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ABSTRACT 

Background. Autosomal dominant polycystic kidney disease ( ADPKD) is the most commonly inherited progressive 
kidney disease. Time-restricted eating ( TRE) is a fasting regimen that restricts eating to a particular window ( typically 
8 hours/day) , which could slow cyst growth based on preclinical models. 
Methods. A 12-month, randomized, controlled, behavioral dietary intervention compared TRE with a control group given 

healthy eating advice without TRE ( HE) , without caloric restriction. Participants underwent baseline and 12-month 

measurements, including adherence ( percentage of participants adhering to the 8-hour window; primary outcome) , and 
MRI to determine height-adjusted total kidney volume ( htTKV) and adiposity. 
Results. Twenty-nine participants ( 23 females, mean standard ± deviation 48 ± 9 years) with a body mass index of 
31.1 ±5 kg/m2 were randomized to TRE ( n = 14) or HE ( n = 15) . Of the total participants, 71% ( n = 10) of TRE and 87% 

( n = 13) of HE participants completed the intervention. The eating window was 9.6 ± 3.6 hours for TRE ( 60% achieving the 
8-hour window) and 12.0 ± 2.0 for HE groups ( P = .07) . At month 12, both groups lost modest weight ( −2.4 ± 6.4% and 
−3.6 ± 5.4% in the TRE and HE groups, respectively) . Annual change in htTKV was 3.0 ± 8.5% and 4.6 ± 8.8% in the TRE 
and HE groups, respectively. Both change in weight ( r = 0.67, P < .01) and change in visceral adiposity ( r = 0.54, P < .01) 
were positively correlated with change in htTKV. 
Conclusion. Both the TRE and HE group lost modest weight at 12 months. The targeted TRE adherence of ≥75% of 
participants was not achieved. Weight and adiposity loss may be more important drivers of kidney growth than the 
timing of eating. 
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GRAPHICAL ABSTRACT 
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KEY LEARNING POINTS 

What was known: 

• Time-restricted eating ( TRE) can reduce body weight and fat mass in people without autosomal dominant polycystic kidney 
disease ( ADPKD) .

• TRE reduces disease progression in animal models of ADPKD.

This study adds: 

• In the present study, TRE and healthy eating advice without TRE ( HE) interventions in adults with ADPKD resulted in similar 
modest weight loss over a 12-month period.

• Adherence to TRE varied across our study cohort, and randomized groups did not differ in change in anthropometrics, 
glucose metabolism, or caloric intake with the 12-month intervention.

Potential impact: 

• Fasting may be beneficial to some individuals; however, this study confirmed an earlier report that weight loss is associated 
with height-adjusted total kidney volume, regardless of the dietary intervention.

• This was a feasibility study. Future research is needed to determine the efficacy of weight loss to slow kidney growth in 
ADPKD.
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NTRODUCTION 

utosomal dominant polycystic kidney disease ( ADPKD) is cat- 
gorized by the progressive development and growth of kidney 
ysts, leading to end-stage kidney disease in the majority of pa- 
ients [1 , 2 ]. Evidence suggests that ADPKD alters metabolism,
hich likely promotes cyst development and growth [3 –5 ]. The 
stablished metabolic consequences of obesity may, therefore,
lso impact disease progression for individuals with ADPKD [6 ].
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Periods of fasting may modify numerous cellular and molec- 
lar mechanisms implicated in ADPKD. Among other pathways,
asting can stimulate the AMP-activated protein kinase ( AMPK) 
athway, inhibit the mammalian target of rapamycin-ribosomal 
rotein S6 kinase ( mTOR-S6K) pathway, and inhibit insulin-like 
rowth factor 1 ( IGF-1) [7 ]. Fasting promotes metabolic repro- 
ramming via a shift from carbohydrate to fat metabolism, pri-
arily mediated by AMPK [8 ]. This shift to ketogenesis could
uppress the growth of cysts, which favor aerobic glycolysis and
ay not use ketones as an energy source [9 ]. 
Time-restricted eating ( TRE) is a fasting regimen that restricts 

he intake of calories to a particular feeding window ( typically 
–12 hours/day) , while still meeting nutrient requirements. This 
ietary approach has been shown to promote weight loss and re-
uce body fat in those without ADPKD [10 –12 ]. In non-ADPKD ro-
ent models, TRE protected against weight gain despite compa- 
able caloric intake to the control group [13 , 14 ], improved mTOR
nd AMPK pathway function [14 ], and improved insulin sensitiv-
ty [15 , 16 ]. Most recently, TRE reduced disease progression in the
an:SPRD rat model of polycystic kidney disease ( PKD) , includ- 
ng cyst volume, total body weight, mTOR activity, and prolifer-
tion markers [9 ]. However, the feasibility of a TRE intervention
n humans with ADPKD has not been evaluated. 

