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Abstract

Objectives: Physiologic changes, occurring during the process of aging, can have serious health consequences, such as increased
risk of chronic disease and disability. Decline in estradiol levels after menopause is hypothesized to contribute to this risk. Thus,
hormone therapy (HT) might prevent or delay those changes. However, HT has serious side effects and alternative approaches
are needed.
Methods: We performed a 12-month double-blind randomized trial comparing soy protein containing 99 mg isoflavones (agly-
cone weights) with milk protein (placebo) daily in 202 postmenopausal women aged 60–75 years. Endpoints were body compo-
sition, and physical performance. Randomization resulted in reasonable well-balanced groups, 153 (76%) women completed the
trial. Compliance was good (plasma genistein levels 55± 101 and 1259± 1610 nmol/L for placebo and soy group, respectively).
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he changes in the endpoints during the intervention period among the two intervention groups were analyzed.
esults: Body mass index (BMI) and waist-to-hip ratio did not change during intervention. Handgrip strength at the fi
as slightly worse in the soy group compared to the placebo group (−0.45 kg (95% C.I.:−2.5, 1.6 kg;p = 0.7), but this differenc
as not statistically significant. Self-reported functional status, mobility and physical performance, all slightly improve

ntervention but there were no differences between the groups.
onclusions: The results of the present trial do not support the view that soy isoflavones have favorable effects
omposition and physical performance in postmenopausal women.
2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The process of aging is accompanied by sev
physiological changes. One of these is a change in
composition, characterized by an increase in we
and fat mass and a decrease in lean mass. Chan
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body composition and concomitant metabolic effects
have been suggested to increase the risk of serious dis-
eases with subsequent loss of functional capacity and
loss of independence. An increase in fat mass for in-
stance contributes to a higher risk of cardiovascular dis-
eases,[1] diabetes[2] and certain types of cancer[3]; a
decrease in bone mass is associated with an increased
risk of hip fractures[4,5], and a decline in muscle mass
might be an important factor in the development of dis-
ability [6,7].

Several factors, among which dietary factors, life-
style factors, metabolic factors, and hormonal fac-
tors influence body composition around the time of
menopause[8]. One of these factors, namely the sud-
den decline in estrogen levels at the time of menopause
seems to play an important role[9–12]. Results of stud-
ies on the effect of hormone therapy (HT) on body
composition suggest that postmenopausal estrogen use
might be beneficial. It was shown that women who had
used estrogen for more than 5 years had significantly
higher fat-free mass than non-users[13]. Another study
showed that combined estrogen–progestogen therapy
prevented the increase in abdominal fat usually seen af-
ter menopause[14]. Moreover, several studies showed
beneficial effects of HT on the preservation of mus-
cle strength[7,15,16]. However, HT is associated with
some serious side effects and its risk–benefit ratio is
subject to debate; indeed, the WHI showed that over-
all risks exceeded the benefits[17,18]. For this reason,
we set out to assess whether phytoestrogens are able
t ated
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ing 99 mg naturally occurring isoflavones for 1 year on
body composition and physical performance.

2. Methods

The present study is a double-blind, randomized,
placebo-controlled trial to assess the effects of soy pro-
tein containing naturally occurring isoflavones on sev-
eral endpoints, as discussed in detail previously[26].
Endometrium thickness and mammographic breast pat-
tern were monitored as safety measures.

2.1. Subjects

We recruited 202 postmenopausal women, aged
60–75 years, through the national screening program
for breast cancer. Inclusion and exclusion criteria are
listed inTable 1.

Of 303 women willing to participate, we had to
exclude 101 for several reasons; main reasons for
exclusion being current use of HT (26), history of
carcinoma (15) and history of thrombosis (14). Finally,
202 women were enrolled in the trial and randomized
to one of two intervention arms. The Institutional
Review Board of the University Medical Center
Utrecht, The Netherlands, approved the study protocol
and all subjects gave written informed consent.
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o show beneficial effects without the risks associ
ith use of HT. Phytoestrogens are a group of c
ounds derived from plants with a non-steroidal st

ure that is quite similar to that of estradiol. The th
ain classes are isoflavones, lignans and coume
oy products are an important source of isoflavo
arious studies have demonstrated positive effec

soflavones on hot flushes,[19] bone mineral densit
20,21] and cardiovascular disease risk factors[22]
ithout indications for an increased risk of endom

rial cancer[23] or breast cancer[24]. Moreover, re
ults from a recently published cross-sectional stud
ostmenopausal women suggest an inverse assoc
f usual dietary isoflavone intake with total body
nd waist girth[25].

