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ABSTRACT 

Background. Metabolic acidosis is a common complication of kidney disease and can result in further disease progression. Alkali 
therapy has been used to treat metabolic acidosis for decades. However, some concerns have been raised regarding its safety and 
long-term tolerability. Existing data suggest that dietary interventions can be bene�cial in the management of chronic kidney disease 
(CKD). This systematic review and meta-analysis aims to summarize �ndings from studies comparing dietary interventions with 

placebo/usual care/no treatment in the management of metabolic acidosis in outpatient adults with CKD. 

Methods. Medline, Embase, Cochrane Central, CINAHL and Web of Science Core Collection were searched from inception to June 2022. 
Our primary outcome measure was change in serum bicarbonate. Any dietary intervention looking to manipulate dietary acid load 
was considered as an intervention. Data screening and extraction were performed by two independent reviewers. Random effects 
meta-analysis was performed to pool data. 

Results. Dietary interventions resulted in clinically signi�cant improvement in serum bicarbonate [mean difference 2.98 (95% con�- 
dence interval 0.77, 5.19); I2 : 91%] and higher estimated glomerular �ltration rate (eGFR) levels [mean difference 3.16 (95% con�dence 
interval 0.24, 6.08); I2 : 67%] compared with controls. Serum potassium, albumin and body mass index remained unchanged. Dietary 
interventions were reported to be safe. Subgroup analyses indicated a superiority of plant-based over non-plant-based interventions 
in the improvement of acid–base balance and eGFR; however, these �ndings are from low-quality and heterogenous studies. 

Conclusion. Our �ndings support the bene�cial effects of dietary interventions aimed at reducing acid or adding base in the man- 
agement of metabolic acidosis and kidney function in adults with CKD, with no adverse effects on serum potassium and nutritional 
status. Well-designed clinical trials looking at the treatment of metabolic acidosis with dietary interventions with a focus on adding 
base through fruit and vegetables are required. 
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GRAPHICAL ABSTRACT 

This study suggests benefits of dietary interventions in the management of metabolic acidosis and 
kidney function with a potential superiority of plant-based over non-plant-based interventions. 

Future well-designed randomized controlled trials are needed to strengthen these findings.

Effects of dietary interventions for metabolic acidosis
in chronic kidney disease: a systematic review

and meta-analysis

Focus of study was to summarize 
findings of RCTs looking at dietary 
interventions in the management
of metabolic acidosis in outpatient 

adults with CKD.

Methods

Mahboobi, S. et al.

NDT (2024)
@NDTSocial

Results
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and metabolic acidosis

Any dietary intervention
vs. control
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and eGFR

Dietary interventions
were reported

to be safe

Subgroup analyses
indicated a superiority of
plant-based interventions

Findings are from
heterogenous and

lower quality studies

Comparators
Dietary

intervention
recipient

Serum bicarbonate and eGFR

KEY LEARNING POINTS 

What was known: 

• Metabolic acidosis is a known complication of advanced kidney disease.

• Alkali therapy is the most common treatment for metabolic acidosis and has substantial pill burden.

• Dietary interventions have been shown to be bene�cial in the management of metabolic acidosis but are not widely prescribed.

This study adds: 

• This study synthesized the best available evidence regarding the effects of dietary interventions on metabolic acidosis in chronic 

kidney disease.

• Dietary interventions could improve acid–base balance and kidney function with the superiority of plant-based over non-plant- 

based interventions.

• Higher quality studies are needed in this regard.

Potential impact: 

• Dietary interventions focusing on plant-based diets can be considered as a potential alternative treatment for metabolic acidosis.

• These interventions are safe and effective, and do not adversely affect nutritional status.

• These interventions can be facilitated through food deliveries.

INTRODUCTION 

Chronic kidney disease (CKD) is a common public health problem 

affecting nearly one in eight individuals worldwide [1 ]. The kid- 

ney’s capacity to excrete the daily acid load is impaired in people 

with CKD [2 ], which leads to metabolic acidosis, one of the �rst 

recognized complications of advanced disease [3 ]. With a de�ni- 

tion of plasma or venous bicarbonate concentration < 22 mmol/L, 

the prevalence of metabolic acidosis is 20% in people with CKD 

Stages G3–G5 [4 ]. If left untreated, metabolic acidosis can lead to 

CKD progression, muscle wasting, bone disease, stimulating in- 

�ammation and increased mortality [5 ]. 

