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Abstract: Background: Osteoporosis and atherosclerosis are two conditions that confer the major cause of mortal-
ity and morbidity in postmenopausal women. Several studies have suggested that these two conditions are nega-
tively correlated by a common pathway. The aim of our study was to show a relationship between bone mineral 
density (BMD) and carotid intima media thickness (CIMT), as two factors that are directly related to osteoporo-
sis and atherosclerosis respectively. Methods: The study group consisted of 136 postmenopausal women that 
presented at the Radiology Clinic of our hospital for BMD measurements. The CIMT was measured using High 
Resolution B mode Ultrasonography; BMD was measured at the lumbar spine and femoral neck using Dual-energy 
X-Ray Absorptiometry. Results: The mean IMT value in osteoporotic women (0.7±0.1 mm) was significantly higher 
compared to non-osteoporotic women (0.6±0.1 mm, P < 0.001). A significant negative correlation was found be-
tween CIMT and the T score of lumbar spine (r=-0.35; P < 0.001) and femoral neck (r=-0.23, P < 0.001), as well as 
Z score of the lumbar spine (r=-0.27, P=0.004). No significant correlation was found between CIMT and Z score of 
the femoral neck. Conclusion: Our study shows that bone mineral density and carotid intima media thickness are 
negatively correlated, thus showing a possible relationship between osteoporosis and atherosclerosis. However, 
more research is necessary to determine the pathway that connects these two conditions. 
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Introduction

Osteoporosis and atherosclerosis are two con-
ditions that seriously affect the health and life-
style of a significant part of the female popula-
tion, especially after menopause. The major ca- 
uses of morbidity and mortality in postmeno-
pausal women are osteoporosis and cardiovas-
cular diseases [1]. These conditions could lead 
to bone fractures, myocardial infarction, as well 
as chances of stroke. The risk for osteoporosis 
and atherosclerosis is greatly elevated in post-
menopausal women due to different factors, 
including the decline in estrogen production. 

A possible relationship between osteoporosis 
and atherosclerosis has been suggested in the 

past years. Currently, it has been shown that 
low bone mineral density (BMD) in postmeno-
pausal women is associated with an increase in 
cardiovascular mortality [1]. A large number of 
studies have suggested that bone metabolism 
and vasculature may be affected by a common 
pathway negatively [2-5]. Despite the nature of 
the association between osteoporosis and ath-
erosclerosis remains unclear, such a finding 
would have a great impact for the health of po- 
stmenopausal women, but also for the rest of 
the population.

Ultrasonographic measurement of carotid inti-
ma-media thickness (CIMT) is a noninvasive 
method for demonstrating subclinical athero-
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sclerosis. Increased CIMT has a significant rela-
tionship with the presence and severity of coro-
nary atherosclerosis, and has been proven to 
be a beneficial clinical index in the early recog-
nition of general atherosclerosis [6]. Previous 
studies showed that women with echogenic 
plaques in comparison to women without plaq- 
ues are at a higher risk of nonvertebral fractu- 
res [7]. In general, increased CIMT is correlated 
with future cardiovascular diseases [8, 9], thus 
it is an important clinical factor to be consid-
ered for research purposes. 

The aims of the present study were to deter-
mine the relationship between BMD measured 
at different sites in postmenopausal women 
referred for routine bone density screening, 

and IMT; as well as to establish whether there is 
any relationship between BMD and subclinical 
atherosclerosis.

Methods

One hundred thirty six postmenopausal women 
(if menopause had occurred at least two years 
before) were enrolled in our study, from those 
patients presenting for BMD measurement at 
the Radiology clinic of our teaching hospital.

Subjects with a history of alcohol consumption, 
usage of hormone replacement therapy or 
medications affecting bone metabolism (corti-
costeroids, anticonvulsants or oral anticoagu-
lants) were not enrolled in the study. Those sub-

Figure 1. Longitudinal ultrasonograms show Auto Intima Media Thickness (AIMT) measurement at the near and far 
wall of the common carotid artery (as denoted by the red arrows). A. Normal Intima Media Thickness with mean 
thickness of 0.5 mm in a patient with normal BMD. B. Higher Intima Media Thickness with mean thickness of 0.70 
mm in a patient with lower BMD.

