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Background: Abdominal aortic calcification (AAC) is a marker of subclinical atherosclerotic disease and an independent
predictor of subsequent vascular morbidity and mortality. This study was conducted to investigate the association of AAC
with lifestyle and risk factors of cardiovascular disease.

Methods: The results of the abdominal computed tomography of 380 patients who visited Chungnam National University
Hospital for a health checkup from January 1, 2008 to December 31, 2009 were reviewed. A six-point scale was used
in grading the overall severity of the calcification in three areas of the abdominal aorta, including the area superior to
the renal artery, the upper-half area inferior to the renal artery, and the lower-half area inferior to the renal artery, in
addition to the common iliac artery. The association of the AAC severity with the age, lifestyle factors, and risk factors of
cardiovascular disease was analyzed via multiple linear regression analysis.

Results: In the male subjects, the age, presence of dyslipidemia and smoking were positively related to AAC, but exercising
was negatively related to AAC (total R® = 0.563). In the female subjects, the age and presence of diabetes mellitus,
hypertension, and dyslipidemia were positively related to AAC, but exercising was negatively related to AAC (total R® =
0.547).

Conclusion: AAC was related to both the male and female subjects’ age, presence of dyslipidemia, and exercising, to
smoking in the male subjects and to the presence of diabetes mellitus and hypertension in the female subjects.
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Once atherosclerosis develops, atheromatous plaque or
fibrous fatty plaque forms, narrowing the blood vessel lumen

and weakening the media. Consequently, ischemic heart disease,

Korean Journal of Family Medicine cerebrovascular disease or peripheral arterial disease is induced.””
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In most advanced atheroma cases, a partial or extensive calcium

. 34) . . . .
any medium, provided the original work is properly cited. disease.”™ According to the Multiple Risk Factor Intervention
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Trial,s) the risk factors of atherosclerosis include aging, the male
sex, family history, genomic abnormality, high cholesterol levels,
hypertension, smoking, diabetes, obesity, insufficient exercise,
stress, and drinking.

Since the representative change in the blood vessels due to
atherosclerosis has been known to be a form of calcification, many
studies on the association of calcification with clinical diseases
have been conducted. In particular, studies on the association
of calcification in the coronary artery and the aortic arch with
cardiovascular disease have been widely conducted. Iribarren et
al” measured the level of aortic calcification through a chest X-ray
and reported that the level is related to coronary artery disease
and ischemic heart disease. Oei et al.” measured the calcification
level of the coronary artery using electron beam computed
tomography (CT) and suggested that the level is associated with
body mass index (BMI), aging, the male sex, diabetes, smoking,
an increase in the total cholesterol level, and a low level of high
density lipoprotein (HDL). Studies on the relationship between
abdominal aortic calcification (AAC) and clinical symptoms
are being actively conducted. Wilson et al.¥ measured the
calcification level of the abdominal aorta using lumbar X-ray and
reported that the level was associated with the prevalence and
mortality rate of coronary artery and cerebrovascular diseases.
Sun and Ja.ngg) measured the calcification levels of the abdominal
aorta and the common iliac artery using multidetector row CT
and reported that the level was associated with hypertension,
diabetes, chronic kidney dysfunction, coronary artery disease,
and cerebrovascular disease. As described above, many studies on
the association of blood vessel calcification with a high cholesterol
level, hypertension, diabetes, and cardiovascular disease have
been conducted, but few studies exist on the association of
lifestyle habits such as smoking, drinking, exercise, and obesity. In
this study, the associations of AAC level with lifestyle and the risk

factors of cardiovascular disease were evaluated.

METHODS

1. Study Subjects
Of the 15,432 patients who visited the Health Promotion

Center of Chungnam National University Hospital in Daejon
between January 1, 2008 and December 31, 2009, 426 patients
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who underwent an abdominal CT scan for a health checkup or
who were advised to undergo an abdominal CT scan after they
completed an abdominal sonography were included first. Among
them, 46 patients whose drinking, smoking, and exercise data
were omitted were excluded. Finally 380 subjects (209 male
and 171 female) were selected and their medical records were

retrospectively reviewed.

