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Abstract
Dietary fiber is considered an essential constituent of a healthy child’s diet. Diets of healthy children with adequate dietary 
fiber intake are characterized by a higher diet quality, a higher nutrient density, and a higher intake of vitamins and minerals 
in comparison to the diets of children with poor dietary fiber intake. Nevertheless, a substantial proportion of children do 
not meet the recommended dietary fiber intake. This is especially true in those children with kidney diseases, as traditional 
dietary recommendations in kidney diseases have predominantly focused on the quantities of energy and protein, and often 
restricting potassium and phosphate, while overlooking the quality and diversity of the diet. Emerging evidence suggests 
that dietary fiber and, by extension, a plant-based diet with its typically higher dietary fiber content are just as important for 
children with kidney diseases as for healthy children. Dietary fiber confers several health benefits such as prevention of con-
stipation and fewer gastrointestinal symptoms, reduced inflammatory state, and decreased production of gut-derived uremic 
toxins. Recent studies have challenged the notion that a high dietary fiber intake confers an increased risk of hyperkalemia 
or nutritional deficits in children with kidney diseases. There is an urgent need of new studies and revised guidelines that 
address the dietary fiber intake in children with kidney diseases.

Keywords  Fiber · Gut microbiome, Plant-based diets · Chronic kidney disease · Children · Pediatric Renal Nutrition 
Taskforce (PRNT)

Introduction

Dietary fiber includes a heterogenous group of non-car-
bohydrate plant cell wall compounds (lignin, chitins, and 
waxes) and carbohydrate polymers that are neither digested 
nor absorbed by the human intestine (non-starch polysac-
charides, resistant oligosaccharides, and resistant starch) 
[1]. Fiber is naturally present in whole grain foods, fruits, 
vegetables, tuberous roots, and legumes, while dietary fiber 
can also be chemically/physically extracted, enzymatically 
modified, or synthetically derived, and subsequently added 
to food [1]. Dietary fiber is considered an essential constitu-
ent of a healthy diet and has been associated with several 
health benefits. In healthy adults, a high dietary fiber intake 
has been associated with a significant reduction in all-cause 
mortality and major cardiovascular events, a beneficial 
lipid profile, a lower incidence of diverticular disease, and a 
lower risk of malignancies such as colorectal cancer [2–7]. 
Although similar data on the multisystem benefits of fiber 
in children is lacking, healthy children with higher intakes 
of dietary fiber are shown to have an improved diet quality, 
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defined as a diversified, balanced, and healthy diet, which 
provides energy and all essential nutrients for growth and a 
healthy and active life [8, 9].

Recent data suggests that dietary fiber and plant-based 
diets have important benefits for patients with kidney dis-
eases. In this review, we summarize the evidence on poten-
tial gastrointestinal (GI) and non-GI benefits and risks of 
dietary fiber in healthy children and children with kidney 
diseases. Given that the evidence for dietary fiber intake and 
its benefits in children with kidney diseases is limited, rele-
vant meta-analyses and randomized controlled trials (RCTs) 
in adults with kidney diseases are also included (Fig. 1).

Dietary fiber intake in healthy children 
and children with kidney diseases

Observational studies have demonstrated that a substan-
tial proportion of children fail to meet the recommended 
dietary fiber intake [1, 9]. Irrespective of the definition 
of dietary fiber used, nutritional surveys have shown that 
dietary fiber intake is estimated to be less than half the 
recommended amount set by guidelines [8]. O’Neil et al. 
demonstrated an overall low consumption of whole grain, 
an important source of dietary fiber, in healthy children; 
a mean number of whole grain servings of 0.45, 0.59, 
and 0.63 were consumed in children aged 2–5, 6–12, and 
13–18 years, respectively, which is far below the recom-
mended intake range of 1.5 to 3.0 servings a day [9]. 
Moreover, the typical daily fruit intake in children is about 
half the recommended amount, and only 10% of Western 
populations achieve the recommended daily intake of fruit 
[9]. The reasons for a reduced consumption of dietary fiber 
in healthy children and adolescents are not clear, but might 
be related to poor availability and access to fiber-rich foods 

as their caregivers often do not consume adequate dietary 
fiber either. Moreover, the caregivers’ dietary choices and 
their lifestyle, ethnic and socio-economic influences on 
one hand, and the child’s food preferences on the other 
hand are possible contributors of low dietary fiber intake 
[9].

A low dietary fiber intake is even more pronounced 
in children with kidney diseases including in those with 
chronic kidney disease (CKD), kidney transplant recipi-
ents, and children with tubulopathies. In a cohort of children 
with non-dialysis CKD stages 1–5, only 23% of children met 
the dietary fiber recommendations for healthy children. In 
advanced (pre-dialysis) CKD stages 4–5, the proportion of 
children who met the recommendations dropped to 9% [10]. 
These results were confirmed in a scoping review by Melhu-
ish et al. [11], which concluded that dietary fiber intake in 
children with CKD was largely inadequate, and in those with 
a low dietary fiber intake, the diet quality was also poor with 
a low intake of fruits and vegetables. This low dietary fiber 
intake is likely a reflection of the traditional dietary recom-
mendations in kidney diseases that have focused predomi-
nantly on the quantities of energy and individual nutrients 
such as protein, potassium, and phosphate, while current 
nutritional guidelines in kidney diseases have overlooked 
the intake of dietary fiber, fruits, and vegetables, as well as 
the quality and diversity of “kidney” diets [12]. In patients 
with kidney diseases, the dietary fiber recommendations for 
healthy children are particularly challenging to adhere to, 
due to the associated altered appetite inherent to the disease 
or its treatment, and the sometimes rigorous fluid restrictions 
in dialysis patients and the obligate urinary losses of fluid in 
children with tubulopathies that predisposes them to consti-
pation. Moreover, the use of formulas and modular feeds in 
infants without fiber supplementation (as oligosaccharides), 
together with the possible restriction of potassium-rich 

Fig. 1   Dietary fiber intake in 
children with kidney disease, 
etiology, consequences and gaps
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fruits, vegetables, and whole grains to avoid hyperkalemia, 
may also contribute to their limited intake of dietary fiber.

Potential benefits of dietary fiber

Gastrointestinal health and constipation

The benefits of dietary fiber in the maintenance of GI health 
and prevention of constipation are well established (Supple-
mentary Table 1). Dietary fibers (i) increase the retention of 
water in the colon which results in softer stools, (ii) increase 
fecal bacterial mass and nitrogen excretion, (iii) maintain 
a healthy colonic microbiota ecosystem by promoting the 
growth of beneficial bacteria such as bifidobacterial and 
lactobacilli, and (iv) increase the production of short chain 
fatty acids (SCFAs) [1, 8, 13–18]. SCFAs, such as acetate, 
butyrate, and propionate, are released from saccharolytic 
bacteria when the dietary fiber is fermented and have anti-
inflammatory and immunomodulatory effects, enhancing the 
integrity of the gut barrier.

