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Abstract

Objective: This study investigated a comparative analysis of ABSI (a body shape index), BMI (body mass index) and waist
circumference (WC) regarding their relationships with CVD (cardiovascular disease) risk factors in Korean middle-aged and older adults.
Materials and Methods: The raw data of the sixth KNHNES were utilized. Data of 2,464 respondents were extracted for analysis regarding
anthropometry, blood testing and blood pressure. Data were analyzed using SPSS software. Results: The study found that ABSI, BMl and
WC have significant relationships with blood lipid levels, blood pressure and fasting blood glucose in Korean middle-aged and older
adults. Specifically, WC was found to be significantly related with triglycerides, fasting blood glucose and HDL cholesterol. BMI and ABSI
were found to have a significant relationship with blood pressure. Therefore, this study showed that each anthropometric factor has
different effects on CVD risk factors in Korean middle-aged and older adults. Conclusion: Based on the study results, it was concluded
that healthcare professionals should not rely on a single anthropometric measurement in CVD risk management.
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INTRODUCTION

As the number-one cause of death worldwide,
cardiovascular disease (CVD), which includes diseases of the
heart and major arteries (e.g., myocardial infarction, stroke,
etc.), has a major impact on healthy life expectancy. The
World Health Organization (WHO) reported that in 2015,
approximately 17.7 million people, 31% of all deaths
worldwide, died of CVD and noted an expected further
increase in the mortality from CVD in the future'.

Risk factors for CVD include hypertension, smoking,
diabetes, physical inactivity, dyslipidemia and obesity?.
Among them, obesity is a major risk factor for both CVD and
other CVD risk factors>. Therefore, prevention of CVD must be
accompanied by obesity management, which is possible using
anthropometric measurements with health implications.

Anthropometric measurements commonly used in
healthcare include body mass index (BMI) and waist
circumference: (WC) is an indicator of the degree of obesity
estimated with height and weight and it is known to be
correlated with the risk of premature death as well as diseases
such as CVD* However, due to its limitation in indicating the
distribution of fat, some researchers have argued against
placing too much emphasis on BMIin relation to CVD. Rather,
abdominal fat poses a greater risk for CVD onset and
worsening than the simple ratio of height and weight>.

Waist circumference (WC) is an indicator of the visceral fat
of the abdomen that complements the limitation of BMI and
is closely related to diseases such as hypertension, diabetes,
hyperlipidemia and CVD®’. It has been found in large-scale
epidemiological studies that the distribution of body fat is
more closely associated with the prevalence and mortality of
CVD than BMIE. Cerhan et a/° also stressed the importance of
waist circumference, maintaining that an excessive waist
circumference (i.e., abdominal obesity) is likely to increase the
prevalence of CVD and the risk of premature death even when
BMI is within a normal range.

However, the point has also been raised that while
abdominal obesity clearly increases the risk of CVD, both
height and waist circumference needs to be considered for
accurate prediction. Addressing the limitations of predicting
CVD with BMI and WC, a body shape index (ABSI), a new
anthropometric measure, was developed by Krakauer and
Krakauer®.

In a large-scale study in the U.S., Krakauer and Krakauer?,
demonstrated that ABSI is a better predictor of risk of
premature death than BMI. The research findings that ABSI is
significantly associated with blood pressure also lend support
for the potential utility of ABSI as a predictor of CVD risk'®',
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However, it is premature to conclude that ABSI can be
universally applicable in the prediction and management of
CVD, since ABSI research is still in the early stage. A series of
studies pointed out the limitations of ABSI as a universal
indicator for healthcare. Cheung'?maintained that ABSIhad
a weaker association with incident hypertension than BMI'2,
In a study on the predictive power of ABSI of the risk for
metabolic syndrome and CVD, Haghighatdoost et a/
reported that ABSI was ineffective in predicting CVD'3. These
studies present evidence that has casts doubts on the
unrestricted wide use of ABSI as a health indicator for use in
CVD prediction. To address this issue, the objective utility of
ABSI needs to be evaluated through a comparison with
commonly available anthropometric measures.

