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ABSTRACT

Autosomal dominant polycystic kidney disease (ADPKD) is the most common inherited kidney disease leading to kidney
failure. To date, there is no cure for the disease although there is one approved disease-modifying therapy: tolvaptan. In
this context, a common question that ADPKD patients ask in clinical practice is whether there is anything they can do to

slow their disease by modifying their diet or lifestyle. Recent evidence from experimental PKD models has shown the
potential benefits of caloric restriction, high water intake and especially ketogenic diets in preserving kidney function.
Whether these benefits are translatable to humans remains unknown. In this issue of CKJ, Strubl et al. report results of a
self-enrolled survey of autosomal dominant polycystic kidney disease (ADPKD) patients who have self-administered a
ketogenic diet [1]. These results provide interesting insights into the tolerability, potential benefits and harms of such an

intervention that could inform a future clinical trial.
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ADPKD is the most common genetic kidney disease with an
estimated clinical point prevalence of 1 in 2500 and genetic
prevalence of 1 in 1000 [2]. It is a major cause of kidney fail-
ure worldwide and is associated with significant renal and
extrarenal morbidity, including reduced quality of life. Pre-
viously considered untreatable, clinical trials with the vaso-
pressin receptor-2 antagonist tolvaptan have demonstrated that
both kidney growth and function can be slowed by 30-50%
in patients with rapid disease progression [3, 4]. Tolvaptan is
nevertheless associated with significant aquaretic side effects
limiting its tolerability, and rare episodes of idiosyncratic hepa-
totoxicity requiring frequent safety monitoring [5]. Both factors

have limited its uptake even in patients predicted to benefit from
treatment.

For patients unsuitable, unwilling or unable to take tolvap-
tan, a question that often arises in clinical practice is whether
dietary or lifestyle modification could make a difference in
slowing disease progression and thus preserving kidney func-
tion. This simple question is however difficult to answer with
confidence as the evidence base for dietary and lifestyle in-
terventions in ADPKD is limited. To date, major interventional
trials including protein restriction and increasing water intake
have provided negative outcomes [6, 7]. Nonetheless, observa-
tional studies based on longitudinal patient cohorts have shown
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FIGURE 1: Dietary modifications in PKD rodent models. A number of dietary interventions have been shown to reduce cystic disease in rodent models of PKD. Mod-
erate food restriction has been the best studied intervention in three orthologous models [10, 11]. Time-restricted feeding (TRF), ketogenic diets and ketone body
supplementation have only been studied in the Han: SPRD rat [12]. The signalling pathways responsive to these interventions are Liver Kinase B1 (LKB1)/Adenosine
Monophosphate activated Protein Kinase (AMPK), Mechanistic Target of Rapamycin Complex 1 (mTORC1), Insulin-like Growth Factor-1 (IGF-1) and Signal Transducer

and Activation of Transcription 3 (STAT3), depending on the model.

negative associations between daily sodium intake [8] or body
mass index (BMI) [9], with the rate of estimated Glomerular
Filtration Rate (eGFR) decline implying that sodium or caloric
restriction might have beneficial effects on disease progression.

Recent results from animal studies have led to a resur-
gence of interest in the role of dietary modification in ADPKD
(Fig. 1). First, two groups showed that moderate food restriction
was able to slow disease progression in Pkdl and Pkd2 mouse
models, potentially in a dose-dependent manner [10, 11]. Next,
the benefit of fasting could be reproduced in a non-orthologous
PKD rat model (Han: SPRD) not only by time-restricted feeding
(compared with ad libitum) but also by a ketogenic diet given
ad libitum [12]. More remarkably, dietary supplementation with
ketones, specifically g-hydroxy-butyrate (BHB), in mice other-
wise fed ad libitum, had the same effect. BHB administration was
shown to slow disease progression in both juvenile (week 3-8)
and adult (week 8-13) rats by reducing cyst number and cyst
size, respectively. Finally, the authors further provided indirect
evidence to support their hypothesis in other models (Pkd1 con-
ditional mice, PKD1 cat) showing that acute fasting was able to
induce increased apoptosis of cyst epithelia leading to shrink-
age of individual cysts. The effect of a ketogenic diet or ketone
supplementation was not tested in these models.

