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ABSTRACT
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Background: Existing data on the association between dietary acid load and blood

Received: pressure are not conclusive. This systematic review and meta-analysis aimed to
07/08/2018 combine findings of evidence regarding the association between dietary acid load and
Revised: blood pressure.

28/08/2018 Methods: MEDLINE and EMBASE databases were searched for studies published up
Accepted: to November 2016. Effect sizes of eligible studies were pooled using random-effects
12/09/2018 models. Heterogeneity was tested using Cochrane’s Q test. Subgroup analyses were
Keywords: done according to the method used for estimating dietary acid load.
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Results: Of 7033 records, 8 articles (7 cross-sectional, 1 longitudinal) were eligible for
inclusion. Higher dietary acid load was associated with high systolic blood pressure
(SBP) (mean difference [MD]=0.84 mm Hg; 95% CI, 0.04 to 1.64; 12=98.4%;

%rigssstlcj):?(; blood p=039) and diastolic blood pressure (DBO) (MD = 0.75 mm Hg; 95% CI, 0.27 to 1.24;
pressure 12 =75.1%; p=002). Subgroup analyses showed that the type of populations involved

and participant sex were sources of heterogeneity for both SBP and DBP, while baseline
blood pressure and age were heterogeneity sources exclusively for DBP.

Conclusion: High dietary acid load is associated with greater blood pressure. Further
studies are needed to explore the precise impact of low dietary acid load on blood

pressure in patients with hypertension.

Introduction

Hypertension is a risk factor for stroke,
cardiovascular, and renal diseases [1-3]. Effective
interventions to reduce the risk of hypertension
might help reduce the incidence of these chronic
diseases. Therefore, the identification of dietary
and lifestyle modifications or interventions to
prevent hypertension is needed [4-5].

Acid-base homeostasis has been associated with
cardiometabolic risk factors in recent studies [6-
7]. Acidic or alkaline precursors from food
intakes can affect the body’s acid-base balance
[8-11]. Diet can induce mild metabolic acidosis,
which may change the blood pressure [12-15].
Studies indicated that sulfate (a by-product of
protein metabolism) and phosphorus are dietary
factors that may contribute to acid load [9-10, 16].
Typically, these elements are found in meat, fish,
cheese, grains, and rice, whereas fruit, legumes,
and vegetables contribute to the daily alkali load
because of high bicarbonate content [11, 17].
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Many studies have shown a positive correlation
between high dietary acid load and increased risk
of multiple conditions such as cardiovascular
disease, bone disease, diabetes, high blood
pressure, and kidney diseases [18-22]. Given the
general tendency of people toward a Western diet
[23-24], finding a link between dietary acid load
and blood pressure is important. Moreover,
contradictory reports are seen in relation to
dietary acid load and these diseases, especially
hypertension [25-28]. Therefore this meta-
analysis was conducted to elucidate the
association between dietary acid load and blood
pressure.

Subjects and methods

Data source and search strategy

The present systematic review and meta-
analysis was done based on the Preferred
Reporting Items for Systematic Reviews and
Meta-analyses guidelines [23]. We used the
PICOS (participants, interventions, comparisons,



Dietary Acid Load and Blood Pressure

outcomes, and study design) criteria to define the
research question (Table 1). PubMed/MEDLINE
and Scopus databases were searched for relevant
published English-language studies up to
November 2016. Other papers were obtained by
handsearching the list of references of relevant
articles. Keywords from Medical Subject
Headings (MeSH) and other related terms were
used in this search strategy as follows: (“dietary
acid load ”"OR “Net Endogenous Acid” OR
“potential renal acid load” OR “Acid-Base
Equilibrium” OR “Acid-Base” OR ((“acid*” OR
“alkaline” OR “Acid-ash”) AND “diet*”)) AND
(“Blood Pressure” OR “hypertens*”).

Eligibility criteria

Studies were included if they (i) were
observational in design and (ii) reported means
and standard deviations (SD) or standard errors
(SE) or 95% confidence intervals (ClI) for systolic
blood pressure (SBP) and diastolic blood pressure
(DBP) in low and high categories of dietary acid
load (potential renal acid load [PRAL], net
endogenous acid production [NEAP], and protein
to potassium ratio [Pr:K]). We excluded reviews,
editorials, non-human studies, and letters without
sufficient information. Studies with different
methods of calculation of dietary acid load were
all acceptable.

