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PREFACE 

This dissertation is written in article format and consists of the following four chapters: Chapter 1 

is an introduction to the topic. Chapter 2 is a detailed literature review on the topic. Chapter 3 

entails an article prepared for submission to the Journal of Renal Nutrition titled: ―Effect of fruit 

and vegetable intake on the progression of kidney failure in adults with chronic kidney disease: 

A systematic review‖ written according to the author‘s instructions of the journal by Jacomie Nel, 

MSc student. Dr Robin Dolman and Dr Martani Lombard are the co-authors of the article. 

Chapter 4 is a narrative systematic review following the findings of the systematic review. The 

article is also prepared for submission to the Journal of Renal Nutrition and is titled: ―Dietary 

patterns and progression of kidney failure and mortality in adults with chronic kidney disease: A 

narrative systematic review.‖ Chapter 5 consists of a general discussion of the findings of the 

study together with recommendations and conclusion. 
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supervision of Dr Robin Dolman and Dr Martani Lombard. 
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ABSTRACT 

Background: Dietary intervention has been a significant part of chronic kidney disease (CKD) 

treatment with the emphasis on reducing protein, sodium, phosphorus, and potassium intake, 

limiting fruit and vegetable consumption. These dietary recommendations are very restrictive 

and difficult to comply with. Recent evidence shows that fruit and vegetable intake might be a 

cost-effective and acceptable management option for patients with CKD and that overall healthy 

dietary patterns rich in fruit and vegetables may improve clinical outcomes of these patients.  

The aim of the current study was therefore to perform a systematic review that investigated the 

effect of various fruit and vegetables on specified clinical outcomes of patients with CKD. 

Methods: Two systematic reviews were performed. The first aimed to investigate the effect of 

fruit and vegetable intake on clinical outcomes of patients with CKD, especially on estimated 

Glomerular Filtration Rate (eGFR). Randomised controlled trials (RCTs) of the effect of fruit and 

vegetable intake on blood pressure, metabolic acidosis and eGFR in adult patients with CKD 

(eGFR <60 ml/min/1.73m2) published before April 2019 were included. Control groups received 

usual care. The aim of the second narrative systematic review was to investigate the effect of 

dietary patterns on clinical outcomes of patients with CKD, especially the progression of kidney 

failure. Cohort studies with an adult population with CKD not receiving dialysis, published before 

July 2019, were included. The searches for both studies were systematically performed on 

EBSCO Host, Google Scholar, MedLine, Pubmed, Science Direct, Scopus and The Web of 

Science on studies and The Cochrane Central Register of Controlled Trials using keywords and 

MeSh terms. 

Results: Two studies with a total of 143 participants were included in the systematic review of 

RCTs. The eGFR of the fruit and vegetable group in the first study was the same as that of the 

group receiving oral sodium bicarbonate (NaHCO3) after one year (Goraya et al., 2013). The 

eGFR was also significantly higher in the fruit and vegetable group when compared with usual 

care. The included studies found a significant reduction in body weight, systolic blood pressure 

and potential renal acid load (PRAL) when compared to baseline and to control group, and 

significant improvement in plasma total carbon dioxide (TCO2) in the fruit and vegetable group 

when compared to baseline. Fruit and vegetable intake had no effect on plasma potassium 

when compared to baseline and/or to the control group in both the studies included. Five 

observational studies with a total of 8 649 participants were included in the narrative systematic 

review of cohort studies. Four of the included studies found that a higher plant-based dietary 

pattern and intake of fruit and vegetable reduce all-cause mortality in patients with CKD when 

compared with the lowest quintile intake. 
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Conclusion: Fruit and vegetables are just as effective in delaying the progression of kidney 

failure as NaHCO3 in CKD patients with metabolic acidosis, without producing hyperkalaemia. 

Dietary patterns rich in fruit and vegetables are associated with lower mortality rates in patients 

with CKD, but further well-designed trials with clearly defined portion sizes and quantities of fruit 

and vegetable intake or dietary pattern are needed. 

Keywords: Chronic kidney disease, dietary patterns, fruit intake, vegetable intake, metabolic 

acidosis, GFR 
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CHAPTER 1  INTRODUCTION 

1.1 Background 

Chronic kidney disease (CKD) occurs when kidney function fails to return to normal after acute 

kidney injury (AKI). It can also be caused by progressive renal decline as a result of disease 

(Willis et al., 2012). The most common causes of CKD include diabetes mellitus (DM), 

hypertension (HPT) and cardiovascular disease (CVD) (Fishbane et al., 2015). The conditions 

set by Kidney Disease Improving Global Outcomes (KDIGO) to describe CKD are: decreased 

renal function (estimated glomerular filtration rate (eGFR) <60 ml/min/1.73m2) present for longer 

than three months, or indicators of kidney damage such as albuminuria (albumin to creatinine 

ratio (ACR) >30 mg/24hours or ACR >3 mg/mmol), urine sediment abnormalities, electrolyte 

and other abnormalities due to tubular disorders, abnormalities detected by histology, or 

structural abnormalities detected by imaging (Willis et al., 2012; Hill et al., 2016).  

Chronic kidney disease is a major health concern globally, affecting about 10% of the world's 

population (Hill et al., 2016) and the incidence increases approximately 8% annually (Tonelli et 

al., 2016). It can be estimated that five million South Africans older than 20 years of age have 

CKD, and in black South Africans, the figure is even higher (Meyers, 2015). Statistics indicate 

that the prevalence of DM, HPT and CVD will continue to rise, particularly in developing 

countries. Chronic non-communicable diseases (NCDs) are the number one cause of death and 

mortality worldwide (Alwan et al., 2010), resulting in 40.5 million (70%) deaths globally in 2016 

(WHO, 2018). More than 40 million people had DM in 2015 (Mokdad, 2017). The prevalence of 

DM is almost 11% in most countries and caused 1.6 million deaths globally in 2016 (WHO, 

2018). More than 75% of all deaths caused by NCDs occur in low- and middle-income countries 

(WHO, 2018). Cardiovascular disease was the main contributor in 2016, causing 17.9 million 

deaths or 44% of all NCD deaths (WHO, 2018). As the prevalence of DM, HPT and CVD rises, 

so will the global burden of CKD (Fishbane et al., 2015).  

Renal replacement therapy (RRT) (dialysis or kidney transplant) is the only treatment for the 

final stage of CKD, with enormous cost to individuals and national health budgets (Matsha et al., 

2013). A large proportion of people in low- to middle-income countries does not have health 

insurance and access to health care is limited (George et al., 2017). By December 2012, 8 559 

patients were receiving chronic RRT in South Africa, of which 6 952 were on dialysis and 1 607 

received a functioning kidney transplant (Meyers, 2015). Because of limited resources, only 15–

20% of the patients in South Africa who require RRT obtain such treatment. In 2015, it was 

estimated that the approximate annual cost of dialysis was R 200 000 per patient, while that of 
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transplantation was R 300 000 in the first year, and R 160 000 to R 180 000 in subsequent 

years (based on 2014 figures) (Meyers, 2015). A systematic review on outcomes in adults and 

children with end-stage renal disease (ESRD) requiring dialysis in sub-Saharan Africa found 

that most patients with ESRD who start dialysis, discontinue treatment passed away as a result 

of the unaffordable cost (Ashuntantang et al., 2017). Only 19% of adult patients received kidney 

transplantations (Ashuntantang et al., 2017).  

Furthermore, because of the increased risk and added costs of CVD, including heart failure, 

myocardial infarction (MI) and stroke, it is essential to prevent the decline of eGFR in patients in 

any stage of CKD (Fishbane et al., 2015). The risk of cardiac death is increased by 46% in 

people with eGFR levels between 30–60 ml/min/1.73m2, independent of traditional 

cardiovascular risk factors (Bidani & Griffin, 2011). The cardiovascular mortality risk increases 

by 5% with every 10 mL/min/1.73m2 decrease in eGFR (Subbiah et al., 2016). The term cardio-

renal syndrome (CRS) has been used to describe the overlapping clinical conditions in heart 

and kidney dysfunction (Tonelli et al., 2016; Di Lullo et al., 2017). Ageing, albuminuria, DM, 

dyslipidaemia, HPT, obesity and smoking are some of the traditional risk factors contributing to 

CVD in CKD patients (Subbiah et al., 2016; Tonelli et al., 2016). Besides the traditional risk 

factors, uraemia-specific factors also contribute to CKD and CVD (Stenvinkel et al., 2008; 

Stinghen et al., 2015; Subbiah et al., 2016; Tonelli et al., 2016). Anaemia, albuminuria, 

abnormal bone and mineral metabolism, inflammation, oxidative stress and endothelial 

dysfunction are examples of uraemia-specific factors that arise from accumulating toxins 

contributing to CKD (Alani et al., 2014). 

Metabolic acidosis is frequently observed in patients with CKD and may be present in 30–50% 

of patients in stages 4 or 5 with eGFR <30ml/min/1.73m2 (Chen & Abramowitz, 2014; De Brito-

Ashurst et al., 2015). Kraut & Medias (2010) define metabolic acidosis as a primary reduction in 

serum bicarbonate (HCO3
–) concentration, a secondary decrease in the arterial partial pressure 

of carbon dioxide (PaCO2) of ~1 mmHg for every 1 mmol/l fall in serum HCO3
– concentration, 

and a reduction in blood pH. Metabolic acidosis occurs when the mechanism regulating the 

acid-base in the body or the renal acidification mechanisms are compromised as a result of 

increased production of non-volatile acids or a loss of bicarbonate (Kraut & Medias, 2010; Chen 

& Abramowitz, 2014). It was found that for the 3 939 participants in stages 2 to 4 CKD who 

enrolled in the Chronic Renal Insufficiency Cohort (CRIC) study conducted in the United States, 

every 1 mEq/L higher serum bicarbonate level was associated with a 3% lower risk of 

developing the investigated renal endpoint (progression of ESRD or a 50% decline in eGFR) 

during follow-up (Dobre et al., 2013). There are various mechanisms proposed by which 

metabolic acidosis and/or a high dietary acid load may contribute to the progression of kidney 
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disease (Chen & Abramowitz, 2014). These include ammonia-induced complement activation 

and increased production of endothelin (ET) and aldosterone (Chen & Abramowitz, 2014; De 

Brito-Ashurst et al., 2015). 

Historically, medical nutrition therapy (MNT) has been a significant part of CKD management 

and treatment, with emphasis on reducing protein, sodium, phosphorus, and potassium intake, 

limiting fruit and vegetable consumption (Gutierrez et al., 2014). For the purpose of this mini-

dissertation, the emphasis will be on potassium and phosphorus intake only as this is the focus 

of this research project. Patients who are advised to follow a low potassium diet (2 000 to 3 000 

mg/d) are traditionally advised to avoid high potassium foods such as nuts, seeds, beans, peas, 

legumes and many fruit and vegetables that contain >200 mg potassium per serving, such as 

avocados, grapes, kiwi, mango, melon, nectarine, prunes, butternut, mushrooms, potato and 

sweet potato (NKF, 2017; St-Jules et al., 2016). Although potassium restrictions are widely 

prescribed, there seems to be little evidence to support the premise that a high dietary 

potassium intake is actually associated with high serum potassium levels (Noori et al., 2010; 

Korgaonkar et al., 2010; Goraya et al., 2013; Selamet et al., 2016; Chang & Anderson, 2017; 

Snelson et al., 2017). 

Phosphate intake is restricted in patients with stages 3 to 5 CKD and, while evidence shows 

that phosphorus is strongly associated with CVD, progression of CKD and death, there is very 

little evidence to link dietary phosphorus intake directly to adverse clinical outcomes (Murtaugh 

et al. 2012; Selamet et al., 2016; Chang & Anderson, 2017; Chang et al., 2017). Phosphate 

restrictions are hard to comply with as organic phosphate is found mainly in protein-rich food 

such as legumes, meat, poultry, fish, eggs and dairy products (Snelson et al., 2017). Legumes 

have the lowest bioavailability of phosphorus – about 40% (Chang & Anderson, 2017). Dairy 

products have a bioavailability of 30–60% and meat products up to 80% (Snelson et al., 2017), 

whereas almost 100% of the phosphorus in food additives is absorbed (Bell et al., 1977; Chang 

& Anderson, 2017). Because protein is a great source of dietary phosphate, patients will have to 

restrict protein intake in order to restrict phosphate intake. Protein restrictions may contribute to 

the development of protein-energy malnutrition in CKD patients (Cannata-Andia et al., 2000; 

Kates et al., 1997). 

Evidence shows that fruit and vegetables intake improve metabolic acidosis, decrease systolic 

blood pressure (BP) and decrease kidney damage in stage 4 CKD without causing 

hyperkalaemia (Goraya et al., 2013). De Brito-Ashurst et al. (2015) found that correcting 

acidosis decreases progression of renal failure, improves nutritional status and also improves 

the well-being and quality of life of CKD patients. Studies that focus on overall dietary patterns 
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to predict CVD and cardiovascular risk found favourable outcomes in participants with a higher 

consumption of fruit, vegetables, legumes, whole grains, poultry and fish and a lower 

consumption of red meat, salt, and refined sugars (Widmer et al., 2015; Kelly et al., 2017). 

Western eating patterns generally considered to be high in red - and processed meat, sugary 

snacks, fried food and refined carbohydrate have been shown to produce a high dietary acid 

load, which leads to reduced kidney function by causing metabolic acidosis or subclinical acid 

retention (Kraut & Medias, 2010; Chen & Abramowitz, 2014). Cheese, meat, eggs and grains 

are the common foods known to provide a high dietary acid load, while fruit and vegetables are 

more base producing (Chen & Abramowitz, 2014; Scialla & Anderson, 2013). 

A high dietary acid load enhances eGFR regression by increasing kidney ET and aldosterone 

production, while dietary alkali improves eGFR (Chen & Abramowitz, 2014; Goraya & Wesson, 

2014; Scialla & Anderson, 2013). A higher fruit and vegetable intake results in lower net 

production and retention of hydrogen ions, with better preservation of kidney function (Adeva & 

Souto, 2011). Increased vegetable intake may have favourable effects on phosphorus 

metabolism in CKD. Phosphate from foods of plant origin is much less efficiently absorbed by 

the intestine due to the lower bioavailability of phytate compared to phosphate from foods of 

animal origin, in particular, processed foods (Chang & Anderson, 2017). The HPT reduction 

effect of fruit and vegetables is another mechanism by which they can preserve kidney function 

(Dauchet et al., 2006; He et al., 2007). Increased fruit and vegetable intake also increase fibre 

intake, which improves the levels of uraemic toxins in patients with CVD (Snelson et al., 2017). 

As mentioned earlier, there is little evidence indicating that phosphate intake is associated with 

serum phosphate concentrations in CKD stages 3 to 5, and that higher phosphate intake is 

linked to ESRD, CVD or all-cause mortality in patients with CKD stages 3 to 5 (Selamet et al., 

2016). Restricting phosphate also means restricted protein intake, which is associated with 

malnutrition and higher mortality rates in CKD patients; for this reason, consideration of the 

phosphate to protein ratio of food is recommended to ensure that patients will receive enough 

protein while controlling phosphate intake (Selamet et al., 2016; Snelson et al., 2017). 

Fruit and vegetable intake might, therefore, be a cost-effective and acceptable management 

option for patients with CKD but the quantity and types of fruit and vegetables suitable during 

each stage of CKD are not well defined. Therefore, the aim of this dissertation was to 

investigate the current evidence available on the effect of fruit and vegetable intake on clinical 

outcomes of patients with CKD. 
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1.2 Study aim and objectives  

The aim of this study was to perform a systematic review of studies that investigate the effect of 

various fruit and vegetable portions  specified/identified clinical outcomes of patients with CKD. 

The following specific objectives were identified: 

1. To conduct a detailed search on randomised controlled trials (RCTs) meeting the 

inclusion criteria.to identify relevant studies. 

2. To evaluate included studies regarding risk of bias and quality. 

3. To conduct meta-analysis if possible. 

1.3 Clinical outcomes that were investigated in this study  

• eGFR 

• Metabolic acidosis (Potential renal acid load (PRAL), plasma total carbon dioxide 

(PTCO2)) 

• Systolic BP 

• ESRD or commencement of dialysis 

• Mortality 

1.4 Structure of this dissertation 

Chapter 1 is an introduction to the topic and describes the aims, objectives, clinical outcomes 

and structure of the dissertation, as well as the research output and contributions of the 

members of the research team. The ethical approval documents for this dissertation can be 

found in Annexure A. 

Chapter 2 consists of a literature review of the topic. This includes a discussion of the definition 

and stages of CKD, the prevalence and impact of CKD, the link between CKD and CVD, 

metabolic acidosis in CKD and medical nutrition therapy (MNT) in CKD, looking specifically at 

the current nutritional recommendations for patients with CKD, potassium and phosphorus 

intake and the protein to phosphorus ratio. 

Chapter 3 is an article prepared for submission to the Journal of Renal Nutrition titled: ―Effect of 

fruit and vegetable intake on the progression of kidney failure in adults with chronic kidney 
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disease: A systematic review‖. The study eligibility criteria and data extraction form can be seen 

in Annexure B and C respectively. This article has been written according to the instructions of 

the journal to authors as seen in Annexure D. It is a systematic review of randomised controlled 

trials (RCTs). This systematic review has been registered on the PROSPERO register with 

registration number: CRD42019145160. 

Chapter 4 is a follow-up narrative systematic review to further expand on the findings. This is a 

narrative systematic review of cohort studies to investigate the effect of dietary patterns on the 

progression of kidney disease and mortality in adults with CKD. The original systematic review 

(Chapter 3) was conducted only on RCTs, whereas observational studies were used for this 

review. Very few RCTs were conducted on this topic because of the severity of the disease. It 

was decided to add this additional chapter of observational studies to address the gaps in the 

RCTs. The observational studies included are of value as they provide longer follow-up data 

and larger sample sizes. This review is also prepared for submission to the Journal of Renal 

Nutrition and is titled: ―Dietary patterns and progression of kidney failure and mortality in adults 

with chronic kidney disease: A narrative systematic review.‖ 

Chapter 5 consists of a general discussion of the findings of the study, together with 

recommendations for future studies and conclusion. 

Chapters 1, 2 and 5 were referenced according to the NWU Harvard style, whilst chapters 3 and 

4 were referenced according to the American Medical Association style and format according to 

the specifications to authors for publication in the Journal of Renal Nutrition (Annexure D). The 

references for each chapter are found at the end of the chapter. The certificate of language 

editing can be seen in Annexure E. 

1.5 Research output 

These systematic reviews will be submitted to the Journal of Renal Nutrition for publication. It is 

further anticipated that the results will be presented at relevant national and/or international 

conferences. 
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1.6 Contributions of the members of the research team 

The contributions of the members of the research team can be seen in Table 1.1. 

Table 1-1: Research team particulars 

Name 

 

Qualification Professional 

registration* 

Role and responsibility 

Jacomie Nel B.Sc. Dietetics DT0022020 

 

M.Sc. student 

Developed a research proposal and 

title for study. Set problem statement, 

aims and objectives. Data search, 

data extraction, critical appraisal of the 

data extracted and statistical analysis. 

Writing of protocol, literature study 

and systematic review. Compiling of 

dissertation and editing of articles 

according to journal specifications. 

Dr R. Dolman PhD Dietetics DT0011738 Supervisor 

Critically appraised the data extracted 

and supported student in the writing of 

the protocol and systematic review. 

Provided expert advice on CKD and 

CVD. 

Dr M. 

Lombard 

PhD Dietetics DT0014702 Co-Supervisor 

Critically appraised of the data 

extracted and supported student in the 

writing of the protocol and systematic 

review. Provided of expert advice on 

systematic reviews and meta-analysis 

B.Sc.: Bachelor of Science, CKD: chronic kidney disease, CVD: cardiovascular disease, Dr: doctor, M.Sc.: Master of Science, PhD: 

Doctor of Philosophy *Registered at the Health Professionals Council of South Africa (HPCSA). 
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CHAPTER 2  LITERATURE REVIEW 

2.1 Introduction  

Chronic kidney disease (CKD) occurs when kidney function fails to return to normal after acute 

kidney injury (AKI), or can be caused by progressive renal decline as a result of disease (Willis 

et al., 2012). Diabetes mellitus (DM), hypertension (HPT) and cardiovascular disease (CVD) are 

the most common causes of CKD (Fishbane et al., 2015). Patients suffering from CKD are at 

increased risk of the development of CVD and have an 8- to 10-fold increased risk of 

cardiovascular mortality (Fishbane et al., 2015) and developing end-stage renal disease 

(ESRD). Proteinuria, metabolic acidosis and HPT are three of the potentially modifiable risk 

factors in CKD. Traditional dietary treatment of CKD has focused on reducing protein, sodium, 

phosphorus and potassium intake, limiting fruit and vegetable intake (Willis et al., 2012; 

Gutierrez et al., 2014). Alkali treatment (bicarbonate and fruit and vegetable intake), however, 

seems beneficial in reducing metabolic acidosis in patients with CKD (Scialla & Anderson, 

2013). Studies have found that fruit and vegetables reduce metabolic acidosis, decrease 

systolic blood pressure (BP) and decrease kidney damage in CKD, without causing 

hyperkalaemia (Goraya et al., 2013; Goraya et al., 2013). In this review of the literature, the 

effect of fruit and vegetable intake on the progression of CKD be investigated and discussed. To 

do so, the link between CKD and CVD is explored. Dietary patterns and the quantity of fruit and 

vegetable intake most beneficial in CKD and CVD treatment is discussed. The occurrence and 

treatment of metabolic acidosis in CKD are included, as well the effect that micronutrient intake, 

specifically of potassium and phosphate, has on CKD progression. 

2.2 Prevalence and impact of chronic kidney disease  

Chronic kidney disease is a global health concern affecting about 10–13% of people (Hill et al., 

2016), with a rising incidence of approximately 8% annually (Tonelli et al., 2016). A recent 

systematic review and meta-analysis of CKD prevalence globally by Hill et al. (2016), found a 

prevalence of 13.4% in all five stages of CKD. The review included 100 studies of diverse 

quality, comprising 6,908,440 participants. Regarding sub-Saharan Africa, a meta-analysis 

which included 90 articles with data for 21 countries (South Africa, Nigeria and Ethiopia covered 

half of the data), reported an estimated CKD prevalence of 13.9% (Stanifer et al., 2014). 

It is speculated that the incidence of CKD in South Africa is 3- to 4-fold higher than in developed 

countries (Naicker, 2010). The reason for this is that CKD is disproportionately associated with 

low-income status, with increased risk of albuminuria, progression of CKD and ESRD (Fishbane 
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et al., 2015) and therefore the fastest increase in CKD is expected in developing countries 

(Tonelli et al., 2016). This is due to non-infectious diseases (mainly T2DM and HPT), infectious 

diseases and poor health care (George et al., 2017). A 2018 meta-analysis of 98 studies 

involving 98 432 participants found an overall CKD prevalence of 15.8% on the African 

continent (Kaze et al., 2018). It is predicted that five million South Africans older than 20 years 

of age have CKD, and in black South Africans, the figure is even higher (Meyers, 2015). In a 

study by Matsha et al. (2013) in the Western Cape, the prevalence of CKD stages 3 to 5 was 

14.8%.  

Chronic Non-Communicable Diseases (NCDs) are the number one cause of death and mortality 

worldwide (Alwan et al., 2010), resulting in 40.5 million (70%) deaths globally in 2016 (WHO, 

2018). The prevalence of DM is almost 11% in most countries and caused 1.6 million deaths in 

2016 (WHO, 2018). More than 75% of all deaths caused by NCDs occur in low- and middle-

income countries (WHO, 2018). Cardiovascular disease was the main culprit in 2016, causing 

17.9 million deaths or 44% of all NCD deaths (WHO, 2018). As mentioned earlier, the main 

causes of CKD are DM, HPT and CVD. Statistics indicate that the prevalence of these main 

causes of CKD will continue to rise, particularly in developing countries (Alwan et al., 2010; 

Mokdad, 2017; WHO, 2018). This will most probably result in increasing the global burden of 

CKD even further. In addition, the presence of CKD in patients with CVD is associated with 

premature mortality. The risk of cardiac death is increased by 46% in people with estimated 

glomerular filtration rate (eGFR) levels between 30-60 ml/min/1.73m2, independent of traditional 

cardiovascular risk factors (Bidani & Griffin, 2011).  

