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High dietary daidzein intake lowers cholesterol levels
among post-menopausal women

Elly Herwana®, Pusparini”, and Audria Graciela***

ABSTRACT

BACKGROUND

Menopause is associated with changes in metabolic profile. Although
hormone replacement therapy (HRT) has been shown to have beneficial
effects on lipid metabolism, its adverse effects have indicated a need for
alternative estrogen-based treatments. Several investigations have
evaluated the effects of isoflavones on serum lipid levels in postmenopausal
women, but the results were ambiguous. The objective of this study was to
determine the relationship of dietary daidzein, genistein, and glycitein levels
with lipid profile in postmenopausal women.

METHODS

A cross-sectional study was conducted involving 186 post-menopausal
women. A food recall questionnaire was used to measure dietary genistein,
daidzein, and glycitein levels. Serum total cholesterol (TC), low density
lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol,
and triacylglycerol (TAG) were measured using the enzymatic colorimetric
method. Simple and multivariate linear regression were used to analyze the
data.

RESULTS

Genistein intake was significantly associated with TC (f=145.48, p=0.023)
and HDL cholesterol levels (=48.80, p=0.032). Daidzein intake was
significantly associated with TC (3=-204.60, p=0.003), LDL cholesterol (3=-
160.81, p=0.014) and HDL cholesterol levels (f=-67.118, p=0.032). Glycitein
was not significantly associated with TC ($=232.78;p=0.133), HDL
(B=43.59;p=0.428), and LDL (3=235.84;p=0.116). Dietary daidzein had a
more lowering effect on TC (Beta=-2.80) and HDL cholesterol (Beta=-2.67)
than had genistein on TC (Beta=2.66) and HDL cholesterol (Beta=2.03).

CONCLUSIONS

High dietary daidzein level has a significant lowering effect on TC, LDL
cholesterol and HDL cholesterol in post-menopausal women. Our study
supports the advice given to the public to increase soy isoflavone intake
in post-menopausal women.
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INTRODUCTION

Menopause is a physiological condition in
the female life cycle that is marked by the
cessation of menstruation and the end of
reproductive capacity. The condition of
menopause is associated with decreased ovarian
function, thereby causing a reduction in the
circulatory estrogen level. The lower mortality
from cardiovascular disease (CVD) in
premenopausal women as compared to males
is associated with the protective effects of
estrogen and progesterone.!!"¥ Estrogen
demonstrates cardioprotective effects through
maintaining high high-density lipoprotein (HDL),
high low-density lipoprotein (LDL) and low
triacylglycerol (TAG) levels. The decreased
estrogen level increases dyslipidemia and thus
the risk of CVD.®-9 Increasing age is associated
with increased CVD risk. The differences
between the premenopausal, perimenopausal,
and postmenopausal phases lie in the increases
in body mass index (BMI), systolic blood
pressure, diastolic blood pressure, and LDL and
TAG levels. The increased LDL and TAG levels
are demonstrable after the age of 45 years and
increase sharply in the perimenopausal and
postmenopausal phases.©

Hormone replacement therapy for estrogen,
which had been expected to be able to return the
cardioprotective effects of estrogen, turned out
not to show the effects in question. The
administration of exogenous estrogen is
associated with increased risk of venous
thrombosis, resulting in myocardial infarction,
stroke, and peripheral arterial disease. The
possibility of estrogen being associated with
prothrombotic effects is still a subject of
controversy and is as yet incompletely
understood.” A study conducted by the Women’s
Health Initiative (WHI) that evaluated and
compared the effects of conjugated equine
estrogens (CEE), singly or concurrently with
medroxyprogesterone acetate (MDE), reported
that there was an increase in the risk of CVD,
stroke, and breast malignancies in both groups.®®
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The difference in cardiovascular disease
prevalence between Asian and Caucasian women
had led to opinions on the difference in dietary
patterns. Isoflavones that are present in high levels
in soybean-derived foods, are consumed in higher
amounts by Asian than by Caucasian women.!'?
Soybeans contain inactive glycosides of
isoflavones. The isoflavones in the gut are
hydrolyzed by intestinal bacterial f-glucosidases
to yield bioactive aglycones that can be detected
in the blood. The isoflavone derivatives with a
molecular structure similar to that of estrogen,
are believed to act as phytoestrogens. Genistein,
daidzein, and glycitein that are aglycones of soy
isoflavone, have a molecular structure similar to
that of 17pB-estradiol and show estrogenic effects.
The phenolic ring group in soy phytoestrogenic
isoflavones is the binding site for estrogen
receptors, which comprise two types, namely
estrogen-a (ERa) and estrogen-Bf (ERP)
receptors. Isoflavones as partial agonists show
an affinity to the estrogen receptors, particularly
to ERB.1"'2 Another mechanism of the biological
effects of isoflavones is through activation of
peroxisome proliferator activated receptors
(PPARa and PPARY), resulting in decreased
hepatic lipid synthesis, bile acid synthesis, and
cholesterol absorption. 34

