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Abstract
Background: Postprandial metabolic impairments in diabe-
tes have been shown to play an important role in vascular 
complications. Dietary polyphenols and other bioactive 
compounds in berries have been shown to improve post-
prandial hyperglycemia and related metabolic impairments, 
but few clinical studies have been reported in diabetes. Ob-
jective: To examine the effects of daily dietary raspberries on 
postprandial and 4-week fasting glucose, lipids and bio-
markers of inflammation in obese adults with type 2 diabe-
tes. Design: This was a randomized crossover study with 2 
different phases: a “postprandial phase” of acute raspberry 
supplementation (2 separate days at least 1 week apart), fol-
lowed by a 1-week washout phase and then a 10-week “diet 
supplement phase”, with and without raspberry supplemen-
tation periods of 4 weeks each, separated by 2-week wash-
out phase. Results: The postprandial phase revealed signifi-
cantly lower levels of serum glucose at 2 and 4 h postpran-
dial after raspberry versus control phase. In addition, among 

the serum biomarkers of inflammation, interleukin (IL)-6 and 
high-sensitivity tumor necrosis factor alpha (hsTNF-α) were 
also lower at 4 h postprandial following raspberry versus 
control meal (all p < 0.05). Finally, postprandial serum triglyc-
erides showed a decreasing trend at 4 h in the raspberry ver-
sus control phase. Four-week daily raspberry supplementa-
tion continued to show a significant lowering effects on IL-6 
and hsTNF-α versus control phase (all p < 0.05); systolic blood 
pressure revealed a decreasing trend after 4-week of rasp-
berry supplementation. No effects were noted on fasting 
glucose and lipids, C-reactive protein and arterial elasticity. 
Conclusions: Thus, dietary raspberries, which are low in cal-
ories and high in polyphenols and other nutrients may lower 
postprandial hyperglycemia and inflammation, and in gen-
eral exert selected anti-inflammatory effects in adults with 
diabetes. These findings deserve further investigation.

© 2019 S. Karger AG, Basel

Introduction

Accumulating research supports the role of dietary 
berries and their bioactive compounds in the preven-
tion and management of chronic metabolic conditions, 
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such as the metabolic syndrome, type 2 diabetes (T2D) 
and atherosclerotic cardiovascular diseases (CVD) [1–
3]. Postprandial elevations of glucose and triglycerides 
(TGs), as well as biomarkers of oxidative damage and 
inflammation have been associated with increased risk 
for CVD [4–6]. Postprandial hyperglycemia, hypertri-
glyceridemia, and concomitant systemic inflammation 
have also been shown to elevate risks of vascular com-
plications in T2D [7, 8]. It is known that dietary macro- 
and micronutrient intakes have profound influences on 
the extent of postprandial dysmetabolism in T2D. In 
general, meals high in fats and refined carbohydrates 
have been shown to exaggerate postprandial responses 
[9, 10], while micronutrients and fiber mitigate these 
postprandial effects [11, 12]. In this context, emerging 
evidence suggests a role for polyphenol-containing 
foods and beverages, especially dietary berries, grapes 
and wine polyphenols, in blunting adverse postpran-
dial increments factors mediating vascular risk [13]. 
Such findings are promising, but further studies are 
needed on the effects of dietary berries and their bioac-
tive compounds in the presence of a meal challenge and 
in the context of diabetes and associated metabolic ab-
normalities. 

Among the commonly consumed berry fruits, blue-
berries, cranberries, and strawberries have been shown to 
improve postprandial metabolic stress to various degrees, 
but most of these studies have been conducted in nondia-
betic adults with or without a meal challenge [14–16]. 
Thus, postprandial studies to address the role of berries 
in presence of a meal challenge need further investigation 
in adults with diabetes. We previously demonstrated the 
role of dried whole cranberries in reducing postprandial 
hyperglycemia, lipid peroxidation and inflammation in 
adults with T2D following a high-fat meal challenge [17]. 
Red raspberries are among the popular berries in the 
United States, and are not only high in fiber but also in 
phytochemicals, especially anthocyanins and ellagitan-
nins, which account for most of their health effects [18]. 
No previous study has reported the effects of raspberries 
on postprandial metabolism following a high-fat meal in 
adults with diabetes.

