Journal of Diabetes & Metabolic Disorders (2021) 20:673-682
https://doi.org/10.1007/540200-021-00798-z

RESEARCH ARTICLE ;.)

Check for
updates

Effects of raw red beetroot consumption on metabolic markers
and cognitive function in type 2 diabetes patients

Mitra Aliahmadi® - Fatemehsadat Amiri’ - Leila Sadat Bahrami? - Agha Fatemeh Hosseini® - Behnaz Abiri* -
Mohammadreza Vafa'

Received: 31 March 2021 /Accepted: 8 April 2021 / Published online: 21 April 2021
© Springer Nature Switzerland AG 2021

Abstract

Objectives This study aimed to investigate the effects of raw red beetroot consumption on metabolic markers and cognitive
function in type 2 diabetes patients.

Methods In a quasi-experimental study, 44 type 2 diabetes patients (57 £ 4.5 years) consumed raw red beetroot (100 g, daily), for
8 weeks. Metabolic markers including body weight, glucose and lipid profile parameters, inflammatory and oxidative stress
markers, paraoxonase-1 activity, hepatic enzymes, blood pressure and cognitive function were measured at the beginning and end
of 8 weeks.

Results Raw red beetroot consumption resulted in a significant decrease in fasting blood sugar (FBS) levels (—13.53 mg/dL),
glycosylated hemoglobin (HbA1c)(—0.34%), apolipoproteinB100 (ApoB100) (—8.25 mg/dl), aspartate aminotransferase (AST)
(=1.75 U/L), alanine aminotransferase (ALT) (3.7 U/L), homocysteine (—7.88 umol/l), systolic (—0.73 mmHg) and diastolic
blood pressure (—0.34 mmHg), anda significant increase in total antioxidant capacity (TAC) (105 pumol/L) and cognitive function
tests (all P values <0.05). Other variables did not change significantly after the intervention.

Conclusions Raw red beetroot consumption for 8 weeks in T2DM patients has beneficial impacts on cognitive function, glucose
metabolism and other metabolic markers.
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Introduction

Type 2 diabetes mellitus (T2DM) represents a public health
challenge all over the world. Approximately 425 million indi-
viduals had diabetes in 2017 and it has been projected that this
figure will increase to 693 million by 2040 [1]. T2DM is
characterized by high blood glucose levels and is one of the
highest causes of death on a worldwide level [2]. It is also a
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potential risk factor for complications such as blindness, renal
failure and the need for lower limb amputation, all of which
contributes to decreased quality of life [3]. Moreover, patients
with T2DM have measurable declines in cognitive perfor-
mance when compared with age and sex matched individuals
[4]. This latter effect may result from numerous potential
causes including hyperglycemia, dyslipidaemia, microangiop-
athy and genetic factors [5].

While the causes of T2DM are still not fully known, it is
generally recognized that T2DM is caused by both genetic and
environmental factors. In recent years, there has been an in-
creasing interest by scientific community in the potential ben-
efits of phytochemicals in the treatment of this disease [6, 7].
Medicinal plants have been used throughout the world for
many types of diseases including metabolic disorders for hun-
dreds or even thousands of years. Such antidiabetic medicinal
plants are more readily available than synthesized drugs and
are likely to have fewer adverse side effects. These plants can
contain numerous bioactive phytochemicals, including phe-
nols, flavonoids and alkaloids, which have antidiabetic
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properties [8]. The available evidence also shows that some
plant species contain substantial types of substances that exert
antioxidant effects that can ameliorate T2DM [7].

Polyphenols and associated components have been reported
to diminish postprandial hyperglycemia and prevent reactive
hyper-insulinemia by decreasing the digestion, absorption and
transport of glucose [9, 10]. Some studies over the last decade
have shown that consumption of beetroot (Beta vulgaris L.) has
physiological effects that may help to ameliorate pathologies
including hypertension, atherosclerosis, T2DM, dementia and
cognitive dysfunction [11-13]. Beetroot contains bioactive pig-
ments termed betalains [14, 15]. These compounds have been
shown to have antioxidant and anti-inflammatory effects
in vitro and in some studies of animal models [15, 16]. Most
investigations on beetroot supplementation have directed at un-
derstanding the capacity of the component inorganic nitrate
(NOs) on these properties, particularly those regarding the hy-
potensive and ergogenic effects.

