ELSEVIER

Diet and Polycystic Kidney Disease: Nutrients, )
Foods, Dietary Patterns, and Implications for
Practice

Check for
updates

Kelly Lambert, PhD, RD, Adv APD * Robert Gardos, BSc (Appl) " Helen Coolican, BA, Dip Ed MA™
Lauren Pickel, BSc (Biol) * Hoon-Ki Sung, PhD ¥ Angela Yee-Moon Wang, MD, PhD $ and
Albert CM Ong, DM, MA, FRCP!

Summary

Polycystic kidney disease (PKD) is a chronic, progressive hereditary condition characterized by abnormal develop-
ment and growth of cysts in the kidneys and other organs. There is increasing interest in exploring whether dietary
modifications may prevent or slow the disease course in people with PKD. Although vasopressin-receptor agonists
have emerged as a novel drug treatment in advancing care for people with PKD, several recent landmark trials and
clinical discoveries also have provided new insights into potential dietary-related therapeutic strategies. In this
review, we summarize the current evidence pertaining to nutrients, foods, dietary patterns, cyst growth, and pro-
gression of PKD. We also describe existing evidence-based dietary care for people with PKD and outline the poten-
tial implications for advancing evidence-based dietary interventions.
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olycystic kidney disease (PKD) is the most com-

mon inherited cause of kidney failure globally.'

The condition is caused by mutations in the PKD]
and PKD?2 gene, which result in abnormal prolific irre-
versible growth of fluid-filled cysts in the kidney.” Auto-
somal-dominant PKD accounts for up to 10% of patients
undergoing kidney replacement therapy.” The ongoing
growth of cysts causes pain as well as damage to the
architecture of the kidney parenchyma, leading to kidney
failure.”

Several physiological mechanisms are disrupted in
PKD.’ One of these is in the ability to concentrate urine.’
With infiltration of the cysts in the kidney parenchyma,
the osmotic gradient in the kidney cortex and medulla is
disrupted and polyuria develops. In addition, there is
increased vasopressin secretion in response to dehydra-
tion, with high levels of vasopressin shown to promote
cyst growth.” An increase in water consumption has
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been a long-standing recommendation to suppress vaso-
pressin secretion.” However, further clinical trials are
required to confirm its efficacy in slowing down clinical
progression of PKD. More recently, experimental mod-
els have observed altered glucose metabolism, with a
preference for aerobic glycolysis in cyst cells.””'’ Other
distinct metabolic alterations identified in PKD include
impaired fatty acid metabolism and mitochondrial S
oxidation.""'* These metabolic derangements may form
potential targets for dietary intervention in PKD.

The vasopressin receptor agonist (V2RA) tolvaptan, is
an approved drug treatment for PKD and has been shown
to inhibit cyst growth in experimental data and shown to
be effective in slowing the decline of kidney function in
PKD."? However, its use is associated with significant
aquaretic and other side effects,'* leading to a high dis-
continuation rate.'” Further interventions to slow PKD
progression are needed.

Lifestyle modification including the manipulation of
diet and fluid intake is therefore of great interest to peo-
ple with PKD,”‘*18 health professionals,w and the
research community.””*' Several reviews have been
published in recent years but these have focused on spe-
cific elements such as water,”” specific diets such as
energy restriction,” or were published’'*** before the
release of results from landmark trials such as the PRE-
VENT—Autosomal-Dominant Polycystic Kidney Dis-
ease (ADPKD) trial.”® Given the close link between
nutrients, foods, and dietary patterns, this review pro-
vides an overview of the current evidence on nutrients,
foods, dietary patterns, and PKD, and describes the
implications for clinical practice as well as areas for
future research.
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NUTRIENTS

Sodium

Excessive intake of sodium has been associated with
accelerated cyst growth and hypertension in individuals
with PKD. In a post hoc analysis of the HALT progres-
sion of polycystic kidney disease study, Torres et al*’
reported that each 18 mmol of urinary sodium excretion
was associated with a faster decline in estimated glomer-
ular filtration rate (eGFR) (-0.09 mL/min per 1.73 m’
per year) and more rapid kidney growth (0.43%/year
total kidney volume growth), showing the benefit of
sodium restriction. However, despite regular support for
up to 8 years with the goal of reduced sodium intake
(~100 mmol salt/d), the mean urinary salt excretion
(reflecting dietary intake) was not achieved (mean, 178
mmol/d).”” This underscores the challenge of dietary
interventions to reduce sodium intake.

The exact mechanism by which sodium accelerates
cyst growth in PKD was explored by Kramers et al.”®
Analysis of an observational cohort of 589 individuals
with ADPKD used mediation analyses to determine that
the effect on disease progression was owing primarily to a
salt-induced increase in circulating vasopressin, measured
by plasma copeptin as a surrogate marker. The investiga-
tors eloquently translated this into practical terms and sug-
gested that a reduction in salt intake to 5 g (2,000 mg/
90 mmol sodium) per day could postpone dialysis com-
mencement by 4 years, but this would require further eval-
uation in a randomized trial fashion. In a second
observational cohort,”” a single session of dietary counsel-
ing on sodium restriction was associated with an improve-
ment in tolerance to V2RA medications by reducing
polyuria, one of the most bothersome side effects of the
medication. This led to the suggestion to consider dietary
counseling of a reduced sodium diet in patients treated
with V2RAs. A summary of the findings and implications
from the small number of human studies exploring dietary
sodium intake in PKD are shown in Table 1./~