Oral bicarbonate supplementation has been used to correct 

metabolic acidosis for decades [3 ], and has been hypothesized to 

delay the progression of kidney failure [6 ]. A recent meta-analysis, 

including 3695 participants comparing oral alkali therapy with 

placebo or standard of care, showed bene�cial effects of alkali 

therapy in delaying kidney failure and preserving function, with 
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no effects on proteinuria, all-cause mortality and cardiovascular 

events [7 ]. Despite these favorable effects, clinical studies have re- 

ported a number of notable side effects in regard to alkali therapy, 

including gastric discomfort, belching and �atulence [8 ]. The lat- 

est Kidney Disease: Improving Global Outcomes (KDIGO) guide- 

line (2024) for the evaluation and management of CKD adopts a 

more conservative approach regarding alkali therapy in metabolic 

acidosis. It recommends considering pharmacological treatment 

for adults with bicarbonate levels < 18 mmol/L, with or without di- 

etary interventions, while closely monitoring to ensure that serum 

bicarbonate levels do not exceed the upper limit of normal and 

that the treatment does not negatively impact blood pressure con- 

trol, serum potassium levels or �uid status [9 ]. 

Diet has long been known as a key determinant of acid–base 

balance [10 ]. In general, foods like cheese, meat, eggs and grains 

contribute to increased dietary acid load while fruit and vegeta- 

bles (F + V) are considered base producing [11 ]. Previous single- 

center trials have shown that adding base, by incorporating F + V 

into diet, is bene�cial in improving metabolic acidosis and pre- 

serving kidney function, along with indices of cardiovascular dis- 

ease compared with bicarbonate therapy and usual care [12 –14 ]. 

Dietary protein restriction (daily intake < 0.8 g/kg body weight), 

which is a method to reduce dietary acid load, has also been pre- 

scribed in people with moderate to advanced CKD to decrease pro- 

teinuria and improve kidney function [15 ]. A 2019 meta-analysis 

indicated that either oral alkali or reducing dietary acid can slow 

the rate of CKD progression (with low to moderate certainty) [16 ], 

while oral alkali was associated with worsening hypertension or 

requiring anti-hypertensive therapy. There remains a need for a 

comprehensive review of the literature speci�cally examining the 

effects of dietary interventions, with a plan to compare interven- 

tions that add dietary base versus reducing dietary acid, on kidney 

outcomes and acid–base balance, as well as the related compli- 

ance and safety. 

Our purpose was to summarize �ndings from randomized clin- 

ical trials (RCTs) comparing dietary interventions focused on 

adding base, via F + V consumption, with dietary interventions fo- 

cusing on lowering acid load, versus placebo/usual care/no treat- 

ment in the management of metabolic acidosis in outpatient 

adults with CKD. 

MATERIALS AND METHODS 

Study population and eligibility criteria 

The inclusion criteria for studies were as follows: RCTs and cross- 

over randomized trials on adult participants (18 years of age or 

older), with CKD (as diagnosed using any recognized diagnostic 

criteria or author-de�ned) with estimated glomerular �ltration 

rate (eGFR) between 15 and 40 mL/min/1.73 m2 and serum bi- 

carbonate levels of 14–24 mEq/L. Studies were excluded if par- 

ticipants were undergoing dialysis or had chronic obstructive 

pulmonary disease requiring oxygen therapy. 

Interventions and comparators 
Any dietary intervention looking to manipulate dietary acid load 

was considered as an intervention, while usual care/diet, no treat- 

ment or placebo were considered as comparators. 

Outcome measures 
Our primary outcome was change in serum bicarbonate con- 

centrations (mEq/L). Secondary outcomes were systolic blood 

pressure (SBP) and diastolic blood pressure (DBP), heart rate, 

anthropometric measurements, blood urea nitrogen (BUN), cre- 

atinine, eGFR, glucose, albumin, calcium, chloride, phospho- 

rus, potassium, sodium and HbA1c, albumin/creatinine ratio in 

urine samples, quality of life, reported adverse effects, mor- 

tality and KDIGO criteria for acute kidney injury. This sys- 

tematic review also investigated the safety and tolerability of 

dietary interventions, compared with bicarbonate therapy or 

placebo, in the management of metabolic acidosis in people with 

CKD. 

