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Abstract

Menopause is associated with reduced nitric oxide (NO) bioavailability, a key contributor to increased arterial stiffness and, con-
sequently, greater risk of cardiovascular disease-related mortality in postmenopausal females. Even though dietary nitrate has
been shown to increase NO bioavailability in postmenopausal females acutely, previous studies showed no impact of dietary
nitrate supplementation on arterial stiffness in postmenopausal females. Their findings were likely limited by the acute and/or
short-term design. Thus, this study aimed to determine whether 12 wk of dietary nitrate supplementation via beetroot extract
improves carotid artery stiffness in postmenopausal females. A randomized, double-blind, placebo-controlled, and parallel-design
trial was conducted with 20 postmenopausal females (60–85 yr). Participants received nitrate-rich (NR-BEETx, 8.8 mmol/day) or
nitrate-depleted (ND-BEETx) beetroot extract. Carotid stiffness parameters—pulse wave velocity (PWVb), b stiffness, pressure-
strain elastic modulus, augmentation index (AIx), and arterial compliance—were measured at baseline and weeks 4, 8, and 12.
Serum nitrate and nitrite concentrations and blood pressure were also assessed. Compared with ND-BEETx, NR-BEETx supple-
mentation significantly reduced PWVb, b stiffness, elastic modulus, and AIx at weeks 4, 8, and 12, whereas arterial compliance
increased by week 12. Serum nitrate and nitrite concentrations were elevated five- to sixfold and 1.5- to 2-fold, respectively, in
the NR-BEETx group, with peak concentrations occurring at week 8 and showing a plateau or slight decrease at week 12. Blood
pressure remained unchanged in both groups. Twelve weeks of nitrate-rich beetroot extract supplementation improved carotid
artery stiffness and increased NO bioavailability without altering blood pressure. These findings suggest that beetroot extract
supplementation can be recommended as an alternative nutritional strategy to mitigate carotid artery stiffening in postmeno-
pausal females.

NEW & NOTEWORTHY Postmenopausal females experience reduced nitric oxide (NO) bioavailability and elevated carotid artery
stiffness, a well-established independent risk factor for end-organ damage and all-cause mortality. In this study, we demonstrate
that 12 wk of dietary nitrate supplementation through beetroot extract significantly increased NO bioavailability and improved
carotid artery stiffness in postmenopausal females.
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INTRODUCTION

Aprimarymechanismunderlying the increased cardiovas-
cular risk inolder postmenopausal females is the loss of estro-
gen (1, 2) and, consequently, a reduction in nitric oxide (NO)
bioavailability (3–5). Impairments in endothelium- and NO-
dependent pathways induce changes in vascular properties
(i.e., endothelial cell stiffness, increased collagen deposition,
and elastin degradation) associated with augmented arterial
stiffness and increased risk for cardiovascular disease (CVD)-

related death (6, 7). Postmenopausal females have been
shown to have increased central and carotid arterial stiffness
comparedwithyoungpremenopausal females (8). Inaddition
to the association between central stiffness and risk for CVD
(9, 10), a recent large-scale study reported that carotid artery
stiffness is associated with end-organ damage and all-cause
mortality (11). Thus, establishing alternative interventions
aimed at increasing nitric oxide bioavailability and poten-
tially reducing carotid artery stiffness in postmenopausal
females is critical.
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In this sense, acute dietary nitrate supplementation has
been shown to improve cardiovascular health and increase
circulating nitrite (precursor of NO) via the endothelium-
independent NO production pathway (nitrate ! nitrite !
NO pathway) in older populations (12). In a recent study
(13), derived aortic waveforms were measured during
supine rest in 13 healthy postmenopausal females before
and 100min after consumption of 140mL of either nitrate-
rich juice containing 9.7mmol (�600mg) nitrate or nitrate-
depleted beetroot juice. Compared with placebo, acute
nitrate supplementation did not alter the pulsewave veloc-
ity (PWV) or wave reflection characteristics. Similarly,
DelgadoSpicuzza et al. (14) didnot observe changes in brach-
ial-ankle PWV inpostmenopausal females after 7 days of con-
suming 70mL of nitrate-rich beetroot juice daily containing
6.4mmol (�400mg) of nitrate. The lack of change in the aor-
tic pulse wave characteristics in these studies was likely due
to the inability of a single or short-term dose of nitrate to
reverse age- andmenopause-associated aortic remodeling. In
this regard, Bock et al. (15) demonstrated that 8wkof beetroot
extract supplementation containing �4.03 mmol (250 mg)
nitrate reducedperipheral and central systolic bloodpressure
and aortic augmentation index (AIx) in males and females
with type 2 diabetes. Altogether, thesefindings suggest that a
longer duration of dietary nitrate supplementation may be
needed to alter arterial wave reflection indices in individuals
withor at high riskofCVD.

