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Background: There is lack of large-scale real-world research evidence
showing the impact of endocrine therapy on blood lipids in Chinese breast
cancer patients, especially those with premenopausal breast cancer. Based on
a large breast cancer cohort at West China Hospital, we aimed to compare the
risk of dyslipidemia between premenopausal and postmenopausal women
based on the endocrine therapy used.

Methods: A total of 1,883 early-stage breast cancer (EBC) patients who
received endocrine monotherapy [selective estrogen receptor modulator
(SERM) and aromatase inhibitor (Al), with or without ovarian function
suppression] with normal blood lipid levels at baseline were retrospectively
included between October 2008 and April 2017. Dyslipidemia was defined as
an abnormality in cholesterol, low-density lipoprotein cholesterol (LDL-C),
high-density lipoprotein, and total cholesterol (TC) levels. The risk
accumulation function was used to calculate the incidence of dyslipidemia in
order to assess the absolute risk, while the multivariate Cox regression model
was used to calculate the relative risk of dyslipidemia between the groups.

Results: Patients with EBC were followed up for 60 months to monitor their
blood lipid levels. The accumulated 5-year incidence of dyslipidemia in
postmenopausal patients was higher than that in premenopausal patients
(adjusted HR [95% confidence intervall, 1.25 [1.01-1.56], 41.7% vs. 31.2%, p =
0.045). In premenopausal patients, the risk of abnormal TC was significantly
higher in the OFS+Al group compared with that in the SERM group (adjusted
HR [95% Cl], 6.24 [3.19-12.20], p < 0.001, 5-year abnormal rates: 21.5% vs.
2.4%), and that of abnormal LDL-C level also increased (adjusted HR [95% Cl],
10.54 [3.86-28.77], p < 0.001, 5-year abnormal rates: 11.1% vs. 0.9%). In
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postmenopausal patients, the risk of abnormal TC or LDL-C levels showed a
similar trend in the Al and SERM groups.

Conclusions: In addition to postmenopausal patients, dyslipidemia is also
common in premenopausal Chinese patients with EBC who received
endocrine therapy. Irrespective of menopausal status, Al treatment increases
the risk of TC/LDL-C dyslipidemia than SERM treatment.

KEYWORDS

breast cancer, dyslipidemia, endocrine therapy, cohort study, accumulated 5-

year incidence

Introduction

Breast cancer (BC) is the most common malignant tumor in
Chinese women (1). Dyslipidemia, abnormal bone metabolism,
mental anxiety, and depression are common concomitant
diseases and are important components of the full-course
management of BC (2). Dyslipidemia refers to an increase in
serum cholesterol, triglyceride (TG), or low-density lipoprotein
cholesterol (LDL-C) levels, or a decrease in high-density
lipoprotein cholesterol (HDL-C) level (3), and is the primary
risk factor for arteriosclerotic cardiovascular disease (ASCVD)
occurrence and development (4, 5). According to the
epidemiological evidence in China, increased cholesterol is the
most important and clear risk factor for ASCVD, while high
LDL-C is the third leading risk factor for CVD-related death in
this country (6). Previous cohort studies have found that
cardiovascular death accounts for approximately 16.3% of the
total deaths among BC patients (7). Compared with BC patients
without heart disease, those with heart disease have a 59% higher
recurrence rate and a 60% higher mortality rate; moreover,
myocardial infarction can accelerate BC progression and
metastasis (8). For patients with BC, blood lipid management
should be performed in the early stages to reduce the risk of
developing heart disease.

Endocrine therapy is one of the standard treatments for
estrogen receptor (ER)-positive BC and is mainly divided into
selective estrogen receptor modulators (SERMs) and aromatase
inhibitors (Als) (9). Different endocrine drugs may have different
effects on the blood lipid levels in patients with BC. Tamoxifen
has good cardiovascular effects in postmenopausal BC patients,
including reduced total cholesterol and LDL-C levels and
increased HDL-C levels (10, 11). The ATAC trial compared the
adverse reactions of anastrozole and tamoxifen in
postmenopausal patients with BC, and the results of a
100-month follow-up showed that the incidence of
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hypercholesterolemia in patients treated with anastrozole was
significantly higher than that in patients treated with tamoxifen
(12). In a previous prospective clinical trial, Shien et al. found that
TC and LDL-C levels at 12 and 24 months after toremifene
treatment were lower than those in the letrozole group (13). A
retrospective study found that the level of TGs in postmenopausal
BC patients treated with letrozole for 24 months was higher than
that in patients treated with exemestane (14).

