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Introduction

Alpha lipoic acid (ALA), or thioctic acid, is a vitamin-
like fatty acid produced by the human organism and found
in small amounts in several foods: muscle meats, heart,
kidney, liver and, to a lesser degree, fruits and vegetables.

ALA is involved in the Krebs cycle and plays a key-
role in the cellular energetic metabolism with an insulin-
like stimulation of glucose uptake and utilization [1]. In
particular, ALA is a naturally occurring cofactor for the
mitochondrial enzymes pyruvate-dehydrogenase and
alpha-ketoglutarate-dehydrogenase, then it increases
acetylcholine (ACh) production by activation of choline-
acetyltransferase and increases glucose uptake, thus sup-
plying more acetyl-CoA for the production of ACh [2].

Moreover, ALA is also a powerful antioxidizing agent
[3-5]. In particular, ALA chelates redox-active transition
metals, thus inhibiting the formation of hydroxyl radicals
and also scavenges reactive oxygen species (ROS),
thereby increasing the levels of reduced glutathione [6-
11]. In addition, ALA down-regulates the expression of
redox-sensitive pro-inflammatory proteins, including
tumor necrosis factor (TNF) and inducible nitric oxide
synthase (iNOS) [12, 13]. Furthermore, ALA can scav-
enge lipid peroxidation products, such as hydroxynone-
nal and acrolein [14, 15].

Oxidative stress plays a pivotal role in the pathogene-
sis of various diseases and many age-related degenerative
processes, including aging, cancer, atherosclerosis,
inflammation, diabetes, and Parkinson’s disease [16].
Many studies have been conducted confirming the clini-

cal benefits of ALA, including recent findings that ALA
offers enhancing effects on hypertension, coronary heart
disease, metabolic syndrome, peripheral neuropathy
including diabetic neuropathy, and brain function includ-
ing Alzheimer’s disease [17]. Clinically, ALA has been
widely used for long time, including in ischemia reperfu-
sion injury [18], diabetic neuropathy [19], HIV infection
[20], and neurodegenerative diseases [21].

Furthermore, several sources of evidence have sug-
gested a possible link between oxidative stress and bone
loss: directly, by osteoclast-generated superoxide con-
tributing to bone degradation, and indirectly, by induction
of the osteoclast differentiation [22-24]. Moreover, some
antioxidant defenses (e.g., vitamins C, E, and selenium)
are markedly decreased in osteoporotic women [25] and
ROS accumulation in the bone marrow is associated with
bone loss in estrogen-deficient mice [26]. 

Epidemiological studies have found an association
between dietary intake of vitamins C and E and bone
mass / risk of hip fractures [27-29], and the administra-
tion of antioxidants, such as vitamins C and E and N-
acetylcysteine, showed beneficial effects in individuals
with osteoporosis [30-33]. Also ALA could have a thera-
peutic role in reducing bone loss associated with
increased oxidative stress [34], although its clinical effect
has not been determined.

Therefore, bone loss may also be hypothetically
reduced by administration of antioxidant agents and the
aim of this prospective comparative study was to evalu-
ate the effect of oral supplementation of antioxidant
agents containing ALA and powerful biological thiol
antioxidant, on bone mineral density (BMD) of
osteopenic postmenopausal women.
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Materials and Methods

A group of consecutive osteopenic postmenopausal women
(n = 50) was enrolled in this prospective study. Women were
randomly divided into two groups: ALA group (n = 25)
received, for twelve months, oral tablets containing ALA (300
mg), vitamin C (30 mg), vitamin E (5 mg) and selenium (2.75
mg), twice daily, plus oral tablets containing calcium (500 mg)
and vitamin D3 (400 IU), twice daily; the control group (n = 25)
only received oral calcium (500 mg) and vitamin D3 (400 IU)
with the same posology and for the same period.

The patients were selected according to the following inclu-
sion criteria: age ≥ 45 years; clinical and hormonal diagnosis of
postmenopause (serum estradiol levels < 110 pmol/l, serum fol-
licle-stimulating hormone (FSH) levels > 30 IU/l); osteopenia (-
2.5 < T-score < –1). The exclusion criteria were: early
menopause (< 45 years); body mass index (BMI) ≥ 30; bone
disorders except osteopenia; use of hormone replacement
therapy (HRT) or other bone-active agents less than six months
before enrolment.