Many studies have been conducted on the
effects of isoflavones on lipid profile, but the
results are still inconsistent. One study found that
phytoestrogens derived from both soy and red
clover have a positive metabolic effect on serum
lipids of postmenopausal women. Both soy and
red clover supplements were found to have an
almost equal impact on serum lipid levels.('® A
meta-analysis performed by Tokede et al.!'® found
that soy protein is beneficial for dyslipidemia that
is marked by decreased total cholesterol, LDL
cholesterol, and TAG, and increased HDL
concentrations. The effects are stronger on
subjects with hypercholesterolemia. Whole soy
foods are more beneficial than soy supplements,
and isoflavone supplements are not beneficial for
the lipid profile. Differing results were shown in
a study on isoflavone supplementation at 60 mg/
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day for three months, in which the supplement
did not cause changes in LDL cholesterol levels
of postmenopausal women.!?

The still inconclusive results of previous
studies need to be investigated further. Therefore
the present study aimed to determine the
relationship between dietary intakes of isoflavone
derivatives and lipid profile in postmenopausal
women.

METHODS

Design of the study

This was a cross-sectional study conducted
in the District Health Center, Mampang Prapatan,
South Jakarta, from January 2010 until February
2011.

Study subjects

Females aged 47-60 years meeting the
criterion of natural menopause (cessation of
menstruation for 1-10 years and not resulting from
hysterectomy or medications) were recruited as
study subjects. Females with a history of
malignancies of the breast or reproductive organs,
renal failure, diabetes mellitus, heart disease,
hyperthyroidism, post stroke, currently on
estrogen replacement therapy, or consuming
isoflavone-containing supplements, were excluded
from the study.

A preliminary study by one of the
investigators (EH) showed a correlation between
daidzein intake and TC level of -0.25 (data not
shown). On the basis of the preliminary study
results, with 0=0.05 and =0.1 and a drop-out of
15%, the required sample size was 186.

Determination of isoflavone intake
Isoflavone intake was calculated from food
recall, especially for isoflavone-containing foods.
The subjects were asked to record the foods
they consumed during one whole day. Food recall
was performed twice, with an interval of one
week. Food recall was done using interviews to
confirm the food record and using food models
as aids in recall. The evaluation of food recall
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was aimed at determining soy isoflavone intake
in the foods consumed by the subjects.

Anthropometric measurements

Weight was measured in kg using portable
scales with an accuracy of 0.1 kg. Height was
measured in cm using a portable microtoise with
accuracy of 0.1 cm. Body mass index (BMI)
was determined from calculation of weight in
kg divided by height in m?. The BMI values were
categorized using the criteria determined by the
Department of Health of the Republic of
Indonesia, namely: underweight (<18 kg/m?),
normal weight (18-25 kg/m?), overweight (25-
27 kg/m?), and obese (>27 kg/m?).(®

Laboratory analysis

Laboratory examinations were initiated with
the collection of 10 ml venous blood samples
from the subjects after a fast of 10-12 hours
before the collection. For the determination of
the blood lipid profile the total cholesterol, LDL
cholesterol, HDL cholesterol, and TAG levels
were measured by means of an enzymatic
colorimetric method, using the Roche Cobas
cl11 analyzer.

Statistical analysis

Simple linear regression and multivariate
regression was used to evaluate the relationship
between variables. The level of significance used
was 0.05.

