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This research aims to investigate the effect of 16/8 intermittent fasting on type 2 diabetes. When people eat during an eight-hour period 
and fast for the remaining sixteen hours of a 24-hour day it is identified as 16/8 intermittent fasting (IF); water and black coffee are gen-
erally allowed. Adult type 2 diabetes is one of the most common global metabolic disorders with a global prevalence that increased by 
almost 4% from 1980 to 2014. In this meta-analysis, nine qualified studies were collected from the PubMed website and the University 
of New Brunswick online library. The calorie intake of control and treatment groups was collected to evaluate the difference between 
16/8 IF and a normal diet. The differences in fasting blood glucose levels before and after the IF intervention reflect the severity of type 
2 diabetes.

The results of the meta-analysis show that fasting blood glucose decreased among people with type 2 diabetes who followed 16/8 
IF. Thus, IF could be considered as an intervention to slow down the progression of type 2 diabetes without the use of medication.

INTRODUCTION 
Intermittent fasting (IF) is an eating pattern where people do not 
eat during certain periods of a day or days in a week (Gunnars, 
2017). In Michael Mosley’s 2012 study, he conceptualized 16/8 
IF, in which people consume carbohydrates, proteins, and fats that 
contain energy in a consecutive eight-hour period, and fast for the 
remaining sixteen hours of a day. In addition, he proposed introduc-
ing IF into clinical trials. Intermittent fasting is primarily different 
from a normal diet routine in eating time and the amount of calorie 
intake. Recent studies have shown that IF can reduce body weight 
and the risk of metabolic syndrome --- a group of chronic diseas-
es including type 2 diabetes mellitus (T2DM), hypertension, and 
obesity (Cho et al., 2019; Eckel et al., 2005; Hameed et al., 2015)
Currently, T2DM is one of the most common global metabolic 
syndromes, which is increasing rapidly. Between 1980 and 2014, 
its global prevalence increased from 4.7% to 8.5%, with a total of 
314 million people having been diagnosed in 2014 (Wang et al. 
2021). T2DM is characterized by insulin resistance, a scenario in 
which human body cells cannot respond to insulin normally, and 
thus glucose cannot be transferred into cells and used as energy 
(Taylor 2012). A high fasting blood glucose level is referred to 
glucose intolerance (Olatunbosun, 2022) (Goyal et al. 2021). The 
more glucose-intolerant a person is, the more severe that T2DM is, 
and the more likely that diabetic patients will develop some cardio-
vascular disease (Reaven 2006). For instance, glucose intolerance 
may increase blood viscosity and decrease blood mobility, thus, 
increasing the risk of blood clot formation (Mushtaq et al., 2019). 
The formation of a blood clot may lead to serious consequences, 
even death. Therefore, it is necessary to prevent the further pro-
gression of T2DM. This research is aimed to explore how 16/8 IF 
slows down the progression of T2DM.

Some research suggests that IF induces changes in gut mi-
crobiota that can activate the phosphorylation of insulin recep-
tors and thus, interfere with the metabolic pathway to increase 
the absorption of insulin (Caricilli & Saad, 2013, Zhang et al., 
2014). The gut microbiota includes bacteria and archaea which 
are living in a mammal’s digestive system (Moszak et al. 2020). 
In a 4-week crossover mouse study, 16/8 IF induced protective 
changes in gut microbiome metabolic pathways, when compared 
to a usual dietary pattern; the richness of Lactobacillaceae and 
Bacteroidaceae increased (Cignarella et al., 2018). In particular, 
the presence of Lactoacillaceae in the small intestine increased 
insulin secretion due to augmented incretin release, which is a 
group of hormones simulating a decrease in blood glucose level 
(Simon et al., 2015). Bacteroidaceae inhibits the expression of 
fast-induced adipokine (Fiaf), which acts as a powerful signal to 
prevent the formation of glycogen and fat storage and enhance 
glucose intolerance (Mandard et al., 2006). 

In Bäckhed’s study, six germ-free adult C57BL/ mice were 
subjected to a 14-day crossover IF experiment. The group of mice 
were evenly distributed into one control group with normal diet 
and one treatment group with IF. At the end of the experiment, 
mice from the treatment group experienced a 60% increase in 
body fat content of the distal intestines. In the meantime, fasting 
blood glucose and insulin levels increased as well (Bäckhed et 
al., 2004). Despite reduced energy intake, the absence of Bacte-
roidaceae led to the increase of body fat and fasting blood glucose 
levels. In Mitev and Taleski’s experiment, they utilized obese 
adult mice to detect if the presence of Bacteroidaceae may reduce 
the content of body weight and lower fasting blood glucose level 
(Mitev & Taleski, 2019). The mice with the Bacteroidetes diet 
had decreased body weight and lowered fasting blood glucose 
levels more than the control group mice without the Bacteroida-
ceae diet. Therefore, Bacteroidaceae has the potential to improve 
insulin resistance in mice. Thus, IF could improve insulin resis-
tance by influencing gut microbiota, especially Bacteroidaceae.
However, most current studies were focusing on the effect of 16/8 
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IF within 4 weeks. Long-term investigations lasting beyond 8 
weeks are lacking (Cao et al. 2019, Le Chaterlier et al. 2013). 
Therefore, the approach of this study was to investigate the long-
term effect of 16/8 IF on type 2 diabetes. 
Pathogenesis of type 2 diabetes

