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Abstract

Based on the UCLA Center for Health Policy Research (2016) [20], more than 50% of the
Inland Empire of Southern California have diabetes or prediabetes, 30.5% of San Bernardino
County has high blood pressure, and greater than 66% of this population is overweight. Many
have limited access to health care due to their lower socioeconomic status, and the shortage of
doctors further compounds their access to care. Also, there is a lack of access to healthy,
nutritious foods in the area. Due to convenience and the cheap cost of fast foods, the diets of
many people are high in fat and calories, thus exacerbating the current ailments that plague this
community. Researchers such as Dr. Satchidananda Panda of the Regulatory Biology Laboratory
at the Salk Institute have shown that time-restricted eating (TRE) in rats, regardless of the type of
diet, may help reduce diabetes, obesity, and cardiovascular disease. TRE is a specific form of
intermittent fasting and specifically works in sync with the circadian clock to help the body
perform at its best capacity. In this capstone project, a research survey will be conducted among
the young adult population, focusing mainly on college level students from different colleges in
the US, to see if indeed TRE has any health effects. The hope is that this research will give a
better understanding of TRE and that it may be used in conjunction with other treatments to help

alleviate the problems that plague this community.
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Introduction

People have practiced a form of fasting since early times [15]. Even during the hunter-
gatherer age, people would eat at certain time periods, and not eat during the late evenings [16].
They would fast during the night, and break it in the morning or whenever they found something
to eat [16]. Even with the development of civilization and more food available, people still fasted
for religious reasons. Fast forward to the Industrial Age and the Agricultural Revolution, where
more food was available in more developed countries [13]. Because there was more food
available throughout the day and a large proportion of the population had better access to food,
there emerged an epidemic of obesity, type 2 diabetes, and cardiovascular disease [13].
Previously, researchers thought that the health crisis was due to large caloric intake and the
emergence of fast food restaurants [13]. However, addressing that did not seem to fix the
problem. Currently, scientists are studying the circadian rhythm, and the results are now making
scientists wonder if the disruption of the biological clock from the Industrial Revolution may be
a factor in this current health epidemic. For example, researchers are finding metabolism to be
closely linked to the circadian rhythm [2].

Current Findings on Animal Models

There seems to be an increasing amount of strong evidence that shows that the disruption of
the circadian rhythm may have an impact in one’s general health. Some of the health
consequences they found were an increase in cardiovascular disease, obesity, and cancer [8].
Organs such as the liver seem to also be affected by the circadian clock. When researchers
looked at mouse liver, they found that food availability as well as the feeding time period
affected hepatic rhythmic transcription, showing the important role the circadian clock and

fasting had in liver function [19].



Other researchers have also corroborated the circadian research and showed that with mice
that were fed a high fat diet between an 8-15 hour period, the rodents were protected from
several metabolic diseases compared to the other ones who ate sporadically [12]. They also
found some weight loss and a decrease in inflammation. These results showed the potential of
using time-restricted eating within the human population, for possible weight loss as well as
lowering their risk in being diagnosed with metabolic diseases.

Testing with Human Population

Contrary to what most people might think, many humans eat within a 15 hour timespan. In a
pilot study among adults in India, the daily caloric intake among study participants was found to
be highly erratic and differed from a three-meal convention of eating within a 12-hour interval.
Among 93 individuals, more than 50% ate within 15 hours or longer [5]. In addition, Rydall et.
al, found out that about a third of diabetic young women had an eating disorder and because of
that, was more likely to suffer from diabetic complications, which was namely retinopathy [17].