Ethical clearance

All subjects agreed to sign informed
consent and the proposal for this study obtained
approval from the Ethics Commission, Faculty
of Medicine, Trisakti University, under no. 140/
KER/FK/IX/2009.

RESULTS
A total of 186 postmenopausal women
meeting the inclusion and exclusion criteria

participated in this study. Mean age of the
subjects was 53.59 £+ 3.54 years. For the
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Table 1. Distribution of socio-demographic
characteristics and other important variables
in postmenopausal women (n=186)

Characteristic
Age (years)? 53.59 +3.54
Educational level ®
Low 166 (89.20%)
Middle 20 (10.80%)
Employment”
Employed 59 (31.70%)
Unemployed 127 (68.30%)
Duration of menopause (years) 4.40+2.23
BMI (kg/m?)® 26.82+4.67

Blood pressure®

Systolic 124.87 £20.44

Diastolic 78.63 +£11.93
Isoflavone intake (g/day)?

Genistein 0.11+£0.12

Daidzein 0.19+0.14

Glycitein 0.04 £ 0.04
Lipid profile (mg/dL)?

Total cholesterol 207.18 £35.62

LDL cholesterol 129.87 +33.51

HDL cholesterol 5691 +12.16

Triglycerides 117.42 + 68.49

a)Values are mean + standard deviation; ¥ number of subjects
(%)

isoflavone intakes determined from total intake
of isoflavone derivatives per day, it was found
that the highest intake was that of daidzein. The
lipid profile showed that total cholesterol level was
slightly above normal, while LDL, HDL and TAG
levels were within normal limits (Table 1).

The results of simple linear regression
analysis showed that total cholesterol level was
significantly associated with genistein level and
BMI (B=145.48, p= 0.023; B = 2.03, p=0.000,
respectively) and inversely and significantly
associated with daidzein level (f=-204.06,
p=0.003). LDL cholesterol was significantly
associated with BMI and inversely associated with
daidzein level (B=1.90, p=0.000; p=-160.81,
p=0.014). HDL cholesterol was significantly
associated with genistein level and inversely
associated with daidzein level and BMI (=48.80,
p=0.03; B=-67.11; p=0.006; p=-0.43, p=0.021,
respectively). TAG level was significantly
associated with BMI and inversely associated with
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employment (p=4.011, p=0.000; p=21.98,
p=0.033) (Table 2).

The risk factors that were significantly
associated with cholesterol level were entered
into the multiple linear regression model.

The results of the multiple regression analysis
of the relationship between lipid profile and
several risk factor variables showed that total
cholesterol was significantly associated with
genistein level and BMI (B=167.83, p=0.008; =
2.06, p=0.000, respectively) and inversely and
significantly associated with employment and
daidzein level (p=-11.18, p=0.036; p=-148.45,
p=0.006, respectively). LDL cholesterol was
significantly associated with BMI (=1,83,
p=0,000). HDL cholesterol HDL was significantly
associated with genistein level (3=44.99, p=0,044)
and inversely associated with daidzein and BMI
(Bp=-49.741, p=0.008; P=-0.43, p=0,02,
respectively). TAG level was significantly
associated with BMI ($=4.28, p=0.000) and
inversely associated with employment (p=-24.41,
p=0.018) (Table 3).

Genistein intake was significantly associated
with increases in cholesterol and HDL cholesterol
levels. Daidzein intake was significantly
associated with decreased total cholesterol, LDL
cholesterol, and HDL cholesterol level.

