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It has been suggested that osteoporosis and coronary artery disease (CAD) have overlapping pathophysiological

mechanisms and related risk factors. The aim of this study was to investigate the association between several traditional

cardiovascular risk factors and measures of bone mineral density (BMD) in postmenopausal women with and without

clinically significant CAD defined angiographically. A case–control study was undertaken of 180 postmenopausal

women (aged between 48 and 88 years) who were recruited from King Abdulaziz University Hospital, Saudi Arabia. Study

subjects underwent dual-energy x-ray absorptiometry and coronary angiography. The presence of hypertension,

diabetes, dyslipidemia, obesity, smoking and physical activity was identified from clinical examination and history.

Demographic, anthropometric and biochemical characteristics were measured. Univariate and multivariate analyses

were employed to explore the relationships between cardiovascular risk factors, including BMD, and the presence of

CAD. CAD patients were more likely to have a lower BMD and T-score at the femoral neck than those without CAD

(Po0.05). Significant differences were found between the groups for fasting lipid profile, fasting blood glucose and

anthropometric measures (Po0.05). Conditional logistic regression showed that 3 risk factors were significantly related

with the presence of CAD: high-density lipoprotein-cholesterol (odds ratio, OR: 0.226, 95% confidence interval,

CI: 0.062–0.826), fasting plasma glucose (OR: 1.154, 95% CI: 1.042–1.278) and femoral neck T-score (OR: 0.545,

95% CI: 0.374–0.794). This study suggests an association of low BMD and elevated CAD risk. Nevertheless, additional

longitudinal studies are needed to determine the temporal sequence of this association.
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Introduction

Coronary artery disease (CAD) is one of the leading causes of
death globally and is projected to remain so in the future.1

Osteoporosis and CAD appear to have overlapping patho-
physiological mechanisms and risk factors, including advan-
cing age and inflammation.2 Estrogen deficiency in the
postmenopausal period is a risk factor for both CAD and
osteoporosis.3 In women, additional risk factors exist, such as
the use of contraceptives.4 Estrogen promotes fat accumu-
lation in the gluteal-femoral region,5 whereas estrogen defi-
ciency appears to have a role in increasing centrally deposited
fat in postmenopausal women.6 Several prospective studies
have suggested that, as women enter the menopause, there is a
marked increase in the risk of CAD, including a greater like-
lihood of myocardial infarction and all-cause mortality.7,8

Unsurprisingly, in the light of these research results, there have
been recommendations regarding lifestyle change as a means
of primary prevention of CAD in postmenopausal women.9

The aim of this study was to investigate the association
between traditional cardiovascular risk factors and measures of
bone mineral density (BMD) in postmenopausal women with
and without clinically significant CAD, defined angiographically.

Results

Demographic characteristics of the study population
On the basis of angiographic data, postmenopausal women
were categorized into 2 groups: those who had clinically
significant CAD (X50% luminal stenosis in a major coronary
artery) and those who had no discernible clinically significant
focal narrowing. They were matched for age.
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There were no significant differences between the groups in
terms of demographic characteristics (Table 1), except for
educational attainment (Po0.05).

Classic cardiovascular risk factors in the study population
CAD patients were more likely to have a fasting plasma glucose
(FPG) X7 mmol l� 1 than their control counterparts (51% vs
30%, Po0.05), and conversely more postmenopausal women
without CAD had high-density lipoprotein-cholesterol (HDL-C)
41.04 mmol l� 1 than women with CAD (14% vs 30%, Po0.05).
On univariate analysis, significant differences were found
between the two groups for total cholesterol (TC), HDL-C, low-
density lipoprotein-cholesterol (LDL-C) and FBG (Po0.05). In
addition, anthropometric measurements among those who had
CAD with respect to height, weight, hip circumference (HC) and

waist–hip ratio (WHR) were significantly higher than those of
subjects without CAD (Po0.05). Obesity was highly prevalent
among the study population by all anthropometric measures
(Table 2).

