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	e underlying mechanism in postmenopausal osteoporosis (PO) is an imbalance between bone resorption and formation. 	is
study was conducted to investigate whether oxidative stress (OxS) might have a role in this derangement of bone homeostasis. In a
sample of 167 postmenopausal women, we found that increased serum levels of a lipid peroxidation marker, hydroperoxides, were
negatively and independently associated with decreased bone mineral density (BMD) in total body (� = −0.192, � < 0.05), lumbar
spine (� = −0.282, � < 0.01), and total hip (� = −0.282, � < 0.05), as well as with increased bone resorption rate (� = 0.233,
� < 0.05), as assessed by the serum concentration of C-terminal telopeptide of type I collagen (CTX-1). On the contrary, the
OxS marker failed to be correlated with the serum levels of bone-speci�c alkaline phosphatase (BAP), that is, elective marker of
bone formation. Importantly, multiple regression analysis revealed that hydroperoxides is a determinant factor for the statistical
association between lumbar spine BMD and CTX-1 levels. Taken together, our data suggest that OxS might mediate, by enhancing
bone resorption, the uncoupling of bone turnover that underlies PO development.

1. Introduction

Bone is a dynamic organ that undergoes continuous remodel-
ing by the coordinated, and balanced, resorption and forma-
tion activities of, respectively, osteoclasts and osteoblasts [1].
	e estrogen decline occurring in women a
er menopause
frequently leads to a derangement of this homeostasis, with
an increase of bone turnover rate and a state where resorption
exceeds formation [2, 3]. 	ese metabolic changes underlie
the onset of postmenopausal osteoporosis (PO), a progressive
disease characterized by low bone mass density (BMD), that
predispose patients to an increased skeleton fragility and risk
of fracture [2, 3]. Consistently, the in vivo determination
of bone turnover is currently regarded as a helpful tool

for the prediction of osteoporotic fractures and, mainly, for
the monitoring of therapeutic e�cacy [4]. Indeed, there
are bone turnover markers that, re�ecting the whole-body
rates of either bone resorption or formation, provide reliable
information regarding the health state of this tissue [4, 5].

In spite of the remarkable progresses achieved in the
understanding of how estrogen de�ciency induces PO, the
underlying pathogenic mechanisms have been found to be
complex and multifaceted [2]. One of the most intriguing
hypothesis at this regard considers the ability of these sexual
hormones to protect bone against oxidative stress (OxS) by
acting as antioxidant [6]. In vitro and animal experiments,
indeed, showed that estrogen withdrawal alters the genera-
tion of reactive oxygen species (ROS) and the antioxidant
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defense capacity of the cell [7], leading to an accumulation
of these oxidant species, which, in turn, are able to stimulate
osteoclast formation and resorption activity [8, 9].

	is challenging body of evidence prompted us to inves-
tigate whether, also in vivo, OxS might be an in�uencing
factor for the bone turnover impairment underlying PO
development. To address this issue we evaluated a panel of
distinct indicators of systemic OxS, along with marker of
bone formation (bone-speci�c alkaline phosphatase, BAP)
and resorption (C-terminal telopeptide of type I collagen,
CTX-1) in a large population sample, including healthy,
osteopenic and osteoporotic, postmenopausal women.

2. Materials and Methods

2.1. Subjects. 	esubjects examined in the present studywere
recruited among women undergoing bone densitometry
evaluation at the Menopause and Osteoporosis Centre
(MOC) of University of Ferrara (Ferrara, Italy). 	is study
was carried out in accordance with the Declaration of
Helsinki (World Medical Association, http://www.wma.net/)
and the guidelines for Good Clinical Practice (European
Medicines Agency, http://www.ema.europa.eu/) and it was
approved by the Human research ethics committee of the
University. Inclusion criteria were women in postmenopausal
status, which was de�ned as cessation of menses for at least 1
year in accordance with the recent ReSTAGE’s modi�cation
of the Stages of Reproductive Aging Workshop (STRAW)
staging criteria [10]. Postmenopausal status was also checked
by the assessment of follicle-stimulating hormone (FSH) and
17-� estradiol (E2) blood levels. According to a priori de�ned
exclusion criteria, we excluded from the study those women
who, while the study was being carried out, were using
supplements containing the most common antioxidants such
as vitamins E, C, and A, beta-carotene, and selenium or
following vegetarian or vegan diet; drinking more than
20 g/day of alcohol; either a�ected by chronic diseases such
as diabetes, malabsorption, and cardiovascular disease (CVD)
or not diagnosed with a chronic disease, but taking medica-
tions (antiobesity medications, thyroid hormones, diuretics,
antihypertensives, and anticholesterol drugs); undergoing
hormone replacement therapy.

