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1 | INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a common chronic disease charac-
terized by abnormal glucose metabolism.? The dramatic increase in
T2DM prevalence is considered a global public health concern.? As

Aims: To the best of our knowledge, no study has tried to quantitatively summarize
the published evidence regarding the effect of hesperidin supplementation on blood
glucose control. The present systematic review and meta-analysis of randomized con-
trolled trials aimed to determine the effectiveness of hesperidin supplementation in
improving blood glucose control in adults.

Methods:

Google Scholar were searched up to February 2019. The risk of bias in individual stud-

Electronic databases including PubMed, ISI Web of Science, Scopus, and

ies was assessed using the Cochrane collaboration's tool. The overall estimates and
their 95% confidence intervals (Cls) were calculated using a random-effects model.
Results: Six trials with 318 participants were reviewed in the present systematic
review. The results showed that hesperidin had no significant effect on serum fasting
blood glucose (weighted mean difference [WMD] = -1.10 mg/dL, 95% Cl: -3.79,
1.57), plasma insulin (WMD = -0.01 pU/mL, 95% CI: -1.20, 1.19), glycated
haemoglobin Alc (WMD = -0.04%, 95% Cl: —-0.14, 0.04), homeostasis model assess-
ment for insulin resistance (WMD = 0.117, 95% CI: -0.06, 0.29) and quantitative
insulin sensitivity check index (WMD = 0.135; 95% Cl: -0.13, 0.39), with no signifi-
cant between-study heterogeneity. Subgroup analyses also indicated that the effects
were not different based on the studies' design and duration, or the health status of
the participants.

Conclusion: Although several animal studies have proposed that hesperidin supple-
mentation might improve blood glucose control, the present study could not confirm

this benefit in humans.
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reported by the International Diabetes Federation (IDF), approxi-
mately 415 million people suffer from diabetes mellitus in 2015, and
this number is expected to rise to 642 million by 2040, with the largest
increase in developing countries.®> Moreover, T2DM is associated with

a high prevalence of cardiovascular complications.*
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Lifestyle modifications and medical therapy are considered critical
in the prevention and control of T2DM.> Patient education and self-
care practices might also help in the management of T2DM.*” Dietary
interventions play essential roles in improving the hyperglycaemic
state and of its resulting complications.? For instance, several dietary
supplements including resveratrol, cinnamon, ginger and cumin are
proposed to be effective in blood glucose control.”*2 A meta-analysis
also showed that fasting glucose levels are reduced after supplemen-
tation with flavonols.®

Flavonoids represent a very diverse group of biologically active
compounds synthesized during plant metabolism.**° Fifteen carbon
atoms and 2 benzene rings bearing 1 or more hydroxyl groups joined
by a linear 3-carbon chain are present in the flavonoids' structure.'®
Flavonoids are classified into 6 main classes: flavonols, flavan-3-ols,
flavones, flavanones, anthocyanins and isoflavones.'”

Hesperidin is an important flavanone that is mainly found in citrus
fruits such as lemons, clementine, grapefruit, mandarins and
oranges.’® It is suggested that hesperidin plays effective roles in
oxidative stress, inflammation, nitric oxide synthesis, hypertension,
infection and apoptosis.'? However, recent systematic reviews and
meta-analyses have shown that hesperidin supplementation might
not significantly affect blood pressure, lipid profile or inflammatory
markers.2® The effect of hesperidin intake on glycaemic parameters
have also been evaluated in animal and human studies; however, pre-
vious studies have led to different findings in this regard. For instance,
1 study indicated that hesperidin might not significantly improve the
hyperglycaemia and HbA1c levels in male Wistar rats.?! In contrast,
other studies have shown that hesperidin administration might reduce
glucose levels and improve glycaemic control in animals with diabetes
(mainly rats and mice), possibly through several mechanisms including
increased hepatic glucokinase activity, glycolysis and glycogen synthe-
sis.2224 The clinical trials have also reported different findings on the
efficacy of hesperidin supplementation on blood glucose control.2>2”

Indeed, although several studies have assessed the effect of hesper-
idin supplementation on blood glucose markers, we are not aware of
any study trying to summarize the published evidence. Therefore, the
present systematic review and meta-analysis of randomized controlled
trials (RCTs) aimed to investigate the possible effect of hesperidin sup-
plementation on blood glucose control and insulin sensitivity in adults.

