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ÖZ

Girifl: Postmenopozal osteoporoz (PMO) patogenezinde oksidatif stres önemli rol oynar.
Antioksidanlar serbest oksijen radikallerinin y›k›c› etkilerini yok etme özelli¤ine sahiptir.

Gereç ve Yöntem: Bu çal›flma ile 45 yafl›ndan büyük postmenopozal osteoporotik kad›nlar
(n=40) ve osteoporotik olmayan kontrollerde (n=20) vitamin C ve superoksid dismutaz (SOD) gibi
iki antioksidan›n ve lipid peroksidasyon ve oksidatif stres göstergelerinden malondialdehid (MDA)
düzeylerinin araflt›r›lmas› amaçland›. Tüm olgulardan anamez al›nd› fizik muayeneleri yap›ld›,
proksimal femurdan kemik mineral dansiteleri (BMD) ve plazma vitamin C, SOD ve MDA düzey-
leri ölçüldü.

Bulgular: Bu çal›flma PMO olan kad›nlar›n kontrollere göre daha düflük plazma vitamin C ve
SOD düzeylerine, buna karfl›n artm›fl MDA düzeylerine sahip oldu¤unu gösterdi (p<0.05). Plazma
vitamin C düzeyleri ile femur boynu BMD’si aras›nda pozitif korelasyon (p<0.01) saptan›rken MDA
ve femoral BMD aras›nda negatif korelasyon izlendi.

Sonuç: Oksidatif stres ve ve azalm›fl antioksidan savunma mekanizmalar› PMO’nun pato-
genezinde önemli rol oynar ve MDA postmenopozal kad›nlarda kemik kayb›n›n önemli bir göster-
gesi olabilir.

Anahtar sözcükler: Osteoporoz, Oksidatif stres, Menopoz, Antioksidanlar, Vitamin C, SOD,
MDA.

ABSTRACT

Introduction: Oxidative stress plays an important role in the pathogenesis of post-
menopausal osteoporosis (PMO). Antioxidants have the ability to mitigate the damaging effects
of reactive oxygen species (ROS). 

Materials and Method: This study evaluated the plasma levels of two selected antioxidant
defenses: vitamin C and superoxide dismutase (SOD) and Malondialdehyde (MDA) the lipid per-
oxidation byproduct and oxidative stress indicator in >45 years old postmenopausal osteoporot-
ic women (n=40) as compared to non-osteoporotic controls (n=20). Subjects underwent a full
history taking, clinical examination and bone mineral density (BMD) of the proximal femur and
measurement of plasma vitamin C, SOD and MDA. 

Results: The study showed that women with PMO had significantly lower levels of plasma
vitamin C and SOD and higher MDA levels as compared to the controls (p<0.05). A significant
positive correlation (p<0.01) was found between plasma vitamin C, SOD and Femoral neck BMD
while a significant but negative correlation was found between MDA and femoral neck BMD. 

Conclusion: Oxidative stress and decreased antioxidant defenses have an important role in
the pathogenesis of PMO and MDA may be an important indicator for bone loss in post-
menopausal women, necessitating further research. 

Key words: Postmenopausal osteoporosis, Oxidative stress, Antioxidant, Vitamin C,
Superoxide dismutase, Malondialdehyde.
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INTRODUCTION

Osteoporosis is a systemic skeletal disease characterized by
low bone density and micro architectural deterioration of

bone tissue with a consequent increase in bone fragility (1).
Early osteoporosis not usually diagnosed, remains asympto-
matic and does not become clinically evident until fractures
occur (1, 2). The latter imposes a considerable medical, social
and economic burden (3,4).

Loss of bone density and rates of fracture increases mar-
kedly with advancing age, giving rise to significant morbi-
dity, mortality and disability (1,3,4). Osteoporosis is three ti-
mes more common in women than in men, partly because of
their lower peak bone mass and the hormonal changes that oc-
cur at the menopause in addition to a greater life expectancy
among women (1). 

Osteoporosis affecting millions of people worldwide [4], is
also a major health problem in Egypt (2). National surveys
carried out by the National Nutrition Institute (NNI) in
2001 and 2004 reveal that between the ages 40-50 years, 42
percent females had low bone mineral density (BMD). At 60
years of age, about half of the females had osteopenia while a
third of the elderly population (65 to over 80 years of age) was
osteoporotic (2). 

