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Abstract
Aims/hypothesis To examine the association between soybean
products and risk of type 2 diabetes, we measured four isoflavone biological markers—genistein, daidzein, glycitein and
equol—in a nested case–control study.
Methods The study population was composed of 693 cases
(316 women and 377 men) and 698 matched controls (317
women and 381 men) within the Korean Genome and Epidemiology Study. The concentrations of isoflavone biomarkers
were measured using HPLC-MS/MS on plasma samples that
were collected at baseline. A stratified analysis was undertaken to examine the association between plasma isoflavone
concentrations and risk of type 2 diabetes according to sex
and equol production. Logistic regression models were used
to compute ORs and 95% CIs adjusted for confounders.
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Results In women, compared with the lowest quartile of plasma concentration of genistein, the highest quartile exhibited a
significantly decreased risk of diabetes (OR 0.58, 95% CI
0.35, 0.95). When stratified by equol-producing status in
women, the OR for diabetes in the highest vs the lowest
quartile of genistein concentration was 0.31 (95% CI 0.16,
0.60) in equol producers, but genistein concentration was not
associated with risk of diabetes in equol non-producers (p for
interaction=0.013). In men, isoflavone concentrations were
not associated with risk of diabetes, regardless of equolproducing status.
Conclusions/interpretation High plasma concentrations of
genistein were associated with a decreased risk of type 2
diabetes in women. This inverse association was prominent
in equol-producing participants. These results suggest a beneficial effect of a high intake of soybean products on risk of
type 2 diabetes in women.
Keywords Equol . Genistein . Isoflavone . Type 2 diabetes
Abbreviations
FFQ
Foods frequency questionnaire
FSG
Fasting serum glucose
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Introduction
The prevalence of type 2 diabetes is rapidly increasing worldwide in parallel with an ageing population, economic growth
and the urbanisation of developing countries. The number of
patients with diabetes was estimated to be 171 million in 2000
and is projected to rise to 366 million in 2030, contributing to
the so-called ‘diabetes epidemic’ [1]. This diabetes epidemic
is caused by lifestyle factors such as physical inactivity,
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obesity and the Westernisation of dietary habits; therefore the
identification of protective factors associated with type 2
diabetes is important for establishing prevention strategies.
Previous studies have suggested that endogenous sex hormones may have a role in a sex-dependent development of
type 2 diabetes by influencing body weight, body fat distribution and insulin sensitivity via effects on adiposity [2].
Soybean products are a candidate food that may prevent type
2 diabetes because the chemical structure of isoflavones from
soybeans is similar to that of oestrogen. In addition to the fact
that isoflavones can regulate glucose homeostasis via
oestrogen-like actions, soybeans have a glucose-lowering effect through a modulation of insulin resistance, an inhibition
of intestinal glucose uptake and the prevention of glucoseinduced lipid peroxidation [3–5]. However, because the doses
of isoflavone from soy products used in in vitro or animal
studies are much higher than those in the soy products regularly consumed by humans, the health benefits of soy for type
2 diabetes have been found in epidemiological studies to be
limited and inconsistent [6–9]. Although there is emerging
evidence that the response to isoflavone intake may vary
according to an individual’s equol-producing capacity, previous studies have not considered equol, which is a metabolite
of isoflavone [10, 11].
The inconsistent results regarding the dietary intake of soy
products may be due to the use of food frequency questionnaires (FFQs), a low amount of soy consumption according to
ethnicity and interindividual variability in the response to
isoflavones according to equol-producing. Although we can
estimate the usual intake of soy products with FFQs, FFQs are
vulnerable to measurement errors because of memory decay.
In addition, when using FFQs, we cannot know how much of
the soy intake will reach the systemic circulation and we
cannot assess the individual’s equol-producing capacity. Thus,
the measurement of biological markers and a prospective
cohort study design in a population with high soybean consumption can provide valid results to assess the association
between the intake of soybean products and type 2 diabetes
[12].
Because isoflavones are abundant in soybeans, plasma
isoflavone concentrations reflect the dietary intake of soybean
products [13]. In this Korean nested case–control study, we
measured isoflavone biological markers (genistein, daidzein,
glycitein and equol) to examine whether isoflavones are associated with the development of type 2 diabetes according to
sex and equol-producing status.

