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Abstract Aims: Blueberry and cranberry are rich in polyphenols that are associated with diabetes reduction. This study aimed: 1) to systematically review the literature on the effects of
blueberry and cranberry consumption and type 2 diabetes parameters in individuals with or
without type 2 diabetes and 2) to quantify these effects by carrying out a meta-analysis.
Data synthesis: A systematic review and meta-analysis were performed using articles present in
seven databases (PubMed, LILACS, Scielo, Scopus, Web of Science, Cochrane, and Embase),
including publications until May 2021. We included randomized clinical trials that compared
blueberry or cranberry effects on type 2 diabetes parameters, such as fasting blood glucose, insulin resistance, and glycated hemoglobin. Quality of the studies was performed using the Cochrane scale, while the Egger test assessed the publication bias and meta-regression the
estimated effect sizes with potential moderator variables. From the 2034 studies identiﬁed, 39
were read in full and 22 were included in meta-analysis. In individuals with diabetes, the consumption of blueberry or cranberry signiﬁcantly reduced fasting blood glucose [MD:
17.72 mg/dl; 95% CI: 29.62, 5.82; p Z 0.03; I2 Z 57%] and glycated hemoglobin [MD:
0.32%; 95% CI: 0.57, 0.07; p Z 0.15; I2 Z 39%], whereas for insulin resistance the effects
were null. Results were not signiﬁcant for the general population, except in the sensitivity analysis for fasting blood glucose.
Conclusions: The consumption of blueberry and cranberry signiﬁcantly reduced fasting blood
glucose and glycated hemoglobin levels in individuals with diabetes, with high credibility of
the evidence.
ª 2022 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.
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1. Introduction

2. Methods

Type 2 diabetes is a metabolic disorder caused by defective
insulin secretion by pancreatic b-cells and the inability of
insulin-sensitive tissues to respond appropriately to insulin [1,2]. Diabetes prevalence is increasing worldwide. The
global prevalence of diabetes in 1990 was around 211
million people, and in 2017, this number more than
doubled, reaching more than 470 million people [3]. In
1995, the worldwide prevalence of adults with diabetes
was around 4%, and estimates indicate that this number is
expected to exceed more than 5% by 2025 [4]. Diabetes is
also associated with a high number of deaths. Over 1
million deaths occur because of diabetes, which makes this
disease the ninth leading cause of death [5]. Moreover,
diabetes is associated with an increased risk of mortality
by other conditions, such as cardiovascular disease, inﬂuenza and pneumonia, chronic lower respiratory diseases,
and kidney disease [6]. Furthermore, diabetes has a
negative impact on the quality of life, which can lead to the
presence of comorbidity [7].
Among alternatives that can help control type 2 diabetes,
the consumption of fruits and vegetables is one of the most
beneﬁcial [8]. In the group of fruits, berries are associated
with a lower risk of type 2 diabetes [9]. Blueberry and
cranberry are part of the berry’s family. Among blueberry
and cranberry characteristics, the high number of polyphenolsdespecially anthocyaninsdstands out. A metaanalysis from observational studies showed that the consumption of berries was associated with an 18% reduction of
type 2 diabetes risk [10]. However, the included studies
were not clinical trials, and the consumption of berries was
evaluated by self-report, limiting the ﬁndings. The polyphenol intake is associated with a reduction in glycated
hemoglobin in individuals with type 2 diabetes [11]. In the
group of berries, the blueberry and cranberry gained
prominence, as they are rich in polyphenols and can lead to
several health beneﬁts [12]. A randomized clinical trial
conducted with obese participants observed that the decreases in blood pressure were higher in the group supplemented with blueberry (6 and 4%, respectively) than in
the controls (1.5 and 1.2%), while serum glucose concentration and lipid proﬁles were not affected [13]. Its antiinﬂammatory, antioxidant power, and beneﬁts in vascular
and glucoregulatory function stand out among the health
beneﬁts of berries [14]. In vitro and in vivo studies have
shown that blueberry and cranberry consumption can help
with glycemic control and other metabolic effects [14e16].
More recently, a review study about blueberry and cranberry intake demonstrated promising results of the berries
on the management of type 2 diabetes [17]. However, no
meta-analysis was performed, and the authors suggested
further studies to understand the mechanisms related to the
beneﬁts of blueberry and cranberry in diabetes [17].
This study aimed: 1) to systematically review the
literature on the effects of blueberry and cranberry consumption and type 2 diabetes parameters in individuals
with or without type 2 diabetes and 2) to quantify these
effects by carrying out a meta-analysis.

