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INTRODUCTION

Bone mineral density (BMD) has been suggested to be associated with atherosclerosis. In
the present study, we evaluated the association between lumbar BMD and the segments of
carotid intima-media thickness (CIMT), a surrogate marker of subclinical atherosclerosis, in
Korean adults, with consideration of sex and menopause status. Among 1,679 Korean
adults who enrolled in a Healthy Twin Study, 723 men, 690 premenopausal women, and
266 postmenopausal women measured the CIMT at the common carotid artery intima-
media thickness (CCA-IMT), carotid bifurcation intima-media thickness (BIF-IMT), internal
carotid artery intima-media thickness (ICA-IMT) using B-mode ultrasound and lumbar
BMD using dual-energy X-ray absorptiometry. The composite CIMT was calculated as the
mean value of three CIMTs. The association was evaluated using linear mixed models. In
premenopausal women, lumbar BMD was positively associated with composite CIMT and
with CCA-IMT (P = 0.008 and 0.002, respectively). However, no association was observed
between BMD and CIMT in men or in postmenopausal women. Stratified analysis revealed
the effect of body mass index (BMI) on the association between BMD and CIME. The
positive association in premenopausal women persisted only in low BMI (< 25 kg/m?)
group, whereas a positive association appeared at high BMI (= 25 kg/m?) group in men.

A high lumbar BMD may indicate an elevated risk of subclinical atherosclerosis in
premenopausal women and men with high BMI.
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vitamin D receptor polymorphisms (8,9).
The association between BMD and carotid intima-media thick-

Low bone mineral density (BMD) and atherosclerosis are de-
generative changes commonly accompanying aging. Low BMD
increases the risk of osteoporotic fracture for the elderly, which
results in functional decline and increased mortality (1,2). Ath-
erosclerosis occurs in the subendothelial space (i.e., the intima)
of medium-sized arteries and is triggered by mechanotransduc-
tion and inflammatory processes in endothelial cells (3).

A growing body of evidence indicates that BMD is associated
with atherosclerosis. This association has been proposed to be
explained by a number of biological mechanisms including sim-
ilar processes of bone and vascular mineralization (4), osteo-
blastic differentiation by lipid oxidation (5), and shared risk fac-
tors including lifestyle factors (6), estrogen deficiency (7), and
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ness (CIMT) as a surrogate marker of subclinical atherosclero-
sis has been evaluated in many studies (8,10-16). However, these
studies have yielded inconsistent findings. Some studies found
an inverse association (10,13), whereas others found a positive
(12) or no association (11,14,16).

We thought that the association between BMD and CIMT
may differ according to sex or menopausal status because the
prevalence of atherosclerotic vascular disease and the distribu-
tion of BMD tend to differ according to these factors (17,18). In
addition, the identification of segment-specific associations be-
tween intima-media thickness (IMT) and cardiovascular dis-
ease (19,20) suggests that the association between BMD and
CIMT may vary according to carotid artery segment.
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To resolve these discrepancies, we evaluated the association
between BMD and segment-specific CIMT according to sex and
menopausal status with adjustment for a wide range of cardio-
vascular risk factors.

MATERIALS AND METHODS

Subjects and study design

The study subjects consisted of 1,820 individuals (754 men, 734
premenopausal women, and 332 postmenopausal women) aged
18 to 83 years old. All subjects had undergone B-mode ultra-
sound for CIMT measurement, in addition to dual-energy X-
ray absorptiometry for BMD measurement of the lumbar spine,
between April 2009 and February 2012. All examinations took
place at the same institution.

The study subjects were the participants in the Healthy Twin
Study, a nationwide population-based cohort study that has
been conducted as part of the Korean Genome Epidemiology
Study since 2005. The participants are composed of twins and
their first-degree family members who were voluntarily recruit-
ed through a nationwide media advertisement and mailing cam-
paign. Details about the study design and methodology of the
Healthy Twin Study have been previously published (21,22).

Subjects with missing data (29 cases) and who had received
osteoporosis treatment (51 cases) were excluded. In addition,
subjects with a history of stroke (3 cases), myocardial infarction
(21 cases), or cancer (37 cases) were also excluded. Finally, 1,679
subjects (723 men, 690 premenopausal women, and 266 post-
menopausal women) were analyzed.

