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Abstract

Aim: We studied the effect of atorvastatin (ATV) treatment on bone loss prevention
in subjects with chronic periodontitis.

Material and Methods: In this controlled double-blind study, 38 subjects with
chronic periodontitis were randomized into two groups, paired by age to receive ATV
(20 mg) or placebo daily for 3 months. Periodontal mechanical treatment was carried
out in both groups at baseline. Clinical and radiographic parameters and bone turnover
markers were assessed at baseline and at 3 months.

Results: Periodontal disease conditions improved in both groups. After comparing the
figures of change, significant improvements were observed in cholesterol levels
(A= —58.5 £ 37.6 versus A = 5.4 + 41.2 mg/dl, p<0.0002), low-density lipoprotein
levels (A= —48.1 + 31.7 versus A = 1.9 4+ 42.8 mg/dl, p<0.002), dental mobility
(A= —0.17 £ 0.11 versus A= —0.06 + 0.11%, p<0.04), and the distance from the
crestal alveolar bone to the cemento-enamel junction (A = —0.75 £ 0.7 versus

A =0.09 £ 0.4 mm, p<0.0006) in the ATV group.

Conclusions: The results suggest that ATV might have beneficial effects on bone
alveolar loss and tooth mobility in subjects with periodontal disease.
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Statins, inhibitors of 3-hydroxy-3-glu-
taryl-coenzyme A reductase, are widely
used to decrease the hepatic biosynth-
esis of cholesterol (Maron et al. 2000,
Baigent et al. 2005). However, addi-
tional pleiotropic effects of statins,
such as increased bone formation,
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anti-inflammatory effects, and enhanced
angiogenesis have been reported (Mun-
dy et al. 1999, Horiuchi & Maeda 2006,
Jasinska et al. 2007, Shaw et al. 2009).
Furthermore, statins have been reported
to stimulate the expression of bone
anabolic factors such as vascular
endothelial growth factor and bone mor-
phogenic protein-2 (Maeda et al. 2003),
and to promote osteoblast differentiation
and mineralization in MC3T3-E1 cells
(Maeda et al. 2001, Maeda et al. 2004).
However, results from retrospective and
non-controlled studies have suggested
either that statins have no effect on
bone density or that they beneficially
affect bone density and may reduce
fracture risk (Pasco et al. 2002, De
Leo et al. 2003, Bauer et al. 2004,
Rejnmark et al. 2006, Bone et al.
2007, Chuengsamarn et al. 2010).

Several studies have examined the
use of statins in the context of perio-
dontitis, a chronic inflammatory disease
characterized by the loss of connective
tissue attachments and alveolar bone.
However, most studies examining perio-
dontitis and statins have been conducted
on animals (Junqueira et al. 2002, Vaziri
et al. 2007, Seto et al. 2008, Wu et al.
2008). Statin treatment in rats has been
reported to increase mandibular bone
(Stein et al. 2005), and to have a pro-
tective effect on tooth attachment and
alveolar bone (Vaziri et al. 2007). Addi-
tionally, rats given a local application of
simvastatin  after tooth extraction
showed newly formed bone islands and
higher bone formation rates than con-
trols (Wu et al. 2008), and topical
administration of statins on the gingi-
va-stimulated osteoblastic formation
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(Seto et al. 2008). Recently, retrospec-
tive studies have shown that patients
with advanced chronic periodontitis,
who were treated with simvastatin or
atorvastatin (ATV), had lower indexes
of probing depth (PD) than those not
receiving a statin (Lindy et al. 2008,
Saxlin et al. 2009). However, no pro-
spective study has confirmed these find-
ings. Therefore, it remains unknown
whether statins have beneficial effects
on the treatment of periodontal disease.
We carried out this experimental study
with the aim of assessing information on
the effect of ATV on chronic perio-
dontitis.

Materials and Methods

Study design

We carried out a controlled double-
blind, randomized study in patients
with chronic periodontitis. Thirty-eight
non-smoking subjects (six men, 24 pre-
and eight post-menopausal women), 40—
60 years old, were recruited through
public announcements in Leon, Mexico.
The study was performed between Jan-
uvary 2007 and July 2008. The sample
size of 38 subjects with chronic perio-
dontitis was calculated to yield an
expected power of 0.80 to detect a
difference of 10% change in the distance
from the crestal alveolar bone (CAB) to
the cemento-enamel junction (CEJ),
with a two-sided significance level of
o= 0.05, based in our data. Treatment
and control groups consisted of pairs of
patients matched by gender and age
=+ 3 years. Members of each pair were
then randomly allocated to the treatment
or control group, using a randomization
table.

Inclusion criteria included established
periodontitis, defined as PD>3 mm in at
least three teeth, gingival index of two
or three (Loe & Silness 1963), plaque
index of two or three (Silness & Loe
1964), gingival recession, and a mini-
mum of 15 teeth present in the mouth.
No patients had clinical evidence of
diabetes, systemic infection, or other
metabolic disease. Exclusion criteria
included pregnancy, lactation, hormone
replacement therapy, bisphosphonate
treatment, chronic treatment with
NSAIDS, use of statins for 6 months
before the study, glucocorticoid treat-
ment, or use of any other drug known to
alter bone calcium metabolism. Post-
menopausal women were at least 1
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year from last menses and had not
undergone hysterectomy or ovariect-
omy.

