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ORIGINAL ARTICLE

LIFESTYLE HAS SIGNIFICANT EFFECTS ON ATHEROSCLEROSIS IN THE
POPULATION AS YOUNG AS BELOW 40 YEARS OLD

Takanobu Iwama"?, Kazuma Danjo”, Masashi Matsuzaka®, Ippei Takahashi",

Hiroki Iwasaki’, Kiyotaka Watanabe”, Noriyuki Okubo”, Kazuyuki Takahashi®,
Takashi Umeda" and Shigeyuki Nakaji”

Abstract The epidemiological research was carried out to investigate the relationship between brachial-ankle pulse
wave velocity (baPWV) and atherosclerosis-related factors. Subjects were 1,730 Iwaki residents (Aomori Prefecture,
Japan) who participated in the Iwaki Health Promotion Project between 2005 and 2010. They were divided into
different genders and age group. The results were analyzed using multiple linear regression analysis with baPWV
as a dependent variable, and atherosclerosis-related factors as independent variables. In male of the youngest age
group, baPWV was found to have a significant positive correlation with the number of cigarette consumption per
day. In female of the youngest age group, baPWV was found to have significant positive correlations with triglyceride
and glucose levels, and a significant negative correlation with frequency of exercise. Therefore, cigarette smoking
in young male was suggested to be a major risk factor, and exercise habit in young female was suggested to be a
preventive factor of atherosclerosis.
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Introduction

Atherosclerosis is characterized by a condition
in which the arterial wall loses its flexibility,
causing stiffening of the arterial wall. Some
of the major atherosclerotic diseases include
cerebrovascular disease and cardiac disorders
which account for the 2™ and 3™ highest crude
mortality rates in Japan”.

Initially, the morphological changes of athero-
sclerosis appears asymptomatically at an early
stage of life. However, the condition progresses
with age causing a variety of vascular
diseases such as ischemic cardiac disease and
cerebrovascular diseases.

Atherosclerosis is additionally known to be
the result of various factors including lifestyle?.
The known related risk factors include age?’>,
gender”, blood pressure5>, cigarette smoking®,
diabetes mellitus or obesity7> and other general
lifestyle habits”. In other words, the presence
and degree of these factors in young persons will
make a difference in the degree of atherosclerosis
in their future, which will also affect the lifestyle-
related diseases (ischemic cardiac disease and
cerebrovascular diseases etc), QOL and even
their life expectancy.

A method by which atherosclerosis could
be accurately evaluated was unavailable in the
past. Other methods such as carotid echography
and the evaluation of the eyeground arteries
were available only for examining unsubdivided
atherosclerosis patients”. The assessment of
blood pressure has been commonly used as
an index of atherosclerosis, although it has a
major downside of being easily affected by
the measurement conditions, especially the
psychological factors. In many epidemiological
studies, these factors were considered as
an obstacle for the completion of detailed
deliberation regarding atherosclerosis and
other clinical conditions in addition to various

. 10-12
diseases'*'? .

In recent years, the pulse wave velocity
(PWV) method has been recognized as an
effective index for atherosclerosis™. Among
the various PWVs, brachial-ankle pulse wave
velocity (baPWV) is not only an easy, non-
invasive method, but has also been reported
to reflect the stiffness of the arteries, and has
been strongly correlated with cardiovascular
diseases caused by atherosclerosis' 9 Thus,
baPWV has become a common method to
evaluate atherosclerosis in many clinical studies,
especially in epidemiological investigations.
However, long-term cohort baPWV studies
have not yet been conducted, as its introduction
into clinical practice is relatively new'”. In
the present study, we have investigated an
association between baPWV and atherosclerosis-
related factors in 1,730 volunteers who partici-
pated in the Iwaki Health Promotion Project.

Subjects and Methods

1. Subjects and investigation method
The subjects were 1,730 volunteers (660
males and 1,070 females) who participated in
the Iwaki Health Promotion Project between
2005 and 2010. All of the subjects were residents
in Iwaki area in Aomori Prefecture, located in
northern Japan (Table 1).

