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ABSTRACT  
Objectives: Although an increasing number of studies show that time-restricted feeding may 
improve metabolic health, studies examining the behavioral effects of this eating pattern are 
limited. This study examined the effect of time-restricted feeding on impulsivity in adults.
Methods: Thirty adults aged 25–41 years participated in this randomized controlled trial. The 
intervention group followed time-restricted feeding for 4 weeks and there was no energy 
restriction in the intervention group (n = 15) or control group (n = 15). Impulsivity was assessed 
before and after the intervention with the Barratt Impulsiveness Scale and the Go/NoGo task.
Results: The compliance rate (the percentage of days when participants had a feeding time of ≤ 8 
hours/day) of the intervention group to the time-restricted feeding pattern was 92.38 ± 4.24%. 
The Barratt Impulsiveness Scale-11 total score of the intervention group increased from 55.53  
± 6.37 to 59.47 ± 7.67 (p = 0.02). During the Go/NoGo task, an indicator of inhibitory control, 
the reaction time to food and non-food stimuli was significantly shortened in the intervention 
group (respectively; p = 0.009, p = 0.01). In the control group, no significant change was 
detected in impulsivity determined by the BIS-11 or Go/NoGo task.
Discussion: This study showed that although time-restricted feeding may reduce body weight, it 
can lead to increased impulsivity and impaired inhibitory control.

Trial registration: ClinicalTrials.gov identifier: NCT04960969.
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1. Introduction

Time-restricted feeding (TRF) is a type of intermittent 
fasting that limits daily food consumption to a period 
of 4–12 hours and includes a fasting period of 12–20 
hours per day [1]. Recently published meta-analyses 
and systematic reviews have shown that TRF is 
effective strategy in improving metabolic status, glyce
mic control, insulin sensitivity, blood lipid profile and 
weight loss in obese and non-obese individuals [2–5]. 
But more research is needed to understand the mech
anism by which TRF exerts its effects on health and to 
determine whether TRF can be adapted to a normal 
lifestyle [6].

Impulsivity includes the tendency to react quickly 
without considering consequences, the inability to 
delay gratification, or the compulsive pursuit of excit
ing stimuli. Impulsive behavior may result from an 
increased desire for pleasure, a decreased ability to 
inhibit reward, or both [7]. Higher impulsivity report
edly makes tasty, readily available foods high in sugar, 
salt, and fat harder to resist than healthier foods, and 

fast-food consumption is associated with impulsive 
choices [8–10]. Many studies show that impulsivity 
is increased in obese individuals [11–18]. In addition, 
previous studies have associated increased impulsivity 
with increased uncontrolled eating and/or emotional 
eating [19–21].

Eliminating high-calorie foods and limiting energy 
intake is a solid strategy used by many dietitians to 
control eating behaviors. Strict diet control strategies 
have been shown to be inversely proportional to diet
ary success [22]. Difficulties in the implementation of 
energy-restricted feeding interventions have 
prompted the development of alternatives to this 
approach. TRF is a current restrictive feeding pattern 
developed as an alternative to energy-restricted feed
ing practices [23]. In recent years, there has been 
great interest in the impact of fasting periods on neu
rocognitive performance, and the effects of fasting on 
mood, behavior, and cognition have been studied [24]. 
This study aimed to investigate the effects of TRF on 
individuals’ impulsivity. The H0 hypothesis of the 
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study was that TRF does not affect the level of impul
sivity in adults.

2. Materials and methods

2.1. Study design and participants

This parallel group-randomized trial was conducted 
between 07 January 2021 and 23 May 2022. The uni
verse of the research consisted of the academic staff 
(n = 716) of a foundation university in Türkiye. All 
staff was reached via e-mail sent by the General Sec
retariat of the University. Individuals who volunteered 
to participate in the study (n = 38) filled out a ques
tionnaire containing the inclusion criteria, and candi
dates who met these criteria (n = 30) were accepted to 
the study (Figure 1). The sample size was calculated 
using the Gpower computer program with a power 
of 80% and a type 1 error (α) level of 0.05, and it 
was determined that at least fourteen participants for 
each group should be included [25]. Individuals aged 
25–45 years, with a body mass index (BMI) above 
18.5 kg/m2 and a routine feeding time of ≥10 hours 
were included in the study. Individuals who 
have been on a diet in the last six months; pregnant 
or breastfeeding; known to have a neurological or 
psychological disorder; have family members with a 
history of eating disorders; those who have experi
enced a weight change of ≥5 kg in the last three 
months; have an uncontrolled medical problem; or 

those with a history of bariatric surgery, celiac disease, 
Crohn’s disease, or ulcerative colitis were excluded.

