Clinical Kidney Journal, 2025, vol. 18, no. 4, sfaf069

https:/doi.org/10.1093/ckj/sfaf069
Advance Access Publication Date: 3 March 2025
Original Article

Clinical Kidney Journa

ORIGINAL ARTICLE
Time-restricted eating and autosomal dominant
polycystic kidney disease: a pilot, randomized clinical

trial

Cortney Steele @1, Anna Ostrow!, Wei Wang?, Erin Coleman?, Diana Georgel,
Kristen Bing!, Sumana Ramanathan?, Adriana Gregory?,

Berenice Y. Gitomer?!, Timothy L. Kline?, Elizabeth Thomas?,

Michel Chonchol® and Kristen L. Nowak!

1Department of Medicine, Division of Renal Diseases and Hypertension, University of Colorado Anschutz
Medical Campus, Aurora, CO, USA and ?Department of Radiology, Mayo Clinic, Rochester, MN, USA

CLiNicAL KIDNEY JOURNAL

Correspondence to: Kristen L. Nowak; E-mail: Kristen.Nowak@cuanschutz.edu

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/m? 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

i Time-restricted eating and autosomal dominant polycystic
Kidney
Journal

kidney disease (ADPKD): a pilot, randomized clinical trial

Time-restricted eating is a fasting regimen that restricts the intake of calories to a particular time window
(8—12 hours/day); this dietary intake strategy could slow cyst growth based on preclinical models.
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not achieved. Weight and adiposity loss may be more important drivers of
kidney growth rather than the timing of eating.

Keywords: diet, fasting, kidney, polycystic, weight loss

KEY LEARNING POINTS

What was known:

e Time-restricted eating (TRE) can reduce body weight and fat mass in people without autosomal dominant polycystic kidney
disease (ADPKD).
e TRE reduces disease progression in animal models of ADPKD.

This study adds:

e 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.

e 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:

e TFasting 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.

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

INTRODUCTION tients [1, 2]. Evidence suggests that ADPKD alters metabolism,
which likely promotes cyst development and growth [3-5]. The
established metabolic consequences of obesity may, therefore,
also impact disease progression for individuals with ADPKD [6].

Autosomal dominant polycystic kidney disease (ADPKD) is cat-
egorized by the progressive development and growth of kidney
cysts, leading to end-stage kidney disease in the majority of pa-



Periods of fasting may modify numerous cellular and molec-
ular mechanisms implicated in ADPKD. Among other pathways,
fasting can stimulate the AMP-activated protein kinase (AMPK)
pathway, inhibit the mammalian target of rapamycin-ribosomal
protein S6 kinase (mTOR-S6K) pathway, and inhibit insulin-like
growth factor 1 (IGF-1) [7]. Fasting promotes metabolic repro-
gramming via a shift from carbohydrate to fat metabolism, pri-
marily mediated by AMPK [8]. This shift to ketogenesis could
suppress the growth of cysts, which favor aerobic glycolysis and
may not use ketones as an energy source [9].

Time-restricted eating (TRE) is a fasting regimen that restricts
the intake of calories to a particular feeding window (typically
8-12 hours/day), while still meeting nutrient requirements. This
dietary approach has been shown to promote weight loss and re-
duce body fat in those without ADPKD [10-12]. In non-ADPKD ro-
dent models, TRE protected against weight gain despite compa-
rable caloric intake to the control group [13, 14|, improved mTOR
and AMPK pathway function [14], and improved insulin sensitiv-
ity [15, 16]. Most recently, TRE reduced disease progression in the
Han:SPRD rat model of polycystic kidney disease (PKD), includ-
ing cyst volume, total body weight, mTOR activity, and prolifer-
ation markers [9]. However, the feasibility of a TRE intervention
in humans with ADPKD has not been evaluated.

