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BACKGROUND: Cardiovascular disease (CVD) and osteoporosis are
major health-care concerns worldwide. The evidence is contradictory
on whether a relationship exists between low bone mineral density
(BMD) determined by dual-energy absorptiometry (DXA scan) and cor-
onary artery calcification (CAC) measured by computed tomography.
Currently, there are no data on patients from Saudi Arabia.
OBJECTIVE: Examine the relationship between CAC and BMD in both
genders and study the influence of traditional coronary artery disease
(CAD) risk factors and osteoporosis.

DESIGN: Retrospective, cross-sectional, analytical.

SETTING: Single tertiary care center.

PATIENTS AND METHODS: We searched radiology databases for pa-
tients who underwent both DXA and CAC score scanning within six
months of each other. The inclusion criterion was an absence of any
history of CAD.

MAIN OUTCOME MEASURE: Association between osteoporosis and
CAC.

SAMPLE SIZE: 195 (34 osteoporosic, 161 normal BMD or osteopenic)
RESULTS: Most of the study population (57.4%) were females. The
mean age of all patients was 63.6 (10.1) years. Participants with CAC
scores of O were significantly younger than those who had CAC scores
>0. The presence of diabetes mellitus, hypertension, and hypercholes-
terolemia was higher in patients with CAC scores >0. CAC score and
other CAD risk factors were not significantly different between the os-
teoporotic and nonosteoporotic groups, except for body mass index.
A high CAC score (>100) was present in 28%, 20%, 11%, and 30% of
participants with no osteoporosis, osteoporosis of the lumbar spine,
osteoporosis of the femoral neck, and participants with osteoporosis
of both the lumbar spine and femoral neck, respectively (P=.762), sug-
gesting there is no association between CAC and the presence of os-
teoporosis.

CONCLUSIONS: Osteoporosis is not associated with higher CAC
scores in Saudi Arabia and CAD risk factors are not significantly preva-
lent in osteoporosis. It appears that CAC and osteoporosis are inde-
pendent age-related diseases that share common risk factors.
LIMITATIONS: Single-center, retrospective.

CONFLICT OF INTEREST: None.
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ardiovascular disease (CVD) and osteoporosis

are two major healthcare concerns with increas-

ing prevalence worldwide.” The two conditions
share similar risk factors, such as age, physical inactiv-
ity, smoking, increased age, post-menopausal status in
women, vitamin D deficiency, and an unhealthy diet.?*
Prior studies have reported a relationship between os-
teoporosis and CVD, stroke, peripheral arterial disease,
as well as cardiovascular mortality.*® A recent review ar-
ticle reported that low bone mineral density (BMD) has
a significant association with CVD in men aged 50 years
and over and postmenopausal women.¢ However, there
are still controversies as to whether the relationship be-
tween osteoporosis and CVD is independent of age,
ethnicity, gender, and conventional CVD risk factors.?’

Coronary artery calcification (CAC) is a well-estab-
lished marker for overall atherosclerotic plaque bur-
den. A high CAC score has been associated with the
presence of obstructive coronary artery disease (CAD)
and cardiovascular mortality.?? There is an inconsistent
relationship between low bone mineral density (BMD)
determined by dual-energy absorptiometry (DXA) and
CAC measured by computed tomography (CT). Some
studies have found no association between BMD or
volumetric BMD and the presence of CAC or aortic
calcification, " while other studies have demonstrated
a positive relationship between the presence of aortic
calcification and CAC and BMD."*'¢ This positive corre-
lation may be related to age, shared risk factors such as
smoking, and other possible contributing factors such
as hormones or inflammatory cytokines."” The incon-
sistent findings on any relationship between BMD and
CAC may be due to sex- and/or ethnicity-specific differ-
ences. Furthermore, longitudinal studies investigating
the association between BMD and CAC have been per-
formed mainly in patients with chronic kidney disease,
and the results have been inconsistent.'®?

