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Effect of Functional Bread Rich in Potassium, g-Aminobutyric
Acid and Angiotensin-Converting Enzyme Inhibitors on

Blood Pressure, Glucose Metabolism and
Endothelial Function

A Double-blind Randomized Crossover Clinical Trial

Nerea Becerra-Tomás, RD, Marta Guasch-Ferré, RD, PhD, Joan Quilez, MD, PhD,
Jordi Merino, RD, PhD, Raimon Ferré, MD, PhD, Andrés Dı́az-López, RD, PhD,

Mònica Bulló, MSc, PhD, Pablo Hernández-Alonso, MSc, Antoni Palau-Galindo, MD,
and Jordi Salas-Salvadó, MD, PhD

Abstract: Because it has been suggested that food rich in g-amino-

butyric acid (GABA) or angiotensin-converting enzyme inhibitor

(ACEI) peptides have beneficial effects on blood pressure (BP) and

other cardiovascular risk factors, we tested the effects of low-sodium

bread, but rich in potassium, GABA, and ACEI peptides on 24-hour BP,

glucose metabolism, and endothelial function.

A randomized, double-blind, crossover trial was conducted in 30

patients with pre or mild-to-moderate hypertension, comparing three 4-

week nutritional interventions separated by 2-week washout periods.

Patients were randomly assigned to consume 120 g/day of 1 of the 3

types of bread for each nutritional intervention: conventional wheat

bread (CB), low-sodium wheat bread enriched in potassium (LSB), and

low-sodium wheat bread rich in potassium, GABA, and ACEI peptides

(LSBAfter LSB Compared with the consumption of CB or LSB, no

greater beneficial effects on 24-hour BP, endothelial function, or

glucose metabolism were demonstrated after the consumption of

LSBþG in a population with pre or mild-to-moderate hypertension.

Further studies are warranted to clarify the effect of GABA on BP,

preferably using a specific design for noninferiority trials and ambu-

latory BP monitoring as a measure of BP.

This study was registered at Current Controlled Trials as

ISRCTN31436822

(Medicine 94(46):e1807)

Abbreviations: ABPM = ambulatory blood pressure monitoring,

ACEI = angiotensin-converting enzyme inhibitory peptides, AI75 =

augmentation index adjusted to 75 beats/minute, AIx = arterial

stiffness, BP = blood pressure, CB = conventional bread, cIMT =

carotid intima-media thickness, CVD = cardiovascular disease,

GABA = g-aminobutyric acid, HPLC = high-performance liquid

chromatography, LSB = low-sodium wheat bread, LSBþG = low-

sodium wheat bread rich in GABA and ACEI peptides, maxIMT =

maximum intima-media thickness, MedDiet = Mediterranean diet,

mIMT = mean intima-media thickness, PAT = peripheral artery

tonometry, RIA = radioimmunoassay, saRHI = small artery reactive

hyperemia index.

INTRODUCTION

H ypertension is an important risk factor for cardiovascular
disease (CVD) and all-cause mortality, which accounts for

an estimated 7.5 million deaths per year, or 13.5% of total
annual deaths worldwide.1,2 In addition to coronary heart dis-
eases and stroke, other complications of hypertension include
heart failure, peripheral vascular disease, renal failure, retinal
hemorrhage, and visual impairment. Clinical management of
hypertension is clearly associated with a reduction in cardio-
vascular complications, but treating prehypertension has also
been thought to have several potential health benefits.3 The
prehypertensive condition has been recognized as a risk factor
for coronary heart disease, frank hypertension, and stroke.4

Unfortunately, current preventive approaches to prehyperten-
sion are not entirely effective at preventing or controlling this
condition, and many prehypertensive patients will eventually
develop hypertension.5

