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Abstract

Purpose of Review A number of recent studies have suggested that intermittent fasting is as effective as traditional calorie
restriction (CR) for weight loss and for cardioprotection. However, it is still unclear whether IF improves diabetes risk indicators
as does CR. This review provides an overview of various patterns of intermittent fasting and shows the effect of intermittent
fasting on human anthropometric such as excess body weight and biochemical parameters for example high glucose and fasting
insulin, which are risk factors for diabetes.

Recent Findings There is a growing body of evidence pointing to the benefits of intermittent fasting for glucose and insulin
homeostasis, but this should be confirmed by further studies in population groups with (or at high risk) type II diabetes and insulin
resistance. Long-term studies are also needed that could reveal potential negative health effects that some studies report.
Summary Eleven studies in overweight/obese adult people that included changes in weight, body composition, and diabetic
parameters (fasting glucose, fasting insulin, HbAlc concentration, and HOMA-IR index) were published between 2012 and
2020. Seven studies concerning the effects of alternate day fasting (ADF) on weight loss and diabetic parameters were analyzed.
All of them have shown the effects of ADF on weight loss and slight improvement in diabetic parameters. For time-restricted
feeding (TRF), a significant improvement in the HOMA-IR index was observed in 2 studies. One study saw an increase in fasting
glucose. An analysis of 2 studies using a complete alternate day fasting (CADF) was performed. One study showed decrease in
fasting glucose and insulin, and in one a decrease in glycosylated hemoglobin (HbA1c) was observed.

Conclusion Different types of intermittent fasting reduce body weight and reduce diabetes parameters such as fasting glucose,
fasting insulin, HOMA-IR index, and glycated hemoglobin (HbAlc).

Keywords Anthropometric parameters - Intermittent fasting - Obesity - Fasting glucose - Fasting insulin - HOMA-IR

Introduction

The number of overweight or obese people is constantly in-
creasing. Obesity is one of the factors in the development of
insulin resistance and diabetes. A weight loss of 1 kg reduces
the risk of diabetes by as much as 16% [1]. To reduce weight
and improve body composition (fat, muscle, and water con-
tents), it is necessary to introduce physical activity and a diet
with a negative calorie balance. There are a number of weight
loss diets that allow to lose body fat and reduce the risk of
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diseases associated with excessive body weight [1]. One of the
alternative methods of reducing kilocalories (kcal) intake is
intermittent fasting [2]. Intermittent fasting (IF) is a broad term
encompassing various programs that manipulate meal time,
using short-term fast to improve body composition and overall
health [3]. This method consists in refraining from eating for a
specific period of time, e.g., 16 h, and then eating meals in so-
called feeding window, which lasts, e.g., 8 h. IF can be mod-
ified — periods of fasting or “eating window” were length-
ened or shortened [2]. An example of such a modification is
alternating eating 1 day and then fasting the next day. On the
day of fasting, one meal (most often consumed at lunch) is
usually eaten, which does not exceed 25% of the daily caloric
demand [4]. Another example of IF modification is the intro-
duction of 1 or 2 days fasting per week. During the fast, one
can completely eliminate food or reduce calories to a mini-
mum [5] (Tables 1 and 2).
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Table 1 Types of intermittent fasting [6], with permission

Complete alternate day fasting

Alternating fasting days (without consuming high energy food and drinks) with eating days

(eating and drinking ad libitum)

Alternate day fasting

It allows consumption from 20 to 25% of energy demand on scheduled fasting days. This

scheme forms the basis of the popular 5:2 diet, which is associated with severe energy
restriction for 2 uninterrupted days a week and eating ad libitum for the remaining 5 days.

Time-restricted feeding

Eating meals with a certain energy value during the “food window,” which lasts several hours.

The most common modification is eating for 8 h, followed by fasting for the next 16 h. The
hours of fasting and eating can be shortened and extended.

Religious fasting

A wide range of fasts is undertaken for religious or spiritual purposes

Glucose and lipid homeostasis can be improved by a
slight weight loss, which, according to current dietary
recommendations, is most often achieved through mod-
erate continuous (daily) energy reduction (CER).
Regardless of weight loss, metabolic regulation of glu-
cose and lipids can also be affected by other dietary
manipulations, including changes in meal time [7] as
well as sudden changes in energy status, such as fasting
[8]. Most studies on IF have considered whether IF
could be a potential strategy to lose weight and improve
diabetic parameters in human [9]. Several modifications
of IF have gained popularity as they offer impressive
health benefits. However, it is unlikely that all IF
schemes lead to the same physiological changes because
of their different fasting and feeding patterns [3].