Osteoporosis has multi-factorial pathogenesis but the role
of proper nutrition has been duly emphasized. Many nutrients
and dietary factors may be important for long-term bone he-
alth and the prevention of osteoporosis (4,5). 

Increased oxidative stress on the basis of potential biomar-
kers of oxidative damage has been found to be associated with
many chronic human diseases (6). Oxidative stress markers
may be an important indicator of bone loss in postmenopau-
sal women (7) and a link of increased oxidative stress with re-
duced BMD has been documented (8). 

Lipid peroxidation is probably the most extensively inves-
tigated free radical induced process with consequences in the
form of protein oxidation, loss or weakening of cell membra-
ne structure and function and generation of aldehyde products
such as Malondialdehyde (MDA) (9). MDA is one of the pro-
mising candidates for general biomarkers of oxidative stress
(6) and has previously been used as an indicator of oxidative
stress among osteoporotic postmenopausal women (7,10). 

Oxidative stress related factors partially caused by a low
antioxidant status and nutrient deficiency, are a known risk
factor for osteoporosis. Epidemiological studies suggest that

antioxidants counteract the effect of stress on bone and may
reduce the risk of osteoporosis. Oxidative stress is involved in
the activity and function of osteoblast and osteoclasts, the two
major bone cells involved in the pathogenesis of osteoporosis
(11). 

Vitamin C, one of the potentially important micronutri-
ents that play an important a role in normal bone metabolism
because of its role as a cofactor in collagen formation (3,12) al-
so acts as antioxidant and provides defense against oxidative
stress (11,13). It act as a free radical scavenger in reactions in-
volving reactive oxygen species (ROS) such as superoxide,
hydroperoxyl, peroxynitrite and siglet oxygen radicals with
formation of semi-dehydroascorbate free radical (DHA) which
is poorly reactive (14). 

Some studies show dietary intake of Vitamin C to be po-
sitively correlated with the bone mineral content among post
menopausal women while its mean plasma levels were consis-
tently and significantly lower in osteoporotic elderly women
as compared to non-osteoporotic ones (10). 

Elderly osteoporotic women have also been found to have
consistent and significant lower levels of enzymatic antioxi-
dant defenses like superoxide dismutase (SOD), one of the
major antioxidant defense systems present in the body when
compared with normal age-matched reference population
(10,11). It catalyzes the dismutation of superoxide anion into
hydrogen peroxide and oxygen. It is not surprising that diffe-
rent SODs were then evolved to deal with the toxicity of the
accumulating O-2 ,there are SODs based on Cu2+ plus Zn2+,
Mn3+, Fe3+ and Ni2+ (15). 

Studies assessing the role of plasma antioxidant defenses
in elderly osteoporotic women are scarce (7,10) and absent for
Arab populations. Oxidative stress markers as a possible im-
portant indicator for bone loss in post menopausal women ne-
eds to be further investigated to study the role of antioxidants
in regulation of bone mass (7). 

A case control study was therefore designed to assess
whether some selected plasma antioxidant defenses are decrea-
sed in Egyptian postmenopausal osteoporotic women as com-
pared to non osteoporotic controls and determine the MDA
levels as an indicator of oxidative stress in both groups.

MATERIALS AND METHOD

Subjects were postmenopausal women recruited from
among the patients admitted to the department of ortho-
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paedic surgery, Minoufiya University Hospital (Egypt) betwe-
en September and December 2006 for various kinds of fractu-
res. The control group had a femoral neck T- score of – 1 or
more while it was -2.5 or less for the osteoporotic group. The
inclusion criteria for both the groups were a postmenopausal
status, age equal or more than 45 years, no previous history of
fractures of any kind, independent mobility before incurring
fractures and being on a free diet while those with secondary
osteoporosis, diseases associated with increased oxidative stress
or with previous or current hormone replacement therapy or
antioxidant supplementation were excluded from the study.