CVD is a major concern in the Gulf Cooperation
Council countries, including Saudi Arabia, where it is
estimated that CVD accounts of more than 45% of all
deaths.? Also, epidemiological data shows that 34.0%
of Saudi women and 30.7% of men between 50 and
79 years of age are osteoporotic, and the prevalence
of osteoporosis is expected to increase with increased
life expectancy.”® The high prevalence of osteoporosis
in Saudi Arabia may be due to several factors, includ-
ing lack of physical activity, low calcium intake, a higher
prevalence of vitamin D deficiency, and lifestyle fac-
tors.?! The racial differences in BMD and CAC are well
known. Only a few studies have reported an associa-
tion between BMD and CAC in a multiethnic group in
one country and there are no international studies.?'?

RELATIONSHIP BETWEEN CAC AND BMD

Currently, no study has assessed the relationship be-
tween CAC and BMD among both genders in Saudl
Arabia. This study was designed to investigate the re-
lationship between CAC and the level of BMD in both
genders in Saudi Arabia and analyze the influence of
age, gender, and other traditional CAD risk factors on
CVD and osteoporosis.

PATIENTS AND METHODS

The study population consisted of patients who under-
went both BMD for osteoporosis screening and CAC
score scanning for CAD risk stratification within six
months of each other between January 2018 to February
2020. Participants with prior known CAD—such as pa-
tients with prior coronary artery bypass surgery, prior per-
cutaneous coronary intervention, or an abnormal stress
test—were excluded from the study. Also, patients with
a known metabolic bone disease or diagnosed osteo-
porosis were excluded. All investigations were carried
out in accordance with the Declaration of Helsinki. The
study methods were approved by the institutional re-
view board (hospital ethics approval #2191294 dated 11
November 2019).

The calcium score was obtained by muiltislice CT.?®
Electrocardiographic triggered image acquisition was
performed with a thickness of 3 mm from the level of the
carina to the level of the diaphragm at mid-diastole phase
at 60%-80% of the R-R interval. The scan was reviewed
and reported by an experienced cardiovascular radiolo-
gist who was blinded to participant characteristics or the
results of the DXA scan. The CAC analysis was based on
the presence or absence of CAC, and the severity of CAC
was divided further into two groups as mild (from CAC
score 0 to 100) or severe CAC (CAC score >100).

The BMD of both the lumbar spine (L1-L4) and femo-
ral neck was measured using Lunar Prodigy PA +300164
DXA. Daily quality assessments were performed on the
DXA machine to ensure the scanner’s reliability. BMD
results were reported as T-scores, and the scores were
categorized as normal/osteopenic (T-score <-1 and -2.5)
or osteoporitic BMD (T-score <-2.5).

Analysis of the data was conducted using R software
version 3.6.3., blorr package. Categorical data are repre-
sented as count (%). Chi-square or Fisher’s exact test was
done to examine the relationship between two qualita-
tive variables. Continuous data were presented as mean
and standard deviation (SD), while a t test was used to
compare continuous variables. Multiple logistic regres-
sion was used to assess the relationship between risk
factors and CAC, with CAC as the dependent variable(<
100 or >100 coronary artery calcium score). The logistic
regression model was derived from a full model with all
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variables by backwards stepwise reduction. For all tests,
a P value <.05 was considered statistically significant.

RESULTS

Of 195 participants, 83 (42.6%) were males. The mean
age of the participants was 64 (10) years. The mean age
of patients with a CAC score of 0 was significantly lower
than those who had CAC score >0 (Table 1). Moreover,
33 (30%) of the CAC >0 patients had a family history of
CAD while only 12 (14%) CAC 0O patients had family his-
tory of CAD. The percentage of participants who suffer
from diabetes mellitus, hypertension, and hypercholes-
terolemia in the group with CAC >0 was nearly twice
the number of participants in the group with a CAC O
score, and these differences were statistically significant.
There were no significant differences in gender, smoking
status, steroid, and T-score among CAC groups . Thirty-
four patients had a T-score <-2.5 (osteoporosic) while
161 had a T-score >-2.5 (normal or osteopenic).