Table 1. Characteristics of the study group (n=136)

Characteristic Total subjects Mean ± SD
Two groups

P value
Without osteoporosis With osteoporosis

Age (years) 50.54±9.60 58.93±9.19 56.52±8.81 0.85
BMI 29.93±7.46 30.41±8.05 28.12±4.24 0.07
Total cholesterol 109.31±39.34 108.53±39.05 112.21±40.90 0.65
TG 130.92±13.96 133.53±51.96 121.21±46.11 0.24
FBS 95.25±13.96 94.90±12.96 96.55±17.41 0.90
SBP 118.97±15.33 119.06±15.40 118.62±15.46 0.98
DBP 79.30±7.51 79.67±7.56 77.76±7.30 0.24
IMT 0.62±0.11 0.60±0.19 0.70±0.09 < 0.01
BMI, body mass index; TG, triglycerides; FBS, Fasting Blood Glucose; SBP, systolic blood pressure; DBP, diastolic blood pres-
sure; IMT, intima media thickness.
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jects with conditions that interfere with bone 
metabolism or vasculature, such as thyroid dis-
orders, malabsorption, chronic renal failure, di- 
abetes mellitus, history of hypertension, hyper-
lipidemia, smoking and liver disorders were ex- 
cluded from the study.

The study protocol was approved by the Ethics 
Committee of our University, and written infor- 
med consent was obtained from each subject 
prior to enrollment. Both carotid IMT and BMD 
were performed on the same day. Bone density 
was measured at the lumbar spine (L1- L4) and 
femoral neck by means of dual-energy X-ray ab- 
sorptiometry (DXA), and the results were recor- 

ded. The BMD measurements in all subjects 
were obtained by the same densitometer.

The results were expressed as T-scores, Z Sc- 
ores and the standard deviation (SD) from the 
peak adult BMD. According to the World Health 
Organization’s criteria for diagnosing osteopo-
rosis, the women were classified into two 
groups: with osteoporosis, i.e. more than 2.5 
SDs below the mean value for young adults 
with normal BMD; and without osteoporosis 
(normal or osteopenia: a BMD value that was 
1-2.5 SDs below the mean value for young 
adults). All the measurements were made by 
one operator.

Figure 2. Correlation between IMT and: A. T score of femoral neck (Thip) (R
2=0.074, P < 0.001); B. Z score of femoral 

neck (Zhip) (R
2=0.013, P=0.11); C. T score of lumbar spine (TSpine) (R

2=0.125, P < 0.001); D. Z score of lumbar spine 
(Zspine) (R

2=0.0054, P=0.004).
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High resolution B mode ultrasonography of the 
right common carotid artery was performed 
using an ultrasound machine (Medison, Accuvix 
V 20, Prestige, South Korea) equipped with a 
10 MHz linear array transducer. Patients were 
examined in the supine position with the head 
tilted backwards. After the carotid arteries we- 
re located by transverse scans, the probe was 
rotated at 90° to obtain and record a longitudi-
nal image of the common carotid arteries.

The maximum CIMT was measured at the far 
wall of the common carotid artery, 2 cm before 
the bifurcation, as the distance between the 
first and second echogenic lines on the anterior 
and posterior arterial walls. The measurement 
was performed using Auto IMT measurement 
software (Figure 1). The image was focused on 
the posterior wall of the common carotid artery, 
and gain settings were used to optimize image 
quality. The measurement was performed verti-
cally to the arterial wall for accurate measure-
ment of CIMT.

Statistical analysis

The results were analyzed with SPSS software. 
The Pearson chi-square test and Fisher exact 
test (if the expected values of the cells of a con-
tingency table were below 5) was applied to 
evaluate the association between IMT and os- 
teoporosis. Independent sample t-test (Mann 
Whitney in non-normal distribution) was used 
to study the association between osteoporosis 
and numerical variables. To obtain the degree 
of correlation we used the Spearman’s rank 
correlation coefficient measure as well as mul-
tiple regression analysis.

Results

Statistical analysis was performed in one hun-
dred thirty six postmenopausal women. The 
mean age of subjects was 55.5±5 years old. 
Thirty three subjects (24.2%) from one hundred 
thirty six postmenopausal women were osteo-
porotic. There were no statistically significant di- 
fferent in BMI, fasting glucose level, triglycer-
ide, total cholesterol, systolic and diastolic bl- 
ood pressure, and age of subjects with and 
without osteoporosis. The results from the ch- 
aracteristics of the study groups are summa-
rized in Table 1. 

