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Intermittent fasting has been suggested as an option for managing overweight and obesity. The purpose of this article
is to present a balanced review of the practice of intermittent fasting and its impact on glycemic control in people
with diabetes.

Medical nutritional therapy is an essential component of
the management of patients with diabetes, hypertension,
cardiovascular disease (CVD), and other metabolic disor-
ders (1). The increasing prevalence rates of diabetes and
other metabolic disorders are linked to overweight and
obesity. Dietary factors and physical inactivity underlie the
increasing rates of overweight and obesity. Consequently,
interventions involving calorie restriction and increased
physical activity have been promoted as adjuncts to the
management of chronic metabolic disorders.

An observational analysis (2) of 5,145 participants in the
Look AHEAD (Action for Health in Diabetes) study explored
the association between changes in cardiovascular (CV) risk
factors and the amount of weight loss in people with type 2
diabetes.The study showed that participants who lost 2–5% of
their body weight had increased odds of having significant
improvements in A1C of 1.80% (95% CI 1.44–2.24). Participants
who lost at least 5–10% of their body weight also experienced
improvements in systolic blood pressure, diastolic blood
pressure, HDL cholesterol, and triglycerides (P,0.0001).This
study showed that weight loss is the key component of
treatment to reduce A1C in patients with type 2 diabetes.

Given the strong association between overweight/obesity
and type 2 diabetes, lifestyle intervention to induce weight
loss has become a primary objective of diabetes prevention
and management efforts (3,4). Key components of lifestyle
intervention include maintenance of calorie-reduced healthy
eating patterns and increased physical activity.

Intermittent fasting (IF) is an emerging practice in dietary
modification. The purpose of this article is to present a
balanced review of the practice of IF and its impact on
glycemic control in people with diabetes.

IF Definition

Although approaches differ, IF generally refers to a practice
in which individuals fast for 24 hours every other day or for 16
hours every day.Themost common IFmethod is an approach
in which people take the last meal of the day at 8:00 p.m.,
begin fasting upon waking the next morning, and continue
fasting until noon that day.Total sleeping hours plus morning
fasting hours yields 16 hours of fasting. The typical feeding
period in this plan is between noon and 8:00 p.m. This ap-
proach is easy to follow, especially for beginners, and has been
reported to achieve more significant weight loss than alter-
native IF schedules (5,6). During the fasting period, people are
allowed to drink water and zero-calorie beverages. During the
feeding period, there is no restriction on eating or food choices.

Unlike the postprandial state, fasting results in decreased
levels of blood glucose and insulin leading to increased
glucagon secretion, which in turn promotes glycogenolysis
and the release of free glucose to prevent hypoglycemia. IF
is not a novel concept; it has a long history in human
cultural and religious traditions (7–9). What is novel is the
modern application of IF as a tool for achieving clinical
outcomes (10,11).

The long-term effects of IF, including benefits and harms,
and its underlying mechanisms, have not beenwell studied.
Detailed knowledge of the risks and benefits of IF must be
understood before its widescale adoption in the population.

Literature Review

Search Strategy

Our search strategy was based on the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
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guidelines (Figure 1), using the search engines Clinical Key,
PubMed, Medline, Ovid, and Google Scholar and the search
terms “intermittent fasting,” “fasting,” “diabetes,” “glycemic
control,” “HbA1c,” and “blood glucose.” All identified pub-
lications between 1998 and 2019 were included for further
processing (Figure 1).

Selected for inclusion in our literature review were ran-
domized controlled trials (RCTs) that tested any types of IF
among adults with type 2 diabetes that lasted at least 3months
and reported change in A1C as one of the prespecified clinical
outcomes.We excluded studies inwhich participants were,18
years of age, that had designs other than an RCT, and that did
not specify A1C as an outcome. We also excluded studies
reported in languages other than English, those published
before 1998, and nonhuman studies.

We identified 2,396 studies in the initial literature search
and excluded 451 studies that were duplicates. Among the
1,945 articles screened, we excluded abstracts, studies in
progress, systematic reviews, and meta-analyses, leaving 182
potentially eligible articles. We then applied our inclusion
and exclusion criteria, which yielded five articles to include
in our literature review.

Review of Included Studies

Table 1 summarizes the baseline characteristics of participants,
durations, and outcomes of the studies selected for review.

In a randomized nonblinded clinical trial by Sundfør et al.
(12), participants were assigned to an intermittent energy
restriction (IER) group (n 5 54, mean age 49.96 10.1 years)
or a continuous energy restriction (CER) group (n 5 58,
mean age 47.5 6 11.6 years) for 12 months. The primary
outcome was change in weight. The IER group had a daily
intake of 400 kcal for women and 600 kcal for men for 2
nonconsecutive days per week and consumed their usual
meals on 5 days per week. The CER group reduced their
food intake evenly throughout the week but achieved the
same weekly reduction in energy intake as the IER group.
The mean change in A1C was 0.3% in the IER group versus
0.2% in the CER (P 5 0.2). The authors concluded that
IER was as effective as CER at inducing weight reduction
and improving metabolic outcomes.