In addition, the plasma nitrite (NO,) level has been identi-
fied as a biomarker of endothelial nitric oxide (NO) generation
and thus as an indicator of vascular health [17]. Hence, plasma
nitrite may be an important marker for risk of cognitive defi-
cits. There is some evidence demonstrating that dietary nitrate
supplementation may enhance blood flow in cerebral white
matter, considerably in the dorso-lateral prefrontal cortex
and anterior cingulate cortex, which are areas related to exec-
utive performance in the brain [17]. Moreover, purified poly-
phenols and diets rich in polyphenols can block chronic com-
plications in human diabetes such as neuropathy [18]. Due to
the fact that high inflammation, oxidative stress, and effects on
multiple other pathways are linked with diabetic neuropathy,
it is expected that polyphenols possessing anti-inflammatory
and antioxidant properties could have significant health ben-
efits by targeting these in T2DM [18].

Here, we evaluated the effects of raw red beetroot con-
sumption on metabolic markers and cognitive function in
T2DM patients.

Methods and materials

The present research conducted as a quasi-experimental study.
Enrollment took place in the Olympic Health Center, Tehran,
Iran, between January and September in 2018. The study pro-
tocol was approved by the Medical Ethics Committee of Iran
University of Medical Sciences, conforms with the declaration
of Helsinki (approval number IR.IUMS.REC
1395.932132004) and registered at the Iranian Registry of
Clinical Trials (IRCT registration number
IRCT201612262365N16; available at:http://irct.ir/user/trial/
20288/view). Informed written consent was obtained from
all subjects. Volunteers were included in the study if they: 1)
were diagnosed with T2DM within the previous 5 years; 2)

@ Springer

had a fasting blood glucose (FBG) > 126 mg/dL or a 2-h post-
prandial glucose >200 mg/dL before diagnosis and treatment;
3) were aged 30-65 years; 4) had a body mass index (BMI) <
35 kg/m?; 5) had a FBG < 180 mg/dL; 6) had 6.5% < HbAlc
<8.5%; 7) had a serum level of triacylglycerol (TAG) <
250 mg/dL; and 8) were taking oral hypoglycemic medica-
tions. They were excluded if they: 1) were suffering from
hepatic, renal or thyroid diseases; 2) were smokers; or 3) tak-
ing vitamin-mineral supplements or hormone medications.
We also excluded patients who had less than 80% compliance
with the intervention or those with an altered treatment plan.

Sample size

Sample size was calculated using the homeostatic model as-
sessment for insulin resistance (HOMA-IR) [19] with 80%
power. To allow for attrition, 50 patients were enrolled.

Intervention

The 45 patients who met the inclusion criteria were assigned
to consume 100 g raw red beetroot, daily for 8 weeks. The raw
red beetroots were provided for the patients each week (7 x
100 g) and they were instructed to consume 100 g per day.
They were required to follow a low-nitrate diet throughout the
study period. Thus, they were asked to limit the consumption
of foods with high nitrate content including cheese, processed
or cured meats, and green leafy vegetables [20]. Moreover,
throughout the study period, the patients were asked not to
alter their physical activity level, use mouth wash and to limit
caffeine intake.

Outcome measurement

Anthropometric parameters, dietary intakes, and physical ac-
tivity level were evaluated at baseline and at the end of the 8-
week intervention. Height and body weight were measured
using standard protocols to the nearest 0.5 cm and 0.1 kg,
respectively. BMI was calculated by the formula (weight
(kg)/height squared (m?)). Dietary intake was monitored with
a 24-h food recall for 3 days (2 week days and 1 weekend day)
and energy, macronutrients, fiber, and micronutrient intakes
were estimated using the Nutritionist 4 software. Physical ac-
tivity level was assessed using the Persian form of the
International Physical Activity Questionnaire (IPAQ) and
was reported in MET-min/week [21].