After a healthy person eats, the pancreas secretes insulin, 
then the body’s cells respond by absorbing glucose into cells. 
Glucose is used as fuel for cells to maintain cellular activity, and 
excess glucose is converted into glycogen by the liver for storage. 
For people with type 2 diabetes, insulin is normally secreted, but 
cells do not respond to it, therefore glucose is left in the blood-
stream instead of being transferred into cells (Taylor 2012). High 
blood glucose level is one of the symptoms of type 2 diabetes. 
The lack of glucose absorption often leads to hunger for people 
with type 2 diabetes, which makes them intake more calories. 
Therefore, obesity is usually affiliated with type 2 diabetes, which 
is an independent risk factor for type 2 diabetes (Stanaway et al., 
2018). The fasting blood glucose is measured before people eat 
and is used as an index to determine the severity of type 2 diabe-
tes. Healthy fasting blood glucose is below or equal to 100mg/dL 
(World Health Organization, 2021). As the magnitude of fasting 
blood glucose increases, the severity of type 2 diabetes increases. 
To understand and treat type 2 diabetes, researchers have manip-
ulated several factors that could influence glucose intolerance or 
insulin resistance (He et al. 2018, Gao et al. 2019). 
The positive effect of gut microbiota on type 2 diabetes

Observational studies concluded that people with type 2 
diabetes have lower numbers of beneficial gut microbiota than 
healthy people, such as Lactobacillus and Bacteroides (Gurung 
et al. 2020). Gurung utilized 42 human studies to investigate the 
effect of Lactobacillus on the human body in clinical trials by 
meta-analysis method. The studies he collected show that there 
was an improvement in glucose metabolism after feeding genet-
ically diabetic mice with an extra Lactobacillus diet. Also, four 
clinical trials show Lactobacillus exerted the effect on reducing 
type 2 diabetes symptoms. Lactobacillus helps itself and other 
probiotics co-exist in the human gut by secreting mucins, the 
chemical substance helps probiotics stick firmly to host cells and 
colonize local tissues (Zhang et al. 2019). Fåk’s experiment val-
idates Gurung’s conclusion that Lactobacillus can reduce body 
weight and decrease blood glucose level (Fåk & Bäckhed, 2012). 
Fak distributed 8-week-aged Apoe-/- mice into treatment groups 
with feeding Lactobacillus in a normal daily diet cycle, and a 
control group without bacteria feeding. Twelve weeks later, mice 
receiving bacterial feeding gained less body weight than the con-
trol group mice. Gurung also used six db/db mice in another ex-
periment and found that the Bacteroides could effectively lower 
blood glucose level and decrease the level of insulin resistance. 
Therefore, the amount of Lactobacillus is directly related to the 
adjustment of insulin resistance, which can further lead to type 2 
diabetes treatment. A symbiotic relationship also exists between 
Lactobacillus and Bacteroides. Yang’s research concludes that as 
the amount of Lactobacillus microbiota increases to a certain lev-

el, the Bacteroides will be more active since they can adhere to the 
intestinal wall (Yang et al. 2016). This research suggests that type 
2 diabetes can be improved by adjusting gut microbiota. Even 
though this research was not aimed to investigate the effect of gut 
microbiota on type 2 diabetes specifically, the background infor-
mation of gut microbiota provided information of its mechanism 
on manipulating type 2 diabetes. Since IF could positively impact 
gut microbiota in the following paragraph, the effect of IF on type 
2 diabetes was interconnected via microbiota. 
Intermittent fasting diet on gut microbiota

As the pathogenesis and factors that could affect type 2 di-
abetes are identified, how to treat it becomes a new problem. In 
Cignarella’s study, he found that the db/db mice in 2-week 16/8 
IF had greater amounts of active gut microbiota than mice that 
do not proceed with IF. Since gut microbiota plays a role in nu-
trient absorption, metabolism, and storage in animal’s body, IF 
could affect the human body by regulating the antioxidant signal-
ling pathways of the gut microbiota by controlling energy intake 
(Cignarella et al., 2018). Human participants performed in the ex-
periment also confirmed the benefit of 16/8 IF on gut microbiota. 
Halberg’s study involved eight healthy young men whose body 
mass index was 25.7± 0.4 kg/m2. The participants were subjected 
to 16/8 IF every second day for 15 days (Halberg et al. 2005). This 
experiment was the first to show the effect of intermittent fast-
ing diet on human in decreasing insulin resistance and increasing 
cellular glucose intake. These studies have demonstrated that IF 
indirectly improved type 2 diabetes by altering the amount of gut 
microbiota, but they were done in animal studies or short-term hu-
man studies. therefore, this research study is aimed to investigate 
the effect of long-term 16/8 IF which duration is longer than 12 
weeks on treating type 2 diabetes. 
Gap and Research Purpose

Several systematic reviews and meta-analyses have shown 
that there are effects of a short-term 16/8 intermittent fasting diet 
on weight loss and insulin resistance in participants with type 2 
diabetes (Barnosky et al., 2014, Seimon et al. 2019, de Cabo et al. 
2019). However, the effect of IF on glycemic control in patients 
with type 2 diabetes remains inconclusive, with little data regard-
ing long-term effects in senior patients in a typical area (Harris 
et al., 2018, Huseinovic et al., 2016). Therefore, this research 
systematically reviewed how would long-term 16/8 intermittent 
fasting diet impact type 2 diabetes. 
METHOD
This meta-analysis aims to answer the research question: “Can 
long-term 16/8 intermittent fasting benefit type 2 diabetes?” Me-
ta-analysis is a statistical method to approach an unknown result 
when multiple academic studies address the same question. Each 
study provided some degree of error, meta-analysis derived an 
overall estimate close to the unknown result according to these 
errors (Herrera Ortiz et al., 2021). 
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ALIGNMENT
Meta-analysis was strictly performed according to the Preferred 
Reporting Items for Systematic Review and Meta-analysis state-
ment (Moher et al., 2009). To find the most appropriate method 
to perform, other frequently used methods such as experiments, 
randomized noninferiority trials, and sampling were considered as 
well. However, animal models, large sample groups and lab exper-
iments could not be achieved. Therefore, meta-analysis was con-
sidered as the aligned method. Meta-analysis was a trustworthy 
method to investigate medical health related questions since the 
collected studies were academically credible. In this research 
study, meta-analysis was used as a non-experimental, quantitative 
method. The null hypothesis was that the long-term IF did not im-
pact type 2 diabetes. The alternative hypothesis was that the long-
term IF exerted a rule of improving type 2 diabetes.
VARIABLES
The amount of calorie intake became the independent quantitative 
variable. The unit of calorie intake was kcal. 
Fasting blood glucose level was the dependent variable so that the 
severity of type 2 diabetes could be evaluated quantitatively. Due 
to the various eating time among selected studies, measuring par-
ticipants’ blood glucose level before they eat could minimize the 
environmental impact. The unit of fasting blood glucose level is 
mg/dL.