One hundred sixty-seven subjects were found to be eligi-
ble and were enrolled in the study a
er signing an informed
consent. Each of these women underwent the measurement
of body weight, standing height, and waist circumference
by trained personnel. Fresh blood (7mL) was drawn into
Vacutainer tubes without anticoagulant by venipuncture a
er
an overnight fast. A
er 30 minutes of incubation at room
temperature, blood samples were centrifuged (4.650 g for
20min), and the obtained sera were stored at −80∘C until
analysis.

2.2. Biochemical Assays. All the following assays were per-
formed on serum samples using Tecan Sunrise-96 well
microplate spectrophotometer (Tecan group Ltd., UK).

	e levels of hydroperoxides were evaluated by colori-
metric assay based on the reaction between these lipid per-
oxidation by-products and the chromogenic compound, that
is, N,N-diethyl-para-phenylendiamine (from Sigma-Aldrich,
St. Louis, MO, USA) [11–13]. Brie�y, for each subject, 5�L of
serumor standard (H2O2) was added to a solution containing
190 �L of acetate bu�er (pH 4.8) and 5 �L of chromogen
(0.0028M).	e solutionwas incubated at 37∘C and then read
for optical density a
er 1 and 4minutes.	e concentration of
hydroperoxides was obtained by the average ΔA505/min and
expressed as Carratelli Units (CU), where 1 CU corresponds
to 0.023mM of H2O2 [11, 12].

	e concentration of advanced oxidation protein prod-
ucts (AOPP) was quanti�ed as previously reported [14], with
minor modi�cations. 	e AOPP assay includes a sample
preparation procedure to precipitate triglicerides (3.000 g
for 10 minutes in the presence of 25mM/L MgCl2 and
0.5mM/L phosphotungstic acid) which strongly interfere
with the determination of the marker [14]. Subsequently,
30 �L of supernatant serum (or the standard chloramine-T)
was diluted 1 : 5 in phosphate-bu�ered saline. 	is solution
was added into each well and mixed with 10 �L of 1.16M
potassium iodide and 20�L of glacial acetic acid to each well.
AOPP were measured at 340 nm and expressed as �mol/L of
chloramine-T (Sigma-Aldrich) equivalents [14].

	e measurement of paraoxonase-1 (PON-1) basal activ-
ity was performed as described elsewhere [15]. A
er addition
of 10 �L of 3.3mmol/L paraoxon (Sigma-Aldrich) to the assay
mixture containing 5 �L of serum and 2mmol/L CaCl2 (in
100mmol/L Tris/bu�er, pH 8), to reach a �nal volume of
200�L, the formation of p-nitrophenol was monitored at
412 nm for 3min. PON-1 basal activity was expressed as
U/mL, where one unit is equivalent to 1 nmol of paraoxon
hydrolysed/minute/mL.

Total concentration of thiolswas determined by the color-
imetric 5,5�-Dithiobis(2-nitrobenzoic acid)- (DTNB-) based
assay described by Hu [16]. Serum (20�L), or standard (cys-
teine), was mixed with 160 �L of 0.2M Na2HPO4 and 2mM
EDTA at pH 8.0 into each well. 	e absorbance was deter-
mined at 405 nm, and 20 �L of 10mM DTNB (Sigma-Ald-
rich) in methanol was added to the sample. 	e absorbance
obtained before the addition of DTNB was subtracted from
that obtained a
er incubation with the chromogen. 	e
concentration of thiol groups was expressed as �moles/L.