We performed a double-blind randomized place
ontrolled trial in 202 postmenopausal women
hich we assessed the effects of soy protein con
.

able 1
nclusion and exclusion criteria

nclusion criteria
Age 60–75 years
Normal mammography in the year prior to enrolment

xclusion criteria
Conditions for which estrogen use is contraindicated:

Active liver disease
Renal disease with decreased renal function
History of thrombosis

Severe diseases or conditions interfering with the study:
Current or former malignant disease (except for
non-melanoma skin cancer)

Current use of hormone replacement therapy or use in the 6
months prior to enrolment

Known allergy for soy protein or casein
Lactose intolerance
Endometrium thickness over 4 mm
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2.2. Intervention

The intervention consisted of 25.6 g soy protein
containing 52 mg genistein, 41 mg daidzein and 6 mg
glycetein (aglycone weights) as a powder (SolaeTM

brand soy protein; The Solae Company, St. Louis, MO,
USA). All three isoflavones are naturally occurring in
soy protein. The total serving size of the product was
36.5 g. The powder could be mixed with foods or bev-
erages and was taken daily. The placebo was an identi-
cally looking and tasting powder and consisted of milk
protein (The Solae Company, St. Louis, MO, USA).
Extra vitamins and minerals were added to the supple-
ment for both groups (Vitamin B2, B6, B12, folic acid,
Vitamin D and calcium). The duration of the interven-
tion was 12 months. Baseline measurements included
a validated semi-quantitative food frequency question-
naire on habitual diet in the year prior to enrolment[27],
which was slightly modified to capture isoflavone and
lignan intake. During the intervention period, partici-
pants were asked to keep a diary to record whether or
not they took the supplement and how they processed it.
Moreover, at each visit to our clinic subjects had to fill
in a food frequency questionnaire again covering the
months between the last and the current visit. Compli-
ance was checked by assessing plasma genistein levels
in the final visit blood sample.

During the intervention period, 49 subjects (24%)
dropped out for several reasons, notably gastro-
intestinal complaints and distastefulness of the supple-
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We determined waist circumference just above the
crista iliaca and hip circumference at the level of the
greater trochanter (in centimeters). From these the
waist-to-hip ratio was calculated. This ratio gives a
measure for upper body adiposity.

2.3.2. Physical performance and impairment
We assessed physical performance by means of the

Stanford Health Assessment Questionnaire (HAQ), the
questionnaire on mobility in elderly, a physical per-
formance test (PPT), and handgrip strength. We asked
subjects to fill in the questionnaires at home on the day
before their visit to our clinic. Research nurses checked
the questionnaires for missing answers or inconsisten-
cies. The questionnaires and the PPT were carried out at
baseline and at final visit. However, handgrip strength
was only measured at final visit in a random part of the
cohort.

2.3.3. The Stanford Health Assessment
Questionnaire (HAQ)

The Stanford Health Assessment Questionnaire
(HAQ) is a self-administered questionnaire to mea-
sure physical ability. We used a Dutch version of the
HAQ [28], which consists of 24 questions about ordi-
nary activities in eight categories. The categories are
dressing, arising, eating, walking, hygiene, reach, grip
and common activities. All questions have four alterna-
tives to choose from, ranging from “without difficulty”
(assigned a score of zero) to “unable to perform” (as-
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ent. There was no difference in dropout rate betw
he two intervention groups: 24 subjects in the plac
roup and 25 subjects in the soy group. Mean dura
f participation of the dropouts was 96 days (ran
–285 days). We performed a close out visit whe
ubject participated for at least 1 month. Thirty-five
he subjects who dropped out fulfilled this criterion a
2 of them were willing and able to undergo a close
isit (nine from the placebo group and 13 from the
roup).