Design and search strategy 

This study was performed in accordance with a prespeci�ed pro- 

tocol registered at PROSPERO ( https://www.crd.york.ac.uk/, regis- 

tration ID: CRD42022342612) and is reported in line with the up- 

dated Preferred Reporting Items for Systematic Reviews and Meta- 

Analyses (PRISMA 2020) [17 ]. 

A knowledge synthesis librarian (N.A.) developed the litera- 

ture search strategy for MEDLINE (Ovid) using a modi�ed ver- 

sion of the SIGN RCT �lter ( www.sign.ac.uk). This strategy was 

then peer-reviewed by a second independent librarian using the 

Peer Review of Electronic Search Strategies (PRESS) checklist [18 ]. 

The �nal search strategy was then adjusted for use in Cochrane 

Central (Ovid), Embase (Ovid), Web of Science Core Collection 

(Clarivate) and CINAHL (EBSCO) and applied from inception to 

June 2022. The search strategy for this systematic review is pre- 

sented in Supplementary data, Table S1. Records retrieved were 

then imported to Covidence (Covidence systematic review soft- 

ware, Veritas Health Innovation, Melbourne, Australia; available 

at www.covidence.org). 

Data extraction and quality assessment 
Data screening was performed by a team of two reviewers 

(S.M., R.M.), independently, through Covidence. Any con�icts 

were resolved by a third reviewer (D.M.). Ineligible citations 

were recorded and the number and reason for exclusion were 

documented at the full text article screening phase. Data were 

extracted in duplicate by two independent reviewers (S.M., T.R.) 

into a form designed using the Extraction 2 feature of Covidence. 

The parameters extracted from selected studies included: (i) 

general information (�rst author, year of publication, geograph- 

ical region); (ii) study characteristics (clinical trial type, number 

of centers, inclusion/exclusion criteria, study aim, number of 

participants, intervention duration, funding source and con�ict 

of interest); (iii) participants’ characteristics (age, sex distribution, 

CKD stage, comorbidities); (iv) details regarding intervention 

and comparators (type, dosage, method of delivery, number of 

participants in each group); (v) data regarding compliance, safety 

and tolerability; and (vi) outcome measures described in previous 

section (pre- and post-intervention or change from baseline 

values for continuous outcomes and number of participants with 

or without event for dichotomous outcomes). 

For incomplete data, we consulted study protocols using the 

reported clinical trial registry identi�ers, and/or contacted study 

authors. Two independent reviewers (S.M., N.T.) evaluated the 

methodological quality of included studies using the Cochrane 

Risk of Bias (ROB) Tool [19 ] via Covidence. The reviewers assessed 

each individual study across seven domains namely: “random se- 

quence generation,” “allocation concealment,” “blinding of partic- 

ipants and personnel,” “blinding of outcome assessment,” “incom- 

plete outcome data,” “selective reporting” and “other bias.” Based 

on these domains, the studies were categorized as having a “low 

risk of bias,” being “unsure” and having a “high risk of bias.” In 
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References from databases/registers (n = 1034)

(as n = 1031 studies*)

Medline (Ovid) (n=185)

Embase (Ovid) (n=407)

Cochrane Central (Ovid) (n=236)

CINAHL with full text (EBSCO) (n=91)

Web of Science Core Collection (n=115)

Figure 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses �owchart of articles for inclusion in the systematic review of dietary 
interventions in the management of metabolic acidosis in adults with chronic kidney disease. 
*Four publications were considered as 1 study, since they were inherently from the same original study. We selected the one with the most 
comprehensive dataset or data collected over the longest duration of follow-up. 

the case of any discrepancies in the judgements, a third reviewer 

(D.M.) was consulted to resolve them. 

The comma-separated values (CSV) of extracted data was then 

exported for further data synthesis. 

