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Abstract
Background While the prevalence of type 2 diabetes (T2D) is growing worldwide, dietary intake plays a remarkable role in 
the management of disease complications. Evidence suggests that beetroot has health-promoting potentials, including anti-
inflammatory, antioxidant, and antidiabetic properties. Therefore, the present clinical trial aimed to investigate the effects 
of concentrated beetroot juice (BJ) supplementation on anthropometric measures, glycemic control, blood pressure (BP), 
and lipid profile in T2D patients.
Methods In the simply randomized, parallel-group, controlled, and open-label trial, forty-six patients with T2D were ran-
domly allocated to either the intervention group (BJ group), who consumed 24 ml concentrated BJ daily for 12 weeks, or the 
control group without any intervention. Anthropometric measurements, physical activity, dietary intakes, glycemic measures, 
lipid profile, and blood pressure were assessed at the baseline and the end of the study.
Results Plasma nitric oxide (NO) in the intervention group had a higher nonsignificant increase after 12 weeks compared 
with the control group (8.57 ± 23.93 vs. 2.31 ± 15.98, P = 0.128). Compared with the baseline, significant reductions in 
plasma insulin (14.55 ± 7.85 vs. 10.62 ± 6.96, P = 0.014) and homeostasis model assessment of β-cell function (HOMA-B) 
(3.96 ± 0.83 vs. 3.63 ± 0.75, P = 0.038), as well as a marginally significant reduction in high-density lipoprotein cholesterol 
(HDL-C) (70.81 ± 11.24 vs. 65.44 ± 6.46, P = 0.058) were observed in the control group after 12 weeks. Diastolic blood 
pressure (DBP) was significantly reduced in the BJ group compared with the baseline (74.73 ± 16.78 vs. 72.36 ± 16.09, 
P = 0.046). After adjusting for baseline values, no significant effect on the levels of fasting plasma glucose (FPG), insulin, 
hemoglobin A1c (HgA1c), HOMA-β, homeostatic model assessment for insulin resistance (HOMA-IR), total cholesterol 
(TC), low-density lipoprotein (LDL), HDL, triglycerides (TG), and blood pressure (BP) was observed.
Conclusions Our study showed that daily consumption of 24 ml concentrated BJ did not affect the levels of glycemic meas-
ures, blood pressure, and lipid profile. More studies are necessary to confirm these findings.
Trial Registration This present clinical trial has been registered in the Iranian Registry of Clinical Trials with registration 
number IRCT20150815023617N5.
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Background

Type 2 diabetes (T2D) also known as insulin resistance 
hyperglycemia leads to micro-and macro-vascular com-
plications [1, 2]. According to World Health Organization 
(WHO) report in 2016, approximately 422 million people 

have been diagnosed with T2D around the world, and about 
1.6 million deaths are annually attributed to T2D [1]. Several 
factors, including dietary intake, have a remarkable role in 
the development of T2D [3]. Beetroot (Beta vulgaris L.) is 
known as a potent antioxidant plant because of its high con-
tent of biologically active phytochemicals including poly-
phenols, saponins, flavonoids, betalains (such as betacyanins 
and betaxanthins), and inorganic nitrate (NO3) (within a 
range of 388 ± 19.9 to 3968 ± 252 mg/L among commercial 
beetroot juice) [4–6]. Evidence demonstrates that beetroot, 
along with its functional properties, has health-promoting 
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potential, including anti-inflammatory, antioxidant, anti-
carcinogenic, antidiabetic, hepato-protective, and wound 
healing properties [7–9]. The implications of beetroot and 
its by-products have been noticed on insulin and glucose 
responses within the glycemic homeostatic context through 
the activation of AMPK signaling, reducing carbohydrate 
digestion, and suppressing the postprandial glucose response 
in several studies [7, 10, 11]. Furthermore, beetroot con-
sumption could impact both systolic and diastolic blood 
pressures, as well as vascular and endothelial function. It is 
noticeable that some studies have indicated the effect of NO 
on the lipid profile because of its complementary role in the 
occurrence of glycemic abnormalities [4, 12–14].

Whether the beneficial effects of beetroot juice (BJ) are 
due to the influences of nitrate or other bioactive compounds 
remains controversial [4, 5, and 31]. Based on the literature, 
beneficial properties of NO3/NO2 on glucose and insulin 
homeostasis have also been reported in experimental and 
animal studies [15, 16], though its positive effects in human 
T2D patients have yet to be proven [17]. To the best of our 
knowledge, most of the previous studies investigated the 
positive effects of consuming nitrate-rich BJ compared with 
NO3-depleted BJ [18–20]. Two human studies conducted 
by Gilchrist et al. [18] and Bahadoran et al. [17] showed no 
effects of dietary nitrate on insulin resistance and metabolic 
indices in T2DM patients. Therefore, the present clinical 
trial study aimed to investigate the effects of total bioactive 
contents of concentrated BJ supplementation on glycemic 
control, systolic and diastolic blood pressures, and lipid pro-
file in T2D patients.