We conducted a systematic review and meta-analysis according to the guidelines from Preferred Reporting Items
for Systematic Reviews and Meta-Analysis (PRISMA) [18].
In addition, we registered the review on the International
Prospective Registry for Systematic Reviews (PROSPERO)
under the ID number: CRD42021252803. The review
question and article’s eligibility were formulated using the
PICOS strategy, following the Cochrane Handbook: P (patient/condition): individuals with diabetic or non-diabetic
individuals (adults and older adults); I (intervention):
blueberry or cranberry intake (capsule, juice, or another
preparation that included only these substances); C
(comparison): placebo or usual care (any other nonpharmacological or pharmacological interventions); O
(outcomes): diabetes parameters (fasting blood glucose,
insulin resistance, and glycated hemoglobin); S (study
design): randomized clinical trials.
2.1. Search strategy
The systematic review was conducted in seven databases
(PubMed, LILACS, Scielo, Scopus, Web of Science, Cochrane,
and Embase). The searches were conducted on May 23,
2021, and included studies published to that date. No date
or language restrictions were applied. Two groups of terms
were used to ﬁnd the articles, which, when possible, were
selected using the Medical Subject Headings (MeSH):
(“Blueberry” OR “Blueberries” OR “Cranberry” OR “Cranberries” OR “Vaccinium” OR “Berry” OR “Berries”) AND
(“Diabetes” OR “Diabetes Mellitus” OR “Type 2 Diabetes”
OR “T2DM” OR “Insulin Resistance” OR “Fasting Blood
Glucose” OR “Glycated Hemoglobin”). If available, we used
ﬁlters for human studies, randomized clinical trials, and
results in titles and abstracts. The complete search strategy
is available in Supplementary material 1.
2.2. Eligibility criteria
We included randomized clinical trials that compared
blueberry or cranberry effects on type 2 diabetes parameters, such as fasting blood glucose, insulin resistance, and
glycated hemoglobin, and provided data before and after
the intervention. Studies population included adults and
older adults, with diabetes or not. To be included, the
study needed to evaluate blueberry or cranberry as a
supplement in capsules, beverage, culinary preparation, or
in another form, if it had a control group.
We excluded observational studies, studies not carried
out with humans, non-randomized clinical trials, and
studies in gray literature (dissertations, thesis, and conference abstracts).
2.3. Study selection
The selection process was carried out by two independent
reviewers (FMD and LMF). This process was started by
screenings of titles, abstracts, and full texts. Reviewers
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solved the disagreements through consensus. Reviewers
also checked the references of the included studies for
possible additional articles. The following information was
extracted from each study: identiﬁcation, location, sample,
age, study design, intervention, control, duration of weeks,
main results, and funding sources.
2.4. Data management and statistical analyses
We included studies that provided mean and standard deviation (SD), before and after the intervention, for fasting
blood glucose, insulin resistance (Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR)), and glycated
hemoglobin. For studies with no information, we calculated
the SD using the following formula: SD change Z square
root
[(SD
baseline2
þ
SD
ﬁnal2)
e
(2  R  SDbaseline  SDﬁnal)] [16]. This equation utilized a
correlation coefﬁcient (R) of 0.5, considering it a conservative measure for a predictable range of 0e1 [16]. We converted to the SD for studies that used conﬁdence intervals
(CIs) instead of SD using the formula: SD Z square root
n  (upper limitelower limit)/3.92. When fasting blood
glucose was shown as mmol/l, we converted it to mg/dl.
Glycated hemoglobin (HbA1c) was analyzed in % and insulin
resistance in HOMA-IR. We performed subgroup analyses
stratiﬁed by intervention time (up to 8 weeks and >8
weeks), stratiﬁed by individuals with or without diabetes,
and cranberry or blueberry. Sensitivity analysis was performed, excluding studies that did not have a double-blind
design. We also conducted a sensitivity analysis according
to blueberry and cranberry administration modes.
Results are presented as the mean difference (MD) with
95% CIs. We applied DerSimonian and Laird randomeffects model to pool the MDs. We calculated the Higgins
I2, chi-squared test, statistic to estimate the heterogeneity
between studies. Based on the test Q^2, we considered as
heterogeneity if I2> 50% and p-value <0.05 [19,20].
Moreover, we determined the publication bias through
funnel plot and Egger’s regression tests for analyses with
more than ten studies. All analyses were performed
through the RStudio editor and the package Meta version
4.17-0 [21].
2.5. Meta-regression analysis
A mixed-effects model meta-regression was performed to
assess the association between the signiﬁcant estimated
effect sizes with potential moderator variables, including
differences between individuals with or without diabetes,
duration of the study (up to eight weeks and more than
eight weeks), and type of berry (cranberry or blueberry).
The goal of meta-regression is to allow the inclusion of
covariables that can explain heterogeneity in the metaanalysis [22].
2.6. Risk of bias
We utilized the Cochrane tool to assess the risk of bias
[23]. Two reviewers (TGS and LMF) independently
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conducted the items evaluation process and a third
reviewer (FMD) solved disagreements. The scale includes
seven items, each of which can be classiﬁed as low, unclear, or high risk of bias: 1drandom sequence generation
(selection bias); 2dallocation concealment (selection
bias); 3dblinding of patients and personnel (performance
bias); 4dblinding of outcome assessment (detection bias);
5dincomplete outcome data (attrition bias); 6dselective
reporting (reporting bias); 7dother bias, (other potential
bias, not included in the domains described above). For the
last, we considered as high risk of bias studies that combined cranberry or blueberry with other substances.
2.7. Credibility of evidence and methodological quality
The credibility of evidence was assessed using the NutriGrade scoring system (Supplementary Table 2). This instrument considers seven items for meta-analyses; the
score is summarized as follows: very low (0e3.99), low
(4e5.99), moderate (6e7.99), and high (8e10) [24].
The assessment of the methodological quality was
performed using the AMSTAR 2 (Supplementary Table 3).
This instrument has been developed to appraise systematic reviews of randomized or non-randomized studies of
healthcare interventions or both. The user answers YES,
PARTIAL YES or NO to every 16 questions [25].
3. Results
3.1. Study selection
From the 2034 studies identiﬁed, the exclusion of duplicates resulted in 1325 records for title screening
(Fig. 1). Of these, based on inclusion criteria, we selected
116 articles for reading abstracts. The next step generated
39 reports for complete reading, of which we included 17
in the review. In the last step, reading the references, we
found ﬁve articles totaling 22 studies included in the
present review. Ten studies were excluded because the
authors did not evaluate the outcome studied; six were
conference abstracts; two compared a mixture of phytochemicals; two studies were repeated; two had no
control group.
3.2. Studies characteristics
Table 1 shows the characteristics and results of individual
studies. Of the 22 studies, most were from United States
(n Z 8) [13,26e32] and Iran (n Z 6) [33e38]. The sample
size ranged from 16 [39] to 115 individuals [40]. Intervention
time ranged from four [28] to 24 weeks [40]. Seventeen
studies were randomized double-blind [26e37,39e43],
while ﬁve were just randomized [26,38,44e46]. Seven
studies were conducted with individuals with diabetes
[32e34,36,38,41,42]. Of the 22 studies, seven utilized capsules of cranberry or blueberry [34e37,39,41,42], while the
other 15 utilized smoothies or juices. Nine studies used
cranberry as an intervention [13,28,29,31,33,35,37,38,41]
and 13 blueberries [26,27,30,32,34,36,39,40,42e46].
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Figure 1 Flowchart of the selection of studies presented in the review.