Statistical analysis 
For continuous outcomes, means and their standard deviations 

(SDs) were recorded. Whenever SD was not reported directly, we 

calculated them from either standard error (SE) or 95% con�- 

dence interval (CI) using formulas provided in the Cochrane Hand- 

book for Systematic Reviews of Interventions [20 ]. To enter the 

meta-analysis, change from baseline (mean difference) was cal- 

culated for all outcome variables in each arm; the corresponding 

SDs were then imputed using the formula provided in Cochrane 

Handbook for Systematic Reviews of Interventions [21 ]. The cor- 

relation in this formula was assumed to be zero as applied for par- 

allel studies. For dichotomous outcomes, the number of events in 
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each group were recorded to enable us to calculate risk ratios (RR), 

wherever possible. 

One study [22 ] had reported median and its 95% CI for all val- 

ues, so we decided to alternatively include medians in the analy- 

sis, and calculate the corresponding SD using Cochrane formulas 

[20 ] to avoid losing valuable data. 

We applied random effects models to estimate pooled mean 

differences (MDs) and 95% CIs. Statistical heterogeneity was as- 

sessed between the included studies using the I-squared (I2 ) 

statistic [23 ]. Subgroup analysis was performed based on the 

type of intervention (plant-based food interventions vs non-plant- 

based food interventions) to evaluate the effects of dietary inter- 

ventions on serum bicarbonate and eGFR levels, for which enough 

numbers of included studies were available ( n = 3). All analyses 

were performed with R statistical software (version 4.3.1). 

RESULTS 

Characteristics of included studies 
We identi�ed 1037 publications (as 1034 distinct studies) through 

our initial retrieval; after two phases of screening, eight RCTs were 

identi�ed eligible for being included in the review [12 –14 , 22 , 24 –

30 ]. Figure 1 shows a �owchart of study selection. Tables 1 and 2 , 

respectively, present the study characteristics and summarize the 

�ndings among the included studies. A range of dietary interven- 

tions was applied among these studies. Table 3 provides detailed 

information on the dietary interventions and their comparators 

in the included studies. 

Two studies were excluded from quantitative synthesis due to 

quality reasons [26 ] and having inherently different comparators 

from other studies included [12 ]. Ultimately, a maximum number 

of six studies ( n = 644) entered the meta-analysis. From retrievals 

by Goraya et al . [13 , 14 , 24 , 25 ], we incorporated the most com- 

prehensive dataset or data collected over the longest duration of 

follow-up. 

From two intervention arms in studies by Goraya (2021) [25 ] 

and Williams (1991) [29 ], one arm was eligible to enter the meta- 

analysis (F + V delivery, dietary protein and phosphate restriction, 

respectively). 

The quality of included studies 
Supplementary data, Fig. S1 demonstrates the quality of included 

studies using the Cochrane ROB tool. Only two studies had re- 

ported sequence generation [29 , 30 ], while the other �ve had not 

mentioned sequence generation [22 , 12 , 25 , 27 , 28 ]. One study [22 ] 

was categorized as high risk for incomplete outcome data, and 

one [29 ] for selective reporting and other sources of bias. All stud- 

ies [12 , 22 , 25 , 27 –30 ] were rated high risk for blinding of par- 

ticipants and personnel and blinding of outcome assessment. In 

general, �ve out of seven studies were rated high risk of bias in 

three or more domains [22 , 12 , 25 , 28 , 29 ], which indicates the 

overall low quality of studies in this systematic review and meta- 

analysis. 

Outcome variables 
Of our prede�ned outcome variables in the initial study proto- 

col, data were insuf�cient to examine effects on glucose, HbA1C, 

albumin:creatinine ratio, DBP, chloride, sodium, weight, heart rate, 

quality of life and KDIGO criteria for acute kidney injury, to be en- 

tered in the meta-analysis. Therefore, we pooled available data for 

serum bicarbonate, eGFR, serum urea nitrogen (SUN), creatinine, 

albumin, potassium, phosphorus, calcium, body mass index (BMI) 

and SBP. We also performed a narrative synthesis of �ndings, in- 

cluding safety and compliance (Table 2 ). 

Acid–base balance 

Data from six studies [22 , 25 , 27 –30 ] ( n = 644) were pooled for 

evaluating effects of dietary interventions on serum bicarbonate. 

These dietary interventions included a vegetarian supplemented 

very low protein diet (sVLPD) in two studies [22 , 28 ], very low pro- 

tein diet (VLPD) in one study [27 ], low protein and phosphate diet 

in one study [29 ], 6-tip diet (6-TD) in one study [30 ], and F + V 

delivery in one study [25 ]. Based on our meta-analysis, dietary in- 

terventions led to an increase in serum bicarbonate [mean differ- 

ence (MD) 2.98 (95% CI 0.77, 5.19); I2 : 91%] compared with control 

group (Fig. 2 ). 

