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Abstract
Background: Atherosclerosis of the artery begins in the early phase of life. Environmental factors have a strong impact on 
the progression of atherosclerosis, and thus, the recent rise in health awareness may have a positive influence on the condition 
of arteries. Method: To investigate annual trends, we measured the Pulse Wave Velocity (PWV) and Ankle-Brachial Pressure 
Index (ABI), markers for arterial stiffness, on each fifth-year medical student for 16 years. The measurements were carried out 
in our outpatient clinic using PWV/ABI, BP-203RPE (Omron Colin). Results: Backgrounds and measurements including PWV 
and ABI in 1515 participants showed relatively high homogeneity but there were clear differences between men and women 
including PWV and ABI (PWV: 1197 ± 151 vs. 1086 ± 122 cm/s, P < 0.01, ABI: 1.05 ± 0.08 vs. 1.00 ± 0.08, P < 0.01). Strong 
relationships were confirmed between PWV and blood pressure and between ABI and pulse rate (P < 0.001). Twenty-three of 
897 (2.6%) men and 46 of 618 (7.5%) women showed low ABI values (< 0.9). PWV showed a mild tendency to decrease over 
time in both men and women. ABI showed a clear decrease over time in women (P in trend, 0.016), but no change was observed 
in men. Blood pressure, pulse rate, and body height maintained similar levels in either men or women in the sixteen years. 
Conclusion: These suggest a preferable decrease in the stiffness of the artery in Japanese medical students.
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Introduction
Atherosclerosis of the artery begins during the very early 

phase of life [1]. Gradual progression of early atherosclerosis in 
infants, children, and young adults has been confirmed in autopsy 
examples in Japan [2,3]. Atherosclerosis in the coronary artery 
was worsening between the 70’s and the 90’s in young men in 
Japan [2]. However, the recent rise in health awareness may 
have had a positive influence on the condition of the arteries. To 
investigate this hypothesis, we measured the Pulse Wave Velocity 
(PWV) and Ankle- Brachial Pressure Index (ABI), markers for 
arterial stiffness, in the fifth academic year of medical students for 
16 years.
Increased arterial stiffness is an early marker for cardiovascular 
disease progression and a marker for future cardiovascular 

accidents and mortality [4-6]. The brachial-ankle PWV (baPWV) 
increases annually even in young people, namely, junior high school 
students, in Japan [7]. ABI also increases with age in young and 
middle-aged individuals [8,9], but declines beyond 70 years [10]. 
These data suggest that annual fixed-point observation, namely, 
during the fifth academic year, may determine the tendency in a 
particular group. Although this is a serial cross-sectional study, the 
longitudinal decreases in PWV and ABI indicate the amelioration 
of arterial status in medical students.

Methods
Study Subjects and Measurements

The subjects of the study were fifth-year medical students 
at the University of Miyazaki. A small group of students received 
medical training throughout the year and underwent these 
measurements. This study was conducted over 16 years, from 
April 2003 to March 2019.
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All measurements were conducted between 13:30 and 15:00 
hours in our outpatient office in a quiet environment, where a 
constant temperature was maintained. PWV, ABI, blood pressure, 
and heart rate were measured using an automatic waveform 
analyzer (form PWV/ABI, BP-203RPE; Omron Colin, Tokyo, 
Japan) as reported in previous papers [11,12]. Briefly, occlusion 
and monitoring cuffs were placed around both sides of the 
brachial and ankle regions of the students in the supine position. 
Monitors for electrocardiogram and cardiac sounds were placed 
in appropriate regions on the students. All parameters were 
automatically calculated according to the device algorithm and 
printed. The described method measures baPWV, which has a high 
correlation with authentic carotid-femoral PWV (cfPWV) [11,13] 
and is useful for predicting cardiovascular mortality to the same 
extent as cfPWV [14]. The study protocol was approved by the 
ethical committees of the University of Miyazaki.

Statistical Analysis

All data were expressed as the mean ± SD. Comparisons of 
parameters between males and females were made by unpaired 
Student’s t-test or one-way analysis of variance (ANOVA). 
Relationships between variables were analyzed by simple 

correlations and then evaluated using multiple regression analysis. 
Differences were considered statistically significant at P<0.05. 
All statistical analyses were performed using the SPSS Statistics 
version 22 (IBM Japan, Tokyo, Japan).

