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Type 2 diabetes is increasingly being recognised as a global health crisis (World Health Organisation).
Insulin resistance is closely associated with obesity and precedes the development of type 2 diabetes.
However, there is now increasing evidence to suggest that diet itself may independently be associated
with type 2 diabetes risk. A diet with a high acid load (or high potential renal net acid load, PRAL) can
result in a decrease in pH towards the lower end of the normal physiological range, which may in turn
lead to the development of insulin resistance. Conversely, reducing dietary acid load (the so called
‘alkaline diet’) may be protective and prevent the onset of type 2 diabetes. Here, we explore the influence
of dietary acid load on the development of mild metabolic acidosis and induction of insulin resistance.
Whilst large prospective cohort studies link high dietary acid load or low serum bicarbonate with the
development of type 2 diabetes, the effect of a diet with a low acid (or high alkaline) load remains
unclear. Further interventional studies are required to investigate the influence of dietary composition on
the body's acid/base balance, insulin resistance and incidence of type 2 diabetes.

© 2015 Elsevier B.V. and Soci�et�e Française de Biochimie et Biologie Mol�eculaire (SFBBM). All rights
reserved.
1. Introduction

The role of nutrition in the induction of insulin resistance has
received increasing attention since the recognition of the type 2
diabetes epidemic as a global health crisis by the World Health
Organisation [1]. Diet plays a major role in the development of
excess body weight, a key risk factor for type 2 diabetes [2].
However, there is also evidence to suggest that diet itself may
independently be associated with type 2 diabetes risk [3]. The rapid
rise in the prevalence of type 2 diabetes, in combination with
earlier disease onset, has led to increased public health concern and
a greater focus on the delineation of dietary strategies that may
prevent or delay the onset of type 2 diabetes [2].

The analysis of dietary patterns has become increasingly
AL, potential renal acid load;
et acid excretion; HOMA-IR,
e.
Research, 384 Victoria Street,

. Samocha-Bonet).

de Biochimie et Biologie Mol�ecul
popular in the study of dietedisease relationships. This concept
considers the potential synergistic or antagonistic interaction
between individual foods and nutrients within the overall diet
[4,5]. Dietary patterns better reflect real-life behaviour by rep-
resenting the effect of the whole diet, which may in turn reveal
stronger associations with diet-related disease risk. Within the
current literature, two major dietary patterns have been identi-
fied, the “Western diet” and the “Prudent diet” [6]. The Western
diet is typically high in animal proteins such as those derived
from red meat, processed meat and eggs, as well as processed
foods including high-energy drinks, dessert foods, and French
fries. The Prudent diet is comparatively rich in fruit, vegetables,
legumes and whole grains [7], and is therefore rich in fibre,
magnesium, potassium, folate, and vitamin B6. It is also relatively
low in fat, particularly saturated fat, in contrast to the Western
diet [6]. A third dietary pattern is the Mediterranean diet, which
is similar to the Prudent diet, but consists of a higher dietary
intake of plant based fats, and moderate consumption of alcohol
(in particular red wine) [5]. It is postulated that the higher
monounsaturated fat and antioxidant content of the Mediterra-
nean diet may confer additional benefit in improving insulin
aire (SFBBM). All rights reserved.
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Table 1
Examples of the dietary acid load score potential renal acid load
(PRAL) of common foods and beverages.

Food *PRAL (mEq/100 g)

Cheese varieties 4.3e34.2
Meat/meat products 6.7e13.2
Bread/grain products 1.7e12.5
Whole egg 8.2
Milk chocolate 2.4
Beer �0.1e0.9
Whole milk 0.7
Coca-Cola 0.4
Red wine �2.4
Fruit �21e5.5
Vegetables �14e�0.4

The higher the PRAL the higher the acid load, and vice versa [19].

*PRAL
�
mEq
day

�
¼ 0:49� Protein

�
g

day

�
þ 0:037� Phosphorous

�
mg
day

�

� 0:021� Potassium
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day
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� 0:026

�Magnesium
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� 0:013� Calcium

�
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day

�

Adapted from Remer et al. [26].
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sensitivity, and preventing type 2 diabetes [8], cardiovascular
disease and mortality [9].

