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Background: The waist-to-height ratio (WHIR) is an easy and inexpensive adiposity index that reflects central obesity. In this
study, we examined the association of baseline WHIR and progression of coronary artery calcification (CAC) over 4 years of fol-
low-up in apparently healthy Korean men.

Methods: A total of 1,048 male participants (mean age, 40.9 years) in a health-screening program in Kangbuk Samsung Hospital,
Seoul, Korea who repeated a medical check-up in 2010 and 2014 were recruited. Baseline WH{R was calculated using the value for
the waist in 2010 divided by the value for height in 2010. The CAC score (CACS) of each subject was measured by multi-detector
computed tomography in both 2010 and 2014. Progression of CAC was defined as a CACS change over 4 years greater than 0.
Results: During the follow-up period, progression of CAC occurred in 278 subjects (26.5%). The subjects with CAC progression
had slightly higher but significant baseline WHtR compared to those who did not show CAC progression (0.51+0.04 vs.
0.50+0.04, P<0.01). The proportion of subjects with CAC progression significantly increased as the baseline WHtR increased
from the 1st quartile to 4th quartile groups (18.3%, 18.7%, 28.8%, and 34.2%; P<0.01). The risk for CAC progression was elevat-
ed with an odds ratio of 1.602 in the 4th quartile group of baseline WHtR even after adjustment for confounding variables (95%
confidence interval, 1.040 to 2.466).

Conclusion: Increased baseline WHIR was associated with increased risk for CAC progression. WHtR might be a useful screen-
ing tool to identify individuals at high risk for subclinical atherosclerosis.
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(BMI). However, BMI does not take body fat distribution into
account and it has limitations because fat distribution differs

INTRODUCTION
Abdominal obesity is a strong risk factor for the development  according to age, sex, and ethnicity [3]. Waist circumference

of diabetes and cardiovascular diseases (CVD) [1,2]. Various  (WC) and waist-hip ratio (WHR) have been used to discrimi-

anthropometric measures have been proposed to reflect adi-
posity, the most frequently used of which is body mass index

nate visceral adiposity from simple obesity. However, WC also
has limitations due to limited accounting for differences in
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height, which could lead to overestimation or underestimation
in extremely tall or short individuals. Moreover, the WHR
would mask the status of central obesity by an increase in hip
circumference, and would be affected by the measurement er-
rors of WC and hip circumference [4].

Waist-to-height ratio (WHtR) is an alternative measure-
ment for visceral fat. A systematic review published in 2010
concluded that WHtR might be advantageous because it
avoids the need for age-, sex-, and ethnicity-specific values [5].
The result of this systemic review found that a WHIR cutoft
value of >0.5 identified people with increased risk for CVD
and diabetes.

The coronary artery calcium score (CACS) is a marker for
atherosclerosis and reflects the total atherosclerotic plaque
burden at autopsy [6,7]. Previous studies have demonstrated a
significant correlation between CACS and the risk of future
CVD development and various metabolic diseases [8-11]. In
addition, large population-based cohort studies have reported
a significant concordance between coronary artery calcifica-
tion (CAC) prevalence and CVD risk strata assessed by the
Framingham risk score [12,13]. The use of CACS as a simple
and safe surrogate marker for subclinical atherosclerosis is in-
creasing.

In this study, we retrospectively examined the association of
WHIR with the progression of CAC over 4 years in apparently
healthy male participants in a health-screening program.

METHODS

Study subjects
This was a retrospective longitudinal study and a part of the
Kangbuk Samsung Health Study, which included participants
in a medical health check-up program at the Health Promotion
Center of Kangbuk Samsung Hospital, Sungkyunkwan Univer-
sity School of Medicine, Seoul, Korea. The purpose of medical
health checkup programs is to promote the health of employees
through regular health checkups and to enhance early detec-
tion of existing diseases. Most of the examinees are employees
and family members of various industrial companies from
around the country. The employers largely pay for the costs of
the medical examinations, and a considerable proportion of
examinees undergo examinations annually or biannually.

