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Background: Observational epidemiological studies have reported the associations of
high body mass index (BMI) with elevated serum uric acid (UA) level and increased risk of
postmenopausal breast cancer. However, whether UA is causally induced by BMI and
functioned in the BMI–breast cancer relationship remains unclear.

Methods: To elucidate the causality direction between BMI and serum UA, the
bidirectional Mendelian randomization (MR) analyses were performed by using
summarized data from the largest Asian genome-wide association studies (GWAS) of
BMI and UA carried out in over 150,000 Japanese populations. Then, a total of 19,518
postmenopausal women from the Dongfeng–Tongji (DFTJ) cohort (with a mean 8.2-year
follow-up) were included and analyzed on the associations of BMI and serum UA with
incidence risk of postmenopausal breast cancer by using multivariable Cox proportional
hazard regression models. Mediation analysis was further conducted among DFTJ cohort
to assess the intermediate role of serum UA in the BMI–breast cancer association.

Results: In the bidirectional MR analyses, we observed that genetically determined
BMI was causally associated with elevated serum UA [b(95% CI) = 0.225(0.111, 0.339),
p < 0.001], but not vice versa. In the DFTJ cohort, each standard deviation (SD) increment
in BMI (3.5 kg/m2) and UA (75.4 mmol/l) was associated with a separate 24% and 22%
increased risk of postmenopausal breast cancer [HR(95% CI) = 1.24(1.07, 1.44) and 1.22
(1.05, 1.42), respectively]. More importantly, serum UA could mediate 16.9% of the
association between BMI and incident postmenopausal breast cancer.
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Conclusions: The current findings revealed a causal effect of BMI on increasing serum
UA and highlighted the mediating role of UA in the BMI–breast cancer relationship.
Controlling the serum level of UA among overweight postmenopausal women may help to
decrease their incident risk of breast cancer.
Keywords: postmenopausal breast cancer, body mass index, uric acid, Mendelian randomization analysis, cohort
study, mediation analysis
INTRODUCTION

Breast cancer is the most commonly diagnosed cancer (2.3
million, 11.7% of the total cancer cases) and the leading cause
of cancer deaths among females (0.7 million, 15.0% of the total
cancer deaths) (1). According to the latest cancer statistics of
China in 2015, breast cancer accounts for 15.1% (268,600 new
cases) of all new female cancers (2). The etiology of breast cancer
differs between pre- and postmenopausal women because of the
decreased ovarian hormone after menopause (3). As summarized
in a meta-analysis of 34 prospective studies with more than 2.5
million females all over the world, higher body mass index (BMI)
was observed to be associated with decreased breast cancer risk
among premenopausal women but with increased breast cancer
risk among postmenopausal women (4). Although pathways
related to sex hormones and inflammation could partly explain
the relationship between adiposity and breast cancer (5),
exploring other potential biological intermediates may help
better understand the underlying mechanisms.

Uric acid (UA) is the end oxidation product of purine
metabolism in the human body, generated during enzymatic
degradation of hypoxanthine and xanthine. A cross-sectional
epidemiology study has reported a positive association between
serum UA and BMI among 144,856 Chinese aged 20 to 79 years
(6). Another longitudinal study among 2,611 young black and
white adults revealed that baseline BMI was positively related to a
10-year change in serum UA (7). However, whether elevated
serumUA is the cause or consequence of BMI is less investigated.
Mendelian randomization (MR) is a useful method to explore the
causality between a given exposure and outcome by using
instrument variables (IVs) as proxies for exposure (8, 9).
Single-nucleotide polymorphisms (SNPs) can be used as IVs
since they are inherited randomly, and the MR approach using
SNPs to predict phenotype is less prone to confounding and
reverse causality than observational studies. Previous genome-
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ongfeng Motor Corporation; GWAS,
rd ratio; HRT, hormone replacement
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wide association studies (GWAS) in large Japanese populations
have identified plenty of SNPs associated with BMI and serum
UA (10, 11). Treating these SNPs as IVs separately in the
bidirectional MR analysis can help to test the direction of
causation between BMI and UA.

UA was acknowledged to be a potent antioxidant in human
plasma and might protect against cancer (12). Published
epidemiological studies have investigated the hypothesis but
provided confl icting findings. A meta-analysis of 5
independent cohort studies revealed that high serum UA was
associated with an increased risk of total cancer incidence (13).
Moreover, a Mendelian randomization study among 86,210
individuals from Copenhagen suggested the causal effect of
high plasma urate on increased total cancer incidence risk (14).
In vitro experiments revealed that UA lost its antioxidant ability
in lipophilic conditions (15). Additionally, UA could increase the
migratory rate of both human mammary cancer cells and mouse
mammary epithelial cells, suggesting a potential link between UA
and breast cancer (16). However, limited population-based
studies have assessed the association between serum UA and
breast cancer incidence risk and reported inconclusive results
(17, 18), and no study yet has focused on the UA–
postmenopausal breast cancer relationship. More importantly,
whether serum UAmay function as an intermediate link in BMI-
postmenopausal breast cancer also remains to be clarified.

In the current study, we performed a bidirectional MR
analysis to infer the causality direction between BMI and
serum UA by using the summarized GWAS data of more than
150,000 Japanese populations. Then, we included 19,518
postmenopausal women from the prospective Dongfeng–
Tongji (DFTJ) cohort, evaluated the associations of BMI and
serum UA with incident risk of breast cancer, and explored the
mediation effect of UA on the BMI–breast cancer relationship.
MATERIALS AND METHODS

Bidirectional Mendelian Randomization
Analysis
Study Population
The study design is shown in Figure 1. The bidirectional MR
analysis was based on summary-level data from the hitherto
largest Asian GWAS. Summarized data were available from two
studies with a total of more than 150,000 participants in 5
Japanese cohorts [including the BioBank Japan (BBJ) Project,
the Japan Public Health Center-based Prospective Study (JPHC),
the Tohoku Medical Megabank Project (TMM), the Japan
February 2022 | Volume 12 | Article 742411
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Multi-institutional Collaborative Cohort (J-MICC) Study, and
the Kita–Nagoya Genomic Epidemiology (KING) Study] (10,
11). Data were downloaded from the National Bioscience
Database Center (NBDC) Human Database (https://humandbs.
biosciencedbc.jp/en/).