Protein

Excessive protein intake in the chronic kidney disease
(CKD) population is associated with increased glomeru-
lar hyperfiltration and worse proteinuria.” Higher levels
of dietary protein also stimulate renin release, which
increases angiotensinogen and increases blood pres-
sure.”” However, there is limited human evidence as to
how or if protein may influence cyst growth. A 2-year
follow-up evaluation of the modification of diet in renal
disease study in 200 participants with PKD and a GFR
of 25 to 55 mL/min per 1.73 m? found that a low protein
(0.58 g/kg per day) diet had no benefit in slowing the
rate of decline in GFR compared with a normal protein
diet (1.3 g/kg per day).”” Instead, blood pressure and

proteinuria predicted faster decline in kidney function.
Similarly, a retrospective analysis of 109 patients with
ADPKD also found no effect of lower protein intake
(mean intake, 0.87 g/kg per day) on progression to kid-
ney failure,”® and a 4-year follow-up evaluation of
patients with ADPKD showed no association between
protein intake and annual change in eGFR.?®

Some work in nonorthologous animal models of PKD
have shown that protein type may be important. For
example, plant proteins (soy) as compared with animal
protein (casein) may exert beneficial effects on PKD pro-
gression, as reviewed in work by Pickel et al.”* Rats fed
soy protein had reduced kidney weight,”’? cyst
volume,””***" and kidney cyst growth.”” These inhibitory
effects were correlated to lower insulin growth factor-1
production,”’ as well as reduced inflammation as a result
of improvements in long-chain polyunsaturated fatty acid
intake.””*' However, any evidence of benefit from plant
protein failed to replicate in multiple orthologous rodent
models.”* Moreover, the role of the protein source has
not been tested in human dietary intervention studies.

Fat

Similar to protein source, there were suggestions from
studies in nonorthologous rodent PKD models that the
source of dietary fat may impact PKD progression, with
dietary long-chain polyunsaturated fatty acid intake posi-
tively influencing all stages of cyst pathogenesis includ-
ing epithelial cell proliferation, oxidation, inflammation,
fibrosis, and cyst area” %0 (Fi g. 1). This literature has
been reviewed elsewhere.”” Importantly, results were not
replicated in orthologous rodent models.*” In the only
human intervention study to date, 20 Japanese adults
with PKD were randomized to supplementation with
2.4 g/d of eicosapentanoic acid (EPA) for 2 years or
without supplementation.”” Compared with patients not
given supplementation, there was no impact on kidney
volume or rate of kidney function decline with EPA sup-
plementation over 2 years. However, the study popula-
tion was small and did not report dietary intake, which
may have seen a higher EPA intake than in Western
countries given the high intake of fish and seafood in the
Japanese diet. Given the paucity of PKD-specific dietary
intervention studies, it seems prudent to recommend
intake of foods rich in long-chain polyunsaturated fats,
and the ratio of fat in the diet of PKD subjects according
to that for the healthy population, that is, a suggested die-
tary intake of long chain polyunsaturated fats of 610 mg
for men and 430 mg for women, and less than 30% calo-
ries from saturated fat."®

Vitamin D

Observational data have suggested an inverse rela-
tionship between serum 25 hydroxyvitamin D levels

Downloaded for Michael Graham (mgraham@peachealth.org) at PEACEHEALTH from ClinicalKey.com by Elsevier on
November 10, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



"PAAISAI SIYSLI [[Y OU] I1AS[H €707O WS1Ado) uorssiuiad jnoy)im sasn 13130 oN “AJuo asn [euosiad 104 €70 ‘01 I0qUIDAON

U0 ISIASS[H AQ wod Ady[[edrur) woy HI TVAHIDVAd 18 (310 yesyoeadm)ureyeisur) weyeIn) [9eYdIA 10 PIPRO[UMO]

Table 1. Summary of Human Studies Examining Sodium Intake in People With PKD

Study Outcome

Population

Results

Conclusions

Kramers et al,*® 2020

Observational cohort
study, 4-year follow-
up period

Association between dietary
salt and protein intake and
PKD progression

Cote et al,*? 2020
Retrospective analysis

Effect of premedication dietary
counseling on sodium and
urea excretion rates in
patients starting tolvaptan

Torres et al,>” 2017

Post hoc analysis of
HALT PKD RCT stud-
ies A and B%°

Effect of salt intake on pro-
gression of ADPKD

All participants were instructed
to follow a 6-g salt/d diet

Study B also had potassium
restriction (60-80 mmol/d)
and phosphate and protein
restrictions individualized

Torres etal,®' 2011

Observational study
with 6 years of follow-
up evaluation

Identify markers for disease
progression in ADPKD

Doulton et al,* 2006
Double-blind RCT

Effects of dietary sodium
50 mmol/d versus
350 mmol/d for 11 days on
blood pressure and RAS

n = 589 patients with ADPKD

Mean eGFR, 64 + 24 mL/min per
1.73 m?