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

MATERIALS AND METHODS
Experimental design

A 1-year,randomized, two-arm, single-blind pilot study was con-
ducted in adults with ADPKD and normal to moderately declined
kidney function (>30 mL/min/1.73 m?). The goal was to assess
the feasibility of delivering a 1-year behavioral intervention in-
volving TRE or HE. We hypothesized that >75% of participants
in the TRE group would adhere to the 8-hour window (primary
outcome). The Colorado Multiple Institutional Review Board ap-
proved the study protocol (20-1262), and all participants pro-
vided written informed consent prior to participation. This study
was conducted in accordance with the principles expressed in
the Declaration of Helsinki. The trial was registered at Clinical-
trials.gov: NCT04534985.

Participants

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

Dietary intervention

The behavioral dietary interventions were administered by the
Colorado Nutrition and Obesity Research Center (NORC) Clini-
cal Intervention and Translation (CIT) Core. The curriculum for
both groups was developed and delivered in consultation with
a board-certified endocrinologist. The curriculum for the TRE
group was based on an ongoing study in healthy overweight
and obese adults [19]. The participants were instructed to eat
within an 8-hour window, beginning within 3 hours of wak-
ing. The curriculum for both groups emphasized current clin-
ical recommendations for the management of ADPKD, as well
as chronic kidney disease (CKD), including moderate dietary
sodium restriction (2.3-3 g), appropriate hydration, protein in-
take of 0.8-1.0 g/kg ideal body weight, moderate daily phos-
phate restriction (800 mg), and moderation in caloric intake
(without a specific goal) [20]. However, the HE control group re-
ceived no instruction regarding the timing of eating. Neither
group was explicitly instructed to reduce energy intake or given
a calorie goal; however, moderation in caloric intake was dis-
cussed as one of the topics. An experienced registered dieti-
tian taught all virtual sessions. Month 1 was an intensive phase
with weekly sessions (60 min) focused on achieving dietary
goals. Subsequent monthly sessions (30 min) were focused on
maintenance.

Primary outcome measures
Feasibility and adherence

A 7-day photographic food record at baseline and month 12 was
used to evaluate meal timing and determine eating window. Per-
cent adherence to the 8-hour TRE window (+30 min) during the
7-day recording period at month 12 was the primary endpoint.
Self-reported dietary adherence, effort to adhere, and self- effi-
cacy to adhere were also assessed in the TRE group, using a 1-10
Likert scale [21]. In a subgroup of participants (n = 19) a contin-
uous glucose monitor (CGM) (FreeStyle LibrePro) was worn for 1
week at baseline and 12 months. The CGM sensor was applied to
the back of the participant’s upper arm to measure glucose in in-
terstitial fluid every 15 min. Group comparisons were assessed
by calculating the area under the curve (AUC) and visually via
plotting the data as heat maps.

Clinical measurements

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

Body weight was also collected remotely at the times of
group web-based sessions using BodyTrace scales to guide these
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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/m?) 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+38 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)2 7.00 (5.91)° 5.38 (3.99)¢
EATS 26 questionnaire score 4.09 (3.22)2 3.70 (3.43)° 4.38 (3.15)¢

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

n=23n=10°,n=13°

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.

sessions, as used previously [21]. Percentage weight loss and BMI
were calculated at baseline, 3 months, and 12 months. If a final
weight was not available at month 12, the last weight available
after month 6 via BodyTrace measurements was used. Waist
and hip circumference were also measured at baseline and
12 months.

Safety, acceptability, and tolerability

Fasting blood samples were collected for screening and re-
peated at 3 and 12 months for analyses including a com-
plete metabolic panel, complete blood count, hemoglobin Alc
(HbA1c), and lipid panel. Samples were collected in the morn-
ing following an overnight fast. Estimated GFR (eGFR) was
calculated using the CKD-EPI equation [23]. Month 3 sam-
ples were collected at a contract laboratory for all non-local
participants.