Different methods have been used to help study the effects of time-restricted eating. A
smartphone app which was developed by Gill et. al was used to keep track of the eating patterns
of eight overweight US adults who ate their meals longer than a 14 hour timespan [4]. Their
average age was 34.4 years [4]. For 16 weeks, participants were required to consume all food or
beverages within a 10 to 12 hour timeframe [4]. Also, every time the participants consumed such
food or beverages, they were required to use the app and send pictures or written descriptions of
their food or drink to the researchers [4]. Based on such data, the total caloric intake for the
participants were calculated [4]. There were no restrictions to limit caloric intake or change what
they ate, but results showed sustained weight loss and improved quality of sleep up to one year

[4]. Another study done by Wilkinson et al. also used a similar app and found identical results



[21]. For 12 weeks, seventeen US adults with metabolic syndrome consumed all their food or
drink within a 10 hour time frame [21]. The average age of the participants was 59 years [21].
Even with no change in physical activity, they found a significant reduction in weight, blood
pressure, and blood glucose [21].

Other studies on time-restricted eating have shown some mixed results. Gabel et al. had found
that when 23 obese participants participated in time-restricted eating over the course of 12
weeks, there were weight loss and blood pressure reduction, but no significant difference in the
fasting insulin and glucose levels [3]. The control group came from a previous weight loss study
and were told to maintain their eating or physical habits [3]. Some of the limitations the
researchers noted were the short duration of the trial period, and that the data from the
participants were self-reported [3]. More research on time-restricted eating and its long term
effects were suggested.

Another study has also concluded the need for more research on time-restricted eating.
Twenty-nine healthy young men from Utah who were 18-26 years of age were assessed on the
effects of restricting their night-time eating [9]. Participants were required to consume all their
foods and beverages between 6 am and 7pm, for it was shown that night-time eating syndrome
occurred after 7pm [9]. Compared to the controls who were instructed to maintain the same
eating and physical habits, the participants under study lost some weight [9]. Though this study
helped support the hypothesis that there was a reduction of energy intake if one did not eat late
during the night, the researchers expressed caution when showing their results [9]. Because the
study lasted only two weeks and the data from the participants were self-reported, the researchers
could only make conclusions on the short term benefits and could not prove any long term

effects [9].



In general, researchers note that regardless of the circadian rhythm, some form of fasting
helps to improve overall health. Called intermittent fasting, this type of diet has shown to not
only help reduce weight, but, as found with time-restricted eating, help reduce other metabolic
diseases [15]. Halberg et. al also found in their study among Caucasian men that insulin had an
enhanced effect on weight loss after intermittent fasting [7]. In addition, intermittent fasting
seemed to ameliorate Alzheimer’s disease in mice [6].

Concerns

More research is needed because previous studies had conflicting results. When Anson et. al,
put mice on an intermittent fasting diet, they found that the mice’s body weight remained the
same [1]. However, they still found reduced serum glucose and insulin levels, leading them to
conclude that intermittent fasting could help with some metabolic processes other than caloric
intake.

Another concern that was raised was the impact of such fasting on patients. Mostly healthy
individuals were utilized in these studies and the impacts fasting may have on the patients were
not yet examined. Also, problems such as diabetes could not be fixed by just one solution.
Multiple problems all worked together to cause that effect. There needed to be more research
done on how fasting would affect the lifestyle of the patients in the long term [22].

Methods

Based on all these evidence, it seemed that time-restricted eating had the potential to curb a
number of diseases including obesity, diabetes, and cardiovascular disease. Though humans had
practiced such a form of diet early on, the exact recordings of its potential effects were recent.
More research study needed to be done to see whether in fact disrupting one’s circadian clock

resulted in the onset of biological problems. Due to this limitation, my capstone project consisted



of a survey, mainly with college students, to see whether a correlation could be made with their
health and with their time of eating.

The platform used to generate the questions was Google Forms. The survey included sixteen
questions, including fill-in-the-blank and multiple choice. The expected time to complete the
survey was about 10 to 15 minutes. All recorded responses were confidential and anonymous.
There was no reimbursement for those who completed the survey. However, to address food
insecurity, several resources for participants were posted at the very end. IRB approval was
obtained in fall of 2019. The survey was then advertised on social media platforms such as
Facebook and Twitter and emailed to the University Honors community. Prior approval was
obtained from University Honors before the survey was sent out to all the students. A copy of the

questions asked and the type of answer choices used are found below.