Forward Mendelian Randomization Analysis
To test whether higher BMI is the cause of elevated serum UA,
we first extracted the summary statistics for the BMI-related
SNPs in the largest Asian GWAS among 173,430 Japanese
participants (including 158,284 in the BBJ Project and 15,146
in the JPHC and the TMM Project) (10). This study used rank-
based inverse-normal transformed BMI as the dependent
variable and identified 83 independent SNPs which were
significantly associated with BMI at p < 5 × 10-8. Then, the
effect estimates [b and standard error (SE)] for the associations
of these SNPs with UA were derived from a genome-wide
meta-analysis based on 3 Japanese cohorts (n = 121,745),
including 10,621 participants in the J-MICC Study, 2,095
participants in the KING Study, and 109,029 participants in
the BBJ Project (11). After excluding 7 SNPs with missing
estimates in the UA GWAS dataset, the left 76 BMI-associated
SNPs were included as the candidate IVs in the forward MR
analysis (Table S1).

Reverse Mendelian Randomization Analysis
To test whether higher serum UA is the cause of elevated BMI,
we extracted the summary statistics for the SNP-UA association
from the genome-wide meta-analysis among 121,745 Japanese
participants mentioned above (11). This study employed Z-
score-transformed serum UA as the dependent variable and
identified 36 independent SNPs with genome-wide significant
association with UA (p < 5 × 10-8). Then, the effect estimates [b
and SE] for the associations between these 36 SNPs and BMI
were extracted from the results among 158,284 participants in
the BBJ project (10) and included in the reverse MR analysis
(Table S3).
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Prospective Dongfeng–Tongji
Cohort Study
Study Population
The DFTJ cohort is an ongoing prospective study carried out in
Shiyan, China. The general information of this cohort has been
described previously (19). Briefly, we recruited 27,009 retired
workers in the Dongfeng Motor Corporation (DMC) from
September 2008 to June 2010. Additional 14,120 retired
workers were recruited into this cohort from April to October
2013. Among the whole population (n = 41,129), we excluded the
males (n = 18,533), females with previous histories of malignant
tumors at baseline (n = 690), females with regular menstrual
cycles at enrollment (n = 2,298), and females who were younger
than 50 years old and had missing information of menopausal
status (n = 17) or stopped menstrual cycles following unknown
disease reasons (n = 73) at baseline. Finally, the left 19,518
postmenopausal women were included in the subsequent
analyses. All individuals signed informed consents to
participate in this study and this work was approved by the
Ethics Committee of Tongji Medical College, Huazhong
University of Science and Technology.

Assessment of Covariates
Face-to-face questionnaire interviews were carried out to collect
information of demographic characteristics (e.g., age, sex, and
education levels), lifestyles (e.g., smoking and alcohol drinking
status), female reproductive history (e.g., records of menopause,
pregnancy, delivery, abortion, and contraception), and
medication history [e.g., diuretics, antibiotics, and hormone
replacement therapy (HRT) use]. Participants who smoked at
least one cigarette per day for more than half a year were defined
as current smokers, and those who ever smoked and had quitted
over half a year were defined as former smokers; otherwise, they
were defined as never smokers. Similarly, those who had drunk
alcohol more than once a week for at least half a year were
defined as current alcohol drinkers, and those who had ever
drunk but quitted over half a year were defined as former alcohol
FIGURE 1 | Schematic diagram of the study design. BMI, body mass index; DFTJ, Dongfeng Tongji; IV, instrument variable; UA, uric acid. (1): forward Mendelian
randomization analysis (2); reverse Mendelian randomization analysis.
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drinkers; otherwise, they were defined as never drinkers. Both
former and current smokers/alcohol drinkers were classified as
ever smokers/alcohol drinkers. Marital status was collected as
married, unmarried, separated, divorced, and widowed, then
grouped into married or single status. Menopause was defined
retrospectively as the cessation of menstrual cycles for 12 months
occurring spontaneously, which was self-reported at baseline
interview. Females with missing menopausal information and
females who had stopped menstrual cycles due to disease reasons
(all aged 50 years or older) were considered as postmenopausal
in the present study. During the physical examination at
enrollment, the anthropometric indicators (height, weight, and
waist circumference) were measured with participants in light
indoor clothing and without shoes or hats. BMI was calculated as
weight (kilogram) divided by height (meter) squared (kg/m2).

For each participant, 5 ml peripheral venous blood was collected
after overnight fasting into an ethylenediaminetetraacetic acid
anticoagulant tube. The serum level of UA was determined by
using the enzymatic uricase method. Briefly, UA was oxidized to
allantoin and hydrogen peroxide by uricase. In the presence of
hydrogen peroxide, a colored product was produced by the
reaction of 4-aminoantipyrine with 3,5-dichloro-2-
hydroxybenzene sulfonate, and the absorbance of such product
was measured at 520 nm. All measurements were performed by
experienced technicians using an ARCHITECT ci8200 automatic
analyzer (Abbott Laboratories. Abbott Park, Illinois, USA) in the
laboratory of Sinopharm Dongfeng General Hospital.

