
Abstract The objective of this study was to examine the
effects of lovastatin on bone mineral density (BMD) of
postmenopausal women with type 2 diabetes mellitus
(DM). The study was an open-label clinical trial conduct-
ed from March 2002 to November 2003. Fifty-five post-
menopausal women age 54–67 years with type 2 DM were
allocated to lovastatin-treated and control (without lovas-
tatin) groups based on low-density lipoprotein cholesterol
(LDL-C) >130 or ≤130 mg/dl. The first group received
lovastatin (20 mg daily titrated every 3 months to keep
LDL-C less than 130 mg/dl) for a total of 18 months. The
second group received their own diabetic regimen without
statin. The BMD of the lumbar spine (L1–L4), femoral
neck, Wards triangle, trochanter and total hip was meas-
ured by dual-energy X-ray absorptiometry at baseline and
after 18 months. In the 28 women treated with lovastatin,
the BMD increased in lumbar spine (from 0.946 (0.122) to
0.978 (0.135) g/cm2, p<0.01) and Ward’s triangle (from
0.685 (0.123) to 0.780 (0.186) g/cm2, p<0.01). In the 27
women not treated with statin, the changes in BMD at all
bone sites were not statistically significant. BMD was

higher in femoral neck (1.2% vs. -2.7%, p<0.05), Ward’s
triangle (13.9% vs. 3.3%, p<0.05), trochanter (-0.1% vs.
-2.9%, p<0.05), total hip (1.2% vs. -1.4%, p<0.05) and
lumbar spine (3.4% vs. 1.2%, p>0.05) at the end of the
study. Treatment with lovastatin may prevent bone loss in
postmenopausal women with type 2 DM.
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Introduction

Osteoporosis is the most common metabolic bone disease,
characterised by low bone mass and structural deteriora-
tion of bone tissue, leading to bone fragility and increased
susceptibility to fractures [1]. The most important cause
of osteoporosis in postmenopausal women is increased
bone resorption due to oestrogen deficiency [2–4]. Known
osteoporosis preventive and therapeutic agents such as
bisphosphonates, oestrogens, selective oestrogen-receptor
modulators, calcitonin, vitamin D analogues, calcium sup-
plement and ipriflavone work by decreasing bone resorp-
tion [5–7]. Although they reduce the fracture risk and
bone turnover, they exhibit a weak, or moderate, effect on
bone mineral density (BMD). Therefore, effective clini-
cally acceptable drugs that stimulate new bone formation
and improve trabecular microarchitecture with subsequent
enhancement in BMD are urgently needed. Animal and in
vitro studies suggest that cholesterol-lowering 3-hydroxy-
3-methylglutaryl co-enzyme A (HMG-CoA) reductase
inhibitors (statins) can both increase bone formation and
decrease resorption [8, 9].

Reviews of the growing body of information from
observational and experimental studies regarding the
effect of statins on risk of fracture or BMD in humans
show inconsistent results [10–17]. Some of these studies
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show no effect [11, 15] or a positive effect [10, 13, 14, 16]
or different associations for men and women [12], indi-
cating a complex and often paradoxical relationship. The
explanations for these discrepancies could include study
design, inadequate control of confounders and differences
in study populations.

There have been conflicting reports about BMD in
patients with type 2 diabetes mellitus (DM) [2, 18–24]. In
some studies BMD was reduced [2, 21]; in others BMD
was increased [18–20, 24] or unchanged [22, 23]. In some
studies on postmenopausal women with type 2 DM,
HMG-CoA reductase inhibitors decreased risk of fracture
[12, 13]. Therefore, it is still to be determined whether
statins can be used for the management of BMD in post-
menopausal diabetic women. We conducted an open-label
clinical trial to compare BMD in lovastatin-treated
patients with low-density lipoprotein cholesterol (LDL-
C)>130 and in controls with LDL-C ≤130 mg/dl.

Patients and methods

Patients

In an open-label clinical trial, 60 consecutive postmenopausal
women with type 2 DM referred to the Isfahan Endocrine and
Metabolism Research Center outpatient clinic who consented to be
enrolled in the research were selected from March 2002 till
November 2003. Tenets of the current version of the Declaration of
Helsinki were followed, institutional ethical committee approval
was granted, and the nature of the trial and possible adverse effects
of the drug were explained to the patients. After detailed discussion
with the endocrinologist, each patient made a final decision and
signed a consent form.