Materials and methods

Study population

Participants in the present trial were 35- to 70-year-old T2D 
patients with body mass index (BMI) higher than 18.5 kg/
m2 who had attended Shahid Ghasem Clinic, Sari, Iran for 
medical care. All participants were diagnosed with diabetes 
during the last 1–10 years according to Standards of Medical 
Care in Diabetes Guidelines (American Diabetes Associa-
tion 2019) and were treated with oral hypoglycemic agents. 
Patients were not included in the trial if they were suffering 
from inflammatory diseases, hepatic, and renal disorders or 
had a history of micro-and macro-vascular diseases (such as a 
history of angioplasty and foot vascular surgery) or COVID-
19. Patients with an HgA1c ≥ 11 or those who consume mul-
tivitamin and mineral/herbal supplementary medications, 
glucocorticoids, nonsteroidal anti-inflammatory drugs, and 
nitrate-containing drugs such as nitroglycerin, isosorbide, 
nitropress, etc., during last 3 months and individuals who 
had been on a weight loss diet within the last 6 months were 

also excluded from the study. We also excluded any patients 
who were or became pregnant and/or breastfeeding during 
the study period. The clinical trial was carried out between 
October 2018 and December 2019 and was conducted in 
accordance with the Declaration of Helsinki and the Consoli-
dated Standards of Reporting Trials (CONSORT) statement 
for randomized trials [21]. At the baseline, the study goals 
were described to all participants, and written informed con-
sent was completed by each participant. Patients were asked 
to keep their routine dietary intake, physical activity hab-
its, and usual medicine intake during the study; otherwise, 
they were excluded from the study. The study protocol was 
approved by the Ethics Committee of the National Nutrition 
and Food Technology Research Institute of Iran (IR.SBMU.
nnftri.Rec.1399.035). This clinical trial was registered at the 
Iranian Registry of Clinical Trials (IRCT) with the following 
identification: IRCT20150815023617N5.

Study design and measurements

The present clinical trial was a simply randomized, parallel-
group, controlled, open-label study. Block randomization 
method using a computer algorithm, written in  SAS® (Cary, 
NC), was used to randomly allocate participants to either 
the intervention group (BJ group) or the control group after 
matching for sex and age. The BJ group consumed 24 ml con-
centrated BJ each day between main meals at the same time 
in two doses for 12 weeks, and the control group received no 
intervention and was asked not to change their routine life-
style for the same time. Concentrated BJ was prepared from 
fresh beetroot (Beta vulgaris var. Esculenta, Chenopodiaceae 
family) commercially (Takdaneh, Inc., Marand, Iran) without 
any additives. They administered 24 ml of concentrated BJ 
equivalent to 240 ml beetroot juice which contains 180 mg 
nitrate and 0.1 mg nitrite. Based on previous studies, daily 
consumption of 25 ml concentrated BJ does not increase the 
blood glucose levels in T2D patients [22]. During this trial, 
all the patients were advised to go on a low-nitrate diet which 
limited their intake of nitrate-rich foods such as cabbage, 
beetroot, rocket, spinach, mint, tarragon, radish, processed 
meat, etc. to allow the test results to be as clear as possible. 
This way, the patients received a minimum of 180 mg of 
nitrate daily, which is slightly lower than the accepted daily 
intake value (3.7 mg/kg for NO3 and 0.06 mg/kg for NO2) 
[23, 24].

Sample size

The study sample size was calculated using the sample size 
formula for randomized clinical trials. According to previous 
studies [25], assuming the statistical power of 0.80 and a sig-
nificance of 0.05, in order to detect a significant difference of 
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28.6 mg/dl (SD:29 mg/dl) in the glucose level, a minimum 
of 19 subjects was determined for each study group. Due to 
the 20% potential drop-out of the patients, a total of 8 extra 
patients were added to the calculated sample size. Finally, 
46 T2DM patients (23 participants in each study group) 
enrolled in the study.

Follow‑up assessments and compliance

The study participants were contacted by phone every 
15 days to verify if they have any problems with the con-
sumption of concentrated BJ and inquired regarding pos-
sible side effects. A bottle of concentrated BJ, adequate for 
30 days, was given to the BJ group at baseline. The second 
and the third bottles were given at the follow-up visits within 
4 weeks. The concentrated BJ was stored at 0 to 1 °C before 
distribution, and the BJ group was asked to keep it at refrig-
erator temperature (less than 5 °C). After 12 weeks, the par-
ticipants were asked to return the unused bottles. The criteria 
for patient compliance were a minimum of 90%; thus, any 
patients who did not meet this standard were regarded as 
noncompliant and removed from the trial. The participants’ 
compliance was evaluated based on the number of returned 
bottles. Plasma nitrate and nitrite were measured at the base-
line and after 12 weeks of intervention.