Several studies have shown that lifestyle modification,
such as weight loss for the overweight and obese, giving up
smoking, physical activity promotion, and adherence to a
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healthy diet rich in fruit, vegetables, and low-fat milk or milk
products is a cornerstone in the prevention and the treatment of
this condition.6 A reduction in the sodium content of the diet has
also been emphasized to prevent hypertension and its compli-
cations.7,8 It has been estimated that lowering salt intake to 5 g/
day could decrease the risk of stroke and CVD by 23% and
17%,9,10 respectively, contributing to a significant reduction in
mortality. Despite this, recent observations of the Centers for
Disease Control and Prevention and WHO estimated that
sodium and salt intake surpasses the current dietary recommen-
dations worldwide.11

As bread is one of the principal sources of salt in Europe
and many other developed countries, it has been a leading target
of strategies for blood pressure (BP) control.12 The content of
salt in bread can be reduced to a limit at which its organoleptic
properties decrease consumer’s acceptance. For this reason, it
has been suggested that functional molecules with a capacity for
reducing BP levels may be incorporated into reduced salt bread.

g-Aminobutyric acid (GABA) is one of the most important
inhibitory neurotransmitters in the central nervous system. It
is produced by irreversible a-decarboxylation of L-glutamic
acid by the action of glutamic acid decarboxylase enzyme,
which is dependent on the pyridoxal 5’-phospate molecule or
vitamin B6.13

g-Aminobutyric acid is naturally present in many foods,
especially in fermented products, and can be absorbed by
mammals and the human intestinal cells.14 GABA may undergo
rapid transepithelial transport across the intestinal wall.
Accumulation through the apical membrane and generation
of overall net absorption result from the transport activity of
a pH-dependent and Naþ-independent Hþ/GABA symporter.14

Unfortunately, GABA bioavailability of food enriched with
GABA is largely unknown.

Nevertheless, to date, several studies have examined the
effects of GABA-enriched food on BP in animal models15–18 and
humans,19–23 but the results are controversial. Moreover, recent
studies suggest that GABA may be involved in the regulation of
glucose metabolism because it has been demonstrated that GABA
stimulates insulin secretion in the pancreas.24,25

In addition, several angiotensin-converting enzyme inhibi-
tor (ACEI) peptides from a variety of food sources such as
tripeptides valine-proline-proline (VPP) and isoleucine-proline-
proline (IPP) from milk, ovokinin (FRADHPFL) from egg
proteins, or threonine-glycine-valine-tyrosine (TGVY) from a
rice protein hydrolysate26 have proved to have antihypertensive
effects. A recent meta-analysis of 19 randomized, placebo-
controlled clinical intervention trials conducted on prehyper-
tensive or mildly hypertensive patients showed an overall BP-
lowering effect,27 suggesting that small daily doses of lacto-
tripeptides (which are small peptides derived from milk that
mechanistically mimics ACEIs)28 in various functional food
products may be a valuable nonpharmacological option for
treating prehypertension or mild hypertension as part of lifestyle
advice. Of note, this antihypertensive effect was more evident in
Asian than in European populations.29

Only few studies have analyzed the effect of GABA and
lactotripeptides on BP, most of which have been conducted in
Asian populations, Therefore, the aim of the present study was
to conduct a randomized, double-blinded, crossover study to
evaluate the effect of replacing bread with bread low in sodium
chloride and rich in GABA and ACEI peptides on BP,
insulin resistance, inflammation, and endothelial function in
Spanish patients with prehypertension and mild or moderate
hypertension.

PATIENTS AND METHODS

Patients
The study population consisted of men and women from

Spain with pre or mild-to-moderate hypertension,30 who were not
taking antihypertensive drugs. The inclusion criteria were as
follows: 18 to 65 years of age; body mass index (BMI)
<35 kg/m2; systolic BP ranging between 120 and 159 mm Hg
or diastolic BP between 80 and 99 mm Hg; and daily consumption
of bread. The exclusion criteria were as follows: severe hyper-
tension (systolic BP�160 mm Hg or diastolic BP�100 mm Hg);
antihypertensive medication, presence of diabetes mellitus or
another endocrine disease, significant renal or hepatic disease;
alcohol, drug, or tobacco abuse; pregnancy or desire to be
pregnant, voluntary or involuntary significant weight loss
(>5 kg) in the previous 3 months; a vegetarian diet or other
dietary restrictions for disease control; previous history of ather-
osclerotic disease or target organ damage; use of dietary supple-
ments, mineral or vitamin complexes, or sterols; or the presence
of medical conditions that may affect participation in the study.