The patients were not randomised, but were grouped according
to their LDL-C at baseline. The treatment group (n=30) had LDL-
C >130 mg/dl and the control group (n=30) LDL-C ≤130 mg/dl, in
order to avoid the ethical question of leaving hypercholestero-
laemic patients without drug therapy for a long time.

Patients with no serious concomitant medical problems, such
as history of renal, cardiac, liver or neoplastic disease, Cushing’s
syndrome or thyroid dysfunction and who were available for fol-
low-up for 18 months were eligible for the study. Patients with
chronic gastrointestinal disorders such as chronic diarrhoea and
malabsorption, or disabling joint diseases or taking levothyroxine,
anticonvulsants, corticosteroids, calcium supplements, vitamin D,
bisphosphonates, oestrogen or diuretics during the observation
period were also excluded.

All patients had been on their own diabetic regimen for 3
months and none took statins. At the beginning of the study,
patients’ age, height, weight, duration of diabetes, and post-
menopausal period were recorded. Body mass index (BMI) was
calculated by dividing weight (kg) by square of height (m).

The lovastatin-treated group received lovastatin (manufactured
by Pursina Pharmaceutical Co., Tehran, Iran) 20 mg daily as a
starting dose. The dose was titrated every 3 months to keep LDL-
C <130 mg/dl. The maximum increment was 10 mg at each visit.
Mean (standard deviation (SD)) of lovastatin dose was 34.6 (9.7)

mg daily. Serum creatin phosphokinase (CPK) and hepatic amino-
transferases (AST & ALT) were measured before and after 4 weeks
of lovastatin treatment and then at 3-month intervals throughout
the study period in the lovastatin-treated group. A liver enzyme
increment to more than 3 times the upper limit of normal range or
increase of CPK with clinical symptoms and signs of muscle
involvement, drug intolerance or noncompliance among patients or
increase of LDL-C to >130 mg/dl in the control group were also
exclusion criteria. The intervention lasted 18 months. At the same
time, patients in the control group were on their own diabetic reg-
imen without statin intake.

Methods

After an overnight fast, venous blood samples were taken for the
measurement of cholesterol, triglyceride, high-density lipoprotein
cholesterol (HDL-C), glycosylated haemoglobin (HbA1c), creati-
nine, calcium, phosphorus, alkaline phosphatase, CPK, and AST
and ALT using an autoanalyser (Liasys, AMS, Italy). HbA1c was
measured by chromatography-spectrophotometry. Total choles-
terol, triglyceride and HDL-C were assayed by calorimetry. LDL-
C was calculated by Friedwald equation (if triglyceride level was
<400 mg/dl) [25]. Calcium and phosphorus were measured by
calorimetry (cresolphthalein complex and molybdate). AST and
ALT, and CPK were measured by an optimised standard (IFCC)
and creatinine by the JAFFE method. Measurement of HbA1c and
lipid profile was repeated every 3 months in both groups.

BMD of the lumbar spine (L1–L4), femoral neck, Ward’s trian-
gle, trochanter and total hip was measured by dual-energy X-ray
absorptiometry (DXA) with a Lunar DPX-L 3000 densitometer
scanner (Madison, WI, USA) with acquisition software version
1.31 by the same technician using the same machine at baseline
and after 18 months in both groups. Precision was 1.0% for spine
and hip. BMD was expressed as raw bone density (g/cm2).
Percentage BMD increment after follow-up compared with base-
line was calculated as: ((follow up BMD - baseline BMD)÷base-
line BMD)x100.

We used World Health Organization (WHO) criteria to cate-
gorise the BMD values in terms of low bone mass (osteopenia and
osteoporosis). T-score of -1 to -2.5 SD was defined as osteopenia
and less than -2.5 SD as osteoporosis [26].