BMD in the study population
Patients who had clinically significant CAD (X50% stenosis)
were also more likely to have a low BMD (Table 3). Dual-energy
X-ray absorptiometry (DXA) data showed significant differences
in BMD and T-scores for the femoral neck (Po0.01) between
those who had CAD and those who did not. The prevalence of
osteopenia in the lumbar spine region was 29 and 39%
(P o0.05) in the subjects without CAD and those with CAD,
respectively. In postmenopausal women without and with CAD,
the prevalence of osteopenia at the femur neck region was 34
and 42%, respectively (P o0.05).

When the study population was subcategorized according
to the number of occluded coronary blood vessels
(Figure 1), prevalence rates of osteopenia and osteoporosis
(as documented by DXA scan) in the three skeletal sites
were comparable with respect to distribution, except for a
greater prevalence of osteoporosis in the single vessel
disease/double vessel disease group at lumbar spine region
(14%) versus femoral neck and total hip regions (2 and 5%,
respectively).

Relationship between BMD and classical cardiovascular
risk factors in the study population
(Table 4) shows a summary of correlations of BMD with
cardiovascular risk factors in the 180 women. Only age was
significantly correlated (inversely) with lumbar spine
BMD, femoral neck BMD and total hip BMD, whereas positive
correlations were reported with weight, height, body mass
index (BMI), WC and HC for BMD measures in three
skeletal sites. Furthermore, the atherogenic index (AI)
(TC/HDL-C) was positively correlated with both femoral neck
BMD and total hip BMD, whereas WHR was negatively cor-
related with femoral neck BMD only. FPG and triglyceride (TG)
werepositively associated with total hip BMD, and serum insulin
was positively associated with both lumbar spine and total hip
BMD. Diastolic blood pressure was associated with femoral
neck BMD.

Conditional logistic regression analysis was performed to
adjust for confounding variables, and the odds ratio (ORs) of
CAD and associated 95% confidence intervals (CIs) were
calculated (Table 5). Several of the potentially confounding and
effect-modifying factors were included in the model. Three risk
factors were significantly related with the presence of angio-
graphically defined luminal narrowing (X50%): HDL-C, FPG
and femur neck T score. They were included as continuous
variables in the model. A high FPG level was associated with
1.2-fold excess risk of CAD (OR: 1.154, 95% CI: 1.042–1.278)
and thereby conferred the highest risk for significant CAD.
HDL-C level (OR: 0.226, 95% CI: 0.062–0.826) and femur neck
T-score (OR: 0.545, 95% CI: 0.374–0.794) were found to be
protective factors.

Discussion

Low BMD and CVD share many risk factors including age,
smoking, low physical activity and hypertension and thus could

Table 1 Demographic characteristics of the study population

Postmenopausal
women without

CAD (n¼90)

Postmenopausal
women with
CAD (n¼ 90)

P-value

Age (years) 62.4±7.7 63.8±8.59 NS
Age at menopausal
(years)

51.3±5.3 50.3±3.4 NS

Marital status
Single 1 (1) 0 (0) o0.05
Married 52 (58) 40 (44)
Widowed 33 (37) 47 (52)
Divorced 4 (4) 3 (3)

Parity
0 5 (6) 2 (2) NS
1 1 (1) 0 (0)
2 2 (2) 2 (2)
3 4 (4) 4 (4)
X4 78 (87) 82 (91)

Education level
Illiterate 48 (53) 61 (68) o0.05
Intermediate 24 (27) 21 (23)
High school 11 (12) 5 (6)
University 7 (8) 3 (3)

Occupation
House wife 87 (97) 87 (97) NS
Administrative 1 (1) 3 (3)
Director/
physician

2 (2) 0 (0)

Type of residency
Traditional
housing

27 (30) 20 (22) NS

Apartment 54 (60) 64 (71)
Villa 9 (10) 6 (7)