2. Investigated items

a. Lifestyle and background of subjects

The data on lifestyle and background
of the subjects were obtained from a self-
completion questionnaire and each answer
was confirmed during an individual
interview with an investigational team
member. Items included in the questionnaire
were age, gender, smoking habit, history of
cigarette smoking and number of cigarette
smoked per day, drinking habit including
amount of alcohol consumption per day,
total hours of work per week, exercise habit
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Table 1 Age distribution of the subjects

Age (years) Males Females
20~39 103 (15.6) 163 (15.2)
40~59 275 (41.7) 380 (355)
60~ 282 (42.7) 527 (49.3)

660 (100) 1070 (100)

n(%)

including frequency of exercise per week,
and certain lifestyle-related diseases which
might affect atherosclerosis (hypertension,
diabetes mellitus and dyslipidemia).

. Blood biochemistry

Enzymatic methods were used to
measure the levels of serum glucose,
total cholesterol, triglyceride, and HDL
cholesterol. All blood samples were taken
under fasting condition. LDL cholesterol
was excluded from the investigated items
because direct measurement method of
LDL cholesterol had not been common
at the starting part of this study (2005).
Given that diagnostic criteria of metabolic
syndrome in Japan do not include HbAlc,
it was also excluded from the investigated
items in this study.

. Body mass index (BMI)
BMI was calculated for each subject

according to his/her height and weight.
Height was measured using a height ruler,
and weight was determined using a body
composition scale (Multi-frequency body
composition scale, MC-190 TANITA, Tokyo).
. Blood pressure

Blood pressure was measured with a
manometer. The value of diastolic pressure
was not eligible for an investigated item
for systolic and diastolic pressure provided
multi-collinearity when multiple linear
regression was done.

e. baPWV

Brachial-ankle PWV was measured using

a volume-plethysmographic apparatus (form
PWV/ABI, COLIN Co. Ltd., Tokyo, Japan).
In addition to recording the limb lead ECG,
mechano-cardiograms were simultaneously
recorded by attaching blood pressure cuffs
with a tonometric sensor to the upper
arms and ankles. Brachial-ankle PWV was
calculated by time-phase analysis. The time
interval between the wave front of the
brachial waveform and that of the ankle
waveform was defined as the time interval
between the brachium and ankle ( ATha).
The distance between sampling points
of baPWV was calculated automatically
according to the height of the subject.
The path length from the suprasternal
notch to the brachium (Lb) was obtained
from superficial measurements and was
expressed using the following equation:
Lb = 0.2195 X height of the patient (in
cm) -2.0734. The path length from the
suprasternal notch to the ankle (La) was
obtained from superficial measurements
and was expressed using the following
equation: La = (0.8129 x height of the
patient (in cm) + 12.328). Finally, the
following equation was used to obtain
baPWV: baPWV = (La- Lb)/ATha '”. In
this study, the average of left and right
values of baPWV was used.

3. Ethical consideration

The purpose of the current study was

thoroughly explained verbally to all subjects
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prior to the study, including their rights
to withdraw from the research at anytime
as well as protection of their personal
information, and written informed consent
was obtained from each subject. This study
was approved by the ethics committee of
the Hirosaki University Graduate School of
Medicine (reference number 2011-033).

. Statistical analysis

Brachial-ankle PWV has been reported
to vary both by age and genderm). Thus,
subjects were subgrouped by gender, then
into 3 age groups as follows: 20-39 years old
(the youngest group), 40-59 years old (the
middle age group) and 60+ years old (the
eldest group).

The investigated items such as age, BMI,
baPWYV, systolic blood pressure, serum
glucose level, total cholesterol level, working
hours, exercise habit of subjects among three
age groups were compared using a one-
way analysis of variance. The prevalence of
lifestyle-related diseases among three age
groups were compared using chi-square test.