1.1. Definition of diet-induced (or ‘mild’) metabolic acidosis

The influence of the Western diet on health and disease out-
comes in terms of its effect on the body's acid/base balance, has
gained increasing interest in recent years [2]. Under normal con-
ditions, blood pH is maintained within a narrow physiological
range. The pH of arterial blood is close to 7.40, with a normal range
considered to be approximately 7.35e7.45. An arterial pH less than
7.35 is classified as acidaemia, whilst the underlying condition
characterised by hydrogen ion retention or loss of bicarbonate or
other bases, is referred to as acidosis [10]. The acidogenic Western
diet is associated with an increase in the body's hydrogen ion load,
and has been hypothesised to lead to chronic mild metabolic
acidosis, if proceeded by the failure of compensatory processes that
aim to restore the homeostatic acid/base balance [2,11]. Con-
sumption of foods with a high acid load (e.g. animal protein) results
in the net production of nonvolatile acids such as hydrogen chlo-
ride (HCl) and hydrogen sulphate (H2SO4). These acids are buffered
through the excretion of carbon dioxide via the lungs, and the
production of sodium salts from nonvolatile acids which are
excreted by the kidneys, predominately in association with
ammonium, as NH4Cl and (NH4)2SO4. The bicarbonate generated in
this process is reabsorbed and returned to the plasma, to replace
the bicarbonate used to buffer the nonvolatile acid [11]. If acid
production in the body exceeds acid excretion from the lungs and
kidneys, the plasma bicarbonate and pH decrease. Previous authors
have labelled this downward shift in body pH to the lower end of
the normal range as a result of dietary acid load ‘latent acidosis’
[12], ‘diet induced acidosis’ [13e15], ‘low grade acidosis’ [13,16],
‘chronic metabolic acidosis’ [2], ‘subclinical acidosis’ [13] or ‘mild
metabolic acidosis’ [17e19]. For the purpose of this review, we
describe this dietary associated shift in pH as ‘mild metabolic
acidosis’.

1.2. Previous reviews

The association of the acid/base balance with metabolic disease,
including type 2 diabetes and cardiovascular disease has been the
topic of previous reviews. Salas-Salvad�o and colleagues [5] sum-
marised the effect of dietary components on the risk of developing
type 2 diabetes, and concluded that following either a Prudent or
Mediterranean dietary pattern was the best strategy to reduce
diabetes risk. The benefit of a Mediterranean diet in preventing
type 2 diabetes in those with high cardiovascular risk was evi-
denced in the PREDIMED study [20]. Berkmeyer and colleagues [2]
explored the relationship between the Western diet, acid/base
balance and obesity. They concluded that a Western (or acidogenic)
diet in the absence of respiratory compensation is associated with a
rise in the hydrogen ion load in the body, and this effect could be
attenuated by consuming fruit and vegetables, or by taking an
alkaline supplement. Adeva and Souto [14] discussed how a
Western diet is linked with the development of metabolic acidosis
despite renal physiological alterations such as increasing renal net
acid excretion (RNAE). They hypothesised that metabolic acidosis
induces insulin resistance in skeletal muscle to permit protein
degradation and to generate ammonium required to promote
hydrogen ion excretion, resulting in an increased risk of type 2
diabetes and hypertension. They additionally suggest that meta-
bolic acidosis may induce glucocorticoid production, and the
resulting rise in plasma cortisol could in turn contribute to insulin
resistance and proteolysis [21,22]. Souto and colleagues [23] further
hypothesised the risk of developing renal impairment (heralded by
microalbuminuria) due to metabolic acidosis induced insulin
resistance, which in turn was considered to be associated with
increased risk of cardiovascular disease and mortality [24]. How-
ever, a significant development in evidence since the publication of
these articles has been recently provided by large prospective
studies examining the link between the dietary acid load and dia-
betes risk [19,25].

In the present review we will explore the role of dietary acid
load and mild metabolic acidosis in insulin resistance and type 2
diabetes. We will present the evidence regarding the influence of
dietary acid load on the development of mild metabolic acidosis.
Next, we will explore the evidence regarding the role that meta-
bolic acidosis may play in insulin resistance and type 2 diabetes and
finally, discuss evidence gathered in large cohort studies suggesting
that dietary acid load predicts insulin resistance and type 2
diabetes.