Every qualified study contained one treatment group with 
proceeding 16/8 IF, and one control group proceeding normal 
three-meal routine instead of 16/8 IF. The calorie intake before 
the treatment group proceeded with IF was recorded as “baseline” 
in both treatment and control groups. The average calorie intake 
during treatment groups proceeded IF was recorded as “after” in 
both treatment and control groups. The fasting blood glucose was 
recorded as a “baseline” value before treatment groups proceeded 
with IF. The fasting blood glucose was recorded as an “after” value 
after treatment groups completed IF.
PARTICIPANT
The total number of participants was 525 of which 318 partici-
pants were in the treatment groups and 207 participants were in 
the control groups. 149 males and 147 females were involved in 
this study; 229 participants were not specified gender. All general 
characteristics were included in Table 1.
DATA COLLECTION INSTRUMENTS
Studies published between January 1st, 2017, to November 30th, 
2021, were gathered from English language academic websites in-
cluding PubMed and the UNB Library website. Other databases 
such as EMBASE was accessed via UNB Library. In addition to 
this, reference lists of selected articles were also screened.

Keywords used for searching included “intermittent fasting”, 
“16/8 intermittent fasting diet”, “prediabetes”, “type 2 diabetes”, 
“obesity”, “cardiovascular disease”, and “fasting blood glucose”.

Review Manager (RevMan) is a meta-analysis software from 
Cochrane. This program can graphically show the overall effect 
for all selected studies and the individual effect from each study 
respectively. 

PROCEDURE
All peer-reviewed studies were found in PubMed and UNB 

Library website by typing key words “intermittent fasting diet”, 
“type 2 diabetes”, “obesity”, and “blood glucose level”. Me-
ta-analysis was based on study selection that fit specific criteria. 
The selected studies had to meet all following criteria: all partici-
pants included were adult patients between 45 to 65 years old who 
had been diagnosed with type 2 diabetes; the treatment group only 
proceeded 16/8 intermittent fasting diet; the study designs were a 
noninferiority randomized trial or control experiment; the change 
in calorie intake and fasting blood glucose level were included, 
and the duration of the study was between 12 to 52 weeks. North 
America was the only region included in this research. The region 
of participants was assumed to be the same as the authors of the 
study.

If studies included these conditions, they were excluded: 
animal study, non-randomized trial, observational study, review, 
or pilot study; the treatment group continued a very-low calorie 
restriction diet, 5:2 intermittent fasting diet (the pattern of normal 
three-meal routine for 5 consecutive days per week and no calorie 
intake for remaining two days), 12/12 intermittent fasting diet (the 
pattern of taking calorie for randomly consecutive 12 hours per 

Figure 1. The distribution of meta-analysis studies on the 
North America map
Note. The red location icons illustrated the city of the first 
author’s institution.
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Table 1. Characteristics of nine crossover studies included in the meta-analysis
Note. M=male, F=female, P=participant who did not specify gender, y.o=average year old around nearest integer.
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day and no calorie intake for the remaining 12 hours); the duration 
of intervention was shorter than 12 weeks; the region of authors 
was not in North America; the fasting blood glucose levels before 
and after the experiment were not specified; the published date of 
the paper was not in the range of 1st January 2017 to 30th Novem-
ber 2021, or the age of participants was not specified. 

A total of 3284 peer-reviewed studies were screened accord-
ing to the search engine. 1120 duplicate documents were eliminat-
ed, 1and 609 documents were not selected due to improper time 
range. Finally, 323 studies were selected by reviewing titles and 
abstracts, 116 studies were not using a 16/8 intermittent fasting 
diet, 48 studies were not in the 45-65 age range, 137 studies lasted 
shorter than 12 weeks, and 13 studies were not in North America. 
A total of 9 studies were left that met all criteria as shown in Table 
1. The distribution of locations was shown in Figure 1.

The locations of meta-analysis studies by study number or-
der included Saskatoon, SK Canada; Chicago, IL, USA; Durham, 
NC, USA; San Francisco, CA, USA; Ann Arbor, MI, USA; Baton 
Rouge, LA, USA; Stanford, CA, USA; Los Angeles, CA, USA; 
and San Diego, CA, USA. 

The comparison of calorie intake between treatment groups 
and control groups was utilized to quantitatively demonstrate the 
effect of 16/8 IF. The change in fasting blood glucose level could 
evaluate whether the type 2 diabetes improved or not. The differ-
ence between calorie intake and change in blood glucose level be-
fore and after intermittent fasting diet were analysed to explain the 
effect of intermittent fasting diet on type 2 diabetes. 

The difference of fasting blood glucose level between base-
line and after-IF in treatment group and control group in every 

study was utilized in RevMan. The result was shown graphically 
in Figure 4. 

The effect of the difference of fasting blood glucose level 
in individual study and overall effect among nine studies would 
show whether the result favours the control group or treatment 
group. The result could evaluate the effectiveness of long-term 
16/8 IF. The p-value in this meta-analysis would be calculated 
and compare with the critical p value, 0.05. If the experimental p 
value was less than 0.05, the null hypothesis would be rejected. If 
the experimental p value was greater than 0.05, the null hypothe-
sis would not be rejected. 