Most data on the association between dietary fiber and 
GI health relates to constipation. In healthy children with 
constipation, single fiber supplements such as glucoman-
nan, partially hydrolyzed guar gum, bran, and cocoa husk 
were found to increase stool frequency in comparison with 
placebo, while glucomannan also improved stool consist-
ency, decreased abdominal pain, and reduced episodes of 
painful defecation (Supplementary Table 1) [19–22]. Studies 
using dietary fiber blends also demonstrated an improve-
ment in constipation, an increase in daily bowel movements, 
and an improved stool consistency (Supplementary Table 1) 
[23–25].

Similarly, dietary recommendations that aim to increase 
dietary fiber intake may also prevent constipation, as dem-
onstrated by Chao et al. [26] who showed a mean increase 
in daily bowel movements in the intervention group that 
underwent an education program [26]. Also, Maffei et al.
[27] demonstrated improved bowel habits and a decrease in 
the requirement for disimpaction therapy in their cohort of 
children with constipation, and Paruzynski et al. [28] found 
a decrease in self-reported scores of straining and flatus by 
adding two servings of oatmeal. Of note, McClung et al. 
[29] pointed out that despite these dietary interventions, 
many children were unable to meet their recommended fiber 
intake.

There are, however, conflicting data with respect to die-
tary fiber intake and GI health and constipation. Horvath 
et al. [30] could not detect a benefit of glucomannan with 
respect to abdominal pain/cramps and stool consistency. 
Similarly, Brauchla et al. [31] found no change in the GI 
health questionnaires after introduction of two high-fiber 
snacks daily. Moreover, existing data remains inconclusive 

in terms of the type, source, or amount of dietary fiber that 
will improve GI health in otherwise well children [32]. 
Moreover, the lack of a standard definition of GI health 
makes comparisons across studies difficult, and confound-
ing factors in the etiology of childhood constipation such as 
dehydration and psychosomatic problems are often not con-
sidered [32]. Notwithstanding the limitations of the avail-
able literature and some controversial findings, the present 
evidence has resulted in high fiber foods and supplements 
recommended in many practical guidelines that tackle the 
prevention of constipation, irritable bowel syndrome, and 
diverticular disease [8, 32].

Similar beneficial effects of dietary fiber were observed in 
patients with kidney diseases (Supplementary Tables 2–3). 
While there are no published studies in children with kid-
ney diseases, some observational studies and RCTs have 
reported beneficial effects of dietary fiber on constipation 
and GI symptoms in adults with CKD including those on 
dialysis [33–35]. Sutton et al. randomized 41 adult perito-
neal dialysis (PD) patients on regular laxative use to high 
fiber supplement, high fiber diet, or placebo for 4 weeks; lax-
ative dose decreased in both the high fiber supplement and 
high fiber diet groups (38% and 16% respectively), but these 
changes were not significant when compared to placebo [36]. 
Similarly, a crossover placebo-controlled randomized trial 
in 9 elderly patients on PD with constipation showed that 
supplementation with 20 g/day of fructo-oligosaccharides 
increased the frequency of defecation and improved their 
bowel habits [37].

Uremic toxin production, inflammation, and oxidative 
stress

In addition to GI health, there are other benefits of an opti-
mal dietary fiber intake. A high fiber intake has been linked 
to a lower production of gut-derived uremic toxins [12]. Gut-
derived uremic toxins are organic metabolites produced by 
the gut microbiota which accumulate in patients with pro-
gressive decline in kidney function due to decreased renal 
excretion and/or increased generation of these metabolites 
[38]. The two most widely studied gut-derived uremic tox-
ins are indoxylsulfate (IxS) and p-cresylsulfate (pCS), and 
their pro-inflammatory and pro-oxidative properties are well 
established in experimental studies [39]. By inducing the 
production of reactive oxygen species, these gut-derived 
metabolites activate the nuclear factor-kappa B pathway 
leading to oxidative stress and the production of pro-inflam-
matory cytokines [40, 41]. IxS and pCS are mainly produced 
by proteolytic bacteria. The proteolytic and saccharolytic 
fermentation characteristics of the microbiome are related 
to nutrient availability, i.e. the balance between respectively 
carbohydrate (such as fiber) and undigested protein. There-
fore, a higher intake of dietary fibre shifts a dominantly 



2932	 Pediatric Nephrology (2023) 38:2929–2938

1 3

proteolytic microbial metabolism to a saccharolytic one, 
characterized by the incorporation of amino acids to bacte-
rial growth and the use of dietary fiber as a source of energy, 
rather than being metabolised in precursors of uremic sol-
utes [42]. Besides a decrease in gut-derived uremic toxin 
production, a high dietary fiber intake has been shown to 
decrease inflammation and oxidative stress by improving the 
integrity of the gut barrier through SCFA production with 
subsequent decrease in bacterial translocation [14].

Uremic toxins  A single observational study has explored the 
potential benefits of dietary fiber intake with respect to ure-
mic toxin production in pediatric CKD and found an inverse 
association between an increase in fiber consumption and 
serum concentrations of free IxS, free pCS, total and free 
indole acetic acid, total serum p-cresyl glucuronide, and free 
pCG levels (Supplementary Table 2) [10, 43].

In adults with CKD (Supplementary Table 3), the effect 
of fiber supplementation on uremic toxin levels has been 
investigated in some small short-term RCTs which have been 
summarized in two meta-analyses [44–52]. A meta-analysis 
of 7 RCTs with a total of 203 patients with CKD showed that 
a higher dietary fiber intake was associated with a signifi-
cant reduction of pCS levels [50]. These results were con-
firmed by a more recent meta-analysis on 292 CKD patients 
(9 RCTs), which showed that dietary fiber supplementation 
can significantly reduce the plasma levels of IxS, pCS, blood 
urea nitrogen, and uric acid [47].

Although most of the trials included in these meta-anal-
yses were characterized by small patient numbers (less than 
50) and short-term follow-up, and some were of relatively 
low quality with conflicting results between studies, the 
adult literature concludes that higher dietary fiber intake is 
associated with reduced plasma levels of uremic toxins in 
adults with CKD [47, 50]. This is particularly relevant for 
patients with stage 5 chronic kidney disease, as many of 
these toxins are protein-bound solutes causing them to be 
difficult to remove with any dialysis modality [53, 54].

Inflammation  Only two observational studies investigat-
ing the association between inflammation and dietary fiber 
intake have been performed in the healthy pediatric popula-
tion (Supplementary Table 1) [55]. Navarro et al. [55] found 
that girls with the highest high-sensitive C-reactive protein 
(CRP) tertiles had the lowest intake of dietary fiber, suggest-
ing a preventative role of dietary fiber intake with respect to 
systemic inflammation [55]. Similarly, Parikh et al. found 
that higher fiber consumption was associated with lower 
CRP levels [56].

Several RCTs in adults with kidney diseases have shown 
a similar beneficial effect of dietary fiber on markers of 

inflammation [45, 48, 57, 58]. In fact, the anti-inflammatory 
effect of dietary fiber in adults with CKD seems to exceed 
the effect found in adults without CKD (Supplementary 
Table 3) [13, 14]. A recent meta-analysis investigated the 
effects of prebiotic, probiotic, and synbiotic adjuvant on 
inflammation and oxidative stress in adults on chronic hemo-
dialysis (HD) and found that, even limiting the analysis to 
the trials concerning prebiotics only, a significant reduction 
of plasma interleukin-6 and a reduction, albeit not statisti-
cally significant, of CRP was found in patients, who received 
fiber supplementation [59].