2. The influence of dietary acid load on the development of
mild metabolic acidosis

2.1. Quantifying the acidogenic potential of foods

The acidogenic potential of foods can be calculated using po-
tential renal acid load (PRAL) [19,26] and net endogenous acid
production (NEAP) [19]. PRAL is based on the nutrient ionic balance
and intestinal absorption rates of protein, phosphorous, potassium,
magnesium and calcium as well as the production of sulphate from
metabolised protein [19,27]. PRAL may be calculated by the
following equation [19]:
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A positive PRAL score is reflective of an acid forming potential,
while a negative score is indicative of an alkaline forming potential
[19]. Table 1 lists the PRAL score of common foods. NEAP
comparatively considers dietary intake of protein and potassium
as the main determinants of endogenous acid production and is

calculated as follows, NEAP
�
mEq
day

�
¼ 54:5� Protein

�
g

day

�
÷

Potassium
�
mEq
day

�
� 10:2. For example, the NEAP score of a Western

diet has previously been calculated to be in the range of
34e76 mEq/day [28], in comparison to �0.08e34 mEq/day
reported for a strict vegan diet [29]. Therefore, a high acid load
score is indicative of the intake of animal proteins and processed
foods in quantities not sufficiently compensated for by intake of
fruit and vegetables [30].

A persistently high dietary acid load can lead to a decrease in
blood pH towards the lower end of the normal physiological range
if not adequately compensated for by homeostatic mechanisms or
dietary modification [2,13]. In healthy individuals, PRAL and NEAP
have been shown to provide a reliable estimation of the diet-
dependent component of daily RNAE, a physiological marker of
mild metabolic acidosis [26,27,31]. Renal net acid excretion can be
calculated by the formula: RNAE ¼ (UNH4

þ x V) þ (UTA � V) e (UHC
�

x V) where U is the urine concentration, V is the urine flow rate and
TA is titratable acid [11]. When NEAP is equal to RNAE, systemic
acid/base balance is maintained [11]. Individuals consuming a diet
rich in animal proteins have a higher RNAE [31], decreased urinary
pH [23,31,32] and greater sulphate excretion [32] than individuals
following a vegetarian diet [32]. A 6-week study that assessed the
influence of a high protein low carbohydrate diet on body acid/base
balance similarly revealed a striking increase in RNAE [33].

Plant-based foods such as fruit and vegetables are a key source
of potassium and magnesium [23] and have been shown to coun-
terbalance RNAE induced by high protein intake [34]. In patients
with chronic renal disease, supplementation of the diet with fruit
and vegetables was found to improve metabolic acidosis, as
measured by total plasma carbon dioxide, over a one year trial [35].
2.2. Dietary acid load and bone metabolism

Increasing evidence suggests that an exaggerated acid load may
also have adverse clinical outcomes on kidney and bone health as
well as metabolic function. Reddy et al. [33] found that a high
protein diet resulted in increased urinary acid load and urinary
calcium loss, which in turn was associated with increased urinary
stone formation, and a trend toward greater bone resorption.
However, data in this area remains conflicting, with other studies
showing that a high protein diet has no effect on calcium ho-
meostasis and bone turnover, and increased urinary calcium
excretion may be offset by increased intestinal absorption [36]. A
study of 100 overweight/obese women on a high protein or high
carbohydrate diet for 12 weeks found no difference in serum
osteocalcin between the diet groups, suggesting no effect on bone
turnover [37]. Other studies have reported that high protein diets
are protective against fracture including the Framingham osteo-
porosis study, where increased dietary protein intake was associ-
ated with a decreased risk of hip fracture [38]. The relationship
between high protein diet and bone metabolism is further
complicated by the effect of dietary protein on acid/base balance.
Sebastian et al. [39] demonstrated that administration of oral bi-
carbonate in postmenopausal women resulted in improved cal-
cium balance, and a reduction in the bone resorption marker
urinary hydroxyproline. Therefore whilst the literature in this area
remains mixed, it has been suggested that an increase in fruit and
vegetable (‘alkaline foods’) consumption, could compensate for
the acid load of dietary protein, and prevent any potentially
adverse outcomes in bone health.

3. Metabolic acidosis induces insulin resistance and predicts
type 2 diabetes risk

In healthy adults, a decrease in pH to the lower end of the
normal physiological range by ammonium chloride administration,
reduced insulin sensitivity [17]. Conversely, in chronic renal failure
patients, the correction of metabolic acidosis following bicarbonate
treatment increased insulin sensitivity [21]. Increased RNAE,
decreased urinary pH, increased sulphate excretion as well as
serum markers of metabolic acidosis, including low bicarbonate,
high anion gap (the difference between measured anions and cat-
ions in serum) [23,40,41] and increased lactate (a small component
of the anion gap) have consistently been associated with insulin
resistance [42] and type 2 diabetes risk [43,44].