Anthropometric, dietary, and physical activity 
assessment

A general questionnaire, regarding demographic informa-
tion, present illnesses, drug history, duration of diabetes, and 
prescribed medications, was filled out at baseline. Height, 
weight, as well as waist and hip circumferences, were meas-
ured by an expert nutritionist at the baseline and the end 
of the study. Weight was measured using a calibrated Seca 
balance scale (Seca, Hamburg, Germany), with a precision 
of 0.1 kg, while subjects were wearing light clothing and 
no shoes. Height was measured using a stadiometer (Seca, 
Hamburg, Germany), while subjects were standing without 
shoes, with their shoulders in a normal position. Waist and 
hip circumferences were measured using flexible tape. Waist 
circumference (WC) was measured at the midpoint between 
the iliac crest and the lowest rib. Hip circumference (HC) 
was measured around the widest portion of the buttocks. 
BMI and waist-to-hip ratio (WHR) were calculated accord-
ing to WHO recommendations [25].

Dietary intake during the study period was measured 
using 24-h dietary recalls over 3 days (one weekend and 
two weekdays) at the beginning and end of the study. The 
first recall was recorded by a professional dietitian during 
an in-person meeting, and the other two were recorded over 

the phone. The analysis was done using the Nutritionist IV 
software (N Squared Computing, San Bruno, CA) modified 
for Iranian foods. Physical activity was also evaluated at the 
baseline and the end of the study using a validated semi-
quantitative questionnaire based on metabolic equivalent 
(MET)-min/week values [25]. Systolic and diastolic blood 
pressure was measured twice in 10-min intervals at baseline 
and at the end of the study for each patient. The mean val-
ues of blood pressure (BP) were then used in the study as 
analytic values [23].

Measurement of biochemical variables

Following overnight fasting (12–14 h), 10 ml peripheral 
blood samples were collected from each subject at baseline 
and the end of the trial. All blood samples were divided into 
two parts; 1 mL was used for the determination of hemo-
globin HgA1c (HbA1c), and the remaining sample was 
immediately centrifuged (3500 rpm: 10 min at room tem-
perature) and the separated plasma was stowed at − 80 °C for 
subsequent biochemical variables’ analysis. All biochemical 
variables were measured in the same laboratory by using 
standard laboratory methods. Human nitric oxide (NO) was 
measured using a colorimetric assay (ZellBio GmbH, Ulm, 
Germany). Fasting plasma glucose (FPG) was measured by 
using GOD/POD method (Pars Azmoon) [25]. High-density 
lipoprotein cholesterol (HDL-C), total cholesterol (TC), 
and triglycerides (TG) concentrations were measured by 
the photometric enzymatic method using Pars Azmoon Kit 
(Pars Azmoon). LDL-cholesterol concentration, calculated 
using the Friedwald formula (LDL = TC − HDL − (TAG/5). 
Fasting insulin levels were assessed by Monobind Elisa kit 
(Monobind) [26]. The HbA1c was measured on the whole 
blood sample by direct enzymatic HbA1c assay (Diazyme 
Laboratories, Inc., CA, USA) [25]. Level of changes in 
pancreatic B-cell function (HOMA-B) and homeostatic 
model assessment for insulin resistance (HOMA-IR) were 
calculated by formulas, respectively, HOMA-B = [20 × fast-
ing insulin (μIU/ml)/glucose(mmol/l) − 3.5] and HOMA-
IR = (fasting glucose (mmol/l) × fasting insulin(μIU/
ml))/22.5 [27].

Concentrated beetroot juice characteristics 
and analytical assays

Concentrated BJ prepared by Takdaneh, Inc., Iran, without 
any additives (contains 180 mg nitrate and 0.1 mg nitrite 
per 24 ml). Total phenolic content (TPC) was measured 
by the Folin–Ciocalteau reagent, using gallic acid as a 
standard. The absorbance was measured at 765 nm using 
the colorimetric assay [28]. Total flavonoid content was 
measured by the aluminum chloride and potassium acetate. 
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The absorbance of the reaction mixture was subsequently 
measured at 415 nm colorimetric assay using quercetin 
(10 mg/100 ml) as standard [28]. Concentrated BJ was 
diluted at 1:10 (v:v) to measure its total antioxidant capac-
ity (TAC), based on the inhibition percent of DPPH. The 
working solution (6 × 10 − 5 M) was prepared, and then the 
absorbance at 515 nm was recorded using a spectrophotom-
eter. A control with no added extract was also analyzed [29]. 
Nitrate and nitrite content was measured by the colorimetric 
assay. Nitrate content was measured according to the cad-
mium reduction method [30]. Sugar content was measured 
by the HPLC method. All the analytic data was measured 
during the start, middle, and end of the study. The quality of 
beetroot juice was assessed at weeks 0, 6, and 12 of the study 
by the Food and Drug Quality Control Lab, Mazandaran 
University of Medical Sciences, Sari, Iran. In order to assure 
the utmost accuracy, 3 different containers were analyzed 
each time. The concentrated BJ composition is summarized 
in Table 1.

