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This study sought to determine effects of high- and low-isoflavone soy protein foods on acute-phase proteins and proin-

flammatory cytokines and whether isoflavone phytoestrogens might act as estrogens, which enhance the immune response.

Forty-one hypercholesterolemic men and postmenopausal women underwent three 1-month diets consisting of a low-fat

dairy food control phase and high- and low-isoflavone soy food test phases (50 g/d and 52g/d soy protein, respectively, and

73 mg/d and 10 mg/d isoflavone, respectively). Diets were low in saturated fat (<5% of energy) and cholesterol (<50 mg/d).

Fasting blood analytes and blood pressure were measured at the start and end of each phase. For the entire group of subjects,

no treatment differences were observed for acute-phase proteins or proinflammatory cytokines. However, a significant

interaction was noted between diet and sex. Assessing the results of men and women separately, women showed signifi-

cantly higher interleukin-6 (IL-6) values after the high-isoflavone soy diet (P � .013) compared to control values. For women,

the difference between the high- and low-isoflavone IL-6 values was significant using the unadjusted data (P � .048) but not

after adjustment. No significant effects were seen for men or women in C-reactive protein (CRP), serum amyloid A (SAA), or

tumor necrosis factor-� (TNF-�). Thus, high levels of isoflavone intake appear to increase serum concentrations of IL-6 in

women. This finding may indicate an estrogenic effect of soy isoflavones in enhancing the immune response and provide a

possible explanation through enhanced immune surveillance for lower incidence of certain cancers in soy-eating parts of the

world.

Copyright 2002, Elsevier Science (USA). All rights reserved.

T HE ABILITY TO mount an inflammatory response has
both advantages and disadvantages in terms of chronic

disease. Classically, advantages of the inflammatory response
are seen in terms of combating infection, whereas in autoim-
mune diseases the inflammation is unwanted. Originally, ad-
vantages were also seen in terms of tumor control and “immune
surveillance”1 and more recently in the function of the inflam-
matory process to reduce growth factor production, including
insulin-like growth factors,2 which have been implicated in
tumor promotion.3 On the other hand, inflammation appears to
be increasingly important in cardiovascular disease (CHD) with
the demonstration that C-reactive protein (CRP) is a strong
independent predictor of CHD in men and women.4-6

Estrogens have been shown to stimulate the immune system7

and raise CRP levels8,9 and attention has been drawn to the
greater propensity of women to suffer autoimmune dis-
eases.10,11 Soy proteins are associated with phytoestrogens or
plant-derived estrogenic substances (isoflavones in the case of
soy). It was therefore of interest to determine the effect of soy
protein with phytoestrogens present at high or very low levels
on inflammatory biomarkers and whether these plant estrogen-
like substances produced responses similar to mammalian es-
trogens.

We therefore assessed the levels of CRP, serum amyloid A
(SAA), interleukin-6 (IL-6), and tumor necrosis factor-�
(TNF-�) in hyperlipidemic men and women who had taken part
in a study of high- and low-isoflavone soy foods on blood
lipids. The lipid results of this study have been reported else-
where.12

MATERIALS AND METHODS

Study Protocol

The study followed a randomized crossover design in which all 41
subjects participated in three 1-month phases with each phase separated
by a minimum 2-week washout period. The 3 phases consisted of a

dairy and egg protein phase (control) and 2 soy protein phases, one high
and the other low in isoflavones. During all study phases subjects
followed their own self-selected National Cholesterol Education Pro-
gram (NCEP) step 2 diets (�7% energy from saturated fat and�200
mg/d dietary cholesterol),13 but substituted very low-fat dairy or soy
foods, with which they were provided, for the major sources of protein
in their customary diets. Subjects were blinded as to the level of
isoflavone in the soy foods. Nine men and 6 women started with the
control phase first. The respective figures for low- and high-isoflavone
soy phases were 8 and 6, and 6 and 5, respectively.

The study was approved by the Ethics Committee of the University
of Toronto and St Michael’s Hospital and informed consent was
obtained from the subjects.