Results
The participants of the study were 1515 students, consisting 

of 897 men and 618 women. There were clear differences in all 
parameters between the males and females, as shown in Table 
1; thus, sex-specific analyses were performed. The markers for 
arterial stiffness, namely PWV and ABI, were lower in women 
than in men (Table 1). A considerable number of students showed 
low values of ABI ≤ 0.90, which is the criterion for Peripheral 
Artery Disease (PAD) and increased risk for cardiovascular events 
[15]; in particular, the rate reached 9.7% in female students (Table 
2). Also, almost one-third of the female students showed borderline 
ABI values (between 0.91 and 1.00) (Table 2). However, none of 
the students showed abnormalities that were suspected to be PAD. 
As reported previously [16], PWV was positively correlated with 
age, Blood Pressure (BP), and Pulse Rate (PR) (Table 3, Figure 
1). However, ABI was negatively and closely related only to PR, 
but not to BP (Table 3, Figure 1), unlike in a previous report [16].

Male Female Whole

n 897 618 1515

Age, years old 24.9 ± 3.1 24.2 ± 2.5** 24.6 ± 2.9

SBP, mmHg 125.0 ± 11.8 113.8 ± 10.1** 120.4 ± 12.4

DBP, mmHg 69.1 ± 8.5 65.9 ± 7.7** 67.8 ± 8.3

PR, bpm 72.0 ± 13.1 78.7 ± 13.8** 74.7 ± 13.8

PWV, cm/sec 1197 ± 151 1086 ± 122** 1152 ± 150

ABI 1.05 ± 0.08 1.00 ± 0.08** 1.03 ± 0.08

PWV: Pulse Wave Velocity; ABI: Ankle-Brachial Pressure Index; **P < 0.01, male vs. female

Table 1: Basal characteristics of the students.

Figure 1: Relationship between Pulse Wave Velocity (PWV), Systolic Blood Pressure (SBP), Ankle- Brachial Pressure Index (ABI), 
and pulse rate (PR).
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Male Female Whole

n 897 618 1515

ABI ≤ 0.80 2 (0.2%) 4 (0.6%) 6 (0.4%)

0.81 ≤ ABI ≤ 0.90 28 (3.1%) 56 (9.1%) 84 (5.5%)

0.91 ≤ ABI ≤ 0.99 198 (22.1%) 224 (36.2%) 422 (27.9%)

1.00 ≤ ABI ≤ 1.10 452 (50.4%) 276 (44.7%) 728 (48.1%)

1.11 ≤ ABI ≤ 1.20 191 (21.3%) 55 (8.9%) 246 (16.2%)

1.21 ≤ ABI 26 (2.9%) 3 (0.5%) 29 (1.9%)

ABI: Ankle-Brachial Pressure Index

Table 2: The distribution of the ABI.

PWV ABI
R P value R P value

Age 0.217 <0.001 0.009 0.72
SBP 0.667 <0.001 0.015 0.56
DBP 0.627 <0.001 -0.004 0.87
PR 0.251 <0.001 -0.481 < 0.001

PWV: Pulse Wave Velocity; ABI: Ankle-Brachial Pressure Index

Table 3: simple correlation of the parameters.

Figure 2A illustrates the sex-specific annual trend of 
ABI for 16 years. A clear and significant decrease in ABI was 
observed only in female students. The annual PWV trend showed 
a decreasing tendency, especially in male students, but this was 
not significant in the analysis using ANOVA (Figure 2B). On the 
other hand, multivariate analysis revealed a negative correlation 
between PWV and the academic year in both male and female 
students (Table 4). This means that the PWV has been decreasing 
over time. ABI and PWV were influenced by BP, PR, but there 
were no changes in the annual trends of BP and PR (Figure 2C).