CIMT measurements

CIMT measurements were performed according to standard-
ized protocols. Briefly, the CIMT was measured during the end-
diastolic phase between the P and Q waves from the electrocar-
diogram trace using an automated IMT package using an auto-
mated IMT package of a high-resolution B-mode ultrasound
machine (VIVID; General Electric, Horten, Norway) and an EKO
7 system (Samsung Medison Co., Ltd., Cypress, CA, USA) equip-
ped with a seven-MHz linear transducer. CIMT scanning was
performed on the far walls of the following three segments: 10-
20 mm proximal to the tip of the flow divider into the common
carotid artery (CCA), the carotid bifurcation (BIF) beginning at
the tip of the flow divider and extending 10 mm proximal to the
flow divider tip, and the proximal 10 mm of the internal carotid
artery (ICA). The composite CIMT was calculated as the mean
value of the three carotid artery segment CIMTs from both sides.
Since two different machines (Vivid, General Electric; and EKO
7, Samsung Medison, Co., Ltd.) were used for CIMT measure-
ment, reproducibility of the IMT measurement was assessed in
14 randomly chosen subjects. The intra-class correlation coeffi-
cients between the repeatedly measured IMT were 0.93, 0.86,
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and 0.90 for CCA, BIE and ICA, respectively.

Measurements of BMD and covariates

Area (cm?), bone mineral concentration (g) of the lumbar spine,
and lean mass (g) were measured using whole body dual-ener-
gy X-ray absorptiometry on a Delphi W system (Hologic, Bos-
ton, MA, USA). All measurements were recorded by a well-trained
technician. For measurements of lumbar BMD, the lumbar spine
region was defined superiorly by the transverse line between
the twelfth thoracic vertebra (T12) and the first lumbar vertebra
(L1). The lumbar spine region was defined inferiorly by the hor-
izontal line at the iliac crest. Calibration of the dual-energy X-
ray absorptiometer was conducted using a phantom according
to standard quality control procedures recommended by the
manufacturer. All coefficients of variation for the BMD measure-
ments were < 1.0% for the machine. Lumbar BMD was calcu-
lated by dividing the bone mineral concentration by the area of
the lumbar spine region.

Blood pressure was measured manually using a standardized
mercury sphygmomanometer. Weight (kg) and height (cm) were
measured using standardized scales and stadiometers while
wearing light clothing. Body mass index (BMI) was calculated
as body weight divided by height squared (kg/m?). All physical
measurements were taken twice and analyses were performed
on average values. After overnight fasting (> 12 hours), serum
glucose and lipid levels were measured. All biochemical analy-
ses were conducted in one central laboratory that is accredited
by the Korea Association of Quality Assurance for Clinical Lab-
oratory.

Demographic characteristics, smoking status, physical exer-
cise habits, and medical histories of hypertension and diabetes
were obtained using a self-administered standardized question-
naire. Incomplete or ambiguous responses were clarified in face-
to-face interviews. Postmenopausal status was defined as hav-
ing no menstrual periods for the preceding year and fulfilling at
least one of the following conditions: natural menopause, use
of estrogen replacement therapy, or 55 years of age or older. Study
subjects were categorized into two groups (never smoker and
ever smoker) according to smoking status. If the study subject
reported performing physical exercise at least once a week, the
subject was considered to be involved in regular physical exer-
cise. Hypertension was defined as current treatment with anti-
hypertensive medication or blood pressure exceeding 140 (sys-
tolic) or 90 (diastolic) mmHg. Diabetes mellitus was defined as
current treatment with glucose-lowering medication, high se-
rum glucose (= 6.99 mM/L), or a high level of hemoglobin A1C
(26.5%).

Statistical analysis

We compared the characteristics of men, premenopausal wom-
en, and postmenopausal women using the ¢-test for continuous
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exercise status did not differ between men and postmenopaus-
al women. The prevalence of thyroid disease did not significant-
ly differ between premenopausal women and postmenopausal
women. Similarly, the level of thyroid-stimulating hormone
and the prevalence of lipid-lowering medication were not sig-
nificantly different between men and premenopausal women.
The study variable relationships for men, premenopausal wom-
en, and postmenopausal women with respect to composite CIMT
tertile distribution are shown in Table 1. In all three groups, sub-
jects with a higher composite CIMT tended to be older. With in-
creasing composite CIMT, the lumbar BMD gradually increased
in premenopausal women (P for trend = 0.026), whereas no
specific trend was observed in postmenopausal women or in
men. As the composite CIMT increased, height decreased in all
three groups, whereas BMI increased only in premenopausal
women. Moreovey, as the composite CIMT increased, total cho-
lesterol and LDL-cholesterol levels increased in both men and
premenopausal women, while the HDL-cholesterol level de-
creased in both men and postmenopausal women. The preva-
lence of hypertension gradually increased as composite CIMT

Table 2. Association* between CIMT and BMD at lumbar spine

increased in all three groups. The prevalence of diabetes increa-
sed as composite CIMT increased; however, this trend was ob-
served only in men. In premenopausal women, calcium sup-
plementation was more prevalent among women with higher
composite CIMT.