The medical management in early stages of CKD, prior to reaching the stage where dialysis or 

transplantation is needed, surpasses medical costs of other chronic conditions such as stroke 

and cancer (Small et al., 2017). The final stage of CKD requires renal replacement therapy 

(RRT), including dialysis and kidney transplant, at enormous cost to individuals and national 

health budgets (Matsha et al., 2013). Developed countries spend 2 to 3% of their entire national 

health-care budget on treatment for ESRD. It is estimated that 2 million people worldwide 

receive RRT to prolong life (Fishbane et al., 2015). A small number of individuals have health 

insurance in low- to middle-income countries, and access to health care is limited (George et al., 

2017).  

Consequently, an estimated one million people die from untreated ESRD each year (Meyers, 

2015). By December 2012, 8 559 patients were receiving chronic RRT in South Africa – 6 952 

on dialysis and 1 607 with a functioning kidney transplant (Meyers, 2015). Only 15–20% of the 

patients in South Africa who require RRT obtain such treatment, due to limited access to 
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treatment. In 2015, the approximate annual cost of dialysis was estimated at R 200 000 per 

patient and that of transplantation, at R 300 000 in the first year and R 160 000 to R 180 000 in 

subsequent years (based on 2014 statistics) (Meyers, 2015). A systematic review on outcomes 

in adults and children with ESRD requiring dialysis in sub-Saharan Africa, found that most 

patients with ESRD that start dialysis, discontinue treatment because of the cost and 

suboptimum dialysis quality, and passed away (Ashuntantang et al., 2017). Only 10% of adults 

and 35% of children with ESRD in the study received dialysis for at least three months as they 

could not afford to continue treatment (Ashuntantang et al., 2017). Ashuntantang et al (2107) 

also reported that fewer than 20% of the adult patients received kidney transplantations. The 

global demand for RRT is predicted to more than double by 2030 (Liyanage et al., 2015). 

Slowing or preventing CKD progression will considerably cut health care costs as health care 

costs more than double in the later stages of CKD (Kramer et al., 2018). 

2.3 Definition and staging of chronic kidney disease 

As mentioned earlier, CKD occurs when kidney function fails to return to normal after AKI or can 

be caused by progressive renal decline as a result of disease (Willis et al., 2012). The Kidney 

Disease Improving Global Outcomes (KDIGO) use the following criteria to diagnose CKD: 

decreased renal function (eGFR <60 ml/min/1.73m2) present for longer than 3 months, or 

indicators of kidney damage such as albuminuria (albumin to creatinine ratio (ACR) >30 mg/24 

hours or >3 mg/mmol), urine sediment abnormalities, electrolyte and other abnormalities due to 

tubular disorders, abnormalities detected by histology, or structural abnormalities detected by 

imaging (Willis et al., 2012; NICE, 2014; Hill et al., 2016). 

Patients with CKD are classified in five stages, using the Kidney Disease Outcomes Quality 

Initiative (KDOQI) guidelines (Willis et al., 2012) as seen in Table 2.1. KDOQI recommend that 

CKD be categorised according to cause, GFR category and albuminuria category (CGA) (as 

seen in Table 2.2). A higher stage represents lower kidney function. Glomerular filtration rate 

stage 3 has been separated into 3a and 3b to reflect the increasing CVD risk (NICE, 2014). 

Dialysis should be initiated when the patient presents with at least one of the following: signs of 

kidney failure such as acid–base or electrolyte abnormalities or pruritus; inability to control 

volume status or BP, progressive worsening of nutrition status or loss of cognitive function 

(Willis et al., 2012). This usually occurs when the patient is in the G5 GFR category with a GFR 

value of 5 to 10 ml/min/1.73m2. Renal transplantation should be considered when the GFR is 

<20 ml/min/1.73m2 and there is evidence of permanent GFR regression during the previous 6 to 

12 months (Willis et al., 2012). 
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Table 2-1: Glomerular filtration rate categories of chronic kidney disease (Willis et 

al., 2012) 

GFR category Description of stage GFR value 

(ml/min/1.73m2) 

G1 Normal or high kidney function >90 

G2 Mildly decreased kidney function 60-89 

G3a Mildly to moderately decreased kidney 
function 

45-59 

G3b Moderately to severely decreased kidney 
function 

30-44 

G4 Severely decreased kidney function 15-29 

G5 Kidney failure <15 

GFR: glomerular filtration rate 

Table 2-2: Albuminuria categories in chronic kidney disease (Willis et al., 2012) 

Category Description of stage AER  

(mg/24 hours) 

ACR  

(mg/mmol) 

ACR  

(mg/g) 

A1 Normal to mildly increased <30 <3 <30 

A2 Moderately increased 30-300 3-30 30-300 

A3 Severely increased >300 >30 >300 

ACR: albumin-to-creatinine ratio; AER: albumin excretion rate  

2.4 The link between chronic kidney disease and cardiovascular disease  

Chronic kidney disease increases risk for CVD and CVD increases the risk of developing CKD. 

The link between CKD and CVD is well recognised and was first suggested around 1830 by 

Richard Bright (Subbiah et al., 2016). The link can manifest in several different ways, including 

atrial or ventricular arrhythmias, congestive heart failure (CHF), coronary artery disease (CAD), 

myocardial infarction (MI) and stroke (Tonelli et al., 2016). The risk of cardiovascular mortality 

has been seen to increase by 5% with every 10 mL/min per 1.73 m2 reduction in eGFR 

(Subbiah et al., 2016). The term cardio-renal syndrome (CRS) has been used to describe the 

overlapping clinical conditions in heart and kidney dysfunction (Alani et al., 2014; Tonelli et al., 
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2016; Di Lullo et al., 2017). Some of the traditional risk factors contributing to CVD in CKD 

patients by accelerating the atherosclerotic process, include ageing, albuminuria, DM, 

dyslipidaemia, HPT, obesity and smoking are (Subbiah et al., 2016; Tonelli et al., 2016). 

The main cause of CKD in 21% of patients on RRT in the South African Registry is HPT 

(Adrogue & Madias, 2007; Moosa et al., 2015). Hypertension is almost inevitable in patients 

who have developed CKD due to sodium retention and the stimulation of the renin-angiotensin 

system in renal disease (Alani et al., 2014). A population-based cross-sectional study that was 

performed in 6 sites in 4 African countries, namely Burkina Faso, Ghana, Kenya and South 

Africa found that the prevalence of HPT ranged from 15.1–54.1%. Of concern was the fact that 

fewer than half of the hypertensive participants were aware of their BP status (Gomez-Olive et 

al., 2017). The average prevalence of HPT in the three South African sites was >40%. It is 

predicted that 60% of adults globally will have HPT by 2025 (Adrogue & Madias, 2007). In CKD, 

HPT may cause cardiac damage by causing left ventricular hypertrophy (LVH) (Locatelli et al., 

2003). The control of HPT is the most important factor in both the primary prevention of CKD 

and the progression of CKD. In patients with CKD, the goal BP is <130/80 mmHg (Moosa et al., 

2015). The recommended goal is <140/90 mmHg for patients with CKD and normal to mildly 

increased albuminuria (Willis et al., 2012; Taler et al., 2013). Strong evidence proves the link 

between HPT and CVD, but reaching optimal BP targets remains a significant challenge in 

patients with CKD (Alani et al., 2014).  

Cardiovascular disease is the leading NCD globally, contributing to 17 million deaths per annum 

(Mendis & Alwan, 2011; WHO, 2018). CVD such as ischaemic heart disease (IHD) and stroke is 

projected to overtake human immunodeficiency virus (HIV) as the leading cause of mortality in 

sub-Saharan Africa by 2030 (Laurence et al., 2016). The South African Partnership for Cohort 

Research and Training (PaCT) pilot study, which included 489 teachers from 11 schools, found 

that the prevalence of CVD risk factors was high in this population group: HPT – 48.5%; 

hypercholesterolaemia – 20.5%; smoking – 18%; DM – 10.1%; CKD – 10.4%, while 84.7% were 

overweight (31.1%) or obese (53.6%) (Laurence et al., 2016). Almost 20% of the participants 

were at high risk of a heart attack or stroke in the next decade. 

Although overlapping risk factors contribute to CKD and CVD, factors other than just the 

traditionally known risk factors contribute to the pathogenesis of CVD in CKD patients. Uraemia-

specific factors that arise from accumulating toxins also contribute (Stenvinkel et al., 2008; 

Stinghen et al., 2015; Subbiah et al., 2016; Tonelli et al., 2016). Anaemia, albuminuria, 

abnormal bone and mineral metabolism, inflammation, oxidative stress and endothelial 

dysfunction are examples of uraemia-specific factors contributing to CKD (Alani et al., 2014). 
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2.4.1 The five subtypes of cardio-renal syndrome 

Cardio-renal syndrome (CRS) is the term used to define overlapping clinical conditions in heart 

and kidney dysfunction (Alani et al., 2014; Tonelli et al., 2016; Di Lullo et al., 2017). Cardio-renal 

syndrome can be divided into cardio-renal and reno-cardiac CRS depending on the origin of the 

CRS, which can then be divided again according to acute or chronic onset (Di Lullo et al., 

2017). The five subtypes describing the link between renal disease and CVD can be seen in 

Table 2.3.  

Table 2-3: The five subtypes of cardio-renal syndrome (Di Lullo et al., 2017; Tonelli et 

al., 2016) 

Subtype Name of subtype Description/ example of subtype 

Type 1 Acute cardio-renal Characterised by acute heart failure leading to 
AKI. Example: acute coronary syndrome 
leading to acute heart and kidney failure 

Type 2 Chronic cardio-renal Chronic heart failure leading to CKD 

Type 3 Acute reno-cardiac syndrome Linked to acute heart failure caused by AKI, 
usually due to AKI-related uraemia. 

Type 4 Chronic reno-cardiac 
syndrome 

Represents CKD leading to heart failure. 
Example: CKD or diabetic nephropathy 
causing LVH and diastolic heart failure 

Type 5 Secondary CRS Systemic diseases such as sepsis, vasculitis, 
DM, amyloidosis and immune-mediated 
diseases leading to heart and kidney failure  

AKI: Acute Kidney Injury; CKD: Chronic kidney disease; CRS: cardio- renal syndrome; DM: diabetes mellitus; LVH: left ventricle 

hypertrophy. 

2.4.2 Pathophysiology of cardio-renal syndrome 

During Type 1 CRS, acute cardiac failure leads to decreased renal blood flow and decreased 

effective glomerular perfusion pressure resulting in AKI (Di Lullo et al., 2017). This is caused by 

the sympathetic nervous system (SNS) and renin-angiotensin-aldosterone system (RAAS) 

activation leading to vasoconstriction in patients with acute heart failure. Ischaemic injury to the 

renal tubular epithelium causes cell death, which results in a loss of epithelial cell structure and 

function (Di Lullo et al., 2017). 

Type 2 CRS describes chronic cardiac failure leading to the onset or progression of CKD.  The 

main pathophysiological mechanisms involved in this type of CRS include neurohormonal 
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activation, renal hypoperfusion and venous congestion, inflammation, atherosclerosis and 

oxidative stress (Di Lullo et al., 2017). 

Type 3 CRS occurs when AKI contributes to or triggers the development of acute cardiac 

dysfunction. Possible mechanisms by which AKI directly contributes to heart failure include 

inflammatory surge, oxidative stress and secretion of neurohormones. Acute kidney injury can 

also indirectly trigger cardiac dysfunction by volume overload, metabolic acidosis and electrolyte 

disorders like hyperkalaemia and hypocalcaemia (Di Lullo et al., 2017). 

Type 4 CRS occurs when CKD (at any stage) leads to cardiac dysfunction as seen in Figure 

2.1. In stages 1 and 2 of CKD the traditional risk factors for CKD and CVD act as triggers 

leading to damaging modifications in the heart structure and causing CKD progression (Di Lullo 

et al., 2017). In stages 3 and 4 of CKD the uraemic-specific factors involved in the pathogenesis 

of CVD, such as anaemia, mineral metabolic disorders and systemic inflammation begin to 

manifest. The decline of eGFR leads to accumulation of toxins such as microglobulin, 

guanidines, phenols, indoles, aliphatic amines, furans, polyols, nucleosides, leptin, serum 

amyloid A protein, asymmetric dimethyl arginine, parathyroid hormone (PTH) and erythropoiesis 

(EPO) inhibitors, which contribute to chronic inflammation, leading to cardiac dysfunction (Di 

Lullo et al., 2017). In stage 5 CKD, both uraemia-specific factors and dialysis-related factors 

contribute to cardiac dysfunction. Systemic low-grade chronic inflammation evident in high 

levels of C-reactive protein (CRP) plays a central role in the pathophysiology. Increased 

oxidative stress occurs due to decreased antioxidant capacity associated with renal function 

loss and increased production of oxygen reactive species (ORS) (Cachofeiro et al., 2008; 

Tonelli et al., 2016). Inflammation and oxidative stress can cause damage directly to the cardiac 

tissues or escalate the atherosclerotic process (Ramana et al., 2016; Stinghen et al., 2015). 

Bone and mineral disorders such as hypophosphataemia, hyperparathyroidism and Vitamin D 

deficiency lead to cardiovascular calcification. Chronic kidney disease independently 

accelerates IHD and contributes to pressure and volume overload as a result of HPT and 

calcification. In this stage, sudden death and CHF occur, caused by numerous damaging 

myocardial modifications, especially those associated with fibrosis and vascular calcifications 

(Di Lullo et al., 2017). Volume overload with underlying anaemia of chronic disease and the 

presence of haemodialysis arterio-venous (AV) fistulae worsen CHF. Atherosclerotic damage in 

the medium and large arteries leads to cerebrovascular accidents (CVA), peripheral vascular 

disease (PVD), and abdominal aorta aneurysm (Bucharles et al., 2010).  

In Type 5 CRS, heart and kidney dysfunction occur simultaneously as a result of many systemic 

processes such as sepsis, drug toxicity, infection and connective tissue disorders. The 
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underlying disease determines the pathophysiology of Type 5 CRS (Di Lullo et al., 2017).   

 

Ca: calcium; CKD: chronic kidney disease; EPO: Erythropoietin, LDL: low-density lipoprotein; Na: sodium, phos: phosphate.  

Figure 2-1: Pathophysiological pathway of chronic kidney disease resulting in 

cardiovascular dysfunction in Type 4 cardio-renal syndrome Adapted 

from Bucharles et al. (2010) and Di Lullo et al. (2017). 

2.4.3 Nutritional therapy in the prevention and treatment of cardiovascular disease 

Diet and lifestyle modifications are extremely important in the prevention and treatment of CVD 

(Alissa & Ferns, 2015; Gallieni & Cupisti, 2016). Lifestyle choices are responsible for an 

estimated 40% of early CVD deaths (Widmer et al., 2015). Nutrients such as potassium, folate, 

vitamins, fibre and phenolic compounds found in fruit and vegetables protect against the 

development of CVD by various pathways. Examples include: decreasing oxidative stress by 

providing antioxidants, improving dyslipidaemia, decreasing BP, lessening insulin resistance, 

and improving haemostasis regulation (Dauchet et al., 2006; He et al., 2007). Numerous 

observational studies have consistently found positive results relating to fruit and vegetable 

intake and CVD outcomes; however, evidence in the form of randomised controlled trials 
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(RCTs) is still lacking. Efforts to find individual links between protective nutrients and disease 

outcomes have been disappointing and therefore, recent studies focus more on overall dietary 

patterns (Alissa & Ferns, 2015).  

For decades, researchers focused on single nutrient theories, which were found to be 

inadequate in explaining many effects of diet on NCD. Thus, a new field of study on the 

complexity of the biological effects of foods and diet patterns were created (Heidemann et al., 

2008; Mozaffarian et al., 2018). Dietary patterns analysis focuses on the overall diet; the foods, 

food groups and nutrients included; their combination and variety; and the frequency and 

quantity with which they are habitually consumed (Cespedes & Hu, 2015; Mozaffarian et al., 

2018). Physiological intervention trials, large cohort studies, and RCTs showed more consistent 

evidence for diet patterns, such as the Mediterranean diet or the Dietary Approaches to Stop 

Hypertension (DASH) diet and similar food-based patterns, than for single nutrients (Wirth et al., 

2012; Mozaffarian et al., 2018).  

One example of this is the well-known and documented protective effect of fruit, vegetables, 

and whole grains against several chronic diseases. However, the evidence for this effect is 

linked to whole foods, rather than supplements of individual dietary constituents (Alissa & Ferns, 

2015). The actions of individual dietary constituents do not fully explain the observed health 

benefits of diets rich in fruit and vegetables (Alissa & Ferns, 2015). Supplementation with 

individual antioxidants has been investigated in RCTs but has not consistently shown a benefit 

(Yusuf et al.,2000; Alissa & Ferns, 2015). Isolated components of the diet may either lose their 

bioactivity, may not behave the same way as they do in whole foods, or may require other 

constituents of the whole food for their full functional activity (Alissa & Ferns, 2015). Much 

attention has been paid to antioxidant vitamins found in fruit and vegetables, yet these foods are 

also rich in fibre (Smith & Tucker, 2011) and nitrate (Lidder & Webb, 2013). A diet rich in fruit 

and vegetables will therefore also be rich in a complex mixture of micronutrients, 

phytochemicals and fibre, with the exact combination depending on the type of fruit and 

vegetables consumed. The additive and synergistic effects of these nutrients in fruit and 

vegetables may thus be responsible for their potent antioxidant activities (Wolfe et al., 2008; 

Song et al., 2010). Such synergy may partially explain why no single antioxidant can replace the 

combination of nutrients in fruit and vegetables in achieving the observed health benefits. 

Individuals do not consume nutrients or food in isolation and, therefore, nutritional advice is 

often easier to understand in the context of foods rather than the individual nutrients they 

contain (Cespedes & Hu, 2015). 

Studies that focused on overall dietary patterns to predict cardiovascular risk found favourable 
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outcomes in participants with a higher consumption of fruit, vegetables, legumes, whole grains, 

poultry and fish and a lower consumption of red meat, salt, and refined sugars (Widmer et al., 

2015; Kelly et al., 2017). Western eating patterns with a diet high in red and processed meat, 

sweets, fried food and refined carbohydrates were related to higher cardiovascular risk (Alissa & 

Ferns, 2015; Hu et al., 2000). Dauchet et al. (2006) conducted a meta-analysis consisting of 

nine observational studies including 221 080 participants, found that fruit intake decreased the 

risk of coronary heart disease (CHD) by 7% and each additional portion of fruit and vegetables 

daily decreased the risk of CHD by another 4%. It is important to note that an increased fruit and 

vegetable intake is also associated with a healthier lifestyle, including exercise and non-

smoking, which also affects cardiovascular risk, although this was not adjusted for in all the 

included studies. Another meta-analysis of 13 cohort studies with a total of 278 459 individuals 

found a 17% decline in CHD risk in individuals consuming more than five portions of fruit and 

vegetables daily (He et al., 2007). Individuals consuming 3 to 5 servings of fruit and vegetables 

daily had a 7% reduction in CHD risk compared with patients consuming fewer than three 

portions daily (He et al., 2007).  

A meta-analysis of 16 prospective cohort studies that included 833 234 participants found that 

higher consumption of fruit and vegetables is associated with a lower risk of all-cause mortality, 

especially CVD mortality (Wang et al., 2014). Each additional daily serving of fruit and 

vegetables combined was found to reduce the risk of CVD mortality by 4%. Similarly, one 

serving of fruit reduced it by 5% and one serving of vegetables alone reduced the mortality risk 

by 4%. The study also found that lower all-cause mortality was detected when intake included 

about two servings of fruit a day and about three servings of vegetables daily (Wang et al., 

2014). The threshold was found at about five servings of fruit and vegetables daily, whereafter 

the mortality risk did not reduce further with a higher intake (Wang et al., 2014). 

Both the DASH and Mediterranean diets have proven to be effective in preventing and treating 

CVD. Both these diets are well balanced and rich in fruit and vegetables (Gallieni & Cupisti, 

2016; Widmer et al., 2015). Fruit and vegetable intake can help to reduce the total energy intake 

of an individual and replace unhealthy food in the diet, subsequently lowering the body mass 

index (BMI) and risk of obesity (Epstein et al., 2001; Lin & Morrison, 2002). Fruit and vegetables 

contain magnesium and potassium, which help to lower BP (Wang et al., 2014; Zhang et al., 

2012). There are differences in the classification of fruit and vegetables across studies; the 

quantity and bioavailability of nutrients can vary widely, the portion sizes of fruit and vegetables 

may vary and different methods are used in studies to gather the diet history. Despite all the 

factors that could affect the results, there is evidence of a strong association between 

consumption of fruit and vegetables, and risk of CVD mortality.  
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As described in Figure 2.1, CVD and CKD share overlapping risk factors and exacerbate each 

other. Cardiovascular disease directly influences CKD; therefore dietary patterns which modify 

several risk factors in CVD should be beneficial not only in preventing CKD but also in delaying 

regression of kidney function in patients with CKD.  

2.5 Metabolic acidosis in chronic kidney disease 

2.5.1 Definition of metabolic acidosis 

Metabolic acidosis is frequently observed in patients with CKD and may be present in 30 to 50% 

of patients in stages 4 or 5 with eGFR <30 ml/min/1.73m2 (Chen & Abramowitz, 2014; de Brito-

Ashurst et al., 2015).  

Kraut & Medias (2010) define metabolic acidosis as:  

1) A primary reduction in serum bicarbonate (HCO3
–) concentration dropping below 22 mEq/L; 

2) a secondary decrease in the arterial partial pressure of carbon dioxide (PCO2) of ~1 mmHg 

for every 1 mmol/l fall in serum HCO3
– concentration; 3) and a reduction in blood pH. The 

reference values for these markers under normal conditions can be seen in Table 2.4. 

Metabolic acidosis occurs when the mechanism regulating the acid–base in the body or the 

renal acidification mechanisms are compromised as a result of increased production of 

nonvolatile acids or loss of bicarbonate (Chen & Abramowitz, 2014; Kraut & Medias, 2016). 

Acute metabolic acidosis is common in critically ill patients as a result of increasing production 

of organic acids like keto acids or lactic acid. Chronic metabolic acidosis is caused by 

bicarbonate wasting and/or impaired renal acidification (Kraut & Medias, 2016). A decline in 

eGFR leads to an increase in the incidence and severity of metabolic acidosis (Willis et al., 

2012).  

Table 2-4: Reference value under normal conditions (Rodrigues Neto Angèloco et al., 
2017) 

 

pH: 7.40 ± 0.02 

PCO2: 38 ± 2 mmHg 

HCO3: 24 ± 2 mmol/L 
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2.5.2 Effects of metabolic acidosis on the body and mechanisms of acidosis-induced 

acceleration of chronic kidney disease 

Optimal bicarbonate levels are in the range of 24-26 mEq/L (Dobre et al., 2013). Serum 

bicarbonate concentrations of <22 mmol/L are linked to an increased risk of CKD progression 

(Di Iorio et al., 2016; Kovesdy et al., 2009; Willis et al., 2012) and a 43% higher mortality risk 

(Chen & Abramowitz, 2014; Kovesdy et al., 2009). Metabolic acidosis contributes to various 

complications in the body; acute metabolic acidosis in particular, affects the cardiovascular 

system (Kraut & Medias, 2010; de Brito-Ashurst et al., 2015). Chronic metabolic acidosis affects 

the musculoskeletal system, causing uraemic bone disease, skeletal muscle wasting, increased 

protein catabolism, inflammation, impaired glucose homeostasis, accelerated kidney 

degradation and increased mortality (Chen & Abramowitz, 2014; de Brito-Ashurst et al., 2015; 

Kraut & Medias, 2016; Rodrigues Neto Angéloco et al., 2017). Even mild metabolic acidosis 

could decrease eGFR and lead to regression of kidney function (Kraut & Medias, 2010; de 

Brito-Ashurst et al., 2015). For the 3,939 participants in stages 2 to 4 CKD who enrolled in the 

Chronic Renal Insufficiency Cohort (CRIC) study, every 1 mEq/L higher serum bicarbonate level 

was found to be associated with a 3% lower risk of developing renal outcomes, such as ESRD 

or a significant decline in eGFR during follow-up (Dobre et al., 2013). 