Metabolic markers

Blood was collected after a 12 h overnight fast from each
subject at baseline and post intervention, and serum obtained
by centrifugation at 1000 x g for 10 min. Sera were frozen and
stored at —80 °C. Systolic and diastolic blood pressure, nitric
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oxide (NO), FBG, fasting insulin, glycosylated hemoglobin
(HbAlc), total cholesterol (TC), HDL-cholesterol (HDL-C),
LDL-cholesterol (LDL-C), TAG, ApoB100, ApoAl, homo-
cysteine (Hcy), total antioxidant capacity (TAC), high sensi-
tivity C-reactive protein (hs-CRP), hepatic enzymes (alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST)), and paraoxonase-1 (PON1) activity, were measured
before and after the intervention.

Serum levels of NO were measured by the GRIESS meth-
od, using the MATRIX kit. Enzymatic methods were used to
assess lipid profiles (Pars Azmoon Co., Tehran, Iran). The
Friedwald formula was used for LDL-c assessment [22]. The
levels of FBG (Pars Azmoon Co., Tehran, Iran) and HbA1C
(Pishtazteb Co., Tehran, Iran), were evaluated with enzymatic
methods usingan auto-analyzer (SELECTRA-E). Insulin sen-
sitivity and insulin resistance were assessed by quantitative
insulin sensitivity check index (QUICKI) and HOMA-IR in-
dices, respectively [23, 24], as follows:

Insulin sensitivity = 1/Fasting insulin level (uIU /mL)
+ FBG (mmolL)
Insulin resistance
= [FBG (mmol /L) x Fasting insulin (uIU/mL)]/22.5

A photometric method was used to analyze AST and ALT
(Pars AzmoonCo.), Hey (Biorex Fars Co., Tehran, Iran) using
the SELECTRA-E auto analyzer Also, TAC (NAXIFER Co.,
Tehran, Iran) and PON1 (TALIGENE PARS Co., Tehran, Iran)
were determined spectrophotometrically (CECIL). PNO1 activ-
ity was evaluated by adding serum to Tris buffer containing
5.5 mmol/L o,0-diethyl-o-p-nitrophenylphsphate and
2 mmol/L CaCl,. The generation rate of p-nitrophenol was es-
timated at 405 nm, 25 °C, as explained previously [25]. APOAL,
APOB100 (Pars Azmoon Co.) and hs-CRP (Biorex Fars Co.,
Tehran, Iran) were evaluated with an imonotorbidometric meth-
od using the SELECTRA-E auto-analyzer.

Blood pressure (BP) was measured after each subject had
rested 15 min in the sitting position by using an automated BP
monitor (Omron M2 Basic, UK) at baseline and at the end of
the intervention.

Cognitive function

Cognitive function scores for each patient were evaluated using
the Toulouse-Pieron (TP) and Digit Learning (DL) tests [26].
The TP test is a psychometric instrument for evaluation of
selective, sustained attention, processing speed, and fatigue re-
sistance. This method provides three main indexes: 1) work
efficiency (WE); 2) dispersion index (DI); and 3) a total result
(TR) [26]. The DL test is a measure of rote learning that inves-
tigates how well an individual learns a series of digits [27].

Statistical analysis

Statistical analyses were carried out using SPSS v22.0
(SPSS Inc. Chicago, IL, USA). Normality of the data
was investigated using the Kolmogorov-Smirnov test.
All results were reported as mean+SD or median (in-
terquartile). Categorical data were presented as frequen-
cies and percentages. Comparison of baseline and post-
intervention values was performed by paired-samples t
test and Wilcoxon-signed ranks for normally and non-
normally distributed data, respectively. P <0.05 was
considered statistically significant.

