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Abstract
Objective: Observational and experimental studies support that osteoporosis and atherosclerosis are two related

phenomena. The aim of the present study was to investigate the probable effect of alendronate sodium, which is
used in the treatment of osteoporosis, on carotid artery intima-media thickness (IMT), the lipid profile, and
apolipoprotein A-I (ApoA-I) and apolipoprotein B (ApoB) levels, which are known to have a role in the athero-
sclerotic process.

Methods: Carotid artery IMT was measured in 39 women in whom alendronate 70 mg/week was started due to
osteoporosis and in 33 control participants at the start and the 6th and 12th months of the study. Triglyceride, high-
density lipoprotein, low-density lipoprotein, ApoA-I, and ApoB levels were also measured at the same time points,
and ApoB/ApoA-I rates were calculated.

Results: Among the basal values, only the ApoA-I level was significantly lower in the alendronate group (P G
0.01). IMT measurement results (mean [SE]) of the alendronate group were 0.622 [0.015], 0.616 [0.014], and
0.597 [0.013] mm; those of the control group were 0.600 [0.010], 0.611 [0.011], and 0.620 [0.011] mm,
respectively. In both groups, the difference between the start and 12-month values was significant (P G 0.05). A
significant difference was not determined in the triglyceride and lipid measurement results between the groups and
also within groups. ApoA and ApoB levels at the start and the 12th month of the study were as follows: 159.8
[3.6], 162.2 [3.4] (P 9 0.05) and 96.2 [4.2], 101.5 [4.5] (P 9 0.05) in the control group and 145.1 [4.0], 173.7 [4.3]
(P G 0.05) and 98.7 [3.9], 84.6 [3.3] (P G 0.05) in the alendronate group, respectively. The ratios of ApoB/ApoA-I
were 0.611 [0.029] is to 0.636 [0.031] (P 9 0.05) in the control group and 0.703 [0.04] is to 0.498 [0.0] (P G 0.05)
in the alendronate group.

Conclusions: We concluded that alendronate sodium resulted in a significant decrease in IMT during a
1-year period compared with matched controls. Also, alendronate was associated with a positive effect on the
ApoB/ApoA-I ratio.
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B
isphosphonates are molecules that have a high af-
finity for the minerals in the bones and inhibit bone
resorption by decreasing the number and activity of

osteoclasts. These molecules are stable in biological environ-
ments, and because of this feature, they are widely used in
the treatment of conditions such as osteoporosis, osteolytic
bone metastasis, hypercalcemia, and Paget’s disease in which
bone resorption resulting from increased osteoclastic activity
is present. Their half-life is short in the body. They are
largely and rapidly absorbed by the bone, and their half-life
in the skeleton may reach 10 years.1<3 It has been shown that

a small part of these drugs may be concentrated in the liver,
the spleen, and the artery walls.3,4

Some studies have shown that clodronate, etidronate, and
pamidronate are deposited in the aortas of healthy and ath-
erosclerotic rabbits and the internal mammary arteries of indi-
viduals receiving bisphosphonates.4,5 It has also been shown
that bisphosphonates inhibit experimental atherosclerosis
development without affecting the serum cholesterol and
lipid profiles of research animals.6 It has been reported that
etidronate decreases the intima-media thickness (IMT) of the
carotid artery in osteopenic type 2 diabetes mellitus patients.7

In this study, no alterations in cardiovascular parameters
that may have an effect on intima and media occurred. The
dose used in the study was much lower than the dose used
in the animal experiments. Etidronate is used in most studies
on the antiatherogenic effects of the bisphosphonates. Studies
on alendronate, a widely used drug that is effective in the
prevention of osteoporosis and bone fracture, are limited in
number. The only recently conducted study on alendronate
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did not determined significant differences in the mean inter-
nal carotid artery measurements of women with postmeno-
pausal osteoporosis in a 13-month period.8

The aims of the present study are to investigate whether
alendronate sodium, a widely used drug in the treatment of
postmenopausal osteoporosis that is more potent than
etidronate in the prevention of bone fractures, has an effect
on the carotid artery IMT and to determine the effect of the
drug on the lipid profile and ApoA-I and ApoB ratios, which
may play a role in the atherosclerotic process.