Statistical analysis

In this study, the normality assumption for variables was 
assessed using the Kolmogorov–Smirnov statistic. Natural 
logarithm-transformed (ln) was performed to normalize the 
distribution of parameters with skewed distribution (choles-
terol, vitamin E, vitamin C, alpha-carotene, beta-carotene, and 
HOMA-B). Categorical variables were reported as frequency. 
Continuous data were expressed in terms of mean ± stand-
ard deviation. The Student’s t-test was performed to exam-
ine the differences in baseline and endpoint characteristics 
of the subjects between the two groups. A paired t-test was 
used for within-group comparisons. Analysis of covariance 
(ANCOVA) was used to determine any differences at the end 
of the study by adjusting for baseline values and other con-
founding factors. A p-value less than 0.05 was considered 
statistically significant, based on two-sided tests. Statistical 
analyses were performed by the Statistical Package for the 
Social Sciences (SPSS Inc., Chicago, IL, USA) for Windows 
version 24.0.

Results

Of 200 assessed patients, forty-six subjects who met inclu-
sion criteria were selected and enrolled in the trial. Finally, 
38 individuals (19 subjects in the BJ group and 19 subjects 
in the control group) completed the 12-week trial. Three 
women and one man in the BJ group did not complete the 
study because of different reasons, including having a car 
accident, changing living areas, COVID-19 infection, and 
death. Two women and two men in the control group with-
drew from the study because of insulin use for blood glu-
cose control, COVID-19 infection, and not attending the last 
screening session because of the COVID-19 outbreak. No 
major side effect was reported following consuming concen-
trated BJ in the subjects who completed the study. The flow 
chart of study participants is demonstrated in Fig. 1.

Baseline characteristics including sex, age, duration of 
diabetes, and medications used for controlling blood glu-
cose, blood pressure, and lipid profile were not significantly 
different between the two groups (Table 2).

Moreover, anthropometric measures including height, 
weight, BMI, waist and hip circumferences, WHR, and 
physical activity (MET-min/week) were not significantly 
different between the two study groups at the baseline as 
well as the end of the trial (Table 3).

Dietary factors and nutrient intake, including total energy, 
dietary carbohydrate, cholesterol, vitamin C, alpha-carotene, 
and selenium (Se), total fat, MUFA, and PUFA intake, did 
not show significant differences within or between the groups 

Table 1  Composition of concentrated beetroot juice

Composition Amount

Total polyphenols (mg/100 mL) 190
Total flavonoid (mg/100 mL) 120
TAC (%) DPPH 15
Nitrate (mg/dL) 72
Nitrite (mg/dL) 0.04
Sugar (g/100 g) 42
NaCl (%) 2

Fig. 1  Flow chart of the study
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during the study (Table 3). None of the baseline variables 
showed any significant difference between groups, asides 
from HGA1C (P = 0.015). Plasma NO showed no signifi-
cant differences between and within the groups, although the 
BJ group’s mean differences increased much more notice-
ably after the 12 weeks compared with the control group 
(8.57 ± 23.93 in the BJ group vs. 2.42 ± 15.97 in the control 
group).

There was a significant reduction in plasma insulin and 
HOMA-β in the control group (P = 0.014, P = 0.038, respec-
tively) by the end of the study (insulin and HOMA-β mean 
difference were − 3.93 in the control group vs. − 1.48 in the 
BJ group, and − 0.59 in the control group vs. 0.03 in the 
BJ group, respectively). However, there was no significant 
change in HOMA-IR in the same time frame. Even though 
SBP had shown a decrease in the BJ group after 12 weeks of 
intervention (129.47 ± 14.32 vs.125.94 ± 15.83, P = 0.116), it 
proved to be insignificant. However, DBP faced a significant 
decrease in the BJ group (74.73 ± 16.78 vs. 72.36 ± 16.09, 
P = 0.046). HDL showed a marginally significant reduction at 
the end of the intervention in the control group (70.81 ± 11.24 
vs. 65.44 ± 6.46, P = 0.058).

Based on the ANCOVA model, none of the mentioned 
differences remained significant. FPG, HOMA-IR, TC, TG, 
and LDL did not show any significant differences during the 
whole study (Table 4).

Discussion

The present study is the first randomized, parallel-group, 
open-labeled clinical trial designed to investigate the ben-
eficial properties of total nutrient and bioactive compounds 
of concentrated BJ on glycemic control, blood pressure, and 
lipid profile in individuals with T2D.

Our findings showed that consumption of BJ beetroot 
juice had beneficial effects on glycemic measures and DBP 
in patients with T2D by inhibiting a decrease in insulin secre-
tion, HOMA-β, and improving endothelial function. Adjust-
ment for confounding factors, including baseline measures, 
did not provide the same results. Plasma NO concentrations 
were elevated after concentrated BJ supplementation.

