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ABSTRACT
Background: Blueberries are dietary sources of polyphenols, specifically anthocyanins. Anthocyanins have been identified as having a strong
association with type 2 diabetes risk reduction; however, to date few human clinical trials have evaluated the potential beneficial health effects of
blueberries in populations with type 2 diabetes.
Objectives: We investigated the effects of blueberry consumption for 8 wk on cardiometabolic parameters in men with type 2 diabetes.
Methods: In a double-blind, parallel-arm, randomized controlled trial, 52 men who are US veterans [mean baseline characteristics: age, 67 y
(range: 51–75 y); weight, 102 kg (range: 80–130 kg); BMI (in kg/m2), 34 (range: 26–45)] were randomly assigned to 1 of 2 intervention groups. The
interventions were either 22 g freeze-dried blueberries or 22 g placebo. The study participants were asked to consume 11 g freeze-dried
blueberries or placebo with each of their morning and evening meals along with their typical diet.
Results: Mean ± SE hemoglobin A1c (7.1% ± 0.1% compared with 7.5% ± 0.2%; P = 0.03), fructosamine (275.5 ± 4.1 compared with
292.4 ± 7.9 μmol/L; P = 0.04), triglycerides (179.6 ± 10.1 compared with 199.6 ± 19.9 mg/dL; P = 0.03), aspartate transaminase (23.2 ± 1.4
compared with 30.5 ± 2.7 units/L; P = 0.02), and alanine transaminase (35.6 ± 1.5 compared with 48.3 ± 2.9 units/L; P = 0.0003) were significantly
lower for those consuming blueberries for 8 wk than for those consuming the placebo. Fasting plasma glucose concentrations; serum insulin, total
cholesterol, LDL-cholesterol, HDL-cholesterol, and C-reactive protein concentrations; blood pressure; and body weight were not significantly
different after 8 wk consumption of blueberries compared with the placebo.
Conclusions: Consumption of 22 g freeze-dried blueberries for 8 wk may beneficially affect cardiometabolic health parameters in men with type 2
diabetes. This trial was registered at clinicaltrials.gov as NCT02972996. Curr Dev Nutr 2020;4:nzaa030.
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Introduction

Type 2 diabetes develops owing to a continuous loss of β-cell insulin se-
cretion frequently accompanied by insulin resistance (1). In the United
States, >30.3 million individuals, ∼9.4% of the population, have dia-
betes; type 2 diabetes accounts for 90%–95% of all diabetes cases. Preva-
lence of type 2 diabetes is increasing owing to aging, physical inactivity,
overweight [BMI (in kg/m2) > 25], and obesity (BMI > 30) status, all
of which are serious risk factors (2). Hypertension and dyslipidemia are

typical comorbidities presenting with type 2 diabetes and are risk factors
for atherosclerotic cardiovascular disease (ASCVD). ASCVD is defined
as coronary artery disease, cerebrovascular disease, or peripheral artery
disease, and is the major cause of morbidity and mortality for those with
type 2 diabetes (3).

The American Diabetes Association Standards of Medical Care in Di-
abetes presents guidance for evidence-based disease management (4).
An important component of type 2 diabetes management is the provi-
sion of diabetes self-management education and support services. The
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goals of interventions for type 2 diabetes are to delay microvascular
and macrovascular complications, along with maintaining quality of
life. This requires control of glycemia and cardiovascular disease risk
factor management (5). Robust evidence supports the efficacy and cost
effectiveness of medical nutrition therapy (MNT) as a component of
quality care for type 2 diabetes (6, 7). MNT that maintains or improves
glycemic targets, weight management, and cardiovascular disease risk
factors within individualized treatment goals is recommended for adults
with type 2 diabetes. In addition, an important goal of MNT for type 2
diabetes is to support healthful eating patterns, which emphasizes a va-
riety of nutrient-dense foods in appropriate portion sizes (8). Currently,
the amount of carbohydrate required for ideal human health is debated,
although the quality of carbohydrate foods chosen in the management
of type 2 diabetes should be addressed as part of an individualized eating
plan for optimum nutrition. High-quality carbohydrate foods should be
high in dietary fiber, vitamins, and minerals, and low in added sugars,
fats, and sodium. Fruits and vegetables are considered high-quality car-
bohydrate foods (9). Various components of fruits and vegetables con-
tribute to their beneficial health effects, but there has been keen interest
in the possibility that plant polyphenols may have a role (10).

Blueberries are dietary sources of polyphenols, specifically antho-
cyanins. Anthocyanins may comprise ≤60% of total phenolic com-
pounds in blueberries, followed by hydroxycinnamic acid derivatives
(especially chlorogenic acid), flavonols, and flavanols (11). Antho-
cyanins have been identified as having a strong association with type
2 diabetes risk reduction (12–15); however, to date there are limited hu-
man clinical trials evaluating the beneficial health effects of blueberries
in populations with type 2 diabetes. Several randomized, parallel-design
human studies have reported that consumption of blueberries may ben-
eficially affect early biomarkers of cardiovascular disease and diabetes,
such as blood pressure, lipids, oxidative stress, and vascular function
(16–20). However, the effects of blueberry consumption on glycemic
control have presented inconsistent results in these studies (16, 17, 19,
20).

Here we conducted a randomized, double-blind, human interven-
tion trial with 22 g freeze-dried blueberries (equivalent to ∼1 cup fresh
per day), implementing a parallel-arm design with a placebo control
for 8 wk. We hypothesized that the intake of 11 g freeze-dried blueber-
ries (equivalent to 1/2 cup fresh), consumed with morning and evening
meals, would have promising effects on cardiometabolic parameters in-
cluding glycemic control, lipids, blood pressure, and inflammation in
men with type 2 diabetes.