The research protocol of this work
was reviewed and approved by the
Institutional Ethics Committee. Candi-
date subjects were informed of the nat-
ure, objectives, and possible risks of the
study, and those who agreed to partici-
pate signed informed consent forms.

Treatment groups

After allocation to the treatment or con-
trol group, patients were followed in a
double-blind manner. At the initial visit,
age, gender, weight, height [to calculate
body mass index (BMI)], clinical and
lifestyle information were recorded. All
patients received identical treatments
and periodontal assessments. Treat-
ments were pre-packed in bottles and
consecutively numbered for each patient
according to the randomization sche-
dule. Patient follow-up was carried out
by one author (M. F.), who was not
involved in patient assessment. Patients
in the study group received ATV,
20mg/day (Lipitor, Pfizer, Roche,
Whitehouse Station, NJ, USA). Subjects
in the control group received pills with a
trivitamin preparation (thiamin 100 mg,
pyridoxine 50 mg and cyanocobalamin
250 pg) (Tiaminal B12 trivalent, AP
Laboratories Silanes, Toluca, Edo. de
Mexico). Subjects were instructed to
take the medication at least 30 min.
before dinner. Placebo and ATV treat-
ments were administered for 3 months.

Clinical follow-up

Patients were followed up every 2
weeks for 3 months. At each visit,
dentobacterial plaque (DBP) was
assessed using plaque detection tablets
(Oral B Laboratories, Redwood City,
CA, USA) and floss technique was
reviewed. Medication compliance was
assessed at each visit by counting the
tablets remaining in the blister pack.

Periodontal assessment

Before beginning the study, patients
received a mechanical treatment that
included removal of all subgingival cal-
cified deposits to obtain a smooth, hard
surface. Scaling and root planing of all
patients was carried out by one author
(E. E.) by quadrant, in four successive
sessions 1 week each. Patients were
taught and encouraged to maintain their
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personal dental health and plaque con-
trol by brushing and flossing. After this,
patients were randomly allocated to the
treatment or control group in order to
start the corresponding pharmacological
treatment.

Periodontal assessment was carried
out at baseline and at the end of the
study (after 3 months). Both the patients
and examiner were blind to whether
patients were in the control or treatment
group.

All measurements were made by the
same investigator (M. R.). The examiner
was calibrated by duplicate measure-
ments of randomly chosen teeth in
patients not included in the study. Cali-
bration was accepted when the results
were identical on >85% of occasions.
The condition of all teeth was assessed
and recorded. Means were calculated for
the following measurements: tooth
mobility (Laster et al. 1975), whole-
mouth PD, buccal and lingual reces-
sions, buccal and lingual attachment
loss, bleeding on probing, dental loss,
and DBP index. Mobility was noted as 0
(absent) or 1 (present) and recorded as
the percentage of mobile teeth for each
patient. PD was measured using a
Michigan probe type O at the free
gingival margin and was recorded for
six locations on each tooth (mid-buccal,
mid-lingual and the proximal aspcts) as
described by Loe & Silness (1963). For
each patient, the total mean PD of the
six locations for each tooth for each was
calculated. A sulcus depth of 0-2mm
was considered normal (Smith et al.
1996).

Gingival recession was evaluated by
measuring the distance from the CEJ to
the marginal border of the soft tissue on
the buccal and lingual side of each
tooth, using a calibrated probe, and
was recorded to the nearest millimetre.
If no gingival recession was found, the
distance from the CEJ to the bottom of
the pocket was recorded. Recessions of
the teeth were recorded as a total mean
number of recessions per tooth for each
patient.

Buccal and lingual attachment loss
were assessed by adding the mean dis-
tance of the lingual or buccal recession
to the PD (mm). The mean attachment
loss of each tooth was recorded as a total
mean for each patient.

Bleeding on probing was recorded as
absent (0) or present (1). Bleeding was
evaluated immediately after the PD
measurement and was assessed 30s
after applying the periodontal probe
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with a constant force. Bleeding on prob-
ing was recorded as the percentage of
teeth demonstrating bleeding.

Tooth loss was registered as the per-
centage of teeth lost during the study
period.

The absence (0) or presence (1) of
DBP on each tooth was assessed (Sil-
ness & Loe 1964) at each study visit
(i.e., every 2 weeks) and was recorded
as the percentage of teeth with plaque
for each patient. Other measurements
were taken only at baseline and after 3
months at the end of the study.

Laboratory tests

Laboratory tests were carried out at the
initial visit and at the end of the study.
Fasting blood samples were collected,
and pooled serum samples were stored
at —70°C. Blood glucose was measured
with the glucose—oxidase—peroxidase
method (Biosystem, S.A., Barcelona,
Spain). LDL, VLDL, HDL, cholesterol,
and triglycerides were assessed (Spin
React, S.A., Girona, Spain). Serum
bone-specific  alkaline  phosphatase
(BSAP) (Alkphase-B Metro Biosys-
tems, Mountain View, CA, USA), a
marker of bone formation, and serum
cross-linked N-telopeptides (NTx) of
type I collagen (Ostex, Osteomark, Seat-
tle, WA, USA; Quidel Corporation
McKellar Court, San Diego, CA,
USA), a marker of bone resorption,
were measured as biochemical markers
of bone turnover using enzyme-linked
immunosorbent assays. The intra-assay
coefficient of variation for these assays
ranged from 3.9 to 9%. 17-f oestradiol
(Diagnostic System Laboratories Inc.,
Webster, TX, USA) was measured by
radioimmunoassay. The intra-assay
coefficient of variation was <12.8%.