.3. Measurements

.3.1. Physical measurements
We measured height, without shoes, to the ne

.5 cm and weight to the nearest 0.5 kg. Body mas
ex (BMI) was calculated by dividing weight by heig
quared (kg m−2).
igned a score of three). Moreover subjects can ind
hether they need aid or need an assistive device
The total score on the HAQ is calculated by tak

he highest item score within each category and
equently, calculating the mean of the eight cate
cores. When a subject indicates the need for a
device on a certain question, the corresponding
ory score is increased to two when that score was
r one.

.3.4. The questionnaire on mobility in elderly
To get an impression of physical activity, we as

ubjects to fill in the questionnaire on mobility in
erly developed and validated by L.E. Voorrips et

29]. Again the research nurses went over this q
ionnaire when subjects visited the outpatient clini

The questionnaire on mobility in elderly consists
hree parts. The first part concerns 10 questions a
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household activities with four or five possible ratings.
The second and third part about sports and leisure time
activities ask for type of activity, hours per week and
months per year spend on it. Each activity mentioned
in the second and third part is classified by an inten-
sity code based on net energetic costs of activities. The
three parts together yield a total physical activity score.
Higher scores indicate a higher level of physical activ-
ity.

In a group of 31 subjects (men and women, aged
63–80 years), in which the relative validity of the ques-
tionnaire was determined, the mean activity score was
13.6 (S.D. 6.8; range 1.2–31.4)[29].

2.3.5. The physical performance test
The physical performance test (PPT) comprises

three parts: a test for standing balance including tan-
dem, semi-tandem and side-by-side stands, a test for
walking speed and a test for ability to rise from a
chair[30]. The standing balance tests start with a semi-
tandem stand (the heel of one foot next to the toes of
the other foot), which has to be maintained for 10 s.
When a subject succeeds, the test continues with the
tandem stand (one foot in front of the other foot) for
10 s, but when a subject does not succeed, the side-by-
side stand (feet together) has to be tried. The three tests
of standing balance are considered hierarchical in level
of difficulty and a single score of 0–4 is assigned as a
result. In the test for walking speed, an 8-feet walk has
to be performed two times at the subjects’ usual speed.
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imum of 30 s between the consecutive efforts. Both re-
sults were noted. For our analysis, we used the highest
result of the two attempts.

Subjects were sitting on a straight-backed chair and
were instructed to keep their shoulders in neutral po-
sition and the elbow in 90◦ flexion. The arm was not
supported. If necessary, the handle was adjusted to the
grip span. The force was recorded to the nearest 0.1 kg.
Handgrip strength measurements were performed in
late spring and during summer.

2.4. Laboratory measurements

Plasma genistein levels were measured in the fi-
nal visit blood sample using Labmaster TR-FIA kits
(Turku, Finland). Fluorescence was measured on the
Wallac Victor 2 model 1420 spectrofluorimeter (Turku,
Finland). Data were analyzed using GraphPad Prism
software (GraphPad Software Inc., San Diego, CA,
USA). Intra-assay and inter-assay CVs were 2.2 and
14.8%, respectively. Equol has been proposed to
be the bio-active metabolite of daidzein. However,
only one-third of the population is capable of pro-
ducing equol. Equol producer status was defined as
equol > 83 nmol/L in plasma[31]. The proportion of
equol producers was 29.9%. Equol producer status
could only be assessed within the soy group because an
exposure to isoflavones is required prior to the analysis.

2.5. Power calculation
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hair stand subjects have to stand up and sit dow
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imes with their arms folded across their chest. Fo
ast two tests, quartiles of performance times of all s
ects are determined and subjects get a score of 1–
oth tests dependent on the quartile their perform

ime fits in. The total score for the PPT can range f
to 12.

.3.6. Handgrip strength
The handgrip strength test was only performed

er 1 year of intervention and in a random sampl
he participants in the trial. Eighty-eight subjects p
ormed the test; 48 in the placebo group and 40 in
oy group. To measure handgrip strength, we us
amar hand dynamometer on the non-dominant h
e asked subjects to perform the test twice, with a m
The a priori power calculation was based on c
entional assumptions of alpha (α) = 0.05 and bet
β) = 0.20, and withdrawal from intervention of 25

ith a planned number of subjects of 200 in total
urther assuming that soy isoflavones are as effecti
onventional hormone replacement therapy, we w
ave been able to demonstrate an improvement o
n the PPT and 19% on the HAQ.