Physical activity
o1 time 53 (59) 54 (60) NS
1–2 times 11 (12) 11 (12)
43 times 26 (29) 25 (28)

Smoking status
Non-smoker 83 (92) 84 (93) NS
Former smoker 4 (5) 3 (3)
Current smoker 3 (3) 3 (3)

Abbreviations: CAD, coronary artery disease; NS: not significant. Data are given
as the mean±s.d. or as the number of subjects with percentages given in
parentheses, as appropriate. Categorical data are compared by the w2-test;
continuous variables are compared by the unpaired t-test.
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have similar pathological pathways. This interaction was
tested in a model that controlled for major cardiovascular risk
factors.

Classic cardiovascular risk factors in the study population
Our study subjects had been referred for cardiovascular risk
factor modification, and this may in part explain the high

Table 2 Classic cardiovascular risk factors in the study population

Postmenopausal women
without CAD (n¼ 90)

Postmenopausal women
with CAD (n¼ 90)

P-value

TC (mmol l� 1) 4.79±0.92 4.50±0.99 o0.01
TCX5.2 mmol l�1 30 (33) 24 (27) NS
TG (mmol l� 1) 1.57 (1.1–2.1) 1.67 (1.3–2.7) NS
TGX1.7 mmol l� 1 36 (40) 43 (48) NS
HDL-C (mmol l�1) 1.36±0.33 1.25±0.29 o0.05
HDL-Co1.04 mmol l� 1 13 (14) 27 (30) o0.05
LDL-C (mmol l� 1) 2.59±0.79 2.35±0.80 o0.01
LDL-CX3.36 mmol l�1 14 (16) 12 (13) NS
AI¼ (TC/HDL-C) 3.73±1.16 3.74±0.99 NS
FPG (mmol l�1) 6.83±3.31 8.64±4.25 o0.01
FPGX7 mmol l� 1 27 (30) 46 (51) o0.05
Serum insulin (mU ml�1) 13.49±0.94 16.32±1.35 NS
Serum creatinine (mmol l� 1) 67.6±1.99 77.2±4.0 NS
eGFR (ml min�1 1.73 m� 2) 86.9±2.2 85.1±4.5 NS
Body weight (kg) 78.58±15.59 72.75±14.36 o0.01
Body height (cm) 153.71±5.94 151.04±6.86 o0.01
BMI (kg m� 2) 33.19±5.91 31.82±5.47 NS

BMI classes
Normal (18.5–24.99 kg m� 2) 3 (3) 4 (4)
Overweight (25–29.99 kg m�2) 26 (29) 37 (41)
Obese (X30 kg m� 2) 61 (68) 49 (54) NS
WC (cm) 99.61±11.21 100.6±14.84 NS
Obese 488 cm 77 (86) 78 (87) NS
HC (cm) 108.97±11.01 105.88±14.49 o0.05
WHR 0.92±0.08 0.96±0.14 o0.01
ObeseX0.80 83 (92) 87 (97) NS
SBP (mm Hg) 139.21±21.79 143.56±23.14 NS
SBPX140 mm Hg 48 (53) 54 (60) NS
DBP (mm Hg) 78.06±11.81 76.14±12.46 NS
DBPX90 mm Hg 13 (14) 16 (18) NS

Abbreviations: AI, atherogenic index; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HC, hip circumference; HDL-C, high density
lipoprotein-cholesterol; LDL-C, low density lipoprotein-cholesterol; NS, not significant; SBP, systolic blood pressure; TC, total cholesterol; TG, triglycerides; WC, waist
circumference; WHR, waist-to-hip ratio. Data are given as the mean±s.d. Continuous variables are compared by the unpaired t-test.