Blood pressure and other vital signs were also measured at
baseline and month 12 (Omron HEM907XL). Participants were
encouraged to report adverse events to study staff as they oc-
curred and were called monthly to assess current status and
symptoms. Additional parameters to assess tolerability were
collected at baseline and months 3 and 12 as follows. Quality
of life (QOL) was assessed with the RAND 36 Item Health Survey
(RAND-36) [24] physical and mental health component summary
score. Mood state was assessed with the Profile of Mood States
2 (POMS-2) [25]. Additionally, to gain insight into physical ac-
tivity, self-reported physical activity was quantified at baseline,
3 months, and 12 months using the Stanford Physical Activity
Questionnaire [26]. ASA24 was used to administer and analyze
24-hour dietary recalls. Participants’ self-reported dietary data
were excluded if they did not complete the diet questionnaire
or had extreme self-reported energy intakes (i.e. <500 kcal per
day).



Table 3: Adverse events related or possibly related to the interven-
tion.

Total TRE HE
Adverse event (n=23) (n=10) (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 (%).

Exploratory outcomes
Circulating markers

Serum IGF-1 (DG100B, R&D systems), IGFBP-1(DGB100, R&D
systems), adiponectin (DRP300, R&D systems), CRP (V-plex,
K151STD, Meso Scale Discovery), leptin, and insulin (1:2 dilution,
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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.

Customized U-Plex Metabolic Group 1, Meso Scale Discovery)
were measured at baseline and 12 months using fasting blood
samples [21]. Insulin resistance was estimated with the HOMA-
IR formula [25].

Protein expression in peripheral blood mononuclear
cells (PBMCs) isolated from whole blood using a CPT
Vacutainer (#362753, BD Biosciences) [27]. Details regarding
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Figure 1: Weight loss and change in body composition with 1 year of TRE (gold) or an HE without TRE control intervention (black). (A) Percentage weight loss according
to group randomization from baseline to 12 months, presented as mean and standard deviation with individual participants shown by dots. (B) Percentage change
in visceral adipose volume measured via abdominal magnetic resonance imaging according to group randomization from baseline to 12 months, presented as mean
and standard deviation with individual participants shown by dots. (C) Percentage change in the percentage of total adipose tissue measured via dual-energy X-
ray absorptiometry (DXA) according to group randomization from baseline to 12 months, presented as mean and standard deviation with individual participants
shown by dots. (D) Percentage change in total adipose mass measured via dual-energy X-ray absorptiometry (DXA) according to group randomization from baseline to
12 months, presented as mean and standard deviation with individual participants shown by dots.
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Figure 2: Change in height-adjusted total kidney volume (htTKV) and its association with weight and visceral adipose tissue loss. (A) Percentage change in htTKV
measured via MRI according to group randomization [TRE (gold), or healthy eating advice without TRE control group, HE (black)] from baseline to 12 months, presented
as mean and standard deviation with individual participants shown by dots. (B, C) Association of percentage change in body weight (B) and percentage change in
visceral adipose volume (C) at 12 months with annual percentage change in htTKV. Among all participants, annual change in htTKV was correlated with change in

body weight and visceral fat.

PBMC
processing are in the supplementary material.

Magnetic resonance imaging

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

Statistical analysis

As adherence was the primary outcome, the proposed sample
size was based on the feasibility of recruitment for optimal co-
hort sizes, enrolled at a staggered rate throughout the study pe-
riod rather than on a specific power. The goal was to recruit and
randomize 30 total participants across three cohorts. Based on
our previous weight loss trial [21], this was an ideal target co-
hort size for a pilot group-based lifestyle intervention delivered
through a video chat platform. Blocked randomization was 1:1
with stratification by sex.

Statistical analyses were conducted in RStudio vé6. Prism
(GraphPad Software, version 7.03 for Windows, 2018, La Jolla,
CA, USA) and RStudio v6 was used to generate figures. All AUC
calculations used rGV with an AUC threshold of 80 mg/dL.
SAS v9.4 calculated the Healthy Eating Index 2015 (HEI) from
the ASA24 data. Welch’s two-sample t-tests were used to com-
pare the change in each variable between groups. An inde-
pendent t-test was also used to compare mean differences
between groups at baseline and 1 year. Paired t-tests deter-
mined mean differences between baseline and 1 year within
groups. Proportions of study-related adverse events and ques-
tionnaire data were also compared between groups using a least
squares mean test, x? tests, or Fisher’s exact test. Correlations
were performed using Pearson’s bivariate correlation. All statis-
tical tests were assessed using a P < .05 threshold, determined
a priori.