In this randomized controlled trial, we examined the 
hypothesis that dietary raspberries improve postprandial 
metabolism following a high-fat fast-food style breakfast. 
We specifically examined the effects of raspberry supple-
mentation on postprandial responses of serum glucose, 
lipids, vascular measures, and biomarkers of inflamma-
tion in adults who consumed a high-fat breakfast meal 
with or without the raspberries. We also examined the 

effects of short-term (4-week) daily raspberry supple-
mentation on cardiometabolic profiles in the same group 
of adults. 

Methods

Participants
We recruited and enrolled adults with clinical diagnosis of 

T2D [19], and elevated waist circumference (> 89 cm for women 
or > 102 cm for men) in this randomized crossover study. Inclu-
sion criteria were established and stable diabetes for at least 
5 years but not on insulin therapy, absence of preexisting condi-
tions, such as any type of cancer or coronary heart disease, abnor-
mal liver, renal, or thyroid function, anemia, not taking antioxi-
dants or fish oil supplements, and not currently enrolled in a 
weight-loss program. Exclusion criteria were currently smoking, 
and for women, pregnancy or lactation. The study protocol was 
approved by the Institutional Review Board at Oklahoma State 
University (OSU). This study was conducted in compliance with 
the Declaration of Helsinki, and all participants provided writ-
ten informed consent. Study procedures were conducted in the 
Clinical Assessment Unit of the Department of Nutritional Sci-
ences at OSU. This trial was registered at the clinicaltrials.gov 
(NCT03403582).

Study Design
This was a randomized crossover study with 2 different phases 

(Fig. 1): a “postprandial phase” of acute raspberry supplementa-
tion (2 separate days at least 1 week apart), followed by a 1-week 
washout phase and then a 10-week “diet supplement phase”, with 
and without raspberry supplementation periods of 4 weeks each, 
separated by 2-week washout phase. Participants were asked to 
avoid alcohol and caffeine for 24 h as well as polyphenol-contain-
ing foods, such as other berries, tea, red wine, soy products, citrus 
juices, nuts, chocolate, and cocoa-containing products, or dietary 
supplements of these food extracts for 48 h before each study visit. 
Otherwise, participants were asked to maintain their usual diet, 
medications, and lifestyle during the entire course of the study. 
Habitual dietary intakes at baseline were assessed using a 3-day 
food record and data analyzed using Nutritionist Pro (version 3.2, 
2007; Axxya Systems). 

For the postprandial phase, each participant made 2 separate 
visits to the study site, arriving in a fasting state (i.e., after fasting 
10–12 h). On each day of the study, blood draws, blood pressure, 
and vascular measurements were conducted in the fasting state 
(baseline), after which participants were administered a high-fat 
fast-food-style breakfast with or without raspberries. Breakfast was 
prepared at the clinic, and all participants underwent supervised 
consumption of the test meals. At 1, 2, and 4 h postprandial time 
points, starting from the time of completion of the breakfast meal 
intake, all measures were repeated. 

Following the completion of the postprandial phase, partici-
pants underwent a 1-week washout phase, and were then ran-
domized to consume raspberries or no raspberries for another 
4 weeks on a daily basis while following their habitual diet and 
lifestyle patterns. Compliance was assessed during visits to the 
study site 3 days per week, and by return of unconsumed rasp-
berries.
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Meal Interventions
For the “post-prandial phase”, the nutrient composition of the 

breakfast meals with and without raspberries is shown in Table 1. 
The fast-food-style breakfast meal consisted of 2 scrambled eggs, 
2 tsp butter, hash brown potatoes (70 g), 2 buttermilk biscuits, and 
a sausage patty (57 g). For the raspberry supplement, 250 g frozen 
red raspberries were blended with 1 cup water to form a puree and 
consumed with the breakfast meal. The control meal had 85 g ripe 
banana to match the calorie (130 kcal) and carbohydrate content 
(30 g) of the raspberries. All breakfast meal ingredients were pur-
chased from a local grocery store and prepared in the metabolic 
kitchen at the clinic each morning on the 2 trial days. 