Figure 2: A: Annual trend of ankle-brachial pressure index (ABI) 
in medical students (〇: male students, ●: female students). *P < 
0.05, **P < 0.01, vs. the first year of observation (2003). B: An-
nual trend of pulse wave velocity (PWV) in medical students (〇: 
male students, ●: female students). *P < 0.05, vs. the first year of 
observation (2003). C: Annual trend of systolic and diastolic blood 
pressure (BP) (〇: male students, ●: female students), pulse rate 
(PR) (☐: male students, ■: female students).
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PWV ABI
Male Female Male Female
β P value β P value β P value β P value

Age 0.131 <0.001 0.087 0.006 0.014 0.65 0.014 0.70
Systolic blood pressure 0.504 <0.001 0.572 <0.001 -0.005 0.89 0.120 0.001
Pulse rate 0.206 <0.001 0.123 <0.001 -0.409 <0.001 -0.525 <0.001
Academic year -0.087 0.001 -0.111 <0.001 0.031 0.31 -0.098 0.005

PWV: Pulse Wave Velocity; ABI: Ankle-Brachial Pressure Index

Table 4: Multiple correlation of the parameters.

Discussion
This is the first report on the long-term trend of indices of 

arterial stiffness, namely PWV and ABI, in medical students. There 
has been a decreasing tendency in PWV in both male and female 
students and a clear decrease in ABI only in female students during 
the last 16 years. There have been no clear changes in BP and PR 
that influence PWV and ABI; therefore, these changes in arterial 
markers may reflect favorable amelioration of arterial stiffness in 
young people.

Health-promoting lifestyles during university life are 
positively related to good health status [17]. Conversely, unhealthy 
lifestyles, including smoking, alcohol use, low physical activity, 
skipping breakfast, and poor sleep quality, are related to poor 
health status and may introduce the risk of lifestyle-related diseases 
[17-19]. Medical students, including nursing students, are reported 
to have characteristic physical activities and daily lifestyle habits 
[20-22]. Therefore, the maintenance of healthy lifestyle behaviors 
is very important for good university life. To achieve this, 
acknowledging that health is important and that students with high 
health literacy have healthy lifestyles is key [23]. It may be natural 
for medical students in Japan to have high electronic health literacy 
and good exercise routines [24]. In recent years, the popularization 
of health information and easy access to this information may have 
promoted healthy lifestyles among students.

ABI increased in young and middle-aged individuals with 
age and then decreased in the elderly [8-10]. Naturally, the baseline 
of ABIs in young students was expected to be low. Indeed, a 
significant number of students showed values of less than 1.0, and 
5.9% of the students showed a value less than 0.90, which is a 
criterion for peripheral artery disease (Table 2). The prevalence of 
an ABI < 0.9 was reported to be 1.5% in men and 0.7% in women 
in a community-dwelling population [25]. Low ABI values in 
young people could be explained by low pulse wave amplification. 
Namely, low arterial stiffness, as indicated by a low PWV in 
the students, causes a low reflected wave and then decreases the 
pulse wave amplification in the peripheral artery, especially in the 
farther peripheral artery [26]. Low amplification causes low blood 
pressure in the farther peripheral artery, resulting in a decreased 

ABI. A decrease in heart rate increases pulse wave amplification 
[27]. This relationship was clearly shown in the students (Figure 
1), where relatively homogeneous characteristics and low 
atherosclerosis may have contributed to a clear demonstration of 
the relationship. The annual increase in ABI was quite small even 
in a longitudinal cohort study [9]; thus, the difficulty in detecting 
the over-time tendency using annual fixed-point observations for 
different groups of students, is expected. Therefore, a clear decrease 
in ABI over time in female students seems to be significant (Figure 
2A). On the other hand, the changes in PWV were fuzzy in trend 
analysis (Figure 2B). However, the negative relationship between 
PWV and the academic year in multiple regression analysis (Table 
4) clearly suggested the over-time amelioration of PWV in male 
and female students.

Besides arterial factors, there may be other factors that 
decreased ABI only in female students. Tabara, et al. reported that 
the thigh muscle area showed a strong positive association with ABI 
[28]. The desire for thinness or an ideal body shape is widespread 
in young Japanese women [29,30]; therefore, decreased muscle 
volumes in the limbs may occur in female students.

This study has some limitations. First, we did not collect 
background data for the students because it was difficult 
due to privacy protection. Additional data may lead to other 
interpretations. Second, this study does not include a longitudinal 
follow-up of the same subjects; therefore, the secular change of 
each person was not clear.

In conclusion, we conducted a long-term observation of 
arterial stiffness markers in a relatively homogeneous population, 
namely fifth-year medical students. In this observation, a 
decreasing trend in arterial stiffness in Japanese medical students 
was observed.
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