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Context: Various dietary patterns have different dietary acid loads (DALs) and 
may affect the body’s acidity, initiate compensatory mechanisms, cause chronic 
low-grade metabolic acidosis over time, and thereby lead to the development of 
metabolic alterations.
Objective: In this systematic review and meta-analysis we focused on the associa
tion between DAL, as measured by the potential renal acid load (PRAL), net endog
enous acid production (NEAP), and mortality risk.
Data sources: The protocol for this review was registered in the PROSPERO data
base under registration number CRD42024570100. PubMed, Scopus, and Web of 
Science were systematically searched to find relevant studies published up to 
March 2024.
Data extraction: The full texts of the obtained articles were screened by 2 
researchers to identify eligible studies. Then, all necessary information was drawn 
independently by one author according to an arranged screening form.
Data Analysis: Six observational studies were included in this meta-analysis. Risk 
estimates were pooled using a random-effects model. A positive association was 
observed between the PRAL score and all-cause mortality, with non-significant het
erogeneity (odds ratio [OR] per 10 mEq/d increase¼ 1.03, 95% CI, 1.01-1.05, 
P¼ .002, I2¼ 48.4%). The NEAP score had no significant association with all-cause 
mortality, and there was substantial heterogeneity between studies (OR per 10 
mEq/d increase¼ 1.00, 95% CI, 0.96, 1.05, P¼ .834, I2¼ 66.6%).
Conclusions: Our results support the positive association between DAL and all- 
cause mortality risk, such that per 10 mEq/d increment in PRAL score, the risk of 
mortality increased up to 3%. Well-designed interventional studies are warranted 
to verify this association.
Key words: dietary acid load, PRAL, NEAP, mortality. 

INTRODUCTION

Noncommunicable diseases (NCDs), also known as 

chronic diseases, have increased global concerns due to 

their high mortality rates, accounting for approximately 

71% of all deaths per year.1 Among NCDs, cardiovascu

lar diseases (CVDs) are known as the first and most 

common causes of mortality (17.8 million deaths 
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annually) and reduced quality of life,2 encompassing 

cardiac and vascular disorders, including ischemic heart 

disease, stroke, and other conditions.2 Based on the last 

update of the American Society for Preventive 

Cardiology, some major CVD risk factors include a sed

entary lifestyle, dyslipidemia, hyperglycemia, hyperten

sion, obesity, and hypercholesterolemia.3 However, 

diet-related CVD risk factors seem to account for a sig

nificant attributable fraction, and dietary modifications 

may play a pivotal role in the management and preven

tion of CVD and its mortality.4

In the last few decades, the vast body of research 

evaluating the nutritional determinants of diseases has 

shifted from single-nutrient/food approaches to dietary 

patterns/behaviors resembling real life, as foods are con

sumed in various combinations.5 It has long been 

known that the dietary acid load (DAL) can determine 

the body’s acid–base balance, and higher consumption 

of acidifying over alkalinizing foods can diminish urine 

pH and serum bicarbonate.6 It has been well confirmed 

that certain foods, including fruits and vegetables, 

increase body alkalis,6 while others, such as meat, 

cheese, grains, and eggs, are acidifying.6

The DAL score is estimated through the potential 

renal acid load (PRAL) and net endogenous acid pro

duction (NEAP) methods using the data extracted from 

dietary intakes, and as previously stated in the literature, 

this score has progressively increased over the centu

ries.7,8 Although the importance of the DAL is not fully 

accepted, the impact of an increased acid load in the 

diet may be detrimental,9–11 suggesting that dietary 

interventions including low protein intake, increased 

fruit and vegetable consumption, and nutritional sup

plementation with magnesium or potassium salts may 

normalize the body’s acid–base balance and promote 

health.12

Several previous studies conducted to evaluate the 

association between DAL and mortality have demon

strated that higher DAL augmented the risk of all-cause 

and CVD mortality,12–15 whereas other studies revealed 

a U-shaped or no association.6,7,16 Given the accumulat

ing yet controversial observational data, in the current 

systematic review and meta-analysis we aimed to exam

ine the association between the DAL score determined 

by measuring PRAL and NEAP and all-cause mortality.

METHODS

The present systematic review and meta-analysis has 

been conducted according to the guidelines of the 

Preferred Reporting Items for Systematic Reviews and 

Meta-Analysis (PRISMA) statement. The protocol for 

this review was registered in the PROSPERO database 

under registration number CRD42024570100.