3.3. Main ﬁndings
Of the six studies that observed statistically signiﬁcant differences, ﬁve showed a signiﬁcant reduction in diabetes parameters for the general population compared with the
control group [29,32e34,36]. Furthermore, one study
showed that in healthy individuals, the consumption of
blueberry modestly increased fasting blood glucose, while in
the control group, there was no such increase [44]. From the
seven studies with individuals with diabetes, four showed

signiﬁcant results from the consumption of blueberry or
cranberry in diabetes parameters [32e34,36] (Table 1).
3.4. Meta-analysis
Fig. 2 shows the blueberry and cranberry consumption results for fasting blood glucose for the general population,
stratiﬁed by individuals with or without diabetes and by
intervention time. Compared with the control group, in individuals with diabetes, the consumption of blueberry or

Identiﬁcation

Location

Lee et al., 2008
[41]

Taiwan

Sample

30 individuals
with type 2
diabetes
(Treatment of
type 2 diabetes
not speciﬁed)
Basu et al., 2010 United States 48 individuals
[26]
with metabolic
syndrome

Age

Study design Duration Intervention
in weeks

Control

Main results

Funding source

There were no
signiﬁcant differences
in diabetes parameters
between groups

The study was funded by a
grant from the Taichung
Veterans General Hospital
and Providence University,
Taichung, Taiwan

Equated of
blueberry
beverage

There were no
signiﬁcant differences
in diabetes parameters
between groups

The study was funded by
Highbush Blueberry
Council and University of
Oklahoma Health Sciences
Center General Clinical
Research Center

Equated to
amount of
bioactive

There were no
signiﬁcant differences
in diabetes parameters
between groups

The study was funded by
Highbush Blueberry
Council and Alternative
Medicine and the Ofﬁce of
Dietary Supplements

Equated of
cranberry juice

There were no
signiﬁcant differences
in diabetes parameters
between groups

Mean age of 65 Randomized 12
years in the
double-blind
intervention
group and 66 in
the control

