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ABSTRACT
Background. Our laboratory published the first evidence that nutritional ketosis, induced by a ketogenic diet (KD) or time-

restricted diet (TRD), ameliorates disease progression in polycystic kidney disease (PKD) animal models. 
We reasoned that,due to their frequent use for numerous health benefits, some autosomal dominant PKD (ADPKD) patients may already have

had experience with ketogenic dietary interventions (KDIs). This retrospective case series study is designed to collect the

first real-life observations of ADPKD patients about safety, feasibility and possible benefits of KDIs in ADPKD as part of a

translational project pipeline.

Methods. Patients with ADPKD who had already used KDIs were recruited to retrospectively collect observational and

medical data about beneficial or adverse effects and the feasibility and safety of KDIs in questionnaire-based interviews.

Results. A total of 131 ADPKD patients took part in this study. About 74 executed a KD and 52 a TRD for 6 months 
on average.A total of 86% of participants reported that KDIs had improved their overall health, 67% described 
improvements in ADPKD-associated health issues, 90% observed significant weight loss, 64% of participants with 
hypertension reportedimprovements in blood pressure, 66% noticed adverse effects that are frequently observed with 
KDIs, 22 participantsreported safety concerns like hyperlipidemia, 45 participants reported slight improvements in estimated glomerular

filtration rate and 92% experienced KDIs as feasible while 53% reported breaks 
during their diet.
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Conclusions. Our preliminary data indicate that KDIs may be safe, feasible and potentially beneficial for ADPKD patients,

highlighting that prospective clinical trials are warranted to confirm these results in a controlled setting and elucidate the

impact of KDIs specifically on kidney function and cyst 
progression.
Keywords: autosomal dominant polycystic kidney disease, caloric restriction, intermittent fasting, ketogenic diet

INTRODUCTION
Autosomal dominant polycystic kidney disease (ADPKD) is a

genetic disorder caused bv mutations in the
PKD1 or PKD2 genes [1]. ADPKD is characterized by 
slow butrelentless bilateral cyst growth that leads to organ enlargement,

fibrosis and a decline in kidney function, ultimately requiring

dialysis or kidney transplantation in most cases [2, 3].
Tolvaptan, the only drug approved by the US Food and
Drug Administration (FDA) for polycystic kidney disease
(PKD), is only available to a fraction of patients, has significant

adverse effects, high cost and only slows disease 
progressionbut cannot halt or reverse it [4 6]. There is a great need for
more widely accessible, more effective and safer treatment
options.

Recent research revealed that PKD cyst lining cells are
metabolically inflexible and rely on glucose as an energy
source, indicating that defects in energy metabolism under-
lie the pathogenesis of PKD [7-9]. We and others reported

that mild reductions in food intake in orthologous Pkd1
mouse models strongly decreased renal cyst growth (10, 111.
Recent work from our laboratory showed that the metabolic
state of ketosis appeared to mediate the beneficial 
effects offood restriction. Ketosis induced by a time-restricted diet

(TRD) or ketogenic diet (KD) significantly inhibited cyst
growth, fibrosis and PKD-associated signaling pathways

Ketosis represents the metabolic adaption to reduced blood

glucose levels by utilizing fatty acid mobilization 
and synthesisof the ketone bodies acetoacetate and beta-hydroxybutyrate

(BHB) as replacement energy sources [13, 14]. Ketogenic dietary

interventions (KDIs) such as fasting, caloric restriction (CR)
and a KD can result in physiological BHB levels of 0.5-7 
mmol/L[13, 14]. Physiological ketosis must be distinguished from the

pathological state of ketoacidosis, a metabolic dysregulation

that primarily occurs in type 1 diabetes [15].
Classical KDs are characterized by high fat, low carbohy-

drateand moderate protein intake. The misconception
that KDs must be high in protein actually often prevents
robust ketosis [14, 16]. KDs are accepted 
clinical treatmentsfor pediatric epilepsy or weight reduction and are emerging
as potentially beneficial in several other diseases [17-20].
Nonetheless, adverse effects like hyperlipidemia, a 
higher riskfor kidney stones and other temporary symptoms can occur
and have been controversially discussed as safety concerns
[21-23].

Since KDIs are widely used in the general population 
for nu-merous potential health benefits, we reasoned that PKD patients

might already have tried self-initiated KDIs. We were able to recruit

a sizeable number of PKD patients into this retrospective case se-

ries study with the aim of collecting patient-reported experiences

about safety, feasibility and possible beneficial effects (Figure 1A).

These observations indicate that KDIs may be feasible and safe for

ADPKD patients and could be beneficial for their well-being, PKD-

associated health issues (HIs), weight, arterial hypertension and

kidney function.

MATERIALS AND METHODS

Study design

The study Experience of people with ADPKD with ketogenic
diets-Implementation and effects was designed as an uncon-

trolled, unbalanced case series study that aimed to retrospec-

tively collect and analyze patient-reported observations and self-

reported medical data before and during the execution of KDIs

(study cohort 'KDIs'; Figure 1A). Participants were recruited using

a recruitment letter that was distributed in PKD-associated social

media groups (https://www.facebook.com/groups/weimbslab,

https://www.facebook.com/groups/720938791650358, https://
www.facebook.com/groups/reversingpkd, https://www.facebook.

com/groups/537045026874783, https://www.facebook.com/gro

ups/4570435860, https://www.facebook.com/groups/27475269

3388309) and via patient advocacy groups in the USA and
Germany (US PKD Foundation and the German Familiäre
Zystennieren). All data were collected in questionnaire-based

phone interviews (see Supplementary Material). The study was

approved by the institutional review boards
University of California, Santa Barbara and the University
Hospital of Cologne (protocols: UC Santa Barbara, 
3-20-0252;University of Cologne, 20-1359). Additionally, this article presents

data from a second independent study, Questionnaire on eating

habits and special diets in patients with ADPKD - 
identification ofADPKD patients following a special diet (study cohort Eating hab-
its; Supplementary data, Figure S1A), which was approved by the

IRB at the University Hospital of Cologne (protocol 19-1627) and

collected data on eating habits and special diets using 
an onlinesurvey (see Supplementary Material) distributed by the German

associated social media groups. All participants agreed to partici-

pate by signing an informed 
consent form.

