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Abstract
We evaluated the relationship between urine concentrations of phyto-oestrogens (isoflavones and lignans) and risk of incident type 2 diabetes
in middle-aged and elderly Chinese residing in Singapore. Urine metabolites of isoflavones and lignans were assayed by HPLC among
564 diabetes cases and 564 matched controls in a case–control study nested within the Singapore Chinese Health Study cohort. Participants
were free of diagnosed diabetes, CVD and cancer at morning urine collections during 1999–2004. Cases were participants who reported to
have physician-diagnosed diabetes at follow-up visits during 2006–2010, whereas controls were randomly selected among those who
remained free of diabetes and were matched to the index cases by age, sex, dialect group and date of urine collection. Conditional logistic
regression models were used to calculate OR and 95% CI with adjustment for potential confounders. The mean age of the participants at the
time of urine collection was 59·8 years, and the average interval between urine collection and diabetes diagnosis was 4·0 years. The
multivariate-adjusted OR for diabetes were 1·00 (reference), 0·76 (95% CI 0·52, 1·11), 0·78 (95% CI 0·53, 1·14) and 0·79 (95% CI 0·54, 1·15)
across quartiles of urine isoflavones (Pfor trend= 0·54), and were 1·00 (reference), 0·87 (95% CI 0·60, 1·27), 1·10 (95% CI 0·77, 1·56) and 0·93
(95% CI 0·63, 1·37) for lignans (Pfor trend= 0·93). The results were similar in men and women, as well as for individual metabolites of
isoflavones (genistein, daidzein, glycitin and equol) or lignans (enterodiol and enterolactone). The present study did not find a significant
association between urine phyto-oestrogen metabolites and risk of type 2 diabetes in Chinese adults.
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The historically low prevalence of type 2 diabetes (T2D) in
populations with high consumption of soya, legumes and whole
grains has raised interest in the potential protective role of these
foods in the development of T2D(1,2). Phyto-oestrogens, with
isoflavones and lignans as the major types, are among the
potentially active components in these food groups(3). Isoflavones
are concentrated in soyabeans and soya products(3), whereas
lignans are mainly concentrated in flaxseed, sesame seeds,
whole-grain and other plant-based foods(4). It has been hypo-
thesised that these compounds could impose anti-diabetic effect
through several mechanisms including pathways that are
dependent or independent of their oestrogenic properties(3–6).

Despite promising results from experimental studies on the
potentially beneficial effects of isoflavones and lignans on
glucose metabolism(3–6), findings from human observational
studies are contradictory regarding the association between
their dietary intakes and risk of T2D(7–11). The inconsistent
findings might be due to the difficulty in accurately measuring
dietary intakes of isoflavones and lignans in epidemiological
studies. The lack of comprehensive, accurate and up-to-date
food composition databases is the major shortcoming due to the
large variability of these compounds in diverse food items,
which are influenced by farming conditions, post-harvest
processing, storage conditions and cooking methods(12).

Abbreviations: CRP, C-reactive protein; NHS, Nurse’s Health Study; SCHS, Singapore Chinese Health Study; T2D, type 2 diabetes.
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Moreover, dietary isoflavones and lignans need to undergo
substantial metabolism by intestinal microbiota to produce the
bioactive forms(3,4). The inter-individual variations in the
metabolism of these compounds add further complexity to
accurately quantify the biological effects of phyto-oestrogens on
human health.
A recent study in US women found that higher urine

concentrations of lignan metabolites were associated with a
30% lower risk of T2D for each standard deviation increase(13);
however, this relation has not been evaluated in Asian popu-
lations where high consumption of isoflavones from soya and
soya products are common. To the best of our knowledge,
evidences about the relationship between urine metabolites of
phyto-oestrogens and risk of T2D are scarce. Therefore, in the
present study, we aimed to measure urine metabolites of
isoflavones and lignans as biomarkers of dietary intake
of phyto-oestrogens and to examine their relations with risk of
T2D among Chinese adults residing in Singapore.