The initial study population was 2,663 subjects who partici-
pated in the medical checkup program between January 2010
and December 2010 and underwent CACS measurement at
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baseline, and repeated the medical checkup program and
CACS measurement between January 2014 and December
2014. Of these subjects, 1,477 subjects were excluded owing to
female gender (1=209), presence of self-reported history of
coronary artery disease (n=14), ischemic stroke (n=8), diabe-
tes (n=112), and missing data (n=1,277), resulting in 1,048
subjects for final analysis (Fig. 1). As 92.2% of the original
study participants were men, final analyses were performed
only in male participants.

The Institutional Review Board of Kangbuk Samsung Hos-
pital approved this study. The requirement for informed con-
sent was waived because we used unidentified data routinely
collected during the health screening process.

Anthropometric and laboratory measurements
Height and weight were measured twice and then averaged.
The WHtR was calculated as the WC (cm) divided by the
height (cm). The BMI was calculated by dividing the weight
(kg) by the square of the height (m). The WC was measured in
the standing position, at the middle point between the anteri-
or iliac crest and the lower border of the rib, by a single exam-
iner. Blood pressure was measured twice using a standardized
sphygmomanometer after 5 minutes of rest and then averaged.
All subjects were examined after an overnight fast. The
hexokinase method was used to determine the fasting glucose
concentrations (Hitachi Modular D2400; Roche, Tokyo, Ja-
pan). Fasting serum insulin concentrations were determined
by electrochemiluminescence immunoassay using a Hitachi

2,663 Participants in whom coronary artery calcium
score data were available in 2010 and 2014

1,615 Subjects were excluded

209 Women

14 Self-reported history of coronary

artery disease
< 8 Self-reported history of ischemic
stroke
112 Presence of diabetes
1,277 Missing data, mainly waist
circumference

1,048 Subjects included in the final analysis

Fig. 1. Selection of the participants.
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Modular E170 (Roche). An enzymatic calorimetric test was
used to measure the serum lipid profiles. Glycosylated hemo-
globin (HbAlc) was measured by an immunoturbidimetric
assay with a Cobra Integra 800 automatic analyzer (Roche Di-
agnostics, Basel, Switzerland) with a reference value of 4.4% to
6.4%. The methodology was aligned with the Diabetes Control
and Complications Trial and National Glycohemoglobin Stan-
dardization Program (NGSP) standards [14]. The intra-assay
coeflicient of variation (CV) was 2.3% and the interassay CV
was 2.4%, both within NGSP acceptable limits [15].

All subjects with a history of diabetes mellitus at baseline
were excluded from the study. The presence of diabetes melli-
tus was determined by only the self-questionnaires completed
by the participants, asking whether they had been diagnosed
as diabetic or not. A current smoker was defined by respond-
ing ‘yes’ to the question ‘Are you currently smoking?’

Measurement of CACS
Multi-detector computed tomography (MDCT) for coronary
calcium scoring was performed using a 64-slice, spiral com-
puted tomography scanner (GE Health Care, Tokyo, Japan)
with HEARTBEAT-CS software (Philips, Cleveland, OH,
USA). Sixty-four-slice MDCT was performed using the fol-
lowing parameters: 0.625 mm slice thickness, 120 kVP, 800 ef-
fective mAs, and a 400 msec rotational speed. The severity of
CAC was assessed by the Agatston score [16]. The total CACS
was defined as the sum of the individual scores for the four
major epicardial coronary arteries: left main, left anterior de-
scending, left circumflex, and right coronary. The technicians
who performed the MDCT were blinded to all patient infor-
mation, and CACS was automatically calculated using the
HEARTBEAT-CS software.

Progression of CACS over the 4-year period was defined as
any CACS increase over 4 years, as previously described in
other studies [17,18].

Statistical analysis
The data were analyzed using SPSS version 18.0 (SPSS Inc.,
Chicago, IL, USA). Comparisons of baseline characteristics
between those with or without CAC progression were ana-
lyzed using Student -test and the percentages and prevalences
were compared with the chi-square test.

