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Abstract
We evaluated the relationship between daily stair climbing activity and vascular function as assessed by flow-mediated
vasodilation (FMD) and nitroglycerine-induced vasodilation (NID). This study was a cross-sectional study. A total of 374
patients with hypertension were enrolled. The subjects were divided into three groups based on their daily stair climbing
habit: no stairs group, climbing stairs to the 2nd-floor group, and climbing stairs to the ≥3rd-floor group. There was a
significant difference in FMD between the ≥3rd-floor group and the other two groups (3.3 ± 2.5% vs. 2.3 ± 2.7% and 2.4 ±
2.7%, p= 0.02, respectively). FMD values were similar in the no stairs group and the 2nd-floor group (p= 0.96). There was
a significant difference in NID between the no stairs group and the other two groups (7.4 ± 4.2% vs. 10.9 ± 5.3% and 11.3 ±
5.1%, p < 0.001, respectively). NID values were similar in the second-floor group and the ≥3rd-floor group (p= 0.86). These
findings suggest that both endothelial function and vascular smooth muscle function are impaired in individuals who do not
climb stairs and that endothelial function but not vascular smooth muscle function is impaired in individuals who climb stairs
to the second floor compared with individuals who climb stairs to the ≥3rd floor. Stair climbing activity, a simple method for
assessing daily physical activity, may reflect vascular function in patients with hypertension.

Keywords Stair climbing activity ● Physical activity ● Endothelial function ● Flow-mediated vasodilation ● Nitroglycerine-
induced vasodilation

Introduction

Physical inactivity is a well-established risk factor for all-
cause mortality, and physical activity is a well-established

protective factor [1]. According to the World Health
Organization (WHO), physical inactivity is the fourth
leading risk factor for mortality (6%) worldwide. The
American Heart Association, the American College of
Cardiology, and WHO recommend 150 min of moderate-
intensity activity per week or 75 min of vigorous-intensity
activity per week [2, 3]. However, too few people reach
these exercise goals. Previous studies have shown that one-
third to one-half of adults do not follow the
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recommendations for exercise [4, 5]. Recently, it has been
reported that stair climbing activity reflects daily physical
activity. Stair climbing activity requires more muscle
strength and more energy than walking on flat ground or
downstairs [6]. Stair climbing activity gives the body the
equivalent of 4 METs and moderate-intensity exercise [7].
Therefore, stair climbing activity is used for rehabilitation
and assessment of exercise tolerance. A previous study
showed that subjects who regularly climbed stairs had a
lower risk of coronary heart disease than did subjects who
did not regularly climb stairs [8]. Assessment of stair
climbing should be a useful and simple marker for daily
physical activity.

Hypertension is one of the most important risk factors for
several diseases, including myocardial infarction, stroke,
heart failure, kidney disease, and vascular dementia, as well
as impaired activities of daily living [9–14]. A previous
meta-analysis showed that aerobic exercise reduces blood
pressure [15], and it has been shown those exercise benefits
patients with hypertension by improving oxidative stress
[16]. Guidelines for the management of hypertension
recommend physical activity for controlling blood pressure
and preventing cardiovascular events in patients with
hypertension [3, 17, 18].

Endothelial dysfunction caused by traditional cardio-
vascular risk factors, including hypertension, is the initial
step in the pathogenesis of atherosclerosis, and it leads to
cardiovascular events [19–21]. Measurement of flow-
mediated vasodilation (FMD) in the brachial artery is an
established tool for the assessment of endothelial function.
FMD is useful for assessing the present cardiovascular risk
and for predicting cardiovascular events [22–25].

Previous studies, including ours, have shown that aerobic
exercise improves and augments endothelial function in
patients with cardiovascular disease (CVD) and even in
healthy subjects [26, 27]. However, there is no information
on the relationship between daily stair climbing activity and
vascular function, and the level of stair climbing activity
that has beneficial effects on vascular function remains
unclear. Therefore, we examined the relationships between
daily stair climbing activity and vascular function assessed
by FMD as an index of endothelial function and
nitroglycerine-induced vasodilation (NID) as an index of
vascular smooth muscle function in patients with
hypertension.