Therefore, monitoring for dyslipidemia is of utmost
importance. However, there is lack of large-scale real-world
research evidence on the impact of different endocrine
therapies on blood lipids in Chinese BC patients, especially in
premenopausal BC patients. Based on a large cohort of BC
patients in West China Hospital of Sichuan University, we aimed
to compare the effects of different endocrine therapies, SERMs,
and Als, on the blood lipid levels in premenopausal and
postmenopausal women.

Methods

West China Hospital breast
cancer cohort

Patients pathologically diagnosed with BC have been
prospectively registered in the Breast Cancer Information
Management System at West China Hospital, Sichuan
University since 2008 (15-18). Oncologists obtained the
patients’ medical records, diagnostic pathology reports, and
treatment data. All patients were followed up through
outpatient visits or a telephone call at 3- to 4-month intervals
within 3 years after diagnosis, 6-month intervals within 4-5
years, and then annually. This study was approved by the
Biomedical Research Ethics Committee of West China
Hospital (reference number: 20200427).
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Study design

In this study, 7,652 early-stage breast cancer (EBC) patients
from the WHC BC cohort with pathologically confirmed non-
metastatic disease at the time of diagnosis were retrospectively
enrolled from 6 October 2008 to 15 April 2017. We excluded 9
patients with unknown menopause status and 17 male patients.
To avoid interference with the analysis by the endocrine
conversion regimen, only patients receiving one endocrine
therapy regimen were included, while 2,426 patients receiving
multiple SERM or Al during the endocrine adjuvant therapy
phase were excluded. We also excluded 3,317 patients with
unknown lipid status or dyslipidemia in the last 3 months
before the initiation of endocrine therapy. Overall, only 1,883
women with EBC were included in this study. A flowchart of the
study selection process is presented in Figure 1.

Definition of dyslipidemia

Blood lipid test data were obtained using the laboratory
information management system at the West China Hospital of
Sichuan University. According to the “2016 Chinese guideline
for the management of dyslipidemia in adults,” (3) any of the
following conditions indicates dyslipidemia: total cholesterol of
>6.2 mmol/L, LDL of >4.1 mmol/L, HDL of <1.0 mmol/L, or TG
of 22.3 mmol/L. Since the above indexes have different
physiological meanings, the outcome of our interest was
defined as abnormalities in the total cholesterol, LDL-C, HDL-

10.3389/fendo.2022.815960

C, and TG levels during 1-60 months after receiving endocrine
therapy. To avoid the underestimation of follow-up time, the end
point of follow-up, for patients with dyslipidemia during 1-60
months, was defined as the last time to receive a lipid test or
60 months.

Covariates

The demographic characteristics (age and BMI) and clinical
information (menstrual status, disease stage, ER, progesterone
receptor, human epidermal growth factor receptor 2, endocrine
therapy, etc.) of the WHC BC cohort were collected. Data on the
history of treatment with lipid-lowering drugs were extracted
from the electronic medical records. The different SERMs used
for endocrine therapy included tamoxifen (TAM) and
toremifene (TOR). Als used included anastrozole (ANA),
letrozole (LET), and exemestane (EXE). Ovarian function
suppression (OFS) involved goserelin drug castration or
bilateral ovariectomy surgical castration. Comorbidity was any
history of hypertension, diabetes, and chronic kidney disease.

