
ORIGINAL ARTICLE

Reduction in blood pressure improves impaired
nitroglycerine-induced vasodilation in patients with
essential hypertension

Tatsuya Maruhashi1, Ayumu Nakashima2, Shinji Kishimoto1, Akimichi Iwamoto1, Masato Kajikawa1,
Nozomu Oda1, Yasuki Kihara1, Yoshiki Aibara2, Kensuke Noma2 and Yukihito Higashi2

Nitroglycerine-induced vasodilation (NID) is usually measured as a control test for flow-mediated vasodilation (FMD). However,

NID per se is also associated with atherosclerosis. The purpose of this study was to determine the relationships among NID,

FMD and blood pressure, and to evaluate the effects of antihypertensive therapy on NID in patients with hypertension. We

measured NID and FMD simultaneously in 94 subjects, including 35 normotensive subjects, 26 patients with stage 1

hypertension (⩾140/90mmHg) and 33 patients with stage 2 hypertension (⩾160/100mmHg), and we evaluated the effect of

antihypertensive therapy for 4 weeks on vascular function in 14 patients with hypertension. NID was smaller in patients with

stage 2 hypertension than in patients with stage 1 hypertension and normotensive subjects (10.5±3.9% vs. 13.8±5.0% and

16.2±5.7%; Po0.05, respectively), whereas there was no significant difference in NID between normotensive subjects and

patients with stage 1 hypertension. FMD was smaller in patients with stage 2 and stage 1 hypertension than in normotensive

subjects (3.1±2.7% and 4.1±1.5% vs. 6.4±2.7%; Po0.05, respectively), whereas there was no significant difference in

FMD between patients with stage 1 hypertension and those with stage 2 hypertension. After 4 weeks of antihypertensive therapy,

NID was enhanced from 11.9±3.4% to 14.0±3.7% (P=0.03) in patients with hypertension. There was a significant

relationship between the decrease in diastolic blood pressure and the increase in NID (r=−0.35, P=0.04). Both NID and

FMD were impaired in patients with stage 2 hypertension. Four-week antihypertensive therapy improved NID in patients with

hypertension.
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INTRODUCTION

Endothelial function is established in the initial step in the patho-
genesis of atherosclerosis and has an important role in the
development of this condition.1,2 Recently, measurement of flow-
mediated vasodilation (FMD) in the brachial artery has been widely
used as a method for assessing endothelial function in humans.3–6 As a
control test for FMD, measurement of nitroglycerine-induced vasodi-
lation (NID) assessed by sublingually administered nitroglycerine is
simultaneously performed to differentiate endothelium-dependent
vasodilation from endothelium-independent vasodilation for ascer-
tainment that vascular response to hyperemia is not affected by
underlying vascular smooth muscle dysfunction or vascular structural
alterations but is truly a consequence of endothelial function.7,8

However, results of recent studies have demonstrated that NID
per se is impaired in patients with multiple cardiovascular risk factors,

coronary artery disease or peripheral artery disease and have raised the
possibility that NID may be used as a marker of atherosclerosis.9–12

Hypertension is associated with endothelial dysfunction.13–15

We and several investigators have reported that treatment with
antihypertensive agents and lifestyle modifications improve endothelial
function in patients with hypertension.14,16–18 These findings
suggest that endothelial dysfunction is reversible and can be restored
through an appropriate intervention. As for the relationship between
hypertension and NID, response to nitric oxide (NO) donors in
resistance arteries of patients with hypertension has been shown to be
impaired.19,20 In addition, it has been reported that NID in the
conduit brachial artery is impaired in patients with hypertension.21,22

However, there is little information on the difference between NID
and FMD in association with blood pressure level. In addition, it
remains unclear whether NID is reversible and can be restored
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by antihypertensive therapy. We therefore measured NID and FMD in
naive patients with essential hypertension and normotensive subjects,
and we evaluated the effect of antihypertensive therapy for 4 weeks
on NID.