None of the CAD risk factors were significantly differ-
ent between osteoporotic and nonosteoporotic patients
except for body mass index (BMI) and hypercholesterol-
emia (Table 2). BMI was higher in nonosteoporotic pa-
tients and hypercholesterolemia was more frequent in
nonosteoporotic patients. The age of participants with
CAC scores >100 was significantly higher than those
with lower CAC scores (Table 3). Also, there was a posi-
tive association between family history of CAD and a
higher CAC score (P=.021). There was no significant dif-
ference for gender, smoking, or the mean BMI among

original article

the low and high CAC groups. For diabetes mellitus,
hypertension, and hypercholesterolemia, the frequency
in patients with high CAC scores significantly exceeded
those with low CAC scores. For use of steroids, BMD
of the lumbar spine and/or femoral neck, and T-scores,
there was no significant difference among the CAC
groups. In the comparison of risk factors by high and
low CAC groups within the genders, males and females
only differed for a family history of CAD, which was sta-
tistically significant only in females (Table 4).

The multiple logistic regression analysis indicated
that CAC is associated with increasing age and male
gender (Table 5). Each one year increase in age was as-
sociated with a 6% increase in the risk of having a higher
CAC score versus a low score. For males, the risk of a
high CAC score was more than three times that of fe-
males. Hypertension carried a risk of a high CAC score
more than four times that of people of normal blood
pressure. A high CAC score (>100) was present in 52
(27%) of patients with no osteoporosis, 20% with osteo-
porosis of the lumbar spine, 11% with osteoporosis of
the femoral neck, and 30% with osteoporosis of both
the lumbar spine and femoral neck, but the differences
were not statistically significant (P=.762), which confirms
the finding of no association between CAC score and
the presence of osteoporosis (Table 6).

DISCUSSION

To the best of our knowledge, this is the first study in
Saudi Arabia and the Middle East designed to investi-

Table 1. Demographic and clinical and characteristics of the study population based on presence and absence of

coronary artery calcification.

Factors Total CAC score 0 CAC >0 P value
(n=195) (n=85) (n=110)
Age (years) 63.6 (10.0) 59.2 (9.7) 67.0 (2.0) <.001
Male 83 (42.6) 35(41.2) 48 (43.6) 73
Female 112 (57.4) 50 (58.8) 62 (56.4)
Family History of CAD 45 (23.1) 12 (14.1) 33 (30.0 .001
Smoking 6(3.1) 2(2.4) 4 (3.6) .698
Body mass index (kg/m?) 30.9 (10.4) 30.7 (11.1) 31.0(9.9) 821
Diabetes mellitus 93 (47.7) 26 (32.9) 65 (59.1) <.001
Hypertension 103 (52.8) 37 (43.5) 66 (60.0) .022
Hypercholesterolemia 61(31.3) 18 (21.2) 43 (39.1) .007
Steroid use 7 (3.6) 3(3.5) 4 (3.6) 999
T score lumbar spine and/or 34(17.9) 14 (16.5) 20(18.2) 755

femoral neck <-2.5

Data are n (%) or mean and standard deviation. CAD; coronary artery disease, CAC score; coronary artery calcium score.
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gate the relationship between CAC and osteoporosis.  different populations and regions in the world that re-
In this study, we demonstrated that there is no asso-  ported no significant association between osteoporosis
ciation between CAC and osteoporosis diagnosed by  and CAC. For instance, the Rotterdam study showed no
DXA scans among Saudi men or women. Our results  association between CAC and BMD or CAD risk factors,
are in line with previous similar studies performed in  except for BMD loss, which was higher in women with

Table 2. Demographic and clinical and characteristics of the study population in normal and osteoporotic patients.