Methods

Study subjects

A total of 374 patients with hypertension who underwent a
health checkup at Hiroshima University between January

2016 and January 2021 were enrolled in this study. We
excluded subjects with severe chronic heart failure (New
York Heart Association level >III), subjects being treated
with nitrate, subjects without information on their daily stair
climbing habit, and subjects who could not climb stairs.
Hypertension was defined as the use of antihypertensive
drugs, systolic blood pressure of more than 140 mm Hg or
diastolic blood pressure of more than 90 mm Hg measured
in a sitting position on at least 3 occasions. Dyslipidemia
was defined according to the third report of the National
Cholesterol Education Program [28]. Diabetes mellitus was
defined according to the American Diabetes Association
recommendation [29]. CVD was defined as coronary heart
disease or cerebrovascular disease. Coronary heart disease
included angina pectoris, prior myocardial infarction, and
unstable angina. Cerebrovascular disease included ischemic
stroke, hemorrhagic stroke, and transient ischemic attack.
The Ethics Committee of Hiroshima University approved
the study protocol. Written informed consent for participa-
tion in this study was obtained from all participants.

Study protocol

This study was a cross-sectional study. Subjects were
divided into three groups based on information on daily
stair climbing activity: no stairs group, climbing stairs to the
second-floor group, and climbing stairs to the ≥3rd-floor
group. We assessed vascular function in each group. Mul-
tivariate regression analysis was performed to identify
independent variables associated with vascular function.
The subjects were next divided into two groups: climbing
stairs to the <3rd floor and climbing stairs to the ≥3rd floor.
The subjects were also divided into two other groups: no
stairs and climbing stairs to the ≥2nd floor. Finally, we
assessed the relationships between daily stair climbing
activity and FMD and NID using propensity score match-
ing. The subjects fasted overnight and abstained from
drinking alcohol, smoking, and taking caffeine and anti-
oxidant vitamins for at least 12 h before the study. The
participants were kept in the supine position in a quiet, dark,
air-conditioned room (constant temperature of 22–25 °C)
throughout the study. A 23-gauge polyethylene catheter was
inserted into the deep antecubital vein to obtain blood
samples. After they lay in the supine position for 30 min,
FMD and NID were measured. The observers were blinded
to the form of examination.

Evaluation of stair climbing activity

Information on physical activity was obtained by using the
self-reported modified international physical activity ques-
tionnaire (IPAQ). This questionnaire consists of questions
on exercise habit, the frequency with which they engaged in

Stair climbing activity and vascular function in patients with hypertension 1275



each intensity of exercise (light intensity, moderate
intensity, and vigorous-intensity) for more than 10 min
(times/week), duration of each exercise time (minutes),
sitting time (hours/week) and daily stair climbing activity.
The intensity of exercise was estimated based on the type
of exercise using the compendium of physical activities
[30]. Based on the information provided in the ques-
tionnaire, we calculated the duration of exercise per week
for each subject. Information on daily stair climbing
activity was obtained by the following question: up to
how many flights of stairs do you usually climb? We
defined ground level as the first floor and the floor above
the first floor as the second floor.

Measurements of FMD and NID

A high-resolution linear artery transducer was coupled to
computer-assisted analysis software (UNEXEF18G, UNEX

Co., Nagoya, Japan) that used an automated edge detection
system to measure the brachial artery diameter [31]. A
blood pressure cuff was placed around the forearm of each
subject. 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 using a
special probe holder (UNEX Co.) to ensure consistent
imaging. Depth and gain settings 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 the dia-
meter 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 imme-
diately for optimal tracking performance throughout the

Table 1 Clinical characteristics
of subjects in groups according
to stair climbing activity

Variables Total
(n= 374)

No stairs
(n= 78)

2nd floor
(n= 107)

≥3rd floor
(n= 189)