METHODS

Subjects
A total of 94 subjects who were never treated with antihypertensive agents
(mean age, 53.0± 13.9 years; age range, 20–79 years) were recruited from
subjects who underwent health-screening examinations at the Hiroshima
University Hospital. All employees have an obligation to undergo
health screening every year under regulation of the society-managed health
insurance union in Japan. In accordance with its regulation, we performed
health-screening examinations at our institute. Hypertension was defined as a
systolic blood pressure ⩾ 140mmHg and/or a diastolic blood pressure ⩾ 90
mmHg. Blood pressure was measured in a sitting position and the average of
three measurements was considered for the analysis. Patients with hypertension
(n= 59) were classified into two groups according to blood pressure level on
the basis of the criteria of Joint National Committee VII:23 stage 1 hypertension
(n= 26) and stage 2 hypertension (n= 33). Patients with secondary forms of
hypertension were excluded on the basis of complete history; physical
examination; radiological and ultrasound examinations; urinalysis; plasma
rennin activity; plasma aldosterone and norepinephrine concentrations; serum
creatinine, potassium, calcium and free thyroxine concentrations and 24-h
urinary excretion of 17-hydroxycorticosteroids, 17-ketogenic steroids and
vanillymandelic acid. Patients with a history of diabetes mellitus, coronary
heart disease, cerebrovascular disease or peripheral artery disease were also
excluded. Dyslipidemia was defined according to the third report of the
National Cholesterol Education Program.24 One pack-year was equivalent to 20
cigarettes per day for 1 year. The ethical committees of our institutions
approved the study protocol. Written informed consent for participation in the
study was obtained from all subjects.

Study protocol 1: relationships between blood pressure level and
vascular function
We measured vascular responses to reactive hyperemia and sublingually
administered nitroglycerine in the brachial artery in all of the subjects. The
subjects fasted the previous night for at least 12 h. The study began at
0830 hours. The subjects were kept in the supine position in a quiet, dark,
air-conditioned room (constant temperature of 22–25 °C) throughout the
study. A 23-G polyethylene catheter was inserted into the left deep antecubital
vein to obtain blood samples. Thirty minutes after maintaining the supine
position, basal brachial artery diameter was measured. Then FMD was
measured. After completion, we next measured NID with confirmation that
the brachial artery diameter had recovered to the baseline value. The observers
were blind to the form of examination.

Study protocol 2: effect of antihypertensive therapy on vascular
function in patients with hypertension
Vascular function, including FMD and NID, was measured in a manner
identical to that of the Study protocol 1 before and after 4 weeks of the
treatment in 8 patients with stage 1 hypertension and 12 patients with stage 2
hypertension.

Measurement of FMD and NID
Vascular response to reactive hyperemia in the brachial artery was used for the
assessment of endothelium-dependent FMD. A high-resolution linear artery
transducer was coupled to computer-assisted analysis software (UNEXEF18G,
UNEX, Nagoya, Japan) that used an automated edge detection system for
measurement of brachial artery diameter. A blood pressure cuff was placed
around the forearm. The brachial artery was scanned longitudinally 5–10 cm
above the elbow. When the clearest B-mode image of the anterior and posterior
intimal interfaces between the lumen and vessel wall was obtained, the
transducer was held at the same point throughout the scan by a special probe
holder (UNEX) to ensure consistency of the image. Depth and gain setting were

set to optimize the images of the arterial lumen wall interface. When the
tracking gate was placed on the intima, the artery diameter was automatically
tracked, and the waveform of diameter changes over the cardiac cycle was
displayed in real time using the FMD mode of the tracking system. This allowed
the ultrasound images to be optimized at the start of the scan and the
transducer position to be adjusted immediately for optimal tracking
performance throughout the scan. Pulsed Doppler flow was assessed at baseline
and during peak hyperemic flow, which was confirmed to occur within 15 s
after cuff deflation. Blood flow velocity was calculated from the color Doppler
data and was displayed as a waveform in real time. The baseline longitudinal
image of the artery was acquired for 30 s, and then the blood pressure cuff was
inflated to 50mmHg above systolic pressure for 5 min. The longitudinal image
of the artery was recorded continuously until 5 min after cuff deflation. Pulsed
Doppler velocity signals were obtained for 20 s at baseline and for 10 s
immediately after cuff deflation. Changes in brachial artery diameter were
immediately expressed as percentage change relative to the vessel diameter
before cuff inflation. FMD was automatically calculated as the percentage
change in peak vessel diameter from the baseline value. Percentage of FMD
[(Peak diameter-Baseline diameter)/Baseline diameter] was used for analysis.
Blood flow volume was calculated by multiplying the Doppler flow velocity
(corrected for the angle) by heart rate and vessel cross-sectional area (− r2).
Reactive hyperemia was calculated as the maximum percentage increase in flow
after cuff deflation compared with baseline flow.
The response to nitroglycerine was used for assessment of endothelium-

independent vasodilation. NID was measured as described previously.11

Briefly, after acquiring baseline rest images for 30 s, a sublingual tablet
(75 μg nitroglycerine) was given, and images of the artery were recorded
continuously until the dilation reached a plateau after administration of
nitroglycerine. Subjects in whom the sublingually administered nitroglycerine
tablet was not dissolved during the measurement were excluded from this
study. NID was automatically calculated as a percent change in peak vessel
diameter from the baseline value. Percentage of NID [(Peak diameter −