.6. Data analysis

First we checked distribution of outcome variab
hich were normal. Linear regression analysis
sed with handgrip strength as dependent factor
roup allocation as independent factor. Result
aist-to-hip ratio, BMI and activity scores were a
lyzed using the change during the intervention ye
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dependent factor and group allocation as independent
factor. Results are given as the difference in baseline-
to-final visit change between isoflavone and placebo
treatment including a 95% confidence interval.

All analyses were carried out using the SPSS 9.0
for Windows statistical package (SPSS Inc., Chicago,
USA).

3. Results

Baseline characteristics of participants are shown
in Table 2. Except for two women (one black and one
Asian), all were Caucasian. Randomization appeared
to be successful, with no material differences between
both intervention groups at baseline except for a some-
what higher frequency of current smoking in the soy
group. Adjustment for smoking in our analysis did not
materially change the results.

The laboratory measurement of genistein levels in-
dicated that compliance was good. The levels were
markedly different between the intervention group and
the placebo group (1259± 1610 and 55± 101 nmol/L,

Table 2
Baseline characteristics of participants

Soy protein
(n = 100)

Placebo
(n = 102)

Mean age (years) 66.6 (4.8) 66.8 (4.7)
H
W
W
H
B
S

D

A
Y

F
E
C
F
H
Q

P

V heses.

respectively,p for difference <0.001). Six percent of
the soy group had a genistein level that was under the
median of the placebo group, and 0% of the placebo
group had a genistein level above the median of the in-
tervention group. In addition, we checked compliance
using the diary reports. It appeared that about 90% of
the subjects took the supplement for at least 80% of
the total intervention period, which also indicates good
compliance.

3.1. Physical measurements (Table 3)

Mean BMI at baseline was comparable between the
placebo and the soy group and normal for women in this
age range. In both intervention groups BMI remained
virtually stable during the intervention year; the dif-
ference in change of BMI was 0.09 kg m−2; 95% C.I.:
−0.20, 0.39;p = 0.53 (Table 3).

Subgroup analyses by fertile years of post-
menopausal or for groups of physically active and less
active women did not show differences in effect of the
intervention.

Mean waist-to-hip ratio at baseline was 0.82 (S.D.
0.07) for the placebo group and 0.83 (S.D. 0.08) for the
soy group. In both groups, waist-to-hip ratio decreased
(1.4× 10−2 in the placebo group and 0.5× 10−2 in
the soy group), indicating that there was a slight im-
provement in upper body adiposity, although not statis-
tically significantly different between the intervention
groups (difference 0.9× 10−2; 95% C.I.:−0.7× 10−2,
2

3
(

ere
0 .D.
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g bet-
t e in
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(
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i en-
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eight (cm) 164.3 (6.4) 163.8 (6.3)
eight (kg) 71.3 (11.7) 69.7 (10.2)
aist circumference (cm) 85.4 (11.4) 84.1 (8.6)
ip circumference (cm) 103.0 (8.1) 102.5 (8.3)
MI (kg m−2) 26.4 (4.1) 26.0 (3.4)
ystolic blood pressure
(mmHg)

138.5 (18.5) 142.0 (20.5)

iastolic blood pressure
(mmHg)

74.5 (11.5) 76.0 (13.5)

ge at menopause (years) 48 (6) 49 (4)
ears postmenopausal
(years)

18.5 (7.5) 18.0 (6.0)

ertile years (years) 34.5 (6.5) 35.5 (4.5)
ver use of estrogens 22 (22.2)a 23 (22.5)a

urrent smoking 19 (19.0) 13 (12.7)
ormer smoking 33 (33.0) 34 (33.3)
AQ 0.14 (0.29) 0.12 (0.28)
uestionnaire on mobility
in elderly

14.9 (8.9) 13.9 (7.6)

hysical performance test 9.32 (1.76) 9.09 (1.68)

alues are means or numbers with S.D. or percentage in parent
a Not known for all subjects.
.5× 10−2; p = 0.26).