Data analysis

Descriptive statistics were obtained for all the study
variables. Continuous variables were expressed as mean
(standard deviation) or median (interquartile range [IQR])
values. Categorical data were expressed as numbers

Involve MO breast cancer participants
who registered in BCIMS
06/10/2008-15/04/2017 ( n=7652)

MO breast cancer female
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one more blood lipid test within 3
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The flowchart shows the participant selection process. *As the number of participants were relatively small, some drugs were not included in
the cumulative dyslipidemia incidence analysis of different endocrine therapy drugs
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(proportions). A cumulative incidence analysis and log-rank test
were used to assess the cumulative incidence rates of
dyslipidemia, which was used to assess the absolute risk of
dyslipidemia within 60 months in patients treated with
different endocrine therapies. Pairwise comparisons between
multiple groups were carried out using the log-rank test, and
the p-value was adjusted using the Benjamini-Hochberg
procedure. Multivariate Cox regression models, involving
variables with a p-value of less than 0.05, were used to assess
the relative risk for dyslipidemia in different groups. The relative
risk of dyslipidemia within 5 years was assessed in
premenopausal and postmenopausal patients treated with
different endocrine drugs. Data analysis and graph drawing
were performed using R version 3.6.2. Statistical analyses were
performed using Microsoft Excel 2016 (Microsoft). For all
statistical analyses, a p-value of <0.05 was considered significant.

Results
Participants’ characteristics

In this study, 1,883 female patients with normal blood lipid
levels prior to the initiation of endocrine therapy were followed
up for 60 months to monitor their blood lipid levels. Among
them, 1,258 were premenopausal women, the median age was
43.00 years (IQR, 39.00-47.00), and the median BMI was 22.22
(IQR, 20.45-24.14); among the premenopausal women, 298 had
dyslipidemia within 60 months, and the median follow-up time
was 31.58 months (IQR, 0.03-60.00). Meanwhile, 625
participants were postmenopausal patients, the median age
was 57.00 years (IQR, 52.00-62.00), and the median BMI was
23.44 (IQR, 21.23-25.63); among postmenopausal women, 207
had dyslipidemia within 60 months, and the median follow-up
time was 31.79 months (IQR, 0.13-60.00). The incidence of
dyslipidemia within 1 year was significantly higher in
postmenopausal patients compared with that in
premenopausal patients (22.3% [25.6%-18.8%] vs. 14.6%
[16.7%-12.6%], p < 0.001; Table 1). The 5-year risk of
dyslipidemia was also significantly higher in postmenopausal
patients compared with that in premenopausal patients
(adjusted hazard ratio (HR) [95% confidence interval (CI)],
1.25 [1.01-1.56], p = 0.045; 41.7% vs. 31.2%%, p < 0.001;
Table 1 and Figure 2) after adjusting for variables that were
signiﬁcant in the univariate Cox regression (i.e., age, BMI, stage,
comorbidity, and KI67). Furthermore, the time of dyslipidemia
onset was extremely close between postmenopausal and
premenopausal patients (7.45 months [1.06-59.23] vs. 8.35
months [1.03-57.00]; Table 1).
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Abnormalities in four blood lipid indexes
among premenopausal women with EBC

The effect of specific endocrine therapy on the incidence of a
single index of dyslipidemia was further analyzed. The
premenopausal group received three types of endocrine therapies:
SERM (77.9%), OFS+AI (15.0%), and OFS+SERM (7.1%). The
specific treatment plans were as follows: TAM (74.7%) and TOR
(3.2%), OFS+TAM (6.9%) and OFS+TOR (0.2%), OFS+ANA
(7.7%), OFS+LET (5.3%), and OFS+EXE (2.0%). Prior to the
initiation of endocrine therapy, the levels of the following blood
lipids were measured: TC (4.74 [4.22-5.25] mmol/L), TG (1.28
[0.97-1.64] mmol/L), HDL-C (1.45 [1.27-1.68] mmol/L), and
LDL-C (2.75 [2.31-3.16] mmol/L). Significant differences were
observed in the risks of abnormal TC and LDL-C levels among
the three groups (TC, p < 0.001; LDL-C, p < 0.001; Figure 3). Results
of the pairwise log-rank test showed that the 1-year incidence (TC:
OFS+AI vs. SERM, 8.2% vs. 1.1%, p < 0.001; LDL-C: OFS+AI vs.
SERM, 5.3% vs. 0.3%, p < 0.001; Supplementary Tables S1, 3) and 5-
year incidence of abnormal TC and LDL-C levels (TC: OFS+AI vs.
SERM, 21.5% vs. 2.4%, p < 0.001; LDL-C: OFS+AI vs. SERM, 11.1%
vs. 0.9%, p < 0.001; Supplementary Tables S1, 3) in the OFS+AI
group were significantly higher than those in the SERM group. In
the subgroup analysis of specific drugs, the 5-year incidence of TC
and LDL-C in the OFS+ANA or OFS+LET group was significantly
higher than that in the TAM group, but the difference between OFS
+ANA and OFS+LET was not significant (Supplementary Tables
S1, 5).