Table 1: Survey of Questions Asked to Participants

Question Asked Answer Choice Available
1. Are you a college student? If so, what year | Fill in the Blank
are you?
2. Do you currently go to UCR? Yes
UCR alumni
No
3. Are you part of UCR Honors? Yes
No
4. How old are you? (in whole numbers) Fill in the Blank
5. Which of these racial backgrounds best White/Caucasian (non-Hispanic)
describe you? Check all that apply. White (Hispanic)
Black/African American
Asian
Native Hawaiian/Pacific Islander




American Indian/Alaskan Native
More than one race

Other

Decline to Answer

6. How would you perceive your health? Excellent
Very good
Good
Fair
Poor
7. What is your height (in feet)? Fill in the Blank
8. What is your weight (in pounds)? Fill in the Blank
9. On weekdays, when is the average time you [ Fill in the Blank
wake up? What time on weekends? (please
put am or pm)
10. On weekdays, when is the average time Fill in the Blank
you first eat/drink something? What time on
weekends? (please put am or pm)
11. On weekdays, when is the average time Fill in the Blank
you sleep? What time on weekends? (please
put am or pm)
12. On weekdays, when is the average time Fill in the Blank
you last eat/drink something before you sleep?
What time on weekends? (please put am or
pm)
13. Are you diabetic or have prediabetes? Yes
No
I don't know
14. Do you have a family history of Yes
cardiovascular disease? No
15. Do you consider yourself physically active | Yes
most of the time? (e.g., exercising 30 min per | No
day)
16. Are you food insecure? (not having Yes
enough food to eat because of financial No




reasons)

Resources To Help with Food Insecurity: N/A

Calfresh (anyone living in US):
http://mycalfresh.org/the-basics/
R'pantry (UCR students):
https://basicneeds.ucr.edu/rpantry
Local Food Pantries in Riverside:
https://www.freefood.org/c/ca-riverside

Results/Data

The following tables and graphs highlight the results from this study.
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Sleeping Time for Overweight BMI
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Sleeping Time Range for Obese BMI
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Relationship Between BMI Status and Average Eating Time
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Eating Time Range for Overweight BMI
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Eating Time Range for Obese BMI
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Table 2: Percentage Of Those Reported "Yes' To Question

BMI Status
Extreme

Question Obesity |Obese Overweight [Normal Underweight

Diabetes 28.57%| 13.33% 2.22% 1.00% 0.00%

Family History

Cardiovascular 57.14%| 53.33% 22.22%| 17.00% 25.00%

Physically

Inactive 57.14%| 60.00% 44.44%| 36.00% 50.00%

Food Insecurity | 28.57% 6.67% 11.11%| 9.00% 12.50%
Table 3: Comparison of UCR Honors vs Non-Honors Participants

Family History Cardiovascular |Physically Food

Question Diabetic |Disease Inactive Insecurity
Total who
answered ‘Yes”
to Quest. 6 41 102 18
Honors 3.82% 24.43% 67.18% 12.21%
Non-Honors 2.27% 20.45% 31.82% 4.55%
Discussion

Based on research found in Longo and Panda, the hypothesis of this study was that eating

within 8-12 hours helped reduce obesity, cardiovascular disease, and diabetes [11]. After

16




analyzing a total of 175 participants (10 had to be excluded due to being underage or unclear
responses)?, 84% were students from University of California, Riverside (UCR) and

74.3% of the total respondents were part of UCR’s University Honors program. The most
prevalent response group was Asian, which comprised 44.6% of the surveyed population. The
next most common was White (Hispanic) with 25.1% and White/Caucasian (non-Hispanic) with
21.7%. Black/African American was 6.9% of the surveyed population. American Indian/Alaskan
was 0.6%, Native Hawaiian/Pacific Islander was 1.1%, other 7.4%, more than one race was
9.7%, and 1.7% declined to answer.? The age range was between 18 to 50 years old, with
college-age level being the most common (18 to 21 years old) at 84.6%. 88.6% of the
participants considered their overall health excellent, very good, or good. However, 42.9% of the
surveyed population had a Body Mass Index (BMI) that was outside of normal: underweight,
overweight, obese, or extreme obesity. 55.4% of the respondents reported having or experiencing
diabetes, food insecurity, or physical inactivity.