To discard target organ damage, in the recruitment visit
before randomization, carotid echography was performed and
renal function was determined by evaluation of biochemistry
measurements.

All the patients provided written informed consent for their
participation, and the study was approved by the Ethical Com-
mittee of the Hospital Universitari de Sant Joan de Reus.

Randomization and Masking
Investigators randomly assigned the volunteers who

accomplished inclusion criteria to 1 of the 6 possible interven-
tion sequences using a computer-generated randomization
number table.

Study investigators, research coordinators, and participants
were blinded to intervention group assignments.

Study Design
The present study is a randomized, double-blind, crossover

trial comparing three 4-week nutritional intervention periods
separated by a washout period of 2 weeks (Fig. 1). Two weeks
before the intervention, the patients were asked to follow a
standardized Mediterranean diet (MedDiet) until the start of
the first intervention (run-in period). This diet was adapted to
the energy requirements of the volunteers calculated by the WHO
equations31 and adjusted for individual physical activity. After the
2-week run-in period, patients started with 1 of the 3 interven-
tions. They were advised to follow the Mediterranean isocaloric
diet and received 120 g of bread, corresponding to the Spanish per
capita daily consumption12 (60 g of which should be eaten for
breakfast). We randomly assigned participants to 6 intervention
sequences which depended on the 3 types of bread to be con-
sumed: conventional wheat bread (CB) with 1.4 g/100 g of
sodium chloride, low-sodium chloride (1 g/100 g) wheat bread
enriched with 0.4 g of potassium citrate (LSB), and low-sodium
chloride (1 g/100 g) wheat bread enriched with 0.4 g of potassium
citrate and containing 22.8 mg/100 g of GABA (LSBþG).

During the study, the participants were advised to maintain
the same level of physical activity, to keep their body weight
stable, and to stop consuming bread not provided in the study.

Types of Bread Tested
The 3 types of bread were produced on an industrial line

(Europastry, Sarral, Spain). The traditional bread was produced
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in normal production conditions. The sodium chloride in the
LSB was replaced by potassium citrate.

The LSBþG bread was produced from a liquid sourdough
with a flour-to-water ratio of 30%. This sourdough was obtained
with a Lactobacillus brevis CECT 818332 fermentation starter in
a 20% solution of wheat flour in water. An additional 3% of soya
protein concentrate rich in glutamic acid and a protease were
added to the sourdough to ensure the presence of free amino
acids. The fermentation was performed in a Biostat bioreactor
(Sartorius, Germany) and the temperature of fermentation was
maintained at 308C for 48 hours. Finally, we obtained bread
with a GABA concentration of 22.8 mg/100 g and a peptide
concentration of 7.23 mg/g33 (Table 1). The 3 types of bread
were partially baked and immediately frozen for storage. For
distribution, bread was thawed, cooked at 1808C during 12 to 14

Minutes, and dispensed free, once a week, throughout
the intervention.

Measurements
Energy and nutrient intake, physical activity, and compli-

ance with the intervention were determined at baseline and
before and after each intervention period. Possible adverse
events were recorded throughout the study. BP measurements,
fasting blood samples, and 24-hour urine excretion samples
were obtained at baseline, and before and at the end of
each intervention period. Furthermore, the 24-hour ambulatory
BP monitoring (ABPM) measurements, and small artery
endothelial function determined by peripheral artery tono-
metry were measured at baseline and at the end of each
intervention period.

FIGURE 1. Study design.