3.1. Association between plasma lactate and insulin sensitivity

In a large prospective study of overweight individuals, an
elevation in lactate concentration at rest was found to be an early
indicator of glucose impairment [45]. This rise in lactate, an indi-
cator of metabolic acidosis, within the normal physiological range
was predictive of type 2 diabetes incidence in the Atherosclerosis
Risk in Communities (ARIC) study [46]. The association between
lactate and insulin resistance may be independent of body weight
or adiposity, as suggested by a stronger association between plasma
lactate and insulin resistance (by frequently sampled intravenous
glucose tolerance test) than BMI, in a cohort of healthy lean and
obese adults [42]. Consistently, in a cohort of 104 men and women,
we have measured similar concentrations of plasma lactate in
similarly insulin-sensitive lean and overweight/obese individuals,
assessed by the gold standard measurement of peripheral insulin
resistance the hyperinsulinaemic-euglycaemic clamp. Total body
fat was doubled in the overweight/obese compared with the lean
group. While the insulin-resistant overweight/obese group was
BMI and fat matched to the insulin-sensitive overweight/obese
group, plasma lactate was significantly elevated compared with
both insulin-sensitive groups [47]. Similarly, in the ARIC study,
adjustment for BMI and waist circumference did not attenuate the
graded rise in type 2 diabetes incidence over increasing plasma
lactate quartiles [46]. In the same cohort, there was a strong posi-
tive association between plasma lactate concentration and fasting
blood glucose levels and prevalence of type 2 diabetes, indepen-
dent of BMI [43].

3.2. Link between metabolic acidosis and insulin resistance

The mechanisms underlying the association between metabolic
acidosis and insulin resistance are yet to be elucidated. In a study of
cultured rat myoblasts, a decrease in extracellular pH was found to
disrupt insulin binding and reduce the phosphorylation of Akt, a
downstream target in the insulin signalling pathway [48]. However,
the impairment was only evident with moderate acidosis
(pH < 7.2), therefore its relevance in healthy individuals is ques-
tionable, and requires further evaluation. Furthermore, systemic
infusion of lactate in rats was found to reduce insulin-stimulated
glucose transport in muscle during a hyperinsulinaemic-
euglycaemic clamp [49,50]. Similarly in humans, elevated lactate
has been suggested to contribute to insulin resistance by promoting
hepatic gluconeogenesis and interfering with glucose uptake in
muscle [51]. The direct cause and effect relationship between a high
acid load diet and body lactate production however, has not been



Fig. 1. Mechanisms proposed to mediate the influence of dietary acid load on type 2 diabetes risk. A diet with a persistently high acid load can result in a decrease in blood pH
towards the lower end of the normal physiological range, and a change in other body acid/base markers. The mechanism(s) through which mild metabolic acidosis is thought to
induce insulin resistance and increase type 2 diabetes risk is currently unclear, however various theories have been proposed. RNAE, renal net acid excretion.
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established. Fig. 1 summarises the mechanisms proposed to
mediate the influence of dietary acid load on insulin resistance and
type 2 diabetes risk.

3.3. Association between serum bicarbonate and insulin sensitivity

A high serum bicarbonate concentration, on the other hand, is
associated with a greater degree of insulin sensitivity. This was
supported by Farwell et al. [40] who reported that serum bicar-
bonate was inversely associated with fasting insulin concentration
in a study of approximately 1,500 non-diabetic adults. They found
that participants with serum bicarbonate in the highest quartile
had fasting insulin concentrations that were approximately
140 pmol/L (~20 mU/L) lower than those in the lowest bicarbonate
quartile. In addition, data from the Nurses' Health study [41] sug-
gested that plasma bicarbonate levels were predictive of type 2
diabetes during a 10 year follow up period. Increased plasma bi-
carbonate above median level was protective against type 2 dia-
betes, with an odds ratio of 0.76 (CI 0.6e0.96) after adjustment for
BMI, renal function and hypertension. However, cause and effect
cannot be established in these studies.