Therefore, this randomized, parallel-group trial in adults 
ith ADPKD was designed to assess the acceptability and effi-
acy of a 12-month behavioral weight loss intervention utilizing 
RE ( 8-hour window starting within 3 hours of waking) as com- 
ared to a healthy eating group ( HE) without time restriction.
e hypothesized that TRE would be an acceptable dietary inter-
ention that would result in more significant weight loss, more
avorable changes in body composition, and improved metabolic 
utcomes after 1 year as compared to HE. 

ATERIALS AND METHODS 

xperimental design 

 1-year, randomized, two-arm, single-blind pilot study was con- 
ucted in adults with ADPKD and normal to moderately declined
idney function ( ≥30 mL/min/1.73 m2 ) . The goal was to assess 
he feasibility of delivering a 1-year behavioral intervention in- 
olving TRE or HE. We hypothesized that ≥75% of participants
n the TRE group would adhere to the 8-hour window ( primary
utcome) . The Colorado Multiple Institutional Review Board ap- 
roved the study protocol ( 20-1262) , and all participants pro- 
ided written informed consent prior to participation. This study 
as conducted in accordance with the principles expressed in 
he Declaration of Helsinki. The trial was registered at Clinical-
rials.gov: NCT04534985. 

articipants 

ubjects were recruited nationally and underwent telephone 
nd laboratory screening for inclusion/exclusion criteria 
 Supplementary Table 1) . History of a clinically diagnosed eating 
isorder including anorexia nervosa, bulimia [binge eating 
isorder score > 20 on the Eating Attitudes Test ( EATS-26) ] 
17 ] or severe depression ( score > 18 on the Beck Depression
nventory [18 ]) required assessment by a study physician before 
articipation. Tolvaptan was not exclusionary, provided that 
atients were on a stable dose for at least 3 months at the
ime of study enrollment. Incident tolvaptan usage was not 
ermitted during the study. Those who qualified were randomly 
ssigned to either the TRE or the HE group. Members of the
nvestigative team involved in the data analysis were blinded
o the treatment status. Due to the nature of the intervention,
tudy participants were not blinded. Both groups received a
omprehensive, group-based, behavioral dietary intervention 
elivered virtually. 

ietary intervention 

he behavioral dietary interventions were administered by the
olorado Nutrition and Obesity Research Center ( NORC) Clini- 
al Intervention and Translation ( CIT) Core. The curriculum for 
oth groups was developed and delivered in consultation with
 board-certified endocrinologist. The curriculum for the TRE
roup was based on an ongoing study in healthy overweight
nd obese adults [19 ]. The participants were instructed to eat
ithin an 8-hour window, beginning within 3 hours of wak-

ng. The curriculum for both groups emphasized current clin-
cal recommendations for the management of ADPKD, as well
s chronic kidney disease ( CKD) , including moderate dietary 
odium restriction ( 2.3–3 g) , appropriate hydration, protein in- 
ake of 0.8–1.0 g/kg ideal body weight, moderate daily phos-
hate restriction ( 800 mg) , and moderation in caloric intake
 without a specific goal) [20 ]. However, the HE control group re-
eived no instruction regarding the timing of eating. Neither
roup was explicitly instructed to reduce energy intake or given
 calorie goal; however, moderation in caloric intake was dis-
ussed as one of the topics. An experienced registered dieti-
ian taught all virtual sessions. Month 1 was an intensive phase
ith weekly sessions ( 60 min) focused on achieving dietary 
oals. Subsequent monthly sessions ( 30 min) were focused on 
aintenance. 