Methods

Study population
Men aged 45–75 y were recruited from the Stratton Veterans Adminis-
tration (VA) Medical Center in Albany, NY, USA from January 2017
to March 2018. The gender and age range were chosen because the
potential study participants meeting these criteria have a greater fre-
quency of type 2 diabetes at the Medical Center. Inclusion in the study
was based on having a medical diagnosis of type 2 diabetes for ≥6
mo; glycated hemoglobin (HbA1c) > 6.5 and <9; and BMI > 25.
Exclusion criteria were for those who used insulin; had chronic kid-
ney disease (glomerular filtration rate ≤ 45 mL/min), liver cirrhosis,

gastrointestinal disease, pancreatic disease, or malabsorption syn-
dromes; had lost 10% of their body weight within the past 12 mo or
were planning to initiate weight loss; were routinely participating in a
heavy exercise program (≥5 h physical exercise such as running or cy-
cling per week) or initiated an exercise program during the study; were
heavy smokers (>20 cigarettes/d); were unable or unwilling to give in-
formed consent or communicate with study staff; had other medical,
psychiatric, or behavioral factors that in the judgment of the principal
investigators may have interfered with study participation or the ability
to follow the intervention protocol; and/or had a known (self-reported)
allergy or adverse reaction to blueberries or blueberry products. Po-
tential participants underwent a medical evaluation by a physician or
nurse practitioner. The study endocrinologist or nurse practitioner and
research investigators reviewed the participant’s medical history, medi-
cation use, and previous clinical laboratory tests (including a profile of
hematological and biochemical parameters including HbA1c), and used
the clinical screening and evaluation results to identify individuals who
qualified for the study. Potential participants were required to attend
an individual information session where the study coordinator detailed
the requirements, risks, and benefits of participating in the study. Af-
ter the session, those interested were required to complete and sign a
consent form and complete a study application. Participants gave their
informed consent to take part in the study, and the institutional review
board approved the intervention protocol, which was followed in accor-
dance with the ethical standards of the Albany Stratton VA Institutional
Review Board. The participants received monetary compensation for
their travel and meal expenses for their participation in the study.

Study design
The study (NCT02972996) was a double-blind, placebo-controlled,
parallel-arm study with 2 intervention groups for a total study dura-
tion of 8 wk. The randomization plan was generated by the study bio-
statistician before the start of the study. Participants were assigned to
the randomization plan in order of recruitment. The study was con-
ducted at the Stratton VA Medical Center in Albany, NY, USA. Parti-
cipants were randomly assigned to 1 of 2 intervention groups: either 1)
22 g freeze-dried blueberries along with their free-living diet per day
or 2) 22 g placebo powder (matched in energy and carbohydrate con-
tent to the freeze-dried blueberries) along with their free-living diet per
day. One cup of fresh blueberries is equivalent to ∼22 g freeze-dried
blueberries. This amount was chosen because it is a reasonable amount
of fruit for subjects with type 2 diabetes to consume. Participants were
asked to consume 11 g freeze-dried blueberries or placebo, reconsti-
tuted with 240 mL water, with their morning and evening meals for
8 wk. Participants were counseled by a registered dietitian/nutritionist
(RDN) regarding how the intervention was to be consumed, and ad-
herence was monitored by a daily questionnaire. In addition, the num-
ber of used and unused intervention packets were tracked during each
study visit. Study adherence was defined as missing ≤2 doses/wk. There
was a total of 3 study visits: at baseline, 4 wk, and 8 wk. Partici-
pants received a 4-wk supply of the study interventions during study
visits 1 (baseline) and 2 (4 wk) at the Stratton VA Medical Center.
The interventions were supplied in packets by the US Highbush Blue-
berry Council and were differentiated by labels marked either A or B.
The interventions were blinded to the study investigators and partici-
pants. The US Highbush Blueberry Council held the code to the study
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TABLE 1 Nutrient composition of freeze-dried blueberries and placebo compared with fresh
blueberries1

Nutrient
Freeze-dried

blueberries (22 g)2
Placebo
(22 g)2

Fresh blueberries
(per 1 cup)3

Energy, kcal 85 84 84
Carbohydrates, g 20.2 20.9 21.5
Protein, g 0.6 ND 1.1
Fat, g 0.2 ND 0.5
Fiber, g 5.2 0.3 3.6
Vitamin C, mg 1.7 ND 14.4
Potassium, mg 104.7 3.2 114
Anthocyanins, mg 261.8 2.2 241.6
Phenolics, mg 765.6 48.8 Unknown
1ND, nondetectable.
2Analyzed by International Chemistry Testing.
3USDA, Agricultural Research Service, FoodData Central, FDC ID: 171711, USDA Database for Flavonoid Content of Selected
Foods, release 3.2 (2015), NDB no. 09050.

interventions. All analyses were completed before the blinding code was
revealed.

Study interventions
The blueberry intervention consisted of freeze-dried highbush blue-
berries [50/50 blend of tifblue (Vaccinium virgatum) and rubel (Vac-
cinium corymbosum)] from the same harvest. The blueberry interven-
tion was produced and packed in September 2016 by Mercer Foods.
The placebo intervention consisted of maltodextrin, fructose, artificial
and natural blueberry flavoring, colorants (red and blue), citric acid,
and silica dioxide. The placebo intervention was produced and packed
in July 2016 by Covance Labs. The study interventions, both blueber-
ries and placebo, were stored at 10◦C in the pharmacy at the Strat-
ton VA Medical Center until use. Samples of the interventions were
collected, then stored at 10◦C for independent nutrient and polyphe-
nol analyses at the end of the study. Proximate sugar profile, total phe-
nolics, and anthocyanins were determined by International Chemistry
Testing. Phenolics were analyzed using the Folin–Ciocalteu reagent and
the method of Slinkard and Singleton (21). Anthocyanins were ana-
lyzed by a pH differential method measuring the monomeric antho-
cyanin pigments (22). Table 1 shows the nutrient composition of the
interventions.