	e total concentration of nonenzymatic antioxidants
(such as uric acid, ascorbic acid, and �-tocopherol) was
determined by Ferric Reduction Antioxidant Power (FRAP)
assay [17] with slight modi�cations [18]. FRAP method
measures the ability of water- and fat-soluble antioxidants

to reduce ferric-tripyridyltriazine (Fe3+-TPTZ) to the ferrous
form (Fe2+) which absorbs at 593 nm. Brie�y, acetate bu�er
(pH 3.6), TPTZ (10mM), and FeCl3 (20mM) were mixed in
the ratio 10 : 1 : 1 to give the working solution. Serum (10 �L),
or standard (FeSO4), was added to 190 �L of this solution.	e
reactionmixture was then incubated at room temperature for
6 minutes and the absorbance value was recorded at 595 nm.
	e results of this assay were expressed as FRAP units, where

1 FRAP unit corresponds to 100 �moles/L of Fe3+ reduced to

Fe2+ in 6 minutes.
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Levels of ceruloplasmin (expressed as �g/mL) were
measured by quantitative competitive sandwich ELISA
(AssayPro, St Charles, USA) according to the manufacturer’s
guidelines.

	e measurement of BAP and CTX-1 concentration were
performed using OCTEIA Ostase BAP immunoenzymomet-
ric assay and ß Cross-Laps Siero (CTx I), respectively, (both
kits were from Immunodiagnostic Systems Ltd., Boldon,
Tyne and Wear, UK) according to the manufacturer’s guide-
lines.

Concentrations of E2 and FSH were determined by
conventional chemiluminescent microparticle immunoassay
using the commercial kits Architect Estradiol and Archi-
tect FSH from Abbot Laboratories (Abbott Park, IL, USA),
respectively, according to the manufacturer’s guidelines.

2.3. Bone Densitometry Assessment. Areal bone density was
assessed at lumbar spine, hip, and total body by Discovery
dual energy X-ray absorptiometry scanner (Hologic Inc,
Bedford, MA). Postmenopausal osteoporosis was diagnosed
when BMD T-score (the number of standard deviations
below the average for a young adult at peak bone density) was
lower than 2.5 standard deviations from BMD peak at either
femoral neck or lumbar spine, according to WHO guidelines
[19]. In accordancewith these criteria, womenwithT-score at
either skeleton area between −2.5 and −1.0 were classi�ed as
osteopenic and those with a value higher than−1.0 as normal.

2.4. Statistical Analysis. Data were analyzed using SPSS
18.0 for Windows (IBM, Chicago, IL, USA). Continuous
variables were �rst analyzed for the normal distribution
by the Kolmogorov-Smirnov and the Shapiro-Wilkinson
test. Because the distribution of lumbar spine and neck
BMD, CTX-1, hydroperoxides, AOPP, and thiols were highly
skewed,we used their base-10 logarithm values as the outcome
variables. One-way analysis of variance (ANOVA) and of
covariance (ANCOVA) for unequal variances (implemented
with Bonferroni post hoc test to compare two groups at a
time) were used to evaluate the di�erence between sample
groups before and a
er adjustment for confounding factors,
respectively. Preliminary multiple regression analyses were
performed to evaluate the possibility of collinearity problem
among variables to include as covariates in multivariate
analysis. Values of variance in�ation factor (VIF) above 2.5
were regarded as indicative of multicollinearity. A
er this
analysis, body mass index (BMI) was not included in the
covariates set, because of its collinearity with waist circum-
ference and of its weaker correlation with the variables of
interest. Finally, univariate (by Pearson’s correlation test) and
multivariate (by partial correlation or multiple regression)
analyses were performed to check the associations between
continuous variables. A two-tailed probability value <0.05
was considered statistically signi�cant.

3. Results

	e characteristics of the 167 postmenopausal women
enrolled in the present study are shown in Table 1. Women

with PO were signi�cantly (� < 0.01) older compared to
those included in the other two study groups. Osteopenic and
osteoporotic women presented lower mean values of years
sincemenopause, BMI, andwaist circumference compared to
the healthy (� < 0.05 for all). On the contrary, frequency of
smokers and serum levels of E2 and FSH did not signi�cantly
vary across the groups. By de�nition, total, neck, and lumbar
spine BMD, as well as the correspondentT-score values, were
signi�cantly (� < 0.01) higher in healthy with respect to
osteopenic and osteoporotic women. Finally, the levels of
CTX-1 and BAP were not di�erent among the groups.