The present study investigates the potential utility of ABSI
as an indicator of CVD risk and conducts a comparative
analysis of ABSI, BMI and WC regarding their effects in
predicting CVD risk factors in Korean middle-aged and older
adults.

MATERIALS AND METHODS

Data collection: This study used the 1styear subjects' data
of the Sixth Korea National Health and Nutrition Examination
Survey (2013-2015) conducted by Korea Centers for Disease
Control and Prevention. The 6th KNHANES (Korea National
Health and Nutrition Examination Survey) was conducted with
a legal basis-the National Health Promotion Act, Article 16, of
Korea-and approved by the Institutional Review Board of
Korea Centers for Disease Control and Prevention. The survey
consisted of a health questionnaire, health exam and nutrition
survey. The health questionnaire and health exam were
administered in mobile examination centers and the nutrition
survey was conducted in individual interviews. The survey
items of this study included subjects’ gender, age, height,
weight, BMI, waist circumference, blood lipids (total
cholesterol, triglyceride, HDL cholesteroland LDL cholesterol),
fasting blood glucose and blood pressure.

Study subject: The total number of survey participants in the
2013 KNHANES was 8,018 persons. To obtain the data for the
present study, the data of 3,012 men and women aged 50 and
older were initially selected. Then, after excluding 548
participants' data, which were deemed unreliable due to the
inclusion of missing values and outliers, 2,464 (1,064 men and
1,400 women) persons were selected as the final subjects. The
physical characteristics of the final subjects are shown in
Table 1.
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Measurement and analysis methods

BMI, waist circumference and ABSI: BMI| was calculated
using the equation, {weight(kg)/height(m)’ and WC (waist
circumference) was measured when participants were
exhaling with their feet 25-30 cm apart by aligning the
midpoint between the inferior margin of the last rib and the
highest points of the pelvis (iliac crest) with a tape measure'.
Finally, ABSI was calculated using the equation with height,
weight and waist circumference values shown below?:

wC

ABSI=———
BMI?®Height"?

Where:

ABSI = A body shape index
BMI = Body mass index
WC = Waist circumference

Blood pressure: Systolic and diastolic blood pressures were
measured by the nurses in charge of blood pressure
measurement in the survey implementation team of Korea
Centers for Disease Control and Prevention; the adjusted
blood pressure adjusting the error values induced by the
difference of height of the arm was also used'.

Blood test: Blood lipids (total cholesterol, triglycerides, HDL
cholesterol and LDL cholesterol) and fasting blood glucose
were measured using an automatic biochemical analyzer
(Hitachi, Japan).

Statistical analysis: The collected data were analyzed
using SPSS software (version 18.0 for Windows; SPSS Inc.,

Table 1: Physical characteristics of study subjects

Men (n = 1064) Women (n = 1400)
Height (cm) 167.08+6.05 153.99+5.99
Age (year) 62.86t8.64 62.44+8.79
Weight (kg) 66.97+9.69 58.00%8.61
BMI (kg m—2) 23.94+2.86 24.44+325
WC (cm) 84.71£837 81.41£9.13
ABSI 0.079+0.0035 0.0770%0.0053

ABSI: A body shape index, BMI: Body mass index and WC: Waist circumference
Mean=®SD

Chicago, IL). Descriptive statistics were obtained on
participants’ physical characteristics. The gender difference in
ABSI, BMI, WC and CVD risk factors was tested using an
analysis of variance and the effects of ABSI, BMI and WC in
predicting CVD risk factors were tested using a multiple
regression analysis'®. In all analyses, the statistical significant
level was set at 0.05.

RESULTS

Genderdifferencein CVDriskfactorsin Korean middle-aged
and older adults: The results on gender difference in CVD risk
factors in Korean middle-aged and older adults (Table 2)
showed statistically significant differences in all measures
except systolic blood pressure, total cholesterol, HDL
cholesterol, LDL cholesterol, triglycerides, fasting blood
glucose and diastolic blood pressure. Specifically, men showed
higher levels of triglycerides, fasting blood glucose and
diastolic blood pressure than women and women showed
higher total cholesterol, HDL cholesterol and LDL cholesterol
than men.