Statistical analysis

On the basis of previous estimates of standard deviation of 2.5 and
accounting for pair-wise comparisons, we calculated that 30
patients per treatment group would be required to provide the study
with 80% power to detect (with a two-sided alpha of 0.05) a mean
difference in BMD from baseline of 1.5 g/cm2. Comparison
between groups that had LDL-C >130 mg/dl and LDL-C ≤130
mg/dl was made using Student’s t-test for independent samples;
comparisons between baseline and post-treatment values were
made by paired-Student’s t-test. Results are expressed as mean
(standard deviation (SD)) and p<0.05 was considered statistically
significant. All statistical tests were two-sided. The analyses were
done on a personal computer using SPSS for Windows (SPSS Inc.,
Chicago, IL, USA).
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Results

Patient compliance was good, with only 5 dropouts. In the
lovastatin-treated group, adverse events were reported in
one patient (diarrhoea), and one patient was noncompli-
ant. Three patients were excluded from the control group
because of noncompliance. Fifty-five patients (28 lovas-
tatin-treated and 27 controls) who met the entry criteria
were enrolled for the study. The patients had a mean (SD)
age of 60 (3.1) years (range 54–67 years). Mean duration
of diabetes and menopause was 10.8 (4.9) and 9.3 (3.1)
years, respectively. Mean (SD) menopausal age was 49
(2.7) years.

At baseline, the lovastatin-treated group had higher
total cholesterol, LDL-C and total hip BMD than the con-
trol group. Otherwise, the two groups were generally well
matched at baseline with regard to age, BMI, duration of
diabetes, menopause and other characteristics (Table 1).
There was no statistically significant difference between
BMD of proximal hip at all 3 sites and spine. The mean
(SD) ages of lovastatin-treated and control groups were
60.2 (3.1) and 59.8 (3.2) years. In the lovastatin-treated
group, 14 and 11 patients were treated with either insulin
or oral hypoglycaemic agents (OHAs). In the control

group, 12 and 16 patients were on insulin or OHAs.
Others used diet for glycaemic control. First measurement
of BMD showed 71.6% low bone mass in at least one
bone site in the spine or proximal hip (51% osteopenia
and 20.6% osteoporosis).

Changes in BMD before and after the trial are shown
in Table 2. The average BMD in spine increased from
baseline by 0.032 (95% CI; 0.052, 0.012) g/cm2 in the
lovastatin-treated, compared with an increase of 0.012
(95% CI; -0.006, 0.029) g/cm2 in the control group. BMD
at Ward’s triangle was increased by 0.095 (95% CI; 0.033,
0.157) g/cm2 in the lovastatin-treated group, compared
with an increase of 0.021 (95% CI; -0.021, 0.062) g/cm2

in controls. In the lovastatin-treated group, BMD
increased significantly at the spine and Ward’s triangle.
After 18 months, the lovastatin-treated group gained 3.4%
more BMD at the spine, 1.2% at the femoral neck, 13.9%
at Ward’s triangle and 1.2% at total hip.

In the control group, BMD at total hip (1.4%), femoral
neck (2.7%) and trochanter (2.9%) decreased and at spine
(1.2%) and Ward’s triangle (3.3%) increased during the study
period. None of these changes were statistically significant.

After 18 months, BMD was statistically higher in the
lovastatin-treated group than in the control group at all
bone sites except spine (Table 3).

Table 1 Characteristics and BMD of postmenopausal women with type 2 diabetes on lovastatin-treated and diabetic regimen (control)
groups

Characteristics Treatment group at baseline

Lovastatin and diabetic Diabetic regimen Difference 
regimen (n=28) (n=27) (95% CI)

Mean (SD) Mean (SD)

Age (years) 60.2 (3.1) 59.8 (3.2) 0.4 (-1.4, 2.1)

BMI (kg/m2) 28.9 (3.9) 28.7 (3.8) 0.2 (-1.9, 2.4)

Duration of DM (years) 11.3 (4.8) 10.4 (5.1) 0.9 (-1.8, 3.6)

Menopausal duration (years) 9.7 (2.9) 9.0 (3.4) 0.7 (-1.1, 2.5)

Menopausal age (years) 49.9 (2.6) 50.2 (2.9) -0.3 (-1.8, 1.1)

HbA1c (%) 10.0 (1.3) 9.5 (1.0) 0.5 (-0.1, 1.2)

