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The question of whether or not intermittent fasting diets improve the clinical indicators of glycolipid metabolism remains unclear.
This study systematically reviewed the relevant clinical trials to evaluate the effects of intermittent fasting diet on glucose and lipid
metabolism and insulin sensitivity in patients with metabolic syndrome. To evaluate the effect of intermittent fasting diet in-
tervention on patients with disorders of glucose and lipid metabolism, random-effect or fixed-effect meta-analysis models were
used to calculate the average difference before and after intermittent fasting diet intervention and the corresponding 95%
confidence intervals (CIs). After intermittent fasting diet intervention, in terms of glucose metabolism, fasting blood glucose
reduced by 0.15 mmol/L (95% CI: —0.23; —0.06), glycosylated hemoglobin reduced by 0.08 (95% CIs: —0.25; —0.10), insulin plasma
levels reduced by 13.25 uUI (95% Cls: —16.69; —9.82), and HOMA-IR decreased by 0.31 on an average (95% Cls: —0.44; —0.19). In
addition, BMI decreased by 0.8 kg/m* (95% Cls: —1.32; —0.28), body weight reduced by 1.87 kg (95% Cls: —2.67; —1.07), and the
waist circumference decreased by 2.08 cm (95% ClIs: —3.06; —1.10). Analysis of lipid metabolism showed that intermittent fasting
diet intervention effectively reduced the total cholesterol level by 0.32 mmol/L (95% Cls: —0.60; —0.05), low-density lipoprotein
level by 0.22 mmol/L (95% Cls: —0.37; —0.07), and triglyceride level by 0.04 mmol/L (95% CIs: —0.15; —0.07). Intermittent fasting
diets have certain therapeutic effects on blood glucose and lipids in patients with metabolic syndrome and significantly improve
insulin resistance. It may be considered as an auxiliary treatment to prevent the occurrence and development of chronic diseases.

1. Introduction

Chronic diseases such as hyperglycemia, dyslipidemia, hy-
pertension, and other diseases seriously affect the health
condition. The abovementioned factors collectively con-
tributed to metabolic syndrome (MS), which increases the
risk of atherosclerotic diseases, cardiovascular disease, in-
sulin resistance, and diabetes, as well as vascular and neu-
rological complications (such as cerebrovascular accidents)
[1-3]. In the United States, it was estimated that the

prevalence of MS was 34.7% by the year 2016 [4]. The
common pathological management of glucose and lipid
metabolism is based on weight reduction, especially insulin
resistance and hyperinsulinemia caused by central obesity.
Insensitivity and resistance to insulin are also important
pathogenic mechanisms of type 2 diabetes [5]. Effective
dietary interventions are a preventive measure that can
promote weight loss, improve glucose and lipid metabolism,
improve insulin resistance, and prevent the occurrence and
development of diabetes and cardiovascular diseases [6].
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Intermittent fasting (IF) has been proposed as an al-
ternative to restricted calorie diets as a means of weight
control [7]. The IF diet includes various fasting patterns,
such as alternate-day fasting (consuming no calories on
fasting days), alternate day-modified fasting (consuming less
than 25% of caloric requirements on fasting days), time-
restricted fasting (restricting food intake at specific times of
the day), and periodic fasting (fasting on one to two days per
week). A retrospective study [8] found that IF diets produce
gradual weight loss, lower blood pressure, have anticarci-
nogenic effects, and may even extend the lifespan. IF diets
are not simply about enduring starvation, they represent a
healthier lifestyle choice. A recent meta-analysis [7]
reviewed the clinical studies of IF diets and found that they
reduce adult body mass index (BMI) and insulin resistance.
To the best of our knowledge, however, there have been no
meta-analyses targeting clinical studies of the effects of IF
diets on impaired glucose and lipid metabolism. IF diets
have produced conflicting results in clinical studies of pa-
tients with impaired glucose and lipid metabolism. In
support of IF, Sutton et al. [9] found that 5 weeks on an IF
diet significantly improved the insulin sensitivity and blood
pressure of male participants with impaired glucose and
lipid metabolism. Furmli et al. [10] found that IF reversed
and/or reduced insulin resistance while significantly re-
ducing body weight, waist circumference, and HbAlc [10]. It
also contributed to the maintenance of stable blood glucose
levels after discontinuation of insulin use. In contrast,
Alghamdi et al. [11] studied the effects of IF during Ramadan
on glucose metabolism in patients with MS and found that
HbAlc increased by 0.11% after a month. Harvie et al.
[12, 13] found that 3 months on an IF diet significantly
reduced the total cholesterol, triglyceride (TG), and low-
density lipoprotein (LDL) levels of patients with impaired
glucose and lipid metabolism. However, Sutton et al. [9]
reported contradictory results, with increases in total cho-
lesterol and TG in this demographic after 2 months of IF.