.2. Physical performance and impairment
Table 4)

For the HAQ, the mean scores at baseline w
.12 (S.D. 0.28) for the placebo group and 0.14 (S
.29) for the soy intervention group. At the end

ntervention, mean scores were 0.12 (S.D. 0.25
he placebo group and 0.12 (S.D. 0.26) for the
roup. For the HAQ, a lower score indicates a

er self-reported functional status. The differenc
hange between groups was not statistically signifi
Table 4).

The questionnaire on mobility in elderly showed
mprovement (increasing score) during the interv
ion year. Difference in baseline-to-final visit chang
cores was 1.4 (95% C.I.:−1.1, 3.9;p = 0.27).Table 5
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Table 3
Difference in baseline-to-final visit change in measures of body composition

Change in the
soy group

Change in the
placebo group

Difference
in change

95% C.I. p-value

Body mass index (kg m−2) −0.038 −0.133 0.09 −0.20; 0.39 0.53
Waist-to-hip ratio −0.005 −0.014 0.009 −0.007; 0.025 0.26

Table 4
Difference in baseline-to-final visit change in scores on the physical performance measures

Change in the
soy group

Change in the
placebo group

Difference
in change

95% C.I. p-value

HAQ −0.02 0.00 −0.02 −0.08; 0.03 0.42
Mobility questionnaire 3.1 1.7 1.4 −1.1; 3.9 0.27
PPT 0.07 0.18 −0.11 −0.60; 0.38 0.66

shows the results for the domains separately, from
which it is obvious that differences in change on sepa-
rate domains are also small.

Scores on the physical performance test showed
a slight increase in both intervention groups; in the
placebo group the score changed from 9.1 (S.D. 1.7)
at baseline to 9.3 (S.D. 1.8) at final visit, and in the
soy group from 9.3 (S.D. 1.8) at baseline to 9.4 (S.D.
1.7) at final visit. The difference in change between the
groups was not statistically significant (difference 0.1;
95% C.I.:−0.6, 0.4;p = 0.66).

3.3. Handgrip strength

Handgrip strength at the final visit was slightly better
in the placebo group compared to the soy group, but this
difference was not statistically significant. Mean hand-
grip strength was 26.75 kg in the placebo group, in the
soy group this was 0.45 kg less (95% C.I.:−2.5, 1.6 kg;
p = 0.7). Because we had no baseline grip strength mea-
surements, we adjusted for baseline age, BMI, past use
of HT, postmenopausal years, fertile years and height.
There were slight changes, but none of these factors
affected the results materially.

4. Discussion

The present study did not demonstrate statisti-
cally significant effects of an increased intake of soy
isoflavones on physical measures of body composi-
tion, physical performance and handgrip strength in
postmenopausal women.

To interpret these findings, some strengths and lim-
itations of the study need to be addressed. There are
several strengths. The study was randomized and dou-
ble blind, and was conducted in a large cohort. The
drop-out remained within reasonable limits and ad-
herence appeared to be good. Furthermore, we used
well-established measurements that were carried out
according to well-defined standards.

The limitations of the study relate to the HAQ ques-
tionnaire, which we considered to be a suitable measure
given the age at inclusion. However, participants in our
study turned out to be very healthy and active women;
thus, the HAQ did not have good discriminatory value.

A disadvantage of the assessment of effects on hand-
grip strength is that we do not have a measurement at
baseline for the 88 subjects concerned. This means we
do not know whether subjects in the placebo group

Table 5
Difference in baseline-to-final visit change in scores on the domains of the questionnaire on mobility in elderly

Modules Change in the
soy group

Change in the
placebo group

Difference
in change

95% C.I. p-value

H
S
L

ousehold activities 0.054 0.004
ports −1.15 −1.00
eisure time activities 3.80 2.62
0.05 −0.04; 0.14 0.26
−0.15 −1.31; 1.00 0.79

1.18 −1.05; 3.41 0.30
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also performed better at baseline. However, partici-
pants were randomized to the two interventions and
can therefore assumed to be comparable at baseline.
Furthermore, for the handgrip strength we cannot rule
out the possibility that the study was underpowered to
show an effect of soy isoflavone treatment on muscle
strength. Estimating statistical power for this outcome
is difficult because of the small number of studies on
muscle strength. The number of subjects in our study on
handgrip strength was similar to other studies[32–34].