Mean age, 47 £ 11y

Gender, 59% female

n = 30 patients with ADPKD
eGFR, 43-74 mL/min per 1.73 m?
Mean age, 47 £ 11y

Gender, 59% female

Study A, n = 558 aged 15-49 y

Study B, n = 486 aged 18-64 y

eGFR, 25-60 mL/min per 1.73 m?

Follow-up period varied from 60-
94 mo

Gender: study A, 49.3% female;
study B, 51.6% female

N = 241 patients with ADPKD

Mean eGFR, 89.1 & 27.7 mL/min
per 1.73 m?

Mean age, 32.4 + 8.9y at base-
line

Gender, 60.2% female

n = 11 patients with ADPKD and
hypertension and n = 8 control
subjects with essential hyper-
tension

Mean age, 38 £ 3y

Gender, 73% female

eGFR not recorded

Creatinine clearance, 92 +
9 mL/min per 1.73 m?

High salt intake, but not protein intake, was
associated significantly with decline in kid-
ney function

Mean salt intake, 9.1 g/d; protein intake, 84
g/d

Results of protein intake was not normalized
to g/kg per day

Dietary counseling was associated with a
reduction in sodium excretion of 19 mmol
sodium/d (~1 g dietary sodium)

Reduction was greatest in patients with
higher baseline dietary sodium

Counseling in patients who also reduced
protein intake (ie, reduced osmolar load
overall), seemed to be more effective and
persist over time

Higher salt intake was associated with
increased kidney cyst volume and faster
decline in eGFR, although effects were
small

Intake declined during the trial only margin-
ally (study A, 10 to 9.6 g/d; study B, 10 to
8.8 g/d)

Each 1-g decrease in salt intake was associ-
ated with significantly less kidney growth
(0.43%/y)

Baseline urinary sodium excretion was asso-
ciated with greater increase in kidney vol-
ume and GFR decline

Protein intake at baseline 71.9 & 22.9 g/d

Results not normalized to g/kg per day

Baseline urine sodium 193.2 + 86.1 mEq/24
h and urinary potassium 58.9 +
23.3mEqg/24 h

These did not change over 3 years.

Protein intake was estimated using urinary
nitrogen rather than dietary recall or esti-
mation methods

Responses of blood pressure and RAS to
sodium intake were not different between
patients with ADPKD and patients with
essential hypertension

A very low sodium diet using low-sodium
breads and packaged products, as well as
cooking methods, was sustained for 3
days

A high-sodium diet was achieved by supple-
menting the low-salt diet with 300 mmol
salt tablets

Salt intake induces an increase in plasma
osmolality, triggering vasopressin
secretion, which leads to cystogenesis

Reduction of salt to 5 g/d (2,000 mg/

90 mmol sodium) could delay kidney
failure by 4 years in the model provided

Reduction in sodium intake and excretion
in those on tolvaptan helps to reduce
polyuria, although adherence was tem-
porary (4 mo)

Multiple interventions to enhance adher-
ence may be required to maintain
reduced intake

Sodium restriction is beneficial, but
adherence is a challenge

Poor adherence to sodium-restricted
diets was evident in both groups

According to the investigators, intensive
counseling and monitoring of food dia-
ries and feedback would have been
beneficial

Higher sodium intake and excretion was
associated with more rapid cyst growth
and loss of kidney function

24-hour urine results indicated excessive
dietary sodium (~11 g salt/d) and inad-
equate potassium intake (indicative of
low fruit and vegetable intake)

Although protein intake increased over
time, there was no relationship
between protein intake at baseline and
kidney volume or disease progression

Activation of the RAS in response to die-
tary sodium is not unusually high in
Caucasian individuals with ADPKD
compared with hypertensive controls

(continued on next page)
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Table 1 (Continued)

Conclusions

Results

Population

Outcome

Study

A high-sodium diet in ADPKD may result

In the ADPKD group, higher salt intake

9 patients with ADPKD with

hypertension and n

tensive controls
Mean age of ADPKD patients, 36

n=

Effect of very low sodium diet

Schmid et al,*® 1990

in increased blood pressure sensitivity

to salt, although the study was small
No details on baseline diet were provided

increased blood pressure

9 normo-

20 mmol/d versus sodium
intake of 200 mmol/d on

Nonrandomized trial

blood pressure after 7 days

y (range, 28-53y)
Gender, 2 of 9 were female

eGFR not stated

Serum creatinine, 113.1 £15

umol/L

Abbreviations: ADPKD, autosomal-dominant polycystic kidney disease; eGFR, estimated glomerular filtration rate; HALT PKD, HALT progression of polycystic kidney; RAS, renin-angioten-

sin system; RCT, randomized controlled trial.

and vitamin D—receptor expression with total kidney
volume.*’ Furthermore, vitamin D deficiency in rat
models of PKD had inhibitory effects on kidney
enlargement and adverse effects on interstitial inflam-
mation.”’ To explore this relationship, Vendramini et
al’’ randomized 42 vitamin D—deficient patients with
PKD to receive either monthly cholecalciferol or pla-
cebo for 3 months, but no difference was found in
inflammation, vitamin D-receptor expression, or
blood pressure. Further large-scale human studies are
needed to evaluate the role if any of vitamin D sup-
plementation in ADPKD.