Study selection

Pooling the retrieved papers and removing
duplicates were conducted using EndNote
(version X7, for Windows, Thomson Reuters,
Philadelphia, PA, USA). Cross-sectional studies
that investigated the association between dietary
acid load and blood pressure were included.
Studies were checked independently by two
reviewers in terms of inclusion and exclusion
criteria by reading the titles, abstracts, and the full
text of the articles. We contacted the research
groups for three relevant studies [19, 26-27] and
asked them to provide us the necessary
information [27].

Data extraction and quality assessment

All relevant information was extracted from
eligible articles, including general information
(first author, year, study location, journal name),
the study population characteristics (age, sex,
sample size, adjusted confounders), and the study
results (means and their corresponding SDs, or
SEs, or 95% CI of SBP and DBP from the lowest
and highest categories of dietary acid load
(PRAL, NEAP and Pr:K) (Table 2). The
methodological quality of the included studies
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was evaluated using the Newcastle-Ottawa scale
[29].

Statistical analysis

Since most of the studies reported mean+ SD/SE
for SBP and DBP, with only one reporting the
odds ratio, we decided to conduct this present
meta-analysis on means of the SBP and DBP. We
converted the reported SEs to SDs by multiplying
the SE times the square root of the sample size.
All of the analysis was performed with STATA
version 12 (STATA Corp, College Station, TX,
USA). A random-effects model (DerSimonian-
Laird method) was used to pool the effect sizes.
Heterogeneity was tested using the Cochran Q
statistic and measured with the 12 statistics. To
explore the potential sources of heterogeneity, we
performed the subgroup analyses by individual
methods used for estimating dietary acid load,
population (healthy subjects vs patients), baseline
blood pressure (nonhypertensive VS
hypertensive), sex (male vs female), and age (< 60
vs > 60).

Results

Study selection and data extraction

The flow diagram for the study selection process
is shown in (Figure 1). Of 7033 articles retrieved
up to November 2016, 5954 articles remained
after removing duplicates. Screening the titles and
abstracts resulted in the exclusion of additional
5944 records. Of the 14 potentially eligible
articles [19, 21-22, 25-26, 30-38], 3 studies were
reviews [31, 34, 37], 1 presented hypertension as
odds ratio (OR) [30], and another study showed
the percent of hypertension [32]. One study did
not report the means of blood pressure in tertile of
dietary acid load [22]. Two studies investigated
renal dietary acid load instead of the dietary acid
load [32-33] and one study reported relative risk
[21]. The design of one study was interventional
which investigated dietary acid load in the form
of adiet[36]. Finally, 4 studies which fulfilled our
inclusion criteria were remained [25-26, 35, 38].
On the other hand, we obtained 4 articles by hand
searching of the reference lists of these studies
[19, 27-28, 39]. Finally, 8 studies were included
in the review. Of these, two studies did not report
the means of DBP in the grouping of dietary acid
load, and one article did not report SBP and DBP
in tertile of Pr:K [19, 26-27]. The authors of these
papers were contacted via email; however, only
two authors provided us with the needed data.

Study characteristics
Three of the included studies were conducted in
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Iran [19, 26, 28], 2 in Japan [38], 1 in Korea [27,
39], 1 in the Netherlands [35], and 1 in Sweden
[25]. Two studies involved patients with diabetic
nephropathy and type 2 diabetes [26-27]. The
population of three articles was healthy subjects
[19, 28, 38], and other studies included both
patients and healthy subjects. The average age of
the participants varied from 19.6 to 70.5. The
sample size of the studies ranged from 260 to
11601. One study was conducted on women[38],
and the subjects of one study were exclusively
men [25]. Other studies used both men and
women [19, 26-28, 35, 39].

Two different dietary acid load methods were
used in the included studies. All studies reported
PRAL, according to the formula developed by
Remer etal[11]. In 4 studies, in addition to PRAL,
the ratio of protein to potassium (Pr:K) or NEAP
was presented [19, 26-27, 38].

Assessment of study quality

All studies scored > 7 on the Newcastle-Ottawa
Scale. Four studies failed to control for
confounding factors [25, 27, 35, 39]. One study
did not use validated tools for the measurement of
dietary intakes [39]. Also, one study conducted on
special population [35]. The last column of Table
2 presents the detailed results of the quality
assessment for included studies.