The authors evaluated the T-score in the enrolment phase and
the estimated BMD at baseline and after 12 months of treat-
ment, by means of heel quantitative ultrasonometry (QUS).
BMD estimate was performed with a bone sonometer applied to
the non-dominant foot. Ultrasound frequency of 0.6 MHz was
used to measure estimate BMD as g/cm2 (CVs 3% for BMD,
absolute precision 0.014 g/cm2).

All values are presented as the mean value with range or stan-
dard deviation (SD). The statistical analysis was used by
unpaired Student t-test. The level of statistical significance was
set at p < 0.05. 

Results

The study period of twelve months was completed by
44 patients out of 50 enrolled (23 in the ALA group and
21 in the control group). The women completing the
study had a mean age of 60.1 years (range 49 - 75) and a
BMI of 27.7 kg/m2 (range 21.7 - 29.9); the menopause
mean age was 50.7 years (range 45 - 56) and the mean
duration of menopause was 9.5 years (range 1 - 27 years).

By group, the mean age in the ALA group was 60.7 ±
7.3 years and the BMI 27.3 ± 2.2 kg/m2; in the control
group, the mean age was 59.5 ± 6.5 years and the BMI
28.1 ± 1.5 kg/m2. Concerning bone assessment, the base-
line estimated BMD was 0.399 ± 0.028 g/cm2 and 0.391
± 0.022 g/cm2 in the ALA and control group, respectively.
The complete clinical baseline characteristics of the study
population by intervention group are detailed in Table 1
and there were no significant differences (p > 0.05).

The treatment with ALA-containing antioxidant agents
led to a significant better estimated BMD compared to
the control group only receiving calcium and vitamin D3
(0.401 ± 0.026 vs 0.388 ± 0.025 g/cm2). Nevertheless,
this difference only reached the statistical significance (p
= 0.048) (Figure 1).

Discussion

The decrease in estrogen circulating levels during
menopausal transition represents the main cause of bone
loss [35]. A rapid decrease is, however, evident within the

first five to ten years following menopause [36]. The
physiological bone remodelling in this period is charac-
terized by a relevant prevalence of resorption due to an
increase of osteoclast pool size and activity, but the
mechanisms through which estrogen deficiency stimu-
lates bone resorption and impairs bone formation remain
controversial and include direct effects of estrogen on
osteoclasts and indirect effects that are cytokines-medi-
ated. In addition, there is recent and increasing evidence
that bone loss can also be mediated by oxidative stress
[22-24].

Oxidative stress plays a pivotal role in many age-
related degenerative processes, such as in case of post-
menopausal bone loss by means of superoxide direct
action and increase of osteoclastic differentiation [22-
24]: estrogen deficiency lowers thiol antioxidant defenses
in bone cells, thereby increasing ROS levels, which in
turn induce expression of TNF, which causes bone loss
[37]. A partial confirmation of these findings is the sig-
nificant decrease of exogenous (vitamins A, C, and E) and
endogenous (uric acid, superoxide dismutase, and glu-
tathione peroxidase) antioxidizing agents in elderly osteo-
porotic women [25], and ROS accumulation in the bone
marrow of ovariectomized mice with bone loss [26]. In
particular, ovariectomy causes a substantial decrease in the
levels of glutathione and thioredoxin that are the major
tissue thiol antioxidants; which have been shown to
prevent bone loss induced by estrogen deficiency [22-24].

ALA is a potent biological antioxidant and has been
used to improve age-associated cardiovascular, cognitive,
and neuromuscular deficits and has been implicated as a
modulator of various inflammatory signaling pathways
[7-9, 38-42]. More recently, the clinical role of ALA has
been better defined as an inducer of cellular signaling
pathways, insulin mimetic / hypotriglyceridemic agents,
vasorelaxant / anti-hypertensive compounds, metal chela-
tor and an adjuvant for neurocognitive function [17]:
ALA may be effective in treating Alzheimer’s disease and
related dementias [43]; intravenous infusion reduces
symptoms of diabetic peripheral neuropathy [44-46];
dietary supplementation prevents hypertension, insulin
resistance, and aorta superoxide production in a rat model
of hypertension induced by chronic glucose feeding [47];
ALA has recently been shown to exert potent antiobesity
effects by suppressing hypothalamic adenosine
monophosphate-activated protein kinase activity [48]. 