Dietary intake assessment
Study participants were responsible for their own meals and continued
to follow their typical patterns of food intake. Dietary intake data were
collected and analyzed by 8 weekly 3-d (2 weekdays and 1 weekend day)
food records throughout the study duration. Three-day mean macronu-
trient and micronutrient intakes were analyzed using Nutritionist Pro
version 7.4 (2018; Axxya System). At the first study visit, participants re-
ceived instruction, using appropriate food models and measuring uten-
sils, about completing food records from an RDN. At the second and
third study visits, the RDN reviewed the 3-d food records for accuracy
with the participant. The days of data collection, 2 weekdays and 1 week-
end day, ensured proportional representation of food intake for week-
days and weekend days. All food intake data entry was performed by
an RDN and the data entry was confirmed by a second RDN for quality
control.

Participants completed a daily questionnaire regarding their general
health; any consumption of prescription and over-the-counter medica-
tions; factors related to intervention compliance; and physical activity
performed. The questionnaire also gave participants the opportunity
to write any questions they had regarding the study intervention. Par-
ticipants were encouraged to maintain their habitual diet and normal
physical activity throughout the study. Participants were asked to main-
tain their same medication usage, dose, and timing without any change
throughout the study.

Anthropometrics and blood pressure
Height was measured with participants positioned in the Frankfort
frontal plane. Each participant’s height without shoes was measured to
the nearest 0.1 cm with a wall-mounted stadiometer. Weight was as-
sessed using a digital scale (DETECTO) to the nearest 0.1 kg. Waist
circumferences were measured above the right ilium on the midaxil-
lary line using a fiberglass tape measure by 2 trained individuals fol-
lowing a written protocol, with almost 90% of the measures performed
by 1 of the 2 individuals. Blood pressure and heart rate were collected
according to a standard protocol. Participants were taken to a quiet
room with subdued lighting and rested quietly for ∼10 min. A cuff of ap-
propriate size was attached to the upper right arm according to the man-
ufacturer’s instructions. Blood pressure and heart rate were measured in
duplicate using an automatic monitor (Welch Allyn Spot Vital Signs),
which was programmed to take an initial reading and then a reading
after 5 min per a standardized protocol. Participants were instructed to
refrain from consuming coffee for ≥30 min before the measurement.
With the exception of height, the measurements of body weight, waist
circumference, and blood pressure were obtained at baseline, at 4 wk,
then after 8 wk of the study.

Biological sample collection and analysis
Twice during the study, at baseline and after the 8-wk study period,
blood was collected from the antecubital veins of participants after a 12-
h fast. Serum was collected in serum separator vacutainer tubes, then al-
lowed to clot at room temperature for a minimum of 20 min, then spun
at 3000 rpm for 5 min at room temperature at the Stratton VA Medical
Center Clinical Laboratory, Albany, NY, USA. Serum concentrations of

CURRENT DEVELOPMENTS IN NUTRITION



4 Stote et al.

total, HDL, and LDL cholesterol, triglycerides, and high-sensitivity C-
reactive protein (CRP), a complete metabolic panel, and plasma glucose
concentrations were determined by spectrophotometric procedures us-
ing a Siemens Vista 500 Analyzer. HbA1c, collected using potassium
EDTA–coated tubes, was determined by a Tosoh G8 Analyzer using
HPLC methodology. These analyses were also performed at the Stratton
VA Medical Center Clinical Laboratory. Serum insulin concentrations
were measured by immunoassay with chemiluminescent detection on
a Siemens Immulite 2000 XPi Immunoassay System, and serum fruc-
tosamine was measured by using spectrophotometry at Quest Diagnos-
tics. Twice during the study, at baseline and after the 8-wk study period,
participants provided a urine sample of ≥10 mL after a 12-h fast. Urine
was collected in plastic containers and was stored on ice during collec-
tion and until samples were analyzed at the Stratton VA Medical Cen-
ter Clinical Laboratory. Urine was analyzed for the microalbumin-to-
creatinine ratio (MA:CR). Microalbumin was measured by nephelom-
etry and creatinine was measured by enzymatic testing using a Siemens
Vista 500 Analyzer. MA:CR was then calculated to determine the level
of nephropathy and expressed as mg/g. MA:CR of 30–300 mg/g = evi-
dence of early nephropathy and >300 mg/g = nephropathy.

Statistical analysis
To determine the effect of the blueberry intervention, statistical analy-
ses were performed in SAS version 9.4 (SAS Institute, Inc.). For blood
pressure, weight, BMI, and waist circumference, a repeated-measures
linear mixed-model ANOVA with covariates of age, baseline (preinter-
vention values), BMI, and weight was used in all models. For laboratory
biomarkers, a linear mixed-model ANOVA with covariates of age, base-
line (preintervention values), BMI, and weight was used in all models.
For the lipid data, subgroup analysis was performed in those partici-
pants prescribed lipid-lowering medication. Data were tested for nor-
mality with the Shapiro–Wilk statistic and by inspection of stem-leaf
plots and normal probability plots of residuals. In all statistical compar-
isons, differences with P < 0.05 were considered significant. Results are
presented as means ± SEs unless otherwise stated.