METHODS

The participants and the study plan
Forty participants who applied to the menopause out-

patient clinic of the Obstetrics and Gynecology Department
of Dokuz Eylul University Medical School between January
1, 2005 and June 30, 2007 were included in this open and
prospective study. In all the participants, alendronate treat-
ment was started after the diagnosis of osteoporosis. The
approval of the university’s medical school Ethics Committee
was obtained. Participants who received hormone therapy in
the last 2 years or continue to receive it, those who previously
received osteoporosis treatment, and those with cardiovascu-
lar problems were excluded from the study. Participants were
additionally supplemented with calcium 600 mg and vitamin
D 400 IU. A calcium-rich diet, a sunbath, and appropriate
physical exercises were recommended to the participants.
Alendronate sodium 70 mg was started in this group of
participants and taken once a week. The 40 participants who
attended the outpatient clinic during the same period were
included in the study as the control group; the same inclusion
criteria were valid for this group of participants. The parti-
cipants in the control group were also supplemented with
calcium and vitamin D at the same dose, and the same

nutrition and exercise recommendations were made for them.
Informed consent was received from each participant.

IMT measurements
At the start and the 6th and 12th months of the study,

ultrasonographic images of the right and the left carotid
artery of each participant at the lower one-third cervical re-
gion proximally and 1 cm above the carotid bulb distally in
longitudinal plane were obtained digitally and archived in the
picture archiving and communications system using a sono-
graphy device with a high-definition L12-5 linear wideband
probe (HDI 5000, Philips, Bothell, WA). IMT values were
analyzed by a computer software program (Q-LAB; ATL-
Philips, Bothell, WA) in which IMT measurements were
automatically made. The program can differentiate the pos-
terior wall intima and media layers of a 10-cm arterial seg-
ment and can automatically measure the thickness and report
the mean values of the measured segment. For the system
used in this study, the mean absolute difference in repeated
measurements has been reported as 0.027 T 0.006 mm, and
the interobserver correlation of automated measurements has
been reported as between 0.93 and 0.98.9,10 At the end of the
study, a statistical evaluation was performed by calculating
the average of the left and right carotid artery IMT measure-
ments, and a statistical analysis was performed.

Cardiovascular risk parameters
The triglyceride, high-density lipoprotein cholesterol

(HDL-C), low-density lipoprotein cholesterol (LDL-C), apo-
lipoprotein A (ApoA-I), and apolipoprotein-B (ApoB) levels

TABLE 1. Baseline characteristics of the participants receiving
alendronate treatment and control participants

Control
( n = 33)

Alendronate
(n = 39) P

Mean age, y 51.2 [0.8] 52.9 [1.1] NS
Duration of menopause, y 4.3 [0.7] 6.0 [1.0] NS
No. parity 2.5 [0.2] 2.4 [0.2] NS
Body mass index, kg/m2 25.8 [0.3] 26.0 [0.3] NS
Use of lipid-lowering drugs, % 5 (15.2) 7 (17.9) NS
Smoking habitus, % 5 (15.2) 7 (17.9) NS
DM, % 6 (18.2) 7 (17.9) NS
Treatment for DM
Oral hypoglycemic agent, % 3 (9.1) 3 (7.7) NS
Insulin, % 3 (9.1) 4 (10.3) NS

Hypertension, % 9 (27.3) 16 (41.0) NS
Cholesterol, mg/dL 213.5 202.0 NS
HDL-C, mg/dL 63.3 58.3 NS
Triglycerides, mg/dL 114.9 133.5 NS
LDL-C, mg/dL 127.2 123.2 NS
ApoB, mg/dL 96.1 98.7 NS
ApoA-I, mg/dL 159.8 145.1 0.009
ApoB/ApoA-I 0.61 0.70 NS

Mean [SE] values of each parameter are shown; percent (%) values are
in parentheses. ApoA-I, apolipoprotein A-I; ApoB, apolipoprotein B; DM,
diabetes mellitus; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-
density lipoprotein cholesterol.