Moreover, there are some in vitro evidences suggesting

Table 1. — Baseline characteristics of the study population
according to intervention group (mean ±  S.D.).

ALA Group Control Group p
(n = 23) (n = 21) value

Age (years) 60.7 ± 7.3 59.5 ± 6.5 0.297
BMI (kg/m2) 27.3 ± 2.2 28.1 ± 1.5 0.107
Age of menopause (years) 51.1 ± 2.7 50.2 ± 3.0 0.151
Duration of menopause (years) 9.6 ± 7.0 9.5 ± 6.8 0.483
QUS Estimated BMD (g/cm2) 0.399 ± 0.028 0.391 ± 0.022 0.142
ALA = alpha lipoic acid; BMD = bone mineral density; BMI = body mass index; QUS =
quantitative ultrasonometry.
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that ALA, like other thiol antioxidant agents, could have
a therapeutic role in halting or reducing bone loss associ-
ated with increased oxidative stress: ALA suppresses
osteoclastogenesis by direct inhibition of the receptor
activator of nuclear factor-kappaB ligand (RANKL)
mediated signals [49]; ALA showed to prevent bone
resorption induced by RANKL and TNF-alpha [50]; a
pretreatment of human bone marrow stromal cells
(hBMSCs) with ALA prevented the apoptosis induced by
TNF-alpha and hydrogen peroxide [34]. However, in the
typical Western diet, ALA is not sufficiently supplied by
diet and de novo synthesis takes place in the heart, liver,
and testis [51], hence the concentration of free ALA in
the circulation is very low and supplementation is neces-
sary to reach potential therapeutic levels [34].

The purpose of this comparative investigation was to
evaluate in vivo the effect of a 12-month oral supplemen-
tation with ALA, plus other antioxidant agents such as
vitamin C, vitamin E, and selenium, on the BMD of a
subset of 50 osteopenic postmenopausal women. BMD
was measured with an ultrasound method, heel QUS
measured on the non-dominant foot [52-54], not consid-
ered as the gold standard in the diagnosis of post-
menopausal osteoporosis, but able to estimate the bone
density decrease and predict the risk of fractures with
respect to the conventional dual energy X-ray absorp-
tiometry technique [55-59].

The results in the 44 patients that completed this one-
year study showed that the association of antioxidant
agents containing ALA to calcium and vitamin D3 led to
a better estimated BMD compared to the control group
only receiving calcium and vitamin D3 (0.401 vs 0.388
g/cm2), even if this difference barely achieved a statisti-
cal significance (p = 0.048) (Figure 1). 

These findings are consistent with the generic evidence
that estrogen deficiency causes a lowering of antioxidant
defenses in bone and that, whereas antioxidants prevent
estrogen-deficient bone loss, lowering of oxidant
defenses causes osteopenia [22-25, 34, 37]. In particular,
this study partly confirmed a small in vivo experience on
Parkinson’s disease patients taking levodopa, in which
overall BMD changes by ALA therapy were similar to

the control group, but significantly greater at the
trochanter (+4.6%, p = 0.022) after adjustment for BMI
[60]. Furthermore, this experience confirms the associa-
tion between dietary intake of vitamins C and E and bone
mass [27-29] and their beneficial effects in osteoporotic
patients [30-33]. Finally, the selenium supplementation
and these clinical results are consistent with the evidence
of decrease of glutathione peroxidase (selenium-contain-
ing) in elderly osteoporotic women [25].

Nevertheless, it should be noted that an analysis, not
including ALA, of women participating in the large study
Women’s Health Initiative (WHI) does not support an
independent association between intake or serum concen-
trations of antioxidants (vitamins A, C, E, retinol, beta-
carotene, and selenium) and BMD [61].

Conclusions
This comparative study, although limited by a small

population, showed that the oral supplementation of
osteopenic postmenopausal women with ALA plus other
antioxidant agents (vitamin C, vitamin E, and selenium)
had favorable effects by mitigating bone loss compared to
the supplementation of calcium and vitamin D3 only.

Even if the molecular impact of ALA and other antiox-
idant agents on bone turnover is yet not fully clear, it is
apparent that oral supplementation could be clinically
effective against oxidative stress-induced bone loss.
Because current evidences mainly originate from in vitro
studies, in particular regarding ALA, further controlled
trials are needed to determine the potential to prevent
bone loss, including postmenopausal osteoporosis.
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