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A B S T R A C T

In this article, we hypothesize that eating a low acid (and particularly a low phosphate) diet and/or supplementing the diet with base precursors such as bicarbonate
would have a number of helpful effects on aging, by:

1) slowing progressive damage to the kidneys, which would help preserve the kidneys ability to excrete acid and minimize systemic acidosis;
2) avoiding the downregulation of klotho, a membrane and soluble factor associated with aging that decreases with constant high dietary phosphate intake and FGF-

23 production; and.
3) potentially improving telomerase activity to help maintain telomere length, another factor associated with longer lifespan.

Although the present data is mainly from studies in invertebrate and small animal models, extrapolation of these results, as well as some associated results in human
studies, suggests that low acid diets, or neutralization of the low grade metabolic acidosis seen in aging human subjects would possibly allow us to live longer and
remain healthier.

Introduction

In many people with increasing age, renal function declines. And
with declining renal function, the kidneys ability to excrete excess
metabolic acids (such as phosphates, sulfates, chlorides and organic
acids) also decreases.

However, it has recently been demonstrated that high acid levels
themselves cause the kidneys to fail more quickly. Bicarbonate sup-
plementation has been shown to increase the interval of time before
dialysis needs to be initiated [1]. As such, many nephrologists now give
bicarbonate supplements to subjects with low levels of kidney function
and low serum bicarbonate levels.

One of the sources of metabolic acids is the diet. Diets high in
phosphate have been shown to raise FGF-23 production, and FGF-23
lowers both 1,25 vitamin D (1,25VD) and klotho levels. Klotho is an
important factor in increasing renal tubular excretion of phosphate,
helping to maintain phosphate homeostasis.

But klotho has another interesting property; rats and mice that
overexpress the klotho gene live 20–30% longer than wild type animals,
while those that are klotho knockouts die rapidly of organ failure si-
milar to rapid aging, including more rapid damage to the kidneys. In
animals that are klotho deficient, treatment with bicarbonate lets them
live longer.

Another factor associated with aging are telomeres; TTAGGG
tandom repeats at the ends of the chromosomes that help control DNA

replication. Longer lifespans are associated with longer telomeres and
increased activity of the enzyme telomerase, which adds the TTAGGG
units to the chromosomes. Diets high in metabolic acids such as phos-
phate are associated with both lower GFR and shorter telomere length.
Diets with low levels of metabolic acids are associated with longer
telomere length.

Hypothesis/theory

Thus, we hypothesize that eating a low acid (and particularly a low
phosphate) diet and/or supplementing the diet with base precursors
such as bicarbonate which would slow progressive damage to the kid-
neys which would help preserve the kidneys ability to excrete acid and
minimize systemic acidosis. This in turn would 1) avoid the down-
regulation of klotho that occurs with constant high dietary phosphate
intake and FGF-23 production, and 2) potentially improve telomerase
activity to help maintain telomere length. And possibly allow such
patients to live longer and remain healthier?

Evaluation of the hypothesis

Renal function and aging

In general, aging is associated with renal function decline, usually
reported as about one mL/min/year. Many cellular and molecular

https://doi.org/10.1016/j.mehy.2019.02.015
Received 17 September 2018; Accepted 2 February 2019

⁎ Corresponding author at: UCSF, 505 Parnassus Ave, Campus box 0126, San Francisco, CA 94143, United States.
E-mail address: lynda.frassetto@ucsf.edu (L.A. Frassetto).