Methods

Study population

The design of the Singapore Chinese Health Study (SCHS) has
been described in detail previously(14). In brief, the SCHS is a
prospective cohort study that was established between 1993
and 1998. The study recruited 63 257 Chinese men and women,
between 45 and 74 years of age, from two major dialect groups
(Cantonese and Hokkiens) of Chinese in Singapore. All
participants were citizens and permanent residents who lived in
government-built housing estates (86% of Singapore residents
lived in such estates at that time). The present study has been
approved by the Institutional Review Boards at the National
University of Singapore, and informed consent was provided
with completion of the baseline interview.
At recruitment between 1993 and 1998, trained interviewers

administered structured questionnaires for each study participant
through face-to-face interviews at home, and collected informa-
tion on usual diet, demographics, height and weight, smoking
and drinking habits, usual physical activity, menopausal status
and medical history including physician-diagnosed diabetes,
hypertension, CHD and stroke. History of diagnosed cancer was
assessed via linkage with the nationwide Singapore Cancer
Registry. A validated 165-item, semi-quantitative FFQ was used to
assess habitual dietary habits over the previous year(14), and the
Singapore Food Composition Table was developed based on raw
and cooked foods consumed in this population to compute
intakes of nutritive/non-nutritive dietary components. The food
groups were adjusted for energy intake using the energy-density
method, and food intakes were expressed as g/(1000kcal×d)
(1 kcal= 4·2kJ).
Between 1999 and 2004, a total of 52 325 participants were

re-contacted via telephone to update certain lifestyle practices
(e.g. smoking habits and alcohol consumption), body weight
and medical history (e.g. diabetes, hypertension, CHD and
stroke) during the follow-up I interview. They were also invited
to donate their biospecimen samples, and 32 535 participants
agreed and gave their morning blood and spot urine samples.

Details of the biospecimen collection, processing and storage
procedures are explained elsewhere(15). Spot urine samples
were obtained at subjects’ home in the morning. The urine was
first collected in 250-ml plastic jars and immediately kept on ice.
Within 1 h, 100ml urine was acidified with 2 g of ascorbic acid
in a conical flask. Subsequently, it was aliquoted into five
vials (20ml) and stored at −70°C until analysis(16). Participants
(n 39 528) were re-contacted again in 2006–2010 (follow-up II
interview) to update selected lifestyle habits and health status.

Assessment of diabetes

In all the interviews at recruitment, follow-up I and II, partici-
pants were asked ‘Have you been told by a doctor that you
have diabetes (high blood sugar)?’, and in case of a positive
answer, they were additionally enquired the age of first
diagnosis. A validation study of the incident diabetes cases was
reported in detail previously(17). On the basis of a hospital-
based discharge summary database and a supplementary
questionnaire regarding symptoms, diagnostic tests and hyper-
glycaemic therapy during a telephone interview, we observed a
positive predictive value of 99%(17). Thus, the self-reported
history of diabetes is a highly reliable measure of diagnosed
diabetes status in this population.

Case and control selection

The present study samples were chosen from a case–control
genome-wide association study of T2D nested within the
SCHS(18). All participants without a diagnosis of T2D at baseline
and follow-up I (before biospecimen collection), and who
subsequently provided urine samples for research were eligible
for the present study. We excluded participants with reported
CHD, stroke or those who had cancer at the time of biospeci-
men collection. We further excluded those who reported CHD
or stroke or had cancer diagnosed before the diagnosis of
diabetes for the selection of cases, and at follow-up II visits for
the selection of controls. Cases were those who reported to
have physician-diagnosed diabetes during the follow-up II
visit – that is, they were diagnosed between follow-up I and
follow-up II interviews. Controls were free of physician-
diagnosed T2D at recruitment and all follow-up interviews,
and were matched for age (±3 years) and date (±6 months) of
biospecimen collection, sex and dialect group to their index
cases. In addition, controls were also screened for the presence
of undiagnosed T2D by ensuring a HbA1c level <6·0%
(42mmol/mol) at the time of biospecimen collection (online
Supplementary Fig. S1). Finally, a total of 564 diabetes cases
and 564 matched controls were chosen for this investigation.

Laboratory measurements

Case–control pairs of urine samples were analysed in the same
batch. One senior technician with one assistant handled all assays
under identical conditions without knowing the case–control
sequences. Concentrations of six urine metabolites including
isoflavones (daidzein, genistein, glycitein, and equol) and lignans
(enterodiol and enterolactone) were measured through HPLC
(Thermo Scientific Dionex UltiMate 3000 LC system) modified
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from an established LC-MS/MS method(19) (online Supplementary
Material). The within-day and between-day CV were <15% for all
metabolites except for the between-day CV of genistein (16·8%).
Urine creatinine was measured according to the Jaffe’s method
(reaction with alkaline picrate using an auto-analyser). Urine
concentrations of phyto-oestrogen metabolites were expressed as
nmol/mg creatinine.
Frozen plasma aliquots were used to simultaneously quantify

high-sensitivity C-reactive protein (CRP) and lipids (total
cholesterol, TAG and HDL-cholesterol) using the colorimetric
method on a chemistry analyzer (AU5800 Analyzer; Beckman
Coulter) at the National University Hospital Reference
Laboratory. Erythrocyte HbA1c was measured by HPLC method
using Bio-Rad Variant II™ System (Bio-Rad Laboratories). The
blood samples of index cases and matched controls were
assayed in the same laboratory batch.