Accordingly, the purpose of the present study was to test
the hypothesis that a longer dietary nitrate intake interven-
tion (i.e., 12 wk) via beetroot extract supplementation would
improve common carotid artery stiffness in postmenopausal
females.

MATERIAL AND METHODS

Participants

To first investigate whether our cohort of older postmeno-
pausal females (n ¼ 20) has increased carotid artery stiffness
and lower circulatingmarkers ofnitric oxidebioavailability,we
compared baseline data (week 0) from the older postmeno-
pausal females’ cohort with a group of young premenopausal
females (n ¼ 10). Next, we examined the impact of dietary
nitrate supplementation on carotid artery stiffness in older
postmenopausal females, asdescribed inExperimentalDesign.
All participants were recruited through announcements on
websites and advertisements during community events. The
participants’ characteristics are shown inTable 1. The inclusion
criteria included participants aged between 60 and 85 yr. The
exclusion criteria included heart failure and/or a history of
myocardial infarction, uncontrolled hypertension, neurologi-
caldisease, or cancer.Theadditional exclusioncriteria for older
femaleswere the use of estrogen replacement therapy andnot
beingable to confirmaminimumof2-yearperiodsbetween the
onset ofmenopause and the study visits. Participantswerenot
excluded for being hypertensive (having a blood pressure of
�130/85mmHg), having controlled diabetes (HbA1c� 8%), or
for taking antihypertensive, statin, or hypoglycemic medica-
tions. All eligible participants provided written informed con-
sent toparticipate. Participantswere excluded fromthe study if
changes in lifestyle (i.e., physical activity) ormedication were
reported within the 12-wk intervention period. The study was
approved by the Institutional Review Board for Research
Involving Human Subjects at the Federal University of Rio
de Janeiro (CAAE: 55245622.2.0000.5699), in accordance
with the principles outlined in the Declaration of Helsinki.

Table 1. Participants’ characteristics at the beginning of the study

Young

Postmenopausal Females

One-Way ANOVA (P Value)NR-BEETx ND-BEETx

N 10 10 10
Age, yr 23 ± 3� 66 ±5 67 ± 5 <0.001
Menopause time, yr 22 ± 8 22 ± 7 0.765‡
Height, cm 160.5 ± 5.5 156.9 ± 4.5 158.8 ± 4.6 0.286
Weight, kg 58.3 ± 10.7 64.8 ± 9.7 66.9 ± 12.3 0.202
BMI, m/kg2 22.5 ± 3.1 26.5 ± 4.8 26.4 ± 4.0 0.058
Total cholesterol, mg/dL 178.4 ± 30.1 218.0 ± 47.7# 170.7 ± 28.7 0.017
HDL-c, mg/dL 67.1 ± 10.5 54.6 ± 9.6 60.9 ± 14.2 0.097
LDL-c, mg/dL 97.0 ± 15.9 142.9 ± 48.8† 90.9 ± 30.1 0.004
Fasting glucose, mg/dL 87.4 ± 9.1# 88.3 ± 8.3 100.9 ± 19.1 0.041
SBP, mmHg 107 ± 8� 123 ± 9 121 ± 9 <0.001
DBP, mmHg 71 ± 8 79 ± 11 78 ± 9 0.130
MAP, mmHg 83 ±8� 94 ±9 93 ±8 0.008
PAL, min/wk 128 ± 59 188 ± 76 153 ± 100 0.268
Risk factor for CVD, n
Hypertension 4 6
T2D 0 1
Dyslipidemia 3 2