Results

In the present research, 50 patients were recruited. Six subjects
were excluded from the study because of discontinuation of
the intervention, gastrointestinal adverse effects, and for pri-
vate reasons. A flowchart demonstrating the enrollment pro-
cess is detailed in Fig. 1. Finally, a total of 44 patients (10
men, 34 women) completed the study. The mean age of par-
ticipants was 57 +4.5 years. Of these 44 patients, two were
taking glibenclamide, 18 were taking metformin, and 24 re-
ported using glibenclamide and metformin.

There were no significant differences in total energy, car-
bohydrate, fiber, fat, protein and micronutrient intake (P >
0.05), except folate (vitamin B9) intake (P =0.03) at the end
of the intervention compared with baseline values (Table 1).
The post-intervention values of folate intake was increased
significantly (P=0.03) (Table 1). In addition, there was no
significant difference in physical activity level at the end of
the intervention compared to the baseline (P > 0.05) (data not
shown).

No significant differences were observed in body weight
(P =0.36) and BMI (P =0.39) at the end of the intervention
compared with the baseline (Table 2). There was a significant
decrease in FBG (P =0.01) and serum levels of HbAlc (P <
0.01), ApoB100 (P =0.03), AST (P =0.04), ALT (P <0.01),
Hey (P <0.001), SBP (P <0.001), and DBP (P =0.02), at the
end of the study compared to baseline values (Table 2). In
addition, there was a significant increase in the ApoAl/
ApoB100 ratio (P=0.04), and serum level of TAC (P <
0.001) at week 8 compared to the beginning of the study
(Table 2). However, no significant changes were observed
for other variables including insulin, HOMA-IR, QUICKI,
levels of TC, HDL-C, LDL-C, TAG, ApoAl, hs-CRP, NO,
and PONI1 activity (P > 0.05) (Table 2).

A significant increase in the scores of TP (from 71.25+
22.61 to 77.70+22.84; P <0.01) and Digit Learning (from
5.27+2.271t08.36+2.89; P<0.001) tests was observed at the
end of the intervention compared to baseline scores (Table 3).
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Fig. 1 The consort flow chart. 'Patients consumed raw red beetroot
(100 g/daily), for 8 weeks

Discussion

To our knowledge, this is the first study to investigate effects
of raw red beetroot consumption on metabolic markers and
cognitive function in T2DM patients. We found that con-
sumption of 100 g raw red beetroot for 8 weeks, parallel to

Table 1 Total energy and nutrient intake of the patients at baseline and
week 8 (n=44)

Variable Baseline Week 8 P

Energy intake, kcal/day 1738.01+£191.00 1729.00+189.02 .081%

Carbohydrate intake, g/day 219.00+£26.00  214.00£29.00  0.38"
Fat intake, g/day 71.00+18.00 72.01+£16.00 0.77
Protein intake, g/day 63.00+13.00 63.00+12.00 0.99*
Fiber intake, g/day 15.00 (5.00) 16.00 (6.00) 021°
Vitamin A, RE/day 554.00 (673.00) 498.00 (489.00) 0.96"
Vitamin B1, mg/day 1.35 (1.00) 1.29 (1.00) 0.12°
Vitamin B3, mg/day 15.00 (4.00) 14.00 (4.00) 0.34°
Vitamin B9, wday 249.00 (128.00)  306.00 (151.00) 0.03°
Vitamin C, mg/day 88.00 (55.00) 82.00 (50.00) 0.62°
Vitamin E, mg/day 26.50 (14.00) 28.00 (14.00) 0.35°

 Values are shown as mean + SD; P value is based on Paired-Samples T
test

® Values are shown as median (interquartile range); P value is based on
Wilcoxon Signed Ranks test
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Table 2
and week 8 (n=44)