Methods
Study population and data collection In 2001, the Korea
Centers for Disease Control and Prevention launched a cohort
project under the name of Korean Genome and Epidemiology
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Study (KoGES) to identify environmental and genetic risk
factors (and their interactions) that contribute to the development of major chronic diseases, such as hypertension, type 2
diabetes and the metabolic syndrome.
Individuals who were eligible to participate in this study
were selected from an ongoing population-based cohort of
KoGES in a rural community (Ansung) and an urban community (Ansan). Detailed information on the procedure and
design for the Ansung and Ansan cohorts has previously been
reported [14, 15]. Briefly, in 2000, the size of the base population of individuals aged from 40 to 69 years of age was
132,906 for Ansung and 554,998 for Ansan. To select a
representative sample from each community, five Myeons
(governing regions similar to townships) in Ansung were
selected out of 11 Myeons by cluster sampling, and 5,018
people were recruited from the 7,192 eligible individuals
(giving a response rate 69.8%); the telephone directory was
used to make a random selection in Ansan. Among 21 Dongs
(governing regions similar to districts) in Ansan as the primary
sampling units, 400 randomly selected telephone numbers in
each Dong were assigned to the sub-sampling unit. A total of
5,020 people participated after contact had been made with
10,957 individuals by telephone call (a response rate of
45.8%). A total of 10,038 men and women were recruited
from 2001 through 2002, and a baseline study was conducted.
Information on the general characteristics of the participants’ medical history, lifestyle, physical activity level, diet,
reproductive factors and psychosocial factors was obtained
through interviews using a structured questionnaire. Information on diet was collected using an FFQ developed by the
Korean National Institutes of Health. A validation test had
previously been conducted for this FFQ [16]. The FFQ included 103 food items to assess the usual dietary intake
consumed during the preceding 12 months, and dietary isoflavone intake was calculated using the isoflavone database
for usual Korean foods [17]. However, there was no information about the validity of the dietary assessment to estimate
isoflavone intake using the FFQ.
Anthropometric measurements such as blood pressure,
height, weight, waist circumference and body composition
were also obtained. At the baseline when the study population
was enrolled, plasma was immediately separated by centrifugation (382g for 20 min at 4°C) for clinical laboratory measurements such as fasting serum glucose (FSG), total cholesterol, triacylglycerols and HDL-cholesterol using a Hitachi
747 chemistry analyser (Hitachi, Tokyo, Japan). After 8–
14 h of overnight fasting, all participants underwent a 2 h
75 g OGTT. Blood and spot urine samples were collected, and
serum, plasma and buffy coat samples were stored at −70°C or
in an LN2 tank. The study participants gave their informed
consent, and the study protocol was approved by the institutional review board of the Korea Centers for Disease Control
and Prevention.
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Follow-up and selection of cases and controls Follow-up
examinations were conducted at 2 year intervals. The
follow-up rates were 85.7%, 74.9% and 66.6%, respectively,
at the 2, 4 and 6 year follow-up surveys after the baseline
survey.
At each follow-up examination, participants were
interviewed using a questionnaire, and their FSG levels were
measured. In addition, their serum glucose levels were measured 2 h after an OGTT in the same manner as for the
baseline survey. A participant was considered to be an incident
case if at least one of the following criteria was met: FSG
levels ≥7.0 mmol/l, serum glucose levels after a 2 h OGTT
≥11.1 mmol/l or the individual self-reporting treatment with a
hypoglycaemic medication.
In Ansung, plasma samples were collected from 2003 (at
the first follow-up examinations), and we considered the first
follow-up examinations as the baseline. As of December
2008, we had identified 700 newly diagnosed incident individuals with type 2 diabetes via an active bi-annual follow-up.
We conducted frequency matching with cases to select controls within the cohort based on age, sex and area of residence
(Ansung or Ansan). The the controls were free of diabetes and
alive at the time of diagnosis of the matched cases.
Measurements of plasma concentrations of genistein, daidzein, glycitein and equol We measured the plasma concentrations of the isoflavones genistein, daidzein, glycitein and
equol, a daidzein metabolite, using liquid chromatography
and MS, which allow precise, sensitive and rapid analysis
with limited volumes of plasma [18].
For quality control, we calculated the coefficients of variation (i.e. the SD divided by the mean multiplied by 100 to
result in a percentage) within each batch using 141 replicated
samples for genistein, glycitein, daidzein and equol. In our
study, the mean coefficients of variation were 6.8% for genistein, 10.1% for glycitein, 8.9% for daidzein and 8.2% for
equol.
Statistical analysis A t test, Wilcoxon’s rank sum test or χ2
test was used to identify differences between cases and controls with regard to the means or proportions of baseline
characteristics such as age, sex, cigarette smoking, alcohol
consumption, BMI, systolic blood pressure, total energy intake and isoflavone intake measured by FFQ. The concentrations of the isoflavones was divided into quartiles within the
control groups. Unconditional logistic regression models were
used to assess the associations between concentration of
isoflavones and type 2 diabetes in men and women, and
ORs and 95% CIs for risk of type 2 diabetes were calculated
adjusted for age (continuous variable), area of residence
(Ansung/Ansan), cigarette smoking (never/past/current
smoking), alcohol drinking (never/past/current drinking),
BMI (continuous variable), systolic BP (continuous variable)
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and FSG (continuous variable) at baseline, all of which are
known risk factors for type 2 diabetes and are associated with
isoflavone levels. The p values for the trend test were calculated by treating the numerical values of the categorical variable as a score in multiple logistic regression models. A
stratified analysis was completed to examine the association
between the plasma genistein, daidzein and glycitein concentrations and the risk of type 2 diabetes according to sex and
equol-producing status. The p values for interaction were
calculated by adding an interaction term to the logistic regression model. We defined equol non-producers as individuals
who had plasma concentrations below the limit of detection of
the present assay, 0.068 ng/ml, as in previous studies [19–21].
All analyses were conducted using SAS 9.2 (SAS Institute,
Cary, NC, USA).

