
EXCLI Journal 2022;21:300-306 – ISSN 1611-2156 

Received: November 13, 2021, accepted: December 07, 2021, published: January 14, 2022 

 

 

300 

Original article: 

INCONSISTENT EATING TIME IS ASSOCIATED WITH OBESITY:  

A PROSPECTIVE STUDY 
 

Darbaz Adnana , Jonathan Trinha , Faraz Bishehsaria,b,c*  

 
a  Rush Center for Integrated Microbiome and Chronobiology Research, Rush University 

Medical Center, Chicago, IL 60612, USA 
b  Department of Internal Medicine, Division of Gastroenterology, Rush University Medical 

Center, Chicago, IL 60612, USA 
c Department of Anatomy and Cell Biology, Rush University Medical Center, Chicago, IL 

60612, USA 

 

* Corresponding author: Faraz Bishehsari MD, PhD, Associate Professor of Medicine, 

Anatomy and Cell Biology, and Graduate College, Division of Digestive Diseases,  

Associate Director Molecular and Translational Research; Rush Center for Integrated  

Microbiome and Chronobiology Research, Rush University Medical Center, Professional 

Building 1725 W. Harrison St. Suite 207, Chicago IL, 60612, Office: 312-563-4092;  

E-mail: faraz_bishehsari@rush.edu 

 

 
https://dx.doi.org/10.17179/excli2021-4324 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License  
(http://creativecommons.org/licenses/by/4.0/). 

 

ABSTRACT 

Obesity is characterized by an accumulation of redundant body fat linked to metabolic dysregulation and low-

grade systemic inflammation. Lifestyle choices are imperative determining factors of obesity. The contemporary 

lifestyle is associated with behaviors that disrupt circadian rhythms, impacting metabolic homeostasis. Our animal 

and human studies suggest that circadian phenotypes could be related to the risk of metabolic dysregulation and 

obesity. The purpose of this study is to examine the role of inconsistent eating habits on body weight in adults. 

Individuals who presented for colon cancer screening were enrolled. Subjects received structured questionnaires 

to capture 7-day eating and sleeping times in a week prospectively. Bodyweight and height were extracted from 

medical records, and Body Mass Index (BMI) was calculated. Inconsistent eating times were defined as an average 

difference of >2 hours between the largest meal on weekdays and weekends. Forty-nine of the 61 (80.3 %) indi-

viduals enrolled in the study completed the questionnaires. The mean age and standard deviation (SD) were 60.8 

(7.9), and 27 (55.1 %) were male. Subjects with inconsistent eating times had a significantly higher BMI (33.8 ± 

3.6 SD, n = 9) than subjects who did not (27.5 ± 6.5 SD, n = 40; p = 0.001). The highest BMI was observed in 

subjects who ate inconsistently and late (35.8 ± 4.6 SD). In this cross-sectional study, time of eating habits was 

associated with BMI. Controlled cohort studies are needed to determine the potential link between eating time and 

the risk of obesity in the long term. 
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INTRODUCTION 

Obesity and overweight are chronic dis-

eases defined by the accumulation of redun-

dant body fat, which elicits chronic low-grade 

systemic inflammation and metabolic deteri-

oration, contributing to alarming health prob-

lems (Must and McKeown, 2012). The prev-

alence of obesity has nearly tripled globally 
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over the past three decades, making the dis-

ease an epidemic (WHO, 2021). This rapid 

rise in obesity, along with the changes in hu-

man lifestyle, suggests a significant role for 

environmental factors in obesity to such an 

extent that a modern human, if not con-

sciously engaging in weight loss activities, 

would inevitably become obese (Seaman, 

2013).  

Lifestyle choices possess imperative roles 

in determining obesity. For example, many 

studies have demonstrated that excess intake 

of calorie-dense foods with a sedentary life-

style is a primary contributing factor, but the 

etiology of obesity is particularly complex 

(Aronne et al., 2009). For instance, obesity 

has been linked to other behaviors, such as 

disruption of biological rhythms. These 

rhythms are controlled by internal clocks in 

the human body orchestrated by the circadian 

system. The central clock is located in the 

brain and is regulated by the day/night cycles 

(Berson et al., 2002). Disruption of this clock 

through alterations in light/dark cycles, such 

as in night-shift workers, has been associated 

with metabolic dysfunction (Swanson et al., 

2016; Takiishi et al., 2017; Voigt et al., 2014, 

2016).  