The range of nitrate and bioactive compounds in indus-
trial beetroot juice has been reported differently across 

Table 2  Baseline characteristics of participants in the study groups (numbers and percentages; mean values and standard deviations)

DPP-4 dipeptidyl peptidase 4; *based on independent t-test for continuous data and chi-square test for categorical variables. All trial arms were 
well-matched with respect to baseline characteristics
WC waist circumference, BMI body mass index, WHR waist to hip ratio, MET metabolic equivalent of tasks
a mean ± SD (all such values)

Variables Groups of study P-value*

BJ group (n = 19) Control group (n = 19)

Sex (M/F) Total 16/3 15/4 0.999
Age (year)a Total 54.08 ± 9.23 53.89 ± 8.78 0.971
Duration of diabetes (year) Total 6.42 ± 3.45 6.44 ± 3.17 0.981
Hypoglycemic medications (%) Metformin 16 (84.2%) 17 (89.4%) 0.631

Sulfonylurea 11 (57.89%) 12 (63.15%) 0.74
Thiazolidinedione 1 (5.2%) 0 (0.0%) 0.311
Meglitinide 1 (5.2%) 0 (0.0%) 0.311
DPP-4 inhibitor 0 (0.0%) 1 (5.2%) 0.311
α-glucosidase inhibitor 2 (10.52%) 2 (10.52%)  > 0 .999

Antihyperlipidemic medications (%) Yes 10 (52.6%) 13 (68.42%) 0.319
No 9 (47.3%) 6 (31.5%)

Antihypertensive medications (%) Yes 7 (36.8%) 8 (42.1%) 0.74
No 12 (63.1%) 11 (57.8%)

Metabolic characteristics
Height (cm) Total 164.73 ± 7.73 159.57 ± 8.02 0.051
Weight (kg) Total 76.81 ± 10.85 78.34 ± 13.2 0.699
BMI (kg/m2) Total 28.28 ± 2.77 30.93 ± 5.4 0.067
WC (cm) Total 92.68 ± 11.79 96.42 ± 11.63 0.332
HC (cm) Total 104.57 ± 6.84 109.52 ± 10.65 0.099
WHR Total 0.88 ± 0.09 0.87 ± 0.04 0.866
MET (min/week) Total 805.08 ± 89.63 761.32 ± 91.82 0.122
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Table 3  Anthropometric and 
dietary factors in the study 
groups

Factors Time BJ group (n = 19) Control group (n = 19) P**

Weight (kg) Before 76.81 ± 10.85 78.34 ± 13.2 0.699
After 77.07 ± 11.84 78.02 ± 13.98 0.823
P* 0.571 0.599

BMI (kg/m2) Before 28.28 ± 2.77 30.93 ± 5.4 0.067
After 28.32 ± 30 30.74 ± 5.51 0.102
P* 0.835 0.384

WC (cm) Before 92.68 ± 11.79 96.42 ± 11.63 0.332
After 93.13 ± 12.54 100.5 ± 6.53 0.486
P* 0.385 0.354

WHR Before 0.88 ± 0.09 0.87 ± 0.04 0.866
After 0.89 ± 0.1 0.87 ± 0.04 0.444
P* 0.071 0.166

MET (min/week) Before 805.08 ± 89.63 761.32 ± 91.82 0.122
After 778.52 ± 99.57 764.73 ± 68.17 0.607
P* 0.135 0.752

Energy (kcal/day) Before 1478.49 ± 384.4 1299.3 ± 306.04 0.100
After 1459.33 ± 351.53 1308.62 ± 233.3 0.128
P* 0.233 0.635

Carbohydrate (g/day) Before 212.84 ± 61.58 190.85 ± 59.71 0.271
After 211.07 ± 57.74 183.76 ± 61.43 0.167
P* 0.867 0.448

Protein (g/day) Before 64.24 ± 17.82 62.38 ± 17.47 0.746
After 62.37 ± 20.22 52.55 ± 14.80 0.96
P* 0.756 0.037

Fat (g/day) Before 37.70 ± 15.98 31.52 ± 9.26 0.153
After 36.01 ± 13.46 27.37 ± 8.88 0.065
P* 0.658 0.132

Cholesterol (mg/day) Before 2.36 ± 0.34 2.16 ± 0.24 0.470
After 2.16 ± 0.30 2.19 ± 0.28 0.766
P* 0.264 0.677

MUFA (g/day) Before 12.67 ± 8.32 9.33 ± 3.13 0.110
After 12.18 ± 7.50 9.95 ± 2.46 0.125
P* 0.672 0.542

PUFA (g/day) Before 8.93 ± 6.73 5.32 ± 3.63 0.057
After 8.84 ± 5.67 5.18 ± 1.97 0.061
P* 0.954 0.905

SFA (g/day) Before 12.95 ± 5.80 12.94 ± 4.45 0.993
After 12.31 ± 7.51 12.19 ± 4.89 0.950
P* 0.732 0.583