For the 4-week diet supplement phase, participants were pro-
vided with a daily dose of 250 g frozen red raspberries in insulated 
containers with instructions for storage and consumption. The 
participants were asked to consume the raspberries after thawing 
as a mid-afternoon snack and not with any other meal or snack, to 
avoid other dietary factors that may interfere with absorption of 
raspberry polyphenols and other bioactive compounds. 

Anthropometrics and Vascular Measurements
Body weight, height, and waist circumference were measured 

at the screening visit prior to the postprandial phase, and at the 
beginning and end of each 4-week intervention period. At the 

Assessed for eligibility (n = 42)

Enrollment
(n = 25)

Phase 1: breakfast + raspberry (n = 12)

Analyzed postprandial
(n = 25)

Randomly assigned to crossover postprandial study

Washout phase (1 week)

Phase 1: breakfast + control (n = 13)

Phase 2: breakfast + control (n = 12) Phase 2: breakfast + raspberry (n = 13)

Randomly assigned to crossover 4-week study (n = 22)

(following 1-week washout after postprandial phase)

Phase 1: control (n = 11) 4-week Phase 1: raspberry (n = 11) 4-week

Washout phase (2 weeks)

Phase 2: raspberry (n = 11) 4-week Phase 2: control  (n = 11) 4-week

Loss to follow-up (n = 0)
Discontinued (n = 0)

Analyzed
(n = 22)

Excluded (n = 18)
 • Not meeting
 inclusion criteria

Fig. 1. Study design.
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same time-points, radial arterial waveforms with the subject su-
pine were recorded for 30 s. The pressure transducer-amplifier sys-
tem was connected to a specially designed device (Model CR-2000; 
Hypertension Diagnostics Inc.). These measures were performed 
at baseline and at 1, 2, and 4 h postprandially, as well as at the be-
ginning and end of each 4-week supplementation period.

Biochemical Variables
On each study day of the postprandial phase, and at the begin-

ning and end of each 4-week period in the diet supplementation 
phase, blood samples were sent to the Stillwater Medical Center 
Laboratory for analyses of serum glucose, insulin, lipid profiles 
(total cholesterol, TGs, LDL cholesterol, and HDL cholesterol) and 
high-sensitivity CRP. Analyses for glucose, insulin, and lipids were 
conducted using automated diagnostic equipment (Abbott Archi-
tect Instruments) by enzymatic colorimetric methods that used 
commercially available kits according to manufacturer’s protocols. 
High-sensitivity CRP was assayed by ultrasensitive nephelometry 
(Dade Behring). Serum glycated hemoglobin was analyzed with 
the use of a DCA 2000+ Analyzer (Bayer). Insulin resistance was 
evaluated by homeostasis model assessment of insulin resis-
tance  and was calculated as follows: (insulin [mU/L] × glucose 
[mmol/L])/22.5. Among the serum biomarkers of inflammation, 
interleukin-6 (IL-6), IL-1β, tumor necrosis factor-α (TNF-α) and 
plasminogen activator inhibitor-1 (PAI-1) were measured using 
commercially available ELISA kits (R&D Systems) according to 
the protocols of the manufacturer. The inter-assay coefficients of 
variations were 4.5, 6.4, 5.6, and 7.6% respectively. 

Statistical Analysis
The objectives of the study were (a) to examine the effect of 

raspberry supplementation on postprandial glucose and lipids, 
and biomarkers of inflammation and arterial compliance follow-
ing a high-fat meal, and (b) to assess the effects of a 4-week intake 
of raspberries on cardiometabolic variables in the same partici-

pants. Data are presented as means ± SEMs for serum biochemical 
variables, biomarkers of inflammation, blood pressure and mea-
sures of arterial compliance. Treatment effects of the test meal with 
or without raspberries on outcome variables were analyzed using 
a mixed model analysis of covariance using treatment and time 
point as repeated measures and baseline as a covariate. The area 
under the curve (AUC) for serum glucose was calculated for each 
subject and meal intervention using the trapezoid model. Graph-
Pad Prism version 6 (GraphPad Software, San Diego, CA, USA) 
was used for graph plotting and calculation of AUC. A power cal-
culation estimated that a sample size of 20 individuals would be 
sufficient to detect an SD difference in postprandial glucose with 
α  =  0.05 and β  =  0.80. Data analyses were conducted with the use 
of IBM SPSS Statistics version 20.0 (IBM Corp.). Results corre-
sponding to p < 0.05 are described as significant for the purposes 
of discussion.