The study ultimately excluded those in the inter
vention group (IG) whose diet compliance was 
below 80%; those who initially qualified for the 
study but later during the study process underwent a 
status change that disqualified them; and those who 
quit the study.

2.2. Procedure

Volunteered participants were assigned to the IG or 
CG using the stratified randomization method [26]. 
Stratification depended on whether the participants 
were male or female, and group assignments pro
ceeded randomly according to the order in which 
the participants completed the participation form. 
The groups were checked for similar characteristics 
in terms of age, education level, body weight, and 
BMI. The IG applied for TRF for four weeks. Partici
pants in this group consumed food for eight hours 
daily and consumed only non-energy liquids for six
teen hours. Participants chose between two time 
periods (10:00-18:00 or 11:00-19:00) for food con
sumption. IG recorded the start and end times of 
meals (excluding liquids without energy content) 
each day from the first day of the intervention. Adher
ence to the intervention was calculated as the percen
tage of days when participants had a feeding time of ≤  
8 hours/day and compliance was targeted to be ≥ 80%. 

Figure 1. Consort 2010 Flow Diagram.
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The control group was only followed for 4 weeks, no 
energy or time restrictions were applied. The eating 
period of the control group was also monitored 
throughout the intervention and it was ensured that 
there was no significant change in daily feeding 
times (Figure 2).

2.3. Data collection

2.3.1. Survey form
Participant’s sociodemographic characteristics (age, 
gender, educational status) were recorded through a 
questionnaire administered face-to-face.

2.3.2. Assessment of anthropometric 
measurements
The researcher took anthropometric measurements at 
the beginning and end of the intervention. Body fat 
mass, body muscle mass, and body weight measure
ments were performed using a professional body 
analysis measuring device [Bioelectrical Impedance 
Analysis, (BIA) Inbody 270]. BMI (BMI = body weight 
/ height2) (kg/m2) was calculated from the height and 
body weight values of the subjects [27].

2.3.3. Assessment of impulsivity
2.3.3.1. Barratt impulsiveness scale (BIS-11). BIS-11 
was used to evaluate the impulsivity of individuals at 
the beginning and end of the intervention. This scale 
was developed by Barrat in 1959; the Turkish validity 
and reliability study was conducted by Güleç et al. in 
2008. BIS-11 includes attention impulsivity, motor 
impulsivity, and non-planning subscales and consists 
of a total of thirty questions. A high score on the 
scale indicates high impulsivity [28, 29].

2.3.3.2. Go/NoGo task. Inhibitory control was assessed 
with a Go/NoGo task in which images of food (fruits, 
vegetables, chocolates, meat, fish, nuts, beverages) and 
non-food (tools, house-hold items, kitchen utensils, 
office supply) were presented to the participants at 
the beginning and end of the intervention. Which 
images will be used in the task were determined by 

Işık and Emiroğlu in a study carried out in 2021 
[30]. Images used in the Go/NoGo task were selected 
from the Food-Pics image database, designed for use 
in experimental studies on feeding behaviors [31, 
32]. The codes of the images used in the task in the 
database: 1, 22, 26, 45, 49, 61, 73, 74, 133, 199, 218, 
234, 282, 285, 313, 317, 358, 398, 413, 416, 664, 665, 
675, 703, 729, 1026, 1031, 1035, 1050, 1052, 1108, 
1131, 1132, 1141, 1142, 1149, 1196, 1204, 1217, 1224, 
1234, 1240, 1241, 1247, 1263, 1273, 1275, 1277, 1313, 
1314. The Go/NoGo task was designed using the 
Opensesame 3.2.8 Kafkaesque Koffka program [33]. 
This task consists of two blocks [Food Go (FGo) and 
Non-Food Go (NFGo)], with 100 trials in each. 