Subjects

We enrolled 73 subjects; 18 withdrew either before or after random-
ization but before starting the study. Fourteen withdrew during the first
and second phases. Forty-one subjects completed all 3 phases (23 men
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and 18 postmenopausal women; age, 62� 2 years; body mass index
[BMI], 25.3 � 0.5 kg/m2). All subjects had elevated low-density
lipoprotein (LDL) cholesterol levels on initial assessment (�4.1 mmol/
L). Prior to the start of the study, 8 subjects had elevated triglyceride
levels (�2.3 mmol/L; range, 2.76 to 4.77 mmol/L). None had clinical
or biochemical evidence of diabetes or liver or renal disease, and none
were taking hypolipidemic agents. Five women were taking hormone-
replacement therapy and 3 were taking levothyroxine. Five men were
taking 1 or 2 of the following:�-blocking agents (n� 2), angiotensin-
converting enzyme (ACE) inhibitors (n� 1), angiotensin II subtype 1
(ATI) receptor blocker with a calcium channel blocker (n� 1), and
calcium channel blocker alone (n� 1). Four women were taking the
following drugs: angiotensin II ATI receptor blocker (n� 1), calcium
channel blocker (n� 2), and calcium channel blocker with an ACE
inhibitor (n � 1). Dosages for all medications for all subjects were held
constant throughout the study. Subjects were also asked to maintain
their habitual level of physical activity throughout all 3 study phases.

Diets

During study phases the diets were the subjects’ self-selected NCEP
step 2 diets in which the main protein-containing foods—meats, fish,
dairy, eggs, nuts (eg, peanut butter), and legumes—were replaced on
the control phase by low-fat dairy products including skim milk,
yogurt, cottage cheese, very low-fat Hoop cheese (Western Creamery,
Toronto, Canada), processed fat-free cheese slices (Kraft Canada, Don
Mills, Canada), and egg substitute (Egg Beaters, Lipton’s, Toronto,
Canada). On the high- and low-isoflavone soy phases the main protein-
containing foods were replaced by low-fat soy milk (0.1% fat) (Sani-
tarium, Pt Sidney, Australia), soy “hot dogs,” “breakfast links,” soy
“burgers,” and “cold cuts” (Yves Veggie Cuisine, Vancouver, Canada),

as well as tofu nuggets (Soy City Foods, Toronto, Canada) and tofu
burgers (La Soyarie, Hull, Canada). These products were made either
from alcohol-washed or non–alcohol-washed soy protein isolate (Pro-
tein Technologies International, St Louis, MO), or from tofu, which
was made from soy beans selected for their very high or very low
isoflavone content (First Line Seeds, Guelph, Canada; Advantage Seed
Growers and Processors, Lucknow, Canada). The nutrient profiles of
the dairy and soy food substitutions were balanced for fatty acid
composition and dietary cholesterol intake by the addition of butter
(group mean, 1.1 g/d) and 1 egg (53 g/wk) for an 8.4-MJ (2,000-kcal)
soy diet. The corresponding addition on the control diet was an oil
mixture providing 0.27 g/d soy oil, 3.2 g/d safflower oil, 1.5 g/d corn
oil, and 4.3 g/d canola oil. Foods provided were designed to represent
20% of the subjects’ estimated daily total energy intake14 and the foods
provided contributed approximately 13.5% energy as protein expressed
as a percentage of daily recorded energy intake (Table 1). Analyses of
isoflavones as aglycones in the soy foods indicated that the mean daily
intake of isoflavones for the 41 subjects was 10�0 mg/d on the
low-isoflavone soy food phase and 73� 3 mg/d on the high-isoflavone
soy food phase.

Soy milks for the study were delivered by courier to the subjects’
homes at the beginning of the phase. All other foods were provided on
a biweekly basis to be kept refrigerated or frozen by the subjects until
consumed. Subjects were provided with self-tarring digital electronic
scales on which to weigh all soy and dairy items prior to consumption
throughout the study. They also checked off these items as eaten on the
weekly lists provided. Scales were used to weigh all food items during
the weeks when diet histories were recorded. The subjects’ week four
7-day diet histories recorded during the first phase were photocopied
and given to that subject at the beginning of all subsequent phases as

Table 1. Calculated Dietary Intakes (mean � SE) for Week 4 of the Control and Soy Diet Phases

Control
(n � 40)

Low-Isoflavone Soy
(n � 39)

High-Isoflavone Soy
(n � 40)

Energy (MJ/d) 7.29 � 0.31 7.31 � 0.31 7.97 � 0.36†
(kcal/d) 1,743 � 73 1748 � 74 1905 � 85

Total Protein (g/d) 88 � 4 92 � 3 94 � 3
(%) 20.7 � 0.8 21.9 � 0.9 20.4 � 0.6

Vegetable protein (g/d) 28 � 2 88 � 3‡ 90 � 3‡
(%) 32.8 � 1.8 96.0 � 0.5‡ 95.9 � 0.4‡

Soy protein (g/d) 0 � 0 52 � 2‡ 50 � 2‡
(%) 0.0 � 0.0 12.6 � 1.0‡ 11.0 � 0.5‡

Available carbohydrate (g/d) 263 � 12 258 � 13 278 � 13
(%) 60.4 � 1.1 58.5 � 1.1 58.5 � 0.8