As shown in Table 2, there were no signi�cant di�erences
in serum levels of OxS markers among the groups. However,
osteopenia and osteoporosis appeared to be associated with
a worse oxidative balance. Indeed, compared to healthy
women, those a�ected by these two conditions presented
higher levels of the lipid oxidative damage marker, hydroper-
oxides, and lower levels of total antioxidant power and
ceruloplasmin.

	e possible association of OxS markers with levels of
BMD and bone markers was initially checked by univariate
analysis. Among the serum indicators of OxS considered in
our study, only hydroperoxides showed signi�cant associa-
tions with the parameters we used to evaluate bone health. In
speci�c, this marker was found to be signi�cantly associated
with BMD at lumbar spine (� < 0.01), total body BMD (� <
0.05), and CTX-1 (� < 0.05) (Figures 1(a), 1(b), and 1(c), and
Table 3). Moreover, these correlations remained signi�cant
a
er adjusting for potential confounding factors such as age,
years since menopause, smoking, and waist circumference.
Actually, as shown in Table 3, the strengths of themultivariate
correlations between the OxS marker and the biochemical
and densitometric bone parameters appeared to be stronger
than the respective univariate. 	is e�ect was more evident
for the correlation between hydroperoxides and total hip
BMD that resulted to be signi�cant (� < 0.05) only in the
multivariate analysis.

Since higher levels of CTX-1 and hydroperoxides were
found to be predictors of lower lumbar spine BMD, multiple
regression analyses were run to unveil whether these asso-
ciations were independent to each other. To this aim, three
separate multiple regression models were performed, where
each one included age, years since menopause, smoking,
and waist circumference plus the following: hydroperoxides
(model 1), CTX-1 (model 2), and hydroperoxides and CTX-
1 (model 3). As displayed in Table 4, the correlation between
hydroperoxides and lumbar spine BMD was signi�cant (� <
0.01) regardless of the presence of CTX-1 among the covari-
ates. On the contrary, the association between CTX-1 and
lumbar spine BMD did not persist when the OxS marker was
included in the multivariate model.

4. Discussion

	e widely accepted concept of OxS as a condition that is
mutually correlated with aging [20, 21] has represented the
rationale of several studies on the link between accumulation
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Table 1: Principal characteristics of healthy, osteopenic, and osteoporotic postmenopausal women.

Healthy (� = 38) Osteopenia (� = 73) Osteoporosis (� = 56)
Age, years 53.7 ± 4.6 55.6 ± 4.5 58.4 ± 4.3a,b
Years since menopause, years 7.4 ± 0.8 7.0 ± 0.8a 6.9 ± 0.7a
BMI, kg/m2 26.4 ± 4.1 24.4 ± 2.9a 24.2 ± 3.2a
Waist circumference, cm 89.3 ± 9.6 84.0 ± 9.2a 83.1 ± 8.4a
Smoking, % 17.8 14.7 12.9

E2, pg/mL 21.1 ± 7.1 12.9 ± 1.8 13.8 ± 2.6
FSH, mIU/mL 72.1 ± 7.2 85.2± 4.2 79.2 ± 5.2
DXA parameters

Lumbar spine BMD, g/cm2 1.04 ± 0.09 0.88 ± 0.09a 0.75 ± 0.08a,b
Lumbar spine 	-score −0.09 ± 0.77 −1.46 ± 0.73a −2.77 ± 0.70a,b
Femoral neck BMD, g/cm2 0.81 ± 0.06 0.69 ± 0.06a 0.62 ± 0.08a,b
Femoral neck 	-score −0.28 ± 0.59 −1.39 ± 0.6 a −2.06 ± 0.74a,b
Total hip BMD, g/cm2 0.90 ± 0.06 0.81 ± 0.07a 0.62 ± 0.07a,b
Total hip 	-score −0.21 ± 0.51 −1.04 ± 0.66a −1.72 ± 0.62a,b
Total body BMD, g/cm2 1.09 ± 0.16 1.05 ± 0.07a 0.95 ± 0.07a,b
Total 	-score 0.35 ± 0.99 −0.67 ± 0.68a −1.60 ± 0.74a,b

Bone markers

CTX-1, ng/mL 0.60 ± 0.21 0.66 ± 0.39 0.67 ± 0.40
BAP, �g/L 27.7 ± 2.7 25.7 ± 1.2 25.1 ± 1.7

Data presented are expressed as % within the group for categorical and mean ± standard deviations for continuous variables.
aP < 0.05 versus healthy; bP < 0.05 versus osteopenia.
Abbreviations: BMI: body mass index; E2: estradiol; FSH: follicle stimulating hormones; BMD: bone mass density; CTX-1: C-terminal telopeptide of type I
collagen; BAP: bone-speci�c alkaline phosphatase.