The x-axis represents the study number, complementary to 
Table 1. The y-axis represents calorie intake during IF in kcal. 
Blue and green bars represent treatment group and control group 
respectively. As the graph shows, there is not a large difference be-
tween treatment group and control group in calorie intake among 
nine studies. This phenomenon demonstrates that the treatment 
groups consume approximate the same amount of calorie as con-
trol groups.

The x-axis represents the study number, complementary to 
Table 1. The y-axis represents baseline of fasting blood glucose 
level in mg/dL. Blue and green bars represent treatment group and 
control group respectively. There is not a large difference between 
treatment and control group for baseline of fasting blood glucose 
level of any of 9 studies. The fasting blood glucose level in study 
#1 and study #5 are relatively higher than other 7 studies.

The x-axis represents the study number, complementary to 
Table 1. The difference in fasting blood glucose is calculated by 
subtracting the mean value of baseline of fasting blood glucose 

Figure 2. Comparison of calorie intake during intermittent fasting diet in treatment groups and control groups.
Note. The error bars show standard errors, and they were illustrated in the following graphs.
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Figure 3. Baseline of fasting blood glucose in treatment groups and control groups

Figure 4. Changes of blood glucose level between treatment group and control group
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Based on Figure 2, the difference in calorie intake during experi-
ment between control groups and treatment groups was not signifi-
cant. Since each trial was conducted at a different time, eating time 
was not able to be an independent variable to quantify the effect 
of 16/8 IF on type 2 diabetes. According to the National Health 
Service, the recommended calorie intake for an adult is 1600-2500 
calories a day. In this research study, the treatment group consumed 
an average of 2043 kcal a day, while the control group consumed 
an average of 2155 kcal a day, both within healthy levels of 2000-
2500 kcal per day. Therefore, calorie intake during 16/8 IF was 
not much different from daily intake. The factor that could reduce 
diabetes may not be calorie intake, eating time could be considered 
as the influential factor.

The baseline of fasting blood glucose demonstrated the sever-
ity of type 2 diabetes in each group before IF as shown in Figure 
3. This was compared with fasting blood glucose levels after IF 
so that whether fasting improves diabetes could be demonstrated. 
Figure 4 illustrated that decreases in fasting blood glucose existed 
in seven out of nine experimental groups, group 1, 4, 5, 6, 7, 8, 9 
respectively. The average decrease in treatment group was 4.65% 
as compared to baseline. The average decrease in control group 
was 1.58% as compared to baseline. By comparing the baseline 
decreases in treatment groups with control groups, the treatment 
groups applied a more noticeable decrease on reducing fasting 
blood glucose level than control groups. Additionally, after the ex-
periment, the average fasting blood glucose in treatment groups 
was 102.69mg/dL, which was close to the normal blood glucose 
level of 100.00mg/dL. The magnitudes of the change in fasting 
blood glucose level were adopted in RevMan meta-analysis pro-
gram, so that the results could be demonstrated more accurately 
and precisely. 
     The RevMan program analysis demonstrated the impact of IF 
on the overall population through the differences in fasting blood 
glucose of control and treatment groups. In eight of the nine stud-
ies, the treatment groups had a greater effect on improving fasting 

from the mean value after the experiment. The y-axis represented 
difference of fasting blood glucose level (after-baseline) in mg/
dL. Blue and green bars represented treatment group and control 
group respectively. The bars above 0-axis represented the fasting 
blood glucose level after experiment was higher than before. The 
bars below 0-axis represented the fasting blood glucose level after 
experiment was lower than before. The difference in fasting blood 
glucose level was considerably large between treatment and con-
trol group in all 9 studies. However, study #2 and study #3 had 
a positive difference in treatment groups, and study #4, study #6, 
and study #8 had a positive difference in control groups. Study 
#5 had the greatest magnitude of change in fasting blood glucose 
level in treatment group and control groups.

The magnitudes of difference and standard errors of in fast-
ing blood glucose level from treatment groups and control groups 
were from Figure 4. Since standard deviation (SD) was required 
for the RevMan analysis, they were not shown in Figure 2, 3, and 
4. Standard deviation was converted by taking standard error and 
multiplying the square root of the number of participants in each 
group. The vertical line of zero represents no effect. The right 
side of vertical line indicates results favoured to control groups, 
without proceeding IF. The left side vertical line indicates results 
favoured to treatment groups, with proceeding of IF. The diamond 
at the bottom indicated the overall effect, and the horizontal whis-
ker lines indicated 95% confidence interval of individual studies 
by study number order from top to bottom. The squares in the 
middle of lines indicated effect estimate for each study. On the 
bottom of diagram, the p value was 0.003 and heterogeneity value 
was 94%.
DISCUSSION
Few studies had investigated the effect of long-term 16/8 intermit-
tent fasting diet on type 2 diabetes among a certain aged patients 
in particular area. This meta-analysis evaluated the effect of 12 to 
52 weeks 16/8 intermittent fasting diet randomized trials studies 
that targeted to 45-65 aged people in North America. 

Figure 5. RevMan analysis for the standard mean difference
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blood glucose level than the control groups. The bottom diamond 
is on the left of the “no-effect” line, which means the treatment 
groups have a more significant effect on decreasing blood glu-
cose level than control groups. This meta-analysis illustrated that 
IF had the effect on reducing fasting blood glucose and thus im-
proving type 2 diabetes. The p value was 0.003, which was less 
than the critical p value 0.05. The experimental p value rejected 
null hypothesis, which is the long-term IF did not impact type 2 
diabetes. The RevMan meta-analysis results suggest that long-
term 16/8 intermittent fasting diet contributed to reduce type 2 
diabetes patients’ fasting blood glucose level and improve type 
2 diabetes. 

