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ABSTRACT

Sleep disorders have an increased incidence after menopause. The objective of this work was to evaluate the
effects of isoflavone on some oxidative stress markers in postmenopausal women complaining of insomnia.
Women aged between 50-65 years (n=38) were recruited and assigned to a double-blind placebo controlled
study for 4 months. The treated group received 100 mg/day of isoflavones. Blood collections were conducted
on three different occasions to assess total glutathione; superoxide dismutase and catalase in erythrocytes;
lipid peroxidation; and homocysteine plasma concentrations. No differences between the groups were
observed. However, all the patients seem to improve their oxidative stress status and homocysteine
concentration after treatment. Superoxide dismutase activity was correlated with age and time of menopause
at the beginning of the treatment, but these correlations were no longer observed by the end of the study. Soy
isoflavones were not able to overcome the placebo effect for either oxidative stress parameters or
homocysteine concentrations.
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3A) INTRODUCTION

The prevalence of sleep disturbances
increases as women approach and undergo
through menopause (Hachul et al., 2008)
and the most common complaints are
insomnia (Shaver and Zenk, 2000), poor
sleep efficiency (Baker et al., 1997),
difficulty in maintaining sleep (Woodward
and Freedman, 1994), breathing irregularity
(Saaresranta et al., 2001), and hot flashes.
Studies have reported an incidence of
insomnia between 28% and 63% in
postmenoupausal women (Kuh et al., 1997;
von Muhlen et al., 1995), while in women
above 30 years old it varies between 26%
and 45% (Carskadon et al., 1976; Shaver et
al., 1991).

Furthermore, it is also well known that
cardiovascular risk progressively increases
after menopause, and that blood
homocysteine concentration is considered
an
independent
risk
factor
for
cardiovascular disease.
It has already been demonstrated that
total homocysteine is higher in
postmenopausal than premenopausal
women (Hak et al., 2000), and that
Hormonal Therapy (HT) seems to decrease
homocysteine levels (Madsen et al., 2002).
However, this therapy has also been
demonstrated to be harmful by increasing
the risk of cardiovascular diseases (CVD)
and breast cancer (Rossouw et al., 2002).
Some authors found a tendency in
women who initiated hormone therapy
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closer to menopause to have reduced CVD
risk compared with the increase in CVD
risk among women further from menopause
(Rossouw et al., 2007). Thus, beginning
treatment early, along with some other
options in the therapies adopted among
menopausal women, could be important for
preventing high incidence of CVD.
Despite the benefits of hormone therapy,
increased thromboembolic events and
breast cancer were described in the
Women’s Health Initiative (WHI) study
among women undergoing HT for five
years (Rossouw et al., 2002). In this sense,
the use of alternative therapies has been
proposed. Some of the most recently
studied medications are isoflavones. These
are phytoestrogens, i.e., plant compounds,
whose phenolic ring is similar to 17βestradiol and that can bind to the estrogen
receptor with a decreased affinity (Kuiper
et al., 1997).
Several studies have evaluated the
effects of isoflavones on cardiovascular risk
in postmenopausal women. While some
authors described an improvement (Bairey
Merz et al., 2006; Nagata et al., 2003),
others have not observed any changes
(Cheng et al., 2007; Hanson et al., 2006).
Isoflavones have also been reported to
have important antioxidant properties (RuizLarrea et al., 1997); although the antioxidant
effects of these substances under normal
conditions are still controversial. Djuric and
colleagues (Djuric et al., 2001) found that
the levels of 5-hydroxymethyl-2’deoxyuridine (5-OHmdU) in nucleated blood
cells were significantly decreased in healthy
women after one week of soy isoflavone
supplementation, and remained low during
the three weeks of their study. On the other
hand, some authors (Hsu et al., 2001) have
observed no differences in erythrocyte
superoxide dismutase levels (SOD) or
glutathione peroxidase levels (GPx) in
postmenopausal Chinese women.
A frequent and related menopausal
symptom that could possibly affect oxidative
stress parameters is inadequate sleep.
Reimund (Reimund, 1994) has hypothesized
that cerebral free radicals accumulate during
wakefulness and are removed during sleep.
Nevertheless, experimental studies have

found controversial results when oxidative
stress parameters and sleep were analyzed.
Some of these findings show that no
alterations occur in the levels of cerebral
antioxidant enzymes of rats after 96 h of
sleep deprivation (D’Almeida et al., 1997),
while others show evidence of decreases in
glutathione levels in some brain regions
(D’Almeida et al., 1997); changes in
antioxidant enzyme activities in rat livers
and hearts (Everson et al., 2005); and
changes in antioxidant defense of fruit flies
during different stages of the sleep-wake
cycle (Cirelli, 2006).
The aim of this work was to investigate
the effect of isoflavone on a plasma
homocysteine concentration and oxidative
stress
parameters
(plasma
lipid
peroxidation, erythrocyte SOD and catalase
activities, and total glutathione) in
postmenopausal women complaining of
insomnia.