Medical Hypotheses 124 (2019) 95–97

0306-9877/ © 2019 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03069877
https://www.elsevier.com/locate/mehy
https://doi.org/10.1016/j.mehy.2019.02.015
https://doi.org/10.1016/j.mehy.2019.02.015
mailto:lynda.frassetto@ucsf.edu
https://doi.org/10.1016/j.mehy.2019.02.015
http://crossmark.crossref.org/dialog/?doi=10.1016/j.mehy.2019.02.015&domain=pdf


events are common to both aging and renal failure [2] (see Table 1).
Brenner et al. famously suggested that as renal failure progressed, the
increased filtration strain put on the remaining nephrons then caused
them to fail more rapidly [3]. But not everyone’s renal function declines
with increasing age. In the Baltimore Longitudinal Study of Aging, 884
men between the ages of 17 to 96 were followed for up to 10 years with
serial 24-hour urines for creatinine clearance (CrCl) [4]. Four hundred
and forty six of them had 5 or more CrCl tests done. Of those, 152 of
them did not have declines in renal function over time [5]. This sug-
gests that decline in renal function with age may be a modifiable factor.

One of the many functions of the kidneys is to excrete acids. Acids in
the body come from both the diet and from endogenous metabolic
processes. These acids are buffered in the muscles [6] and the red cells
or neutralized by titration of the basic salts found in bone [7]. Quan-
titatively, most of the organic acids are changed into carbon dioxide
and excreted by the lungs. All of the other acids, so-called “fixed” or
metabolic acids, such as phosphate, sulfates, chlorides, and some or-
ganic acids are excreted by the kidneys [8]. It has been known for many
decades that renal acid excretory excretion declines with age [9] and
declining renal function [10].

In recent years, the role of excess metabolic acids in causing pa-
thophysiologic complications has become more apparent. What we now
understand is that the acid itself is damaging to the kidney and the
kidney’s ability to excrete acid [11,12]. Neutralizing the body’s acid
load slows decline in renal function in both mild and more advanced
renal failure [1,13].

Dietary acids and bases, and acid-base balance

All foods contain the above-mentioned diet acid precursors [14].
Phosphates and organic acids are common intracellular compounds.
Only some foods, notably fruits and vegetables, contain organic anion
salts metabolizable to base (e.g., bicarbonate) [15]. Diets low in fruits
and vegetables will quantitatively add greater amounts of acid to the
body, which needs to be buffered, neutralized and excreted to maintain
systemic pH. Kurtz et al. [16] demonstrated more than 30 years ago
that ingestion of more than approximately 1 milliequalivent/kg body
weight will lead to positive acid balance in healthy humans with
normal renal function.

Phosphate regulation and klotho

Phosphates are mainly intracellular ions, and therefore present in
nearly all foods. Phosphate is a metabolic acid whose dietary restriction
has been shown to improve survival in animals with renal disease [17].
Phosphate regulation is controlled by fibroblast growth factor (FGF) 23.
FGF23 production in bone is increased by 1,25VD, PTH and hyper-
phosphatemia (or perhaps Ca-PO4 double product). FGF23 acts in the
kidneys, and downregulates active VD and Klotho in both the kidney
and the parathyroid gland. FGF23 works via the fibroblast growth
factor receptor (FGFR). The FGFR forms a complex with membrane
klotho, found mainly in the DCT kidney, and acts as a coreceptor for

FGF23 [18].
In the kidney, the FGF23/klotho/FGFR complex has a number of

functions. This includes suppressing the production of CYP27B1 –
which makes 1-alpha hydroxylase – and inducing CYP24A1 – which
makes 24,25 hydroxylase that metabolizes VD. This combination results
in decreased production of active 1,25 VD. Active vitamin D is a ne-
cessary factor in the production of klotho [19].

Membrane klotho is subject to ectodomain shedding by α- and β-
secretases to release secreted klotho. Secreted klotho increases urinary
PO4 excretion by decreasing the translocation of the NaPi-2a co-
transporters in the proximal tubules, leading to decreased urinary up-
take of phosphate and improved serum phosphate balance. Klotho is
expressed also endogenously in the parathyroid gland, where FGF23
decreases PTH secretion, further suppressing 1,25 VD production by the
kidney [19,20].

Ongoing high dietary phosphate intake, such as found in typical
western diets, leads to a vicious cycle of ongoing high fibroblast growth
factor 23 (FGF23) production, lower 1,25 VD and therefore lower
klotho. Increases in serum FGF23 and serum PTH levels and decreases
in serum vitamin D and urine klotho levels precede hyperphosphatemia
during CKD progression from stage 1 to stage 5 [19].