Kidney function and blood pressure 

We pooled data from up to six studies [22 , 25 , 27 –30 ] that evalu- 

ated effects of dietary interventions on markers of kidney func- 

tion including eGFR/creatinine clearance ( n = 635), SUN ( n = 306) 

and creatinine ( n = 105). Dietary interventions in these studies in- 

cluded vegetarian sVLPD, VLPD, 6-TD, protein and phosphate re- 

striction, and F + V. Pooled data revealed that experimental group 

had an eGFR higher than the control group, post-intervention [MD 

3.16 (95% CI 0.24, 6.08); I2 : 67%] (Fig. 3 ). Pooled data from stud- 

ies targeting SUN levels was indicative of a decrease in SUN in 

intervention group compared with control [MD –40.21 (95% CI –

68.81, –11.61); I2 : 60%] ( Supplementary data, Fig. S2a). Serum cre- 

atinine levels remained unchanged in intervention group com- 

pared with control group [MD –0.26 (95% CI –1.28, 0.76); I2 : 0%] 

( Supplementary data, Fig. S2b). 

Two studies with vegetarian sVLPD and F + V as inter- 

vention ( n = 117) [25 , 28 ] reported SBP. The meta-analysis 

showed that dietary intervention could decrease SBP compared 

with control group [MD –13.10 (95% CI –18.27, –7.94); I2 : 0%] 

( Supplementary data, Fig. S2c). Our pooled analysis showed that 

dietary interventions aimed at reducing acid/adding base did not 

reduce the risk of progression to kidney failure [de�ned by renal 

replacement therapy (RRT) initiation] [RR 0.59 (95% CI 0.24, 1.45); 

I2 : 69%] ( Supplementary data, Fig. S2d). 

Serum phosphorus and calcium 

Three studies [22 , 28 , 30 ] with vegetarian sVLPD and 6-TD as in- 

terventions were available for serum phosphorus ( n = 306) and 

two [22 , 28 ] studies with vegetarian sVLPD targeted serum cal- 

cium ( n = 252). Dietary interventions resulted in a decrease in 

phosphate levels and an increase in calcium levels compared 

with the control group [MD –1.22 (95% CI –2.34, –0.10); I2 : 82%] 

( Supplementary data, Fig. S3a) and [MD 0.51 (95% CI 0.30, 0.73); 

I2 : 0%] ( Supplementary data, Fig. S3b), respectively). 

Safety parameters and adherence 

We pooled data for serum potassium [two studies [22 , 25 ], one 

with vegetarian sVLPD and one with F + V as intervention 

( n = 279)], serum albumin [three studies [22 , 28 , 30 ], two with 

vegetarian sVLPD and one with 6-TD as intervention ( n = 306)] 

and BMI [three studies [22 , 25 , 28 ], two with vegetarian sVLPD and 

one with F + V as intervention ( n = 324)]. Serum potassium, al- 

bumin and BMI remained unchanged in intervention group com- 

pared with control [MD –0.01 (95% CI –0.19, 0.18); I2 : 31%; MD 0.04 

(95% CI –0.17, 0.25); I2 : 61%; MD –0.84 (95% CI –2.09, 0.41); I2 : 49%, 

respectively] ( Supplementary data, Fig. S4a–c). Table 2 summa- 
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rizes a narrative report of safety and adherence to the interven- 

tions in included studies. 

Subgroup analysis 
We originally planned to compare interventions focused on 

adding base via F + V, versus interventions that reduced acid, 

mostly by reducing dietary protein. However, the number of trials 

and the heterogeneity in the interventions did not make this pos- 

sible. We were able to compare interventions focused on increas- 

ing plant-based foods, where the diet was entirely vegetarian or 

where F + V were provided to participants as the intervention, to 

dietary interventions that were not focused on plant-based foods. 