P value

Age, year 67 ± 12 70 ± 10 73 ± 10 62 ± 12 <0.001

Men, n (%) 234 (62.6) 49 (62.8) 64 (59.8) 121 (64.0) 0.77

Body mass index, kg/m2 24.1 ± 3.7 24.8 ± 4.2 23.3 ± 2.9 24.2 ± 3.9 0.02

Heart rate, bpm 68 ± 11 70 ± 10 65 ± 10 68 ± 11 0.008

Systolic blood pressure, mmHg 129 ± 16 132 ± 17 126 ± 16 129 ± 15 0.02

Diastolic blood pressure, mmHg 77 ± 11 76 ± 11 73 ± 10 80 ± 11 <0.001

Total cholesterol, mmol/L 4.86 ± 0.91 4.65 ± 0.98 4.84 ± 0.93 4.97 ± 0.83 0.06

Triglycerides, mmol/L 1.43 ± 0.78 1.39 ± 0.60 1.24 ± 0.59 1.56 ± 0.91 0.006

HDL-C, mmol/L 1.55 ± 0.41 1.47 ± 0.41 1.66 ± 0.44 1.55 ± 0.36 0.008

LDL-C, mmol/L 2.77 ± 0.75 2.59 ± 0.78 2.66 ± 0.75 2.92 ± 0.70 0.001

Creatinine, µmol/L 76.91 ± 44.20 89.28 ± 85.75 76.02 ± 19.45 74.26 ± 24.75 0.03

Glucose, mmol/L 5.94 ± 1.39 6.16 ± 1.33 5.72 ± 1.28 6.05 ± 1.44 0.07

Hemoglobin A1c, % 5.8 ± 0.9 5.9 ± 0.7 5.7 ± 0.6 5.9 ± 1.1 0.20

Medical history, n (%)

Hypertension 374 (100) 78 (100) 107 (100) 189 (100)

Dyslipidemia 252 (67.6) 54 (69.2) 74 (69.8) 124 (65.6) 0.71

Diabetes mellitus 101 (27.0) 30 (38.5) 25 (23.4) 46 (24.3) 0.04

CVD, n (%) 90 (24.4) 22 (28.2) 35 (32.7) 33 (17.9) 0.01

Current smoker, n (%) 40 (10.1) 6 (7.7) 9 (8.5) 25 (13.2) 0.28

Medication, n (%)

Antihypertensive drugs 366 (97.9) 77 (98.7) 102 (95.3) 187 (98.9) 0.10

Lipid-lowering drugs 171 (67.1) 48 (84.2) 48 (64.9) 75 (60.5) 0.006

Anti-diabetic drugs 68 (54.8) 23 (57.5) 13 (36.1) 32 (66.7) 0.02

Exercise time, h/week 1.9 ± 2.6 0.7 ± 1.6 2.0 ± 2.7 2.3 ± 2.7 <0.001

Sitting time, h/week 48 ± 22 51 ± 21 45 ± 20 49 ± 23 0.12

Baseline brachial artery
diameter mm

4.2 ± 0.6 4.5 ± 0.7 4.1 ± 0.7 4.2 ± 0.6 <0.001

HDL-C indicates high-density lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, CVD
cardiovascular disease.
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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. Baseline longitudinal images of
the artery were acquired for 30 s, and then the blood pres-
sure cuff was inflated to 50 mm Hg 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
changes relative to the vessel diameter before cuff inflation.
FMD was automatically calculated as the percentage change
in peak vessel diameter from the baseline value. The per-
centage FMD [(peak diameter−baseline diameter)/baseline
diameter] was used for analysis. Blood flow volume was
calculated by multiplying the Doppler flow velocity (cor-
rected for the angle) by heart rate and vessel cross-sectional
area (−r2). Reactive hyperemia was calculated as the
maximum percentage increase in the flow after cuff defla-
tion compared with the baseline flow.

The response to nitroglycerine was used for the assess-
ment of endothelium-independent vasodilation [31]. After
acquiring baseline rest images for 30 s, a sublingual tablet
(nitroglycerine, 75 µg) was given, and imaging of the artery
was done continuously for 5 min. NID was automatically
calculated as the percentage change in peak vessel diameter
from the baseline. The percentage NID [(peak diameter
−baseline diameter)/baseline diameter] was used for ana-
lysis. The inter- and intra-assay coefficients of variation for

the brachial artery diameter in our laboratory were 1.6% and
1.4%, respectively.