Medications use, n
Antihypertensive 4 6
Hypoglycemiant 3
Lipid lowering 3 2

Values are means ± SD. Data for the three group comparisons (Young vs NR-BEETx vs ND-BEETx) were analyzed using an One-way
ANOVA. An unparied t-test was used to compare menopause time comparison between NR-BEETx X ND-BEETx groups. Statistically sig-
nificant data are in bold. BMI, body mass index; DBP, diastolic blood pressure; HDL-c, high-density lipoprotein, LDL-c, low-density lipo-
protein; MAP, mean arterial blood pressure; ND-BEETx, nitrate-depleted beetroot extract; NR-BEETx, nirate-rich beetroot extract; PAL,
physical activity level; SBP, systolic blood pressure; T2D, type 2 diabetes mellitus. �P < 0.05 vs. postmenopausal females (Bonferroni
post hoc). #P < 0.05 vs. ND-BEETx (Bonferroni post hoc). †P < 0.05 vs. Young and ND-BEETx (Bonferroni post hoc). ‡Unpaired t test.
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All participants provided written informed consent, and
the studywas registered in the Brazilian Registry of Clinical
Trials (RBR-87qh649). Baseline data from four young pre-
menopausal and five older postmenopausal females have
been published in a previous study examining different
research questions (16).

Experimental Design

This was a cross-sectional (young premenopausal � older
postmenopausal) followed by a randomized, double-blind,
placebo-controlledparallel study inwhichonly theolderpost-
menopausal female participants were randomly assigned to
one of two groups: nitrate-rich beetroot extract (NR-BEETx,
n ¼ 10) or nitrate-depleted beetroot extract (ND-BEETx,
n ¼ 10). Older postmenopausal females visited the labora-
tory on four occasions over a 12-wk study period. On the
first visit (week 0), participants arrived at the laboratory
and underwent seated blood pressure and anthropometric
measurements. A venous blood sample was collected to
assess baseline serum nitrate and nitrite concentrations.
Afterward, participants rested quietly in the supine posi-
tion for 10 min to measure carotid artery stiffness. At the
end of the first visit, participants were given the first 4 wk’
supply of NR-BEETx or ND-BEETx. Participants returned
to the laboratory every 4wk to receive the next 4wk’ supply
and for blood samples, blood pressure, and carotid artery
stiffness measurements. Participants were asked to con-
sume two sachet bags, each containing 10 g of NR-BEETx
daily (totaling �8.8 mmol nitrate/day; SABEET, Sabinsa
Corporation) or the same amount of ND-BEETx (�0.7 mmol
of nitrate; Sabinsa Corporation). The sachets were diluted in
water and consumed separately, one in themorning and the
other in the afternoon.

TheND-BEETx intervention had exactly the same nutri-
tional composition, appearance, color, and taste as theNR-
BEETx but without nitrate. Participants were asked to
avoid nitrate-rich foods such as spinach, arugula, or beet-
root andwere instructed to avoid usingmouthwash during
the study period. Tomonitor adherence to the supplemen-
tation protocol, weekly reminders were delivered individu-
ally to each participant, either in person or by phone, and a
weekly questionnaire was administered. Participants were
asked to report whether they had taken the supplement
daily or skipped any days. All testing visits were performed
in themorning, between 8:00 AM and 10:00 AM, following
a 12-h overnight fast. On the day before each study visit,
participants were instructed to abstain from alcohol and
caffeine and to avoid engaging in exercise. Notably, ran-
domization was performed using a free web-based ran-
domization tool (www.randomization.com). Both the
participants and the investigators were blinded to the
group allocation.

Carotid Artery Stiffness Analysis

The elastic characteristics of the common carotid artery
were assessed using a high-definition echo-tracking ultra-
sound system (ProsoundAlpha6;Aloka, Tokyo, Japan) (16, 17).
Ahigh-resolution linear array transducer (7.5MHz)waspaired
with computer-assisted analysis software (e-TRACKING sys-
tem; Aloka Co., Tokyo, Japan) featuring an automated edge

detection system for artery diametermeasurement synchron-
ized to the R-wave of the QRS complex using a 3-lead electro-
cardiogram. Pressure waveforms were obtained using a
diameter change of the right carotid artery calibrated to
blood pressure. The following arterial stiffness parameters
were assessed as themean of at least five consecutive beats:
b index (stiffness parameter), calculated as b index ¼ ln
(Ps/Pd)/[Ds � Dd)/Dd], where Ps and Pd are systolic and dia-
stolic brachial pressures (surrogates for carotid pressures),
and Ds and Dd are carotid systolic and diastolic diameters;
pressure-strain elastic modulus (Ep), calculated as Ep ¼
(Ps � Pd)/[(Ds � Dd)/Dd], indicating vessel stiffness; pulse
wave velocity (PWVb), derived from PWVb ¼ p

(bPd/2q),
where q represents blood density (1,050 kg/m3); arterial
compliance (AC), calculated as AC ¼ p(Ds �Ds �Dd �Dd)/
[4� (Ps�Pd)], reflecting vessel compliance; and augmenta-
tion index (AIx), calculated as AIx ¼ [DP/(Ps � Pd)] � 100,
where DP is the difference between maximal pressure and
the pressure at the first peak of the carotid pressure wave-
form. All parameters were derived from calibrated wave-
forms and synchronizedmeasurements.