Participants

The study cohort KDis includes 131 ADPKD patients who tried self-

initiated KDIs in the past. KDIs include variations of KDs, TRDs and

CR. Participants on dialysis, with kidney transplants or on dietary

protocols that were not 'KDI conformable' were excluded. Baseline

characteristics are shown in Table 1. A separate analysis of partici-

pants executing CR showed no significant differences to the other

subcohorts. Due to the limited number of participants on CR, this

subgroup is not separately displayed throughout the 
figures. A sepa-rate analysis of participants on tolvaptan (Table 1) revealed no sig-

nificant differences in any endpoints besides the data 
on waterconsumption, so all other data include tolvaptan patients.

The survey study cohort Eating habits is separate from the

KDI cohort and includes 210 ADPKD patients (147 females and

63 males) between 25 and 79 years of age.

Analysis and statistics

All data were pseudonymized after collection and analyzed using

Prism software (GraphPad Software, San Diego, CA, USA) as abso-

lute or percentage values. Normally distributed medical data were
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FIGURE 1: The study cohort KDIs. (A) Flow diagram of the case series study cohort KDIs. PKD patients were recruited by 
the Weimbs Laboratory and the UniversityHospital of Cologne to participate in questionnaire-based interviews about the experience of PKD patients with KDis. (B) 
Description of the study cohort: distribution ofage, sex and type of KDIs. (C) Average time on KDis. Time on the diet is displayed as the median average. (D) Controlling measures of participants 
on a KD. Participantswere asked how they control to reach ketosis. (E) Self-reported ketone body levels of participants who measured KB in the 
blood or urine. KB levels are displayed as themedian average. N for KB in blood = 24. N for KB in urine = 10. (F) Fasting cycles used by participants executing a TRD. 
Participants were asked to specify their fastingcycle when practicing a TRD. n=48. (G) Reason for experimenting with KDIs. Participants were asked why they started a KDI. (H) Resources used for 
starting a KDI.Participants were asked how they found out about KDIs in PKD.
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Table 1. Baseline 
characteristics
Characteristi
csAge (years), 

median (IQR)
Gender, n (%)

Female
Male

Time on diet 
(months),median 

(IQR)articipants still 
on diet,Weigh 
(R8), 
Patients on tolvaptan while

on KDis, n 
(%)BMI, median (IQR)

Water 
consumption (L),

Total cohort (N 
- 131)50 

(20)
91 
(69.5)40 (30.5)

6(8)

104 
(79.4)

79.55 
(25.91)20 

(15.4)
26.2 
(8.22.0 
(1)median 

(IQR)BP (mmHg), 
median (1QR)

Systolic

Diastolic

eGFR (ml/min/
1.73 m}),

132 
(8.5)85 (10)

57 
(32.5)median 

(IQR)
List of baseline characteristics of all 
participants, separated by KDis.IQR, interquartile 
range.

KD cohort 
(n =74)47 

(18.25)
52 
(70.3)22 (29.7)

5 (6.13)

56 
(75.7)

78.4 
(25.46)12 
(16.2)

25.65 
(8.88)1.95 
(1.05)

TRD cohort (n 
= 52)51(19.7

5)
36 
(69.8)16 (30.8)

6(8)

45 
(86.5)

80.8 
(20.06)7 
(13.5

26.36 
(7.04)2(1.2
5)

CR cohort (n 
= 5)57 

(24)
3 
(60)2(40
)8 
(66.9)
3(6
0)

95.3 
(61)1(20
)

32 
(12.55)1.5 
(1.5)

131 
(8.3)85 
(10)53.5 

(28.5)

135 
(13)80 
(10)60 
(46)

130 
(35)90 (35)

67 
(0)

Table 2. Safety 
concerns
Safety 
concernsIncreased 
cholesterol levelsIncreased 
heart rate
Strong 
side effects
Increase in creatinine

Responses, n

10

Comments

2

2 of 3 responses reported a 
normalizationover time
Brain fog, 
'keto flu'2 of 2 responses reported a return back to

levels before starting the diet

Incidental findingNew incidence of kidney stones

Increase in serum unc acid
Increased serum bilirubin levels

Decreased international normalized ratio levels

Normalized over time
Participant on warfarin therapy prior to the

start of the diet. Warfarin dose was ad-
justed accordingly

Decreased vitamin B levels

Decline in BP Consecutive dizziness. Normalized after

adjusting BP medication

rull list or changes on K Dis that have raised satetv concerns for the particinants or their doctors.

statistically analyzed using the Mann-Whitney U-
test, pairedStudent's t-test, Wilcoxon signed rank test or Spearman's rank cor-

relation. Analysis of blood pressure (BP) was based on self-reported

values of participants who measured BP on a regular basis and

could confirm no changes in BP medication during this time.

(n= 5). Participants followed KDIs for an average of 
6 months(Figure 1B and C). Participants on KDs typically controlled

their diets by tracking macronutrients and set target levels,
while 38 participants measured ketone levels in their blood,
urine or breath, which averaged ~1.15 mmol/L in the blood
and ~1.75 mmol/L in the urine, indicating successful ketosis

RESULTS
(Figure 1D and E). Participants executing TRD mostly adhered to

the 16:8 regimen (8-h eating window per day; Figure 1F). The
The Case series study cohort 'Ketogenic dietary majority started their diet because of ADPKD and learned about
interventions (KDIs)' KDis through the internet and social media (Figure 1G and H).