Oxidative stress  There are no pediatric studies that have 
examined the association of dietary fiber and antioxidant 
capacity. Xie et al. [60] randomized 124 HD adult patients 
with CKD to 10 g or 20 g per day of fiber versus placebo 
for 6 weeks, and they observed a significantly improved 
oxidative status and decreased systemic inflammatory state 
of hemodialysis patients [60]. In another RCT with 46 HD 
patients randomized to receive high amylose resistant starch 
or placebo for 8 weeks, a significant reduction of malondial-
dehyde in the supplemented group was observed, while the 
change in total antioxidant capacity did not reach statistical 
significance [57].

Cardiovascular disease, risk factors, and all‑cause mortality

It is hypothesized that dietary fiber may protect against car-
diovascular morbidity and mortality by attenuating risk fac-
tors such as metabolic syndrome, diabetes mellitus, hyper-
lipidemia, and obesity [1, 61–63]. This protection might 
be achieved through decreasing gut-derived uremic toxin 
production, decreasing inflammation and oxidative stress, 
and stimulating SCFA production and translocation into the 
blood that in turn results in an improved insulin sensitiv-
ity and a more alkaline environment. A meta-analysis of 
seventeen cohort studies published in 2013 by Threapleton 
et al. confirmed the association between low dietary fiber 
consumption and increased risk of cardiovascular disease 
in healthy adults [3]. Similarly, a meta-analysis of seven 
prospective cohort studies observed an 11% reduction in 
mortality risk for each 10 g/day increment of dietary fiber 
consumed [2].

Survival  Despite the suggested association between dietary 
fiber intake and cardiovascular disease in the healthy adult 
population, there are no RCTs investigating this association 
in children or adults with kidney diseases. Also the effect of 
dietary fiber on mortality in adults with CKD has been inves-
tigated in observation studies only, the majority of which 
show a significant association between higher dietary fiber 
intake and an improved survival, but some have failed to 
find any benefits [13, 14, 64, 65]. A meta-analysis of seven 
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studies involving 15,285 participants showed that a healthy 
dietary pattern, higher in fruits and vegetables, fish, leg-
umes, cereals, whole grains, and fiber and lower in red meat, 
salt, and refined sugars, is associated with lower mortality 
in people with kidney diseases [66]. Despite being based on 
sound data and supported by a strong rationale, the obser-
vational design of these studies makes it impossible to draw 
definitive conclusions about the effect of dietary fiber on 
survival in patients with CKD.

Cardiovascular risk factors  In the healthy pediatric popula-
tion, a prospective, randomized study showed that serum 
cholesterol concentration was inversely associated with 
dietary fiber intake [67]. Similarly, a 13-week cross-over 
RCT adding bran fiber to the individual’s usual diet found a 
decrease in total and LDL cholesterol in the bran fiber arm 
[19]. In addition, several observational studies have assessed 
the relationship between dietary fiber intake and insulin sen-
sitivity and adiposity. While some studies demonstrated a 
possible association between these risk factors and dietary 
fiber [31, 68–71], the results were not confirmed by others 
[72–74].

Surprisingly, the benefits of dietary fiber on key cardio-
vascular risk factors are largely unexplored in adults and 
children with kidney diseases, with few studies looking at 
the effects of fiber on lipid profile and glycemic control, 
and inconsistent findings reported [44, 49, 75]. One cross-
sectional study performed in 45 pediatric kidney transplant 
recipients demonstrated an inverse relationship between 
dietary fiber intake and serum triglyceride concentration 
[76].

Progression of kidney function

An intriguing hypothesis is that an optimal intake of die-
tary fiber may protect against CKD progression. The latter 
has been addressed in two trials in adults with diabetes: 
dietary fiber supplementation (10 g of a soluble fiber sup-
plement added to the subject’s usual diet) did not have 
any beneficial effects on changes in estimated glomerular 
filtration rate or microalbuminuria [77, 78]. A vegetarian 
diet rich in fiber was associated with a reduction in albu-
minuria in adults with types 1 and 2 diabetes, perhaps as a 
consequence of better glycemic control. In another meta-
analysis based on 14 trials on 143 patients with CKD, 
Chiavaroli et al. [79] demonstrated that dietary fiber sup-
plementation significantly reduced serum urea and cre-
atinine levels compared with placebo. Further studies are 
needed to better explore the possible nephroprotective role 
of fiber in CKD, particularly in non-diabetic patients and 
children.

Advantages of a plant‑based diet

As plants are the sole natural source of dietary fiber, increas-
ing dietary fiber intake is effectively achieved by recom-
mending diets. Carrero et al. [12] defined plant-based diets 
as those that emphasize the consumption of plant foods 
(fruits, vegetables, nuts, seeds, oils, whole grains, and leg-
umes) which may or may not include small or moderate 
amounts of meat, fish, seafood, eggs, and dairy. The advan-
tage of prescribing a plant-based diet is that the individual 
may benefit from several other benefits associated with 
dietary fiber alone. For example, some plant foods have a 
high content of monounsaturated fatty acids (MUFAs) and 
polyunsaturated fatty acids (PUFAs). Especially relevant 
for kidney patients, plants contain high amounts of anions 
that mitigate metabolic acidosis and are characterized by a 
lower bioavailability of phosphate compared with phosphate 
derived from animal food sources. The latter may contrib-
ute to better serum phosphate levels [12]. Also, plant-based 
diets are rich sources of beneficial phytochemicals, vitamins, 
antioxidants, and minerals [12]. Several studies performed 
in healthy children have confirmed this finding. O’Neil 
et al. found that increasing the consumption of whole grain 
foods was associated with improved diet quality and nutri-
ent intake in children and adolescents [9]. In all groups, the 
health energy index and the intakes of energy, fiber, PUFAs, 
vitamins B1, B2, B6, B9, A, and E, magnesium, phosphate, 
and iron were significantly higher, and the intakes of pro-
tein, total fat, saturated fatty acids, MUFAs, and cholesterol 
levels were lower in those consuming three or more serv-
ings of whole grain foods per day [9]. A striking finding in 
this study is the lower intake of added sugars, potassium, 
and sodium in children on the high fiber intake [9]. Similar 
results were reported by Nicklas et al. who demonstrated that 
a high fiber intake was associated with a greater likelihood 
of an adequate intake of several vitamins (A, B1-2–3-6–9-
12, and C) and essential nutrients (magnesium, iron, zinc, 
phosphate, and calcium) [80].

The benefits of a plant-based diet in adult CKD patients 
have been explored. An RCT with 108 macroalbuminuric 
non-diabetic CKD patients showed that treatment with 
alkaline-producing fruits and vegetables was associated 
with a similar correction of metabolic acidosis compared 
with sodium bicarbonate medication along with with better 
blood pressure and lower low-density lipoprotein concentra-
tions [81, 82].