Digital image processing

An independent researcher (F. S.), who
was unaware of patient treatments, per-
formed all radiographic measurements.
The examiner was calibrated as
described above. Calibration was
accepted as described previously. As
described previously (Rocha et al.
2004), the changes in the CAB were
evaluated with periapical digital radio-
graphs for every tooth using the parallel
technique, with collimators to standar-
dize the tooth position. The digital
images were acquired using a typical
X-ray generator (X-mind System, Sate-
lec S. A., Barcelona, Spain). We used a

dental digital X-ray sensor (CDR Sen-
sor, Schick Technologies Inc., Long
Island, NY, USA) and an aluminium
phantom as a reference, using a ramp
5 mm thick, 20 mm long, and from 7 to
19mm high. The phantom was cali-
brated at a research laboratory (NASA
Ames Laboratory, Moffet Fields, CA,
USA) with a 1000W densitometer
(Model QDR, Hologic Inc., Bedford,
MA, USA). The phantom showed a
linear attenuation profile. To assess the
systemic effect of ATV, bone mineral
density was estimated for the calcaneus
bone (Wren et al. 2000), using the X-ray
equipment and digital instruments. To
acquire images of the calcaneus bone,
we designed a mechanical device to
standardize patient foot position and
used the X-ray generator, the digital
sensor, and the corresponding phantom.
The same phantom was used for dental
image processing. Frequently, digital
devices or systems produce images
with non-squared pixels. Here, the hor-
izontal dimension of pixels was approxi-
mately 2% larger than the vertical
dimension. We determined this by
acquiring two images of a piece of
aluminium positioned horizontally and
vertically. We took into account such
differences to obtain correct area mea-
surements. Dental digital images were
analysed with a computer program to
measure distances and X-ray attenua-
tion. When needed, dental images were
enhanced using a linear algorithm to
avoid unexpected changes in the origi-
nal visual data. Alveolar bone gain was
obtained by the difference between final
values of the CAB to CEJ distance
minus the basal values. Calcaneus
bone mass gain was assessed by calcu-
lating the aluminium equivalent volume.
The expected error level of the above
measurements was assessed by perform-
ing 50 measurements of the width of the
thickness of the aluminium phantom in
the same radiographs that were used in
this study. The expected error level for
the measurements of changes in the CAB
was 2% of the total measured distance.

Data analysis

We compared the characteristics of
patients in both groups using a #-test for
dependent samples or a Wilcoxon
matched pair test. Normality was tested
by means of the Kolmogorov—Smirnov
test. Using these methods, we also cal-
culated changes between baseline and
final measurements. The effects of med-

ication on periodontal and metabolic
conditions were analysed by comparing
score changes in both groups using a
t-test for dependent samples. The effects
of medication and oestradiol levels on
periodontal and metabolic conditions
were analysed by comparing score
changes in both groups using a covar-
iance analysis. The Bonferroni correction
for multiple comparisons was calculated
from the p-values. Significance was
accepted at p<0.05. The Statistica 5.0
software program (StatSoft Inc., Tulsa,
OK, USA) was used to analyse the data.

Results

All 38 patients completed the study and
no volunteers were excluded. The clin-
ical characteristics of patients at base-
line and after 3 months are shown in
Table 1. The groups were similar in
BMI and in levels of fasting glucose,
triglycerides, cholesterol, HDL, and
VLDL. The baseline LDL levels were
higher in the ATV group, while oestra-
diol levels were higher in the control
group. After 3 months, significant
improvement in cholesterol (p<0.003)
and LDL (p=0.02) Ilevels were
observed in the ATV group after cor-
recting for multiple comparisons.

Table 2 compares periodontal, radio-
graphic, and metabolic variables at base-
line and after 3 months. Basal periodontal
and radiographic parameters were not
significantly different between the two
groups. Dental mobility improved in the
ATV group after 3 months.

Table 3 shows the changes in meta-
bolic, periodontal, and radiographic con-
ditions for both groups. Cholesterol and
LDL levels significantly improved in the
ATV group (p<0.0002 and <0.002,
respectively). PD, gingival recession,
bleeding on probing, loss of attachment,
dental mobility, and plaque index
improved in both groups. However,
significantly more improvement was
observed in dental mobility in the treated
group. Dental mobility as the percent of
teeth with mobility from total teeth was
also significantly better (p = 0.04), after
correcting for multiple comparisons. In
both groups, tooth loss remained without
change after 3 months of treatment. The
CAB-CE]J distance increased in the con-
trol group, but decreased in the ATV
group by 0.84 +0.71mm (p<0.0006)
signifying bone gain. Significant changes
remained after covariance analysis cor-
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Table 1. Characteristics and laboratory test results at baseline and after 3 months
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Baseline (mean + SD)

After 3 months (mean + SD)

control atorvastatin t p-value control atorvastatin t p-value  p.
n=19 n=19) n=19 n=19)