Ketogenic diets through adherence to a high-fat, very-low-
carbohydrate intake have been used for over 100 years in the
management of childhood epilepsy [13], and ketone body (BHB)
dietary supplements are in widespread popular use in the self-
management of obesity. Ketosis can also be induced by fasting
or caloric restriction (CR). Fasting results in a metabolic switch
to production and utilization of ketone bodies, i.e. 8- hydrox-
ybutyrate and acetoacetate. Intermittent fasting (IF) and time-
restricted diets (TRD) are alternative dietary interventions that
produce similar effects to CR through the periodic activation of
fasting-responsive systems, such as the AMPK pathway, with-
out requiring constant restriction [14]. The term IF encompasses
repeated fasting periods of a day or more (e.g. alternate-day
fasting), while TRF refers to a restricted daily eating window. For
example, 16:8 TRF consists of 16 h fasting and 8 h eating ad li-
bitum. A hypocaloric ketogenic diet (KD) has been demonstrated
to be safe and effective for weight loss in obese individuals with

early kidney failure (stage 2 chronic kidney disease), nearly a
third of whom, surprisingly, had improved renal function after
a 3 month intervention [15]. Although CR holds promise, its im-
plementation is challenging due to side effects [16].

In this study, Strubl et al. compiled information volunteered
by ADPKD patients who had self-initiated a ketogenic dietary in-
tervention (KDI) for at least 6 months [1]. A total of 131 patients
were recruited through PKD patient advocacy groups and social
media sites in the USA (88%) and Germany (12%), which included
TRD (n=52),KD (n = 74) and CR (n = 5). The study design was ret-
rospective and uncontrolled, and relied on online self-reporting
of symptoms, medical history and investigation results. The me-
dian age of the participants was 50 years, with a mean eGFR of
57 mL/min/1.73 m? and the patients were mostly women (70%).

Perhaps unsurprisingly, 90% of patients reported significant
weight loss (median BMI reduction 3.1) and 64% reported lower
blood pressure. Although a validated general or ADPKD-specific
quality-of-life questionnaire was not used, 80% reported im-
provements in their overall health and 64% noted improve-
ment in PKD-associated symptoms. More surprisingly, a mean
increase in eGFR of 3.6 mL/min/1.73 m? after 6 months of KDI
was reported by a subgroup of patients (45/70), although the rest
(25/70) had either no change in eGFR or noted a decline. Consid-
erable caution should be applied here since these observations
were based on two single values obtained in an uncontrolled,
unblinded and unconfirmed fashion.

About 66% reported diet-emergent side effects most com-
monly fatigue, hunger or ‘keto-flu’ and 40-42% reported inter-
mittent breaks in their dietary regime every month suggesting
that long-term tolerability is an issue even in this highly moti-
vated group. About 17% raised significant safety concerns largely
to do with increased cardiovascular risk due to increases in total
and Low Density Lipoprotein cholesterol of 13 and 8.5 mg/dl, re-
spectively. Only one patient, however, reported the development
of kidney stones, a recognized complication of long-term KD in
children [13].

In summary, just over half of the patients self-enrolled
in the study were able to comply with their KDI for at least
6 months. Despite some objectives and subjective health bene-
fits, the study also raises important questions about long-term
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tolerability and safety of such interventions. Based on these
results, long-term individual compliance is likely to be an issue
and thus the ability to detect a clinically meaningful benefit
on eGFR or total kidney volume will be limited. Apart from the
potential increase in cardiovascular risk, rebound metabolic
effects including those on polycystic kidney growth following
the cessation of a KDI are presently not known.

A follow-on single centre study in 10 ADPKD patients with
rapidly progressive disease to examine the acute effect of a
ketogenic state (either 72 h fast or 14 days of a KD) on TKV
has been completed (RESET-PKD, NCT04472624). A second open-
label single centre randomized study (KETO-PKD, NCT04680780)
is currently active, with 63 patients assigned either to a KD for
3 months, acute fasting for 3 days every month or ad libitum
diet, using TKV growth as an outcome measure. Results of these
short-term studies are awaited with interest.

In summary, the results of this study suggest that a long-
term trial examining the effect of KDI on ADPKD disease pro-
gression could be difficult to execute successfully. One possi-
ble intervention not examined in the present study is to trial
BHB supplementation in an adequately powered randomized
placebo-controlled trial in a representative ADPKD cohort, as-
suming that clinically relevant levels of ketosis can be safely
achieved and well tolerated. Until there is convincing evidence
for such a benefit, we should be cautious in recommending
KDI or ketone supplementation to our patients, despite the
encouraging preclinical findings.
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