Overall, power is an important issue in designing
clinical trials. Although some might argue that we
lacked power to find significant results for all end-
points, we designed the study in a way that we had
power to detect clinically relevant improvements in
PPT and HAQ, so if the sample was too small to find an
effect, the effects must be very small and their clinical
relevance is debatable.

To our knowledge, our study is the first to assess the
effect of soy protein containing isoflavones on hand-
grip strength and is one of a handful evaluating the
effect on measures of body composition. Data from
a cross-sectional study showed an inverse association
of usual dietary isoflavone intake with total body fat
and waist circumference and also a significant asso-
ciation of genistein intake with BMI. There was no
significant association with waist to hip ratio, which
is in accordance with our findings[25]. A possible
explanation for the discrepancy between their results
and our results might be the cross-sectional design.
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clusions. One well-known problem in cross-sectional
studies is the “healthy user” bias, which implicates that
women on HT have a certain lifestyle that might include
other beneficial factors.

There have been several intervention studies to
investigate the role of HT in the preservation or im-
provement of handgrip strength, or more in general, in
muscle strength and in the prevention of perimeno-
pausal changes in body composition[32,33,36–41].
Results from these studies are not consistent. This is
probably due to differences in study design, charac-
teristics of study participants, muscle groups tested,
methods of measuring body composition and type of
intervention.

An important difference between studies on effects
of HT and the present study is the age of the subjects.
The mean age of participants in our trial was consid-
erably higher than the age of participants in the HT
studies. In a recent review on the effects of HT on the
preservation of postmenopausal muscle strength, it was
suggested that in older women a certain amount of mus-
cle tissue is already converted into fibrous tissue, and
therefore, HT can no longer exert an effect on muscle
strength. Rather, an effect of HT can only be seen when
started shortly after the onset of menopause[42]. The
same might hold for phytoestrogens.

Another factor that may influence response to the in-
tervention is differences in intestinal metabolism of soy
isoflavones. Daidzein, one of the major soy isoflavones,
is metabolized to equol by gut flora. It has been pro-
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hytoestrogen intake in the cross-sectional stud
ikely to reflect a much longer period and may a
e associated with other health behaviors[35]. In con-

rast, participants in our study typically had a v
ow isoflavone intake before they entered the trial.
resent study also may have been too short to s
ignificant effects on body composition. In studies
T and body composition the duration of HT use w
ften several years. In the FELS Study, it was sh

hat women who had used estrogens for more th
ears had significantly higher fat-free mass than n
sers, while women with an estrogen use of less
years had no difference in fat-free mass compar
on-users[13].

Most studies assessing effects of HT on body c
osition also have used cross-sectional designs.
ell recognized that results from cross-sectional s

es have limitations when drawing longitudinal co
osed that equol, rather than daidzein and geniste
he active component[43]. Only approximately, 30%
f humans are able to produce equol[43–45]. Conse
uently, only about 30% of subjects in the interv

ion might be expected to benefit from soy isoflav
upplementation. We assessed equol producer sta
ur study subjects; there was no difference in eff
f the intervention between equol producers and
roducers.

In our study, both intervention groups showed
ncrease in scores on the questionnaire on mobility
he physical performance test. There are some p
le explanations for this finding. Subjects might h
ecome more aware of the importance of physica

ivity when filling in the questionnaire on mobility
aseline, and thus improved their levels of activity d

ng the intervention year. Alternatively, subjects mi
ave been better prepared to the questions at the
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visit and thus reported more activities. Also, the re-
sults of the physical performance test showed an equal
increase in both groups.

In conclusion, supplementation of 99 mg isofla-
vones for 1 year does not appear to have a beneficial
effect on body composition, handgrip strength, or phys-
ical performance in older women.
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