Various mechanisms are proposed by which metabolic acidosis and/or a high dietary acid load 

(discussed in section 2.5.3) may contribute to progression of kidney disease (Chen & 

Abramowitz, 2014). These include ammonia-induced complement activation and increased 

production of endothelin (ET) and aldosterone (Figure 2.2). Total ammonium excretion 

decreases with progressive CKD, but the ammonia generation per nephron actually increases 

as a normal compensatory mechanism to excrete increased acid load per nephron in the setting 

of progressive renal mass loss (Chen & Abramowitz, 2014; de Brito-Ashurst et al., 2015). This 

excessive ammonia production per nephron results in a non-enzymatic activation of the 

alternative complement pathway in the renal interstitium, resulting in a chronic inflammatory 

state (de Brito-Ashurst et al., 2015). Acidosis has also been shown to increase ET-mediated 

tubule-interstitial injury. Endothelin is an endothelial cell-derived peptide which regulates 

multiple renal functional parameters, including acid–base handling. Specifically, ET-1 mediates 

increased renal acid excretion in response to a systemic acid challenge. Excess aldosterone 

could also mediate the decline in GFR caused by acidosis, through its haemodynamic effects 

and its pro-fibrotic actions. Hyperaldosteronism in the setting of reduced nephron mass 

contributes to HPT, proteinuria and glomerulosclerosis in the remnant kidney model (Chen & 

Abramowitz, 2014).  
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Figure 2-2: Possible mechanism underlying acidosis-induced acceleration of 

chronic kidney disease  (Chen & Abramowitz, 2014) 

2.5.3 Dietary acid load 

Current Western eating patterns have been shown to produce a high dietary acid load, which 

leads to reduced kidney function by causing metabolic acidosis or subclinical acid retention 

(Kraut & Medias, 2010; Chen & Abramowitz, 2014). Cheese, meat, eggs and grains are the 

common foods known to result in a high dietary acid load, while fruit and vegetables are more 

base producing (Chen & Abramowitz, 2014; Scialla & Anderson, 2013). Fruit and vegetables 

contain potassium salts of metabolising anions, like citrate and malate, which consume 

hydrogen ions and therefore have an alkalising effect (Adeva & Souto, 2011). Plant proteins 

contain more glutamate than animal proteins, which is an anionic amino acid that neutralises 

hydrogen ions (Adeva & Souto, 2011). As can be seen in Figure 2.2, a high dietary acid load 

enhances eGFR regression by increasing kidney ET and aldosterone production, while dietary 

alkali improves eGFR (Chen & Abramowitz, 2014; Goraya & Wesson, 2014; Scialla & Anderson, 

2013).  

High animal protein diets usually produce high levels of net endogenous acid production 

(NEAP), whereas base-producing proteins in fruit and vegetables result in low, or negative, 

NEAP (Goraya & Wesson, 2014). Net endogenous acid production is the difference between 
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endogenous acid production and the input of alkali absorbed from the diet (Kanda et al., 2014). 

This represents the total amount of non-volatile acid that is excreted to maintain the acid–base 

balance in the body (Frassetto et al., 2007). The metabolism of organic sulphur in dietary 

protein produces non-volatile acid (Scialla & Anderson, 2013). A number of different formulas 

can be used to calculate NEAP, two of which are included in this review. In formula 1, NEAP 

can be estimated from the protein content in the diet (an acid precursor) and from the potassium 

intake (an index of base precursors from organic anions) (Frassetto et al., 2007). Formula 2 

relies on Potential Renal Acid Load (PRAL) that considers other food besides protein that might 

also interfere with the control of acidosis (Rodrigues Neto Angéloco et al., 2017). Potential 

Renal Acid Load is based on the average intestinal absorption rate of the specific nutrients as 

mentioned in Formula 2 (Rodrigues Neto Angéloco et al., 2017). Food with a PRAL value less 

than 0 increases alkalinity of the body fluids and food with a PRAL value more than 0 increases 

acid production in the body (Rodrigues Neto Angéloco et al., 2017). 

 

 

 

 

 

A higher intake of dietary protein increases renal ET production which will, in turn, lead to distal 

nephron acidification. Net endogenous acid production will thus affect CKD progression by 

distal nephron acidification and ET activation (Kanda et al., 2014). The following factors affect 

Formula 2 (Rodrigues Neto Angéloco et al., 2017). 

Estimated NEAP (mEq/d) = PRAL + OA 

Where PRAL is calculated as follows: 

PRAL (mEq/d)    = 0.49 x protein (g/d) 

+ 0.037 x phosphorus (mg/d) 

+ 0.021 x potassium (mg/d) 

+ 0.026 x magnesium (mg/d) 

+ 0.013 x calcium (mg/d) 

NEAP: net endogenous acid production; OA: Organic acids; PRAL: Potential Renal Acid Load. 

Formula 1 (Frassetto et al., 2007). 

Estimated NEAP (mEq/day) = [54.5 x protein (g/d) / potassium (mEq/d)] – 10.2 

NEAP: net endogenous acid production. 
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NEAP:  

1. Type and quality of protein in the diet.  

2. Type and quality of fruit and vegetables consumed.  

3. Type and quality of organic acid anions excreted.  

4. Acid–base status of the patient.  

5. Proximal tubular function (Kraut & Madias, 2016). 

Figure 2.3 demonstrates that a higher NEAP leads to decreased GFR and thus progression of 

renal failure directly and also indirectly by causing low serum bicarbonate (Kanda et al., 2014). 

This association is the strongest in people with more advanced CKD, middle-aged and older 

individuals or populations in whom the capacity to excrete an acid load is relatively impaired 

(Chen & Abramowitz, 2014). The DASH trial showed that increased fruit and vegetable intake 

can help to accomplish low NEAP even while consuming dietary protein (Scialla & Anderson, 

2013). The dietary protein effect on NEAP (whether acid- or base-producing) is more important 

to determine eGFR loss than the amount of dietary protein (Goraya & Wesson, 2014).  

 

CKD: chronic kidney disease; GFR: glomerulas filtration rate; NEAP: net endogenous acid production. 

Figure 2-3:Factors leading to chronic kidney disease progression  (Kanda et al., 2014) 

2.5.4 Treatment of metabolic acidosis in chronic kidney disease 

The KDOQI guidelines propose that patients with CKD and serum bicarbonate concentrations 

<22 mmol/l be treated with oral bicarbonate supplementation to maintain serum bicarbonate 

within the normal range unless contraindicated (Willis et al., 2012). It seems that alkali 

supplementation (sodium bicarbonate or a diet rich in fruit and vegetables) might be an 
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affordable and accessible treatment option for CKD patients. There are concerns regarding 

possible sodium loading when using sodium bicarbonate but De Brito-Ashurst et al. (2015) 

reported that sodium bicarbonate did not aggravate HPT. In a study by Goraya et al. (2013), 

patients with stage 4 CKD with metabolic acidosis were randomly assigned to one year of oral 

bicarbonate treatment (n = 35) or fruit and vegetable intake to reduce dietary acid by half (n = 

36). The patients in the fruit and vegetable group showed a significant increase in PTCO2 after 

one year compared with baseline, indicating improved metabolic acidosis. The urine indices of 

kidney injury were lower than baseline in the fruit and vegetable group and the plasma [K+] did 

not increase. Systolic BP was also lower than the baseline (P <0.01) in the fruit and vegetable 

group. These results show that fruit and vegetables improved metabolic acidosis, decreased 

systolic BP and decreased kidney damage in stage 4 CKD in this study population. An 

important finding was that increased fruit and vegetable intake did not cause hyperkalaemia 

(Goraya et al., 2013). De Brito-Ashurst et al. (2015) also found that correcting acidosis 

decreases progression of renal failure, improves nutritional status and also improves the 

wellbeing and quality of life of CKD patients. A decrease in dietary acid level by the intake of 

fruit and vegetables decreases urinary ET-1 and aldosterone levels in stage 2 CKD patients 

(Figure 2.2) (Goraya et al., 2012). The decrease in acid level by alkali therapy may decrease 

kidney ET-1 and aldosterone levels in CKD patients by decreasing retained acid levels (Kanda 

et al., 2014). 

2.6 Medical nutrition therapy in chronic kidney disease 

Diet is one of the major modifiable risk factors that can be utilised to prevent or slow the 

development of CKD (Snelson et al., 2017). Historically, the emphasis has been on reducing 

protein, sodium, phosphorus and potassium intake in patients with CKD (Willis et al., 2012; 

Gutierrez et al., 2014). In an observational study by Dunkler et al. (2013), 6213 patients with DM 

were observed for 5.5 years to determine the link between diet and incidence of CKD. The 

study found that healthy diets high in fruit and vegetables and moderate alcohol consumption 

reduced the incidence and progression of CKD (Dunkler et al., 2013). For the purpose of this 

section, the discussion will be on potassium and phosphorus intake only as this is the focus of 

this research project. 

2.6.1 The current nutritional recommendations for chronic kidney disease 

The current nutritional recommendations by KDIGO (Willis et al., 2012) and the Academy of 

Nutrition and Dietetics (A.N.D., 2010) is presented in Table 2.5. 
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Table 2-5: Nutritional recommendations for patients with chronic kidney disease  

(A.N.D, 2010; Willis et al., 2012) 

Nutrient Recommendation for patients with CKD 

Protein <0.8 g/kg in adults with diabetes or GFR stages 4-5 (eGFR <30 
ml/min/1.73m2)  

Avoiding high protein intake (>1.3 g/kg/d) in adults with CKD at risk of 
progression 

Sodium <2 g sodium daily translating to 5 g of sodium chloride in adults with CKD, 
unless contraindicated 

Potassium In patients with CKD stages 3-5 presenting with hyperkalaemia the RD 
should prescribe a potassium intake of <2.4 g/d 

Phosphorus For adults with CKD stages 3-5, an RD should recommend a low-
phosphorus diet providing 800 mg to 1 000 mg per day or 10 mg to 12 mg 
phosphorus per gram of protein. 

CKD: chronic kidney disease; d: day; eGFR: estimated glomerular filtration rate; RD: registered dietitian. 

2.6.2 Potassium intake in patients with chronic kidney disease 

Potassium is the key cation in the intracellular space, while sodium is the main extracellular 

cation (Adrogue & Madias, 2007; Musso, 2004). Total body potassium levels in healthy adults 

are about 3700 mmol (Musso 2004). Potassium retention can lead to hyperkalaemia (serum 

potassium [Sk] >5.5 mmol/L) in patients with CKD, especially when the eGFR rate falls to >20 

ml/min/1.73m2 (Korgaonkar et al., 2010; Musso, 2004). Adaptive mechanisms to prevent 

hyperkalaemia include redistribution of potassium in the intracellular space and increased renal 

and intestinal potassium excretion (Musso, 2004). Hyperkalaemia stimulates the secretion of 

aldosterone which is responsible for the renal fractional excretion of potassium (Korgaonkar et 

al., 2010; Musso, 2004). Potassium excretion per functioning nephron increases as the eGFR 

decreases (Korgaonkar et al., 2010). Both hyperkalaemia and hypokalaemia (Sk <3.5 mmol/L) 

are associated with a higher risk of mortality in patients with CKD by causing heart arrhythmia 

(He et al., 2015).  

Dietary restrictions of potassium are, therefore implemented for patients with advanced CKD to 

avoid hyperkalaemia (Korgaonkar et al., 2010; Musso, 2004). Patients who are advised to follow 

a low potassium diet (2 000 to 3 000 mg/d), have to avoid high potassium food such as nuts, 

seeds, beans, peas, legumes and many commonly available fruit and vegetables that contain 

>200 mg potassium per serving, as seen in Table 2.5 (St-Jules et al., 2016). However, a diet 

rich in fruit and vegetables and thus higher in potassium, may delay the progression of CKD in 
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early stages of CKD by lowering BP (Adrogue & Madias, 2007). Although the focus is usually on 

hyperkalaemia in the CKD setting, Korgaonkar et al. (2010) found that CKD patients with low or 

even low-normal Sk levels (<3.9 mmol/L) have a greater mortality risk than those with mild to 

moderate hyperkalaemia (Sk 5.5–5.9 mmol/L). Hypokalaemia may cause ventricular arrhythmias 

and sudden cardiac death (Schulman & Narins, 1990). Diuretics are associated with lower 

potassium levels and, because they are commonly used for volume and BP control in CKD 

patients, serum potassium needs to be closely monitored in this population group (Korgaonkar 

et al., 2010). Although widely prescribed, there seems to be little evidence to support the 

premise that high dietary potassium intake is actually associated with high Sk levels. A study by 

Noori et al. (2010), which included 224 patients on haemodialysis (HD), reported that dietary 

potassium was responsible for only about 2% of the variance in pre-dialysis Sk levels (Noori et 

al., 2010).  

It is difficult to establish a link between higher potassium levels and mortality as most patients 

with hyperkalaemia who reached ESRD are initiated on dialysis, which helps to remove excess 

potassium (Korgaonkar et al., 2010). It seems that the benefits of plant-based diets naturally 

high in potassium and fibre and low in acidogenic proteins and minerals could outbalance the 

possible risk of developing hyperkalaemia in early CKD (Snelson et al., 2017) and even later 

stages of CKD (Goraya & Wesson,  2014). The classification of food according to the potassium 

content can be seen in Table 2.6. It is important to note that the contribution of potassium 

additives to dietary potassium is unknown and unaccounted for in conventional nutrient 

composition assessments in food. A study by Sherman & Metha (2009), for example, found that 

although marinated meat strips can contain 930 mg potassium/100g, which is far above 200 

mg/portion, meat is not on the high potassium list. 

 Table 2-6: Potassium content of commonly consumed food  (Herselman & Esau, 

2005; NKF, 2017) 

Food high in potassium 

Fruit >200 mg/portion Vegetables >200 
mg/portion 

Other food >100 
mg/portion 

Avocado Mixed vegetables, canned Chocolate with nuts, raisons 

Dates Bamboo Shoots Yogurt 

Dried fruit Potato Wine, ciders, beer 

Fig Mushrooms, cooked Dark chocolate 

http://www.kidney.org/
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Grapes Baked beans Fruit cake 

Kiwi Gem squash peanut butter 

Mango Butternut Bran/ bran products 

Melon, yellow Marog Potato chips 

Nectarine Spinach, small Muffins 

Papaya Gherkins Nuts 

Prunes Tomato and onion relish Milk, all types 

Raisins Sweet potato  

Food moderate in potassium 

Fruit 120-200 mg/portion Vegetables 120-200 
mg/portion 

Other food 

Apricot Beetroot  

Banana Asparagus  

Grapefruit Brinjal  

Guava Brussels sprouts  

Mango Carrot  

Melon, white Cauliflower  

Naartjie Green beans  

Pawpaw Patty pan  

Watermelon Pumpkin  

 Spinach  

 Sweetcorn  

 Tomato  

 French salad  

Food low in potassium 

Fruit <120 mg/portion Vegetables <120 mg/portion Other food 

Apple Artichoke Rice 

Cherry Broccoli Noodles 
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Granadilla Cabbage Pasta 

Kumquat Celery White bread 

Litchi Cucumber Cake 

? Lettuce Cookies without nuts or 
chocolate 

Pear Leek Tea 

Pineapple Onion Coffee 

Plum Peas Sugar 

Strawberry Pepper Honey 

 Radish Butter/ margarine 
Adopted from the South African renal exchange lists  

2.6.3 Phosphorus intake in patients with chronic kidney disease 

The average person consumes about 1000 to 1500 mg phosphorus daily, of which about 65% is 

absorbed in the gastrointestinal tract (GIT) to perform functions in the body such as cellular 

signal transduction, mineral metabolism and energy exchange (Chang & Anderson, 2017; 

Tonelli et al., 2005). The unabsorbed phosphorus is excreted in stools (Chang & Anderson, 

2017). Most of the phosphorus is located in the intracellular space (70%); about 29% is located 

in bone and less than 1% in the blood (Gonzalez-Parra et al., 2012). Approximately 800 to 1000 

mg of phosphorus is excreted in the urine daily and 150 mg is excreted by the GIT (Gonzalez-

Parra et al., 2012). Besides these two mechanisms of maintaining phosphorus homeostasis, 

phosphorus also shifts into and out of bone (Chang & Anderson, 2017). Patients with renal 

failure gradually lose the ability to excrete phosphorus. When the eGFR decreases to <60 

ml/min/1.73m2, the patient is at risk for hyperphosphataemia and its associated conditions such 

as hyperparathyroidism, renal bone disease, progression of renal failure and soft tissue 

calcification leading to increased CVD risk (Chang & Anderson, 2017; Eddington et al., 2010; Ix 

et al., 2014; O‘Seaghdha et al., 2011). The initial compensation mechanism to uphold 

phosphorus excretion is decreased tubular reabsorption, regulated by PTH and Fibroblast 

Growth Factor 23 (FGF23) (Gonzalez-Parra et al., 2012). An increase in these two hormones 

may contribute to LVH and bone disease (Ix et al., 2014). As the nephron mass and eGFR 

decrease, there will be an increased amount of phosphorus excreted per individual nephron 

(Chang & Anderson, 2017). 
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Tonelli et al. (2005) did a post hoc analysis of data from the Cholesterol and Recurrent Events 

(CARE) study on the data of 4 127 participants with a prior MI with or without CKD. The study 

found an independent association between baseline fasting serum phosphate levels and the 

risk of all-cause death, development of new heart failure, and coronary events. The study was 

unable to identify potential mechanisms for the association between serum phosphate levels 

and adverse outcomes. In a study by Eddington et al. (2010), 1 230 non-dialysis CKD patients 

from the Chronic Renal Insufficiency Standards Implementation Study (CRISIS) were included 

in order to investigate the association between serum phosphorus and mortality in patients with 

CKD. The study found a higher risk of all-cause and cardiovascular mortality associated with 

higher serum phosphorus levels in patients with stages 3 to 4 CKD. There was a 26% increase 

in all-cause mortality and an increase of 50% in CVD mortality for each 0.323 mmol/L (1 mg/dl) 

increase of baseline phosphate, even if it was within the normal range. No association was 

found between mortality and serum phosphorus in patients with stage 5 CKD (Eddington et al., 

2010). In both studies there was a significant association between the following risk factors and 

higher serum phosphate levels: female gender, DM, higher levels of serum albumin, lower 

levels of haemoglobin, and smoking; Tonelli et al. (2005) also found black race, B-adrenergic 

blockers and high levels of alcohol consumption to be risk factors. 

Phosphorus-based food additives found in processed food are notable sources of inorganic 

phosphorus and contribute to high levels of serum phosphorus in patients with CKD (Benini et 

al., 2011). Additives can add up to 1000 mg phosphorus to the diet daily, depending on 

individual food choices (Sullivan et al., 2007). Benini et al. (2011) found that food which contains 

phosphate additives has a phosphorus level up to 70% greater than food samples without 

additives. In a study by León et al., (2013), the top five best-selling products in different food 

categories were matched with food without phosphorus additives and the following differences 

in phosphorus levels were found: prepared frozen foods (72%), packaged meat (65%), bread 

and baked goods (57%), soup (54%) and yoghurt (51%). Almost 100% of the phosphorus in 

food additives is absorbed whereas only about 60% is absorbed from food that naturally 

contains phosphorus (Chang & Anderson, 2017). Organic phosphate is mainly found in protein-

rich food such as legumes, meat, poultry, fish, eggs and dairy products (Snelson et al., 2017). 

Legumes have the lowest bioavailability of phosphorus at about 40% (Chang & Anderson, 

2017). Dairy products have a bioavailability of 30 to 60% and meat products up to 80% 

(Snelson et al., 2017). Treatment of hyperphosphataemia includes dietary phosphate restriction; 

phosphate binders, and calcium and vitamin D supplementation. Because protein is an 

excellent source of dietary phosphate, patients will have to restrict protein intake in order to 

restrict phosphate intake (Cannata-Andia et al., 2000; Kates et al., 1997).  
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In the Modification of Diet in Renal Disease (MDRD) study by Selamat et al. (2016), 795 

patients with stages 3 to 5 CKD were included to investigate the relationship of dietary 

phosphate intake with risk of ESRD and mortality in CKD. This study found a modest inverse 

correlation between phosphate excretion and serum phosphate concentrations that was absent 

when adjusted for GFR. There was no link found between 24-hour urinary phosphate excretion 

(UPE) and risk of ESRD, CVD or all-cause mortality in the study. Urinary phosphate excretion is 

the gold standard for evaluating intestinal phosphate absorption (Selamet et al., 2016). The 

study concluded that phosphate intake is not strongly associated with serum phosphate 

concentrations in CKD stages 3 to 5, and that there was no evidence that higher phosphate 

intake is linked to ESRD, CVD or all-cause mortality in patients with CKD stages 3 to 5 (Selamet 

et al., 2016). A study by Chang & Anderson (2017) found that, although serum phosphorus is 

strongly associated with CVD, progression of CKD and death, there is very little evidence to link 

dietary phosphorus intake directly to adverse clinical outcomes. Murtaugh et al. (2012) found 

similar results and concluded that high dietary phosphorus intake is not associated with an 

increase in mortality in moderate CKD. In a randomised, crossover study by Chang et al. 

(2017), 32 participants received phosphorus-containing or non-phosphorus-containing 

commercially available diet beverages and breakfast bars during the different arms of the study. 

There was no significant link between the groups receiving a high phosphorus diet and 

albuminuria in the study (Chang et al., 2017).  

Other factors besides diet are therefore responsible for serum phosphate concentrations and it 

is unclear whether the restriction of dietary phosphate would translate into improved clinical 

outcomes in CKD (Selamet et al., 2016; Snelson et al., 2017). Possible factors to consider, 

include altered renal tubule phosphate control, changing bone and muscle phosphate buffering, 

the effects of sex hormones or altered changes of phosphate between the intracellular and 

extracellular compartments (Selamet et al., 2016). Prospective studies are needed to determine 

whether phosphorus intake is a modifiable risk factor for kidney disease (Chang & Anderson, 

2017; Newsome et al., 2013; Snelson et al., 2017). 

2.6.4 Protein and phosphorus intake in patients with chronic kidney disease 

Protein is an excellent source of phosphate in the diet and phosphate-restricting diets will 

inevitably lead to restricted protein intake (Cannata-Andia et al., 2000; Kates et al., 1997). Low 

protein intake is, in turn, associated with malnutrition and higher mortality in CKD patients, and 

therefore caution should be exercised when recommending a low phosphate diet (Selamet et 

al., 2016; Snelson et al., 2017). Moe et al. (2010) found that, in patients with CKD, the source of 

protein had a significant effect on phosphorus homeostasis. After one week on a vegetarian 
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diet, the patients had lower serum phosphorus and FGF23 levels compared with the meat-

based diet despite comparable protein and phosphorus intake (Moe et al., 2010). The study 

also found that the phosphorus content of the vegetarian diet was lower than predicted by 

standard databases. They conclude that if these results can be confirmed by long-term studies, 

it will be recommended that patients with CKD follow a plant-based diet (Moe et al., 2010). 

Patients with CKD can then consume higher amounts of protein without the risk of 

hyperphosphataemia (Moe et al., 2010). The difference in phosphorus bioavailability between 

plant and meat protein sources may partially explain the benefits of consuming more protein 

from plant sources (Snelson et al., 2017). Cereals, nuts, hard cheese, legumes, egg yolk, meat, 

poultry and fish have the highest phosphorus content of food per 100 g edible part 

(D‘Alessandro et al., 2015). Reporting the phosphorus content per mg per gram of protein will 

help to identify food with a favourable phosphorus to protein ratio (food with <12 mg phosphorus 

per gram of protein) (D‘Alessandro et al., 2015). This ratio is recommended to ensure that 

patients will receive enough protein while controlling phosphate intake (Snelson et al., 2017). 

The GI absorption and phosphorus to protein ratio of different types of dietary phosphorus can 

be seen in Table 2.7. 

Table 2-7: Gastrointestinal absorption and phosphorus to protein ratio of different 

types of dietary phosphorus  (Cupisti et al., 2013) 

Type of dietary 
phosphorus 

Source Example GI 
absorption 

Phos/Prot 
ratio 

Benefits 

Organic plants Plant 
prot 

Nuts, beans, 
grains 

20-40% 5-15 mg/g Prot rich 

Organic animals Animal 
prot 

Chicken, fish, 
meat 

40-60% 10-20 mg/g High value 
prot & aa 

Inorganic Additives Soft drinks ≈ 100%  >50 mg/g None 

Aa: amino acids; GI: gastrointestinal; phos: phosphate; prot: protein.  