In order to determine the relative risk of using different
treatment modes or drugs in patients with abnormal TC and
LDL-C levels within a follow-up of 5 years, a multivariate Cox
regression model was constructed, and the factors with
significant single factor Cox regression p-values between the
corresponding groups were included for correction; results
showed that the OFS+AI group had a higher risk of
developing abnormal LDL-C levels (adjusted HR [95% CI],
10.54 [3.86-28.77], p < 0.001) and abnormal TC levels
(adjusted HR [95% CI]J, 6.24 [3.19-12.20], p < 0.001) than the
SERM group. Compared with the TAM group, the OFS+ANA or
OFS+LET group had a higher risk of developing abnormal LDL-
C levels (OFS+ANA vs. TAM: adjusted HR [95% CI], 15.95
[5.30-48.02], p < 0.001; OFS+LET vs. TAM: adjusted HR [95%
CI], 6.96 [1.68-28.78], p = 0.007) and abnormal TC levels
(OFS+ANA vs. TAM: adjusted HR [95% CI], 6.30 [2.80-
14.16], p < 0.001; OFS+LET vs. TAM: adjusted HR [95% ClI],
8.15 [3.65-18.15], p < 0.001); other details are shown in Table 2.
However, no statistical difference was found in the TG and
HDL-C levels between the different endocrine therapy groups
among premenopausal patients (Supplementary Figure SI).
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TABLE 1 Characteristics and dyslipidemia risk among early-stage breast cancer patients.

Group

Age, median (IQR)

BMI, median (IQR)

Stage, 1 (%)

pT status, n (%)

pM status, 1 (%)
PN status, 7 (%)

Subtype, 1 (%)

ER, 1 (%)

PR, n (%)

HER2, 1 (%)

KI67, n (%)

Comorbidity *, n (%)

TC (mmol/L), median (IQR)

Mean (SD)

TG (mmol/L), median (IQR)

Frontiers in Endocrinology

1I
1II
Unknown

2
3
Unknown
Luminal A

Luminal B
(Her2 +)

Luminal B
\(Her2 -)

TNBC
Her2
positive
Unknown
Negative
Positive
Unknown
Negative
Positive
Unknown
Negative
Positive
Unknown
<14%
>14%
Unknown
No

Yes

05

All
(n = 1,883)

46.00 [41.00-53.00]
47.31 (9.63)
22.58 [20.70-24.69]
22.88 (3.02)
36 (1.9)
433 (23.0)
887 (47.1)
431 (22.9)
96 (5.1)
45 (2.4)
668 (35.5)
891 (47.3)
79 (4.2)
109 (5.8)
91 (4.8)
1,883 (100.0)
927 (49.2)
593 (31.5)
207 (11.0)
144 (7.6)
12 (0.6)
297 (15.8)
299 (15.9)

752 (39.9)

22 (1.2)
25 (1.3)

488 (25.9)
139 (7.4)
1,714 (91.0)
30 (1.6)
253 (13.4)
1,599 (84.9)
31 (1.6)
1,198 (63.6)
357 (19.0)
328 (17.4)
418 (22.2)
1,369 (72.7)
96 (5.1)
1,669 (88.6)
214 (11.4)
4.82 [4.29-5.33]
479 (0.72)
1.33 [1.01-1.66]

10.3389/fendo.2022.815960

Menopausal status

Postmenopause
(n = 625)

57.00 [52.00-62.00]
57.42 (7.18)
23.44 [21.23-25.63]
23.63 (3.16)
11 (1.8%)
141 (22.6%)
297 (47.5%)
159 (25.4%)
17 (2.7%)
17 (2.7%)
229 (36.6%)
307 (49.1%)
18 (2.9%)
43 (6.9%)
11 (1.8%)
625 (100.0%)
293 (46.9%)
196 (31.4%)
78 (12.5%)
51 (8.2%)
7 (1.1%)
83 (13.3%)
91 (14.6%)