2 | MATERIALS AND METHODS

The preferred reporting items for systematic reviews and meta-
analyses (PRISMA) was considered to report the current systematic
review and meta-analysis.?® The study protocol was also registered
in the international prospective register of systematic reviews (PROS-
PERO; registration code: CRD42017058859).2

2.1 | Search strategy

To find potentially eligible articles, electronic databases including

PubMed (www.pubmed.com; National Library of Medicine), Scopus

What is already known on the subject

e Several animal studies have revealed that hesperidin
supplementation might beneficially affect blood glucose
control. However, clinical trials have led to inconsistent

results.

What this study adds

e The present systematic review and meta-analysis
revealed that hesperidin supplementation does not
significantly affect different markers of blood glucose
control including fasting blood glucose, plasma insulin,
glycated haemoglobin  Alc, homeostasis model

assessment for insulin resistance and quantitative

insulin sensitivity check index in human adults.

(http://www.scopus.com), ISI Web of Science (www.thomsonreuters.
com) and Google Scholar (www.scholar.google.com) were searched
up to February 2019. To ensure maximum sensitivity, searches were
not restricted by language or date of publication. Medical subject
headings (MeSH) and non-MeSH terms were used to search the data-
bases for relevant publications. The Patient/Population, Intervention,
Comparison, Outcome and Study types (PICOS) with their related key-
words are provided in Table 1.

Two investigators (S.Z. and M.M.) independently scanned the titles
and abstracts to exclude any irrelevant studies. The full text of the
remaining articles were carefully checked to determine whether the
remaining articles pass the eligibility criteria. Moreover, the reference
lists of the eligible articles were scanned for any other potentially
related study.

2.2 | Eligibility criteria

All published RCTs were included if they assessed the effect of hes-
peridin supplementation on at least 1 of blood glucose parameters
[fasting blood glucose (FBG), insulin, glycated hemoglobin (HbA1c),
homeostasis model assessment for insulin resistance (HOMA-IR),
quantitative insulin sensitivity check index (QUICKI)] as primary or
secondary outcome. Exclusion criteria were as follows: studies con-
ducted among participants aged under 18 years; studies assessing
the acute effect of hesperidin; and trials in which hesperidin supple-
mentation was not the only difference between the treatment and
the control groups.

2.3 | Data extraction

The data extraction was independently done by 2 investigators (M.A.
M. and S.S.R.). Other investigators were responsible for verifying the
data extraction process (A.S.A. and M.M.). We collected the following
information from each of the included studies: the last name of the

first author, the year of publication, the country in which the study
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TABLE 1 The patient/population, intervention, comparison, out-
come, study types (PICOS) framework for keywords used in the search
strategy

Criteria (PICOS)  Definition (keywords)

Population (P) Adults aged >18 years (no specific keywords)
Hesperidin supplementation (“hesperidin”,

n o«

“hesperitin”, “citrus flavonoid”, “orange juice”)

Intervention (1)

Control or
comparison (C)

Outcome (O)

A separate group who received placebo or control
intervention (no specific keywords)

Blood glucose control markers including fasting
blood glucose, serum insulin, HbAlc, HOMA-IR,

n o«

QUICKI (“glycemic”, “glycemic indices”, “glucose”,
“blood glucose”, “blood sugar”, “fast plasma
glucose”, “FPG”, “fasting blood sugar”, “FBS”, “L-

n o«

glucose”, “D-glucose”, “dextrose”, “insulin”,

“hyperinsulinism”, “hyperinsulinemia”, “novolin”,
“lletin”, “proinsulin”, “C-peptide”, “C peptide”,
“insulin resistance”, “insulin sensitivity”,
“hemoglobin A", “glycosylated”, “glycosylated
hemoglobin”, “glycated hemoglobins”,
“glycosylated hemoglobin A", “glycohemoglobin
A", “HbA1", “Hb Alc”, “Hb A1b”, “hyperglycemia”,
“hyperglycemias”, “hypoglycemia”,
“hypoglycemias”, “fasting hypoglycemia",
“glycemic load”, “glucose tolerance test”,

glucose tolerance test”, “OGTT")

oral

Study type (S) Randomized controlled clinical trials (“intervention”,
“trial”, “randomized”, “random”, “randomly”,
“placebo”, “assignment”, “clinical trial”, “RCT",

» o
n o«

“cross-over”, “parallel”)

P

was implemented, the design of the study (crossover or parallel), the
details of the intervention including the exact amount of consumed
hesperidin (mg/d), the type of intervention carried out in the control
group, the intervention period, the total number of participants by
sex, the mean/range of age for study participants, the baseline health
status of participants and the number of participants who completed

the follow-up period.