Results

Baseline Features
As show in Figure 1, among the 42 participants 

screened, 25 qualified and were enrolled in the postpran-
dial study. After a 1-week washout phase, participants 
were then randomized into the 10-week crossover study. 
Compliance was 100% among the 25 who enrolled par-
ticipants in the postprandial study and the 22 who en-
rolled in the 10-week diet supplementation study. The 
baseline characteristics of the participants are shown in 
Table 2. All had T2D, were obese and on oral hypoglyce-
mic agents: none was taking insulin. In general, they had 
elevated blood pressure, but serum lipids were generally 
within optimal levels at baseline. 

Postprandial Biochemical and Vascular Profiles
As shown in Table 3, postprandial supplementation of 

raspberries versus control conditions, following a high-
fat breakfast meal, resulted in a significantly lower post-
prandial blood glucose, but not insulin at 2 and 4 h time 
points (p < 0.05). The mean AUC (0–240 min) of serum 
glucose responses was also significantly lower following 
raspberry supplementation (0.58 vs. 0.88 at 2 h, and 0.52 
vs. 0.78 at 4 h; both p < 0.05). Among the postprandial 
lipid profiles, TGs tended to be lower at 4 h following 
raspberry versus control phase, while no changes were 
noted in postprandial serum total, LDL, and HDL-cho-
lesterol levels. Among the biomarkers of inflammation, 
raspberry supplementation was associated with signifi-
cant decreases in serum IL-6 and high-sensitivity tu-
mor  necrosis factor alpha (hs-TNFalpha) levels at 4 h 
postprandial, while CRP, IL-1β, and PAI-1 levels did not 
differ from control. Finally, we did not observe any change 

Table 1. Nutrient composition of breakfast meals

Nutrient Control meal Frozen red raspberry, 
(250 g) meal

Calories, kcal 974 974
Total fats, g 70 70
Carbohydrates, g 56 55
Proteins, g 31 31
Saturated fats, g 40 40
Monounsaturated fats, g 10 10
Polyunsaturated fats, g 20 20
Cholesterol, mg 465 465
Fiber, g 5.5 11.5
Total polyphenols, mg – 3431

Anthocyanins, mg – 2252

Total ellagic acid, mg – 20
Total ellagitannins, mg – 115

1 GAE measured by the Folin-Ciocalteu method.
2 Cyanidin-3-glucoside equivalents.
GAE, gallic acid equivalent.
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in systolic and diastolic blood pressure, or in small and 
large artery elasticity throughout the postprandial period 
in either condition.

Four-Week Feeding of Raspberries on Biochemical 
and Vascular Profiles
Table 4 shows the fasting biochemical and vascular 

profiles after 4 weeks of daily raspberry versus no rasp-
berry feeding when adjusted for baseline values as covari-
ates. Daily raspberry supplementation for 4 weeks was 
associated with significant decreases in serum IL-6 and  
hs-TNFα levels, while CRP, IL-1β and PAI-1 levels were 
not affected. Interestingly, no differences were noted in 

fasting glucose and TGs, as well as liver function tests be-
tween the 2 phases at 4 weeks. Among the markers of vas-
cular function, we observed a decreasing trend in systolic 
blood pressure at 4 weeks of raspberry supplementation 
versus controls. 

Dietary Intakes
As shown in Table 5, dietary intakes of macro- and 

micronutrients calculated on the basis of 3-day food re-
cords were not significantly different between the rasp-
berry and control phases of the 4-week intervention. In 
general, we observed the habitual intake of dietary nu-
trients to be high in total fats, and moderate in proteins 
and carbohydrates, and low in fiber and Vitamin E. 
These intakes did not differ significantly throughout 
the study.