rimary outcome measures 

easibility and adherence 

 7-day photographic food record at baseline and month 12 was
sed to evaluate meal timing and determine eating window. Per-
ent adherence to the 8-hour TRE window ( ±30 min) during the
-day recording period at month 12 was the primary endpoint.
elf-reported dietary adherence, effort to adhere, and self- effi-
acy to adhere were also assessed in the TRE group, using a 1–10
ikert scale [21 ]. In a subgroup of participants ( n = 19) a contin-
ous glucose monitor ( CGM) ( FreeStyle LibrePro) was worn for 1 
eek at baseline and 12 months. The CGM sensor was applied to
he back of the participant’s upper arm to measure glucose in in-
erstitial fluid every 15 min. Group comparisons were assessed
y calculating the area under the curve ( AUC) and visually via
lotting the data as heat maps. 

linical measurements 

ody weight was measured on a calibrated digital scale to the 
earest 0.1 kg and height was measured to the nearest 1 mm us-
ng a stadiometer at baseline and 12 months at the University of
olorado PKD research clinic. Changes in body composition were
urther assessed via dual-energy x-ray absorptiometry ( DXA; Ho- 
ogic Discovery W, Bedford, MA) , and abdominal adiposity was
uantified using magnetic resonance imaging ( MRI) as described 
elow ( baseline and month 12) . Resting energy expenditure was
easured between 6 and 10 AM after a 12-hour fast using stan-
ard indirect calorimetry with the ventilated hood technique
22 ]. 

Body weight was also collected remotely at the times of
roup web-based sessions using BodyTrace scales to guide these

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf069#supplementary-data
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Table 1: Baseline characteristics and demographics for all participants. 

Total ( n = 29) TRE ( n = 14) HE ( n = 15) 

Age ( years) 48 ± 9 50 ± 9 47 ± 9 
Weight ( kg) 88 ± 16 90 ± 18 85 ± 15 
Sex 
Male ( %) 6 ( 21) 2 ( 21) 3 ( 20) 
Female ( %) 23 ( 79) 12 ( 79) 12 ( 80) 

Race 
Non-White ( %) 2 ( 4) 0 ( 0) 2 ( 7) 
White ( %) 27 ( 96) 14 ( 100) 13 ( 93) 

Body mass index ( kg/m2 ) 31.1 ± 5.1 31.8 ± 6.0 30.5 ± 4.2 
Waist circumference ( cm) 103 ± 14 104 ± 16 101 ± 12 
Hip circumference ( cm) 113 ± 12 114 ± 14 112 ± 11 
Waist-to-hip ratio 0.91 ± 0.07 0.91 ± 0.08 0.90 ± 0.07 
Systolic blood pressure ( mmHg) 122 ± 11 124 ± 12 120 ± 9 
Diastolic blood pressure ( mmHg) 79 ± 9 82 ± 8 76 ± 10 
Resting heart rate ( bpm) 73 ± 8 73 ± 8 72 ± 9 
Resting energy expenditure ( kcal/day) 1599 ± 278 1606 ± 254 1593 ± 309 
Mayo class 
1A 4 ( 14) 1 ( 7) 3 ( 20) 
1B 9 ( 31) 4 ( 29) 5 ( 33) 
1C 12 ( 41) 7 ( 50) 5 ( 33) 
1D 3 ( 10) 1 ( 7) 2 ( 13) 
1E 1 ( 3) 1 ( 7) 0 ( 0) 

Smoking status ( %) 
Never smoker 23 ( 79) 10 ( 71) 13 ( 87) 
Past smoker 6 ( 21) 4 ( 29) 2 ( 13) 

Beck Depression Inventory 6.09 ( 4.86) a 7.00 ( 5.91) b 5.38 ( 3.99) c 

EATS 26 questionnaire score 4.09 ( 3.22) a 3.70 ( 3.43) b 4.38 ( 3.15) c 

Baseline characteristics are presented as mean ± standard deviation or n ( %) . 

n = 23a , n = 10b , n = 13c . 

Table 2: Study compliance ( percentage of remote visits attended) . 

Compliance data Total ( n = 23) TRE ( n = 10) HE ( n = 13) P -value 

Baseline to month 1 compliance 88 ± 18 92 ± 12 84 ± 21 .21 
Baseline to month 3 compliance 83 ± 17 86 ± 13 81 ± 19 .42 
Month 3 to month 12 compliance 74 ± 27 64 ± 26 81 ± 26 .14 
Total compliance 77 ± 21 72 ± 18 80 ± 23 .34 

Data are presented as mean ± standard deviation. 