The peripheral clock in the intestine, on 

the other hand, is essentially controlled by 

eating time (Stenvers et al., 2012). We and 

others have shown that eating at times misa-

ligned with the light/dark cycles, such as dur-

ing and close to rest time, leads to central-pe-

ripheral dyssynchrony and circadian disrup-

tion in mice (Bishehsari et al., 2020). Further-

more, our recent animal study illustrated that 

this discordance between eating time and light 

cycle with irregular eating habits between 

weekdays and weekends predisposes mice to 

weight gain. Such a behavior is a relevant 

characteristic of the modern human lifestyle 

since individuals commonly consume larger 

meals in the evenings closer to rest/dark 

phases (Takiishi et al., 2017; Voigt et al., 

2014, 2016). However, the role of consistency 

in mealtimes has yet to be thoroughly ex-

plored. Here, we aimed to examine if incon-

sistent eating times are associated with obe-

sity. 

 

MATERIALS AND METHODS 

We prospectively enrolled individuals 

who presented to the Gastroenterology Clinic 

at Rush University Medical Center (RUMC) 

for colon cancer screening. The study was 

carried out according to The Code of Ethics 

of the World Medical Association (Declara-

tion of Helsinki) by obtaining informed con-

sent, and the study protocol was approved by 

RUMC Institutional Review Board (IRB) 

(ORA # 14112503). Subjects with a history of 

Lynch syndrome, familial adenomatous poly-

posis, a recent history of cancer, or inflamma-

tory bowel disease were excluded. Chronic 

comorbidities, identified through structured 

questionnaire or review of subject EMR that 

could affect food/sleep timing were excluded 

(i.e., chronic stage 3 or worse renal failure, 

cirrhosis, advanced neurological conditions 

[e.g., Parkinson's disease, MS, epilepsy], psy-

chological disorders [e.g., PTSD, major de-

pression], sleep apnea, restless leg syndrome, 

inpatient status, advanced cardiac failure [NY 

classification stage III/IV]). 

After obtaining written informed consent 

from each subject, a 7-day questionnaire re-

garding eating and sleeping time was com-

pleted during their routine week (i.e., not trav-

eling). Experts in gastroenterology and nutri-

tion have designed the questionnaire at Rush 

University Medical Center (Chakradeo, 

2018). Subjects were also presented with 

questionnaires on demographics, medical his-

tory, and brief dietary intake characteristics 

for significant food categories that are linked 

to obesity and colorectal cancer (red meat, 

vegetables, fruit, whole grains, fried foods, 

and pickled foods). 

The study subjects were educated on the 

questionnaire by a research coordinator dur-

ing their research visit. They were contacted 

at home as well to address any of their poten-

tial questions on the questionnaire. The ques-

tionnaire was collected when the subject pre-

sented for his/her colonoscopy appointment. 
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Sixty-one individuals were enrolled; only 49 

individuals, 27 males (55.1 %) and 22 fe-

males (44.9 %) completed the study. The 7-

day food structured timing questionnaire cap-

tured reporting time of self-defined eating 

events (breakfast, lunch, dinner, and snacks) 

on both work and free days (Chakradeo, 

2018). 

Inconsistent eating times were defined as 

a difference > 2 hours between the average 

times of the largest meal on weekdays versus 

weekends. Inconsistent eating times were pre-

viously shown to be associated with worsen-

ing inflammation among inflammatory bowel 

disease patients (Chakradeo et al., 2018). Late 

eating was defined as those who ate on aver-

age ≤ 2 hours before going to sleep (St-Onge 

et al., 2017). 

Bodyweight and height were extracted 

from medical records, and Body Mass Index 

(BMI) was calculated (kg/m2). BMI was fur-

ther categorized to underweight (< 18.5 

kg/m2), healthy weight (18.5-24.9 kg/m2), 

overweight (25.0-29.9 kg/m2), and obese 

(>30.0 kg/m2) (WHO, 2021) (Table 1). Com-

pleted questionnaires were collected at the 

time of the colonoscopy. 