2.7 Conclusion 

Chronic kidney disease is an increasing world-wide threat and low-and-middle income countries 

such as South Africa are facing an even higher risk for developing CKD. Chronic kidney disease 

increases the risk of CVD five-fold and, although the control of HPT is the most important factor 

in the primary prevention and progression of CKD, reaching optimal BP targets remains a 

significant challenge in CKD. Diet and lifestyle are key modifiable risk factors that can be utilised 

to prevent or slow the development of CKD. Fruit and vegetables are well proven to modify risk 
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factors in CVD that will also modify risk factors in CKD through various mechanisms. Fruit and 

vegetables are shown to reduce metabolic acidosis in patients with CKD. A higher fruit and 

vegetable intake results in lower net production and retention of hydrogen ions, with better 

preservation of kidney function. Increased vegetable intake may have favourable effects on 

phosphorus metabolism in CKD. The intestinal absorption of phosphate from plant-origin foods 

is much lower, owing to the lower bioavailability of phytate compared with phosphate from 

animal-origin foods, in particular, processed foods. The HPT reduction effect of fruit and 

vegetables is another mechanism by which they can preserve kidney function. Increased fruit 

and vegetable intake also increases fibre intake, which improves the levels of uraemic toxins in 

patients with CVD. A relatively weak link exists between dietary potassium and serum 

potassium and the benefits of plant-based diets, naturally high in potassium and fibre and low in 

acidogenic proteins and minerals, could outbalance the possible risk of developing 

hyperkalaemia in CKD. There is also little evidence to indicate that the phosphate intake is 

associated with serum phosphate concentrations in CKD stages 3 to 5, and that higher 

phosphate intake is linked to ESRD, CVD or all-cause mortality in patients with CKD stages 3 to 

5. Restricting phosphate also means restricted protein intake which is associated with 

malnutrition and higher mortality in CKD patients; the phosphate to protein ratio of food is 

therefore recommended to ensure that patients will receive enough protein while controlling 

phosphate intake. Current recommendations for CKD patients focus on restricting protein, 

sodium, potassium and phosphate intake, thereby limiting protective foods such as nuts, seeds, 

beans, peas, legumes and commonly consumed fruit and vegetables. These restrictions are 

hard to comply with and might even be detrimental to the health of patients; it is time to update 

these recommendations. Further high-quality studies are required to establish the role of fruit 

and vegetables in the diet of a patient with CKD. 

  



 

37 
 

2.8 References 

A.N.D. (Academy of Nutrition and Dietetics).  2010.  CKD: Executive summary of 

recommendations. Evidence Analysis Library. http://www.andeal.org/vault/pg119.pdf Date of 

access: 17 July 2018. 

Adeva, M.M. & Souto, G.  2011.  Diet-induced metabolic acidosis. Clinical Nutrition, 30:416-421. 

Adrogu , H.J. & Madias, N.E.  2007.  Sodium and potassium in the pathogenesis of 

hypertension. The New England Journal of Medicine, 356:1966-1978. 

Alani, H., Tamimi, A. & Tamimi, N.  2014.  Cardiovascular co-morbidity in chronic kidney 

disease: Current knowledge and future research needs. World Journal of Nephrology, 3(4):156-

168. 

Alissa, E.M. & Ferns, G.A.  2015.  Dietary fruits and vegetables and cardiovascular diseases 

risk. Critical Reviews In Food Science And Nutrition, 57(9):1950-1962. 

Alwan, A., Maclean, D.R., Riley, L.M., Espaignrt, E.T., Mathers, C.D., Stevens, G.A. & Bettcher, 

D.  2010. Monitoring and surveillance of chronic non-communicable diseases: progress and 

capacity in high-burden countries. Lancet, 376:1861–1868. 

Ashuntantang, G., Osafo, C., Olowu, W.A., Arogundade, F., Niang, A., Porter, J., Naicker, S. & 

Luyckx, V.A.  2017.  Outcomes in adults and children with end-stage kidney disease requiring 

dialysis in sub-Saharan Africa: a systematic review. Lancet Global Heart, 5:e408-417. 

Benini, O., D‘Alessandro, C., Gianfaldoni, D. & Cupisti, A.  2011.  Extra-phosphate load from 

food additives in commonly eaten foods: a real and insidious danger for renal patients. Journal 

of Renal Nutrition, 21(4):303-308.  

Bidani, A.K. & Griffin, K.A.  2011.  Chronic kidney disease: Blood-pressure targets in chronic 

kidney disease. Nature Reviews Nephrology, 7(3):128-130. 

Bucharles, S.G.E., Varela, A.M., Barberato, S.H. & Pecoits-Filho, R.  2010.  Assessment and 

management of cardiovascular disease in patients with chronic kidney disease. Brazilian 

Nephrology, 32(1):118-125. 

Cachofeiro, V., Goicochea, M., De Vinuesa, S.G., Oubiña, P., Lahera, V. & Luño, J.  2008.  

Oxidative stress and inflammation, a link between chronic kidney disease and cardiovascular 

disease. Kidney International, 74:S4-S9. 



 

38 
 

Cannata-Andia, J., Passlick-Deetjen, J. & Ritz, E.  2000.  Management of the renal patient: 

experts' recommendations and clinical algorithms on renal osteodystrophy and cardiovascular 

risk factors. Nephrology Dialysis Transplantation, 15:39-57. 

Cespedes, E.M. & Hu, F.B.  2015.  Dietary patterns: from nutritional epidemiologic analysis to 

national Guidelines. American Journal of Clinical Nutrition, 101:899–900. 

Chang, A.R. & Anderson, C.A.  2017.  Dietary phosphorus intake and the kidney. Annual 

Review of Nutrition, 37(1):321-346. 

Chang, A.R., Miller, E.R., Anderson, C.A., Juraschek, S.P., Moser, M., White, K., Henry, B., 

Krekel, C., Oh, S., Charleston, J. & Appel, L.J.  2017.  Phosphorus additives and albuminuria in 

early stages of ckd: A randomized controlled trial. American Journal of Kidney Disease, 

69(2):200-209. 

Chen, W. & Abramowitz, M.K.  2014.  Metabolic acidosis and the progression of chronic kidney 

disease. BioMed Central Nephrology, 15(55). 

Cupisti, A. & Kalantar-Zadeh, K.  2013.  Management of natural and added dietary phosphorus 

burden in kidney disease. Seminars in Nephrology, 33(2):180-190. 

D‘Alessandro, C., Piccoli, G.B. & Cupisti, A.  2015.  The ―phosphorus pyramid‖: a visual tool for 

dietary phosphate management in dialysis and CKD patients. BioMed Central Nephrology, 

16(9):1-6. 

Dauchet, L., Amouyel, P., Hercberg, S. & Dallongeville, J.  2006.  Fruit and vegetable 

consumption and risk of coronary disease: A meta-analysis of cohort studies. Journal of 

Nutrition, 136:2588-2593. 

De Brito-Ashurst, I., O‘Lone, E., Kaushik, T., McCafferty, K. & Yaqoob, M.M.  2015.  Acidosis: 

progression of chronic kidney disease and quality of life. Pediatric Nephrology, 30:873-879. 

Di Iorio, B.R., Micco, L.D., Marzocco, S., Blasio, E.D.S.A.D., Sirico, M.L. & Nardone, L.  2017.  

Very low-protein diet (VLPD) reduces metabolic acidosis in subjects with chronic kidney 

disease: the ―nutritional light signal‖ of the renal acid load. Nutrients, 9(69):1-14. 

Di Lullo, L., Bellasi, A., Barbera, V., Russo, D., Russo, L., Di Iorio, B., Cozzolino, M. & Ronco, 

C.  2017.  Pathophysiology of the cardio-renal syndromes types 1-5: An update. Indian Heart 

Journal, 69(2):255-265. 



 

39 
 

Dobre, M., Yang, W., Chen, J., Drawz, P., Hamm, L.L., Horwitz, E., Hostetter, T., Jaar, B., Lora, 

C.M., Nessel, L., Ojo, A., Scialla, J., Steigerwalt, S., Teal, V., Wolf, M., Rahman, M. & CRIC 

Investigators.  2013.  association of serum bicarbonate with risk of renal and cardiovascular 

outcomes in ckd: a report from the Chronic Renal Insufficiency Cohort (CRIC) Study. American 

Journal of Kidney Diseases, 62(4):670-678. 

Dunkler, D., Dehghan, M., Teo, K.K., Heinze, G., Gao, P., Kohl, M., Clase, C.M., Mann, J.F., 

Yusuf, S., Oberbauer, R. & Investigators, O.  2013.  Diet and kidney disease in high-risk 

individuals with type 2 diabetes mellitus. JAMA Internal Medicine, 173(18):1682-1692. 

Eddington, H., Hoefield, R., Sinha, S., Chrysochou, C., Lane, B., Foley, R.N., Hegarty, J., New, 

J., O'Donoghue, D.J., Middleton, R.J. & Kalra, P.A.  2010.  Serum phosphate and mortality in 

patients with chronic kidney disease. Clinical Journal of the American Society of Nephrology, 

5(12):2251-2257. 

Epstein, L.H., Gordy, C.C., Raynor, H.A., Beddome, M., Kilanowski, C.K. & Paluch, R.  2001.  

Increasing fruit and vegetable intake and decreasing fat and sugar intake in families at risk for 

childhood obesity. Obesity Research, 9:171–178. 

Fishbane, S., Hazzan, A.D., Halinski, C. & Mathew, A.T.  2015.  Challenges and opportunities in 

late-stage chronic kidney disease. Clinical Kidney Journal, 8(1):54-60. 

Frassetto, L.A., Lanham-New, S.A., Macdonald, H.M., Remer, T., Sebastian, A., Tucker, K.L. & 

Tylavsky, F.A.  2007.  standardizing terminology for estimating the diet-dependent net acid load 

to the metabolic system. The Journal of Nutrition, 137:1491-1492. 

Gallieni, M. & Cupisti, A.  2016.  DASH and mediterranean diets as nutritional interventions for 

ckd patients. American Journal of Kidney Disease, 68(6):828-830. 

George, C., Mogueo, A., Okpechi, I., Echouffo-Tcheugui, J.B. & Kengne, A.P.  2017.  Chronic 

kidney disease in low-income to middle-income countries: the case for increased screening. The 

British Medical Journal of Global Health, 2:e000256. 

Gómez-Olivé, F.X., Ali, S.A., Made, F., Kyobutungi, C., Nonterah, E., Micklesfield, L., Alberts, 

M., Boua, R., Hazelhurst, S., Debpuur, C., Mashinya, F., Dikotope, S., Sorgho, H., Cook, I., 

Muthuri, S., Soo, C., Mukomana, F., Agongo, G., Wandabwa, C., Afolabi, S., Oduro, A., Tinto, 

H., Wagner, R.G., Haregu, T., Wade, A., Kahn, K., Norris, S.A., Crowther, N.J., Tollman, S., 

Sankoh, O., Ramsay, M., AWI-Gen & Consortium, H.A.  2017.  regional and sex differences in 

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Beddome%2C+Marlene
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Kilanowski%2C+Colleen+K
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Paluch%2C+Rocco


 

40 
 

the prevalence and awareness of hypertension: An H3Africa AWI-Gen Study Across 6 Sites in 

Sub-Saharan Africa. Global Heart, 12(2):81-90. 

González-Parra, E., Gracia-Iguacel, C., Egido, J. & Ortiz, A.  2012.  Phosphorus and nutrition in 

chronic kidney disease. International Journal of Nephrology, 1-5. 

Goraya, N., Simoni, J., Jo, C. & Wesson, D.E.  2012.  Dietary acid reduction with fruits and 

vegetables or bicarbonate attenuates kidney injury in patients with a moderately reduced 

glomerular filtration rate due to hypertensive nephropathy. Kidney International, 81(1):86-93. 

Goraya, N., Simoni, J., Jo, C. & Wesson, D.E.  2013.  A comparison of treating metabolic 

acidosis in ckd stage 4 hypertensive kidney disease with fruits and vegetables or sodium 

bicarbonate. Clinical Journal of the American Society of Nephrology, 8:371-381. 

Goraya, N. & Wesson, D.E.  2014.  Is dietary acid a modifiable risk factor for nephropathy 

progression? American Journal of Nephrology, 39(2):142-144. 

Gutierrez, O.M., Muntner, P., Rizk, D.V., McClellan, W.M., Warnock, D.G., Newby, P.K. & Judd, 

S.E.  2014.  Dietary patterns and risk of death and progression to ESRD in individuals with 

CKD: a cohort study. American Journal of Kidney Disease, 64(2):204-213. 

He, F.J., Nowson, C.A., Lucas, M. & Mac Gregor, G.A.  2007.  Increased consumption of fruit 

and vegetables is related to a reduced risk of coronary heart disease: meta-analysis of cohort 

studies. Journal of Human Hypertension, 21:717-728. 

He, J., Mills, K.T., Appel, L.J., Yang, W., Chen, J., Lee, B.T., Rosas, S.E., Porter, A., Makos, G., 

Weir, M.R., Hamm, L.L. & Kusek, J.W.  2015.  Urinary sodium and potassium excretion and 

CKD progression. Journal of the American Society of Nephrology, 27:1202-1212. 

Heidemann, C., Schulze, M.B., Franco, O.H., Van Dam, R.M., Mantzoros, C.S. & Hu, F.B.  

2008.  Dietary patterns and risk of mortality from cardiovascular disease, cancer, and all causes 

in a prospective cohort of women. Circulation, 118:230-7. doi:10.1161/ 

CIRCULATIONAHA.108.771881. 

Herselman, M. & Esau, N.  2005.  Development of the South African renal exchange lists. South 

African Journal of Clinical Nutrition, 18(2):51-7.   

Hill, N.R., Fatoba, S.T., Oke, J.L., Hirst, J.A., O'Callaghan, C.A., Lasserson, D.S. & Hobbs, F.D.  

2016.  Global prevalence of chronic kidney disease - A systematic review and meta-analysis. 

The Public Library of Science (PLOS) One, 11(7):e0158765. 



 

41 
 

Hu, F.B., Rimm, E.B., Stampfer, M.J.,  Ascherio, A., Spiegelman, D. &  Willett, W.C.  2000.  

Prospective study of major dietary patterns and risk of coronary heart disease in men. American 

Journal of Clinical Nutrition, 79:912-21. 

Ix, J.H., Anderson, C.A.M, Smits, G., Persky, M.S., & Block, G.A.  2014.  Effect of dietary 

phosphate intake on the circadian rhythm of serum phosphate concentrations in chronic kidney 

disease: A crossover study. American Journal of Clinical Nutrition, 100:1392–7. 

Isakova, T., Gutierrez, O.M., Smith, K., Epstein, M., Keating, L.K,  Jüppner, H. & Wolf, M.  2011.  

Pilot study of dietary phosphorus restriction and phosphorus binders to target fibroblast growth 

factor 23 in patients with chronic kidney disease. Nephrology Dialysis Transplantation, 

(26):584–591. 

Kanda, E., Ai, M., Kuriyama, R., Yoshida, M. & Shiigai, T.  2014.  Dietary acid intake and kidney 

disease progression in the elderly. American Journal of Nephrology, 39(2):145-152. 

Kates, D.M., Sherrard, D.J. & Andress, D.L.  1997.  Evidence that serum phosphate is 

independently associated with serum PTH in patients with chronic renal failure. American 

Journal of Kidney Diseases, 30:809-813. 

Kaze, A.D., Ilori, T., Jaar, B.G. & Echouffo-Tcheugui, J.B.  2018.  Burden of chronic kidney 

disease on the African continent: a systematic review and meta-analysis. BioMed Central 

Nephrology, 19:125. 

Kelly, J.T., Palmer, S.C., Wai, S.N., MRuospo, M., Carrero, J.J., Campbell, K.L. & Strippoli, 

G.F.M.  2017.  Healthy dietary patterns and risk of mortality and ESRD in CKD: A meta-analysis 

of cohort studies. Clinical Journal of the American Society of Nephrology, 12: 272–279. doi: 

10.2215/CJN.06190616. 

Korgaonkar, S., Tilea, A., Gillespie, B.W., Kiser, M., Eisele, G., Finkelstein, F., Kotanko, P., Pitt, 

B. & Saran, R.  2010.  Serum potassium and outcomes in ckd: Insights from the RRI-CKD 

cohort study. Clinical Journal of the American Society of Nephrology, 5(5):762-769. 

Kovesdy, C.P., Anderson, J.E. & Kalantar-Zadeh, K.  2009.  Association of serum bicarbonate 

levels with mortality in patients with non-dialysis-dependent CKD. Nephrology Dialysis 

Transplantation, 24(4):1232-1237. 

Kramer, H., Jimenez, E.J., Brommage, D., Vassalotti, J., Montgomery, E., Steiber, A. & 

Schofield, M.  2018.  Medical nutrition therapy for patients with none dialysis-dependent chronic 

javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;


 

42 
 

kidney disease: barriers and solutions. Journal of the Academy of Nutrition and Dietetics, 

118(10):1958-1965.  

Kraut, J.A. & Medias, N.E.  2010.  Metabolic acidosis: pathophysiology, diagnosis and 

management. Nature Reviews Nephrology, 6:274-285. 

Kraut, J.A. & Madias, N.E.  2016.  Metabolic acidosis of ckd: an update. American Journal of 

Kidney Diseases, 67(2):307-317. 

Laurence, E.C., Volmink, J., Esterhuizen, T.M., Dalal, S. & Holmes, M.D.  2016.  Risk of 

cardiovascular disease among teachers in Cape Town: Findings of the South African PaCT pilot 

study. South African Medical Journal, 106(10). 

León, J.B., Sullivan, C.M. & Sehgal, A.R.  2013.  The prevalence of phosphorus-containing food 

additives in top-selling foods in grocery stores. Journal of Renal Nutrition, 23(4):265-270.e262. 

Lidder, S. & Webb, A.J.  2013.  Vascular effects of dietary nitrate (as found in green leafy 

vegetables and beetroot) via the nitrate-nitrite-nitric oxide pathway. British Journal of Clinical 

Pharmacology, 75:677–696. 

Lin, B. & Morrison, R.M.  2002.  Higher fruit consumption linked with lower body mass index. 

FoodReview, 25(3):28-32. 

Liyanage, T., Ninomiya, T., Jha, V., Neal, B., Patrice, H.M. Okpechi, I., Zhao, M., Lv, J., Garg, 

A.X., Knight, J., Rodgers, A., Gallagher, M., Kotwal, S., Cass, A. & Perkovic, V.  2015.  

Worldwide access to treatment for end-stage kidney disease: a systematic review. Lancet, 

385:1975-82. 

Locatelli, F., Pozzoni, P., Tentori, F. & Del Vecchio, L.  2003.  Epidemiology of cardiovascular 

risk in patients with chronic kidney disease. Nephrology Dialysis Transplantation, 18(7):vii2-vii9. 

Matsha, T.E., Yako, Y.Y., Rensburg, M.A., Hassan, M.S., Kengne, A.P. & Erasmus, R.T.  2013.  

Chronic kidney diseases in mixed ancestry South African populations: prevalence, determinants 

and concordance between kidney function estimators. BioMed Central Nephrology, 14(1):75. 

Mendis, S. & Alwan, A.  2011.  Prioritized research agenda for prevention and control of non-

communicable diseases. Geneva: World Health Organization Press:25-26. 

Meyers, A. M.  2015.  Chronic kidney disease: Guest Editorial. South African Medical Journal, 

105(3):232. 



 

43 
 

Moe, S.M., Zidehsarai, M.P., Chambers, M.A., Jackman, L.A., Radcliffe, J.S., Trevino, L.L., 

Donahue, S.E. & Asplin, J.R.  2011.  Vegetarian compared with meat dietary protein source and 

phosphorus homeostasis in chronic kidney disease. Clinical Journal of the American Society of 

Nephrology, 6(2):257-264. 

Mokdad, A.H.  2017.  Diabetes mellitus and chronic kidney disease in the Eastern 

Mediterranean Region: findings from the Global Burden of Disease 2015 study. International 

Journal of Public Health. DOI 10.1007/s00038-017-1014-1. 

Moosa, M., Van der Walt, I., Naicker, S. & Meyers, A.  2015.  Important causes of chronic 

kidney disease in South Africa. South African Medical Journal, 105(4):320-327. 

Mozaffarian, D., Rosenberg, I. & Uauy, R.  2018.  History of modern nutrition science-

implications for current research, dietary guidelines, and food policy. BioMed Journal, 361:j2392 

http://dx.doi.org/10.1136/bmj.j2392 

Murtaugh, M.A., Filipowicz, R., Baird, B.C., Wei, G., Greene, T. & Beddhu, S.  2012.  Dietary 

phosphorus intake and mortality in moderate chronic kidney disease: NHANES III. Nephrology 

Dialysis Transplantation, 27(3):990-996. 

Musso, C.G.  2004.  Potassium metabolism in patients with chronic kidney disease (CKD), Part 

I: Patients not on dialysis (stages 3–4). International Urology and Nephrology, 36:465-468. 

Naicker, S.  2010.  Burden of end-stage renal disease in sub-Saharan Africa. Clinical 

Nephrology, 74:S13-16. 

Newsome, B., Ix, J.H., Tighiouart, H., Sarnak, M.J., Levey, A.S., Beck, G.J. & Block, G.  2013.  

Effect of protein restriction on serum and urine phosphate in the modification of diet in renal 

disease (MDRD) study. American Journal of Kidney Diseases, 61:1045–1046. 

NICE (National Institute for Health and Care Excellence).  2014.  Chronic kidney disease in 

adults: assessment and management - Clinical guideline. Available from: URL: 

https://www.nice.org.uk/guidance/cg182, Date of access: 9 May 2019. 

NKF (National Kidney Foundation).  2017.  What is potassium and why is it important to you?  

www.kidney.org/atoz/content/potassium. Date of access: 17 July 2018. 

Noori, N., Kalantar-Zadeh, K., Kovesdy, C.P., Bross, R., Benner, D. & Kopple, J.D.  2010.  

Association of dietary phosphorus intake and phosphorus to protein ratio with mortality in 

hemodialysis patients. Clinical Journal of the American Society of Nephrology, 5(4):683-692. 

http://dx.doi.org/10.1136/bmj.j2392


 

44 
 

O'Seaghdha, C.M., Hwang, S.J., Muntner, P., Melamed, M.L. & Fox, C.S.  2011.  Serum 

phosphorus predicts incident chronic kidney disease and end-stage renal disease. Nephrology 

Dialysis Transplantation, 26(9):2885-2890. 

Ramana, K.V., Srivastava, S. & Reddy, A.B.  2016.  Immune, inflammatory, and oxidative 

responses in cardiovascular complications. Oxidative Medicine and Cellular Longevity, 

2016:6858402. 

Rodrigues Neto Angéloco, L., Arces de Souza, G.C., Romão, E.A. & Chirello, P.G.  2017.  

Alkaline diet and metabolic acidosis: practical approaches to the nutritional management of 

chronic kidney disease. Journal of Renal Nutrition, 1-6. 

Schulman, M. & Narins, R.G.  1990.  Hypokalemia and cardiovascular disease. American 

Journal of Cardiology, 65:4E–9E, discussion 22E–23E. 

Scialla, J.J. & Anderson, C.A.  2013.  Dietary acid load: a novel nutritional target in chronic 

kidney disease? Advances in Chronic Kidney Disease, 20(2):141-149. 

Selamet, U., Tighiouart, H., Sarnak, M.J., Beck, G., Levey, A.S., Block, G. & Ix, J.H.  2016.  

Relationship of dietary phosphate intake with risk of end-stage renal disease and mortality in 

chronic kidney disease stages 3–5: The Modification of Diet in Renal Disease Study. Kidney 

International, 89(1):176-184. 

Sherman, R.A. & Mehta, O.  2009.  Dietary phosphorus in dialysis patients: potential impact of 

processed meat, poultry, and fish products as protein sources. American Journal of Kidney 

Diseases, 54:18–23. 

Small, C., Kramer, H.J., Griffin, K.A., Vellanki, K., Leehey, D.J., Bansal, V.K. & Markossia, T.W.  

2017.  Nondialysis dependent chronic kidney disease is associated with high total and out-of 

pocket healthcare expenditures. BioMed Central Nephrology. 18(1):3-016-0432-2. 

Smith, C.E. & Tucker, K.L. 2011.  Health benefits of cereal fibre: a review of clinical trials. 

Nutrition Research Reviews, 15:1–14. 

Snelson, M., Clarke, R.E. & Coughlan, M.T.  2017.  Stirring the pot: can dietary modification 

alleviate the burden of CKD? Nutrients, 9(265). 

Song, W., Derito, C.M., Liu, K.M.,  He, X., Dong, M. & Liu, R.H.  2010.  Cellular antioxidant 

activity of common vegetables. Journal of Agricultural and Food Chemistry, 58:6621–9. 

https://pubs.acs.org/author/He%2C+Xiangjiu
https://pubs.acs.org/author/Dong%2C+Mei
https://pubs.acs.org/author/Liu%2C+Rui+Hai


 

45 
 

St-Jules, D.E., Goldfarb, D.S. & Sevick, M.A.  2016.  Nutrient non-equivalence: does restricting 

high-potassium plant foods help to prevent hyperkalemia in hemodialysis patients? Journal of 

Renal Nutrition, 26(5):282-287. 