Table 3 Bone mineral density in the study population

Postmenopausal women
without CAD (n¼ 90)

Postmenopausal women
with CAD (n¼ 90)

P-value

BMD lumbar spine L1–L4 (g cm� 2) 1.02±0.17 0.983±0.16 NS
Lumbar spine L1–L4 T-score � 0.659±1.43 � 1.01 ±1.37 NS
Normal 58 (64) 44 (49) o0.05
Osteopenia 26 (29) 35 (39)
Osteoporosis 6 (7) 11 (12)
BMD femur neck (g cm� 2) 0.841±0.13 0.788±0.13 o0.01
Femur neck T-score � 0.739±1.08 � 1.182±1.04 o0.01
Normal 55 (61) 40 (44) o0.05
Osteopenia 31 (34) 38 (42)
Osteoporosis 4 (4) 10 (11)
BMD total hip (g cm�2) 0.875±0.14 0.837±0.14 NS
Total hip T-score � 0.536±1.19 �0.859±1.2 NS
Normal 57 (63) 46 (51) NS
Osteopenia 29 (32) 35 (39)
Osteoporosis 4 (4) 7 (8)

Abbreviations: BMD, bone mineral density; CAD, coronary artery disease; NS, not significant; WHO, World Health Organization. Data are given as the mean±s.d. or as
the number of subjects with percentages given in parentheses, as appropriate. Categorical data are compared by the w2-test; continuous variables are compared by
the unpaired t-test. WHO criteria, a T-score between �1 and � 2.5 is indicative of osteopenia, while a T-score of � 2.5 and below reflects osteoporosis; a T-score of � 1
and above is considered normal.
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prevalence of type 2 diabetes mellitus (E41% of total popu-
lation). Furthermore, patients with CAD tend to be physically
inactive, thus contributing to a lower BMD. Nevertheless,

one-third of our patients reported normal activities on their
health questionnaires, and the prevalence of osteoporosis was
relatively low (E23% of the whole population).

Cardiovascular risk was found to be reduced by 79% and
45% for every one-unit increase in the levels of HDL-C and
femoral neck T-score, respectively. Accordingly, our findings
lend a plausible explanation for the reported increased car-
diovascular events in osteoporotic patients.10

The athero-protective effect of elevated serum HDL-C level
has always been attributed to its promotion of reverse
cholesterol transport. Intravenous administration of
reconstituted HDL-C particles in clinical trials has been
associated with regression of coronary atherosclerosis,
improvement in endothelial function and anti-inflammatory
markers.11,12 This is certainly plausible considering the
potential anti-atherogenic and anti-inflammatory effects of
HDL-C molecules.13

The menopause may affect BMD because estrogen
deficiency is known to adversely affect bone turnover and lipid
profile in postmenopausal women.14 Serum total cholesterol
was suggested to be a risk factor for osteoporotic fractures,

Table 4 Correlation between bone mineral density and classical cardiovascular risk factors in the study population

Lumbar spine Femur neck Total hip

r P-value r P-value r P-value

Age �0.295 o0.0001 � 0.417 o0.0001 �0.453 o0.0001
Menopausal age 0.056 0.577 0.054 0.475 0.123 0.101
Smoking status 0.033 0.660 0.083 0.270 �0.094 0.212
Physical activity level 0.094 0.211 0.112 0.138 �0.087 0.249
Parity �0.221 0.003 � 0.109 0.147 �0.107 0.155
Education level 0.282 o0.00001 0.202 0.007 0.242 0.001
Occupation 0.162 0.030 0.067 0.376 0.103 0.172
Residency type 0.241 0.001 0.208 0.005 0.223 0.003
Marital status �0.156 0.037 � 0.165 0.028 �0.203 0.007
TG 0.111 0.137 0.107 0.155 0.158 0.035
AI 0.164 0.051 0.147 0.050 0.159 0.034
FPG 0.132 0.076 0.062 0.411 0.214 0.004
Insulin 0.159 0.033 0.090 0.233 0.153 0.041
Weight 0.383 o0.0001 0.432 o0.0001 0.462 o0.0001
Height 0.207 0.005 0.212 0.004 0.186 0.013
BMI 0.337 o0.0001 0.382 o0.0001 0.431 o0.0001
WC 0.271 o0.0001 0.192 0.010 0.431 o0.0001
HC 0.331 o0.0001 0.353 o0.0001 0.364 o0.0001
WHR �0.043 0.568 � 0.167 0.026 �0.095 0.205
DBP 0.064 0.397 0.149 0.046 0.097 0.198

Abbreviations: AI, atherogenic index; BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HC, hip circumference; TG, triglycerides; WC,
waist circumference; WHR, waist hip ratio. Significant correlations are shown in bold font.