Serum Nitrate and Nitrite Analysis

Blood samples were collected from the antecubital vein
into tubes with a gel clot activator and immediately centri-
fuged at 3,000 g for 10 min at 4	C. The resulting serum was
aliquoted and stored at �80	C for subsequent analysis.
Serum nitrate and nitrite concentrations were quantified
using a high-performance liquid chromatography system
with photodiode array detection for nitrate and fluores-
cence detection for nitrite, following previously estab-
lished methods (18, 19).

Statistical Analysis

One-way ANOVA followed by Bonferroni correction was
used for baselinedata comparisons between older postmeno-
pausal and youngpremenopausal females (Table 1 andFig. 1).
Differences in artery stiffness parameters, blood pressure,
and serumnitrate andnitrite over the 12-wk supplementation
period were determined using a two-way repeatedmeasures
ANOVA. Bonferroni correction was used as a post hoc test
when a significant group� time interaction F test was found
(Fig. 2). All analyses were performed using SPSS v. 27 (IBM,
Chicago, IL). A P value �0.05 was considered to be statisti-
cally significant. Data are expressed as means ± standard
deviation (SD)unless otherwise informed.

RESULTS

Participant Characteristics

Baseline characteristics of the participants are reported in
Table 1 and Fig. 1. There was no statistical significance in the
participant’s characteristics except for total cholesterol and
LDL-c, which were higher in the NR-BEETx group compared
with the ND-BEETx group. Older postmenopausal females
assigned to ND-BEETx or NR-BEETx supplementation had
increased PWVb, b stiffness, AIx, and elastic modulus com-
pared with young premenopausal females (Fig. 1, A–D).
Arterial compliance of both older postmenopausal groups
was smaller and reduced compared with the young
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premenopausal group (Fig. 1E). Older postmenopausal
females had greater mean arterial pressure compared with
young premenopausal females (Fig. 1F). Circulating nitrate
and nitrite were reduced in older postmenopausal females
compared with young premenopausal females (Fig. 1, G and
H). No significant differences were found between older
postmenopausal females in the ND-BEETx compared with
the NR-BEETx group for all variables depicted in Fig. 1.

Arterial Stiffness Parameters, Blood Pressure, and
Circulating Nitrate and Nitrite Responses to 12-Wk
Placebo or Nitrate-Rich Beetroot Extract Intake

One-point carotid stiffness and hemodynamic parameters
at baseline and after 4, 8, and 12 wk of nitrate-rich beetroot
extract and placebo interventions are summarized in Fig. 2.
Significant time � intervention interaction effects were
observed for PWVb, b-stiffness parameter, AIx, elasticmodu-
lus, and arterial compliance. Following the nitrate-rich beet-
root extract intervention, PWVb, b-stiffness parameter, and
Ep significantly decreased at weeks 4, 8, and 12 (Fig. 2, A, B,
and D), the augmentation index significantly decreased at
weeks 8 and 12 (Fig. 2C), and arterial compliance significantly
increased at week 12 (Fig. 2E). In contrast, no significant
changeswere observed in these parameters in theND-BEETx
group. In addition, systolic blood pressure, diastolic blood
pressure, and mean arterial pressure remained unchanged

(P > 0.05) over the 12-wk study period in both groups.
Figure 2, G and H, illustrates changes in serum nitrate and
nitrite concentrations in the NR-BEETx and ND-BEETx
groups over the 12-wk study period. A two-way repeated
measures ANOVA revealed significant interaction effects for
both serum nitrate and nitrite concentrations (all P < 0.05).
Follow-up pairwise comparisons indicated that in the NR-
BEETx group, serumnitrate levelswere significantly elevated
atweeks 4, 8, and 12, whereas serumnitrite levelswere signifi-
cantly elevated at weeks 8 and 12, compared with the ND-
BEETxgroup (Fig. 2,G andH).