Our subgroup analysis revealed that plant-based food interven- 

tions increased serum bicarbonate levels by 4.79 units [(95% CI 

1.74, 7.85); I2 : 96%] (Fig. 4 a) while non-plant based dietary inter- 

ventions did not increase serum bicarbonate [MD 0.95 (95% CI 

–0.18, 2.08); I2 : 0%] (Fig. 4 b). Furthermore, plant-based food in- 

terventions led to a smaller reduction in eGFR [MD 4.83 (95% CI 

0.65, 9.02); I2 : 68%] (Fig. 5 a) while non-plant-based interventions 

showed no effects on eGFR [MD 0.47 (95% CI –1.17, 2.12); I2 : 0%] 

(Fig. 5 b). A summary of the subgroup analysis results can be found 

in Supplementary data, Table S2. 

DISCUSSION 

This systematic review and meta-analysis of RCTs aimed to iden- 

tify, appraise and synthesize the best available evidence regarding 

the effects of dietary interventions, which reduced dietary acid 

or added dietary base, in the management of metabolic acidosis, 

as well as their safety and compliance, in people with CKD and 

metabolic acidosis. Taken together, these �ndings suggest bene- 

�cial effects of dietary interventions on serum bicarbonate, pa- 

rameters of kidney function, calcium, phosphorus and SBP, with 

no signi�cant effects on albumin, BMI and serum potassium. 

To date, there are no well-established treatments for metabolic 

acidosis, and current clinical practice guidelines do not recom- 

mend a speci�c therapy, or strongly endorse a threshold for treat- 

ment and maintenance [31 ]. Concerns regarding pill burden are 

important in patients with CKD, and dietary interventions, with 

their other pleotropic effects are an appealing alternative man- 

agement strategy. Our �ndings suggest that dietary interventions 

may be effective at treating metabolic acidosis, with minimal ad- 

verse effects and high tolerability. 

For serum bicarbonate, the pooled dietary treatment effect of 

2.98 (0.77, 5.19) mEq/L was similar to the effects seen in studies of 

oral alkali [2.59 (1.51, 3.66)] [32 ] or hydrochloric acid binders [3.08 

(2.40, 3.77)] [33 ]. It is possible that these dietary interventions may 

lead to lower levels of uremic toxins and could therefore delay the 

initiation of dialysis, beyond effects on eGFR alone [34 ]. 

Our subgroup analysis indicated a superiority of plant-based 

dietary interventions over non-plant-based diets in improving 

serum bicarbonate. The common element of plant-based inter- 

ventions in the current meta-analysis is F + V, which has the most 

base-producing potential [35 ]. 

As per suggestions from the current KDIGO guideline, pharma- 

cological therapy (with or without dietary interventions) is war- 

ranted for adults with clinical implication (serum bicarbonate 

levels < 18 mEq/L) [9 ]. From all studies included in this review, 

one study (Garneata 2016) had participants who met this KDIGO 

criteria in which sVLPD was shown to improve serum bicarbonate 

levels, compared with LPD [22 ]. Nevertheless, in studies included, 

all levels of serum bicarbonate have been randomized and our 
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Table 3: Detailed summary of the dietary interventions and their comparators in the included studies. 

Study Intervention Comparator 

Williams 1991 [29 ] I-1: LPD (dietary protein and phosphate restriction 

with 0.6 g/kg BW/day protein and 800 mg/day 

phosphate); I-2: dietary phosphate restriction only 

(1000 mg/day phosphate) 

Neither protein nor phosphate restriction 

Gennari 2006 [27 ] (Study B) VLPD (0.28 g/kg BW/day protein, supplemented with 

a mixed salt preparation of basic AAs, totaling 

0.28 g/kg BW/day) 

LPD (0.575 g/kg BW/day protein with 65% of protein 

from high biologic value sources) 

Mircescu 2007 [28 ] sVLPD (0.3 g/kg BW/day of vegetable proteins and 

ketoanalogs of EAAs) 

Conventional LPD (0.6 g/kg BW/day protein, including 

high biological value proteins) 

Goraya 2013 [12 ] F + V (fruit and vegetables, free of charge, to reduce 

dietary PRAL by half) 

Alkali therapy [oral NaHCO3 (1.0 mEq/kg BW/day)] 

Pisani 2016 [30 ] 6-TD (this 6-TD intervention, was a list of 6 simple 

points that guided participants to modify their 

dietary habits (like avoiding salt, dairy, sausages, 

salami, limiting �sh, meat and egg, replacing 

regular noodle/bread with hypoproteic foods); all 

participants were also encouraged to eat F + V 

during their 3 daily meals, no further nutritional 

counseling thereafter + pharmacological 

therapies) 