Effects of ABSI, BMI and WC on CVD risk factors in Korean
middle-aged and older adults

Effects of ABSI, BMland WCon blood cholesterol: The results
on the effects of ABSI, BMI and WC in predicting blood
cholesterol (total cholesterol, HDL cholesterol and LDL
cholesterol) as a CVD risk factor in Korean middle-aged and
older adults shown in Table 3. The regression model with the
three risk factors (BMI, ABSI and WC) for each gender was
statistically significant, suggesting overall significance of the
model fit. Specifically, although none of the three
independent variables was found to have a significant
relationship with total cholesterol, HDL cholesterol, or LDL
cholesterol in men, WC was found to have a significant
negative relationship with serum HDL cholesterol in women.

Effects of ABSI, BMI and WC on triglycerides and
fasting blood glucose: The results on the effects of ABS,
BMI and WC in predicting triglycerides and fasting blood
glucose as CVD risk factors in Korean middle-aged and

Table 2: Gender difference in CVD risk factors in Korean middle-aged and older adults

Male (Mean=*SD) Female (Mean=SD) F p
Total cholesterol (mg dL™") 185.03+35.16 200.84+37.23 114.431 0.000
HDL cholesterol (mg dL™") 44.380+10.54 48.410%+10.50 88.435 0.000
LDL cholesterol (mg dL~") 106.09+31.54 124.09+38.95 28.245 0.000
Triglycerides (mg dL™") 150.02+97.24 139.85+86.27 7.523 0.006
Fasting blood glucose (mg dL~") 106.38+22.38 102.16%+21.01 23.129 0.000
Systolic blood pressure (mmHg) 124.08+17.20 124.43+17.67 0.253 0.615
Diastolic blood pressure (mmHg) 76.940%+10.88 75.170%£10.12 17.415 0.000
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Table 3: Effects of ABSI, BMI and WC on total cholesterol, HDL cholesterol and LDL cholesterol

CVD risk factor
TC HDL cholesterol LDL cholesterol
Model B t p sr? B t t sr? B t p sr?
Male BMI -0.100 -0.761 0.447 -0.023 -0.033 -0.260 0.795 -0.008 -0.070 -0.239 0.811 -0.016
ABSI -0.113 -1.190 0.234 -0.037 0.130 1417 0.175 0.043 -0.058 -0.259 0.796 -0.018
WC 0.052 0.777 0.438 0.024 -0.126 -1.946 0.052 -0.060 0.020 0.142 0.887 0.010
Female BMI -0.106 -0.970 0.332 -0.026 -0.001 -0.011 0.991 0.000 -0.042 -0.160 0.873 -0.011
ABSI -0.107 -1.432 0.152 -0.038 -0.043 -0.585 0.559 -0.016 0.033 0.177 0.860 0.012
WC 0.039 0.642 0.521 0.017 -0.245* -4,083* 0.000* -0.109* -0.028 -0.197 0.844 -0.014

1:F=11.24, adjusted R =0.011
2:F =10.94, adjusted R2=0.010

1:F =26.18, adjusted R? = 0.066
2:F =24.37,adjusted R? = 0.048

1:F=10.02, adjusted R?=0.014
2:F =10.63, adjusted R?=0.015

*Statistically significant results, B: Regression coefficients, t: t-value, p: p-value, sr% Squared semiparital correlation coefficient

Table 4: Effects of ABSI, BMI and WC on triglycerides and fasting blood glucose

CVD risk factor
Triglycerides Fasting blood glucose
Model B t p sr? B t p sr?
Male BMI 0.019 0.149 0.882 0.005 -0.128 -0.997 0319 -0.031
ABSI -0.102 -1.105 0.269 -0.034 -0.045 -0.487 0.626 -0.015
wc 0.149*% 2.294% 0.022* 0.070* 0.295*% 4.513% 0.000* 0.137*
Female BMI 0.012 0.111 0911 0.003 0.076 0.718 0.473 0.019
ABSI -0.030 -0414 0.679 -0.011 0.028 0.386 0.700 0.019
wc 0.186* 3.093% 0.002* 0.082* 0.198* 3.331% 0.001* 0.089*