Results
After excluding participants in whom a plasma isoflavone
concentration could not be measured, 693 individuals with
type 2 diabetes and 698 controls were included in the final
analysis. The demographic and lifestyle characteristics of the
participants with type 2 diabetes and the matched controls are
presented in Table 1. The mean age of the cases and control
participants was 53.8 and 53.7 years for women, and 51.3 and
51.3 years for men, respectively. The BMI and systolic BP
were higher in cases than controls. There were no significant
differences in the selected characteristics, including age, sex,
area of residence, history of cigarette smoking, alcohol consumption history and dietary intake between the cases and the
controls.
In women, the median plasma equol concentration was
lower in the cases than in the controls (5.1 ng/ml for cases
and 14.8 ng/ml for controls; p=0.013; Table 2). There were no
significant differences in the median plasma concentration
between cases and controls for the other isoflavones tested.
In men, the median plasma concentration of daidzein was
higher in the cases than in the controls (114 ng/ml for cases
and 83.9 ng/ml for controls; p=0.038).
In women, a decreasing trend in the risk of type 2 diabetes
was demonstrated with categories of increasing genistein concentration (p value for trend=0.024), and a significantly decreased risk was found in women with the highest concentration of genistein (compared with the lowest quartile: OR 0.58,
95% CI 0.35, 0.95; Table 3). Compared with the lowest
quartile, the highest quartile of equol concentration was marginally associated with a decreased risk of type 2 diabetes in
women (OR 0.67, 95% CI 0.43, 1.06). There was no association between the risk of type 2 diabetes and the plasma
concentration of daidzein and glycitein. In men, the concentrations of the four isoflavones genistein, glycitein, daidzein
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Baseline characteristics of the participants with type 2 diabetes and the controls

Variable

Women

Age (years)a, mean±SD
Areab, n (%)
Ansung (4 years follow-up)
Ansan (6 years follow-up)
Smokingb,d, n (%)
No history of smoking
Ex-smoker
Current smoker
Alcohol drinkingb,d, n (%)
No history of drinking
Ex-drinker
Current drinker
BMI (kg/m2)a, mean±SD
Systolic BPb (mmHg), mean±SD
Dietary intake per day c
Total energy (kJ), mean±SD
Protein (g), mean±SD
Fat (g), mean±SD
Carbohydrate (g), mean±SD
Vitamin C (mg), mean±SD
Fibre (g), mean±SD
Isoflavone (mg), mean±SD

Men

Cases (n=316)

Controls (n=317)

53.8±9.0

53.7±8.8

97 (30.7)
219 (69.3)

p value

Cases (n=377)

Controls (n=381)

0.89

51.3±8.4

51.3±8.3

0.93

97 (30.6)
220 (69.4)

0.98

77 (20.4)
300 (79.6)

78 (20.5)
303 (79.5)

0.99

293 (92.7)
13 (4.1)
10 (3.2)

304 (95.9)
6 (1.9)
6 (1.9)

0.15

68 (18.0)
162 (43.0)
147 (39.0)

73 (19.2)
160 (42.0)
148 (38.9)

0.92

219 (69.3)
84 (26.6)
13 (4.1)
25.9±3.3
121±19

232 (73.2)
81 (25.6)
4 (1.3)
24.8±3.3
118±21

0.08

62 (16.5)
280 (74.3)
35 (9.3)
25.0±2.8
122±18

73 (19.2)
277 (72.7)
30 (7.9)
24.2±2.7
117±16

0.53

7,611±2,795
63.2±29.7
28.6±18.1
322±113
128±91.8
20.6±9.3
18.7±13.1

7,640±2,342
61.9±20.4
28.9±15.5
324±103
119±98.4
20.0±8.7
18.4±13.3

8,271±2,291
70.9±26.4
36.6±17.9
335±86.9
111±68.6
20.1±8.5
16.6±12.1

8,437±3,020
70.8±29.9
37.0±21.4
344±114
111±68.2
20.0±9.0
15.6±12.7

<0.001
0.06
0.58
0.66
0.58
0.87
0.08
0.53
0.53

a

p values were calculated by the t test

b

p values were calculated by the χ2 test

c

Dietary intake was measured by the FFQ and p values were calculated by Wilcoxon’s rank sum test

d

There were missing data in smoking (n=1) and alcohol drinking history (n=1)

and equol showed no association with risk of type 2 diabetes,
except for the second highest quartile of genistein.
There was a significant interaction for risk of type 2 diabetes between genistein concentration and sex (p for interaction=0.034). There was no association between risk of type 2
diabetes and the dietary isoflavone intake measured by the
FFQ in either men or women.

Table 2

a

<0.001
0.001
0.47
0.94
0.84
0.19
0.85
0.97
0.16

Among the women, 64.8% of the participants were equol
producers (Table 4). When the female study participants were
stratified by equol production, the results differed according to
equol-producing status. In equol producers, the highest concentration of genistein was associated with a significantly
decreased risk of type 2 diabetes (OR 0.31, 95% CI 0.16,
0.60), and a dose–response relationship was also found

Plasma concentration of isoflavones among cases and matched controls by sex

Isoflavone Women
(ng/ml)
Cases (n=316)

Genistein
Glycitein
Daidzein
Equol

p value

Men
p valuea Cases (n=377)

Controls (n=317)

Median (IQR)

Mean±SD Median (IQR)