Caffeine

Animal models of ADPKD showed that cyclic adenosine
monophosphate (cAMP) promotes growth of human
polycystic kidney epithelial cells.”> A murine model of
ADPKD extended this observation and found that caf-
feine may stimulate the production of cAMP.” How-
ever, to date, there are no randomized trials testing the
effects of reducing caffeine intake in human beings with
ADPKD. A small case-control study in 102 adults with
ADPKD did not find any association between caffeine
intake and kidney volume.’* Instead, kidney volume was
associated with hypertension and the stage of CKD.
Given the uncertainty, it would be reasonable to follow
current guidance on caffeine intake for a healthy popula-
tion'” in ADPKD (ie, 200 mg caffeine daily, equivalent
to 2 cups coffee/4 cups of tea per day).

OXALATE

Nephrolithiasis is common in ADPKD, with a reported
prevalence of up to 58% in some studies.”””° The most
common composition of stones are uric acid and/or cal-
cium oxalate.”’ Animal studies have shown that oxalate
stones are associated with cyst formation.”® Several fac-
tors may contribute to the high prevalence of kidney
stones in ADPKD including anatomic (such as cyst
obstruction, or dilated lumens causing urine stasis) and
metabolic derangements (low urine citrate,”” low urine
pH, and hyperuricemia). Urinary citrate is an inhibitor
of calcium oxalate crystal formation.”® Treatments to
increase urinary citrate could be achieved via dietary
means. Daily intake of lemon or lime juice would result
in enhanced urinary citrate excretion, and also provide
additional variety in fluid intake for people with
PKD.® Approximately 60 mEq potassium citrate is
provided in 85 mL lemon or lime juice.”°" Advice to
avoid high intake of vitamin C-rich foods (juices,
smoothies) and supplements also is recommended
because ascorbic acid is the precursor to oxalate.
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Figure 1. Conceptual diagram of cyst formation in human beings with polycystic kidney disease. Figure created in Bio-
render.com. Adapted from Pickel et al.>® and Maditz et al.*®
FOODS disease (NCT03475017, NCT03223883, and
NCT02494141) On the other hand, Stevia is a plant from
Water the chrysanthemum family that contains steviol glyco-

There is a clear relationship between cAMP and stimula-
tion of epithelial cell proliferation and increased cyst
fluid accumulation in PKD.®”> Vasopressin stimulates
cAMP production in the collecting ducts and the distal
nephron, a common site for cyst formation.’” Maintain-
ing fluid intake that is adequate to reduce vasopressin
secretion recently was tested in the randomised con-
trolled trial to determine the efficacy and safety of pre-
scribed water intake to prevent kidney failure due to
autosomal dominant polycystic kidney disease (PRE-
VENT-ADPKD) trial.”° This trial tested ad libitum
intake versus individualized intake to reduce urine
osmolality to 270 mOsm/kg or less for 3 years.
Despite intensive, structured, evidence-based support,
both groups had similar outcomes for total kidney
volume and kidney growth, although only a propor-
tion (52.3%) in the intervention group successfully
maintained the target urine osmolality. The investiga-
tors concluded that detailed self-monitoring in
enhanced fluid intake was challenging to persevere
with over 3 years. A higher fluid intake still may be
beneficial in ADPKD patients who can excrete the
extra volume of fluid (usually GFR >60 mL/min)*’ to
reduce the formation of kidney stones and the inci-
dence of urinary tract infections. Water is the pre-
ferred fluid because it is low in kilojoules and
electrolyte-free.

Turmeric and Stevia

Turmeric is a rhizomatous plant from the ginger family,
and has been used as a traditional medicine for many
years.®” The active ingredient is curcumin, and there is
in vivo evidence that curcumin inhibits cyst produc-
tion.®* There are ongoing trials using curcumin to man-
age vascular health in chronic and polycystic kidney

sides. Stevia may be used as an alternative to sugar but
without calories because the body does not metabolize
the glycosides.”” Murine evidence has suggested that
renal cyst growth is slowed with Stevia ingestion.’® %
However, neither have been tested in human beings with
PKD, so their value beyond culinary purposes is
unknown.

DIETARY PATTERNS

There are significant challenges translating nutritional
science findings from the basic sciences to the bedside.”’
This is in part because people eat food and not isolated
nutrients. The interconnected nature of nutrients within a
food matrix is also highly complex, and may influence
the bioavailability of nutrients and biological
responses.’’ Given these complexities, it is important to
examine the evidence about known dietary patterns in
the PKD population.

Low-Acid Diets

Taylor et al’' conducted a small pilot study of a low-
osmolar, low-acid diet in 20 adults with PKD with a
mean eGFR of 84 mL/min per 1.73 m?® The diet was
designed to halve endogenous acid production and was
low in urea (protein, 0.8-1.0 g/kg body weight per day),
sodium (1-1.5 mEq/kg), and dietary acids, with a high
water intake (urine osmolality, <285 mOsm/kg water
per day). The premise of the intervention was based on
evidence in animal studies showing that increased urine
acid excretion accelerates cyst growth.”” Detailed
instruction was provided by a dietitian and dietary points
were awarded to specific foods, including a target of con-
suming 40 points per day from base-inducing fruits and
vegetables (such as raisins, apricots, kiwifruit, spinach,
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cauliflower, and zucchini). The relatively complex die-
tary intervention resulted in a tripling of fruit and vegeta-
ble intake, and significant improvements in protein, fiber,
sodium, dietary acid load, and urine osmolality. How-
ever, because of the short-term nature of the intervention
(4 weeks), it is unclear if this dietary pattern is sustain-
able and effective in the longer term and the impact on
kidney cyst volume was not measured. In people with
PKD, this approach of increasing fruit and vegetable
intake, and reducing potential renal acid load, is consis-
tent with evidence-based nutrition care for CKD and is
unlikely to be harmful,”® but whether it may ameliorate
growth of cysts or PKD progression requires further
evaluation. Caution may be necessary for patients with
advanced CKD or undertaking dialysis when potassium
control and increased protein intake may be required.