Total cholesterol (mg/dl) 275.6 (19.4) 197.1 (31.3) 78.5 (64.1, 93.0)*

Triglyceride (mg/dl) 256.1 (115.4) 201.3 (89.9) 54.8 (-2.2, 111.7)

LDL-C (mg/dl) 174.5 (21.3) 112.0 (29.1) 62.5 (48.2, 76.6)*

HDL-C (mg/dl) 42.4 (10.9) 40.4 (8.2) 2.0 (-3.3, 7.2)

Serum phosphorus (mg/dl) 4.5 (0.6) 4.2 (0.7) 0.3 (-0.1, 0.7)

Calcium (mg/dl) 9.2 (0.5) 9.1 (0.6) 0.1 (-0.2, 0.4)

Alkaline phosphatase (IU/l) 218.8 (47.6) 213.2 (42.9) 5.6 (-23.7, 36.5)

BMD
Lumbar (L1–L4) (g/cm2) 0.946 (0.122) 0.971 (0.181) -0.025 (-0.108, 0.058)
Femoral neck (g/cm2) 0.826 (0.098) 0.788 (0.151) 0.038 (-0.031, 0.106)
Ward’s triangle (g/cm2) 0.685 (0.123) 0.646 (0.195) 0.039 (-0.050, 0.126)
Trochanter (g/cm2) 0.750 (0.087) 0.701 (0.149) 0.049 (-0.016, 0.115)
Total hip (g/cm2) 0.942 (0.104) 0.867 (0.162) 0.075 (0.002, 0.148)*

CI, confidence interval, *p<0.001
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In the lovastatin-treated group, plasma total choles-
terol decreased from 275.6 (19.4) to 218.9 (24.3) mg/dl
(p<0.001), triglyceride from 256.1 (115.4) to 214.2 (89.6)
mg/dl (p<0.01) and LDL-C from 174.5 (21.3) to 130.4
(20.1) mg/dl (p<0.001). HDL-C increased from 42.4
(10.9) to 44.4 (7.9) mg/dl (p=0.26). HbA1c decreased
from 10% (1.3) to 8.6% (1.1) (p<0.001). In the control
group, no changes were observed in lipid profile, but
triglyceride level decreased from 201.3 (89.9) to 174.3
(67.8) mg/dl (p<0.05) and HbA1c from 9.5% (1.0) to
8.5% (1.1) (p<0.001).

Percentage change in total cholesterol (-20.6% vs. 0.7%;
p<0.001) and LDL-C (-24.9% vs. 6.7%; p<0.001) was high-
er in the lovastatin-treated group than in the controls.

At the end of the study period, BMI was not signifi-
cantly different between the lovastatin-treated and control
groups (29.6 (4.8) and 29.5 (3.9), p=0.6, respectively).

Discussion

An improvement in BMD and profound reduction in cho-
lesterol concentration in a lovastatin-treated compared

with a control group suggest that 18 months of therapy
with lovastatin can prevent bone loss in postmenopausal
patients with type 2 DM.

Despite the findings of anti-resorptive and bone ana-
bolic properties of statins in animal experiments and in
vitro studies [8, 9], conflicting results have been reported
on the effects of statins on human bone in patients with and
without type 2 DM [10–17]. The present results are con-
sistent with other studies suggesting increased BMD in
those using statins [10, 12, 13, 16, 27, 28], but some stud-
ies have not supported the hypothesis that these drugs can
reduce bone loss and fractures [14, 15, 17, 29–32]. In a ret-
rospective observational study, Chung et al. [12] reported
that treatment with HMG-CoA reductase inhibitor could
prevent bone loss in patients with type 2 DM and our find-
ings confirmed this. Other studies [26–28] have shown a
relationship between HMG-CoA reductase inhibitor use
and a reduction in hip fracture. In a cross-sectional study
done on Japanese patients with type 2 DM by Wada et al.,
patients who were on statins had lower BMD than the con-
trol group [33]. Like those in our control group, the
patients in Wada et al.’s control group were not hypercho-
lesterolaemic, and the lower BMD of patients on lovastatin
may be due to the effect of hypercholesterolaemia on dif-

Table 2 Changes in BMD between 1st and 2nd DXA scans (18-month intervals) in postmenopausal women with type 2 diabetes on lovas-
tatin and on diabetic regimen (control)