3 capsules (500 mg per Not speciﬁed
capsule) of cranberry
(powder form) daily or
placebo

Mean age of 52 Randomized
years in the
intervention
group and 48 in
the control

Blueberry (blend of 2
varieties of highbush,
Tifblue and Rubel)
beverage (50 g freezedried blueberries, 350 g
fresh blueberries) or
equivalent amounts of
ﬂuids
Smoothie with 22.5 g
blueberry (2 varieties of
highbush, Tifblue and
Rubel) twice daily or a
smoothie of equal
nutrition value without
blueberry
Cranberry juice
(480 ml/day) or placebo
(juice with same
appearance and
calories)

8

Stull et al., 2010 United States 32 individuals
[27]
with obesity and
insulin
resistance

Mean age of 54 Randomized 6
double-blind
years in the
intervention
group and 49 in
the control

Basu et al., 2011 United States 31 women with
[13]
metabolic
syndrome

Mean age of 52
years

Randomized 8
double-blind

Dohadwala et al., United States 44 individuals
2011 [28]
with coronary
heart disease

Mean age of 62
years between
the groups

Randomized 4
double-blind
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Table 1 Detailed description of each study included in the systematic review and meta-analysis. (n Z 22).

The study was funded by
Cranberry Institute and
Wisconsin Cranberry
Board, Inc. (MA, USA),
College of Human
Environmental Sciences,
University of Oklahoma
Health Sciences Center
General Clinical Research
Center and by the National
Center for Research
Resources, National
Institutes of Health.
The study was funded by
Equate in calorie There were no
480 ml of cranberry
juice daily or a placebo and containing
signiﬁcant differences Ocean Spray Inc. JAV is
no polyphenols in diabetes parameters supported by grants from
(juice with same
between groups
the National Institutes of
appearance and
Health and the Boston
calories)
Medical Center General
Clinical Research Center
(continued on next page)
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Table 1 (continued )
Identiﬁcation

Location

Sample

Age

Study design Duration Intervention
in weeks

Control

Main results

Funding source

Shidfar et al.,
2012 [33]

Iran

58 men with
type 2 diabetes
(Patients taking
oral
hypoglycemic
agents)
74 individuals
with type 2
diabetes
(Patients using a
combination oral
antihyperglycemic
drugs and who
needed insulin
therapy)
32 healthy
individuals

Mean age of 55
years

Randomized 12
double-blind

Not speciﬁed

The intervention group
had a signiﬁcant
reduction in fasting
glycemia

This study was funded by
Tehran University of
Medical Sciences and was
registered with project
number 699

Mean age of 57 Randomized 8
years in the
double-blind
intervention
group and 54 in
the control

3 capsules of extract of Not speciﬁed
blueberry (Vaccinium
arctostaphylos)
containing 350 mg each
or placebo

The intervention group
had a signiﬁcant
reduction in fasting
glycemia and glycated
hemoglobin

The study was funded by a
grant from the Research
Institute for Islamic and
Complementary Medicine

Mean age of 28
years

The intervention group The study was supported
increased glucose while by research funds from the
the control not
University Hospital of
Linköping, Linköping
University, and the County
Council of Östergötland.
Similar
There were no
25 g of freeze-dried
The study was funded by a
nutritional
(Vaccinium
signiﬁcant differences research grant from the
angustifolium)
composition but in glycemic control
Cariplo Foundation and by
containing blueberry or not to contain
between groups
a contribution of the
placebo drink
polyphenols
freeze-dried wild blueberry
powder from the Wild
Blueberry Association of
North America and Future
Ceuticals
240 ml of low-calorie
Equated of low- The intervention group The study was funded by
cranberry juice or
calorie cranberry reduced fasting
Ocean Spray Cranberries,
placebo
juice
glycemia and insulin
Inc., and the USDA. C Khoo
resistance, while the
and Ocean Spray
control group not
Cranberries, Inc.
Equated of
There were no
The study was supported
Two smoothies daily
with 22.5 g of freezesmoothie with
signiﬁcant differences by the United States
dried blueberry (2
blueberry
in diabetes parameters Highbush Blueberry
varieties of highbush,
between groups
Council, the National
Tifblue and Rubel) or an
Institutes of Health and the
National Center for
identical smoothie
without blueberry
Complementary and
Integrative Health and the
Ofﬁce of Dietary
Supplements.

Kianbakht et al., Iran
2013 [34]

Nyberg et al.,
2013 [44]

Sweden

Riso et al., 2013
[46]

Italy

Novotny et al.,
2015 [29]

United States 56 individuals
with BMI
between 20 and
38 kg/m2

18 healthy males 48

Stull et al., 2015 United States 44 individuals
[30]
with metabolic
syndrome

Mean age of 51
years in the
intervention
group and 50 in
the control
Mean age of 55
years in the
intervention
group and 59 in
the control

Randomized

4

Randomized

6

Randomized 8
double-blind

Randomized 6
double-blind

240 ml of cranberry
juice or placebo drink

150 g blueberries
(frozen) on exercise
days þ exercise or
control group (only
exercises)

Control group
did not receive
intervention

F.M. Delpino et al.