237 (37.9%)

12 (1.9%)
10 (1.6%)

192 (30.7%)
67 (10.7%)
543 (86.9%)
15 (2.4%)
139 (22.2%)
471 (75.4%)
15 (2.4%)
384 (61.4%)
118 (18.9%)
123 (19.7%)
128 (20.5%)
460 (73.6%)
37 (5.9%)
475 (76.0%)
150 (24.0%)
4.98 [4.44-5.45]
4.92 (0.71)
1.42 [1.09-1.72]

Premenopause
(n = 1,258)

43.00 [39.00-47.00]
4228 (6.10)
2222 [20.45-24.14]
22,51 (2.88)
25 (2.0%)
292 (23.2%)
590 (46.9%)
272 (21.6%)
79 (6.3%)
28 (2.2%)
439 (34.9%)
584 (46.4%)
61 (4.8%)
66 (5.2%)
80 (6.4%)
1,258 (100.0%)
634 (50.4%)
397 (31.6%)
129 (10.3%)
93 (7.4%)

5 (0.4%)
214 (17.0%)
208 (16.5%)

515 (40.9%)

10 (0.8%)
15 (1.2%)

296 (23.5%)
72 (5.7%)
1,171 (93.1%)
15 (1.2%)
114 (9.1%)
1,128 (89.7%)
16 (1.3%)
814 (64.7%)
239 (19.0%)
205 (16.3%)
290 (23.1%)
909 (72.3%)
59 (4.7%)
1,194 (95.0%)
64 (5.1%)
474 [4.22-5.25]
472 (0.72)
1.28 [0.97-1.64]

(Continued)
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TABLE 1 Continued

Group

Mean (SD)

HDL-C (mmol/L), median (IQR)
Mean (SD)

LDL-C (mmol/L), median (IQR)
Mean (SD)

Follow-up (months), median (range)
No. of events within 5 years

Durations from baseline to dyslipidemia (months), median
(range)
Incidence within 1 year [95% CI]

Incidence within 5 years [95% CI]

10.3389/fendo.2022.815960

Menopausal status

All Postmenopause Premenopause
(n =1,883) (n = 625) (n = 1,258)
1.35 (0.43) 1.42 (0.42) 1.32 (0.43)
1.43 [1.25-1.67] 1.41 [1.23-1.65) 1.45 [1.27-1.68]
1.49 (0.32) 1.47 (0.31) 1.50 (0.32)
2.80 [2.37-3.23] 2.93 [2.50-3.37] 275 [2.31-3.16]
2.79 (0.61) 291 (0.61) 2.73 (0.60)
31.68 [0.03-60.00] 31.79 [0.13-60.00] 31.58 [0.03-60.00]
467 193 274

7.77 [1.03-59.23]

17.2% [18.9%—

7.45 [1.06-59.23]

22.3% [25.6%-18.8%]

8.35 [1.03-57.00]

14.6% [16.7%—

15.4%)] 12.6%)]
34.7% [37.7%- 41.7% [46.7%-36.3%] 31.2% [34.7%-
31.7%)] 27.5%]

*Comorbidity for hypertension, diabetes, and chronic kidney disease; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor-2; TNBC, triple-
negative breast cancer; TC, total cholesterol; TG, triglyceride; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol.

Abnormalities in four blood lipid indexes
among postmenopausal women
with EBC

In the postmenopausal group, SERM (26.2%) and Al (73.8%)
were administered as endocrine therapy; the specific therapeutic
drugs used were as follows: TAM (25.1%), TOR (1.1%), ANA
(38.2%), LET (29.8%), and EXE (5.8%). Prior to the initiation of

E——

Number at sk

FIGURE 2

ER———

endocrine therapy, the following blood lipid levels were measured
and the results were as follows: TC = 4.98 (4.44-5.45) mmol/L,
TG = 1.42 (1.09-1.72) mmol/L, HDL-C = 1.41 (1.23-1.65) mmol/
L, and LDL-C = 2.93 (2.50-3.37) mmol/L. Similar to the
premenopausal group, significant differences were found in the
risk of developing abnormal TC and LDL-C levels between the
SERM group and AI group (TC: p < 0.001, LDL-C: p < 0.001;
Figure 4). The 1-year incidence (AI vs. SERM, 13.3% vs. 2.8%, p =