Statistical analysis

Characteristics were compared between T2D cases and their
matched controls using paired Student’s t test for continuous
variables and the χ2 test for categorical variables. Owing to
skewness, natural logarithm transformation was performed for
TAG, CRP, total energy intake, vegetable intake, fruits and
related juices intake, soya protein and isoflavone intake, and
urine isoflavones, lignans and creatinine concentrations. Back-
transformed values are shown in the form of geometric mean
and 95% CI. Conditional logistic regression was used to assess
the relationship of quartiles of creatinine-adjusted urine phyto-
oestrogens (total, isoflavones and lignans), isoflavones sub-
classes (daidzein, genistein, glycitein and equol) and lignans
components (enterodiol and enterolactone) with the risk of
incident T2D. Quartiles were defined based on the distribution
of urine concentrations of isoflavones and lignans in the control
group. Statistical significance of linear trends was tested by
modelling the median of each quartile as a continuous variable.
In the multivariate analysis, we first adjusted for age at

biospecimen collection (continuous) and fasting status (≥6 or
<6 h after meal); we then further adjusted for education level
(no, primary school and less, secondary school and above),
BMI (<20·0, 20·0–23·9, 24·0–27·9 and ≥28·0 kg/m2), physical
activity (<0·5, 0·5–3·9 and ≥4·0 h/week), smoking (never, for-
mer and current), alcohol use (no/occasionally, weekly and
daily), history of hypertension (yes/no) and total energy intake
(continuous). In the sex-specific analysis, we also adjusted for
menopausal status (yes/no) in women. In the final model, we
additionally adjusted for other dietary variables including
quartiles of total vegetables, total fruits and related juices, SFA
and n-3 fatty acids. The information on education level,
physical activity and dietary intake was obtained from baseline
interviews (1993–1998), and the other variables were from
follow-up I visits (1999–2004), which were close to the urine
sample collection. In a sensitivity analysis, we further adjusted
for sweetened soya items as well as plasma CRP, TAG and
HDL-cholesterol. We also used restricted cubic spline regres-
sion with 4 knots to detect potential non-linear association, and
we used the likelihood ratio test to assess non-linearity by
comparing models with and without the cubic spline term.

An HbA1c level higher than 6·5% (47·5mmol/mol) was first
proposed as diabetes diagnostic criteria in 2009 by the
International Expert Committee(20) and was later adapted by the
American Diabetes Association (ADA)(21) as a diagnostic
criterion. Therefore, HbA1c was not used as a diagnostic
criterion of diabetes at the time of biospecimen collection
(2000–2004). However, some of the incident T2D cases already
had HbA1c≥6·5% (47·5mmol/mol) at the time of biospecimen
collection, and could thus be classified as undiagnosed diabetes
based on the current ADA diagnostic criteria. To account for this
definition development, a sensitivity analysis was carried out by
stratifying case–control pairs based on HbA1c<6·5% or ≥6·5%
in the case groups at the time of biospecimen collection.
Statistical analyses were carried out by Stata Release 11.2
(StataCorp LP). For all analyses, statistical significance was
assessed at a level of 0·05 (two-tailed).

Results

The mean time between urine collection and diabetes diagnosis
was 4·0 years (range 1–9 years). Table 1 shows the character-
istics of cases and controls at biospecimen collection (while
some variables were from baseline interviews). The mean age
of the participants was 59·8 years at biospecimen collection. As
expected, cases had a high-risk profile except for the matching
factors. They were heavier and more likely to have hyperten-
sion, had higher blood levels of TAG and CRP, but lower
HDL-cholesterol. In terms of soya food intake, diabetes
cases consumed significantly lower soya protein and isoflavones
compared with the controls. However, no significant differences
were found with respect to urine isoflavones or lignans. In the
controls, the mean concentration of urine isoflavones was
4·01nmol/mg creatinine, and daidzein and genistein were the
major forms; the mean concentration of urine lignans was
1·39nmol/mg creatinine, and enterolactone was the major form.