The result of this meta-analysis research was compared with 
Lichtash’s study, which was utilizing a case-study with proceed-
ing 14 months 16/8 intermittent fasting diet for a woman with 
type 2 diabetes (Lichtash et al. 2020). The screening conditions 
set up in this research were the same as those of the subjects stud-
ied in Lichtash’s paper, such as participant with type 2 diabetes, 
the same age and region restriction, and both utilized long-term 
16/8 intermittent fasting diet. The only difference was that this 
research covered more participants, and her paper only included 
one participant. Lichtash’s study concluded that after 14-month 
observation, the participant’s haemoglobin A1c (HbA1c) was re-
duced from 9.3% to 5.8%. Based on Centers for Disease Control 
and Prevention, the reduced magnitude 5.8% was in prediabetes 
range (CDC, 2018). Linchatah’s study and this meta-analysis re-
search both validated that the long-term 16/8 intermittent fasting 
diet existed a positive impact on improving type 2 diabetes. 

The current clinical trials confirmed that the medicine such 
as sulfonylureas and insulin were beneficial to treat type 2 di-
abetes. The short-term of 16/8 intermittent fasting diet was al-
ready introduced to clinical trials (Pfeiffer & Klein, 2014). As the 
benefit of long-term intermittent fasting diet on treating type 2 
diabetes was shown by this research, doctors should recommend 
long-term 16/8 intermittent fasting diet for clinical use. During 
intermittent fasting diet, the calorie intake for treatment groups 
was 2043 kcal per day, which was within the healthy range of 
energy for a healthy adult should consume in a day. Therefore, 
the nine studies included in this research did not negatively affect 
the health of the participants. Thus, long-term 16/8 IF would be 
considered as an option.
LIMITATIONS AND FUTURE DIRECTIONS
The heterogeneity value (I2) refers to the variation of study out-
comes between studies included in the meta-analysis. I2 values 
were interpreted as follows: 0% to 40%, no important hetero-
geneity; 30% to 60%, moderate; 50% to 90%, substantial; and 
75% to 100%, considerable heterogeneity (Cho et al. 2019). 94% 
heterogeneity was in this meta-analysis. This might be caused 
by a large age range and location variation. As Figure 1 shows, 
the easternmost city Durham, is 4,542 kilometers away from the 
westernmost city, San Francisco. The northernmost city Regina is 

2489 kilometers away from the southernmost city, Baton Rouge 
(Google Map). The heterogeneity value could be decreased by 
narrowing down the scope of age range and location distribution. 
This limitation provided advice for future researchers. 
The effect of 16/8 intermittent fasting diet could be various be-
tween females and males. However, in this research, participants’ 
gender was not specified in every study. Study #3 and study #8 
remained inconclusive on participants’ gender. Therefore, the ef-
fect of long-term 16/8 IF between different genders could be an 
alternative question for future researchers.
     Currently, intermittent fasting diet is primarily utilized as re-
ligious behavior, the medical use of intermittent fasting diet as 
a type 2 diabetes treatment was not widely utilized yet. Devel-
oping people’s recognition that 16/8 intermittent fasting diet can 
improve type 2 diabetes and being able to consider 16/8 IF as an 
alternative lifestyle is inconclusive yet. Therefore, how to encour-
age people to adopt 16/8 intermittent fasting diet as a lifestyle is 
a worthy direction from a human behavioral standpoint (Adafer 
et al., 2020). 
ACKNOWLEDGEMENT
I acknowledged Mrs. Jocelyn Wells, AP Research teacher at St. 
Malachy’s Memorial High School, for providing me with assis-
tance on necessary skills and theories involved in conducting this 
research study. I acknowledged Dr. Stephan Dombrowski, PhD, 
of Faculty Kinesiology, University of New Brunswick Freder-
icton for providing me with assistance with human behavioral 
knowledge. 
REFERENCE
Adafer, R., Messaadi, W., Meddahi, M., Patey, A., Haderbache, A., Bayen, S., & 

Messaadi, N. (2020). Food Timing, Circadian Rhythm and Chrononutri-
tion: A Systematic Review of Time-Restricted Eating’s Effects on Human 
Health. Nutrients, 12(12), 3770. https://doi.org/10.3390/nu12123770

Arnason, T. G., Bowen, M. W., & Mansell, K. D. (2017). Effects of intermittent 
fasting on health markers in those with type 2 diabetes: A pilot study. World 
Journal of Diabetes, 8(4), 154. https://doi.org/10.4239/wjd.v8.i4.154

Barnosky, A. R., Hoddy, K. K., Unterman, T. G., & Varady, K. A. (2014). Intermit-
tent fasting vs daily calorie restriction for type 2 diabetes prevention: a re-
view of human findings. Translational Research, 164(4), 302–311. https://
doi.org/10.1016/j.trsl.2014.05.013

Bäckhed, F., Ding, H., Wang, T., Hooper, L. V., Koh, G. Y., Nagy, A., Semenkov-
ich, C. F., & Gordon, J. I. (2004). The gut microbiota as an environmental 
factor that regulates fat storage. Proceedings of the National Academy of 
Sciences, 101(44), 15718–15723. https://doi.org/10.1073/pnas.0407076101

Cao, S.-Y., Zhao, C.-N., Xu, X.-Y., Tang, G.-Y., Corke, H., Gan, R.-Y., & Li, H.-
B. (2019). Dietary plants, gut microbiota, and obesity: Effects and mech-
anisms. Trends in Food Science & Technology, 92, 194–204. https://doi.
org/10.1016/j.tifs.2019.08.004

Caricilli, A., & Saad, M. (2013). The Role of Gut Microbiota on Insulin Resis-
tance. Nutrients, 5(3), 829–851. https://doi.org/10.3390/nu5030829

Carter, S., Clifton, P. M., & Keogh, J. B. (2018). Effect of Intermittent Compared 
with Continuous Energy Restricted Diet on Glycemic Control in Patients 
With Type 2 Diabetes. JAMA Network Open, 1(3), e180756. https://doi.
org/10.1001/jamanetworkopen.2018.0756

CDC. (2018, August 21). All About Your A1C. Centers for Disease Control and 
Prevention. https://www.cdc.gov/diabetes/managing/managing-blood-sug-
ar/a1c.html

Cho, Y., Hong, N., Kim, K. W., Lee, M., Lee, Y. H., Lee, Y. H., ... & Lee, B. W. 