Statistical analysis

Results are presented as means ± SD. All reported prob-
ability values were two-sided, and a probability value of
<0.05 was considered statistically significant. Categorical
values were compared by means of the chi-square test.
Continuous variables were compared by using ANOVA for
multiple groups. Comparisons between the groups cate-
gorized according to stair climbing activity were carried out
using repeated-measures ANOVA. Multivariate logistic
regression analysis was performed to identify independent
variables associated with lower tertiles of FMD (<1.4%)
and NID (<7.9%). Age, sex, body mass index, current
smoking, presence of dyslipidemia, presence of diabetes
mellitus, the prevalence of CVD, total exercise time (h/
week), and a total sitting time (h/week) were entered into
the multivariate logistic regression analysis. As a sensitivity
analysis, propensity score analysis was used to minimize the
selection bias for the evaluation of the relationship between
daily stair climbing activity and vascular function. The
propensity score was calculated for each patient from the
result of the logistic regression analysis of the probability of
daily stair climbing for subjects who did not climb stairs,
subjects who climbed stairs to the ≥2nd floor, subjects who
climbed stairs to the <3rd floor, and subjects who climbed
stairs to the ≥3rd floor using clinical variables, including
age, sex, body mass index, systolic blood pressure, heart
rate, total cholesterol, high-density lipoprotein cholesterol
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Fig. 1 Bar graphs show flow-mediated vasodilation (A) and nitroglycerine-induced vasodilation (B) in patients with hypertension who did not
climb stairs, patients with hypertension who climbed stairs to the second floor, and patients with hypertension who climbed stairs to the ≥3rd floor
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(HDL-C), fasting blood glucose, presence of diabetes mel-
litus (yes or no), current smoking (yes or no), taking lipid-
lowering drugs (yes or no) and total exercise time (hours/
week). All data were processed using JMP Pro. Ver
14.0 software (SAS Institute, Cary, NC, USA).

Results

Baseline characteristics of the subjects

The baseline characteristics of the 374 patients with
hypertension are summarized in Table 1. The mean age of
the subjects was 67 years. The 374 subjects included 234
men (62.6%). Some 252 (67.6%) had dyslipidemia, 101
(27.0%) had diabetes mellitus, 90 (24.4%) had previous
cardiovascular disease, and 40 (10.1%) were current smo-
kers. The mean exercise time was 1.9 ± 2.6 h/week, and the
mean sitting time was 48 ± 22 h/week. The mean FMD
value was 2.8 ± 2.6%, and the mean NID value was 10.4 ±
5.2%.

Vascular function in three groups of daily stair
climbing activity

The baseline characteristics of the patients with hyperten-
sion who did not climb stairs, who climbed stairs to the
second floor, and who climbed stairs to the ≥3rd floor are
also summarized in Table 1. There were significant differ-
ences between the three groups in age, body mass index,
heart rate, systolic blood pressure, diastolic blood pressure,
triglycerides (TG), HDL-C, low-density lipoprotein cho-
lesterol (LDL-C), creatinine, exercise time, the prevalence
of CVD, use of lipid-lowering drugs, and use of antidiabetic
drugs. The baseline brachial diameters were 4.5 ± 0.7 mm in
the no stairs group, 4.1 ± 0.7 mm in the second-floor group,
and 4.2 ± 0.6 mm in the ≥3rd-floor group. The baseline
brachial diameter was larger in the no stairs group than in
the second-floor group (p < 0.001) and in the ≥3rd-floor
group (p= 0.004). The baseline brachial diameters were
similar in the second-floor group and ≥3rd-floor group (p=
0.14). FMD values were 2.3 ± 2.7% in the no stairs group,
2.4 ± 2.7% in the 2nd floor group and 3.3 ± 2.5% in the

Table 2 Multivariate analysis of relationships among low tertiles of FMD

Odds ratio (95% Confidence interval); P value

Stair climbing Unadjusted Model 1 Model 2 Model 3 Model 4

No stairs 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

2nd floor 1.27 (0.70–2.32); 0.43 1.19 (0.64–2.21); 0.58 1.21 (0.65–2.24); 0.55 1.05 (0.56–1.98); 0.88 1.06 (0.56–2.01); 0.86

≥3rd floor 0.54 (0.31–0.96); 0.04 0.54 (0.30–0.99); 0.046 0.53 (0.29–0.98); 0.04 0.44 (0.23–0.84); 0.01 0.44 (0.23–0.75); 0.01

Model 1; adjusted for age, gender, body mass index, dyslipidemia, diabetes mellitus, current smoking.

Model 2; adjusted for age, gender, body mass index, dyslipidemia, diabetes mellitus, current smoking, the prevalence of CVD.

Model 3; adjusted for age, gender, body mass index, dyslipidemia, diabetes mellitus, current smoking, the prevalence of CVD, exercise time.