Descriptive statistics, Student's t-test, and 

ANOVA were used to analyze the data and 

determine significant differences between 

measurements using SPSS version 26. Fig-

ures were created using Graph Pad Prism 5. 

 
Table 1: Characteristics of the study population 

 Frequency Percent 

Sex   

    Female 22 44.9 

    Male 27 55.1 

Age(mean) ± SD 60.9 ± 7.9  

BMI   

    18.5-24.9 kg/m2 17 34.7 

    25.0-29.9 kg/m2 12 24.5 
    >30.0 kg/m2 20 40.8 

Largest meal   

    Dinner 37 75.5 

    Breakfast or lunch 12 24.5 

RESULTS 

We recruited 61 subjects, of which forty-

nine individuals, 27 male (55.1 %) and 22 fe-

males (44.9 %), prospectively completed and 

returned the 7-day food timing structured 

questionnaire. The mean age of participants 

was over 50 (60.9 ± 7.9 SD) years, as we en-

rolled subjects who presented for colon can-

cer screening, which usually doesn't start until 

age 50 and older (Table 1). 

Subjects with inconsistent eating times 

had a significantly higher BMI (33.8 ± 3.6 

SD, n = 9) than subjects who did not (27.5 ± 

6.5 SD, n = 40; p = 0.001) (Figure 1). There 

was no significant difference in the diet type 

between these two groups (shown in Table 2). 

Individuals with late eating habits had an 

overall higher BMI (29.9 ± 7.4 SD) compared 

to those who did not eat late (27.9 ± 5.9 SD), 

but this did not reach statistical significance 

(p = 0.303). Comparison of the subgroups 

based on the time of eating habits (con-

sistent/inconsistent * late/Not late eating) re-

vealed a significant increase in the BMI of the 

following groups: subjects who ate consist-

ently and early (26.2 ± 5.6 SD), subjects who 

ate consistently and late (29.2 ± 7.4 SD), sub-

jects who ate inconsistently and early (33.3 ± 

3.5 SD), and subjects who ate inconsistently 

and late (35.8 ± 4.6 SD) (P = 0.023) (Figure 

2). 

 

 

Figure 1: Inconsistent eating time and BMI mean 
with standard error of the Mean (SEM) 
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Table 2: Food type consumption 

Food Type* Frequency 
(%) 

p-value 

   

Vegetables 40 (81.6 %) 0.534 

Fresh Fruits 38 (77.6 %) 0.074 

Wheat 29 (59.2 %) 0.319 

Red Meat 12 (24.5 %) 0.495 

Fried Foods 11 (22.4 %) 0.386 

Pickled Foods 3 (6.1 %) 0.490 

* Regular consumption of the food type 
Ɨ We used chi-square to evaluate the food type con-
sumption. There were no significant differences be-
tween the food type consumption among the groups (p-
value > 0.05). 
 
 

 

Figure 2: Subrgroup analysis of the time of eating 
habits. Mean + SEM 
 
 

DISCUSSION/CONCLUSION 

In this study, we prospectively investi-

gated the possible association between eating 

time habits and BMI. Our findings suggest 

that abnormal eating patterns defined by in-

consistent eating patterns, especially if com-

bined with late eating habits, may contribute 

to obesity. 

Circadian rhythms are essential in coordi-

nating biological processes to environmental 

routines such as sleep-active and eating cycles 

(Bishehsari et al., 2016). Nearly every cell in 

the body possesses a molecular clock, which 

is wired to the central clock in the brain that 

is regulated by light-dark cycles. However, 

the clock in our digestive tract could be di-

rectly controlled by food signaling (Scheving, 

2000). As such, abnormal food timing with 

respect to the host activity phase could cause 

central-peripheral dyssynchrony, leading to 

circadian rhythm disruption (Bracci et al., 

2014; Mohawk et al., 2012; Wehrens et al., 

2017). We have shown that wrong time feed-

ing in mice, where the food availability is re-

stricted to the rest phase, causes circadian 

rhythm disruption (Bishehsari et al., 2020). 