Main analysis

In total, 8 studies with 23003 participants were
included in the meta-analysis. The results of our
analysis showed that a higher level of dietary acid
load was associated with greater SBP (mean
difference [MD]=0.84 mm Hg; 95% CI, 0.04 to
1.64; 12=98.4%; p=039) (Figure 2) and DBP
(MD=0.75 mm Hg; 95% CL 0.27 to 1.24;
12=75.1%; p=002) (Figure 3).

Subgroup analysis
Subgroup analysis showed that population type
(healthy, patient, or both) and sex were potential
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sources of heterogeneity for SBP, while baseline
blood pressure (non-hypertensive VS
hypertensive) and age, as well as sex and
population type, were potential sources of
heterogeneity for DBP. Moreover, dietary acid
load, assessed using the PRAL method, showed a
significant association with SBP (MD: 0.70
mmHg; 95% CI, 0.67 to 0.73) and DBP (MD:
0.10 mm Hg; 95% CI, 0.08 to 0.13), whereas Pr:K
score was negatively associated with blood
pressure (MD: -0.87 mmHg; 95% CI, -0.98 to -
0.75).

In subgroup analysis by baseline blood pressure
of the participants, studies including only
nonhypertensive subjects indicated a significant
negative association between dietary acid load
and SBP (MD: -0.84 mm Hg; 95% CI, -0.95 to -
0.72) and a significant positive association
between acid load and DBP (MD: 1.08 mm Hg;
95% CI, 0.50 to 1.66). However, in studies that
included both hypertensive and nonhypertensive
individuals, dietary acid load was positively
associated with both SBP (MD: 0.70 mm Hg;
95% CI, 0.67 to 0.72) and DBP (MD: 0.10 mm
Hg; 95% CI, 0.08 to 0.12).

Also, in studies involving only healthy
participants or both healthy subjects and patients,
a higher dietary acid load was significantly
associated with higher SBP and DBP. In subgroup
analysis by sex (men, women, or both sexes),
significant associations between dietary acid load
and SBP were observed in women compared with
men (MD: 2.30; 95% CI, 1.13 to 3.48 vs MD:
2.00; 95% ClI, -1.09 to 5.09), but the association
between dietary acid load and DBP was
significant for both sexes. Finally, dietary acid
load was positively associated with SBP in
individuals younger than 60 years but was
negatively associated with SBP in individuals
older than 60 years (Table 3).
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Records identified thorough MEDLINE, and EMBASE Additional records identified through other sources

databases
(n=4)
(n=7033)

Records after duplicates removed

(n=5954)
Records excluded by screening
~ title/abstract
Ll
(n=5944)
\ 4
Full-text articles assessed for eligibility
(n=18)
Excluded studies because of:
3 =review
- 2= survey renal dietary acid load
Ll
5= without sufficient data
Studies included in quantitative and synthesis (meta-
analysis)
(n=8)

Figure 1. Flowchart of identification of included studies

Table 1. PICOS criteria used to define the research guestion

Parameter Description

Participants General population

Intervention/exposure Dietary acid load indices (NEAP, PRAL, Pr:K, and DAL)

Comparison Individuals in the highest category of dietary acid load compared with individuals in
the lowest category of dietary acid load

Outcomes Blood pressure changes

Setting Cohort, cross-sectional studies

Table 2. Characteristics of included

Author  Yea Design Countr Sampl Age Acidload SBP for SBP for DBP for DBP for Qualit

r y esize (year calculatio lowest highest lowest highest vy
(sex) ) n method dietary dietary dietary dietary
acid acid acid acid
load, load, load, load,
meantS meantS meantS meantS
D D D D
Murakami et 2008 Cross- Japan 1136 (F) 19.6 PRAL 105.2+9.03 107.3+9.03 68.1+7.53 69.7+7.53 8
al sectional
Murakami et 2008 Cross- Japan 1136 196 PrK 104.7£9.03 107.2£9.03 67.9+7.53 70.2+7.53 8
al sectional (F)
Engberink et 2012 Cross- Netherlan 2241 65 PRAL 121.1412.2 122.4+11.7 68+8.7 68.6+8.4 8
al sectional d (M/F)
Luisetal 2014 Cross- Sweden 637 (M) 70.5 PRAL 141+1555 143+17.77 81+12.59 83+8.14 8
sectional
Bahadoranet 2015 Cross- Iran 5620 39.8 PRAL 112304 113x0.4 75503 75603 9
al sectional (M/F)
Bahadoranet 2015 Cross- Iran 5620 398 PrK 112.549.03 112.2+9.03 75+7.53 752753 9
al sectional (M/F)
Haghighatdoo 2015 Cross- Iran 547 66.8 PRAL 103.6+11.5 106.1+11.5 72.65+10.6 73.58+10.4 9
st et al sectional (M/F) 6 8 9
Haghighatdoo 2015 Cross- Iran 547 66.8 Pr:K 105.3+0.7 104.4+0.7 - - 9
st et al sectional (M/F)
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Iwase et al 2015 Cross- Japan 260 65.7 PRAL 130.7£16  128.4+13 - - 8
sectional (M/F)