FIG. 1. Mean intima-media thickness (IMT) measurement results of the
alendronate group (case group) and control group at the start and at the
6th and 12th months.

TABLE 2. Baseline and follow-up mean IMT measurements
on the carotid artery both in control (n = 33) and alendronate

(n = 39) groups

Baseline 6 mo 12 mo

Control 0.599 [0.010] 0.611 [0.011] 0.620 [0.011]
Alendronate 0.622 [0.015] 0.616 [0.014] 0.597 [0.013]

Mean [SE] values of each parameter are shown. IMT, intima-media thickness
of carotid artery.
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of the participants were measured at the start, 6th month, and
12th month of the study.

Statistical analysis
One participant from the study group and 7 participants

from the control group left before follow-up. A total of 39
participants from the study group and 33 from the control
group were evaluated.

The results were expressed as mean [SE]. SPSS data analysis
software (version 12; SPSS Inc, Chicago, IL) was used in the
statistical analyses. The data were analyzed by an independent
samples t test and two-way repeated-measures analysis of
variance. All statistical tests were two-tailed, and differences
were considered significant if the P value was less than 0.05.

RESULTS

Characteristics of the participants
As shown in Table 1, except for ApoA-I, there was no

difference between the study and control groups in terms of
their basic characteristics. ApoA-I levels were significantly
lower in the alendronate group. Significant differences were
not present between the groups in terms of age, mean men-
opause duration, parity, lipid-lowering drug use, smoking,
diabetes mellitus, insulin and hypoglycemic agent use due to

diabetes, hypertension, cholesterol, and HDL-C, LDL-C,
ApoB levels, and ApoB/ApoA-I ratios.

Effect of alendronate treatment on IMT
The two-way repeated-measures analysis of variance in-

dicated a significant interaction between groups and time
(F1.9-133.5 = 8.04, P = 0.001; Fig. 1). On the other hand, re-
sults indicated a nonsignificant effect of group (F1-70 = 0.01,
P = 0.916) and time (F1.9-133.5 = 0.45, P = 0.630; Table 2).

Effect of the alendronate treatment on cardiovascular
risk factors

Although no significant differences were present between
the results of HDL-C, LDL-C, triglyceride, and ApoB mea-
surements at the start and at the 6th and 12th months, it was
determined that the 6-month ApoA-I level was higher than
the basal value in the control group. No significant differ-
ences were found in the 6- and 12-month triglyceride levels
of the alendronate group (Table 3). However, the following
differences were determined in the study group: an increase
in HDL-C at the 6th month, decreases in LDL-C at the
6th and 12th months, and a progressive decrease in ApoB,
a progressive increase in ApoA-I, and a progressive de-
crease in ApoB/ApoA-I at the 6th and 12th months of the
study (Fig. 2).

DISCUSSION

Numerous epidemiological and clinical studies have
shown that there is a relation between acute cardiovascular
events and atherosclerosis.11<13 It has also been determined
that osteoporosis is a risk factor that is independent of age
and cardiovascular risk profile in acute cardiovascular
events14 and that the increase in risk is proportional to the
severity of osteoporosis at the time of diagnosis. In one
study, an inverse relation was determined between hip-bone
mineral density and aortic calcification, and it has been de-
termined that low proximal femur bone mineral density may
be used as a marker for atherosclerosis.15 Similarly, it has
been reported that aortic calcification has an increased risk
for osteoporotic fractures.16,17 Another study reported that a
significant inverse correlation is present between LDL-C in

TABLE 3. Baseline and follow-up values of parameters in participants receiving alendronate treatment and control participants