Potential risk of hyperkalemia with a high dietary fiber 
intake

The traditional view is that higher fiber intake in patients 
with CKD could be associated with a greater risk of hyper-
kalemia due to the higher intake of potassium-rich fruits, 
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vegetables, and whole grains. Although well-designed 
trials are lacking, the available evidence does not seem 
to support this concern. Some cross-sectional studies 
have failed to demonstrate a correlation between dietary 
potassium intake and serum potassium concentrations. In 
particular, a secondary analysis of a cohort of 224 adults 
receiving HD showed that dietary potassium explained 
less than 2% of the variability in serum potassium con-
centrations [83]. In a longitudinal observation study, El 
Amouri et al. [84] found that in pediatric patients with 
CKD stages 1 to 5, neither dietary potassium nor dietary 
fiber intake was associated with serum potassium con-
centrations in a model adjusted for eGFR, treatment with 
renin–angiotensin–aldosterone system blockers, serum 
bicarbonate concentration, and body surface area [84]. 
Of note, this study highlighted that the contribution of 
fruits and vegetables was only 16–34% of the total dietary 
potassium intake, while meat products contained nearly as 
much or more potassium than many fruits and vegetables, 
especially when potassium additives are used in processed 
foods [84]. The bio-availability of potassium in processed 
foods is much higher (about 90–100%) compared to its 
bioavailability in fruit and vegetables (about 60%) since 
plant cells are not easily digested and a significant propor-
tion of ingested potassium is excreted in the feces [85]. 
Given the use of potassium-containing additives in pro-
cessed foods is increasing worldwide, children who con-
sume a significant proportion of processed “ready-to-eat” 
foods are more likely to have a higher potassium intake 
than those who consume predominantly fresh foods [86].

In addition to the low bioavailability of potassium from 
plant-based foods, studies in adults suggest that increasing 
fruit and vegetables reduces potassium absorption in the 
GI tract by delivery of fructose and alkali and increasing 
intestinal motility [87]; the high alkaline content of fruits 
and vegetables might reduce serum potassium by mitigat-
ing metabolic acidosis [12, 86]. Several observational stud-
ies in adult CKD and dialysis populations could not detect 
an increased risk of hyperkalemia when using plant-based 
diets or diets rich in fruits and vegetables. In a multinational 
cohort study on 8078 adults receiving HD, Saglimbene et al. 
[81] showed that serum potassium did not differ with lower, 
medium, and higher consumption of fruits and vegetables 
[81]. In a recent observational single-center trial on 150 HD 
patients, Gonzalez-Ortiz found that a higher plant-based 
diet score was not associated with serum potassium con-
centrations [88]. However, there are no studies that have 
examined the potential risk of hyperkalemia in children with 
kidney diseases who are on predominantly plant-based diets; 
therefore, plant-based diets for children with CKD should 
be used with caution, especially for those on dialysis with 
minimal diuresis. For a detailed approach to the management 
of hyperkalemia in children, we refer the reader to a recent 

guideline on the management of hyperkalemia in kidney 
diseases by The Pediatric Renal Nutrition Taskforce [86].

Is there a risk of malnutrition for children 
following a plant‑based diet?

Some authors have raised concerns that plant-based diets 
might adversely affect the nutritional status of children and 
adolescents, as too much emphasis on high fiber foods could 
decrease energy intake [80]. Nevertheless, no study in the 
healthy pediatric population could confirm these concerns. 
For instance, Nicklas et al. demonstrated that a high fiber 
diet combined with a decreased fat intake meeting cur-
rent nutritional recommendations does not adversely affect 
energy or nutrient intake, and in fact, an increase in nutrient 
density and a greater likelihood of an adequate intake of 
several key nutrients was found [80].

Studies in adult CKD patients confirm that a vegetarian 
diet is not associated with a worse nutritional status: in an 
RCT comparing a soya-based vegetarian low protein diet and 
an animal-based low protein diet, nutritional status (assessed 
by body mass index, mid-arm muscle circumference, lean 
body mass, and percent body fat) was not different between 
the two groups and the vegetarian diet was associated with 
a higher energy intake [89].

Conclusion and knowledge gaps

Growing evidence suggests that an adequate dietary fiber 
intake confers several health benefits, without a significant 
risk of nutritional deficits or hyperkalemia. An adequate 
fiber intake can lead to not only an improvement in GI 
motility, but also to wider benefits such as decreased pro-
duction of gut-derived uremic toxins and a reduced inflam-
matory state. Even more important, higher fiber diets tend 
to have a better diet quality by their increased nutrient den-
sity and by their greater likelihood of an adequate intake 
of key nutrients, which is especially important for children 
with kidney diseases, even those children on low potassium 
diets. Despite significant advances in our knowledge, evi-
dence on the health benefits of dietary fiber intake in kidney 
patients—especially the pediatric population—remains poor, 
and well-designed randomized trials are urgently needed. 
Although the benefits of dietary fiber are well established, 
none of the current nutritional guidelines for patients with 
kidney diseases discusses the practical aspects of how an 
increased dietary fiber intake can be incorporated into the 
child’s diet nor the potential risk of hyperkalemia associated 
with plant-based diets in those with advanced CKD [12]. 
As most patients with kidney diseases consume amounts 
of dietary fiber that are well below recommendations for 
the general population, RCTs in “real-life” clinical settings 
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to come to clinical practice recommendations on dietary 
fiber intake for children and adults with kidney diseases are 
required to address these knowledge gaps.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00467-​022-​05837-2.

Author contribution  Conceptualization: SE, FB, RS, MW, VS; formal 
analysis and investigation: SE, FB; writing—original draft preparation: 
SE, WS, JNA; writing—review and editing: SE, FB, RS, MW, VS, 
VWJ, DA, PN, RTJ; resources: SE, FB, RS; supervision: RS, VWJ

Data availability  Not applicable

Code availability  Not applicable

Declarations 

Ethics approval  Not applicable

Consent to participate  Not applicable

Consent for publication  Not applicable

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Stephen AM, Champ MM, Cloran SJ, Fleith M, van Lieshout L, 
Mejborn H, Burley VJ (2017) Dietary fibre in Europe: current 
state of knowledge on definitions, sources, recommendations, 
intakes and relationships to health. Nutr Res Rev 30:149–190

	 2.	 Kim Y, Je Y (2014) Dietary fiber intake and total mortality: a 
meta-analysis of prospective cohort studies. Am J Epidemiol 
180:565–573

	 3.	 Threapleton DE, Greenwood DC, Evans CE, Cleghorn CL, 
Nykjaer C, Woodhead C, Cade JE, Gale CP, Burley VJ (2013) 
Dietary fibre intake and risk of cardiovascular disease: systematic 
review and meta-analysis. BMJ 347:f6879

	 4.	 Threapleton DE, Greenwood DC, Evans CE, Cleghorn CL, 
Nykjaer C, Woodhead C, Cade JE, Gale CP, Burley VJ (2013) 
Dietary fiber intake and risk of first stroke: a systematic review 
and meta-analysis. Stroke 44:1360–1368