BMI (kg/m?) 269 + 2.6 27.6 £ 4.6 0.62 0.54 272 +£25 27.8 £4.7 0.54 0.8
Fasting glucose (mg/dl) 884 +7.2 909 + 11.5 0.88 0.38 954+ 6.9 96.7 + 22.2 025 0.80
Triglycerides (mg/dl) 158.0 + 86.4 1554 +632 —0.11 0.90 1849 £ 1063 120.0 £37.7 —2.82 0.01 0.09
Cholesterol (mg/dl) 186.8 +45.6 207.9 £+ 40.7 1.78 0.09 192.2 + 36.7 149.5 £21.8 —4.48 0.0003  0.003
HDL (mg/dl) 43.0 £9.6 45.7 £10.7 0.88 0.38 43.6 £ 11.9 452 £ 6.9 048 0.63
LDL (mg/dl) 110.0 £+ 38.6 131.1 £ 33.8 2.30 0.03 111.8 £ 32.6 829 +£228 —3.63 0.002 0.02
VLDL (mg/dl) 33.7 £21.6 31.1 £126  —0.55 0.58 373 +£21.2 240+ 7.6 —2.89  0.009 0.08
Oestradiol (pg/ml) 151.4 £ 1335 70.2 £52.7 —-2.6 0.02 157.9 £ 116.8 777 £75.6  —3.14  0.006 0.06
¥p-value with Bonferroni correction for multiple comparisons.
BMI, body mass index.
Table 2. Dental variables at baseline and after 3 months

Baseline (mean £+ SD) After 3 months (mean + SD)

control atorvastatin t p-value control atorvastatin t p-value  p.F

(n=19) n=19) n=19) n=19)
Probing depth (mm) 337 £040 351 £0.64 0.78 0.44 1.90 £ 0.54 1.72 £ 0.21 —1.28 0.21
Gingival recession (mm) 144 £ 1.15 1.69 £+ 1.03 0.67 0.50 0.90 + 0.91 1.10 + 0.85 0.83 0.41
Bleeding on probing (%) 058 +£029 046+£0.19 —15 0.15 0.08 £ 0.11 0.05 + 0.06 —0.85 0.40
Loss of attachment (mm) 330 +245 4.02+238 0.83 0.41 2.04 + 1.68 243 + 147 0.81 0.42
Dental mobility (%) 024 £0.19 0.25+£0.19 0.11 0.90 0.18 £ 0.18 0.08 + 0.08 —-2.20 0.04 0.8
Tooth loss (% of teeth) 0.0 £ 0.0 0.0+ 0.0 0.0 0.0 0.0 +£0.0 0.0 +£0.0 0.0 0.0
Plaque index (%) 1.0 £ 0.0 1.0 £ 0.0 0.0 1.0 0.062 £ 0.061  0.045 £ 0.058 0.56* 0.56
CAB-CEJ distance (mm)" 271 + 143  2.85 + 1.50 0.27 0.78 2.80 £ 1.52 2.10 £ 1.14 —1.41 0.17
Bone mineral density, 203 £ 7.6 215+ 7.7 0.41 0.68 22.1 £83 26.3 £ 6.9 1.8 0.09
calcaneus (mm3)
Bone-specific alkaline 146 £ 102 149 +52 0.93* 0.35 13.7 £ 6.9 133 £5.1 —0.26 0.80
phosphatase (U/I)
N-telopeptides (nM BCE) 120 £ 5.5 12.6 £ 6.1 0.34 0.73 13.7 £ 84 143 £ 6.0 0.59 0.55

*Comparison between both groups with Wilcoxon matched pair test.
¥p-value with Bonferroni correction for multiple comparisons.
"Distance from the alveolar bone border to cemento-enamel junction.
CAB, crestal alveolar bone; CEJ, cemento-enamel junction.

recting for basal oestradiol levels and
menopausal status.

Before treatment, there were 181 sites
with PD >4 mm; after treatment with
ATV, 77.5% of the sites showed a
PD<4mm (p<0.001). Meanwhile, in
the control group, there were 183 sites
with PD>4mm and after treatment
634% of the sites showed a
PD <4 mm (p<0.0004). There were no
differences between ATV and placebo
treatments (p = 0.5).

No collateral effects were observed in
any group. The ATV was well tolerated
for 3 months.

Discussion

There is an increasing evidence support-
ing a positive effect of statins on bone
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tissue (Mundy et al. 1999, Pasco et al.
2002, Horiuchi & Maeda 2006, Rejnmark
et al. 2006, Chuengsamarn et al. 2010).
Most knowledge about the effects of
statins in the oral cavity comes from in
vitro and animal studies (Junqueira et al.
2002, Stein et al. 2005, Vaziri et al.
2007, Seto et al. 2008, Wu et al. 2008,
Morris et al. 2008, Okamoto et al. 2009)
and retrospective studies in humans
(Saver et al. 2007, Lindy et al. 2008,
Saxlin et al. 2009). Crestal bone loss is a
characteristic feature of periodontitis,
and suppression of the bone resorption
rate is one goal of treatment. For these
reasons, we explored whether ATV
could enhance bone matrix formation
and decrease bone resorption.