Total dietary fiber (g/d) 27 � 2 25 � 2 28 � 2
(g/MJ) 3.8 � 0.3 3.4 � 0.2 3.5 � 0.2

Total fat (g/d) 32 � 2 35 � 2 39 � 3‡
(%) 16.3 � 0.6 17.7 � 0.6 18.2 � 0.7*

SFA (g/d) 7 � 1 8 � 1 9 � 1‡
(%) 3.5 � 0.2 4.1 � 0.2* 4.2 � 0.2†

MUFA (g/d) 12 � 1 13 � 1 15 � 1‡
(%) 5.9 � 0.3 6.4 � 0.3 6.9 � 0.4†

PUFA (g/d) 10 � 1 12 � 1 12 � 1
(%) 5.4 � 0.2 6.0 � 0.3 5.6 � 0.3

PUFA:SFA (P/S ratio) 1.6 � 0.1 1.6 � 0.1 1.4 � 0.1*
Dietary cholesterol (mg/d) 59 � 5 68 � 6 71 � 6
(mg/MJ) 8.3 � 0.7 9.4 � 0.6 9.1 � 0.6

Alcohol (g/d) 7 � 2 5 � 2 9 � 3
(%) 2.5 � 0.7 1.9 � 0.5 2.8 � 0.7

Abbreviations: SFA, saturated fatty acids; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
*P � .050, †P � .01, and ‡P � .001, significance of the difference of either low- or high-isoflavone soy v control using the Tukey adjustment

in SAS.
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the template on which to model their dietary intake. Subjects were also
instructed that during the study they should eat no additional soy or
dairy foods, legumes, nuts, or viscous fiber sources such as psyllium.

Compliance was assessed by 7-day diet histories, completed check-
lists of the foods provided on a weekly basis, and the return of any
uneaten food items at clinic visits, which were then weighed and
recorded.

Every effort was made to ensure that subjects maintained the same
body weight throughout the study with appropriate advice given where
necessary at each clinic visit.

Measurements

Fasting body weight, blood samples, and blood pressure were ob-
tained at the start and end of each 4-week diet phase. Seven-day
weighed diet histories were recorded prior to each phase and on week
4 of each phase and checked with the dietitian to assure accuracy.

Analyses

Serum samples , stored at -70°C were analyzed for CRP by end-point
nephelometry (Behring BN100, N high-sensitivity C-reactive protein
reagent, Dade-Behring, Mississauga, Canada), SAA (Human SAA Cy-
toscreen enzyme-linked immunosorbent assay [ELISA] Kit, Catalog
#KHA0012, BioSource International, Camarillo, CA), IL-6 (Human
IL-6 ,US UltraSensitive Cytoscreen ELISA Kit, Catalog #KHC0063,
BioSource International), and TNF-� (Human TNF-� Ultrasensitive
ELISA kit, Catalog #KHC3013, BioSource International). For CRP,
SAA, IL-6, and TNF-�, the intra- and interassay coefficients of vari-
ation were, respectively, 2.4%, 7.7%, 4.3%, and 5.2%; and 3.7%,
10.7%, 6.8%, and 9.7%. Serum lipids were analyzed according to the
Lipid Research Clinics protocol15 for total cholesterol (TC), triglycer-
ide, and high-density lipoprotein cholesterol (HDL-C), after dextran
sulfate-magnesium chloride precipitation.16 All samples from a given
individual were analyzed in the same batch. LDL-C was calculated.17

Full lipid, lipoprotein, and apolipoprotein data are reported else-
where.12

Dietary isoflavone concentrations were measured as 3 aglycones
(genistein, daidzein, and glycitein) in foods, which had been freeze-
dried. After acid hydrolysis of endogenous isoflavones, aglycones in
alcoholic extracts were identified and quantitated by high-pressure
liquid chromatography (HPLC)18,19using a 600E multisolvent delivery
system with a photodiode array detector monitoring at 200 to 350 nm

(Waters, Marlborough, MA) and a Nova Pak C18 column (5�m, 150
mm � 3.9 mm internal diameter) (Waters) equipped with a C18 guard
column. Appropriate isoflavone standards were analyzed. Biochanin A
was used as an internal standard, with recovery values ranging from
80% to 100%. Food isoflavone data have been reported elsewhere.12