Discussion

This is the first study to examine the postprandial ef-
fects of red raspberry supplementation following a high-
fat fast food style meal challenge in adults with established 
T2D. Overall, red raspberries lowered postprandial blood 
glucose at 2 and 4 h versus control condition, and tended 
to lower serum TGs, especially after 4 h. In addition, rasp-
berry consumption was associated with significantly low-
er biomarkers of inflammation, particularly IL-6 and 
TNF-α. These findings were generally supported in our 
4-week supplementation study: raspberry supplementa-
tion was associated with a significantly lower serum-IL-6 
and TNF-α, and a trend toward lower systolic blood pres-
sure. On the other hand, fasting serum glucose and TGs 
were not affected by raspberries at 4 weeks. Taken togeth-
er, these findings provide further evidence on the benefits 
of red raspberries, and by extension, other polyphenol 
containing foods, in improving postprandial excursions 
in blood glucose and inflammation that contribute to the 
burden of atherosclerotic CVD in diabetes. In addition, 
the dose of red raspberries administered in our study was 
readily consumed by the participants without discomfort, 
and thus, our findings hold practical relevance in the nu-
tritional management of T2D. 

Berries have been reported to improve postprandial 
hyperglycemia in studies of healthy volunteers and in a 
few studies of participants with T2D. In a postprandial 
study reported by Törrönen et al. [20] different types of 
berries, such as strawberries, bilberries, lingonberries, red 
raspberries, cloudberries, chokeberries, cranberries, and 
blackcurrants were associated with differential effects on 

Table 2. Baseline characteristics of the study participants

Variable Value1

Number 25
Age, years 54±4.2
Gender, male/female 5/20
Weight, kg 104±11
BMI, kg/m2 35.3±2.0
Waist circumference, inches 45±1.8
Serum glucose, mg/dL 142±11
Serum insulin, mU/L 15.8±2.6
Insulin resistance (HOMA-IR) 3.5±0.9
Serum HbA1c, % 8.4±0.6
Serum total cholesterol, mg/dL 192±11
Serum LDL cholesterol, mg/dL 115±11
Serum HDL cholesterol, mg/dL 45±2.5
Serum TGs, mg/dL 162±15
Serum hs-CRP, mg/L 5.3±1.2
Systolic BP, mm Hg 151±5.5
Diastolic BP, mm Hg 94±3.0
SAEI, mL/mm Hg × 100 5.6±3.6
LAEI, mL/mm Hg × 10 17±7.4
Medication/supplement use

Insulin 0 (0)
Oral hypoglycemic agents 15 (60)
Statins/fibrates 5 (20)
CCBs 3 (12)
ACEIs/ARBs 10 (40)
Aspirin 6 (24)
Multivitamins/minerals 6 (24)
Botanical supplements 2 (8)

1 Mean ± SEMs for continuous variables; number (%) for non-
continuous variables.

BP, blood pressure; ACEIs/ARBs, angiotensin converting en-
zyme inhibitors/angiotensin receptor blockers; CCBs, calcium 
channel blockers;  HOMA-IR, homeostasis model assessment of 
insulin resistance; hs-CRP, high-sensitivity C-reactive protein; 
TGs, triglycerides; LAEI, large artery elasticity index; SAEI, small 
artery elasticity index; BMI, body mass index.
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Table 3. Postprandial changes in metabolic and vascular profiles following raspberry intervention with a high-fat 
meal challenge in adults with T2D in a crossover study (n = 25)

Variable Fasting 1 h 2 h 4 h

Serum glucose, mg/dL
Control 143±16 178±19 206±16 187±12
Raspberry 134±11 154±13 172±21* 154±10*

Serum insulin, mU/L
Control 14.4±1.6 25.4±3.6 35.6±1.6 26.4±2.6
Raspberry 15.3±3.2 28.6±2.2 38.2±3.2 21.1±3.2

Serum TG, mg/dL
Control 158±13 171±11 185±13 167±13
Raspberry 148±21 166±25 173±21 152±21#