THE CANADIAN SCIENCE FAIR JOURNAL ARTICLE

CSFJ | Volume 5 | Issue 1
© Zhang 2023

9

(2019). The effectiveness of intermittent fasting to reduce body mass index 
and glucose metabolism: a systematic review and meta-analysis. Journal of 
clinical medicine, 8(10), 1645.

Cignarella, F., Cantoni, C., Ghezzi, L., Salter, A., Dorsett, Y., Chen, L., Phillips, D., 
Weinstock, G. M., Fontana, L., Cross, A. H., Zhou, Y., & Piccio, L. (2018). 
Intermittent Fasting Confers Protection in CNS Autoimmunity by Alter-
ing the Gut Microbiota. Cell Metabolism, 27(6), 1222-1235.e6. https://doi.
org/10.1016/j.cmet.2018.05.006

de Cabo, R., & Mattson, M. P. (2019). Effects of Intermittent Fasting on Health, 
Aging, and Disease. New England Journal of Medicine, 381(26), 2541–2551. 
https://doi.org/10.1056/nejmra1905136

Eckel, R. H., Grundy, S. M., & Zimmet, P. Z. (2005). The metabolic syndrome. 
The Lancet, 365(9468), 1415–1428. https://doi.org/10.1016/s0140-
6736(05)66378-7

Fåk, F., & Bäckhed, F. (2012). Lactobacillus reuteri Prevents Diet-Induced Obesi-
ty, but not Atherosclerosis, in a Strain Dependent Fashion in Apoe−/− Mice. 
PLoS ONE, 7(10), e46837. https://doi.org/10.1371/journal.pone.0046837

Festi, D., Schiumerini, R., Eusebi, L. H., Marasco, G., Taddia, M., & Colecchia, A. 
(2014). Gut microbiota and metabolic syndrome. World Journal of Gastroen-
terology, 20(43), 16079. https://doi.org/10.3748/wjg.v20.i43.16079

Gabel, K., Hoddy, K. K., Haggerty, N., Song, J., Kroeger, C. M., Trepanowski, J. F., 
Panda, S., & Varady, K. A. (2018). Effects of 8-hour time restricted feeding 
on body weight and metabolic disease risk factors in obese adults: A pilot 
study. Nutrition and Healthy Aging, 4(4), 345–353. https://doi.org/10.3233/
nha-170036

Goldenberg, J. Z., Day, A., Brinkworth, G. D., Sato, J., Yamada, S., Jönsson, T., 
Beardsley, J., Johnson, J. A., Thabane, L., & Johnston, B. C. (2021). Efficacy 
and safety of low and very low carbohydrate diets for type 2 diabetes re-
mission: systematic review and meta-analysis of published and unpublished 
randomized trial data. BMJ, m4743. https://doi.org/10.1136/bmj.m4743

Goyal, R., Nguyen, M., & Ishwarlal Jialal. (2021, September 28). Glucose In-
tolerance. Nih.gov; StatPearls Publishing. https://www.ncbi.nlm.nih.gov/
books/NBK499910/#:~:text=Glucose%20intolerance%20(GI)%20can%20
be,and%20diabetes%20mellitus%20(DM)

Gunnars, K. (2017, June 4). What Is Intermittent Fasting? Explained in Human 
Terms. Healthline; Healthline Media. https://www.healthline.com/nutrition/
what-is-intermittent-fastingGurung, M., Li, Z., You, H., Rodrigues, R., 
Jump, D. B., Morgun, A., & Shulzhenko, N. (2020). Role of gut microbiota 
in type 2 diabetes pathophysiology. EBioMedicine, 51, 102590. https://doi.
org/10.1016/j.ebiom.2019.11.051

Gurung, Manoj, et al. “Role of Gut Microbiota in Type 2 Diabetes Pathophysiolo-
gy.” EBioMedicine, vol. 51, Jan. 2020, p. 102590, https://doi.org/10.1016/j.
ebiom.2019.11.051.

Halberg, N., Henriksen, M., Söderhamn, N., Stallknecht, B., Ploug, T., Schjerling, 
P., & Dela, F. (2005). Effect of intermittent fasting and refeeding on insulin 
action in healthy men. Journal of applied physiology. 

Hameed, I., Masoodi, S. R., Mir, S. A., Nabi, M., Ghazanfar, K., & Ganai, B. A. 
(2015). Type 2 diabetes mellitus: From a metabolic disorder to an inflamma-
tory condition. World Journal of Diabetes, 6(4), 598. https://doi.org/10.4239/
wjd.v6.i4.598

Harris, L., Hamilton, S., Azevedo, L. B., Olajide, J., De Brún, C., Waller, G., Whit-
taker, V., Sharp, T., Lean, M., Hankey, C., & Ells, L. (2018). Intermittent 
fasting interventions for treatment of overweight and obesity in adults. JBI 
Database of Systematic Reviews and Implementation Reports, 16(2), 507–
547. https://doi.org/10.11124/jbisrir-2016-003248

Herrera Ortiz, A. F., Cadavid Camacho, E., Cubillos Rojas, J., Cadavid Camacho, T., 
Zoe Guevara, S., Rincón Cuenca, N. T., Vásquez Perdomo, A., Del Castillo 
Herazo, V., & Giraldo Malo, R. (2021). A Practical Guide to Perform a Sys-
tematic Literature Review and Meta-analysis. Principles and Practice of Clin-
ical Research Journal, 7(4), 47–57. https://doi.org/10.21801/ppcrj.2021.74.6

Huse E., Bertz, F., Leu Agelii, M., Hellebö Johansson, E., Winkvist, A., & Brek-
ke, H. K. (2016). Effectiveness of a weight loss intervention in postpartum 
women: results from a randomized controlled trial in primary health care. 
The American Journal of Clinical Nutrition, 104(2), 362–370. https://doi.

org/10.3945/ajcn.116.135673
Ice, R. (2018, May 31). The Beginner’s Guide to the 5:2 Diet. Healthline; Health-

line Media. https://www.healthline.com/nutrition/the-5-2-dietguide#:~:tex-
t=The%205%3A2%20diet%2C%20also,to%20500%E2%80%93600%20
per%20day.

