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State of Affairs- Kidney Disease and Nutrition

• Current (most basic) nutrition therapy for kidney 
disease:
– Phos/ calcium/ PTH/ vit D balance for bone/ heart health
– Protein- to prevent malnutrition, reduce burden on 

kidneys, improve albumin
– Sodium and fluid restriction for HTN management/ fluid 

overload
– Renal vitamin- to support immune system, replace 

nutrients lost through dialysis, prevent micronutrient 
deficiency due to limited diet choices

– Potassium restriction- prevent hyperkalemia 
– Weight management esp for transplant
– Blood sugar management- for those with DM



State of Affairs- Kidney Disease and Nutrition

• What is not typically being addressed?
– Inflammation
– Digestive issues (poor appetite, constipation etc)
– Nutrition quality of life
– Metabolic acidosis
– Fiber intake

WHY?



State of Affairs: Kidney Disease and Nutrition

• Why are these other aspects of nutrition and 
kidney disease not being addressed?
– High patient:RD ratio= lack of time
– No support from Dr or IDT or patient
– Lack of RD training (decreased awareness or ability or 

how to help or assess)
– Inadequate resources (RD or Patient education 

materials, supplements, finances etc)
– Lack of evidence-based recommendations
– Misconceptions (too expensive, not effective etc)



Objectives

Review 
evidence and 

potential 
benefits of 
probiotics

Apply 
knowledge to 

practice

Discuss kidney-
gut axis



The Kidney-Gut Axis

The emerging role of gut health in kidney disease



Kidney-Gut Axis- Relationship Status

• There is a growing interest in the relationship between 
probiotics/ gut health and kidney disease.  

• A Pubmed search of “probiotics and kidney disease”
• 2012-2019 – 208 results
• 1999-2011- 72 results 

Why the growing interest?
The reason most relationships get attention: 

Sadly because they are a mess
Instead of being called KidGut- we call it kidney-gut axis



Kidney-Gut Axis: Relationship Status

• Digestive issues are common in those with kidney 
disease
– Constipation1,7 (63% in HD patients compared to 20% 

in healthy population1)
– GERD (50% in HD patients2 compared to 28%3 in 

general population)
– Increased transit time1

– Impaired protein digestion1,9

– Dysbiosis1,4,5,6

– Leaky gut/ increased gut permeability4,5,6,7,8



Kidney-gut Axis: Relationship Status

• The gut microbiome is it’s 
own ecosystem containing 
more than 100 trillion 
bacteria.10,11

• A healthy individual has a 
rich diversity of bacteria 
within the gut, with the 
largest amount of bacteria 
occurring in the colon. 10,11

• There are two main types of 
bacteria: saccharolytic and 
proteolytic1,11



Kidney-Gut Axis: What do these bacteria do?

Saccharolytic bacteria: 
- primarily ferment 

carbohydrates (resistant 
starches) which produces 
beneficial end products such 
as short chain fatty acids 
(which support the growth of 
intestinal cells)1,4,12

- Synthesize vitamins, amino 
acids11,5,13

- Maintain intestinal 
barrier11,6,13

- Improve immunity12

- Compete with pathogenic 
bacteria for space13

Proteolytic bacteria:
- primarily ferment (putrefy) 

protein which produce ammonia, 
amines, thiols, phenols and 
indoles1,8,14

- Phenols and indoles are 
converted to pro-inflammatory 
toxins like P-cresyl sulfate (PCS) 
and indoxyl sulfate (IS) and are of 
particular interest in CKD8,14

- These end products are 
eliminated primarily through the 
kidney and rise with a decrease in 
GFR8,14



Kidney-Gut Axis: The Intestinal Barrier

• Technically, the digestive system is on the outside of 
the body, so the intestinal barrier is a mechanical 
barrier to control what comes inside the body
– It consists of an epithelial layer along the intestinal lumen 

which contains a mucus layer, antimicrobial proteins, 
antibacterial lectins and defensins.15,16