In a parallel randomized trial by Carter et al. (13), 137 par-
ticipants with type 2 diabetes were randomized into two
groups. The IER group (n 5 70, mean age 61 6 9.0 years)
alternately consumed 500–600 kcal/day for 2 days per week,
followed by their usual diet for 5 days per week for 3 months.
The CER group (n5 67, mean age 616 9.2 years) consumed a
continuous calorie-restricted diet (1,200–1,500 kcal/day) for
3 months.The primary outcome of change in A1C was 0.3% in
the IER group versus 0.5% in the CER group (P ,0.001).
Hypoglycemia eventswere similar between groups.This study
showed that IF can be an effective diet to improve A1C in
patients with type 2 diabetes (13).

In a nonblinded study by Corley et al. (14), 41 participants
with type 2 diabetes (baseline A1C 6.7–10.0%) receiving
metformin and other antidiabetic medications were ran-
domized into two groups, one adhering to consecutive
fasting days and the other to nonconsecutive fasting
days. Participants in the consecutive-day arm fasted for
2 consecutive days per week, whereas those in the
nonconsecutive-day arm fasted on any 2 days of their choice
per week for 12 weeks. Energy was restricted on fasting days to
2,092–2,510 kJ (men could consume ~400 kJ/day more than
women).The primary outcome of hypoglycemia events was 35
in the consecutive-day arm versus 20 in the nonconsecutive-
day arm. The authors observed that the fasting intervention
was associated with a twofold increase in the relative risk of
hypoglycemia; however, there was no difference in the risk of
having a hypoglycemic event between the consecutive-day
and nonconsecutive-day fasting groups (14). The study also
showed A1C reductions of 0.6% in the consecutive-day arm
and 0.7% in the nonconsecutive-day arm (P 5 0.53 for mean
difference between groups).

In a pilot study by Li et al. (15), 46 participants with type 2
diabetes were randomized into two groups (a fasting group
and a control group). The fasting group (n 5 23, mean ageFIGURE 1 PRISMA flow diagram of literature search strategy.
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64.76 7.0 years) had two prefasting days during which they
consumed ~1,200 kcal of a low-salt diet including only
vegetables and plain cooked rice, followed by a fasting
period of ~7 days, during which they consumed 300 kcal/day
(vegetable soup, 200 mL fruit juice, herbal tea, and unre-
stricted water). The fast was followed by 3 days of a low-
calorie diet with solid foods reintroduced in a stepwise
manner, after which participants were advised to follow a
normocaloric Mediterranean diet (16) for 4 months. The
control group (n 5 23, mean age 65.4 6 5.7 years) consumed
a Mediterranean diet for 4 months. The primary outcome
of change in weight was significantly greater on the fasting
group than in the control group (Table 1). Both groups
experienced improved glycemic control; change in A1C
(a secondary outcome) was similar between groups.

Finally, in a study by Williams et al. (17), 54 overweight
participants with type 2 diabetes were randomized into
three groups. Group 1 consumed a very-low-calorie diet
(VLCD; 400–600 kcal/day) on 1 day per week for 20 weeks.
Group 2 consumed the VLCD for 5 consecutive days every 5
weeks throughout the 20-week study period. Group 3 was a
standard behavioral therapy group in which participants
consumed 1,500–1,800 kcal/day throughout the study period.
During nonfasting days, participants in groups 1 and 2
consumed the same energy as those in group 3. Compared
with the standard behavioral therapy group, participants in
both VLCD groups showed significant weight loss (Table 1).
Mean change in A1C was also greater in both VLCD groups
(0.71 and 0.97%) compared with the nonfasting group (0.23%)
(Table 1).

Discussion

We were surprised to find how few RCTs had been con-
ducted to test the effects of IFon glucoregulation in patients
with type 2 diabetes. Based on results of the few available
trials, IF appears to offer some metabolic benefits. Caloric
reduction through IF can be expected to lead to weight loss
if maintained over time. Thus, the chronic benefits of IF
on glucoregulation may be explained by improved insulin
sensitivity after weight loss (18–20).

It is also possible that acute metabolic effects can result
from IFor from skipping a meal that would have delivered a
carbohydrate and fat load. Reduction in meal-delivered
carbohydrate and fat load can be expected to have bene-
ficial effects on glycemia. Because IF strategies tend to
involve skipping breakfast and subsequent meals and
snacks, the question of potential adverse effects of skipping
breakfast becomes pertinent. There are conflicting reports
on the effects of skipping breakfast, including a risk of
possible weight gain (21–24). However, a recent systematic
review of 11 studies on the subject concluded that skipping
breakfast is not associated with weight gain (25).

There are several potential mechanisms that link IF to met-
abolic benefits. These include modulation of macronutrient
fluxes (e.g., free fatty acids, amino acids, and carbohydrates)
(26), inflammatory cytokines (27), the gut microbiome (28,29),
and sirtuin 1 gene activation (30), among others.