High Fruit and Vegetable/Mediterranean-Style
Diets

The 2020 Kidney Disease Outcomes Quality Initiative
guidelines for nutrition management in CKD recom-
mended a dietary pattern high in fruit and vegetables in
people with CKD,”” including a Mediterranean diet for
those with CKD stages 1 to 5 not on dialysis or post-
transplant. This was based on epidemiologic evidence
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that dietary patterns high in fruit and vegetables are asso-
ciated with reduced mortality and morbidity in the CKD
population.”* To date, only a small cross-sectional study
from Korea has examined the Dietary Approaches to
Stop Hypertension and Mediterranean-style patterns in
68 ADPKD patients.”” Those who followed a Dietary
Approaches to Stop Hypertension style of eating (ie, a
diet high in vegetables, legumes, fruit, nuts, whole
grains, and low-fat dairy) had a reduced risk of low mus-
cle strength and sarcopenia compared with those adopt-
ing a Mediterranean-style eating pattern (high in
vegetables, legumes, fruit, nuts, whole grains, fish, and
monounsaturated oils). However, cyst growth and kidney
volume were not examined.

Caloric Restriction

Animal studies have found that a reduction in calorie
intake may inhibit cyst growth and disease
progression.’®’” Kipp et al’® and Warner et al’’ found
that reducing calories by up to 40% could be a potential
treatment to slow disease progression in human beings
with ADPKD. Numerous possible mechanisms for this
effect have been proposed, notably inhibition of the
mammalian target of rapamycin signaling pathway, and
are reviewed in detail by Pickel et al.”’ Alterations in
metabolic programming also have been observed in
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Figure 2. Altered cellular metabolism in PKD. Cyst lining cells show the altered cellular metabolism in ADPKD. Cyst-lin-
ing cells show the Warburg effect; aerobic glycolysis is increased (red arrow 1), resulting in extracellular accumulation
of lactate (red arrow 2). In addition to glucose, highly proliferative cells have increased demands for glutamine,
reflected by up-regulation of GLS (red arrow 3). At the same time, fatty acid oxidation (red arrow 4) and oxidative phos-
phorylation (red arrow 5) are impaired. Abbreviations: Acetyl-CoA, acetyl coenzyme A; ADPKD, autosomal-dominant
polycystic kidney disease; GLS, glutaminase; GLUD, glutamate dehydrogenase; PKD, polycystic kidney disease; TCA

cycle, tricarboxylic acid cycle; «KG, a-ketoglutarate. Figure and legend reprinted with permission from Pickel et al
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Table 2. Single-Center Phase 2 Human Clinical Trials Relating to PKD and Diet in Progress and Registered With clinialtrials.gov

Trial

Study Design

Study Aim

Study Outcomes

Dietetic Prescription

NCT04680780

Keto-ADPKD Ketogenic Dietary
Interventions in ADPKD

(Active, not recruiting)

NCT04534985

Time-Restricted Feeding in
ADPKD

(Recruiting)

NCT03858439

DIAT

Dietary Intervention in ADPKD on
Tolvaptan

(Recruiting)

NCT05228574

TRAMPOLINE

Treatment of Vascular Stiffness in
ADPKD (Recruiting)

NCT03102632

A clinical trial of water therapy for
ADPKD

(Active, not recruiting)

NCT04310319

WATER

Wishing to Decrease Aquaresis in
ADPKD Patients Treated With a
V2Ra: the Effect of Regulating
Protein and Salt

(Recruiting)

Three-arm randomized con-
trolled trial

Recruited: 63 patients (21
patients per arm)

Site: University Hospital,
Cologne, Germany

Duration: 4 mo (120 d)

Randomized controlled trial
Recruitment target: 30

Site: University of Colorado
Duration: 12 mo

Co-sponsor: PKD Foundation

Single-arm pre-post study

Recruitment target: 30 patients
(15 patients per arm)

Site: Hamilton Nephrology
Clinic, Ontario, Canada

Duration: not specified

Randomized, double-blind,
placebo-controlled, clinical
trial

Recruitment target: 54

Site: Erasmus University Medi-
cal Centre, The Netherlands

Duration: 6 wk

Nonrandomized clinical trial

Recruited: 10 patients (target
not specified)

Site: Cornell University, NY

Duration: 18 mo

Randomized crossover clinical
trial

Recruitment target: 12 patients

Site: University Medical Cen-
tre, Groningen, The Nether-
lands

Duration: 8 wk

Determine the feasibility of two
ketogenic diets in adults with
ADPKOD versus ad libitum
diet control in adults age 18-
60 y with CKD stages 1to 3