Among the control subjects, no significant associations were
found between the covariates and total urine isoflavones (data
not shown). However, those with higher total urine lignan
concentrations were more likely to be female, had higher
physical activity and SFA intake, but a lower prevalence of
hypertension and daily alcohol consumption (data not shown).

We also tested the association between dietary soya intake at
the baseline interview from 1993 to 1998 and urine isoflavone
metabolites in urine samples collected from 1999 to 2004.
The average time between the baseline dietary assessment
and biospecimen collection was 6·5 (SD 1·6) years. A
dose-dependent positive relation was observed between soya
protein intake and total urine isoflavones. The same trend was
observed for soya isoflavone intake (Table 2).

Table 3 presents the relationships of total urine phyto-
oestrogens, isoflavones and lignans with T2D risk. No statistically
significant association or trend was observed for any of the
exposures. The results were not materially changed after
further adjustment for sweetened soya items, blood lipids
(HDL-cholesterol and TAG) and CRP (data not shown). Introdu-
cing creatinine variable to the statistical models as a confounder
rather than adjusting creatinine concentration for individual
phyto-oestrogen metabolites did not materially change the results
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(data not shown). Neither urine isoflavones nor lignans showed a
statistically significant association with T2D risk when separately
examined in men or women (online Supplementary Table S1).
When we stratified the analysis by baseline HbA1c levels (<6·5 or
≥6·5%) in the diabetes cases, no significant trend was observed in
either stratum (Table 4).

Table 3 suggests that the association between urine iso-
flavones and T2D risk was similar across the second to fourth
quartiles; thus, we conducted a sensitivity analysis of non-linear
association. Although no significant non-linearity was found
(P= 0·37), the T2D risk was reduced at low concentrations and
reached plateau afterwards (online Supplementary Fig. S2). This

Table 1. Characteristics of the study participants in diabetes cases and control group
(Numbers and percentages; mean values and standard deviations; geometric means and 95% confidence intervals)

Controls (n 564) T2D cases (n 564)

n % n % P *

Sex (female) 329 58·3 329 58·3 –

Menopause 192 58·4 199 60·5 0·57
Education level 0·28

No formal school 98 17·4 103 18·3
Primary school 230 40·8 251 44·5
Secondary school 236 41·8 210 37·2

Hypertension 148 26·4 262 46·4 <0·001
Cigarette smoking 0·18

Never 419 74·3 404 68·3
Former smokers 70 10·0 63 10·7
Current smokers 75 30·3 97 21·0

Alcohol intake (g/d) 0·81
None/occasionally 490 86·9 491 87·1
Weekly 59 10·5 55 9·7
Daily 15 2·7 18 3·2

Physical activity (strenuous sports) 0·12
None 447 79·3 450 79·8
<4 h/week 68 12·1 81 14·4
≥4 h/week 49 8·7 33 5·6

Fasting duration>6 h 152 26·9 176 31·2 0·12

Mean SD Mean SD

Age at biospecimen collection (years) 59·8 6·2 59·7 6·1 0·21
BMI (kg/m2) 22·7 2·9 24·5 3·4 <0·001
SFA (g/(1000 kcal × d))†‡ 8·97 2·6 9·13 2·6 0·34
n-3 Fatty acid (g/(1000 kcal × d))†‡ 0·54 0·18 0·52 0·18 0·04
Plasma biomarkers

Total cholesterol (mmol/l) 5·20 0·8 5·31 0·9 0·052
HDL-cholesterol (mmol/l) 1·23 0·3 1·08 0·2 <0·001

Mean 95% CI Mean 95% CI

Plasma biomarkers
TAG (mmol/l) 1·58 1·51, 1·64 2·12 2·03, 2·21 <0·001
C-reactive protein (mg/dl) 1·17 1·07, 1·27 1·90 1·75, 2·06 <0·001

Total energy intake (kcal/d)†‡ 1512 1470, 1554 1555 1514, 1598 0·11
All vegetables (g/(1000 kcal × d))†‡ 69·4 66·8, 72·1 69·2 66·7, 71·9 0·84
All fruits and related juices (g/(1000 kcal × d))†‡ 113 105, 122 105 97·0, 113 0·15
Soya isoflavone intake (mg/(1000 kcal × d))†‡ 9·86 9·15, 10·6 8·81 8·23, 9·43 0·03
Soya protein intake (g/(1000 kcal × d))†‡ 1·28 1·19, 1·37 1·18 1·11, 1·26 0·10
Total urine phyto-oestrogens (nmol/mg creatinine) 7·35 6·72, 8·03 6·62 6·03, 7·25 0·11
Total urine isoflavones (nmol/mg creatinine) 4·01 3·60, 4·42 3·71 3·33, 4·15 0·33