Baseline diameter)/Baseline diameter] was used for analysis. Inter- and
intra-coefficients of variation for the brachial artery diameter were 1.6%
and 1.4%, respectively, in our laboratory.

Measurement of brachial intima-media thickness (IMT)
IMT of the brachial artery was measured as described previously.25 Briefly,
before FMD measurement, baseline longitudinal ultrasonographic images of the
brachial artery, obtained at the end of diastole (defined as the R wave of
an electrocardiogram) from each of 10 cardiac cycles, were automatically stored
on a hard disk for off-line assessment of IMT with a linear, phased-array
high-frequency (10MHz) transducer using an UNEXEF18G ultrasound unit
(UNEX). Measurement of IMT was automatically performed on A-mode
images of the far wall of the brachial artery. The analysis system automatically
chose the measurement point where an image of the posterior intimal interface
was clearly obtained. If the measurement point was inappropriate, another
clear image site could be manually selected for measurement. A total of
21 points over a 3-mm length of IMT in the 10-mm longitudinal image
depicted in the analysis display were measured and the mean value per image
was automatically calculated. IMT was measured at the same point in each
image. The average of mean values obtained from 10 cardiac cycles was defined
as IMT of the brachial artery.

Statistical analysis
Results are presented as means± s.d. All reported probability values were two-
sided, and a probability value of o0.05 was considered statistically significant.
Categorical variables were compared by means of the χ2 test. Continuous
variables were compared by using analysis of variance with Bonferroni’s test for
post-hoc comparisons for multiple groups. Univariate linear regression analyses
were performed to assess the relationships among the variables. Multivariate
regression analysis was performed to identify independent variables associated
with NID and FMD among risk factors and laboratory data. In addition to
age and sex, potential confounders (Po0.20) were entered into the analysis.
Two-tailed Student’s paired t-test was used to compare the data before and after
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treatment. The data were processed using the software package Stata version 9
(Stata, College Station, TX, USA).

RESULTS

Study protocol 1: relationships between blood pressure level and
vascular function
The baseline clinical characteristics are summarized in Table 1. Of the
94 subjects, 65 (69.1%) were men and 29 (30.9%) were women. Mean
systolic blood pressure was 144.9±23.1mmHg and mean diastolic
blood pressure was 86.7± 14.8mmHg. The mean value of NID was
13.5± 5.4% and that of FMD was 4.6± 2.8%. NID correlated
significantly with systolic blood pressure (r=− 0.42, Po0.001) and
diastolic blood pressure (r=− 0.40, Po0.001). FMD also correlated
significantly with systolic blood pressure (r=− 0.51, Po0.001) and
diastolic blood pressure (r=− 0.50, Po0.001). There was a significant
inverse correlation between NID and IMT of the brachial artery
(r=− 0.31, P= 0.004). Multivariate analysis revealed that both
systolic blood pressure and diastolic blood pressure were independent
variables of NID and FMD (Table 2).
We next divided subjects into three groups according to the blood

pressure level. The baseline clinical characteristics of the three groups
are summarized in Table 1. Body mass index and heart rate were
significantly higher in patients with stage 1 hypertension than in
normotensive subjects. IMT of the brachial artery was significantly
higher in patients with stage 1 or stage 2 hypertension than in
normotensive subjects. The prevalence of hyperlipidemia was signifi-
cantly higher in patients with stage 2 hypertension than in normo-
tensive subjects. All other variables, including baseline brachial artery
diameter, were similar among the three groups.
The relationship between NID and blood pressure classification is

presented in Figure 1a. NID was significantly smaller in patients with
stage 2 hypertension than in normotensive subjects and patients