Table 2: OxS markers mean levels in healthy, osteopenic, and osteoporotic postmenopausal women.

Healthy (� = 38) Osteopenia (� = 73) Osteoporosis (� = 56)
Hydroperoxides (CU) 349.3 ± 12.3 352.7 ± 11.7 370.6 ± 10.8
AOPP (�moles/L) 82.1 ± 8.8 76.6 ± 2.9 87.4 ± 7.6
	iols (�moles/L) 225.9 ± 13.9 215.2 ± 12.7 225.0 ± 17.3
Total antioxidant power (FRAP units) 734.1 ± 28.2 675.7 ± 15.7 697.2 ± 21.6
PON-1 (U/mL) 134.1 ± 9.2 138.2 ± 9.3 122.1 ± 12.2
Ceruloplasmin (mg/dL) 52.6 ± 6.7 49.2 ± 4.0 45.9 ± 5.1
Data presented are expressed as mean ± standard errors for continuous variables.
Abbreviations: AOPP: advanced oxidation protein products; CU: Carratelli Units; FRAP: Ferric reduction antioxidant capacity; PON-1: paroxonase-1.

of oxidative damage to biomolecules and the onset of PO
[6, 22, 23]. Actually, although PO is a common disease of
the elderly, its main initiating factor is the menopause-related
estrogen decline rather than the aging [3]. It is widely accepted,
indeed, that these sexual hormones can protect women
against bone loss during the reproductive age [2, 3]. Several
lines of evidence suggest that one of the mechanisms adopted
by estrogens to accomplish this aim consists of contrasting
the, supposed deleterious action of ROS against bone health
[2, 6–8]. 	e data in support of the interplay between OxS
and PO onset have been mostly obtained from in vitro and
animal experiments, which, overall, suggest a potential role
of reactive species in uncoupling bone turnover [7, 8, 23].
However, the de�nitive consensus on the involvement of OxS
in the derangement of bone homeostasis is still lacking, due
to the controversial results of the few in vivo human studies
so far conducted.

	e present cross-sectional population-based study
shows that PO and osteopenia are not associated with an
evident impairment of systemic oxidative balance. Indeed,
the observed trend of oxidative damage (hydroperoxides and
AOPP) and antioxidant defence (thiols, total antioxidant
power, PON-1, and ceruloplasmin) markers to increase
and decrease, respectively, in subjects a�ected by these
two conditions was not statistically signi�cant. On the
other hand, high levels of one of the markers examined,
hydroperoxides, were signi�cantly, and independently of
potential confounding factors, associated with low BMD
in two districts of skeleton, total hip, and lumbar spine,
that are highly susceptible to PO-related fractures. 	ese
outcomes were in line with the previous few studies involving
a homogenous postmenopausal female population [23–25]
as ours, but also more heterogeneous populations of men
and women [26, 27] or only of men [28].	e aforementioned
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Figure 1: Scatterplots of the relationship between hydroperoxides and lumbar spine BMD (a), total body BMD (b), and CTX-1 (c) in the total
sample (� = 167). Abbreviations: BMD: bone mass density; CTX-1: C-terminal telopeptide of type I collagen.

Table 3: Simple and partial correlation coe�cients for the association of hydroperoxides with total, lumbar spine, and total hip BMD, as well
as CTX-1 in the total sample (� = 167).