Indicator Metadata Registry Details. (2021). Who.int. https://www.who.int/data/
gho/indicator-metadata-registry/imr-details/2380

Johnstone, A. (2014). Fasting for weight loss: an effective strategy or latest di-
eting trend? International Journal of Obesity, 39(5), 727–733. https://doi.
org/10.1038/ijo.2014.214

Kraus, W. E., Bhapkar, M., Huffman, K. M., Pieper, C. F., Krupa Das, S., Redman, 
L. M., Villareal, D. T., Rochon, J., Roberts, S. B., Ravussin, E., Holloszy, 
J. O., & Fontana, L. (2019). 2 years of calorie restriction and cardiomet-
abolic risk (CALERIE): exploratory outcomes of a multicentre, phase 2, 
randomised controlled trial. The Lancet Diabetes & Endocrinology, 7(9), 
673–683. https://doi.org/10.1016/s2213-8587(19)30151-2

Le Chatelier, E., Nielsen, T., Qin, J., Prifti, E., Hildebrand, F., Falony, G., Almeida, 
M., Arumugam, M., Batto, J.-M., Kennedy, S., Leonard, P., Li, J., Burgdorf, 
K., Grarup, N., Jørgensen, T., Brandslund, I., Nielsen, H. B., Juncker, A. S., 
Bertalan, M., & Levenez, F. (2013). Richness of human gut microbiome 
correlates with metabolic markers. Nature, 500(7464), 541–546. https://doi.
org/10.1038/nature12506

Lichtash, C., Fung, J., Ostoich, K. C., & Ramos, M. (2020). Therapeutic use of 
intermittent fasting and ketogenic diet as an alternative treatment for type 
2 diabetes in a normal weight woman: a 14-month case study. BMJ Case 
Reports, 13(7), e234223. https://doi.org/10.1136/bcr-2019-234223

Lowe, D. A., Wu, N., Rohdin-Bibby, L., Moore, A. H., Kelly, N., Liu, Y. E., Philip, 
E., Vittinghoff, E., Heymsfield, S. B., Olgin, J. E., Shepherd, J. A., & Weiss, 
E. J. (2020). Effects of Time-Restricted Eating on Weight Loss and Other 
Metabolic Parameters in Women and Men With Overweight and Obesity. 
JAMA Internal Medicine, 180(11), 1491. https://doi.org/10.1001/jamaint-
ernmed.2020.4153

Mandard, S., Zandbergen, F., van Straten, E., Wahli, W., Kuipers, F., Müller, M., & 
Kersten, S. (2006). The Fasting-induced Adipose Factor/Angiopoietin-like 
Protein 4 Is Physically Associated with Lipoproteins and Governs Plasma 
Lipid Levels and Adiposity. Journal of Biological Chemistry, 281(2), 934–
944. https://doi.org/10.1074/jbc.m506519200

Map of North America. (2022). Geographicguide.com. https://www.geographic-
guide.com/north-america-map.htm

Moher, D., Shamseer, L., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., She-
kelle, P., & Stewart, L. A. (2015). Preferred reporting items for systematic 
review and meta-analysis protocols (PRISMA-P) 2015 statement. System-
atic Reviews, 4(1). https://doi.org/10.1186/2046-4053-4-1

Moszak, M., Szulińska, M., & Bogdański, P. (2020). You Are What You Eat—The 
Relationship between Diet, Microbiota, and Metabolic Disorders—A Re-
view. Nutrients, 12(4), 1096. https://doi.org/10.3390/nu12041096

Pfeiffer, A. F. H., & Klein, H. H. (2014). The Treatment of Type 2 Diabetes. Deutsch-
es Ärzteblatt International. https://doi.org/10.3238/arztebl.2014.0069

Reaven, G. M. (2006). The metabolic syndrome: is this diagnosis necessary? 
The American Journal of Clinical Nutrition, 83(6), 1237–1247. https://doi.
org/10.1093/ajcn/83.6.1237

Saslow, L. R., Mason, A. E., Kim, S., Goldman, V., Ploutz-Snyder, R., Bayan-
dorian, H., Daubenmier, J., Hecht, F. M., & Moskowitz, J. T. (2017). An 
Online Intervention Comparing a Very Low-Carbohydrate Ketogenic Diet 
and Lifestyle Recommendations Versus a Plate Method Diet in Overweight 
Individuals With Type 2 Diabetes: A Randomized Controlled Trial. Journal 
of Medical Internet Research, 19(2), e36. https://doi.org/10.2196/jmir.5806

Seimon, R. V., Roekenes, J. A., Zibellini, J., Zhu, B., Gibson, A. A., Hills, A. 
P., Wood, R. E., King, N. A., Byrne, N. M., & Sainsbury, A. (2015). Do 
intermittent diets provide physiological benefits over continuous diets for 
weight loss? A systematic review of clinical trials. Molecular and Cellular 
Endocrinology, 418, 153–172. https://doi.org/10.1016/j.mce.2015.09.014

Simon, M.-C., Strassburger, K., Nowotny, B., Kolb, H., Nowotny, P., Burkart, V., 
Zivehe, F., Hwang, J.-H., Stehle, P., Pacini, G., Hartmann, B., Holst, J. J., 