with stage 1 hypertension, whereas there was no significant difference
in NID between normotensive subjects and patients with stage 1
hypertension (normotension, 16.2± 5.7%; stage 1 hypertension,
13.8± 5.0%; stage 2 hypertension, 10.5± 3.9%; P= 0.17 for normo-
tension vs. stage 1 hypertension; Po0.001 for normotension vs. stage 2
hypertension; P= 0.03 for stage 1 hypertension vs. stage 2 hyperten-
sion, Figure 1a). Even after multivariate adjustment with a post-hoc test
(mean± s.e.m. adjusted for age, sex, heart rate, body mass index,
dyslipidemia and smoking pack-year), the relationship between NID
and blood pressure classification was unchanged (normotension,
16.0± 1.0%; stage 1 hypertension, 14.5± 1.0%; stage 2 hypertension,
10.8± 1.0%; P= 0.95 for normotension vs. stage 1 hypertension;
P= 0.001 for normotension vs. stage 2 hypertension; P= 0.02 for
stage 1 hypertension vs. stage 2 hypertension, Supplementary Figure
1A in the online-only Data Supplement). The relationship between
FMD and blood pressure classification is presented in Figure 1b. FMD
was significantly smaller in patients with stage 1 and stage 2
hypertension than in normotensive subjects, whereas there was no
significant difference in FMD between patients with stage 1 hyperten-
sion and those with stage 2 hypertension (normotension, 6.4± 2.7%;
stage 1 hypertension, 4.1± 1.5%; stage 2 hypertension, 3.1± 2.7%;
P= 0.001 for normotension vs. stage 1 hypertension; Po0.001 for
normotension vs. stage 2 hypertension; P= 0.26 for stage 1 hyperten-
sion vs. stage 2 hypertension, Figure 1b). Even after multivariate
adjustment with a post-hoc test (mean± s.e.m. adjusted for age, sex,
heart rate, body mass index, dyslipidemia and smoking pack-year), the
relationship between FMD and blood pressure classification was
unchanged (normotension, 6.1± 0.5%; stage 1 hypertension,
4.2± 0.5%; stage 2 hypertension, 3.2± 0.4%; P= 0.03 for normoten-
sion vs. stage 1 hypertension; Po0.001 for normotension vs. stage 2
hypertension; P= 0.49 for stage 1 hypertension vs. stage 2 hyperten-
sion, Supplementary Figure 1B in the online-only Data Supplement).

Table 1 Clinical characteristics of the subjects

Blood pressure categories

Variables All (n=94) Normotension (n=35) Stage 1 hypertension (n=26) Stage 2 hypertension (n=33)

Systolic blood pressure, mmHg 144.9±23.1 120.5±9.8 145.3±5.2 170.5±9.9

Diastolic blood pressure, mmHg 86.7±14.8 73.2±10.4 87.3±6.0 100.4±10.1

Age, years 53.0±13.9 50.0±14.8 53.2±15.9 56.1±10.4

Male, n (%) 65 (69.1) 25 (71.4) 19 (73.1) 21 (63.6)

Body mass index, kgm−2 23.9±3.3 22.6±2.3 24.9±3.5* 24.4±3.7

Heart rate, b.p.m. 70.6±11.7 66.1±9.3 75.0±9.9* 71.9±13.8

Total cholesterol, mmol l−1 5.30±1.04 5.04±0.87 5.34±1.10 5.49±1.11

Triglycerides, mmol l−1 1.80±1.36 1.48±0.86 2.01±1.80 1.90±1.25

HDL cholesterol, mmol l−1 1.54±0.39 1.47±0.42 1.57±0.41 1.56±0.37

LDL cholesterol, mmol l−1 3.14±0.96 3.00±0.75 3.13±0.97 3.26±1.13

Glucose, mmol l−1 6.04±1.19 5.92±1.28 6.16±1.18 6.04±1.16

Baseline brachial artery diameter, mm 4.13±0.65 4.06±0.56 4.16±0.57 4.16±0.81

Brachial artery IMT, mm 0.31±0.08 0.27±0.06 0.30±0.08* 0.34±0.08*

Current smoking, n (%) 23 (25.8) 7 (22.6) 6 (23.1) 10 (31.3)

Smoking, pack-year 15.6±22.5 0.81±13.2 21.3±30.3 19.0±21.7

Complication
Dyslipidemia, n (%) 46 (49.5) 12 (34.3) 14 (53.9) 20 (62.5)*

Medication
Statin, n (%) 7 (8.1) 3 (9.7) 2 (8.7) 2 (6.3)