Fiber (g/day) Before 10.23 ± 3.86 12.43 ± 4.05 0.096
After 9.76 ± 2.71 9.61 ± 3.84 0.891
P* 0.504 0.120

Vitamin E (mg/day) Before 0.64 ± 0.41 0.64 ± 0.50 0.984
After 0.63 ± 0.39 0.52 ± 0.22 0.272
P* 0.948 0.343

Vitamin C (mg/day) Before 1.74 ± 0.51 1.91 ± 0.32 0.236
After 1.58 ± 0.54 1.76 ± 0.47 0.296
P* 0.230 0.266

Selenium (mg/day) Before 0.671 ± 0.02 0.06 ± 0.31 0.583
After 0.05 ± 0.02 0.04 ± 0.03 0.464
P* 0.183 0.204
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many studies. This includes Bahadoran’s study [17] which 
reported the amount of nitrate from 388 to 3968 mg/l and 
Wruss’s study [22] which indicated large variations of the 
nitrate levels ranging from 10 to 2400 mg/l. The purpose of 
this study was to investigate the effect of consumed bioactive 
compounds from a concentrated BJ with the least amount of 
industrial interference. The amount of nitrate in beet juice 
for daily consumption in this study was lower than in previ-
ous studies, including Gilchrist et al. [18], Kerley et al. [13], 
and Singh et al. [12]. The lower nitrate level of the juice in 
this study could be the probable factor behind the variations 
in statistics, reports, and results.

NO and other bioactive contents of beetroot juice reg-
ulate insulin and glucose homeostasis [4]. NO increases 
insulin secretion and sensitivity by enhancing pancre-
atic blood flow, beta cell viability, activation of guanylyl 
cyclase, and cGMP pathways [4, 7, 31]. It also increases the 
Glut4 gene expression/nitrosation and insulin-independent 
translocation of GLUT4 [7, 31]. NO inhibits the production 
of ROS in adipocytes and increases the dephosphorylation 
activity of PK1B. And then, through activating the PI3K/
PKB signal cascade, enhances eNOS phosphorylation and 
NO production [7, 31], subsequently increases insulin-
dependent translocation of GLUT4 [4, 7, 11, 31]. Bioactive 
compounds in the beetroot are responsible for AMPK acti-
vating as well as reduction of carbohydrate digestion and 
intestinal glucose absorption. They suppress postprandial 
glucose response and improve insulin sensitivity/secretion. 
GLUT4, along with AMPK, improves insulin sensitivity/
resistance and glucose uptake [4].

In support of our findings, Gilchrist et al. reported that 
administration of 250 ml beetroot juice (containing 500 mg 
NO3) vs. NO3-depleted beetroot juice for 2 weeks did not 
improve insulin sensitivity in T2D patients, unlike an 
increase in plasma nitrite and nitrate concentration [18]. 
Bahadoran et al. also assessed the effect of daily supple-
mentation of 5 g of beet juice powder containing about 
250 mg of nitrate in people with T2DM for 24 weeks. This 
study also did not find any positive effects on metabolic 
variables compared to the placebo group [17]. This finding 

could be a result of decreased NO3 to NO2 bioconversion 
capacity in T2DM. Similarly, the study of Kapil et al. on 
hypertensive older adults and Fuchs et al. [32] on obese, 
insulin-resistant patients showed that daily consumption of 
250 ml beetroot juice vs. NO3-depleted beetroot juice and 
water, respectively, resulted in no effect on fasting glucose, 
HbA1c, postprandial glucose, and insulin response [20]. 
Short time duration of the interventions or small sample 
sizes could affect the results. In contrast, an animal exper-
iment conducted by Hong Jiang et al. [31] showed that 
administering 50 mg/l sodium nitrite for 4 weeks signifi-
cantly improved fasting glucose and reduced insulin levels 
in db/db diabetic mice.

Hong Jiang et al. showed that NO stimulates GLUT4 
translocation independent of insulin and improves insulin 
signaling through the restoration of NO-dependent nitro-
sation of GLUT4 signaling translocation [31]. Wootton-
Beard et al. examined the postprandial glucose and insulin 
responses following supplementation with 225 ml beetroot 
juice (containing  990 mg NO3) compared with a macronu-
trient matched control beverage in a group of sixteen healthy 
adults. The results indicated a significantly lowered post-
prandial insulin response in 0–60 min and a significantly 
lowered glucose response in 0–30 min in the beetroot juice 
consuming group compared with the control. Any bioac-
tive ingredients found in the beetroot juice may be respon-
sible for the observed differences in the postprandial insulin 
responses [33]. The observed differences may be due to 
dissimilar examined populations, confounding factors, and 
differences in the designs of studies.