Welch two-sample t -tests were used to calculate P -values to determine if there were differences between groups. 
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essions, as used previously [21 ]. Percentage weight loss and BMI 
ere calculated at baseline, 3 months, and 12 months. If a final 
eight was not available at month 12, the last weight available 
fter month 6 via BodyTrace measurements was used. Waist 
nd hip circumference were also measured at baseline and 
2 months. 

afety, acceptability, and tolerability 

asting blood samples were collected for screening and re- 
eated at 3 and 12 months for analyses including a com- 
lete metabolic panel, complete blood count, hemoglobin A1c 
 HbA1c) , and lipid panel. Samples were collected in the morn- 
ng following an overnight fast. Estimated GFR ( eGFR) was 
alculated using the CKD–EPI equation [23 ]. Month 3 sam- 
les were collected at a contract laboratory for all non-local 
articipants. 
Blood pressure and other vital signs were also measured at 
aseline and month 12 ( Omron HEM907XL) . Participants were 
ncouraged to report adverse events to study staff as they oc- 
urred and were called monthly to assess current status and 
ymptoms. Additional parameters to assess tolerability were 
ollected at baseline and months 3 and 12 as follows. Quality 
f life ( QOL) was assessed with the RAND 36 Item Health Survey 
 RAND-36) [24 ] physical and mental health component summary 
core. Mood state was assessed with the Profile of Mood States 
( POMS-2) [25 ]. Additionally, to gain insight into physical ac- 

ivity, self-reported physical activity was quantified at baseline,
 months, and 12 months using the Stanford Physical Activity 
uestionnaire [26 ]. ASA24 was used to administer and analyze 
4-hour dietary recalls. Participants’ self-reported dietary data 
ere excluded if they did not complete the diet questionnaire 
r had extreme self-reported energy intakes ( i.e. < 500 kcal per 
ay) . 
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Table 3: Adverse events related or possibly related to the interven- 
tion. 

Adverse event 
Total 

( n = 23) 
TRE 

( n = 10) 
HE 

( n = 13) 

Hunger 15 ( 17%) 12 ( 27%) 3 ( 7%) 
Fatigue 2 ( 2%) 1 ( 2%) 1 ( 2%) 
Irritability 5 ( 6%) 4 ( 10%) 1 ( 2%) 
Headache 1 ( 1%) 1 ( 2%) 0 ( 0%) 
Gastrointestinal distress 11 ( 13%) 5 ( 11%) 6 ( 14%) 
Dizziness 1 ( 1%) 1 ( 2%) 0 ( 0%) 
Lightheadedness 9 ( 10%) 5 ( 11%) 4 ( 9%) 
Electrolyte abnormalities 1 ( 1%) 1 ( 2%) 0 ( 0%) 
Other 44 ( 49%) 15 ( 33%) 29 ( 66%) 

Data are presented as number of events n ( %) . 
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Table 4: Adherence score for the TRE group. 

Variable Month 3 Month 12

Success* ( days) 6.40 ± 0.70 4.90 ± 1.91 
Diet adherence score 9.00 ± 0.94 6.60 ± 2.95 
Diet adherence difficulty ( 1–10) 3.70 ± 3.09 6.20 ± 2.53 
Diet adherence likelihood ( 1–10) 9.10 ± 0.88 7.60 ± 3.03 
Days diet met 6.90 ± 0.32 5.60 ± 2.17 
Days diet achieved 6.40 ± 0.70 4.90 ± 1.91 
Overall adherence score ( 1–10) 9.10 ± 0.88 6.60 ± 2.95 
Overall adherence difficulty ( 1–10) 3.70 ± 3.09 6.20 ± 2.53 
Future adherence likelihood ( 1–10) 9.10 ± 0.88 7.60 ± 3.03 

Data are presented as mean ± standard deviation. 