T score
Factors Total T score lumbar spine and P value
(n=195) >-2.5 (n=161) femoral neck
<-2.5 (n=34)
Age (years) 63.6 (10.1) 63.93(9.7) 62.2 (11.6) 408
Male 83 (42.6) 64 (39.8) 19 (55.9) .084
Female 112 (57.4) 97 (60.2) 15 (44.1)
Family history of CAD 45 (23.1) 39 (24.2) 6(17.6) 408
Smoking 6(3.1) 6(3.7) - .593
Body mass index (kg/m?) 30.9 (10.4) 31.7 (11.0) 27.1 (5.0) <.001
Diabetes mellitus 93 (47.7) 76 (47.2) 17 (50.0) 767
Hypertension 103 (52.8) 90 (55.9) 13 (38.2) .061
Hypercholesterolemia 61(31.3) 57 (35.4) 4(11.8) .007
Steroid 7 (3.6) 7 (4.3) 0 (0.0) .608
CAC score 151.8 (347.6) 159.6 (355.9) 115.2 (307.5) 461

Data are n (%) or mean and standard deviation. CAD; coronary artery disease, CAC score; coronary artery calcium score

Table 3. Demographic and clinical and characteristics of the study population based on low (CAC score < 100) and
high coronary artery calcification (CAC score >100).

Total Low CAC High CAC
Factors (n=195) (CAC <100) (CAC >100) P value
(n=143) (n=52)

Age (years) 63.6 (10.1) 62.0(9.8) 68.0 (9.6) <.001
Male 83 (42.6) 57 (39.9) 26 (50.0) .21
Family history of CAD 45 (23.1) 27 (18.9) 18 (34.6) .021
Smoking 6(3.1) 4 (2.8) 2(3.8) 71
Body mass index (kg/m?) 30.9 (10.4) 30.5(10.9) 31.9 (8.8) .36
Diabetes mellitus 93 (47.7) 58 (40.6) 35 (67.3) <.001
Hypertension 103 (52.8) 63 (44.1) 40 (76.9) <.001
Hypercholesterolemia 61 (31.3) 36 (25.2) 25 (48.1) .002
Steroid use 7 (3.6) 7 (4.9) - 19
BMD lumbar spine 1.01(0.187) 1.00 (0.181) 1.03 (0.203) .38
BMD femoral neck 0.822 (.156) 0.817 (.155) 0.834 (0.158) .5
T score of FN and or LS 34 (17.4) 27 (18.9) 7 (13.5) 378

<-2.5

Data are n (%) or mean and standard deviation. CAD: coronary artery disease, CAC score: coronary artery calcium score, BMD: bone mineral density, LS: lumbar
spine, FN: femoral neck.
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high CAC scores during follow up, an association that
may be related to low estrogen level.?* Similarly, a prior
study demonstrated that the association between the
presence of subclinical coronary calcification and low
BMD among middle-aged men and women was not
significant after controlling for age and other risk fac-
tors for CAD and osteoporosis.?® Additionally, a cross-
sectional study designed to investigate the results
between BMD and quantitative computerized tomog-
raphy and CAC measured by electron beam computer-
ized tomography in 313 postmenopausal women and
167 men found that there was no association between
osteoporosis and CAC after controlling for age.™

In contrast, several studies have shown an inverse
association between BMD and CAC.?**% This inverse
relationship may be related to age, shared risk fac-
tors (smoking), or other common pathophysiological
mechanisms for osteoporosis and CAD (hormones of
inflammatory cytokines).? Furthermore, the inconsis-
tent relationship between CAC and BMD may be due
to sex- and/or ethnicity-specific differences.” In addi-
tion, other possible explanations for the inconsistent
relationship between osteoporosis and CAC include
significant variability in populations, methods, and the
anatomical site chosen to assess the osteoporosis and
coronary atherosclerosis among different studies.

original article

As in previous studies that have investigated the
prevalence of CAC in asymptomatic patients, our study
showed that the prevalence of CAC is 56% in the to-
tal study population, which is also consistent with our
prior report.? In addition, there was a significant posi-
tive association between the presence of CAC and age,
family history of CAD, diabetes mellitus, hypertension,
and dyslipidemia (P value <.05). However, there was no
positive association between the T-score of the lumbar
spine or the T-score of the femoral neck, which suggests
that low bone density and CAC are independent of
major cardiovascular risk factors such as diabetes mel-
litus, dyslipidaemias, and hypertension or whether sex-
specific differences exist. However, some studies have
demonstrated that atherosclerosis and osteoporosis
share common risk factors such as aging, dyslipidemia,
oxidative stress, diabetes, hypertension, and inflamma-
tion.®3' Also, our data did not reveal a positive asso-
ciation between absolute CAC score (CAC score <100
and CAC score >100) and other CAD risk factors in
osteoporotic and nonosteoporotic participants except
for BMI, which was higher in nonosteoporotic patients.
Surprisingly, in our patient population, the CAC score
was higher in nonosteoporotic patients (159 vs. 115),
but there was no statistically significant difference be-
tween the two groups. Therefore, our study shows no