Iwase et al 2015 Cross- Japan 260 65.7 NEAP 129.9+15.7 129.2+13.4 - - 8
sectional (M/F)

Moghadam et 2016 Longitudin Iran 925 40.3 PRAL 115+#17.1 114+16.7 77.2¢11.3 77.4+105 9

al al (M/F)

Han et al 2016 Cross- Korea 11601 595 PRAL 120.4+17.2 122.2+17.6 76.3x10.1 77.2+105 7
sectional (M/F)

PRAL: potential renal acid load, NEAP: net endogenous acid production, Pr:K: protein to potassium ratio, SD: standard deviation, SBP:
systolic blood pressure, DBP: diastolic blood pressure.

Table 3. Subgroup analyses of dietary acid load and blood pressure

No. MD (95% CI) P within P heterogeneity 12 (%) P between
group subgroups
Systolic blood pressure
Dietary method <0.001
PRAL 8 0.70 (95% ClI, 0.67 t0 0.73) <0.001 0.01 62.0
NEAP 1 -0.70 (95% ClI, -5.39 to0 3.99) 0.77 - -
Pr:K 3 -0.87 (95% ClI, -0.98 to -0.75) <0.001 <0.001 89.4
Type of participant <0.001
Healthy subjects 5 0.67 (95% ClI, 0.67 t0 0.73) <0.001 0.002 76.5
Patients 4 -0.89 (95% Cl, -1.01 to -0.77) <0.001 0.007 75.3
Both 3 1.67 (95% Cl, 1.04 to 2.30) <0.001 0.77 0.0
Basline blood pressure <0.001
Nonhypertensive 6 -0.84 (95% Cl, -0.95 to -0.72) <0.001 <0.001 90.4
Hypertensive - - - - -
Both 6 0.70 (95% ClI, 0.67 t0 0.73) <0.001 0.002 74.0
Age <0.001
<60 years 6 0.70 (95% CI, 0.67 t0 0.73) <0.001 <0.001 80.0
>60 years 6 -0.86 (95% ClI, -0.98 to -0.75) <0.001 <0.001 82.0
Sex <0.001
Male 1 2.00 (95% CI, -1.09 to 5.09) 0.20 - -
Female 2 2.30 (95% Cl, 1.13 to 3.48) <0.001 0.74 0.0
Both 9 0.61 (95% Cl, 0.58 to 0.63) <0.001 <0.001 98.9
Diastolic blood pressure
Dietary method 0.14
PRAL 7 0.10 (95% ClI, 0.08 t0 0.13) <0.001 0.001 73.1
NEAP - - - - -
Pr:K 2 0.49 (95% CI, -0.024 to 1.01) 0.06 0.006 86.8
Type of participant <0.001
Healthy subjects 5 0.10 (95% ClI, 0.08 t0 0.12) <0.001 0.006 72.1
Patients 1 0.93 (95% ClI, -0.83 to 2.70) 0.30 - -
Both 3 0.88 (95% Cl, 0.491 to 1.27) <0.001 0.44 0.0
Baseline blood pressure 0.001
Nonhypertensive 5 1.08 (95% ClI, 0.50 to 1.66) <0.001 0.24 27.0
Hypertensive - - - - -
Both 4 0.10 (95% ClI, 0.08 t0 0.12) <0.001 0.001 81.0
Age 0.04
<60 years 6 0.10 (95% CI, 0.08 t0 0.13) <0.001 <0.001 81.1
>60 years 3 0.85 (95% ClI, 0.12 to 1.57) 0.02 0.44 0.0
Sex <0.001
Male 1 2.00 (95% ClI, 0.04 to 3.96) 0.046 - -
Female 2 1.95 (95% Cl, 0.97 t0 2.93) <0.001 0.48 0.0
Both 6 0.10 (95% CI, 0.08 t0 0.13) <0.001 0.01 65.2