2. Study Methods

1) Data collection

The basic data on subjects’ age, drinking amount per drinking
day, weekly drinking frequency, daily smoking amount (in packs),
total smoking period (in years), exercise time per session (in
minutes), weekly exercise frequency, presence of hypertension,
dyslipidemia, and diabetes were obtained through records on
a questionnaire in the health checkup, which the subjects were
asked to accomplish. Their body measurements such as their
waist measurements and BMI and the results of their blood tests
such as the levels of their fasting blood glucose, total cholesterol,
and triglycerides were obtained from their health checkup data.
Their weekly exercise time (in min/wk) was calculated using their
weekly exercise frequency and exercise time per session. In the
present study, diabetes was indicated if the subject was receiving
diabetes treatments or if his/her fasting blood glucose level was
126 mg/dL or higher.w) Hypertension was indicated if the subject
was receiving hypertension treatments, if his/her systolic blood
pressure was 140 mm Hg or higher or if his/her diastolic blood
pressure was 90 mm Hg or higher.“) Dyslipidemia was indicated
if the subject was receiving treatments for dyslipidemia, if his/
her total cholesterol level was 240 mg/dL or higher or if his/her
triglycerides level was 200 mg/dL or higher.m Abdominal obesity
was indicated if the waist measurement of a male subject was 90
cm or greater or that of a female subject, 85 cm or greater.m) Ifthe
BMI was 25 kg/m” or greater, the subject was acknowledged as

14
obese.'¥

2) Abdominal aortic calcification score measurement

To evaluate the calcification level of the abdominal aorta and
the common iliac artery, multidetector row CT (Brilliance 64;
Philips, Amsterdam, Netherlands) images were analyzed. The

calcification levels in three areas of the abdominal aorta, including
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the area superior to the renal artery, the upper-half area inferior
to the renal artery, and the lower-half area inferior to the renal
artery, in addition to the common iliac artery, were measured.
The calcification was estimated using the modified criteria
which was previously suggested for grading calcification levels:'?
grade 0 for cases without calcifications; grade 1 for cases with
one or two minimal non-contiguous calcifications without 50%
circumference involvement; grade 2 for cases with three or more
non-contiguous calcification lesions on less than 50% of the blood
vessel wall, or one lesion on 50% or more of the blood vessel wall;
grade 3 for cases with two or more non-contiguous calcification
lesions on 50% or more of the blood vessel wall; grade 4 for cases
with multiple lesions on 50% or more of the blood vessel wall
or with only one completely concentric calcification lesion; and
grade S for cases with multiple completely concentric calcification
lesions. The calcification grades were based on the calcification
index (CI) (0-5). Only one physician assessed the lesions to
avoid individual bias. The calcification level was expressed as the
total CI (0-20) in four lesions.

3. Statistical Analysis

For the gender comparisons of the AAC scores, obesity,
abdominal obesity, hypertension, diabetes, a high cholesterol
level, and smoking pack-years, an independent samples t-test and
chi-square test were used. To investigate the association of the
AAC score with age, BMI, waist circumference, weekly exercise
time, drinking amount, smoking pack-years, hypertension,
total cholesterol, triglycerides level, and fasting blood glucose
level, a Pearson correlation analysis and independent t-test were
conducted. The contribution of the general characteristics of
the subjects and cardiovascular disease to the AAC score was
investigated through a stepwise multiple linear regression analysis
by inputting the significant variables obtained from the Pearson
correlation analysis and the independent samples t-test as
independent variables and setting the AAC score as a dependent
variable. SPSS ver. 13.0 (SPSS Inc,, Chicago, IL, USA) was used
for the statistical analysis. Statistical significance was recognized

with a P-value of 0.0S or lower.
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RESULTS

1. General Characteristics of the Subjects

The female subjects were generally older than the male
subjects, and had fewer smoking pack-years and lower AAC
scores, but more male subjects had diabetes, obesity, and
dyslipidemia. More male subjects suffered from hypertension and
abdominal obesity than female subjects, but their difference was
not statistically significant. The weekly exercise time (+ SD) of
the male subjects was 102.1S (+ 97.08) minutes/week, and of the
female subjects, 123.25 (+ 123.83) minutes/week. The weekly
drinking amount (+ SD) of the male subjects was 6.11 (+ 10.70)
drinks/week, and of the female subjects, 4.94 (+ 13.09) drinks/