Table 4. Coronary artery disease risk factors in patients by low (<100) or high (>100) coronary artery calcium score by

gender.
Female Male
Low High Low High
(CACS100) (CAC>100) Pvalue  (CACS100) (CAC >100) P value
(n=86) (n=26) (n=57) (n=26)
Age, years 64.6(7.9) 707 (9.2) 004 58.2(11.1)  65.3(9.4) 004
Family History of CAD 15 (17.4) 10 (38.5) 024 12 21.1) 8(30.8) 337
Smoking 0(0) 1(3.8) 232 4(7.0) 1(3.8) 999
Body mass index (kg/m3  30.8(7.9)  33.0(7.1) 180 30.0(144)  30.8(10.2) 792
Diabetes mellitus 39 (45.3) 18 (69.2) 032 19(33.3) 17 (65.4) 006
Hypertension 46 (53.5) 23 (88.5) 001 17 (29.8) 17 (65.4) 002
Hypercholesterolemia 27 (31.4) 15(57.7) .015 9 (15.8) 10 (38.5) .023
Steroid use 7 8.1) 0(0) 198 0(0.0 0(0)
BMD lumbar spine 1.01(.2) 1.02 (.2) 88 0.99 (2) 1.04 (:2) 29
BMD femoral neck 82(.1) 83 (1) 636 82(2) 84(.19) 631
T score of LS and or FN 13 (15.1) 2(7.7) 471 14 (24.6) 5(19.2) 592

<-2.5

Data are n (%) except for age (mean, standard deviation). Statistical comparisons are high vs low CAC. CAD: coronary artery disease, CAC score: coronary artery

calcium score, BMD: bone mineral density, LS: lumbar spine, FN: femoral neck
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significant association between CAC and osteoporosis
in men or women with a wide range of CAC scores.
Reasons for these results may be that the prevalence
of osteoporosis in our population was low compared to
other studies. Also, DXA might not be sensitive enough
to detect osteoporosis of the lumbar spine in the pres-
ence of severe degenerative changes and osteophytes,
or the presence of calcific plaques in adjacent ves-
sels.?2%3 Also, it has been reported that volumetric BMD
measured by quantitative CT, but not BMD measured
by DXA, provides a specific measurement of metaboli-
cally active trabecular bone. In one study, volumetric
BMD demonstrated a significant association with CAC
and vascular calcification at multiple vascular sites but
was not measured by DXA.3*

We found a 17% prevalence of osteoporosis (T-score
<-2.5 in either the lumbar spine or femoral neck) with
nearly equal distribution of abnormal T-scores in the
lumbar spine and femoral neck in both men and women.
The studies that have assessed the prevalence of osteo-
porosis in Saudi Arabia are limited and inconsistent. For
example, Sadat et al reported that 34% of healthy Saudi
women and 30.7% of Saudi men aged 50-79 years are
osteoporotic,*® whereas the International Osteoporosis
Foundation estimated the prevalence of osteoporosis
among Saudi women aged 50-70 years to be approxi-
mately 23%. Generally, the prevalence of low bone
mass is higher in the Middle East than in Western
countries, which could be due to the high prevalence
of vitamin D deficiency in the Middle East and Africa
region compared with Western countries.* The mortal-
ity rates after hip fracture has also been reported to be

Table 5. Multiple logistic regression for variables
associated with low (<100) or high (>100) coronary artery
calcium score.