Stanifer, J.W., Jing, B., Tolan, S., Helmke, N., Mukerjee, R., Naicker, S. & Patel, U.  2014.  The 

epidemiology of chronic kidney disease in sub-Saharan Africa: A systematic review and meta-

analysis. The Lancet Global Health, 2(3):e174-181. 

Stenvinkel, P., Carrero, J.J., Axelsson, J., Lindholm, B., Heimburger, O. & Massy, Z.  2008.  

Emerging biomarkers for evaluating cardiovascular risk in the chronic kidney disease patient: 

How do new pieces fit into the uremic puzzle? Clinical Journal of the American Society of 

Nephrology, 3(2):505-521. 

Stinghen, A.E.M., Massy, Z.A., Vlassara, H., Striker, G.E. & Boullier, A.  2015.  Uremic toxicity 

of advanced glycation end products in CKD. Journal of the American Society of Nephrology, 

27:1-17. 

Subbiah, A.K., Chhabra, Y.K. & Mahajan, S.  2016.  Cardiovascular disease in patients with 

chronic kidney disease: a neglected subgroup. Heart Asia, 8:56-61. 

Sullivan, C.M., León, J.B. & Sehgal, A.R.  2007.  Phosphorus-containing food additives and the 

accuracy of nutrient databases: Implications for renal patients. Journal Renal Nutrition, 

17(5):350-354. 

Taler, S.J., Agarwal, R., Bakris, G.L., Flynn, J.T., Nilsson, P.M., Rahman, M., Sanders, P.W., 

Textor, S.C., Weir, M.R. & Townsend, R.R.  2013.  KDOQI US Commentary on the 2012 

KDIGO clinical practice guideline for management of blood pressure in CKD. American Journal 

of Kidney Diseases, 62(2):201-213. 

Tonelli, M., Sacks, F., Pfeffer, M., Gao, Z. & Curhan, G.  2005.  Relation between serum 

phosphate level and cardiovascular event rate in people with coronary disease. Circulation, 

112(17):2627-2633. 

Tonelli, M., Karumanchi, S.A. & Thadhani, R.  2016.  Epidemiology and mechanisms of uremia-

related cardiovascular disease. Circulation, 133(5):518-536. 

Wang, X., Ouyang, Y., Liu, J., Zhu, M., Zhao, G., Bao, W. & Hu, F.B.  2014.  Fruit and vegetable 

consumption and mortality from all causes, cardiovascular disease, and cancer: Systematic 



 

46 
 

review and dose-response meta-analysis of prospective cohort studies The British Medical 

Journal, 349:g4490. 

WHO (World Health Organisation).  2018.  Global Health Observatory (GHO) data. 

http://www.who.int/gho/ncd/mortality_morbidity/en/ Date of access: 10 Oct. 2018. 

Widmer, R.J., Flammer, A.J., Lerman, L.O. & Lerman, A.  2015.  The mediterranean diet, its 

components, and cardiovascular disease. The American Journal of Medicine, 128(3):229-238. 

Willis, K., Cheung, M. & Slifer, S.  2012.  KDIGO 2012 Clinical practice guidelines for the 

evaluation and management of chronic kidney disease. International Society of Nephrology, 

3(1). 

Wolfe, K.L., Kang, X.M., He, X.J., Dong, M., Zhang, Q. & Liu, R.H.  2008.  Cellular antioxidant 

activity of common fruits. Journal of Agricultural and Food Chemistry, 56:8418–26. 

Wirth, J.P., Laillou, A., Rohner, F., Northrop-Clewes, C.A., Macdonald, B. & Moench-Pfanner, R.  

2012.  Lessons learned from national food fortification projects: experiences from Morocco, 

Uzbekistan, and Vietnam. Food Nutrition Bulletin, 33(Suppl):S281-92. 

Yusuf, S., Dagenais, G., Pogue, J., Bosch, J. & Sleight, P.  2000.  Vitamin E supplementation 

and cardiovascular events in high-risk patients. The Heart Outcomes Prevention Evaluation 

Study Investigators. New England Journal of Medicine, 342:154–60. 

Zhang, W., Iso, H., Ohira, T. Date, C., Tamakoshi, A. &  JACC Study Group.  2012.  

Associations of dietary magnesium intake with mortality from cardiovascular disease: the JACC 

study. Atherosclerosis, 221:587-595. 

  

https://pubs.acs.org/author/Dong%2C+Mei
https://pubs.acs.org/author/Zhang%2C+Qingyuan
https://pubs.acs.org/author/Liu%2C+Rui+Hai
https://www.sciencedirect.com/science/article/pii/S0021915012000676#!
https://www.sciencedirect.com/science/article/pii/S0021915012000676#!


 

47 
 

CHAPTER 3 

 

EFFECT OF FRUIT AND VEGETABLE INTAKE ON THE PROGRESSION 

OF KIDNEY FAILURE IN ADULTS WITH CHRONIC KIDNEY DISEASE: 

A SYSTEMATIC REVIEW 

 

 

This chapter is an article that has been prepared for the Journal of Renal Nutrition. The article 

has been prepared according to the instructions for authors and can be found in Annexure A  
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3.1 Abstract 

Background: This systematic review aimed to investigate the effect of fruit and vegetable 

intake on clinical outcomes of patients with chronic kidney disease (CKD), especially the 

estimated Glomerular Filtration Rate (eGFR). 

Methods: A search was performed on EBSCO Host, Google Scholar, MedLine, Pubmed, 

Science Direct, Scopus, The Web of Science and The Cochrane Central Register of Controlled 

Trials systematically using keywords and MeSh terms. Randomised controlled trials (RCTs) 

investigating the effect of fruit and vegetable intake on blood pressure, metabolic acidosis and 

eGFR in adult patients with CKD (eGFR <60 ml/min/1.73m2) published before April 2019 were 

included. Control groups received usual care. 

Results: Two studies comprising a total of 143 participants were included. In the first study, the 

eGFR of the fruit and vegetable group was the same after one year as that of the group 

receiving sodium bicarbonate. Overall, the eGFR was significantly higher in the fruit and 

vegetable groups when compared with usual care. The included studies found a significant 

reduction in body weight, systolic blood pressure and Potential Renal Acid Load (PRAL) in the 

fruit and vegetable group when compared with baseline and the control group. There was a 

significant improvement in plasma total carbon dioxide (TCO2) in the fruit and vegetable group 

when compared with baseline. Fruit and vegetable intake had no effect on plasma potassium 

when compared with baseline and/or the control group in both the included studies. 

Conclusion: Fruit and vegetables are an effective way of delaying progression of kidney failure 

in CKD patients with metabolic acidosis, without producing hyperkalaemia. 

Keywords: Chronic kidney disease, fruit intake, vegetable intake, metabolic acidosis, GFR 
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3.2 Introduction 

Chronic kidney disease (CKD) has become a global key health concern, affecting about 10–

13% of the world's population,1 with an annual rise in incidence of 8%.2 It is estimated that five 

million South Africans older than 20 years of age have CKD.3 Diabetes mellitus (DM), 

hypertension (HPT) and cardiovascular disease (CVD) are the most common causes of CKD.4 

Chronic kidney disease is defined as the progressive loss of kidney function characterised by a 

decreased renal function (estimated Glomerular Filtration Rate (eGFR) <60 ml/min/1.73m2) 

present for longer than 3 months, or indicators of kidney damage.5 Patients with CKD are 

classified in five stages using the Kidney Disease Outcomes Quality Initiative (KDOQI) 

guidelines.5 Stage 3 is classified a eGFR value is 30 to 59 ml/min/1.73m2; stage 4: eGFR 15 to 

29 ml/min/1.73m2 and stage 5: eGFR <15 ml/min/1.73m2. Dialysis or kidney transplant are the 

only treatments for the final stage of CKD. These treatments place a significant financial burden 

on individuals and national health budgets.6 A large proportion of people in low- to middle-

income countries do not have health insurance and access to health care is limited.7 Because of 

limited resources, in South Africa only 15–20% of the patients who require renal replacement 

therapy (RRT) obtain such treatment.8 

There is a well established link between CVD and CKD. Subbiah et al.9 found that the risk of 

cardiovascular mortality increased by 5% with every 10 mL/min/1.73 m2 reduction in eGFR. The 

term cardio-renal syndrome (CRS) has been used to describe the overlapping clinical conditions 

in heart and kidney dysfunction.2,10,11 Ageing, albuminuria, DM, dyslipidaemia, HPT, obesity and 

smoking are some of the traditional risk factors contributing to CVD in CKD.2,9 There are also 

overlapping non-traditional risk factors such as anaemia, albuminuria, abnormal bone and 

mineral metabolism, acidosis, inflammation, oxidative stress and endothelial dysfunction, which 

are all uraemia-specific factors.10 This increased risk and the added costs of CVD make it 

essential to prevent the decline of eGFR in patients in any stage of CKD.4  

Medical nutritional therapy has been a significant part of CKD treatment. The emphasis has 

been on reducing protein, sodium, phosphorus, and potassium intake, therefore, limiting fruit 

and vegetable consumption.5,12 The rationale behind restricting potassium intake is the 

prevention of hyperkalaemia (serum potassium [Sk] >5.5 mmol/L), which, by causing heart 

arrhythmia, is associated with a higher risk of mortality in patients with CKD.13 Although such 

restriction is widely prescribed, there seems to be little evidence to support the premise that 

high dietary potassium intake is actually associated with high Sk levels.14-17 Phosphate intake is 

restricted in patients with CKD to prevent hyperphosphataemia, which causes 

hyperparathyroidism, renal bone disease, progression of renal failure and soft tissue 
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calcification leading to increased CVD risk.18-21 Although evidence shows that phosphorus is 

strongly associated with CVD, progression of CKD and death, there is very little evidence to link 

dietary phosphorus intake directly to adverse clinical outcomes.18,22-24 

Evidence shows that fruit and vegetables improve metabolic acidosis, decrease systolic blood 

pressure (BP) and decrease kidney damage in stage 4 CKD without causing hyperkalaemia.25-27 

A higher fruit and vegetable intake results in lower net production and retention of hydrogen 

ions, with better preservation of kidney function.28 Increased vegetable intake may have 

favourable effects on phosphorus metabolism in CKD. Phosphate from plant-origin foods is 

much less readily absorbed by the intestine owing to the lower bioavailability of phytate (20-

40%) compared with phosphate from animal-origin foods (40-60%), and additives found in 

processed foods (≈100%).18 

Increased fruit and vegetable intake increases fibre intake, which decreases the levels of 

uraemic toxins in patients while increasing protein intake to reduce the risk of malnutrition in 

CKD patients.17,23 Current recommendations for CKD patients focus on restricting protein, 

sodium, potassium and phosphate intake, thereby limiting protective foods such as nuts, seeds, 

beans, peas, legumes and commonly consumed fruit and vegetables. These restrictions are 

hard to comply with and might even be detrimental to the health of patients. Further high-quality 

studies are required to establish the role of fruit and vegetables in the diet of a patient with CKD. 

Fruit and vegetable intake might be a cost-effective and acceptable treatment option for patients 

with CKD but the quantity and type of fruit and vegetables suitable for each stage of CKD is not 

well defined.  

This study therefore aimed to perform a systematic review of randomised controlled trials 

(RCTs) investigating the effect of dietary fruit and vegetable intake on clinical outcomes of 

patients with CKD, especially on eGFR as a measure of progression of kidney failure. 

3.3 Materials and methods 

Our primary aim was to assess the effect of fruit and vegetable intake on clinical outcomes of 

adult patients with CKD, especially the progression of kidney failure. The primary outcomes 

were eGFR (cystatin C-estimated GFR (cysGFR) and creatinine-estimated GFR (crGFR) in 

response to fruit and vegetable intake or usual care. The secondary outcomes included markers 

indicating acidosis (potential renal acid load (PRAL), plasma total carbon dioxide (TCO2)), body 

weight, BP and plasma potassium. This systematic review was conducted according to a pre-

established review protocol registered on the PROSPERO register with registration number: 

CRD42019145160. 
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The net changes between end and baseline values were reported as mean ± standard deviation 

(SD). A P-value <0.05 indicated a statistically significant difference between the net changes 

from baseline to end, as well as the end values of the fruit and vegetable (experimental) group 

compared with those receiving standard care (control group). 

3.3.1 Eligibility criteria 

Randomised controlled trials with an adult population group (aged ≥18 years) with CKD defined 

as eGFR <60 ml/min/1.73m2, and not receiving dialysis were included. Fruit and vegetable 

intake was the primary intervention compared with standard or usual care or lower frequency 

and amount of fruit and vegetable consumption. This allowed standardised classification of fruit 

and vegetable intake.  

Papers in languages other than English, duplicated articles, review papers, congress abstracts, 

editorials and case reports were excluded from this review. Studies were also excluded if mixed 

healthy diet or dietary patterns were reported and if the effect of fruit and vegetables intake was 

not reported separately. 

3.3.2 Search methods for identification of reviews 

Two reviewers (JN and ML) searched EBSCO Host, Google Scholar, MedLine, Pubmed, 

Science Direct Scopus Web of Science and The Cochrane Central Register of Controlled Trials 

systematically for studies published before April 2019, and the reference lists of primary studies, 

review articles and clinical practice guidelines independently, to find relevant studies. Studies 

considered to be potentially relevant by one or more reviewers were retrieved for title 

screening.inspection. 

The search strategies were created by a research librarian using MeSH terms and keywords in 

databases without MeSH terms. The search string used was based on Population/ Intervention/ 

Comparison and Outcome (PICO) and were: (chronic kidney failure[MeSH Terms]) OR chronic 

(kidney insufficiencies[MeSH Terms]) OR (chronic kidney insufficiency[MeSH Terms]) AND 

(renal failure[MeSH Terms]) AND (chronic renal failure[MeSH Terms]) AND (kidney 

disease[MeSH Terms]) AND (kidney failure[MeSH Terms]) OR (kidney failure, acute[MeSH 

Terms]) OR (kidney failures[MeSH Terms]) OR (kidney failures, acute[MeSH Terms]) OR 

(kidney failure, chronic[MeSH Terms]) OR (acute kidney failure[MeSH Terms]) OR (acute 

kidney failures[MeSH Terms]) AND (end-stage renal disease[MeSH Terms]) OR (renal disease, 

end-stage[MeSH Terms]) OR (disease, end-stage kidney[MeSH Terms]) OR (disease, end-

stage renal[MeSH Terms]) OR (end-stage kidney disease[MeSH Terms]) OR (end-stage liver 
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disease[MeSH Terms]) OR (end-stage renal disease[MeSH Terms]) OR (end-stage renal 

failure[MeSH Terms]) OR (end-stage kidney disease[MeSH Terms]) OR (renal disease, end-

stage[MeSH Terms]) OR (renal failure, end-stage[MeSH Terms]) AND (filtration rate, 

glomerular[MeSH Terms]) OR (filtration rates, glomerular[MeSH Terms]) OR (glomerular 

filtration rate[MeSH Terms]) OR (glomerular filtration rates[MeSH Terms]) AND (adults[MeSH 

Terms]) OR (adult children[MeSH Terms]) OR (adult daughter[MeSH Terms]) OR (adult 

daughters[MeSH Terms]) AND (patients[MeSH Terms]) AND (fruits[MeSH Terms]) AND 

(vegetables[MeSH Terms]) AND (dietary allowance, recommended[MeSH Terms]) OR (dietary 

allowances, recommended[MeSH Terms]) OR (dietary habit[MeSH Terms]) OR (dietary 

habits[MeSH Terms]) OR (dietary management[MeSH Terms]) AND (acetate, potassium[MeSH 

Terms]) AND 9hyperkalaemia[MeSH Terms]) AND (hypertension[MeSH Terms]) AND (acidosis, 

metabolic[MeSH Terms]) AND (acid base balance[MeSH Terms]) OR (acid base 

equilibrium[MeSH Terms]) OR (balance, acid base[MeSH Terms]) AND (serum 

bicarbonate[MeSH Terms]). 

3.3.3 Selection of studies  

After searches of all the specified databases were conducted, duplicate results were removed. 

Thereafter, exclusion based on title screening was done. The abstracts of the remaining studies 

were obtained and screened. Lastly, full-text articles were obtained and assessed for eligibility.  

3.3.4 Data collection and analysis  

A study eligibility form was used to determine inclusion or exclusion of studies and a data 

extraction form was used for piloting data extraction of the studies. Data of the eligible studies 

were extracted and summarised by two independent review authors (JN and ML) and disputes 

were resolved by a third reviewer (RD). Where studies with two or more review arms were 

included, only data from intervention and control groups that met the eligibility criteria were 

extracted. 

The following data were extracted from eligible studies: bibliographic data, including date of 

publication, country of origin, trial design, care setting, aim of study, population group, age of 

participants, number of participants in each arm, key baseline participant data including eGFR, 

BP, details of treatment regimen received by each group, duration of treatment, details of any 

co-interventions, primary and secondary outcomes (with definitions), outcome data for primary 

and secondary outcomes (by group), duration of follow-up, number of withdrawals by group with 

reasons, confounders adjusted for and source of funding for trial. 
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3.3.5 Assessment of risk of bias and evidence quality of studies 

The assessment of risk of bias was conducted independently by two review authors (JN and 

ML). The Cochrane Collaboration tool for assessing risk of bias was used to assess the risk of 

bias for the included studies.29 Seven judgment descriptions were included for each study. If the 

answer was ‗Yes‘ there was a low risk of bias; ‗No‘ indicated a high risk of bias and ‗Unclear‘ 

indicated a lack of information or uncertainty over the potential for bias.29 An overall low risk of 

bias was allocated to a study where all domains were satisfied. Where one or more of the 

domains were inadequate, a high risk of bias was allocated.29 

Quality assessment of the studies was done according to the critical appraisal checklist for 

RCTs as prescribed by the Joanna Briggs Institute (JBI).30 The criteria for each guideline were 

classified as yes, no, unclear or not applicable. The Grading of Recommendations, Assessment, 

Development and Evaluations (GRADE) tool was then used to rate the quality of evidence as 

high, moderate, low or very low.31 

The Preferred Reporting Items for Systematic Review and Meta-Analysis of individual 

participant data (PRISMA-IPD) statement was used as a guideline to compile the article.32 

3.4 Results  

3.4.1 Study selection 

The database search delivered a total of 396 studies and 21 studies were added from a manual 

search. A total of 73 studies was identified by title screening of the initial search results. Thirty-

two studies were selected for abstract review, after which 19 studies remained for full-text 

review. The reasons for the exclusion of the 71 studies included the following: 40 studies had an 

inappropriate study design (reviews, editorials, observational studies, abstracts), three studies 

were in duplicate and 28 studies had an inappropriate population group. Two RCTs met the final 

criteria and were included in the systematic review. No further studies were added from the 

manual search. An overview of the literature search can be seen in Figure 3.1; the PRISMA-IPD 

flow diagram was used.32 
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Tool used: PRISMA IPD flow diagram.
32

 

F&V: Fruit and vegetables; n: amount; RCT: randomised controlled trial  

Figure 3-1: Flow diagram of studies that were considered for inclusion 

 

3.4.2 Study characteristics 

The study characteristics of the two included RCTs and details of the data collected from the 

studies is reported in Table 3.1 and Table .3.2 respectively. 

The included RCTs compared base-producing fruit and vegetables with usual care, regarding 

the primary outcome of follow-up eGFR and secondary outcomes of improved metabolic 

acidosis and reduced urinary indices of kidney injury. Both studies described the fruit and 

vegetable intervention as base-producing fresh fruit and vegetables calculated to reduce dietary 

acid by 50%. The primary fruit provided included apples, apricots, oranges, peaches, pears, 

raisins and strawberries. Vegetables given to the intervention group consisted of carrots, 

cauliflower, eggplant, lettuce, potatoes, spinach, tomatoes and zucchini. The amount and the 

types of fruit and vegetables were prescribed by a registered dietitian but participants did not 

receive specific dietary instructions. They were told to incorporate the fruit and vegetables in 
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their diet as they chose. The first study25 included participants with stage 4 CKD, 

macroalbuminuria (urine albumin to creatinine ratio (ACR) >200 mg/g creatinine) and metabolic 

acidosis (plasma TCO2 <22 mmol/l) due to hypertensive nephropathy. The control group for this 

study received oral sodium bicarbonate (NaHCO3) at 1.0 mEq/kg, according to the KDOQI 

guidelines for patients with metabolic acidosis and plasma TCO2 <22 mmol/l.5 The second 

study33 included participants with stage 3 CKD, macroalbuminuric with metabolic acidosis 

(plasma TCO2 22-24 mmol/l) due to hypertensive nephropathy. The control group received 

usual care but it was not specified what usual care entailed. The duration of the two studies was 

one and three years respectively.
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Table 3-1: Characteristics of the included randomised controlled trials 

Author, year. 
country 

Study title Characteristics of 
participants 

No. of 
participants 

Age of 
participants 
(years) 

Duration of 
intervention 
(years) 

Intervention and 
control 

eGFR 
(ml/min/1.73m

2
) 

Outcomes measured 

Goraya et al., 
2013.

25
 

United States 

A comparison between 
treating metabolic acidosis 
in CKD stage 4 
hypertensive kidney 
disease with F&V or 
NaHCO3 

≥18 y; 
Non-malignant HPT; 
Stage 4 CKD; 
Metabolic acidosis 
(plasma TCO2 <22 
mM) 

 

I: 36 

C: 35 

I: 53.9±6.9. 

C: 54.2±5.3 

1 Base-producing 
fresh F&V designed 
to reduce dietary 
acid by 50% vs 
bicarbonate group* 

15-20 

 

BW, Systolic BP, 
PRAL, PK, eGFR 
(crGFR & cysGFR), 
TCO2. 

Goraya et al., 
2014.

34
 

United States 

Treatment of metabolic 
acidosis in patients with 
stage 3 CKD with fruit and 
vegetables or oral 
bicarbonate reduces urine 
angiotensinogen and 
preserves glomerular 
filtration rate 

Stage 3 CKD; 
Macroalbuminuric; 
Metabolic acidosis 
(plasma TCO2 22-24 
mmol/l); 
Hypertensive 
nephropathy 

I: 36; 

C: 36. 

I: 53.5±5.2; 

C:53.9±4.8 

3 Base-producing 
fresh F&V designed 
to reduce dietary 
acid by 50% vs 
usual care. 

30-59 

 

BW, Systolic BP, 
PRAL, PK, eGFR 
(crGFR & cysGFR), 
TCO2. 

BP: blood pressure; BW: body weight; C; control; CKD: chronic kidney disease; cysGFR: cystatin C-estimated glomerular filtration rate; crGFR: creatinine-estimated glomerular filtration rate  eGFR: 

estimated glomerular filtration rate; F&V: fruit and vegetables; HPT; hypertension; I: intervention; PK; plasma potassium; PRAL: Potential Renal Acid Load; TCO2: plasma total carbon dioxide; vs: versus; 

y: year. * receiving oral NaHCO3 at 1.0 mEq/kg  
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Table 3-2: Results of the included randomised controlled trials 

Study Dietary exposure Results Conclusion 

Outcome F&V baseline  F&V end Control 
baseline 

Control end 

Goraya et al., 
2013.

25
 

Fruit given primarily included 
apples, apricot, oranges, 
peaches, pears, raisins and 
strawberries. Vegetables given 
consisted of carrots, cauliflower, 
eggplant, lettuce, potatoes, 
spinach, tomatoes and zucchini. 
The amount and type of F&V was 
prescribed by a RD designed to 
reduce dietary acid by 50% 

BW (kg) 82.7 ± 6.1 78.0 ± 5.3*+ 84.3 ± 5.4 84.4 ± 5.0 F&V improve metabolic 
acidosis and reduce kidney 
injury in stage 4 CKD 
without producing 
hyperkalaemia. 

Systolic BP (mm Hg) 136.3 ± 4.8 131.7 ± 3.3*+ 136.1 ± 4.7 136.0 ± 4.4 

PRAL (mmol/dl) 62.1 ± 6.8 39.6 ± 10.4*+ 59.0 ± 6.5 59.3 ± 6.3 

PK (meq/l) 4.1 ± 0.2 4.1 ± 0.1 4.1 ± 0.2 4.1 ± 0.1 

crGFR (ml/min) 22.8 ± 4.9 21.9 ± 5.1* 23.0 ± 3.5 21.4 ± 3.3* 

cysGFR (ml/min) 21.6 ± 4.6 20.7 ± 4.7* 21.7 ± 3.4 20.3 ± 3.2* 

Plasma TCO2 (mM) 19.3 ± 1.9 19.9 ± 1.7*+ 19.5 ± 1.5 21.2 ± 1.3* 

Goraya et al., 
2014.