Ascertainment of Incident Breast Cancer
During the follow-up period, the new incident cases of breast
cancer and dates of cancer diagnosis were confirmed by
reviewing their medical records or death certificates in DMC’s
healthcare system, which includes five DMC-owned hospitals
and the local Center for Disease Control and Prevention.
International Classification of Diseases, 10th Revision (ICD-
10), was used to classify the incident breast cancer cases (ICD
codes C50.000–C50.900). Among the whole 19,518
postmenopausal women, 211 new incident breast cancer cases
were identified by December 31, 2018.

Statistical Analysis
The bidirectional MR analysis used the summary-level data from
two Japanese GWAS to infer the causal direction of association
between BMI and serum UA. For forward MR analysis, we
considered BMI as the exposure and serum UA as the
outcome, and the BMI-related SNPs were used as IVs. In the
reverse MR analysis, serum UA was considered as exposure and
BMI was considered as the outcome, and the UA-related SNPs
were used as IVs. MR analysis relies on 3 presuppositions: (1) the
selected IVs are strongly associated with the exposure; (2) the IVs
are not related to confounders for the exposure–outcome
association; (3) IVs only affect the outcome through its effect
on exposure. To test the assumption (1), we calculated the F-
statistic value for each SNP and excluded weak IVs with F-value
< 10. For assumptions (2) and (3), IVs with significant
associations with diseases or traits other than the exposure of
Frontiers in Endocrinology | www.frontiersin.org 4
interest were excluded by searching PhenoScanner, a curated
database of human genotype–phenotype associations (20). The
MR analysis was mainly conducted by using the inverse-variance
weighted (IVW) method in a fixed-effect meta-analysis model
(21), and the sensitivity analyses by using weighted median
method (22) and Mendelian Randomization Pleiotropy
Residual Sum and Outlier (MR-PRESSO) method (23) were
further conducted to test the robustness of associations. The
weighted median method is based on the weighted median effect
of all MR estimates produced by individual IV, with weight equal
to the inverse of the standard error. MR-PRESSO can exclude
outliers determined by the square of residual errors from the IV–
outcome against IV–exposure regression to calculate an outlier-
free effect estimate. The MR analyses were performed by
“MendelianRandomization” R package.

For the female participants in the DFTJ cohort, their follow-
up time was calculated from the date of enrollment to the date of
cancer diagnosis, death, loss to follow-up, or end of the follow-up
(December 31, 2018), whichever came first. We used
multivariable Cox proportional hazard models to estimate the
hazard ratios (HRs) and 95% confidence intervals (CIs) of breast
cancer incidence risk associated with per standard deviation (SD)
increment of BMI and serum UA. The proportional hazard
assumption was examined by creating a product term of
survival time and exposure, and we found no significant
deviation from the assumption. We used three models to test
the above associations: model 1 was adjusted for age
(continuous), smoking and drinking status (ever/never),
education level (middle school and below/high school and
above), marital status (married/single), and batch to enter the
cohort (2008/2013); model 2 further included female
reproductive histories [parity (continuous), mastitis history
(ever/never), age at menopause (continuous)], and medication
use [diuretics, antibiotics, and HRT use (ever/never)] as the
covariates; in model 3, the UA–breast cancer association was
additionally adjusted for BMI and the BMI–breast cancer
association was additionally adjusted for UA. Participants with
missing information of exposure, outcome, or covariates were
not included in the corresponding regression analyses. Besides,
all participants were classified into four (Q1, Q2, Q3, and Q4)
subgroups according to the quartiles of serum UA. When we
used participants within the lowest UA quartile (Q1) as the
reference group, the HRs and 95% CIs for the other three UA
subgroups (Q2, Q3, and Q4) were calculated. To attenuate
potential reverse causation, sensitivity analysis was performed
by excluding participants diagnosed with breast cancer within
the first year of follow-up. The association of waist circumference
(another measurement of adiposity) with incident risk of
postmenopausal breast cancer was also evaluated.

To further investigate the mediation effect of serum UA
on the association between BMI and incident risk of
postmenopausal breast cancer, causal mediation analysis was
conducted for survival data within counterfactual framework by
two statistical models (mediator model and outcome model) (24,
25). The mediator model referred to the generalized linear
regression model for the association between BMI and serum
February 2022 | Volume 12 | Article 742411
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level of UA (with adjustment for age, smoking and drinking
status, education, batch to enter the cohort, marital status, parity,
age at menopause, mastitis history, diuretics, antibiotics, and
HRT use), and the outcome model referred to the Cox
proportional hazard model for the association of BMI and
serum UA with breast cancer incidence risk (including BMI,
serum UA, and the above covariates). Mediation analyses with
and without the exposure–mediator multiplicative interaction
term (BMI × UA) were both performed and the estimates of
direct and indirect effects did not change substantially (data not
shown), so we did not further include the interaction term of
BMI × UA in the outcome model (26). The natural indirect effect
(NIE) is the effect of BMI on breast cancer mediated by UA, and
natural direct effect (NDE) is the effect of BMI on breast cancer
independent of UA, which can be estimated on the log hazard
ratio scale. On the log hazard ratio scale, total effect (TE) can be
decomposed into NIE and NDE: TElog(HR) = NIElog(HR) + NDElog
(HR), and the proportion mediated by UA can be calculated as
NIElog(HR)/[NIElog(HR) + NDElog(HR)]. Similarly, we explored the
mediation role of serum UA on the association between waist
circumference and breast cancer incidence risk. The mediation
analysis was performed by “%mediation” SAS macro.