3B) MATERIALS AND METHODS

Study subjects
Thirty-eight postmenopausal women
complaining of insomnia, who had attended
the Sleep Institute, São Paulo, Brazil, were
recruited using advertisements in a local
newspapers, as well as TV and radio
broadcasts. They had been previously
selected with regard to their sleep
complaints. All subjects included in this
study met DSM IV (American Psychiatric
Association, 2000) criteria for insomnia.
Apnea was defined as an airflow reduction
of at least 80% and hypopnea as an airflow
reduction greater than 50%, or less if
associated with a 3% desaturation or arousal.
Such events were counted if they lasted
more than 10 seconds (American Academy
of Sleep Medicine, 1999). The score on the
apnea-hypopnea index (AHI) referred to the
number of apnea or hypopnea events per
hour of sleep (a score <10 being considered
in the normal range). Their age varied
between 50 and 65 years, with at least 1 year
of amenorrhea, serum follicle stimulating
hormone (FSH) levels above 30 mIU/mL,
and a body mass index of 30 or less.
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Subjects had not been under HT or
sleep-inducing medication. Women with
hard-control diabetes mellitus, recent heart
attack or thromboembolitic diseases, severe
blood hypertension, severe or active liver
failure, as well as those with endometrial
echoes above 5 mm upon ultrasound
evaluation or endometrial cancer were
excluded from the sample. In addition,
women with atypical mammary hyperplasia
or breast cancer were also excluded. All
women gave written consent after detailed
explanation of the study.
At the beginning of the protocol, all
women attended a lecture together about the
study and the importance of not changing
habits during the study. They were advised
that the physician should be warned if any of
their habits possibly changed (i.e.
medication use, exercises, diet). The patients
were randomized in two groups (placebo and
isoflavone - n=19, per group). The study was
double-blind and placebo-controlled, and all
the subjects were asked to be at the Institute
once a month to receive a supply of
isoflavones or placebo sufficient to last until
their next visit. All women were advised to
eat as they normally would.
The tablets of Fisiogen ® (provided by
Zambon Group) contained 200mg of
Glycine max, which corresponded to 80 mg
of isoflavone (60.8 mg of genistein, 16 mg
of daidzein and 3.2 mg of glicitein).
Indistinguishable pills without any active
ingredients were given to the placebo
group. The patients were told to take one
pill per day. The treatment lasted 4 months.
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To access lipid peroxidation, we
analyzed the levels of thiobarbituric acid
reactive substances (TBARS) in plasma by
a colorimetric assay (λ=535 nm) (Ohkawa
et al., 1979). The results were expressed as
nanomoles of malondyaldehyde/mL (nmol/
mL; desirable levels for women are below
2.0).
A catalase assay was carried out
following the method described by Adamo
and co-workers (Adamo et al., 1989).
Hemolysate samples were used, and a
decrease in absorbance at 230 nm was
observed. Activity values were expressed as
units/mg of hemoglobin (U/mg Hb). SOD
was assayed using the method described by
McCord and Fridovich (McCord and
Fridovich, 1969). A decrease in absorbance
at 550 nm was observed, and the activity
was calculated as U/mg Hb. A total
glutathione assay was carried out using
Tietze’s method (Tietze, 1969). Total
glutathione concentrations were obtained
spectrophotometrically at 412 nm and
results expressed as mmol/g Hb.
Total
plasma
homocysteine
concentrations were obtained by the method
described by Pfeiffer et al. (Pfeiffer et al.,
1999) using high-performance liquid
chromatography (HPLC) with fluorimetric
detection and isocratic separation.
Homocysteine concentrations were given in
μmol/L (normal range 5-15 μmol/L).
Statistical analysis

The scientific content and ethical
dimensions of the research protocols and
consent forms were approved by the
Medical Research and Ethics Committee of
UNIFESP/EPM (Proc. #0564/02).

The results were presented as mean ±
standard deviation. The repeated measures
analysis of variance (ANOVA) test was
used to compare the two groups (placebo
and isoflavone) during the treatment. The
level of significance was set at p=0.05.
Pearson correlation analysis was carried out
to compare the correlation between SOD
values and the years of menopause before
and after the treatment.

Experimental procedures

3C) RESULTS AND DISCUSSION

Venous blood was collected on three
different occasions during the study (at the
beginning, after 2 months, and at the end of
the treatment).