An online survey about eating habits and diets in 
PKD patientsin Germany suggested significant interest in dietary interven-

tions as PKD treatment and indicated that some patients might

already have tried KDIs (Supplementary data, Figure S1). We
were able to recruit 131 PKD patients, mainly based in the USA,

of which 74 followed a KD, 52 a TRD and 5 CR. More than half of

the KD subgroup additionally executed a TRD (n = 35) or CR

KDIs reportedly improve overall health and PKD-related

symptoms
We first analyzed whether participants experienced any general

changes on KDIs. Surprisingly, 80% of participants reported

improvements in their well-being (Figure 2A). Furthermore, par-

ticipants were asked whether they observed changes in
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FIGURE 2: Dietary impact on health and well-being and PKD-related His. (A) Impact of KDis on personal health and well-being. Participants were asked whether their
diet had an impact on their overall health and well-being. (B) Impact of KDIs on ADPKD symptoms. Participants were asked whether their diet improved personal

ADPKD symptoms. (C) Presence of recurrent HIs commonly associated with PKD. Participants were asked whether they experienced any recurrent HIs related to PKD

before starting their diet. (D) Specincation of recurrent His and their improvements. Participants were asked to specify recurrent His before starting their diet and re
spective improvements after starting KDIs using a list of common PKD-associated symptoms. (E) Impact of KDIs on recurrent His associated with PKD. Participants

were asked whether any old recurrent HIs have changed after starting their diet. Five participants reported both improvement and worsening of old recurrent HIs.
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FIGURE 3: Impact on weight. (A) Weight loss upon the start of KDIs. Participants were asked whether they experienced any 
weight loss after starting their diet. (B)Median average weight loss. Participants experiencing weight loss were asked for their starting weight and average weight 
loss. Total n = 103, KD n =60, TRD n = 38. (C)Analysis of BMIs before and after starting KDIs of participants experiencing weight loss. n =97. Dots are color-coded according to the BMI 
classifications. (D) Course ofweight loss. Participants who experienced weight loss were asked whether weight loss has leveled off or was continuing 
over time. (E) BMI classification of participant:experiencing weight loss before and after starting KDIs. n = 97. Statistical analyses by Mann-Whitney U-test. Error bars 
represent the median average with interquartilerange.
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recurrent PKD-associated HIs (Figure 2B). Therefore participants

were asked to specify how such HIs affected their well-being be-

fore and after starting the diet. A total of 111 participants
reported recurrent HIs before starting KDIs (Figure 2C), of which

flank/back pain, fatigue and abdominal fullness were most
common (Figure 2D). Most notably, 67% of participants 
with HIsreported improvements after starting KDIs (Figure 2E). More

than 50% of all HIs were reportedly improved (Figure 2D). The

KD cohort reported a more profound effect than the TRD cohort

(Figure 2A and E). These observations indicate that KDIs could

be beneficial for PKD-associated HIs and the overall well-being

of PKD patients.

KDIs lead to a reduction in body weight and BMI in PKD

patients
About 90% of participants reported weight loss on KDIs
(Figure 3A). On average, participants reported 9.1 kg of weight

reduction, reducing their body mass index (BMI) by 3.1 points

(Figure 3B and C). A KD led to more weight reduction than a

TRD. Participants described rapid weight loss within 
the firstweeks, which then leveled off for 66% after a few months
(Figure 3D). A total of 34% reported continued weight loss.

Several participants could downgrade their BMI classification.

No participant reported BMI levels of underweight 
(Figure 3Cand E). While the interpretation of unadjusted BMI in ADPKD is

limited [24, 25], these results indicate that KDIs appear to be ef-

fective for weight management in this cohort.

KDIs may improve arterial hypertension in PKD patients

Since arterial hypertension can accelerate PKD disease progres-

sion and KDIs reportedly improve hypertension 2, 26], we ana-

lyzed the study cohort for possible changes in BP. A total of 74%

of participants reported having hypertension (Figure 4A). Most

notably, 64% of those participants described improvements in

BP on KDIs (Figure 4B). Self-provided BP values revealed a con-

siderable decrease in BP averages, from 132/85 to 118/76 mmHg

(Figure 4C and D), which is consistent with previous studies in

individuals without PKD [27, 28]. A total of 23 participants addi-

tionally reported a decrease in BP medication on KDIs.

Impact of KDIs on water consumption

A total of 58% of participants not taking tolvaptan reported in-

creased water intake by ~1.5 L (Figure 4E and F) and 42% did not

experience any changes, which may be explained by the higher

baseline consumption. This may be due to participants' adher-

ence to PKD treatment guidelines [1, 2]. Both subgroups did not

display differences in beneficial or adverse effects (data not
shown). Participants on tolvaptan mostly reported no changes

in water intake. Taken together, KDIs may go along with in-
creased water intake in PKD patients.

Impact of KDIs on renal function

Our laboratory showed that KDIs improve renal function and to-

tal kidney volume (TV) in PKD animal models [12]. To obtain
insights in PKD patients, we collected estimated 
glomerular fil-tration rate (eGFR) data from before and after starting KDIs. Of

70 participants providing data, 45 reported improvement, 8 no

change and 17 a decline in eGFR (Figure 5A). A paired analysis

indicated stabilization of eGFR with small increases of 3.6 mL/

min/1.73 m? in the mean average (Figure 5B). Participants with

documented ketosis had greater increases by 7.3 mL/min/

Keto case series study in ADPKD

17
1.73 m', which positively correlated with the 
corresponding av-erage serum BHB levels (Figure 5B and C)

Side effects and safety considerations of KDIs in PKD
patients

While one-third of participants did not report any new 
HIs, 66%observed on average 2.6 new symptoms on KDIs. Participants

on a KD reported new HIs more frequently than those on a TRD

(Figure 6A). Fatigue, hunger and 'keto flu' were most common

(Figure 6B), in line with expected side effects of KDIs |22, 
23]. Atotal of 55% reported that most HIs subsided over time, while

12% reported persistence of most HIs. In total, 76% of all new

His reportedly resolved over time (Figure 6B and C).

Furthermore, 22 participants reported changes 
that raisedsafety concerns (Figure 6D and Table 2). The most commonly

reported safety concern was the increase in cholesterol levels.