33
 

Fruit given primarily included 
apples, apricot, oranges, 
peaches, pears, raisins and 
strawberries. Vegetables given 
consisted of carrots, cauliflower, 
eggplant, lettuce, potatoes, 
spinach, tomatoes and zucchini. 
The amount and type of F&V was 
prescribed by a RD designed to 
reduce dietary acid by 50% 

BW (kg) 84.2 ± 6.1 80.2 ± 5.1* 83.1 ± 6.0 81.2 ± 6.0* F&V improve metabolic 
acidosis and reduce kidney 
injury in stage 3 CKD 
without producing 
hyperkalaemia. F&V is an 
effective alkali treatment. 

Systolic BP (mm Hg) 163.3 ± 11.7 128.3 ± 4.5*+ 158.6 ± 10.6 135 ± 6.2* 

PRAL (mmol/dl) 61.9 ± 7.6 38.1 ± 5.9*+ 60.5 ± 7.7 60.3 ± 8.2 

PK (meq/l) 4.28 ± 0.14 4.29 ± 0.12 4.29 ± 0.14 4.26 ± 0.13 

crGFR (ml/min) 42.3 ± 7.1 36.9 ± 6.7*+ 42.6 ± 7.6 28.8 ± 7.3* 

cysGFR (ml/min) 39.4 ± 6.4 34.3 ± 6.4*+ 39.5 ± 6.8 26.6 ± 7.0* 

Plasma TCO2 (mM) 23.0 ± 0.6 23.9 ± 0.6*+ 23.0 ± 0.5 22.4 ± 0.6 

. BP: blood pressure; BW: body weight; CKD: chronic kidney disease; cysGFR: cystatin C-estimated glomerular filtration rate; crGFR: creatinine-estimated glomerular filtration rate; F&V: fruit 

and vegetables; PK; plasma potassium; PRAL: Potential Renal Acid Load; RD: registered dietitian; TCO2: plasma total carbon dioxide; *P<0.05 versus baseline. +P<0.05 versus Control 
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3.4.3 Outcomes 

There was no difference eGFR, calculated using plasma cystatin C (cysGFR) or using plasma 

creatinine (crGFR), between the test and control groups in baseline in either study.25,33 Goraya 

et al.25 found that the one-year cysGFR and crGFR were not different between the group 

receiving fruit and vegetable and the group receiving bicarbonate. In the study by Goraya et 

al.,33 cysGFR was comparable at baseline in the group receiving usual care and the group 

receiving fruit and vegetables (42.6 ± 7.6 vs 42.3 ± 7.1, P=0.99), but after three years cysGFR 

was significantly lower in the group receiving usual care compared with the group receiving fruit 

and vegetables (28.8 ± 7.3 vs 36.9 ± 6.7, P <0.05. The three-year crGFR was also higher for 

the group receiving fruit and vegetables compared with the group receiving usual care (P 

<0.01). 

In both studies, the fruit and vegetable group showed a significant reduction in body weight, 

systolic BP and PRAL when compared with baseline data (P <0.01).25,33 The systolic BP and 

PRAL were also significantly lower (P <0.01) in both studies in the fruit and vegetable group 

compared with the control group after follow-up.  

The plasma TCO2 improved significantly (P <0.05) in the fruit and vegetable group in both 

studies while the plasma potassium levels remained the same with follow-up.  

3.4.4 Risk of bias and quality assessment in included studies 

A critical appraisal of the RCTs for the risk of bias was conducted according to the guidelines 

prescribed in the Cochrane collaboration tool for assessing the risk of bias, as seen in Table 

3.3.29 The quality assessment was done according to the critical appraisal checklist for RCTs by 

JBI in Table 3.4.30 

Both studies have a high risk of bias and a low-quality score.25,33 The method of randomisation 

was not described in either of the studies and it is therefore unclear if true randomisation took 

place. It was not possible to blind the participants and fieldworkers delivering the treatment in 

the two RCTs as the fruit and vegetable group received the fruit and vegetables from the 

fieldworkers. It is unclear whether the outcome assessors were blind to the assigned groups.  
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Table 3-3: Risk of bias of included studies according to the guidelines prescribed 

in the Cochrane collaboration tool for assessing risk of bias29 

 

 

 

 

 

 

 

 

 

NA: Not applicable. Key: + Low risk; ? Unclear risk; - High risk. 

  

 Goraya et al., 2013
25

 Goraya et al., 2014
33

 

Adequate sequence generation? ? ? 

Allocation concealment? ? ? 

Blinding? (Patient-reported outcomes) - - 

Blinding? (Mortality) NA NA 

Incomplete outcome data addressed?  + + 

Free of selective reporting? + + 

Free of other bias? + + 
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Table 3-4: Quality assessment of the studies according to the critical appraisal 

checklist for randomised controlled trials by the Joanna Briggs 

Institute30 

  Goraya et al., 

2013
25

 

Goraya et al., 

2014
33

 

1 Was true randomisation used for assignment of participants to treatment groups? ? ? 

2 Was allocation to treatment groups concealed? ? ? 

3 Were treatment groups similar at the baseline? Y Y 

4 Were participants blind to treatment assignment? N N 

5 Were those delivering treatment blind to treatment assignment? N N 

6 Were outcomes assessors blind to treatment assignment? ? ? 

7 Were treatment groups treated identically other than the intervention of interest? Y Y 

8 Was follow-up complete and if not, were differences between groups in terms of 

their follow-up adequately described and analysed? 

Y Y 

9 Were participants analysed in the groups to which they were randomised? Y Y 

10 Were outcomes measured in the same way for treatment groups? Y Y 

11 Were outcomes measured in a reliable way? Y Y 

12 Was appropriate statistical analysis used? Y Y 

13 Was the trial design appropriate, and were any deviations from the standard RCT 

design (individual randomisation, parallel groups) accounted for in the conduct and 

analysis of the trial? 

Y Y 

 Overall quality score 61.5% 61.5% 

Y: Yes; N: no; ?:unclear; NA: not applicable; RCT: Randomised controlled trial.  

3.5 Discussion  

The evidence suggests that fruit and vegetable intake can lower metabolic acidosis, decrease 

systolic BP and decrease kidney damage in CKD without causing hyperkalaemia.25-27 The aim 

of this systematic review was to investigate the effect of fruit and vegetable intake on clinical 

outcomes of patients with CKD, especially eGFR as a measure of progression of kidney failure.  
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Quality of the evidence 

Two articles were included after reviewing all the potentially relevant articles.25,33 A critical 

appraisal of the risk of bias was made for the included RCTs according to the guidelines as 

prescribed in the Cochrane collaboration tool for assessing the risk of bias.29 The quality 

assessment was done according to the critical appraisal checklist for RCTs by JBI.30 Risk of 

bias present includes selection bias and performance bias.29 The studies included have a high 

risk of bias and a low-quality score. This is mainly because the method of randomisation was 

not described in the studies and therefore it is unclear if true randomisation took place. It was 

not possible to blind the participants and fieldworkers delivering the treatment in the two RCTs 

as the fruit and vegetable group received the fruit and vegetables from the fieldworkers The 

participants in the fruit and vegetable group received apples, apricots, oranges, peaches, pears, 

raisins and strawberries, carrots, cauliflower, eggplant, lettuce, potatoes, spinach, tomatoes and 

zucchini. The amount and the types of fruit and vegetables were prescribed by a registered 

dietitian but participants did not receive specific dietary instructions. They were told to 

incorporate the fruit and vegetables in their diet as they chose. It is unclear whether the 

outcome assessors and statisticians were blind to the assigned groups. 

Outcomes 

The eGFR of the group receiving fruit and vegetables in the study by Goraya et al.25 was the 

same after one year as that of the group receiving bicarbonate. This indicates that base-

producing fresh fruit and vegetables calculated to reduce dietary acid by 50%, are just as 

effective in delaying the progression of kidney failure as sodium bicarbonate, as prescribed by 

the KDOQI guidelines for patients with metabolic acidosis.5 The eGFR was significantly higher 

in the group receiving fruit and vegetables when compared with the group receiving usual care 

in the study by Goraya et al.33 This indicates that fruit and vegetable intake helps to preserve 

kidney function and delays progression of kidney damage. Similar results were reported from in 

a cohort study by Wai et al.,27 who found that healthy dietary patterns rich in fruit and vegetables 

were associated with a delay in CKD progression and improved survival in patients with stages 

3 or 4 CKD.  

The included studies found a significant reduction in body weight and systolic BP in the group 

receiving fruit and vegetables when compared with baseline data and the control group.25,33 

Fruit and vegetable intake can help to reduce the total energy intake of an individual and 

replace unhealthy food in the diet, subsequently lowering the body mass index (BMI) and risk of 

obesity.34,35  This is supported by the 3-day food diaries of the participants in the group receiving 
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fruit and vegetables, showing lower energy intake compared with baseline.25 Fruit and 

vegetables contain magnesium, potassium, antioxidants, fibre and nitrate, which help to lower 

BP.36-38 The reduction in body weight is another contributing factor leading to reduction of BP.39 

It is important, however, to note that only body weight was reported in the studies and not BMI. 

The reduction in body weight can thus not be interpreted as a positive effect as patients with 

CKD are known to suffer from protein-energy wasting syndrome.40  

Metabolic acidosis occurs when the mechanism regulating the acid–base balance in the body or 

the renal acidification mechanisms are compromised as a result of increased production of non-

volatile acids or loss of bicarbonate. The serum bicarbonate concentration drops to less than 22 

mEq/L.41,42 A secondary decrease in the arterial partial pressure of carbon dioxide (PCO2) then 

follows, leading to a reduction in blood pH.43 The included studies found a significant reduction 

in PRAL in the intervention group when compared with baseline as well as in comparison with 

end values in the control group.25,33 The PRAL of food is based on the average intestinal 

absorption rate of protein, phosphorus, potassium, magnesium and calcium.26,44 Food with a 

PRAL value of less than 0 increases alkalinity of the body fluids and food with a PRAL value of 

more than 0 increases acid production in the body, leading to metabolic acidosis.44 The PRAL 

affects the net endogenous acid production (NEAP) which, in turn, will affect CKD progression 

by distal nephron acidification and endothelin activation.45 Both studies found a significant 

improvement in plasma TCO2 in the fruit and vegetable group when compared with baseline. 

Most fruit and vegetables contain potassium salts of metabolising anions like citrate and malate 

which consume hydrogen ions and therefore have an alkalising effect.28 Plant proteins are 

higher than animal proteins in glutamate, which is an anionic amino acid that neutralises 

hydrogen ions, leading to a reduction of metabolic acidosis.28 

Fruit and vegetable intake had no effect on plasma potassium when compared with baseline 

and/or the control group in both the RCTs.25,33 No patient in any group in the included studies 

had plasma potassium levels >4.6 mEq/L during follow up. The exclusion criteria of the studies 

might have excluded participants at high risk of hyperkalaemia, such as patients with diabetes. 

However, the results were supported by Scialla et al.,46 who found that a higher percentage of 

plant protein intake was not associated with higher serum potassium in patients with CKD. 

Patients who are advised to follow a low-potassium diet (2 000 to 3 000 mg/d) have to avoid 

high-potassium food such as nuts, seeds, beans, peas, legumes and many commonly available 

fruit and vegetables that contain >200 mg potassium per serving.47 A diet rich in fruit and 

vegetables and thus a higher potassium intake may delay the progress of CKD in early stages 

by lowering BP.48 It seems that the benefits of plant-based diets naturally high in potassium and 

fibre and low in acidogenic proteins and minerals could outbalance the possible risk of 
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developing hyperkalaemia in early CKD.17 It is rather the use of potassium additives such as 

monosodium phosphate, dicalcium phosphate and phosphoric acid that patients should 

avoid.24,49 

A meta-analysis by Kelly et al.50 concluded that dietary patterns rich in fruit and vegetables, 

legumes, whole grains and fibre, together with lower consumption of red meat, sodium and 

refined sugars were consistently associated with lower mortality in people with CKD. This meta-

analysis aimed to evaluate the association between dietary patterns and mortality or ESRD 

among adults with CKD. Seven studies were included with a total of 15 285 participants. 

Evidence is pointing away from single-nutrient renal diets, where the emphasis is on restriction 

of potassium, phosphate and protein, towards more plant-based diets.12,27,46,51,52 Single-nutrient 

approaches are difficult to comply with and have provided few positive results.50 In fact, they 

may even be detrimental to health as they limit the use of common and easily available fruit and 

vegetables, as well as limiting protein in an already malnourished patient population.53,54  

As mentioned earlier, there is a well-established link between CKD and CVD, with HPT being 

the main cause of CKD.48,55 The management of HPT is the most important factor in both the 

primary prevention as well as progression of CKD. The included studies showed that higher fruit 

and vegetable intake significantly reduced systolic BP.25,33 Nutrients such as potassium, folate, 

vitamins, fibre and phenolic compounds found in fruit and vegetables protect against CVD by 

various pathways.13,56 Examples include decreasing oxidative stress by providing antioxidants, 

improving dyslipidaemia, decreasing BP, lowering insulin resistance, and improving 

haemostasis regulation.56,57 Dietary patterns such as the Mediterranean and Dietary 

Approaches to Stop Hypertension (DASH) diet, which modifies several risk factors in CVD, 

would be beneficial not only in preventing CKD but also in delaying regression of kidney 

function in patients with CKD. It is important to note that these dietary patterns are not only high 

in fruit and vegetables but also contain other important nutrients from nuts, seeds and legumes. 

Scialla et al.46 found that a higher percentage plant protein intake was associated with higher 

bicarbonate in patients with CKD and thus lower metabolic acidosis. Gutierrez et al.12 found 

diets rich in fruit and vegetables were associated with a lower risk of mortality. The findings by 

Smyth et al.52 support an association between healthy dietary patterns and reduced risk of 

major renal outcomes such as mortality and initiation of dialysis. 

The strengths of this systematic review are that 1) the search was done systematically 

according to the PRISMA statement;32 2) the search string was created by a research librarian 

to ensure a very targeted search on multiple databases; 3) studies for inclusion was chosen and 

subsequent data extracted was done by two independent review authors s; and 4) validated 
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assessment tools were used to evaluate the risk of bias and quality of the included studies. 

High-quality clinical trials are very limited and the included studies have a high risk of bias. 

Shortcomings of the two RCTs include the fact that clear categories for fruit and vegetable 

intake were not reported in terms of quantity and variety. Both studies described the fruit and 

vegetable intervention as base-producing fresh fruit and vegetables calculated to reduce dietary 

acid by 50%. The primary fruit provided included apples, apricots, oranges, peaches, pears, 

raisins and strawberries. Vegetables given to the intervention group consisted of carrots, 

cauliflower, eggplant, lettuce, potatoes, spinach, tomatoes and zucchini. The amount and the 

types of fruit and vegetables were prescribed by a registered dietitian but participants did not 

receive specific dietary instructions. They were told to incorporate the fruit and vegetables in 

their diet as they chose. The results should be interpreted with caution as the two included 

studies have a high risk of bias and low quality score. The two included studies have possible 

risk of selection bias and performance bias. After this systematic review it is very clear that 

limited RCTs are available on the topic. 

In conclusion, this systematic review showed that a diet including selective fruit and vegetables 

could reduce metabolic acidosis and BP while preserving kidney function in CKD without 

causing hyperkalaemia over one to three years of follow-up. Future studies conducted on the 

topic should use clear categories to identify the type and quantity of fruit and vegetables given 

to participants. 
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CHAPTER 4  

DIETARY PATTERNS AND PROGRESSION OF KIDNEY FAILURE AND 

MORTALITY IN ADULTS WITH CHRONIC KIDNEY DISEASE: A 

NARRATIVE SYSTEMATIC REVIEW  

 

 

This chapter is an article that has been prepared for the Journal of Renal Nutrition. The article 

has been prepared according to the instructions for authors and can be found in Annexure D. 
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4.1 Abstract 

Background: The current dietary recommendations for patients with chronic kidney disease 

(CKD) are very restrictive and difficult to comply with. Recent evidence shows that overall 

healthy dietary patterns rich in fruit and vegetables (3-5 portions daily) may improve clinical 

outcomes of these patients. 

Methods: This narrative systematic review of cohort studies aimed to investigate the effect of 

dietary patterns on clinical outcomes of patients with CKD, especially the progression of kidney 

failure. A search was systematically performed on EBSCO Host, Google Scholar, MedLine, 

Pubmed, Science Direct, Scopus and The Web of Science for studies published before July 

2019. Cohort studies on adults older than 18 years with CKD, defined as estimated glomerular 

filtration rate (eGFR <60 ml/min/1.73m2), not receiving dialysis, were included.  

Results: Five observational studies with a total of 8 649 participants were included in this 

narrative systematic review. Four of the included studies found that a higher plant-based dietary 

pattern and intake of fruit and vegetables reduced all-cause mortality in patients with CKD when 

compared with the lowest quintile of intake. 

Conclusion: Dietary patterns rich in fruit and vegetables are associated with lower mortality in 

patients with CKD. This data should be interpreted with caution as the exact cause of mortality 

is unknown and the quality of the studies is poor. 

Keywords: Chronic kidney disease, dietary patterns, fruit intake, vegetable intake, metabolic 

acidosis, GFR 
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4.2 Introduction 

Chronic kidney disease (CKD) affects more than 10% of all people.1 In South Africans five 

million people older than 20 years have CKD.2 Diet is one of the main modifiable risk factors 

that can be utilised to prevent or slow the development of CKD.3 Historically, dietary intervention 

has been a major part of CKD treatment and the current recommendations include the 

restriction of protein, sodium, potassium and phosphate intake.4,5 This limits the intake of 

protective foods such as nuts, seeds, beans, peas, and legumes, as well as commonly 

consumed fruit and vegetables such as avocado, butternut, grapes, mango, nectarines, papaya, 

gem squash, spinach and sweet potato, to name a few.6,7 These restrictions are hard to comply 

with and might even be detrimental to the patients‘ health as patients with CKD are at risk of 

cardiovascular disease (CVD), protein-energy wasting syndrome and metabolic acidosis.3,8-10 

Studies found that fruit and vegetable intake improves metabolic acidosis, decreases systolic 

blood pressure (SBP) and decreases kidney damage in patients with CKD without causing 

hyperkalaemia.11-13 A number of mechanisms explain why fruit and vegetable intake is beneficial 

to patients with CKD. Firstly, higher fruit and vegetable intake results in lower net production 

and retention of hydrogen ions, with better preservation of kidney function.14 Phosphorus 

metabolism can be improved by vegetable intake in patients with CKD. Phosphate from foods of 

plant-origin is far less readily absorbed by the intestine because of the lower bioavailability of 

phytate compared with phosphate from animal-origin foods and, in particular, from processed 

foods.15 Fruit and vegetables contain magnesium and potassium, which help to lower blood 

pressure (BP).16,17 Increased fruit and vegetable intake also increases fibre intake, which 

improves the levels of uraemic toxins in patients while increasing protein intake to lower the risk 

of malnutrition.3,18 

Despite all the information on the topic, only two randomised controlled trials (RCTs) were found 

when conducting a systematic review on the effect of fruit and vegetable intake on the 

progression of chronic kidney disease.11,12 It was found that most of the studies conducted on 

this topic focused on overall dietary patterns analysis, looking at the overall diet of individuals; 

the foods, food groups, and nutrients included; their combination and variety; and the frequency 

and quantity of habitual consumption.19,20 Although fruit and vegetable intake may be a cost-

effective and acceptable treatment option for patients with CKD, the quantity and type of fruit 

and vegetables suitable during each stage of CKD is not well defined. 

Studies that focused on overall dietary patterns with a high of consumption of fruit, vegetables, 

legumes, whole grains, poultry and fish and lower consumption of red meat, salt, and refined 

sugars found a positive association with clinical outcomes such as CKD progression, metabolic 
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acidosis and mortality.21-23 Western eating patterns high in red and processed meat, sweets, 

fried food, and refined carbohydrate have been shown to produce a high dietary acid load which 

leads to reduced kidney function by causing metabolic acidosis or subclinical acid retention.9,24 

The Mediterranean diet seems to be beneficial in delaying progression of CKD.22,23 The 

Mediterranean diet is well balanced and rich in fruit and vegetables21,25 which reduce metabolic 

acidosis by decreasing the net endogenous acid production (NEAP).23 The Mediterranean diet 

also improves endothelial function, inflammation, lipid profile and BP.23  

Individuals do not consume nutrients or food in isolation, therefore, nutritional advice is often 

easier to understand in the context of foods rather than the individual nutrients they contain.19 

This study aimed to perform a narrative systematic review of observational studies investigating 

the effect of dietary patterns on clinical outcomes of patients with CKD especially the 

progression of kidney failure.  

4.3 Materials and methods 

Our primary aim was to assess the effect of healthy dietary patterns high in fruit and vegetables 

on clinical outcomes of patients with CKD, especially the progression of kidney failure. The 

primary outcomes were estimated glomerular filtration rate (eGFR) in response to dietary 

patterns high in fruit and vegetables. The secondary outcomes included the risk of mortality and 

end-stage renal disease (ESRD). This narrative systematic review was conducted following a 

previous systematic review done on RCTs. This narrative systematic review was conducted 

according to a pre-established review protocol.  

The eGFR of the exposure category and reference category were reported as mean ± standard 

deviation (SD). A P-value <0.05 indicates a statistically significant difference between the 

exposure group compared with the reference group. The hazard ratio (HR) was reported with a 

95% confidence interval (CI).  

4.3.1 Criteria for considering reviews for inclusion  

Observational cohort studies were included with an adult study population (aged ≥18 years),with 

CKD defined as eGFR <60 ml/min/1.73m2, and not receiving dialysis. Dietary patterns higher in 

fruit and vegetables were the primary intervention compared with dietary patterns with a lower 

frequency and amount of fruit and vegetable consumption. Dietary patterns were determined by 

using self-reporting tools such as 24-hour dietary recalls, food diaries and food frequency or 

dietary habits questionnaires and then categorised by using diet quality score and dietary 

pattern analysis. There is no standardised classification of dietary patterns. Follow-up had to 
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occur for at least one year. Papers in languages other than English, duplicated articles, review 

papers, congress abstracts, editorials and case reports were excluded from this review. Non-

randomised studies (NRS) were used in this narrative systematic review to provide evidence of 

the effect on CKD of dietary patterns rich in fruit and vegetables.  

4.3.2 Search methods for identification of studies 

Two reviewers (JN and ML) searched EBSCO Host, Google Scholar, MedLine, Pubmed, 

Science Direct, Scopus and Web of Science systematically for cohort studies published before 

July 2019, and the searched reference lists of primary studies, review articles and clinical 

practice guidelines independently to find relevant studies. Studies found potentially relevant by 

one or more reviewers were retrieved for title screening. 

The search strategies were created by a research librarian, using MeSH terms and keywords in 

databases without MeSH terms. The search string used was based on Population/ Intervention/ 

Comparison and Outcome (PICO) and were as follows: (chronic kidney failure or chronic kidney 

insufficiencies) AND renal failure AND chronic renal failure AND (kidney disease or renal 

disease or renal failure or kidney failure) AND (end-stage renal disease or end-stage renal 

failure or chronic kidney disease or kidney failure) AND glomerular filtration rate AND adults 

AND patient AND (fruits and vegetables) AND (dietary habits or eating habits or dietary 

patterns) AND (potassium and hyperkalaemia) AND (hypertension or high blood pressure and 

metabolic acidosis and acid–base balance and serum bicarbonate). 

4.3.3 Data collection and analysis  

A study eligibility form was used to determine inclusion or exclusion of studies and a data 

extraction form was used for extraction of the relevant information. The titles and abstracts of 

the articles identified were independently evaluated by two reviewers (JN and ML) to decide if 

they met the inclusion criteria for the review. Data of the eligible studies were extracted and 

summarised by the two independent reviewers (JN and ML) and disputes were resolved by a 

third reviewer (RD). Where studies with two or more review arms were included, only data from 

intervention and control groups that met the eligibility criteria were extracted. 

The following data were extracted from eligible studies: bibliographic data, including date of 

publication, country of origin, trial design, care setting, aim of study, population group, age of 

participants, number of participants in each arm, key baseline participant data, including eGFR, 

BP, details of treatment regimen received by each group, duration of treatment, details of any 

co-interventions, primary and secondary outcomes (with definition), outcome data for primary 
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and secondary outcomes (by group), duration of follow-up, number of withdrawals by group with 

reasons, cofounders adjusted for and source of funding for trial. 