*Average number of days successful in eating only during 8-hour window over 
the past 7 days. 
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rocessing are in the supplementary material. 

agnetic resonance imaging 

 Siemens Skyra 3.0 T system was used to obtain an abdominal 
RI at baseline and 12 months; the methodology has been de- 
cribed previously by our group [21 ]. Total kidney volume ( TKV) 
as measured by stereology using Analyze software ( Analyze 
2.0, Mayo Foundation, Rochester, MN) by a single blinded inves- 
igator. Disease severity was categorized according to the Mayo 
maging Classification system [28 ]. The cystic index was also 
etermined using a machine learning approach [29 , 30 ]. As de- 
cribed previously, T2-weighted MRIs oriented in the axial plane 
ith slice level at the L3 vertebra were used to segment subcu- 
aneous adipose tissue, muscle, visceral adipose tissue, visceral 
rgans, and bone via a semiautomated intensity threshold algo- 
ithm followed by manual correction by an expert imaging ana- 
yst using ITK-Snap [31 ]. 

tatistical analysis 

s adherence was the primary outcome, the proposed sample 
ize was based on the feasibility of recruitment for optimal co- 
ort sizes, enrolled at a staggered rate throughout the study pe- 
iod rather than on a specific power. The goal was to recruit and 
andomize 30 total participants across three cohorts. Based on 
ur previous weight loss trial [21 ], this was an ideal target co- 
ort size for a pilot group-based lifestyle intervention delivered 
hrough a video chat platform. Blocked randomization was 1:1 
ith stratification by sex. 
Statistical analyses were conducted in RStudio v6. Prism 

 GraphPad Software, version 7.03 for Windows, 2018, La Jolla,
A, USA) and RStudio v6 was used to generate figures. All AUC 

alculations used rGV with an AUC threshold of 80 mg/dL.
AS v9.4 calculated the Healthy Eating Index 2015 ( HEI) from 

he ASA24 data. Welch’s two-sample t -tests were used to com- 
are the change in each variable between groups. An inde- 
endent t -test was also used to compare mean differences 
etween groups at baseline and 1 year. Paired t -tests deter- 
ined mean differences between baseline and 1 year within 
roups. Proportions of study-related adverse events and ques- 
ionnaire data were also compared between groups using a least 
quares mean test, χ2 tests, or Fisher’s exact test. Correlations 
ere performed using Pearson’s bivariate correlation. All statis- 
ical tests were assessed using a P < .05 threshold, determined 
 priori . 

ESULTS 

articipants 

 total of 91 individuals ( Supplementary Fig. 1) were assessed 
or eligibility, and 29 were then enrolled in the study after 
eeting the inclusion criteria ( Supplementary Table 1) . T a- 
le 1 presents the demographics and baseline characteristics 
f the participants. There were no differences in baseline 
haracteristics between groups. Of the 29 randomized indi- 
iduals, 23 completed the study, including 71% ( n = 10) of 
hose in the TRE group and 87% ( n = 13) in the HE group.
he most commonly reported previous medical condition 
as hypertension ( Supplementary Table 2) , and most partici- 
ants were taking an antihypertensive medication at baseline 
 Supplementary Table 3) . 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf069#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf069#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf069#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf069#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf069#supplementary-data
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Figure 3: Change in height-adjusted total kidney volume ( htTKV) and its asso- 
ciation with β-hydroxybutyrate ( BHB) . Association of percentage change in β- 

hydroxybutyrate at 12 months with percentage change in htTKV. Interventions 
were TRE ( gold) and HE advice without TRE ( control; black) . 
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dherence and safety 

ompliance, measured by remote visit participation ( percent 
ttended) , was relatively high and did not differ between groups 
 Table 2 ) . Adverse events that were related or possibly related 
o the intervention are described in Table 3 . The most common 
vent reported in the TRE group was hunger. The eating win- 
ow was assessed via photographic records in 13 participants,
ncluding 5 in the TRE group and 8 in the HE group. Completion 
f the photographic records as instructed was more challenging 
han anticipated. Participants who did not complete the 7-day 
ood photos in the final 3 months or were missing time stamp 
nformation were excluded due to inadequate data quality to as- 
ess adherence, limiting the sample size. At baseline, the eating 
indow was 11.4 ± 1.5 hours for the TRE group and 12.3 ± 2.6 
ours for the HE group ( P = .22) . At month 12, the eating window 

as 9.6 ± 3.6 hours for TRE [60% achieving the 8-hour window 

 < 75% a priori definition of success) ] and 12.0 ± 2.0 for HE ( P = .07) .
articipants ranked their dietary adherence from ‘not adherent 
t all’ ( 1) to ‘perfect adherence’ ( 10) over the past 7 days. Partic- 
pants ranked adherence as 9.9 ± 1 at month 3 and 6.6 ± 3 at 
onth 12 ( Table 4 ) . 