Model 4: adjusted for age, gender, body mass index, dyslipidemia, current smoking, diabetes mellitus, the prevalence of CVD, exercise time,
sitting time.

The low tertile of FMD indicates less than 1.4%.

FMD indicates flow-mediated vasodilation, CVD cardiovascular disease.

Table 3 Multivariate analysis of relationships among low tertiles of NID

Odds ratio (95% confidence interval); P value

Stair
climbing

Unadjusted Model 1 Model 2 Model 3 Model 4

No stairs 1 (reference) 1 (reference) 1 (reference) 1 (reference) 1 (reference)

2nd floor 0.37 (0.20–0.68); 0.001 0.32 (0.16–0.63); 0.001 0.29 (0.15–0.59); < 0.001 0.27 (0.13–0.56); < 0.001 0.28 (0.13–0.57); < 0.001

≥3rd floor 0.32 (0.19–0.56); < 0.001 0.41 (0.22–0.75); 0.004 0.46 (0.24–0.87); 0.02 0.41 (0.21–0.80); 0.009 0.42 (0.21–0.81); 0.01

Model 1; adjusted for age, gender, body mass index, dyslipidemia, diabetes mellitus, current smoking.

Model 2; adjusted for age, gender, body mass index, dyslipidemia, diabetes mellitus, current smoking, the prevalence of CVD.

Model 3; adjusted for age, gender, body mass index, dyslipidemia, diabetes mellitus, current smoking, the prevalence of CVD, exercise time.

Model 4: adjusted for age, gender, body mass index, dyslipidemia, diabetes mellitus, current smoking, the prevalence of CVD, exercise time,
sitting time.

The low tertile of NID indicates less than 7.9%.

NID indicates nitroglycerine-induced vasodilation, CVD cardiovascular disease.
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≥3rd-floor group (p= 0.005) (Fig. 1A). NID values were
7.4 ± 4.2% in the no stairs group, 10.9 ± 5.3% in the ≥2nd-
floor group, and 11.3 ± 5.1% in the ≥3rd-floor group (p <
0.001) (Fig. 1B). Both FMD and NID were significantly
smaller in the no stairs group than in the ≥3rd-floor group.
FMD, but not NID, was significantly smaller in the no stairs
group than in the ≥2nd-floor group.

Multivariate analysis of the relationships among low
tertile of FMD, low tertile of NID, stair climbing
activity, and clinical variables

The lowest tertile of FMD was 1.4% and the lowest tertile of
NID was 7.9%. Therefore, we defined small FMD as FMD<
1.4% and small NID as NID < 7.9%. The group of subjects
who did not climb stairs was used as a reference group for
deriving the low tertiles of FMD and NID in the other
groups. We next examined whether stair climbing activity
was independently associated with small FMD and small
NID by multiple logistic analysis. After adjustments for age,
sex, body mass index, presence of dyslipidemia, presence of
diabetes mellitus, the prevalence of CVD, current smoking,
sitting time/week, and exercise time/week, the odds of having
the lowest tertile of FMD were significantly lower in the
≥3rd-floor group than in the reference group (OR: 0.44, 95%
CI: 0.23–0.75, p= 0.01), while the odds of having the lowest
tertile of FMD were similar in the second-floor group and the
reference group (OR: 1.06, 95% CI: 0.56–2.01, p= 0.86)
(Table 2). After adjustments for age, sex, body mass index,
presence of dyslipidemia, presence of diabetes mellitus, the
prevalence of CVD, current smoking, sitting time/week, and
exercise time/week, the odds of having the lowest tertile of
NID were significantly lower in the second-floor group and
≥3rd-floor group than in the reference group (OR: 0.28, 95%
CI: 0.13–0.57, p < 0.001, OR: 0.42, 95% CI: 0.21–0.81, p=
0.01, respectively) (Table 3).

Vascular function in the no stairs group and the
≥2nd-floor group

The baseline characteristics of the subjects in the no stairs
group and the ≥2nd-floor group are summarized in Sup-
plementary Table 1. There were significant differences
between the two groups in age, heart rate, systolic blood
pressure, total cholesterol, HDL-C, LDL-C, creatinine,
exercise time, presence of diabetes mellitus, and use of
lipid-lowering drugs. FMD was 2.3 ± 2.7% in the no stairs
group and 2.7 ± 2.6% in the ≥2nd-floor group (p= 0.06)
(Supplementary Fig. 1A). NID was 7.4 ± 4.2% in the no
stairs group and 11.1 ± 5.2% in the ≥2nd-floor group (p <
0.001) (Supplementary Fig. 1B).