Iran

Mirfeizi et al.,
2016 [36]

Iran

Istek et al., 2017 Turkey
[45]

48 individuals
with obesity and
metabolic
syndrome
75 individuals
with type 2
diabetes
(Patients were
resistant to
conventional
oral
hypoglycemic
drugs)
54 individuals

Mean age of 42
years between
the groups

Randomized 8
double-blind

Mean age of 55 Randomized
years in the
triple-blind
intervention
group and 54 in
the control

12

2 capsules of blueberry Not speciﬁed
(Caucasian
whortleberry)
containing 500 mg each
or placebo

Mean age of 35 Randomized
years in the
intervention
group and 32 in
the control
Mean age of 58 Randomized
in the
intervention
group and 54 in
the control

12

Diet for 6 weeks, then
50 g of blueberry (fruit)
replacing
carbohydrates or
control
200 ml of cranberry
juice twice daily or
control

8

Javid et al., 2017 Iran
[38]

21 individuals
with type 2
diabetes and
periodontal
disease
(Treatment of
type 2 diabetes
not speciﬁed)

Curtis et al., 2019 United
[40]
Kingdom

115 individuals
with metabolic
syndrome

Mean age of 63
years between
the groups

Randomized 24
double-blind

Alnajjar et al.,
2020 [39]

16 overweight
individuals

Mean age of 62
years between
the groups

Randomized 3
double-blind

United
Kingdom

2 capsules of cranberry Not speciﬁed
containing 400 mg or
placebo

Control group
did not receive
intervention

There were no
signiﬁcant differences
in diabetes parameters
between groups
The intervention group
had a signiﬁcant
reduction in fasting
glycaemia, compared
with placebo

The study was supported
by a grant provided by
Shiraz University of
Medical Sciences.
The study was funded by a
research grant from the
Vice Chancellor of
Research, Islamic Azad
University, Karaj Branch.

The study was funded by
There were no
signiﬁcant differences Medical Park Hospital
in diabetes parameters
between groups

Blueberry and cranberry type 2 diabetes

Eftekhari et al.,
2016 [35]

This research was
ﬁnancially supported by
the Vice-Chancellor for
Research Affairs of Ahvaz
Jundishapur University of
Medical Sciences (NRC9202), the Drug Applied
Research Center of Tabriz
University of Medical
Sciences, and Takdaneh
Industry & Cultivate
Company (Marand City,
East Azerbaijan, Iran)
There were no
Supported by the
Group a: 26 g of freeze- Isocaloric and
carbohydratesigniﬁcant differences USHighbush Blueberry
dried blueberries
matched
in diabetes parameters Council (USHBC) with
(highbush)
Group b: 13 g of freezebetween groups
oversight from the USDA
and the Biotechnology and
dried blueberries
Biological Sciences
(highbush)
Research Council (BBSRC,
Group c: placebo
UK). AC and ERB both act as
advisors to the USHBC
grant committee
There were no
The study was funded by
Capsules not
3 capsules of 0.47 g
bilberry (equivalent to matched for the signiﬁcant differences Scottish Government Rural
150 g of fresh bilberries small amount of in diabetes parameters and Environment Science
and Analytical Services
carbohydrate in between groups
per day) or placebo
(RESAS)
the bilberry
extract
Control group
did not receive
intervention

There were no
signiﬁcant differences
in diabetes parameters
between groups

(continued on next page)
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Table 1 (continued )
Identiﬁcation

Location

Sample

Hormoznejad
et al., 2020
[37]

Iran

41 individuals
with nonalcoholic fatty
liver disease

Age

Mean age of 44
years in the
intervention
group and 40 in
the control
Mean age of 47
Hsia et al., 2020 United States 35 obese
[31]
individuals with years in the
elevated fasting intervention
group and 48 in
glucose or
impaired glucose the placebo
tolerance
Mean age of 67
Stote et al., 2020 United States 52 men with
[32]
type 2 diabetes years between
the groups
(The exclusion
criteria was
current insulin
treatment)
Chan et al., 2021 China
[42]

Rousseau et al.,
2021 [43]

Canada

20 individuals
with dm2
(Controlled with
oral
hypoglycemic
agents)
49 individuals at
risk of metabolic
syndrome

Study design Duration Intervention
in weeks

Control

Main results

Funding source

Randomized 12
double-blind

Not speciﬁed

There were no
signiﬁcant differences
in diabetes parameters
between groups

The study was funded by
Golestan Hospital of Ahvaz
Jundishapur University of
Medical Sciences

Isocaloric and
similar level of
compounds in
the cranberry
beverage

There were no
signiﬁcant differences
in diabetes parameters
between groups

The study was funded by a
clinical trial agreement
from Ocean Spray
Cranberries, Inc.