In the present study, we aimed to summarize clinical
trials on the effects of IF diet intervention on glucose and
lipid metabolism of patients with MS-impaired glucose and
lipid metabolism in recent years worldwide, thereby ex-
ploring whether or not IF diets improve the clinical indi-
cators of glycolipid metabolism. The current meta-analysis
evaluated the actual efficacy of the IF diet using objective
data and reported the effects of the IF diet on blood glucose,
HbA1c and whether or not this intervention improves lipid
metabolism and insulin sensitivity.

2. Methods and Materials

2.1. Literature Search. Only previous publications written in
English were considered. A literature search was performed
in the PubMed and MEDLINE databases by using the fol-
lowing keywords: intermittent fasting diet, obesity/over-
weight, randomized controlled trial, MS, and human. The
end date of this literature search was June 5th, 2020. This
meta-analysis was planned and performed following the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis Guideline (Figure 1). MS was defined as the
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presence of any of the following metabolic dysfunctions:
obesity, hyperglycemia, dyslipidemia, or hypertension.
Overweight was defined as BMI >25 kg/m?, and obesity was
defined as BMI >30kg/m” according to the World Health
Organization standard.

2.2. Inclusion/Exclusion Criteria. Inclusion criteria included
the following: (1) the therapeutic dietary under consider-
ation is IF; (2) the study was carried out on humans; and (3)
the summary statistics of the mean difference between before
and during the IF intervention is available (if the means
before and during the IF diet is available, then the difference
was taken to obtain the desired mean difference), along with
their corresponding standard error or 95% confidence in-
tervals (ClIs) or p values. Based on either of the last two
statistics, the corresponding statistics (i.e., the correspond-
ing standard deviation of the mean difference) can be cal-
culated. Given that many included studies are longitudinal,
several time points may be retrieved in a single study.

Exclusion criteria included the following: (1) case re-
ports, (2) meta-analyses or reviews, (3) studies of normal
weight or lean subjects, (4) inadequate information to re-
trieve (or calculate) the necessary summary statistics, (5)
data covering periods longer than 3 months, and (6) reviews,
letters, conference abstracts, editorials, and commentaries.

Three of the authors (X.Y, J.W, and S.Y) independently
reviewed the titles, abstracts, and full-text studies to de-
termine eligibility for inclusion. Any disagreements were
addressed by discussion or consultation with Dr. Sun and
Dr. Tian.

2.3. Statistical Analysis. The effects of IF on MS were esti-
mated by the mean difference before and after IF imple-
mentation and their corresponding 95% CIs in random-
effect or fixed-effect meta-analysis models, which were de-
termined through the heterogeneity of studies. Heteroge-
neity among studies was evaluated by Cochrane’s Q statistic
and the I statistical methods. If the corresponding p value
was <0.05 and I* > 0.5, a random-effect meta-analysis model
was used. Otherwise, a fixed-effect meta-analysis model was
chosen. To evaluate the possibility of potential bias, funnel
plots in which effect sizes versus standard errors were
diagramed and were made for each outcome and visually
inspected. We further assessed for publication bias by using
Egger’s regression tests. All statistical analyses were carried
out in the R software, version 3.5 (https://www.r-project.
org).

3. Results

In total, we identified 157 potentially relevant citations from
the PubMed and MEDLINE databases. After screening the
titles and/or abstracts using our inclusion and exclusion
criteria, 139 articles were excluded. The full text of 18 articles
was evaluated. Of these, seven were excluded because of
missing information (the summary statistics could not be
retrieved), and one was excluded because of the study du-
ration, as it was an evaluation of the long-term effects of IF.
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157 articles identified in PubMed or
MEDLINE databases

v

18 articles for further review

v

v

v

11 articles for further review

v

v

10 articles included in meta-analysis

139 articles excluded based on
Screening of titles and/or abstracts using
inclusion/exclusion criteria.