Determine the feasibility of
time-restricted feeding with-
out energy restriction com-
pared with standard healthy
eating advice in adults 18-65
with a BMI 25-45 kg/m? and
eGFR >30 mL/min

Determine the effect of a low-
solute (low-sodium, low-pro-
tein) diet on urine output in
adult patients stable on
tolvaptan

Determine if arterial stiffness is
exacerbated by a high-salt
diet in adults with PKD age
>18 years and an eGFR >60
mL/min

Examine if increased con-
sumption of water can slow
cyst growth or kidney func-
tion decline in adults age 18-
65 years with an eGFR >40
mL/min

Determine if reduced salt and
increased water will reduce
polyuria in adults age
>18 years with an eGFR >30
mL/min

Primary outcomes: adherence was
measured using blood ketone and
patient-reported outcomes (feasibil-
ity questionnaire)

Secondary outcomes: change in total
kidney volume, body mass index,
insulin sensitivity, inflammation,
QOL, BP, and adverse events

Primary outcome: adherence, recruit-
ment rate, retention rate

Secondary outcomes: safety, tolera-
bility, change in body weight,
abdominal obesity, body composi-
tion, insulin sensitivity, AMPK
expression, kidney volume, mood,
pain, energy expenditure, energy
intake, physical activity

Primary outcome: change in 24-hour
urine volume

Secondary outcome: QOL, urine total
solute load

Primary outcome: arterial stiffness
measured using pulse-wave veloc-
ity

Secondary outcomes: 24-hour ambu-
latory BP, salt tasting thresholds,
skin sodium levels, vascular inflam-
mation, and endothelial dysfunction

Primary outcome: total kidney volume

Secondary outcomes: kidney function
(creatinine) change, urine and
blood sodium level

Primary outcome: 24-hour urine vol-
ume

Secondary outcomes: serum copep-
tin, eGFR, BP, QOL

Active dietary intervention arm: clas-
sic ketogenic diet—no further details
specified

OR

3 days of water fasting (ie, consume
only water on 3 consecutive days in
the first 14-day period of the month
for 3 mo)

Comparator diet: eat ad libitum, with
low salt intake (5-7 g/d) and >3 L
water/d

Active dietary intervention arm: pre-
scription of 2.3-3 g sodium, 0.8-1 g/
kg protein, <800 mg phosphate,
‘moderate calorie intake’ and
‘appropriate hydration’ with con-
sumption of daily food intake in
8-hour window from within 3 hours
of waking. Comparator diet: 2.3-3 g
sodium, 0.8-1 g/kg protein, <800
mg phosphate, ‘moderate calorie
intake’ and ‘appropriate hydration’.

Low-sodium, low-protein diet—no
further details specified

Active dietary intervention arm: low-
salt diet (3.5 g salt/d) for 6 weeks
followed by 4 weeks of 6 g salt cap-
sule daily + amiloride

Comparator diet: low-salt diet (3.5 g/
d) for 6 weeks followed by 4 weeks
of placebo salt capsules + amiloride

Active dietary intervention arm: 6
months of high water intake based
on 24-hour urine results

No further details specified

Control period: 6 months of usual fluid
intake (no further details specified)

Active dietary intervention arms: 6 g
NaCl tablets per day or placebo; or
6 g NaCl and 40 g protein drink per
day or placebo; or 40 g protein drink
and salt placebo; or placebo salt
and placebo protein drink

No further details were specified

(continued on next page)
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Table 2 (Continued)

Trial

Dietetic Prescription

Study Outcomes

Study Aim

Study Design

The intervention/treatment target for

Determine the feasibility of Primary outcome: feasibility, reten-

Randomized clinical trial

NCT03342742

group 1 was to reduce energy

tion, percentage change of body

weight from baseline
Secondary outcomes: QOL, safety,

delivering two behavioral

Recruited: 29 participants

Daily Caloric Restriction and Inter-

intake by 34% with caloric restric-

interventions for weight loss
in adults with ADPKD

Site: University of Colorado,

mittent fasting in Overweight

CO
Duration: 1 year

and Obese Adults With ADPKD

(Completed)

tion and group 2 reduced energy

intake by 34% using 3 d/wk intermit-

tent fasting

tolerability, mood energy intake,
IGF-1, change in kidney volume,
change in AMPK expression

Co-sponsor: National Institute

of Diabetes and Digestive

and Kidney Diseases
Randomized, double-blind,

Primary outcome: total kidney volume Group-based weight loss intervention

Secondary outcomes: abdominal adi-

Compare the efficacy of a daily

NCT04907799

with a prescription of 30% reduction

in caloric intake and increased

physical activity
No other details specified

caloric restriction weight loss
intervention in adults age 18-

controlled clinical trial
Recruitment target: 126

Daily Caloric Restriction in Over-

posity, insulin sensitivity, adiponec-
tin level, leptin, inflammation, gene
expression (PAMPK/AMPK, pS6K/

S6K), safety, tolerability, adher-

weight and Obese Adults With

ence, physical activity, adverse

events
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and Kidney Diseases

Abbreviations: ADPKD, autosomal-dominant polycystic kidney disease; AMPK, cytoplasmic AMP-activated protein kinase; BMI, body mas index; BP, blood pressure; CKD, chronic kidney

disease; eGFR, estimated glomerular filtration rate; IGF-1, insulin-like growth factor 1; pAMPK, phosphorylated cytoplasmic AMP-activated protein kinase; pS6K, phosphorylated ribosomal

protein S6 kinase g-1; QOL, quality of life; S6K, ribosomal protein S6 kinase -1.