Adjusted HR [85%CI), 1.25 [1.01 - 156], P=0.045

Cumulative dyslipidemia incidence among premenopausal and menopausal early-stage breast cancer patients (EBC). Cumulative curves
(A) showing dyslipidemia incidence in all EBC patients receiving endocrine therapy and (B) showing dyslipidemia incidence among different

menopausal groups.
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FIGURE 3

Cumulative incidence of abnormal TC and LDL-C levels among early-stage breast cancer premenopausal patients based on the endocrine
therapy used. Cumulative curves showing TC (A, C) and LDL-C (B, D) dyslipidemia incidences. p-values were obtained from the log-rank tests
for comparisons of abnormal TC and LDL-C incidences between the different endocrine therapy groups. SERM, selective estrogen receptor
modulator; TAM, tamoxifen; TOR, toremifene; Al, aromatase inhibitor; ANA, anastrozole; LET, letrozole; EXE, exemestane; OFS, ovarian function
suppression; TC, total cholesterol; TG, triglyceride; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol.

0.003; Supplementary Tables S2, 4) and 5-year incidence of
abnormal TC levels were higher in the AI group compared with
that in the SERM group (AI vs. SERM, 22.0% vs. 8.8%, p < 0.001;
Supplementary Tables S2, 4). Compared with the SERM group,
the 1-year incidence of abnormal LDL-C levels in the AI group did
not increase significantly (AI vs. SERM, 7.9% vs. 0.0%, p = 0.045),
but the 5-year incidence of abnormal LDL-C levels increased
significantly (AI vs. SERM, 13.3% vs. 0.0%, p < 0.001;
Supplementary Tables S2, 4). In the subgroup analysis of
specific drugs, the same trend was observed in the
postmenopausal patients: the 5-year incidence of abnormal TC
and LDL-C levels was significantly higher in the ANA or LET
group compared with that in the TAM group, but the difference
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between ANA and LET was not significant (Supplementary
Table S6).

Multivariate Cox regression model showed that the AI group
had a higher risk of developing abnormal LDL-C levels (no
applicable HR for the SERM group without dyslipidemia) and
abnormal TC levels (adjusted HR [95% CI], 3.94 [1.81-8.56], p <
0.001; Table 2) than the SERM group. Compared with the TAM
group, the ANA or LET group had a higher risk of developing
abnormal LDL-C levels (no applicable HR for the TAM group
without dyslipidemia) and abnormal TC levels (ANA vs. TAM:
adjusted HR [95% CI], 5.32 [2.25-12.55], p < 0.001; LET vs.
TAM: adjusted HR [95% CI], 3.58 [1.47-8.72], p = 0.005). No
statistical difference was found in the TG and HDL-C levels
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TABLE 2 Hazard ratio of LDL-C and TC dyslipidemia among early-stage breast cancer patients based on endocrine therapy used.

Menopause LDL-C

Crude HR [95% P Adjusted HR* [95%

CI] CI]

Al vs. SERM - - -
ANA vs. TAM - - -
LET vs. TAM - - -
ANA vs. LET 1.30 [0.70-2.41] 0.407 1.09 [0.58-2.06]
Pre-menopause LDL-C

Crude HR [95% CI] P Adjusted HR* [95% CI]
OFS+AI vs. SERM 11.65 [4.70-28.89]  <0.001 10.54 [3.86-28.77)
OFS+ANA vs. 15.65 [5.80-42.24] <0.001 15.95 [5.30-48.02]
TAM
OFS+LET vs. TAM 6.32 [1.63-24.45] 0.008 6.96 [1.68-28.78]

TC
P Crude HR [95% p  Adjusted HR* [95% p
Il 1
- 4.12 [1.90-8.94] <0.001 3.94 [1.81-8.56] <0.001
- 558 [2.38-13.04]  <0.001 532 [2.25-12.55] <0.001
- 3.88 [1.60-9.43] 0.003 3.58 [1.47-8.72] 0.005
0.782 1.44 [0.89-2.33] 0.135 1.41 [0.87-2.29] 0.164
TC
P Crude HR [95% ClI] p Adjusted HR* [95% CI] p
<0001 844 [4.53-1574]  <0.001 6.24 [3.19-12.20] <0.001
<0.001  892[4.23-18.78]  <0.001 6.30 [2.80-14.16] <0.001
0.007 9.86 [4.61-21.09]  <0.001 8.15 [3.65-18.15] <0.001