Mean±SD

209 (112–405)
8.0 (6.3–12.0)
73.4 (27.1–161)
5.1 (0.07–56.7)

337±385
12.4±20.5
180±753
77.3±207

413±544
10.6±8.5
153±219
97.0±292

237 (121–478)
8.0 (6.2–11.8)
75.8 (34.1–177)
14.8 (0.07–95.0)

p values were calculated by Wilcoxon’s rank sum test

0.181
0.623
0.358
0.013

p valuea

Controls (n=381)

Median (IQR)

Mean±SD Median (IQR)

Mean±SD

290 (135–528)
8.3 (6.8–12.5)
114 (46.2–207)
17.1 (0.13–102)

428±456
12.0±12.7
185±297
120±329

414±466
11.1±10.4
198±730
85.0±176

245 (121–540)
8.3 (6.7–11.4)
83.9 (40.7–175)
13.8 (0.07–86.3)

0.144
0.200
0.038
0.349

Case, n (%)
(n=316)

Women

d

c

b

a

Reference
1.03 (0.67, 1.60)
1.03 (0.66, 1.61)
1.11 (0.73, 1.70)
0.643
Reference
0.97 (0.63, 1.49)
1.01 (0.65, 1.55)
0.93 (0.61, 1.43)
0.792
Reference
0.95 (0.61, 1.48)
0.72 (0.47, 1.10)
0.63 (0.41, 0.96)
0.017
Reference
0.86 (0.52, 1.40)
0.99 (0.62, 1.56)
1.22 (0.78, 1.89)
0.273

90 (28.4)
76 (24.0)
70 (22.1)
81 (25.6)

90 (28.4)
76 (24.0)
72 (22.7)
79 (24.9)

101 (31.9)
56 (17.7)
77 (24.3)
83 (26.2)

69 (22.3)
67 (21.6)
84 (27.1)
90 (29.0)

Reference
0.86 (0.51, 1.46)
0.92 (0.56, 1.51)
1.16 (0.72, 1.87)
0.438

Reference
1.07 (0.66, 1.76)
0.78 (0.49, 1.22)
0.67 (0.43, 1.06)
0.054

Reference
0.89 (0.56, 1.42)
0.89 (0.55, 1.42)
0.91 (0.56, 1.48)
0.696

Reference
1.14 (0.71, 1.82)
1.03 (0.63, 1.66)
1.28 (0.81, 2.02)
0.377

Reference
0.81 (0.51, 1.29)
0.69 (0.43, 1.11)
0.58 (0.35, 0.95)
0.024

OR (95% CI)b

100 (27.3)
82 (22.4)
86 (23.5)
98 (26.8)

94 (24.9)
87 (23.1)
91 (24.1)
105 (27.9)

72 (19.1)
81 (21.5)
115 (30.6)
109 (28.9)

81 (21.5)
92 (24.4)
96 (25.5)
108 (28.7)

80 (21.2)
76 (20.2)
125 (33.2)
96 (25.5)

Case, n (%)
(n=377)

Men

102 (27.4)
103 (27.6)
86 (23.1)
82 (22.0)

99 (26.0)
93 (24.4)
98 (25.7)
91 (23.9)

85 (22.3)
98 (25.7)
103 (27.0)
95 (24.9)

85 (22.3)
98 (25.7)
105 (27.6)
93 (24.4)

96 (25.2)
91 (23.9)
95 (24.9)
99 (26.0)

Control, n (%)
(n=381)

Reference
0.81 (0.54, 1.21)
1.02 (0.68, 1.53)
1.22 (0.82, 1.82)
0.228

Reference
0.99 (0.66, 1.48)
0.98 (0.66, 1.46)
1.22 (0.82, 1.81)
0.368

Reference
0.98 (0.64, 1.50)
1.32 (0.87, 1.99)
1.36 (0.89, 2.06)
0.065

Reference
0.99 (0.65, 1.49)
0.96 (0.64, 1.45)
1.22 (0.81, 1.84)
0.368

Reference
1.00 (0.66, 1.53)
1.58 (1.06, 2.35)
1.16 (0.77, 1.75)c
0.166

OR (95% CI)a

Reference
0.87 (0.57, 1.34)
1.12 (0.72, 1.74)
1.11 (0.72, 1.73)
0.440

Reference
1.06 (0.68, 1.66)
0.93 (0.60, 1.43)
1.30 (0.84, 2.01)
0.355

Reference
0.80 (0.50, 1.28)
1.11 (0.71, 1.74)
1.14 (0.72, 1.80)
0.279

Reference
0.90 (0.57, 1.42)
0.83 (0.53, 1.29)
1.09 (0.70, 1.71)
0.740

Reference
1.04 (0.66, 1.66)
1.62 (1.05, 2.52)
1.15 (0.74, 1.81)
0.227

OR (95% CI)b

0.944

0.038

0.580

0.948

0.034

p for
interactionc

Dietary isoflavone intake was measured by the FFQ, and there were missing data (total number of missing FFQ=42)

Interaction between isoflavone and sex

The adjusted OR (95% CI) was calculated using an unconditional logistic regression model adjusted for age, area of residence, cigarette smoking, alcohol consumption, BMI, systolic BP and FSG level at baseline

The crude OR (95% CI) was calculated using an unconditional logistic regression model