In order to determine the relationship
between baPWV and atherosclerosis-related
factors, baPWV was used as the dependent
variable, and the duration of cigarette smoking,
BMI, frequency of exercise, serum glucose, total
cholesterol, triglyceride and HDL cholesterol
were used as the independent variables when
multiple linear regression was performed. The
atherosclerosis-related factors were listed as the
items related to fat and sugar metabolisms and
lifestyle-related items'. Also, age, systolic blood
pressure, working hours, amount of alcohol
consumption, and having atherosclerosis-related
diseases (hypertension, diabetes mellitus and
dyslipidemia) were used as corrected items
for both gender. Furthermore, menopause
was used as a corrected item for women. As
for smoking habit, three categories such as

“non-smoker”, “more than one cigarette per
day”, and “ex-smoker” were set from two
items - “smoking habit”, and the “number of
cigarette smoked per day”. Alcohol drinking
habit was further categorized into either
“non-drinker”, “more than 1g per day” or “ex-
drinker”. The working hours category was
further categorized into either “none”, “less
than 40 hours per week”, “between 40 hours
and 50 hours per week”, “between 50 and 60
hours per week” and “more than 60 hours per
week”. Exercise habit was further categorized
into either “none”, “once per week”, “2-3 times
per week”, “4-5 times per week” or “almost
every day’.

SPSS ver.12.0] (SPSS Inc., Chicago, IL,
USA) was used for all statistical analyses. All
data were separated according to gender, and
values were considered significant at p<0.05.

Results

. Characteristics of subjects

In males, baPWV, systolic blood pressure
and serum glucose level were shown to increase
significantly with age (p<0.05 all) (Table 2-1).
In females, baPWYV, systolic blood pressure,
levels of serum glucose and triglyceride
significantly increased with age (Table 2-2).

2. Physical activities

In males, those who were in the middle
age group were found to have the longest
working hours, and it was lower in the eldest
age group (Table 2-1). In females, working
hours tended to become less as the age
increased (Table 2-2). In general, there were
a large number of both males and females
who had no exercise habit.

3. Lifestyle

A large number of males were current and
ex-smokers in the youngest age group (68.9%
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Table 2-1 Characteristics of the subjects (Males, n=660)

20~39 (years) 40~59 (years)

60 or over (years)

(n=103) (n=275) (n=282)
Age (years) 31750 500+57 ¥ 69.3£6.1 *+
BMI (kg/m?) 232 +36 23728 234 £30
baPWV (cm/sec) 12839 £150.7 14545 +2451 * 18984 £4106  *f
Systolic blood pressure (mmHg) 1171 £126 1238 £164 * 1355 +18.1 *+
Glucose (mg/dl) 80.0 £9.3 896224 * 95.7 £22.2 t
Total cholesterol (mg/dl) 184.6 £32.2 2034 +306 * 1922 +£325 ki
Triglyceride (mg/dl) 109.2 £65.2 111.3 £63.7 979 £555 T
HDL-cholesterol (mg/dl) 578 £12.8 588 £15.1 582 £16.0
Working hours (hours/week)
None 16 (15.5) 39 (14.2) 72 (255)
<40 16 (155) 36 (13.1) 49 (17.4)
40~49 48 (46.6) 117 (425) 98 (34.8)
50~59 10 ( 9.7) 34 (124) 36 (12.8)
60> 13 (126) 49 (178) 27 (1 96)
Frequency of exercise ™
None 69 (67.0) 223 (81.1) 197 (69.9)
Once/week 14 (13.6) 24 (187) 16 ( 5.7)
2-3 times/week 10 ( 9.7) 11 ( 40) 29 (10.3)
4-5 times/week 3(29 7 (25) 20 ( 7.1)
Every day 7(68) 10 ( 36) 20 ( 7.1)
Smoking habit #
Non smoker 20 (194) 70 (255) 118 (41.8)
Current smoker 71 (68.9) 125 (455) 72 (255)
Ex- smoker 12 (11.7) 80 (29.1) 92 (326)
Cigarette consumption (cigarettes/day) 202 +104 204 +9.0 199112
Smoking period (years) 128 £5.6 247 +98 372+133
Drinking habit
Non Drinker 29 (282) 59 (215) 60 (21.3)
Current drinker 70 (68.0) 210 (76.4) 204 (72.3)
Ex- drinker 4 ( 39) 6 (22) 18 ( 6.4)
Alcohol consumption (g/day) 121 £495.6 136.4 +£754.9 986 £414.6