The statistical analyses were performed with the SAS program
(version 9.4, SAS Institute, Carry, NC) and R software
(version 3.6.3).
RESULTS

Causal Associations Between BMI
and Serum UA
For the forward MR analysis, all the 76 selected BMI-related
SNPs had F-statistic values >10, suggesting that all candidate IVs
for BMI were unlikely to introduce weak instrument bias into the
MR analysis. The associations of these SNPs with BMI and UA
Frontiers in Endocrinology | www.frontiersin.org 5
are shown in Table S1. The IVW method by using 76 BMI-
related SNPs as IVs revealed that the genetically predicted
increase of BMI was causally associated with elevated serum
UA [b (95% CI) = 0.183 (0.118, 0.248), p < 0.001] (Table 1). To
attenuate the impact of pleiotropy, we excluded 44 SNPs
significantly associated with traits other than BMI (Table S2),
and the MR analysis by using the left 32 SNPs still yielded a
significant causal effect of BMI on serum UA [IVW method, b
(95% CI) = 0.225 (0.111, 0.339) and p < 0.001] (Table 1).
Sensitivity analyses by using weighted median and MR-
PRESSO methods also confirmed the causal association [b
(95% CI) = 0.172 (0.072, 0.272) and 0.191 (0.105, 0.277), p =
0.001 and p < 0.001, respectively].

In the reverse MR analysis, all 36 UA-related SNPs had F-
statistic values > 10 and were included as IVs (Table S3). The
genetically determined UA was not significantly associated
with BMI by using IVW, weighted median, or MR-PRESSO
methods (Table 1). After excluding 22 SNPs with pleiotropy
(Table S4), we did not observe a significant association
between genetically determined UA and BMI either [IVW
method, b (95% CI) =-0.001 (-0.053, 0.051) and p =
0.966] (Table 1).

General Characteristics for Postmenopausal
Women in the DFTJ Cohort
A total of 211 incident postmenopausal breast cancer cases were
documented during the mean follow-up of 8.2 years. The
characteristics of study participants are presented in Table 2.
The incident breast cancer cases were more likely to have a
higher baseline weight, BMI, and waist circumference than non-
cases (62.6 ± 9.5 kg vs. 59.5 ± 9.1 kg, 25.4 ± 3.8 kg/m2 vs. 24.3 ±
3.5 kg/m2, and 83.8 ± 9.4 cm vs. 81.4 ± 9.2 cm, respectively). The
baseline serum level of UA was higher in incident breast cancer
cases than in non-cases (282.5 ± 77.5 mmol/l vs. 273.1 ± 75.4
mmol/l).
TABLE 1 | Bidirectional mendelian randomization estimates for the casual associations between BMI and serum uric acid.

MR analysis MR estimate b (95% CI) p

Forward MR (UA secondary to BMI)
Using 76 reported SNPs as IVs

IVW method 0.183 (0.118, 0.248) <0.001
Weighted median method 0.191 (0.129, 0.254) <0.001
MR-PRESSO method 0.169 (0.120, 0.218) <0.001

Using 32 reported SNPs as IVs after excluding SNPs with pleiotropy
IVW method 0.225 (0.111, 0.339) <0.001
Weighted median method 0.172 (0.072, 0.272) 0.001
MR-PRESSO method 0.191 (0.105, 0.277) <0.001

Reverse MR (BMI secondary to UA)
Using 36 reported SNPs as IVs

IVW method 0.010 (-0.035, 0.054) 0.670
Weighted median method -0.021 (-0.046, 0.005) 0.111
MR-PRESSO method 0.004 (-0.033, 0.041) 0.851

Using 14 reported SNPs as IVs after excluding SNPs with pleiotropy
IVW method -0.001 (-0.053, 0.051) 0.966
Weighted median method -0.015 (-0.042, 0.012) 0.275
MR-PRESSO method -0.018 (-0.049, 0.013) 0.296
February 2022 | Volume 12 | Article
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Associations of BMI and Serum UA With
Incident Risk of Postmenopausal Breast
Cancer
As shown in Table 3, each SD increase in BMI (3.5 kg/m2) was
associated with 29% elevated risk of breast cancer incidence
[model 1, HR (95% CI) = 1.29 (1.14, 1.47), p < 0.001]. Further
adjustment for female reproductive events (parity, age at
menopause, and mastitis history) and medication histories
(diuretics, antibiotics, and HRT use) also confirmed the above
association [model 2, HR (95% CI) = 1.31 (1.14, 1.50), p < 0.001],
and additional adjustment for UA slightly attenuated the effect
[model 3, HR (95% CI) = 1.24 (1.07, 1.44), p = 0.004]. When
considering BMI as a categorical variable, females with BMI ≥ 24
kg/m2 (overweight) had a significantly higher incident risk of
postmenopausal breast cancer than those with BMI < 24 kg/m2

[model 3, HR (95% CI) = 1.41 (1.02, 1.96), p = 0.037]. In
addition, we observed that each SD increment in waist
circumference (9.2 cm) was associated with 22% elevated risk
[HR (95% CI) = 1.22 (1.05, 1.43)] (Table S5).

After adjustment for the common confounders (age, smoking
and drinking status, education level, marital status, and batch to
enter the cohort), per SD increment in serum UA (75.4 mmol/l)
was associated with 15% increased incident risk of
postmenopausal breast cancer [model 1, HR (95% CI) = 1.15
(1.01, 1.32), p = 0.041]. Further adjustment for female
reproductive events and medication histories also revealed the
above association [model 2, HR (95% CI) =1.29 (1.11, 1.49), p =
0.001], while additional adjustment for BMI slightly reduced the
effect [model 3, HR (95% CI) = 1.22 (1.05, 1.42), p = 0.010].
When classifying participants into four subgroups (Q1 to Q4)
according to quartiles of serum UA and considering participants
within the lowest UA subgroup (Q1, <224 mmol/l) as the
reference, those within Q3 (266–315 mmol/l) and Q4 (≥316
mmol/l) UA subgroups showed a significantly elevated
incident risk of breast cancer [HR (95% CI) = 1.66 (1.02, 2.71)
and 2.06 (1.27, 3.35), respectively]. Subsequent sensitivity
analysis by excluding breast cancer cases diagnosed during the
first year of follow-up also confirmed the above positive
associations (Table 3).
Mediation Effect of Serum UA on BMI-
Breast Cancer Association
Since increased BMI causally contributed to elevated serum UA,
we treated UA as a mediator and further carried out the
mediation analysis to explore the intermediate role of serum
UA in BMI–breast cancer association. As shown in Figure 2,
there were significant direct and indirect effects between BMI
and incident risk of postmenopausal breast cancer [NDE = 1.24
(1.07, 1.44), p = 0.004, and NIE = 1.05 (1.01, 1.08), p = 0.010],
and serum UA mediated 16.9% of the above association.
Meanwhile, we observed that serum UA mediated 17.2% of the
association between waist circumference and breast cancer risk
[NDE = 1.22 (1.05, 1.43), NIE = 1.04 (1.01, 1.07)] (Figure S1).
TABLE 2 | Baseline characteristics of the study population (n = 19,518).