Reference
1.00 (0.65, 1.52)
0.84 (0.55, 1.30)
0.69 (0.43, 1.09)
0.084

OR (95% CI)a

79 (24.9)
83 (26.2)
80 (25.2)
75 (23.7)

Control, n (%)
(n=317)

Type 2 diabetes risk and isoflavones (plasma concentration and dietary intake) by sex

Plasma isoflavones, ng/ml
Genistein (median, range)
1Q (63.7, ≤120.5)
89 (28.2)
2Q (173.9, 120.6–238.8)
93 (29.4)
3Q (344.6, 238.9–518.3)
76 (24.1)
4Q (845.0, ≥518.4)
58 (18.4)
p for trend
Glycitein (median, range)
1Q (5.4, ≤6.4)
86 (27.2)
2Q (7.2, 6.5–8.0)
75 (23.7)
3Q (9.4, 8.1–11.3)
69 (21.8)
4Q (16.7, ≥11.4)
86 (27.2)
p for trend
Daidzein (median, range)
1Q (15.7, ≤35.7)
92 (29.1)
2Q (58.3, 35.8–80.6)
75 (23.7)
3Q (124.1, 80.7–176.7)
74 (23.4)
4Q (324.5, ≥176.8 )
75 (23.7)
p for trend
Equol (median, range)
1Q (0.068, ≤0.068)
122 (38.6)
2Q (5.9, 0.1–14.4)
64 (20.3)
3Q (40.3, 14.5–89.2)
67 (21.2)
4Q (193, ≥89.3)
63 (19.9)
p for trend
Dietary isoflavonesd, mg/day (median, range)
1Q (3.7, ≤6.7)
65 (21.7)
2Q (10.5, 6.8–14.6)
54 (18.0)
3Q (17.9, 14.7–21.8)
78 (26.0)
4Q (32.6, ≥21.9)
103 (34.3)
p for trend

Isoflavone

Table 3
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Reference
1.14 (0.65, 2.01)
1.19 (0.68, 2.10)
1.15 (0.67, 1.95)
0.618
Reference
0.97 (0.56, 1.68)
1.03 (0.59, 1.79)
0.95 (0.56, 1.62)
0.910
Reference
0.84 (0.46, 1.55)
0.75 (0.42, 1.34)
1.12 (0.65, 1.95)
0.649

56 (25.9)
49 (22.7)
48 (22.2)
63 (29.2)

55 (25.5)
52 (24.1)
48 (22.2)
61 (28.2)

44 (20.8)
46 (21.7)
59 (27.8)
63 (29.7)

Reference
0.81 (0.42, 1.56)
0.64 (0.34, 1.20)
1.01 (0.56, 1.82)
0.978

Reference
0.95 (0.52, 1.73)
0.87 (0.47, 1.62)
0.87 (0.47, 1.61)
0.625

Reference
1.27 (0.69, 2.36)
1.17 (0.63, 2.17)
1.24 (0.70, 2.21)
0.542

Reference
0.49 (0.27, 0.91)
0.46 (0.25, 0.83)
0.31 (0.16, 0.60)
0.001

OR (95% CI)b

The crude OR (95% CI) was calculated using an unconditional logistic regression model

Reference
0.65 (0.37, 1.13)
0.63 (0.36, 1.08)
0.44 (0.25, 0.78)
0.007

OR (95% CI)a

43 (19.9)
54 (25.0)
58 (26.9)
61 (28.2)

Controls (n=216)

24 (20.7)
18 (15.5)
37 (31.9)
37 (31.9)

41 (33.6)
30 (24.6)
28 (23.0)
23 (18.9)

41 (33.6)
30 (24.6)
23 (18.9)
28 (23.0)

30 (24.6)
45 (36.9)
26 (21.3)
21 (17.2)

Cases (n=122)

25 (25.5)
21 (21.4)
25 (25.5)
27 (27.6)

34 (33.7)
25 (24.8)
23 (22.8)
19 (18.8)

34 (33.7)
27 (26.7)
22 (21.8)
18 (17.8)

36 (35.6)
29 (28.7)
22 (21.8)
14 (13.9)

Controls (n=101)

Equol non-producer (n=223)

Reference
0.89 (0.38, 2.07)
1.54 (0.72, 3.28)
1.43 (0.68, 3.02)
0.201

Reference
1.00 (0.50, 2.00)
1.01 (0.49, 2.06)
1.00 (0.47, 2.14)
0.983

Reference
0.92 (0.46, 1.84)
0.87 (0.41, 1.82)
1.29 (0.61, 2.72)
0.628

Reference
1.86 (0.95, 3.65)
1.42 (0.67, 2.99)
1.80 (0.78, 4.14)
0.218

OR (95% CI)a

Reference
0.96 (0.37, 2.49)
1.82 (0.76, 4.39)
1.48 (0.65, 3.38)
0.204

Reference
0.81 (0.38, 1.75)
0.82 (0.37, 1.85)
1.10 (0.46, 2.66)
0.954

Reference
1.01 (0.47, 2.15)
0.79 (0.35, 1.78)
1.92 (0.82, 4.47)
0.284

Reference
1.66 (0.81, 3.44)
1.27 (0.54, 2.99)
1.80 (0.72, 4.49)
0.270

OR (95% CI)b

0.292

0.949

0.608

0.013

p for interactionc

d

c

Dietary isoflavone intake was measured by the FFQ, and there were missing data (total number of missing FFQ=23)