The effect of ATV on periodontal
parameters in subjects with chronic
periodontitis was investigated. We found
that periodontal conditions improved

in both groups. Improvement in the
control group could be explained by
the mechanic therapy and oral hygiene
instructions provided at baseline. On
the other hand, a favourable effect has
been reported in clinical attachment
levels and PD > 5mm in patients with
moderate-to-severe periodontitis after
180 days under vitamin B complex
treatment (Neiva et al. 2005). This could
also explain the improvement observed
on periodontal parameters in the control
group. However, dental mobility was
significantly better for the ATV group,
and this decreased mobility could be
explained by the anti-inflammatory
actions of statins, which could posi-
tively affect chronic periodontitis. We
also observed a trend towards a decreas-
ing PD after treatment with ATV. This
result agrees with a retrospective study
by Lindy et al. (2008), which reported a
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Table 3. Comparisons of changes in metabolic and dental variables at the end of study

Mean + SD t (18 df) p-value De

control (n =19) atorvastatin (n = 19)
Fasting glucose (mg/dl) 7.0+93 5.8 +26.7 —-0.20 0.84
Triglycerides (mg/dl) 26.9 + 80.9 —3594+59.9 —2.55 0.02 0.2
Cholesterol (mg/dl) 54 +£412 —58.5 +37.6 —5.73 0.00002 0.0002
HDL (mg/dl) 0.6 £ 11.1 —0.5+£10.0 —0.44 0.66
LDL (mg/dl) 1.9+ 428 —48.1 +31.7 —4.56 0.0002 0.002
VLDL (mg/dl) 36 £172 -72+119 —2.20 0.04 0.4
Probing depth (mm) —1.47 £0.36 —1.79 £ 0.57 —-2.32 0.03 0.3
Gingival recession (mm) —0.54 +£0.54 —0.58 £ 0.55 —-0.20 0.84
Bleeding on probing (%) —-0.5+025 —04 +0.15 1.4 0.18
Loss of attachment (mm) —126+1.0 —158+1.2 —-0.74 0.46
Dental mobility (%) —0.06 £ 0.11 —0.17 £ 0.11 —3.26 0.004 0.04
Tooth loss (% of teeth) 0.0 £ 0.0 0.0 £0.0 0.0 0.0
Plaque index (%) —0.93 + 0.06 —0.95 + 0.05 —-0.72 0.48
CAB-CE]J distance (mm)* 0.09 £+ 0.39 —0.75 + 0.69 —-5.15 0.00006 0.0006
Bone mineral density, calcaneus (mm3) 1.8 £ 9.1 5.07 £ 9.1 1.0 0.31
Bone-specific alkaline phosphatase (U/I) -08+72 —1.6+3.6 —045 0.66
N-telopeptides (nM BCE) 1.3 £8.1 20+£63 0.28 0.77
Oestradiol (pg/ml) 6.4 £ 122.0 7.4 £735 0.03 0.97

¥p-value with Bonferroni correction for multiple comparisons.
*Distance from the alveolar bone border to cemento-enamel junction.
CAB, crestal alveolar bone; CEJ, cemento-enamel junction.

decrease in periodontal pockets in
patients taking statins. However, the
use of statins has also been associated
with an increase in the deepening of
periodontal pockets (Saxlin et al. 2009).
On the other hand, both ATV and
placebo treatment showed a beneficial
effect improving the sites with PD>
4 mm; however, there were no differ-
ences between treatments. Again, this
could be explained by the strong effect
of the mechanical therapy and the oral
hygiene instructions provided at base-
line. Recently, ATV has been reported
to inhibit inflammatory cells and matrix
metalloproteinases (MMPs) (Kajimoto
et al. 2009, Kamio et al. 2010), which
play a role in the connective tissue
destruction in periodontal disease
(Oyarzin et al. 2010). MMPs levels
has been reported to be highly correlated
to PD and bleeding on probing (Balwant
et al. 2008). Therefore, clinical trials of
longer duration are needed to corrobo-
rate the effect of statins on the period-
ontium.

Although, there is no consensus on
the effect of ATV on bone metabolism
(Braatvedt et al. 2004, Majima et al.
2007, Bone et al. 2007, Pérez-Castrillon
et al. 2008), in this study, ATV admin-
istration increased alveolar bone height
and decreased the CEJ to alveolar bone
distance. This change is considerable
when compared with measurements
from the control group, where patients
showed an increase in this distance. In
rats, statins have been demonstrated to

have a protective effect on alveolar bone
in the context of periodontitis (Vaziri
et al. 2007, Seto et al. 2008). Further-
more, administration of simvastatin in
ovariectomized rats increased mandibu-
lar bone regeneration (Junqueira et al.
2002). Moreover, in hypercholesterolae-
mic patients treated for 3 months with
ATV, a beneficial effect has been
suggested on bone metabolism by redu-
cing bone resorption rather than by
stimulating bone formation (Majima
et al. 2007).

In this study, the bone markers BSAP
and NTx did not change after ATV
treatment. These results are comparable
with those reported by Berthold et al.
(2004), who found no change in bone
turnover markers after 8 weeks of treat-
ment. However, statins may have indir-
ect effects on bone formation, through
effects on inflammation or angiogenesis.
It is possible that the pro-angiogenic
effect of statins may increase bone for-
mation. Indeed, ATV has been reported
to increase numbers of circulating
endothelial progenitor cells (Minami
et al. 2009). Statins may also affect bone
formation by inhibiting inflammation.
Recently, simvastatin has been reported
to reduce the levels of TNF-o in human
osteoblastic cells (Lin et al. 2009).