Search Strategy

An extensive systematic literature search was done to 

find the relevant studies through online databases, 

including PubMed, Scopus, and Web of Science, up to 

March 2024, with no limitation on publication date. 

The search strategy included a combination of “dietary 

acid load” and “mortality”–related Medical Subject 

Headings (MeSH) and non-MeSH terms. Moreover, the 

reference lists of eligible studies and the first 4 pages of 

Google Scholar were manually checked to identify 

other, potentially relevant, studies.

Study Selection

All of the retrieved articles were imported into EndNote 

software version 20.4.1 and duplicates were excluded. 

Two reviewers (F.H.S. and E.S.Z.) independently eval

uated the eligibility of the retrieved studies based on the 

inclusion criteria.

The inclusion criteria for the current study followed 

the PECOS scheme,17 whereby the population consisted 

of human subjects aged >18 years; the exposure was the 

“dietary acid load”; the comparator was the highest 

compared to the lowest dietary acid load; the outcome 

was all-cause mortality; the setting included all observa

tional studies in which odds ratios (ORs), risk ratios 

(RRs), or hazard ratios (HRs) with their 95% CIs were 

reported for the associations of dietary acid load with 

all-cause mortality (Table 1). Letters, comments, 

reviews, meta-analyses, ecological studies, randomized 

controlled trials, and case reports, as well as studies con

ducted on patients with acute or infectious diseases or 

active cancer, those including pregnant women, and 

those with insufficient data, were excluded. There were 

no limits on the publication date or language. Excluded 

articles were checked by 2 reviewers, and any discrepan

cies were resolved through consultation with the princi

pal investigator.

Data Extraction

The full texts of the obtained articles were screened by 2 

researchers to identify eligible studies. Then, all neces

sary information was drawn independently by one 

author according to an arranged screening form. For 

each included study, the following items were extracted: 

first author name, publication year, country/region, 

study design, characteristics of participants, mean or 

range of age, gender, follow-up duration, total partici

pants, number of mortality cases, method applied for 

exposure assessment, method applied for outcome 

assessment, any adjustment for confounding variables, 

reported effect sizes, and study quality score. If a study 
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reported different risk estimates for mortality, the effect 

size in the fully adjusted model was selected and used in 

the meta-analysis. Moreover, in those studies where 

multiple follow-up durations were considered for out

come occurrence, we selected the outcome relevant to 

the longest duration to include in the analysis. If there 

was no access to full text or sufficient data, we contacted 

the authors via email. Any disagreements were resolved 

in consultation with the principal investigator.

Quality Assessment of the Studies

The quality assessment of the included studies was per

formed using the Newcastle–Ottawa Scale. This check

list consists of 3 main sections evaluating the following 

topics: (1) selection (population representativeness, 

which can take a maximum of 4 stars), (2) comparabil

ity (controlling appropriate confounders in study design 

or during statistical analyses with a maximum of 2 

stars), and (3) outcomes, with a maximum of 3 stars. A 

maximum score of 9 stars for each study represents the 

highest quality. In the present work, studies that 

obtained more than 6 stars were rated as high quality, 

those with 4–6 stars were rated as medium quality, and 

studies with 0–3 stars were rated as low quality. Two 

authors independently assessed the checklist for each 

included study; any disagreement between researchers 

was resolved through discussion with the principal 

investigator.

Statistical Analysis

For all included studies, the HRs and 95% CIs were con

sidered as the effect size. The overall effect size was esti

mated using a random effects model that takes 

between-study heterogeneity into account. Between- 

study heterogeneity was examined using Cochrane’s Q 

test and the I2 statistic.18 Furthermore, subgroup analy

sis based on follow-up duration, community-based 

cohort, and population health status was done to detect 

possible sources of heterogeneity between studies. To 

estimate the linear dose–response relation across cate

gories of dietary acid load, the method developed by 

Greenland et al. was used, for which the number of 

mortality cases and the adjusted risk estimates (ORs, 

RRs, or HRs) for at least 3 categories of dietary acid 

load were required.19,20 In this method, the midpoint 

point of exposure in each dietary acid load category was 

considered as the corresponding relative risk for each 

study. If the amount of exposure was reported as a 

range, the midpoint in each separate category was esti

mated using the mean of the minimum and maximum 

measures. To assess whether the overall effect size might 

be affected by a specific study,21 a sensitivity analysis 

was run by excluding the studies from the analysis one 

by one. Furthermore, publication bias was assessed 

using visual inspection of funnel plots and checked stat

istically by using Egger’s regression test. If the results 

for publication bias were significant, a trim-and-fill 

analysis was carried out to determine the effect of possi

ble unpublished articles on the obtained overall results. 