Bioactive contents of beetroot improve endothelial func-
tion and have blood-pressure-lowering effects. NO reduces 
vascular stiffness, ROS production, and oxidative stress. It 
also increases antioxidant and defensive enzyme activity 
[4]. NO also activates the SGC-cGMP pathway, directly 
decreases the angiotensin II type I receptor gene expression, 
improves the renal blood flow and vascular relaxation, and 
changes the Na/water retention [4]. Other bioactive ingre-
dients suppress Cox-2 as pro-inflammatory prostaglandins, 
reduce the inflammatory markers including NF-κB, improve 

Table 3  (continued) Factors Time BJ group (n = 19) Control group (n = 19) P**

β-carotenoid (µg/day) Before 1.62 ± 0.78 1.74 ± 0.78 0.656

After 1.65 ± 0.84 1.25 ± 0.57 0.120

P* 0.920 0.128
α-carotenoid (µg/day) Before 0.47 ± 0.31 0.38 ± 0.21 0.284

After 0.39 ± 0.44 0.40 ± 0.14 0.935
P* 0.233 0.635

MET metabolic equivalent of tasks, BMI body mass index, WC waist circumference, WHR waist to hip ratio
Mean ± SD (all such values) P *: based on paired t-test for within group comparison. P**: based on inde-
pendent sample t-test for between group comparison
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the endothelial function, and hence reduce the blood pressure 
[4]. According to the literature review, one study has assessed 
the effects of the dietary nitrate on BP in individuals with 
T2DM and reported no positive effect following beetroot 
juice supplementation [18]. These results are in agreement 
with our study. The peak of plasma nitrate concentration is 

expected to occur between 2 and 3 h after the consumption 
of beetroot juice. This may explain the lack of reduction in 
blood pressure (BP) after examination—approximately 16 h 
after the peak [18, 23].

Several studies have indicated no effects of beetroot 
juice on blood pressure in hypertensive, overweight, obese 

Table 4  Changes in plasma 
concentrations of clinical and 
preclinical tests

NO nitric oxide, HbA1c hemoglobin HgA1c, FPG  fasting plasma glucose, HOMA-IR homeostatic model 
assessment for insulin resistance, HOMA-β homeostasis model assessment of β-cell function, SBP systolic 
blood pressure DBP diastolic blood pressure, TC total cholesterol, LDL low-density lipoprotein, HDL high-
density lipoproteins, TG triglycerides
All values are presented as mean ± SD P*: based on paired t-test for within group comparison P**: based 
on independent samples t-test for between group comparison P***: based on ANCOVA model that 
regressed changes from baseline on treatment group n = 19 for all values; mean changes reflect week 12 to 
baseline values

Parameters Groups Before After Mean changes P* P***

No (µMol) BJ 26.21 ± 16.42 34.89 ± 17.09 8.57 ± 23.93 0.130 0.128
Control 25.42 ± 9.53 27.73 ± 9.70 2.31 ± 15.98 0.536

P** 0.857 0.122
HgA1C (%) BJ 8.14 ± 1.38 8.53 ± 0.81 0.46 ± 1.02 0.071 0.06

Control 9.42 ± 1.67 9.31 ± 2.05  − 0.22 ± 1.4 0.521
P** 0.015 0.146
FPG (mg/dL) BJ 150.15 ± 36.22 147.11 ± 42.31  − 2.61 ± 46.30 0.822 0.132

Control 168.36 ± 57.76 169.42 ± 59.63 1.05 ± 36.62 0.902
P** 0.252 0.200
Insulin (μIU/mL) BJ 11.60 ± 6.26 9.12 ± 6.40  − 1.48 ± 7.27 0.414 0.589

Control 14.55 ± 7.85 10.62 ± 6.96  − 3.93 ± 9.53 0.014
P** 0.155 0.270
HOMA-IR BJ 4.85 ± 4.74 3.05 ± 1.86  − 1.89 ± 4.68 0.110 0.13

Control 5.84 ± 3.04 4.58 ± 3.47  − 1.83 ± 3.03 0.064
P** 0.502 0.111
HOMA-β BJ 3.99 ± 0.91 4.22 ± 0.71 0.03 ± 1.21 0.917 0.440

Control 3.96 ± 0.83 3.63 ± 0.75  − 0.59 ± 1.04 0.038
P** 0.419 0.240
SBP(mm/Hg) BJ 129.47 ± 14.32 125.94 ± 15.83  − 4.21 ± 8.79 0.116 0.508

Control 120.21 ± 15.83 120.21 ± 15.11 0 ± 1.45 0.1
P** 0.067 0.251
DBP(mm/Hg) BJ 74.73 ± 16.78 72.36 ± 16.09  − 3.68 ± 2.43 0.046 0.733

Control 75.28 ± 6.04 75.65 ± 5.92 0.51 ± 2.2 0.517
P** 0.893 0.424
TC (mg/dL) BJ 168.15 ± 48.11 161.26 ± 59.23 6.42 ± 29.38 0.103 0.062