Studies by Boden et al. (31) and Krebs et al. (32)
showed that a low-carbohydrate diet is associated with

TABLE 1 Studies Showing the Effects of IF on A1C and Weight Loss in Adults With Type 2 Diabetes

Groups Design n Mean
Age,
years

Study Duration,
months

Primary Outcome Mean Weight
Change From
Baseline, kg

Mean A1C
Change From
Baseline, %

P for
Change in

A1C

Sundfør et al. (12) Intermittent RCT 54 49.9 12 Weight loss 29.1 20.3 0.2

Continuous 58 47.5 29.4 20.2 0.2

Carter et al. (13) Intermittent RCT 70 61.0 12 A1C 26.8 20.3 ,0.001

Continuous 67 61.0 25.0 20.5 ,0.001

Corley et al. (14) Consecutive RCT 19 62.0 3 Hypoglycemia 23.6 20.6 0.53

Nonconsecutive 22 58.0 3 23.1 20.7 0.53

Li et al. (15) Fasting RCT 23 64.7 4 Weight loss 23.5 20.2 0.30

Control 23 65.4 22.0 20.2 0.28

Williams et al. (17) 1-day VLCD RCT 18 51.4 4 Weight loss and
glycemic control

216.5 20.71 0.38

5-day VLCD 18 50.3 4 210.4 20.97 0.38

Control 18 54.1 4 25.4 20.23 0.38
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improvement in insulin sensitivity, blood glucose levels,
and A1C. Such a diet also leads to a decrease in total
cholesterol and triglycerides (31,32). Intermittent ex-
clusion of fat intake through IF also can be expected to
improve insulin sensitivity. Obese patients with dia-
betes treated with acipimox (which reduced free fatty
acids) showed enhanced insulin-mediated glucose
disposal and suppression of gluconeogenesis (33).
Similarly, specific branched-chain and aromatic amino acids
have been associated with insulin resistance, and reducing
their circulating levels can be expected to improve insulin
signaling (34–37).

There is emerging evidence that restricting feeding times
and extending fasting (or interprandial) intervals can
promote weight loss, possibly via modulation of the gut
microbiome (28,29). Furthermore, calorie restriction is a
potent activator of sirtuin, the mammalian ortholog of the
highly conserved nicotinamide adenine dinucleotide-
dependent protein deacetylase that has emerged as a
key metabolic and longevity mediator (38). In experimental
models, calorie restriction has prolonged life span and
vigorous healthy life (39,40). Theoretically, IF that is not
overcompensated for by excessive food intake on feeding
days could potentially lead to the consumption of fewer
calories overall, which in turn could lead to weight loss (41).
Sustained weight loss would then predict improved glucose
and lipid levels.

Neuroendocrine Adaptations to Fasting

Fasting, especially if prolonged, is associated with
several neuroendocrine adaptations, including in-
creased secretion of cortisol, glucagon, adiponectin,
growth hormone, and melatonin and decreased secre-
tion of insulin, leptin, and thyroid hormones (42,43). Of
the latter adaptations, the downregulation of leptin
secretion exerts the most pertinent effect on energy
balance. Leptin is a polypeptide hormone derived from
adipocytes that bind to specific receptors in the hypo-
thalamus to signal satiety and decrease energy intake.
Leptin levels decrease dramatically during fasting, and
such a drop is associated with decreased energy ex-
penditure and increased appetite, which could hinder
the desired weight loss (44). Leptin supplementation has
been shown to prevent the impulse of weight regain in
the post-obese state (45). Thus, there is a need to study
the effect of IF on leptin expression to determine
whether persistent leptin suppression might be a factor
weighing against the sustained efficacy of IF as a weight
loss strategy.

Pitfalls of IF

Based on current practice, people who follow an IF regimen
are not restricted with regard to the quantity or quality of
foods consumed during feeding periods. IF has also been
linked to pathological eating patterns and increased stress
response (46–48). The consumption of unwholesome diets
during feeding days could expose practitioners of IF to foods
that are proinflammatory and increase oxidative stress. Thus,
it is advisable for people who practice IF to receive counseling
on the need for healthy eating patterns during feeding days.

Conclusion

Our interpretation and synthesis of the pertinent studies
(12–15,17) showed that IF improves glycemic control. However,
not all studies were concordant regarding the metabolic
benefits that can be expected from IF. Variable responses
have been reported, which may be explained by possible
nonadherence to IF among trial participants. Nonetheless,
the weight of the evidence to date suggests that IF might
have a role to play in the management of chronic meta-
bolic disorders such as obesity and type 2 diabetes. The
challenges with IF approaches appear to be the risk of
unwholesome feeding behavior on nonfasting days and
hunger management in general. In addition to behavioral in-
tervention and nutrition counseling, pharmacologic agents
that inhibit hunger could potentially be used with IF. To
date, however, no studies have reported on such a strategy.
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