All statistical analyses were performed with Stata, ver

sion 17 (Stata Corp). Values of <0.05 were considered 

statistically significant.

RESULTS

The flow diagram of the study selection process is 

depicted in Figure 1. The primary search in the elec

tronic databases found 600 records, of which 164 dupli

cates were removed and 436 articles remained to be 

reviewed separately by 2 authors; 422 articles were 

excluded based on title and abstract screening, and the 

full texts of the remaining 14 articles were assessed to 

determine eligibility. Finally, 6 articles met our inclu

sion/exclusion criteria and were included in the meta- 

analysis.

Study Characteristics

The main characteristics of the included studies are 

summarized in Table 2. The included studies were pro

spective cohort studies conducted between 2016 and 

2023 in various regions: Asia,12,14,22 North America,15

South America,7 and Europe.6 Three studies were popu

lation based,6,12,14 while the other 3 focused on patients 

who had chronic kidney disease,7 patients who were 

early-stage breast cancer survivors,15 or patients who 

underwent coronary artery bypass grafting surgery.22

Only 1 study was exclusively conducted on women,15

and the average age of participants in all studies was 

≥50.2 years. The total sample size of the included stud

ies ranged from 4417 to 92 478.12

For assessing the DAL score, 1 study 15 used 24- 

hour dietary recalls, while other studies utilized a vali

dated food frequency questionnaire (FFQ) with item 

counts ranging from 966 to 15014 The cutoffs for catego

ries of PRAL and NEAP scores varied among the stud

ies. The mean/median daily PRAL scores in the lowest 

categories ranged from −43.047 to −7.9812 mEq. 

Table 1. PICOS Criteria for Inclusion of Studies.
Population Human subjects aged >18 y
Exposure Dietary acid load
Comparator The highest compared to the  

lowest “dietary acid load”
Outcome All-cause mortality
Settting Observational studies
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However, the cutoffs were not reported in 1 study.22

The follow-up durations varied between 5.17 and 

16.912 years across the studies. Mortality as an outcome 

was evaluated through telephone interviews,14 searches 

in registries, medical records, or death certificates,6,12 or 

a combination of these methods.6,7 Critical appraisal of 

included prospective cohort studies with a 9-point scale 

resulted in average quality scores ranging between 6 

and 9 (Table S1).

Meta-Analysis Results

As shown in Figure 2, a positive association 

was observed between the PRAL score and all-cause 

mortality, with moderate heterogeneity (OR per 10 

mEq/d increase¼ 1.03, 95% CI, 1.01–1.05, P¼ .002, 

I2¼ 48.4%). No significant differences in this 

association were found between subgroups of the study 

population (P¼ .221) or in follow-up durations 

(P¼ .221). However, heterogeneity was reduced to zero 

in both subgroup analyses (Table 3).

As depicted in Figure 3, there was no association 

between the NEAP score and all-cause mortality (OR 

per 10 mEq/d increase¼ 1.00, 95%CI, 0.96–1.05, 

P¼ .834). However, substantial heterogeneity was 

observed in this analysis (I2¼ 66.6%, P¼ .03). Due to 

the limited number of studies included in this analysis, 

subgroup analysis to identify the source of heterogeneity 

could not be conducted (Table 2).

The sensitivity analysis revealed that excluding any 

of the included studies did not significantly alter the 

pooled estimates. The pooled ORs for PRAL ranged 

from 1.020 (95% CI, 1.007–1.034) to 1.037 (95% CI, 

1007–1.067), while those for NEAP ranged from 0.988 

Figure 1. Flow Chart of Study Selection Process. HR, hazard ratio; OR, odds ratio; RR, relative risk.
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(95% CI, 0.948–1.030) to 1.022 (95% CI, 0.975–1.071) 

after exclusion of each study from the analysis. 