Weight status and metabolic markers of the patients at baseline

Variable Baseline Week 8 P
Weight, kg 69.09+8.84 68.95+8.95 0.36*
BMI, kg/m? 27.93+3.34 27.88+3.38 0.39*
NO, uM 56.72+25.67 64.84+17.78 0.11*
FBG, mg/dl 156.68+39.26 143.15+48.37 0.01°
HbAlc, % 6.78 (0.96) 6.44 (0.94) <0.01°
Insulin, micIU/ml 7.95+4.53 7.20+4.18 0.59*
HOMA-IR, N 291 (1.62) 2.61(1.92) 0.26°
QUICKI, N 0.34 (0.03) 0.34 (0.04) 0.44°
TAG, mg/dl 140.40+61.50 136.00+55.00 0.56%
TC, mg/dl 157.22+36.92 150.20+33.73 0.18%
LDL-c, mg/dl 144.00 (40.31) 136.20 (40.00) 0.12°
HDL-c, mg/dl 44.00 (7.46) 44.00 (8.31) 0.79°
ApoAl, mg/dl 133.04+19.52 128.06+£19.52 0.10%
ApoB100, mg/dl 101.00+£32.28 92.75+30.33 0.03%
ApoAl1/ApoB100 1.43.00 (0.46) 1.52 (0.51) 0.04°
AST, U/L 21.40 (8.18) 19.56 (8.33) 0.04°
ALT, UL 17.88 (9.77) 14.18 (8.52) <0.01°
Hcy, umol/L 27.77+9.26 19.89+9.58 <0.001*
hs-CRP, mg/1 2.50 (1.93) 2.87 (1.76) 0.17°
TAC, umol/L 90.00 (28.00) 195.00 (59.50) <0.001°
PON1, U/L 200.57 (18.15) 230.01 (14.96) 0.57°
SBP, mmHg 12.21+1.01 11.48+1.59 <0.001*
DBP, mmHg 8.02 (0.95) 7.68 (0.47) 0.02°

# Values are shown as mean + SD; P value is based on Paired-Samples T

test

® Values are shown as median (interquartile range); P value is based on
Wilcoxon Signed Ranks test

BMI, body mass index; NO, nitric oxide; FBG, fasting blood glucose;
TAG, triacylglycerol; TC, total cholesterol; AST, aspartate aminotrans-
ferase; ALT, alanine aminotransferase; Hcy, homocysteine; hs-CRP,
high-sensitive C reactive protein; TAC, total antioxidant capacity;
PONI, paraoxonase-1; SBP, systolic blood pressure; DBP, diastolic
blood pressure

taking medications (metformin and/or glibenclamide) in
T2DM patients had a significant beneficial impact on some
metabolic markers (FBG, HbAlc, ApoB100, ApoAl/

Table3  Cognitive function scores of the patients at baseline and week 8
(n=44)

Variable Baseline Week 8 P

TP, total score 71.25 +22.16 77.70 + 22.84 <0.001*
DL, total score 527 +227 8.36 + 2.89 <0.001*

# Values are shown as mean + SD; P value is based on Paired-Samples T
test

TP, Toulouse Pieron; DL, Digit Learning
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ApoB100 ratio, TAC, Hey, AST, ALT, SBP, DBP) and cog-
nitive function compared to the baseline values.

Some researchers have provided convincing evidence that
beetroot consumption exerts advantageous physiological im-
pacts associated with ameliorated clinical outcomes for a
number of pathologies, including T2DM [11, 28]. These ef-
fects have been ascribed to the presence of betalains [14, 15,
29], with proven antioxidant and anti-inflammatory effects
in vitro and in vivo [15, 16, 30-34]. This led to the hypotheses
that beetroot consumption might serve as an advantageous
strategy to strengthen endogenous antioxidant defense and
protect cellular components against oxidative damage [34].

Our finding indicated no significant differences in NO
levels at the end of the intervention compared to the baseline
levels. In potential contrast with our findings, a study of
healthy young men found that plasma levels of nitrite were
elevated 2.5 h after ingestion of concentrated beetroot [35].
Potential justification for the differences in the plasma nitrite
responses between our research and the previous study in-
clude inter-individual differences (T2DM patients versus
healthy young participants), and the dosage of supplementa-
tion. Smaller impacts of dietary nitrate on plasma level of
nitrite might be observed in older individuals because of
age-associated alterations in oral microbiota and a weakened
enterosalivary circuit [36]. In addition, NO levels may have
been unaffected in the present study due to the larger time
interval between the last dose of red beetroot and blood sam-
pling (12-24 h). According to the evidence, the duration of
blood sampling is really important because of the short half-
life of NOs [37, 38].