The analyses for receiver operating characteristic (ROC)
curves were performed to compare area under the curve
(AUC) among baseline WHtR, BMI, and WC for the predic-
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tion of CAC progression.

Subjects were divided into four groups according to base-
line WHIR as follows: quartile 1, <0.471; quartile 2, 0.471 to
0.497; quartile 3, 0.498 to 0.527; quartile 4, >0.527. Multivari-
ate logistic regression analysis was used to estimate the odds
ratios (ORs) and 95% confidence intervals of CAC progres-
sion according to quartile groups of baseline WHtR after ad-
justing for potential confounders, including age, sex, blood
pressure, total cholesterol, and HbAlc. Statistical significance
was defined as a P<0.05.

RESULTS

The baseline characteristics of the participants are presented
in Table 1. The mean age was 41 years. The mean WHIR was
0.50 and the mean HbAlc was 5.68%. The proportion of the
participants who had CAC at baseline was 20.5%, and 26.5%
of the participants had CAC progression after 4 years.

When the study parameters were compared between those
with and without CAC progression, the subjects who had

Table 1. Baseline characteristics of the participants (n=1,048)

Variable Value
Age, yr 40.9£5.8
Height, cm 173.0£5.7
Body weight, kg 75.1£10.3
Waist circumference, cm 86.5+7.5
Body mass index, kg/m’ 25.1+3.0
Waist-to-height ratio 0.50+0.04
Systolic blood pressure, mm Hg 119.1+11.6
Diastolic blood pressure, mm Hg 77.3+8.7
Fasting blood glucose, mg/dL 94.0+10.5
Total cholesterol, mg/dL 210.4+36.4
Triglyceride, mg/dL 149.1£95.9
High density lipoprotein cholesterol, mg/dL 50.4+11.4
Low density lipoprotein cholesterol, mg/dL 133.7£32.7
Glycosylated hemoglobin, % 5.68+0.3
Fasting insulin, IU/L 6.3+3.8
Current smoking 284 (27.1)
Proportion of subjects with CACS >0in 2010 215 (20.5)
Proportion of subjects with CAC progression in 2014 278 (26.5)

Values are presented as mean + standard deviation or number (%).
CACS, coronary artery calcium score; CAC, coronary artery calcifi-
cation.
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Table 2. Comparison of the baseline parameters between the
groups with and without coronary artery calcification progres-
sion after 4 years (n=1,048)

No progression Progression

Variable (n=770) (n=278) Pvalue
Age, yr 40.0£5.7 43.6+5.2 <0.01
Height, cm 173.3£5.7 172.1£5.7 <0.01
Body weight, kg 746+10.0  767+109 <0.01
Waist circumference, cm 85.9+7.3 88.0+7.7  <0.01
Body mass index, kg/m’ 24.8+2.9 25.9+32  <0.01
Waist-to-height ratio 0.50£0.04 0.51£0.04 <0.01
SBP, mm Hg 118.6+11.4 120.5£12.1 <0.01
DBP, mm Hg 76.8+8.4 78.7£9.2 <0.01
FBG, mg/dL 93.2+9.1 96.2+13.3 <0.01
Total cholesterol, mg/dL 207.6+36.3 218.4435.6 <0.01
Triglyceride, mg/dL 144.2+97.1 162.7+91.4 <0.01
HDL-C, mg/dL 51.1+£11.7 48.7£10.6 <0.01
LDL-C, mg/dL 129.8+32.2 140.6+32.7 <0.01
HbAlc, % 5.64+0.3 5.77+0.4 <0.01
Fasting insulin, IU/L 6.0+3.5 6.9+4.5 <0.01
Current smoker 202 (26.2) 82 (29.5) 0.225

Values are presented as mean +standard deviation or number (%).
SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fast-
ing blood glucose; HDL-C, high density lipoprotein cholesterol;
LDL-C, low density lipoprotein cholesterol; HbAlc, glycosylated he-
moglobin.