7 articles excluded because of missing
information (the summary statistics
cannot be retrieved).

1 article excluded because it evaluated
long-term effect of IF (> 3 month)

FI1GURE 1: PRISMA diagram for the systematic review.

The remaining 10 articles fulfilled our criteria and were
included in our meta-analysis. These comprised 10 ran-
domized controlled trials with 12 types of intervention
[9, 11-19]. Our search and screening process is summarized
in Figure 1. Details such as the IF diet type and follow-up
duration are summarized in Table 1. The effects of the IF diet
on glucose metabolism, insulin resistance, weight loss, lipid
metabolism, and blood pressure control of patients with
impaired glucose and lipid metabolism were evaluated.

The effects of IF diets were systemically reviewed by
within-subject comparisons of pre- and post-intervention
measurements of relevant biomarkers. The variables mea-
sured to determine glucose metabolism included fasting
glucose, insulin, HbA1lc, and HOMA-IR levels, whereas TG,
high-density lipoprotein (HDL), and LDL levels were used to
assess lipid metabolism. Weight loss was measured using
body weight, BMI, and waist circumference. In the meta-
analysis, fixed-effect models were fit for BMI, waist cir-
cumference, SBP, HDL-C, HOMA-IR, and insulin, whereas
random-effects models were adopted for other parameters
according to their Cochrane’s Q and I statistics.

The fasting blood glucose level decreased by 0.15 mmol/L
(95% ClIs: —0.19; —0.11) after the IF diet. Concerning gly-
cosylated hemoglobin, no significant change in HbAlc was
found after the IF intervention even though the mean dif-
ference reduced by 0.08%. Insulin level decreased by 13.25
mU/L (95% Cls: -16.69; —9.82) on average after the IF in-
tervention, whereas HOMA-IR decreased by 0.31 (95% Cls:
—0.44; —0.19). The forest plots for these two carbohydrate
metabolism indices are shown in Figure 2.

In addition, the average weight decreased by 2.51kg
(95% Cls: —3.27 to —1.75), whereas the waist circumference
reduced by 2.25cm on average (95% ClIs:—3.08cm to
—1.42 cm). BMI reduced by —0.82kg/m2 (95% Cls: —1.34 to
—0.30), as shown in Figure 3.

About lipid metabolism, the forest plots in Figure 4 show
that after IF, the triglyceride level decreased, with a mean

difference of —0.09 mmol/L and the corresponding 95% Cls
of —0.12 to -0.07, whereas the total cholesterol level de-
creased by 0.38 mmol/L (95% ClIs: —040; —0.36), LDL level
decreased by 0.22 mmol/L (95% ClIs: —0.37; —0.07), and HDL
level decreased by 0.06 mmol/L (95% Cls: —0.09; —0.02).

As far as blood pressure was concerned, systolic blood
pressure (SBP) and diastolic blood pressure (DBP) levels
dropped on average of —2.58 mmHg (95% Cls: —3.70; —1.46)
and —-3.12mmHg (95% Cls: —5.46; —0.78), respectively. The
forest plots for these two parameters are presented in Fig-
ure 5. Lastly, by leaving one study out in turn, sensitivity
analyses were carried out for each outcome, and the results
of such analyses indicated the synthesized results are ac-
ceptably robust.

4. Discussion

The common chronic diseases of MS, such as type 2 diabetes
mellitus and cardiovascular disease, are caused by chronic
low-grade metabolic inflammation of the body and/or the
specific target tissues [20]. The crucial mechanism of met-
abolic inflammation is the increase of macrophage infil-
tration in adipose tissue and the level of related
inflammatory cytokines, which is also the main cause of
insulin resistance. Therefore, to improve and prevent the
occurrence and progression of MS, the goal of reducing body
weight and fat and improving insulin resistance must be
achieved to expect the long-term stable improvement of
glycolipid metabolism and prevention of chronic diseases.