Table 5 Multivariate logistic-regression analysis of cardiovascular risk factors including BMD independently associated with CAD in the study population

Variables Odds ratio 95% CI P-value Wald

Lower bound Upper bound

HDL-C 0.206 0.054 0.783 0.02 5.38
FPG 1.157 0.144 1.282 0.006 7.68
Femur neck T-score 0.555 0.379 0.813 0.002 9.14

Abbreviations: BMD, bone mineral density; CAD, coronary artery disease; CI, confidence interval; FPG, fasting plasma glucose; HDL-C, high density lipoprotein-
cholesterol; LDL-C, low density lipoprotein-cholesterol; TC, total cholesterol; WHR, waist-to-hip ratio. Variables that differed between CAD patients and their age-
matched controls on univariate analysis, with P-values o0.1 include the following: menopausal age, parity, FPG, HDL-C, LDL-C, TC, BMD lumbar spine, BMD total hip,
lumbar spine T-score, total hip T-score, body weight, body height, BMI, hip circumference, and WHR.
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Figure 1 Prevalence of osteopenia and osteoporosis in relation to BMD values at
the three skeletal sites among the study population categorized by degree of coronary
heart disease using the number of occluded coronary blood vessels. MVD, multivessel
disease; SVD/DVD, single vessel disease/double vessel disease, ZVD, zero vessel
disease.
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perhaps pointing to a common or overlapping origin of CAD and
osteoporosis.15 An indirect association between serum total
cholesterol and BMD, which has been considered a strong
determinant of osteoporotic fractures, has been demon-
strated.16 Furthermore, it has been found that hard cardio-
vascular end points are strong predictive risk factors for hip
fractures among elderly men.17 Postmenopausal women
without CAD had significantly higher levels of TC, LDL-C as well
as HDL-C (Po0.05) than those with CAD. This difference may, in
part, be explained by the differences in their lifestyle (Table 1).
Evidence for the association between lipid levels and BMD has
been inconclusive.16 Control for confounding factors may have
affected these study results.

Overweight and obesity are associated with increased risk of
many adverse health outcomes including CAD but considered
protective against osteoporosis.18 Although it is generally
accepted that obesity has a protective effect on bone tissue, the
relationship between obesity and osteoporosis varies
depending on how obesity is defined. Our study extends the
findings of previous studies reporting obesity as a protective
factor for vertebral fractures.19 Of all major cardiovascular risk
factors, bone mass as estimated by BMD was found to be
associated with various measures of obesity (Table 4), which
may be attributed, at least in part, to physical inactivity as
reported by almost 60% of the study subjects. WC, which
provides an indication of central obesity, was related to radius
BMD in postmenopausal obese women.20

Relationship between BMD and classical cardiovascular
risk factors in the study population
The association of angiographically defined CAD and BMD as
measured by femoral neck T-score remained significant after
adjustments for age and traditional coronary risk factors,
suggesting an independent risk for CAD in women who have low
BMD. Our findings support those of previous studies, which
have reported an association between low BMD and cardio-
vascular events.8 A correlation between low bone mass and
incidence of CAD was also observed in women from the
Framingham study.14 Causal mechanisms for the reported
association of BMD and cardiovascular mortality have not been
clearly articulated.21 Similar relationships with CAD could
not be established for lumbar spine and total hip scores.
Bakhivera et al.,22 found no independent association between
spine or hip BMD and calcification of coronary arteries among
asymptomatic cardiovascular patients who were not taking
hormone replacement treatment. Similarly, a significant cor-
relation was also reported between severity of coronary
atherosclerosis and BMD of the proximal femur in post-
menopausal women but not with lumbar spine scores.23 This
might be due to the coexistence of degenerative joint disease at
those areas, which has been shown to spuriously increase BMD
among elderly people.24

