
processes, in addition to being capable of im-
proving therapeutic compliance, appears to be
reasonable. 

Statins, which are HMG-CoA reductase in-
hibitors, are useful drugs in the reduction of cardio-
vascular morbidity and mortality. They are used in
the treatment of vascular risk factors and in the
secondary prevention of atherosclerosis1,2. Mundy
et al.3, in studies previously performed with cell
cultures and test animals, observed that different
groups of fat-soluble statins are capable of increas-
ing the expression of the BMP2 gene promoter (a
protein that enhances osteoblast differentiation)
and of increasing bone mineral density. This find-
ing gave rise to a series of studies, mainly cohort or
case-control studies, whose aim was to assess the
link existing between these hypolipidemic drugs
and bone mass, and/or bone fracture reduction4-7.
The results obtained were not consistent because
the analyzed populations were different, and the
fractures were not the main objective of the trials,
but they appeared as adverse effects. Therefore,
any randomized, controlled, clinical trial having as
a main objective the changes in bone mineral den-
sity or bone remodeling markers, provide results
that can more easily be assessed. Nevertheless, few
prospective studies have been performed, and no
study has been performed using patients with acute
ischemic heart disease. 

The objective of our study was to assess the
effect of atorvastatin on bone mineral density in
patients with acute ischemic heart disease, sub-
jects with a higher risk of having low levels of
bone mass8 and the role of vitamin D levels.

Material and Methods

Eighty-three patients (52 males and 31 fe-
males) suffering from acute coronary syndrome
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Abstract. – Objective: The aim of this pa-
per is to evaluate the effect of atorvastatin on
bone mineral density in patients with acute is-
chemic heart disease. 

Matherial and Methods: Eighty-three pa-
tients (52 male and 31 female) with acute coro-
nary syndrome were studied. They received
treatment with atorvastatin using low doses (20
mg) and high doses (40 mg-80 mg). Initial and fi-
nal cholesterol, triglyceride, calcium, phospho-
rus, 25-hydroxyvitamin D were obtained from
every patient. Spine and hip bone mineral densi-
ty were performed at the beginning and one year
later.

Results: Atorvastatin treatment increases vit-
amin D (33%, p = 0.007) and decreases the indi-
viduals with vitamin D insufficiency. Bone miner-
al density increased in the spine (1.31%, p =
0.02), but it was significant only in male and pa-
tients presenting vitamin D levels higher than 30
nmol/l.

Conclusion: Atorvastatin has a beneficial ef-
fect on bone metabolism in patients with acute
ischemic heart disease (mainly males) by incre-
menting bone mineral density in which vitamin
D levels are required to be higher than 30 nmol/l
for the drug to be effective.

Key Words:

Atorvastatin, Bone mineral density, Acute coronary
syndrome, Vitamin D.

Introduction

Atherosclerosis and osteoporosis are highly
prevalent chronic diseases that affect populations
of similar ages which are clinically asympto-
matic until their complications appear. Patients
suffering from these diseases require multiple
medications for their treatment. Therefore, re-
search into new drugs that are useful for both
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(75 patients with acute myocardial infarction and
8 patients with unstable angina pectoris) with an
average age of 61 ± 10 years were included in the
study. During the hospital admission, the medical
history was obtained by means of a standard
questionnaire. Exclusion criteria were chronic al-
cohol abuse, neoplasia, chronic renal impairment,
hyper- and hypocalcemia, hyperparathyroidism
and use of drugs modifying bone mineral density
(BMD) (calcium, vitamin D, estrogens, calci-
tonin, bisphosphonates, and fluoride). Patients
were allocated low (10-20 mg) and high doses
(40-80 mg) atorvastatin according to baseline lev-
els of cholesterol and triglycerides and the index
of vascular risk. Patients were studied during their
stay in the hospital and one year later. The thera-
peutic compliance rate was determined in their
last visit through their medical history. All
women were postmenopausal. Only those patients
who accomplished the follow-up period were an-
alyzed. This study was approved by the Hospital
Ethics Committee and patients signed an in-
formed consent form to participate in it.

Blood samples were obtained after 8 fasting
hours in the morning. Cholesterol, triglycerides,
total calcium, phosphorus were measured using a
Hitachi 917 autoanalyzer (Tokyo, Japan). 25-hy-
droxyvitamin D levels were determined by
HPLC with 12% interassay variation coefficient.
Densitometric studies were conducted in the
lumbar spine (L2-L4), femoral neck and
trochanter using an X-ray densitometer (DEXA,
Lunar Corporation, Madison, Wisconsin, USA).
BMD result was expressed in g/cm2, T-score and
Z-score. Women with a T-score ≤ 2.5 were con-
sidered osteoporotic. The precision of these
methods of measurement is 1.5%.