2.4 | Risk of bias assessment

The risk of bias in each included study was independently assessed by
2 reviewers (S.S.R. and N.R.J.) using the Cochrane Collaboration risk of
bias tool.*° Random sequence generation (selection bias), allocation
concealment (selection bias), blinding of participants and personnel
(performance bias), blinding of outcome assessment (detection bias),
incomplete outcome data (attrition bias), selective reporting (reporting
bias), and other sources of bias were used to summarize the quality of
studies. Each domain was regarded as a low risk of bias, high risk of bias
or unclear risk of bias. The last category shows either lack of informa-
tion or uncertainty over the potential for bias. By considering the 6
mentioned domains as the key domains, a summary of overall assess-
ment (low risk, low for all key domains; high risk, high for 1 or more
key domains; and unclear risk, unclear for 1 or more key domains)

was provided.
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The outcome variables were as follows: FBG, insulin, HbAlc, HOMA-

2.5 | Statistical analysis

IR, and QUICKI. The serum glucose values were converted into
mg/dL and the serum insulin values were converted into pU/mL
before calculating the effect sizes. For parallel trials, the mean change
and its corresponding standard deviation (SD) from baseline to follow-
up for the intervention and the control groups and for crossover trials,
the same values for the intervention and control periods were calcu-
lated. For studies in which the SDs of mean change from baseline were
not provided, these estimates were calculated if P values reported for
the comparison between baseline and after follow-up mean values or
they were imputed by using estimated correlation coefficients
between baseline and after follow-up values. We calculated the corre-
lation coefficients between baseline and after follow-up values by
using SD of baseline mean, SD of after mean and SD of mean change
(r=0.47 for FBG and r = 0.76 for HOMA-IR) from studies that readily
reported these values. The SD of change in HbA1lc and QUICKI for
intervention and control groups were calculated by considering a
correlation coefficient of 0.5. To check the robustness of the meta-
analysis to the imputed SDs, all analyses were repeated by the use of
correlation coefficients of 0.2 and 0.8. Finally, the difference in mean
change between intervention and control groups/periods and its cor-
responding standard error were calculated to be used as effect size.

The overall weighted mean difference (WMD) and its 95% confi-
dence interval (Cl) was calculated by using a random-effects model
which takes the between-study heterogeneity into account. The sta-
tistical heterogeneity was assessed using Cochran's Q test and the I
statistic.3 P-values <.05 for Cochran's Q test were considered as high
levels of heterogeneity.3? 12 values would vary between 0 and 100%
with higher values representing greater degrees of heterogeneity
(0-40%: might not be important; 30-60%: may represent moderate
heterogeneity; 50-90%: may represent substantial heterogeneity;
75-100%: considerable heterogeneity).3° To explore the potential
sources of between-study heterogeneity, subgroup analyses were
done to evaluate whether results were different by the study design
(parallel/cross-over), treatment duration (<6 weeks/>6 weeks) and
baseline health status of the participants (healthy/with diabetes or
metabolic syndrome). Sensitivity analyses were performed to test the
robustness of the meta-analyses results by removing the trials 1 by
1 and recalculating the overall effects with the remaining studies.®®
To evaluate the potential publication bias visual inspection of funnel
plots and also Begg's and Egger's asymmetry tests were conducted.®*
STATA software, version 11.2 (Stata Corp, College Station, TX, USA)
was used for the statistical analyses. P values <.05 were considered
as statistically significant.