Table 1. Characteristics of the subjects

Variable Men Women P-value*
(n=209) (n=171)
Age (y) 54.59 +£9.61 56.90 +9.31 0.018
Exercise time (min/wk) 102.15+97.08 123.25+123.83 0.064
Smoking (packs-year) 15.28+19.86  4.20+10.14 <0.001
Smoking state <0.001
Current 67 (32.1) 19(11.1)
Former 48 (23.0) 12 (7.0)
Never 94 (45.0) 140 (81.9)
Drinks' (wk) 6.11+10.70 494 +13.09 0.351
Diabetes mellitus* 45 (21.5) 15 (8.8) <0.001
Hypertension® 100 (47.8) 73 (42.7) 0.315
Dyslipidemia' 87 (41.6) 48(28.1)  <0.001
Abdominal obesity” 90 (43.1) 60 (35.1) 0.114
Obesity** 121 (57.9) 79 (46.2) 0.023
AAC score 3.95+3.82 255+3.61 <0.001

Values are presented as mean + SD or number (%).

AAC score: abdominal aortic calcification score.

*By independent samples t-test or chi-square test. ‘One drink was
considered to be 14 g of alcohol. *Diabetes mellitus was defined as
fasting blood sugar level > 126 mg/dL or use of anti-diabetic
medication. *Hypertension was defined as systolic blood pressure
> 140 mm Hg or diastolic blood pressure > 90 mm Hg or use of
anti-hypertensive medication. ' Dyslipidemia was defined as total
cholesterol level > 240 mg/dL or triglyceride level > 200 mg/dL or
use of anti-dyslipidemia medication. ‘Abdominal obesity was
defined as waist circumference > 90 cm in men or 85 cm in
women. **Obesity was defined as body mass index > 25 kg/m”.
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week. There was no statistically significant difference in weekly
exercise time and weekly drinking amount between male and

female subjects (Table 1).

2. Univariate Analysis of the Association of the
Abdominal Aortic Calcification Scores with
the Subjects’ Characteristics
The male AAC scores were significantly positively correlated

with their age (r = 0.626, P < 0.001) and smoking pack-years (r

= 0.349, P < 0.001) and significantly negatively correlated (r =

—0.406, P < 0.001) with their weekly exercise time. The female

AAC scores were positively correlated only with their age (r =
0.679, P < 0.001) and also significantly negatively correlated with
their weekly exercise time (r = —0.391, P < 0.001). The male AAC
scores were significantly high in the presence of dyslipidemia (P
< 0.001), whereas the female AAC scores were significantly high
in the presence of abdominal obesity (P < 0.001), hypertension
(P < 0.001), diabetes (P < 0.001), and dyslipidemia (P < 0.001)
(Table2).

Table 2. Relationships between abdominal aortic calcification score and characteristics of the subjects

Abdominal aortic calcification score

Variable Men (n =209) Women (n=171)
rormean + SD P-value* ror mean + SD P-value*
Age (y) 0.626 <0.001 0.679 <0.001
Exercise time (min/wk) -0.406 <0.001 -0.391 <0.001
Drinks' (wk) -0.041 0.556 -0.143 0.062
Smoking (packs-year) 0.349 <0.001 -0.006 0.934
Obesity* 0.630 0.066
Yes 3.84 + 3.66 3.10+3.81
No 4.10+4.09 2.08+3.37
Abdominal obesity® 0.162 <0.001
Yes 4.37+3.84 3.88 £4.00
No 3.63 £3.80 1.83+£3.17
Hypertension' 0.161 <0.001
Yes 434+4.11 3.42+3.96
No 3.60 +£3.52 1.90+3.18
Diabetes" 0.233 <0.001
Yes 4.56 +3.68 5.60 +4.08
No 3.79+3.86 2.26+3.43
Dyslipidemia** <0.001 <0.001
Yes 5.92+4.19 4.27+4.47
No 2.55+2.81 1.88 +2.97

r: correlation coefficient.