The mean ± SD value of IMT in osteoporotic 
women (0.7±0.1 mm) was significantly higher 

than non-osteoporotic women (0.60±0.1 mm, 
P < 0.001). The most significant negative cor-
relation was found between carotid IMT and the 
T score of lumbar spine (r=-0.35; P < 0.001). A 
significant negative correlation was found 
between carotid IMT and the Z score of the lum-
bar spine (r=-0.23, P=0.004) and T score of the 
femoral neck (r=-0.27, P < 0.001). A negative 
correlation was found between carotid IMT and 
Z score of femoral neck as well, but this correla-
tion was not statistically significant (r=-0.11, 
P=0.11). These statistical results are graphi-
cally represented in Figure 2.

Discussion

The results of our study showed a negative cor-
relation between IMT values and bone mineral 
density in different regions of the spine. The re- 
sults were based on the T and Z scores of the 
lumbar spine and femoral neck. The only pa- 
rameter that did not show significant differenc-
es was the Z score of the femoral neck. Oste- 
oporotic patients (24.2%), as classified accord-
ing to World’s Health Organization criteria for 
diagnosing osteoporosis, showed higher IMT va- 
lues than non-osteoporotic patients. Patients 
under hormone replacement therapy, cortico-
steroids and anticoagulants, as well as patients 
with thyroid disorders and diabetes were exclu- 
ded from the study. All patients showed no dif-
ferences in BMI, blood pressure, fat and glu-
cose levels in the body. Considering the mea-
sures taken, the possibility that there is bias 
introduced in the study is very low. 

The focus of the study was to show a possible 
relation between bone mineral density and ath-
erosclerosis. The relationship between corona- 
ry heart diseases and osteoporosis has been 
long studied, and a negative correlation has be- 
en observed from several studies. This relation-
ship has been proved mainly by studying the 
correlation between bone density and systemic 
calcified atherosclerosis [10], aortic calcifica-
tion [11, 12], atherosclerosis of peripheral ves-
sels [13] or arterial stiffness [14]. The goal of 
our study was to show a correlation between 
atherosclerosis and bone mineral density, by 
proving a possible relation between carotid in- 
tima-media thickness (CIMT) and bone mineral 
density. 

Carotid intima-media thickness has been sh- 
own to be related to coronary heart diseases 
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and future cardiovascular events [9]. Studies 
have shown associations of CIMT with coronary 
heart disease risk factors [15]. Higher IMT has 
been seen in patients with incidence of heart 
failure, compared to those with no history of 
heart failure [16]. A more general study showed 
that patients with a history of coronary heart 
disease, as compared to those without, had a 
higher CIMT mean value [17]. Furthermore, CI- 
MT measurements can be beneficial in lower-
ing the risk of cardiovascular diseases, in par-
ticular for women [18]. The results from these 
studies have clearly shown the correlation be- 
tween IMT and coronary heart diseases, includ-
ing atherosclerosis. Based on these results, it 
can be reasoned that by showing a correlation 
between BMD and IMT, an association can be 
made between BMD and atherosclerosis.

With the exception of a few studies, there has 
not been previous research on the association 
between CIMT and BMD. The results from our 
study were confirmed from another study con-
ducted in postmenopausal women, which sho- 
wed a similar association between CIMT and 
BMD [19]. However, this study measured femo-
ral neck and total body BMD, compared to our 
study, which studied femoral neck and lumbar 
spine. Other studies have observed drugs and 
genetic markers that show a possible relation-
ship between BMD and atherosclerosis, how-
ever, without coming to a conclusion about th- 
eir association [20, 21]. It seems important to 
assess the relationship between these two pa- 
thways in particular for postmenopausal wom- 
en. Studies have shown that in women who per-
formed a surgical menopause, the CIMT scores 
are higher and the BMD scores are lower as 
compared to women who went through natural 
menopause [22]. Despite the former study did 
not suggest a correlation between BMD and 
CIMT, its results are significant and should be 
considered for the health of postmenopausal 
women.

Conclusion

The results of our study showed that IMT is neg-
atively correlated to BMD levels. By showing 
the correlation between carotid intima-media 
thickness and bone mineral density, we sug-
gest an association in the pathophysiology of 
bone and coronary disorders. Further research 
is necessary in establishing a more conclusive 
relationship between these two pathways. 
Considering the association of CIMT to future 

cardiovascular disorders and the long term 
benefits CIMT follow-ups could have, it might be 
beneficial to assess carotid arteries in osteopo-
rotic women.
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