– This barrier prevents an immune response from the body 
acting on the microbiota, bacteria translocation (bacteria 
moving from one part of the intestine to another or into 
the blood stream) and prevents absorption of toxins and 
pathogens into the blood stream.16

– Tight junctions between intestinal cells selectively allow 
nutrients to be absorbed13,16



Kidney-Gut Axis: Relationship Status

Intestinal barrier function- Tight junctions5

• Tight junctions connect 
adjacent intestinal cells to 
each other.13,16

• These are what allow the 
intestinal barrier to be 
selective about what is 
absorbed.  Tight junction 
permeability is different 
throughout the 
intestine.13,16

Healthy intestinal layer and tight junctions12



Kidney-Gut Axis- What does the CKD gut look like?17

How CKD alters the gut17

http://www.mdpi.com/nutrients/nutrients-09-00208/article_deploy/html/images/nutrients-09-00208-g002.png


Impact of CKD on intestinal barrier and microbiota

CKD/ ESRD

Intestinal 
hypoperfusion, uremia

Impaired intestinal 
barrier

Increased intestinal 
permeability

Adaptive increase- GI 
excretion of urea, 

oxalate, and uric acid

Antibiotics, 
phosphorus binders, 

antimetabolites
Dysbiosis

Translocation of 
bacteria and 
endotoxins

Local and systemic 
inflammatory 

response, 
immunosupression

Endotoxemia, chronic 
inflmmation

Increased infection 
rate

Increased production 
of PCS and IS

Low fiber intake, 
prolonged GI transit

Figure 3. How CKD impacts the gut microbiome. Adapted from Sabateino et al.7



Kidney-Gut Axis: Relationship Status

Factors in CKD that contribute to dysbiosis9,15

• Metabolic acidosis
• Volume overload with intestinal wall congestion (↑

cytokines and endotoxins= ↑ inflammation)
• Antibiotic, oral iron, and anti-GERD- promote bacterial 

overgrowth
• Intestinal ischemia (vascular calcification)
• Low potassium diet and therefore low fiber diet- decreased 

fuel for saccharolytic bacteria1,5,9, prolonged transit1,2,9

• High protein diet combined with impaired digestion and 
increased proteolytic bacteria activity = increased 
production of uremic solutes- p-cresol sulfate and indoxyl
sulfate



Kidney Gut Axis: Increased intestinal permeability

• Malnutrition- decreased intestinal cell 
turnover contributes to breakdown of 
tight junctions.  Decreased fuel for 
bacteria causes breakdown of mucosal 
layer7

• Uremia contributes to dysbiosis which 
contributes to inflammation which also 
compromises tight junctions5,13,19

• Proteolytic bacteria increase ammonia 
production= intestinal pH change 
(decreasing friendly bacterial growth) and 
increasing inflammation= uremic 
enterocolitis5,13

• Hypervolemia/ aggressive ultrafiltration-
contributes to intestinal ischemia 
depriving intestinal cells of oxygen and 
increasing endotoxins and cytokines 12,13

Damaged intestinal layer and tight junctions12



Kidney-Gut Axis: Relationship Status

• Uremia
– Impairs intestinal barrier function and encourages intestinal 

inflammation15



Kidney-Gut Axis: Relationship Status

Dysbiosis and increased intestinal permeability 
are at the root of many unaddressed nutrition-
related issues in those with kidney disease.

Is there evidence to support the use of 
probiotics to address these nutrition-related 

issues?



Review evidence and 
potential benefits of 
probiotics

Are probiotics a viable form of therapy in kidney disease?