Characteristics Breast cancer
(n = 211)

Non-cancer
(n = 19,307)

Age (years, mean ± SD) 61.8 ± 7.9 61.3 ± 8.0
Height (cm, mean ± SD) 156.9 ± 5.4 156.3 ± 5.8
Weight (kg, mean ± SD) 62.6 ± 9.5 59.5 ± 9.1
BMI
Continuous (kg/m2, mean ± SD) 25.4 ± 3.8 24.3 ± 3.5
<18.5 1 (0.5%) 504 (2.6%)
18.5–23.9 75 (35.5%) 8,628 (44.7%)
24–27.9 95 (45.0%) 6,728 (34.8%)
≥28 35 (16.6%) 2,602 (13.5%)
Missing 5 (2.4%) 845 (4.4%)

Waist (cm, mean ± SD)
Continuous (cm, mean ± SD) 83.8 ± 9.4 81.4 ± 9.2
<80 66 (31.3%) 8,097 (41.9%)
≥80 140 (66.4%) 10,320 (53.5%)
Missing 5 (2.4%) 890 (4.6%)

Drinking, n (%)
Current 13 (6.2%) 1441 (7.5%)
Former 3 (1.4%) 222 (1.2%)
Never 195 (92.4%) 17,612 (91.2%)
Missing 0 32 (0.2%)

Smoking, n (%)
Current 4 (1.9%) 429 (2.2%)
Former 3 (1.4%) 170 (0.9%)
Never 203 (96.2%) 18,560 (96.1%)
Missing 1 (0.5%) 148 (0.8%)

Marriage, n (%)
Married 180 (85.3%) 16,481 (85.4%)
Single 31 (14.7%) 2,764 (14.3%)
Missing 0 62 (0.3%)

Education, n (%)
Middle school and below 125 (59.2%) 11,865 (61.5%)
High school and above 82 (38.9%) 7,281 (37.7%)
Missing 4 (1.9%) 161 (0.8%)

Parity, median (25th, 75th) 2 (1, 3) 2 (1, 3)
No. of abortions, median (25th, 75th) 1 (0, 2) 1 (0, 2)
No. of induced abortions, median (25th, 75th) 1 (0, 2) 1 (0, 2)
Contraception, n (%)
No 157 (73.7%) 14,855 (76.9%)
Yes 56 (26.3%) 4,108 (21.3%)
Missing 0 344 (1.8%)

Contraception duration (years, mean ± SD) 11.7 ± 8.9 12.2 ± 8.2
First contraception age (years, mean ± SD) 28.9 ± 4.3 29.4 ± 4.5
Menopause age (years, mean ± SD) 49.8 ± 3.7 49.1 ± 3.7
HRT use, n (%)
No 202 (95.7%) 18,295 (94.8%)
Yes 9 (4.3%) 598 (3.1%)
Missing 0 414 (2.1%)

Mastitis history, n (%)
No 165 (78.2%) 15,192 (78.7%)
Yes 18 (8.5%) 884 (4.6%)
Missing 28 (13.3%) 3,231 (16.7%)

Antibiotics use, n (%)
No 201 (95.3%) 17,632 (91.3%)
Yes 10 (4.7%) 1,675 (8.7%)

Diuretics use, n (%)
No 207 (98.1%) 18,938 (98.1%)
Yes 4 (1.9%) 369 (1.9%)

Uric acid (mmol/L, mean ± SD) 282.5 ± 77.5 273.1 ± 75.4
BMI, body mass index; HRT, hormone replacement therapy; SD, standard deviation.
Values were shown as means ± SD, n (%), or median (25th, 75th).
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DISCUSSION

The bidirectional MR analysis by using the largest Asian GWAS
in Japanese populations revealed a causal effect of higher BMI on
elevated serum UA, but not vice versa. In the DFTJ cohort, we
observed positive associations of BMI, waist circumference, and
serum UA with increased incident risk of postmenopausal breast
cancer. More importantly, serum UA functioned as a significant
mediator in the adiposity–breast cancer relationship.

To our knowledge, only two European MR studies have
investigated the causal association between BMI and UA (27,
28). An MR analysis among 110,347 Europeans from the Global
Urate Genetics Consortium used 97 previously reported SNPs as
proxies for BMI and observed that each 4.6-kg/m2 increment in
genetically predicted BMI was associated with a 0.3-mg/dl increase
[95% CI (0.25, 0.35) mg/dl; p = 1.6 × 10-36] in serum UA, but the
reverse effect of UA on BMI was not explored in their study (27).
Another one-sample bidirectional MR study among 6,184
Europeans employed 3 SNPs in adiposity genes as IVs
Frontiers in Endocrinology | www.frontiersin.org 7
(rs1121980 in FTO, rs2665272 in MC4R, and rs6755502 in
TMEM18) and did not find the causal effect of BMI on UA.
The reverse MR analysis using rs6855911 in SLC2A9 as the proxy
for UA yielded a null causal effect of UA on BMI, either (28). Our
study explored the direction of causation between BMI and UA by
using the bidirectional MR approach among large Asian
populations and observed the significant causal effect of higher
BMI on elevated serumUA. The basic assumptions ofMR analysis
were fulfilled in our study. First, SNPs selected as candidate IVs
were significantly associated with exposure of interest (BMI or
UA) with F-value >10 and p for associations <5 × 10-8. Second,
these IVs were not directly associated with the outcome and SNPs
related to other phenotypes were excluded in the sensitivity
analyses. Thus, the selected IVs affected the outcome through
their effect on exposure, making the observed causal effect robust.
However, we could not perform the stratified study of men and
women in the MR analysis because no stratified GWAS of BMI
and UA were carried out by gender in the reported publications.
We assessed the correlations between measured BMI and serum
TABLE 3 | The associations of BMI and serum uric acid with incident risk of postmenopausal breast cancer.

