52.4%, p = 0.050) <> 1.76 (1.1, 2.78) 100.00
T

FIGURES

T
0625 1 16

Forest plot of the pooled data for the association between high dietary acid load (based on PRAL) and odds of metabolic syndrome.
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Association between dietary acid load and risk of metabolic
dysfunction-associated steatotic liver disease in patients with
type 2 diabetes
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Objective: Considering the high prevalence of metabolic dysfunction-associated steatotic liver disease (MASLD) among
patients with type 2 diabetes and its associated complications, this study aimed to investigate the relationship between
dietary acid load (DAL) and the risk of MASLD in patients with diabetes.
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Tertiles of dietary acid load

Tl (< -21.2) T2 (-21.2, -6.7) T3 (-6.7 <)

No. of cases 33 44 56 0.030
Model 1 ref 1.58 (0.76, 3.3) 2.63(1.24,5.56) 0.012
Model 2 ref 1.49 (0.66, 3.37) 2.17 (1.03,5) . 0.049
Model 3 ref ‘ 2(0.8,4.99) 3.1(1.2,7.7) 0.016
Tertiles of dietary acid load P trend
T1 (< 28.3) T2 (28.3-36.7) T3(36.7 <)
No. of cases 30 45 58 0.001
Model 1 ref 1.7 (0.88, 3.66) 4.2(1.8,9.3) V <0.001
Model 2 ref 1.8 (0.79, 4) » 4.3 (1.74,10.8) 0.002
Model 3 ref 2.2(0.9,5.3) ' 7.3 (2.6,20.3) <0.001

Based on multiple logistic regression model. Model 1: adjusted for age and sex; Model 2: additionally adjusted for energy intake, BMI, smoking, physical activity; Model 3: additionally adjusted
or duration of diabetes, FBS, TG, TC.

Screenshot
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%

study year country RR (95% C) Weight
Miajerdi 2021 ran —_— 305(1.04,891) 428
Ronco (@) 2021 Uruguay —— 099(064,152) 1165
Ronco (b) 2021 Uruguay —_— 222(152,322) 1269
Shia) 2021 usa e 173(121,248) 1300
shi (b) 2021 Usa — 164(1.14,236) 1291
Nasab 2020 Iran —_— 482(251,925) 817
Park 2019 usa = 121(1.04141) 1646
Safabakhsh (a) 2019 Iran —_— 100(029,336) 348
Safabakhsh (o) 2019 ran —_—— 092(025,33) 317
Wright 2005 Finland —— 115(086,155)  14.19
Overall (-squared = 71.9%, p = 0.000) O 158(1.23,205)  100.00
NOTE: Weights are from random effects analysis

T T

3 1 15

FIGURE 2

Forest plot (a random-effects model) of the association between DAL and cancer risk (highest vs. lowest). Squares indicate study-specific
relative risk (RR), where the size of the square reflects the study-specific statistical weight; horizontal lines indicate the 95% CI; and diamonds

denote the summary RR with 95% CI
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Introduction Overview

Introduction

Metabolic acidosis is a chronic condition that many people in the Western world have but do not realise it.I=2 It occurs when there is retention of acid in the body, which leads to a

" e etdosis is . N Defining metabolic acidosis
depletion in the bicarbonate stores of the body. The term metabolic acidosis is typically used when referring to low blood pH or acidemia due to a metabolic abnormality.

However, this is ate as most cases of acidosis do not have acidemia. In fact, alow blood pH is typically one of the last surrogate markers to become abnormal  Regulation of acid-base homoeostasis
in those with low-grade metabolic acidosis.2 This is because the body maintains a normal blood pH at the expense of bicarbonate reserves. Metabolic acidosis primarily occurs

Conclusion
inside the cell and in the fluid that surrounds our tissues (interstitial fluid).* When checking for metabolic acidosis the clinician should look at fasting serum bicarbonate, urinary
pH (with a measurement at least 4 hours separated from the last ingested meal) and 24-hour urinary citrate levels. While there is not a universally accepted way to diagnose low-  References
grade metabolic acidosis, this paper will help to give the clinician insights into checking for this condition in their patients.
Footnotes

Back to top

Publication history

Metrics.

Defining metabolic acidosis
Responses.

Acidemia, or too much acid in the blood, only occurs when the body's buffering capacity can no longer maintain a normal pH level. A normal blood pH is considered to be 7.35—

7.45. However, even at a normal blood pH metabolic acidosis can occur. In fact, once the blood pH falls below 7.4, there is usually acid retention in the body and low-grade

metabolic acidosis.2 However, the blood PH does not drop below the normal range until metabolic acidosis has become severe. Once this occurs it is usually referred to as

‘metabolic acidosis’ by the clinician. However, this is actually acidemia (or too much acid in the blood). Thus, someone with a low blood pH has likely had low-grade metabolic

acidosis for years or more likely decades.