The Evidence

Evidence Patient values 
and preferences

Resource issues
Healthcare 

provider values 
and preferences

Clinical 
Expertise

Model for Evidence-Based Decision-Making20,21

Meta-analysis of 
RCTs
Systematic review of RCTs

Individual RCT

Observational 
Studies Patient-important 
outcomes

Basic Research 
Test tube, animal, human physiology

Clinical Experience

Hierarchy of Evidence20



The Evidence

Probiotics

Dysbiosis/ 
leaky gut

Digestive 
symptoms Uremia



The Evidence

Definitions-
• Probiotics- “living organisms in food and dietary 

supplements that, upon ingestion, can improve 
the health of the host beyond their inherent basic 
nutritional content.”6

• Prebiotics- “Non-digestible food ingredients that 
stimulate the growth and/or activity of bacteria 
in the GI.” 6 (promote saccharolytic bacteria 
activity)

• Synbiotic- product with pro- and prebiotics 
combined6



The Evidence- Review use of probiotics in GI disorders22

Method: 
Excluded animal 
and in vitro studies 
(unless specifically 
relevant).  
Prioritized meta-
analysis, systemic 
(including 
Cochrane) reviews, 
and RCTs.  A total of 
70 studies were 
reviewed.  



The Evidence- Yale University Workshop23



The Evidence- Clinical Guide to Probiotic Products24



The Evidence- Leaky Gut/ Dysbiosis

• Many studies show support in using probiotics 
to improve integrity of the intestinal 
barrier34,35

• However, probiotics are usually not sufficient 
to promote complete healing.  Other 
nutrients, diet changes and lifestyle changes 
may be required.  The 5R protocol is a helpful 
therapeutic model10,32



The Evidence- Reducing Uremic Toxins4

Observed Benefit Proposed Mechanisms

↓ Fecal vancomycin-resistant enterococci Competitive colonization
Antimicrobial production
↓ colonic pH

↑ Serum folate ↑ increased bacterial production of folate

↓ Serum uremic toxins:
- Urea
- Uric acid
- IS
- PCS
- Di-methylamine
↓ Serum phosphate

↑ microbial metabolism
Competitive colonization
Antimicrobial production
↓ colonic pH
↓ transit time
↓ availability of substrate
↓ colonic pH ↑ the ionization of Ca 
which bind with intestinal phos as an
intrinsic binder

↓ serum triglycerides ↑ bacterial production nicotinic acid

↓ serum homocysteine ↑ bacterial production of B vitamins

↑ Quality of Life ↓ symptoms of uremia

↓ Urinary oxalate ↑ microbial metabolism of oxalate



The Evidence- Reducing uremic toxins

• Research is sparse and many studies are on rats.  The human 
studies are small and of short duration

• Specifically looking at decreasing/changes in PCS, IS, uric acid, 
creatinine, BUN, and oxalates. 

• Most comprehensive review to date (19 studies): 

Conclusion: “Altering the microbiota via pre-and/or probiotics is a 
potential treatment for reducing bacterial protein fermentation and 
therefore the generation of PCS and IS…”  



The Evidence- Reducing Uremic Toxins

Other papers reviewing studies in CKD 
populations show mainly positive results in 
decreasing uremic toxins, but more research is 
needed.6,8,9,15,37

What do we do in the meantime?



Apply knowledge to 
practice

How to safely and appropriately use probiotics in kidney disease patients



Practical Application

• Use probiotics in a way that have been 
clinically proven.

• Use resources available to assess and better 
understand the whole picture of a patient’s 
health- not just their kidney needs

• Recognize that there are multiple ways to alter 
the gut flora to promote better outcomes in 
various areas for your patients.



Practical Application

• Safety of probiotics in those with kidney disease
– All studies reviewed clearly state that risk associated with 

probiotic use is LOW6,25,26,,27

– However, there is still some risk for probiotic sepsis27

• Major risk factors-
– Immune compromise (including debilitated states or malignancy)
– Transplant (although the little research there is inclined to support the 

use of probiotics)
– Premature infants

• Minor risk factors-
– CVC (central venous catheter)
– Impaired intestinal epithelial barrier (diarrheal illness, intestinal 

inflammation)
– Administration of probiotic via jejunostomy
– Concurrent use of antibiotic and probiotic- to which probiotic is resistant
– Probiotics with high adhesion to intestine or known pathogenicity
– Cardiac valvular disease (Lactobacillus only)

“We suggest that the presence of a single major risk factor or more than one 
minor risk factor merits caution in using probiotics.”27



Practical Application- Assessment of Need

• If testing is not available, there are other less 
specific ways to assess.