Of note, most of our human participants in 

this study consumed their largest meal close 

to their rest phase at night. This data is con-

sistent with studies that employed total energy 

intake distribution patterns and found dinner 

to be the largest meal in the majority of U.S. 

adults (Kahleova et al., 2017). Although late 

eating alone was associated with higher BMI 

in our series, the difference did not reach sta-

tistical significance, likely due to our rela-

tively small sample size, particularly in the 

category of early eaters. 

We found that individuals with incon-

sistent eating patterns had higher BMI than 

those with consistent eating time, while the 

food components were comparable between 

groups. This is consistent with the results of 

our recent study wherein we observed that be-

havioral circadian phenotypes such as irregu-

lar food timing were associated with elevated 

BMI (Alsayid et al., 2021). Interestingly, we 

observed a stronger association of incon-

sistent eating with elevated BMI in those who 

had a late eating habit (Figure 2). Although 

our study's association of time of eating habits 

with obesity is novel, it is consistent with the 

accumulating evidence that features of circa-

dian disruption, such as light/dark shift or 

later meals, are associated with obesity (Bo et 

al., 2014; Leproult et al., 2014; Morikawa et 

al., 2007). Our data is the first to suggest an 

association of obesity with the meal time's 

consistency, assessed over a week. All the 

participants recorded their food timing data 

prospectively for seven days, which mini-

mized any recall bias inherent to retrospective 
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studies. While data on inconsistent meal tim-

ing is scarce, inconsistent sleep timing, de-

fined as > 2 hrs of difference in sleeping times 

between weekdays and weekends (i.e., social 

jet lag), is a common habit associated with 

circadian disruption and a higher risk of obe-

sity and metabolic diseases (Roenneberg et 

al., 2012). The observed association of the in-

consistent meal timing with higher BMI by a 

prospective 7-day questionnaire is consistent 

with our recent observation using a food tim-

ing screener questionnaire (Alsayid et al., 

2021). 

How exactly inconsistent eating patterns 

contribute to obesity requires further investi-

gation. Our findings in animal models suggest 

that abnormal eating time could result in cir-

cadian dyssynchrony and gut dysbiosis, 

which can lead to intestinal barrier disruption 

and metabolic dysfunction (Bishehsari et al., 

2021). Other potential mechanisms can in-

clude food timing effect on hormonal regula-

tion of energy hemostasis and metabolic reg-

ulation (Bishehsari et al., 2020; Johnston et 

al., 2016; Moossavi et al., 2019; Scheer et al., 

2009; Wang et al., 2014).  

In this proof-of-concept study, several 

limitations exist. For example, other unre-

corded confounding factors (i.e., physical ac-

tivity, detailed dietary intake, etc.) could ac-

count for the elevated BMI in the subjects 

who reported inconsistent eating patterns. Ad-

ditionally, the relatively small sample size 

prevents causal or generalizable conclusions. 

As a result, this preliminary data calls for fu-

ture controlled cohort studies using larger 

samples to examine the potential link between 

abnormal eating patterns and predisposition 

to obesity in the long term. 

 

Acknowledgment 

We thank Erika Davis for her assistance 

in the human studies. 

 

Conflict of interest statement 

The authors declare that they have no con-

flict of interest. 

 

Funding sources 

F.B. is supported by NIH: AA025387 

grant. 

 

Author contributions 

D.A. recruited, collected, and prepared 

the dataset on human subjects, analyzed the 

data, and helped with writing the manuscript. 

J.T. helped with data analysis and manuscript 

writing. F.B. designed the study, analyzed the 

data and drafted the manuscript. All authors 

revised and approved the final version of the 

manuscript. 

 

Data availability statement 

Data is available and will be provided 

upon request. 

 

REFERENCES 

Alsayid M, Khan MO, Adnan D, Rasmussen HE, 

Keshavarzian A, Bishehsari F. Behavioral circadian 

phenotypes are associated with the risk of elevated 

body mass index. at Weight Disord. 2021; epub haead 

of print. doi: 10.1007/s40519-021-01276-4.  