RESULTS
Participants

A total of 91 individuals (Supplementary Fig. 1) were assessed
for eligibility, and 29 were then enrolled in the study after
meeting the inclusion criteria (Supplementary Table 1). Ta-
ble 1 presents the demographics and baseline characteristics
of the participants. There were no differences in baseline
characteristics between groups. Of the 29 randomized indi-
viduals, 23 completed the study, including 71% (n = 10) of
those in the TRE group and 87% (n = 13) in the HE group.
The most commonly reported previous medical condition
was hypertension (Supplementary Table 2), and most partici-
pants were taking an antihypertensive medication at baseline
(Supplementary Table 3).
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Adherence and safety

Compliance, measured by remote visit participation (percent
attended), was relatively high and did not differ between groups
(Table 2). Adverse events that were related or possibly related
to the intervention are described in Table 3. The most common
event reported in the TRE group was hunger. The eating win-
dow was assessed via photographic records in 13 participants,
including 5 in the TRE group and 8 in the HE group. Completion
of the photographic records as instructed was more challenging
than anticipated. Participants who did not complete the 7-day
food photos in the final 3 months or were missing time stamp
information were excluded due to inadequate data quality to as-
sess adherence, limiting the sample size. At baseline, the eating
window was 11.4 + 1.5 hours for the TRE group and 12.3 £ 2.6
hours for the HE group (P = .22). At month 12, the eating window
was 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).
Participants ranked their dietary adherence from ‘not adherent
at all’ (1) to ‘perfect adherence’ (10) over the past 7 days. Partic-
ipants ranked adherence as 9.9 + 1 at month 3 and 6.6 &+ 3 at
month 12 (Table 4).

Clinical measurements and self-reported
questionnaires

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

Change in anthropometrics, blood pressure, blood
chemistries, and lifestyle questionnaires at 12 months did
not differ between the groups (Table 5). The only exception
was 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
total cholesterol at baseline (P = .37) or 12 months (P = .30)
between groups (P = .30). Self-reported physical activity did not
differ between groups at baseline (P = .82) or change over the
12-month period (P = .39).

Changes in B-hydroxybutyrate levels were not associated
with changes in htTKV (Fig. 3). In a subset of participants, a
continuous glucose monitor was worn for 7 days. The AUC
at baseline did not differ between groups (14710 + 8446
and 22148 + 12853 in the TRE and HE groups, respectively).
At 12 months, the AUC also did not differ between groups
(18611 + 6825 and 16830 =+ 4530 in the TRE and HE groups,
respectively) (Fig. 4). There were no differences in change in

30 r=0.20
S 20 P=0.39
b [ ] [ ]
é 18- .
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sio- “°®
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Figure 3: Change in height-adjusted total kidney volume (htTKV) and its asso-
ciation with g-hydroxybutyrate (BHB). Association of percentage change in g-
hydroxybutyrate at 12 months with percentage change in htTKV. Interventions
were TRE (gold) and HE advice without TRE (control; black).

phosphorylated AMPK or phosphorylated S6K in PBMCs between
groups (Supplementary Table 5).

Dietary intake and Healthy Eating Index

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

DISCUSSION

This is the first study to evaluate the feasibility of delivering a
12-month behavioral intervention utilizing TRE or HE in individ-
uals with ADPKD. In previous (non-ADPKD) studies, the TRE eat-
ing window has ranged from 8 to 12 hours, with several studies
assigning a reduction in calories [19, 32-36]. Similar to our study,
several other studies have allowed participants to eat ad libitum
[11, 12, 37]. Overall, we found no differences in class attendance;
however, only 60% of the individuals were able to adhere to the
TRE window at month 12, below our a priori target of >75%.