Daidzein (nmol/mg creatinine) 1·43 1·26, 1·61 1·35 1·18, 1·53 0·52
Genistein (nmol/mg creatinine) 1·17 1·06, 1·29 1·07 0·96, 1·19 0·25
Glycitein (nmol/mg creatinine) 0·24 0·22, 0·26 0·23 0·21, 0·25 0·49
Equol (nmol/mg creatinine) 0·08 0·06, 0·10 0·07 0·05, 0·08 0·36

Total urine lignans (nmol/mg creatinine) 1·39 1·22, 1·59 1·23 1·08, 1·40 0·17
Enterodiol (nmol/mg creatinine) 0·19 0·16, 0·21 0·17 0·15, 0·19 0·36
Enterolactone (nmol/mg creatinine) 0·95 0·82, 1·10 0·83 0·71, 0·96 0·20

Urine creatinine (mg/dl) 66·7 63·2, 70·3 71·8 68·0, 75·9 0·04

The cases and controls were matched for age (±3 years) and date (±6 months) of blood collection, sex and dialect group.
* P values for case–control differences were calculated using paired Student’s t test for continuous variables and the χ2 test for categorical variables.
† A total of twelve pairs did not have data for the following dietary variables: total energy intake, all vegetables, all fruits and related juices, SFA, n-3 fatty acid, soya isoflavone and

soya protein.
‡ 1 kcal=4·2 kJ.
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was particularly evident in the subgroup of cases with
HbA1c≥6·5%, but not in those with HbA1c<6·5%. When the
second to fourth quartiles were combined, the OR comparing
with Q1 was 0·77 (95% CI 0·56, 1·06; P= 0·11) in the total study
sample, 0·89 (95% CI 0·56, 1·41; P= 0·62) in the subgroup with
HbA1c<6·5% at baseline and 0·53 (95% CI 0·32, 0·88; P= 0·01)
in the subgroup of cases with HbA1c≥6·5% (data not shown).
The associations between subclasses of urine metabolites of

isoflavones and lignans and T2D risk are presented in online
Supplementary Table S2. Although no statistically significant
trend was observed, the second quartile of daidzein and third
quartile of genistein were significantly associated with a lower
risk of T2D compared with the corresponding first quartile.

No statistically significant trend was observed in the strata of
cases with high or low HbA1c levels (data not shown).

Discussion

In this prospective investigation among middle-aged and elderly
Chinese, we found no significant associations between urine
phyto-oestrogen metabolites, either isoflavones or lignans, and
risk of T2D. However, some intermediate concentrations of
daidzein and genistein were associated with lower risk. In
subjects with HbA1c≥6·5% at baseline, higher levels of urinary
isoflavone metabolites were associated with a reduced risk,
although no dose–response relationship was observed.

Table 2. Urinary isoflavones according to dietary intakes* of soya in all subjects
(Medians and interquartile ranges (IQR))

Quartiles of dietary intake (Q)

Q1 Q2 Q3 Q4

Median IQR Median IQR Median IQR Median IQR Pfor trend*

Soya protein intake (g/(1000 kcal × d))† 0·59 0·39–0·73 1·15 1·04–1·30 1·75 1·61–1·90 2·78 2·43–3·32
Urinary isoflavones (nmol/mg creatinine)‡ 3·39 3·11–3·64 3·89 3·57–4·23 4·07 3·79–4·40 4·41 4·08–4·75 0·03

Soya isoflavones intake (g/(1000 kcal × d))† 4·22 2·69–5·29 8·77 7·49–9·90 13·8 12·4–15·3 22·0 19·3–28·2
Urinary isoflavones (nmol/mg creatinine)‡ 3·47 3·17–3·74 3·81 3·48–4·11 4·21 3·89–4·58 4·28 3·94–4·57 0·09

* Linear trend was tested by treating the median of quartiles of intake as a continuous variable in a linear regression model adjusted for education level, BMI, physical activity,
smoking status, alcohol use, hypertension history, total energy intake, vegetable intake, fruits and related juices intake, SFA and n-3 fatty acid to estimate log-transformed values
of total isoflavone.