Interaction between isoflavone and sex

The adjusted OR (95% CI) was calculated using an unconditional logistic regression model adjusted for age, area of residence, cigarette smoking, alcohol consumption, BMI, systolic BP and FSG level at
baseline

b

a

Plasma isoflavones, ng/ml
Genistein
1Q (≤120.5)
59 (30.4)
2Q (120.6–238.8) 48 (24.7)
3Q (238.9–518.3) 50 (25.8)
4Q (≥518.4)
37 (19.1)
p for trend
Glycitein
1Q (≤6.4)
45 (23.2)
2Q (6.5–8.0)
45 (23.2)
3Q (8.1–11.3)
46 (23.7)
4Q (≥11.4)
58 (29.9)
p for trend
Daidzein
1Q (≤35.7)
51 (26.3)
2Q (35.8–80.6)
45 (23.2)
3Q (80.7–176.7)
46 (23.7)
4Q (≥176.8)
52 (26.8)
p for trend
Dietary isoflavonesd, mg/day
1Q (≤6.7)
41 (22.3)
2Q (6.8–14.6)
36 (19.6)
3Q (14.7–21.8)
41 (22.3)
4Q (≥21.9)
66 (35.9)
p for trend

Cases (n=194)

Equol producer (n=410)

Type 2 diabetes risk and isoflavones (plasma concentration and dietary intake) in women according to equol-producing status

Isoflavone (range)
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between the concentration of genistein and the risk of type 2
diabetes (p value for trend=0.001). However, in equol nonproducers, the genistein concentration was not associated with
risk of type 2 diabetes. There was a significant interaction for
risk of type 2 diabetes between the genistein concentration and
the equol-producing status (p for interaction=0.013). The
concentrations of daidzein and glycitein were not associated
with risk of type 2 diabetes in women regardless of equolproducing status.
In men, no isoflavone was associated with risk of type 2
diabetes, regardless of equol-producing status (Table 5).

Discussion
In this nested case–control study using a population-based
cohort in Korea, isoflavone biomarkers such as genistein were
associated with a decreased risk of type 2 diabetes in women.
The inverse association between genistein and type 2 diabetes
was prominent in equol-producing individuals. However,
there was no association between isoflavone and type 2 diabetes in men regardless of equol-producing status.
Oestrogen and oestrogen receptors are known to regulate
glucose homeostasis by influencing glucose metabolism in the
central nervous system, pancreatic beta cells, muscles, liver
and adipocytes. Oestrogen increases insulin secretion in beta
cells and glucose uptake in muscle fibres and adipocytes, and
inhibits gluconeogenesis in the liver [22]. Because isoflavones
in soybeans have a chemical structure similar to that of
oestrogen, the glucose-lowering effect of isoflavones has
attracted attention. Several experimental studies have suggested that isoflavones have anti-obesity or glucose-lowering
effects via various biological mechanisms. Genistein inhibits
glucose uptake in the intestinal brush border by inhibiting
tyrosine kinase activity or decreasing sodium-dependent glucose transport [5]. Isoflavones also have glucose-lowering
effects by activating insulin secretion by the islet cells and
inhibiting the proliferation of these cells [5]. Isoflavones inhibit adipogenic differentiation by activating AMP-activated
protein kinases and lipid accumulation [23–25].
Although a limited number of epidemiological studies have
evaluated the association between soybean intake and incidence of type 2 diabetes, our results were consistent with those
of previous large cohort studies. In the Shanghai women’s
health study, the highest quintile for soybean intake exhibited
a significantly reduced risk (47%) of type 2 diabetes compared
with the lowest quintile [8]. The Singapore Chinese Health
Study reported that the intake of unsweetened soy reduced the
risk of type 2 diabetes by up to 30% [6]. However, evidence
on the association between soybean intake and type 2 diabetes
is inconsistent. A population-based cohort study in Japan
reported that the intake of soybean products and isoflavones
was associated with a lower risk of type 2 diabetes in
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overweight women, but there was no association in men or
normal-weight women [9]. In a multiethnic population with
relatively low soy food consumption in Hawaii, a higher soy
intake was associated with an increased risk of type 2 diabetes
in overweight but not in normal-weight people [7].
Although the evidence for a glucose-lowering effect of
isoflavones is clear from animal or in vitro studies, the results
from epidemiological studies have been inconsistent, and we
need to consider these inconsistencies further. First, the inconsistent results may result from a geographical variation in
soybean consumption. Isoflavone serum concentrations in
Asian populations have been found to be more than ten times
higher than those in Western populations, and high levels of
consumption among Western populations are far below even
the lower levels of intake in our study populations. Second, a
measurement error could also give rise to inconsistent results.
Previous studies have used FFQs to measure soybean or
isoflavone intake. Because FFQs are dependent on the participant’s memory, they are generally sensitive to measurement
error. In addition, there may be a difference between the
dietary intake of a substances and its active level in the blood
owing to a variability in food, food-processing and storage,
individual variability in uptake and metabolism, and variability of the gut microbiome. Third, the discrepancy between
epidemiological studies of soy isoflavones could be attributed
to a failure to distinguish between equol producers and nonproducers in the metabolism of isoflavones. Although equol is
biotransformed from daidzein by the metabolism caused by
gut bacteria, some individuals cannot metabolise daidzein to
equol. Up to 80% of Asian individuals produce equol after
consuming soy products, in contrast to only 30–40% of Western populations [26, 27]. There is increasing evidence that the
endocrine-related clinical efficacy of isoflavone may be modified by equol-producing status [28]. However, FFQs cannot
distinguish equol producers from equol non-producers.
In our study, isoflavones were associated with type 2
diabetes only in women. This may be explained partially by
the role of endogenous sex hormones in the development of
type 2 diabetes. Hyperandrogenic conditions have been
strongly associated with glucose intolerance and insulin resistance in women, whereas hypoandrogenic conditions have
been associated with insulin resistance and adiposity in men
[29, 30]. As oestrogen receptor and androgen pathway modulators, isoflavones have antiandrogenic properties and can
act as oestrogen receptor agonists or antagonists depending on
endogenous oestrogen levels [31, 32].
In our studies, genistein and equol, but not daidzein and
glycitein, were associated with type 2 diabetes. The action of
isoflavones may depend on their bioavailability. Compared
with the binding activity of 17-β-oestradiol to receptors, the
binding activity of genistein was 4–87% that of 17-βoestradiol, and daidzein binding was 0.1–0.5% that of 17-βoestradiol [33]. Genistein reaches its peak concentration