Serum TC, mg/dL
Control 187±11 178±11 184±10 179±10
Raspberry 207±9 205±8 194±9 191±11

Serum LDL-C, mg/dL
Control 111±11 104±11 98±13 104±10
Raspberry 108±9 106±9 103±7 98±12

Serum HDL-C, mg/dL
Control 43±2.8 45±2.7 44±3.2 42±2.5
Raspberry 44±4.4 40±4.5 39±4.3 40±3.8

CRP, mg/L
Control 5.3±1.2 5.4±1.2 5.0±1.2 5.2±1.2
Raspberry 4.9±3.2 4.8±3.2 5.1±3.2 4.8±2.2

IL-6, pg/mL
Control 8.8±5.2 14.3±7.2 27.4±7.8 28.8±8.2
Raspberry 10.5±6.1 11.6±6.5 15.2±5.5 11.6±7.1*

IL-1β, pg/mL
Control 18.8±7.2 21.7±5.2 25.8±7.5 22.6±4.8
Raspberry 21.5±6.1 19.4±4.5 18.7±6.6 23.2±8.1

hsTNF-α, pg/mL
Control 4.7±1.5 9.7±1.5 14.7±6.5 18.7±7.5
Raspberry 6.3±2.5 7.3±3.5 7.8±5.5 9.3±6.5*

PAI-1, ng/mL
Control 6.5±3.2 7.2±3.1 6.8±4.2 6.6±3.5
Raspberry 5.1±2.5 5.5±1.5 4.7±2.7 5.4±2.8

Systolic BP, mm Hg
Control 153±6 150±7 155±6 149±8
Raspberry 148±5 144±4 142±7 138±3

Diastolic BP, mm Hg
Control 91±3 90±4 85±3 87±2
Raspberry 85±3 88±5 82±3 84±4

LAEI, mL/mm Hg × 10
Control 18±6.4 21±5.4 19±6.5 18±3.4
Raspberry 21±4.4 20±4.1 23±3.4 24±2.4

SAEI, mL/mm Hg × 100
Control 5.5±3.6 4.4±3.6 4.7±2.6 5.3±2.6
Raspberry 5.1±2.1 5.4±2.1 5.3±2.3 5.0±2.3

* p < 0.05 versus control; # p < 0.1 versus control.
BP, blood pressure; hsTNF-α, high sensitivity tumor necrosis factor-α; IL-6, interleukin-6; IL-1β, interleukin-

1β; LAEI, large artery elasticity index; PAI-1, plasminogen activator inhibitor-1; SAEI, small artery elasticity in-
dex; TG, triglycerides; T2D, type 2 diabetes; CRP, C-reactive protein.
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postprandial glucose and insulin levels in healthy non-
diabetic women. In their study, only strawberries de-
creased postprandial glucose, and the berry mixture con-
sisting of strawberries, bilberries, cranberries and black-
currants decreased postprandial glucose as well as insulin 
in response to white bread or rye bread, while red rasp-
berries did not exert any notable effects. The study did not 
report effects on postprandial lipids and other surrogate 

markers of CVD [20]. These responses may be explained 
by the different polyphenol composition and amounts of 
digestible carbohydrates in different berries, as well as the 
macronutrient composition of the control meal. Benefi-
cial effects of strawberries in counteracting postprandial 
inflammation and insulinemia at dietary achievable doses 
were also noted in overweight adults, as well as in those 
with elevated serum TG levels following a high carbohy-

Table 4. Biochemical and vascular profiles at the end of 4 weeks of raspberry supplementation following a ha-
bitual diet (n = 22/group)