Variables Person-years Model 1a Model 2b Model 3c Sensitivity analysisd

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

BMI (kg/m2)
<24 346.8/75,740.9 Ref Ref Ref Ref
≥24 546.9/79,542.4 1.63 (1.23, 2.18) 0.001 1.55 (1.13, 2.13) 0.007 1.41 (1.02, 1.96) 0.037 1.30 (0.93, 1.82) 0.125
Per SD 893.7/155,283.3 1.29 (1.14, 1.47) <0.001 1.31 (1.14, 1.50) <0.001 1.24 (1.07, 1.44) 0.004 1.20 (1.02, 1.40) 0.026

Serum UA (mmol/L)
Q1 (5–223) 139.8/40,045.0 Ref Ref Ref Ref
Q2 (224–265) 208.9/39,135.8 1.28 (0.83, 1.97) 0.266 1.61 (0.98, 2.65) 0.061 1.53 (0.93, 2.52) 0.095 1.83 (1.09, 3.10) 0.024
Q3 (266–315) 256.9/39,006.8 1.48 (0.97, 2.25) 0.066 1.80 (1.11, 2.93) 0.018 1.66 (1.02, 2.71) 0.043 1.92 (1.14, 3.23) 0.014
Q4 (316–814) 274.8/36,748.8 1.64 (1.08, 2.50) 0.020 2.38 (1.48, 3.83) <0.001 2.06 (1.27, 3.35) 0.003 2.24 (1.33, 3.78) 0.003
Per SD 880.4/154,936.4 1.15 (1.01, 1.32) 0.041 1.29 (1.11, 1.49) 0.001 1.22 (1.05, 1.42) 0.010 1.25 (1.07, 1.46) 0.006
February 2022 | V
olume 12 | Article 7
BMI, body mass index; SD, standard deviation; UA, uric acid.
aModel 1: with adjustment for age, smoking status, drinking status, education, marriage status, and batch to enter the cohort.
bModel 2: further adjusted for parity, age at menopause, mastitis history, diuretics, antibiotics, and HRT use.
cModel 3: UA-breast cancer association was additionally adjusted for BMI and the BMI-breast cancer association additionally adjusted for UA.
dExcluding participants diagnosed with breast cancer in the first follow-up year, with the employment of the same covariates in Model 3.
FIGURE 2 | Mediation effect of serum uric acid on the association between BMI and incident risk of postmenopausal breast cancer. BMI, body mass index; NDE,
natural direct effect; NIE, natural indirect effect. Both BMI and serum uric acid were treated as continuous variables.
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UA in females and males of the DFTJ cohort separately and
observed similar correlations in both gender (r = 0.224 and 0.188,
respectively, data not shown), which was consistent with the
results reported by a study in Japanese twin adults (29). The
association of increased BMI and elevating serum UA is
biologically plausible. Adipose tissue of obese mice was reported
to have higher xanthine oxidoreductase activities and secrete
excess UA (30). Enormous appetite of overweight people and
ingestions of abundant purine-rich food could result in
overproduction of UA (31), and obesity might hinder kidney
clearance of UA (32, 33) by inducing insulin resistance (IR) via c-
Jun amino-terminal kinases activity (34). These findings postulate
elevating UA as the consequence of increased BMI, but further
animal or functional experiments are needed to reveal the
underlying mechanisms.