Reference
1.03 (0.63, 1.68)
0.95 (0.59, 1.52)
1.43 (0.89, 2.32)
0.175
Reference
1.07 (0.64, 1.80)
1.34 (0.81, 2.21)
1.43 (0.87, 2.35)
0.099
Reference
0.90 (0.56, 1.44)
0.91 (0.56, 1.47)
1.49 (0.93, 2.38)
0.104

62 (22.0)
69 (24.5)
85 (30.1)
66 (23.4)

55 (19.5)
74 (26.2)
76 (27.0)
77 (27.3)

71 (25.4)
79 (28.2)
70 (25.0)
60 (21.4)

Reference
0.97 (0.58, 1.61)
1.04 (0.62, 1.74)
1.37 (0.82, 2.30)
0.220

Reference
0.89 (0.50, 1.56)
1.15 (0.67, 2.00)
1.19 (0.69, 2.07)
0.314

Reference
1.07 (0.62, 1.84)
0.84 (0.50, 1.40)
1.38 (0.82, 2.33)
0.352

Reference
1.03 (0.59, 1.79)
1.70 (1.02, 2.82)
1.16 (0.69, 1.95)
0.276

OR (95% CI)b

The crude OR (95% CI) was calculated using an unconditional logistic regression model

Reference
1.06 (0.64, 1.75)
1.63 (1.03, 2.58)
1.13 (0.71, 1.79)
0.322

OR (95% CI)a

72 (25.5)
60 (21.3)
70 (24.8)
80 (28.4)

Controls (n=282)

34 (37.0)
16 (17.4)
27 (29.4)
15 (16.3)

27 (28.7)
16 (17.0)
32 (34.0)
19 (20.2)

24 (25.5)
27 (28.7)
22 (23.4)
21 (22.3)

20 (21.3)
23 (24.5)
30 (31.9)
21 (22.3)

Cases (n=94)

31 (33.3)
24 (25.8)
16 (17.2)
22 (23.7)

30 (30.3)
24 (24.2)
27 (27.3)
18 (18.2)

23 (23.2)
29 (29.3)
20 (20.2)
27 (27.3)

24 (24.2)
31 (31.3)
25 (25.3)
19 (19.2)

Controls (n=99)

Equol non-producer (n=193)

Reference
0.61 (0.27, 1.35)
1.54 (0.70, 3.38)
0.62 (0.28, 1.41)
0.713

Reference
0.74 (0.33, 1.68)
1.32 (0.64, 2.73)
1.17 (0.51, 2.69)
0.434

Reference
0.89 (0.41, 1.94)
1.05 (0.46, 2.43)
0.75 (0.33, 1.67)
0.576

Reference
0.89 (0.40, 1.99)
1.44 (0.65, 3.19)
1.33 (0.56, 3.13)
0.297

OR (95% CI)a

Reference
0.67 (0.28, 1.62)
1.51 (0.62, 3.67)
0.51 (0.21, 1.29)
0.451

Reference
0.49 (0.19, 1.26)
0.99 (0.42, 2.34)
0.89 (0.35, 2.30)
0.867

Reference
0.58 (0.23, 1.46)
0.84 (0.33, 2.17)
0.61 (0.24, 1.53)
0.493

Reference
1.09 (0.43, 2.79)
1.43 (0.57, 3.59)
1.16 (0.44, 3.06)
0.606

OR (95% CI)b

0.141

0.786

0.187

0.987

p for interactionc

d

c

Dietary isoflavone intake was measured by the FFQ, and there were missing data (total number of missing FFQ=19)