DISCUSSION

To our knowledge, this study is the first to examine the
effect of 12-wk dietary nitrate supplementation (via beetroot
extract) on carotid artery stiffness parameters in postmeno-
pausal females. The main findings were that the carotid
pulse wave velocity (PWV), b stiffness, pressure-strain elastic
modulus, and augmentation index (AIx) decreased, whereas
arterial compliance increased after 12 wk of supplementa-
tion. In addition, nitrate-rich beetroot extract supplementa-
tion increased fasting serum nitrate (five- to sixfold) and
nitrite concentrations (1.5- to 2-fold), with peak concentra-
tions occurring at week 8 and showing a plateau or slight
decrease at week 12. No significant changes in mean arterial
blood pressure were observed in either group.

Figure 1. Baseline carotid artery stiffness and circulating nitrate and nitrite in young and older postmenopausal females at baseline. Older postmenopausal
females from both nitrate-depleted (OPM ND-BEETx, n ¼ 10) and nitrate-rich beetroot extract (OPMNR-BEETx, n ¼ 10) had increased pulse-wave velocity
(PWVb) (A), b-stiffness index (B), augmentation index (C), and elastic modulus (D) compared with young females (young, n ¼ 10). E: arterial compliance of
both OPM ND-BEETx and OPM NR-BEETx groups was reduced compared with young. F: the mean arterial pressure (MAP) of older postmenopausal
females was greater than the MAP of the young group. G and H: serum nitrate and nitrite were higher in young females compared with older postmeno-
pausal females. Data were analyzed by one-way ANOVA followed by Bonferroni post hoc when appropriate. Significant P values are in boldface.
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Previous studies of acute (single dose) or short-term
(<7 days) nitrate supplementation in older populations (12,
20), including studies exclusively involving postmenopausal
females (13, 14), have failed to show improvements in meas-
ures of arterial stiffness. For instance, Liu et al. (20) found
that carotid-femoral PWV and AIx remained unchanged
in older adults following a nitrate-rich meal containing
3.54 mmol (220 mg) of nitrate. Similarly, Hughes et al. (12)
reported no significant changes in AIx after older partici-
pants consumed a single dose of 500mL of nitrate-rich beet-
root juice containing 9.4 mmol (583 mg) of nitrate. Kim et al.
(13) also observed no significant changes in AIx or aortic
PWV in postmenopausal females after consumption of a sin-
gle dose of 140 mL of nitrate-rich beetroot juice containing
9.7 mmol (600 mg) of nitrate. Nitrate supplementation over
7 days (400 mg of nitrate/day via beetroot juice) also failed
to improve PWV in early and late postmenopausal females
(14). The present findings of significant carotid artery remod-
eling (de-stiffening) after 4 wk and continuing for up to 12
wk of daily nitrate-rich beetroot extract supplementation in
postmenopausal females are consistent with the premise
that longer durations of inorganic nitrate supplementation

(>7 days) are needed to significantly improve age- andmen-
opause-associated structural aspects of the arterial wall.

Notably, approximately half of the postmenopausal females
in the present study (4 in the NR-BEETx group and 6 in the
ND-BEETx group) were taking anti-hypertensive medications
at the time of this study. Given the small subgroup sample
sizes, we cannot conclusively determine whether the de-stiff-
ening effects of nitrate supplementation aremore pronounced
in postmenopausal females taking hypertensive medication.
To our knowledge, only one prior study involving long-dura-
tion nitrate supplementation examined arterial stiffness out-
comes in hypertensive subjects, finding reductions in both
PWV andAIx after 4 wk of daily nitrate-rich beetroot juice con-
sumption (21). That study included more than 50% females,
many of whom would have been postmenopausal. Sex differ-
ences were not examined, but medication use did influence
the change in PWV, with significant reductions in treated
hypertensives (significant reduction) versus drug-naïve
patients (no change). Future research will be needed to
determine whether dietary nitrate treatment effects on
carotid stiffness are stronger in postmenopausal females
with versus without cardiovascular disease.