Standard LPD (a standard diet with 0.8 g of 

protein/kg BW/day, minimum 30 kcal/kg BW/day 

(25 in overweight patients), 3–6 g NaCl/day, and 

hypoproteic noodle and bread); written standard 

diet not customized to patients’ dietary habits—no 

further nutritional counseling 

thereafter + pharmacological therapies 

Garneata 2016 [22 ] sVLPD [0.3 g/kg BW/day protein + ketoanalogs of 

EAAs 0.125 g/dry BW/day (Ketosteril)] 

Conventional LPD (0.6 g/kg BW/day protein, including 

high biological value proteins) 

Goraya 2021 [25 ] I-1: F + V (fruit and vegetables, free of charge, to 

reduce dietary PRAL by half); I-2: alkali therapy 

[oral NaHCO3 (0.3 mEq/kg BW/day)] 

Usual care (treated according to extant guidelines 

but without dietary acid reduction therapy) 

BW, body weight; EAA, essential amino acid; I, intervention; PRAL, potential renal acid load; sVLPD, severe hypoproteic diet supplemented with ketoanalogs. 

CI, Confidence interval; SD, Standard deviation

Figure 2: Effect of dietary interventions aimed at reducing acid and/or adding base on acid-base balance (serum bicarbonate). 

�ndings from this review indicates that dietary interventions can 

be advised in people with all levels of serum bicarbonate (regard- 

less of their need for pharmacological treatment), provided they 

are considered safe in terms of other aspects. To be able to draw 

more solid �ndings with this regard, RCTs with adequate sample 

size and proper design are needed. 

Our overall analysis did not show change in requirement of 

RRT from the dietary interventions, however we did not have data 

on the timing of dialysis initiation (eGFR) in any of the studies. 

Findings from our analysis are suggestive of a bene�cial effect 

of dietary interventions on parameters of kidney function. Our 

overall analysis suggests that dietary interventions may help pre- 

serve eGFR and prevent its decline. In subgroup analysis, increas- 

ing plant-based food interventions [22 , 25 , 28 ] were more effective 

in preserving eGFR than non-plant based food interventions [27 , 

29 , 30 ]. It is dif�cult to provide a safe eGFR above which most indi- 

viduals can safely consume plant-based diets in this study. How- 

ever, this is important to note that the largest study in our review 

[Garneata (2016), N = 207] had the baseline eGFR range 18 [inter- 

vention: 18 (15.5, 20.1); control: 17.9 (14.3, 19.3)]—which was also 

the lowest eGFR among included studies. This �nding is supported 

by recent studies that showed bene�cial effects of vegetarian diets 

on kidney function [36 –38 ]. 

Our pooled analysis also showed that dietary interventions im- 

proved SBP compared with control group with very low hetero- 

geneity. This is in line with research into the Dietary Approaches to 
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CI, Confidence interval; eGFR, estimated Glomerular Filtration Rate; SD, Standard deviation

Figure 3: Effect of dietary interventions aimed at reducing acid and/or adding base on eGFR. 

CI, Confidence interval; SD, Standard deviation

a

b

Figure 4: Subgroup analysis: effects of plant-based food interventions (a) vs. non-plant based food interventions (b) on serum bicarbonate. 

Stop Hypertension (DASH) diet which is strongly associated with 

lowered blood pressure (BP) [39 ] and is the most typical dietary in- 

tervention strategy for BP control [40 ]. Part of the attributed anti- 

hypertensive effect of DASH diet can be related to high potassium 

content and reduced dietary acid load [41 ]. 