The sample size for this study was based on an SD from a previous
study conducted by Johnson et al. (18), which showed that 22 g freeze-
dried blueberries lowered systolic and diastolic blood pressure. A sam-
ple size calculation was estimated for a parallel-arm study with >80%
power to detect a significant difference at P = 0.05. Twenty-four parti-
cipants per group were needed, and we determined to recruit 30/group
based on a 20% dropout rate. No power calculation was determined for
HbA1c and fructosamine because of the limited number of published
studies evaluating the health effects of blueberries in type 2 diabetes.

Results

Seventy potential study participants provided informed consent, 55 of
whom met the inclusion criteria and were selected for study partici-
pation. Three participants withdrew from the study. One participant
did not start the study protocol owing to personal reasons, 1 discon-
tinued because of gastrointestinal issues not related to the intervention
administration, and 1 discontinued because of surgery. A total of 52
participants successfully completed the study protocol. Twenty-six par-

ticipants completed the freeze-dried blueberry arm and 26 participants
completed the placebo arm (Figure 1).

Table 2 presents the baseline characteristics of the 52 participants
included in the final data. Participants were men, with an age range of
51–75 y and BMI range of 26–45. Body weight (102.4 ± 0.4 kg com-
pared with 102.4 ± 0.4 kg; P = 0.19) and BMI (34.0 ± 0.1 compared
with 33.7 ± 0.1; P = 0.13) were not significantly different after 8 wk
of consumption of freeze-dried blueberries compared with placebo, re-
spectively. Noninsulin diabetes medications were prescribed to 100%
of the participants with 81% biguanides (metformin), 15% sulfonyl-
ureas (glimepiride, glyburide, and glipizide), 2% thiazolidinediones (pi-
oglitazone), and 2% dipeptidyl peptidase-4 inhibitors (sitagliptin and
saxagliptin). The freeze-dried blueberry group participants at baseline
showed n = 21 had treated hypertension with blood pressure values
within the normal range; n = 3 had treated hypertension with stage
1 hypertension (systolic blood pressure 130–139 mm Hg or diastolic
blood pressure 80–89 mm Hg); and n = 2 untreated had blood pres-
sure values within the normal range. In the placebo group at baseline,
n = 20 had treated hypertension with blood pressure values within the
normal range; n = 1 had treated hypertension with stage 1 hypertension
(systolic blood pressure 130–139 mm Hg or diastolic blood pressure 80–
89 mm Hg); and n = 5 untreated had blood pressure values within the
normal range. No medication changes were made throughout the 8 wk
of the study, with the exception of 1 participant who changed their non-
insulin diabetes medication after 4 wk of the study. Statistical analysis
was run with and without this 1 participant’s data with no changes in
study results; therefore, it was determined to use the participant’s data.
Participants’ dietary and medical history showed that 83% had received
MNT for type 2 diabetes. At baseline, participants in both interven-
tion groups had equal glycemic control as assessed by HbA1c. Approxi-
mately 4% of participants used tobacco products (1 participant smoked
∼10 cigarettes/d and 1 participant chewed tobacco twice daily).

Mean daily energy intake was 1824 ± 99 kcal (41% energy from car-
bohydrate, 18% energy from protein, and 41% energy from fat) and
1840 ± 183 kcal (42% energy from carbohydrate, 17% energy from
protein, and 41% energy from fat) for the freeze-dried blueberry and
placebo groups, respectively, and did not differ significantly between the
2 intervention groups. There were no significant differences in either of
the intervention groups on changes in carbohydrate, protein, fat, choles-
terol, or fiber intakes, as determined by the 3-d food records during the
course of the intervention; 92% of participants completed ≥8 sets of
3-d food records. In addition, review of the 3-d food records showed
that participants did not consume high-anthocyanin foods throughout
the study period, although they were not asked to change their habitual
diets. Participants from each group consumed on average 1 serving of
fruit and 2 servings of vegetables per day; this did not include the freeze-
dried blueberry intervention, which may be considered 2 servings of
fruit. Anthocyanins and other nutrients in the intervention products
were found to be stable at the end of the study when compared with
analyses at the beginning of the study (data not shown).

Participants were asked to self-monitor their adherence to the con-
sumption of the interventions (freeze-dried blueberry and placebo
packets) on a daily questionnaire. Furthermore, participants verbally
reported the amounts of intervention packets they consumed to re-
searchers. Researchers also counted the number of returned interven-
tion packets at the study visits. The daily questionnaires, subject self-

CURRENT DEVELOPMENTS IN NUTRITION



Blueberry intake and type 2 diabetes 5

n

n

n

n
n

n

n

n
n

n

n

n

n

n

n

n
owing to

owing to

Analyzed (n = 26)Analyzed (n = 26)

owing to

FIGURE 1 CONSORT diagram for the study trial.

reports, and numbers of intervention packets showed 98% adherence
for the freeze-dried blueberry and placebo groups.

Fasting plasma glucose and serum insulin were not significantly
different after 8 wk of consumption of freeze-dried blueberries com-
pared with placebo, although HbA1c (7.1% ± 0.1% compared with
7.5% ± 0.2%; P = 0.03) and fructosamine (275.5 ± 4.1 compared with
292.4 ± 7.9 μmol/L; P = 0.04) were significantly lower for those con-
suming freeze-dried blueberries for 8 wk than for those consuming the
placebo (Table 3).