Simple correlation (�) Partial correlation (�)
Lumbar spine BMD −0.225b −0.282b
Total hip BMD −0.120 −0.208a
Total body BMD −0.180a −0.192a
CTX-1 0.197a 0.233a

aP < 0.05, bP < 0.01.
Adjusting variables for partial correlation: age, years since menopause, smoking, and waist circumference.
Abbreviations: BMD: bone mass density; CTX-1: C-terminal telopeptide of type I collage.

negative correlation between hydroperoxides and BMD was
not re�ected in a signi�cant increase of this marker in PO
patients most probably because the diagnosis of this bone
disease is conventionally based upon T-score, a parameter
that is statistically derived from BMD, that, indeed, was
not found to be associated with hydroperoxides. Moreover,
detectable alterations in circulatory levels of OxS markers
are mainly associated with diseases, where, di�erently from
PO, there is an intense tissue damage with consequent
release of prooxidant metal ions like iron and copper and
mitochondrial impairment or in chronic metabolic disorders

such as diabetes and vascular chronic in�ammation [21, 29].
	us, in line with previous studies [6, 25, 30], our results
suggest that systemic OxS, even if it could not be by itself a
distinctive condition of women with PO, negatively a
ects
bone health thereby increasing the risk to develop this bone
degenerative disease.

Among the �ndings of our study, the signi�cant positive
association between serum levels of hydroperoxides and
CTX-1, that is, marker of bone resorption, was the one that
mostly adds to the current literature. Indeed, to the best of
our knowledge, only another population-based study found
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Table 4:Multiple regression analysis of the association of hydroper-
oxides and CTX-1 with lumbar spine BMD.

Explanatory variables

B∗ (SE) �#

Model 1

Hydroperoxides
0.262b

(0.061)
−0.321

Adjusted 
2 = 0.25
Model 2

CTX-1
−0.044a
(0.023)

−0.172

Adjusted 
2 = 0.16
Model 3

Hydroperoxides
−0.246b
(0.066)

−0.301

CTX-1
−0.026
(0.023)

−0.100

Adjusted 
2 = 0.25
Model 1: age, years since menopause, smoking, waist circumference +
hydroperoxides.
Model 2: age, years since menopause, smoking, waist circumference + CTX-
1.
Model 3: age, years since menopause, smoking, waist circumference +
hydroperoxides and CTX-1.
aP < 0.05; bP < 0.01.
∗Unstandardized regression coe�cient; #standardized regression coe�cient.
Abbreviations: SE: standard error; CTX-1: C-terminal telopeptide of type I
collagen.

this association among postmenopausal women, by using,
however, di�erent markers for OxS, that is, 8-hydroxy-2�-
deoxyguanosine, and bone resorption, that is, cross-linked
carboxyterminal telopeptide of type I collagen (ICTP).	ese
methodological di�erences between the two works are not
entirely negligible, mostly in relation to the latter marker.
Indeed, as nicely described by Garnero et al. [31] and others
[32, 33], ICTP andCTX-1 re�ect di�erent collagenolytic path-
ways, which in turn take place in distinct bone pathologies.
When compared to the other markers, CTX-1 serum level
was showed to be a more reliable indicator of the osteoclastic
resorptive activity. Consistently, the assessment of CTX-1, but
not of ICTP, is recommended formonitoring the e�ectiveness
of antiresorptive therapy in patients a�ected by PO [31].

Further insight into the understanding of the “weight” of
OxS in bone loss of postmenopausal women was provided by
multivariate analysis. As shown in Table 4, the relationship
between decrease in lumbar spine BMDand increase inCTX-
1 serum levels was obvious a
er taking into account a set
of strong potential predictors of bone loss (i.e., smoking,
age, years since menopause, and waist circumference), but
it disappeared a
er including also hydroperoxides in this
set. 	is statistical outcome led us to speculate that the
degradation of the main collagen component of bone organic
matrix might be, at some extent, dependent on OxS. 	is
hypothesis is vastly supported by previous in vitro studies
showing that ROS stimulates osteoclast di�erentiation and
bone resorption inmouse calvarial and bonemarrow cultures

[34, 35] and cocultures of mouse calvarial osteoblasts and
spleen cells [36]. More recently, it has been shown that the
increase of ROS, mostly due to xanthine/xanthine oxidase
activity [37], stimulates the resorption process by triggering
osteoclastogenic Nuclear Factor-kappa � (NF-��) ligand
(RANKL)-RANK signaling between osteoblasts and osteo-
clast precursors [9, 37]. RANKL binding to RANK initiates
osteoclast di�erentiation and activation and is critical for
maintaining their survival and for promoting bone resorption
[37]. Consistently, experiments on human bone marrow
cells demonstrated that hydrogen peroxide is able to induce
the expression of RANKL as well as macrophage colony
stimulating factor (M-CSF), which activates the former by
inducing the expression of RANK on myeloid cells.