It is important to note that serum potassium was not affected 

by the dietary interventions in the pooled analysis, despite the 

increases in F + V consumption in many of the interventions such 

as the vegetarian sVLPD [22 ] and F + V delivery [25 ]. One potential 

explanation of this �nding is that although potassium content of 

different foods is chemically equivalent, the distribution within 

the body and excretion of potassium is in�uenced by the other 

nutrients. Furthermore, the largest study in this meta-analysis 

[Garneata (2016), N = 207], had no serum potassium restric- 

tion in the eligibility criteria with no adverse events related to 

hyperkalemia [22 ]. Hence, potassium-rich plant-based foods 

might contribute to a higher intracellular distribution of dietary 

potassium, due to their ability to contribute dietary base and the 

stimulation of insulin from the accompanying carbohydrate, and 

a higher fecal excretion of potassium due to their �ber content 

[42 ]. We also found that dietary interventions reduced serum 

phosphate and increased serum calcium, thereby potentially 

adding another mechanism of improving kidney and cardiac 

function and outcomes. 
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CI, Confidence interval; eGFR, estimated Glomerular Filtration Rate; SD, Standard deviation

a

b

Figure 5: Subgroup analysis: effects of plant-based food interventions (a) vs. non-plant-based food interventions (b) on eGFR. 

Previous meta-analyses have evaluated the effects of dietary 

interventions on CKD progression [43 –45 ]. Our meta-analysis fo- 

cused on studies looking into the effects of dietary acid–base 

modi�cation on different parameters in CKD including bicarbon- 

ate, eGFR, potassium and markers of mineral metabolism. To our 

knowledge, one similar meta-analysis was conducted by Nava- 

neethan et al . in 2019 evaluating effects of treatments of metabolic 

acidosis, including oral alkali supplementation or dietary inter- 

vention in CKD and found that these interventions signi�cantly 

increased serum bicarbonate, reduced the rate of decline in eGFR, 

and reduced the risk of progression to end-stage renal disease 

[16 ]. Our �ndings can be applied as a complementary to the study 

by Navaneethan et al . We focused on dietary interventions and 

incorporated all possible data from Goraya (2013) [12 ] and Gar- 

neata (2019) [26 ] in the narrative synthesis in addition to the up- 

dated �ndings from Goraya (2021) [25 ]. Since compliance to diet 

is always a challenge [46 ], in our review we summarized available 

�ndings about compliance to dietary acid reduction which can be 

helpful in designing future studies in this area. 

Our study has several limitations. Like all meta-analyses, the 

quality of our �ndings is dependent on the methodology of indi- 

vidual studies. The overall quality of the studies was low, how- 

ever, the high-risk rating due to lack of blinding of participants 

and personnel should be interpreted cautiously and balanced 

against the nature of certain dietary interventions which make 

that inherently dif�cult, if not impossible, to blind in many cir- 

cumstances. Furthermore, signi�cant heterogeneity was observed 

for our main outcome (serum bicarbonate), as well as eGFR, RRT 

initiation, serum phosphorus and serum potassium. This hetero- 

geneity could be related to the variety in dietary interventions, 

comparators, trial populations and geographical regions. We were 

able to perform subgroup analyses for two variables (serum bicar- 

bonate and eGFR) based on dietary intervention type. Although 

the heterogeneity remained high in the increasing plant-based 

food subgroup, we believe the �ndings are still valuable and infor- 

mative. We also have to acknowledge that although practical and 

widely used, serum bicarbonate may not be enough for evaluating 

acid–base balance in people with CKD; and studies suggest a com- 

plete measurement of acid–base indices for accurate assessment 

of acid–base status in people with CKD [47 ]. Future high quality 

studies with proper design and selection of accurate parameter 

will help in providing further understanding of the effects of di- 

etary intake on parameters related to CKD. In order to overcome 

the limitations we faced in this meta-analysis, we complemented 

our quantitative results with a narrative synthesis of the �ndings 

(Table 2 ) to be able to draw more inclusive interpretation and we 

believe that reviewing the current limitations in the evidence can 

inform future high-quality research in this area. 

Overall, our systematic review and meta-analysis is suggestive 

of the bene�cial effects of dietary interventions aimed at reducing 

acid and/or adding base in the management of metabolic acido- 

sis, kidney function, blood pressure, calcium and phosphate with 

no adverse effects on serum potassium and nutritional status. 

Furthermore, our subgroup analysis indicated a superiority of in- 

creasing plant-based foods in improving serum bicarbonate and 

preserving eGFR, over non-plant-based food interventions. Future 

large well-designed studies focusing on adding dietary base via 

F + V are needed to strengthen these �ndings. 

SUPPLEMENTARY DATA 

Supplementary data are available at Nephrology Dialysis

Transplantation online. 
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