TABLE 1. Proximate Composition and g-Aminobutyric Acid and Angiotensin-converting Enzyme Inhibitors Peptide Content of
Conventional Wheat Bread (CB), Low-sodium Wheat Bread (LSB), and Low-sodium Wheat Bread Rich in GABA and ACEI peptides
(LSBþG)33

CB LSB LSBþG

Humidity (%) 35.9� 0.31a 35.5� 0.35a 36.0� 0.44a

Protein (%) 8.9� 0.09a 8.9� 0.09a 9.0� 0.10a

Fat (%) 1.28� 0.09a 1.25� 0.08a 1.27� 0.08a

Ash (%) 1.70� 0.04a 1.6� 0.08a 1.59� 0.08a

Total fiber (%) 2.02� 0.12a 2.55� 0.16b 2.54� 0.15b

Carbohydrates (%) 50.3� 0.4a 50.2� 0.5a 49.6� 0.4a

Potassium (mg/100 g) 132� 10a 257� 12b 269� 15b

Sodium (mg/100 g) 524� 8b 372� 8a 357� 12a

GABA (mg/100 g) 3.20� 0.05a 3.34� 0.07a 22,82� 0.83b

Peptides <3 kDa (mg/g) 2.33� 0.08a 2.33� 0.17a 7.23� 0.54b

Peptides: ACE inhibition (%) 10.29� 0.81a 10.29� 0.81a 68.18� 0.79b

Data indicate mean value� standard deviation of 3 independent samples. Means with different letters within a row are significantly different
(P �0.05, Duncan test).

ACE¼ angiotensin-converting enzyme, GABA¼g-aminobutyric acid.
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The compliance with the intervention was determined by
recording the bread consumed by each participant.

Fasting Blood Pressure and 24-Hour ABPM
Measurements

The primary outcome was the daily mean systolic and
diastolic BP. Patients attended the research facility of each
institution on a week day between 8:00 a.m. and 10:00 a.m. At
the screening visit, the systolic BP and diastolic BP were taken in
both arms from seated participants using a validated oscillometer
(Omron HEM705CP; Hoofddorp, the Netherlands). Measure-
ments were taken in triplicate with a 1-minute interval between
each measurement. The first measurement was discarded and the
mean of the other 2 was recorded. The arm with the highest value
was used through the study for measuring BP.

Ambulatory BP monitoring was performed using Space-
labs 90207/90217 devices (SpacelabsW Inc.; Richmond, WA),
with readings scheduled every 20 minutes during the activity
period and every 40 minutes during the rest period. The periods
of activity and rest were determined on an individual basis
according to hours of sleep and waking. The duration of the
procedure in hours, the percentage of valid readings, and mean
systolic BP and diastolic BP during periods of activity and rest,
and for the whole 24-hour period, were measured. We con-
sidered all ABPM recordings with twenty or more measure-
ments during the activity period and seven or more
measurements during the rest period.34

Anthropometry and Body Composition
Body weight and waist circumference were measured with

the patient in fasting conditions, with light clothing and no
shoes. The waist circumference was measured midway between
the lowest rib and the iliac crest using an anthropometric tape.
The body composition and the water content were estimated by
tetrapolar bioelectrical impedance (Human-Im-Scan, Dietosys-
tem, Barcelona, Spain).

Assessment of Dietary and Physical Activity
Food consumption was evaluated by 3-day dietary records

(including 1 nonworking day). Energy and nutrient intake were
estimated using Spanish food composition tables.35 Leisure-
time physical activity was assessed by the Minnesota ques-
tionnaire validated for the Spanish population.36

Assessment of Endothelial Function
The small artery reactive hyperemia index (saRHI) was

measured using peripheral artery tonometry (PAT) technology
(EndoPAT-2000, Itamar Medical Ltd., Israel). Participants’
determinations were performed under fasting conditions in a
quiet room with a controlled temperature (228C–248C) and in
the absence of smoking or strenuous exercise during the pre-
ceding 24 hours. The PAT technique has been described else-
where.37 Briefly, it consisted in 15 minutes exploration divided
in 5-minute baseline measurement, 5-minute measurement after
inducing ischemia by placing a cuff on the forearm and inflating
enough to produce above baseline systolic pressure, and an
additional 5-minute measurement after occlusion once the cuff
was rapidly deflated. Blood flow measurements from 2 finger-
tips (1 from each hand, one a test and the other a control) were
compared after a stabilization period, and a second comparison
pair of measurements was taken before and after 5 minutes of
brachial ischemia in the test arm. The results were processed