The relationship between lumbar BMD and CIMT is shown
in Table 2. After adjusting for age, positive associations were
observed between BMD and composite IMT and CCA-IMT in
men and between BMD and composite CIMT, CCA-IMT, and
ICA-IMT in premenopausal women. After adjusting for covari-
ates, this significant association persisted for composite CIMT
and CCA-IMT. Borderline significant associations were also ob-
served between lumbar BMD and BIF-IMT and between lum-
bar BMD and ICA-IMT in premenopausal women. However,
the association in men between CIMT and lumbar BMD did
not persist after this adjustment. In postmenopausal women,
no association was observed between CIMT and BMD. We re-
peated the multivariable adjusted analysis after stratifying male
subjects into two groups by the age cut-offlevel (> 50 years, < 50
years) and found no difference in the association between BMD

Men (n = 723) Premenopausal women (n = 690) Postmenopausal women (n = 266)
Variables Percent difference ol Percent difference - Percent difference -
(95% C) vaiie (95% C) vaie (95% C) vaiie
Age adjusted
Composite 12.0 (0.3-25.0) 0.0396 15.4 (5.3-26.6) 0.005 -3.1(-10.9-5.3) 0.704
Common carotid 13.3 (1.4-26.6) < 0.001 18.0 (7.9-29.1) 0.002 -0.8(-8.8-7.8) 0.991
Carotid bifurcation 12.6 (-29.7-31.2) 0.194 111 (-2.1-26.1) 0.084 -3.4(-14.5-9.1) 0.720
Internal carotid 8.3 (-44.1-24.3) 0.190 14.8 (2.1-29.0) < 0.001 -6.5(-16.5-4.7) 0.396
Multivariable adjusted?
Composite .7 (=3.9-25.2) 0.170 14.0 (6.1-25.7) 0.008 -2.2(-10.3-6.5) 0.614
Common carotid 3 (~5.6-24.1) 0.255 16.1 (5.7-27.6) 0.002 —1.4(=9.5-7.4) 0.751
Carotid bifurcation 10 7 (=7.7-32.9) 0.273 13.0 (-1.3-29.3) 0.071 -2.3(=13.9-10.9) 0.724
Internal carotid 6.6 (9.5 - 25.6) 0.443 11.9 (-1.2-26.7) 0.068 -5.5(-15.9-6.1) 0.200

CIMT = carotid intima-media thickness, BMD = bone mineral density, Cl = confidence interval, BMI = body mass index.

* coefficients (95% Cl) for log-transformed carotid intima media thickness per 1 g/cm? increase in BMD were assessed by linear mixed model. Then, percent difference of ca-
rotid intima media thickness was calculated by multiplying 100 to the value of (exponentiated B coefficient —1). In all analytic models, household and twin pair was adjusted as
the random effects; fIn the multivariable-adjusted model, age, height, BMI, hypertension, diabetes, thyroid stimulating hormone, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, triglyceride, lipid lowering medication, smoking habit, physical exercise, calcium supplement and estrogen replacement therapy (for postmenopausal
women) were additionally adjusted as fixed effects.

Table 3. Percent difference (95% Cl)* of CIMT according to BMIt

Men Premenopausal women Postmenopausal women

Sites of IMT ' P . P : P
measure Low BMI High BMI e Low BMI High BMI e Low BMI High BMI -

(n=361) (n=362) tion (n=536) (n=154) tion (n=141) (n=125) tion
Composite -9.6 (-25.6-9.9) 24.5 (5.2-47.5) 0.014 145 2.7-27.7 161 (-4.9-41.6) 0976 —4.2(-18.2-12.2) 3(-9.2-245) 0437
Common carotid 5.7 (-23.8-16.6)  24.1 (4.1-48.0) 0.062 13.5 (2.3-25.9) 30 0(-4.6-614) 0233 -1.4(-5.0-142) 4 (=10.7-21.9) 0.794
Carotid bifurcation ~ —14.7 (-34.6-11.3)  24.0 (-2.3-57.4) ~ 0.007 12.5 (=3.0-30.5) 1(-18.1-426) 0812 -85(-28.6-17.4) 13 5(-9.4-422) 0.246
Internal carotid -13.5 (-31.7-9.4) 12.0 (-9.0-37.7)  0.047 13.8 (-0.5-30.2) 15 5(-12.0-51.4) 0948 -15(-22.7-25.4) —0.8(-16.9-18.5) 0.986

Cl = confidence interval, CIMT = carotid intima-media thickness, BMI = body mass index.