linical measurements and self-reported 

uestionnaires 

t month 12, the TRE group lost 2.4 ± 6.4% body weight and the 
E group lost 3.6 ± 5.4% body weight ( P = .66) ( Fig. 1 ) . Change 
n visceral adipose tissue ( P = .50) and total body adipose tis- 
ue loss ( P = .35) did not differ between the groups at month 
2 ( Fig. 1 ) . Annual percentage change in height-adjusted to- 
al kidney volume ( htTKV) was 3.0 ± 8.5% and 4.6 ± 8.8% in 
he TRE and HE groups, respectively ( Fig. 2 ) . Both change in 
eight ( r = 0.67, P < .001) and change in visceral adipose vol- 
me ( r = 0.54, P = .009) were positively correlated with changes 
n htTKV ( Fig. 2 ) . The association between change in weight 
nd htTKV remained significant for both slow progressors ( Mayo 
lass 1A and 1B; r = 0.75, P < .01) and fast progressors ( Mayo 
lass 1C–E; r = 0.69, P = .03) . The association between change in 
isceral adipose volume and htTKV remained significant only 
or slow progressors ( Mayo class 1A and B; r = 0.64, P = .03) .
hange in other MRI measurements, including total abdominal 
dipose tissue, subcutaneous adipose tissue, and visceral adi- 
ose tissue, as well as cyst volume, did not differ between groups 
 Supplementary Table 4) . 

Change in anthropometrics, blood pressure, blood 
hemistries, and lifestyle questionnaires at 12 months did 
ot differ between the groups ( Table 5 ) . The only exception 
as that the HE group had a greater reduction in cholesterol 

 −6.2 ± 12% compared with TRE 4 ± 11% over 12 months 
 P = .04) ]; however, there were no differences when comparing 
otal cholesterol at baseline ( P = .37) or 12 months ( P = .30) 
etween groups ( P = .30) . Self-reported physical activity did not 
iffer between groups at baseline ( P = .82) or change over the 
2-month period ( P = .39) . 

Changes in β-hydroxybutyrate levels were not associated 
ith changes in htTKV ( Fig. 3 ) . In a subset of participants, a 
ontinuous glucose monitor was worn for 7 days. The AUC 

t baseline did not differ between groups ( 14 710 ± 8446 
nd 22 148 ± 12 853 in the TRE and HE groups, respectively) .
t 12 months, the AUC also did not differ between groups 
 18 611 ± 6825 and 16 830 ± 4530 in the TRE and HE groups,
espectively) ( Fig. 4 ) . There were no differences in change in 
hosphorylated AMPK or phosphorylated S6K in PBMCs between 
roups ( Supplementary Table 5) . 

ietary intake and Healthy Eating Index 

elf-reported carbohydrate intake was greater in the HE group 
t baseline than in the TRE group ( P = .01) , and fiber intake was
lso higher in the HE group than in the TRE group at baseline
 P = .01) . Change in dietary intake did not differ between groups.
here were also no differences at baseline or 12-months for HEI 
etween groups ( Table 6 ) . 

ISCUSSION 

his is the first study to evaluate the feasibility of delivering a 
2-month behavioral intervention utilizing TRE or HE in individ- 
als with ADPKD. In previous ( non-ADPKD) studies, the TRE eat- 
ng window has ranged from 8 to 12 hours, with several studies
ssigning a reduction in calories [19 , 32 –36 ]. Similar to our study,
everal other studies have allowed participants to eat ad libitum 

11 , 12 , 37 ]. Overall, we found no differences in class attendance; 
owever, only 60% of the individuals were able to adhere to the 
RE window at month 12, below our a priori target of ≥75%. 
Weight loss was similarly modest in the TRE and HE group 

t 3 months ( −4.1 ± 4% and −2.8 ± 3%, respectively) and 
2 months ( −2.4 ± 6% and −3.6 ± 5%) . Previous studies of TRE 
ithout caloric restriction have resulted in modest weight loss 

 1%–4%) , comparable to the current results in individuals with 
DPKD [11 , 12 , 38 ]. Concurrent recommendations of caloric 
estriction with TRE may result in greater weight loss ( > 5%) 
33 , 34 , 19 ]. In this trial, we provided healthy eating guidelines
ithout a calorie assignment in order to have the intervention 
roup focus solely on the eating window and more clearly focus 
n the role of extended overnight fasting. Additionally, previous 
eports indicated participants had difficulty focusing on both 
aloric restriction and an eating window [19 ]. We included ( a 
inority) of individuals with a normal baseline BMI, which 
ould have also attenuated average weight loss. 