CAC progression were 3 years older than those without CAC
progression (Table 2). The subjects who had CAC progression
were more obese than those who did not. The baseline fasting
blood glucose level was higher in the subjects who had CAC
progression compared to those who did not have CAC pro-
gression. A larger proportion of subjects in the CAC progres-
sion group smoked, although the difference was statistically
insignificant. All the lipid profiles were worse in the CAC pro-
gression group compared to those without CAC progression.
The mean WHI(R was higher in subjects with CAC progression
(0.51 vs. 0.50, P<0.01).

When the subjects were divided into four groups according
to baseline WHIR quartiles, the proportion of subjects who had
CAC progression after 4 years significantly increased as the
WHIR quartiles increased from the 1st to 4th quartiles (18.3%,
18.7%, 28.8%, and 34.2%, P<0.01 for the linear trend) (Fig. 2).

When the AUC for the prediction of CAC progression was
calculated with ROC curve analyses among WHtR, BMI, and
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P<0.01 by one-way ANOVA test
30 |
20

15
10 +
5 L
0

<0471 0.471-0.497 0.498-0.527  >0.527
Waist-height ratio

Proportion of subjects with CACS progression (%)

Fig. 2. Comparison of the proportion of subjects with coro-
nary artery calcium score (CACS) progression in groups di-
vided according to quartile groups of baseline waist-to-height
ratio. ANOVA, analysis of variance.

Table 3. Odds ratio for progression of coronary artery calcifi-
cation according to quartiles of baseline waist-height ratio in 4
years of follow-up

Model 1° Model 2° Model 3¢
Quartile 14 1.000 1.000 1.000
Quartile 2¢ 1.024 0.925 0.881
(0.666-1.576)  (0.593-1.442)  (0.562-1.380)
Quartile 3f 1.819 1.503 1.313
(1215-2.722)  (0.988-2.288)  (0.855-2.016)
Quartile 48 2.354 2.097 1.602

(1.584-3.498)  (1.392-3.159)  (1.040-2.466)

*Model 1: Crude odds ratio, "Model 2: Adjusted for age, ‘Model 3:
Adjusted for age, smoking, systolic blood pressure, total cholesterol
and glycosylated hemoglobin, *Quartile 1: <0.471, “Quartile 2: 0.471~
0.497, 'Quartile 3: 0.498-0.527, ¢Quartile 4: >0.527.

WC, WHtR was the highest among the three obesity parame-
ters (0.605 vs. 0.596 for BMI, 0.578 for WC).

When the ORs for CAC progression after 4 years were ana-
lyzed according to baseline WHtR quartile groups after adjust-
ment for confounding variables, the subjects in the 4th quar-
tile of WHIR showed the highest OR for CAC progression, of
1.602, even after adjustment for confounding variables, such
as age, smoking, blood pressure, total cholesterol level and
HbA1c (95% confidence interval, 1.040 to 2.466) (Table 3).

57



Oh HG, et al.

dmj

DISCUSSION

This study is the first analysis in the literature of the associa-
tion of CAC progression with WHtR in apparently healthy
Korean men over 4 years of follow-up. A higher proportion of
the subjects with high baseline WHtR had CAC progression
over 4 years. In addition, the subjects with CAC progression
had higher mean baseline WHtR compared to those without
CAC progression. Among the three obesity parameters
WHIR, BMI, and WC, WH{R showed the highest AUC for the
prediction of CAC progression. In logistic regression analysis,
the subjects in the highest quartile of baseline WHtR had sig-
nificantly increased OR for CAC progression over 4 years
compared to those in the lowest WHtR quartile. This is the
first study in the literature that analyzed the association of
WHItR with CAC progression.