animal models of PKD, including defective glucose
metabolism, dysregulated lipid and amino acid metabo-
lism, impaired autophagy, and mitochondrial dysfunc-
tion.” For an excellent overview of evidence on
metabolic reprogramming and dietary interventions in
PKD, readers are referred to Pickel et al.>® This also is
outlined in Figure 2. Human studies exploring daily calo-
ric restriction in PKD (NCT04907799) currently are
underway or have been completed but not yet published
(NCTO03342742). These include strategies to test time-
restricted feeding to studies examining reduction in
energy intake by more than 30%. These are shown in
more detail in Table 2. Advice to patients to adopt this
dietary pattern is premature, and not appropriate for
those who have a healthy weight.

Intermittent Fasting and Time-Restricted Diets

Although caloric restriction shows promise to reduce
cyst volume, fibrosis, and inflammation in animal
studies,’®’” examination of other dietary approaches to
reduce cell proliferation pathways and that may be more
tolerable and safer than pharmacologic strategies is
underway. These include intermittent fasting
(NCTO03342742) (Table 2) and time-restricted feeding
(NCT04534985) (Table 2). Both dietary strategies theo-
retically may reduce caloric intake, although their mech-
anism of action may not rely on caloric restriction.”* For
example, time-restricted diets limit eating to a specific
time such as an 8-hour window, and intermittent fasting
involves fasting for specific meals or alternate days.
Interestingly, observations of patients with ADPKD who
follow time-restricted diets during Ramadan showed a
reduction in proteinuria and no negative impact on kid-
ney function.”® Preclinical evidence showed that time-
restricted feeding compared with ad libitum feeding
reduced kidney weight, cyst size, and epithelial prolifer-
ation’” in animal models.

Ketogenic Diets

Based on the beneficial effects on cyst growth observed
from caloric restriction, Torres et al’’ identified that a
key mechanism driving these improvements was ketosis.
Cyst cells show defective glucose metabolism and are
reliant on aerobic glycolysis and glucose for prolifera-
tion.'” Traditional ketogenic diets are high in fat and low
in carbohydrates. The composition of the diet therefore
deprives the body of glucose and theoretically could
result in lower cell proliferation and higher cell death.
Beyond glucose deprivation, multiple interacting mecha-
nisms may contribute to the effect of the ketogenic diet
on ADPKD progression, many of which overlap with
caloric restriction or intermittent fasting.”> A clinical
trial of ketogenic diets in ADPKD is underway
(NCT04680780) (Table 2), and commercial plant-based
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ketogenic diet programs have been developed in the
United States.”” No human data exist yet on the impact
of ketogenic diets on cyst growth or disease progression.

To date, three case series have been publishedxo*82
describing the feasibility of ketogenic diets in ADPKD.
The first provided survey feedback on the experiences of
131 patients who had self-initiated ketogenic diets.”’
The second case series reported feedback from the beta
version of the Ren.Nu commercial program in 24 partici-
pants.®” This remote, dietitian-supervised, 16-week pro-
gram advocates a plant-based, low-carbohydrate, high-
fat diet that is high in fluid, and low in oxalate, phos-
phate, sodium, and purines. It should read In addition,
participants take one sachet of KetoCitra supplement
(Santa Barbara Nutrients) per day to provide exogenous
B-hydroxy butyrate and citrate. The supplemental
B-hydroxy butyrate provides an energy substrate as well
as anti-inflammatory effects.”” Adverse effects reported
include fatigue, hunger, constipation, and ‘keto flu’.
Adherence in the two case series was reported to be
50%°' and 92%,%° respectively, with issues such as
ketone level tracking, cost, eating out, and time taken to
prepare meals as barriers to sustainability. The third case
series tested the feasibility of a 3-day water fast (n = 5)
or a 14-day ketogenic diet (n =5). All but one participant
successfully reached measurable ketosis and rated the

intervention as feasible.®” Although promising, there still
is limited human evidence of efficacy to recommend
widespread adoption of these dietary patterns in PKD.*”
Further randomized controlled trials are needed to evalu-
ate the efficacy of ketogenic diets in slowing the progres-
sion of ADPKD. Potential side effects of the ketogenic
diet include increased kidney stone formation and car-
diovascular risk resulting from increased hypercholester-
olemia.

IMPLICATIONS FOR PRACTICE

Although dietary modification is of great interest to peo-
ple with PKD,'® very limited randomized controlled
studies have investigated the efficacy and practicalities
of various aspects of dietary intervention specifically
in patients with PKD. Social listening analysis'® iden-
tified a strong desire by people with PKD for practi-
cal and specific dietary information and a desire for
assistance to navigate conflicting information about
diet.