2nd DXA scan 1st DXA scan Difference (95% CI)

Lovastatin-treated group
Lumbar (L1–L4) (g/cm2) 0.978 (0.135) 0.946 (0.122) 0.032 (0.012, 0.052)*
Femoral neck (g/cm2) 0.836 (0.114) 0.826 (0.098) 0.010 (-0.041, 0.020)
Ward’s triangle (g/cm2) 0.780 (0.186) 0.685 (0.123) 0.095 (0.033, 0.157)*
Trochanter (g/cm2) 0.749 (0.096) 0.750 (0.087) -0.001 (-0.021, 0.019)
Total hip (g/cm2) 0.953 (0.109) 0.942 (0.104) 0.011 (-0.009, 0.029)

Control group
Lumbar (L1–L4) (g/cm2) 0.983 (0.195) 0.971 (0.181) 0.012 (-0.006, 0.029)
Femoral neck (g/cm2) 0.767 (0.143) 0.788 (0.151) -0.021 (-0.044, 0.002)
Ward’s triangle (g/cm2) 0.667 (0.177) 0.646 (0.195) 0.021 (-0.021, 0.062)
Trochanter (g/cm2) 0.681 (0.149) 0.701 (0.149) -0.020 (-0.041, 0.002)
Total hip (g/cm2) 0.855 (0.164) 0.867 (0.162) -0.012 (-0.029, 0.004)

DXA, dual-energy X-ray absorptiometry; CI, confidence interval, *p<0.01

Table 3 Comparison of BMD in postmenopausal women with type 2 diabetes on lovastatin and diabetic regimen (control) at the end of
the study

Lovastatin-treated (n=28) Control (n=27) Difference (95% CI)

Lumbar (L1–L4) (g/cm2) 0.978 (0.135) 0.983 (0.195) -0.005 (-0.095, 0.086)*
Femoral neck (g/cm2) 0.836 (0.114) 0.767 (0.143) 0.069 (0.001, 0.139)*
Ward’s triangle (g/cm2) 0.780 (0.186) 0.667 (0.177) 0.113 (0.014, 0.211)*
Trochanter (g/cm2) 0.749 (0.096) 0.681 (0.149) 0.068 (0.001, 0.135)*
Total hip (g/cm2) 0.953 (0.109) 0.855 (0.164) 0.098 (0.023, 0.173)*

CI, confidence interval , *p<0.05
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ferentiation of osteoblasts, which is inhibited by oxidised
LDL-C and by hyperlipidaemia itself [13]. Nakashima et
al. measured BMD of the distal one-third of the radius at
baseline and after 2 years in patients with type 2 DM on
HMG-CoA reductase and a control group. The annual rate
of change in BMD of the radius had a positive correlation
with HMG-CoA reductase therapy [13]. In the Nakashima
study, the case group had already been on statins at base-
line [13]. We designed our study as a clinical trial so our
patients at baseline had not been on statin, bisphosphonate
or oestrogen treatment, thus avoiding the previous effect of
HMG-CoA reductase inhibitors on BMD. In another study
with short duration of follow-up, Braatvedt et al. designed
a double-blind, placebo-controlled, cross-over study of 12
weeks of placebo or 40 mg/day of atorvastatin with an 8-
week wash-out period [11]. They measured markers of
bone turnover in patients with type 2 DM and concluded
that atorvastatin had no significant effect on bone turnover
in humans, in spite of its effect in mice. It is not clear
whether lengthening the Braatvedt et al. study would have
shown effects of atorvastatin on bone turnover and positive
changes in BMD and reduction of fracture risk. But it is
unlikely, as most active agents, even relatively weak ones,
have significant effects on bone turnover within 12 weeks
[11]. On the other hand, longer duration of study seems not
to be ethical. In another clinical trial, Rejnmark et al.
designed a double-blind, placebo-controlled study of 52
weeks of placebo or 40 mg/day of simvastatin in 82 post-
menopausal non-diabetic women and showed no effect of
simvastatin on BMD at the hip or spine [32]. However, a
significant increase in BMD was found in response to sim-
vastatin at the forearm.