using specific software to calculate the postischemic reflex
vasodilation. The value obtained was termed saRHI. Arterial
stiffness (AIx), expressed as an augmentation index, was also
determined during the same exploration analyzing the differ-
ences in pulse wave amplitude before and after ischemia.
Augmentation index adjusted to 75 beats/minute (AI75) was
subsequently calculated.

Assessment of Carotid Intima-media Thickness
and Presence or Absence of Atheroma Plaque

To assess carotid intima-media thickness (cIMT), we used
a My Lab 50 X-Vision sonograph (EsaoteSpA, Indianapolis, IN)
with a linear array ultrasound probe of 8–12 MHz transducer.
Determination of the maximum IMT (maxIMT) was recorded
according to standardized methodology described else-
where.38,39 Images were obtained and measured by a single
operator to reduce observer variability.

Biochemical Measurements
Blood samples were obtained after an overnight fast at

baseline and at the end of each intervention period. Plasma CRP
(IBL International, Hamburg, Germany), VCAM, and IL-6 and
serum sE-Selectine (R&D Systems, Minneapolis, MN) were
measured using ELISA commercial kits. Serum aldosterone
(ZenTech, Angleur, Belgium) and plasma angiotensin I (Immu-
notech, Prague, Czech Republic) were measured using radio-
immunoassay (RIA) kits. The 24-hour urine noradrenaline was
measured using high-performance liquid chromatography
(HPLC). Serum glucose and insulin were analyzed using stan-
dard enzymatic methods. Homeostatic model assessment of
insulin resistance (HOMA-IR) and homeostatic model assess-
ment of b-cell function (HOMA-b) were estimated using the
formulas published by Matthews.40

All the laboratory technicians were blinded to intervention
group assignments.

Statistical Analysis
Sample size was estimated by taking into account 2

previously published clinical trials evaluating the effect of
GABA supplementation on BP.20,23 For a unilateral alpha risk
of 0.05, a statistical power of 80% (beta¼ 0.20) and a difference
between 2 interventions of 5 mm Hg (and 15.5 mm Hg of
standard deviation), it was estimated that 30 individuals were
required for the crossover trial.

The Kolmogorov–Smirnov test was used to determine the
normal distribution of continuous variables. The variables that
were non-normally distributed were logarithm-transformed
before the statistical analyses. The continuous variables are
presented as the mean� standard deviation and categorical vari-
ables were presented as numbers and percentages. The PKcross
command in the STATA statistical package was used to evaluate
differences in daily ABPM and different secondary outcomes
between treatments. A paired t test was used to evaluate differ-
ences in each outcome from baseline to the end of the period.

The P values<0.05 were considered significant. Statistical
analyses were made with the SPSS statistical package (version
19.0, SPSS Inc, Chicago, IL) and STATA 12.0 (StataCorp,
College Station, TX).

RESULTS
A total of 74 participants were screened for eligibility, and

of the 45 potential participants, 32 were effectively randomized
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to the study between February 2013 and January 2014. One
participant was excluded from the analysis because new-onset
diabetes was diagnosed in the second visit, and another partici-
pant dropped out for personal reasons. Therefore, 30 partici-
pants completed the 3 different interventions (see Fig. 2).
Table 1 shows the nutrient and GABA and ACEI peptide
content of the 3 breads used for the intervention. No serious
side effects were observed during the trial.

The baseline characteristics of the study population are
presented in Table 2. A total of 43% of the total study popu-
lation were men. The mean systolic BP and diastolic BP were
136 and 85 mm Hg, respectively.