Abbreviations: HDL, high-density lipoprotein; IMT, intima-media thickness; LDL, low-density lipoprotein.
*Po0.05 versus normotension.
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Study protocol 2: effect of antihypertensive therapy on vascular
function in patients with hypertension
Four patients with stage 1 hypertension and two patients with stage 2
hypertension did not respond to the treatment and remained in the
same categories of blood pressure after 4 weeks of treatment.
Therefore, 4 patients with stage 1 hypertension and 10 patients with
stage 2 hypertension whose blood pressure was reduced by the
treatment and category of blood pressure classification was shifted
to one lower stage after 4 weeks of treatment were enrolled in
study protocol 2, the aim which was to determine the effect of
antihypertensive therapy on vascular function through reduction
of blood pressure. In all, 7 of the 14 patients were treated with an
angiotensin type I receptor blocker and 7 of the 14 patients were
treated with a calcium channel blocker. The clinical characteristics and
the effects of antihypertensive therapy on baseline parameters are
shown in Table 3. Systolic blood pressure decreased from 162.5± 13.4
mmHg to 136.5± 9.1 mmHg and diastolic blood pressure decreased
from 94.5± 12.5mmHg to 82.4± 9.8mmHg. Other parameters
including heart rate and brachial artery diameter were not altered by
the treatment.
NID before and that after 4 weeks of antihypertensive therapy

are shown in Figure 2. Treatment for 4 weeks improved NID
from 11.9± 3.4 to 14.0± 3.7% (P= 0.03). There was a significant
correlation between change in brachial artery diameter and change in
NID (r=− 0.68, P= 0.008). The decrease in diastolic blood pressure
correlated significantly with the increase in NID (r=− 0.35, P= 0.04),
but there was no significant correlation between the decrease in
systolic blood pressure and increase in NID (r=− 0.31, P= 0.08).
There was no significant difference in FMD before and after 4 weeks of
treatment (3.2± 2.4% vs. 3.6± 2.9%, P= 0.72).

DISCUSSION

In the present study, we demonstrated that (1) both NID and FMD
correlated significantly with blood pressure, (2) compared with that in
normotensive subjects, FMD was impaired in patients with stage 1 and
stage 2 hypertension, whereas NID was impaired in patients with stage
2 hypertension but not in those with stage 1 hypertension and
(3) antihypertensive therapy for 4 weeks improved NID in patients
with hypertension whose blood pressure was reduced after the
treatment with a significant correlation between the decrease in
diastolic blood pressure and the increase in NID. To our knowledge,
this is the first report showing that there was a difference between NID
and FMD in association with blood pressure and that NID can be
restored by antihypertensive therapy through reduction of blood
pressure.

NID in the conduit brachial artery is usually assessed as a control
test for FMD to confirm that vascular response to hyperemia is not
affected by underlying abnormality of endothelium-independent
vasodilation but is truly a consequence of endothelium-dependent
vasodilation.7,8 However, NID per se has been demonstrated to be
impaired in patients with cardiovascular risk factors or cardiovascular
diseases.9–12,26 Gokce et al. demonstrated that NID is lower in
hypertensive patients than in normotensive subjects.21 Olsen et al.
reported that NID correlates negatively with median 24-h ambulatory
systolic blood pressure in hypertensive patients with electrocardio-
graphic left ventricular hypertrophy.22 Consistent with the results of
these previous studies, NID correlated significantly with systolic blood
pressure and diastolic blood pressure in the present study. In addition,
blood pressure was an independent predictor of NID. Iiyama et al.
reported that there was no significant association between NID in the
brachial artery and blood pressure in 26 Japanese subjects, including
13 patients with hypertension (⩾160/95mmHg).27 Although we do
not know the reasons for the discrepancy in the results of our study
and the results of that previous study, it is possible that the small
number of subjects enrolled in the previous study resulted in the
insignificant difference in NID between patients with and those
without hypertension. Endothelium-independent vasodilation assessed
by exogenous NO as well as endothelium-dependent vasodilation were