Although in vitro and animal studies as well as several
clinical studies [10, 12, 13, 16, 27, 28] suggest that HMG-
CoA reductase inhibitors increase the bone mass by
enhancing bone morphogenetic protein-2-mediated
osteoblast expression, several clinical studies have failed to
demonstrate an effect of statins on biochemical markers of
bone turnover and BMD [11, 32]. Current statins do differ
in protein binding, hydro- or lipophilicity, and extent of
liver metabolism, and are not designed to have specific
effects on bone metabolism [9, 11, 13, 33]. Thus, these
drugs may differ from each other with respect to delivery to
bone, which may account for differences in reported effects
on markers of bone turnover. If different kinds of HMG-
CoA reductase inhibitors could have had different effects
on bone metabolism and density, in Japanese and Korean
patients who used to take different types of HMG-CoA
reductase inhibitors, beneficial effects of statins on BMD
should not have been shown [12, 13]. It is probable that
other confounding factors not identified in a non-ran-
domised placebo-controlled clinical trial may affect such
findings. Moreover, as statins are re-circulated in the
enterohepatic circulation, the drug concentration in bone
environment may be very low. Therefore, it has been sug-

gested that the increased BMD associated with use of
statins more likely is due to factors associated with lipid-
lowering treatment in general than a specific pharmacolog-
ical action of statins on bone cells. Alternatively, a so-called
healthy drug user effect has been suggested as a possible
explanation, i.e., a tendency for patients who are compliant
with preventive medicine to have fewer illness than non-
users of preventive medicine, even after controlling for
known risk factors. It is suggested that the increased BMD
in statins users found in this study as well as other epi-
demiological studies most likely is due to healthy drug user
effect. Therefore, the mechanism of action by which statins
may increase BMD in type 2 DM remains to be revealed.

We found no unusual or unexpected safety risks with
lovastatin therapy in this population with type 2 DM.
Although several findings are relevant to the effect of
statins on BMD, the study has some limitations. The
major issue is the open label nature and the lack of ran-
domisation. Hypercholesterolaemic patients are usually
treated with HMG-CoA reductase inhibitors, so ethically a
“true” control group cannot exist. For this reason, we
studied type 2 DM with and without significant hyperlip-
idaemia, which provided a group treated with HMG-CoA
reductase inhibitors and a control group. DM may itself
affect bone metabolism, and there are some inconsistent
results regarding the BMD in patients with type 2 DM [2,
18–21]. However, a high BMI may protect against bone
loss in patients with type 2 DM [18]. By contrast, hyper-
glycaemia and proteinuria can cause an increase of calci-
uria and decrease new bone formation by osteoblasts [21,
34]. In our study, the two groups were generally well
matched at baseline with regard to age, BMI, duration of
diabetes, menopause, calcium, phosphorus, alkaline phos-
phates and other characteristics. At the end of the study,
BMI did not change and glycaemic control reflected in
HbA1c level was improved to the same extent in both
groups. Thus, higher BMD in the lovastatin-treated group
could not be due to BMI change or better glycaemic con-
trol [18, 21, 35]. Cholesterol concentration decreased in
the case group, which may explain higher BMD of lovas-
tatin-treated patients, as hypercholesterolaemia can inhib-
it osteoclast action [13]. Therefore, the effect of lovastatin
on BMD, in our study, may be due to its direct effects on
bone or its antihypercholesterolaemic action.

Although the two groups were generally well matched
at baseline, our results may still be influenced by potential
confounding factors that are not included, e.g., smoking,
physical activity, vitamin D insufficiency and calcium/
vitamin D supplements. Although residual confounding
may be present owing to imperfect measurement of calci-
um, phosphate, alkaline phosphatase and lipid levels in
this study, it is unlikely to account for more than a portion
of the remaining excess risk. A “healthy drug users” effect
may also have influenced the results, leading to artificial-
ly low risk estimates among statin users.
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In conclusion, our data further support the contention
that statins may be useful in the prevention of osteoporo-
sis and may increase BMD in patients with type 2 DM.
The encouraging results obtained in this trial warrant fur-
ther study, in a larger-scale, probably randomised (in non-
hyperlipidaemic type 2 DM), blinded trial.
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