4.3.4 Assessment of risk of bias and quality assessment of studies 

Assessment of risk of bias was conducted independently by two review authors (JN and ML). 

The Newcastle‐Ottawa scale for assessing the risk of bias of cohort studies was used to assess 

the risk of bias for the included studies.27 Quality assessment of the studies was conducted 

according to the critical appraisal checklist for cohort studies as prescribed by Joanna Briggs 

Institute (JBI).28 The criteria for each guideline were classified as yes, no, unclear or not 

applicable. The Grading of Recommendations, Assessment, Development and Evaluations 

(GRADE) tool was then used to rate the quality of evidence as high, moderate, low or very 

low.29 

4.4 Results  

4.4.1 Study selection 

The database search delivered a total of 286 studies and 23 studies were added from a manual 

search. A total of 73 studies was identified by title screening of the initial search results. Forty-

one studies were identified for abstract review and 19 studies for full-text review. The 68 studies 

were excluded for the following reasons: 26 studies had an inappropriate study design (RCTs), 

or were reviews, editorials, or abstracts; three studies were duplicates and 39 studies had an 

inappropriate population group (healthy adults; younger than 18 years, receiving dialysis). Five 

observational studies met the final criteria and were included in this narrative systematic 

review.5,30-33 No further studies were added from the manual search. An overview of the 

literature search can be seen in Figure 4.1; the Preferred Reporting Items for Systematic 

Review and Meta-Analysis of individual participant data (PRISMA-IPD) flow diagram was 

used.34 
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Tool used: PRISMA IPD flow diagram
34

 

Figure 4-1: Flow diagram of studies considered for inclusion 

4.4.2 The rationale for inclusion of observational studies 

Very few RCTs have been done to determine the effect of fruit and vegetables on clinical 

outcomes of patients with CKD due to practical and logistical constraints. Therefore, 

observational and cohort studies were used for this narrative systematic review. The 

observational studies included are of value as they provide longer follow-up data and larger 

sample sizes that RCTs. Five observational studies were identified after full-text revision as 

these studies met all the inclusion criteria. The data of the included observational studies could 

not be pooled due to differences in study design and outcomes measured; the results of the 

observational studies will, therefore, be reported in the form of a narrative description. 

4.4.3 Baseline characteristics  

Five prospective, cohort observational studies were included in this narrative systematic 

review.5,30-33 A total of 8 649 participants with CKD was included, all with eGFR <60 

ml/min/1.73m2. Three of the five observational studies were conducted in the United States; one 

was conducted in Australia and one in Sweden. All of the studies were published between 2013 
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and 2016. The duration of follow-up was between four and nine years. The dietary patterns 

described in the included studies differ and include: diets rich in plant protein,32 plant-based 

diets,5 healthy diets high in fruit and vegetables33 and the Mediterranean diet.30 Characteristics 

of the included observational studies and details of the data collected can be seen in Table 4.1 

and Table 4.2 respectively.  

4.4.4 Risk of bias and quality assessment in included studies 

A critical appraisal for the risk of bias was conducted according to the guidelines prescribed by 

The Newcastle‐Ottawa scale for assessing risk of bias of cohort studies, as seen in Table 4.3.27 

The overall risk of bias of the studies was low except for Huang et al.30 for which the risk was 

moderate. Although all of the participants in the studies had CKD at baseline, Huang et al.30 was 

not representative of the exposed cohort as only Swedish men between the ages of 50 and 70 

years were included. The risk of bias for the ascertainment of exposure to eating patterns was 

unclear in all the included studies, as the eating patterns were determined by using self-

reporting tools such as 24-hour dietary recalls, food diaries, and food frequency or dietary habits 

questionnaires. All of the studies accounted for a number of confounding factors but three of the 

studies failed to account for energy intake.30,31,33 

The quality assessment was done according to the critical appraisal checklist for cohort studies 

(Table 4.4), as prescribed by the JBI.28 The quality of the studies was moderate, but the same 

patterns could be identified as with the risk of bias. It is unclear if the exposure was measured in 

a valid and reliable way, as it was self-reported. By using the GRADE tool, the overall quality of 

the studies is assessed as low as observational studies are considered low-quality evidence.29 
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Table 4-1: Characteristics and data collection of the included observational studies 

Author, year. 
country 

Name of 
cohort study 

Study population No of 
participants 

Age (years) Duration 
(years) 

Dietary 
predictors 

Outcomes Adjusting factors 

Gutierrez et 
al., 2014.

5
 

United 
States 

REGARDS CKD 
eGFR <60 ml/min/1.73 
m

2
 or ACR ≥30 mg/g 

3 927 ≥ 45 6.4 Plant-based 
(F&V) 

All-cause mortality and 
ESRD 

Age, sex, ethnicity, energy 
intake, smoking, lifestyle, 
PA, Heart disease, HPT, 
education, family income, 
ACR, eGFR. 

Chen et al., 
2016.

32
 

United 
States 

NHANES lll CKD 
eGFR <60 ml/min/1.73 
m

2
 

1065 44.8 ± 15.8 8.4 Plant protein vs 
animal protein 

All-cause mortality Demographics, smoking, 
alcohol use, comorbidity, 
BMI, calorie and total 
protein intake and physical 
inactivity 

Wai et al., 
2016.

33
 

Australia 

CKD.QLD 
Nutrition 
Study 

CKD stage 3-4 
eGFR 15-59 
ml/min/1.73 m

2
 

145 71 ± 12 <4 F&V and limited 
alcohol intake 

All-cause mortality, 
commencement of 
dialysis and doubling of 
serum creatinine 

Age, sex, eGFR, BMI, 
malnutrition, CVD, DM, 
cancer, liver disease, 

Huang et al., 
2013.

30
 

Sweden 

ULSAM eGFR <60 ml/min 
Men 
 

506 - 9.9 Mediterranean 
Diet 

Cardiometabolic risk 
factors 
All-cause mortality 

BMI, PA, smoking status, 
education, HPT, DM 

Ricardo et 
al., 2015.

31
 

United 
States 

CRIC eGFR 20-70 3006 58 ± 11 4 Healthy diet CKD progression (50% 
decrease in eGFR or 
ESRD), all-cause 
mortality 

BMI, age, sex, ethnicity, 
education, DM, HPT, CVD, 
eGFR, log 24 urine protein. 

ACR: Albumin to creatinine ratio; BMI: Body Mass Index; CKD: chronic kidney disease; CKD.QLD: Chronic Kidney Disease in Queensland CRIC: Chronic Renal Insufficiency Cohort; CVD: 

cardiovascular disease; DM: diabetes mellitus;  eGFR: estimated glomerular filtration rate; ESRD: end-stage renal disease; F&V: fruit and vegetables;  no: number; NHANES: National Health and 

Nutrition Examination Survey; PA: physical activity; REGARDS: Reasons for Geographic and Racial Differences in Stroke; ULSAM: Uppsala Longitudinal Study of Adult Men. 
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Table 4-2: Exposure and outcomes of the included cohort trials 

Reference Dietary 
predictor 

Exposure Exposure 
category 

Reference 
category 

Results 

Outcome Reference category Exposure category 

Gutierrez et 
al., 2014

5
 

Plant based Lowest intake compared to 
highest intake of F&V 

Quartile 4 
(highest intake 
of % plant 
protein) 

Quartile 1 
(lowest intake 
of % plant 
protein) 

eGFR (ml/min/1.73m
2
) 68.1 (0.8) 70.1 (0.8) 

ACR (mg/g) 42.4 [12.9-103.2] 43.3 [15.8-101.8] 

Mortality (HR, 95% CI) 1.00 (ref) 0.77 (0.61, 0.97) 

ESRD (HR, 95% CI) 1.00  1.18 (0.71, 1.98) 

Chen et al., 
2016

32
 

Plant protein % Highest plant % intake 
compared with lowest 
intake. Plant products 
including grains, F&V, 
legumes, nuts and seeds. 

Quartile 4 
Plant protein 
>40.9% 

Quartile 1 
Plant protein 
<22.4% 

ACR ≥30 mg/g (%) 8.1 9.0 

All-cause mortality  
(HR, 95% CI)  

1.00  0.67 (0.46, 0.96) 

Wai et al., 
2016

33
 

F&V High DHQ score vs low 
DHQ score for increasing 
F&V.  

High DHQ 
score 

Low DHQ score eGFR (ml/min/1.73m
2
) 30 ± 14 35 ± 11* 

Composite clinical outcome
a
 (HR, 

95% CI) 
1.00 0.38 (0.18-0.82)* 

All-cause mortality  
(HR, 95% CI) 

1.00 0.35 (0.15-0.83)* 

Huang et al ., 
2013.

30
 

MD Low adherence vs high 
adherence to the MD 

High adherence 
(MDS 6-8) 

Low adherence 
(MDS 1-2) 

All-cause mortality  
(HR, 95% CI) 

1.00 0.77 (0.44-1.36)* 

Ricardo et 
al., 2015

31
 

Healthy diet Low vs high healthy diet 
score allocated by above 
the median consumption 
of F&V, fish and whole 
grains; and below the 
median 24-hour urine 
sodium excretion and 
consumption of sugar 

Score 5 Score 0 eGFR 43.39 ± 13.34 44.05 ± 13.15* 

CKD progression  
(HR, 95% CI) 

1.00 NS 

Atherosclerotic CV events 
(HR, 95% CI) 

1.00 NS 

All-cause mortality 
(HR, 95% CI) 

1.00 NS 

ACR: Albumin to creatinine ratio; CI: confidence interval; DHQ: Dietary History Questionnaire; eGFR: estimated glomerular filtration rate; ESRD: end-stage renal disease; F&V: fruit and vegetables; HR: 

hazard ratio; MD: Mediterranean Diet; MDS: Mediterranean Diet Score; NS: no significance; ref: reference. For each pattern, Q1 represents least consistency with pattern and Q4 represents most 

consistency with pattern. 
a
Refers to death, commencement of dialysis or doubling of serum creatinine. The most adjusted data are used from the included studies. *P value <0.0
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Table 4-3: Risk of bias for the included cohort studies, using the Newcastle-Ottawa 

Scale27 

Key: + Low risk; ? Unclear risk; - High risk.  
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Gutierrez et al., 

2014
5
 

+ + ? + + + + + 

Chen et al., 2016
32

 + + ? + + + + + 

Wai et al., 2016
33

 + + ? + - + + + 

Huang et al., 2013
30

 - + ? + - + + + 

Ricardo et al., 

2015
31

 

+ + ? + - + + + 
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Table 4-4: Quality assessment of the included cohort studies according to the 

guidelines as prescribed by Joanna Briggs Institute28  

  

Gutierrez 

et al., 

2014
5
 

Chen et 

al., 

2016
32

 

Wai et 

al., 

2016
33

 

Huang 

et al., 

2013
30

 

Ricardo 

et al., 

2015
31

 

1 
Were the two groups similar and recruited from the 

same population? 
Y 

Y Y 
Y Y 

2 

Were the exposures measured similarly to assign 

people to both exposed and unexposed groups? 
Y Y Y Y Y 

3 
Was the exposure measured in a valid and reliable 

way? 

? ? ? ? ? 

4 Were confounding factors identified? 
Y Y Y Y Y 

5 
Were strategies to deal with confounding factors 

stated? 

Y Y Y Y Y 

6 

Were the groups/ participants free of the outcome 

at the start of the study (or at the moment of 

exposure)? 

Y Y Y 
Y Y 

7 
Were the outcomes measured in a valid and 

reliable way? 

Y Y Y 
Y Y 

8 
Was the follow-up time reported and sufficient to be 

long enough for outcomes to occur? 

Y Y Y 
Y Y 

9 

Was follow-up complete, and if not, were the 

reasons for loss to follow up described and 

explored? 

Y Y Y 
Y Y 

10 
Were strategies to address incomplete follow-up 

utilised? 
Y Y ? N/A Y 

11 Was appropriate statistical analysis used? 
Y Y Y Y Y 

Y: Yes; N: no; ?:unclear; NA: not applicable.  
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4.4.5 Outcomes 

4.4.5.1 Estimated glomerular filtration rate 

Three of the included studies5,31,33 investigated eGFR in the exposure group compared with the 

reference group. All three of these studies found a higher eGFR value in the exposed category 

with healthier dietary patterns which included more fruit and vegetables. Ricardo et al.31 and 

Wai et al.33 found the eGRF to be significantly higher in the exposed category. The exposure 

versus reference category was 44.05 ± 13.15 vs 43.36 ± 13.34 in Ricardo et al.31 and 35 ± 11 

versus 30 ± 14 in Wai et al.33 

4.4.5.2 Progression of chronic kidney disease by decrease in estimated glomerular 

filtration rate, reaching end-stage renal disease or initiation of dialysis  

Three of the included studies5,31,33 investigated CKD progression, composite clinical outcomes 

and development of ESRD in patients with CKD. In the study by Gutierrez et al.,5 141 ESRD 

events were reported but no association was found between a plant-based dietary pattern and 

incident ESRD. Wai et al.33 found a significant association between low and high Dietary History 

Questionnaire (DHQ) scores for increasing fruit and vegetables intakes and composite clinical 

outcomes, referring to death, the commencement of dialysis or doubling of serum creatinine. 

The HR (95% CI) was 0.38 (0.18-0.82). Ricardo et al.31 compared low versus high healthy diet 

score allocated by above the median consumption of fruit and vegetables, fish and whole grains 

and below the median 24-hour urine sodium excretion and consumption of sugar. The study did 

not find a significant association between a healthy diet and CKD progression. 

4.4.5.3 All-cause mortality 

All the included studies investigated mortality as an outcome in CKD.5,30-33 A total of 1 451 

deaths occurred during the follow-up period, data from Chen et al.,32 were excluded as the 

number of deaths were not given distinctly for the CKD subpopulation. All but one study31 found 

that a higher plant-based dietary pattern and intake of fruit and vegetables reduced all-cause 

mortality in patients with CKD when compared with the lowest quintile intake. The HR and 95% 

CI for the respective studies can be seen in Table 4.2. 

4.5 Discussion  

The aim of this study was to perform a narrative systematic review of observational studies 

investigating the effect of dietary patterns on clinical outcomes of patients with CKD, especially 

the progression of kidney failure. The literature suggests that healthy dietary patterns rich in fruit 

and vegetables, legumes, whole grains, poultry and fish and lower in red meat, salt, and refined 
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sugars are beneficial for prevention of CKD and delaying of ESRD in patients with CKD.9,22,23,35 

Dietary patterns high in fruit and vegetables decrease NEAP, and improve metabolic acidosis, 

endothelial function, inflammation, lipid profile and blood pressure, resulting in improved kidney 

function and lower mortality risk, without causing hyperkalaemia.11,13,16,23  

Quality of the evidence 

Five articles with a total of 8 649 participants with CKD were included after reviewing all the 

potentially relevant articles.5,30-33 The Newcastle‐Ottawa scale was used to assess the risk of 

bias for the included cohort studies..27 Quality assessment of the studies was done according to 

the critical checklist for cohort studies by JBI.28 All the included studies had a low risk of bias 

except for Huang et al.,30 which had a moderate risk of bias as it was not representative of the 

exposed cohort. All the included studies had an unclear risk of bias for the ascertainment of 

exposure to eating patterns as the eating patterns were determined by using self-reporting tools 

such as 24-hour dietary recalls, food diaries, food frequency or dietary habits questionnaires. 

The studies accounted for a number of confounding factors but three of the studies failed to 

account for energy intake.30,31,33 

The studies had a low overall quality score as non-randomised studies are considered as low-

quality evidence.29 

Outcomes 

Estimated glomerular filtration rate 

Three of the five included studies reported on eGFR in the reference versus exposure 

categories. The three studies5,31,33 that investigated eGFR in the exposure group compared with 

the reference group found a higher eGFR value in the exposed category with healthier dietary 

patterns. All three of these studies have a low risk of bias and poor quality score. Two of the 

studies31,33 found the eGFR to be significantly higher in the exposed category. The exposure of 

these three studies differs greatly in the sense that Gutierrez et al.5 used quartiles to compare 

the lowest with the highest intake of fruit and vegetables whereas the other two studies31,33 used 

D Q‘s. It is reported in the literature that a diet high in vegetable sources of protein may lead to 

lower endogenous production of acid. This is associated with higher serum bicarbonate levels 

and the preservation of GFR.4,36,37  

It is essential to preserve the kidney function of a patient with CKD to delay the development of 

ESRD and cardiovascular complications. The only treatment for ESRD is renal replacement 

therapy (RRT) such as dialysis and renal transplantation.38 Because of limited resources, only 
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15–20% of patients in South Africa who require RRT obtain such treatment.2 It is predicted that 

the global demand for RRT will more than double by 2030.39 Slowing or preventing CKD 

progression will considerably cut health care costs as these costs more than double in the later 

stages of CKD.40 

Progression of chronic kidney disease to decline in estimated glomerular filtration rate, 

reaching end-stage renal disease or initiation of dialysis  

Rapid progression of kidney failure is defined as a sustained decline in eGFR of more than 5 

ml/min/1.73 m2/year.4 One of the studies found a significant association between low and high 

DHQ score for increasing fruit and vegetables and composite clinical outcomes, which referred 

to death, the commencement of dialysis or doubling of serum creatinine.33 Two of the studies5,31 

found no significant association between a healthy diet and CKD progression to ESRD. The 

same results were found in a 2017 systematic review by Kelly et al.22 that included a total of 

seven studies involving 15,285 participants; That systematic review found no statistically 

significant association between healthy dietary patterns and ESRD (RR and 95% CI of 1.04 

(0.68,1.40). It is important to note, however, that the quality of all three these studies is low and 

the dietary patterns are not standardised but were obtained by using self-reported information 

from participants. 

All-cause mortality 

Four of the five included studies found a positive association between higher plant-based 

dietary patterns with fruit and vegetables and reduced all-cause mortality in patients with 

CKD.5,30,32,33 These data correlate with results from the systematic review by Kelly et al.,22 which 

found that healthy dietary patterns were consistently associated with lower mortality in patients 

with CKD (RR and 95% CI of 0.73 (0.63,0.83)). Mortality should nonetheless be interpreted with 

caution as the exact cause of mortality is not known and could include other causes besides 

CKD-related complications. The studies that found an association between dietary patterns and 

reduced all-cause mortality had a low to moderate risk of bias. The quality score is low for all 

four of these studies as they are observational studies. Ricardo et al.31 is the only study that 

found no significance between higher plant-based dietary patterns with fruit and vegetables and 

reduced all-cause mortality in patients with CKD. Ricardo et al.31 used a low versus high dietary 

score that included other dietary factors besides fruit and vegetable intake. These factors 

included above the median intake of fish and whole grains, and below the median 24-hour urine 

sodium excretion and consumption of sugar.  
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Traditionally, research has focused on single nutrient outcomes; and it is only recently that there 

has been a shift to investigating dietary patterns and all the included studies, therefore, were 

published between 2013 and 2016. Current dietary guidelines for nutritional therapy of CKD are 

very restrictive and hard to comply with. The current nutritional therapy for CKD patients 

includes the restriction of protein, sodium, potassium and phosphate intake.4,11 Fruits and 

vegetables are rich in potassium and well known for their cardiovascular protection properties.21 

Two large meta-analyses consisting of more than 220 000 participants each found that fruit and 

vegetable intake of three to five servings daily decreases the risk of coronary heart disease 

(CHD) by 7% when compared with a lower intake of fewer than three servings per day.41,42 

Cardiovascular disease and CKD share overlapping risk factors25,43 and the risk of 

cardiovascular mortality can increase by 5% with every 10 mL/min per 1.73 m2 reduction in 

eGFR.44 Cardiovascular health should be a priority in patients with CKD. 

Even though potassium restrictions are widely prescribed, there seems to be little evidence to 

support the premise that high dietary potassium intake is indeed associated with high serum 

potassium levels.3,11,15,18,45,46 A study by Noori et al.,45 which included 224 patients on 

haemodialysis (HD), reported that dietary potassium was responsible only for about 2% of the 

variance in pre-dialysis serum potassium levels. It seems that the benefits of plant-based diets, 

naturally high in potassium and fibre and low in acidogenic proteins and minerals, could 

outbalance the possible risk of developing hyperkalaemia in early3 and even later stages of 

CKD.47 Serum potassium was not one of the outcomes reported in the included studies, but we 

recommend that it be included in future studies.  

This narrative systematic review has the following strengths: The search was done 

systematically, according to the PRISMA statement.34 The search string was created by a 

research librarian to ensure a very targeted search on multiple databases; Studies were chosen 

for inclusion and data extracted for the possible eligible studies by two independent researchers 

and validated assessment tools were used to evaluate the risk of bias and quality of the 

included studies. Although the PRISMA statement was used to ensure the specific requirements 

of reporting systematic reviews, this study has limitations.34 This review is conducted on NRS, 

which automatically lowers the quality of evidence. All the included studies featured different 

dietary patterns with no standardisation of the dietary patterns included. The aim was to 

compare dietary patterns rich in fruit and vegetables with dietary patterns with a lower frequency 

and amount of fruit and vegetable consumption. Although we managed to achieve this, the 

upper and lower quartiles used for the comparison differed greatly between the studies included 

and some studies used diet scores that included other dietary components besides fruit and 

vegetables. Dietary patterns in the included studies were generated by using food frequency 

questionnaires, food diaries and healthy eating scores; all of these methods rely on self-
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reported data from the participants. Although all participants had eGFR <60 ml/min/1.73m2, the 

participants included were in different stages of CKD, making it difficult to know which dietary 

pattern would be best during which stage of CKD. Lastly, all the included studies were 

conducted in the United States, Australia and Sweden and are thus not globally representative 

of all countries, especially developing countries such as South Africa.  

In conclusion, this narrative systematic review showed that dietary patterns rich in fruit and 

vegetables may reduce mortality in patients with CKD. Less restrictive diets are good news for 

populations that already does not have an adequate fruit and vegetable intake. Patients with 

CKD can be encouraged to available fruit and vegetables instead of restricting fruit and 

vegetables high in potassium. While good quality clinical trials are needed to investigate the 

effects of fruit and vegetable intake in different stages of CKD, it may be very difficult to conduct 

RCTs on this topic. Cohort study designs may work better, but future studies should specify the 

type and quantity of fruit and vegetables or specific dietary patterns better by using clear 

categories.  

4.6 Acknowledgements  

We would like to thank Mrs Gerda Beukes, the librarian, for assisting with the search strategy 

and finding of articles, and Dr Cristian Ricci for giving statistical advice. 

4.7 Author contributions  

Jacomie Nel: Development of research proposal and title for study. The setting of the problem 

statement, aims and objectives. Data search, data extraction, critical appraisal of the data 

extracted and statistical analysis. Writing of the protocol, literature study and narrative 

systematic review. Compiling of dissertation and editing of the article according to journal 

specifications. 

Dr Tani Lombard: Student co-supervisor; assisted with data search, data extraction, critical 

appraisal of the data extracted and support in the writing of the methods in the protocol and 

narrative systematic review. Provision of expert advice on systematic reviews and meta-

analysis. 

Dr Robin Dolman: Student supervisor; critical appraisal of the data extracted and support of the 

student in the writing of the protocol and narrative systematic review. Provision of expert advice 

on CKD and CVD. 



 

91 

4.8 Conflict of interest  

None of the authors has any conflict to declare.  

4.9 Funding 

This research did not receive any specific grant from funding agencies in the public, 

commercial, or not-for-profit sectors 

  



 

92 

4.10 References 

1. Hill NR, Fatoba ST, Oke JL, Hirst JA, O'Callaghan CA, Lasserson DS, et al. Global 

Prevalence of Chronic Kidney Disease - A Systematic Review and Meta-Analysis. PLoS 

One. 2016;11(7):e0158765. Epub 2016/07/08. doi: 10.1371/journal.pone.0158765. 

PubMed PMID: 27383068; PubMed Central PMCID: PMCPMC4934905. 

2. Meyers A. Guest Editorial: Chronic kidney disease. South African Medical Journal. 

2015;105(3):232. 

3. Snelson M, Clarke RE, Coughlan MT. Stirring the Pot: Can Dietary Modification Alleviate 

the Burden of CKD? Nutrients. 2017;9(265). doi: 10.3390/nu9030265. 

4. Willis K, Cheung M, Slifer S. KDIGO 2012 Clinical Practice Guidelines for the Evaluation 

and Management of Chronic Kidney Disease. International Society of Nephrology. 

2012;3(1). 