The Patient Perspective

Evaluation of the Re.Nu program (a plant-focused keto-
genic diet) reported that, when provided with weekly

Table 3. Dietary Recommendations for PKD (Including Those Undergoing Dialysis)

People With PKD
CKD Stages 110 3

People With PKD
CKD Stages 4 and 5

People Undergoing Dialysis

General advice

Fluid intake Choose water to drink and
drink to satisfy thirst

Seek advice from doctor on
the exact volume, but aim for
>2 L urine volume per day

Fruit Eat 2 cups per day

Vegetables Eat 2.5 cups per day

Breads, cereals, rice, pasta

Dairy foods (milk, cheese,
yogurt, milk alternatives)

Protein-rich foods (meat,
chicken, fish, eggs,
legumes, nuts)

Eat 3-4 cups per day

Do not exceed recommended
portion of meat/chicken and
fish (approximately palm size
or 150 g/d)

Include at least one meal per
week of oily fish

Enjoy plant-based proteins
(nuts, legumes) often

Limit salt

Seek advice from doctor on

Enjoy a wide variety of foods, especially fruits and vegetables, and minimal amounts of processed foods

Choose water to drink
Seek advice from doctor on
the exact volume if receiving

Choose water to drink

the exact volume

dialysis
Eat 2 cups per day Eat 2 cups per day
Avoid fruit juice Avoid fruit juice if on
hemodialysis
Eat 2.5 cups per day

Seek individual advice if on low-potassium diet

Choose whole grain or wholemeal varieties

Limit quantity to control serum phosphate levels
Seek advice from dietitian on exact amount

Do not exceed recommended Ensure adequate protein to
portion of meat/chicken and replace dialysis losses—aim
fish (approximately palm size for protein-rich food at each
or 150 g/d) main meal

Include at least one meal per Include at least one meal per
week of oily fish week of oily fish

Include plant-based proteins Include plant-based proteins
(nuts, legumes), seek advice (nuts, legumes) Seek advice
from dietitian on exact from dietitian on exact
amount amount

Read food labels on packaged foods to reduce salt intake to ideally <5 g (2,000 mg/90 mmol sodium/d)

Do not add salt to foods or cooking, minimize processed and convenience foods

Caffeine Enjoy up to 200 mg per day or
2 cups coffee/4 cups of tea
per day

Avoid cola drinks or other

drinks containing caffeine

Enjoy small volumes if on a fluid allowance
Avoid cola drinks or other drinks containing caffeine

Abbreviations: CKD, chronic kidney disease; PKD, polycystic kidney disease.

Downloaded for Michael Graham (mgraham@peachealth.org) at PEACEHEALTH from ClinicalKey.com by Elsevier on
November 10, 2023. For personal use only. No other uses without permission. Copyright ©2023. Elsevier Inc. All rights reserved.



10

K. Lambert et al.

support for 12 weeks, participants expressed a high
degree of satisfaction with the new eating pattern and
enjoyment of food.*” However, data on the sustainability
of the program as well as clinical outcomes are lacking.
In another qualitative study, 12 participants who fol-
lowed a low-osmolar, low-acid dietary intervention®
found that tracking nutrients was challenging and
tedious. Eating out was always problematic, with a com-
plex dietary prescription acting as a barrier to social
interactions.

It may be disappointing for people with PKD when
they are unable to tolerate or are not suitable to take
V2RA therapy. In these instances, people with PKD may
choose to modify their diet. However, dietary modifica-
tion must be sustainable for patients for many years if
the aim is to at least slow, if not prevent, further kidney
function decline. People with PKD require dietary advice
to be readily accessible, available, and evidence-based.
Healthy dietary habits are essential for all people with
kidney disease. We believe that the earlier children and
young people with PKD are introduced to good PKD die-
tary practices the better their PKD course will be. We
also know from our experience that people with PKD
want specific advice about foods they can enjoy and
whether there are foods they should avoid. Whether there
are specific dietary components that could impact cyst
growth and progression in PKD needs further evaluation
and trials. In the interim, guidance around the suitability
of popular diets is recommended, along with plain lan-
guage explanations of the pathophysiology of their dis-
ease.

The answer to the question ‘what is evidence-based
dietary advice for people with PKD?’ is summarized
in Table 3. Currently, the recommended diet consists
of eating a variety of fruits and vegetables combined
with an intake of protein that is appropriate for the
stage of CKD; with an emphasis on including some
plant-based proteins for good health. The long-term
diet should contain adequate water intake and be as
low in salt as possible. It is important to advise
patients to drink an appropriate amount of fluid for
the stage of kidney disease. Further studies examining
urine osmolarity and cyst growth are needed to con-
firm these inferences.

SUMMARY AND CONCLUSIONS

Understanding how diet and lifestyle changes may
affect or alter the course of PKD is a research, clini-
cal, and patient priority. Currently, several dietary
approaches including time-restricted feeding, keto-
genic regimens, and fasting regimens are under inves-
tigation in randomized controlled trials. However, the
benefits of each are yet to be proven and caution is
required before widespread use is recommended.
Before more quality evidence is available, people

with PKD should be advised to follow the dietary
recommendations and receive dietary counseling as
for patients with CKD, encourage a diet with ade-
quate variety of fruits and vegetables, with protein
intake according to the stage of CKD, and with salt
restriction. Fluid recommendations are individualized
according to the stage of CKD, but water is the pre-
ferred choice of fluid at all stages. Other nutrients,
foods, and dietary patterns are not supported by suffi-
cient evidence at this stage, although investigations
are underway. Further dietary interventions appropri-
ate for the PKD community require evaluation.
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