Finally, it is fair to acknowledge that the cross-sectional
nature of the present study limits our ability to establish any
cause-e�ect relationship between OxS, CTX-1, and BMD.
However, our observations, although preliminary, may repre-
sent an important basis for a future longitudinal study aimed
to evaluate the potential bene�cial e
ects of nutritional antiox-
idants on bone health.

5. Conclusion

In conclusion, our �ndings show an association between
increased hydroperoxides serum levels and reduced bone
density in postmenopausal women. Besides, this is the �rst
population-based study showing a positive independent asso-
ciation between this lipid peroxidation marker and serum
levels of CTX-1. 	ese results would suggest that OxS might
play a role in the development of PO by enhancing bone
resorption rate. Additional studies are warranted to de�nitely
establish a causal relationship between OxS and bone loss in
postmenopause.

Conflict of Interests

	e authors declare that there is no con�ict of interests
regarding the publication of this paper.	e authors alone are
responsible for the content and writing of the paper.

Acknowledgments

	e authors thank Maria Grazia Bonora for her skilled
organization of clinical protocol. 	ey also want to thank
Monica Squerzanti for her meaningful contribution in data
collection and processing.	e Studywas supported by “Local
Research Project” Grant from University of Ferrara, Italy.

References

[1] L. Masi and M. L. Brandi, “Physiopathological basis of bone
turnover,” Quarterly Journal of Nuclear Medicine, vol. 45, no. 1,
pp. 2–6, 2001.

[2] M.N.Weitzmann andR. Paci�ci, “Estrogende�ciency andbone
loss: an in�ammatory tale,” Journal of Clinical Investigation, vol.
116, no. 5, pp. 1186–1194, 2006.

[3] R. Lindsay, “Estrogen de�ciency,” in Osteoporosis: Etiology,
Diagnosis, and Management, B. L. Riggs and L. J. Melton,



BioMed Research International 7

Eds., pp. 133–160, Lippincott-Raven, Philadelphia, Pa, USA, 2nd
edition, 1996.

[4] C. D. Arnaud, “Osteoporosis: using “bone markers” for diagno-
sis and monitoring,” Geriatrics, vol. 51, no. 4, pp. 24–30, 1996.

[5] P. D. Delmas, “Clinical use of biochemical markers of bone
remodeling in osteoporosis,” Bone, vol. 13, supplement 1, pp.
S17–S21, 1992.

[6] C. Cervellati, G. Bonaccorsi, E. Cremonini et al., “Bone mass
density selectively correlates with serum markers of oxidative
damage in post-menopausal women,” Clinical Chemistry and
Laboratory Medicine, vol. 51, no. 2, pp. 333–338, 2013.

[7] J. M. Lean, J. T. Davies, K. Fuller et al., “A crucial role for
thiol antioxidants in estrogen-de�ciency bone loss,” Journal of
Clinical Investigation, vol. 112, no. 6, pp. 915–923, 2003.

[8] J. Lean, B. Kirstein, Z. Urry, T. Chambers, and K. Fuller,
“	ioredoxin-1 mediates osteoclast stimulation by reactive
oxygen species,” Biochemical and Biophysical Research Commu-
nications, vol. 321, no. 4, pp. 845–850, 2004.

[9] J.M.Hodge, F.M. Collier, N. J. Pavlos,M. A. Kirkland, andG. C.
Nicholson, “M-csf potently augments rankl-induced resorption
activation in mature human osteoclasts,” PLoS ONE, vol. 6, no.
6, Article ID e21462, 2011.

[10] S. D. Harlow, S. Crawford, L. Dennerstein, H. G. Burger, E. S.
Mitchell, and M.-F. Sowers, “Recommendations from a multi-
study evaluation of proposed criteria for Staging Reproductive
Aging,” Climacteric, vol. 10, no. 2, pp. 112–119, 2007.

[11] C. Cervellati, F. S. Pansini, G. Bonaccorsi et al., “17�-estradiol
levels and oxidative balance in a population of pre-, peri-, and
post-menopausal women,”Gynecological Endocrinology, vol. 27,
no. 12, pp. 1028–1032, 2011.