Aronne LJ, Nelinson DS, Lillo JL. Obesity as a disease 

state: a new paradigm for diagnosis and treatment. Clin 

Cornerstone. 2009;9(4):9-25; discussion 6-9. doi: 

10.1016/s1098-3597(09)80002-1.  

Berson DM, Dunn FA, Takao M. Phototransduction by 

retinal ganglion cells that set the circadian clock. 

Science. 2002;295(5557):1070-3. doi: 

10.1126/science.1067262.  

Bishehsari F, Levi F, Turek FW, Keshavarzian A. 

Circadian rhythms in gastrointestinal health and 

diseases. Gastroenterology. 2016;151(3):e1-5. doi: 

10.1053/j.gastro.2016.07.036. 

Bishehsari F, Engen PA, Voigt RM, Swanson G, 

Shaikh M, Wilber S, et al. Abnormal eating patterns 

cause circadian disruption and promote alcohol-

associated colon carcinogenesis. Cell Mol 

Gastroenterol Hepatol. 2020;9:219-37. doi: 

10.1016/j.jcmgh.2019.10.011.  

Bishehsari F, Engen PA, Adnan D, Sarrafi S, Wilber S, 

Shaikh M, et al. Abnormal food timing and 

predisposition to weight gain: Role of barrier 

dysfunction and microbiota. Transl Res. 2021;231: 

113-23. doi: 10.1016/j.trsl.2020.11.007.  



EXCLI Journal 2022;21:300-306 – ISSN 1611-2156 

Received: November 13, 2021, accepted: December 07, 2021, published: January 14, 2022 

 

 

305 

Bo S, Musso G, Beccuti G, Fadda M, Fedele D, 

Gambino R, et al. Consuming more of daily caloric 

intake at dinner predisposes to obesity. A 6-year 

population-based prospective cohort study. PloS One. 

2014;9(9):e108467. doi: 

10.1371/journal.pone.0108467.  

Bracci M, Manzella N, Copertaro A, Staffolani S, 

Strafella E, Barbaresi M, et al. Rotating-shift nurses 

after a day off: peripheral clock gene expression, 

urinary melatonin, and serum 17-beta-estradiol levels. 

Scand J Work Environ Health. 2014;40:295-304. doi: 

10.5271/sjweh.3414. 

Chakradeo P. Validity and reliability of the Food 

Timing Questionnaire (FTQ) and Food Timing 

Screener (FTS) [Ph.D.]. Ann Arbor: Rush University, 

2018. 

Chakradeo PS, Keshavarzian A, Singh S, Dera AE, 

Esteban JPG, Lee AA, et al. Chronotype, social jet lag, 

sleep debt and food timing in inflammatory bowel 

disease. Sleep Med. 2018;52:188-95. doi: 

10.1016/j.sleep.2018.08.002.  

Johnston JD, Ordovas JM, Scheer FA, Turek FW. 

Circadian rhythms, metabolism, and chrononutrition in 

rodents and humans. Adv Nutr. 2016;7:399-406. doi: 

10.3945/an.115.010777.  

Kahleova H, Lloren JI, Mashchak A, Hill M, Fraser 

GE. Meal frequency and timing are associated with 

changes in body mass index in adventist health study 

2. J Nutr. 2017;147:1722-8. doi: 

10.3945/jn.116.244749.  

Leproult R, Holmback U, Van Cauter E. Circadian 

misalignment augments markers of insulin resistance 

and inflammation, independently of sleep loss. 

Diabetes. 2014;63:1860-9. doi: 10.2337/db13-1546.  

Mohawk JA, Green CB, Takahashi JS. Central and 

peripheral circadian clocks in mammals. Annu Rev 

Neurosci. 2012;35:445-62. doi: 10.1146/annurev-

neuro-060909-153128.  

Moossavi S, Bishehsari F. Microbes: possible link 

between modern lifestyle transition and the rise of 

metabolic syndrome. Obesity Rev. 2019;20:407-19. 

doi: 10.1111/obr.12784.  