Overall, the sleeping range for each BMI (underweight, normal, overweight, obese, or
extreme obesity) had a higher value during the weekends compared to that of weekdays.
Participants slept more hours during the weekends compared to weekdays, though the exact
values varied from BMI. Correspondingly, the eating time range, which was the time span the
participants consumed all their food or beverages for that day, for each BMI, other than those
who were underweight, was lower during the weekends compared to that of weekdays. Those
who were underweight had a slightly higher eating time range (12.5 hours during the weekend,

12.3 hours during the weekday). A paired t-test was conducted for each BMI to see whether there

! See notes for specific criteria why participants’ responses were excluded
2 |t was possible for participants to select all of the options that applied, which caused the total
percentages to be over 100%.

17



was any significance between the weekdays and weekends for sleeping and eating time range.
The results showed that for sleeping time there was no significance between the weekdays and
weekends for all individuals (underweight, normal, overweight, obese, or extremely obese). The
results were the same for eating time range.

For normal individuals with regards to their eating time, the average range was 11.5 hours
during the weekdays and 10.7 hours during the weekends. Though these values matched the
targeted eating time range which was between 8 to 12 hours [11], it could not be used to
conclusively determine that eating within a certain time range helped contribute to one’s BMI.
The reason was that other than underweight individuals who exceeded the 12 hour eating time
range, the rest of the participants who did not have a normal BMI (overweight, obese, or extreme
obese) also had an eating time range that was within the 8 to 12 hour limit. These values
included the weekdays and weekends. Thus, based on this study, one could not conclude that
time-restricted eating helped contribute to BMI.

The lack of correlation for the different BMI between the weekdays and weekends for eating
and sleeping showed that there was no clear relationship between a change in circadian rhythm
and BMI. This was contrary to the study’s hypothesis that individuals had a significant change in
eating and sleeping patterns during the weekends compared to that of the weekdays and thus had
an increased chance of getting obesity and other health related problems.

The trends from Table 2 matched the expected pattern that with increased BMI there is an
increase in metabolic diseases as diabetes [22]. However, based on this data, it could not be
determined on whether time-restricted eating played a role in reducing cardiovascular disease or

diabetes. Because it was difficult to correlate eating within an 8 to 12 hour period with one’s
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BMI, one could not conclude that time-restricted eating could help with the reduction of
metabolic diseases.

One other aspect this study attempted to learn was whether there was a change in circadian
rhythm. To determine this, participants were asked the average time they woke up and the
average time they went to bed during the weekdays and weekends. From such data points,
participants’ average sleep times were calculated. After doing a paired t-test, it was determined
that there were no changes in sleeping patterns during weekdays and weekends for all
participants (underweight, normal, overweight, obese, or extreme obese). The results showed that
it was not possible to conclude that a change in circadian rhythm was present among
participants’ daily lives.

Though this study showed that there was no significance in time-restricted eating, this did not
mean that it had no impact on a person’s overall health or wellbeing. Time-restricted eating may
work. It was just that this study was unable to show its benefits. There were several limitations
with this study, which included an unequal proportion of racial or ethnic groups, a focus on
college level students, and the inability to actually measure glucose tolerance and body fat levels.
In addition, the information provided was from self-reported data. The study was not an
experiment where participants were instructed to follow a time-restricted diet and then compared
to a control to see if there was any significance. That type of study would have provided more
conclusive results in testing whether time-restricted eating and/or following in sync with one’s
circadian rhythm had any health benefits.