As expected, advancing age was associated with a low BMD,
whereas obesity, diabetes and hyperlipidemia were positively
associated with BMD among postmenopausal women with
CAD in the present study. Nearly half of the postmenopausal
women with CAD had diabetes, a condition that conferred a
44% reduction in the likelihood of having low BMD. Both
diabetes and hyperlipidemia were found to provide a com-
parable degree of protection from having low BMD.25 The risk of
cardiovascular events in type 2 diabetes increases by four

times, compared with that of those without diabetes26, but
elevated BMD was documented in type 2 diabetes.27

Our retrospective study design had several limitations,
including an inability to account for some potential confounding
variables. Because questionnaires were used to assess
selected health history data, patients may have had a recall bias
with respect to risk factors. Accordingly, wherever possible,
laboratory values were substituted for survey information.
Selection bias of study subjects may have arisen because of
their referral for cardiac catheterization; therefore, they may not
be representative of the whole population. The definition of
significant CAD as a X50% luminal stenosis while useful
clinically is unreliable as a measure of the presence of
atherosclerosis, because patients with o50% luminal stenosis
are classified as not having CAD, although they may have
substantial intramural coronary atherosclerosis. The sample
size was relatively small, and a further study with larger
population size is required. Furthermore, some variables were
not measured that may have been useful, for example, degree
of physical activity and hemoglobin A1c level.

In conclusion, this study suggests an association of low BMD
and elevated CAD risk, as indicated by high FPG and low
HDL-C. Nevertheless, additional longitudinal studies are
needed to determine the temporal sequence of this association.

Materials and Methods

One hundred and eighty postmenopausal female patients aged
48–88 years were recruited sequentially from the Catheter-
ization laboratory of the Department of Internal Medicine at King
Abdulaziz University Hospital (KAUH), Jeddah, Saudi Arabia.
Postmenopausal status was defined as no natural menses
forX1 year and serum follicle-stimulating hormone level 440
IU l� 1.28 Angiography was performed for the evaluation of CAD.
CAD was classified as being clinically significant if luminal
narrowing wasX50% in a major coronary artery. The severity of
angiographically defined disease was scored by a cardiologist
as previously described.29 None of the patients had suffered a
heart attack within 6 months of recruitment into the study. A
diagnosis of a myocardial infarction was made in accordance
with Joint European Society of Cardiology/American College of
Cardiology Committee criteria.30 Subjects wereexcluded if they
had liver or renal disease, inflammatory disease, vascular
disease (that is, peripheral vascular disease, cerebro-vascular
disease), previous fractures, established osteoporosis, or had
clinically evident endocrine disorders or were on treatment with
any form of drug that could have a possible effect on bone or
lipid metabolism, aspirin, antioxidants, hormone replacement
therapy, vitamin D or calcium supplementations. Ethics
approval was obtained from the KAUH Ethics Committee.
Informed consent was obtained from all participants after
explaining the nature and purpose of the study.

Each patient was matched with a control whose age did not
differ by more than 2 years. Controls were drawn from the same
patient pool as that of CAD cohort. This approach was thought
to enhance the comparability of coronary risk between both
groups. The presence of classical cardiovascular risk factors
was obtained from the medical records of all patients and
confirmed by direct questioning using a questionnaire. The
following parameters were used to define cardiovascular
risk: hypertension, dyslipidemia, diabetes and obesity.
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Dyslipidaemia was defined using the third Adult Treatment
Panel criteria.31 Hypertension was defined as a systolic blood
pressure X140 mm Hg and/or a diastolic blood pressure
X90 mm Hg.32 Diabetes was defined using the American
Diabetes Association criteria.33 The clinical guidelines on the
identification, evaluation and treatment of overweight
and obesity in adults34 were used to define overweight
(BMI, 25–29.9 kg m� 2) and obesity (BMIX30 kg m� 2).