Self-reported data indicated an average increase in total choles-

terol of 13 mg/dL and in LDL levels of 8.5 mg/dL, which 
was sig-nificantly higher in the KD cohort (Figure 6E). 
Triglycerides andhigh-density lipoprotein (HDL) cholesterol seemed largely
unchanged. No participant reported the concomitant start of

hyperlipidemia treatment, one participant reported 
findings ofkidney stones and two participants reported an increase in se-

rum creatinine.

Feasibility of KDIs for 
PKD patientsA total of 76% of participants experienced the implementation

of KDIs as manageable (Figure 7A). The food 
preparation timeseemed not to be negatively affected (Figure 7B).

pants described their diet as relatively easy to execute and
would recommend it to others (Figure 7C and D). A totla of 50%

of participants reported adhering to their diet every day, while

42% skipped several times a month (Figure 7E). A total of 40% of

participants reported breaks due to practical difficulties, indi-

cating that the adherence to KDis might still be challenging
(Figure 7F). In particular, a KD was reported to be 
more demand-ing than a TRD. These observations indicate that KDIs appeared

feasible for PKD patients in this study, with manageable imple-

mentaton and acnerence.

DISCUSSION

Our laboratory recently showed that KDIs inhibit renal cyst
growth, preserve renal function and reverse existing 
cyst bur-den in PKD animal models [12]. This is consistent with the
emerging consensus that PKD cyst lining cells rely on glucose as

an energy source due to defective fatty acid metabolism. Our

findings indicated that PKD cysts cannot adapt to 
the metabolicchanges in ketosis, which could potentially be exploited
therapeutically.

In this study we recruited a sizeable number of PKD patients

who had already tried self-initiated KDIs. 
Participants executedvariable dietary protocols and the majority could not provide

measured ketone levels as evidence of ketosis. Since all data

were self-reported in an uncontrolled, unbalanced (gender im-

balance) and retrospective setting, the reliability and 
interpreta-tion of the data are clearly limited but can serve as an initial
resource of ADPKD patients' experiences with KDIs 
for futuretranslation into clinical and real-life settings and to inform fu-

ture clinical trials.

The observations indicate that PKD patients could benefit

from KDIs, as most participants reported improvements in PKD-
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associated HIs and overall well-being. However, the retrospec-

tive setting could have facilitated biased data 
reports attractingmore participants with positive rather than negative experien-

ces. Additionally, most participants described considerable
improvements in arterial hypertension. Whether those ben-
eficial observations are due to the significant weight loss or
other mechanistic considerations of KDIs remains unknown.

Furthermore, participants might have changed other life-

style factors besides their diet that could have affected
results. Nonetheless, since overweight seems to be strongly

associated with TKV progression in PKD |25, 29], effective

weight management should be regarded as important for
PKD management.

Several participants reported increases in eGFR on KDIs, which is

consistent with previous reports in individuals with mild CKD |30,

31]. However, since our observations are based on 
single valuesobtained in a non-controlled fashion and eGFR values can fluctuate

in individuals, the reliability of these data is limited [32-34]. While a

slight eGFR increase might indicate a stabilization in renal function,

it can also be interpreted as a sign of glomerular hyperfiltration [35].

Although classic KDs are not high in protein, this could be caused by

increased protein intake associated with some KD variants, which

has been considered to affect kidney health negatively [36, 37]

Since it is well-established that ADPKD is 
relentlessly pro-gressive, eGFR values are not expected to stabilize or increase

on average over time on a cohort basis, as observed in 
this study[38-40]. While it is still controversially discussed whether GFR

can even be reversed and improved in CKDs, there are data to

support this [41]. Mechanistically, of course, no new nephrons

will develop in affected kidneys. However, one may speculate

that relieving pressure due to inhibiting cyst expansion may
beneficially affect the function of healthy, adjacent nephrons.

Our observations indicate that KDIs might not have negative,

but rather positive outcomes in PKD. Thus it suggests that pro-

spective clinical trials utilizing more standardized diets are war-

ranted to elucidate the specific impact of KDIs on 
well-being,BP, weight, renal function and TKV of PKD patients.

This study further indicates that KDIs can trigger new HIs in

PKD patients, which are commonly associated with KDIs and

are likely to resolve over time [22, 23]. A few participants
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reported new HIs that raised safety concerns. One participant

reported the finding of kidney stones, which has been associated

with KDIs [21]. Kidney stones are also common in PKD [42], and it

is unclear whether they were related to the Kul in this case. Iwo
participants reported an increase in serum creatinine as a safety

concern, but increases in serum creatinine are also part of the nat-

ural course of disease progression in ADPKD. Nonetheless, the oc-

currence of new HIs underscores the importance of supervision by

qualnea neaticare pracuuoners.
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The most common safety concern raised by our participants

was the increase in total cholesterol and LDL levels. In the past,

nutritional trials have suggested that dietary intake of choles-

terol increases the risk for cardiovascular diseases (CVDs) [43].

However, this hypothesis could not be substantiated, which has

led to the removal of a recommended dietary cholesterol limit in

the Dietary Guidelines for Americans (44]. Nevertheless, 
the fearof the possibility of increased CVD risk with 
increased choles-terol persists, especially since ADPKD patients are already at

higher risk [45]. Recent research suggests that KDIs might even

have a beneficial effect on CVD risk. Several positive 
effects ofKDis, like improvements in body weight, body fat, BP, HDL or in-

flammation markers, could outweigh the possible adverse effect

of increased cholesterol/LDL CVD risk 46-49].

Furthermore, transient increases in cholesterol/LDL are a well-

reported and necessary effect of KDIs, indicating the successful

depletion of adipose lipid stores, and have been shown to nor-
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malize again over time [50, 51]. The conclusive evaluation 
of anypossible-positive or negative-impact of KDIs on CVD risk in
ADPKD patients will require more long-term prospective trials.