Matched in
energy and
carbohydrate
content to the
freeze-dried
blueberries

Glycated hemoglobin
The study was funded by
was lower in those that the US Highbush Blueberry
consumed blueberries Council (to KSS, MMW, and
ARG) and by resources and
the use of facilities at the
Stratton VA Medical Center,
Albany, NY, USA.
There were no
The study was funded by
signiﬁcant differences an Internal Research Grant
in diabetes parameters from the Caritas Institute of
between groups
Higher Education

Randomized 8
double-blind

Two tables of cranberry
(Vaccinium
macrocarpon)
equivalent to 26 g of
dried cranberry fruit
450 ml of low-calorie
cranberry (powder)
beverage or placebo

Randomized 8
double-blind

22 g freeze-dried
blueberries (2 types of
highbush blueberries,
Tifblue and Rubel) or
22 g placebo

Mean age of 56
years between
the groups

Randomized 4
double-blind

4 capsules of bilberry
Matching
(European Bilberry)
capsules of
daily containing 350 mg bilberry
extract each

36

Randomized 8
double-blind

50 g of freeze-dried
blueberry (Vaccinium
virgatum and
Vaccinium
corymbosum) or
placebo powder

Isocaloric

There were no
The study was supported
signiﬁcant differences by the US Highbush
in diabetes parameters Blueberry Council
between groups

F.M. Delpino et al.
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Figure 2 Forest plots of blueberry and cranberry effects for fasting blood glucose stratiﬁed by individuals with or without diabetes and by
intervention time (up to 8 weeks and >8 weeks).
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cranberry reduced the fasting blood glucose by 17.72 mg/dl
[95% CI: 29.62, 5.82; p Z 0.03; I2 Z 57%]. For individuals
without diabetes, the results were null [MD: 0.34 mg/dl;
95% CI: 1.45, 2.12; p Z < 0.01; I2 Z 75%]. Results for
stratiﬁcation by intervention time were also null. The I2 test
showed heterogeneity for both analyses.
Fig. 3 shows blueberry and cranberry consumption results for insulin resistance (HOMA-IR) for the general population, stratiﬁed by individuals with or without diabetes
and by intervention time. None of our analyses showed a

F.M. Delpino et al.

signiﬁcant association between blueberry and cranberry
consumption with insulin resistance. In Fig. 4, the results for
glycated hemoglobin are present. In individuals with diabetes, blueberry and cranberry consumption reduced glycated hemoglobin by 0.32% [95% CI: 0.57, 0.07; p Z 0.15;
I2 Z 39%], with lack of heterogeneity. No signiﬁcant associations were observed for individuals without diabetes, as
well in the intervention time analysis.
Analyses stratiﬁed comparing blueberry vs cranberry
(Fig. 5) showed a small effect for insulin resistance, for

Figure 3 Forest plots of blueberry and cranberry effects for insulin resistance (HOMA-IR) stratiﬁed by individuals with or without diabetes and by
intervention time (up to 8 weeks and >8 weeks).

Blueberry and cranberry type 2 diabetes
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Figure 4 Forest plots of blueberry and cranberry effects for glycated hemoglobin stratiﬁed by individuals with or without diabetes and by intervention time (up to 8 weeks and >8 weeks).

general population, in the individuals that ingested cranberry [MD: 0.24; 95% CI: 0.48, 0.01; p Z 0.30;
I2 Z 18%], with lack of heterogeneity. The sensitivity analyses were performed, excluding studies without a
double-blind design (see Fig. 6). For fasting blood glucose,
the consumption of blueberry and cranberry was statistically associated with a reduction of 2.37 mg/dl [95% CI:
4.72, 0.02; p Z 0.01; I2 Z 81%], with high heterogeneity, while in the analyses for insulin resistance and
glycated hemoglobin, no results were observed.
Supplementary Figures 2, 3, and 4 show stratiﬁed results
according to administration mode. We found a statistically

signiﬁcant association for studies with juice and tables as
interventions for insulin resistance. For glycated hemoglobin, our results showed a statistically signiﬁcant association for studies that utilized capsules of blueberry or
cranberry.
3.5. Meta-regression
For fasting blood glucose, meta-regression analysis
revealed a statistically signiﬁcant association between individuals with diabetes in the results (estimate: 19.88;
95% CI: 27.315, 12.444; p Z < 0.0001), while for
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Figure 5 Forest plots of blueberry and cranberry effects for glycated hemoglobin, insulin resistance, and glycated hemoglobin stratiﬁed by type of
berry (cranberry or blueberry).