We found that raw red beetroot consumption led to a sig-
nificant decrease in FBG and HbAlc levels in the present
study group. This is consistent with the findings of a cross-
over study which showed that administration of 270 mL beet-
root juice to healthy adults delayed the postprandial glycemic
response and reduced the sustainability and peak of blood
glucose level compared to the effects of a sugar-matched con-
trol drink [37]. Other studies on the blood glucose-lowering
impact of beetroot, have proposed several potential mecha-
nisms of action for these effects. Some studies focused on
the crucial role of its bioactive components [38,
39].Bioactive molecules in beetroot include polyphenols, fla-
vonoids, and betalains, as well as some enzymes, ascorbic
acid and dehydroascorbic acid (DHAA), which regulate glu-
cose absorption glycolysis, glycogenesis and gluconeogenesis
[40—42]. Nitric oxide can trigger GLUT4 signaling and thus
increase the cellular response to insulin [43]. Effects on the
nitrite-nitrate pathway, which occurs in the oral cavity by the
commensal bacteria, have also been proposed [44]. Other po-
tential mechanisms include modulation of intracellular signal
transduction as an important mechanism of decreasing blood
glucose by foods and hormonal activities, and suppression of
«-amylase and «-glucosidase [45]. In addition, the reported

increase in serum cortisol with decreased glucose concentra-
tions after beetroot intake may be a compensatory mechanism
or associated with increased adrenocorticotropic hormone re-
lease from the pituitary [46].However, contrary to expecta-
tions, insulin, insulin sensitivity (QUICKI) and insulin resis-
tance (HOMA-IR) were not significantly changed at the end
of the intervention compared with the baseline values in the
present study. This could be due to the fact that the nitrate
levels found in the red beetroot in our study were too low to
improve insulin sensitivity and insulin resistance.

Our findings indicated significant differences in the ratio of
serum ApoB100 and ApoA1/ApoB100 before and after the
intervention. However, there were no differences observed in
ApoAl levels and the lipid profile. However, other studies
have found that red beetroot consumption exerts beneficial
effects on lipid profile markers (TG, TC, LDL-C, HDL-C),
which are directly associated with the incidence of T2DM. For
example, a randomized double-blind clinical trial found that
consumption of beetroot juice led to reduced levels of circu-
lating lipids compared to the control group, apart from HDL-C
[39]. The lack of effect on HDL-C may be the result of inac-
tivation by glycation in diabetic persons, as described in a
separate study [47]. This may have occurred in the present
study and the lack of effect of beetroot on other lipids in our
study was potentially due to the normal concentrations of TC
and TG at baseline. We also found no significant difference in
PONI levels after the intervention, which may also have re-
sulted from glycation [48, 49]. PON1 is an HDL-related pro-
tein that has the ability to hydrolyze oxidized LDL-C, with
potential atheroprotective effects [50].

In our study, there was a significant difference in TAC
levels after intervention compared to the baseline. Some stud-
ies have shown that TAC is reduced in patients with T2DM
[51]. Such an effect has been linked with the pathophysiology
of more than 200 diseases or clinical conditions [52]. It has
been hypothesized that the betalain pigments in beetroot may
help to protect cellular components from oxidative harm in
some of these conditions [53, 54]. Kanner et al. [55] showed
that two betalain metabolites (betanin and betanidin) reduced
the injury to linoleate caused by cytochrome C oxidase, as
well as the lipid membrane oxidation induced by H,O,. The
high antioxidant activity in betanin appears to be associated
with a high electron-donating capacity, rendering it capable of
removing highly reactive radicals that target cell membranes
[55]. However, beetroot also contains numerous other antiox-
idant compounds including rutin, epicatechin, and caffeic acid
[56-58]. Moreover, nitrite and other NO donors related to
beetroot have been reported to inhibit radical formation and
directly scavenge reactive oxygen and nitrogen species, indi-
cating that nitrate may also have antioxidant influences [59,
60]. Several studies have shown that beetroot juice protects
against oxidative injury to DNA, lipid, and protein structures
in vitro [61-63]. One study [15] found that rats given beetroot
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extract for 7 days had significantly lower levels of lipid per-
oxidation after exposure to carbon-tetrachloride (CCly). The
same study found that the beetroot extract seemed to help
maintain endogenous antioxidant activity at normal cellular
concentrations following the oxidative injury. Based on
in vitro data, such impacts might be associated partly with
betanin and its impact on signaling pathways mediating tran-
scription of antioxidant genes. It has been shown that betanin
extracted from beetroot enhanced the activity of nuclear factor
(erythroid-derived 2)-like 2 (NRF2) in a dose-dependent man-
ner. This transcription factor causes activation of the antioxi-
dant response element (ARE), which regulates the transcrip-
tion of numerous antioxidant enzymes [64, 65].