A number of recent studies have suggested that IF is
also effective, as is traditional calorie restriction (CR)
for weight loss and for improve diabetic parameters.
However, it is still unclear whether IF improves diabe-
tes risk indicators as does CR. This review provides an
overview of various patterns of IF and shows the effect
of IF on human anthropometric and biochemical param-
eters (Table 3). The review focuses mainly on human
research in recent years. The main aim of this article is
to present the effects of IF on weight loss, fasting glu-
cose, fasting insulin, and insulin sensitivity in over-
weight and obese adults.

Search Strategy and Selection Criteria
Eligibility Criteria

This review seeks to answer the research question “How do
different types of intermittent fasting affect diabetes parame-
ters in overweight or obese people?” The inclusion and exclu-
sion criteria and search strategy were developed according to
the PICO framework.

Inclusion Criteria

» Population: obese or overweight people with a BMI above
25.0 or people with normal body weight with type II dia-
betes, aged >18 years, women and men.

*  Problem: excess body weight, abnormal fasting glucose or
insulin levels, HOMA-IR, or glycosylated hemoglobin.

» Intervention: use of different types of intermittent fasting
(TRF, ADF, CADF).

* Result: changes in body composition (weight loss, fat, and
lean mass loss), change in biochemical parameters (fasting
glucose, fasting insulin, HOMA-IR index, glycated
hemoglobin).

* Type of study: randomized controlled trials, cross-over,
pilot studies, case studies, published between 2005 and
2020, written in English.

Table 2 Sample schedule of food intake during various modifications of IF [3], with permission
Modification of IF Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Alterate day fasting Ad libitum 25% kcal Ad libitum  25% kcal Ad libitum  25% kcal Ad libitum
(ADF)
Time-restricted feeding 1620 h of fasting, 1620 hof 1620 hof 1620 h of fasting, 1620 hof 1620 h of fasting, =~ 1620 h of fasting,
(TRF) 4-8 h of feeding fasting, fasting, 4-8 h of feeding fasting, 4-8 h of feeding 4-8 h of feeding
4-8 hof 4-8 hof 4-8 hof
feeding feeding feeding
Complete alternate day ~ Ad libitum Ad libitum  Ad libitum  Ad libitum/24-h fast Ad libitum  Ad libitum 24-h fast

fasting (CADF)
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Exclusion Criteria

* Population: children aged <18 years, people with normal
body weight without type II diabetes.

*  Problem: no changes in biochemical parameters, alternat-
ing several types of intermittent fasting.

+ Intervention: using of intermittent fasting for a short time,
e.g., 1 day.

* Result: does not directly measure the effects of an
intervention.

* Type of research: review articles, opinion articles, edito-
rials, letters, news reports, policy or legislative literature;
animal research; published before 2005 or after 2020,
written in a language other than English.

Two databases, PubMed and Scopus, were searched in
September 2020 to find research and review articles
concerning an impact of intermittent fasting on human health.
The following phrases were searched: “post IF,” “intermittent
fasting,” “IF human.” Then, in order to narrow the search, the
following keywords were used: “impact of IF,” “influence IF
on human health,” “IF diabetic parameters,” “IF glucose,”

EENNT3

“Intermittent fasting glucose,” “IF body mass,” “intermittent
fasting body mass,” “IF lose weight,” “intermittent fasting
insulin.” Then we searched for articles describing the impact
of a specific type of periodic fasting (ADF, TRF, CADF) on
human anthropometric and biochemical parameters: “ADF
human health,” “ADF glucose,” “ADF body mass,” “ADF
weight,” “ADF insulin,” “ADF HOMA-IR,” “ADF HbAlc,”
“TRF human health,” “TRF glucose,” “TRF body mass,”
“TRF weight,” “TRF insulin,” “TRF HOMA-IR,” “TRF
HbAlc” and “CADF human health,” “CADF glucose,”
“CADF body mass,” “CADF weight,” “CADF insulin,”
“CADF HOMA-IR,” “CADF HbA1c.” The articles were ex-
amined based on the title and summary. When the abstract
was not available or the information was insufficient to decide
on inclusion in the review article, the full text was read. Then
the following data was extracted: size and details of the re-
search or the control group, duration, nutrition strategy, and
measure of results.