† Dietary intake data were derived from FFQ at baseline interviews (1993–1998), whereas urine samples were collected during follow-up I visits (1999–2004).
‡ Values are adjusted for variables described in *.

Table 3. Incident type 2 diabetes according to urine phyto-oestrogen metabolites
(Odds ratios and 95% confidence intervals; medians and interquartile ranges (IQR))

Quartiles (Q)

Q2 Q3 Q4

Q1 OR 95% CI OR 95% CI OR 95% CI Pfor trend*

Total phytoestrogens
Median† 1·99 5·04 10·3 25·9
IQR 1·29–2·62 4·30–6·15 8·73–12·9 19·8–39·1
Cases/control 159/141 135/141 149/141 121/141
Multivariate model 1‡ 1·00 0·84 0·60, 1·18 0·91 0·65, 1·28 0·75 0·53, 1·05 0·14
Multivariate model 2§ 1·00 0·86 0·61, 1·29 0·94 0·64, 1·37 0·80 0·55, 1·17 0·30
Multivariate model 3|| 1·00 0·89 0·61, 1·31 0·95 0·65, 1·39 0·77 0·52, 1·12 0·19

Isoflavones
Median† 0·85 2·23 6·02 19·6
IQR 0·62–1·14 1·81–2·98 4·67–8·12 13·9–31·8
Cases/control 162/141 132/141 130/141 140/141
Multivariate model 1‡ 1·00 0·81 0·58, 1·13 0·77 0·55, 1·08 0·84 0·60, 1·17 0·68
Multivariate model 2§ 1·00 0·76 0·52, 1·11 0·77 0·53, 1·12 0·82 0·56, 1·19 0·72
Multivariate model 3|| 1·00 0·76 0·52, 1·11 0·77 0·52, 1·13 0·78 0·54, 1·14 0·53

Lignans
Median† 0·13 1·01 2·71 7·23
IQR 0·10–0·27 0·74–1·34 2·20–3·42 5·37–10·6
Cases/control 159/141 124/141 141/141 140/141
Multivariate model 1‡ 1·00 0·78 0·56, 1·09 0·92 0·68, 1·25 0·86 0·61, 1·22 0·75
Multivariate model 2§ 1·00 0·89 0·61, 1·29 1·09 0·77, 1·54 0·97 0·66, 1·42 0·92
Multivariate model 3|| 1·00 0·87 0·60, 1·27 1·10 0·78, 1·57 0·93 0·63, 1·38 0·95

* Linear trend was tested by treating the median of quartiles as a continuous variable.
† the values are expressed as nmol/mg creatinine.
‡ Multivariate model 1: adjusted for age at biospecimen collection (continuous) and fasting duration (≤6 and >6 h).
§ Multivariate model 2: further adjusted for education level, BMI, physical activity, smoking status, alcohol use, hypertension history and total energy intake.
|| Multivariate model 3: further adjusted for vegetable intake, fruits and related juices, SFA and n-3 fatty acid.
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The association between dietary soya food intake (major
sources of isoflavones) and T2D was assessed in a few long-
itudinal studies with contradictory findings(7,9) or null associa-
tions(8,11) in different populations. In the previous report from
SCHS, we also found an inverse association between unswee-
tened soya product intake and T2D risk(10). These inconsistent
findings from those studies may be due to the methodology
challenges of accurately measuring dietary intakes(22) or wide
inter-individual variations in phyto-oestrogen metabolism(23). In
contrast, urine concentration of phyto-oestrogen metabolites
has been preferred as an integrated measure of intake,
absorption and metabolism.
In contrast to the null association in our study, a nested

case–control study in a Korean population has recently
reported an inverse association between serum genistein and
T2D in women (316 cases) but not in men (377 cases)(24);
however, no significant association was found for dietary
isoflavone intake(24). Overnight urine was suggested to perform
better than morning serum in estimating long-term soya
intake(25,26). This is possibly because the dynamic changes of
serum concentrations of isoflavones are minimised in urine

assessments with longer half-life(27) and stable content of
isoflavones(28). However, it is unclear whether use of serum
rather than urine samples can explain the inconsistent findings
between the two studies. In addition, HbA1c status of participants
was not considered in the Korean study(24).