Odds ratio (95% Cl) P value

Intercept
Age (years) 1.05 (1.01-1.09) .0254
Male 3.84 (1.73-9.00) .0013
Hypertension 4.46 (2.00-10.59) .0004

Model fit measures: Overall model test: P<.001, Nagelkerke R2: 0.220,
Deviance: 194.246

RELATIONSHIP BETWEEN CAC AND BMD

two to three times higher in Middle Eastern countries
compared to Western countries.*” Vitamin D deficiency
appears to be involved in the pathogenesis of CAD at
several steps.® For example, vitamin D deficiency pro-
motes cholesterol uptake by macrophages and thus
promotes atheroscleros.®” Also, vitamin D deficiency
has been found to be associated with a decreased
level of high-density lipoprotein, which promotes ath-
erosclerosis.*® However, taking high dose-vitamin D
supplements does not prevent cardiovascular disease
, according to the result of a recent large clinical trial.*’

Only a few studies have explored the prevalence of
osteoporosis in Saudi Arabia. Our findings showed that
the prevalence of osteoporosis in Saudi Arabia is 17.4%
based on a T-score of less than -2.5 in either the lumbar
spine or femoral neck or both, with no significant dif-
ference between men and women (mean age 62 [12]
years). This is in contrast to a prior report that reported
the prevalence of osteoporosis as 34% in healthy wom-
en and 30.7% in men aged 50-70 years.*® However,
the prevalence of osteoporosis in Saudi women aged
50-70 years was estimated to be approximately 23%
based on the International Osteoporosis Foundation. It
has also been reported that the prevalence of low bone
mass is higher in the Middle East than in Western coun-
tries.*? One of the possible reasons for low BMD in the
Middle East is the high prevalence of hypovitaminosis
D in the Middle East and African regions compared to
Western countries.® Also, we observed no significant
difference in the traditional CAD risk factors (such as
diabetes and smoking) in osteoporotic and nonosteo-
porotic patients. Higher BMI and dyslipidemia were
more common in nonosteoporotic patients. Although
both CAD and osteoporosis share similar modifiable
risk factors, our data and the available epidemiologi-
cal evidence do not allow for the establishment of a
causal link between CAD and osteoporosis.** However,
it is clear that both CAD and osteoporosis are a major
health burden affecting millions of patients worldwide,
and effective treatment strategies can be adapted to
address both conditions.

There are several potential limitations to this ret-
rospective study. The number of patients in the study
population from a single tertiary referral hospital with

Table 6. Distribution of coronary artery calcium score >100 in patients with and without osteoporosis.

No Osteoporosis of  Osteoporosis of Osteoporosis of both
osteoporosis lumbar spine femoral neck lumbar spine and P value
(n=161) (n=15) (n=9) femoral (n =10)
CAC score >100 45 (28.0) 3(20.0) 1(11.1) 3(30) 762

Data are n (%). Statistical comparisons by analysis of variance.
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a possible high risk for osteoporosis and CAD is small;
subsequently, selection bias cannot be excluded.
However, the prevalence of CAC in our population was
comparable to our prior studies. In addition, due to
the limited number of participants and the possibility
of a type 2 statistical error, our findings should be in-
terpreted with caution. Although DXA is the standard
method for osteoporosis screening and follow-up, DXA
may not be the ideal technique to distinguish between
bone mineral content and extraosseous calcification,
such as osteophytes, in severe degenerative chang-
es of the lumbar spine. Also, the use of multidetec-
tor computed tomography for measurement of CAC
could not distinguish medial from intimal calcification.

original article

Finally, large-scale prospective studies are needed to
evaluate the possible relationship between CAC and
osteoporosis and the efficacy of long-term and early
simultaneous assessment of both CAC and BMD in the
prevention of disease progression and a reduction in
disease-related morbidity and mortality.

In conclusion, our main finding is that osteoporosis
of the lumbar spine and/or femoral neck is not asso-
ciated with higher CAC scores. Our findings suggest
that osteoporosis and CAC are not related to each
other and CAD risk factors are not significantly more
prevalent in osteoporosis. Our findings suggest that
CAC and osteoporosis are independent age-related
diseases that share common risk factors.
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