Figure 2. Changes in carotid stiffness after 4, 8, and 12 wk of nitrate-rich beetroot extract and placebo interventions. Pulse-wave velocity (PWVb) (A), b
stiffness (B), augmentation index (C), elastic modulus (D), arterial compliance (E), mean arterial pressure (MAP) (F), serum nitrate (G) and nitrite (H) at base-
line and after 4, 8, and 12 wk of nitrate-depleted (ND-BEETx) and nitrate-rich (NR-BEETx) beetroot extract supplementation in older postmenopausal
females. Data were analyzed by two-way repeated measures ANOVA followed by Bonferroni post hoc when appropriate. Significant P values are in
boldface.
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Although the exact mechanism underlying the reductions
in carotid stiffness parameters observed in the present study
remains uncertain, it can be speculated that a sustained
increase in NO bioavailability may have indirectly influ-
enced conduit artery structural properties. NO has been
shown to inhibit advanced glycation end-products (22),
reduce collagen deposition (23), and stimulate elastin
expression (24), thereby lowering arterial stiffness, espe-
cially in aging populations. In addition, previous studies
suggest that changes in actin filaments in endothelial and
smooth muscle cells, such as actin filament polymeriza-
tion, may also play a major role in increased arterial stiff-
ness in conditions such as type 2 diabetes and aging (25,
26). For instance, Soares et al. (25) showed that 6 wk of
treatment with empagliflozin reduced arterial stiffness
and vascular actin polymerization in a rodent model of
aging. Interestingly, no changes in arterial collagen and
elastin content were observed. Indeed, more studies are
needed to elucidate the mechanisms linking the increase
in NO bioavailability and vascular remodeling in older
postmenopausal females.

Our findings revealed that nitrate-rich beetroot extract
resulted in substantial increases in fasting serum nitrate and
nitrite concentrations, with peak levels observed at week 8,
followed by a plateau or slight decrease byweek 12. This sug-
gests that enhanced reduction of nitrate to nitrite and the
subsequent increase in resting NO bioavailability become
physiologically significant after �8 wk of supplementation.
Moreover, these findings highlight the possibility that circu-
lating nitrate and nitrite levels during long-term dietary
nitrate supplementation are regulated by a homeostatic
mechanism (27, 28). This mechanism may involve sialin, a
nitrate transport channel protein that can be upregulated
with prolonged dietary nitrate supplementation, facilitating
nitrate transport into cells (27, 29–31). Such regulation could
help maintain a balance between extracellular and intracel-
lular nitrate concentrations, promoting systemic nitrate-
nitrite-NO homeostasis or a long-term steady state (28).
Absorbed nitrite can be further reduced to NO via several
pathways (32). It is believed that the NO originating from the
reduction of diet-derived nitrate to nitrite in the mouth pro-
vides a substantial contribution to the total NO pool in the
body (32).

In thepresent study, no significant changes in systolic, dia-
stolic, or mean arterial blood pressure were observed. This
contrasts with several previous studies reporting significant
reductions in both systolic and diastolic blood pressure fol-
lowing dietary nitrate intake (33–35). However, Broxterman
et al. (36) reported that thebeneficial effects of nitrate supple-
mentation on blood pressure were only observed in patients
with hypertension who were not taking antihypertensive
medications, suggesting that the efficacy of dietary nitrate to
improve bloodpressuremay be dependent upon one’s initial
degree of blood pressure elevation. The participants in the
present study had relatively normal baseline blood pressure,
likely influenced by the use of antihypertensivemedications
in 50% of the participants, therefore leaving less room for
improvement. Furthermore, it has been suggested that
peripheral measurements of brachial artery blood pressure
may not be sensitive to aging-related changes in large-con-
duit artery walls and arterial stiffening (37). Yaginuma et al.

(38) showed that nitroglycerin administration reduced the
ascending aorta reflected wave and systolic pressure by
�20 mmHg, whereas the brachial artery blood pressure
remained unchanged.Whether or not long-termnitrate sup-
plementationmay have a greater impact on central stiffness
and blood pressure that cannot be detected in the brachial
artery of postmenopausal females remains tobedetermined.

The present study has some limitations. First, the use of
antihypertensive medications may have masked any poten-
tial effects of the intervention on blood pressure. Second, we
did notmeasure aortic and leg PWV to determine the specific
arterial segments affected by dietary nitrate supplementa-
tion. However, local carotid PWV has been shown to provide
similar information on arterial stiffness as aortic PWV (39).
Third, the findings of the present study may not be general-
izable to other populations, such asmen or younger females,
thereby limiting their broader applicability. Fourth, lifestyle
factors, such as physical activity, diet, or medication use,
might also have contributed to variations in arterial stiffness,
adding another layer of complexity to the interpretation of
these results. In addition, the majority of the postmeno-
pausal females in the present study were in the late phase,
leaving the efficacy of prolonged dietary nitrate supplemen-
tation in reducing arterial stiffness among early-phase post-
menopausal females unclear.

Taken together, the results observed in the present study
provide novel evidence of the potential of dietary nitrate as a
complementary lifestyle behavior intervention for age-
related carotid artery stiffening, particularly in postmeno-
pausal females who are at increased risk of cardiovascular
diseases.
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