§ In the FGo block, food stimuli were assigned for ‘Go’ 
trials and non-food stimuli for ‘NoGo’ trials.

§ In the NFGo block, non-food stimuli were assigned 
for the ‘Go’ trials and food stimuli for the ‘NoGo’ 
trials. 

Participants completed both task blocks. The type 
of block to start the task was distributed evenly 
among the participants. The task was presented to 
all participants on a 14” screen. Participants were 
expected to respond as quickly as possible by pressing 
the space key on the keyboard for the target stimulus 
(Go) in each block, and not to respond for non-target 
stimuli (NoGo). 75% ‘Go’ and 25% ‘NoGo’ stimuli 
were presented in each block. In each trial, the stimuli 
disappeared after being on the screen for 500 ms. 
After the stimulus disappeared, a fixation screen 
was displayed to which the participants would 
respond. This screen remained for a maximum of 
1500 ms. Thus, participants had a maximum time 
of 1500 ms to respond. There was a 500 ms blank 
screen between the fixation screen and the next 
trial. After the blank screen, the next trial began 
(Figure 3) [34, 35]. A practice session (eight trials 
for each block) was conducted so that the participants 
could understand the task. Participants who achieved 
more than 80% success in the practice session started 
the experiment session.

Figure 2. Study procedure.
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Participants’ overall reaction time in milliseconds 
during correct ‘Go’ trials, omission error rate (missed 
Go trials), and false alarm rate (response to NoGo 
stimulus) were calculated.

2.3.4. Assessment of food intake
Food consumption of individuals was evaluated with a 
3-day food record. Records were taken at the begin
ning of the study and between the 26th and 28th 
days of intervention. Consumption records were ana
lyzed using BeBiS  – Nutrition Information System 9 
(Pacific Company, Turkey) [36].

2.4. Data analysis

Statistical analyses were performed using the Statistical 
Package for the Social Sciences (IBM SPSS Statistics, 
version 22.0). The conformity of the variables to the 
normal distribution was assessed using visual 
(histogram and probability graphs) and analytical 
methods (Kolmogorov–Smirnov/Shapiro–Wilk tests). 
Descriptive analyses used the mean and standard devi
ation for normally distributed variables and the median 
and interquartile range for non-normally distributed 
variables (body weight, FGo false alarm rate, FGo omis
sion error). Number and percentage values are given 
for ordinal and nominal variables. The significance 

test of the difference between the two means (T-test) 
was used to compare the measured values of the IG 
and CG, and the Mann–Whitney U test was used for 
data that did not fit the normal distribution. Paired 
Sample T-test was used for the variables of the IG 
and CG that met the criteria for normal distribution, 
and the Wilcoxon test was used for those that did not 
meet the criteria for normal distribution. For statistical 
significance, the total type-1 error level was determined 
as p < 0.05.

2.5. Ethical considerations

All individuals who volunteered to participate in the 
study were given detailed information about the 
study and their consent was obtained. This study 
was conducted in accordance with the principles of 
the Declaration of Helsinki. Ethics committee 
approval was obtained from Istinye University 
Human Research Ethics Committee (Protocol No: 
157, Date: 22.12.2020). The study was registered on 
ClinicalTrials.gov under the number NCT04960969.

3. Results

Thirty adult individuals (CG = 15, IG = 15) between 
the ages of 25–41 participated in the study, and the 

Figure 3. A task flow diagram of the food go (FGo) and the non-food go (NFGo) blocks.
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compliance rate of the individuals in the IG to the TRF 
intervention applied for four weeks was 92.38 ± 4.24% 
(82.14-100%). No participant had a compliance rate 
with the intervention below 80%, so no participants 
were excluded from the study. Using the stratified ran
domization method, 11 female and 4 male participants 
were assigned to each group. Table 1 compares the 
sociodemographic characteristics of the IG and CG. 
IG and CG were similar in terms of age, gender, and 
educational status (p > 0.05).

Energy intake of individuals was evaluated with a 3- 
day food record and the results were presented in 
Table 2. There was no significant difference between 
the energy intakes of the IG and CG groups at baseline 
(p = 0.60). At the end of the intervention, there was no 
significant change in the energy intake of the IG or CG 
(p = 0.16, p = 0.27, respectively).