DISCUSSION

The results of this study showed that higher
daidzein intakes were associated with total lower
cholesterol, LDL cholesterol, and HDL
cholesterol levels. Genistein intake was
associated with higher total cholesterol and HDL
cholesterol levels. The results of this study differ
from those of a meta-analytic study by Tokede
et al.'" who report that the effects of soy
products are of benefit in significantly lowering
the total cholesterol, LDL cholesterol, and TAG
level by 2%, 3%, and 4%, respectively, and
increasing the HDL level by 3%, the effects
being more pronounced in subjects with
hypercholesterolemia. Whole soy food is more
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Table 2. Relationship of various important variables with cholesterol in postmenopausal women

Characteristic (n=186) B p value
Total cholesterol (mg/dL)
Age (years) 1.50 0.057
Employment -11.22 0.035*
Education 11.08 0.171
Genistein (g/day) 145.48 0.023*
Daidzein (g/day) -204.06 0.003*
Glycitein (g/day) 232.78 0.133
Duration of menopause (years) -0.52 0.673
BMI (kg/m?) 2.03 0.000*
Systolic BP (mmHg) 0.06 0.760
Diastolic BP (mmHg) 0.07 0.823
HDL cholesterol (mg/dL)
Age (years) 0.15 0.580
Employment 0.59 0.751
Education 3.32 0.249
Genistein (g/day) 48.80 0.032%*
Daidzein (g/day) -67.11 0.006*
Glycitein (g/day) 43.59 0.428
Duration of menopause (years) -0.55 0.211
BMI (kg/m?) -0.43 0.021*
Systolic BP (mmHg) 0.09 0.177
Diastolic BP (mmHg) -0.20 0.098
LDL cholesterol
Age (years) 0.70 0.354
Employment -7.17 0.162
Education 10.70 0.172
Genistein (g/day) 104.02 0.091
Daidzein (g/day) -160.81 0.014*
Glycitein (g/day) 235.84 0.116
Duration of menopause (years) 0.05 0.966
BMI (kg/m?) 1.90 0.000*
Systolic BP (mmHg) -0.07 0.696
Diastolic BP (mmHg) 0.17 0.603
Triacylglycerol
Age (years) 1.99 0.193
Employment -21.98 0.033*
Education -10.41 0.507
Genistein (g/day) 2.14 0.986
Daidzein (g/day) 91.91 0.482
Glycitein (g/day) -227.85 0.448
Duration of menopause (years) 0.53 0.825
BMI (kg/m?) 4.01 0.000*
Systolic BP (mmHg) 0.24 0.534
Diastolic BP (mmHg) 0.49 0.470

p values calculated by simple linear regression; “significant; BP = blood pressure; HDL = high density lipoprotein; LDL =
low density lipoprotein; BMI =body mass index; Educational level: low = no schooling, elementary school, and junior high

school; middle = senior high school

beneficial than isoflavone supplementation and
the effects of soy protein are stronger in the
postprandial than the fasting state. ' The study
of Jassi et al.'” compared the effects of
supplementation of 30 g/day soy protein powder

(containing 60 mg isoflavone) and 60 mg/day
soy isoflavone tablets on the lipid profile, with
30g/day of casein as control. The
supplementation was administered for 12 weeks
and was evaluated at 4 and 12 weeks. The results
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Table 3. Multiple linear regression analysis of the relationship of various risk factor variables
with cholesterol level in postmenopausal women

Risk factor B Beta p value
Total cholesterol (mg/dL)
Employment -11.18 2,11 0.036"
Genistein (g/day) 167.83 2.66 0.008"
Daidzein (g/day) -148.45 -2.80 0.006"
BMI (kg/m?) 2.00 3.79 0.000"
HDL cholesterol (mg/dL)
Genistein (g/day) 44.99 2.03 0.044"
Daidzein (g/day) -49.74 -2.67 0.008"
BMI (kg/m?) -0.43 -2.33 0.020"
LDL cholesterol (mg/dL)
Daidzein (g/day) -6.98 -0.03 0.672
BMI (kg/m?) 1.83 0.25 0.000"
Triacylglycerol (mg/dL)
Employment -24.41 -0.16 0.018”
BMI (kg/m?) 4.28 0.29 0.000"

p values calculated by multiple regression; “significant; HDL = high density lipoprotein; LDL = low density lipoprotein;

BMI = body mass index

of this study showed that in the group on soy
protein there was a significant reduction in total
cholesterol, TAG, and LDL cholesterol levels,
accompanied by increased HDL cholesterol,
whereas soy isoflavone supplementation was
only significant in reducing TAG. The results of
another study found that supplementation of 100
mg isoflavone for 6 months significantly
decreased LDL cholesterol level, but the
decrease became non-significant after 12
months.?

The isoflavones contained in soy-derived
foods comprise inactive glucosides that
subsequently undergo hydrolysis by intestinal
bacterial B-glucosidases into the bioactive
aglycones genistein, daidzein, and glycitein. The
isoflavone intake in the present study, as
determined by food recall, showed mean + SD
values for genistein, daidzein, and glycitein of 0.11
+ 0.12 g, 0.19 + 0.14g, and 0.04 + 0.05g,
respectively. Mean isoflavone intake in the present
study was found to be higher than mean isoflavone
intake in Asian populations (Japan, China, Korea)
that vary from 17.7 to 47.2 mg/day, whereas the
isoflavone intake in Caucasian populations are
extremely low, namely <2mg/day."” The
Indonesian communities consume great amounts
of soy foods, particularly those that are processed
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into tempeh, tofu, soy milk, and kecap (ketchup).
Ethnic differences may affect the bioavailability
and pharmacokinetics of isoflavone. Individual
capacities in metabolizing the inactive glucosides
into the bioactive aglycones genistein, daidzein,
and glycitein depend on the hydrolyzing capacities
of intestinal bacterial f-glucosidases. Daidzein
may be metabolized into dihydrodaidzein, and
subsequently into equol and O-
desmethylangolensin (O-DMA). Equol
demonstrates a potentially higher effect than
daidzein. Only the aglycones genistein, daidzein,
glycitein, equol, and O-DMA can enter the
circulation and reach the cells. There are inter-
individual differences in the capacity to metabolize
daidzein into equol and this plays a role in the
variability of the inter-individual effects of
isoflavone, so that the individuals in question may
be distinguished into equol producers and non-
equol producers. 1V There are differences in the
proportions of equol producers between the Asian
and Caucasian populations. One study also
reported that isoflavone intake may increase the
individual capacity to become equol producers.
@D There is the possibility that the inconsistent
results of the studies on the effects of isoflavones
on lipid profile were associated with inter-
individual pharmacokinetic variability.
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Meanwhile Chilibeck et al. ®? reported that
isoflavone supplementation reduced LDL
cholesterol level, but showed no effects on the
levels of the other lipids. The isoflavone effects
on the risk of cardiovascular disease are still
controversial. The European Food Safety
Authority has evaluated the effects of
isoflavones on the risk of cardiovascular disease,
with a focus on the effects on lipid profile.?®
Several previous studies have investigated the
important clinical effects of isoflavones on the
decreases in total cholesterol, LDL cholesterol,
and TAG levels and on the increase in HDL
cholesterol levels. These studies that were
reported in the last ten years failed to
demonstrate that isoflavones exert significant
clinical effects, and failed to find the active
isoflavone compounds that play a role in lipid
metabolism. Intake of soy protein as a nutrient
may increase protein intake and reduce
carbohydrate and fat intakes, so showing a
better effect on lipid profile. The direct benefit
of soy protein or isoflavones in cardiovascular
health is minimally the best.?* In spite of this,
there are still many studies and meta-analyses
that have found significant effects of soy protein
in reducing LDL cholesterol and TAG levels by
4-6% and 5%, respectively, and in increasing
HDL cholesterol by 1%-3%. Although
apparently the effects are not large, they are
still relevant for the clinical effects in the
population, because epidemiological and
interventional data suggest that each 1%
reduction in LDL cholesterol is associated with
a 1-2% reduction in cardiovascular events and
that each 2%-3% increase in HDL cholesterol
is associated with a 2%-4% reduction in
cardiovascular events.¥

The present study has several limitations.
Firstly, the cross-sectional study design cannot
show any causal relationship. Secondly, the
measurement of isoflavone intake using food
recall depends on the subjects’ memory of the
types and amounts of soy-containing foods
consumed, and in addition the food processing
method was not analyzed. Further studies of
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prospective design are necessary to confirm our
study results.

CONCLUSIONS

High daidzein intake is associated with low
total cholesterol, LDL cholesterol, and HDL
cholesterol levels. Genistein intake is associated
with high total cholesterol and HDL cholesterol
levels. Phytoestrogen intake has no side-effects,
so the dietary approach could be considered safe.
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