Table 2 Multivariate analysis of the relationship between vascular

function and systolic blood pressure and diastolic blood pressure

Nitroglycerine-

induced vasodilation FMD

Blood pressure parameter β P value β P value

Systolic blood pressure, mmHg −0.0859 0.002 −0.0509 o0.001

Diastolic blood pressure, mmHg −0.1339 0.002 −0.0729 o0.001

Abbreviation: FMD, flow-mediated vasodilation.
Nitroglycerine-induced vasodilation was adjusted for age, sex, triglycerides, pack-years of
smoking and systolic or diastolic blood pressure. FMD was adjusted for age, sex, body mass
index, total cholesterol, triglycerides, pack-years of smoking and systolic or diastolic blood
pressure.
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Figure 1 Nitroglycerine-induced vasodilation (a) and flow-mediated
vasodilation (b) in normotensive subjects, patients with stage 1 hypertension,
and patients with stage 2 hypertension.
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impaired in rats with angiotensin II-induced hypertension.28 It has
been reported that attenuation of NID is due, at least in part, to
reduced expression of soluble guanylate cyclase (sGC) and to reduced
activity of NO-dependent sGC in animal models of hypertension.29–31

Although the mechanisms by which expression of sGC is reduced in
hypertension are not entirely clear, activity of sGC is inhibited by
superoxide produced by uncoupled endothelial NO synthase and
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase,
resulting in suppression of the NO/cGMP intravascular signaling
pathway in vascular smooth muscle cells and consequent less response
of the vasculature to a vasodilatory stimulus.32 Vascular structural
change in intima-media layers induced, in part, by mechanical strain
on the arterial wall33 may also be involved in reduced vascular
response to nitroglycerine. An increased connective tissue matrix in
thickened-intima-media layers may contribute to limitation of relaxa-
tion, and proliferation of vascular smooth muscle cells may cause a
relative reduction in nitroglycerine-derived NO, leading to impaired
vasodilatory response to nitroglycerine. Indeed, in the present study,
IMT of the brachial artery significantly correlated with NID, indicating
that there is an association between thickened intima-media layers and
impaired NID in the brachial artery.
Although Olsen et al. measured NID and FMD simultaneously in

hypertensive patients with left ventricular hypertrophy, they did not
evaluate the difference between NID and FMD in association with
blood pressure level.22 In the present study, FMD was significantly
smaller in patients with stage 1 hypertension and those with stage 2
hypertension than in normotensive subjects, whereas NID was
significantly smaller in patients with stage 2 hypertension but not
in those with stage 1 hypertension. These findings suggest
that endothelial dysfunction is an early event that precedes the
impairment of endothelium-independent vasodilation. An impairment
of endothelium-independent vasodilation may occur at a higher blood

pressure level. We should regard patients with stage 2 hypertension as
a high-risk atherosclerosis group since both endothelium-independent
vasodilation and endothelium-dependent vasodilation are impaired
in those patients. An abnormality in endothelium-independent
vasodilation as well as impaired endothelium-dependent vasodilation
might contribute to the increase in the risk of hypertension-related
cardiovascular complications.
We also demonstrated that 4-week antihypertensive therapy

improved NID in patients with hypertension whose blood pressure
was reduced by the treatment. These findings suggest that
endothelium-independent vasodilation is reversible and can be
restored by an appropriate intervention in hypertensive patients. Risk
of hypertension-related cardiovascular complications may be reduced
by improvement in NID with antihypertensive therapy. In previous
studies, some investigators have shown that antihypertensive therapy
does not improve NID in patients with hypertension.34–36 Although
we do not know the precise reasons for the discrepancy in the results
of our study and previous studies, some possibilities are postulated.
When evaluating the effect of antihypertensive therapy on NID,
previous studies included all patients with hypertension who had
reduced blood pressure and were non-responders to antihypertensive
therapy. In the present study, we limited the subjects to patients with
hypertension whose blood pressure was decreased by antihypertensive
drugs. Therefore, the results showing no significant improvement in
NID after antihypertensive therapy in previous studies may be, in part,
due to the subject selection for analyses. Interestingly, Raitakari et al.
demonstrated that a high dose of nitroglycerine elicits maximal
artery dilation, whereas a low dose of nitroglycerine induces less
artery dilation in patients with coronary artery disease, leading to
escaped detection of impaired NID.10 Therefore, the difference in the
dose of administered nitroglycerine (25, 300 and 400 μg vs. 75 μg)
might lead to the misinterpretation that there was no antihypertensive
therapy-induced improvement in NID in patients with hypertension
who were successfully treated.
Although the precise mechanism by which antihypertensive therapy

improves vasodilatory response to nitroglycerine in the brachial artery
is unclear, previous studies using animal models of hypertension
demonstrated that reduction of blood pressure per se or treatment
with antioxidant agents normalizes or even enhances sGC
expression.29,37 In the present study, the decrease in diastolic blood
pressure correlated significantly with the increase in NID without