Table 3 presents data on anthropometric measure
ments of individuals. While there was no change in the 

anthropometric data of the CG (p > 0.05), there was a 
statistical decrease in body weight, BMI, and body fat 
in the IG (p = 0.001; p = 0.00 and p = 0.03, 
respectively).

Table 4 presents data on BIS-11 scores. There was 
no statistically significant difference between the 
groups in related BIS-11 scores (total score, motor 
impulsivity, attention impulsivity, non-planning) at 
baseline (p = 0.41; p = 0.26; p = 0.24 and p = 0.09, 
respectively). After the intervention, the IG’s BIS-11 
total score and BIS-11 non-planning subscale score 
were higher than those of the CG (p = 0.04 and p =  
0.01, respectively). The BIS-11 total score and BIS-11 
attention impulsivity subscale score of the IG differed 
statistically before and after the intervention period (p  
= 0.02 and p = 0.04, respectively).

Table 5 presents Go/NoGo task data. Before the 
intervention, there was no statistically significant 
difference between the groups in Go/NoGo task scores 

Table 1. Sociodemographic characteristics.
Variable Intervention Group Control Group P

Age (years), mean ± SD 28.93 ± 4.30 27.13 ± 2.36 0.06†

Gender, n (%) Female 11 (73.30) 11 (73.30) 1.00⸷

Male 4 (26.70) 4 (26.70)
Educational Status, n (%) Undergraduate Degree Holder 1 (6.70) 0 (0.00) 0.52⸷

Master’s Student / Degree Holder 6 (40.00) 5 (33.30)
PhD Student / Holder 8 (53.30) 10 (66.70)

† Significance test of the mean difference between independent groups (T-test); ⸷ X², chi-square analysis; SD, standard deviation.

Table 2. Energy Intake.
Intervention Group Control Group

X ± SD Mean change(CI 95%) p† X ± SD Mean change(CI 95%) p†

Energy (kcal/day) BI 1628.56 ± 402.49 155.67 (−67.12–378.46) 0.16 1554.95 ± 357.62 36.33 (−30.80–103.47) 0.27
AI 1472.89 ± 483.26 1518.61 ± 308.42

†Within-group Paired Sample T Test; X, mean; SD, standard deviation; BI, before the intervention; AI, after the intervention; CI, confidence interval.

Table 3. Anthropometric measurements.
Intervention Group Control Group

X ± SD
Mean change  

(CI 95%) p† X ± SD
Mean change  

(CI 95%) p†

BMI (kg/m2) BI 23.06 ± 3.37 0.37 (0.20–0.55) <0.001 23.83 ± 3.41 0.90 (−0.07–0.25) 0.26
AI 22.69 ± 3.16 23.74 ± 3.40

Body fat (kg) BI 19.01 ± 4.79 1.08 (0.12–2.03) 0.03 17.73 ± 4.79 −0.22 (−0.77–0.33) 0.41
AI 17.93 ± 5.24 17.95 ± 4.75

Body fat ratio (%) BI 28.92 ± 4.54 1.41 (−0.13–2.96) 0.7 27.11 ± 5.43 −0.47 (−1.35–0.41) 0.27
AI 27.51 ± 4.92 27.59 ± 5.31

Body muscle weight (kg) BI 25.43 ± 6.80 0.33 (−0.50–1.16) 0.41 25.23 ± 5.57 0.25 (−0.76–0.58) 0.12
AI 25.11 ± 6.31 24.98 ± 5.6

Body muscle ratio (%) BI 38.29 ± 3.44 −0.32 (−1.33–0.69) 0.51 38.61 ± 4.80 0.29 (−0.15–0.74) 0.18
AI 38.61 ± 4.10 38.31 ± 4.83

Median (25th-75th percentile) Z p⸷ Median (25th-75th percentile) Z p⸷

Body weight (kg) BI 61.80 (53.20-79.20) −3.35 <0.001 63.80 (55.10-76.60) −0.95 0.35
AI 61.10 (52.90-77.20) 63.60 (54.50-75.90)

† Within-group Paired Sample T-test; ⸷ Wilcoxon test; X, mean; SD, standard deviation; BMI, body mass index; BI, before the intervention; AI, after the 
intervention; CI, confidence interval.
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(for all measurements p > 0.05), but after the interven
tion, the NFGo reaction times of the IG were signifi
cantly shorter than the CG (p = 0.04). FGo and 
NFGo reaction times in the IG were statistically sig
nificantly shortened after the intervention (p = 0.009 
and p = 0.01, respectively).