PRAL: potential renal acid load, NEAP: net endogenous acid production, Pr:K: protein to potassium ratio, MD: mean difference.
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Study %

D WMD (95% CI) Weight
i

Murakami.Z (2008) —_— 2.10 (0.44, 3.76) 852
1

Murakami.Z (2008) —— 2.50 (0.84, 4.16) 852
|

Bahadoran.Z (2015) . 0.70 (0.67, 0.73) 13.53
'

Bahadoran.Z (2015) — -0.30 (-0.97, 0.37) 12.36
'

Han.E (2016) | — 1.80 (1.04, 2.56) 12.05
|
'

Haghighatdoost.F (2015) —:—+— 2.50 (0.56, 4.44) 7.51
1

Haghighatdoost.F (2015) . ! -0.90 (-1.02, -0.78) 13.49
|

Iwase.H (2015) - " -2.30 (-6.98, 2.38) 2.39
1

Iwase.H (2015) g L -0.70 (-5.39, 3.99) 2.38
1

Khalili Moghadam.S (2016) - . -1.00 (-4.08, 2.08) 4.48
'

Engberink.M (2012) —— 1.30(0.09, 2.51) 10.31
'

Luis.D (2014) — 2.00 (-1.09, 5.09) 4.46
|

Overall (I-squared = 98.4%, p = 0.000) <> 0.84 (0.04, 1.64) 100.00
‘

NOTE: Weights are from random effects analysis :

T ! T
-6.98 0 6.98

Figure 2. Forest plot for systolic blood pressure changes

Study %

ID WMD (95% Cl) Weight
i
|

Murakami.Z (2008) —_— 1.60 (0.21, 2.99) 7.76
|
|

Murakami.Z (2008) | ——————————  2.30(0.91, 3.69) 7.76
i

Bahadoran.Z (2015) . : 0.10 (0.08, 0.12) 21.75
|
|

Bahadoran.Z (2015) —-*—: 0.20 (-0.36, 0.76) 16.84
|
i

Han.E (2016) —_—r 0.90 (0.45, 1.35) 18.28
|
1

Haghighatdoost.F (2015) T 0.93 (-0.83, 2.70) 5.53
'

Khalili Moghadam.S (2016) . 0.20 (-1.79, 2.19) 461
'

Engberink.M (2012) —_— 0.60 (-0.27, 1.47) 12,75
|
'

Luis.D (2014) - 2.00 (0.04, 3.96) 4.71
I

Overall (I-squared = 75.1%, p = 0.000) <> 0.75 (0.27, 1.24) 100.00
|
'

NOTE: Weights are from random effects analysis :
I

T T

-3.96 0 3.96

Figure 3. Forest plot for diastolic blood pressure changes
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Discussion

The current meta-analysis was the first to
investigate the most recent advances in our
knowledge of the association between dietary
acid load and blood pressure. Few cohort studies
or trials have assessed the relationship between
dietary acid load and hypertension [21, 36], but
information from these studies could not be used
for this meta-analysis because of the variability of
reported outcomes. Overall, both cross-sectional
and cohort studies reported associations between
dietary acid load and high level of SBP and DBP.

Our meta-analysis of cross-sectional studies
indicated a significant association between
dietary acid load and blood pressure. Similar to
our results, several studies have shown such
correlations between dietary acid load and blood
pressure. Zhang et al indicated that women in the
top categories of NEAP scores had an increased
risk of hypertension [21]. Akter et al, too, showed
that high dietary acid load (PRAL and NEAP)
was significantly associated with increased
prevalence of hypertension [30]. Furthermore,
one trial investigated the effect of vitality diet (a
low-sodium DASH-type diet with a low dietary
acid load containing lean red meat) on blood
pressure and reported a significant decrease in
SBP and DBP after 14 weeks compared with a
higher—acid load reference healthy diet [36]. On
the other hand, a number of studies have
demonstrated no significant relationship between
dietary acid load and hypertension [26, 35, 39].
Some of the studies included in the present study
documented a negative association between
dietary acid load scores (NEAP and Pr:k) and
SBP [19, 26-27], and this association was
significant for Pr: K in one study [26]. After
analysis for the type of population (healthy
subjects vs patients), they found that higher Pr:K
scores were associated with lower blood pressure
in patients [26]. This finding may be related to the
fact that the patients in that study had diabetic
nephropathy.