Freeze-dried soy and dairy foods were analyzed in the laboratory using
Association of Official Analytical Chemists methods for fat, protein,20 and
fiber21 with available carbohydrate calculated by difference. The fatty acid
composition was determined by gas chromatography.22 Diet histories were
assessed using a computer program based on US Department of Agricul-
ture data23 supplemented with data from food labels and from results of
foods analyzed in the laboratory. The percentage figures for soluble and
insoluble fiber were derived from published data.24

Statistical Analysis

The results are expressed as means� SE. The isoflavone effect was
assessed by comparing the 3 treatments using least-squares means test
with a Tukey adjustment to determine the significance of differences
between treatments.25 The statistical model included week 4 values as
the response variable, treatment and sequence as main effects, treat-
ment by sex as the interaction term, a random subject effect nested
within sex by sequence, and baseline as a covariate. SAS version 8
software was used throughout.25

RESULTS

Compliance was good. Consumption of the prescribed foods
expressed as a percentage of energy for the 3 phases was as
follows: control, 97.2%� 0.7%; low-isoflavone soy, 96.9%�
0.8%; and high-isoflavone soy, 97.8%� 0.5%. There were no
significant differences between treatments. There were no dif-
ferences between the control and the soy foods in body weight
change (control, -0.3� 0.1 kg; low-isoflavone soy, -0.3� 0.1
kg; high-isoflavone soy, -0.4� 0.1 kg) (Table 2).

In general, blood lipid CHD risk factors were reduced
equally on the high- and low-isoflavone soy diets.12 Expressed
as change from baseline, on the control phase, LDL-C was
reduced by 2.3%� 2.4% (P � .337), on the low-isoflavone
phase by 6.4%� 2.3% (P� .008), and on the high-isoflavone
phase by 7.6%� 2.7% (P � .008).12

Table 2. Mean � SE Week 0 and 4 Values of Acute-Phase Proteins and Proinflammatory Cytokines on the Control, Low-,

and High-Isoflavone Diet Periods (N � 41)

Sex

Control Low-Isoflavone Soy High-Isoflavone Soy

Week 0 Week 4 Week 0 Week 4 Week 0 Week 4

Body weight (kg) Men 76.6 � 1.9 76.3 � 1.8 76.5 � 1.9 76.1 � 1.8 76.7 � 2.0 76.3 � 1.9
Women 64.7 � 2.7 64.3 � 2.7 64.1 � 2.8 64.0 � 2.7 64.7 � 2.7 64.4 � 2.7

Acute-phase proteins
CRP (mg/L) Men 1.6 � 0.2 2.0 � 0.4 3.5 � 1.2 2.5 � 0.4 2.5 � 0.9 2.0 � 0.3

Women 3.4 � 1.1 2.7 � 0.7 2.4 � 0.5 3.1 � 0.6 2.8 � 0.7 4.5 � 1.6
SAA (�g/L) Men 11.3 � 1.5 10.7 � 1.2 13.9 � 2.6 14.0 � 1.6 12.1 � 1.9 11.8 � 1.4

Women 17.8 � 3.1 21.3 � 8.5 14.8 � 1.7 35.0 � 18.4 14.5 � 1.7 31.7 � 12.2
HDL-C (mmol/L) Men 1.20 � 0.05 1.11 � 0.04 1.19 � 0.05 1.13 � 0.04 1.18 � 0.07 1.13 � 0.05

Women 1.49 � 0.09 1.39 � 0.09 1.49 � 0.09 1.46 � 0.09 1.50 � 0.09 1.38 � 0.08
Proinflammatory cytokines
IL-6 (pg/mL) Men 0.89 � 0.43 0.93 � 0.39 1.14 � 0.42 0.99 � 0.48 0.88 � 0.32 0.88 � 0.47

Women 0.57 � 0.16 0.34 � 0.06 0.35 � 0.05 0.38 � 0.07 0.48 � 0.09 0.72 � 0.16*
TNF-� (pg/mL) Men 2.05 � 0.55 2.08 � 0.54 1.80 � 0.28 1.73 � 0.23 2.01 � 0.38 2.16 � 0.63

Women 1.49 � 0.11 1.47 � 0.11 1.42 � 0.11 1.44 � 0.08 1.40 � 0.09 1.47 � 0.13

*P � .013, significance of the difference between control and high-isoflavone soy diets assessed by the general linear model in SAS.
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Cytokines and Acute-Phase Proteins

For the entire group of subjects, no treatment differences
were observed for acute-phase proteins or proinflammatory
cytokines. However, a significant interaction was noted be-
tween diet and sex and the data are therefore presented broken
down by sex for comparisons between the 3 phases (control,
low-, and high-isoflavone) (Tables 2). In women, IL-6 on the
high-isoflavones soy diet at week 4 was significantly different
from the control week 4 value (P � .013). Although the
women’s week 4 IL-6 value on high-isoflavone soy was not
significantly different from the low-isoflavone value after ad-
justment (P � .115), the difference was significant before
adjustment (P � .048). No other comparison in the data set
achieved significance, although there was a tendency for CRP
and SAA to be higher after the high-isoflavone soy diet.