Propensity score matching was used to create matched
pairs between the no stairs group and the ≥2nd-floor group.

The baseline characteristics of the matched pairs are sum-
marized in Supplementary Table 2. There were no sig-
nificant differences in FMD between the two groups (2.4 ±
3.6% vs. 2.9 ± 2.6%, p= 0.56), while NID was significantly
smaller in the no stairs group than in the ≥2nd-floor group
(7.2 ± 4.2% vs. 10.3 ± 5.8%, p= 0.02) (Supplementary
Fig. 2).

Vascular function in the < 3rd-floor group and ≥3rd-
floor group

The baseline characteristics of subjects in the < 3rd-floor
group and ≥3rd-floor group are summarized in Supple-
mentary Table 3. There were significant differences
between the two groups in age, diastolic blood pressure,
total cholesterol, TG, LDL-C, exercise time and prevalence
of CVD, use of lipid-lowering drugs, and use of antidiabetic
drugs. The FMD value was significantly smaller in the <
3rd-floor group than in the ≥3rd-floor group (2.4 ± 2.7% vs.
3.3 ± 2.5%, p= 0.001) (Supplementary Fig. 3A). The NID
value was significantly smaller in the <3rd floor group than
in the ≥3rd floor group (9.4 ± 5.2% vs. 11.3 ± 5.1%, p <
0.001) (Supplementary Fig. 3B).

Propensity score matching was used to create matched
pairs between the <3rd floor group and the ≥3rd floor group.
The baseline characteristics of the matched pairs are sum-
marized in Supplementary Table 4. FMD was significantly
smaller in the <3rd floor group than in the ≥3rd floor group
(2.0 ± 3.0% vs. 3.6 ± 2.8%, p= 0.005), while there were no
significant differences in NID between the two groups
(10.0 ± 4.7% vs. 10.5 ± 5.1%, p= 0.53).

Discussion

In patients with hypertension, this study showed for the first
time that endothelial function was impaired in patients who
regularly climbed stairs to the <3rd floor compared with that
in patients who regularly climbed stairs to the ≥3rd floor and
that vascular smooth muscle function was impaired in
patients who did not climb stairs compared with that in
patients who climbed stairs to the ≥2nd floor.

Although NID measurement is considered to be a control
test for FMD measurement, recent studies have shown that
NID is also smaller in patients with past CVD and in
patients with a high risk of CVD, while FMD but not NID is
smaller in patients with a low risk of CVD, and both NID
and FMD are predictors of cardiovascular events. These
findings suggest that FMD is a marker of the early stage of
atherosclerosis and that NID is a marker of the advanced
stage of atherosclerosis [31]. First, we divided the subjects
into three groups in accordance with daily stair climbing
activity and assessed vascular function in each group. Both
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FMD and NID were smaller in patients with hypertension
who did not climb stairs than in patients who climbed stairs
to the ≥3rd floor. FMD but not NID was smaller in patients
who climbed stairs to the second floor than in patients who
climbed stairs to the ≥3rd floor. After adjustment for car-
diovascular risk factors using propensity score matching,
FMD was significantly smaller in the <3rd floor group than
in the ≥3rd floor group, and NID was significantly smaller
in the no stairs group than in the ≥2nd-floor group. Patients
with hypertension who did not climb stairs might have had
an advanced stage of atherosclerosis compared with patients
with hypertension who usually climbed stairs.