In line with our findings, many epidemiological studies have
reported the effect of adiposity on increased risk of
postmenopausal breast cancer (4, 35). A meta-analysis of 31
prospective studies suggested that each 5-kg/m2 increase in BMI
was associated with a 12% increased risk of postmenopausal breast
cancer [RR (95% CI) = 1.12 (1.08, 1.16)]. The meta-regression
analysis of 5 Asia-Pacific cohort studies also suggested a robust
effect of BMI, with each 5-kg/m2 increment in BMI associated
with 1.31-fold (95% CI = 1.15–1.48) risk of postmenopausal breast
cancer (4), which was comparable to our findings. In the current
DFTJ cohort, we observed a 31% increased risk of postmenopausal
breast cancer along with a per 3.5-kg/m2 increase in BMI among
Chinese women. As another adiposity measurement, the increased
waist circumference was also reported to be associated with
elevated risk of postmenopausal breast cancer in previous
literatures (36, 37), and this finding was consistently observed in
the current cohort. Additionally, we observed a positive
association of serum UA with increased incident risk of breast
cancer among postmenopausal females. A follow-up study among
228,482 Swedish individuals (mean ± SD for age were 43.2 ± 13.8)
observed that participants with serumUA level ≥ 279 mmol/l had a
7% reduced incident risk of breast cancer than those with serum
UA level < 207 mmol/l [HR (95% CI) = 0.93 (0.88, 0.98)] (17).
However, they did not separate the incident breast cancer cases
according to the menopausal status nor adjust for potential
confounding effects of smoking, drinking status, and
reproductive histories. Another case–cohort study within the
EPIC-Heidelberg cohort found a marginally inverse association
between serum UA and breast cancer risk [Quartile 4 vs. Quartile
1, HR (95% CI) = 0.72 (0.53, 0.99)], and they did not distinguish
pre- or postmenopausal women either. Furthermore, women in
the EPIC-Heidelberg cohort had a significantly lower serum level
of UA than women in the current DFTJ cohort (mean ± SD:
15.5 ± 4.0 mmol/l vs. 273.1 ± 75.4 mmol/l) (18). A Chinese
perspective study enrolled 12,134 hypertensive females who
were randomly assigned to receive a double-blind treatment of
either enalapril (n = 6,064) or enalapril–folic acid (n = 6,070) and
documented a separate 10 and 6 incident breast cancer cases
during the 4.5-year follow-up and did not observe the association
between serum UA and incidence risk of breast cancer [HR (95%
CI) = 1.11 (0.68, 1.79) and 1.13 (0.59, 2.19) in the enalapril group
and enalapril-folic acid group, respectively] (38). This study
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ignored the menopausal status, and the study participants had a
higher mean serum UA level than postmenopausal women in the
DFTJ cohort (303.5 vs. 273.1 mmol/l), which might result from the
different health status at baseline. In addition, the small sample
size of incident breast cancer cases (n = 16) limited the statistical
power to uncover the association. Since the etiology of breast
cancer varies between pre- and postmenopausal women, the above
conflicting findings may be partly due to different distributions of
menopausal status of the study participants. The distinct age
distribution, human race, health status, and serum level of UA
may also partly account for the inconsistent results across these
studies. However, we could not perform MR analyses of BMI or
UAwith postmenopausal breast cancer only, because there was no
GWAS of postmenopausal BRCA reported in Asian populations
yet. Larger population-based prospective studies and MR analysis
in different ethnic groups are warranted to validate the effects of
UA on breast cancer among pre- or postmenopausal specifically.

Mediation analysis is usually employed in causal inference to
clarify the roles of biological factors in the exposure-disease
pathway. In the current DFTJ cohort, serum UA was found to
mediate about 17% of the associations of BMI and waist
circumference with increasing incident risk of postmenopausal
breast cancer. Confounding of the association between the
mediator (UA) and outcome (postmenopausal breast cancer)
can introduce bias in the observational mediation analyses as any
confounders might be part of the total effect of the exposure on
the outcome. Thus, we have adjusted for many potential
confounders (e.g., age, smoking and drinking status, and
diuretic use). Novel mediation analyses by using MR and
multivariable MR, which need the GWAS of exposure,
mediator, and outcome, will overcome the limitation of
traditional mediation analysis. However, we could not perform
such analyses because no GWAS of postmenopausal breast
cancer in Asian ancestry was reported. Further mediation
analyses within the multivariable MR framework will help to
reveal the mediation role of UA in BMI–breast cancer
associations. An in vitro experiment observed that exposure to
1.6~25 mg/dl UA significantly increased the migratory rate of
both human mammary cancer cells and mouse mammary
epithelial cells, which suggested a functional link between UA
and breast cancer (16). UA could act as a water-soluble radical
scavenger and antioxidant in hydrophilic conditions but could
not eliminate ROS in lipophilic conditions (15). In addition, the
oxidation of UA could originate free radical metabolites (39).
Cell experiments in mature adipocytes indicated that UA could
induce the nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase-dependent oxidative stress (40), which then
participated in the malignant transformation of breast epithelial
cells (41), as well as the proliferation (42) and invasion of human
breast cancer cells (43, 44). The increased oxidative stress might
partly explain the biological functions of UA on adiposity-related
breast cancer (45), but the underlying mechanisms warrant
deep investigations.

The bidirectional MR analysis benefited from the GWAS
results of the largest Asian population in more than 150,000
Japanese, which provided powerful evidence on the causal effect
of BMI on elevating serum UA. Additionally, we provided the
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first longitudinal evidence on the mediation effect of serum UA
on the adiposity–postmenopausal breast cancer association.
Nevertheless, several limitations should not be ignored. Firstly,
the influence of dietary habits on serum UA was not evaluated.
However, the blood sampling after overnight fasting, as well as
the similar living environment of our study participants, could
attenuate the impact of diets. Secondly, UA only explained part
of the association between BMI and postmenopausal breast
cancer; some other important factors like the levels of free
estradiol (46, 47) and insulin (47) may also link adiposity with
breast cancer, and their roles need further explorations.
Thirdly, a relatively moderate number of incident cases of
postmenopausal breast cancer was documented during the 8.2-
year follow-up in the DFTJ cohort (n = 211); future larger
cohort studies with longer follow-up periods were warranted to
validate the current findings. Fourthly, the effect of serum UA on
premenopausal breast cancer still required further investigations.
Lastly, we were unable to prove the causal effects of BMI and UA
on postmenopausal breast cancer risk or conduct novel
mediation analyses by using MR and multivariable MR
analyses. Further research within the MR framework will help
to prove our findings.
CONCLUSIONS

Our study revealed that higher BMI could causally induce an
elevated level of serum UA, but not vice versa. We found the
positive associations of BMI and serum UA with increased
incident risk of postmenopausal breast cancer in the DFTJ
cohort and further documented the serum UA as an important
mediator in adiposity-related breast cancer among Chinese
postmenopausal women. Our study suggested the utility of UA
as a clinical target for breast cancer prevention. Public and clinical
implications of reducing serum UA might help to decrease breast
cancer incidence among overweight postmenopausal women.
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ME. Sodium Arsenite Induces Ros Generation, DNA Oxidative Damage, HO-
1 and C-Myc Proteins, NF-kappaB Activation and Cell Proliferation in
Human Breast Cancer MCF-7 Cells. Mutat Res (2009) 674:109–15.
doi: 10.1016/j.mrgentox.2008.09.021