5. Gutierrez OM, Muntner P, Rizk DV, McClellan WM, Warnock DG, Newby PK, et al. 

Dietary patterns and risk of death and progression to ESRD in individuals with CKD: a 

cohort study. American Journal of Kidney Diseases. 2014;64(2):204-13. Epub 2014/04/01. 

doi: 10.1053/j.ajkd.2014.02.013. PubMed PMID: 24679894; PubMed Central PMCID: 

PMCPMC4111976. 

6. Herselman M, Esau N. Development of the South African renal exchange lists. South 

African Journal of Clinical Nutrition. 2005;18(2):51-7. 

7. NKF (National Kidney Foundation). What is potassium and why is it important to you? 

www.kidney.org/atoz/content/potassium. 2017. Date of access: 17 July 2018. 

8. Carrero JJ, Stenvinkel P, Cuppari L, Ikizler TA, Kalantar-Zadeh K, Kaysen G, et al. 

Etiology of the protein-energy wasting syndrome in chronic kidney disease: a consensus 

http://www.kidney.org/atoz/content/potassium


 

93 

statement from the International Society of Renal Nutrition and Metabolism (ISRNM). 

2013;23(2):77-90. 

9. Chen W, Abramowitz MK. Metabolic acidosis and the progression of chronic kidney 

disease. BioMed Central Nephrology. 2014;15(55). 

10. De Brito-Ashurst I, O‘Lone E, Kaushik T, McCafferty K, Yaqoob MM. Acidosis: 

progression of chronic kidney disease and quality of life. Pediatric Nephrology. 

2015;30:873-9. doi: 10.1007/s00467-014-2873-9. 

11. Goraya N, Simoni J, Jo C, Wesson DE. A Comparison of Treating Metabolic Acidosis in 

CKD Stage 4 Hypertensive Kidney Disease with Fruits and Vegetables or Sodium 

Bicarbonate. Clinical Journal of the American Society of Nephrology. 2013;8:371-81. doi: 

10.2215/CJN.02430312. 

12. Goraya N, Simoni J, Jo CH, Wesson DE. Treatment of metabolic acidosis in patients with 

stage 3 chronic kidney disease with fruits and vegetables or oral bicarbonate reduces 

urine angiotensinogen and preserves glomerular filtration rate. Kidney International. 

2014;86(5):1031-8. 

13. Passey C. Reducing the dietary acid load: How a more alkaline diet benefits patients with 

chronic kidney disease. Journal of Renal Nutrition. 2017;27(3):151-60. 

14. Adeva MM, Souto G. Diet-induced metabolic acidosis. Clinical Nutrition. 2011;30:416-21. 

doi: 10.1016/j.clnu.2011.03.008. 

15. Chang AR, Miller III ER, Anderson CA, Juraschek SP, Moser M, White K, et al. 

Phosphorus additives and albuminuria in early stages of CKD: a randomized controlled 

trial. American Journal of Kidney Diseases. 2017;69(2):200-9. 

16. Wang X, Ouyang Y, Liu J, Zhu M, Zhao G, Bao W, et al. Fruit and vegetable consumption 

and mortality from all causes, cardiovascular disease, and cancer: systematic review and 



 

94 

dose-response meta-analysis of prospective cohort studies. BMJ. 2014;349:g4490. Epub 

2014/07/31. doi: 10.1136/bmj.g4490. PubMed PMID: 25073782; PubMed Central PMCID: 

PMCPMC4115152. 

17. Zhang W, Iso H, Ohira T, Date C, Tamakoshi A. Associations of dietary magnesium intake 

with mortality from cardiovascular disease: the JACC study. Atherosclerosis. 

2012;221:587-95. 

18. Selamet U, Tighiouart H, Sarnak MJ, Beck G, Levey AS, Block G, et al. Relationship of 

dietary phosphate intake with risk of end-stage renal disease and mortality in chronic 

kidney disease stages 3–5: The Modification of Diet in Renal Disease Study. Kidney 

International. 2016;89(1):176-84. doi: 10.1038/ki.2015.284. 

19. Cespedes EM, Hu FB. Dietary patterns: from nutritional epidemiologic analysis to national 

guidelines. Oxford University Press; 2015. 

20. Mozaffarian D, Rosenberg I, Uauy R. History of modern nutrition science—Implications for 

current research, dietary guidelines, and food policy. BMJ. 2018;361:k2392. 

21. Widmer RJ, Flammer AJ, Lerman LO, Lerman A. The Mediterranean Diet, its 

Components, and Cardiovascular Disease. The American Journal of Medicine. 

2015;128(3):229-38. doi: 10.1016/j.amjmed.2014.10.014. 

22. Kelly JT, Palmer SC, Wai SN, Ruospo M, Carrero JJ, Campbell KL, et al. Healthy dietary 

patterns and risk of mortality and ESRD in CKD: a meta-analysis of cohort studies. 

Clinical Journal of the American Society of Nephrology. 2017;12(2):272-9. 

23. Chauveau P, Koppe L, Combe C, Lasseur C, Trolonge S, Aparicio M. Vegetarian diets 

and chronic kidney disease. Nephrology Dialysis Transplantation. 2018;34(2):199-207. 

24. Kraut JA, Medias NE. Metabolic acidosis: pathophysiology, diagnosis and management. 

Nature Reviews Nephrology. 2010;6:274-85. doi: 10.1038/nrneph.2010.33. 



 

95 

25. Gallieni M, Cupisti A. DASH and Mediterranean Diets as Nutritional Interventions for CKD 

Patients. American Journal of Kidney Diseases. 2016;68(6):828-30. Epub 2016/11/26. 

doi: 10.1053/j.ajkd.2016.09.001. PubMed PMID: 27884277. 

26. Higgins JP, Green S. Cochrane handbook for systematic reviews of interventions: John 

Wiley & Sons; 2011. 

27. Wells G, Shea B, O‘Connell D, Peterson J, Welch V, Losos M, et al. The Newcastle-

Ottawa Scale (NOS) for assessing the quality of case-control studies in meta-analyses. 

2011;25(9):603-5. 

28. Moola S, Munn Z, Tufanaru C, Aromataris E, Sears K, Sfetcu R, et al. Chapter 7: 

Systematic reviews of etiology and risk. 2017. 

29. Guyatt GH, Oxman AD, Vist G, Kunz R, Brozek J, Alonso-Coello P, et al. GRADE 

guidelines: 4. Rating the quality of evidence—study limitations (risk of bias). Journal of 

Clinical Epidemiology. 2011;64(4):407-15. 

30. Huang X, Jimenez-Moleon JJ, Lindholm B, Cederholm T, Arnlov J, Riserus U, et al. 

Mediterranean Diet, Kidney Function, and Mortality in Men with CKD. Clinical Journal of 

the American Society of Nephrology. 2013;8(9):1548-55. doi: 10.2215/cjn.01780213. 

31. Ricardo A, Anderson C, Yang W, Zhang X, Fischer M, Dember L, et al. CRIC Study 

Investigators: Healthy lifestyle and risk of kidney disease progression, atherosclerotic 

events, and death in CKD: Findings from the Chronic Renal Insufficiency Cohort (CRIC) 

Study. 2015;65(3):412-24. 

32. Chen X, Wei G, Jalili T, Metos J, Giri A, Cho ME, et al. The associations of plant protein 

intake with all-cause mortality in CKD. American Journal of Kidney Diseases. 

2016;67(3):423-30. 



 

96 

33. Wai SN, Kelly JT, Johnson DW, Campbell KL. Original Research: Dietary Patterns and 

Clinical Outcomes in Chronic Kidney Disease: The CKD.QLD Nutrition Study. Journal of 

Renal Nutrition. 2016. doi: 10.1053/j.jrn.2016.10.005. PubMed PMID: 

S1051227616301571. 

34. Stewart LA, Clarke M, Rovers M, Riley RD, Simmonds M, Stewart G, et al. Preferred 

reporting items for a systematic review and meta-analysis of individual participant data: 

the PRISMA-IPD statement. JAMA. 2015;313(16):1657-65. 

35. Kraut JA, Madias NE. Metabolic Acidosis of CKD: An Update. American Journal of Kidney 

Diseases. 2016;67(2):307-17. 

36. Di Iorio BR, Micco LD, Marzocco S, Simone ED, Blasio AD, Sirico ML, et al. Very Low-

Protein Diet (VLPD) Reduces Metabolic Acidosis in Subjects with Chronic Kidney 

Disease: The ―Nutritional Light Signal‖ of the Renal Acid Load. Nutrients. 2017;9(69):1-14. 

doi: 10.3390/nu9010069. 

37. Kanda E, Ai M, Kuriyama R, Yoshida M, Shiigai T. Dietary acid intake and kidney disease 

progression in the elderly. American Journal of Nephrology. 2014;39(2):145-52. Epub 

2014/02/12. doi: 10.1159/000358262. PubMed PMID: 24513976. 

38. Matsha TE, Yako YY, Rensburg MA, Hassan MS, Kengne AP, Erasmus RT. Chronic 

kidney diseases in mixed ancestry south African populations: prevalence, determinants 

and concordance between kidney function estimators. BioMed Central Nephrology. 

2013;14(1):75. doi: 10.1186/1471-2369-14-75. 

39. Liyanage T, Ninomiya T, Jha V, Neal B, Patrice HM, Okpechi I, et al. Worldwide access to 

treatment for end-stage kidney disease: A systematic review. The Lancet 

2015;385(9981):1975-82. 



 

97 

40. Kramer H, Jimenez EY, Brommage D, Vassalotti J, Montgomery E, Steiber A, et al. 

Medical Nutrition Therapy for Patients with Non–Dialysis-Dependent Chronic Kidney 

Disease: Barriers and Solutions. Journal of the Academy of Nutrition/Dietetics 

2018;118(10):1958-65. 

41. Dauchet L, Amouyel P, Hercberg S, Dallongeville J. Fruit and Vegetable Consumption 

and Risk of Coronary Disease: A Meta-Analysis of Cohort Studies. J Nutr. 2006;136:2588-

93. 

42. He F, Nowson C, Lucas M, MacGregor G. Increased consumption of fruit and vegetables 

is related to a reduced risk of coronary heart disease: meta-analysis of cohort studies. J 

Journal of Human Hypertension. 2007;21(9):717. 

43. Alissa EM, Ferns GA. Dietary fruits and vegetables and cardiovascular diseases risk. 

Critical Reviews in Food Science and Nutrition. 2015;57(9):1950-62. 

44. Subbiah AK, Chhabra YK, Mahajan S. Cardiovascular disease in patients with chronic 

kidney disease: a neglected subgroup. Heart Asia. 2016;8:56-61. doi: 10.1136/heartasia-

2016-10.1136/heartasia-2016-010809. 

45. Noori N, Kalantar-Zadeh K, Kovesdy CP, Bross R, Benner D, Kopple JD. Association of 

Dietary Phosphorus Intake and Phosphorus to Protein Ratio with Mortality in 

Hemodialysis Patients. Clinical Journal of the American Society of Nephrology. 

2010;5(4):683-92. doi: 10.2215/cjn.08601209. 

46. Korgaonkar S, Tilea A, Gillespie BW, Kiser M, Eisele G, Finkelstein F, et al. Serum 

Potassium and Outcomes in CKD: Insights from the RRI-CKD Cohort Study. Clinical 

Journal of the American Society of Nephrology. 2010;5(5):762-9. doi: 

10.2215/cjn.05850809. 



 

98 

47. Goraya N, Wesson DE. Is dietary Acid a modifiable risk factor for nephropathy 

progression? Amercan Journal of Nephrology. 2014;39(2):142-4. Epub 2014/02/12. doi: 

10.1159/000358602. PubMed PMID: 24513954. 

 

  



 

99 

CHAPTER 5  GENERAL DISCUSSION, CONCLUSIONS AND 

RECOMMENDATIONS 

5.1 Introduction 

This chapter serves as a summary of the results found in the previous chapters. The details 

discussed in this chapter are only broad discussions, recommendations and conclusions, as the 

more comprehensive data, have already been presented in previous chapters.  

The aim of chapter 5 is to present a conclusion on the effect of fruit and vegetable intake on 

CKD outcome, by summarising the main results found. These conclusions will be of assistance 

to patients with CKD, health care providers specialising in CKD and researchers interested in 

the topic.   

5.2 Study aim  

To perform a systematic review of studies that investigate the effect of various fruit and 

vegetable portions on clinical outcomes of patients with CKD. 

5.3 Specific objectives of the study 

5.3.1 To conduct a detailed search on studies meeting the inclusion criteria 

A detailed search was performed on EBSCO Host, Google Scholar, MedLine, Pubmed, Science 

Direct, Scopus, The Web of Science and The Cochrane Central Register of Controlled Trials 

and the reference lists of primary studies, review articles and clinical practice guidelines to find 

relevant studies, systematically using the keywords and MeSh terms as determined by the 

librarian. Two different search strategies were used to find RCTs that investigate the effect of 

fruit and vegetable intake on CKD and cohort studies that look at dietary patterns and CKD 

progression.  

5.3.2 To evaluate relevant studies regarding risk of bias and quality 

Assessment of risk of bias was conducted independently by two review authors (JN and ML) by 

using two different tools for RCTs and observational studies. The Cochrane Collaboration tool 

for assessing risk of bias was used to assess the risk of bias for the included RCT studies 

(Higgins & Green, 2009) whereas the Newcastle‐Ottawa scale for assessing risk of bias of 

cohort studies was used to assess the risk of bias for the observational studies (Wells et al., 

2011). 
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Both the critical appraisal checklist for RCTs and the critical appraisal checklist for cohort 

studies, as prescribed by the Joanna Briggs Institute (JBI), were used (Tufanaru et al., 2017; 

Moola et al., 2017). The Grading of Recommendations, Assessment, Development and 

Evaluations (GRADE) tool was then used to rate the overall quality of evidence as high, 

moderate, low or very low (Guyatt et al., 2011). 

5.3.3 To conduct a meta-analysis where possible  

It was not possible to conduct a meta-analysis with the data extracted from the included studies 

owing to considerable heterogeneity between studies in terms of study design and sample 

population. 

5.4 Summary of main findings 

In the systematic review that included RCTs on fruit and vegetable intake, the primary outcome 

was eGFR in response to fruit and vegetable intake or usual care. The secondary outcomes 

included markers indicating acidosis (potential renal acid load (PRAL), plasma total carbon 

dioxide (TCO2), body weight, BP and plasma potassium. Two studies met the final inclusion 

criteria. In both studies, the fruit and vegetable group showed a significant reduction in body 

weight, systolic BP and PRAL when compared with baseline data (P <0.01) (Goraya et al., 

2013; Goraya et al., 2014). The systolic BP and PRAL were also significantly lower (P <0.01) in 

the fruit and vegetable group compared with the control groups after follow-up in both studies 

(Goraya et al., 2013; Goraya et al., 2014). The plasma TCO2 improved significantly (P <0.05) in 

the fruit and vegetable group of both studies while the plasma potassium remained the same 

with follow-up (Goraya et al., 2013; Goraya et al., 2014). These two studies have a high risk of 

bias (selection bias and performance bias) and a low-quality score (Higgins & Green, 2009). It 

was unclear if real randomisation took place as the method of randomisation was not described 

in the studies. Furthermore, it was not possible to blind the participants and fieldworkers 

delivering the treatment in the two RCTs as the fruit and vegetable group received the fruit and 

vegetables from the fieldworkers, but it is unclear whether the outcome assessors and 

statisticians were blind to the assigned groups. The methods described in theses to studies 

were very similar. 

A follow-up article was written to include data published in cohort studies on the effect of dietary 

patterns on CKD outcomes. 

In the systematic review on cohort studies, the primary outcome was progression of CKD in 

response to dietary patterns rich in fruit and vegetables. The secondary outcome was all-cause 

mortality. Five cohort studies met the final inclusion criteria. Three of the five studies looked at 
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progression of CKD. One of the studies found a significant association between low and high 

Dietary History Questionnaire (DHQ) score for increasing fruit and vegetables and composite 

clinical outcomes, which refer to death, the commencement of dialysis or doubling of serum 

creatinine (Wai et al. (2016). Two of the studies (Gutierrez et al., 2014; Ricardo et al., 2015) 

found no significant association between a healthy diet and CKD progression. All the included 

studies investigated mortality as an outcome in CKD (Huang et al., 2013; Gutierrez et al., 2014; 

Ricardo et al., 2015; Chen et al., 2016; Wai et al., 2016) and all but one (Ricardo et al., 2015) 

found that a higher plant-based dietary pattern and intake of fruit and vegetables reduced all-

cause mortality in patients with CKD when compared with the lowest quintile intake. These five 

included studies had a low to moderate risk of bias and poor quality score as it is non-

randomized studies. The risk of bias for the ascertainment of exposure to eating patterns was 

unclear in all the included studies, as the eating patterns were determined by using self-

reporting tools such as 24-hour dietary recalls, food diaries, food frequency or dietary habits 

questionnaires. All of the studies accounted for a number of confounding factors but three of the 

studies failed to account for energy intake (Huang et al., 2013; Ricardo et al., 2015; Wai et al., 

2016). The study by Huang et al. (2013) included only Swedish men between the ages of 50 

and 70 years and was thus not representative of the exposed cohort.  

5.5 Strengths of the study  

A detailed search was conducted by two independent. Additional sources were searched 

manually to ensure that no studies were missed. All relevant articles were inspected 

independently by two researchers. Data extraction was done by two independent reviewers and 

then compared. The PRISMA statement was used to ensure that the specific requirements of 

reporting systematic reviews were met (Stewart et al., 2015). Validated assessment tools were 

used to evaluate the risk of bias and quality of the included studies. The original search was for 

RCTs, which are the strongest form of evidence. Even though the original protocol was aimed at 

RCTs, we conducted an alternative search on cohort studies to make sure that we included all 

relevant evidence.  

5.6 Limitations of the study 

Even though the PRISMA statement was used to ensure the specific requirements of reporting 

systematic reviews, the study does have a few limitations (Stewart et al., 2015). The systematic 

review of cohort studies is NRS, which automatically lowers the quality of evidence. All the 

included studies had different dietary patterns with no standardisation of the included dietary 

patterns. Our aim was to compare dietary patterns rich in fruit and vegetables with dietary 

patterns with lower frequency and amount of fruit and vegetable consumption. Although we 
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managed to achieve this, the upper and lower quartiles used for the comparison differed 

considerably between the included studies. Dietary patterns were generated by using food 

frequency questionnaires, food diaries and healthy eating scores; all of these methods rely on 

self-reported data from the participants. Even though all participants had eGFR <60 

ml/min/1.73m2, the participants included were in different stages of CKD, making it difficult to 

know which dietary pattern would be best during which stage of CKD. The studies were 

conducted in the United States, Australia and Sweden and are thus not globally representative 

of all countries, especially developing countries such as South Africa. 

5.7 Recommendations arising from the study 

5.7.1 For patients with CKD 

Dietary patterns like the Mediterranean diet, which is higher in fruit and vegetables, are 

beneficial for patients with CKD to prevent progression of kidney failure, improve metabolic 

acidosis and blood pressure. More plant-based diets like vegetarian or vegan diets are also 

preferred above diets high in meat, especially red meat and processed meat as it has higher 

production of NEAP. Patients from populations that already does not have an adequate fruit and 

vegetable intake can be encouraged to eat available fruit and vegetables instead of restricting 

fruit and vegetables high in potassium. 

5.7.2 For health care professionals 

It is important to look at the overall nutritional intake and lifestyle of a patient with CKD. 

Additional red flags such as hypertension, diabetes, metabolic acidosis, and progression to 

ESRD and CVD must be monitored. It is imperative to remember that CKD and CVD share 

overlapping risk factors and these two conditions exacerbate each other. Prevention of CVD 

comorbidities is crucial and therefore, a renal diet should also be heart-friendly.  

Caution should be taken when prescribing dietary restrictions such as limiting potassium-rich 

foods including nuts, seeds, beans, peas, legumes and many fruits and vegetables. There is 

limited evidence that indicates consumption of these foods is associated with high serum 

potassium levels. Potassium-rich foods are essential for the health of patients. Restrictions on 

phosphate intake should also be advised with care as there is very little evidence to link dietary 

phosphorus intake directly to adverse clinical outcomes in patients with CKD. Phosphate 

restrictions are hard to comply with and limit protein-rich food such as legumes, meat, poultry, 

fish, eggs and dairy products in the diet. Cutting back on the intakes of these foods increases 

the patient‘s risk for protein-energy malnutrition. Worthy to note is that legumes have the lowest 
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bioavailability of phosphorus – approximately 40% whereas almost 100% of the phosphorus in 

food additives is absorbed.   

5.7.3 For further research 

The systematic review performed indicated that more research is needed. There is a great need 

for proper clinical trials as only two studies were found that met these criteria. It will be 

impossible to do double-blinded studies as participants have to receive extra fruit and 

vegetables or not, but it is recommended that the data analysts are blinded.  

Standardisation of fruit and vegetable intake or dietary patterns is necessary to enable easier 

comparison of studies. 

Future studies need to clearly define the intake of fruit and vegetables – types of fruit and 

vegetables, amounts of each, portion sizes, preparation methods and other lifestyle factors 

need to be included. Controlled feeding trials in patients with different stages of CKD are 

recommended over longer time periods of at least 6–12 months.  

5.8 Conclusion 

The results of the systematic review and narrative systematic review in Chapter 4 and 5 

respectively indicated that consumption of fruit and vegetables may be an effective strategy in 

improving metabolic acidosis and reducing kidney injury in stages 3 to 5 CKD, without producing 

hyperkalaemia. However, randomised controlled trials on the effect of fruit and vegetable intake 

on CKD are very scarce. Observational studies were used to fill the gap in the literature but 

even that approach fell short as the aims, study design and outcomes measured in these 

studies differed considerably. It was found that studies focused more on eating patterns than on 

individual food items and that fruit and vegetable intake is not well defined, let alone 

standardised, in all of the studies. Therefore, further well-designed clinical trials are needed with 

a clearly defined fruit and vegetable intake regarding portions and type; or dietary pattern. 
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Annexure B  Study eligibility criteria 

Table B-1 presents the study eligibility criteria 

Table B-1: Study eligibility criteria 

CRITERIA YES NO COMMENTS 

1.Type of study 

1.1 Randomized    

1.2 Controlled    

1.3 Blinded (not possible?)    

1.3.1 Double    

1.3.2 Single    

1.3.3 Open label    

2. Participants 

2.1 Age: Adults (>18 years)    

2.2 Chronic kidney disease (eGFR <60 ml/min1.73m
2
)    

2.3 Not receiving dialysis    

3. Interventions 

3.1 Fruit intake    

3.2 Vegetable intake    

4. Comparisons 

4.1 Placebo    

4.2 Group receiving less than 3 portions of fruit and vegetables daily    

4.3 Traditional treatment of CKD    

5. Outcomes 

5.1 Primary outcomes: 

· Progression of renal failure (eGFR)    

5.2 Secondary outcomes:    

· Development of CVD    

· Metabolic acidosis    

· Blood pressure    

· Albuminuria    

· Creatinine clearance    

· NEAP    

· PRAL    

ACCEPTED  

REJECTED   

CKD: chronic kidney disease, eGFR: estimated Glomerular filtration rate, NEAP: net endogenous acid production, PRAL: potential 

renal acid load, RCT: Randomised, controlled trials 
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Annexure C  Data extraction form 

Table C-1 presents the data extraction form to be used when extracting the data from the 

studies 

Table C-1: Data extraction form 

Study ID Author Surname Publication 
details 

Year Reviewer 

Study types Study population Age range Country Care 
setting 

Randomised        

Clinical trial         

Intervention Control Duration Number of participants 

Portions of fruit: Portions of fruit:   intervention   

Portions of vegetables: Portions of 
vegetables: 

  control   

Other lifestyle factors: Other lifestyle 
factors: 

  both   

  Initial Leg 1 Leg 2 Leg 3 

eGFR      

Metabolic acidosis (serum 
bicarbonate) 

     

Systolic BP      

Albuminuria      

Creatinine clearance      

Proteinuria      

Inflammation markers       

Dietary acid load (NEAP)      

Quality of life (where it is 
reported) 

        

Number of withdrawals      

Reasons for withdrawal      

Source of funding      

Study meets all final eligibility criteria? Yes Reviewers 
Initials: 

Date & 
Sign 

    No     

BP: blood pressure, eGFR: estimated glomerular filtration rate, ID: identity, NEAP: net endogenous acid production, PRAL: potential 

renal acid load, RCT: randomised, controlled trials 
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Annexure D  Author guidelines for the Journal of Renal Nutrition 
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