	 5.	 Brown L, Rosner B, Willett WW, Sacks FM (1999) Cholesterol-
lowering effects of dietary fiber: a meta-analysis. Am J Clin Nutr 
69:30–42

	 6.	 Crowe FL, Appleby PN, Travis RC, Key TJ (2013) Risk of hos-
pitalization or death from ischemic heart disease among British 
vegetarians and nonvegetarians: results from the EPIC-Oxford 
cohort study. Am J Clin Nutr 97:597–603

	 7.	 Aune D, Chan DS, Lau R, Vieira R, Greenwood DC, Kampman 
E, Norat T (2011) Dietary fibre, whole grains, and risk of colo-
rectal cancer: systematic review and dose-response meta-analysis 
of prospective studies. BMJ 343:d6617

	 8.	 Anderson JW, Baird P, Davis RH Jr, Ferreri S, Knudtson M, 
Koraym A, Waters V, Williams CL (2009) Health benefits of 
dietary fiber. Nutr Rev 67:188–205

	 9.	 O’Neil CE, Nicklas TA, Zanovec M, Cho SS, Kleinman R (2011) 
Consumption of whole grains is associated with improved diet 
quality and nutrient intake in children and adolescents: the 
National Health and Nutrition Examination Survey 1999–2004. 
Public Health Nutr 14:347–355

	10.	 El Amouri A, Snauwaert E, Foulon A, Vande Moortel C, Van 
Dyck M, Van Hoeck K, Godefroid N, Glorieux G, Van Biesen 
W, Vande Walle J, Raes A, Eloot S (2021) Dietary fibre intake is 
low in paediatric chronic kidney disease patients but its impact 
on levels of gut-derived uraemic toxins remains uncertain. Pedi-
atr nephrol 36:1589–1595

	11.	 Melhuish E, Lindeback R, Lambert K (2022) Scoping review 
of the dietary intake of children with chronic kidney disease. 
Pediatr nephrol 37:1995–2012

	12.	 Carrero JJ, Gonzalez-Ortiz A, Avesani CM, Bakker SJL, Bel-
lizzi V, Chauveau P, Clase CM, Cupisti A, Espinosa-Cuevas A, 
Molina P, Moreau K, Piccoli GB, Post A, Sezer S, Fouque D 
(2020) Plant-based diets to manage the risks and complications 
of chronic kidney disease. Nat Rev Nephrol 16:525–542

	13.	 Krishnamurthy VM, Wei G, Baird BC, Murtaugh M, Chonchol 
MB, Raphael KL, Greene T, Beddhu S (2012) High dietary fiber 
intake is associated with decreased inflammation and all-cause 
mortality in patients with chronic kidney disease. Kidney Int 
81:300–306

	14.	 Xu H, Huang X, Riserus U, Krishnamurthy VM, Cederholm 
T, Arnlov J, Lindholm B, Sjogren P, Carrero JJ (2014) Dietary 
fiber, kidney function, inflammation, and mortality risk. Clin J 
Am Soc Nephrol 9:2104–2110

	15.	 Deehan EC, Walter J (2016) The fiber gap and the disappear-
ing gut microbiome: implications for human nutrition. Trends 
Endocrinol Metab 27:239–242

	16.	 Riviere A, Selak M, Lantin D, Leroy F, De Vuyst L (2016) 
Bifidobacteria and butyrate-producing colon bacteria: impor-
tance and strategies for their stimulation in the human gut. Front 
Microbiol 7:979

	17.	 Slavin J (2013) Fiber and prebiotics: mechanisms and health 
benefits. Nutrients 5:1417–1435

	18.	 Klinder A, Shen Q, Heppel S, Lovegrove JA, Rowland I, 
Tuohy KM (2016) Impact of increasing fruit and vegetables 
and flavonoid intake on the human gut microbiota. Food Funct 
7:1788–1796

	19.	 Williams CL, Bollella MC, Strobino BA, Boccia L, Campanaro 
L (1999) Plant stanol ester and bran fiber in childhood: effects 
on lipids, stool weight and stool frequency in preschool chil-
dren. J Am Coll Nutr 18:572–581

	20.	 Castillejo G, Bullo M, Anguera A, Escribano J, Salas-Salvado J 
(2006) A controlled, randomized, double-blind trial to evaluate 
the effect of a supplement of cocoa husk that is rich in dietary 
fiber on colonic transit in constipated pediatric patients. Pedi-
atrics 118:e641-648

	21.	 Ustundag G, Kuloglu Z, Kirbas N, Kansu A (2010) Can partially 
hydrolyzed guar gum be an alternative to lactulose in treatment 
of childhood constipation? Turk J Gastroenterol 21:360–364

	22.	 Staiano A, Simeone D, Del Giudice E, Miele E, Tozzi A, 
Toraldo C (2000) Effect of the dietary fiber glucomannan on 
chronic constipation in neurologically impaired children. J Pedi-
atr 136:41–45

	23.	 Weber TK, Toporovski MS, Tahan S, Neufeld CB, de Morais MB 
(2014) Dietary fiber mixture in pediatric patients with controlled 
chronic constipation. J Pediatr Gastroenterol Nutr 58:297–302

	24.	 Kokke FT, Scholtens PA, Alles MS, Decates TS, Fiselier TJ, Tol-
boom JJ, Kimpen JL, Benninga MA (2008) A dietary fiber mix-
ture versus lactulose in the treatment of childhood constipation: a 
double-blind randomized controlled trial. J Pediatr Gastroenterol 
Nutr 47:592–597

	25.	 Quitadamo P, Coccorullo P, Giannetti E, Romano C, Chiaro 
A, Campanozzi A, Poli E, Cucchiara S, Di Nardo G, Staiano A 
(2012) A randomized, prospective, comparison study of a mixture 
of acacia fiber, psyllium fiber, and fructose vs polyethylene gly-
col 3350 with electrolytes for the treatment of chronic functional 
constipation in childhood. J Pediatr 161(710–715):e711

https://doi.org/10.1007/s00467-022-05837-2


2936	 Pediatric Nephrology (2023) 38:2929–2938

1 3

	26.	 Chao HC, Lai MW, Kong MS, Chen SY, Chen CC, Chiu CH 
(2008) Cutoff volume of dietary fiber to ameliorate constipation 
in children. J Pediatr 153:45–49

	27.	 Maffei HV, Vicentini AP (2011) Prospective evaluation of dietary 
treatment in childhood constipation: high dietary fiber and wheat 
bran intake are associated with constipation amelioration. J Pedi-
atr Gastroenterol Nutr 52:55–59

	28.	 Paruzynski H, Korczak R, Wang Q, Slavin J (2020) A pilot and 
feasibility study of oatmeal consumption in children to assess 
markers of bowel function. J Med Food 23:554–559

	29.	 McClung HJ, Boyne L, Heitlinger L (1995) Constipation and 
dietary fiber intake in children. Pediatrics 96:999–1000

	30.	 Horvath A, Dziechciarz P, Szajewska H (2013) Glucomannan for 
abdominal pain-related functional gastrointestinal disorders in 
children: a randomized trial. World J Gastroenterol 19:3062–3068