1:F=22.61, adjusted R? = 0.057
2:F =22.66, adjusted R? = 0.044

1:F = 1837, adjusted R? = 0.047
2:F =30.12, adjusted R* = 0.059

*Statistically significant results, B: Regression coefficients, t: t-value, p: p-value, sr% Squared semiparital correlation coefficient

Table 5: Effects of ABSI, BMI and WC on systolic and diastolic blood pressure

CVD risk factor

Systolic blood pressure

Diastolic blood pressure

Model B t p sr? B t p sr

Male BMI 0.434* 4.434% 0.001* 0.102* 0.105 0.834 0.404 0.026
ABSI 0.287* 3.287% 0.002* 0.094* -0.252* -2.757* 0.006* -0.084*
wC -0.043 -0.043 0.519 -0.020 -0.122 -1.888 0.059 -0.058

Female BMI 0.442*% 4131* 0.000* 0.110* 0.098 0.904 0.366 0.024
ABSI 0.243* 3.325* 0.001* 0.089* -0.072 -0.975 0.330 -0.026
WC -0.054 -0.897 0370 -0.024 -0.056 -0.913 0.361 -0.024

1:F=10.59, adjusted R = 0.026
2:F =20.22, adjusted R?= 0.040

1:F=30.21, adjusted R*?=0.078
2:F=17.87,adjusted R? =0.015

*Statistically significant results, B: Regression coefficients, t: t-value, p: p-value, sr% Squared semiparital correlation coefficient

older adults shown in Table 4. The regression model with
the three risk factors (BMI, ABSI and WC) for each gender
was statistically significant, suggesting overall significance
of the model fit. Specifically, WC was found to be
significantly related with triglycerides and fasting blood
glucose in Korean male and female middle-aged and older
adults.

Effects of ABSI, BMI and waist circumference on blood
pressure: The results on the effects of ABSI, BMI and WCin

predicting blood pressure (systolic and diastolic blood
pressure) as a CVD risk factorin Korean middle-aged and older
adults shown in Table 5. The regression model with the three
risk factors (BMI, ABSIand WC) for each gender was statistically
significant, suggesting overall significance of the model fit.
Specifically, BMI and ABSI were found to have a significant
positive relationship with systolic blood pressure in Korean
male and female middle-aged and older adults. ABSI was also
found to have a negative relationship with diastolic blood
pressure in men.
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DISCUSSION

CVD is one of the major causes of death worldwide. In
Korea, the prevalence of CVD has increased sharply in the last
three decades and CVD is one of the top three causes of
death". Thus, CVD has been a steady subject of research
among clinical researchers, sports scientists and public health
professionals.

The present study investigates the potential utility of ABSI
as an indicator of CVD risk and conducts a comparative
analysis of ABSI, BMI and WC regarding their effects in
predicting CVD risk factors in Korean middle-aged and older
adults. The study results showed that ABSI, BMI and WC
predicted blood lipid levels, blood pressure and fasting blood
glucose in Korean middle-aged and older adults. Specifically,
for both men and women, waist circumference significantly
predicted triglycerides and BMI and ABSI significantly
predicted blood pressure.

Abdominal obesity is closely associated with CVD and is
a major risk factor for chronic non-communicable diseases in
itself’®. In the present study, WC had a significant associated
with triglyceride and fasting blood glucose increment in
Korean middle-aged and older adults. It was also found to be
significantly related with HDL cholesterol reduction in women.
This demonstrates that waist circumference is a useful
indicator for managing blood lipid levels as a CVD risk factor.
This result is consistent with the finding by Yun et a/™ that
waist circumference is significantly associated with fasting
blood glucose, blood triglycerides and HDL cholesterol in the
elderly.Arimura et a/? also argued that serum HDL cholesterol
is unrelated to BMI but negatively related to waist
circumference in the middle-aged and older adults.