Serum total cholesterol, LDL cholesterol, and HDL cholesterol were
not significantly different after 8 wk of consumption of freeze-dried
blueberries compared with the placebo. Serum triglycerides were sig-

nificantly lower for those participants consuming freeze-dried blueber-
ries for 8 wk than for those consuming the placebo (179.6 ± 10.1 and
199.6 ± 19.9 mg/dL, respectively; P = 0.03). In addition, serum total
cholesterol (148.8 ± 4.9 compared with 163.6 ± 3.4 mg/dL; P = 0.03),
LDL cholesterol (77.2 ± 6.5 compared with 84.1 ± 5.4 mg/dL; P = 0.04),
and triglycerides (160.6 ± 13.1 compared with 183.9 ± 10.7 mg/dL;
P = 0.03) were significantly lower for those consuming freeze-dried
blueberries (n = 17) than for those consuming the placebo (n = 23)
in those using lipid-lowering medication. High-sensitivity CRP was not
significantly different after 8 wk of consumption of freeze-dried blue-
berries compared with the placebo (Table 4). Systolic blood pressure,
diastolic blood pressure, and heart rate were not significantly different
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TABLE 2 Characteristics of study participants at baseline1

Blueberry (n = 26) Placebo (n = 26)
Variable Baseline 4 wk 8 wk Baseline 4 wk 8 wk

Age, y 67.1 ± 1.1 – – 66.7 ± 1.1 – –
Height, cm 173.6 ± 1.3 – – 174.3 ± 1.3 – –
Weight, kg 102.7 ± 1.1 102.5 ± 0.4 102.4 ± 0.4 102.4 ± 1.4 102.1 ± 0.4 102.4 ± 0.4
BMI, kg/m2 34.2 ± 0.7 34.1 ± 0.1 34.0 ± 0.1 34.0 ± 0.9 33.8 ± 0.1 33.7 ± 0.1
Waist circumference, cm 116.4 ± 1.0 117.4 ± 0.5 116.8 ± 0.5 116.4 ± 1.0 116.1 ± 0.5 116.4 ± 0.5
Race

White, alone 25 (96) 24 (92)
Black or African American, alone 1 (4) 2 (8)

Comorbidities
Hypertension 24 (92) 21 (81)
Coronary heart disease 19 (73) 20 (77)
Dyslipidemia 17 (65) 23 (88)

Noninsulin diabetes medication users 26 (100) 26 (100)
Biguanides 20 (77) 21 (80)
Sulfonylureas 5 (19) 3 (12)
Thiazolidinediones 0 (0) 1 (4)
Dipeptidyl peptidase-4 inhibitors 1 (4) 1 (4)

Antihypertensive medication users 24 (92) 21 (81)
Angiotensin1 receptor blockers 4 (16) 5 (23)
β-receptor blockers 3 (13) 1 (5)
Angiotensin-converting enzyme inhibitors 10 (42) 9 (43)
Calcium-channel blockers 1 (4) 1 (5)
Diuretics 6 (25) 5 (24)

Lipid-lowering medication users 17 (65) 23 (88)
HMG-CoA reductase inhibitors 17 (65) 23 (88)

Three-day food record dietary intake at baseline
Energy, kcal/d 1824 ± 99 1840 ± 183
Carbohydrate, g 186 ± 10 191 ± 18
Protein, g 81 ± 5 80 ± 6
Fat, g 84 ± 6 84 ± 11
Fiber, g 15 ± 1 15 ± 2

1All values are means ± SEs or n (%). Statistical comparisons were made by ANOVA. No differences between groups were observed at baseline. HMG-CoA, 3-hydroxy-
3-methyl-glutaryl-CoA.

after 8 wk of consumption of freeze-dried blueberries compared with
the placebo (Table 5).

Serum liver enzymes [aspartate transaminase (AST): 23.2 ± 1.4
compared with 30.5 ± 2.7 units/L; P = 0.02, and alanine transami-
nase (ALT): 35.6 ± 1.5 compared with 48.3 ± 2.9 units/L; P = 0.0003]
were significantly lower for those consuming freeze-dried blueberries
for 8 wk than for those consuming the placebo. Serum concentrations
of blood urea nitrogen, of creatinine, and all other metabolic variables
including urinary MA:CR were not significantly different after 8 wk
of consumption of freeze-dried blueberries compared with the placebo
(Table 3).

Discussion

This randomized, double-blind, placebo-controlled, parallel-design hu-
man intervention study was the first to our knowledge to assess the
health effects of consuming 22 g freeze-dried blueberries (∼1 cup
fresh blueberries) daily for 8 wk in men with type 2 diabetes. Results
showed that HbA1c and fructosamine, biomarkers of glycemic con-
trol, were significantly lower for those consuming freeze-dried blue-

berries for 8 wk than for those consuming the placebo. Total choles-
terol, LDL cholesterol, HDL cholesterol, and CRP concentrations, blood
pressure, and body weight were not significantly different after 8 wk
of consumption of freeze-dried blueberries compared with the placebo.
However, triglyceride concentrations were significantly lower for those
consuming freeze-dried blueberries for 8 wk than for those consum-
ing the placebo. Further subgroup analyses demonstrated that in lipid-
lowering medication users only, total cholesterol, LDL-cholesterol, and
triglyceride concentrations were significantly lower for those consum-
ing freeze-dried blueberries than for those consuming the placebo; the
subgroup not taking lipid-lowering medication showed no statistically
significant effect of freeze-dried blueberries on total cholesterol, LDL-
cholesterol, and triglyceride concentrations. The liver enzymes AST and
ALT were significantly lower for those consuming freeze-dried blueber-
ries for 8 wk than for those consuming the placebo.