Mean=SD or n (%)

Compared with 20~39 (years); * p<0.05
Compared with 40~59 (years); 1 p<0.05
BMI : Body Mass Index

baPWV: brachial ankle pulse wave velocity
Chi square test; # p<001

and 11.7% respectively) (Table 2-1). Also,
many males were found to drink alcohol in all
age groups (68.0% in the youngest age group,
76.4% in the middle age group and 72.3% in
the eldest age group) (Table 2-1).

However, most of females were non-
smokers in all age groups (61.3% in the
youngest age group, 784% in the middle age
group and 96.4% in the eldest age group), and
a higher number of females in the youngest
groups tended to have a drinking habit (46.0%
in the youngest age group, 27.4% in the
middle age group and 9.3% in the eldest age
group) (Table 2-2).

4. Medical conditions

For both genders, the prevalence of
hypertension, diabetes mellitus and dyslipid-
emia tended to be higher in the eldest age
groups, and the percentage of subjects with
hypertension was highest in those who were
significantly higher in the eldest age group
than in other two groups (p<0.01 each)
(Table 3).

5. Relationships between baPWV and atherosclerosis-

related factors

For males in the youngest age group,
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Table 2-2 Characteristics of the subjects (Females, n=1070)
20~39 (years) 40~59 (years)

60 or over (years)

(n=163) (n=380) (n=527)
Age (years) 315+56 51054 ¥ 685 =55 *+
BMI (kg/m®) 211 %31 229+34 % 234 %32 *
baPWV (cm/sec) 112301274 13969 =2320 * 18278 3915 *f
Systolic blood pressure (mmHg) 1079 £12.2 1210 £167 * 1349 +174 *+
Glucose (mg/dl) 776 £81 854123 * 919+197  *f
Total cholesterol (mg/dl) 181.4 +29.7 2067 £327 * 2146 €321  *t
Triglyceride (mg/dl) 734 +39.2 877484 * 89.3+424 *
HDL-cholesterol (mg/dl) 66.1 =14.6 66.2 144 63.1 =138
Working hours (hours/week)
None 35 (215) 86 (22.6) 157 (29.8)
<40 26 (16.0) 84 (22.1) 123 (23.3)
40~49 72 (44.2) 127 (334) 149 (28.3)
50~59 18 (11.0) 56 (14.7) 56 (10.6)
60> 12 ( 74) 27 (71) 42 ( 80)
Frequency of exercise ™
None 142 (87.1) 327 (86.1) 406 (77.0)
Once/week 9 (55) 15 ( 39) 27 ( 51)
2-3 times/week 7 (14.3) 10 ( 26) 35 ( 6.6)
4-5 times/week 3(18 14 ( 37) 12 ( 23)
Every day 2(12) 14 ( 37) 47 (1 89)
Smoking habit *
Non smoker 100 (61.3) 298 (784) 508 (96.4)
Current smoker 38 (23.3) 49 (12.9) 12 ( 2.3)
Ex- smoker 25 (15.3) 33 (87) 7 (13)
Cigarette consumption (cigarettes/day) 129=73 12469 123+79
Smoking period (years) 124 £59 249 £6.2 319+11
Drinking habit
Non Drinker 82 (50.3) 262 (68.9) 468 (88.8)
Current drinker 75 (46.0) 104 (274) 49 ( 9.3)
Ex- drinker 6 (37) 14 ( 37) 10 ( 1.9)
Alcohol consumption (g/day) 439 +£151.7 29.2 £405 158 +19.7

Mean=SD or n (%)