duration and type of berry the results were not signiﬁcant,
p Z 0.2833 and p Z 0.4689, respectively. Meta-regression
analysis for insulin resistance revealed a statistically signiﬁcant association between the type of berry (estimate:

0.419; 95% CI: 0.824, 0.0141; p Z 0.0425), while for
individuals with diabetes and study duration, no relations
were observed, p Z 0.1918 and p Z 0.9266, respectively. In
the last meta-regression analysis, for glycated hemoglobin,
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Figure 6 Sensitivity analysis excluding non-double-blind studies.

a statistically signiﬁcant association was observed for individuals with or without diabetes (estimate: 0.3659;
95% CI: 0.569, 0.163; p Z < 0.0001), for study duration

(estimate: 0.2756; 95% CI: 0.480, 0.072; p Z 0.0081),
but not for the berry type (p Z 0.5929). See
Supplementary Table 1 for full meta-regression results.
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3.6. Risk of bias, credibility of evidence, and
methodological quality
The Cochrane scale results are shown in Fig. 7. Items 1
(random sequence generation) and 2 (allocation concealment) had the most studies classiﬁed as unclear or high
risk, with 10 items each. Item 6 (selective reporting) and 7
(other bias) had all studies classiﬁed as low risk.
Supplementary Figure 1 shows the funnel plot for the
general population for fasting blood glucose, insulin
resistance, and glycated hemoglobin. For general population, Egger’s test for blueberry and cranberry effects was
not signiﬁcant for fasting blood glucose (p Z 0.826), insulin resistance (p Z 0.683), and glycated hemoglobin
(p Z 0.08). However, for glycated hemoglobin, we
observed an asymmetry from left to right, while for fasting
blood glucose, we observed an asymmetry from top to
bottom, suggesting a bias toward larger studies. Furthermore, our study pointed high according to AMSTAR 2
guidelines, and results showed a high credibility of evidence for the NutriGrade.
4. Discussion
Blueberry and cranberry are associated with reduced diabetes because they are rich in polyphenols. From this hypothesis, this systematic review and meta-analysis showed
that, in individuals with diabetes, the consumption of
blueberry or cranberry reduced fasting blood glucose and
glycated hemoglobin, with null results for insulin resistance. In non-diabetic, none of our results were signiﬁcant,
except for sensitivity analysis for fasting blood glucose in
which we found a small effect. These results demonstrate
that blueberry or cranberry are only effective in people
who already have the disease, showing that, as far as we
know, this consumption does not act preventively.
In overweight and obese adults, in a review about dietary berries and type 2 diabetes, the authors found evidence that berries’ consumption may improve insulin
resistance [47]. Also, they showed that dietary berries at
high doses might help lower postprandial hyperglycemia
and hyperinsulinemia if administered with a mixed breakfast meal [47]. Another review about blueberry and cranberry on diabetes concluded that there is a beneﬁcial effect
on glucose control in response to consumption of blueberry
(extract or supplementation) and cranberry (juice),
demonstrating promising results from the consumption of
berries in the management of type 2 diabetes [17]. A previous meta-analysis that evaluated the effects of cranberry
on cardiovascular outcomes showed null results for fasting
blood glucose and insulin resistance [48]. However, only
seven studies for fasting blood glucose and four for insulin
resistance were included [48]. In another meta-analysis, the
authors assessed the effects of berries polyphenols on
glucose metabolism [49]. They showed signiﬁcant results
only for postprandial blood glucose (in adults with impaired
glucose tolerance or insulin resistance) [49].