No significant differences were observed in BMI, waist
circumference, or dietary variables changes between treatments
(see Table, Supplemental Content, http://links.lww.com/MD/
A522, which illustrates dietary characteristics and anthropo-
metric measurements according to different interventions).

Table 3 shows the changes in systolic BP and diastolic BP
between the baseline values and after the consumption of
different types of bread. The 24-hour BP with fewer than 20
daytime measurements or fewer than 7 night-time measure-
ments was not considered to be valid and was excluded from the
analysis of BP. The analyses were conducted on 24, 24, and 25
participants in the CB, LSB, and LSBþG groups, respectively.

The decrease in BP after the intervention period with
LSBþG, although not significant, tended to be higher than after
the intervention with CB or LSB (0.26 mm Hg in systolic BP and
�0.63 mm Hg in diastolic BP for CB; �0.71 mm Hg in systolic
BP and�1.08 mm Hg in diastolic BP for LSB; and�0.75 mm Hg
in SBP and �2.12 mm Hg in DBP for LSBþG). However, the
differences in changes between treatments were not statistically
significant for either daily systolic or diastolic BP.

When systolic BP and diastolic BP differences between
treatments were analyzed during the activity and rest periods,

although nonstatistically significant (P ¼ 0.88 for systolic BP
and 0.66 for diastolic BP in the activity period; P ¼ 0.12 for
systolic BP and 0.20 for diastolic BP in the rest period), the
highest decrease in BP was observed not only in the activity
period but also in the rest period after the consumption of
LSBþG bread.

Table 4 shows changes in the baseline values of endothelial
function and glucose metabolism parameters and the values
after the consumption of the 3 different types of bread. No
significant differences were found between treatments for
saRHI, Framingham RHI (FRHI), and AI75 parameters. Along
the same line, when the effect of the 3 different types of bread on
fasting glucose, insulin, HOMA-IR, and HOMA-b were ana-
lyzed, nonstatistical significant differences were observed
between interventions.

Regarding peripheral changes in endothelial and inflam-
matory parameters (Table 5), only the E-selectin changes
showed a borderline significant trend of decrease between
the LSB and LSBþG treatments (P¼ 0.051). The changes
in other inflammatory markers between interventions were
nonsignificant. Moreover, nonstatistically significant differ-
ences were observed after the consumption of the 3 different
types of breads in relation to peripheral concentrations of
angiotensin, aldosterone, and noradrenalin (Table 5).

DISCUSSION
This is the first randomized, double-blinded, crossover

study to evaluate the effect of a bread naturally enriched in
potassium, GABA, and ACEI peptides on BP, endothelial
function, inflammation, and glucose metabolism in a population
with pre or mild-to-moderate hypertension. The results showed
that the consumption of a bread reduced in sodium and rich in
potassium, GABA, and ACEI did not affect BP, endothelial

FIGURE 2. Flow chart of participants.
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function, or glucose metabolism compared with the conven-
tional wheat bread, although a trend toward a higher decrease in
both daily and rest 24-hour systolic BP and diastolic BP was
observed.

The magnitude in the 24-hour diastolic BP decrease
observed in our study during the GABA-enriched bread period,
although nonsignificant, was about 2 mm Hg, a reduction that
has been associated to a 17% decrease in the prevalence of
hypertension, 6% decrease in the risk of coronary heart disease,
and 15% reduction risk of stroke when measured in office BP.41

As far as we know, 5 intervention studies have evaluated
the effect of foods enriched with GABA on BP, and the results
are controversial. One of them was conducted in a Canadian
population19 and the others in Asian populations.20–23 In con-
trast to our results, the study conducted by Inoue et al23 showed
a significant decrease in systolic BP and diastolic BP after the
daily consumption of a novel fermented milk containing 10 to
12 mg of GABA in mildly hypertensive patients. In line, after
the ingestion of GABA-rich Chlorella tablets, participants with
pre and mild-to-moderate hypertension showed a significant
decrease in systolic BP and diastolic BP, and the decrease was
greatest in those individuals with higher BP levels at baseline.20

Moreover, a recent study showed that the consumption of 150 g

of rice containing 16.8 mg of GABA improved self-measured
BP in the morning compared with placebo rice.22 In 2 other
studies, a decrease in systolic BP and diastolic BP was observed
after the consumption of vinegar and dried bonito enriched with
GABA,21 and after the consumption of cheese rich in GABA.19

However, no significant differences were observed between
treatment and placebo, which suggests that the decrease in BP
cannot be attributed to the GABA intake alone.