Interaction between isoflavone and sex

The adjusted OR (95% CI) was calculated using an unconditional logistic regression model adjusted for age, area of residence, cigarette smoking, alcohol consumption, BMI, systolic BP and FSG level at
baseline

b

a

Plasma isoflavones, ng/ml
Genistein
1Q (≤120.5)
60 (21.2)
2Q (120.6–238.8) 53 (18.7)
3Q (238.9–518.3) 95 (33.6)
4Q (≥518.4)
75 (26.5)
p for trend
Glycitein
1Q (≤6.4)
57 (20.1)
2Q (6.5–8.0)
65 (23.0)
3Q (8.1–11.3)
74 (26.2)
4Q (≥11.4)
87 (30.7)
p for trend
Daidzein
1Q (≤35.7)
45 (15.9)
2Q (35.8–80.6)
65 (23.0)
3Q (80.7–176.7)
83 (29.3)
4Q (≥176.8)
90 (31.8)
p for trend
Dietary isoflavonesd, mg/day
1Q (≤6.7)
66 (24.1)
2Q (6.8–14.6)
66 (24.1)
3Q (14.7–21.8)
59 (21.5)
4Q (≥21.9)
83 (30.3)
p for trend

Cases (n=283)

Equol producer (n=565)

Type 2 diabetes risk and isoflavones (plasma concentration and dietary intake) in men according to equol-producing status

Isoflavone (range)

Table 5
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earlier but has a slower plasma clearance rate than daidzein
and glycitein [34]. Equol has a slower plasma clearance rate
and a longer half-life [11]. Equol also has a 100-fold higher
affinity for oestrogen receptors and a higher bioavailability
than daidzein and glycitein [35].
Although many studies have reported the role of equolproducing status as an effect-modifier in the association between the intake of soybean products and endocrine-related
diseases, the mechanism for this is not clear [36, 37]. Because
of equol’s low affinity for serum protein, high affinity for the
oestrogen receptor and high antioxidant activity, the clinical
effectiveness of soy isoflavones may be a function of the
ability to biotransform soy isoflavones to the more potent
oestrogenic metabolite equol, which may enhance the action
of soy isoflavones [38].
Our study has several limitations in its ability to
assess the causal relationship between plasma isoflavone
concentrations and incidence of type 2 diabetes. One
limitation is that we had no information on the type of
diabetes. However, incidence rates of type 1 diabetes are
extremely low in Asia, and the annual incidence rates of
type 1 diabetes in individuals less than 15 years old have
been reported as 0.6–2.2 cases per 100,000 in Korea [39,
40]. Moreover, our study population consisted of individuals over 40 years old. In this population, the incidence of type 1 diabetes is very low; therefore, we
considered all our patients to have type 2 diabetes.
Second, because isoflavones have short half-lives in the
blood, plasma levels are particularly affected by the time
elapsed since the last meal. Nevertheless, we collected samples after overnight fasting so that we could minimise the
effect of fluctuations in isoflavone concentration due to different time lapses after food intake.
Third, there was no information on cooking methods. The
study by Mueller et al [6] found an inverse association between unsweetened soy products and type 2 diabetes, but no
association or a slight positive association for sweetened soy.
In the present analysis, however, we could not distinguish
unsweetened soy from sweetened soy, although most Korean
soybean foods are unsweetened.
Fourth, although loss to follow-up is inevitable in most
cohort studies, it can lead to selection bias when loss to
follow-up is non-random and is related to both the exposure
and the outcome [41]. In our study population, loss to followup was not associated with isoflavone intake measured by the
FFQ. Unfortunately, we cannot identify whether loss to
follow-up was associated with plasma isoflavone levels and
incidence of type 2 diabetes.
Fifth, a dietary intake of soybeans might be correlated with
other dietary habits such as the consumption of vegetables,
fruit and other healthy foods, and this could act as a confounder. Although we evaluated the dietary intake to assess the
confounders, including total energy intake, carbohydrates,
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vitamin C and fibre, we could not totally exclude residual
potential confounding.
Sixth, the validity of our FFQ to estimate isoflavone intake
has not been assessed, although a validation assessment is
essential because only a limited number of soy foods can be
included in an FFQ. Therefore we encountered limitations in
terms of explaining clearly why the results relating to the
plasma concentrations of isoflavone and dietary isoflavone
intake were different.
Our study also has several strengths. First, the direct measurement of plasma isoflavone concentrations not only provides a metric of intake, but also reflects the results of the
absorption and metabolism of isoflavones. Therefore, plasma
levels may reflect relevant biological doses more accurately
than the FFQ does. Second, the potential information bias was
reduced because our study design was prospective and
isoflavones were evaluated using prediagnosis plasma samples. Third, by selecting cases and controls from within the
same cohort, we could avoid the selection bias that is inherent
in case–control studies. Fourth, an OGTT was included in the
criteria for the identification of type 2 diabetes. By including
an OGTT to make the diagnosis, we identified more cases
than we would have based only on FSG or self-reported
treatment with hypoglycaemic medication. As a result, the
misclassification bias for case identification may have been
reduced.
In conclusion, the genistein concentration was associated
with a decreased risk of type 2 diabetes in women, and this
inverse association between genistein and type 2 diabetes was
prominent in equol-producing individuals. A large intervention study is necessary to verify the modifying effect of equol
in the association between soybean intake and type 2 diabetes.
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