*B coefficients (95% Cl) for log-transformed carotid intima media thickness per 1 g/cm? increase in lumbar BMD according to two BMI groups were assessed by linear mixed
model. Then, percent thickness difference of carotid intima media thickness was calculated by multiplying 100 to the value of (exponentiated /3 coefficient —1). In the model,
household and twin pair was adjusted as the random effects. Age, height, hypertension, diabetes, thyroid stimulating hormone, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol, triglyceride, lipid lowering medication, smoking habit, physical exercise, calcium replacement therapy and estrogen replacement therapy (for postmeno-
pausal women) were additionally adjusted as fixed effects; 'BMI was divided as two-group (< 25 or > 25 kg/m?); *P < 0.05.
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and CIMT depending on the age level in men (data not shown).

The findings from stratified analysis regarding the association
between lumbar BMD and CIMT according to the BMI level are
shown in Table 3. In premenopausal women, a positive associ-
ation was observed, while statistically significant positive asso-
ciation with BMD was confirmed only with composite CIMT
and CCA-IMT in low BMI women. In premenopausal women,
no significant association was observed between BMI and lum-
bar BMD. Lumbar BMD tended to be positively associated with
CIMT in men with high BMI, while an inverse but statistically
insignificant relationship was observed in men with low BMI.
The interaction between BMI and lumbar BMD on the associa-
tion with CIMT was statistically significant in men. In postmeno-
pausal women, no association between BMD and CIMT was
observed at any site, regardless of BMI level.

DISCUSSION

In this Korean study, we observed a positive association between
lumbar BMD and CIMT, although this association was restrict-
ed to premenopausal women and obese men, and mainly to
composite CIMT and CCA-IMT. The positive associations be-
tween lumbar BMD, composite CIMT, and CCA-IMT in preme-
nopausal women are consistent with the findings of a previous
study in Mexican American young women (mean age = 26.7
years) in which the BMDs at the hip, radius, and spine were found
to be positively associated with CCA-IMT (8). Cecelja et al. (12)
also observed positive associations between hip and lumbar
BMD and CIMT in British women (mean age 57.7 years, stan-
dard deviation 8.9 years). However, these associations were not
evaluated according to menopausal status in the British study.
Estrogen may play a role in the positive association between
BMD and atherosclerosis observed in premenopausal women,
given the biological relationships that have been described be-
tween BMD and CIMT. Specifically, both BMD and CIMT have
been shown to be regulated by estrogen receptor-alpha gene
polymorphisms (23,24); mitogen-activated protein (MAP) ki-
nase, a serine/threonine kinase that mediates tumor necrosis
factor-a signaling, and various interleukins that are associated
positively with CIMT have been shown to be regulated by estro-
gen (25,26); single nucleotide polymorphism variants of the es-
trogen receptor have been reported to be associated with CIMT
in Taiwanese women, but not in men (24); and the vitamin D
receptor polymorphism was reported to affect BMD by com-
bining the estrogen receptor polymorphism (27). These biologi-
cal mechanisms may underlie the association between BMD
and CIMT and strongly suggest that future studies on BMD and
atherosclerosis in women should consider menopausal status.
Estrogen levels are known to decrease after menopause, which
results in reduced estrogen-mediated protection against ath-
erosclerosis and osteoporosis in postmenopausal women (7).

74  http://jkms.org

Postmenopausal women also experience changes in their body
composition such as increased fat distribution and decreased
lean mass (28) that are associated with both BMD and athero-
sclerosis (29,30). Moreover, increasing calcium supplementation
during the menopausal period may accelerate vascular athero-
genesis (31). Therefore, an inverse association between BMD
and atherosclerosis seems plausible in postmenopausal wom-
en. Some studies found an inverse association between BMD
and CIMT (8,13,32). However, other studies in Morocco, the USA,
Finland, China, Japan, and Korea (including the present study)
did not find any association between lumbar BMD and CIMT,
or any other surrogate marker of atherosclerosis, in postmeno-
pausal women (10,11,14,16,20).