The impact of dietary acid load on blood
pressure may be mediated by urinary calcium
excretion, cortisol production, or decreased
citrate excretion [12, 13, 40-42]. The diet-
dependent net acid load can be expressed as
“potential renal acid load” (PRAL) [10] or
“estimated net endogenous acid production”
(NEAP) [8]. These indices are calculated by
taking into account the intestinal absorption rates
of nutrients such as protein, potassium, calcium,
magnesium, and phosphorus, which account of

JNSD 2018; Vol. 4, No. 3: 95-103

acid-base balance in the body [8, 16]. A positive
PRAL rate reflects an acid-forming potential,
whereas a negative rate reflects a base (or
alkaline)-forming potential [35]. Also, the NEAP
score has a large variation in the general
population (ranging from 10 to 150 mEg/day).
For example, the NEAP score of the Western diet
is ~50 mEqg/day [8, 43]. Moreover, several other
mechanisms may explain the direct link between
dietary acid load and hypertension: (i) increased
cortisol production [44]; (ii) decreased citrate
excretion [45]; (iii) decreased levels of growth
hormone/insulin-like growth factor | [46].

The heterogeneity in the results of studies
included in this meta-analysis is probably related
to sex, age, type of population (healthy
subjects/patients), or baseline blood pressure
(nonhypertensive vs hypertensive). We were not
able to exactly determine the source of
heterogeneity because the number of studies in
each subgroup was limited. In the assessment of
study quality, most included studies were graded
8 points or above. Regarding study selection,
most studies used valid methods and provided
acceptable outcome criteria.

The strength of this meta-analysis was
conducting subgroup analyses to identify the
sources of heterogeneity. A potential limitation of
our meta-analysis was the lack of access to
unpublished results. Moreover, although we
identified some sources of heterogeneity in the
results of studies (methodology, sex, and
populations involved), we were not able to
evaluate all possible sources of heterogeneity
because of the limited information about
participants (such as medication or BMI). Finally,
we could not determine the dose-response
association between dietary acid load and
hypertension.

Conclusion

In conclusion, the results of this meta-analysis
suggest that high dietary acid load is associated
with high blood pressure. However, further
studies, specifically examining the association
between dietary acid load and hypertension
(especially in patients with hypertension) while
controlling for possible confounders, are needed
to fill the gaps that still remain.

Acknowledgment

SF designed the study. SF, ZA, and KD
conducted the literature search, data extraction,
and independent reviewing. SF and SS-b
performed the statistical analyses and wrote a first

101



Dietary Acid Load and Blood Pressure

draft of the manuscript. SS-b and KD prepared the
final draft.

Disclosure statement

There are no competing financial interests.

Conflict of interest

None of authors have conflict of interests.

Funding

None.

References

10.

11.

12.

Murray CJ, Lopez AD. Measuring the global
burden of disease. N Engl J Med.
2013;369(5):448-57.

Lawes CM, Vander Hoorn S, Rodgers A.
International Society of Hypertension. Global
burden of blood-pressure-related disease, 2001.
The Lancet. 2008;371(9623):1513-8.

He J, Whelton PK. Elevated systolic blood
pressure and risk of cardiovascular and renal
disease: overview of evidence from observational
epidemiologic studies and randomized controlled
trials. Am Heart J. 1999;138(3 Pt 2):211-9.
Forman JP, Stampfer MJ, Curhan GC. Diet and
lifestyle risk factors associated with incident
hypertension in women. JAMA. 2009;302(4):401-
11.

Dickinson HO, Mason JM, Nicolson DJ,
Campbell F, Beyer FR, Cook JV, et al. Lifestyle
interventions to reduce raised blood pressure: a
systematic review of randomized controlled trials.
J Hypertens. 2006;24(2):215-33.

Adeva MM, Souto G. Diet-induced metabolic
acidosis. Clin Nutr. 2011;30(4):416-21.

van den Berg E, Engberink MF, Brink EJ, van
Baak MA, Joosten MM, Gans RO, et al. Dietary
acid load and metabolic acidosis in renal
transplant recipients. Clin J Am Soc Nephrol.
2012;7(11):1811-8.

Frassetto LA, Todd KM, Morris R, Sebastian A.
Estimation of net endogenous noncarbonic acid
production in humans from diet potassium and
protein contents. Am J Clin Nutr. 1998;68(3):576-
83.