Although the amount of daily GABA ingested in our study
was similar to that ingested in previous studies, we found that
for the difference between the diastolic BP baseline values and
the values in the rest period, only a borderline significant trend
to reduction was observed after the consumption of LSBþG,
but no significant differences were observed in BP changes
between breads. The differences between the aforementioned
studies and our results could be explained by the method of
measuring BP. In all the studies BP was measured in the office,
whereas in our study we used 24-hour BP which gives a mean
daily BP instead of one particular measure. This gives a more
realistic approach of total daily pressure levels and exposure
to damage.

Another possible explanation for the differences in the
results between studies is the baseline BP values of the partici-
pants. It has been demonstrated that reductions in BP were
greater in hypertensive rats (SHR/Izm) than in normotensive
rats,42 suggesting an important interaction between baseline BP
values and the impact of GABA on changes in BP. In this
respect, the mean systolic BP and diastolic BP baseline values
of our participants were considerably lower than those of
individuals from previously published studies20,23 using foods
enriched with GABA. In the only 2 studies that showed that the
consumption of food enriched with GABA had no effect on BP,
baseline values were comparable with our study.19,21 Thus, the
relatively low baseline BP levels in our study may have
influenced the low impact of GABA on BP.

It has been suggested that the positive action of GABA on
BP may be due to its ability to inhibit the release of noradrena-
line through the activation of presynaptic receptors leading to
suppressing the increase in perfusion pression.42 In our study,
although not significantly, it has been observed that there is a
greater reduction in 24-hour urine excretion of noradrenaline
after the consumption of LSBþG bread. As far as the possible
effect of GABA on glucose metabolism is concerned, it has
been suggested that in rats and humans, GABA increases the
secretion of insulin in pancreas.24,25 However, only 1 trial has
examined the effect of GABA supplementation on glucose
metabolism in humans, showing a significant increase in plasma
insulin levels after the oral administration between 5 and 10 g of
GABA, more than what was administered in our study.43

Therefore, more studies are needed aiming to test if GABA
administration can affect glucose metabolism in humans.

Endothelial dysfunction is an early and critical event
related to BP and hypertension. It plays an important role in
the pathogenesis and progression of atherosclerosis and ensuing
cardiovascular events. The digital peripheral artery tonometry
used in our study enables the saRHI, a surrogate marker of
peripheral small artery endothelial function that correlates with
both traditional and novel cardiovascular risk factors,44 and
subsequent cardiac events, to be measured in vivo.45,46 Our
study is the first to evaluate the effect of bread rich in GABA
and ACEI on endothelial function measured in vivo by plasma
biomarkers. However, no effect was observed. Because endo-
thelial function was a secondary outcome in this study, may be
the statistical power was insufficient to demonstrate beneficial

TABLE 2. Baseline Characteristics of the Study Population

Characteristics n¼ 30

Men/women, n 13/17
Age (y) 48� 10
Body weight (kg) 74.95� 11.47
BMI (kg/m2) 27.31� 4.12
Waist circumference (cm) 89.81� 10.82
Leisure time physical activity (METs/d) 367.2� 260.5
Systolic BP (mm Hg) 136� 12
Diastolic BP (mm Hg) 85� 8
Biochemical parameters

Total cholesterol (mg/dL) 203.79� 33.68
LDL cholesterol (mg/dL) 123.43� 30.33
HDL cholesterol (mg/dL) 64.29� 18.01
Triglycerides (mg/dL) 80.42� 36.36
Plasma glucose (mg/dL) 86.07� 9.58
Insulin (mU/mL) 7.75� 3.98