Based on these criteria, 60 women who were admitted du-
ring September and December 2006 were asked to participa-
te in the study. All 60 women: 40 osteoporotic and 20 con-
trols gave their informed written consent and were enrolled in
the study.

A questionnaire administered by a trained interviewer was
used to collect information from all subjects related to variab-
les like age, years since menopause, body mass index (BMI),
smoking habit and nutritional status (evaluated by means of
the Mini Nutritional Assessment questionnaire) (16). 

Bone densitometry is the gold standard for the early diag-
nosis of osteoporosis (17) and dual energy X-ray absorptio-
metry (DXA) is the preferred technique for its measurement
because of it being non-invasive (18), easy to use and associa-
ted with a very low radiation exposure. Femoral neck BMD
was measured by DXA with a Hologic QRD 1000 scanner
(Waltham, MA). The proximal femur has been recommended
as the best site for measurement of BMD (17) as compared to
other anatomic sites (18).

Measurements for bone-mineral content (BMC) were in
g/cm2 and results were also expressed as T scores for sex-matc-
hed young adults. The four general diagnostic categories for
women as proposed by a WHO Study Group for measure-
ment of BMD by DXA were applied to define osteoporosis as
given below (19).

Normal: Values of BMD within 1 standard deviation of the
young adult reference mean (T -score ? -1).

Low bone mass (osteopenia): A value of BMD more than 1
standard deviation below the young adult mean, but less than
2 standard deviations below this value (T-score < -1 and > -
2.5).

Osteoporosis: A value of BMD, 2.5 standard deviations or mo-
re below the young adult mean (T-score ≤-2.5).

Severe osteoporosis (established osteoporosis): A value of
BMD 2.5 standard deviations or more below the young adult
mean (T-score ≤-2.5) in the presence of one or more fragility
fractures.

Height and weight for calculation of body mass index
(BMI) were taken by a single person using standard techniqu-
es for non bedridden patients and for non-ambulatory and/or
elderly patients (20) before the start of any medical interven-
tion.

Sample Collection and Assay

All subjects underwent a fasting blood withdrawal on the sa-
me day as the bone scan. For plasma, blood was collected in 3
ml heparinized tubes and separated at once and part of the
plasma stored at -700C. For serum, blood collected in 2 ml
plain a tube was let to clot and serum was separated in aliqu-
ots after centrifugation and also stored at -700C until analysis
of the following:

MDA assay using thiobarbituric acid reactive substances
(21) for measuring the peroxidation of fatty acids, membranes
and food products. Cu/Zn SOD assay by enzyme linked im-
munosorbent was used for quantitative detection of human
Cu/Zn SOD in plasma (22). Vitamin C was determined by the
colorimeteric method as redox reaction of ascorbate with 2,6-
dichlorophenol indophenol in acid solution involving the re-
duction of this dye to a colourless leucobase while ascorbate is
oxidized to dehydroascorbate (23).

Statistical Analysis

Statistical analysis was carried out using SPSS version 11. All
data were reported as mean±standard deviation. Variables we-
re compared by independent sample t test. Correlation analy-
sis was performed by means of the Pearson’s test. Statistical
significance was defined as p<0.05.

RESULTS

The study participants were 60 postmenopausal women ad-
mitted during September and December 2006 for various

kinds of fractures and included 40 subjects in the osteoporo-
tic and 20 in the control group. 

Characteristics of cases and controls according to the selec-
ted variables are shown in Table 1. The osteoporotic group
did not differ significantly (p<0.05) from the control group in
terms of variables like age, BMI and years since menopause.
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The subjects differed in their mean femoral BMD and T sco-
res (p<0.05) and also the types of fractures. The control gro-
up had significant trauma fractures while the osteoporotic
group had fragility (minimal or no identifiable trauma) frac-
tures. The sites of fractures among the two groups are as fol-
lows. Osteoporotic group: 7 wrist fractures, 6 fractures of
neck of femur, 5 supracondylar fractures of femur, 4 intertroc-
hanteric fractures of femur,4 hip fractures, 2 both bone leg
fractures, 6 humerus fractures and 6 ankle fractures. The con-
trol group: 4 elbow fractures, 8 ankle fractures and 8 both bo-
ne forearm fractures.