We collated a clinical research on the relationship be-
tween IF and impaired glucose and lipid metabolism con-
ducted over the past 8 years. This was used to investigate
whether IF can improve glycolipid metabolism in patients
with impaired glucose and lipid metabolisms. To date, there
have been few studies that have focused on the effects of IF
diets on impaired glucose and lipid metabolism. The dis-
tribution of alternative clinical trials was uneven, ranging
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FIGURE 2: Forest plots for blood glucose, insulin, HbAlc, and HOMA-IR.

from 2 weeks to 2 years, but the main research was con-
centrated within 3 months. The length of the data was 3
months as the time intercept point for analyzing the efficacy.
In all studies, although the IF intervention did not strictly
limit the calorie intake, the fasting blood glucose was re-
duced by an average of 0.15 mmol/L (95% Cls: —0.23; —0.06).
HbAlc also decreased by 0.08% (95%CIs:—0.25; —0.10). In
terms of the decrease of blood glucose and HbAlc, the
improvement effect of IF on glucose metabolism is not
significant, since part of the population in the study were
patients with impaired glucose and lipid metabolism but not
patients with previous glucose abnormalities. Only Arnason
and Corley’s study [14, 16] included patients with glucose
abnormalities and contributed 3.2% of the population.
Alghamdi, Corley, and Carter [11, 15, 16] considered ab-
normal HbAlc and their studies contributed only 42.8%. As
expected, no substantial changes in fasting blood glucose
after intervention were observed since the proportion of
subjects with glucose abnormality was relatively small.
Furthermore, the IF diet is different from a ketogenic or low-
calorie diet, which does not strictly limit carbohydrate in-
take; hence, the direct impact on blood glucose in the short
term was not obvious. However, IF is certainly beneficial for
fasting blood glucose control [21].

Insulin sensitization and improvement of insulin resis-
tance are not only international research hotspots but also
important strategies in the current treatment of type 2 dia-
betes and cardiovascular diseases [22, 23]. Central obesity and
increased visceral fat mass are the main risk factors for
chronic diseases. A follow-up study of over 15 years with the
US men and women demonstrated that for every 1 kg increase
in men, the risk of type 2 diabetes increased by 2 times, but the
risk increased 7 times in women [24, 25]. Lyall et al. [25]

concluded through a study of over 110,000 subjects that the
risk of hypertension and atherosclerotic coronary heart
disease (CHD) increased by 64% and 35%, respectively, for
each 4.83kg/m? increase in BML. In addition, adipose tissue
inflammation is a key factor causing insulin resistance [26],
besides adipocyte differentiation and adipocyte hypertrophy
lead to a vicious circle of inflammation [27]. Therefore, re-
duction in body weight or visceral fat implied the im-
provement in insulin sensitivity, thereby preventing diabetes
and cardiovascular disease. All the included studies showed
that IF intervention resulted in weight loss with an average
decrease in BMI of 0.8 kg/m2 (95% ClIs:—1.32; —0.28), an
average decrease in weight of 1.87 kg (95% Cls: —2.67; —1.07),
and an average decrease in waist circumference of 2.08 cm
(95% Cls: —3.06; —1.10). Harvie reported after 3 months of IF
intervention, the bodyweight reduced periodically compared
with that of one-month intervention; in specific, the weight
loss was 4.1-5.0 kg at 3 months [13]. Corley et al. and Carter
et al. [15, 16] also reported similar weight reduction (-3.6 kg
and —5.0kg, respectively), and the waist circumference re-
duction (3.4cm and 6.1cm, respectively) was significant.
HOMA-IR reduced by an average of 0.31 (95% CIs: —0.44;
—0.19). The decrease in the insulin level reflects the increase in
insulin sensitivity. HOMA-IR is the insulin resistance index
and is also the gold standard for evaluating insulin sensitivity.
Analysis of insulin sensitivity after IF diet intervention
showed that insulin levels reduced by an average of 13.25 mU/
L (95% CIs: —16.69; —9.82), compared to the clinical studies of
the typical oral insulin sensitization pioglitazone [28], in
which fasting insulin levels decreased by 7.9 mU/L on average,
and 2h postprandial glucose decreased by 11.2mU/L after
oral intake of pioglitazone for 16 weeks. The scope of insulin
reduction after IF intervention was similar to oral insulin
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sensitization. Although insulin sensitizations reduce insulin
levels and improve insulin sensitivity, the side effects of the
medication, such as weight gain, are inevitable, which will
affect the long-term effects of patients with impaired glucose
and lipid metabolism. However, dietary intervention alone
achieved the ideal effect of improving insulin sensitivity [29].
This type of adjuvant therapy to improve lifestyle is worth
recommending. Although blood glucose and HbA1c have not
been significantly improved within 3 months, long-term
improved glucose control can be expected with the significant
improvement in insulin sensitivity [30].