A marginally significant inverse association was previously
reported between dietary isoflavones and diabetes risk in SCHS,
but it emerged only after adjustment for sweetened soya
items(10), indicating the importance of food context and
preparation method. In our present analysis, the results did not
change after further adjustment for sweetened soya items (data
not shown). The null association between urine isoflavones and
T2D risk also suggests that other components of soya, rather
than the isoflavones per se, may account for the potential
anti-diabetic effects. In a meta-analysis of clinical trials, fasting
glucose reduction was observed in the subgroup of trials
that used whole soya foods rather than isoflavone extracts or
isolated soya protein(29). However, another meta-analysis of
clinical trials using high-dose isoflavone supplementation in
non-Asian postmenopausal women found a moderate reduc-
tion in fasting glucose and insulin(30). It is widely acknowledged

Table 4. Incident type 2 diabetes according to total urine isoflavone and lignan metabolites: stratified by HbA1c level
(Odds ratios and 95% confidence intervals; medians and interquartile ranges (IQR))

Quartiles (Q)

Q2 Q3 Q4

Q1 OR 95% CI OR 95% CI OR 95% CI Pfor trend *

Isoflavones
HbA1c<6·5%
Median† 0·85 2·33 5·94 19·2
IQR 0·58–1·14 1·84–3·14 4·73–8·33 14·0–31·8
Cases/control 73/70 68/71 70/65 75/80

Multivariate model 1‡ 1·00 0·90 0·57, 1·44 0·97 0·61, 1·54 0·89 0·57, 1·39 0·71
Multivariate model 2§ 1·00 0·82 0·47, 1·41 1·05 0·60, 1·83 0·88 0·52, 1·49 0·80
Multivariate model 3|| 1·00 0·80 0·46, 1·39 1·03 0·59, 1·81 0·83 0·48, 1·42 0·65

HbA1c≥6·5%
Median† 0·84 2·11 6·07 20·1
IQR 0·65–1·14 1·74–2·72 4·66–7·78 13·9–32·6
Cases/control 89/71 64/70 60/76 65/61
Multivariate model 1‡ 1·00 0·71 0·43, 1·14 0·60 0·37, 0·98 0·83 0·50, 1·37 0·99
Multivariate model 2§ 1·00 0·63 0·36, 1·10 0·55 0·32, 0·94 0·71 0·40, 1·26 0·74
Multivariate model 3|| 1·00 0·60 0·34, 1·07 0·52 0·30, 0·92 0·64 0·35, 1·16 0·50

Lignans
HbA1c<6·5%
Median† 0·13 1·02 2·73 7·51
IQR 0·11–0·26 0·76–1·34 2·26–3·40 5·46–10·3
Cases/control 84/70 63/75 65/71 74/70
Multivariate model 1‡ 1·00 0·75 0·47, 1·20 0·86 0·55, 1·35 0·94 0·58, 1·55 0·83
Multivariate model 2§ 1·00 0·96 0·55, 1·66 1·08 0·63, 1·85 1·18 0·66, 2·10 0·49
Multivariate model 3|| 1·00 0·97 0·55, 1·69 1·08 0·63, 1·85 1·18 0·66, 2·12 0·49

HbA1c≥6·5%
Median† 0·15 0·99 2·71 6·90
IQR 0·09–0·27 0·73–1·32 2·14–3·46 5·26–12·0
Cases/control 75/71 61/66 76/70 66/71
Multivariate model 1‡ 1·00 0·85 0·53, 1·38 1·02 0·66, 1·57 0·87 0·53, 1·43 0·77
Multivariate model 2§ 1·00 0·89 0·53, 1·51 1·17 0·73, 1·89 0·89 0·51, 1·53 0·80
Multivariate model 3|| 1·00 0·86 0·49, 1·48 1·19 0·73, 1·94 0·87 0·50, 1·52 0·79

* Linear trend was tested by treating the median of quartiles as a continuous variable.
† The values are expressed as nmol/mg creatinine; HbA1c of 6·5% equals 47·5mmol/mol.
‡ Multivariate model 1: adjusted for age at biospecimen collection (continuous) and fasting duration (≤6 and >6 h).
§ Multivariate model 2: further adjusted for education level, BMI, physical activity, smoking status, alcohol use, hypertension history and total energy intake.
|| Multivariate model 3: further adjusted for vegetable intake, fruits and related juices, SFA and n-3 fatty acid.
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that Asian populations consume much higher levels of soya
foods as compared with non-Asian populations(3,5). Therefore,
it is possible that soya isoflavone supplements may benefit
populations with traditionally very low soya intake, but not
in populations where soya foods are commonly consumed –

a hypothesis that requires further testing. Moreover, it is also
unclear whether the short-term glucose-lowering effect in those
clinical trials(30) could be extended to the long-term reduction of
diabetes incidence in populations.
A nested case–control study within the Nurse’s Health Study