Mean plasma levels of vitamin C and SOD were signifi-
cantly (p < 0.05) lower in osteoporotic than in the control
group (Table 2). The osteoporotic group had a mean plasma
vitamin C lower than the normal physiological value while it
was within the normal range for the control group. MDA le-
vel (also in Table 2), a marker of lipid oxidative damage was
significantly more in the osteoporotic group as compared to
the control group (p<0.05).

Femoral neck BMD showed a significant positive correla-
tion (p<0.01) with plasma levels of vitamin C and SOD whi-
le serum MDA had a significant but negative correlation
(p<0.01) with femoral neck BMD as shown in Table 3. Nega-
tive but non significant correlation was also found between fe-
moral BMD with age, postmenopausal period, weight and
BMI (Table 4).

DISCUSSION

Oxidative stress results from weakening of the antioxidant
defense or an excess production of ROS and may also re-

sult from normal metabolic activity or environmental factors
such as diet. ROS-induced oxidative stress has been associated
with the pathogenesis of osteoporosis. The major antioxidant
defense systems present in the body are SOD, glutathione-s-
transferase (GSTs), glutathione-s-peroxidase (GXP) and cata-
lase (24,25).

The role of antioxidants obtained from diet in protection
against disease is a topic of continuing interest as well as so-
me controversy (26). Epidemiological studies suggest that
certain antioxidants (like vitamin C, E, and ß-carotene) may
reduce the risk of osteoporosis [24]. It is already established
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Table 1— Descriptive characteristics of the study subjects (mean + SD)

Variable

Age (years)

BMI*

Years since menopause

Femoral BMD (g/cm2)

Femoral T score

Osteoporotic

(n = 40)

Mean + SD

66.2 + 5.4

28.4 + 3.3

16.2 + 5.6

0.58 + 0.05

- 2.8 + 0.15

Control

(n = 20)

Mean + SD

63.6 + 7.9

26.8 + 2.7

14.0 + 4.3

0.80 + 0.04

- 0.9 + 0.12

p value

> 0.05

> 0.05

> 0.05

< 0.05

< 0.05

Subjects

Table 3— Correlation between selective plasma antioxidants and
serum MDA with femoral neck BMD in studied subjects

Antioxidant and MDA

Plasma vitamin C

Plasma SOD

Serum MDA

r *

0.91

0.65

- 0.85

P

< 0.01

< 0.01

< 0.01

*BMI=
Weight in kilograms

(Height in meters)2

Table 2— Selective antioxidant and MDA plasma levels in study sub-
jects (mean + SD)

Variable

Plasma vitamin C (mg/L)

Plasma SOD (ng/ml)

Serum MDA (nmol/L)

Osteoporotic

(n = 40)

Mean + SD

1.9 + 0.1

112.5 + 16.9

6.5 + 0.4

Control

(n = 20)

Mean + SD

10.1 + 0.7

143.8 + 7.0

4.5 + 0.4

p value

< 0.05

< 0.05

< 0.05

Subjects

Femoral neck BMD

*Pearson’s correlation coefficient.

Table 4— Correlation between femoral neck BMD and some related
factors in studied subjects

Age (years)

Postmenopausal period (years)

Weight (Kilograms)

Height (Centimeters)

BMI

r *

-0.22

-0.20

- 0.13

0.01

- 0.15

P

> 0.05

> 0.05

> 0.05

> 0.05

> 0.05

Femoral neck BMD

*Pearson’s correlation coefficient.



that several vitamins influence bone turnover, bone mineral
density or even the risk of fracture. Deficiency of vitamins C,
K and B12 may also be important modifiable risk factors for
osteoporosis and bone fracture (27).

This study investigates selected plasma antioxidants like
vitamin C as an example of non-enzymatic and SOD as an
example of enzymatic anti-oxidants in postmenopausal oste-
oporotic and non osteoporotic women.

In the present study the osteoporotic group had signifi-
cantly lower levels of plasma vitamin C and SOD as compa-
red to the control group. These findings are in agreement
with a previous study carried out by Maggio et al (10) who al-
so reported that antioxidant defences are markedly decreased
in osteoporotic women. In contrast a more recent study done
by Wolf et al did not support an independent association bet-
ween serum concentrations of antioxidants and BMD in post-
menopausal women (28).