In terms of lipid metabolism, IF diet intervention ef-
fectively reduced plasma total cholesterol and LDL [31]. The
total cholesterol level reduced by an average of 0.32 mmol/L
(95% Cls: —0.60; —0.05), LDL reduced by an average of
0.22 mmol/L(95% CIs: —0.37; —0.07), and triglyceride level
decreased by 0.04 mmol/L (95% ClIs: —0.15; —0.07), and
compared with the studies by Yancy et al. [32] and
McDonald and Cervenka [33] on the ketogenic diet with
targeted treatment effects for diabetes, although, the inter-
vention duration was close (16 weeks and 10 weeks, re-
spectively), total cholesterol only reduced by 0.07 mmol/L
and 0.16 mmol/L, respectively, on average. Thus, an IF diet
may have similar effects on improving lipid metabolism to a
ketogenic diet. The IF diet intervention not only showed
effects on weight loss, insulin sensitivity, and glycolipid
metabolism but it may also lower blood pressure [34]. The
average systolic blood pressure was reduced by 3.12 mmHg
(95% Cls: —5.46; —0.78), and the average diastolic blood
pressure was reduced by 2.58 mmHg (95% Cls—3.70; —1.46).

Furthermore, our findings regarding diabetes mellitus are
consistent with those of a previous meta-analysis conducted
by Wang et al. [35]; however, the key to diabetes prevention
lies in the regulation of MS-related biomarkers. Only two of
the studies in our meta-analysis focused on MS, and neither of
these provided clear results. The present study fills this gap in
the literature by investigating the effects of IF diets on im-
paired glucose and lipid metabolism. We also present sug-
gestions for the improvement of indicator selection when
choosing biomarkers with which to measure glycolipid
metabolism. It can take some time before impaired glucose
and lipid metabolism progress to serious illness, and this
might cause complacency in some people with impaired
glycolipid metabolism, neglecting to address and correct the
problem. However, treatment of the resultant chronic dis-
eases places a heavy economic burden on individuals and
society [36]. The negative effects on the quality of life of
extremely low-calorie diets cause most to fail as such self-
deprivation cannot be sustained for long periods. Therefore,
weight-reducing diets that can feasibly be maintained on a
long-term basis without detriment to the quality of life are
much needed, both by the overweight and obese as well as by
those with impaired glucose and lipid metabolism.

4.1. Limitations. In total, ten studies utilizing twelve dietary
interventions were included in the current meta-analysis.
The types of IF used in the trials varied, as did the ethnicities
of participants. Thus, it was not possible to group studies by
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ethnicity and/or types of IF. Similarly, among the studies
included, only two (incorporating four types of dietary
interventions between them) measured participant insulin
levels, only three (with a total of five types of dietary in-
terventions) measured HbAlc, and only three (with a total of
eight types of dietary interventions) measured HOMA-IR.
This made it impossible to group the studies by types of
biomarkers. More studies are required to allow more
stratified comparisons based on disease, ethnicity, type of
intervention, and duration of intervention.

However, despite these limitations, our results suggest
that IF diets have therapeutic effects on individuals with
impaired glucose and lipid metabolism, regardless of the
specific type of IF intervention or the particular clinical
manifestations of the impaired glucose and lipid metabolism.
In addition, as there are no calorie restrictions required in IF
diets, they do not have negative effects on the quality of life as
exhibited by very-low-calorie and very-low-carbohydrate
diets. Thus, diets based on IF are executable and sustainable.
As such, they are a valuable adjunct to the clinical treatment
of patients with impaired glucose and lipid metabolism.

5. Conclusion

The current study provided some support on the fact that the
IF diet is an effective therapeutic option for patients with
impaired glucose and lipid metabolism, and it may improve
glucose and lipid metabolism, as well as achieve significant
weight loss and improve insulin resistance.
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