During menopause, a rapid decline in
oestrogen levels can lead to systemic
bone loss (North American Menopause
Society 2007). Menopause can also be
associated with oral health problems,
such as loss of the alveolar bone of the

jaws, which can cause periodontal dis-
ease, loose teeth, and tooth loss. In this
study, we did not find differences in the
periodontal measures between post-
menopausal and pre-menopausal women
treated with ATV. However, pre-meno-
pausal women outnumbered post-meno-
pausal women, and this could explain
the lack of major improvement in the
periodontal parameters of post-meno-
pausal women.

In addition to their effects on bone
metabolism, statins decrease cholesterol
biosynthesis in the liver (Maron et al.
2000, Baigent et al. 2005). A potential
linkage has been suggested between
periodontitis and elevated serum lipids
(Cutler & Tacopino 2003). Several stu-
dies have measured total cholesterol,
LDL levels, and triglycerides levels in
individuals with periodontal disease and
have reported higher plasma lipid levels
in these patients as compared with
healthy individuals (Losche et al. 2000,
Nibali et al. 2007). On the other hand,
others found no relation between perio-
dontal disease and blood lipid levels
(Machado et al. 2005). In this study,
the use of ATV showed beneficial
effects on periodontal parameters. How-
ever, further studies are necessary to test
whether improvements in oral health
can lead to reductions in serum lipids.

A number of features of the study
design need to be recognized to cor-
rectly interpret the present results. Lim-
itations of this study include imbalance
in gender distribution in favour of

© 2010 John Wiley & Sons A/S



women, differences in menopausal sta-
tus, the short time of therapy, and the
small sample size in order to make
definite conclusions. In this study were
included patients with moderate perio-
dontitis, while patients with more severe
periodontitis would likely be more
appropriate to evaluate changes in
CAL and bone levels than patients
with moderate periodontitis. However,
significant changes were observed in
bone height after treatment with ATV.

In conclusion, our findings suggest
that ATV may be an effective therapeu-
tic device in the management of perio-
dontal disease, due to its beneficial
effect on alveolar bone metabolism.
Although, further studies are needed
before these drugs can be used in dental
clinics.

Acknowledgements

The author E. E. received a fellowship
06-16-K119-16 from the Council of
Science and Technology of Guanajuato
State in Mexico.

References

Baigent, C., Keech, A., Kearney, P. M., Blackwell, L.,
Buck, G., Pollicino, C., Kirby, A., Sourjina, T.,
Peto, R., Collins, R. & Simes, R.Cholesterol Treat-
ment Trialists’ (CTT) Collaborators. (2005) Effi-
cacy and safety of cholesterol-lowering treatment:
prospective meta-analysis of data from 90,056
participants in 14 randomised trials of statins.
Lancet 366, 1267-1278.

Balwant, R., Simmi, K., Rajnish, J. & Suresh, C. A.
(2008) Biomarkers of periodontitis in oral fluids.
Journal of Oral Science 50, 53-56.

Bauer, D. C., Mundy, G. R., Jamal, S. A., Black, D.
M., Cauley, J. A., Ensrud, K. E., van der Klift, M. &
Pols, H. A. (2004) Use of statins and fracture:
results of 4 prospective studies and cumulative
meta-analysis of observational studies and con-
trolled trials. Archives of Internal Medicine 164,
146-152.

Berthold, H. K., Unverdorben, S., Zittermann, A.,
Degenhardt, R., Baumeister, B., Unverdorben, M.,
Krone, W., Vetter, H. & Gouni-Berthold, I. (2004)
Age-dependent effects of atorvastatin on biochem-
ical bone turnover markers: a randomized con-
trolled trial in  postmenopausal
Osteoporosis International 15, 459-467.

Bone, H. G., Kiel, D. P, Lindsay, R. S., Lewiecki, E.
M., Bolognese, M. A., Leary, E. T., Lowe, W. &
McClung, M. R. (2007) Effects of atorvastatin on
bone in postmenopausal women with dyslipidemia:
a double-blind, placebo-controlled, dose-ranging
trial. Journal of Clinical Endocrinology and Meta-
bolism 92, 4671-4677.

Braatvedt, G. D., Bagg, W., Gamble, G., Davidson, J.
& Reid, 1. R. (2004) The effect of atorvastatin on
markers of bone turnover in patients with type 2
diabetes. Bone 35, 766-770.

women.

© 2010 John Wiley & Sons A/S

Effect of atorvastatin on periodontitis

Cutler, C. W. & Iacopino, A. M. (2003) Periodontal
disease: links with serum lipid/triglyceride levels?
Review and new data. Journal of the International
Academy of Periodontology 5, 47-51.

Chuengsamarn, S., Rattanamongkoulgul, S., Suwan-
walaikorn, S., Wattanasirichaigoon, S. & Kaufman,
L. (2010) Effects of statins vs. non-statin lipid-
lowering therapy on bone formation and bone
mineral density biomarkers in patients with hyper-
lipidemia. Bone 46, 1011-1015.

De Leo, V., Morgante, G., La Marca, A., Lanzetta, D.,
Cobellis, L. & Petraglia, F. (2003) Combinations of
statins and hormone replacement therapy in post-
menopausal women is associated with increased
bone mineral density. Gynecological Endocrinol-
ogy 17, 329-332.

Horiuchi, N. & Maeda, T. (2006) Statins and bone
metabolism. Oral Diseases 12, 85-101.