One of the most damaging effects of ROS is lipid peroxi-
dation, the end product of which is MDA [29]. MDA in addi-
tion to serving as an index of lipid peroxidation and a general
biomarker of oxidative stress has also been shown to serve as a
measure of osteoclastic activity (6,25).

Our study results show serum MDA levels to be signifi-
cantly higher in the osteoporotic group as compared to non
osteoporotic control group. This result are in accordance with
a recent similar study by Ozgocem et al. (2007) who found
significantly higher MDA levels in osteoporotic compared to
non osteoporotic controls (7) and also in line with the study
done by Sontakke et al. (2002) who reported an increased le-
vel of MDA in a limited sample of post menopausal osteopo-
rotic women (25).

However the study done by Maggio et al did not show any
significant difference between osteoporotic and control sub-
jects for MDA (10) and reported that the absence of MDA in-
crease in osteoporotic subjects may be explained by the dec-
reased antioxidants levels which reflect an increased producti-
on of reactive oxygen species to such an extent that they are
unable to generate high levels of MDA.

Osteoporotic women have been found to have consistent-
ly lower vitamin C levels in plasma than controls (10). Our
study findings also show that mean plasma vitamin C of the
osteoporotic group (1.9±0.1 mg/L) was lower and statistically
different (p<0.05) from the mean value of the control group
(10.1 ± 0.7 mg/L).

Vitamin C concentration in 35-60 year old adults inclu-
ding post-menopausal women has been shown to be primarily

affected by sex, smoking, obesity and dietary intakes (30).
However since all our subjects were of the same female gen-
der, were non-smokers and the mean body mass index (BMI)
of the two groups were not statistically different (p>0.05) we
can rule out the difference in the mean plasma values of the
control and test group to be due to these reasons. It can be in-
ferred that the plasma vitamin C in our study appears to be
influenced by dietary intakes. Other studies also show that
dietary ascorbic acid is the most important predictor of its se-
rum (30,31) and plasma concentrations in elderly populations
(32-34).

Dietary vitamin C deficiency is associated with decreased
bone density [5] in addition to be documented as a risk factor
for hip fractures in the elderly (12). A positive but insignifi-
cant (p>0.05) correlation exists for vitamin C intake and bo-
ne mineral content (BMC) in a study on post-menopausal wo-
men carried out by Freudenheim et al in 1986 (35).

This study reported a positive and highly significant cor-
relation (r=0.91, p<0.01) between the plasma vitamin C and
femoral neck BMD. Our results are in concurrence with the
study done by Maggio et al, 2003 which shows a significant
and positive correlation (r=0.26, p<0.05) between plasma vi-
tamin C and femoral neck BMD (10).

The present study also shows a positive and highly signi-
ficant correlation between plasma SOD as an example of enz-
ymatic antioxidant (r=0.654, p<0.01) and femoral neck
BMD, while the study done by Maggio et al (10) reported a
positive but non significant correlation between the two of
them. On the other hand, the study done by Wolf et al in
2005 did not show any correlation between serum concentra-
tions of neither enzymatic nor non-enzymatic antioxidants
and BMD (28) while the study done by Yalin et al reported a
negative and significant correlation between SOD and lumbar
BMD levels in male osteoporosis (36).

The present study also revealed a significant but negative
correlation (r=- 0.85, p<0.01) between MDA and femoral
neck BMD among the studied subjects. This result also agre-
es with previous studies which reported higher levels of MDA
as an indicator of oxidative stress among osteoporotic women.
On the other hand, the study done by Yalin et al in 2005 did
not show any correlation between serum concentrations of
MDA and bone turnover markers in male osteoporosis (36).

Consequently, it could be concluded that oxidative stress
and decreased antioxidant defenses may have an important ro-
le in the pathogenesis of postmenopausal osteoporosis and
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MDA, the oxidative stress marker may be an important indi-
cator for bone loss in postmenopausal women. Further studi-
es need to be carried out to investigate the exact role of anti-
oxidants in osteoporosis and their promising use as chemo-
preventive agents.
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