	31.	 Brauchla M, Juan W, Story J, Kranz S (2012) Sources of dietary 
fiber and the association of fiber intake with childhood obesity 
risk (in 2–18 year olds) and diabetes risk of adolescents 12–18 
year olds: NHANES 2003–2006. J Nutr Metab 2012:736258

	32.	 Kranz S, Brauchla M, Slavin JL, Miller KB (2012) What do we 
know about dietary fiber intake in children and health? The effects 
of fiber intake on constipation, obesity, and diabetes in children. 
Adv Nutr 3:47–53

	33.	 Viramontes-Horner D, Marquez-Sandoval F, Martin-del-Campo 
F, Vizmanos-Lamotte B, Sandoval-Rodriguez A, Armendariz-
Borunda J, Garcia-Bejarano H, Renoirte-Lopez K, Garcia-Gar-
cia G (2015) Effect of a symbiotic gel (Lactobacillus acidophilus 
+ Bifidobacterium lactis + inulin) on presence and severity of 
gastrointestinal symptoms in hemodialysis patients. J Ren Nutr 
25:284–291

	34.	 Salmean YA, Segal MS, Palii SP, Dahl WJ (2015) Fiber sup-
plementation lowers plasma p-cresol in chronic kidney disease 
patients. J Ren Nutr 25:316–320

	35.	 Salmean YA, Segal MS, Langkamp-Henken B, Canales MT, Zello 
GA, Dahl WJ (2013) Foods with added fiber lower serum creati-
nine levels in patients with chronic kidney disease. J Ren Nutr 
23:e29-32

	36.	 Sutton D, Ovington S, Engel B (2014) A multi-centre, randomised 
trial to assess whether increased dietary fibre intake (using a fibre 
supplement or high-fibre foods) produces healthy bowel perfor-
mance and reduces laxative requirement in free living patients on 
peritoneal dialysis. J Ren Care 40:157–163

	37.	 Meksawan K, Chaotrakul C, Leeaphorn N, Gonlchanvit S, Eiam-
Ong S, Kanjanabuch T (2016) Effects of fructo-oligosaccharide 
supplementation on constipation in elderly continuous ambulatory 
peritoneal dialysis patients. Perit Dial Int 36:60–66

	38.	 Snauwaert E, Van Biesen W, Raes A, Glorieux G, Vanholder 
R, Vande Walle J, Eloot S (2018) A plea for more uremic toxin 
research in children with chronic kidney disease. Pediatr Nephrol 
33:921–924

	39.	 Vanholder R, Schepers E, Pletinck A, Nagler EV, Glorieux G 
(2014) The uremic toxicity of indoxyl sulfate and p-cresyl sulfate: 
a systematic review. J Am Soc Nephrol 25:1897–1907

	40.	 Shimizu H, Bolati D, Adijiang A, Muteliefu G, Enomoto A, Nishi-
jima F, Dateki M, Niwa T (2011) NF-kappaB plays an important 
role in indoxyl sulfate-induced cellular senescence, fibrotic gene 
expression, and inhibition of proliferation in proximal tubular 
cells. Am J Physiol Cell Physiol 301:C1201-1212

	41.	 Watanabe H, Miyamoto Y, Honda D, Tanaka H, Wu Q, Endo 
M, Noguchi T, Kadowaki D, Ishima Y, Kotani S, Nakajima M, 
Kataoka K, Kim-Mitsuyama S, Tanaka M, Fukagawa M, Otagiri 
M, Maruyama T (2013) p-Cresyl sulfate causes renal tubular cell 
damage by inducing oxidative stress by activation of NADPH 
oxidase. Kidney Int 83:582–592

	42.	 Vaziri ND, Zhao YY, Pahl MV (2016) Altered intestinal micro-
bial flora and impaired epithelial barrier structure and function in 

CKD: the nature, mechanisms, consequences and potential treat-
ment. Nephrol Dial Transplant 31:737–746

	43.	 El Amouri A, Snauwaert E, Foulon A, Vande Moortel C, Van 
Dyck M, Van Hoeck K, Godefroid N, Glorieux G, Van Biesen 
W, Vande Walle J, Raes A, Eloot S (2021) Dietary fibre intake is 
associated with serum levels of uraemic toxins in children with 
chronic kidney disease. Toxins (Basel) 13:225

	44.	 Poesen R, Evenepoel P, de Loor H, Delcour JA, Courtin CM, 
Kuypers D, Augustijns P, Verbeke K, Meijers B (2016) The influ-
ence of prebiotic arabinoxylan oligosaccharides on microbiota 
derived uremic retention solutes in patients with chronic kidney 
disease: a randomized controlled trial. PLoS One 11:e0153893

	45.	 Sirich TL, Plummer NS, Gardner CD, Hostetter TH, Meyer TW 
(2014) Effect of increasing dietary fiber on plasma levels of colon-
derived solutes in hemodialysis patients. Clin J Am Soc Nephrol 
9:1603–1610

	46.	 Rossi M, Johnson DW, Morrison M, Pascoe EM, Coombes JS, 
Forbes JM, Szeto CC, McWhinney BC, Ungerer JP, Campbell KL 
(2016) Synbiotics easing renal failure by improving gut microbi-
ology (SYNERGY): a randomized trial. Clin J Am Soc Nephrol 
11:223–231

	47.	 Yang HL, Feng P, Xu Y, Hou YY, Ojo O, Wang XH (2021) The 
role of dietary fiber supplementation in regulating uremic toxins 
in patients with chronic kidney disease: a meta-analysis of rand-
omized controlled trials. J Ren Nutr 31:438–447

	48.	 Esgalhado M, Kemp JA, Azevedo R, Paiva BR, Stockler-Pinto 
MB, Dolenga CJ, Borges NA, Nakao LS, Mafra D (2018) Could 
resistant starch supplementation improve inflammatory and oxi-
dative stress biomarkers and uremic toxins levels in hemodial-
ysis patients? A pilot randomized controlled trial. Food Funct 
9:6508–6516

	49.	 Ramos CI, Armani RG, Canziani MEF, Dalboni MA, Dolenga 
CJR, Nakao LS, Campbell KL, Cuppari L (2019) Effect of prebi-
otic (fructooligosaccharide) on uremic toxins of chronic kidney 
disease patients: a randomized controlled trial. Nephrol Dial 
Transplant 34:1876–1884

	50.	 Wu M, Cai X, Lin J, Zhang X, Scott EM, Li X (2019) Association 
between fibre intake and indoxyl sulphate/P-cresyl sulphate in 
patients with chronic kidney disease: Meta-analysis and system-
atic review of experimental studies. Clin Nutr 38:2016–2022

	51.	 Guida B, Germano R, Trio R, Russo D, Memoli B, Grumetto 
L, Barbato F, Cataldi M (2014) Effect of short-term synbiotic 
treatment on plasma p-cresol levels in patients with chronic renal 
failure: a randomized clinical trial. Nutr Metab Cardiovasc Dis 
24:1043–1049