Control Alendronate

Baseline 6 mo 12 mo Baseline 6 mo 12 mo

Cholesterol, mg/dL 213.5 [6.9] 211.4 [5.8] 213.6 [6.0] 202.0 [9.0] 200.5 [5.0] 196.5 [5.2]
HDL-C, mg/dL 63.3 [2.1] 64.0 [2.2] 65.6 [2.4] 58.4 [2.1] 61.5 [2.3]a 60.9 [2.3]
Triglycerides, mg/dL 115.0 [10.3] 120.0 [11.8] 115.0 [10.3] 133.5 [12.8] 132.0 [9.9] 125.7 [10.0]
LDL-C, mg/dL 127.2 [6.1] 123.5 [5.2] 121.0 [5.8] 123.3 [6.1] 111.0 [4.8]a 110.0 [5.2]a

ApoB, mg/dL 96.2 [4.2] 99.9 [4.1] 101.5 [4.5] 98.7 [3.9] 91.2 [3.5]a 84.6 [3.3]b

ApoA-I, mg/dL 159.8 [3.6] 167.0 [3.5]a 162.2 [3.4] 145.1 [4.0] 158.9 [4.3]a 173.7 [4.3]b

ApoB/ApoA-I 0.611 [0.029] 0.607 [0.028] 0.636 [0.031] 0.703 [0.04] 0.592 [0.033]a 0.498 [0.025]b

Mean [SE] values of each parameter are shown. ApoA-I, apolipoprotein A-I; ApoB, apolipoprotein B; HDL-C, high-density lipoprotein cholesterol; LDL-C,
low-density lipoprotein cholesterol.
aSignificantly different from baseline measurement (P G 0.05).
bSignificantly different from both baseline measurement and 6-month measurement (P G 0.05).

FIG. 2. The start, 6-month, and 12-month ApoB/ApoA-I ratios in the
alendronate group (case group) and in control group. Apo, apolipoprotein.
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postmenopausal women, and triglyceride levels are higher in
women with vertebral fractures.18 The authors of the study
concluded that plasma lipids may affect bone mass and bone
fragility, and they may be the underlying cause of both
atherosclerosis and osteoporosis.

Today, bisphosphonates are widely used agents in the
treatment of osteoporosis. Their mechanism of action is
mainly the inhibition of bone resorption through the blockage
of osteoclastic activity. Nitrogen-containing bisphosphonates
inhibit certain enzymes in the mevalonic acid conversion to
cholesterol, namely, farnesyl pyrophosphate. This interferes
with the prenylation (lipidation) of nuclear proteins in oste-
oclasts causing apoptosis.19 However, its extraosseous
accumulations and effects have become a focus of interest
in recent years. It has been reported that bisphosphonates
affect the proliferation and functions of peripheral blood T
cells.20 It has also been reported that bisphosphonates inhibit
extraskeletal and soft-tissue calcifications in in vitro experi-
ments, experimental animal models, and human participants.21

To investigate the effects of different bisphosphonates
in vascular lesion formation and development, numerous
studies using experimental atherosclerosis models have been
conducted. The first and most widely studied molecule
was etidronate. It is not used currently for the treatment of
osteoporosis due to its lack of prevention of fractures. It
has been shown that etidronate suppresses the formation of
atherosclerotic lesions that are induced in rabbits by a high-
cholesterol diet, vitamin D, and nicotine.6 Price et al22 have
reported that etidronate inhibits the vascular calcification
induced by warfarin and vitamin D3 in rats.

Hashiba et al23 reported that among 21 patients undergoing
hemodialysis due to chronic renal failure, etidronate inhibited
the progression of vascular calcification in 12 who were
receiving etidronate treatment. To understand this mechanism
of action, the same group studied rats in which renal failure
was experimentally induced. They showed that etidronate
10 mg/kg inhibited aortic calcification and suppressed bone
metabolism markers and bone mineral density. As for etidro-
nate 5 mg/kg, they reported that it inhibited aortic calcifica-
tion but had no effect on bone metabolism. The authors
concluded that bisphosphonates’ mechanisms of action in
venous calcification and in bones were different.24,25 Another
result of the study was that the blood calcium levels did not
have a role in this inhibitory mechanism. These findings are
consistent with the finding that etidronate 10 mg/kg inhibits
coronary artery calcification but does not alter bone mass in
patients with type 2 diabetes mellitus.7 It was also reported
by Tamura et al that, in contrast to etidronate-administered
rats, vascular calcification was not inhibited in alendronate-
administered rats, and an increase in bone mass was
observed. They stated that this might have resulted from the
experimental model.24