Endothelial function
RHI 2.23� 0.72
AI75 13.89� 15.62

Dietary characteristics
Total energy intake (kcal) 2086� 510
Carbohydrate intake (g/d) 212.4� 66.4
Protein intake (g/d) 86.74� 18.40
Fat intake (g/d) 98.69� 39.26
Saturated fat intake (g/d) 24.94� 9.73
MUFA intake (g/d) 44.20� 10.85
PUFA intake (g/d) 13.17� 6.88
Alcohol intake (g/d) 4.76� 7.03

Data expressed as mean� standard deviation or number (percentage).
AI75¼ augmentation index standardized for heart rate of 75 bpm,

BMI¼ body mass index, BP¼ blood pressure (measured in hospital),
HDL¼ high-density lipoprotein, LDL¼ low-density lipoprotein,
METs¼metabolic equivalent level, MUFA¼monounsaturated fatty
acid, PUFA¼ polyunsaturated fatty acid, RHI¼ reactive hyperemia
index.
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effects on endothelial function. Therefore, further studies, with
larger samples, are warranted to understand the possible associ-
ation between GABA consumption, endothelial function, and
the subsequent risk of hypertension.

Our study has several strengths. First, the double-blind
crossover design, which removes between-patient variation and
requires fewer patients than a parallel study for an equal number
of treatment comparisons because each experimental unit (ie,
patient), can be used several times. Second, to our knowledge,
this is the first study that has evaluated BP with ABPM, which
has several advantages over office BP measurement: it gives a
larger number of readings, provides a natural profile of BP
behavior in the participants, and assesses BP variability over the
24-hour period.47

Some limitations, however, also deserve comment. First,
glucose metabolism and endothelial function were secondary
endpoints, so the statistical power may not be enough to
demonstrate differences between interventions. Second, our
results cannot be extrapolated to the general population because
our sample consisted of patients with pre or mild-to-moderate
hypertension. Third, we cannot discard the beneficial effects of
this bread rich in GABA and ACEI peptides on Asiatic popu-
lations, because ACEI peptides have been shown to decrease BP
in Asian individuals, but not in European populations.29 Fourth,
the bioavailability of GABA and ACEI peptides from our bread
LSBþG has not been evaluated in our study. Therefore, we
cannot discard that the absence of the expected effects on
several outcomes may be explained to the lack of bioavailability
of these molecules. Fifth, unfortunately, we do not have
measured serum angiotensin II concentrations or ACE activity
throughout the study which could help us to better understand
the role of ACEI peptides derived from LSBþG on BP. And
finally, the size of our sample may be small to test our
hypothesis so the statistical power may be too low for com-
parisons despite the fact that we performed sample size esti-
mation before initiating the study based on studies evaluating
the effect of GABA on office BP measurements.

In conclusion, the results of this study do not support the
notion that bread low in sodium and enriched in potassium
GABA and ACEI peptides has any beneficial effects on BP,
endothelial function, or glucose metabolism. However, the
present results should be interpreted with caution because
absence of evidence does not mean evidence of no effect.48

Further studies are warranted to clarify the effect of GABA on
BP, preferably using a specific design for noninferiority trials
and ABPM as a measure of BP.
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33. Peñas E, Diana M, Frias J, et al. A multistrategic approach in the

development of sourdough bread targeted towards blood pressure

reduction. Plant Foods Hum Nutr. 2015;70:97–103.

34. O’Brien E, Parati G, Stergiou G. Ambulatory blood pressure

measurement: what is the international consensus? Hypertension.

2013;62:988–994.

35. Mataix VJ. Tabla de composicion de alimentos [food composition

tables]. 4th ed. Granada, Spain: Universidad de Granada; 2003.

36. Elosua R, Marrugat J, Molina L, et al. Validation of the Minnesota

Leisure Time Physical Activity Questionnaire in Spanish men. The

MARATHOM Investigators. Am J Epidemiol. 1994;139:1197–1209.
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