Remer T. Influence of nutrition on acid-base
balance-metabolic  aspects. Eur J  Nutr.
2001;40(5):214-20.

Remer T, Manz F. Estimation of the renal net acid
excretion by adults consuming diets containing
variable amounts of protein. Am J Clin Nutr.
1994;59(6):1356-61.

Remer T, Manz F. Potential renal acid load of
foods and its influence on urine pH. J Am Diet
Assoc. 1995;95(7):791-7.

Maurer M, Riesen W, Muser J, Hulter HN, Krapf
R. Neutralization of Western diet inhibits bone
resorption independently of K intake and reduces
cortisol secretion in humans. . Am J Physiol Renal

102

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Physiol. 2003;284(1):F32-40.

Sicuro A, Mahlbacher K, Hulter HN, Krapf R.
Effect of growth hormone on renal and systemic
acid-base homeostasis in humans. Am J Physiol.
1998;274(4):F650-F7.

Resnick LM, Gupta RK, Sosa RE, Corbett ML,
Laragh JH. Intracellular pH in human and
experimental hypertension. Proc Natl Acad Sci U
S A. 1987;84(21):7663-7.

Sharma AM, Kribben A, Schattenfroh S, Cetto C,
Distler A. Salt sensitivity in humans is associated
with abnormal acid-base regulation.
Hypertension. 1990;16(4):407-13.

Remer T, Dimitriou T, Manz F. Dietary potential
renal acid load and renal net acid excretion in
healthy, free-living children and adolescents. Am
J Clin Nutr. 2003;77(5):1255-60.

GONICK HC, Goldberg G, Mulcare D.
Reexamination of the acid-ash content of several
diets. Am J Clin Nutr. 1968;21(9):898-903.
Fagherazzi G, Vilier A, Bonnet F, Lajous M,
Balkau B, Boutron-Ruault M-C, et al. Dietary acid
load and risk of type 2 diabetes: the E3N-EPIC
cohort study. Diabetologia. 2014;57(2):313-20.
Bahadoran Z, Mirmiran P, Khosravi H, Azizi F.
Associations between dietary acid-base load and
cardiometabolic risk factors in adults: the Tehran
Lipid and Glucose Study. Endocrinol Metab
(Seoul) 2015;30(2):201-7.

Vezzoli G, Dogliotti E, Terranegra A,
Arcidiacono T, Macrina L, Tavecchia M, et al.
Dietary style and acid load in an Italian population
of calcium kidney stone formers. Nutr Metab
Cardiovasc Dis. 2015;25(6):588-93.

Zhang L, Curhan GC, Forman JP. Diet-dependent
net acid load and risk of incident hypertension in
United States women. Hypertension.
2009;54(4):751-5.

Krupp D, Shi L, Maser-Gluth C, Pietzarka M,
Remer T. 11 Hydroxysteroid dehydrogenase
type 2 and dietary acid load are independently
associated with blood pressure in healthy children
and adolescents. Am J Clin Nutr. 2013;97(3):612-
20.

Moher D, Liberati A, Tetzlaff J, Altman DG,
Group P. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA
statement. PLoS med. 2009;6(7):e1000097.
Williams RS, Kozan P, Samocha-Bonet D. The
role of dietary acid load and mild metabolic
acidosis in insulin resistance in humans.
Biochimie. 2016;124:171-177.

Luis D, Huang X, Riserus U, Sjégren P, Lindholm
B, Arnlov J, et al. Estimated dietary acid load is
not associated with blood pressure or hypertension
incidence in men who are approximately 70 years
old. J Nutr. 2015;145(2):315-21.

Haghighatdoost F, Najafabadi MM, Bellissimo N,
Azadbakht L. Association of dietary acid load
with cardiovascular disease risk factors in patients

JNSD 2018; Vol. 4, No. 3: 95-103



Somaye Fatahi et al.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

with diabetic Nutrition.
2015;31(5):697-702.

Iwase H, Tanaka M, Kobayashi Y, Wada S,
Kuwahata M, Kido Y, et al. Lower vegetable
protein intake and higher dietary acid load
associated with lower carbohydrate intake are risk
factors for metabolic syndrome in patients with
type 2 diabetes: Post-hoc analysis of a cross-
sectional ~ study. J  Diabetes  Investig.
2015;6(4):465-72.