DISCUSSION

This study indicates that consumption of high-isoflavone soy
foods may increase IL-6 concentrations in serum. Soy isofla-
vones have been considered to have estrogenic properties and
have been classed as phyoestrogens or plant-derived com-
pounds with estrogenic activity. Estrogens have been reported
to enhance the immune response,8 including IL-6 production.26

We believe this is the first study to suggest a potential nonspe-
cific immune-stimulatory effect of soy phytoestrogens. The
implications are broad. On the negative side, soy isoflavones
may increase the risk of autoimmune disorders and possibly
CHD, where raised CRP levels have been found to be highly
predictive of future disease.3 On the positive side, high-isofla-
vone soy may prime the immune system to control infections
and possibly enhance natural defenses against tumor develop-
ment.

In terms of overstimulation of the immune response, the
effects of soy consumption were numerically very modest
when compared to control values. CRP has been strongly
associated with increased CHD risk in cohort studies.6 How-
ever, the rise in CRP levels after high-isoflavone soy consump-
tion was not seen in men and was not significant in women. In
the absence of a significant increase in CRP, an association
between soy isoflavones and increased CHD risk related to an
enhanced immune stimulation seems very unlikely. The more
so because soy proteins have been shown to reduce a wide
range of CHD risk factors, including the LDL-C:HDL-C ra-
tio,27,28 together with blood pressure,29 oxidized LDL-C,30-32

and homocysteine33 concentrations. Vegetable proteins have
been a component of successful CHD regression studies34,35

and are a notable dietary feature of traditional diets in the
Orient, where CHD is uncommon.36 In terms of increased
autoimmune disease, soy and other high-isoflavone– containing
foods have not been implicated. Follow-up of children fed soy
infant formula revealed no ill effects in adult life,37 and other
reports of soy consumption and disease that have focused on
cancer incidence38 or mental function39 have not reported ex-
cess morbidity or mortality from autoimmune diseases.

In terms of reduction in cancer risk, the main interest in soy
has related to hormone antagonistic activity and reduction in
risk of hormone-dependent cancers of breast and prostate.40 We
suggest that enhanced immune surveillance may be a further

feature of regular soy food consumption. The lower mortality
from hormone-dependent cancers in Japan and China is nota-
ble.41 Soy milk consumption has been associated with reduced
prostate cancer incidence and mortality.42 Despite concerns
from animal models that phytoestrogens may enhance breast
cancer risk,43 no increase in breast cancer has emerged related
to soy consumption.44 Rather soy-eating parts of the world are
notable for low rates of breast cancer.41

Both estrogens and phytoestrogens (isoflavone) are antioxi-
dants, and isoflavones have been shown both to reduce circu-
lating levels of oxidized LDL-C12,30-32 and to reduce in vitro
oxidizability of LDL-C.45,46 This antioxidant activity of soy
isoflavones has also been suggested to relate to anticancer
properties of soy through reduction in DNA damage.47 How-
ever, if soy isoflavones are immune stimulants as has been
determined for mammalian estrogens, then this function to-
gether with their antioxidant activity may be another factor
tending to reduce cancer risk.

Other effects of soy isoflavones may involve a range of
related mechanisms with antitumor implications. In the present
study, an increase in IL-6 concentrations was seen after feeding
high-isoflavone soy. IL-6 has been shown to stimulate produc-
tion of metal binding metallothionin, which binds zinc and
reduces blood levels.48 IL-6 also appears to reduce plasma
concentrations of insulin-like growth factor-1.49 These actions
would tend to reduce protein synthesis, and cell growth and
multiplication. In the longer term, these effects may also con-
tribute to reduced tumorigenesis.3

We conclude that soy isoflavones may have a modest action
in increasing the cytokine IL-6 even at intake levels where no
other endocrine-related effects occur. This effect may be part of
a general estrogenic stimulation of the immune response or
may be more specific for IL-6. On balance, this action would
appear to be a beneficial effect with possible implications in
cancer risk reduction, a function that has been ascribed to soy.
Further studies are warranted to assess the effect of soy phy-
toestrogens on IL-6 and in turn its relation to suppression of
growth factors such as insulin-like growth factor-1, raised
concentrations of which have been associated with a range of
cancers including colon, breast, and ovary.3
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