Klotho, renal function and aging

Membrane klotho is a single pass transmembrane protein expressed
primarily in the kidney [20]. The klotho gene appears to be an aging-
suppression gene; mutations or deletion of the klotho gene leads to a
syndrome resembling rapid aging [21], and overexpression increases
lifespan in experimental animals by 20–30% [22]. Diets high in phos-
phate lead to increases in FGF23 and subsequent decreases in klotho
expression.

Mice that are genetically klotho deficient (−/−) develop ectopic
renal calcifications and rising serum creatinine [23]. As renal function
declines, klotho expression declines even more [24]. In klotho deficient
animals, low phosphate diets, low vitamin D diets and treatment with
bicarbonate have been shown to help mitigate the effects on renal
function and aging [25,26].

Telomeres and aging

Telomeres are DNA-protein complexes at the ends of human chro-
mosomes that prevent the chromosomes from fusing with each other or
from being recognized as a break by DNA repair enzymes. Telomere
length is a biomarker of cellular aging, and telomere length shortens
with normal aging, stress, infections, and chronic diseases [27].

Telomeres and diet acid loads

While there is no literature data on the effects of metabolic acidosis
on telomere length, there are studies on the role of dietary effects and
renal function on telomere length; those results are contradictory. In
humans, high dietary phosphate intake has been linked epidemiologi-
cally with decreased telomere length [28]. Some studies suggest a
Mediterranean or “vegetable-rich” diet is related to longer telomere
length [29,30]. In subjects with CKD, telomere length has been asso-
ciated with smoking, diabetes, and heart failure, all of which are as-
sociated with renal disease [31,32].

Some studies/meta-analyses demonstrated no effect of diet on telo-
mere length [33,34]. In the German CKD study, subjects with moderate
CKD of longer duration had longer telomeres than subjects with CKD of
shorter duration [35]. But in a study of healthy Chinese over 3 years,
telomere length was associated only with age, not with renal function
[36].

Table 1
Cellular and molecular events common to both aging and uremia.

Aging$ Uremia

TGF-β ↑ TGF-β ↑
Apoptosis ↑ (muscle) Apoptosis ↑
Senescence ↑ Senescence ↑
Telomere shortening ↑ Telomere shortening ↑
Klotho ↓ Klotho ↓
Mitochondrial dysfunction ↑ Mitochondrial dysfunction ↑
Low grade metabolic acidosis* ↑ Metabolic acidosis ↑

$ Adapted from White et al. [2].
* Blood pH at the lower end of the normal range.
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Diet acid restriction and aging

So what data suggests that dietary acid restriction could potentially
slow the aging process? In rats and mice, dietary methionine restriction
of 65–80% led to an increase in longevity from 5 to 44% [37]. In rats
with a mutation in the renal sodium-bicarbonate exchange transporter,
treatment with bicarbonate slowed decline in renal function and im-
proved survival rates [38]. Ornish et al. [39] demonstrated improved
telomere length and telomerase function in men with prostate cancer
treated with a healthy diet and lifestyle changes. The Ornish diet is high
in fruits and vegetables and therefore relatively low in acid.

Conclusions/predictions

While there is no definitive data that demonstrates that we would
live longer if we maintained a low systemic acid load throughout our
lifetime, there are clear hypotheses that can be tested. For example,
klotho levels and telomere length/telomerase activity could be mea-
sured in samples from some of the long term bicarbonate trials in CKD,
or in some of the CKD cohort studies such as CRIC (Chronic Renal
Insufficiency Cohort). Studies could also be done in larger mammals
with shorter lifespans than humans (e.g., dogs or pigs).

There will likely be other interventions that we will discover to help
slow the aging process; lowering systemic acid load is something we can
do right now. And, if lowering the systemic acid load has such positive
outcomes, we should consider the possibility that inducing a moderate
systemic base load would be even more ameliorative.
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