Results and Discussion

Eleven studies were published between 2005 and 2020. We
analyzed three studies describing the effects of TRF on weight
loss and diabetics parameters. All studies have shown the
effects of TRF on weight loss, but in one study, this effect is
not statistically significant. One study additionally investigat-
ed the effects of TRF on fat loss. TRF also reduced fasting
glucose (in 1 case) and fasting insulin (in 2 cases). In two
studies, time-restricted feeding had an effect on reducing
HOMA-IR. The effect of TRF on HbA ¢ levels has not been

studied in any of the articles. For ADF, significant weight loss
was observed in 5 studies and it was caused by a loss of body
fat. Four studies showed reduction in fasting glucose and one
study in HbAlc. In six studies, ADF had an effect on fasting
insulin levels and in four studies on HOMA-IR index. In 2
studies in which post-CADF was used, a decrease in fasting
glucose and fasting insulin was observed. This had the effect
of reducing the fasting glucose and insulin (which was tested
in one of the studies). HbAlc decreased in 1 case. Detailed
information about the research can be found in the following
paragraphs.

Sutton et al. [107] conducted a 5-week RCT study among
130 men with pre-diabetes. The participants were assigned to
the TRF eating schedule, which consisted of a 6-h eating win-
dow and eating the last meal at 3 p.m., and to the control
group, which had an extended eating window to 12 h. Men
started the eating window at 8.00/8.30. Study participants ate
only meals prepared by staff and received the amount of cal-
ories needed to maintain their weight. After 5 weeks of TRF,
participants had an improvement in insulin sensitivity relative
to baseline. The use of TRF did not affect the energy expen-
diture among the respondents. Probably the insignificant dif-
ference in body weight between the control group and the test
group was caused by the reduction of glycogen levels and the
accompanying water loss.

Gabel etal. [117] also introduced an 8-h eating window for
23 obese people. In this pilot study, participants ate meals ad
libitum in the eating window for 12 weeks. Another 23 people
(randomly selected) constituted the control group, whose
members were asked to maintain their weight throughout the
study and not to change their eating habits or physical activity.
The participants were tested for body composition, glycemic,
and lipid parameters. After 12 weeks of using the TRF dietary
regimen, weight loss and improvement in blood pressure were
observed. There were no statistically significant differences
between the groups in the case of fat mass and lean mass.
TRF did not significantly improve fasting glucose but caused
a decrease of fasting insulin levels and thereby improved
HOMA-IR.

Arnason et al. [12] investigated the short-term biochemical
effects of intermittent fasting (TRF) in 10 adults with type 2
diabetes (T2DM) taking metformin. The pilot study consisted
of three phases (baseline — 2 weeks, intervention — 2 weeks,
observation — 2 weeks), followed by biochemical and anthro-
pometric measurements, and the level of participants’ activity.
Patients had the choice of using intermittent fasting in the
morning, afternoon, or evening; however, all participants pre-
ferred to start their meals in the afternoon. Short-term inter-
mittent fasting resulted in significant weight loss (—1.395 kg),
BMI (-0.517), and at-target morning glucose (SMBG).
SMBG (self-monitoring of blood glucose) is an important
component of self-management in diabetes and enables it peo-
ple with diabetes make the daily decisions necessary to
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achieve and maintain proper control glycemia [12]. Increasing
the duration of fasting improved fasting glucose values.
Neither insulin resistance (HOMA-IR) nor markers of inflam-
mation (C-reactive protein) did not normalize during intermit-
tent fasting. During phase 3 (standard diet), there was a slight
increase in weight and BMI of the study participants, which
also resulted in an increase in fasting glucose (by 5.2%).
Intermittent fasting reduced post-prandial hyperglycemia
(39.4% vs 47.4% of the baseline value). The weight loss
was due to a reduced caloric intake (18% from baseline),
which resulted in improved participants’ diabetes parameters.

The randomized pilot study by Catenacci et al. [13] concerned
the effect of ADF on body weight, body composition, and the
insulin sensitivity index (Si). A total 26 obese subjects participat-
ed in the study, with 14 subjects assigned to an intermittent
fasting diet, while the remaining 12 subjects were the controls
on a standard low-calorie diet. The study lasted 8 weeks. For
ADF, participants achieved a 376 kcal greater deficit than partic-
ipants in the control group, but this significantly affects weight,
body composition, and insulin sensitivity index.

Carter et al. [14] made similar conclusions. Their study in-
volved 63 overweight and obese people who were assigned ADF
and a standard reduction diet with a caloric value of 5000—6500
kJ/day. ADF consisted of a 2-day caloric restriction of 1670—
2500 kJ/day and a 5-day ad libitum diet for 12 weeks. There
were no significant differences between the two groups in terms
of body weight, body composition, and improvement in HbAlc.