2.6 | Nomenclature of targets and ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, the
common portal for data from the IUPHAR/BPS Guide to
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PHARMACOLOGY,* and are permanently archived in the Concise
Guide to PHARMACOLOGY 2017/18.%¢

3 | RESULTS

31 |
trials

Selection and characteristics of the included

The study selection process is presented in a flow chart suggested by
PRISMA (Figure 1). A total of 6 RCTs that enrolled 318 participants
were eligible to be included in the present systematic review and
meta-analysis.2%2737-40 The detailed characteristics of the studies
included in the systematic review and meta-analysis are presented in

38-40

Table 2. Three studies had a crossover design and the others were

parallel RCTs.242737 Two studies were performed in Asian popula-
tions,?%?” whereas the remaining studies were done in European

countries,®”° published between 2011 and 2018. The duration of

the studies varied from 3 to 12 weeks. The supplementation dose
ranged from 292 to 500 mg/d. In the majority of included studies,
starch or cellulose were used as the placebo for the control
groups/periods. 2627373949 One study was conducted with the use
of juice containing high polyphenol concentration (582 mg hesperidin)
for the interventions and normal polyphenol concentration (237 mg
hesperidin) for the control group.®® Five studies included both

26,27,37-39

sexes, and 1 of them only included male subjects.*® The

age of the participants ranged from 18 to 65 years. Three studies were

37,38,40 and

conducted among healthy overweight/obese individuals,
other trials included patients with metabolic syndrome®® or

T2DM 2627

3.2 | Risk of bias assessment

The articles included in this review were assessed for their quality

using the Cochrane collaboration' tool (Table 3). All of the trials were

Records excluded
(n=3529)

Full-text articles excluded, with
reasons (n = 21)

- Difference of interventions
between two groups was not

only related to hesperidin (n = 9)

- No report on outcomes of

interest (n = 12)

M
g Records identified through
'-g database searching
= (n=4582)
EE
-
c
]
=
v
—
Records after duplicates removed
(n=3556)
o0
=
c
5 v
@ Records screened
(n=13556) >
—
A 4
Full-text articles assessed for
.‘? eligibility (n =27) >
3
5
w
\ 4
Studies included in
qualitative synthesis
— (n=16)
S Y
3
Té Studies included in quantitative synthesis for
= FBG (n = 6), Fasting insulin (n = 5)
HOMA-IR (n=3), HbAlc (n=2)
—

FIGURE 1 PRISMA flow chart for the study selection process
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TABLE 3 Risk of bias assessment according to the Cochrane collaboration tool

Blinding of Blinding of Summary of
Random sequence Allocation participants outcome Incomplete Selective overall

Study, y"* generation concealment and personnel assessment outcome data reporting assessment
Homayouni et al., 2018%7 Low Low Low Unclear Low Low Unclear
Salden et al., 2016°” Low Unclear Low Low Low Low Unclear
Eghtesadi et al., 2015%¢ Unclear Unclear Low Unclear Low Low Unclear
Rangel et al., 2015°%¢ Low Unclear Low Unclear Low Low Unclear
Morand et al., 2011%° Low Unclear Low Low Low Low Unclear
Rizza et al., 2011%° Unclear Unclear Low Unclear Unclear Low Unclear

categorized as low risk of bias for blinding of participants and person-
nel and selective outcome reporting. Allocation concealment method
was described in 1 study,?” but a lack of information was observed
for allocation concealment in the other studies.?3”%° Due to clear
reporting of randomization methods, we considered 4 studies to be
low risk of selection bias.?”*7-*84° Two articles were blinded for out-
come assessment,®”#° but the rest were unclear about blinding the
outcome  assessment,26:27:3837
addressed in the majority of the studies.262737:3840 Al included stud-

ies were unclear risk of bias for at least 1 of the 6 key domains; there-

Incomplete outcome data were

fore, the overall quality of all included studies was considered to be

moderate or unclear risk.

3.3 | Meta-analysis

As shown in Figures 2 and 3, hesperidin supplementation did not sig-
nificantly affect serum levels of FBG (WMD = -1.10 mg/dL, 95% Cl:
-3.79, 1.57, P = .418; Cochran Q test, P = .826, I?2=0%,n = 6) and
fasting insulin (WMD = -0.01 pU/mL, 95% CI: -1.20, 1.19, P = .991;
Cochran Q test, P = .844, I> = 0%, n = 5), respectively. The pooled

results also indicated no significant effect on HbA1c (WMD = -0.04%,
95% Cl: -0.14, 0.04, P = .321; Cochran Q test, P = .356, |2 = 0%, n = 2),
as well as HOMA-IR (WMD = 0.117, 95% CI: -0.06, 0.29, P = .208;
Cochran Q test, P = .651, 12 = 0%, n = 3) and QUICKI (WMD = 0.135,
95% Cl: -0.13, 0.39, P = .319; Cochran Q test, P < .001, I = 99.7%,
n = 2) levels compared with the placebo. A significant heterogeneity
was found among studies assessing the effect of hesperidin on
QUICKI, but there was no between-study heterogeneity noticed for
the meta-analysis of other outcomes.