Among the various indices of adiposity, the most widely
recognized index is BMI, which was first used by the World
Health Organization [19]. However, BMI is limited in that
even though it is correlated with total body fat, it does not re-
flect body fat distribution. Moreover, BMI cannot distinguish
between a person with excess fat and a person with high mus-
cle mass; therefore, they have the same cardiovascular risk
based on BMI alone [20]. Indices such as WC and WHR,
which reflect central obesity, have gained popularity due to the
limitations of BMI for assessing relative visceral fat distribu-
tion [5,21]. In a study performed in Koreans, the Healthy Twin
Study, WC, WHtR, and BMI showed better predictability for
metabolic risks over direct body fat measures [22]. In addi-
tion, several studies have reported that individuals with the
same WC but different heights are unlikely to have the same
cardiometabolic risks [23]. Several researchers independently
proposed the WHIR as another candidate for the accurate in-
dex for the detection of central obesity, correcting the WC for
the height of the individual [24-28]. WHtR correlated well
with abdominal fat measured with imaging techniques [27,
29]. As WHItR is a corrected value within an individual, it has
an advantage of the possibility that a single cutoff value could
be used for screening in different ethnic groups, while WC re-
quires population-specific boundary values [19,30,31].

In this study, we determined that subjects with a high base-
line WHtR had a significantly increased risk for CAC progres-
sion over 4 years of follow-up. In addition, the subjects who
had CAC progression had significantly higher mean baseline
WHIR values compared to those who did not (0.51 vs. 0.50).
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There are several previously published studies of the associa-
tion of WHtR with subclinical atherosclerosis. In a cross-sec-
tional study performed in 305 individuals, WHtR and WC
correlated better than BMI with arterial stiffness measured by
pulsed wave velocity and with subclinical atherosclerosis mea-
sured by carotid intima-media thickness (C-IMT) [32]. In an-
other cross-sectional study performed in 562 middle-aged
participants in rural Bangladesh, WHR and WHIR appeared
to be better predictors of early atherosclerosis assessed by C-
IMT than other surrogates of adiposity [33]. In a systemic re-
view that analyzed the role of WHIR as a screening tool for the
prediction of CVD and diabetes, WHtR and WC were signifi-
cant predictors for CVD and diabetes more often than BMI
[5]. That study also suggested that a WHIR cutoft of 0.5 could
be a suitable global boundary value in both men and women.
Although many studies have analyzed the association of base-
line WHIR with future CVD events in a prospective manner,
the role of WHIR as a predictor for the progression of subclin-
ical atherosclerosis assessed by CAC not determined in a
cross-sectional study has not previously been published. Our
study is the first that reports the possibility of WHIR as a pre-
dictor for CAC progression in a longitudinal analysis.

Our study has various limitations. First, we only analyzed
the association between WHItR and CAC progression, but not
CVD events. Therefore, we cannot establish any definite
cause-effect relationship from the results of our study. Second,
we defined CAC progression as any increase in the absolute
CACS over 4 years, as previously described in other studies
[17,18]. Previous studies of CAC progression used various
methods to minimize the interscan variability, such as the cal-
culation of percentage change or square root transformation
of CACS (SQRT method) [34,35]. However, there is no cur-
rent standardization of how progression should be assessed
and exactly what meaningful “progression” constitutes [36].
More studies should be performed to define the optimal
method to assess CAC progression. Third, more specific data
on personal history of medications, such as lipid-lowering
agents or anti-platelet agents, were not available. However,
there is no evidence that CAC progression could be prevented
or reversed with a single therapeutic intervention, including
statins [37,38]. Furthermore, there could be limitations in the
presumption of WHIR as the correct method to accurately re-
flect central adiposity. Despite these limitations, as the popula-
tion of our study was composed of relatively young and appar-
ently healthy subjects from a health screening program, the
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results of our study could be meaningful in that WHtR could
predict CAC progression even in a low risk population. In ad-
dition, our study has strength as the first study performed re-
garding the role of WHIR as the predictor for progression of
subclinical atherosclerosis assessed by CACS in apparently
healthy Korean men.

In conclusion, male subjects with high baseline WHtR had
a higher risk for CAC progression over 4 years in this retro-
spective study. In addition, the men who had CAC progres-
sion had higher mean baseline WHtR compared to those
without CAC progression, suggesting that WHtR could be a
surrogate marker for the prediction of progression of subclini-
cal atherosclerosis in this relatively young Korean male popu-
lation without underlying CVD. Further studies are warranted
in different ethnic and age groups to clarify the precise role of
WHIR as a global adiposity index that has significant predic-
tive power for metabolic diseases and CVD.
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