Question Yes No
Have you taken an antibiotic within the past 12 months?
Have you experienced constipation or diarrhea within the past 3 months?
Do you experience abdominal cramping a few hours after eating?
Is abdominal pain relieved after passing gas?
Do you experience pain during bowel movements?
Do your abdominal discomforts, constipation and/or diarrhea get worse with 
stress?
Are you frequently bloated?
Do you experience heart burn or burning in your stomach?
Do you have trouble losing weight?
Do you have food allergies?
If your patient answers yes to 3 or more questions, there is a high likelihood of altered gut 
bacteria.

Figure 1. Probiotic Screening Tool39



Practical Application- Assessment of Need

• Other factors that might indicate a need for 
probiotics: 
– Low intake of fruits and vegetables/ low fiber31,40

– Frequent use of artificial sweeteners29,30

– Chronic stress10,31

– Alcohol use 10

– Nutrient insufficiencies/ malnutrition7,10

– Iron supplementation7

– Diets high in refined carbohydrates31



Practical Application- Recommending probiotics

• Option to recommend food or supplement
– Factors to consider: 

• Need for specific or variety probiotic strains
• Potassium and phosphorus level
• Finances/availability
• Patient preference (pill vs food)
• Amount of probiotic needed for therapeutic benefit



Practical Application- Recommending probiotics

• Resources for specific GI issues/ products
• Each of these resources has a table with specific recommendations 

of amounts, strains, and/or products for various conditions
– Clinical Guide to Probiotics (App or available online- free)
– Yale University Workshop- 2015 update
– Product Update- Journal of Renal Nutrition
– Probiotic Formulations: Application and Status as Pharmaceuticals- A 

review. Sreeja V, Prajapati J. Probiotics & Antimicro. Prot. 2013;5:81-
91.

– Probiotics and Prebiotics in Dietetics Practice- Douglas L, Sanders M. 
JADA 2008;108(3):510-521.

– A Gastroenterologist’s Guide to Probiotics. Ciorba M. Clin 
Gastroenterol Hepatol. 2012 September ; 10(9): 960–968.

– Williams N. Clinical Review: Probiotics. Am J. Health-Syst Pharm. 2010. 
67:449-458. 

– Isam S. Clinical uses of probiotics.  Medicine. 2016;95(5):1-5



Practical Application- Recommending Probiotics

• For long term use of probiotics, it is best to rotate 
products to increase biodiversity and reduce chance of 
probiotic resistance

• If using antibiotics, probiotics should be given at 2-4 
hours apart from antibiotics

• Most studies show benefits with 10 billion + live 
cultures or CFU’s

• Some patients adjust better to probiotics if they start 
taking them every other day for the first week or two

• Diet changes are key to provide maximum probiotic 
benefits



Practical Application- Recommending probiotics

• Recommending probiotics for decreasing 
inflammation, reducing uremic toxins etc
– There is not enough clinical evidence to be able to 

recommend any specific probiotic and expect any 
efficacy in using probiotics for ONLY these 
purposes at this time.