	52.	 Azevedo R, Esgalhado M, Kemp JA, Regis B, Cardozo LF, Nakao 
LS, Brito JS, Mafra D (2020) Resistant starch supplementation 
effects on plasma indole 3-acetic acid and aryl hydrocarbon recep-
tor mRNA expression in hemodialysis patients: Randomized, dou-
ble blind and controlled clinical trial. J Bras Nefrol 42:273–279

	53.	 Snauwaert E, Van Biesen W, Raes A, Glorieux G, Vande Walle J, 
Roels S, Vanholder R, Askiti V, Azukaitis K, Bayazit A, Canpolat 
N, Fischbach M, Saoussen K, Litwin M, Obrycki L, Paglialonga 
F, Ranchin B, Samaille C, Schaefer F, Schmitt CP, Spasojevic B, 
Stefanidis CJ, Shroff R, Eloot S (2020) Haemodiafiltration does 
not lower protein-bound uraemic toxin levels compared with hae-
modialysis in a paediatric population. Nephrol Dial Transplant 
35:648–656

	54.	 Snauwaert E, Holvoet E, Van Biesen W, Raes A, Glorieux G, 
Vande Walle J, Roels S, Vanholder R, Askiti V, Azukaitis K, 
Bayazit A, Canpolat N, Fischbach M, Godefroid N, Krid S, Litwin 
M, Obrycki L, Paglialonga F, Ranchin B, Samaille C, Schaefer 
F, Schmitt CP, Spasojevic B, Stefanidis CJ, Van Dyck M, Van 
Hoeck K, Collard L, Eloot S, Shroff R (2019) Uremic toxin con-
centrations are related to residual kidney function in the pediatric 
hemodialysis population. Toxins (Basel) 11:235



2937Pediatric Nephrology (2023) 38:2929–2938	

1 3

	55.	 Navarro P, de Dios O, Jois A, Gavela-Pérez T, Gorgojo L, Martín-
Moreno JM, Soriano-Guillen L, Garcés C (2017) Vegetable and 
fruit intakes are associated with hs-CRP levels in pre-pubertal 
girls. Nutrients 9:224

	56.	 Parikh S, Pollock NK, Bhagatwala J, Guo DH, Gutin B, Zhu H, 
Dong Y (2012) Adolescent fiber consumption is associated with 
visceral fat and inflammatory markers. J Clin Endocrinol Metab 
97:E1451-1457

	57.	 Tayebi Khosroshahi H, Vaziri ND, Abedi B, Asl BH, Ghojazadeh 
M, Jing W, Vatankhah AM (2018) Effect of high amylose resistant 
starch (HAM-RS2) supplementation on biomarkers of inflamma-
tion and oxidative stress in hemodialysis patients: a randomized 
clinical trial. Hemodial Int 22:492–500

	58.	 de Paiva BR, Esgalhado M, Borges NA, Kemp JA, Alves G, Leite 
PEC, Macedo R, Cardozo L, de Brito JS, Mafra D (2020) Resist-
ant starch supplementation attenuates inflammation in hemodialy-
sis patients: a pilot study. Int Urol Nephrol 52:549–555

	59.	 Nguyen TTU, Kim HW, Kim W (2021) Effects of probiotics, 
prebiotics, and synbiotics on uremic toxins, inflammation, and 
oxidative stress in hemodialysis patients: a systematic review and 
meta-analysis of randomized controlled trials. J Clin Med 10:4456

	60.	 Xie LM, Ge YY, Huang X, Zhang YQ, Li JX (2015) Effects 
of fermentable dietary fiber supplementation on oxidative and 
inflammatory status in hemodialysis patients. Int J Clin Exp Med 
8:1363–1369

	61.	 De Filippis F, Pellegrini N, Vannini L, Jeffery IB, La Storia A, 
Laghi L, Serrazanetti DI, Di Cagno R, Ferrocino I, Lazzi C, Tur-
roni S, Cocolin L, Brigidi P, Neviani E, Gobbetti M, O’Toole PW, 
Ercolini D (2016) High-level adherence to a Mediterranean diet 
beneficially impacts the gut microbiota and associated metabo-
lome. Gut 65:1812–1821

	62.	 Mitsou EK, Kakali A, Antonopoulou S, Mountzouris KC, Yan-
nakoulia M, Panagiotakos DB, Kyriacou A (2017) Adherence to 
the Mediterranean diet is associated with the gut microbiota pat-
tern and gastrointestinal characteristics in an adult population. Br 
J Nutr 117:1645–1655

	63.	 Garcia-Mantrana I, Selma-Royo M, Alcantara C, Collado MC 
(2018) Shifts on gut microbiota associated to Mediterranean diet 
adherence and specific dietary intakes on general adult population. 
Front Microbiol 9:890

	64.	 Lin Z, Qin X, Yang Y, Huang Y, Wang J, Kong Y, Li Y, Yang 
S, Lu Y, Zhao Y, Li Y, Wan Q, Wang Q, Huang S, Liu Y, Liu 
A, Liu F, Hou F, Liang M (2021) Higher dietary fibre intake is 
associated with lower CVD mortality risk among maintenance 
haemodialysis patients: a multicentre prospective cohort study. 
Br J Nutr 126:1510–1518

	65.	 Kwon YJ, Lee HS, Park GE, Lee JW (2022) Association between 
dietary fiber intake and all-cause and cardiovascular mortality in 
middle aged and elderly adults with chronic kidney disease. Front 
Nutr 9:863391

	66.	 Kelly JT, Palmer SC, Wai SN, Ruospo M, Carrero JJ, Campbell 
KL, Strippoli GF (2017) Healthy dietary patterns and risk of mor-
tality and ESRD in CKD: a meta-analysis of cohort studies. Clin 
J Am Soc Nephrol 12:272–279

	67.	 Ruottinen S, Lagström HK, Niinikoski H, Rönnemaa T, Saarinen 
M, Pahkala KA, Hakanen M, Viikari JS, Simell O (2010) Dietary 
fiber does not displace energy but is associated with decreased 
serum cholesterol concentrations in healthy children. Am J Clin 
Nutr 91:651–661

	68.	 Steffen LM, Jacobs DR Jr, Murtaugh MA, Moran A, Steinberger 
J, Hong CP, Sinaiko AR (2003) Whole grain intake is associated 
with lower body mass and greater insulin sensitivity among ado-
lescents. Am J Epidemiol 158:243–250

	69.	 Johnson L, Mander AP, Jones LR, Emmett PM, Jebb SA (2008) 
Energy-dense, low-fiber, high-fat dietary pattern is associated with 
increased fatness in childhood. Am J Clin Nutr 87:846–854

	70.	 Davis JN, Alexander KE, Ventura EE, Toledo-Corral CM, Goran 
MI (2009) Inverse relation between dietary fiber intake and 
visceral adiposity in overweight Latino youth. Am J Clin Nutr 
90:1160–1166

	71.	 Kynde I, Johnsen NF, Wedderkopp N, Bygbjerg IB, Helge JW, 
Heitmann BL (2010) Intake of total dietary sugar and fibre is 
associated with insulin resistance among Danish 8–10- and 
14–16-year-old girls but not boys. European Youth Heart Studies 
I and II. Public Health Nutr 13:1669–1674