In the present study, participants consuming freeze-dried blueber-
ries had lower HbA1c and fructosamine after 8 wk than those consum-
ing the placebo, although fasting glucose and insulin concentrations
were not significantly different. Participants also maintained their body
weight throughout the study. To our knowledge, the effect of freeze-
dried blueberry consumption for 8 wk on glycemic control in partici-
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TABLE 3 Fasting biomarkers of glycemic control and complete metabolic panel in men with type 2 diabetes at baseline and
after 8 wk consuming freeze-dried blueberries or placebo1

Blueberry (n = 26) Placebo (n = 26)

Variable Baseline2 8 wk3 Baseline2 8 wk3 P4

Glucose, mg/dL 148.4 ± 4.8 146.3 ± 5.4 150.8 ± 4.7 153.3 ± 10.2 0.54
Insulin, μIU/mL 12.8 ± 1.4 16.8 ± 2.3 13.4 ± 2.1 13.2 ± 4.4 0.48
Glycated hemoglobin, % 7.2 ± 0.2 7.1 ± 0.1 7.4 ± 0.2 7.5 ± 0.2 0.03
Fructosamine, μmol/L 290.5 ± 8.7 275.5 ± 4.1 289.5 ± 9.2 292.4 ± 7.9 0.04
Sodium, mEq/L 140.1 ± 0.4 139.8 ± 0.4 139.7 ± 0.5 139.1 ± 0.7 0.41
Potassium, mEq/L 4.4 ± 0.1 4.3 ± 0.1 4.4 ± 0.1 4.3 ± 0.1 0.89
Chloride, mEq/L 104.1 ± 0.6 103.6 ± 0.5 103.7 ± 0.5 104.0 ± 0.9 0.69
Carbon dioxide, mEq/L 26.9 ± 0.6 27.1 ± 0.5 27.2 ± 0.3 26.4 ± 0.9 0.47
Urea nitrogen, mg/dL 19.9 ± 1.2 17.2 ± 0.9 16.6 ± 0.8 19.1 ± 1.6 0.32
Creatinine, mg/dL 1.0 ± 0.04 1.0 ± 0.02 0.9 ± 0.03 1.0 ± 0.04 0.94
Calcium, mg/dL 8.8 ± 0.1 8.8 ± 0.1 8.9 ± 0.1 8.9 ± 0.1 0.35
eGFR, mL/min 76.7 ± 3.5 80.9 ± 2.0 85.8 ± 3.7 79.7 ± 3.7 0.77
Protein, total, g/dL 7.3 ± 0.1 7.2 ± 0.1 7.1 ± 0.1 7.2 ± 0.1 0.66
Albumin, g/dL 3.9 ± 0.04 3.9 ± 0.03 3.9 ± 0.04 3.9 ± 0.06 0.93
Bilirubin, total, mg/dL 0.6 ± 0.04 0.6 ± 0.03 0.7 ± 0.08 0.7 ± 0.06 0.38
Alkaline phosphatase, units/L 77.8 ± 4.6 74.7 ± 1.6 76.5 ± 5.1 78.5 ± 2.9 0.27
AST, units/L 23.5 ± 1.9 23.2 ± 1.4 24.9 ± 2.9 30.5 ± 2.7 0.02
ALT, units/L 36.5 ± 2.7 35.6 ± 1.5 39.9 ± 3.8 48.3 ± 2.9 0.0003
Urine MA:CR, mg/g 124.5 ± 90.1 123.8 ± 77.9 180.1 ± 80.4 178.9 ± 78.9 0.74
1ALT, alanine transaminase; AST, aspartate transaminase; eGFR, estimated glomerular filtration rate; MA:CR, microalbumin-to-creatinine ratio.
2Values are arithmetic means ± SEs from samples collected before the dietary intervention (preintervention values).
3Values are least-squares means ± SEs (adjusted for the baseline values) from a linear mixed-model ANOVA that included covariates of age, baseline (preintervention
values), BMI, and weight.
4Values are for the blueberry and placebo comparison at 8 wk.

pants with type 2 diabetes has not been previously investigated. Human
clinical trials with freeze-dried blueberries and glycemic control have
presented inconsistent results. Some showed that consuming freeze-
dried blueberries (ranging from 13 to 50 g) had no significant effect on
glycemic control and surrogate markers of insulin sensitivity in adults
with metabolic syndrome and risk factors for cardiovascular disease (16,
17, 19). However, another study showed daily consumption of 22.5 g
freeze-dried blueberries for 6 wk improved insulin resistance in obese

adults with insulin resistance (20). In addition, supplementation with
320 mg purified anthocyanins daily for 6 mo lowered fasting glucose
along with a trend toward lowering HbA1c (P = 0.06) in adults with
type 2 diabetes (23). HbA1c and fructosamine were not evaluated in sev-
eral of the freeze-dried blueberry studies owing to shorter-term study
durations and/or study participants having metabolic complications
other than type 2 diabetes. Our participants were instructed throughout
the study to consume the freeze-dried blueberries with their morning

TABLE 4 Fasting serum lipids, lipoproteins, and CRP in men with type 2 diabetes at baseline and after 8 wk consuming
freeze-dried blueberries or placebo1

Blueberry (n = 26) Placebo (n = 26)

Variable Baseline2 8 wk3 Baseline2 8 wk3 P4

Total cholesterol, mg/dL 161.4 ± 9.6 155.8 ± 3.8 166.4 ± 9.6 161.2 ± 7.3 0.51
LDL cholesterol, mg/dL 82.8 ± 7.8 84.2 ± 5.0 87.2 ± 8.4 83.2 ± 9.6 0.93
HDL cholesterol, mg/dL 44.7 ± 1.9 47.1 ± 1.2 48.6 ± 2.6 44.1 ± 2.2 0.25
Triglycerides, mg/dL 186.1 ± 24.6 179.6 ± 10.1 176.4 ± 15.3 199.6 ± 19.9 0.03
CRP, mg/dL 0.57 ± 0.1 0.50 ± 0.1 0.51 ± 0.1 0.50 ± 0.1 0.99
Lipid-lowering medication users5