42. Yamazaki S, Miyoshi N, Kawabata K, Yasuda M, Shimoi K. Quercetin-3-O-
Glucuronide Inhibits Noradrenaline-Promoted Invasion of MDA-MB-231
Human Breast Cancer Cells by Blocking b₂-Adrenergic Signaling. Arch
Biochem Biophys (2014) 557:18–27. doi: 10.1016/j.abb.2014.05.030

43. Zhang JW, Rubio V, Zheng S, Shi ZZ. Knockdown of OLA1, a Regulator of
Oxidative Stress Response, Inhibits Motility and Invasion of Breast Cancer
Cells. J Zhejiang Univ Sci B (2009) 10:796–804. doi: 10.1631/jzus.B0910009

44. Ambrosone CB. Oxidants and Antioxidants in Breast Cancer. Antioxid Redox
Signaling (2000) 2:903–17. doi: 10.1089/ars.2000.2.4-903

45. Dashti SG, Simpson JA, Karahalios A, Viallon V, Moreno-Betancur M, Gurrin
LC, et al. Adiposity and Estrogen Receptor-Positive, Postmenopausal Breast
Cancer Risk: Quantification of the Mediating Effects of Fasting Insulin and
Free Estradiol. Int J Cancer (2020) 146:1541–52. doi: 10.1002/ijc.32504

46. Schairer C, Fuhrman BJ, Boyd-Morin J, Genkinger JM, Gail MH, Hoover
RN, et al. Quantifying the Role of Circulating Unconjugated Estradiol in
Mediating the Body Mass Index-Breast Cancer Association. Cancer
Epidemiol Biomarkers Prev (2016) 25:105–13. doi: 10.1158/1055-9965.Epi-
15-0687

47. Hvidtfeldt UA, Gunter MJ, Lange T, Chlebowski RT, Lane D, Farhat GN, et al.
Quantifying Mediating Effects of Endogenous Estrogen and Insulin in the
Relation Between Obesity, Alcohol Consumption, and Breast Cancer. Cancer
February 2022 | Volume 12 | Article 742411

https://doi.org/10.1038/ng.3951
https://doi.org/10.1038/ng.3951
https://doi.org/10.1038/s42003-019-0339-0
https://doi.org/10.1073/pnas.78.11.6858
https://doi.org/10.1155/2015/764250
https://doi.org/10.1155/2015/764250
https://doi.org/10.1373/clinchem.2016.268185
https://doi.org/10.1111/j.1600-0773.2003.pto930606.x
https://doi.org/10.1111/j.1600-0773.2003.pto930606.x
https://doi.org/10.1002/jcb.21901
https://doi.org/10.18632/oncotarget.16198
https://doi.org/10.1038/bjc.2017.313
https://doi.org/10.1038/bjc.2017.313
https://doi.org/10.1093/ije/dys053
https://doi.org/10.1093/bioinformatics/btw373
https://doi.org/10.1093/bioinformatics/btw373
https://doi.org/10.1002/gepi.21758
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1097/EDE.0b013e31821db37e
https://doi.org/10.1093/aje/kwq332
https://doi.org/10.1093/aje/kwq332
https://doi.org/10.1093/rheumatology/key229
https://doi.org/10.1371/journal.pone.0039321
https://doi.org/10.1074/jbc.M113.485094
https://doi.org/10.1074/jbc.M113.485094
https://doi.org/10.1210/jc.2013-1635
https://doi.org/10.1007/s00296-015-3242-0
https://doi.org/10.1038/nature01137
https://doi.org/10.1001/jamaoncol.2015.1546
https://doi.org/10.1001/jamaoncol.2015.1546
https://doi.org/10.1002/cncr.29552
https://doi.org/10.1002/ijc.31180
https://doi.org/10.1002/ijc.30731
https://doi.org/10.1016/S0021-9258(19)77933-2
https://doi.org/10.1152/ajpcell.00600.2006
https://doi.org/10.1152/ajpcell.00600.2006
https://doi.org/10.1016/j.taap.2013.09.028
https://doi.org/10.1016/j.mrgentox.2008.09.021
https://doi.org/10.1016/j.abb.2014.05.030
https://doi.org/10.1631/jzus.B0910009
https://doi.org/10.1089/ars.2000.2.4-903
https://doi.org/10.1002/ijc.32504
https://doi.org/10.1158/1055-9965.Epi-15-0687
https://doi.org/10.1158/1055-9965.Epi-15-0687
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Feng et al. BMI, UA, and Postmenopausal Breast Cancer
Epidemiol Biomarkers Prev (2012) 21:1203–12. doi: 10.1158/1055-9965.Epi-
12-0310

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
Frontiers in Endocrinology | www.frontiersin.org 11
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Feng, Fu, Guan,Wang, Yuan, Bai, Meng, Li, Wei, Li, Li, Jie, Lu and
Guo. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.
February 2022 | Volume 12 | Article 742411

https://doi.org/10.1158/1055-9965.Epi-12-0310
https://doi.org/10.1158/1055-9965.Epi-12-0310
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Uric Acid Mediated the Association Between BMI and Postmenopausal Breast Cancer Incidence: A Bidirectional Mendelian Randomization Analysis and Prospective Cohort Study
	Introduction
	Materials and Methods
	Bidirectional Mendelian Randomization Analysis
	Study Population
	Forward Mendelian Randomization Analysis
	Reverse Mendelian Randomization Analysis

	Prospective Dongfeng–Tongji Cohort Study
	Study Population
	Assessment of Covariates
	Ascertainment of Incident Breast Cancer

	Statistical Analysis

	Results
	Causal Associations Between BMI and Serum UA
	General Characteristics for Postmenopausal Women in the DFTJ Cohort
	Associations of BMI and Serum UA With Incident Risk of Postmenopausal Breast Cancer
	Mediation Effect of Serum UA on BMI-Breast Cancer Association

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