Future Directions
Future directions for this study are to consider smart BMI rather than normal BMI. The smart

BMI adjusts the scale to age, sex, and ethnicity [25]. The results in this study may have been
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skewed due to the fact that different races were not represented equally. Though the study
attempted to survey a more representative population, there was not an equal distribution of
different races. Asians comprised a large proportion of this study, which did not match the
statistics for race and Hispanic origin in the Inland Empire, a region that included Riverside and
San Bernardino Counties. Based on the US Census (2010-2019) for Riverside County, 49.6%
were Hispanic or Latino compared to 7.1% Asian [23], and in San Bernardino County 54.0%
were Hispanic or Latino compared to 7.8% Asian [24]. The reason why the results may need to
be interpreted more carefully was that Asians are now known to have a lower BMI status than
other racial groups, but they still have a higher rate of metabolic diseases [14]. Thus, the trend
that increased BMI led to increased metabolic diseases could not be used for Asian Americans.
Rather, a different criteria needed to be used to assess their BMI. This assessment was further
reinforced by another study which showed that when Asian Pacific BMI standards were used, it
resulted in an improved recovery of Chronic Obstructive Pulmonary Disease (COPD) patients
compared to those who used WHO BMI standards [10].

Another factor that may have contributed to the disparity of the results was that there was a
higher proportion of UCR Honors students (74.3%) compared to those who were not (25.7%). In
all respects regarding the number of those who had diabetes, family history of cardiovascular
disease, physical inactivity, and food insecurity, Honors students had a higher percentage overall
compared to those who were not Honors. In order to standardize the numbers, the values were
calculated by dividing the variable (number of diabetics, physical inactivity, etc.) by the total
number of students in each cohort (Honors vs non-Honors). The data showed that Honors
students were twice as likely than non-Honors participants to be physically inactive and three

times higher than non-Honors participants to have food insecurity. There was no statistical
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difference for diabetes or family history of cardiovascular disease. More study, however, needed
to be done, to conclusively say that Honors students were less physically active and more food
insecure than others. This disparity warranted further exploration and needed to be studied more
extensively before any conclusions were made.

The greatest limitation, however, with this study seemed to be the age range. The majority of
surveyed participants were college level students. As people grew older, their metabolism
decreased, body fat increased, and glucose tolerance decreased [18]. As a result, older
individuals were at a higher risk for metabolic diseases as cardiovascular disease and insulin
resistance in type 2 diabetes. A more accurate assessment could have been made with a
longitudinal cross-sectional study over the Inland population tracking participants who were
middle aged and older. From there, more sophisticated testing that took into account blood
glucose levels, cholesterol levels, and body fat percentage could be used to determine whether
time-restricted eating had an effect. In addition, by reassessing the number of hours they slept
and ate during the weekdays and weekends, an improved evaluation could be made on whether
eating within a certain time period and following in sync with one’s circadian rhythm could help
one live a healthier life.

One potential problem, the researcher foresees is the difficulty in getting patient approval for
participating in these types of studies, thus limiting the sample size. This problem may be
overcome if the researcher is able to procure funding for this research and provide a monetary
incentive to the research participants who complete the study.

Additional Notes
If the BMI was above 40, it was determined to be extreme obesity. Some values were outside

the BMI chart used from the NIH, National Heart, Lung, Blood Institute and had to be calculated
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by hand to determine the BMI. When doing the calculations, the values were not rounded, i.e.
18.479 was considered to be underweight because it was under the threshold of 18.5.

When participants provided fractions as part of their answers, the values were rounded as
whole numbers, i.e. 5.6 ¥a was rounded to 5.6. If there was only one time present for the
weekend, weekday question, it was calculated as the time for both. If they provided a range, the
average hour was calculated and used. There were several cases where participants provided Not
Available as their answer for certain questions. Only the parts where they did not answer were
disregarded. The participants themselves were still included as data points for the sample
population. Ten participants, however, had to be completely disregarded because they were
either underage, unclear, or provided “did not know’ responses.

Some backtracking had to be done when participants provided the wrong units or when the
values they provided sometimes contradicted with the previous values.

Conclusion

Though there were many limitations to this study, this project showed that more conclusive
research needed to be done for time-restricted eating before it could be used as a possible
treatment option for patients. With more research and validated results supporting its benefits,
time-restricted eating had the promise of helping thousands of lives in an efficient and cost-
effective way.
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