In a recent study on rats, it was shown that alendronate
and ibandronate inhibit medial artery calcification induced by
calcitriol.25 It was also reported that serum calcium and
phosphate levels have a role in this effect.

Koshiyama et al7 investigated the effect of etidronate on
IMT in patients with type 2 diabetes. They reported that
compared with the control participants, IMT was signifi-
cantly reduced in the etidronate group at the end of a 12-
month treatment. No changes in other parameters were found
in that study.

Because we have data that estrogen administration to
women in this age group may slow IMT progression, none of
the participants in either arms of our study were receiving
hormone therapy.26 In the present study, a statistically sig-
nificant increase in the carotid artery IMT of the control
participants and a limited but statistically significant decrease
in the IMT of the alendronate group were determined at the
end of a 1-year follow-up (Fig. 1).

The change in IMT of 0.02 mm in the control group at the
12th month indicates simply a normal part of arterial aging
and is of no clinical importance. Results for the study group
suggest that alendronate, which is widely used today in
the treatment of osteopenia and osteoporosis, has an inhi-
bitory effect on atherosclerosis. In the only recently con-
ducted study on alendronate, a significant difference was not
determined in the mean internal carotid artery measurement
results of 71 women with postmenopausal osteoporosis at the
end of 13 months of treatment.8 As the data of that study are
examined, it can be seen that a slight but statistically insig-
nificant decrease in the intimal thickness was determined.

Apolipoproteins are structural proteins of lipoproteins that
can be used to quantitate lipoproteins, which can be used to
quantitate lipoprotein concentrations: (1) There is a single
molecule of ApoB on every chylomicron, very-low-density
lipoprotein, intermediate-density lipoprotein, and LDL. (2)
There are two to four molecules of ApoA-I on each HDL.
ApoB is directly related and ApoA-I is inversely related to
cardiovascular disease risk.

As for the cardiovascular risk parameters, we determined a
significant and distinct decrease in ApoA-I levels. Interest-
ingly, the significantly low ApoA-I levels of the participants
with osteoporosis suggest that it may be the key molecule
that plays a role in the pathogeneses of both diseases. In
recent years, numerous studies investigating the functions
and importance of lipid-associated apolipoproteins on the
potentially atherogenic particles (the ApoB family of chylo-
microns, very-low-density lipoproteins, intermediate-density
lipoproteins, and LDLs) and nonatherogenic or antiathero-
genic particles (the ApoA-I on the various HDL species)
have been conducted. It has been reported that ApoB/ApoA-I
ratios constitute a new and strong risk factor in cardiovas-
cular diseases.27<29 Lower ratios mean lower risk. In addition,
it has been reported in the studies of Lippi et al30 that
bisphosphonates cause a slight but significant decrease in
ApoA-1 and ApoB levels.

The data of the present study show that the use of
bisphosphonates decreases ApoB/ApoA-1 ratios significantly
(Fig. 2). We concluded that this alteration may be an
effective mechanism in preventing the increase in IMTVin
other words, in slowing down or preventing atherosclerosis.
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CONCLUSIONS

As a result, we concluded that alendronate, which is a
widely used molecule in the modern treatment of osteoporo-
sis and osteopenia, resulted in a significant diminution in
IMT during a 1-year period compared with that in matched
controls. Although it is improper to suggest that therapeu-
tically improving the ApoB/ApoA-I ratio is cardioprotective,
alendronate was associated with a positive effect on the ApoB/
ApoA-I ratio.
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