Finally, our observations suggest that KDIs could be feasible

for PKD patients. Most participants reported 
manageable imple-mentation and good adherence to KDIs, taking into account
that participants started their diet without medical/
nutritionalsupport. This is also consistent with a pilot study using a modi-

fied Atkins diet in three PKD patients [52]. However, since par-

ticipants have elected, on their own, to experiment with KDIs,

indicating a high motivation to succeed, the study cohort is
likely unbalanced and may not be representative of the average

PKD population. Breaks due to practical difficulty were com-

monly reported and not all participants executed their 
diet ev-ery single day, which further limits the interpretation of the
data and indicates that the execution of KDIs can still be chal-
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ensure a high rate of dietary adherence. Predictions of more

long-term effects or rebound effects after stopping KDis cannot

currently be made since participants only executed KDIs for an
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average of 6 months and most participants were still on the diet

during data collection (Table 1).
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II. Supplementary Figure legends

Suppl. Figure 1. The interest of ADPKD patients in nutrition and diets

(A) PKD patients were recruited by the University Hospital of Cologne in collaboration with 
the Germanpatient advocacy group "Familiaere Zystennieren e.V" to participate in an online 
questionnaire abouteating habits and special diets. (B) Participants were asked whether and what kind of specific 
diets theyhave followed so far. (C) Participants were asked if they would like to see more research about 
nutrition inADPKD. N= 205. (D) Participants were asked if and for what duration they would take part in clinical

studies regarding dietary interventions. (E) Participants were asked which area of research they see the
greatest need for new studies in ADPKD. 
N=204.
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III. Online survey about eating habits and special diets in 
ADPKD patients

Fragebogen Diät 
Zystennieren

le gesunde Ernährung ist inzwischen für viele Erkrankungen als 
wichtiger Bestandteil ‹rbeugung und Therapie anerkannt. Grundlagenwissenschaftlich haben sich in den 
letzten Jahauch für die Zystennieren-Erkrankung starke Hinweise ergeben, dass bestimmte 

Ernährungsformenpositive Auswirkungen haben können. Bislang fehlen hierzu jedoch klinische Daten. Mithilfe dieser

Befragung wollen wir aktuell Zystennieren-Patient(inn)en 
identifizieren, die einer spezifischen Diätfolgen (oder dieser in den letzten 
Jahren gefolgt sind).
Wenn nicht anders angegeben, sollte immer nur eine der Optionen pro Frage ausgewählt werden.

Frage 1: Sind Sie an 
Zystennieren erkrankt?
Ja nein

Weitere Fragen müssen nur beantwortet werden, wenn Frage 1 mit ja 
beantwortet wurde.

Frage 2: Wie alt 
sind Sie?

Jahre

Frage 3: 
Geschlecht?
männlich weiblic

h
diver
s

Frage 4: Sind Sie dialysepflichtig oder 
nierentransplantiert?
Ja nein

Frage 5: Fühlen Sie sich gut über 
Ernährungsempfehlungen informiert?
Ja nein

Frage 6: Welche Quellen nutzen Sie aktuell, um sich über Ernährung zu 
informieren?Mehrfachantworten 
möglich
Fachbroschüren Bücher Internet

Arztgesprä
che
Andere

Ernährungsbe
ratung
bitte 
spezifizieren:

4
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Frage 7: Wie klappt die Umsetzung der 
Ernährungsempfehlungen im täglichen Leben?

oblemlos, mache ich nahezu 
jeden Tiine großen Probleme, ich weiche aber mehrmals 
im Monat hiervon aoft Schwierigkeiten, mehrfach pro Woche kann 

ich mich nicht daran haltenschaffe ich nur sehr selten 
oder nie

Frage 8: Folgen Sie aktuell einer 
spezifischen Diät / Ernährung?
Ja nein (nein ankreuzen, falls Sie normale 

Vollkost essen)
Falls ja, welche Diätform / Ernährung 
(Mehrfachantworten möglich)?
Ketogene 
Diät

Atkins 
DiätKalorienreduktion (im Rahmen eines spezifischen 

Programms, z.B. OPTIFAST)Intermittierendes Fasten 
(z.B. 16+8) Vegetari

sch
Proteinarm

Kaliumar
m

Phosphat
arm

Andere bitte 
spezifizieren:

Seit wann?

_Jahre _Monate

Falls Sie Frage 8 mit nein beantwortet haben, bitte 
Frage 9 beantworten.
Frage 9: Sind Sie in den letzten 5 Jahren einer spezifischen 
Diät /Ernährung gefolgt?

neinfallsia, welche 
Diätforen / Ketogene 
Diät

Atkins 
Diät

LowCar
bKalorienreduktion (im Rahmen eines spezifischen 

Programms, z.B. OPTIFAST)Intermittierendes Fasten 
(z.B. 16+8)Vega
n

Vegetaris
ch

Proteinarm
Kaliumar
m

Phosphat
arm

Andere bitte 
spezifizieren:

5



Keto Case Series Study 
in ADPKD

Über welchen 
Zeitraum?

_Jahre —
_Monate

Frage 10: Sollte aus Ihrer Sicht mehr Forschung zur 
Ernährung bei ADPKD durchgeführtwerden?

Ja nein

Frage 11: In welchem Bereich der Forschung zu ADPKD besteht aus Ihrer 
Sicht momentander größte Bedarf an 
neuen Studien?
Prüfung der Wirksamkeit neuer 
MedikamentePrüfung der Wirksamkeit spezifischer 
Diät / ErnährungBeides von gleicher 
Bedeutung

Frage 12: Stellen Sie sich vor eine Studie zur Untersuchung einer 
spezifischen Diät /Ernährung wird begonnen (z.B. ketogene Diät oder 
intermittierendes Fasten). Hätten SieInteresse an 
einer Teilnahme?
Ja nein

Falls ja, für welchen Zeitraum wären Sie bereit Ihre Ernährung unter 
Anleitung / Beratungumzustellen, um eine Untersuchung der Wirksamkeit in der Behandlung der ADPKD zu

ermögliche
n?
< 1 Monat
1-3 Monate

3-6 Monate
6-12 Monate
12-24 
Monate
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V. Questionnaire about ketogenic dietary interventions in 
ADPKD patients

Weimbs 
Laboratory

UC SANTA 
BARBARAOffice of 
ResearchWeimbs 

LaboratoryDepartment of Molecular, Cellular and 
Developmental Biolog!University of California 

Santa BarbaraPrincipal Investigator: Prof 
Thomas Weimbs

Questionna
ire

Experience of people with ADPD off 
ketogenic diets - Implementation

Date:

Participant number:

Interviewer:

For privacy reasons, please do not write your name on any information you 
provide us!