The funnel plots were symmetrical (Figure 4), and Begg's and
Egger's asymmetry tests did not provide sufficient evidence on publi-

cation bias in the present meta-analysis (P > .05).

3.4 | Subgroup and sensitivity analyses

We conducted subgroup analyses to explore the possible different
effects of hesperidin supplementation by study design (parallel/
cross-over), treatment duration (<6 wk/>6 wk), and baseline health
status of the participants (healthy/diabetes or metabolic syndrome).
Our findings showed that the pooled effects of hesperidin on serum

Study (year) WMD (95% CI)  %Weight
Morand (2011) —*—"— -3.60 (-10.66, 3.46)  14.47
Rizza (2011) i -3.00 (-24.46, 18.46)  1.56
Rangel-Huerta (2015) - -1.80 (-5.54,1.94)  51.52
Eghtesadi (2015) : -0.32 (-13.94, 13.30)  3.88
Salden (2016) _i—— 1.80 (-3.33, 6.93) 27.34
Homayouni (2017) 7.64(-31.93,16.65) 1.22
Overall (I-squared = 0.0%, P = 0.826) <> -1.11 (-3.79, 1.58)  100.00
i
T : T
-31.9 0 31.9

FIGURE 2 Forest plot illustrating the meta-analysis of clinical trials investigating the effect of hesperidin supplementation on serum fasting
blood glucose levels. Cl, confidence interval; WMD, weighted mean difference
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Study (year) WMD (95% CI) % Weight
Rizza (2011) -0.90 (-4.93,3.13) 8.84
Morand (2011) S -1.10 (-4.24,2.04)  14.57
Rangel-Huerta (2015) e 0.10 (-1.37,1.57) 66.16
Eghtesadi (2015) 1.57 (-2.59,5.73) 8.29
Salden (2016) 1.73 (-6.46,9.92) 2.14
Overall (I-squared = 0.0%, P = 0.844) <> -0.01 (-1.20,1.19)  100.00
T T
-9.92 0 9.92

FIGURE 3 Forest plot describing the meta-analysis of clinical trials investigating the effect of hesperidin supplementation on serum insulin levels
Cl, confidence interval; WMD, weighted mean difference
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FIGURE 4 Begg's funnel plots (with pseudo 5
95% confidence intervals) of difference in
means vs the standard error (SE) of mean
difference for clinical trials investigating the 10
effects of hesperidin supplementation on 1 | I I T
0 1 2 3 4

serum levels of fasting blood glucose (A), and
insulin (B) SE of differences in mean
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TABLE 4 Meta-analysis showing the effects of hesperidin supplementation on glycaemic markers (all analyses were conducted using random

effects model)

Meta-analysis Heterogeneity
Markers No. of studies WMD (95% Cl) P effect Q statistic P within group 1? (%) P between group
FBG (mg/dL)
Study design
Parallel 3 1.19 (-3.52, 5.90) .620 0.61 737 0 .245
Cross-over 8 -2.21 (-5.47, 1.05) .184 0.20 .905 0
Study duration
<6 weeks 4 -0.37 (-4.39, 3.64) .853 1.89 .595 0 .633
>6 weeks 2 -1.69 (-5.30, 1.90) 357 0.04 .837 0
Health status
Healthy 8 -1.02 (-3.80, 1.75) 470 1.84 .399 0 .818
Diabetes or MetS 8 -2.28 (-12.68, 8.10) .666 0.27 .873 0
Overall 6 -1.10 (-3.79, 1.57) 418 2.16 .826 0 -
Insulin (LU/mL)
Study design
Parallel 2 1.60 (-2.10, 5.31) .397 0.00 973 0 .369
Cross-over 3 -0.19 (-1.45, 1.07) 764 0.59 744 0
Study duration
< 6 weeks 3 -0.79 (-3.16, 1.57) 511 0.40 .817 0 450
> 6 weeks 2 0.26 (-1.12, 1.65) .710 0.43 514 0
Health status
Healthy 3 -0.06 (-1.38, 1.24) 918 0.65 722 0 .822
Diabetes or MetS 2 0.29 (-2.59, 3.18) .841 0.70 403 0
Overall 5 -0.01 (-1.20, 1.19) 991 1.40 .844 0 ®

WMD: weighted mean difference; FBG: fasting blood glucose; MetS: metabolic syndrome

levels of FBG and insulin were not influenced by study design, treat-
ment duration, or baseline health status of the participants. Indeed,
no beneficial effect of hesperidin supplementation on glycaemic
indices was observed in these subgroups. The results of subgroup
analyses are summarized in Table 4. The sensitivity analysis also indi-
cated that the 1-by-1 removal of trials from the meta-analyses did

not significantly change the overall estimates.