THE CANADIAN SCIENCE FAIR JOURNAL ARTICLE

CSFJ | Volume 5 | Issue 1
© Zhang 2023

10

MacKenzie, C., Bindels, L. B., Martinez, I., Walter, J., Henrich, B., Schloot, 
N. C., & Roden, M. (2015). Intake of Lactobacillus reuteri Improves Incre-
tin and Insulin Secretion in Glucose-Tolerant Humans: A Proof of Concept. 
Diabetes Care, 38(10), 1827–1834. https://doi.org/10.2337/dc14-2690

Sutton, E. F., Beyl, R., Early, K. S., Cefalu, W. T., Ravussin, E., & Peterson, C. M. 
(2018). Early Time-Restricted Feeding Improves Insulin Sensitivity, Blood 
Pressure, and Oxidative Stress Even without Weight Loss in Men with Pre-
diabetes. Cell Metabolism, 27(6), 1212-1221.e3. https://doi.org/10.1016/j.
cmet.2018.04.010

Szabadfi, K., Pinter, E., Reglodi, D., & Gabriel, R. (2014). Neuropeptides, Trophic 
Factors, and Other Substances Providing Morphofunctional and Metabolic 
Protection in Experimental Models of Diabetic Retinopathy. Internation-
al Review of Cell and Molecular Biology, 1–121. https://doi.org/10.1016/
b978-0-12-800179-0.00001-5

Taylor, R. (2012). Insulin Resistance and Type 2 Diabetes. Diabetes, 61(4), 778–
779. https://doi.org/10.2337/db12-0073

Trepanowski, J. F., Kroeger, C. M., Barnosky, A., Klempel, M., Bhutani, S., 
Hoddy, K. K., Rood, J., Ravussin, E., & Varady, K. A. (2018). Effects of 
alternate-day fasting or daily calorie restriction on body composition, fat 
distribution, and circulating adipokines: Secondary analysis of a random-
ized controlled trial. Clinical Nutrition, 37(6), 1871–1878. https://doi.
org/10.1016/j.clnu.2017.11.018

Wang, X., Li, Q., Liu, Y., Jiang, H., & Chen, W. (2021). Intermittent fasting versus 
continuous energy-restricted diet for patients with type 2 diabetes mellitus 
and metabolic syndrome for glycemic control: A systematic review and me-
ta-analysis of randomized controlled trials. Diabetes Research and Clinical 
Practice, 179, 109003. https://doi.org/10.1016/j.diabres.2021.109003

Wei, M., Brandhorst, S., Shelehchi, M., Mirzaei, H., Cheng, C. W., Budniak, J., 
Groshen, S., Mack, W. J., Guen, E., Di Biase, S., Cohen, P., Morgan, T. E., 
Dorff, T., Hong, K., Michalsen, A., Laviano, A., & Longo, V. D. (2017). 
Fasting-mimicking diet and markers/risk factors for aging, diabetes, can-
cer, and cardiovascular disease. Science Translational Medicine, 9(377). 
https://doi.org/10.1126/scitranslmed.aai8700

Wei, S., Han, R., Zhao, J., Wang, S., Huang, M., Wang, Y., & Chen, Y. (2018). 
Intermittent administration of a fasting-mimicking diet intervenes in dia-
betes progression, restores β cells and reconstructs gut microbiota in mice. 
Nutrition & Metabolism, 15(1). 

Wilkinson, M. J., Manoogian, E. N. C., Zadourian, A., Lo, H., Fakhouri, S., 
Shoghi, A., Wang, X., Fleischer, J. G., Navlakha, S., Panda, S., & Taub, P. 
R. (2020). Ten-Hour Time-Restricted Eating Reduces Weight, Blood Pres-
sure, and Atherogenic Lipids in Patients with Metabolic Syndrome. Cell 
Metabolism, 31(1), 92-104.e5. https://doi.org/10.1016/j.cmet.2019.11.004

Yang, J-Y., Lee, Y-S., Kim, Y., Lee, S-H., Ryu, S., Fukuda, S., Hase, K., Yang, 
C-S., Lim, H. S., Kim, M-S., Kim, H-M., Ahn, S-H., Kwon, B-E., Ko, H-J., 
& Kweon, M-N. (2016). Gut commensal Bacteroides acidifaciens prevents 
obesity and improves insulin sensitivity in mice. Mucosal Immunology, 
10(1), 104–116. https://doi.org/10.1038/mi.2016.42

Zubrzycki. (2018). The role of low-calorie diets and intermittent fasting in the 
treatment of obesity and type-2 diabetes. Journal of Physiology and Phar-
macology : An Official Journal of the Polish Physiological Society, 69(5). 
https://doi.org/10.26402/jpp.2018.5.02

Zhang, Y., Xu, D., Huang, H., Chen, S., Wang, L., Zhu, L., Jiang, X., Ruan, X., 
Luo, X., Cao, P., Liu, W., Pan, Y., Wang, Z., & Chen, Y. (2014). Regulation 
of Glucose Homeostasis and Lipid Metabolism by PPP1R3G-mediated He-
patic Glycogenesis. Molecular Endocrinology, 28(1), 116–126. https://doi.
org/10.1210/me.2013-1268

ABOUT THE AUTHOR - YITIAN ZHANG
I am Yitian Zhang, a graduate from St. Malachy’s Memorial High 
School in 2022. I was admitted to Bioengineering undergraduate 
program in McGill University. I was born in Qingdao, China and 
have studied in Canada since 2018. I participated in CWSF in 
May 2022, and I enjoyed this journey. As a lifelong enthusiast in 
biology and engineering field, I am thrilled when I had an oppor-
tunity to publish my article on Canadian Science Fair Journal. I 
hope I can inspire more people to discover the beauty of science, 
love science, and understand it better.