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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Introduction
first, we thank you for choosing to participate in this 
research stua reminder, you may stop your participation in the research at any time and you have the right

review, remove or modify your information provided if you do not agree with it anymore.

Design of the questionnaire

main as posit out lie aho i ryng a 
listened logs a sin ade ang

Part Ill: Questions on the feasibility of 
your diet

How to fill out this Questionnaire
is questionnaire is designed as an open guideline for an accompanying phone or 
video Interviethis interview you will go over the questionnaire together with the 
interviewer who will take care

filling it out for you. We sent this questionnaire to you ahead of the interview so that you can go

clarification at any time.

Prof. Thomas 
Weimbs, PhDSebastian Strubl, MD

Email: weimbs@ucsb.edu
Email: strubl@ucsb.edu

Phone: (805) 4553852

The interview itself will take you about 30 minutes (maximum 1 hour). If you do not wish to answer
any of the questions just let the interviewer know. The interview may lead to follow-up 
questions thatare not directly covered by the questionnaire. In this case, the data would be added by the
Interviewer unless you do not want to include it. If you do not want to participate in an interview it is

also possible just to answer the questionnaire on your own and sent it back to us.
The questions are in one of the following formats. Depending on the question format you may...

Give your answer as free text or a bullet list in a certain order. In this case you may 
check asmany bullet points as you wish.

• Describe a frequency like daily, weekly, monthly

Give a scale rating e.g. from 
0-10Last, but not least, we kindly ask you to answer the questions as accurately as possible using your

memories or any notes you may have taken at the time.

After completion of the Interview
For your privacy, your name will be replaced with a number on all notes that have been taken 
by theinterviewer and will not be included at any time. All data will be stored safely. 
Additional informationand data can be sent to our research team by US mail to the 
following address:Attn: Sebastian Strubl

Department of Molecular, Cellular & 
Developmental BiologyUniversity of California Santa Barbara

Mail Code 9625

Santa Barbara, California 93106

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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Part I: General 
Information1. How old 
are you?

• 
GendeFemal O Male

3. For how many years have you known 
to have ADPKD?

O Other:

4. Al pres Che city o frament or 
havergraoa Kdney tenspentation?O Peritoneal 

dialysisO 
HemodialysisO Kidney 
transplant

O Hypertension (high 
blood pressure)O Pancreas cysts
O Liver cysts
O Kidney stones
O Intracranial aneurysm
• Heart valve 
abnormality/defect• Other (please specify):

6. Do you have any other preexisting diseases? If so, 
please specify

leart and lung disease (e.g. congestive heart failure, COP
/ascular disease (e.g. cardiovascular or peripheral 
vascular diseasO Immune disease (e.g. Bowel disease, Rheumatoid 

arthritis):O Endocrinological diseases (e.g. Diabetes, 
Hyperthyroidism):• Other (please specify):

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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4

7. Have you ever tried any 
treatment or life style change for O Tolvaptan

O Blood pressure control
Limiting salt intake (<2g 
per daSufficient fluid intake (>3 liters/102 
ounces per daO Increase of 

physical activityO Dietary changes. 
Please specify:O Other: 
_

3. Do other members of your family suffer from ADPKD? If so, please 
check below ifanyone of them is on dialysis or has undergone kidney 

transplant?O YES (Please check below)

O None
O Peritoneal dialysis
• Hemodialysis
• Kidney transplant

). Please rate your overall personal feeling concerning your health situation at 
this momentTick box and circle the intensity on the scale

O Very poor ("I'm struggling with 
daily life")O Poor ("Could be better")
O Neutral ("| can not complain")
O Overall good ("Daily life is mostly not a 
big problem")O Very good ("| feel great. I'm not compromised 
at all")

Very
Poor 012345648910

Very
Good

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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Part Il: Questions on personal observations and effects of 
the ketogenicdietary 
intakeBefore your diet (Ketogenic diet, Intermittent Fasting, Caloric 

Restriction)
. What kind of diet have you done or are you currently executing'

• Ketogenic die

O Intermittent fasting
• Caloric restriction

n all further questions we will refer to "your/my diet" as the diet you have been on or you are currently

٧eruiina ac craten in alecton 1

2. Have you had any recurrent health issues due to ADPKD? If so, 
please tick/list thoslong with their frequency (daily, weekly, monthly) and intensity 

(using the scale) belov(Example: "o Flank pain
O YES (Please check below)

O Flank or back pain/discomfort:
O Fatigue:

O Diarrhea:
O Constipation
O Head ache:
O Dizziness:
O Nausea:
• Anxiousness:
O Feeling of fullness in your abdomen:
O Blood in urine:
O Acid reflux
O Kidney/cyst infection:
O Bladder infection
O Gout attacks:
O Depression:
O Other (please specify):_

(frequency, 
intensity)(frequency, 
intensity)(frequency, intensity)

(frequency, intensity)

(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)
(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, intensity)

(frequency, intensity)

Intensity 2 3
High
Intensitiy

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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8. plea o ale aly overal ersonal 
eling concernie you heal situation O Very poor ("I was struggling with 

daily life")O Poor ("Could have 
been better")O Neutral ("I could 
not complain")overall good ("Daily life was mostly not a big problem'

Very good ("| felt great. I was not compromised at all'

Very
Poor

Very
Good

During after your diet

1. How did you find out about 
your diet

O Doctor/ Nephrologist
O 
NutritionistO Books and scientific 
publicationsO Internet
O Social 
mediaO Other (please 
specify):_

2. Why are /were you on 
your diet?O ADPKD

• Weight 
loss
• Other (please specify):

3. Have you changed/started anything else beside your diet (e.g. 
supplements, change inwater 

intake)?O YES (Please 
specify below)