Metformin that is widely used in patients with type 2 dia-
betes may lead to reduced serum levels of vitamin B12 and
folate, and increased Hcy, increasing the risk of small blood
vessel diseases [66]. In our study, after an analysis of dietary
intake, it was observed that the average intake of folate was
significantly increased due to the addition of 100 g raw red
beetroot to participant diets. Red beetroot appears to improve
Hcy levels through its antioxidant and folate content [67]. As
expected, our study results also indicated a significant de-
crease in Hey levels.

Chronic inflammation is associated with the onset and pro-
gression of numerous clinical disorders [68] and the anti-
inflammatory impacts of betalains and beetroot extracts ap-
pear to target pro-inflammatory signaling cascades. The most
important of these is the NF-kB cascade, since this directly
activates and leads to transcription of most gene targets that
stimulate inflammatory response such as cytokines,
chemokines, apoptotic and phagocytic cells [69]. In a preclin-
ical study [70], NF-kB DNA-binding activity was found to be
weakened in a dose-dependent manner in nephrotoxic rats
supplemented with beetroot extract for 28 days. Kidney ho-
mogenates from the beetroot supplemented rats had lower
levels of TNF-«, IL-6, and MDA, which could be directly
associated with inhibition of the NF-kB pathway. These ef-
fects may be mediated by the betalains in beetroot. Another
study [61] demonstrated that administration of beetroot ex-
tracts rich in betalin led to reduced inflammation and pain in
osteoarthritic patients. As mentioned earlier, red beetroot also
contains several bioactive phenolic compounds, such as epi-
catechin and caffeic acid, that are known to have antioxidant
activity [71]. In addition, nitrite and other NO donors in red
beetroot suppress free radicals and directly eliminate the free
radicals of oxygen and nitrogen, which are the main cause of
inflammatory diseases [72]. Nonetheless, our results showed
no significant differences in hs-CRP levels. Some studies are
in line [73] and some are inconsistent with these results [74,
75]. The lack of effect found here may be due to the relatively
normal levelsof hs-CRP at baseline and potentially due to the
fact that the nitric oxide of beetroot used in our study was
lower than expected.
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We observed a significant decrease in ALT and AST levels
at week 8 compared to the beginning of the study. According
to the results of previous studies, T2DM patients, compared
with non-diabetics, are at increased risk of non-alcoholic fatty
liver disease (NAFLD), fibrosis and cirrhosis [76]. In T2DM,
the over-production of free fatty acids, inflammatory factors
and oxidative stress can lead to fat accumulation in liver [77].
Red beetroot consumption can ameliorate this through its an-
tioxidant, fiber and nitrate content, which can decrease oxida-
tive stress, lower blood lipids and improve insulin action, re-
spectively. In this regard, Krajka-Kuznika et al. [78] showed
that beetroot juice had significant hepatic protection in a rat
model against different inflammatory parameters induced by
NDEA administration, including ALT, AST, gamma
glutamyltransferase, and lactate dehydrogenase. Moreover, a
study conducted by Rahimi et al. [79] showed betalains from
red beetroot exert anti-dyslipidemic impact.