Morikawa Y, Nakagawa H, Miura K, Soyama Y, 

Ishizaki M, Kido T, et al. Effect of shift work on body 

mass index and metabolic parameters. Scand J Work 

Environ Health. 2007;33:45-50. doi: 

10.5271/sjweh.1063.  

Must A, McKeown NM. The disease burden associated 

with overweight and obesity. In: Feingold KR, 

Anawalt B, Boyce A, et al. (eds): Endotext [Internet]. 

South Dartmouth (MA): MDText.com, Inc., 2012. 

Roenneberg T, Allebrandt KV, Merrow M, Vetter C. 

Social jetlag and obesity. Curr Biol. 2012;22:939-43. 

doi: 10.1016/j.cub.2012.03.038.  

Scheer FA, Hilton MF, Mantzoros CS, Shea SA. 

Adverse metabolic and cardiovascular consequences of 

circadian misalignment. Proc Natl Acad Sci U S A. 

2009;106:4453-8. doi: 10.1073/pnas.0808180106.  

Scheving LA. Biological clocks and the digestive 

system. Gastroenterology. 2000;119:536-49. doi: 

10.1053/gast.2000.9305.  

Seaman DR. Weight gain as a consequence of living a 

modern lifestyle: a discussion of barriers to effective 

weight control and how to overcome them. J Chiropr 

Humanit. 2013;20(1):27-35. doi: 

10.1016/j.echu.2013.08.001.  

St-Onge MP, Ard J, Baskin ML, Chiuve SE, Johnson 

HM, Kris-Etherton P, et al. Meal timing and frequency: 

implications for cardiovascular disease prevention: a 

scientific statement from the American Heart 

Association. Circulation. 2017;135(9):e96-e121. doi: 

10.1161/CIR.0000000000000476.  

Stenvers DJ, Jonkers CF, Fliers E, Bisschop P, 

Kalsbeek A. Nutrition and the circadian timing system. 

Progr Brain Res. 2012;199:359-76. doi: 

10.1016/B978-0-444-59427-3.00020-4.  

Swanson GR, Gorenz A, Shaikh M, Desai V, 

Kaminsky T, Van Den Berg J, et al. Night workers with 

circadian misalignment are susceptible to alcohol-

induced intestinal hyperpermeability with social 

drinking. Am J Physiol Gastrointest Liver Physiol. 

2016;311(1):G192-201. doi: 

10.1152/ajpgi.00087.2016.  

Takiishi T, Fenero CIM, Camara NOS. Intestinal 

barrier and gut microbiota: Shaping our immune 

responses throughout life. Tissue barriers. 

2017;5(4):e1373208. doi: 

10.1080/21688370.2017.1373208.  

Voigt RM, Forsyth CB, Green SJ, Mutlu E, Engen P, 

Vitaterna MH, et al. Circadian disorganization alters 

intestinal microbiota. PloS One. 2014;9(5):e97500. 

doi: 10.1371/journal.pone.0097500.  

Voigt RM, Summa KC, Forsyth CB, Green SJ, Engen 

P, Naqib A, et al. The circadian clock mutation 

promotes intestinal dysbiosis. Alcohol Clin Exp Res. 

2016;40:335-47. doi: 10.1111/acer.12943.  

Wang JB, Patterson RE, Ang A, Emond JA, Shetty N, 

Arab L. Timing of energy intake during the day is 

associated with the risk of obesity in adults. J Hum 

Nutr Diet. 2014;27(Suppl 2):255-62. doi: 

10.1111/jhn.12141. 



EXCLI Journal 2022;21:300-306 – ISSN 1611-2156 

Received: November 13, 2021, accepted: December 07, 2021, published: January 14, 2022 

 

 

306 

Wehrens SMT, Christou S, Isherwood C, Middleton B, 

Gibbs MA, Archer SN, et al. Meal timing regulates the 

human circadian system. Curr Biol. 2017;27:1768-

75.e3. doi: 10.1016/j.cub.2017.04.059.  

WHO. Obesity and overweight: Geneva: World Health 

Organization, 2021. [cited 2021 August 19]. Available 

from: https://www.who.int/news-room/fact-

sheets/detail/obesity-and-overweight. 

 

 

http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight
http://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight

