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ABSTRACT

Objective To investigate the effect of a soy isoflavone extract over insulin sensitivity and plasma leptin levels.

Methods Eighty postmenopausal women were randomly assigned to participate for 24 months either to a
physical exercise and Mediterranean diet program (Control group: CG) or this intervention plus a daily oral
intake of a soy isoflavone extract (Soy isoflavone group: SIG). Anthropometry, body composition analysis,
blood biochemistry, menopausal symptoms and health-related quality of life were assessed at baseline and
every 6 months.

Results Sixty-five women completed the protocol with no differences found among groups at baseline in
age and time since the menopause. At month 24, body mass index (BMI) was lower in the SIG as compared
to the CG. Fat mass, glucose, insulin, HOMA-IR, tumor necrosis factor-o. (TNF-a), Kupperman Index and
Cervantes Scale values significantly decreased in the SIG as compared to baseline and to CG values. Kupperman
scores and serum TNF-a levels significantly decreased in both studied groups. No changes in plasma leptin
levels were observed after 24 months within and between groups. When analysis was stratified according to
BMI values, changes in the aforementioned parameters displayed a similar trend; however, the impact over
glucose, insulin and HOMA-IR values was more evident among obese women assigned to the SIG.

Conclusion Diet, physical exercise and a daily oral intake of soy isoflavones exerted a beneficial effect on
the homeostatic model in postmenopausal women which was not related to significant changes in plasma
leptin levels, despite a decrease in TNF-o, fat mass and Kupperman values.
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INTRODUCTION

The female menopausal phase exerts a number of changes that
may trigger and maintain weight gain. The higher risk of
developing obesity during the postmenopausal period has
been related to hormonal changes, cultural, environmental,
family-related and individual factors such as excessive energy
intake, sedentary behavior, attitudes, beliefs, and biological
and genetic predispositions. The menopausal transition is
associated with the accumulation of centrally located and, in

particular, intra-abdominal fat’2. Hence, the metabolic syn-
drome may occur in 40% of postmenopausal women and
insulin sensitivity may be altered in those33.

Adipose tissue, once thought to be a static organ, is now
widely acknowledged as an active promoter of cell generation
and apoptosis. Similar to bone cells, adipocytes suffer the
‘turn over’ process. In this sense, fat tissue is also viewed as
a secretory organ, synthesizing and secreting several proteins
and cytokines such as leptin or tumor necrosis factor-o
(TNF-0) that modulate various biological functions and play
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major roles in human metabolic regulation and vascular
biology®=. Circulating leptin levels primarily reflect the
amount of stored energy in the fat and secondarily acute
changes in caloric intake’. An association between fasting
leptin levels and insulin sensitivity has been reported. In addi-
tion, it has been suggested that fasting plasma leptin levels
probably serve as an endogenous response to environment
insulin resistance and may provide a surrogate measure of
insulin action!©,

Due to the fact that Asian countries display a lower fre-
quency of obesity and related diseases, the Asian diet has
gained attention. This diet consists largely of soy and soy-
based products. In fact, soy isoflavones are relatively potent
agonists of the B-isoform of the estrogen receptor, and dose-
dependent effects on adipocyte differentiation and function
have been reported!!. We have previously reported that plasma
leptin levels were lower in ovariectomized rats in comparison
to estradiol-treated counterparts, suggesting a sex steroid—
leptin interaction!2. Two recent studies of our research group
found that soy isoflavones, together with physical exercise and
a Mediterranean diet, reduced insulin resistance in postmeno-
pausal women with abnormal homeostasis model assessment-
insulin resistance (HOMA-IR) values!3, and decreased serum
leptin and TNF-o. levels after 6 months among those who
were obese!?.

Despite circumstantial evidence pointing to the fact that
soy isoflavones could improve insulin sensitivity, little infor-
mation is available in relation to the potentially involved
mechanisms of action. We therefore hypothesized that changes
in the insulin sensitivity, induced by soy isoflavones, physi-
cal exercise and diet, would relate to changes in plasma
leptin levels and other inflammatory markers. Hence, the aim
of the present study was to investigate the effect of a daily
oral intake of a soy isoflavone extract over insulin sensitivity
and leptin levels among postmenopausal women participat-
ing in a 24-month program of physical exercise and Mediter-
ranean diet.

METHODS
Study design and participants

This longitudinal study was carried out at the Asturias
Central University Hospital (Oviedo) and the Cabueiies
Hospital (Gijén), both affiliated to the Oviedo University,
Spain. A total of 80 postmenopausal women who were
attending their annual gynecological check-up at the outpa-
tient clinics of these hospitals were asked to participate.
Participants were aged 50-64 years (mean =+ standard devia-
tion, 56.7 + 3.5 years), had an intact uterus and ovaries, were
6.5 + 3.1 years since menopause onset, were sexually active
and were not on hormone therapy (HT). Postmenopausal sta-
tus was defined as an amenorrhea of at least 1 year. Body
mass index (BMI) was categorized as follows: <20 kg/m? as
underweight, 20-24.9 kg/m? as normal weight, 25-29.9 kg/m?
as overweight, and >30 kg/m? as obese. BMI ranged from
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22.5 to 43.5 kg/m?, with more than 95% being overweight
or obese.

Women were randomly assigned to participate for 24
months either to a program of physical exercise and Mediter-
ranean diet (Control group: CG) or this intervention plus a
daily oral intake of a soy isoflavone extract (Soy isoflavone
group: SIG). Diet and physical activity were monitored during
the study through compliance interviews and motivational
and support counseling sessions. Blood pressure, anthropo-
metry, body composition analysis, menopausal symptom inten-
sity and quality of life were assessed and recorded at baseline
and at 6-month intervals. In addition, a fasting blood sam-
ple was withdrawn for biochemical analysis at the proposed
intervals. Information regarding health status was obtained
from the women’s medical charts and physical examination.

Five participants in the CG refused participation in the
study after signing the consent form. Consequently, 75 post-
menopausal women (40 in SIG and 35 in CG) comprised
the final study sample. This sample size was determined to
be appropriate as it provides a 95% power for variance ana-
lysis using a two-sided significance level of 0.05, assuming a
mean plasma leptin value of 37.9 ng/dl (standard deviation,
26.7 ng/d)!3 and a difference change equal to one half of a
standard deviation.

Ethical considerations

The research protocol of the study was reviewed and approved
by the Asturias Ethical Committee, Oviedo, Spain. All women
were informed about the research (purposes and used tools)
and written consent obtained.

Menopausal symptom and health-related
quality of life assessment

Menopausal symptom intensity was assessed with the
Kupperman Index, a tool composed of 11 items'®. The
Cervantes Scale was used to assess menopause health-
related quality of life. This scale is a 31-item, self-reporting
questionnaire composed of four domains: the ‘Menopause
and health’ domain with 15 items (including three sub-
domains: vasomotor symptoms, health, and aging); the
‘Psychical’ domain with nine items; the ‘Sexuality’ domain
with four items; and the ‘Couple relationship® domain with
three items. Higher domain, sub-domain or global scores
are indicative of worse menopause health-related quality of
life. For the purpose of this research, only global or total
Cervantes Scale scores were analyzed at proposed intervals
(maximum achievable score is 155)!3:16-18,

Blood pressure and anthropometric assessment

Trained personnel measured blood pressure (calibrated
sphygmomanometer), weight and height (wall-mounted
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Table 1 Baseline characteristics and changes observed throughout the study for both groups (all women). Data are given as mean + standard

deviation
Baseline 6 months 12 months 18 months 24 months
SBP (mmHg)
CG 130 + 14.6 131.2 + 17.1 130.1 + 13.7 121.4 + 19.5 129.8 + 16.8
SIG 131.0 + 16.3 127.1 + 12.8 126.1 + 11.2 130.9 + 16.1* 132.2 + 13.6
DBP (mmHg)
CG 78.3 +7.2 84.2 + 16.8 81.2 + 8.9 74.6 + 8.8 76.4 +11.5
SIG 76.6 + 9.7 77.5 + 8.2% 78.3+ 7.6 78.3 4+ 9.6 81.1 +4.7*
BMI (kg/m?)
CG 30.6 +4.7 30.7 + 4.7 30.6 +4.3 31.0 + 4.3 30.6 + 4.8
SIG 30.5 +4.2 29.2 +4.5 29.6 + 4.6 28.6 + 4.6* 27.9 +2.8%
AC (cm)
CG 94.0 + 10.4 93.3+10.3 91.5 +15.8 92.8 + 9.1 93.4 +9.3
SIG 90.8 +13.2 90.8 + 8.6 92.5+ 8.4 91.1 + 8.1 92.8 + 8.1
Lean mass (kg)
CG 39.9 + 6.1 43.2+ 8.6 43.6 +79 43.9 +5.3 42.9+6.9
SIG 40.9 + 6.3 394+5.8 431+ 5.5 45.3+5.9 43.0 +6.9
Lean mass (%)
CG 5414+ 7.7 57.5+9.3 60.0 + 8.7 591 +9.1 58.7+ 6.8
SIG 56.6 +7.6 574+ 10.6 59.3+ 7.8 591+ 74 57.5+79
Fat mass (kg)
CG 30.5+ 8.6 32.8+ 76 302+ 74 32.34+10.5 35.8+5.7
SIG 311+ 7.7 30.3+ 5.0 343+ 70 26.7 + 8.9 26.3 + §5.2h%
Fat mass (%)
CG 459+ 7.8 42.5+9.3 421+ 77 40.3 + 7.6 42.74+ 7.5
SIG 433+ 7.5 42.6 + 10.6 40.3+ 7.5 39.7 + 6.1 39.0 4+ 4.8t
Kupperman
CG 24.3 + 8.7 16.5 + 8.0 13.9 + 8.0 12.3 +6.8 12.4 + 6.4t
SIG 22.0 +10.4 12.9 + 6.2% 134+ 7.6 11.7+ 7.3 9.7 + 5.9t
Cervantes
CG 66.0 +20.4 60.5 +22.7 59.2 4244 61.1 +21.7 60.6 + 20.1
SIG 75.3 +22.7 61.6 +24.3 63.5 +23.6 61.8 +29.3 53.7 + 19.8t
Glucose (mg/dl)
CG 101.8 + 9.6 97.4 +10.3 99.7 + 17.9 99.8 + 16.1 98.1 +13.4
SIG 101.9 + 9.3 944 + 9.6 96.2 + 9.1 98.9 +10.5 93.6 + 5.11
Insulin (mU/1)
CG 13.1+ 3.4 12.6 +5.1 13.2+ 7.1 11.8 + 5.2 12.7 + 6.8
SIG 14.6 + 8.6 10.6 + 4.4 12.1 + 3.9 11.0 + 4.1 12.2 + 3.1t
HOMA-IR
CG 3.24+0.9 31+ 1.3 3.3+2.1 3.0+ 1.8 3.7+ 1.7
SIG 3.3+ 1.1 2.5+1.2 294+1.2 2.7+11 2.6 +0.8h
Cholesterol (mg/dl)
CG 218.4 + 30.9 228.2 + 46.1 223.8 +37.9 216.9 + 33.0 212.7 + 34.4
SIG 237.7 + 32.1* 2274 + 28.3 224.6 + 38.1 230.1 + 38.2 233.1 +52.3
HDL-C (mg/dl)
CG 65.5+16.3 62.2 +15.1 62.5+15.5 64.9 + 31.1 60.1 + 14.9
SIG 64.0 +15.4 63.2 +13.5 59.5 + 11.5 57.5+10.9 59.6 +12.0
LDL-C (mg/dl)
CG 134.2 4+ 31.3 147.2 + 39.8 141.6 + 36.1 133.3 + 33.0 131.4 + 33.2
SIG 148.9 + 31.3* 142.3 +27.2 138.8 + 37.0 147.4 + 37.3 150.5 + 43.4
Triglycerides (mg/dl)
CG 103.8 + 53.6 105.9 + 45.7 100.9 + 54.1 117.0 + 81.0 110.6 + 57.1
SIG 124.2 + 57.6 116.6 + 50.4 119.8 + 48.7 120.4 + 48.6 133.1 +65.4
(Continued)
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Table 1 (Continued)
Baseline 6 months 12 months 18 months 24 months

Leptin (ng/ml)

CcG 252493 23.9 4 9.4 23.7 + 8.4 259+ 7.8 211+ 6.9

SIG 21.3 + 8.0 22.7 + 8.0 23.8+7.9 24.0 + 8.5 25.6 + 9.0
TNF-a (pg/ml)

CG 8.7+ 5.9 57+12 5.5+14 5.0+ 1.0 5.5+ 1.4t

SIG 794 1.5 6.5+ 1.6* 6.1+ 1.4 5.5+ 1.4 4.6 + 0.8H*
Homocysteine (umol/l)

CG 9.9 +2. 9.8 +2.3 94 +2.7 8.4+2.8 10.0 + 2.7

SIG 9.6 +2.8 9.5+ 2.1 9.9 + 3.4 9.9 + 2.3 10.5 + 3.6
C-reactive protein (mg/dl)

CG 0.3 +0.2 0.4+ 0.5 0.6 +1.9 0.4+0.3 0.3 +0.2

SIG 0.3+0.2 0.4+ 0.4 0.4+0.3 0.7+1.2 0.3+0.2
Estradiol (pg/ml)

CG 9.3+ 3.9 10.8 + 3.9 9.1 + 4.1 10.5 + 5.2 10.5 + 3.9

SIG 9.6 + 4.5 12.3+5.6 10.3 + 5.9 114+ 7.2 11.6 + 10.0

SIG, soy isoflavone group; CG, control group; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; AC,
abdominal circumference; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TNF-a, tumor necrosis

factor a;; , p<0.05 for analyzed group throughout the study; *, p <0.05 between groups

stadiometer) among subjects in a standing position wearing
light clothes and no shoes. Waist or abdominal circumfer-
ence was measured with an anthropometric tape placed
directly on the narrowest point between the lower rib margin
and the iliac crest, on a plane perpendicular to the long axis
of the body, while the subject stood balanced on both feet,
approximately 20 cm apart, and with both arms hanging
freely. A waist circumference greater than 88 cm was used
to define abdominal obesity!’.

Body composition was evaluated by bioelectrical imped-
ance analysis. Measurements were carried out with the sub-
ject lying in a supine position on a flat, non-conductive bed
using a multi-frequency tetrapolar technique (QuadScan 4000;
Bodystat, Douglas, UK). This method adequately correlates
with dual-energy X-ray absorptiometry??, and its coefficient
variation of 1.8%.

Biochemical blood analysis

Blood samples were taken at proposed intervals between
09.00 and 10.00 after an overnight fast and immediately sent
to the hospital’s chemistry laboratory and the University’s
Physiology laboratory. Leptin and homocysteine were mea-
sured in plasma, and the remaining analytes in serum. Two
blinded researchers measured biochemical circulating marker
levels, using radioimmunoassay kits (DGR Instruments kit
GMBH, Marburg, Germany) for leptin, enzyme-linked immu-
nosorbent assay kits (DRG Instruments GmbH, Marburg,
Germany) for TNF-o, latex particle-enhanced immunotur-
bidimetric assay for C-reactive protein, an enzymatic method
with hexokinase for glucose, the Trinder method for lipid
profile (total cholesterol, high density lipoprotein (HDL)
cholesterol, low density lipoprotein (LDL) cholesterol and

triglycerides), the ICMA method for homocysteine and the
ECLIA method for insulin and estradiol. All samples were
analyzed in duplicate, maintaining a quality management
system fulfilling ISO 9001:2000 standard requirements.
Intra- and inter-assay coefficient variations were less than
8.2% for all tests.

Homeostatic model assessment-insulin resistance

The HOMA-IR was used to assess insulin resistance among
studied groups at baseline and proposed intervals. HOMA-
IR is calculated by multiplying insulin and glucose levels and
then dividing this product by a constant. This model has
correlated well with estimates using the euglycemic clamp
method and has been extensively tested against other mea-

sures of insulin resistance?!.

Soy isoflavone treatment

The soy isoflavone extract contained 200 mg of Glycine max,
corresponding to 80 mg of isoflavones (60.8 mg genistein,
16 mg daidzein and 3.2 mg glicitein) (Fisiogen®, Zambon
Pharmaceutical Group, Barcelona, Spain). This compound is
registered by the Spanish Health Authority, fulfilling all qual-
ity control regulations.

Educational sessions
Educational sessions were carried out once women were

included in the study, in which they received verbal and writ-
ten instructions regarding the health benefits of increasing
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Table 2 Baseline characteristics and changes observed throughout the study for both groups, non-obese women only. Data are given as
mean + standard deviation

Baseline 6 months 12 months 18 months 24 months
SBP (mmHg)
CG 136.9 + 16.1 128.0 + 12.0 127.0 + 11.6 124.7 +12.8 1271 + 17.4
SIG 129.2 +15.3 128.0 + 13.7 124.4 + 13.2 135.0 + 15.3* 130.5 + 14.3
DBP (mmHg)
CG 80.4 + 7.7 81.3 + 8.9 81.3 + 9.1 72.84+9.3 75.0 +12.0
SIG 76.2 +9.2 79.0 + 7.5 75.6 + 8.2 81.0 + 7.9 82.0 + 4.1*
BMI (kg/m?)
CG 27.0 + 1.9 27.0 + 1.9 274+ 1.7 27.8 4+ 1.7 27.7 + 1.6
SIG 28.1+ 1.6 26.8 +2.1 264+ 1.6 26.3 +2.0* 25.9 + 1.5
AC (cm)
CG 87.9 + 5.8 872 +6.1 84.2 +17.1 87.9 + 5.6 88.4 + 5.7
SIG 86.1 +9.4 87.5+ 6.7 88.1 + 6.1 87.6 +5.6 85.4+ 8.1
Lean mass (kg)
CG 39.2+4.7 41.2+ 7.8 44.2 +9.9 442+ 5.9 42.7+ 7.3
SIG 40.8 + 7.0 38.7+5.2 43.2+5.9 451+ 6.1 43.6 + 6.5
Lean mass (%)
CG 58.3+6.8 60.2 + 7.0 61.5 + 8.8 64.0+ 5.3 60.0 + 6.6
SIG 58.34+6.9 60.1 + 9.8 62.3+ 6.5 60.8 + 7.6 60.1 + 8.5
Fat mass (kg)
CG 354+ 6.5 28.7 + 6.3 30.3+ 8.4 29.3+8.5 331+5.9
SIG 334+ 6.2 343+ 11.3 28.9+9.9 31.2+ 73 26.1 + 7.2t
Fat mass (%)
CG 441+ 6.6 39.8 + 7.0 39.1 +8.1 36.0+5.3 40.3 + 6.0
SIG 41.6 + 6.8 39.9 + 9.8 377+ 6.5 38.0 +5.8 37.5 + 4.9t
Kupperman
CG 24.0+ 5.9 15.9+ 7.3 33.0 +15.5 13.3 + 6.8 12.9 + 5.6t
SIG 22.6 +11.4 12.4+6.2 40.0 + 14.4 10.7 + 7.4 9.1 + 5.4t
Cervantes
CG 67.84+22.2 61.9 +20.9 114.0 + 58.1 59.8 +18.4 62.0 +19.9
SIG 73.5 +25.1 59.8 +24.9 94.0 + 56.3 56.1 +27.6 51.8 + 19.0t
Glucose (mg/dl)
CG 98.2 +7.3 94.2 +9.5 974 +12.2 97.2 +9.2 94.1 + 10.5
SIG 100.9 + 9.5 93.6 + 10.1 95.5+9.8 98.8 + 10.6 93.7+5.7
Insulin (mU/1)
CG 121+ 2.5 10.8 + 4.2 11.4 + 5.0 10.5 + 4.7 10.4 + 4.0
SIG 14.0 + 10.6 9.1+ 3.3 10.9 + 3.1 10.5 + 4.1 11.9 + 3.5
HOMA-IR
CG 2.9+0.5 2.64+0.9 2.6+ 1.0 2.6+ 1.0 344+ 141
SIG 3.14+0.9 2.1+ 0.9 2.84+1.0 2.6+ 1.0 2.54+0.6*
Cholesterol (mg/dl)
CG 223.3 +22.0 237.2 +28.1 217.7 + 32.2 215.4 + 37.5 222.8 +30.4
SIG 237.6 + 30.4 227.5 4+ 23.7 229.5 +29.2 228.5 4+ 34.0 233.0 + 56.2
HDL-C (mg/dl)
CG 73.1 +12.9 69.5 +14.3 63.7+17.3 72.8 +40.0 65.0 + 14.3
SIG 63.2+ 174 64.6 + 14.6 62.2 +12.0 57.8 +11.9 60.4 +12.2
LDL-C (mg/dl)
CG 136.6 + 28.3 148.4 + 32.7 135.7 + 28.4 127.9 + 34.8 137.7 + 33.5
SIG 149.4 + 30.4 141.4 + 23.7 141.3 + 29.6 145.8 + 33.3 153.0 + 43.7
Triglycerides (mg/dl)
CG 81.3 + 38.1 94.8 + 46.9 97.6 + 62.6 119.9 + 18.9 108.2 + 63.5
SIG 126.9 4+ 66.9 112.0 + 42.5 112.5+ 271 117.6 + 43.4 128.5 + 64.8
(Continued)
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Table 2 (Continued)
Baseline 6 months 12 months 18 months 24 months

Leptin (ng/ml)

CcG 221+ 4.5 21.0 + 7.3 20.4 + 6.8 221+7.3 19.7 + 7.1

SIG 18.9 + 5.6 213+ 6.3 21.8+ 7.9 221+ 8.4 23.0 + 9.7
TNF-a (pg/ml)

CG 71+ 3.4 57+1.2 5.6+1.6 52+1.1 544+ 1.7t

SIG 7.9+ 3.0 6.4+ 1.3 6.3+ 1.6 5.5+ 1.6 4.3 +0.80*
Homocysteine (umol/l)

CG 10.0 + 2.7 9.2+ 1.9 8.9+2.3 8.1+ 3.0 9.5+2.5

SIG 9.0+ 2.6 9.6 +2.1 10.1+ 2.6 9.9 + 2.4 9.9 + 3.5
C-reactive protein (mg/dl)

CG 0.2+ 0.2 0.2+0.2 2.5+ 0.5 0.3+ 0.4 0.2+0.1

SIG 0.3+0.2 0.3+0.4 0.3+0.3 0.5+ 0.7 0.4+0.3
Estradiol (pg/ml)

CG 9.7+ 3.4 10.3 + 3.1 9.2+ 3.8 9.5+ 4.3 9.8+ 3.3

SIG 10.0 + 4.8 12.5+ 5.8 8.7 +4.3 11.7 + 8.0 12.6 + 12.1

SIG, soy isoflavone group; CG, control group; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; AC,
abdominal circumference; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TNF-a, tumor necrosis
factor a; T, p<0.05 for analyzed group throughout the study; *, p <0.05 between groups

their physical activity to at least 30 min of moderate walking
or aerobic exercising (biking, jogging, dancing, swimming,
etc.) five times a week, and shifting to a Mediterranean diet
in which meat and pastries, cakes, and sweets are decreased
while intake of virgin olive oil, nuts, vegetables, legumes, oily
fish and fruits is increased!3-22.

Statistical analysis

Statistical analysis was performed using SPSS statistical
package (Version 18.0 for Windows, SPSS Inc, Chicago,
Illinois, USA). Data are presented as mean + standard devia-
tion. The Kolmogorov—Smirnov test was used to determine
the normality of data distribution. Means between groups
were compared with non-paired Student’s #-test. Changes
throughout the study within each group were compared with
paired Student’s t-test (baseline vs. 24th month) or Tukey’s
post-hoc multiple comparisons (for the trend). When appro-
priate, Pearson’s coefficients were calculated to determine
correlation between variables. For all calculations, a p value
of < 0.05 was considered as statistically significant.

RESULTS

After 24 months, 65 women completed the protocol (33 in the
SIG and 32 in the CG). Hence, the drop-out rate was 17.5%
for the SIG and 8.6% for the CG. No differences were deter-
mined between studied groups at baseline in terms of age and
time since menopause onset. Baseline characteristics and
changes observed in analyzed parameters throughout the
study for both groups (all women, 7= 65) are shown in Table 1.
For the whole sample, 5.4% of participants had a normal

BMI, whereas 52% were overweight and 42.6% obese. No
differences were observed between studied groups for all
parameters, except for serum total cholesterol and LDL
cholesterol levels, which were significantly higher in the
SIG. Several significant intergroup differences were found in
certain parameters at months 6 and 18 of the study.

BMI values were lower at month 24 in the SIG as compared
to the CG. Fat mass (expressed as % or kg), glucose, insulin,
HOMA-IR, TNF-o, Kupperman Index and Cervantes Scale
values significantly decreased in the SIG as compared to base-
line. These values were significantly lower than those of the
CG for fat mass, HOMA-IR and TNF-o. Interestingly, the
Kupperman Index and serum TNF-o values significantly
decreased in both studied groups. No changes in plasma leptin
levels were observed after 24 months within and between
groups. Significant correlations were observed at month 24 in
the SIG between serum TNF-a levels and fat mass and bet-
ween Cervantes scores and BMI and abdominal circumference
values.

As the BMI in the SIG was significantly lower at month 24
as compared to that in the CG, analysis was stratified accord-
ing to BMI values (Tables 2 and 3). Table 2 shows baseline
characteristics and changes observed in studied parameters
throughout the study for non-obese women (SIG and CG)
(n = 38). Baseline characteristics between groups (SIG vs. CG)
did not differ among non-obese women. Intergroup differ-
ences were observed at 18 (systolic blood pressure and BMI
values) and 24 months (diastolic blood pressure values). BMI,
fat mass, serum TNF-o, Kupperman Index and Cervantes
Scale values significantly decreased at month 24 in the SIG.
These values were significantly lower than those found in the
CG, only for BMI, fat mass (kg), and TNF-o. Kupperman
Index and TNF-o. values also decreased at month 24 in non-
obese women (SIG and CG).
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Table 3 Baseline characteristics and changes observed throughout the

mean + standard deviation

Llaneza et al.

study for both groups, obese women only. Data are given as

Baseline 6 months 12 months 18 months 24 months
SBP (mmHg)
CG 125 + 10.9 135.0 + 21.4 133.8 + 15.5 118.0 + 24.8 135.0 + 15.0
SIG 134.0 + 18.1 125.0 + 10.7 128.2 + 8.2 120.0 +13.2 135.5+12.1
DBP (mmHg)
CG 76.4 + 6.3 87.7 +22.7 81.2 + 9.1 76.7 + 8.1 79.1 + 10.6
SIG 77.3 + 10.8 74.1 + 9.1 81.8+5.4 71.1+10.4 79.5+5.6
BMI (kg/m?)
CG 34.6 + 3.5 30.4 + 3.8 344 +3.2 34.54+ 3.3 36.3+ 3.7
SIG 347 +4.2 34.84+3.3 341+ 3.6 351+ 3.6 31.0 + 1.0t
AC (cm)
CG 100.4 + 10.4 99.5 +10.1 100.3 + 8.1 98.1 +9.3 103.0 + 7.0
SIG 98.9 + 14.9 98.5+ 8.0 99.0 + 6.9 101.1 + 4.9 100 + 6.2
Lean mass (kg)
CG 40.6 + 7.3 454+ 9.2 43.0 + 5.0 43.4 + 4.1 43.5+ 6.3
SIG 411 +5.2 40.9 + 6.9 4544+9.2 46.0 + 5.8 42.2+76
Lean mass (%)
CG 52.3+ 8.6 54.8 +10.7 58.3+ 8.4 53.9+9.5 56.4+6.9
SIG 53.9+8.0 51.3 +10.1 55.2+78 542 + 4.3 53.5+4.7
Fat mass (kg)
CG 30.5 + 8.6 32.8+ 76 30.2 +74 32.3 +10.5 35.8+5.7
SIG 3114+ 77 28.7+ 6.3 343470 29.3+8.5 26.4 + 5.2F
Fat mass (%)
CG 47.7 + 8.6 45.2 +10.7 45.8 + 5.3 44.8+ 7.1 47.2 + 8.1
SIG 46.1 + 8.0 48.7 +10.1 439+ 7.5 44.6 + 4.1 41.3 + 3.7h*
Kupperman
CG 24.5+11.2 17.0 + 8.8 11.9 + 8.4 11.2 + 6.7 11.4 + 7.9t
SIG 21.0 + 8.8 14.0 + 6.2 12.0 + 6.9 14.6 + 6.4 10.6 + 6.70*
Cervantes
CG 64.1 +18.7 59.1 +24.8 60.5 4+ 21.6 62.6 +25.3 57.8 +21.1
SIG 78.2 +18.7 65.7 +23.4 74.1 4+ 19.5 78.0 +29.6 56.6 +21.4
Glucose (mg/dl)
CG 105.7 + 10.3 100.6 + 10.3 102.4 +23.1 102.6 + 21.0 105.6 + 15.3
SIG 103.8 + 9.1 96.2 + 8.4 97.4 + 8.1 99.2 + 10.6 93.4 + 4.1h*
Insulin (mU/1)
CG 14.2 + 3.9 14.3+ 5.3 154+ 5.0 13.1 + 5.4 17.0 + 9.0
SIG 15.6 +5.5 13.8 + 4.7 13.9 +4.5 12.6 +2.3 12.6 +2.3*
HOMA-IR
CG 7+ 3.6+ 1.5 4.0+2.7 S5+23 44425
SIG 3.8+1.2 3.3+ 1.1 3.5+1.4 314+1.2 2.9 +1.0*
Cholesterol (mg/dl)
CG 213.2 + 38.2 219.1 + 58.4 217.7 + 32.2 218.6 +28.6 193.5 +35.3
SIG 237.6 + 30.4 227.3 4+ 38.2 229.5 +29.2 234.6 + 50.0 233.4 +47.8
HDL-C (mg/dl)
CG 57.5 +15.5 55.0+12.4 61.1 +13.4 56.6 +12.5 50.8 +11.5
SIG 65.4 +11.7 60.0 + 10.3 55.6 +9.7 56.8 +8.5 58.4 +12.0
LDL-C (mg/dl)
CG 136.6 +28.3 145.7 + 46.9 148.9 + 43.4 139.2 + 31.0 119.5 + 30.7
SIG 148.1 + 33.7 144.4 + 35.2 135.7 + 45.8 152.1 +48.7 146.7 + 44.4
Triglycerides (mg/dl)
CG 127.7 + 58.2 117.1 + 42.8 105.0 + 43.4 113.9 + 36.3 115.0 + 44.8
SIG 119.7 + 39.2 1271 + 66.2 130.3 + 68.8 128.1 + 63.1 140.3 + 68.1
(Continued)
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Table 3 (Continued)
Baseline 6 months 12 months 18 months 24 months

Leptin (ng/ml)

CcG 28.5 + 11.8 264+ 11.3 277 + 8.6 30.0 + 6.2 24.0+ 5.7

SIG 254 +9.7 26.8 + 8.3 26.8 +7.2 29.5+6.3 29.5+6.2
TNF-a (pg/ml)

CG 104 + 7.7 57+1.2 S5.5+1.1 4.7 + 0.8 5.8+ 2.2f

SIG 78+ 1.5 6.6+2.0 5.8+ 0.9 51+40.8 51+ 0.6
Homocysteine (umol/l)

CG 9.8+2.7 10.5 + 2.5 10.0 + 3.0 8.9+2.6 11.2 + 3.0

SIG 10.8 2.7 9242.0 9.7+ 4.2 10.0 + 2.1 115+ 3.5
C-reactive protein (mg/dl)

CG 0.4+ 0.2 0.6 +0.7 0.4+ 0.2 0.4+ 0.3 0.5+0.3

SIG 0.3+ 0.1 0.5+0.5 0.5+ 0.4 1.2+42.0 0.3+ 0.1
Estradiol (pg/ml)

CG 9.0 + 4.4 114+ 4.7 9.1 + 4.6 11.6 + 6.1 12.1 + 4.6

SIG 9.1+ 3.9 11.7+ 5.3 12.6 +7.1 10.8 + 4.6 10.2 + 5.6

SIG, soy isoflavone group; CG, control group; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; AC,
abdominal circumference; HDL-C, high density lipoprotein cholesterol; LDL-C, low density lipoprotein cholesterol; TNF-a, tumor necrosis

factor a; , p<0.05 for analyzed group throughout the study; *, p <0.05 between groups

Changes in the aforementioned parameters displayed a
similar trend when only obese women were analyzed (n =27,
BMI > 30 kg/m?, Table 3); however, impact at month 24 over
HOMA-IR, glucose and insulin levels was more clearly
observed among obese women assigned to the SIG.

DISCUSSION

Obesity is a common situation in mid-aged women and rela-
ted to several factors. Present data confirm the high prevalence
of overweight and obesity in postmenopausal women aged
50-64 years attending annual gynecological examination at
our medical centers. Regular exercise and nutrition play
important roles in the prevention and treatment of obesity and
related consequences. Despite this, it is not easy for meno-
pausal women to change their lifestyle?-**. Behavioral inter-
ventions, especially when extreme changes in diet or physical
exercise are required, tend to have very high drop-out rates.
Indeed, this was the case in the present research in which the
main cause of withdrawal was difficulties in following the diet
and physical exercising program. Pharmacological approach
could be considered for women unable to achieve weight loss,
despite their best intentions to improve lifestyle changes in
terms of diet, physical activity and behavioral changes. In
this sense, soy isoflavones could have an important role?.
Indeed, the present data showed that, after 24 months, BMI
decreased in the SIG which was significantly lower than values
observed for the CG. This trend was observed even when
women were stratified as obese and non-obese.

Changes in glucose, insulin and HOMA-IR observed in
the SIG confirm previous data reporting significant soy
isoflavone-related glucose homeostasis improvement!3:26:27,
Our results do not support data of other studies finding no
changes in these biochemical parameters, perhaps owing to a

shorter follow-up period?’. In this context, it seems likely that
a longer treatment period is required in order to improve
glucose metabolism in the adipose tissue. Interestingly,
when analysis was stratified according to BMI, improvement
was more clearly observed for obese women assigned to
the SIG.

Basic science research has suggested that, under certain
circumstances, leptin resistance may ensue at the central ner-
vous system. Hence, leptin, as an important signal linking fat
cell and brain, is decreased, leading to an increase in food
intake and a reduction in energy expenditure which appear to
be linked to the onset of insulin resistance?$2°. The present
study failed to find a link between leptin levels and insulin.
Indeed, leptin levels did not change in the SIG at the end of
month 24 despite the improvement of HOMA-IR values. This
is in contradiction with another study reporting a fall in serum
leptin levels after 2 months of incorporating 50 mg of soy
food to a very low fat diet?®. Despite this, it is important to
bear in mind that, as opposed to the ingestion of an oral
standard isoflavone compound, soy food could have many
other components which could have favored the positive
effects found over leptin levels in the study by Wu and col-
leagues?®. However, our results are consistent with data of a
premenopausal sample in which, after 2 years of dietary inter-
vention with 50 mg of soy isoflavones, no changes in leptin
levels were encountered3. The 2-year length of our study adds
consistency to the results and should be taken into account
for comparison purposes.

The present study encountered at month 24 a significant
decrease in circulating TNF-a. levels in both arms of the study.
Nevertheless, levels were found to be significantly lower in
the SIG. These changes were related to fat mass decrease and
are consistent with other studies reporting a decrease in
circulating levels of TNF-o in postmenopausal women after
soy isoflavone consumption?!. A possible link between TNF-o.
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and insulin resistance has been suggested by functional stud-
ies3?; however, changes in serum TNF-o levels found in the
present study were not related to changes in plasma leptin
levels.

Situations promoting chronic stress like unemployment,
poor health perception, depressed mood or menopause-related
factors such as hot flushes may intensify age-associated
increase of cortisol which promotes central fat deposition3.
In this context, the Kupperman Index and the Cervantes Scale
are useful tools to evaluate a possible chronic stress associated
with menopausal symptoms and changes in health-related
quality of life. A significant fall in Kupperman Index values
was detected in both arms of the study, reflecting perhaps the
fact that changes in lifestyles, rather than isoflavones, may
have a positive impact on menopausal symptom intensity.
Contrary to the Kupperman Index, at month 24, the global
Cervantes Scale score significantly decreased only in the SIG
and this change was correlated to changes in BMI and abdom-
inal circumference, supporting the idea of a maladaptive
response to stress as a predisposing factor of ectopic fat depo-
sition®4, and a positive impact over health-related quality of
life of the intervention program (diet and physical exercise)
complemented with soy isoflavone supplementation. How-
ever, it was not possible to detect this positive effect over
health-related quality of life in the SIG when only obese
women were analyzed. More research is warranted in this
regard.

Our study has some limitations. First, serum or urine levels
of soy isoflavones were not measured and hence it is uncertain
how much of the soy protein was actually absorbed. Despite
this, diet was similar in both groups and well controlled
throughout the study and the soy isoflavone dose is a widely
used one in clinical practice. Second, the sample was obtained
from the gynecological outpatient clinic and consisted of
mid-aged women with intact uterus and ovaries, sexually
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CONCLUSIONS

Diet, physical exercise and a daily oral soy isoflavone intake
exerted a beneficial effect on the homeostatic model in post-
menopausal women which was not related to significant
changes in plasma leptin levels, despite a decrease in serum
TNF-a, fat mass and Kupperman Index values.
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