Our results are consistent with those of other studies which
demonstrated a significant decrease in systolic and diastolic
blood pressure after red beetroot consumption [80]. The ni-
trate in beetroot source is metabolized to nitrite, which can be
further converted to NO [81]. Since NO mediates many endo-
thelial functions, a decreased in NO availability has been im-
plicated as a cause of endothelial dysfunction [82], a risk fac-
tor for some cardiovascular diseases, hypertension and athero-
sclerosis [83]. A meta-analysis of 12 RCTs (randomized clin-
ical trials) highlighted the cardio-protective influences of beet-
root juice supplementation in accordance with significant ef-
fect size on SBP [84]. In addition, the consumption of white
and red beetroot bread, containing the same dose of nitrate, is
reported to diminish BP to the same extent, indicating a pos-
itive relationship between nitrate content and the blood pres-
sure lowering influence of beetroot [85]. Beetroot juice intake
was also demonstrated to diminish BP, ameliorate endothelial
function, and notably promote NO production [86].

Furthermore, patients with T2DM demonstrate slower re-
action times than aged matched healthy individuals to differ-
ent stimuli [87]. Previous studies have found that the nitrate
content, and the antioxidant and anti-inflammatory properties
of beetroot are associated with decreased FBG, Hcy,
ApoB100, SBP, DBP, and an increased ApoA1/ApoB100
ratio and TAC levels, which can help to ameliorate cognitive
problems and impairments in brain functions in patients with
T2DM [43, 88]. As expected, our results also demonstrated a
significant increase in Toulouse Pieron and Digit Learning test
scores following beetroot consumption. One of the important
risk factors for cerebral hypo-perfusion is an impairment in
neurovascular performance caused by disrupted NO activity
[89]. Decreased NO production can cause impairments in ce-
rebral energy metabolism, glucose delivery, and neuronal ac-
tivity which, in turn, could lead to neurodegeneration and
impaired cognition [89]. Presley et al. [13] evaluated cerebral
perfusion using magnetic resonance imaging (MRI) after
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administration of a high nitrate diet to elderly subjects for 24 h
and found an enhancement in the frontal cortex area respon-
sible for cognitive functions, compared to the effects of a
nitrate-depleted diet. Another study by Bond et al. [90] sup-
ported these findings via demonstrating a reduction in cere-
brovascular arterial resistance following a serving of nitrate
rich beetroot juice. Another study [12] of older T2DM patients
supplemented with 250 mL beetroot juice for 14 days, report-
ed a significant amelioration in reaction time compared to a
non-supplemented control group. The same authors [91] eval-
uated the impacts of supplementation with beetroot juice
(140 mL/day) for 3 days on cognitive performance in healthy
older participants, although this revealed no difference was
found in cognitive function for memory, concentration, atten-
tion, and information processing ability between the supple-
mented and control groups. The inconsistent findings between
these two investigations maybe partly due to the differences in
subjects (T2DM versus healthy older adults), cognitive tests
applied, dosage, and duration of the study.

Taken together, this study has shown that consumption of
raw red beetroot (100 g, daily), for 8 weeks, parallel to taking
antidiabetic medications in T2DM patients had a significant
beneficial impact on some metabolic markers (FBG, HbAlc,
ApoB100, ApoA1/ApoB100 ratio, TAC, Hcy, AST, ALT,
SBP, DBP). However, our trial had some limitations. At first,
the present research included a relatively short treatment peri-
od (8 weeks). Secondly, we had no control group in this trial
due to budget and financial limitations. Third, no identifica-
tion process was used on the plant species.

Conclusion

Raw red beetroot consumption, for 8 weeks, in T2DM pa-
tients, has beneficial impacts on cognitive function, glucose
metabolism, and other metabolic markers. Therefore, red beet-
root could be considered as a part of healthy diet for diabetic
patients. However, more clinical studies are needed to confirm
these effects. We recommended that future studies assess the
effect of raw red beetroot on metabolic markers and hormonal
changes in diabetes patients, using a cross-over design or with
a control group in a larger sample size and longer follow-up
periods.
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