These discrepancies have a number of potential explanations.
Variation regarding the site of BMD measurement is one possi-
ble reason. In support of this explanation, one study found that
femur BMD was inversely associated with CIMT, whereas lum-
bar BMD was not (10). However, since even the findings regard-
ing the association of lumbar spine BMD with CIMT vary be-
tween studies (10,11,32), variation regarding the site of BMD
measurement cannot fully explain the discrepancies between
these studies. Second, different age distributions between stud-
ies may have resulted in these discrepancies. The age distribu-
tion of postmenopausal women in our study (mean age = 59.5
years) was somewhat younger than that in another study that
found an inverse association (mean age = 69.2 years) (8). How-
ever, another study of older women (mean age = 73.6 years) did
not find any association, which is consistent with our findings.
To clarify this issue, the association needs to be studied accord-
ing to age or time after menopause. Third, study-to-study varia-
tion of covariates such as osteoporosis treatment and hormonal
replacement therapy may also explain the different findings.
However, we did not observe any significant influence by co-
variates after adjustment in the present study. Forth, differences
in ethnicity/race might be another reason (13,20). Finally, the
association between BMD and CIMT might not be shown dis-
tinctly due to the effect modification by other factors such as
BMI level on the association. In our study, stratified analysis by
BMD level in postmenopausal women has revealed that BMD
may be associated with CIMT inversely in lower BMI group but
positively in higher BMI group. Although the estimates lacked
statistical significance, this finding seems compatible with the
findings observed in men. In our study the sample size of post-
menopausal women may not be enough to do a subgroup anal-
ysis to examine the effect modifying role of BMI. We think fur-
ther study with larger sample size of postmenopausal women
would be needed to clarify this issue.

Few studies have been conducted in men regarding the rela-
tionship between BMD and CIMT compared with women. Al-
though two studies in Chinese population did not identify sig-
nificant association (16,33), the direction was consistent with
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our study. However, another study in multiethnic population
reported an inverse association (20). In our study, age-adjusted
analysis revealed a positive relationship between lumbar BMD
and CIMT, but this relationship did not persist after adjusting
for covariates. All other studies also considered known con-
founding variables such as smoking status, BM], lipid level, hy-
pertension status, and diabetes status. Thus, these discrepan-
cies do not seem to be due to different covariate adjustments.

Obesity is known to be positively associated with BMD, since
a high BMI can increase the mechanical load on the bones (29,
34). Moreover, a high BMI increases the risk of atherosclerosis
through mechanisms related to chronic inflammation and in-
sulin resistance (35). The known relationships between obesity
and both BMD and atherosclerosis prompted us to carefully in-
vestigate the effects of BMI via stratified analysis. Although our
results need to be confirmed in future studies, interestingly, we
found that BMD was positively associated with CIMT in men
with high BMI but not in men with low BML. This finding seems
to suggest an effect modification by BMI in men. We assume
that obesity related factors such as increased mechanical load,
chronic inflammation and insulin resistance may explain the
effect modifying role of BMI on the association between CIMT
and BMD. However, we were unable to examine the biological
mechanism. Further study is needed to investigate and to ex-
plain the association between BMD and CIMT in men.

The present study has a number of strengths. First, a large
number of subjects were included, which allowed us to consid-
er both sex and menopausal status. Second, a wide range of co-
variates including thyroid-stimulating hormone status, estro-
gen replacement therapy status, and calcium supplementation
status could be considered. Therefore, we believe that the influ-
ence of most confounding factors on our results was minimized.

However, the present study has some limitations. First, we
measured lumbar BMD using whole body dual-energy X-ray
absorptiometry, which does not provide BMD at each segment
of the lumbar spine. Thus, measurement error could have af-
fected our results. Second, we could not take into consideration
of the probable influence by aortic calcification or osteophytes
of spine on the measurement of lumbar BMD because we could
not obtain those information. Third, we were unable to evalu-
ate the extent of association of CIMT with femoral BMD, which
was a measurement that is commonly used in the clinical set-
ting along with lumbar BMD, because whole body dual-energy
X-ray absorptiometry does not provide femoral BMD informa-
tion. Fourth, the sample size of postmenopausal women might
be relatively limited to disclose the association between CIMT
and BMD with enough power.

We found that lumbar BMD has a positive association with
CIMT in premenopausal women and men with high BMI. This
finding suggests that the association between lumbar BMD and
subclinical atherosclerosis may differ according to sex and meno-
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pausal status.
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