4. Dietary acid load predicts insulin resistance and type 2
diabetes

In healthy individuals, RNAE has been shown to be highly
predictive of the protein and potassium content of the diet and is
thus a reliable index of dietary acid load [16,27]. Increased RNAE,
as well as other measures of mild metabolic acidosis, including
low serum bicarbonate [41] high anion gap, and low urinary pH
[14,40,41], have been associated with an increased risk of type 2
diabetes. Individuals who follow a plant-based diet generally
exhibit a more favourable body acid/base balance as well as lower
fasting blood glucose and insulin resistance by homeostasis
model of assessment of insulin resistance (HOMA-IR), than those
consuming a traditional Western diet [14,52]. Table 2 summarises
large cohort studies addressing this area of research. In a recent
prospective study of approximately 66,500 women with a 14 year
follow up, Fagherazzi and colleagues [19] found that a high di-
etary acid load score (quantified by PRAL and NEAP, calculated on
retrospective questionnaire pertaining to one year of dietary
habits) was predictive of future incidence of type 2 diabetes.
Interestingly, this association was even stronger in normal weight
women (BMI < 25 kg/m2) than in overweight/obese women
(BMI � 25 kg/m2). In the Nurses' health study cohort [53], 702 out
of 84,360 women developed type 2 diabetes in a six year follow
up period. Based on prospective semi-quantitative food ques-
tionnaires calcium, potassium, and magnesium (elements of the
PRAL score) were inversely associated with risk of type 2 diabetes,
although there was no relationship observed between protein
intake and diabetes risk. The relationship between dietary acid
load and diabetes incidence was however not supported in
another study of 911 elderly overweight men [25]. The strength of
the latter study was the use of the gold-standard hyper-
insulinaemic-euglycaemic clamp to assess insulin sensitivity.
Although insulin sensitivity was shown to decrease with NEAP
and PRAL increments, this did not reach statistical significance.
Dietary acid load calculated from seven day prospective diet
diaries, was not shown to be predictive of insulin resistance, or
incidence of type 2 diabetes. However, the cohort was relatively
small and accordingly only 115 incident cases of type 2 diabetes
were reported during the 18 years follow up, which may limit the
power of these findings. The most recent addition to the literature
in this area is a cross sectional study of Japanese men and women
studied by Akter and colleagues [54], who reported a positive
association between PRAL and NEAP and the surrogate marker of
insulin resistance HOMA-IR, although this relationship was not
found with fasting glucose or HbA1c. Furthermore, after stratified
analysis this association was only apparent in lean individuals
with BMI <23 kg/m2, and the long term risk of type 2 diabetes in
those with high acid load scores was not assessed. It remains
unclear whether differences between the cohorts of these studies,
including gender, age, racial origin, or BMI, may explain the
discordant results.



Table 2
Studies addressing the contribution of dietary acid load to insulin resistance or risk of type 2 diabetes in humans.

Study Study Participants
(origin)

Study design
(duration)

Outcome measures Findings

Fagherazzi et al. [19] 66,485 women
(French)

Prospective
(14 years)

� Dietary acid load assessed by PRAL
and NEAP

� Type 2 diabetes risk

� The highest PRAL quartile was associated with a significant
increase in type 2 diabetes risk, compared to the lowest
quartile (HR 1.56, 95% CI 1.29, 1.9), independent of BMI.

� The association was strongest amongst normal-weight
women (HR 1.96, 95% CI 1.43, 2.69).

Xu et al. [25] 911 men (Swedish) Prospective
(18 years)

� Dietary acid load assessed by PRAL
and NEAP

� Type 2 diabetes incidence
� Insulin resistance assessed by

hyperinsulinaemic-euglycaemic
clamp

� Dietary acid load was not associated with insulin resistance
or type 2 diabetes incidence.

� Although insulin sensitivity tended to decrease with PRAL
or NEAP increments, this did not reach statistical significance.

Colditz et al. [53] 84,360 women
(US)

Prospective
(6 years)

� Dietary content of magnesium,
calcium, potassium and protein

� Women reporting diets with high magnesium, calcium and
potassium content had a reduced risk of type 2 diabetes.

� Women in the highest quintile of potassium intake exhibited
RR of 0.62 (P trend ¼ 0.008) for diabetes, calcium 0.70
(P trend ¼ 0.005) and magnesium 0.68 (P trend ¼ 0.02)

� There was no association observed between protein intake
and risk of type 2 diabetes.

Akter et al. [54] 1732 men and
women (Japanese)

Cross-sectional � Dietary acid load assessed by PRAL
and NEAP

� Homeostatic model of assessment of
insulin resistance (HOMA-IR)

� PRAL and NEAP were positively associated with HOMA-IR
� Positive associations confined to those with BMI <23 kg/m2

� Dietary acid load not associated with fasting glucose or HbA1c.
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Currently, there are no available intervention studies that
demonstrate that a high alkaline load diet improves insulin sensi-
tivity or is protective against type 2 diabetes and therefore more
research is required in this area.