Moghadam SK, Bahadoran Z, Mirmiran P, Tohidi
M, Azizi F. Association between dietary acid load
and insulin resistance: Tehran Lipid and Glucose
Study. Prev Nutr Food Sci. 2016;21(2):104.
Stang A. Critical evaluation of the Newcastle-
Ottawa scale for the assessment of the quality of
nonrandomized studies in meta-analyses. Eur J
Epidemiol. 2010;25(9):603-5.

Akter S, Eguchi M, Kurotani K, Kochi T, Pham
NM, Ito R, et al. High dietary acid load is
associated with increased prevalence of
hypertension: The Furukawa Nutrition and Health
Study. Nutrition. 2015;31(2):298-303.

Krupp D, Strohle A, Remer T. Dietary acid load
and risk of hypertension. Am J Clin Nutr.
2012;96(4):942-3; author reply 943-4.

Rebholz CM, Coresh J, Grams ME, Steffen LM,
Anderson CA, Appel LJ, et al. Dietary Acid Load
and Incident Chronic Kidney Disease: Results
from the ARIC Study. Am J Nephrol.
2015;42(6):427-35.

van den Berg E, Engberink MF, Brink EJ, van
Baak MA, Joosten MM, Gans ROB, et al. Dietary
acid load and metabolic acidosis in renal
transplant recipients. Clin J Am Soc Nephrol.
2012;7(11):1811-8.

van den Berg E, Hospers FA, Navis G, Engberink
MF, Brink EJ, Geleijnse JM, et al. Dietary acid
load and rapid progression to end-stage renal
disease of diabetic nephropathy in Westernized
South Asian people. J Nephrol. 2011;24(1):11-7.
Engberink MF, Bakker SJ, Brink EJ, van Baak
MA, van Rooij FJ, Hofman A, et al. Dietary acid
load and risk of hypertension: the Rotterdam
Study. Am J Clin Nutr. 2012;95(6):1438-44.
Nowson CA, Patchett A, Wattanapenpaiboon N.
The effects of a low-sodium base-producing diet

nephropathy.

JNSD 2018; Vol. 4, No. 3: 95-103

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

103

including red meat compared with a high-
carbohydrate, low-fat diet on bone turnover
markers in women aged 4575 years. Br J Nutr.
2009;102(8):1161-70.

Adeva MM, Souto G. Diet-induced metabolic
acidosis. Clin Nutr. 2011;30(4):416-21.
Murakami K, Sasaki S, Takahashi Y, Uenishi K.
Association between dietary acid-base load and
cardiometabolic risk factors in young Japanese
women. Br J Nutr. 2008;100(3):642-51.

Han E, Kim G, Hong N, Lee Y-h, Kim DW, Shin
HJ, et al. Association between dietary acid load
and the risk of cardiovascular disease: nationwide
surveys (KNHANES 2008-2011). Cardiovasc
Diabetol. 2016; 26;15(1):122.

Cappuccio FP, Kalaitzidis R, Duneclift S,
Eastwood JB. Unravelling the links between
calcium excretion, salt intake, hypertension,
kidney stones and bone metabolism. J Nephrol.
2000;13(3):169-77.

Oshima T, Young EW, editors. Systemic and
cellular calcium metabolism and hypertension.
Semin Nephrol. 1995;15(6):496-503.

Taylor EN, Mount DB, Forman JP, Curhan GC.
Association of prevalent hypertension with 24-
hour urinary excretion of calcium, citrate, and
other factors. Am J Kidney Dis. 2006;47(5):780-
9.

Sebastian A, Frassetto LA, Sellmeyer DE,
Merriam RL, Morris RC. Estimation of the net
acid load of the diet of ancestral preagricultural
Homo sapiens and their hominid ancestors. Am J
Clin Nutr. 2002;76(6):1308-16.

Murakami K, Sasaki S, Takahashi Y, Uenishi K,
Yamasaki M, Hisatomi Y, et al. Association
between  dietary  acid-base load and
cardiometabolic risk factors in young Japanese
women. Br J Nutr. 2008;100(3):642-51.

Simpson D. Citrate excretion: a window on renal
metabolism. Am J Physiol. 1983;244(3):F223-
F34.

Hunt KJ, Lukanova A, Rinaldi S, Lundin E, Norat
T, Palmqgvist R, et al. A potential inverse
association between insulin-like growth factor |
and hypertension in a cross-sectional study. Ann
Epidemiol. 2006; 16(7):563-71.