The results are expressed as mean ± standard
deviation. Descriptive statistics have been per-
formed with all the parameters observed, includ-
ing central tendency measurements and disper-
sion measurements for quantitative variables, as
well as absolute and relative frequencies for
qualitative variables. The time point for the ef-
fectiveness analysis is the end of the treatment.
Comparisons of means were performed with
paired t-test and the Mann-Whitney non-para-
metric U, with McNemar´s test for categorical
variables. Statistics were performed using SPSS
(SPSS, Chicago, Ill; Base 11.4 for Windows
User’s Guide) and SAS (SAS Institute, Carg,
N.C.; Version 8.2 Users Guide). All statistical
tests were two-tailed with p < 0.05 considered to
be significant. 

Results

Eighty-three patients were included. About
90% of them had been admitted with acute my-
ocardial infarction and 10% of them with high-
risk unstable angina pectoris. Approximately
30% of the subjects were osteoporotic at the be-
ginning of the study (39% of the women and
26% of the men), such disease defined as having
a T-score lower than –2.5 in the spine and/or hip.
About 33% drank alcohol actively, but the quan-
tity was less than 60 g/day, and 45% smoked.
Calcium intake, only from dairy products, was
471 mg/24 h, with consumption being lower than
that recommended by different official entities.
The average total cholesterol was below 200 mg,
with hypertension prevalence at about 20% and
diabetes prevalence around 13%. Approximately
15% of the patients received prior treatment with
hypolipidemic drugs (fibrates, statins). The con-
trol group included 73 hypertensive patients (38
males and 35 females) with an average age of 61
± 9 years.The control group received treatment
with Angiotensing Converting Enzyme Inhibitors
(enalapril or quinapril). Their calcium and alco-
hol intake was similar a patient group. The num-
ber of smokers was the same.

In the total population, atorvastatin treatment
produced a statistically significant decrease in
cholesterol levels (7.8%, p = 0.0001) and triglyc-
erides (7%, p = 0.003). Calcium and phosphorus
levels were not modified. Vitamin D levels were
increased by 33% (p = 0.007) although the effect
took place mainly among the male population
(Table I).

The administration of atorvastatin caused an
increase of bone mineral density in lumbar
spine of 1.31% (p = 0.02), greater in males
(1.72%, p = 0.017) than in females (0.59%), not
being statistically significant. The effect was
not related to the atorvastatin dosage used. No
changes were observed in the hip zone, or in the
trochanter or the neck zones. No decrease in
bone mass took place either (Table I). The con-
trol group (Table II) didn’t shown changes on
the BMD.

In the presence of vitamin D deficiency (vita-
min D < 30 nmol/l), atorvastatin had no effect
on triglycerides and cholesterol levels (Table
III) or on BMD. Patients with no vitamin D de-
ficiency presented an appropriate response. A
decrease in triglycerides and cholesterol levels
took place, as well as an increase of vitamin D.
A statistically significant increase in BMD was
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observed in the lumbar spine zone, although the
hip and spine remained unchanged (Table III).
Other confunders factors (nitrates, b-blockers,
diuretics) did not influence on the observed
changes in the patients group. No differences
were observed between high and low doses of
atorvastatin. 

Discussion

Our results demonstrate that atorvastatin pro-
duces a increase of BMD in the spine, while it
remains stable in the hip. This effect is more evi-
dent in males. The absence of vitamin D defi-
ciency is essential for atorvastatin to have an ef-
fect both on lipid and bone metabolisms. 