4.1. Confounders in nutritional studies

While experimental manipulation of the body acid/base balance
with acid or alkali agent administration altered insulin sensitivity
in study participants, the effect of the diet on acid/base balance and
insulin sensitivity in nutritional studies may be confounded by
other components of the diet. The most obvious confounder in a
low acid load diet is high intake of dietary fibre. Observational
studies have shown that dietary fibre itself may be protective
against type 2 diabetes [55,56], and has been hypothesised to
decrease post-prandial insulin demand [57]. Potential mechanisms
include slowing of glucose absorption from the intestine [58],
increasing bile acid excretionwhich may in turn increase glucagon-
like peptide 1 (GLP-1) secretion [59,60], and maintaining a
favourable gut microbiota composition that has been shown to
improve insulin resistance in obese insulin-resistant individuals
[61].

In addition, the macronutrient proportions of dietary intake
(independent of energy intake) may also have an influence on in-
sulin sensitivity. Sluijs et al. [55] reported an association between
higher consumption of animal and total protein and increased
diabetes risk. Protein derived from vegetable sources was however,
not found to be related to diabetes risk. Similarly, Nettleton et al.
[62] demonstrated that consumption of high fat dairy and redmeat
was associated with a greater diabetes risk compared to a high
intake of whole grain, vegetables and low fat dairy. In the Women's
Health Study, the increase in diabetes risk was most pronounced
amongst those with the most frequent consumption of processed
meats [56]. Conversely, Valachovicova and colleagues [52] found
that a vegetarian diet was associated with the maintenance of in-
sulin sensitivity (as evaluated by HOMA-IR) over time in non-obese
individuals, when compared to non-vegetarian controls with a
similar intake of energy and macronutrients. Discrepant results
with protein from animal or non-animal sources suggests that
other dietary factors may also contribute to an increase in the risk
of diabetes independent of the overall dietary pattern. However,
these studies have multiple potential confounders that are difficult
to control for, including variations in physical activity and lifestyle
factors which may relate to consumption of animal compared to
non-animal based diets.

Accumulating evidence suggests a beneficial effect of very-low-
carbohydrate high-fat diets on glycaemia in type 2 diabetic children
and adults [63,64]. This diet results in a significant increase in
plasma ketone bodies from a very low concentration of <0.3 mmol/
L to approximately 7/8 mmol/L [65]. The ketone bodies are thought
to mediate the beneficial glycaemic effect irrespective of weight
loss. Consistent with PRAL neutrality of dietary fats and oils (e.g.
butter PRAL ¼ 0.6, olive oil PRAL ¼ 0 and margarine PRAL ¼ �0.5
[66]), the ketogenic diet does not affect blood pH [65]. Future
studies with glycaemic control and diabetes complications moni-
toring over time in type 2 diabetes patients are necessary to
compare the effects of ketogenic diets and low acid load diets
irrespective of weight loss.

In diets rich in animal protein, other nutrients inherent to ani-
mal protein, such as iron may also be implicated [55]. Fernandez-
Real and colleagues [67] have reported that the soluble trans-
ferrin receptor (a quantitative marker of erythropoiesis) was
inversely associated with insulin sensitivity, although only in lean
and glucose tolerant individuals, suggesting that iron metabolism
may play a role in insulin resistance. Fargion and colleagues [68]
have reported that iron depletion resulted in a reduction in insu-
lin resistance and increased insulin release, whilst iron supple-
mentation reduced insulin binding. The authors hypothesised that
removal of iron resulted in improved intracellular insulin signal-
ling. An additional confounder that deserves consideration is the
satiating effect of low acid load diets that may contribute to an
overall decrease in energy intake, weight loss and thereby
improvement in insulin sensitivity.

5. Conclusions

As theworldwide prevalence of type 2 diabetes continues to rise
rapidly, the need for dietary intervention to address this epidemic
becomes paramount. Traditional non-surgical weight loss mea-
sures are ineffective in sustaining weight loss and metabolic health
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in the long term, thus feasible dietary intervention strategies need
to be formulated. There is mounting evidence to suggest that a diet
with high acid load increases body acidity and predicts insulin
resistance and type 2 diabetes. It remains unknown however,
whether a low dietary acid load (or alkaline diet) can buffer mild
metabolic acidosis, improve insulin sensitivity and reduce diabetes
risk. If future study proves that this is the case, dietary recom-
mendations should promote a diet that results in metabolically
favourable acid/base balance.
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