4. Discussion

This randomized controlled intervention study exam
ined the effects of TRF (16:8) on impulsivity in adults 
over four weeks. Results showed that TRF increased 
impulsivity and decreased body weight, BMI, and 
body fat.

Meta-analysis studies and reviews show that the 
focus is on the effects of TRF on metabolic parameters 
and anthropometric measurements (37-39). A meta- 
analysis by Pellegrini et al. found that this dietary pat
tern resulted in weight loss and reduced blood glucose 
levels [37]. A meta-analysis by Moon et al. determined 
TRF to be a promising strategy to control body weight 
and improve metabolic dysfunction in overweight or 
obese individuals [38]. Yet another meta-analysis 

study examined the effect of early TRF (eTRF), a 
model in which dinner is eaten in the afternoon, on 
the metabolic profile of adults with a BMI above 25 
kg/m2; eTRF reported reduced fasting blood glucose 
and HOMA-IR [39]. The statistically significant 
decrease in body weight, BMI, and body fat of individ
uals who applied TRF in the present study was consist
ent with the results of meta-analysis studies in the 
literature.

A recently published meta-analysis study reported 
that the health effects of TRF practiced under ad libi
tum conditions may be due to a decrease in energy 
intake, and emphasized that this makes it difficult to 
attribute the health effects to TRF or energy restric
tion. In the article, it was reported that there is a 
need for studies comparing the effectiveness of TRF, 
calorie restriction (CR), and TRF with CR [40]. In 
our study, it was observed that there was no decrease 
in energy intake due to TRF and the decrease in body 
weight occurred independently of energy intake.

Limited intervention studies exist examining the 
effects of different dietary patterns and/or nutritional 
supplements on impulsivity in humans [24, 41–44]. 

Table 4. BIS-11 scores.
Intervention Group Control Group

X ± SD Mean change (CI 95%) p† X ± SD Mean change (CI 95%) p†

BIS-11 (total score) BI 55.53 ± 6.37 −3.93 (−7.08 to – 0.79) 0.02 53.47 ± 7.05 −0.07 (−2.26–2.12) 0.95
AI 59.47 ± 7.67 53.53 ± 7.26

BIS-11 (motor impulsivity) BI 11.93 ± 2.49 −0.27 (−1.68–1.15) 0.69 10.93 ± 2.017 0.13 (−0.70–0.97) 0.74
AI 12.20 ± 1.78 10.80 ± 2.145

BIS-11 (attention impulsivity) BI 24.20 ± 3.36 −2.40 (−4.62 to – 0.18) 0.04 24.67 ± 4.12 0.47 (−1.58–2.52) 0.63
AI 26.60 ± 5.15 24.20 ± 4.84

BIS-11 (non-planning) BI 19.40 ± 2.80 −1.27 (−2.65–0.11) 0.07 17.80 ± 2.18 −0.27 (−1.06–0.53) 0.48
AI 20.67 ± 2.99 18.07 ± 2.43

†Within-group Paired Sample T Test; X, mean; SD, Standard Deviation; BIS, Barrat Impulsiveness Scale; BI, before the intervention; AI, after the intervention; 
CI, confidence interval.

Table 5. Go/NoGo task score.
Intervention Group Control Group

X ± SD
Mean change  

(CI 95%) p† X ± SD
Mean change  

(CI 95%) p†

FGo reaction time (ms) BI 318.50 ± 139.92 81.40 (18.60– 
108.76)

0.009 322.38 ± 74.23 17.86 (−12.23– 
47.96)

0.22
AI 254.82 ± 80.21 304.52 ± 71.63

NFGo reaction time (ms) BI 270.59 ± 94.58 41.04 (12.47–69.62) 0.01 294.74 ± 58.23 8.24 (−11.53–28.00) 0.39
AI 229.54 ± 77.25 286.51 ± 72.69

NFGo omission error rate 
(%)