Additionally, no publication bias was detected in either 

analysis, according to the symmetry of funnel plots and 

Egger’s test (P¼ .97 for PRAL score analysis and P¼ .93 

for NEAP score analysis).

DISCUSSION

In this systematic review and meta-analysis we aimed at 

shedding light on the association between DAL and all- 

cause mortality and showed that the diets with a higher 

PRAL remarkably increased all-cause mortality. In this 

Table 2. Main Characteristics of Studies Examining the Association Between DAL and the All-Cause Mortality
First  
author/y

Country Study name Study 
design

Population No. of  
cases/ 
total

Mean  
age in y

Sex Exposure Study  
quality  
score

Xu et al./ 
20166

Sweden Swedish 
Mammograp
hy Cohort and 
Cohort of 
Swedish Men

Prospective 
cohort

Swedish 
population

21908/81427 Women: 62.3 
Men: 60.8

Both PRAL 8

Akter et al./ 
201712

Japan Japan Public 
Health 
Center–based

Prospective 
cohort

Japanese 
population

12993/92478 56.7 Both PRAL/NEAP 9

Abbasalizad 
Farhangi 
et al./ 
201922

Iran Tehran Heart 
Center 
Coronary 
Outcome 
Measurement 
(THC-COM) 
study

Prospective 
cohort

Patients under
went CABG 
surgery

NR/454 59 Both PRAL/NEAP 7

Wu et al./ 
202015

USA Women’s 
Healthy Eating 
and Living 
(WHEL) study

Prospective 
cohort

Early-stage 
breast cancer 
survivors

295/2950 50.2 Women PRAL/NEAP 6

Hejazi et al./ 
202114

Iran Golestan Cohort 
Study

Prospective 
cohort

Iranian adults 6830/50045 52 Both PRAL 8

Machado 
et al./ 
20237

Brazil Progredir Cohort 
Study

Prospective 
cohort

Patients with 
chronic kidney 
disease

200/441 69 Both PRAL/NEAP 7

Abbreviations: CABG, coronary artery bypass grafting; DAL, dietary acid load; NEAP, net endogenous acid production; NR, not 
reported; PRAL, potential renal acid load.

Figure 2. Forest Plot of the Association Between PRAL and All-Cause Mortality. DL, two-step DerSimonian-Laird estimator; PRAL, potential 
renal acid load.
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study, a 10-mEq/d increment in PRAL was associated 

with a 3% increase in all-cause mortality, while the rela

tionship between NEAP and all-cause mortality was not 

significant. Sensitivity and subgroup analyses also con

firmed the stability of our findings. Despite both PRAL 

and NEAP being measures of DAL, the precision of 

PRAL to determine the acidogenic potential of foods is 

much more than NEAP, because the NEAP formula 

uses only the consumption of protein and potassium to 

predict diet acidity, while the PRAL takes into account 

the dietary intake of other key elements such as phos

phorus, magnesium, and calcium in addition to protein 

and potassium.23

Because the endpoint “mortality” is considered a 

general measure of disease burden, investigation of the 

association between DAL and mortality may illustrate 

the risk factors as well as biological mechanisms 

involved in preclinical disorders and the pathogenesis 

of chronic diseases. The “Western diet” and the 

“Prudent diet” are 2 major dietary patterns with differ

ent DAL rates. The Western diet is rich in acidogenic 

foods such as red and processed meats and eggs, foods 

rich in sulfur-containing amino acids, chloride, and 

phosphate with an acid-forming potential. In turn, the 

Prudent diet mainly consists of fruits, vegetables, and 

legumes, which have alkaline-forming potential due to 

their high contents of glutamate, malate, and citrate.24,25

Some studies showed that adherence to plant-based 

dietary patterns such as the Mediterranean diet and 

dietary approaches to stop hypertension (DASH) diet, 

which have low values of DAL, is potentially associated 

with lower mortality. In this regard, the results from a 

meta-analysis on 29 prospective cohort studies showed 

that an increase of 2 points in the adherence to a 

Mediterranean diet decreased the risk of all-cause mor

tality by 10%.26 Another meta-analysis of 17 studies 

demonstrated that per 5-point increment in the adher

ence to the DASH diet, the risks of mortality from all 

Table 3. Subgroup analysis for the association of PRAL/NEAP and all-cause mortality.
Subgroups Number of effect sizes I2 RR (95% CI) Pbetween