[12] A. Alberti, L. Bolognini, D. Macciantelli, and M. Caratelli, “	e
radical cation of N,N-diethl-para-phenylendiamine: a possible
indicator of oxidative stress in biological samples,” Research on
Chemical Intermediates, vol. 26, no. 3, pp. 253–267, 2000.

[13] C. Cervellati, E. Cremonini, C. Bosi C et al., “Systemic oxidative
stress in older patients with mild cognitive impairment or late
onset Alzheimer’s disease,” Current Alzheimer Reseach, vol. 10,
no. 4, pp. 365–372, 2013.

[14] V. Witko-Sarsat, M. Friedlander, C. Capeillère-Blandin et al.,
“Advanced oxidation protein products as a novel marker of
oxidative stress in uremia,” Kidney International, vol. 49, no. 5,
pp. 1304–1313, 1996.

[15] J. Bełtowski, G. Wójcicka, and A. Marciniak, “Species- and
substrate-speci�c stimulation of human plasma paraoxonase 1
(PON1) activity by high chloride concentration,” Acta Biochim-
ica Polonica, vol. 49, no. 4, pp. 927–936, 2002.

[16] M. L.Hu, “Measurement of protein thiol groups and glutathione
in plasma,”Methods in Enzymology, vol. 233, pp. 380–385, 1994.

[17] I. F. Benzie and J. J. Strain, “Ferric reducing/antioxidant power
assay: direct measure of total antioxidant activity of biological
�uids and modi�ed version for simultaneous measurement
of total antioxidant power and ascorbic acid concentration,”
Methods in Enzymology, vol. 299, pp. 15–27, 1998.

[18] F. Pansini, C. Cervellati, A. Guariento et al., “Oxidative stress,
body fat composition, and endocrine status in pre- and post-
menopausal women,” Menopause, vol. 15, no. 1, pp. 112–118,
2008.

[19] J. A. Kanis, “Osteoporosis III: diagnosis of osteoporosis and
assessment of fracture risk,” �e Lancet, vol. 359, no. 9321, pp.
1929–1936, 2002.

[20] C. M. Bergamini, S. Gambetti, A. Dondi, and C. Cervellati,
“Oxygen, reactive oxygen species and tissue damage,” Current
Pharmaceutical Design, vol. 10, no. 14, pp. 1611–1626, 2004.

[21] I. Dalle-Donne, R. Rossi, R. Colombo, D. Giustarini, and A.
Milzani, “Biomarkers of oxidative damage in human disease,”
Clinical Chemistry, vol. 52, no. 4, pp. 601–623, 2006.

[22] G. Valacchi, C. Sticozzi, A. Pecorelli et al., “Cutaneous responses
to environmental stressors,” Annals of the New York Academy of
Science, vol. 1271, pp. 75–81, 2012.

[23] S. Ozgocmen, H. Kaya, E. Fadillioglu, R. Aydogan, and Z.
Yilmaz, “Role of antioxidant systems, lipid peroxidation, and
nitric oxide in postmenopausal osteoporosis,” Molecular and
Cellular Biochemistry, vol. 295, no. 1-2, pp. 45–52, 2007.

[24] K. H. Baek, K. W. Oh, W. Y. Lee et al., “Association of oxidative
stress with postmenopausal osteoporosis and the e�ects of
hydrogen peroxide on osteoclast formation in human bone
marrow cell cultures,” Calci�ed Tissue International, vol. 87, no.
3, pp. 226–235, 2010.

[25] S. Ozgocmen, H. Kaya, E. Fadillioglu, R. Aydogan, and Z.
Yilmaz, “Role of antioxidant systems, lipid peroxidation, and
nitric oxide in postmenopausal osteoporosis,” Molecular and
Cellular Biochemistry, vol. 295, no. 1-2, pp. 45–52, 2007.

[26] D. Maggio, M. Barabani, M. Pierandrei et al., “Marked decrease
in plasma antioxidants in aged osteoporotic women: results of
a cross-sectional study,” Journal of Clinical Endocrinology and
Metabolism, vol. 88, no. 4, pp. 1523–1527, 2003.
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