Total cholesterol, mg/dL 164.2 ± 6.9 148.8 ± 4.9 164.3 ± 10.6 163.6 ± 3.4 0.03
LDL cholesterol, mg/dL 102.9 ± 19.7 77.2 ± 6.5 95.7 ± 40.7 84.1 ± 5.4 0.04
HDL cholesterol, mg/dL 46.4 ± 2.6 44.9 ± 1.5 50.3 ± 2.8 45.6 ± 1.3 0.74
Triglycerides, mg/dL 166.9 ± 24.7 160.6 ± 13.1 164.5 ± 12.1 183.9 ± 10.7 0.03
CRP, mg/dL 0.51 ± 0.1 0.56 ± 0.1 0.52 ± 0.2 0.54 ± 0.1 0.86

1CRP, C-reactive protein.
2Values are arithmetic means ± SEs from samples collected before the dietary intervention (preintervention values).
3Values are least-squares means ± SEs (adjusted for the baseline values) from a linear mixed-model ANOVA that included covariates of age, baseline (preintervention
values), BMI, and weight.
4Values are for the blueberry and placebo comparison at 8 wk.
5n = 17, blueberry lipid-lowering medication users; n = 23, placebo lipid-lowering medication users.
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TABLE 5 Blood pressure and heart rate in men with type 2 diabetes at baseline and after 8 wk consuming freeze-dried
blueberries or placebo

Blueberry (n = 26) Placebo (n = 26)

Variable Baseline1 4 wk2 8 wk2 Baseline1 4 wk2 8 wk2 P3

Systolic blood pressure, mm Hg 130 ± 3 129 ± 3 126 ± 3 126 ± 3 126 ± 3 126 ± 3 0.56
Diastolic blood pressure, mm Hg 73 ± 1 75 ± 1 75 ± 1 76 ± 2 76 ± 1 75 ± 1 0.48
Heart rate, beats/min 70 ± 2 72 ± 2 70 ± 2 71 ± 2 69 ± 2 71 ± 2 0.72
1Values are arithmetic means ± SEs from samples collected before the dietary intervention (preintervention values).
2Values are least-squares means ± SEs (adjusted for the baseline values) from a repeated-measures linear mixed-model ANOVA that included covariates of age, baseline
(preintervention values), BMI, and weight.
3Values are for the blueberry and placebo comparison at 8 wk.

and evening meals, because a proposed mechanism of the polyphenol-
rich blueberries is interference with carbohydrate digestion and glucose
absorption through the inhibition of α-amylase and/or α-glucosidase
activity in the intestinal epithelium (24, 25). Also, other mechanisms
have shown that anthocyanins may delay intestinal absorption of glu-
cose through inhibition of sodium glucose cotransporter 1 (SGLT1)
and glucose transporter 2 (GLUT2) (26). Further, anthocyanins may
modify GLUT4 via AMP-activated protein kinase (AMPK) activation
reducing glucose production in the liver (27). In addition, consum-
ing freeze-dried blueberries with meals may have improved glycemic
control in our participants by delaying carbohydrate breakdown and
glucose absorption over the 8-wk study period. The results of a meta-
analysis showed that polyphenols are associated with a significant re-
duction in HbA1c with the effect more pronounced in those with type
2 diabetes; when the analysis was restricted to longer clinical trials, i.e.,
>6 wk, a reduction of 0.4% in HbA1c was found (28). This result is sim-
ilar to what was found in the present 8-wk study. HbA1c is a surrogate
marker of glycemic control over the preceding 2–3 mo, and current clin-
ical practice recognizes an individualized approach in using HbA1c in
type 2 diabetes management (29). Fructosamine is strongly correlated
with HbA1c and fasting glucose. It is a short-term glycemic marker of
approximately a 2- to 4-wk duration and is useful in evaluating an ear-
lier glycemic response. An advantage of the use of several measures of
glycemic control is that they each provide distinctive aspects of type 2
diabetes physiology (30–32). We evaluated fructosamine at baseline and
after 8 wk of our study. It would have been beneficial to measure fruc-
tosamine after 4 wk of the study to determine if the freeze-dried blueber-
ries affected short-term glycemic control. Further research is warranted
to evaluate blueberry consumption in those with type 2 diabetes using
continuous glucose monitoring, along with short-term and long-term
biomarkers of glycemic control in human clinical trials.

Individuals with type 2 diabetes have altered lipid and lipoprotein
metabolism, causing an increased prevalence of dyslipidemia contribut-
ing to ASCVD (3). We found triglyceride concentrations were low-
ered in our participants with type 2 diabetes consuming freeze-dried
blueberries, although our study participants’ baseline lipid concentra-
tions were well controlled. In addition, in statistical analysis restricted
to those participants using lipid-lowering medication, total choles-
terol, LDL-cholesterol, and triglyceride concentrations were lower for
those consuming freeze-dried blueberries than for those consuming the
placebo. The synergistic effect of the combination of consuming freeze-
dried blueberries along with lipid-lowering therapy may be a novel ap-
proach for decreasing risk of ASCVD in type 2 diabetes. Whereas there