Figure 7 Risk of bias summary: review authors’ judgments about each
risk of bias item for each included study.
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The mechanisms related to antidiabetic effects from
blueberry and cranberry in the treatment of diabetes may
be related to the polyphenols present in these foods.
Blueberry and cranberry are similar in the composition of
macronutrients. However, blueberry has two times more
polyphenol than cranberry [17]. In studies of the determination of polyphenols in blueberry, values between 274
and 525 mg/100 g of polyphenols were found in samples
collected from different locations [50,51]. On the other
hand, studies carried out with cranberry samples showed
lower values than those observed in blueberry, ranging
between 120 and 315 mg/100 g [51]. Although smaller,
cranberry also has good levels of polyphenols, making it a
food rich in this compound that can still bring health
beneﬁts. In the literature, some evidence indicates a signiﬁcant association between polyphenol with blood
glucose and lipid metabolism [17]. The mechanisms
responsible for polyphenols are related to the uptake of
glucose in tissues, which leads to improved insulin sensitivity [52]. More mechanisms may inﬂuence the effects of
polyphenols on the treatment of diabetes, including a
decrease in glucose absorption by the intestine, inhibition
of carbohydrates digestion, stimulation of insulin secretion, modulation of glucose release from the liver, and
activation of insulin receptors [53]. A review study showed
that polyphenols could penetrate the blood-brain barrier
exercising a neuroprotective effect, leading to a healthier
brain [54]. However, for type 2 diabetes, the authors
concluded that it is impossible to explain how polyphenols
inﬂuence the treatment of the disease because they may
modulate various processes [54]. In general, a large body of
reviews has demonstrated signiﬁcant effects of different
polyphenols in the treatment or prevention of diabetes,
including resveratrol [55], curcumin [56], and anthocyanins [57].
Studies with animals also showed promising results
from blueberry and cranberry intake in the management
of diabetes. In mice, blueberry intake was associated with
inhibition of early inﬂammatory events that promote
obesity-associated insulin resistance [58]. Blueberry supplements in mice were associated with improved insulin
sensitivity, glucose tolerance, and the protection of
pancreatic b-cells [59]. Cranberry also has similar results in
mice. A study demonstrated that its use could completely
reverse insulin resistance without affecting body weight or
adiposity [60]. The anthocyanins present in blueberries
and cranberries may play an essential role in the prevention of diabetes [61]. Rodents’ studies showed that anthocyanins regulated the metabolism of carbohydrates
through the upregulation of GLUT4 translocation [61].
Corroborating these ﬁndings, according to a review study
about dietary anthocyanins, there is a large amount of
evidence in vitro and in vivo, in addition to some clinical
studies, which demonstrate the beneﬁts of their consumption in insulin resistance especially in diabetic conditions [62]. Given the potential of blueberry and
cranberry in insulin resistance in mice and the results we
found for fasting blood glucose and glycated hemoglobin
in patients with diabetes, new human studies may change
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current perspectives. With this potential of blueberry and
cranberry, it is possible that in the future its use is recommended for treatment of diabetes and insulin resistance. On the other hand, blueberry and cranberry do not
appear to be effective in preventing diabetes, according to
our results.
To the best of our knowledge, we are the ﬁrst metaanalysis that was able to show signiﬁcant results from the
consumption of blueberry and cranberry in fasting blood
glucose and glycated hemoglobin in patients with diabetes. Our searches included an expressive number of
keywords and databases. Another strong point is the fact
that we have not included limitations for language or year
of publication. Finally, our meta-analyses for the general
population included a larger number of individuals,
reaching more than 1000 for fasting blood glucose. However, some limitations of our results need to be emphasized. First, our meta-analysis included studies that
assessed the consumption of blueberry or cranberry in
different ways, such as supplements, juices, and smoothies. These differences can affect the results since juices and
drinks may be easier to identify the substances being
consumed compared with capsules. For this reason, we
used random effects to try to minimize differences between studies. Furthermore, we observed heterogeneity
between studies ranging from wide variation in the
duration of the intervention, differences in sample size
between the studies, and different types of administration
that blueberry and cranberry were managed, corroborated
by the results of the I2 test of heterogeneity. Five additional
studies were found in other sources, which may reﬂect a
potential bias in the search terms. Moreover, the reading
stage of titles alone can also be a potential limitation since
reading titles and abstracts simultaneously can be more
effective for the selection of articles. However, this step
was performed by two authors independently, minimizing
the chances of not selecting an article that met the inclusion criteria. In addition, a review study demonstrated that
screening via a titles-ﬁrst approach may be better than
screening titles and abstracts together [63].
Due to the heterogeneity and some limitations of our
study, the results should be interpreted with caution. The
I2 test corroborates this caution by demonstrating that
most results with statistical signiﬁcance were with high
heterogeneity. New studies should be performed with
more homogeneous methods until blueberry and cranberry can be recommended as a complementary treatment
to diabetes. Moreover, null results for insulin resistance in
individuals with diabetes should be interpreted with
caution because only two studies were included in the
analysis. With our results, we hope that new clinical trials
will be conducted in individuals with diabetes and
contribute to what was found in this study.
In conclusion, our results demonstrated that the consumption of blueberry and cranberry signiﬁcantly reduced
the levels of fasting blood glucose and glycated hemoglobin in individuals with diabetes, with null results for insulin resistance, with high credibility of the evidence. Our
results were not signiﬁcant in the general population and

1108

in the analysis stratiﬁed by intervention time or berry
type. The present results should be interpreted with
caution due to the high heterogeneity found. Future
intervention studies should be conducted with individuals
with or without diabetes to demonstrate the effects of
blueberry and cranberry on the management of diabetes,
especially for insulin resistance.
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