*By Pearson correlation analysis or independent samples t-test. ‘One drink was considered to be 14 g of alcohol. ‘Obesity was defined as

body mass index > 25 kg/m’. *Abdominal obesity was defined as waist circumference > 90 cm in men or 85 cm in women. 'Hypertension

was defined as systolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg or use of anti-hypertensive medication.

Diabetes mellitus was defined as fasting blood sugar level > 126 mg/dL or use of anti-diabetic medication. **Dyslipidemia was defined as

total cholesterol level > 240 mg/dL or triglyceride level > 200 mg/dL or use of anti-dyslipidemia medication.
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3. Explanatory Power of the Variables That
Affected the Abdominal Aortic Calcification
Score
To investigate the explanatory power (R®) of the variables

that affected the AAC score, the significant variables (male: age,

weekly exercise time, smoking pack-years, and dyslipidemia;
and female: age, weekly exercise time, abdominal obesity,
hypertension, diabetes, and dyslipidemia) obtained from the
univariate analysis were set as independent variables, and the
AAC score was set as the dependent variable, in a stepwise
multiple linear regression analysis. The age showed the greatest
explanatory power of 39.2% to the male AAC scores, followed by
ahigh cholesterol level (10.1%), weekly exercise time (5.1%), and
smoking pack-years (1.9%). The total explanatory power of these
variables in male subjects was 56.3%. In female subjects, their age
showed the greatest explanatory power of 46.1% to their AAC
scores, followed by their weekly exercise time (2.6%), diabetes

(2.2%), hypertension (2.3%), and high cholesterol level (1.5%).

The total explanatory power of these variables in female subjects

was 54.7% (Table 3).

DISCUSSION

The present study investigated the association of the AAC
score with lifestyle factors such as exercise, obesity, smoking
and drinking, general subject characteristics, and the risk factors
of cardiovascular disease. Both in the male and female subject
groups, the age, dyslipidemia, and weekly exercise time showed
an association with the AAC score. In addition, an association
of the AAC score with smoking amount was confirmed in the
male subjects, and with diabetes and hypertension, in the female
subjects.

The association of blood vessel calcification with age shown
in the current study was consistent with the results of previous
studies.”'® As with the results of such studies, AAC was most
associated with age in the middle-age group. Also the finding that
dyslipidemia was related to the AAC score in the present study
correspond well with that of the study of Allison et al,,'” and
support earlier studies which reported that dyslipidemia-induced
atherosclerosis causes blood vessel calcification."”

According to Blair et al.,lg) exercise could reduce the risk of
cardiovascular disease. Also, in our study, a negative correlation

between the AAC score and weekly exercise time was suggested.

Table 3. Multiple linear regression analysis of characteristics of subjects on the abdominal aortic calcification score

Variable B SE R’ R® change P-value

Men

Age (y) 0.192 0.020 0.392 0.392 <0.001

Dyslipidemia* 2.088 0.375 0.493 0.101 <0.001

Exercise time (min/wk) -0.009 0.002 0.544 0.051 <0.001

Smoking (packs-year) 0.028 0.009 0.563 0.019 0.003
Women

Age (y) 0.215 0.022 0.461 0.461 <0.001

Exercise time (min/wk) -0.005 0.002 0.487 0.026 0.005

Diabetes mellitus' 1.817 0.679 0.509 0.022 0.008

Hypertension* 1.062 0.385 0.532 0.023 0.006

Dyslipidemia* 0.999 0.434 0.547 0.015 0.002

B: unstandardized regression coefficient, R*: explanatory power of variables on abdominal aortic calcification score, R* change:

explanatory power of a single variable on abdominal aortic calcification score.

*Dyslipidemia was defined as total cholesterol level > 240 mg/dL or triglyceride level > 200 mg/dL or use of anti-dyslipidemia medication.

"Diabetes mellitus was defined as fasting blood sugar level > 126 mg/dL or use of anti-diabetic medication. "Hypertension was defined as

systolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg or use of anti-hypertensive medication.
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Exercise has been known to increase the HDL level, decrease
low density lipoprotein (LDL) level, reduce triglycerides level,
and inhibit the hazardous effects of catecholamine in the cardiac
muscle."” To our knowledge, no previous studies exist on the
association between exercise and AAC. However, considering
the merits of exercise, its negative correlation with the AAC score
seems to be something that can be taken for granted.