4 | DISCUSSION

To the best of our knowledge, the current systematic review and
meta-analysis examined the effect of hesperidin supplementation on
the markers of blood glucose control for the first time. Our meta-
analysis showed that hesperidin supplementation did not significantly
affect serum levels of fasting glucose, insulin, HbAlc, as well as
HOMA-IR and QUICKI levels. The overall effects were stable in the
sensitivity analysis. The subgroup analyses also demonstrated that
the pooled effects of hesperidin on FBG and fasting insulin concentra-
tions were not influenced by study design (parallel/cross-over), treat-
ment duration (<6 wk/>6 wk), and baseline health status of the

participants (healthy/diabetes or metabolic syndrome).

The present systematic review is not consistent with the sugges-
tion made by a recent systematic review on the effects of dietary
polyphenols on metabolic syndrome features in humans, which
claimed the beneficial effects of hesperidin supplementation on
glycaemia and insulin resistance.*? The mentioned review did not
apply meta-analytic methods to quantify the results. Furthermore,
Amiot et al. included just 2 articles in their review,** while the present
systematic review includes 6 related RCTs.

It has been proposed that hesperidin supplementation might be
effective in glycaemic control by influencing these pathways: (i)
increased hepatic glucokinase activity?®; (i) increased hepatic
glycolysis and glycogen synthesis??; (iii) increased insulin and leptin
production23; and (iv) inducing antioxidant effects, in animal
models.???* High activity of phosphoenolpyruvate carboxykinase
and glucose-6-phosphatase and low activity of glucokinase in a dia-
betic state seems to be associated with increased hepatic glucose
production, as well as decreased hepatic glycolysis and glycogen syn-
thesis, which are the main symptoms in patients with T2DM.4244
Furthermore, some evidence revealed that the plasma leptin and
insulin levels are positively correlated, because leptin synthesis and

secretion is stimulated by insulin, which helps to control the glucose
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metabolism in the adipocytes.2>*>*¢ Some hypotheses might explain
why the hesperidin supplementation does not significantly affect
glycaemic control in human adults. It should be noted that glycaemic
control mechanism in rats and mice differs from that in humans, and
the findings observed in animal models must be confirmed in the rel-
evant clinical trials. Furthermore, in the majority of animal studies, the
blood glucose lowering effect of hesperidin has been observed in the
dosages between 100 and 200 mg/kg. Indeed, all the studies included
in our systematic review have used 292-582.5 mg/d; therefore, the
plasma hesperidin might not reach the concentrations seen in the ani-
mal models.

The current meta-analysis had some limitations that should be
noted. First, despite wide systematic search, we found a few relevant
studies to include in the meta-analysis. Second, after hesperidin con-
sumption, the accurate concentration that appeared in the blood is
not specified, because the trials did not assess the bioavailability of
hesperidin. Third, the intervention durations were <3 months in all
of the included studies. The American Diabetes Association has stated
that measurement of HbAlc has several advantages over assessing
the oral glucose tolerance test or fasting glucose levels, including
fewer day-to-day perturbations, lower between and within-subject
variations, greater preanalytical stability, and more convenience
because fasting is not necessary.*” Since the levels of HbA1lc reflect
average blood glucose levels during the past 2 or 3 months,*” the
follow-up periods of >3 months might be more suitable for studies
that evaluate the effects of dietary factors on glycaemic control. In
contrast to the limitations mentioned above, there was no evidence
of heterogeneity between the included studies and no evidence of
publication bias was found. Besides, sensitivity analyses expressed
the robustness of the overall results.

In conclusion, the present study shows that hesperidin supplemen-
tation might not significantly improve glycaemic control, and subgroup
analyses consistently indicated similar results. More high-quality RCTs
with follow-up longer than 3 months are needed to further clarify the
effects of hesperidin on blood glucose control, especially among
patients with T2DM.
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