Jasinska, M., Owczarek, J. & Orszulak-Michalak, D.
(2007) Statins: a new insight into their mechanisms
of action and consequent pleiotropic effects. Phar-
macological Reports 59, 483-499.

Junqueira, J. C., Mancini, M. N., Carvalho, Y. R,,
Anbinder, A. L., Balducci, I. & Rocha, R. F. (2002)
Effects of simvastatin on bone regeneration in the
mandibles of ovariectomized rats and on blood
cholesterol levels. Journal of Oral Science 44,
117-124.

Kajimoto, K., Miyauchi, K., Kasai, T., Shimada, K.,
Kojima, Y., Shimada, A., Niinami, H., Amano, A.
& Daida, H. (2009) Short-term 20-mg atorvastatin
therapy reduces key inflammatory factors including
c-Jun N-terminal kinase and dendritic cells and
matrix metalloproteinase expression in human
abdominal aortic aneurysmal wall. Atherosclerosis
206, 505-511.

Kamio, K., Liu, X. D., Sugiura, H., Togo, S., Kawa-
saki, S., Wang, X., Ahn, Y., Hogaboam, C. &
Rennard, S. 1. (2010) Statins inhibit matrix metal-
loproteinase release from human lung fibroblasts.
European Respiratory Journal 35, 637-646.

Laster, L., Laundenbach, R. W. & Stoller, N. H. (1975)
An evaluation of clinical tooth mobility measure-
ments. Journal of Periodontology 46, 603—607.

Lin, S. K., Kok, S. H., Lee, Y. L., Hou, K. L., Lin, Y.
T., Chen, M. H., Wang, C. C. & Hong, C. Y. (2009)
Simvastatin as a novel strategy to alleviate periapi-
cal lesions. Journal of Endodontics 35, 657-662.

Lindy, O., Suomalainen, K., Mikeld, M. & Lindy, S.
(2008) Statin use is associated with fewer perio-
dontal lesions: a retrospective study. BMC Oral
Health 15, 8-16.

Loe, H. & Silness, J. (1963) Periodontal disease in
pregnancy. I. Prevalence and severity. Acta Odon-
tologica Scandinavica 21, 533-551.

Losche, W., Karapetow, F., Pohl, A., Pohl, C. &
Kocher, T. (2000) Plasma lipid and blood glucose
levels in patients with destructive periodontal dis-
ease. Journal of Clinical Periodontology 27, 537-
541.

Machado, A. C., Quirino, M. R. & Nascimento, L. F.
(2005) Relation between chronic periodontal dis-
ease and plasmatic levels of triglycerides, total
cholesterol and fractions. Brazilian Oral Research
19, 284-289.

Maeda, T., Kawane, T. & Horiuchi, N. (2003) Statins
augment vascular endothelial growth factor expres-
sion in osteoblastic cells via inhibition of protein
prenylation. Endocrinology 144, 681-692.

Maeda, T., Matsunuma, A., Kawane, T. & Horiuchi,
N. (2001) Simvastatin promotes osteoblast differ-
entiation and mineralization in MC3T3-El cells.
Biochemical and Biophysical Research in Commu-
nications 280, 874-877.

Maeda, T., Matsunuma, A., Kurahashi, 1., Yanagawa,
T., Yoshida, H. & Horiuchi, N. (2004) Induction of
osteoblast differentiation indices by statins in

1021

MC3T3-E1 cells. Journal of Cellular Biochemistry
92, 458-471.

Majima, T., Komatsu, Y., Fukao, A., Ninomiya, K.,
Matsumura, T. & Nakao, K. (2007) Short-term
effects of atorvastatin on bone turnover in male
patients with hypercholesterolemia. Endocrinology
Journal 54, 145-151.

Maron, D. J., Fazio, S. & Linton, M. F. (2000) Current
perspectives on statins. Circulation 101, 207-213.

Minami, Y., Satoh, M., Maesawa, C., Takahashi, Y.,
Tabuchi, T., Itoh, T. & Nakamura, M. (2009) Effect
of atorvastatin on microRNA 221/222 expression in
endothelial progenitor cells obtained from patients
with coronary artery disease. European Journal of
Clinical Investigation 39, 359-367.

Morris, M. S., Lee, Y., Lavin, M. T., Giannini, P. J.,
Schmid, M. J., Marx, D. B. & Reinhardt, R. A.
(2008) Injectable simvastatin in periodontal defects
and alveolar ridges: pilot studies. Journal of Perio-
dontology 79, 1465-1473.

Mundy, G., Garrett, R., Harris, S., Chan, J., Chen, D.,
Rossini, G., Boyce, B., Zhao, M. & Gutierrez, G.
(1999) Stimulation of bone formation in vitro and in
rodents by statins. Science 286, 1946—1949.

Nibali, L., D’ Aiuto, F., Griffiths, G., Patel, K., Suvan,
J. & Tonetti, M. S. (2007) Severe periodontitis is
associated with systemic inflammation and a dys-
metabolic status: a case—control study. Journal of
Clinical Periodontology 34, 931-937.

Neiva, R. F., Al-Shammari, K., Nociti, F. H. Jr., Soehren,
S. & Wang, H. L. (2005) Effects of vitamin-B
complex supplementation on periodontal wound heal-
ing. Journal of Periodontology 76, 1084—1091.