In smokers, cardiovascular disease has been known to
develop four times more often than in non-smokers, and the risk
of coronary artery disease is three times higher.”” In this study,
however, the smoking amount in the female group did not show
a positive correlation with the AAC score. According to the study
of Jee et al.”” the smoking rates of Koreans are as follows: in
males, 23.0% are former smokers and 56.9% are current smokers;
and in females, 2.5% are former smokers and 5.4% are current
smokers. Also, in the present study, the smoking rates of females
(7.0% former smokers and 11.1% current smokers) are very low
as compared to the rates of males (23.0% former smokers and
32.0% current smokers). These findings mean that the smoking
rates in the female subjects were too low to show any association
between smoking amounts with their AAC score. However, the
results of our study seems to be similar to those of a previous
study which reported that, among Chinese people who had a
low smoking rate, smoking was not associated with AAC, unlike
in other ethnic groups.lé) The findings of the present study that
the male smoking amount was associated with the AAC score
corresponds well with that of earlier studies.”'**”)

According to this study, diabetes and hypertension in female
subjects were associated with their AAC scores. These results
are consistent with those of previous studies.”'**** In the male
subjects, however, no such association was observed. It may be a
result of the measurement deviations: diabetes and hypertension
were defined in this study through only one blood test and blood
pressure measurement, or based on histories of the diseases. In
addition, 21.5% of male subjects were recognized as diabetic
and 47.8%, as hypertensive, which is higher than average among
Korean males. In previous studies, diabetes was associated with
AAC, and hypertension was associated with AAC when systolic
blood pressure was high.23) In the present study, the association
between AAC and systolic or diastolic blood pressure was not
analyzed in detail, so comparison of the current study with the

previous studies in this regard would be inappropriate.
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What, then, is the clinical implication of AAC? When
atherosclerosis occurs due to any cause, atheroma is formed
on the blood vessel wall and then detaches from it, blocking
the blood vessel, which results in the development of
cardiocerebrovascular disease. In the beginning, only atheroma
is formed; but with the passage of time, most of the atheroma is
calcified, and the calcified lesion can easily be detected with plain
radiography.24) Once abdominal aorta calcification develops,
extensive atherosclerosis is observed in other areas of the blood
vessels, as confirmed in many autopsy studies.”” Blood vessels
tend to be easily calcified if there is a large amount of fat mass
with poor fat-free mass, though the cause of such a phenomenon
is unknown.”* A study reported that a reduced lumbar bone
density is associated with calcified atherosclerosis,”” and another
study suggested that oxidized LDL cholesterol inhibits the
differentiation of osteoblasts and promotes the calcification of
smooth muscle cells in the blood vessels.”® These results support
the association of AAC with cardiovascular disease. According to
arecent meta-analysis, AAC increases the risk of all cardiovascular
disease by 1.6 times.”” These results also describe the clinical
implications of AAC.

The limitations of the present study are as follows. First,
this study is a cross-sectional study that suggests the association
of the AAC with lifestyle and the risk factors of cardiovascular
disease, but not their causal relationship. Second, the AAC scores
in the male and female groups differed, but this difference could
not be clarified due to the lack of history taking for menopause
or measurement for hormone level. A further study on female
hormone and blood vessel calcification may be needed. Third,
the subjects’ eating habits were not evaluated. Fourth, though
many studies have reported the association of AAC with
atherosclerosis,z}zg) the level of abdominal aortic atherosclerosis
was not directly measured in our study and instead, only the
AAC findings. Fifth, the exercise time investigated in the present
study was determined from the self-administered questionnaire,
without subcategories such as the exercise types and strengths.
Accordingly, it is difficult to know what and how the exercise
contributed to the AAC reduction.

Despite these limitations, our study is still meaningful because
it suggests that the AAC score, which is an independent risk factor
for cardiac and cerebrovascular diseases, was associated with age,

presence of dyslipidemia, and weekly exercise time in both the
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male and female groups, with the smoking amount in the male
group, and with the presence of diabetes and hypertension in the
female group.
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