PRAL
Follow-up duration
≥10 y 3 0% 1.02 (1.00–1.04) .221
>10 y 3 71.9% 1.04 (1.01–1.08)

Population
Community based 3 71.9% 1.04 (1.01–1.08) .221
Special population 3 0% 1.02 (1.00–1.04)

NEAP
Follow-up duration
≥10 y 3 76.5% 1.00 (0.92–1.09) .879
>10 y 1 0% 1.01 (1.00–1.02)

Population
Community based 1 0% 1.01 (1.00–1.02) .879
Special population 3 76.5% 1.00 (0.92–1.09)

Abbreviations: NEAP, net endogenous acid production; PRAL, potential renal acid load; RR, risk ratio.

Figure 3. Forest Plot of the Association Between NEAP and All-Cause Mortality. DL, two-step DerSimonian-Laird estimator; NEAP, net endog
enous acid production.
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causes, CVD, stroke, and cancer were reduced by 5%, 

4%, 3%, and 3%, respectively.27 In addition, a linear 

dose–response meta-analysis investigating the associa

tions between food groups and mortality indicated that 

consuming foods low in acid load, such as vegetables, 

fruits, nuts, and legumes, was inversely associated with 

all-cause mortality, whereas higher intake of acidogenic 

foods, including red and processed meats and eggs, 

increased the risk of all-cause mortality.28 Based on the 

results of a clinical trial on healthy individuals,29 a 

vegan diet remarkably decreased DAL value, while indi

viduals consuming a meat-rich diet experienced a sig

nificant increase in DAL. The between-group 

differences observed in the DAL were mainly due to the 

higher consumption of protein and phosphorus in the 

meat-rich diet group compared to the vegan group.29

Adherence to the Western diet augments the accumula

tion of hydrogen ions in the body and may cause 

chronic mild metabolic acidosis or low-grade acidosis.25

Metabolic acidosis is associated with insulin resist

ance,30–33 type 2 diabetes mellitus,12,23 hyperten

sion,11,12,34 obesity,9,10 and dyslipidemia9–11 and 

thereby has been found to increase the risk of all-cause 

mortality in some studies.35–37 In a study conducted by 

Raikou et al.,38 lower serum bicarbonate as a biomarker 

of metabolic acidosis status was associated with overall 

mortality in patients on renal replacement therapy. The 

authors considered arterial stiffness and inflammation 

as potential mechanisms of higher metabolic acidosis, 

which thereby increase the mortality rate.38 In another 

study, by Park et al., uncorrected metabolic acidosis, 

diagnosed with findings of acidic urine pH and a lower 

bicarbonate concentration, was predictive of mortality 

in the general population.35 A cohort study on pre- 

dialysis patients indicated a lower rate of major adverse 

cardiovascular events and mortality in the subjects 

receiving bicarbonate compared to those who did not 

receive bicarbonate, while the occurrence of dialysis did 

not differ.39

Arterial blood pH is regulated in the narrow range 

of 7.35 to 7.45. In conditions such as hypermetabolism 

or high DAL, which are associated with acid accumula

tion in the body, renal compensatory mechanisms are 

activated to regulate acid–base balance, while in the 

long term, renal function is reduced and health status 

may be compromised. In the E3N-EPIC cohort study, 

the risk of type 2 diabetes increased in individuals with 

higher PRAL levels or NEAP scores.23 The results of 2 

meta-analysis studies40,41 showed a significant associa

tion between DAL and type 2 diabetes, as the incidence 

of type 2 diabetes increased up to 4% and 3% per each 

5-unit increment in dietary PRAL and NEAP values, 

respectively, and there was a U-shaped association 

between PRAL and type 2 diabetes.41 It seems that an 

acidic environment decreases the affinity of insulin for 

its receptor and subsequently may cause insulin resist

ance and type 2 diabetes.42 In addition, higher PRAL 

scores in a recent meta-analysis were positively associ

ated with some cardiometabolic risk factors, including 

waist circumference, triglycerides, systolic and diastolic 

blood pressure, and body mass index (BMI).43 In a 

meta-analysis by Parohan et al., each 20-unit increment 

in PRAL score significantly increased hypertension risk 

by 3%.44 Higher production of cortisol45,46 following 

metabolic acidosis is the main mechanism that contrib

utes to hypertension. The results of another meta- 

analysis revealed that each 10 mEq/d increment in 

PRAL and NEAP increased the risk of metabolic syn

drome by 28% and 2%, respectively.47 Fereidouni et al. 