Compared with 20~39 (years); * p<0.05
Compared with 40~59 (years); 1 p<0.05
BMI : Body Mass Index

baPWV: brachial ankle pulse wave velocity
Chi square test; # p<001

baPWV was positively correlated with
“number of cigarette smoked per day”
(B=0.321, p<0.05) (Table 4). In the middle
age group, no significant relationship
was observed between baPWV and any
atherosclerosis-related factors. However, BMI
was the only factor that was found to have a
significant inverse correlation with baPWV
(B=-0.206, p<0.01) in the eldest age group.
For females in the youngest age group,
baPWYV values were significantly positively
correlated with serum glucose (p=0.168,
p<0.05) and triglyceride (B=0.228, p<0.01)
(Table 4). A significant inverse correlation

was observed between baPWV and frequency
of exercise (B=-0.140, p<0.05) in the same age
group. For the middle and eldest age groups,
BMI (B=-0.029, p<0.01 for the middle age
group and P=-0.126, p<0.01 for the eldest age
group) was inversely correlated with baPWV.

6. Comparison of BMI among participants with
lifestyle-related diseases

Figure 1 shows comparisons of BMI
among participants with hypertension,
diabetes mellitus and dyslipidemia according
to age groups. There was not any participant
with these three diseases in the youngest
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Table 3 Prevalence of lifestyle-related diseases

Males (n=660)

20~39 (years) 40~59 (years)

60 or over (years)

(n=103) (n=275) (n=282)
Hypertension R 2 (19 31 (11.3) (40.1)
Diabetes mellitus ~ ** 0 (0.0) 7 (25) 20 (71)
Dyslipidemia 0 (00) 12 ( 44) ( 50)

Females (n=1070)
20~39 (years) 40~59 (years) 60 or over (years)

(n=163) (n=380) (n=527)
Hypertension ld 0 (00) 52 (137) (46.9)
Diabetes mellitus ~ ** 0 (0.0) 2 (05) ( 4.6)
Dyslipidemia o 0 (00) 17 ( 45) (99)

Chi square test; ** p<0.01

61

Table 4 Association between baPWV and atherosclerosis-related items from the multiple regression analysis

Males (n=660)

20~39 (years)

40~59 (years)

60 or over (years)

Independent Dependent variable (n=103) (n=275) (n=282)
variable
B p p D B p

baPWV Cigarette consumption 0321 0019 * <0.0001 0.995 0.092 0.187
Smoking habit -0.217  0.151 -0012  0.859 -0.078 0.255
BMI -0.142 0.215 -0.040  0.469 -0206  <0.0001 **
Frequency of exercise 0.163  0.098 0.009 0.863 0.010 0.854
Glucose 0.054 0594 -0.051 0392 0.049 0412
Total cholesterol -0.080  0.506 0049 0374 -0.083 0.153
Triglyceride 0.003 0977 0.007 0915 0.111 0.059
HDL-cholesterol 0113 0303 0.037 0520 -0.006 0918

R’ 0.296 0417 0.340
Females (n=1070)
Independent . 20~39 (years) 40~59 (years) 60 or over
) Dependent variable (n=163) (n=380) (n=527)
variable
B p p p B p

baPWV Cigarette consumption 0.002 0982 0.035 0.612 -0.044 0513
Smoking habit -0.031 0.748 -0.003  0.966 -0.026 0.710
BMI -0.075 0.333 -0.129  0.005 ** -0.126 0.002 **
Frequency of exercise -0.140  0.028 * -0.008  0.837 -0.007 0.849
Glucose 0168 0.016 * 0.011 0815 0.049 0.279
Total cholesterol -0.087  0.286 0019 0.684 0.021 0.616
Triglyceride 0.228  0.005 ** -0.021  0.648 0.018 0.681
HDL-cholesterol 0113 0.201 -0032 0497 0.030 0494

R’ 0.449 0451 0.318

* p<0.05, ** p<0.01
B: standardized partial regression coefficient, R% coefficient of determination
BMI: Body Mass Index, baPWV: brachial ankle pulse wave velocity.