Variables Baseline Raspberry 4-week Washout Control 4-week

Glucose, mg/dL 137±16 130±11 134±9 141±10
TGs, mg/dL 155±12 149±10 145±9 151±11
CRP, mg/L 5.1±1.2 4.8±0.9 5.3±1.2 5.5±2.2
IL-6, pg/mL 12.5±6.6 7.2±5.5* 8.5±4.1 10.5±6.5
IL-1β, pg/mL 15.8±7.6 20.5±6.4 23.7±5.3 27.7±7.4
hsTNF-α, pg/mL 5.5±1.5 3.2±2.1* 4.4±2.5 5.3±3.3
PAI-1, ng/mL 7.5±3.2 5.6±2.6 6.8±2.9 7.4±3.4
ALT (U/L) 45.3±4.3 39.1±3.3 42.3±4.3 40.3±3.6
AST (U/L) 33.2±2.2 30.3±4.2 29.4±1.2 33.6±3.4
Systolic BP, mm Hg 151±5 144±7# 146±6 154±7
Diastolic BP, mm Hg 89±3 84±5 85±3 88±6
LAEI, mL/mm Hg × 10 21±6.4 18±4.3 19±3.4 22±5.4
SAEI, mL/mm Hg × 100 5.3±2.6 4.7±2.4 4.9±2.4 5.5±2.8

* p < 0.05 versus control.
# p < 0.1 versus control.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure; hsTNF-α, high sensiti-

vity tumor necrosis factor-α; IL-6, interleukin-6; IL-1β, interleukin-1β; LAEI, large artery elasticity index; PAI-1, 
plasminogen activator inhibitor-1; SAEI, small artery elasticity index; TG, triglycerides; CRP, C-reactive protein; 
TGs, triglycerides.

Table 5. Dietary nutrient intakes in a 10-week crossover trial in obese adults with T2D (n = 22/group)

Nutrients Baseline Raspberry 4-week Washout Control 4-week

Calories, kcal 2,018±183 2,504±441 2,000±184 1,922±203
Carbohydrates, g 218±16 303±46 211±20 218±29
Fats, g 92±12 94±21 87±13 78±11
Proteins, g 92±11 107±19 96±10 76±7
Saturated fats, g 31±4 33±6 29±3 28±3
MUFA, g 17±4 22±6 17±4 13±3
PUFA, g 8±2 12±3 7±1.5 6±2
Fiber, g 21±2 23±3 18±2 22±3
Vitamin C, mg 47±9 61±17 48±9 55±28
Vitamin E, mg 8±2 11±2 7±1 9±2
Beta-carotene, µg 614±203 790±214 680±243 688±306

Values are means ± SEMs.
MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids; T2D, type 2 diabetes.
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drate moderate fat meal [14, 21]. In comparison to other 
berries, especially blueberries, strawberries and dried 
cranberries, red raspberries are lower in total caloric con-
tent, and a rich source of fiber and several categories of 
polyphenols [18]. Our findings can be explained by re-
ported mechanistic data showing the role of red raspber-
ry polyphenols, such as anthocyanins and ellagitannins in 
activating cellular glucose transporters, inhibiting 
α-glucosidase activity and increasing insulin sensitivity, 
thereby improving glycemic profiles [22–24]. These find-
ings deserve further investigation in larger clinical studies 
of T2D using red raspberries along with habitual meals 
that vary in macronutrient composition.

In our study, red raspberries decreased postprandial 
biomarkers of inflammation following a high-fat break-
fast, as well as inflammatory markers in the fasting state 
at 4 weeks of red raspberry supplementation on a ha-
bitual diet. Inflammation underlies many vascular com-
plications in diabetes and contributes to atherosclerotic 
CVD [25]. Fruit polyphenols, especially those found in 
berries, grapes and oranges have demonstrated anti-in-
flammatory effects in several acute and chronic feeding 
studies as reviewed by Joseph et al. [26]. In this review, 
several postprandial studies involving fruit and wine 
polyphenols with or without meal challenge were shown 
to decrease postprandial inflammation, such as by de-
creasing CRP, IL-6, IL-1β, TNF-α, PAI-1 and adhesion 
molecules in mostly healthy, overweight but non-dia-
betic adults [26]. These biomarkers were also shown to 
be decreased in long-term feeding studies of berries and 
other fruits, such as grapes and pomegranates mostly in 
obese or pre-diabetic adults [26]. This review reports no 
studies using red raspberries which is an important gap 
addressed by the present study. Our observations on 
the anti-inflammatory effects of red raspberries, espe-
cially on systemic IL-6 and TNF-α in adults with T2D 
can be explained by reported mechanistic studies show-
ing raspberry-derived ellagitannins in decreasing TNF-
α-induced nuclear factor-kappab activation in a rat 
model of gastric inflammation [27], and of red raspber-
ry-derived anthocyanin extracts in decreasing inflam-
mation in murine macrophages [28]. Cytokines, such as 
IL-6 and TNF-α, play an important role in insulin re-
sistance and the subsequent complications of T2D, and 
IL-6 has been shown to be predictive of diabetes risks 
in cohort studies [29, 30]. In a recently reported sys-
tematic review on the magnitude of changes in inflam-
matory markers in healthy adults, researchers exam-
ined 5 most commonly measured inflammatory mark-
ers in postprandial studies as follows: CRP,  IL-6, -1β, 