Low-grade metabolic acidosis is something that many people in the Western world have.2 Low-grade means there are no apparent or noticeable harms but the body is retaining
acid, depleting bicarbonate stores and damage s occurring in numerous tissues in the body. Typically, with low-grade metabolic acidosis, the blood pH drops slightly, as does the.
bicarbonate levels, but they wil still be in the ‘normal range. Thus, if blood pH and/or bicarbonate levels are at the lower end of normal this is highly suggestive that someone has
metabolic acidosis. >

17

Kidney
l stones I

Urinary l Glutamine t IYIuscIe/Connective t Urin-ary
NH,+ Glycine tissue loss Ca|CI1IJ m/Phosphate

Kidney ¢
damage

Skeletal muscle / t Bone loss

'Epre 2 -— I insulin resistance

4 Cortisol ———

High animal protein \

| pco2 ~— | Bicarbonate Neutralized H+

Interstitial pH
Low fruit, vegetable or Intracellular pH
bicarbonate water Blood pH

Retained H+

Maximal Urine Acid Excretion
in Healthy People prior to Acid retention of

— retention —| ~ 1 mEq H+ for every 2.5 mEq H+

above threshold

Acid generated from diet and
metabolism

50-250 mEq H*/day ~ 40-70 mEq H*/day

Figure 1 The harms of low-grade metabolic acidosis: adapted from Passey. Reducing the dietary acid load: how a more
alkaline diet benefits patients with chronic kidney disease 201 6.2' pCO2, partial pressure of carbon dioxide.

DiNicolantonio JJ, 0'Keefe J. Open Heart 2021;8:6001730. doi:10.1136/openhrt-2021-001730
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Abstract

Maintaining an appropriate acid—base equilibrium is crucial for human health. A primary influencer of this equilibrium is
diet, as foods are metabolized into non-volatile acids or bases. Dietary acid load (DAL) is a measure of the acid load derived
from diet, taking into account both the potential renal acid load (PRAL) from food components like protein, potassium,
phosphorus, calcium, and magnesium, and the organic acids from foods, which are metabolized to bicarbonate and thus have
an alkalinizing effect. Current Western diets are characterized by a high DAL, due to large amounts of animal protein and
processed foods. A chronic low-grade metabolic acidosis can occur following a Western diet and is associated with increased
morbidity and mortality. Nutritional advice focusing on DAL, rather than macronutrients, is gaining rapid attention as it
provides a more holistic approach to managing health. However, current evidence for the role of DAL is mainly associative,
and underlying mechanisms are poorly understood. This review focusses on the role of DAL in multiple conditions such as
obesity, cardiovascular health, impaired kidney function, and cancer.

Keywords Nutrition - Chronic kidney disease - Acidosis
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Current views on hunter-gatherer nutrition and the
evolution of the human diet

Alyssa N. Crittenden! | Stephanie L. Schnorr2

“Laboratory of Metabolism, Anthropometry,

and Nutrition, Department of Anthropology, Abstract

University of Nevada, Las Vegas, Las Vegas, Diet composition and food choice are not only central to the daly lives of all living people, but are
Nevada consistently linked with turning points in human evolutionary history. As such, scholars from a
*Laboratories of Molecular Anthropology wide range of fields have taken great interest in the role that subsistence has played in both

and Microbiome Research, Department of

Resear human cultural and biological evolution. Central to this discussion is the diet composition and
Anthropology, University of Oklahoma,

Norman, Oklahoma nutrition of contemporary hunters and gatherers, who are frequently conscripted as model popula-
Correspondence tions for ancestral human nutrition. Research among the world's few remaining foraging
Alyssa N. Crittenden populations s experiencing a resurgence, as they are making the final transition away from diets
Laboratory of Metabolism, Anthropometry, composed of wild foods, to those dominated by domesticated cultigens and/or processed foods.

and Nutrition,

In an effort to glean as much information as possible, before such populations are no longer hunt-
Department of Anthropology., G " L L

University of Nevada, Las Vegas, Las ing and gathering, researchers interested in the evolution of human nutrition are rapidly collecting
Vegas, Nevada. and accessing new and more data. Methods of scientific inquiry are in the midst of rapid change
Emall: alyssa.crittenden@univ.edu and scholars are able to revisit long-standing questions using state of the art analyses. Here, using

the most relevant findings from studies in ethnography, nutrition, human physiology, and micro-
biomes, we provide a brief summary of the study of the evolution of human nutrition as it has
specifically pertained to data coming from living hunter-gatherers. In doing so, we hope to bridge
the disciplines that are currently invested in research on nutrition and health among foraging
populations.
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Summary: how acid-base status is maintained in the body and why low-grade acidosis is so common

The average diet in the Western world leads to a net acid excretion of 50—100 mEq/day.
The body loses 35 mEq of bicarbonate or bicarbonate forming substances per day.

The kidneys must be relied on to prevent low-grade acidosis as the lungs cannot affect acid-base status over the long-run (one bicarbonate is neutralised to eliminate one
hydrogen ion via the lungs).

The kidneys of a healthy person can only excrete 40—70 mEq of acid per day before acid is retained in the body. Most Americans are consuming diets that produce this
much acid or more per day.

Animal-based or carnivore diets typically provide 150—-250 mEq of acid per day, which means that these types of diets lead to significant acid retention unless exogenous

bicarbonate forming substances are being consumed (bicarbonate mineral waters or supplements, fruits or vegetables).
Once the kidneys reach their threshold (40-70 mEq of acid per day), approximately 1 mEq of acid is retained per 2.5 mEq of acid above the threshold.

If the diet does not contain enough bicarbonate (bicarbonate-forming substances or citrate) and minerals (sodium, potassium, magnesium and calcium) to neutralise the
excess acid then negative consequences to numerous bodily systems take place:

« Bone will breakdown to increase bicarbonate buffering as well as alkaline minerals for sulfate excretion, which leads to mineral loss and weak bones.
« Muscle and connective tissue will breakdown to eliminate hydrogen ions along with ammonium, which taxes glutamine and glycine status.

* The kidneys will slowly become damaged from the high production of ammonia.

« Kidney stones can form due to the increased reabsorption of citrate and the increased calcium out in the urine.

« Theincrease in acid in the cell can reduce the function of numerous enzymes and processes and has harmful effects on all tissues.
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