Adjustment items: age, systolic blood pressure, working hours, amount of alcohol consumption, atherosclerosis-
related diseases (hypertension, diabetes mellitus and dyslipidemia) and menopause (for women).

age group. In males, we did not detect any

differences in BMI between the middle age

group and the eldest age group. In females,
BMI of those with hypertension in the middle

age group was significantly higher than that

Discussion

in the eldest age group (p<0.05).

In males of the youngest age group, “number
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Males
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Fig 1 Body mass index according to hypertension, diabetes mellitus and dyslipidemia.

un-paired t-test * p<0.05

of cigarette smoked per day” had a significant
positive correlation with baPWV, suggesting
that an increasing number of cigarettes smoked
per day resulted in an elevated baPWV. In
previous studies, cigarette smoking has been
reported to affect the cardiovascular system
by increasing systolic blood pressure and heart
rate®?”, Continuous smoking has been reported
to cause progression of atherosclerosis®.
Furthermore, it has also been reported that
exposure to cigarette smoke at an early stage
of life may increase premature development
of atherosclerosis®™. The result of the current
study supported these previous results.
Furthermore, 68.9% of the young male subjects
who participated in the current study claimed
to be current smokers and there is therefore
an immediate need to develop countermeasures
against the smoking habit.

For both genders in the eldest group,
BMI was found to have a significant inverse
correlation with baPWV. Such results are few in

Y The possible reason is that a

previous studies
large proportion of subjects have atherosclerosis-
related diseases in this age group, and resulted in
a decreased body weight as well as ageing.

For females, the exercise frequency was found
to have a significant inverse correlation with
baPWYV in the youngest age group, indicating

that many of those who had an exercise habit

tended to have a low baPWYV, which is in
accord with previous studies™. It has also been
reported that regular exercise can reduce the
risk of atherosclerosis-associated cardiovascular
diseases, especially in females®. In addition,
the risk of cardiovascular diseases can also be
reduced by being physically active from a young
age” . Furthermore, the amount of daily physical
exercise and/or regular exercise were reported
to strengthen vascular functions®. Therefore,
regular physical exercise was suggested to have
preventive effects against atherosclerosis. In the
present study, 87% of the female residents in
Iwaki area who participated in the investigation
were found to have no exercise habit. Such
results suggested that regular exercise or
having an exercise habit are effective ways to
prevent atherosclerosis even among females,
especially when they are young.

For females in the youngest age group, the
serum glucose level and triglyceride level were
found to have significant positive correlations
with baPWV. According to previous studies,
metabolic risk factors of coronary heart disease
were stated as total cholesterol, triglyceride
and abnormal glucose tolerance®. It is one of
the most important points from the results of
the current study is that the management of
dyslipidemia and diabetes mellitus or obesity is
needed in the youngest generations.
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For the middle age group in both genders,
the results tended to show an average between
the youngest and eldest age groups.

The most important finding of the current
study was the significant associations between
lifestyle and baPWYV in the age group which
was previously considered to be too young
to have effects on atherosclerosis. In other
words, those who are below 40 years of age
with certain lifestyle are already at the risk of
atherosclerosis.

Another important point is that the association
between obesity and baPWV (atherosclerosis)
in the eldest age group demonstrated opposite
results from previous studies for both genders
(e, baPWV increased and BMI decreased as a
result of having lifestyle-related diseases as well
as aging).

The results obtained from the current study
reconfirmed the importance of improving and
maintaining a desirable lifestyle from a young
age. In addition, the relationship between
baPWV and obesity in the elderly should be
carefully analyzed during evaluation®.

There are some limitations in this study.
Firstly, self-completion questionnaire performed in
this study did not include therapeutic histories of
hypertension, diabetes mellitus and dyslipidemia.
Certain medications, such as angiotensin
converting enzyme inhibitors and statins, have
influence on progress of atherosclerosis. Secondly,
prevalence of hypertension, diabetes mellitus
and dyslipidemia was based on self-completion
questionnaire so that it could be different from
accurate histories of participants.
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