The impact of TRE on HEI is variable, with reports of both 
mproved diet quality and no change in HEI with TRE [39 , 40 ].
either TRE nor HE improved HEI in the current study; however,
t is important to note that there are inherent limitations to self- 
eported dietary data [41 , 42 ], and poor response rates may have 
urther limited our ability to detect a difference. Individuals were 
iven assignments throughout the intervention to learn to track 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf069#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf069#supplementary-data
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A

B

Average glucose values per hour, baseline

Average glucose values per hour, end of study

Figure 4: Continuous glucose monitor data in the TRE ( red) and HE without TRE ( control; blue) groups. ( A) Average 7-day blood glucose per hour for the TRE ( n = 11) 
and HE without TRE ( n = 8) groups at baseline, presented as mean and standard deviation. ( B) Average 7-day blood glucose per hour for the TRE ( n = 7) and HE without 
TRE ( n = 7) groups at 12 months, presented as mean and standard deviation. 
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ietary intake, which may have resulted in more accurate report-
ng in the later months. Unlike other studies, we did not provide
uidelines for physical activity [19 ], and self-reported activity did
ot differ between groups at baseline or 12 months. 
TRE improves mTOR and AMPK pathway function [14 ] as

ell as insulin sensitivity in non-ADPKD murine models [13 ,
5 , 16 ], and reduces cystic disease progression in the Han:SPRD
at model of PKD [9 ]. Neither pS6K/S6K ( mTOR activity) nor 
AMPK/AMPK protein expression in PBMCs was altered with TRE 
r HE in the current study. As an exploratory outcome to facili-
ate power calculations for a subsequent clinical trial, we mea-
ured htTKV via MRI and observed no differences in annual per-
entage change between groups. However, consistent with our 
revious findings, changes in weight and changes in visceral adi-
ose volume were positively correlated with changes in htTKV
21 ], despite the modest overall weight loss in the current study.
hese results suggest weight loss may exert a greater influence
n ADPKD progression than fasting regimens [21 ]. 
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The HE group had a greater reduction in total cholesterol
hen compared with the TRE group over the 12-month period

 P = .04) . While triglycerides are sometimes reduced with TRE
43 , 44 ], others have observed no differences in triglycerides,
DL, or LDL cholesterol, consistent with our results [11 , 12 , 38 ].
onsistent with other studies, HbA1c also did not change with
RE [11 , 12 , 19 , 38 ]. Although improved insulin sensitivity mea-
ured via oral glucose tolerance test and HOMA-IR has been as-
ociated with TRE, we did not observe a difference in HOMA-IR
45 , 46 ]. 

Our study has several limitations. First, we did not receive 
omplete logs of dietary intake or food photos from many of
ur participants, limiting our sample size. Participants reported 
hat taking photos of all food items and logging was time-
onsuming and burdensome. However, given that this was a fea-
ibility study, this feedback is also critical in enhancing study
esign in the future and supports using alternative methods to
ssess adherence. The limited separation in the eating window 

etween groups attenuated our ability to detect differences in 
econdary and exploratory outcomes. We aimed to examine the 
nfluence of TRE independently of caloric or macronutrient re- 
triction. However, caloric or carbohydrate restriction may have 
 greater influence on ketosis, and this is a separate question
hat should be investigated further. Another limitation is that we
id not objectively measure physical activity due to the scope of
his pilot trial. As our primary goal was to assess the feasibility of
RE rather than efficacy, we opted for more heterogeneous and
eneralizable inclusion and exclusion criteria as opposed to lim- 
ting the study to those with more severe diagnoses of ADPKD.
astly, similar to other ADPKD and dietary studies, our study
opulation was predominantly non-Hispanic white and female,
imiting the overall generalizability of the results. 

In conclusion, the 8-hour eating window was difficult to ad-
ere to in the TRE group and our target of ≥75% success was not
chieved. Both the TRE and HE groups lost modest weight with
he 12-month intervention. While annual change in htTKV did 
ot differ across groups, it was correlated with change in weight
nd visceral adiposity, suggesting that these mechanisms may 
e more important drivers of kidney growth rather than the tim-
ng of eating. Future larger-scale trials powered for efficacy are
ecessary to further evaluate this hypothesis. 
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