O NO

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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4. Wes ou so how soon die they stat 
and it they yersie tie so cans along we their frequency (daily, weekly, monthly) and intensity 

(using the scale) below.(Example: "o head ache: Start within 1 week, 
daily, 6)O YES (Please check below)

O Head ache:
O Nausea/Vomitting:
O Fatigue:
O Foggy brain:
O Stomach ache:
O Other Pain (Please specify):
O Diarrhea:
O Constipation:
O Bad breath:
O Excessive thirst:
O Hunger:
O Difficulty concentrating

O Difficulty sleeping

• Anxiety:
O Feeling 
cold:O "Keto flu":
O Other (Please 
specify):

(frequency, intensity)

(frequency, intensity)

- (frequency, 
intensity)(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, 
intensity)(frequency, 
intensity)_(frequency, 

intensity)- (frequency, 
intensity)

mensty 51½3d 6 6 1 8 9 10
5. Did these issues go away 
over time?

O I had no new health issues
O All new issues went away within 
a week• All new issues went away within a month
O Most new issues were gone within a month
• Most new issues remained during the time I was on the ketogenic diet

Intensitiy

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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6. If any new health issues persisted during the time on your diet 
please check below

Head 
achNausea/
VomittirO Fatigue:

O Foggy 
brain:O Stomach ache:
O Other Pain 
(Please specify):O Diarrhea:
O Constipation:
O Bad breath:
O Excessive 
thirst:O Hunger:

O Difficulty 
concentratingO Difficulty 
sleeping
• Anxiety:
O Feeling 
cold:
• "Keto flu":

O Other (Please 
specify):

requency, 
intensiequency, intensi

(frequency, 
intensity)(frequency, intensity)

(frequency, intensity)

(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, 
intensity)(frequency, intensity)

(frequency, 
intensity)- (frequency, 
intensity)

. Did you experience any weight loss after starting your diet? 
Please check box anspecify your starting weight and your average 

weight los:
O No, not at all
• Yes (please 
describe below)O It leveled off after a 

few weeksO I'm still benefitting from continued 
weight lossO l'm still struggling with 
continued weight losstarting weight 

before dietverage 
weight loss

Ibs
Ibs

ethe deight e iye baan recall detais about 
your weight loss (Eg: When did i start?

8. Did you experience any change in water consumption 
after starting your diet?

ater consumption before 
my dieater consumptions during 
my die

__liter/ounces 
per day__liter/ounces 
per dayWeimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,

University of California Santa Barbara
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%. Having your heat is pes menions 
above in with usin a hanged alerworsened) frequency (daily, weekly monthly) and 

intensity (using the scale).(Example: "& Fatigue:
O YES (Please 
check below)
O Flank or back pain/
discomfort:

O Improved O Worsened:
O Fatigue: O Improved O Worsened:
O Diarrhea: O Improved 

O Worsened:O Constipation O Improved 
O Worsened:O Head ache: O Improved O Worsened:

O Dizziness: O Improved O Worsened:

O Nausea: O Improved 
O Worsened:• Anxiousness: O Improved O Worsened:

O Feeling of fullness in your abdomen: O Improved O Worsened:
O Blood in urine: O Improved O Worsened:

O Acid reflux O Improved 
O Worsened:O Kidney/cyst infection: O Improved 
O Worsened:O Bladder infection O Improved O Worsened:

O Gout attacks: O Improved O Worsened:
O Depression: O Improved 

O Worsened:O Other (please 
specify):

O Improved O Worsened:

_(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)_(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)_(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)(frequency, 
intensity)

Low
Intensity. 2 3 " 1a

High
Intensit
iy

10. Did you have any changes in medication within the first year on your diet? 
If so, checkbelow and if possible specify the change 

(e.g. dose, frequency)
O YES (please 
specify below)

• NO

O Antihypertensive 
drugs:

O Increased 
O Decreased:O Diabetes 

drugs:
O Increased 
O Decreased:O Diuretics: O Increased O Decreased:

O Pain killer: O Increased 
O Decreased:O Other medication: O Increased O Decreased:

(dose, frequency)

(dose, frequency)

(dose, frequency)

(dose, 
frequency)-(dose, 
frequency)

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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11. Do you feel that your diet improved your 
ADPKD symptoms?

O Strongly 
agreeO Somewhat 
agreeO Neutral

12. Have yus, so, please dischie bedata 
you are measuring (e. g. blood pressure,O YES (Please 

check below)
O I have not 
measured anything

O Blood 
pressure• Blood keto leve

• Blood glucose lev

› Other (please 
specify)

13. Has your physician found any changes in medical examination since you 
started youdiet? If so, please tick/list below and specify 

if possibleO YES (Please 
check below)
O Blood pressure 
(Please specify):O Blood parameter 
(Please specify):O GFR (Please 
specify):O Creatinine 
(Please specify):Kidney volume/size 

(Sonography/MRIKidney length/size 
(Sonography/MRIO Other (please 

specify):_

14. Plea rate and viral persony oneting 
cold eling your health situation during O Very poor ("I was struggling with 

daily life")O Poor ("Could have been better")

O Neutral ("I could not complain")

• Overall good ("Daily life was mostly not a big problem")
O Very good ("| felt great. I was not 
compromised at all")

3456.89
Very
Good

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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15. What impact (if any) did your diet have on your health and well-being? 
Use the scalbelow. Tick box and circle effect 

on scal
O Strongly 
worsened
O Somewhat worsened
O Stayed about the same
O Somewhat 
improvedO Strongly improved

Strongly

Worsene
d !

⼗
6

7
Strongly

Improved
10

16. Have you experienced any other changes or 
effects upon your diet? it so, please list it

17. Durind a sury erience with your diet, 
have you or your doctor noticed any O 

NO
If so, please explain:

18. Do you agree with self reporting health care information obtained from you, 
your primarycare physician or nephrologist?