Weight loss was similarly modest in the TRE and HE group
at 3 months (—4.1 + 4% and -2.8 + 3%, respectively) and
12 months (—2.4 + 6% and —3.6 + 5%). Previous studies of TRE
without caloric restriction have resulted in modest weight loss
(1%—4%), comparable to the current results in individuals with
ADPKD [11, 12, 38]. Concurrent recommendations of caloric
restriction with TRE may result in greater weight loss (>5%)
[33, 34, 19]. In this trial, we provided healthy eating guidelines
without a calorie assignment in order to have the intervention
group focus solely on the eating window and more clearly focus
on the role of extended overnight fasting. Additionally, previous
reports indicated participants had difficulty focusing on both
caloric restriction and an eating window [19]. We included (a
minority) of individuals with a normal baseline BMI, which
could have also attenuated average weight loss.

The impact of TRE on HEI is variable, with reports of both
improved diet quality and no change in HEI with TRE [39, 40].
Neither TRE nor HE improved HEI in the current study; however,
itis important to note that there are inherent limitations to self-
reported dietary data [41, 42], and poor response rates may have
further limited our ability to detect a difference. Individuals were
given assignments throughout the intervention to learn to track
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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.

dietary intake, which may have resulted in more accurate report-
ing in the later months. Unlike other studies, we did not provide
guidelines for physical activity [19], and self-reported activity did
not differ between groups at baseline or 12 months.

TRE improves mTOR and AMPK pathway function [14] as
well as insulin sensitivity in non-ADPKD murine models [13,
15, 16], and reduces cystic disease progression in the Han:SPRD
rat model of PKD [9]. Neither pS6K/S6K (mTOR activity) nor
PAMPK/AMPK protein expression in PBMCs was altered with TRE

or HE in the current study. As an exploratory outcome to facili-
tate power calculations for a subsequent clinical trial, we mea-
sured htTKV via MRI and observed no differences in annual per-
centage change between groups. However, consistent with our
previous findings, changes in weight and changes in visceral adi-
pose volume were positively correlated with changes in htTKV
[21], despite the modest overall weight loss in the current study.
These results suggest weight loss may exert a greater influence
on ADPKD progression than fasting regimens [21].
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The HE group had a greater reduction in total cholesterol
when 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,
HDL, or LDL cholesterol, consistent with our results [11, 12, 38].
Consistent with other studies, HbAlc also did not change with
TRE [11, 12, 19, 38]. Although improved insulin sensitivity mea-
sured via oral glucose tolerance test and HOMA-IR has been as-
sociated with TRE, we did not observe a difference in HOMA-IR
[45, 46].

Our study has several limitations. First, we did not receive
complete logs of dietary intake or food photos from many of
our participants, limiting our sample size. Participants reported
that taking photos of all food items and logging was time-
consuming and burdensome. However, given that this was a fea-
sibility study, this feedback is also critical in enhancing study
design in the future and supports using alternative methods to
assess adherence. The limited separation in the eating window
between groups attenuated our ability to detect differences in
secondary and exploratory outcomes. We aimed to examine the
influence of TRE independently of caloric or macronutrient re-
striction. However, caloric or carbohydrate restriction may have
a greater influence on ketosis, and this is a separate question
that should be investigated further. Another limitation is that we
did not objectively measure physical activity due to the scope of
this pilot trial. As our primary goal was to assess the feasibility of
TRE rather than efficacy, we opted for more heterogeneous and
generalizable inclusion and exclusion criteria as opposed to lim-
iting the study to those with more severe diagnoses of ADPKD.
Lastly, similar to other ADPKD and dietary studies, our study
population was predominantly non-Hispanic white and female,
limiting the overall generalizability of the results.

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

SUPPLEMENTARY DATA

Supplementary data are available at Clinical Kidney Journal online.
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