Demographic and anthropometric characteristics included
the following: weight, measured while the subjects were
minimally clothed and without shoes and recorded to the
nearest 0.1 kg using a standard balance beam; and height,
measured with the subjects in a standing position without shoes
and with shoulders in a normal position to the nearest 0.1 cm
using a Harpenden stadiometer (Holtain, Ltd., Crymych, Wales,
UK). BMI was calculated in kg m� 2. WC was measured using a
tape measure at the mid-point between the lower costal margin
and the level of the anterior superior iliac crest to the nearest
0.1 cm. Measurement of the WC was considered as a surrogate
for visceral adipose tissue and was considered high when waist
488 cm.35 HC was measured at the level of the greater tro-
chanters. WHR, calculated as WC divided by HC, was used as
an indicator of abdominal visceral fat, whereas body fat dis-
tribution was assessed considering WHRo0.80 as a gynecoid
pattern and WHRX0.80 as an android pattern.36

Arterial blood pressure was measured using the right arm
using a standard mercury sphygmomanometer (Bauman-
ometer, W. A. Baum Co., Inc., Copiague, NY, USA). Three blood
pressure measurements with the patient seated and rested for
5 min were averaged. To avoid subjective error, all measure-
ments were taken by the same trained staff.

A self-reported questionnaire assessment was made for the
ascertainment of age, marital status, parity, age of menopause
onset, smoking habits, physical activity level, family history of
osteoporosis and CAD, fracture history in the subject, socio-
economic status, education level and employment status.

Smoking habit was categorized as non-smoker, former
smoker and current smoker. Physical activity was self-graded
by the participant according to the number of episodes of
exercise undertaken per week and was categorized as active
(X3 times per week) or inactive (o3 times per week) according
to the recommendations of the American Heart Association
consensus statement on primary prevention of coronary dis-
eases and from the USA Surgeon General’s report.37

Fasting blood samples were taken after an overnight fast.
Venous blood samples were taken from an antecubital vein and
placed into plain or heparinized tubes. Tubes were centrifuged
at 3000�g for 10 min.

Glucose, creatinine, TC), HDL-C and TGs were determined in
duplicate in serum samples using the enzymatic colorimetric
assays. LDL-C was calculated using the Friedewald formula in
sampleswhere the TGs wereo4 mmol l� 1. However, none of the
measured samples had levels above TG 44 mmol l� 1. All
biochemical parameters were measured using kits and reagents
supplied by Ortho-Clinical Diagnostics, USA, using Vitros 250
Chemistry System Autoanalyzer (Ortho-Clinical Diagnostics,
Johnson & Johnson Co, Raritan, NJ, USA). Estimated glomerular
filtration rate was also calculated as an index of the kidney
function. Determination of plasma insulin was carried out using a
sandwich chemi-luminescence immunoassay method using
commercial kits (DiaSorin, Saluggia, Italy).

All patients were referred for a DXA scan. Anterior-posterior
lumbar spine (L1–L4), mean of right and left femoral neck and
total hip BMD were measured by DXA with a Lunar Prodigy
densitometer (Lunar, Madison, WI, USA). Daily quality control
was carried out by measurement of a Lunar phantom. BMD
(g cm� 2) was compared as T-scores expressed in s.d., using
the peak bone mass from the manufacturer’s reference
population. Osteoporosis was defined in accordance with the
World Health Organization,38 as BMD at any site greater than
2.5 s.d. below the young adult mean, and osteopenia as BMD 1–
2.5 s.d. below the young adult mean.