North American Menopause Society. (2007) Meno-
pause Practice: A Clinician’s Guide, 3rd edition
Cleveland, OH: The North American Menopause
Society, p. 73.

Okamoto, Y., Sonoyama, W., Ono, M., Akiyama, K.,
Fujisawa, T., Oshima, M., Tsuchimoto, Y., Matsu-
ka, Y., Yasuda, T., Shi, S. & Kuboki, T. (2009)
Simvastatin induces the odontogenic differentiation
of human dental pulp stem cells in vitro and in vivo.
Journal of Endodontics 35, 367-372.

Opyarzin, A., Arancibia, R., Hidalgo, R., Penafiel, C.,
Céceres, M., Gonzdlez, M. J., Martinez, J. & Smith,
P. C. (2010) Involvement of MT1-MMP and TIMP-
2 in human periodontal disease. Oral Diseases 16,
388-395.

Pasco, J. A., Kotowicz, M. A., Henry, M. J., Sanders,
K. M. & Nicholson, G. C. (2002) Statin use, bone
mineral density, and fracture risk: Geelong osteo-
porosis study. Archives of Internal Medicine 162,
537-540.

Pérez-Castrillon, J. L., Abad, L., Vega, G., Sanz-
Cantalapiedra, A., Garcia-Porrero, M., Pinacho, F.
& Duenas, A. (2008) Effect of atorvastatin on bone
mineral density in patients with acute coronary
syndrome. European Review for Medical and Phar-
macological Sciences 12, 83-88.

Rocha, M., Malacara, J. M., Sanches-Marin, F., Vaz-
quez de la Torre, C. & Fajardo, M. E. (2004) Effect
of alendronate on periodontal disease in postmeno-
pausal women: a randomized placebo-controlled
trial. Journal of Periodontology 75, 1579-1585.

Rejnmark, L., Vestergaard, P. & Mosekilde, L. (2006)
Statin but not non-statin lipid-lowering drugs
decrease fracture risk: a nation-wide case—control
study. Calcified Tissue International 79, 27-36.

Saver, B. G., Hujoel, P. P., Cunha-Cruz, J. & Mau-
pomé, G. (2007) Are statins associated with
decreased tooth loss in chronic periodontitis? Jour-
nal of Clinical Periodontology 34, 214-219.

Saxlin, T., Suominen-Taipale, L., Knuuttila, M., Alha,
P. & Ylostalo, P. (2009) Dual effect of statin
medication on the periodontium. Journal of Clinical
Periodontology 36, 997-1003.



1022 Fajardo et al.

Shaw, S. M., Fildes, J. E., Yonan, N. & Williams, S. G.
(2009) Pleiotropic effects and cholesterol-lowering
therapy. Cardiology 112, 4-12.

Seto, H., Ohba, H., Tokunaga, K., Hama, H., Horibe,
M. & Nagata, T. (2008) Topical administration of
simvastatin recovers alveolar bone loss in rats.
Journal of Periodontal Research 43, 261-267.

Silness, J. & Loe, H. (1964) Periodontal disease in
pregnancy. II. Correlation between oral hygiene and
periodontal condition. Acta Odontologica Scandi-
navica 22, 121-135.

Smith, R. G., Cakici, S. & Newcombe, R. G. (1996)
Variations in the clinical sulcus depth of healthy
human gingiva: a longitudinal study. Journal of
Periodontal Research 31, 181-186.

Stein, D., Lee, Y., Schmid, M. J., Killpack, B.,
Genrich, M. A., Narayana, N., Marx, D. B., Cullen,
D. M. & Reinhardt, R. A. (2005) Local simvastatin
effects on mandibular bone growth and inflamma-
tion. Journal of Periodontology 76, 1861-1870.

Vaziri, H., Naserhojjati-Roodsari, R., Tahsili-Fahadan,
N., Khojasteh, A., Mashhadi-Abbas, F., Eslami, B.
& Dehpour, A. R. (2007) Effect of simvastatin
administration on periodontitis-associated bone
loss in ovariectomized rats. Journal of Perio-
dontology 78, 1561-1567.

Wren, T. A, Yerby, S. A., Beaupre, G. S. & Carter, D.
R. (2000) Interpretation of calcaneus dual-energy
X-ray absorptiometry measurements in the assess-
ment of osteopenia and fracture risk. Journal of
Bone and Mineral Research 15, 1573-1578.

Wu, Z., Liu, C., Zang, G. & Sun, H. (2008) The
effect of simvastatin on remodelling of the alveolar
bone following tooth extraction. International
Journal of Oral Maxillofacial Surgery 37, 170-
176.

Address:

Martha Eugenia Fajardo

20 de Enero 929

Col. Obregon

Leon 37320

Guanajuato

Mexico

E-mail: eugeniafajardo@yahoo.com

Clinical Relevance

Scientific rationale for the study:
Statins have been reported to have
anti-inflammatory and bone-stimu-
lating properties that may positively
affect chronic periodontitis.

Principal findings: Despite differ-
ences in gender and menopausal sta-

tus in volunteers, and the small
sample size, patients receiving ATV
demonstrated improved dental mobi-
lity and significant improvement in
alveolar bone height.

Practical implications: The use of
ATV for the treatment of hypercho-
lesterolaemia in  subjects with

chronic periodontitis could also con-
tribute to the treatment of periodontal
disease, due to the beneficial effect
of ATV on alveolar bone metabo-
lism.
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