O YES (please specify your self 
report below) O NO• Blood tests (e.g. Creatinine, eGFR, Vitamin D, 
PTH, EPO• Urine tests (Proteins, Sediment, Glucose, Ketone bodies, crystals, 
citrate, pHO Blood pressure 

measurements/trendsO Imaging diagnostics 
(ultrasound, MRI, CT)

Attn: Sebastian Strubl

Department of Molecular, Cellular & Developmental Biology
University of California Santa Barbara

Mail Code 9625
Santa Barbara, California 93106

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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Part Ill: Feasibility of your diet

1. Are you curently on your diet? If 
not, please descrio (olas heck have O Due to side effects of 

my dietO Due to other health issues 
(please specify):O Due to the practical difficulty in executing 
my diet• 
Other:_

2. For how long have you been on 
your diet?

Years/
months:

O Due to side effects of 
my dietO Due to other health issues 

(please specify):O Due to the practical difficulty in 
executing my dietO Other:

4. Please describe your diet in detail, how you found it and why you chose it?

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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5. What resources do you use to keep yourself informed about 
nutrition and diets?

O Books
O Internet 
(websites)O Social 
media• Nutritionist

O 
PhysiciaO Scientific 
publicationsTalking with friends 

or famiOther (please 
specify)

6, Do you fel well informed about 
nution and diets? Please tick box and O Not at 

all informed• Poorly informed
O Neutral

O Well 
informedO Very well 
informed

Not 
at allmomedbaaasologd

Mor
med

. Does it take more time for you to prepare your dietary food than your regular food?
Please tick box and circle on scale

O It takes less time
O It takes about the same time as a regular diet
O It takes a little more time
O It takes much more time

Takes 
muchmore time

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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8. Have you tried other 
diets? I so please check O Atkins 

dietO Calorie 
restrictionO Low-Carb diet

O Glycemic 
index dietO Low-Fat diet

O Intermittent 
fastingO Vegetarian 
dietO Vegan 
dietO Other (Please 
specify): -

9. Were/are you taking any nutritional or 
ketogenic supplements? If so, please listit 
10. Are you performing any regular examination yourself regarding 
your diet? If so, pleasetick boxes when 

it appliesO YES O 
NO

Blood 
pressi3lood 
keto le

1 Are uxanation die unds operantos 
pelaid requen de phrologist? I so, Emple: " 

Blood work:

Once a month)

) Blood wor
Blood keto leve

O 
Urine:o do 
pressur

Sonograp
hMRI/CT sca

O Other (please specify):

_(frequen
cy)_(frequen
cy)_(frequen
cy)(frequenc
y)(frequen
cy)_(frequenc

y)_(frequenc
y)(frequenc
y)

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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12. How was your doctor/nephrologist first thinking of 
the idea of trying your diet) He/she tried to hold 

me bac• He/she was skeptical but 
supported m• He/she was curious and supported me

• He/she actually suggested 
trying my diet

13. How is your doctor/nephrologist 
thinking aller seeing your experience • He/she is not 

convinced at al• He/she is skeptical but still 
supporting me• He/she is convinced and suggesting the diet to other 

ADPKD patientsO I don't know what he/
she thinks

19. Howero he scie vengeal - Very 
yourdit for you? Adionaly, cicle O it was sota frob 

but was manageableO It was a difficult switch but I can 
manage nowO it was very hard and I'm still 
struggling with it

012346648910
Very

Hard

15. Rate the overall feasibility of your dietary approach in daily life. Tick box and circle

feasibility on scale

O No problem at all, doing the diet every 
single dayO No real problem but sometimes I skip it several times a month
O Difficult, I skip it several times a week

O Very difficult, I can barely execute the diet

8 10
Easy
Feasible

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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16. Please list your personal problems concerning the feasibility of your 
diet in order (1Biggest problem, 10. 

Less problem)

2.

10.

7. Please list all thilease lista, thin is th athelped you and improved 
your execution of your diet in order ("

2.

10.
1

18. Do you personally know people with ADPKD (e.g. a family 
member or personal friencvho had a negative experience with your diet? If so, 

how manyO 
YES:_

O NO

19. Do you feel that your diet is safe for 
people with ADPKD?

O Strongly 
agreeO Somewhat 
agreeO Neutral

Somewhat 
disagreStrongly 
disagre

20. Do you feel that your diet is easy to do for 
people with ADPKD?

O Strongly 
agreeO Somewhat 
agreeO Neutral

Somewhat 
disagrStrongly 
disagr

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara
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21. Would you recommend the your diet to a friend or family 
member with ADPKD?

O Strongly 
agreeO Somewhat 
agree• Neutral

Somewhat 
disagrStrongly 
disagre

22. ie you have any further ideas and 
suggestions that would improve the feasibly 

Conclusio
n
stan a te you araine you cat op thine 
duch lay di haling into you ser hisis a reminder you may stop your participation in this research at any time 

even after handing in ar
formation about you. At any time you have the right to review the information you have provide

and you can ask to modify or remove information if you do not agree with it anymore.

If you have any questions you are welcome to contact the members of 
our research team (Thomas
Weimbs, Sebastian Strubl) at anytime

Prof. Thomas 
Weimbs, PhD

Department of Molecular, 
Cellular & Developmental
Biology
University of California 
Santa BarbaraSanta Barbara, California 
93106-9625Email: weimbs@ucsb.edu

Sebastian 
Strubl, MD

Department of Molecular, Cellular & 
DevelopmentalBiology

niversity of California 
Santa Barbainta Barbara. California 93106-96

Email: strubl@ucsb.edu

Mobile Phone: (805) 
455-3852

This Questionnaire has been reviewed and approved by the institutional review 
board (IRB) of theUniversity of California Santa Barbara, which is a committee whose task it is to make sure that

research participants are protected from harm. If you wish to find about more 
about the IRB, please

The Office 
of 

3227 Cheadle 
HallUniversity of California, 

Santa BarbaraSanta Barbara, CA, 93106-2050

Phone: (805) 
893-4188Fax: (805) 893-2611

Mail Code: 
2050

Weimbs Laboratory, Department of Molecular, Cellular & Developmental Biology,
University of California Santa Barbara

23