Improvement in insulin sensitivity was observed in random-
ized trial by Harvie et al. [15]. Two dietary regimens were tested
in their study: intermittent fasting with energy and carbohydrate
restriction (IECR) and intermittent fasting, which allowed ad
libitum protein and fat (IECR + PF), and the results were com-
pared to a daily calorie-restricted diet. The intermittent fasting
regimen included a 25% calorie reduction 2 days a week. The
study involved 115 overweight women who reported breast can-
cer in a family history. A reduction in the fasting indicators of
insulin resistance (fasting glucose, fasting insulin, HOMA-IR
index) was observed in both groups. A reduction in body fat
percentage was observed for both groups using intermittent
fasting (IECR: average — 3.7 kg; IECR + PF: average — 3.7
kg; DER: average — 2.0 kg).

In the RCT study by Trepanowski et al. [16], participants
were randomized to an ADF diet, a caloric restriction (CR)
group, and a control group. Both ADF and CR significantly
improved participants’ anthropometric parameters. In the
group on ADF, no changes in fasting glucose levels were
observed, while improvements in fasting insulin and the asso-
ciated HOMA-IR index were observed.

Bhutani et al. [17] investigated the effect of ADF in combi-
nation with exercise on changes in body composition and bio-
chemical parameters in the randomized study. For this purpose,
obese people were assigned to 4 groups: ADF with exercise,
ADF, exercise, and a control group. Body weight decreased in
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the ADF with exercise, ADF, and exercise only groups by 6 +4
kg, 3 + 1 kg, and 1 + 0 kg, respectively, at p <0.005. ADF and
exercise also improved diabetes parameters (fasting insulin levels
and HOMA-IR index). Weight loss was associated with an im-
provement in cell sensitivity to insulin.

In the randomized study by Harvie et al. [18], the effects of
intermittent fasting (ADF) were compared with caloric restric-
tion in terms of weight loss and improvement in insulin sen-
sitivity. The study involved 107 women with BMI>30 kg/m?.
Both ADF and caloric restriction were shown to decrease
body weight by —6.4 (—7.9 to —4.8) kg and —5.6 (—6.9 to
—4.4) kg, respectively. The improvement in fasting insulin
levels was modest in both group, but was greater in the ADF
group. Both intermittent fasting and daily caloric reduction
have been shown to be an effective method of losing weight
and improving diabetic parameters.

In the randomized, cross-over study by Antoni et al. [8],
participants randomly followed three 1-day diets: an isocaloric
diet, 75% calorie restriction (ADF), and 100% calorie restric-
tion (CADF). The study compared the effects of an isocaloric
diet and intermittent fasting on glucose metabolism. The study
shows the significant effect of CADF and ADF in reducing
fasting glucose and insulin levels. The lowest fasting glucose
and insulin levels were obtained with CADF, and the highest
with an isocaloric diet.

The effect of intermittent fasting in combination with a keto-
genic diet on HbA I¢ in a healthy body weight woman with type
1T diabetes was investigated in a case study. The ketogenic diet
consisted of the following macronutrient composition: 5% car-
bohydrates, 15% protein, and 80% fat. The patient had not pre-
viously seen any improvement in glycaemia following the stan-
dard dietary approach (low glycemic index diet with calorie re-
striction). Intermittent fasting was introduced for 24 h three times
aweek, then 42 h three times a week, then 42 h twice a week, and
16 h a week. After 8 months, the IF was reduced to 16 h a day,
with 24 h three times a month, and metformin was reintroduced.
After 14 months, HbA 1¢ reached 5.8%, and the body mass index
slightly changed [19¢]. When selecting the study, the time of
eating meals was taken into account in accordance with the idea
of intermittent fasting, because the ketogenic diet determines the
type of food that should be eaten (it shows what nutrients should
consist of a meal), but does not contain indications regarding the
time of meals (i.c., when the meal should be eaten).

Conclusions

Pre-clinical and clinical studies have shown that intermittent
fasting has a wide range of benefits for many diseases, includ-
ing obesity, diabetes, and insulin resistance. The results of human
studies, in which various indicators of health are measured at the
beginning and after periods of IF of 2—6 months or longer, sug-
gest that IF may protect against diabetes and obesity.
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Recent studies have produced promising results that
strongly support further clinical trials in patients with chronic
age-related disorders and obesity. An important clinical and
scientific question is whether adopting a regular, intermittent
fasting regimen is a viable and sustainable strategy that can be
used in health promotion. In addition, adequate clinical trials
are needed to see if intermittent fasting can supplement or
replace energy restriction, and if so, can facilitate long-term
improvement in metabolism and weight control. This review
suggests that intermittent fasting regimens may be a promising
approach to losing weight and improving blood chemistry in
people who can safely tolerate interruptions or eat very little
during certain hours of the day, night, or days of the week.
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