Known to improve cholesterol and reduce the risk for
CVD, HDL cholesterol tends to decrease with aging®'. The
prevalence of CVD caused by dyslipidemia, especially serum
HDL cholesterol reduction, further increases in women after
menopause as a result of aging?. Given the negative
association between abdominal obesity and HDL cholesterol,
increased abdominal obesity likely accelerates HDL cholesterol
reduction in women. Therefore, maintaining serum HDL
cholesterol within a normal range is likely an effective method
for maintaining cardiovascular health in the elderly, which is
supported by Savva et al’s claim that waist circumferenceisan
adequate predictor of HDL cholesterol?.This suggests that
middle-aged and older adults, who are required to manage
blood glucose and lipid levels for CVD prevention, need to
maintain a proper waist circumference.

Many epidemiological studies have listed BMI as another
indicator forgauging therisk for CVD. In the present study, the
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results indicated a positive association between BMI and
blood pressure. This finding is consistent with Chun et a/’s
report of a positive correlation between BMI and blood
pressure and Byun et al’s report that blood pressure was
higher when BMI was higher in older women2+2,

In particular, BMI has been found to have a significant
relationship with systolic blood pressure. Systolic blood
pressure in and of itself increases the risk of CVD.
Ettehad et al also found that a 10-mmHg decrease in systolic
blood pressure reduced the risk of major cardiovascular events
by 20% in major CVD patients and by 17, 27 and 28% in
patients with coronary artery disease, stroke and heart failure,
respectively?®. Moreover, given the marked elevation of
systolic blood pressure over age 50 and the high prevalence
of CVD in patients with geriatric hypertension?. BMI is
expected to be an effective measure in managing blood
pressure.

The present study showed that blood pressure is also
affected by ABSI in middle-aged and older adults. This result
is consistent with He and Chen'" report of ABSI as a predictor
of blood pressure, providing corroborative evidence for the
potential utility of ABSI as a predictor of CVD risk. The result
also supports the finding by Duncan et a/'° that ABSI has a
greater predictive power in explaining systolic and diastolic
blood pressure than BMI or WC. However, further examination
is warranted to conclude that ABSI is a better predictor of CVD
morbidity and mortality than BMI and WG, as Krakauer and
Krakauer argued®.

While ABSI cannot be dismissed as inadequate in
predicting the risk of CVD, it is also difficult to see it as a far
superior measure to existing measures (i.e., waist
circumference and BMI). Although this view is somewhat
contradictory to the study findings in support of the claim that
ABSI is a better indicator in myocardial infarction,
hypertension and premature death than existing measures,>%
the view has been presented in several previous studies as
well as the present study.

In an evaluation of ABSI as a predictor of the risks of CVD
and metabolic syndrome, Haghighatdoos et a/'* reported
weak associations between ABSI and the risk factors for the
diseases in Iranian adults. Fujita et a/?° also reported that ABSI
was not a better predictor of diabetes, hypertension and
dyslipidemia in Japanese adults, compared with BMI and WC.
Maessen et a/* found ABSI is not capable of identifying
cardiovascular health status, while traditional body indices like
BMI and WC are able to determine CVD risk. These reports
suggest that it is difficult to conclude that ABSI is clearly
superior to other measurement indicators in predicting CVD
risk. Given the conflicting findings on ABSI and the fact that
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chronic diseases such as CVD are caused by various factors,
ABSI research needs to incorporate different populations and
contexts.

This study also failed to consider the score ranges of
anthropometric indicators. Therefore, further research on the
effects of anthropometric indicator according to the
classification based on score ranges in predicting CVD risk is
needed to determine cut-off scores for CVD prevalence.

CONCLUSION

This study verified that ABSI, BMland WC have significant
relationships with blood lipid levels, blood pressure and
fasting blood glucose in Korean middle-aged and older
adults. Based on the study results, it is expected to inform
the efforts for managing CVD, a major cause of death
worldwide. However, each anthropometric factor showed
differences in regard to their impacts on the CVD risk factors.
Therefore healthcare professionals should not rely on a single
anthropometric measurement in CVD risk management.

SIGNIFICANCE STATEMENTS

This study discovers the ABSI, BMI and WC have
significant relationships with blood lipid levels, blood pressure
and fasting blood glucose in Korean middle-aged and older
adults. Particularly, the new significance of this research is an
applicability of ABSI, which has not been paid enough
attention, as an indicator of CVD risk. It is expected to inform
the fundamental data for management of CVD as a major
cause of death for the elderly in Korea.
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