Table 3 Clinical characteristics of the patients with hypertension

before and after treatment

Patients with hypertension

(n=14)

Variables Before 4 Weeks P value

Age, years 60.0±11.0

Male, n (%) 11 (78.6)

Medications
ARB/CCB, n (%) 7 (50.0)/7 (50.0)

Body mass index, kgm−2 23.6±2.7 23.4±2.8 0.19

Systolic blood pressure, mmHg 162.5±13.4 136.5±9.1 o0.001

Diastolic blood pressure, mmHg 94.5±12.5 82.4±9.8 o0.001

Heart rate, b.p.m. 71.1±11.5 67.8±6.8 0.26

Total cholesterol, mmol l−1 5.16±0.79 5.01±1.06 0.48

Triglycerides, mmol l−1 1.56±0.72 1.53±0.64 0.95

HDL cholesterol, mmol l−1 1.54±0.45 1.56±0.44 0.81

LDL cholesterol, mmol l−1 2.94±0.85 2.88±1.10 0.72

Glucose, mmol l−1 6.67±1.65 6.41±2.04 0.61

Baseline brachial artery diameter, mm 4.18±0.51 4.18±0.59 0.96

Brachial artery IMT, mm 0.34±0.07 0.31±0.08 0.23

Flow-mediated vasodilation, % 3.24±2.37 3.58±2.87 0.72

Nitroglycerine-induced vasodilation, % 11.9±3.4 14.0±3.7 0.03

Abbreviations: ARB, angiotensin type I receptor blocker; CCB, calcium channel blocker; HDL,
high-density lipoprotein; IMT, intima-media thickness; LDL, low-density lipoprotein.
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Figure 2 Nitroglycerine-induced vasodilation before and after 4 weeks of
antihypertensive therapy.
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significant changes in any other parameters except blood pressure
after 4 weeks of the treatment. Reduction of blood pressure per se may
contribute to the enhancement of NID. With regard to the association
between NID and vascular structural alterations, it is unlikely that
structural change is involved in the improvement in NID since
there was no significant difference in IMT of the brachial artery
before and after the treatment. Although we observed a significant
improvement of NID after successful treatment in patients with
hypertension, the sample size of treated patients is relatively small.
In addition, we could not draw a definite conclusion whether
improvement in NID is related to the class effect of an antihy-
pertensive agent used in antihypertensive therapy because of the
design and an inadequate number of patients enrolled. Further
studies enrolling a large number of patients are warranted to
reinforce the conclusion drawn from this study and to explore the
mechanism underlying the improvement in NID by antihypertensive
therapy.
FMD should be interpreted as an index of vascular function

reflecting both endothelium-dependent and endothelium-
independent vasodilation, and it is expected that FMD will also be
increased after 4-week antihypertensive therapy if NID, as an index of
endothelium-independent vasodilation, increases. However, there was
no significant increase in FMD after 4-week antihypertensive therapy
in the present study. The 4-week treatment may be too short
for improvement in endothelial function per se. In addition,
endothelium-dependent vasodilatory stimulus mediated by reactive
hyperemia may not be sufficient to reflect the improvement of
endothelium-independent vasodilation, resulting in no significant
increase in FMD.
In conclusion, both NID and FMD are inversely correlated

with blood pressure. FMD was significantly smaller in patients
with stage 1 hypertension and those with stage 2 hypertension
than in normotensive subjects, whereas NID was significantly
smaller in patients with stage 2 hypertension but not in those
with stage 1 hypertension. Furthermore, antihypertensive therapy
for 4 weeks improved NID in patients with hypertension whose
blood pressure was reduced. Impairment of endothelium-independent
vasodilation as well as endothelial dysfunction may contribute to the
increased risk of cardiovascular events, especially in patients
with stage 2 hypertension. Endothelium-independent vasodilation
is reversible and can be restored by antihypertensive therapy.
Further studies are needed to determine whether improvement in
NID reduces future cardiovascular events in patients with
hypertension.
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