In the studied population, a prevalence of
osteoporosis  can be observed in 39% of
women and 26% of men, which is superior to

the prevalence in the Spanish population of the
same age, and is also higher than that observed
in our geographic area. Diaz Curiel et al.9,10

found a prevalence of osteoporosis of around
24% in women aged 60-69, and around 6.9%
in men of the same age. A study performed on
1500 subjects presented a prevalence of osteo-
porosis of around 16% in women and around
15% in men, both in the 60-70 age bracket,
which corresponds with the age range of our
patients11. In this case, densitometries were
performed on the heel bone with a DXA unit.
These data are consistent with other published
studies, where a correlation between low bone
mass and previous myocardial infarction can
be seen, especially among males. Therefore, in
the NHANES III study is considered that low
bone mass in patients with coronary patholo-
gies is a better predictor of mortality than high
levels of cholesterol, triglycerides and blood
pressure12.
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Women: 31 Men: 52 Total: 83

Initial Final Initial Final Initial Final

Cholesterol mg/dl 172 ± 42 159 ± 32 189 ± 51 163 ± 34a 182 ± 48 161 ± 33e

Triglycerides mg/dl 129 ± 60 119 ± 80 167 ± 103 131 ± 55b 152 ± 91 127 ± 66f

Calcium mg/dl 9.4 ± 0.5 9.6 ± 0.5 9.6 ± 0.5 9.6 ± 0.5 9.5 ± 0.5 9.6 ± 0.5
Phosphorus mg/dl 3.8 ± 0.6 3.6 ± 0.4 3.5 ± 0.5 3.4 ± 0.7 3.6 ± 0.6 3.4 ± 0.6
25-hydroxyvitamin D 43 ± 23 45 ± 18 39 ± 16 49 ± 18c 41 ± 19 47 ± 19g

nmol/l
BMD L2-L4 g/cm2 1.066 ± 0.25 1.072 ± 0.25 1.178 ± 0.20 1.196 ± 0.20d 1.136 ± 0.22 1.173 ± 0.23h

BMD neck hip g/cm2 0.845 ± 0.15 0.839 ± 0.11 0.960 ± 0.12 0.970 ± 0.12 0.916 ± 0.15 0.920 ± 0.15
BMD throcanter g/cm2 0.660 ± 0.22 0.677 ± 0.18 0.801 ± 0.27 0.798 ± 0.27 0.748 ± 0.26 0.753 ± 0.25

Table I. Effect of atorvastatin on calcium metabolism parameters and bone mineral density in the total population (men and women). 

a) p = 0.007, b) p = 0.0001, c) p = 0.003, d) p = 0.017, e) p = 0.0001, f) p = 0.003, g) p = 0.007, h) p = 0.02 

Control (n: 73) Patients (n: 83)

IInitial Final Initial Final

Calcium mg/dl 9.5 ± 0.5 9.7 ± 0.4a 9.5 ± 0.5 9.6 ± 0.5
Phosphorus mg/dl 3.4 ± 0.5 3.4 ± 0.5 3.6 ± 0.6 3.4 ± 0.6
25-hydroxyvitamin D nmol/l 56 ± 27 55 ± 25 41 ± 19 47 ± 19
BMD L2-L4 g/cm2 1.087 ± 0.17 1.092 ± 0.18 1.136 ± 0.22 1.173 ± 0.23b

Table II. Control group versus patients treated with atorvastatin. Changes on calcium metabolism parameters and bone miner-
al density (BMD).

a) p = 0.0001, b) p = 0.03.
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Another noteworthy finding is the increase in
25-hydroxyvitamin D levels after one year of
atorvastatin treatment, with a reduction in the
number of patients showing an insufficiency of
such hormone. Similar findings have been seen
in two small-scale studies, with 18 patients suf-
fering from familiar hypercholesterolemia, in
which the administration of statins (lovastatin,
simvastatin) caused an increased vitamin D
serum concentration13,14. The mechanism respon-
sible for this increase is related to the inhibition
of 3-hydroxy-3-methylglutaryl-coenzyme A
(HMG-CoA) reductase, which catalyzes the
transformation of 7-dehydrocholesterol into cho-
lesterol. This 7-dehydrocholesterol is not only a
cholesterol precursor, but also a vitamin D pre-
cursor15. The enzyme blockage can divert 7-de-
hydrocholesterol into the synthesis of 25-hydrox-
yvitamin D, thus increasing its concentration.
This increase could explain part of the beneficial
effect of statins on bone metabolism, BMD in-
crease and reduction of bone fractures.