-8, and TNF-α. Among these 5 biomarkers, the review 
highlights IL-6 to be the most responsive to postpran-
dial meal composition in healthy participants [31]. Our 
postprandial observations following acute raspberry 
supplementation conform to these previous findings, 
and provide further evidence on the meal modulation 
of cytokines in context of diabetes. Keeping in view the 
critical role of acute and chronic inflammation in T2D 
and atherosclerotic CVD, our findings demonstrate se-
lected anti-inflammatory effects of commonly available 
fruits, such as red raspberries, which prove their rele-
vance in diabetes management. 

Few clinical studies have been reported on the effects 
of black and red raspberries on diabetes or metabolic 
syndrome-related biomarkers. Black raspberry extracts 
have been shown to be beneficial in adults with the met-
abolic syndrome, and have been specifically shown to de-
crease blood glucose and lipids as well as vascular inflam-
mation in pre-diabetic subjects, and also decrease sys-
tolic blood pressure in adults with hypertension [32–34]. 
The raspberry doses used in these 8 or 12-week studies 
were quite high and in most cases not dietary achievable 
in fresh fruit equivalents. Our daily dose of 250 g frozen 
red raspberries for 4 weeks showed a decreasing trend in 
systolic blood pressure, and conform to large cohort 
studies supporting habitual consumption of whole ber-
ries at lower intakes than doses supplemented in clinical 
studies are subsequently associated with decreased risks 
of hypertension [35, 36]. These effects of red raspberries 
in T2D are promising and deserve further investigation 
in larger trials. 

Our study has some limitations that must be considered 
in the interpretation of our findings. First, we have a small 
sample size of adults with T2D and lack non-diabetic con-
trols which limit generalizability to larger populations. 
Our chronic feeding study was of short duration, and we 
measured selected biomarkers of vascular inflammation, 
but did not measure biomarkers of oxidative stress that are 
also modulated in postprandial high-fat feeding and con-
tribute to atherosclerotic CVD. Finally, our postprandial 
study only examined effects of red raspberries following a 
high-fat meal, and we did not include meals with varying 
amounts of other nutrients, such as meals high in complex 
carbohydrates or proteins that are habitually consumed 
and often recommended in T2D for glycemic control. 
These remain the scope for future investigation.

In conclusion, our study findings support our hy-
pothesis as we found red raspberries to significantly im-
prove postprandial hyperglycemia and selected markers 
of inflammation, as well as show a decreasing trend in 
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postprandial TGs following a fast food style meal chal-
lenge. Keeping in view the high prevalence of high-cal-
orie and high-fat fast food and convenience food con-
sumption in the United States and other countries [37, 
38], and their detrimental effects on cardio-metabolic 
risks [38–40], our findings are of practical importance 
in ameliorating their adverse postprandial effects 
through dietary raspberry supplementation. We noted 
lesser significant effects of our 4-week red raspberry 
feeding, which showed no effects on fasting glucose and 
lipids but continued to lower selected biomarkers of in-
flammation and revealed a lowering trend in systolic 
blood pressure. These effects of red raspberries were 
observed at dietary achievable levels, and thus our find-

ings support the inclusion of red raspberries as part of 
a healthy diet in the management of diabetes and its 
vascular complications.
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