All patients were followed until the end of
the study. No patient dropped out or reported
changes of habit during the protocol. We
also did not observe any differences between

Approval by Medical Research and Ethics
Committee
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the placebo and isoflavone groups for the
biochemical parameters measured (Table 1).
Despite our previous work showing that
some clinical data, such as time of onset of
menopause, may be correlated to oxidative
stress status, probably due to a lack of
estrogen (Hachul de Campos et al., 2006), no
improvement in these parameters was
observed after isoflavone administration.
Our results corroborate those described by
Hsu and colleagues (Hsu et al., 2001), who
did not find differences in SOD and
glutathione peroxidase levels after
isoflavone supplementation, and also with
Hanson and co-workers (Hanson et al.,
2006), who found no differences in
homocysteine levels with isoflavone
administration, although none of these
studies specifically selected postmenopausal
patients with insomnia.
Despite the fact that there were no
differences between the groups, it is evident
that for some of the variables studied there
was a group-independent improvement (i.e.,
diminution in TBARS levels after 4 months
and increase in total glutathione
concentrations after 2 and 4 months). This
may indicate that isoflavone did not have a
sufficient effect to overcome the

improvements caused by the placebo effect
with respect to these biochemical factors.
It is still controversial to what extent
isoflavone supplementation could be
considered a therapy for menopausal
symptoms (Cassidy et al., 2006). Although
the effects of isoflavones on the parameters
we have chosen are still controversial, our
results are in agreement with some previous
works.
Another interesting aspect of the study
was the negative correlations between SOD
and time of menopause and SOD and age
that we found in the baseline. These
correlations became positive and statistically
insignificant after treatment with both
placebo and isoflavone (Figure 1).
Russouw and colleagues (Rossouw et al.,
2007) found that women who initiated
hormone therapy closer to menopause tend
to have reduced CVD risk compared to the
increase in CVD risk among women more
distant from menopause, but this trend did
not meet their criterion for statistical
significance. We hypothesize that the
mechanisms related to this increase in CVD
risk in non-treated women could be
determined by changes in some antioxidant
parameters, since there is a negative

TABLE 1

Biochemical parameters in both groups analyzed at three different periods. Data are
presented as mean ± standard deviation.
Baseline

After 2 months

After 4 months

p-value

TBARS (nmol/mL)
placebo
isoflavone

2.61 ± 1.11
2.63 ± 0.56

2.89 ± 1.04
2.51 ± 1.05

1.99 ± 0.71
1.63 ± 0.63

p=0.59

SOD (U/mg Hb)
placebo
isoflavone

13.93 ± 1.83
13.80 ± 2.13

10.29 ± 2.54
11.08 ± 2.09

11.73 ± 3.29
10.49 ± 2.63

p=0.17

Catalase (U/mg Hb)
placebo
isoflavone

81.64 ± 23.61
83.27 ± 28.80

80.53 ± 14.84
81.53 ± 13.27

110.81 ± 16.74
106.69 ± 18.00

P=0.88

t-GSH (μmol/g Hb)
placebo
isoflavone

6.01 ± 1.02
6.32 ± 1.17

7.50 ± 1.28
7.55 ± 1.19

6.88 ± 0.98
7.16 ± 0.91

p=0.67

HCY (μmol/L)
placebo
isoflavone

12.46 ± 3.00
10.94 ± 1.85

11.16 ± 4.30
9.25 ± 1.73

11.22 ± 2.65
10.41 ± 2.24

p=0.37
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correlation between age or time of
menopause and the activity of SOD, an
important antioxidant enzyme. Interestingly,
when the duration of treatment with
isoflavone or placebo increases, the
correlation with SOD activity disappears,
suggesting that both treatments influence
antioxidant parameters. This finding could
indicate that the correlation between two
variables (age and SOD activity / time of
menopause and SOD activity) could be
undone by a clinical approach.
Concerning the improvement in some of
the parameters observed in both groups, we
propose that it may be due to a placebo
effect. It has been shown that the placebo
effect may even lead to endogenous
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hormone production in some cases
(Benedetti et al., 2003). It is possible that
these women could be more susceptible to
placebo effects because they have
volunteered to take part in the research;
optimism is one factor that may change the
response to a placebo (Geers et al., 2007).
The most interesting data is that a
placebo effect, which occurred with both
treatments, was apparently able to undo a
correlation between biochemical and
physical data (Figure 1). This absence of
correlation after the treatment was observed
even when the placebo and isoflavone
groups were evaluated separately (data not
shown). Another aspect of the study that we
can point out is that menopausal women

Figure 1: Effects of the treatment on the correlation between SOD activity and time of menopause,
and also SOD activity and age of patients.
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may be a population more susceptible to
placebo effects, as they have just entered in
a new phase of life, full of hormonal,
physical, social and mental changes.
A good alternative to minimize the
placebo effect would be the application of
the open-hidden paradigm (in which the
individual either totally views a treatment
or receives it in a “hidden” way). This
seems to be the most ethical and effective
manner to design the studies, although it is
not easy to adapt this model in all clinical
circumstances (Colloca et al., 2004).
Further studies are needed to investigate to
what extent the placebo effect can actually
improve biochemical parameters in
postmenopausal women.

3D) CONCLUSIONS

Soy isoflavones were not able to overcome
the placebo effect for either oxidative stress
parameter measured or for homocysteine
concentration in postmenopausal women.
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