Bone mineral density increases in the lumbar
spine zone, with no changes being observed in
the hip zone. The average increase is 1.31%, and
is predominant among men. There are few ran-
domized and prospective studies published ana-
lyzing the effect of statins on bone mass. Mon-
tagnani et al.16 observed an increase of BMD in
the lumbar spine and the trochanter zone of 40
post-menopausal women treated with simvastatin
(40 mg/day). Quesada et al.17 assessed the effect
of atorvastatin on BMD in the lumbar spine and
femoral neck of 36 post-menopausal and hyperc-
holesterolemic women during a period of one

year. Statistically significant increases were ob-
served regarding the bone mass in both locations
with no changes on the markers. Rejnmark et
al.18 determined the effect of simvastatin in 41
post-menopausal women who were non hyperc-
holesterolemic. No changes in markers were ob-
served, but an increase of bone mass took place
in the forearm. No modifications appeared in
other locations. Luppatelli et al.19 assessed the ef-
fect of 40 mg simvastatin in 40 post-menopausal
women with high cholesterol levels during a fol-
low-up period of 2 years. An increase in BMD
was observed to be about 3.3% in the lumbar
spine zone and 2.7% in the hip, with no changes
regarding the markers. Tikiz et al.20 found no sig-
nificant changes in spine or hip BMD in os-
teopenic women treated with simvastatin who re-
ceived a one-year follow-up period. In most of
them, the analyzed population comprised post-
menopausal, non-osteoporotic women, with a
small sample size. They did not take into account
vitamin D levels. Recently, Bone et al.21 conduct-
ed a prospective, randomized, placebo-controlled
study, with 626 hypercholesterolemic post-
menopausal women. Patients were allocated low
(10-20 mg) and high doses (40-80 mg) atorvas-
tatin with vitamin D supplements but with very
low doses (200 UI). The authors did not find ef-
fect on bone mineral density or biochemical in-
dices of bone metabolism. However, the studied
population was different and the vitamin D levels
were not measured. 

The only study that linked high doses of calci-
um and vitamin D to atorvastatin showed in-
creased BMD in hip and spine17. Our case-load
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Vitamin < 30 nmol/l (n: 16) Vitamin D > 30 nmol/l (n: 67)

IInitial Final Initial Final

Cholesterol mg/dl 172 ± 44 162 ± 47 187 ± 49 159 ± 30c

Triglycerides mg/dl 144 ± 46 155 ± 96 158 ± 108 116 ± 49d

Calcium mg/dl 9.5 ± 0.5 9.6 ± 0.4 9.6 ± 0.6 9.6 ± 0.5
Phosphorus mg/dl 3.9 ± 0.5 3.5 ± 0.6a 3.5 ± 0.6 3.4 ± 0.6
25-hydroxyvitamin D nmol/l 19 ± 6 36 ± 15b 48 ± 15 63 ± 32e

BMD L2-L4 g/cm2 1.125 ± 0.19 1.145 ± 0.18 1.123 ± 0.22 1.138 ± 0.22f

BMD neck hip g/cm2 0.839 ± 0.16 0.844 ± 0.15 0.839 ± 0.16 0.844 ± 0.16
BMD trochanter g/cm2 0.677 ± 0.18 0.659 ± 0.22 0.677 ± 0.15 0.659 ± 0.22

Table III. Effect of atorvastatin on calcium metabolism parameters and bone mineral density (BMD) in population with and
without vitamin D deficiency.

a) p = 0.028, b) p = 0.0001, c) p = 0.0001, d) p = 0.008, e) p = 0.002, f) p = 0.012 



presented a high percentage of subjects with vita-
min D insufficiency (78%), which can justify a
lower response to the treatment. Different cohort
and case-control studies, which were also retro-
spective, included males presenting bone mass
increases. 

The influence of severe vitamin D deficiency
(levels lower than 30 nmol/l) on the response to
atorvastatin was assessed. Patients with a severe
deficit do not respond to the drug. Bone mass re-
mains unchanged, and triglycerides and choles-
terol serum concentrations are not modified. In
vitro studies have shown that 25-hydroxyvitamin
D inhibits HMG-CoA reductase, producing a
synergic action with the statin22. This effect is
likely to be necessary for the atorvastatin to be-
come activated. Patients with vitamin D levels
above 30 nmol/l show the most favorable biolog-
ical profile. Increases in bone mass and vitamin
D, as well as decreases in cholesterol, triglyc-
erides 

The main limitation of our study is the sample
size, even though the population is uniform. An-
other limitation is the absence of an objective
method for therapeutic compliance. This was
performed using the information provided by the
patient during the last visit.

In conclusion, we can say that atorvastatin has
a beneficial effect on bone mineral density in pa-
tients suffering an acute ischemic heart disease,
mainly men. No severe vitamin D deficiency
should exist for the drug to be effective. Further-
more, atorvastatin increases vitamin D levels,
thus explaining some of the pleiotropic actions of
the drug.
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