Stair climbing activity could have beneficial effects on
vascular function through various mechanisms. Previous
studies showed beneficial effects of physical exercise on
cardiovascular risk factors such as body weight reduction,
decreases in blood pressure, levels of serum blood glucose,
LDL-C, and TG, and an increase in the level of HDL-C
[32–36]. Indeed, a stair-climbing intervention trial also
showed a 7.7% decrease in the level of LDL-C [37]. In this
study, after adjustment for cardiovascular risk factors using
propensity score matching, FMD was significantly smaller
in the <3rd floor group than in the ≥3rd floor group, and
NID was significantly smaller in the no stairs group than in
the ≥2nd-floor group. These findings suggest that daily stair
climbing activity is an independent predictor of vascular
function. It is well known that physical exercise has bene-
ficial effects on NO bioavailability. Exercise upregulates the
endothelial nitric oxide (NO) synthase (e-NOS) gene
through activation of the hypoxia-inducible factor 1 alpha/
vascular endothelial growth factor (VEGF) pathway, lead-
ing to an increase in NO production [38]. In addition,
physical exercise increases the synthesis of L-arginine, a
substrate of NO synthase, and reduces the synthesis of
asymmetric dimethylarginine (ADMA), an inhibitor of
eNOS, resulting in an increase in NO production [39]. It has
been reported that exercise inhibits the activity of nicoti-
namide adenine dinucleotide/nicotinamide adenine dinu-
cleotide phosphate (NADH/NADPH oxidase) [40] and
augments the activity of components of the antioxidant
system, such as glutathione peroxidase (GPx) [41] and
superoxide dismutase (SOD), leading to a decrease in NO
inactivation. Interestingly, patients with hypertension have
lower levels of L-arginine, SOD, and GPx and higher levels
of ADMA, and higher activity of NADPH oxidase than
healthy subjects [42–44]. Thus, an increase in stair climbing
activity may have beneficial effects on vascular function in
patients with hypertension through an increase in NO
bioavailability.

Interestingly, in the present study, the baseline brachial
artery diameter was larger in the no stairs group than in the
stair climbing groups. Previous studies, including ours, have
shown that brachial artery diameter significantly correlates

with cardiovascular risk factors and that an increase in bra-
chial artery diameter increases the prevalence of the cardio-
vascular disease [45–47]. It is thought that blood flow is
increased to keep shear stress in an appropriate range, leading
to activation of various signaling pathways and resulting in
the enlargement of the brachial artery diameter [48, 49].
Although the precise mechanisms by which the diameter of
the brachial artery became larger in the no stairs group than in
the stair climbing groups are not known, advanced athero-
sclerosis may have contributed to maladaptive remodeling of
the brachial artery in the no stairs group.

This study has some potential limitations. First, it was a
single-center, cross-sectional study, so we could not estab-
lish a definitive causal relationship between daily stair
climbing activity and vascular function. However, the
findings indicate the possibility of an association between
daily stair climbing activity and vascular function. Second,
we cannot deny the possibility that patients with hyperten-
sion who have a high level of daily stair climbing activity
are focused on being healthy. In the present study, daily
stair climbing activity was significantly correlated with
exercise time (hours/week). Therefore, to minimize the
influence of exercise time on vascular function, we matched
exercise time between the two groups by propensity score
matching. Third, unfortunately, although there are a number
of different ways to assess daily physical activity data, there
is no gold standard method for defining daily physical
activity based on a self-report survey. The IPAQ is often
used to define daily physical activity. In the present study,
information on physical activity was obtained by using the
self-reported modified IPAQ. It is not clear whether the
assessment of stair climbing activity reflects different facets
of physical activity than those captured by other ques-
tionnaires. However, the levels of daily physical activity
based on the questionnaire of stair climbing activity should
be simple and useful for the assessment of vascular func-
tion. Indeed, in the present study, the assessment of stair
climbing activity may reflect vascular function in patients
with hypertension. In the IPAQ, we defined habitual exer-
cise as that lasting for more than 10 min and with an
intensity of more than three METs. We cannot deny the
possibility that the self-reported IPAQ is not sufficient for
assessing daily physical activity. Assessment of more
detailed daily physical activity would enable us to draw
more specific conclusions concerning the role of stair
climbing activity in vascular function. Fourth, this study
was conducted in patients with hypertension. Further study
is needed to confirm the association of daily stair climbing
activity with vascular function in a larger population of
subjects without hypertension. Finally, we did not have
information on the frequency of stair climbing. Previous
studies that focused on stair climbing (floors/week) revealed
that subjects who climbed ≥35 floors/week had a lower risk

1280 T. Yamaji et al.



of all-cause mortality than subjects who climbed <10 floors/
week [50]. Assessment of the frequency of stair climbing
would enable us to draw more specific conclusions con-
cerning the role of stair climbing activity in vascular
function.

In conclusion, stair climbing activity, a simple method
for assessing daily physical activity, may reflect vascular
function in patients with hypertension.
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