Continuous variables are presented as mean±standard
deviation for normally distributed variables and as median
(interquartile ranges) for non-normally distributed variables.
Categorical variables are presented as numbers (proportions).
Normality of the data was tested with a one-sample
Kolmogorov–Smirnov test to indicate the appropriateness of
parametric testing. Statistical analyses were performed using
unpaired Student’s t-test for normally distributed parameters or
the Mann–Whitney test for non-normally distributed para-
meters. The Chi-square test was implemented when necessary
for categorical variables comparison. The strength of asso-
ciation between different parameters was determined by
Pearson’s and Spearman’s correlation coefficients, as indi-
cated. ORs and 95% CIs were calculated using conditional
logistic regression model to explore the relationships between
cardiovascular risk factors, including BMD, and the presence of
CAD. The dependent variable was a binary variable with a ‘zero’
value representing those with no CAD and a ‘one’ representing
CAD patients. Variables that differed between CAD patients
and their age-matched controls on univariate analysis, with
P-values o0.1, were included in the model.

All analyses were performed in SPSS (version 11.5, SPSS,
Inc, Chicago, IL, USA). All reported P-values were from two-
sided tests and compared with a significant level of 5%.
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5. Krotkiewski M, Björntorp P, Sjöström L, Smith U. Impact of obesity on metabolism in men and
women: importance of regional adipose tissue distribution. J Clin Invest 1983; 72: 1150–1162.

6. Carr M. The emergence of the metabolic syndrome with menopause. J Clin Endocrinol Metab
2003; 88: 2404–2411.

7. Haddock BL, Marshak HP, Mason JJ, Blix G. The effect of hormone replacement therapy and
exercise on cardiovascular disease risk factors in postmenopausal women. Sports Med 2000;
29: 39–49.

Bone mineral density and atherosclerosis
EM Alissa et al

6 NOVEMBER 2015 | www.nature.com/bonekey

http://www.nature.com/bonekey


8. Tanko LB, Christiansen C, Cox DA, Geiger MJ, McNabb MA, Cummings SR. Relationship
between osteoporosis and cardiovascular disease in postmenopausal women. J Bone Miner
Res 2005; 20: 1912–1920.

9. Mosca L, Banka CL, Benjamin EJ, Berra K, Bushnell C, Dolor RJ et al. Evidence-based
guidelines for cardiovascular disease prevention in women: 2007 update. Circulation 2007;
115: 1481–1501.

10. Barengolts EI, Berman M, Kukreja SC, Kouznetsova T, Lin C, Chomka EV. Osteoporosis and
coronary atherosclerosis in asymptomatic postmenopausal women. Calcif Tissue Int 1998; 62:
209–213.

11. Nieuwdorp M, Vergeer M, Bisoendial RJ, op ’t Roodt J, Levels H, Birjmohun RS et al.
Reconstituted HDL infusion restores endothelial function in patients with type 2 diabetes
mellitus. Diabetologia 2008; 51: 1081–1084.

12. Patel S, Drew BG, Nakhla S, Duffy SJ, Murphy AJ, Barter PJ et al. Reconstituted high-density
lipoprotein increases plasma high-density lipoprotein anti-inflammatory properties and
cholesterol efflux capacity in patients with type 2 diabetes. J Am Coll Cardiol 2009; 53: 962–971.

13. Cuchel M, Rader DJ. Macrophage reverse cholesterol transport: key to the regression of
atherosclerosis? Circulation 2006; 113: 2548–2555.

14. Samelson EJ, Kiel DP, Broe KE, Zhang Y, Cupples LA, Hannan MT et al. Metacarpal cortical
area and risk of coronary heart disease: The Framingham Study. Am J Epidemiol 2004; 159:
589–595.

15. Ahmed LA, Schirmer H, Berntsen GK, Fonnebo V, Joakimsen RM. Features of the metabolic
syndrome and the risk of non-vertebral fractures: The Tromso study. Osteoporos Int 2006; 17:
426–432.

16. Bagger YZ, Rasmussen HB, Alexandersen P, Werge T, Christiansen C, Tankó LB et al. Links
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