Control 173.84 ± 50.13 171.84 ± 37.63  − 0.84 ± 44.62 0.847
P** 0.114 0.515
LDL (mg/dL) BJ 67.02 ± 27.82 71.87 ± 6.07 4.84 ± 16.05 0.262 0.06

Control 74.55 ± 33.53 89.50 ± 33.81 14.85 ± 40.23 0.125
P** 0.489 0.123
HDL (mg/dL) BJ 63.17 ± 15.11 62.55 ± 15.63  − 0.64 ± 17.53 0.879 0.154

Control 70.81 ± 11.24 65.44 ± 6.46  − 5.23 ± 12.25 0.058
P** 0.085 0.463
TG (mg/dL) BJ 110.68 ± 50.65 110.44 ± 50.36  − 0.26 ± 43.01 0.981 0.471

Control 116.23 ± 48.34 99.15 ± 27.22  − 17.08 ± 31.01 0.071
P** 0.759 0.468
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middle-aged, and older adult individuals [34–37]. The 
reported results may be due to a short-term dietary nitrate 
supplementation. The studies assessed the effects of daily 
beetroot juice supplementation on BP in nondiabetic subjects, 
including a study on hypertensive, untreated adults [14], and 
another study on healthy subjects [38], which reported an 
improvement in BP.

The noticeable increase in NO bioavailability could be 
the underlying mechanism in BP decreasing [4, 23], which 
could be disrupted by several complications in T2DM, 
including diminished vascular reactivity due to vascular 
aging, a subsequent decreased NO3 to NO2 bioconversion 
capacity, particularly impaired responsiveness to NO [4, 
18, 23], high blood glucose and lipid levels, accumulation 
of advanced glycation end products, increased oxidative 
stress and NF-kB, as well as concomitant medications [18]. 
Besides, the techniques used to measure BP [18] and sub-
jects’ ages [39] could explain the contrasts in the reported 
results. Animal model studies suggest that nitrate targets 
a novel pathway that enhances fat metabolism and energy 
utilization and eventually decreases plasma lipid levels [13]. 
In contrast to the current study, 8 weeks of nitrate intake 
(100 mg/L in drinking water) reduced LDL cholesterol in 
normal and diabetic rats compared to normal and diabetic 
rats without nitrate [15]. Furthermore, it has been reported 
that total and LDL cholesterol levels in patients suspected 
of coronary artery disease (CAD) are negatively correlated 
with plasma nitrate/nitrite levels[40]. In a pilot study on 
untreated hypertensive adults, daily consumption of 250 ml 
row beetroot juice (RBJ) compared with 250 g cooked beet-
root significantly decreased non-HDL-C, LDL-C, and total 
TC [14]. It is suggested that the total antioxidant capacity 
(TAC) increase in RBJ-consuming subjects are responsible 
for the decline in lipid peroxidation [14, 41]. In a similar 
instance, a 2-week daily supplementation of controlled and 
uncontrolled hypertensive patients with 140 ml nitrate-rich 
beetroot juice (containing 800 mg NO3) led to increased NO 
bioavailability in both groups and reduced serum LDL-C 
only in uncontrolled hypertensive patients [13]. Our obser-
vation was consistent with any differences in plasma lipids, 
including TC, HDL, LDL, and TG. In agreement with our 
study, Velmurugan et al. reported that daily consumption of 
250 ml beetroot juice (containing 370 mg NO3) vs. NO3-
depleted beetroot juice does not affect oxidized-LDL level, 
as a marker of oxidative stress, in hypercholesterolemia 
patients [19]. It has been demonstrated that hypercholes-
terolemia reduces the availability of an NO substrate. It is 
noticeable that our research is the first human study that 
investigated concentrated BJ supplementary effect on plasma 
lipid (lipoprotein fractions) profile in T2DM patients thus, 
we cannot get insight into the underlying mechanism, and 
more human studies are needed. Considering Betalain’s 

effects on improving the lipid profile and its other biologi-
cal effects, it could be a highly sensitive factor that should be 
considered in future studies and examinations [22].

Conclusions

The current study is a randomized, open-labeled trial, which 
has been designed for the first time to assess the effects of con-
centrated BJ on anthropometric measures, glycemic control, 
blood pressure, and lipid profile in T2D patients. This study 
encountered some drawbacks due to a lack of placebos for the 
control group. On the other hand, our study period was simul-
taneous with the COVID-19 pandemic. Due to a high drop-out 
rate observed during the study period, the sample size was 
decreased, which resulted in limitations with the number of 
patients. We could not achieve our IRCT calculated sample size; 
thus, the sample size was calculated with a smaller population. 
In conclusion, our findings suggest that daily consummation of 
24 ml concentrated BJ does not affect FPG, insulin, HOMA-IR, 
HOMA-β, TC, LDL, HDL, TG, and BP. Hence, it is suggested 
that this study be repeated with larger sample size and different 
variations of beetroot juice containing various concentrations of 
bioactive compounds, mainly nitrate and betalains.
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