BI 0.98 ± 1.92 0.01 (−0.48–0.49) 0.99 0.27 ± 0.55 −0.01 (−0.55–0.56) 0.10
AI 0.98 ± 1.71 0.27 ± 0.75

NFGo false alarm rate (%) BI 2.40 ± 3.64 −1.07 (−3.50–1.37) 0.36 2.40 ± 4.22 0.53 (−1.31–2.38) 0.55
AI 3.47 ± 4.75 1.87 ± 2.56
AI 2.00 ± 2.51 1.37 ± 1.70

Median (25th-75th 
percentile)

Z p⸷ Median (25th-75th 
percentile)

Z p⸷

FGo false alarm rate (%) BI 0.00 (0.00-0.00) 0.00 1.00 1.97 (1.07-0.00) −0.30 0.76
AI 0.00 (0.00-0.00) 1.71 (0.98-0.00)

FGo omission error (%) BI 0.00 (0.00-2.66) −0.86 0.39 1.66 (0.80-0.00) −0.09 0.93
AI 0.00 (0.00-1.33) 1.64 (0.87-0.00)

†Within-group Paired Sample T-test; ⸷Wilcoxon test; X, mean; SD, standard deviation; BI, before the intervention; AI, after the intervention; FGo, food go; 
NFGo, non-food go; CI, confidence interval.
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A randomized controlled study examining the effect of 
TRF on impulsivity has not been found in the litera
ture. A study of circadian differences’ effects on impul
sivity and food addiction administered a 
Morningness-Eveningness Questionnaire to 1323 uni
versity students and divided them into morning, eve
ning, and intermediate categories according to their 
responses. It has been shown that evening-type indi
viduals were more impulsive than morning-type indi
viduals according to BIS-11, and this increased 
impulsivity promotes food addiction in evening-type 
individuals [45]. Hasler et al. (2022) also showed 
impulsivity to be higher in evening-type individuals 
[46]. The present study hypothesized that TRF, a 
nutritional approach targeting the circadian rhythm, 
may influence impulsivity and determined that impul
sivity, as assessed by BIS-11, increased in individuals 
who applied TRF; further, inhibitory control was 
impaired in these individuals as the Go/NoGo task 
demonstrated. These findings suggested that TRF, 
which was representative of an approach suitable for 
circadian rhythm, may increase impulsivity. This 
finding opposes the findings of Kandeger et al. and 
Hasler et al. It is unclear by what mechanism(s) TRF 
may increase impulsivity. However, since this nutri
tional model is a restrictive approach, it is thought 
that similar results to the effects of energy-restricted 
diets may occur in TRF. Previous studies suggest 
that restrictive feeding may exhibit altered neural 
responses in a food-based Go/NoGo task and changes 
in orbitofrontal cortex activity [35, 47]. In future 
studies, the mechanisms through which the effects of 
TRF on impulsivity may occur and the effects of differ
ent types of TRF (such as eTRF) can be examined.

This study is the first known randomized controlled 
study to examine 4 weeks TRF’s effects on impulsivity. 
A strength of this study is that it was randomized and 
controlled. The limitation of the study is that the 
sample consists of academic staff with at least a bache
lor’s degree in education; data obtained from popu
lations with different education levels and work 
patterns may differ.

The World Health Organization defines health as ‘a 
state of complete physical, mental, and social well-being 
and not merely the absence of disease or infirmity’ [48]. 
Publications that deal with the health effects of TRF 
interventions, which have been growing in the litera
ture in recent years, focus on the physical effects of 
this nutrition model. This study reports that impulsiv
ity, which holds an important place in nutritional atti
tudes and behaviors and may play a role in the 
development of eating disorders, increases when 

TRF is applied for four weeks. The study provides a 
new perspective to experts who want to apply the 
TRF model and a new research area in this field.

Suggestions 

I. More studies of the effects of nutritional models 
on social and mental health at the clinical level.

II. Use of larger samples in studies of the effects of 
different TRF applications (e.g. eTRF) in differ
ent populations.

III. Recognition that TRF, a restrictive nutritional 
approach, can increase impulsivity.

IV. Regular monitoring of nutritional behaviors of 
individuals who apply time-restricted feeding; 
in cases of emergent impaired eating behavior, 
interruption, or termination of TRF.
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