– Only one product currently shows promise for 
reducing uremic toxins at this time- Renadyl by 
Kibow Biotech http://www.renadyl.com/



Practical Application-



Practical Application- Support healthy bacteria

• Additional recommendations to support probiotics/ healthy bacteria
– Increase fiber/ low potassium fruit and vegetable intake

• Provides prebiotics for healthy bacteria, antioxidants, other anti-inflammatory factors
• 10-50 g day has been used in prebiotic supplements, >5 g/day can influence gut 

microbiota, 15-20g needed to reduce uremic toxin concentrations.33

– Use digestive enzymes as appropriate- esp if lower protein is not an option to 
improve protein digestion

– Evaluate use of certain medications- such as long term use of anti-GERD 
medications

– Increase healthy fat intake (omega 3) through supplements or food as 
appropriate

– Reduce artificial sweetener/refined sugar use
– Encourage healthy stress management 
– Correct nutrient deficiencies (use physical assessment if lab assessment is not 

available)
– Those who present with impaired intestinal barrier/ leaky gut symptoms may 

benefit from 5 R program32



Practical Application- Pro’s and Con’s of Probiotic Foods

Pros
• Tend to have significantly 

higher amounts of 
probiotics

• Decreases pill burden
• Can be added to foods in 

place of less nutritious 
foods/ condiments

• May contain other benefits 
that are unknown at this 
time

• Can make at home, which 
can be cost effective

• May have less diversity 
than a supplement

Cons
• Many probiotic foods are unappealing 

to those who like American food
• Probiotic foods can be high in 

potassium, sodium and phosphorus
• Some experts feel that fermented 

foods, since they are decaying foods, 
are actually not beneficial for health

• Liquids can limit some of the 
probiotic food options

• Probiotic options may be limited by 
dairy allergy or intolerance

• Making probiotic foods at home 
introduces an increased risk for 
foodborne illness



Practical Application- Prebiotics

Fibers with prebiotic effects Prebiotic effect Supplement/ Food products containing 
prebiotic+

Wheat dextrin Increased bacteriocides Benefiber, Equate Clear Soluble Powder
Inulin Bifidogenic* Benefiber, Luna bars, Clif bars, Builder’s 

bar, Kashi cereals, drink mixes and cereal 
bars, various Stonyfield Farms products

Acacia gum Bifidogenic Now Acacia fiber powder, GoLive 
probiotic & prebiotic- (Contains 40mg K per 
serving)

Psyllium Prebiotic potential^ Metamucil (Contains 30mg K per serving), various 
brands of psyllium husk capsules or 
powders

Fructooligosaccharides Bifidogenic Skinny Cow low-fat ice-cream sandwiches, 
ZonePerfect shakes, Ensure fiber, various 
products from Horizon Organic

* Increases bifidobacteria growth
+ This table is simply identifying products that contain certain prebiotic, not making claims as to the effects of the 
particular product.
^ Not currently classified as a prebiotic, only a functional fiber

Partial list of Prebiotics, Prebiotic Effect and Supplements/ Functional Food Products33



Practical Application- Prebiotics

Type of prebiotic Food source
Fructans- Fructooligosaccharides, inulin, 

oligofructose
Asparagus, sugar beets, garlic, chicory, 
onion, Jerusalem artichoke, wheat, honey, 
banana, barley, tomato and rye

Isomaltulose Honey, sugarcane juice
Xylooligosaccharides Bamboo shoots, fruits, vegetables, milk, 

honey and wheat bran, whole grain 
breakfast cereals

Raffinose oligosaccharides Seeds of legumes, lentils, peas, beans, 
chickpeas, mallow composite, and mustard

Soybean oligosaccharides Soybean
Lactulose Milk
Enzyme-resistant dextron Potato starch
Arabinoxylooligosaccharides Wheat bran, whole grain breakfast cereals

Partial List of Prebiotics Naturally Found in Foods33



Practical Application

• Keep in mind:37

– A probiotic does more than merely introduce a new 
bacterial species into the gut (which may or may not take 
up residence).  Probiotics many change the whole 
environment in unpredictable ways

– Bacteria can feed or inhibit the growth of each other
– Extreme dietary changes can produce an immediate 

impact on the gut microbiome
– Normal gut microbiome increases nutrient bioavailability
– Changing the microbiome can change the effect nutrients 

have on the individual
– Diet is the primary influencer of the gut microbiome



? Questions?
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