	72.	 Davis JN, Alexander KE, Ventura EE, Kelly LA, Lane CJ, Byrd-
Williams CE, Toledo-Corral CM, Roberts CK, Spruijt-Metz D, 
Weigensberg MJ, Goran MI (2007) Associations of dietary sugar 
and glycemic index with adiposity and insulin dynamics in over-
weight Latino youth. Am J Clin Nutr 86:1331–1338

	73.	 Cheng G, Karaolis-Danckert N, Libuda L, Bolzenius K, Remer 
T, Buyken AE (2009) Relation of dietary glycemic index, glyce-
mic load, and fiber and whole-grain intakes during puberty to the 
concurrent development of percent body fat and body mass index. 
Am J Epidemiol 169:667–677

	74.	 Henderson M, Benedetti A, Gray-Donald K (2014) Dietary com-
position and its associations with insulin sensitivity and insulin 
secretion in youth. Br J Nutr 111:527–534

	75.	 Bakhtiary M, Morvaridzadeh M, Agah S, Rahimlou M, Christo-
pher E, Zadro JR, Heshmati J (2021) Effect of probiotic, prebiotic, 
and synbiotic supplementation on cardiometabolic and oxidative 
stress parameters in patients with chronic kidney disease: a sys-
tematic review and meta-analysis. Clin Ther 43:e71–e96

	76.	 Siirtola A, Virtanen SM, Ala-Houhala M, Koivisto AM, Solakivi 
T, Lehtimäki T, Holmberg C, Antikainen M, Salo MK (2008) 
Diet does not explain the high prevalence of dyslipidaemia in 
paediatric renal transplant recipients. Pediatr Nephrol 23:297–305

	77.	 Farhangi MA, Javid AZ, Dehghan P (2016) The effect of enriched 
chicory inulin on liver enzymes, calcium homeostasis and hemato-
logical parameters in patients with type 2 diabetes mellitus: A ran-
domized placebo-controlled trial. Prim Care Diabetes 10:265–271

	78.	 Dall’Alba V, Silva FM, Antonio JP, Steemburgo T, Royer CP, 
Almeida JC, Gross JL, Azevedo MJ (2013) Improvement of 
the metabolic syndrome profile by soluble fibre - guar gum - in 
patients with type 2 diabetes: a randomised clinical trial. Br J Nutr 
110:1601–1610

	79.	 Chiavaroli L, Mirrahimi A, Sievenpiper JL, Jenkins DJ, Darling 
PB (2015) Dietary fiber effects in chronic kidney disease: a sys-
tematic review and meta-analysis of controlled feeding trials. Eur 
J Clin Nutr 69:761–768

	80.	 Nicklas TA, Myers L, O’Neil C, Gustafson N (2000) Impact of 
dietary fat and fiber intake on nutrient intake of adolescents. Pedi-
atrics 105:E21

	81.	 Saglimbene VM, Wong G, Ruospo M, Palmer SC, Garcia-Larsen 
V, Natale P, Teixeira-Pinto A, Campbell KL, Carrero JJ, Stenvin-
kel P, Gargano L, Murgo AM, Johnson DW, Tonelli M, Gelfman 
R, Celia E, Ecder T, Bernat AG, Del Castillo D, Timofte D, Torok 
M, Bednarek-Skublewska A, Dulawa J, Stroumza P, Hoischen S, 
Hansis M, Fabricius E, Felaco P, Wollheim C, Hegbrant J, Craig 
JC, Strippoli GFM (2019) Fruit and vegetable intake and mortality 
in adults undergoing maintenance hemodialysis. Clin J Am Soc 
Nephrol 14:250–260

	82.	 Goraya N, Munoz-Maldonado Y, Simoni J, Wesson DE (2019) 
Fruit and vegetable treatment of chronic kidney disease-related 
metabolic acidosis reduces cardiovascular risk better than sodium 
bicarbonate. Am J Nephrol 49:438–448

	83.	 Noori N, Kalantar-Zadeh K, Kovesdy CP, Murali SB, Bross R, 
Nissenson AR, Kopple JD (2010) Dietary potassium intake and 
mortality in long-term hemodialysis patients. Am J Kidney Dis 
56:338–347

	84.	 El Amouri A, Delva K, Foulon A, Vande Moortel C, Van Hoeck 
K, Glorieux G, Van Biesen W, Vande Walle J, Raes A, Snauwaert 



2938	 Pediatric Nephrology (2023) 38:2929–2938

1 3

E, Eloot S (2022) Potassium and fiber: a controversial couple in 
the nutritional management of children with chronic kidney dis-
ease. Pediatr nephrol 37:1657–1665

	85.	 Naismith DJ, Braschi A (2008) An investigation into the bioac-
cessibility of potassium in unprocessed fruits and vegetables. Int 
J Food Sci Nutr 59:438–450

	86.	 Desloovere A, Renken-Terhaerdt J, Tuokkola J, Shaw V, Green-
baum LA, Haffner D, Anderson C, Nelms CL, Oosterveld MJS, 
Paglialonga F, Polderman N, Qizalbash L, Warady BA, Shroff R, 
Vande Walle J (2021) The dietary management of potassium in 
children with CKD stages 2–5 and on dialysis-clinical practice 
recommendations from the Pediatric Renal Nutrition Taskforce. 
Pediatr Nephrol 36:1331–1346

	87.	 Muller A, Zimmermann-Klemd AM, Lederer AK, Hannibal L, 
Kowarschik S, Huber R, Storz MA (2021) A vegan diet is associ-
ated with a significant reduction in dietary acid load: post hoc 
analysis of a randomized controlled trial in healthy individuals. 
Int J Environ Res Public Health 18:9998

	88.	 Gonzalez-Ortiz A, Xu H, Ramos-Acevedo S, Avesani CM, Lind-
holm B, Correa-Rotter R, Espinosa-Cuevas A, Carrero JJ (2021) 

Nutritional status, hyperkalaemia and attainment of energy/
protein intake targets in haemodialysis patients following plant-
based diets: a longitudinal cohort study. Nephrol Dial Transplant 
36:681–688

	89.	 Soroka N, Silverberg DS, Greemland M, Birk Y, Blum M, Peer 
G, Iaina A (1998) Comparison of a vegetable-based (soya) and an 
animal-based low-protein diet in predialysis chronic renal failure 
patients. Nephron 79:173–180

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	The benefits of dietary fiber: the gastrointestinal tract and beyond
	Abstract
	Introduction
	Dietary fiber intake in healthy children and children with kidney diseases
	Potential benefits of dietary fiber
	Gastrointestinal health and constipation
	Uremic toxin production, inflammation, and oxidative stress
	Cardiovascular disease, risk factors, and all-cause mortality
	Progression of kidney function
	Advantages of a plant-based diet
	Potential risk of hyperkalemia with a high dietary fiber intake
	Is there a risk of malnutrition for children following a plant-based diet?


	Conclusion and knowledge gaps
	Anchor 14
	References