(NHS) has recently reported that urine concentrations of lignan
metabolites were inversely associated with incident T2D(13). We
found no significant dose–dependent association in this Asian
population. However, in the NHS study, the inverse association
was only evident in the younger NHS II cohort with a mean age
of 45·4 years, but not in the older NHS cohort with a mean age
of 65·5 years(13). In our study, the mean age of the participants
at the time of urine sample collection was 59·8 years. Therefore,
it is possible that lignans may have an effect on early-onset
but not late-onset of diabetes. Furthermore, no statistically
significant association was observed between dietary lignan
intake and T2D risk in European populations(11). The effects of
lignan supplementation on glucose homoeostasis have been
examined in a number of clinical trials, and the results have also
been inconsistent(31,32).
It has been widely acknowledged that various types of tofu

and soyabean milk are the major sources of dietary isoflavone
in Chinese populations(33). In a previous report from the
SCHS(16), soya intake frequency was associated with urine
isoflavone in a dose–dependent manner; this has been
confirmed in our current analysis as well. On the other hand,
lignans are ubiquitously present in many plant-based foods with
flaxseed having the highest concentration (but flaxseed is not
commonly consumed). Studies in European countries have
found that cereals and grain products, vegetables, fruit and
berries, and beverages are the major source of total lignan
intake(34,35). Limited studies in Chinese populations have
suggested that tea consumption might be a potential dietary
source(36,37), but the major food sources remain unclear. The
urine concentration of isoflavones in our study (geometric
mean 4·01 nmol/mg creatinine) was slightly lower compared
with a study in Shanghai men and women (14·8–18·2 nmol/mg
creatinine)(38). This might be because dietary soya consumption
levels were generally higher in Shanghai (average 30·5mg/d
soya isoflavone intake)(37) compared with our population
(average 15·8mg/d)(39), and they had measured a few more
low-abundance isoflavone metabolites. Urine total lignan
concentrations in our study (1·71 nmol/mg creatinine) were
comparable with the NHS cohort (2·32 nmol/mg creatinine)(13),
although slightly higher than the Shanghai women (about
0·60 nmol/mg creatinine)(40).
There are several potential limitations to our study that we

should acknowledge. First, we only collected morning spot
urine samples, and this might not be representative of phyto-
oestrogen concentrations in individuals compared with 24-h
samples. Collecting 24-h urine samples was not feasible in
our study, as in other large epidemiological studies(12,13,38).
However, a high correlation was seen between overnight spot

urine and 24-h urine samples for enterolactone recovery(41),
and spot urine had high agreement with overnight urine for
isoflavone levels(40). Several studies have also confirmed a
reasonably good correlation between dietary soya intakes and
urine concentrations of isoflavone metabolites(16,42,43). Second,
we only obtained a single measurement of urine isoflavones
and lignans, and this may not reflect long-term exposure status.
The plasma elimination half-lives of isoflavones(44) and
lignans(45) are almost half a day or less. The within-person
stability of urine lignan metabolites were in the acceptable
range in Caucasians over 1–2 years(13), but such data for
isoflavones are scarce, particularly in Chinese populations with
high intake levels. Future studies may consider multiple
assessments over time to get more accurate information about
phyto-oestrogen exposure. Altogether, the measurement errors
of isoflavones and lignans are more likely to be non-differential
in our prospective investigation, and thus may attenuate our
results towards null. Third, at the time of urine collection, a
group of cases already had high HbA1c levels that met the
current diabetes diagnosis criteria, even though they did not
report a diagnosis of T2D. Although we have stratified the ana-
lysis by baseline HbA1c levels, the sample size in each stratum
was substantially reduced and that analysis might have been
underpowered. Finally, selection bias by loss to follow-up in the
cohort is possible but may have minimal impact on our findings
because the differences between groups with and without loss to
follow-up were generally small (data not shown).

In conclusion, our prospective nested case–control study in a
Chinese population provides little evidence of an association
between urine isoflavones and lignans measured using a single
collected specimen and risk of T2D in either women or men.
Further studies are needed to confirm our results in other
populations and to investigate the effects of different food
sources of isoflavones and lignans on risk of T2D.
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