have been positive effects of blueberries and anthocyanins shown in
studies in vitro and in animals with diabetic dyslipidemia, human re-
search provides inconsistent results (33, 34). Previous research showed
supplementation with 320 mg purified anthocyanins daily decreased
triglycerides and LDL cholesterol, and increased HDL cholesterol, in
participants with type 2 diabetes (n = 58; 58% male; ages 56–67 y;
mean ± SD BMI: 25.2 ± 2.6) after 6 mo (23). However, some human
clinical trials utilizing freeze-dried blueberries (ranging from 22.5 to
50 g) had no significant effect on triglycerides, LDL cholesterol, and
HDL cholesterol in adults with metabolic syndrome and risk factors for
cardiovascular disease after 6–8 wk (16, 19, 20). A recent clinical trial
reported participants with metabolic syndrome consuming 26 g freeze-
dried blueberries showed a significant increase in HDL-cholesterol con-
centrations with a trend toward a dose-related increase (17). More hu-
man research is required to differentiate between the effects of the
blueberry fruit and those of the anthocyanin supplements on lipid
and lipoprotein metabolism in those with well-controlled lipids and
dyslipidemia in type 2 diabetes.

Although participants in this study had liver enzyme values within
the normal range, those consuming freeze-dried blueberries had lower
AST and ALT concentrations at the end of the intervention than those
consuming the placebo. There are few studies in humans evaluating liver
enzymes and blueberry consumption. Blueberries (equivalent to 50 g
fresh) added to a weight-reducing diet for 6 wk lowered AST and ALT
concentrations in overweight and obese women and men (35). Typ-
ically, AST and ALT concentrations are used as biomarkers for liver
diseases or liver damage. Nonalcoholic fatty liver disease (NAFLD) is
one of the most prevalent chronic diseases, affecting up to one-third
of individuals in high-income countries. NAFLD is characterized by
steatosis—liver fat deposition (36). Those with type 2 diabetes have
an increased prevalence of NAFLD ≤70%–75%, and may be disposed
to more severe forms of NAFLD along with increased progression to
hepatocellular carcinoma (37). In the current study, there was insuffi-
cient evidence on baseline prevalence of NAFLD in our participants.
Lifestyle intervention, such as decreasing body weight and increasing
physical activity, is the standard of care for those with NAFLD, although
anthocyanins may have a beneficial effect (38). In vitro studies show
that anthocyanins, such as cyanidin 3-glucoside, may inhibit lipogen-
esis, promote lipolysis, and decrease steatosis by activating the AMPK
pathway (39). Also, blueberry consumption stimulates liver peroxisome
proliferator–activated receptor-α activity and decreases hepatic lipid
accumulation in obese Zucker rats (40). In the current study, partic-
ipants who consumed freeze-dried blueberries compared with those
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who consumed placebo had lower triglyceride concentrations and bet-
ter glycemic control. These outcomes may have contributed to the low-
ering of liver enzymes which ameliorated hepatotoxicity. Future re-
search directions should include human clinical trials evaluating effects
of blueberry consumption in those with NAFLD.

The strengths and limitations of our study design warrant consider-
ation. To our knowledge, this is one of the first human studies to eval-
uate the effects of consuming freeze-dried blueberries compared with
placebo for 8 wk in participants with type 2 diabetes, with a double-
blind, randomized, placebo-controlled clinical trial design. There were,
however, several limitations to the study. The sample size was limit-
ing, and the study may not have been adequately powered to detect ex-
isting differences in some biomarkers. Also, the current study did not
measure the bioavailability of the freeze-dried blueberries. Although
our participants had good glycemic control, they had evidence of early
nephropathy; type 2 diabetes and its complications alter absorption and
metabolism, which may affect the bioavailability and effectiveness of
phenolic compounds (41). It is also important to note that our study did
not control for fiber in the interventions. The freeze-dried blueberry in-
tervention contained 5.2 g fiber and the placebo contained 0.3 g fiber.
Fiber is known to influence glycemic response and the Diabetes Preven-
tion Program multicenter, randomized clinical trial reported that an in-
tensive lifestyle intervention group had a 1-y weight loss of 1.45 kg per
5 g fiber intake, independent of changes in energy intake (9, 42). Di-
etary intake data show our participants consumed ∼15 g fiber/d. Those
in the freeze-dried blueberry intervention group, therefore, would have
increased their fiber intake to 20.2 g/d. Individuals with type 2 dia-
betes should consume the amount of fiber recommended by the Dietary
Guidelines for Americans (minimum 14 g fiber/1000 kcal) (9, 43). Par-
ticipants in the freeze-dried blueberry and placebo groups met 77% and
58% of their fiber requirements, respectively. Future studies are needed
to clarify whether effects on glycemic control are dependent on the phe-
nolic profile or fiber content of blueberries. The self-reported question-
naires (food records and daily questionnaires) used were another limi-
tation of this study; response bias could occur. In addition, our findings
may lack generalizability to the non-VA population, because our study
population included US veterans who were mostly older white men with
optimal type 2 diabetes control. Approximately 25% of US veterans have
type 2 diabetes, which is more than double the prevalence of the general
US population; therefore, the Veterans Health Administration provides
high access to comprehensive primary care (including in-person and
telemedicine), MNT, and prescription coverage for those with type 2
diabetes (44).

In conclusion, the daily consumption of 22 g freeze-dried blueber-
ries (equivalent to 1 cup fresh blueberries) may beneficially affect car-
diometabolic health parameters in men with type 2 diabetes. Additional
research is needed to determine whether polyphenol-rich foods reduce
ASCVD by modifying glycemic control and dyslipidemia in those with
type 2 diabetes without or with NAFLD.
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