found that among dietary indices such as the 

Mediterranean dietary score, alternative healthy eating 

index, DASH score, dietary inflammatory index, and 

DAL, only the last 2 indices, dietary inflammatory 

index, and DAL, showed significant positive associa

tions with CVD mortality in the CVD patients of the 

Fasa PERSIAN cohort study, as the CVD mortality rate 

increased by 2% per 1 score increment in DAL.13 The 

cited study had not evaluated all-cause mortality and 

was excluded from this meta-analysis. Overall, 3 studies 

evaluated the association between DAL and CVD mor

tality,6,12,14 which were not enough to perform a meta- 

analysis on the association between DAL and CVD 

mortality. Akter et al. indicated that the increased risk 

of all-cause mortality in the individuals with the highest 

values of PRAL and NEAP was mainly attributable to 

increased mortality from CVD, especially ischemic 

heart disease.12 In the study by Xu et al., being in the 

highest quartile of PRAL was significantly associated 

with an increased risk of death from CVD.6 The same 

results were found in the study conducted by Hejazi 

et al.14 In the Xu et al. study, sensitivity analyses exclud

ing subjects with a previous diagnosis of CVD, diabetes, 

and/or hypertension did not change the significance 

level.6 High excretion of calcium and magnesium, low 

excretion of urinary acid, and hypercortisolism are the 

main mechanisms that explain the association between 

high DAL and CVD mortality risk.48

Previous studies have demonstrated a tendency 

toward an unhealthy lifestyle in individuals with higher 

DAL,23,34 so it is not known conclusively whether 

higher DAL directly increases mortality risk or having 

unhealthy behaviors like poor diet, lack of physical 

activity, and high BMI in individuals with higher DAL 

leads to an elevated mortality rate. Therefore, causality 

studies are required to establish the role of diet-induced 

acidosis in morbidity and mortality. Both the Golestan 

cohort 14 and the Swedish cohort 6 studies demon

strated a U-shaped relation between DAL and all-cause 
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mortality, indicating that, similarly to excess diet acid

ity, excess diet alkalinity is also positively associated 

with overall mortality. Although in the studies on 

Japanese 12 and American 15 populations, only a high 

DAL had a direct association with mortality. Despite 

the observations that median DAL scores were similar 

in both Japanese and Swedish studies, in the Japanese 

population12 DAL was tightly correlated with the intake 

of vegetables and fruit, while a positive correlation was 

observed for meat, fish, and rice. In the Swedish popula

tion, Xu et al. 6 observed the same result for vegetables 

and fruit, while the correlation between DAL and meat/ 

fish was not significant. Therefore, culture-related diet

ary habits can increase the intake of special food sources 

that affect mortality rates.

This study has some strengths and limitations. The 

present meta-analysis was performed on large-scale 

cohort studies with high-quality scores. All of the 

included studies estimated the associations between 

DAL and mortality with adjustments for potential con

founders such as age, gender, and BMI. In addition, 3 

studies considered physical activity and some dietary 

components as potential confounders and showed the 

association between PRAL and mortality risk independ

ent of their effect. Nevertheless, all studies estimated 

DAL values using memory-based methods such as FFQ 

or 24-hour recall, which could cause bias. Considering 

the few studies included in the meta-analysis, the inter

pretation of the results should be done cautiously. Most 

studies were done on individuals with chronic diseases, 

and accordingly, the subjects may receive some dietary 

recommendations over time to control their disease. In 

addition, all studies examined DAL at baseline and did 

not consider dietary changes during follow-up. Thus, 

the results may not be generalized to healthy popula

tions. Cohort studies with repeated measures of DAL 

over time as well as clinical trials are warranted to estab

lish such a relationship between DAL and mortality.

CONCLUSION

This meta-analysis of data from 6 observational studies 

favors the positive association between PRAL, but not 

NEAP, and all-cause mortality risk, such that per 10 

mEq/d increment in PRAL score, the risk of mortality 

increased up to 3%. Nevertheless, these findings were 

based on observational studies, and whether DAL could 

affect the acid–base balance of the body and subse

quently NCDs should be confirmed in well-designed 

interventional studies.
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