SERM, selective estrogen receptor modulator; TAM, tamoxifen; TOR, toremifene; Al, aromatase inhibitor; ANA, anastrozole; LET, letrozole; EXE, exemestane; OFS, ovarian function
suppression; TC, total cholesterol; LDL-C, LDL cholesterol; *adjusted for age, BMI, stage, and comorbidity. Refers to the unavailability of computing the HR for no dyslipidemia events

occurring among menopausal patients receiving SERM (i.e., TAM).

between the different endocrine therapy groups among
postmenopausal patients (Supplementary Figure S2).

Discussion

Based on a large cohort, the present real-world study
provided a comprehensive dyslipidemia profile following
different endocrine therapies in not only postmenopausal but
also premenopausal patients with EBC in China. Another
strength of this study was the longer follow-up period of 5
years, which enabled the long-term evaluation of the changes in
blood lipid levels. The risk of dyslipidemia in postmenopausal
patients was higher than that in premenopausal patients.
Furthermore, the dyslipidemia risk was compared among
different groups of Chinese premenopausal women. The risk
of developing abnormal TC and LDL-C levels in the OFS+AI
group at 1 year or 5 years was significantly higher than that in
the SERM group. Among postmenopausal patients, the 1-year or
5-year risk of developing abnormal TC levels in the AI group was
significantly higher than that in the SERM group, and the 5-year
risk of abnormal LDL-C in the AI group was also significantly
higher than that in the SERM group.

At present, there is sufficient evidence regarding the risk
factors for dyslipidemia in patients with BC. Li et al. conducted a
survey in 5,375 people in Chongqing, China, and found that high
BMI and age were independent risk factors for female
dyslipidemia (19). Several epidemiological studies have shown
that the dyslipidemia level in postmenopausal women is
significantly higher than that in premenopausal women (20).
In general, premenopausal women show lower atherogenic lipid
profiles (higher HDL and antiatherogenic HDL2 levels and
lower TG levels); after menopause, HDL decreases rapidly,
while TG and LDL levels increase (21, 22). Therefore, the
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incidence of coronary heart disease increases with the onset of
menopause and changes in the blood lipid levels (23). Als
significantly reduce systemic aromatization, inhibit estrogen
synthesis, and reduce estrogen availability in various organs
and tissues, such as the ovaries, breasts, adipose tissues, and
musculoskeletal organs (23). Thus, the ability of estrogen to
coordinate lipid and lipoprotein metabolism is further weakened
by Als. Hence, physicians should provide effective management
for dyslipidemia in BC patients, especially those undergoing
endocrine therapy after menopause.

In China, full-course management of BC and its associated
diseases is receiving increasing research attention (2). However,
the time of occurrence and incidence of dyslipidemia in
hormone-positive EBC patients, especially in premenopausal
patients receiving different endocrine therapies, remain
unclear. This study found that after endocrine therapy, the 5-
year incidence of dyslipidemia in postmenopausal patients was
higher than that in pre-menopausal patients (postmenopausal
vs. pre-menopausal patients: 42.6% vs. 32.6%). Among
premenopausal BC patients, the OFS+AI group had a
significantly higher risk of developing abnormal TC and LDL-
C levels than the SERM group, while the OFS+LET or
OFS+ANA group had a significantly higher risk of developing
abnormal TC and LDL-C levels than the TAM group at 1 year or
5 years. For postmenopausal women with EBC, the risk of
abnormal TC and LDL-C was also higher in the AI group
than in the SERM group, which was consistent with the
clinical reports of early hormone receptor-positive BC patients
treated with endocrine therapy (13, 24-26). This finding
suggests that more than one-third of premenopausal and
postmenopausal women with BC may have dyslipidemia after
receiving long-term endocrine therapy; moreover, SERM is
more likely to cause changes in TC and LDL-C levels than Al,
which are the two important risk factors of CVD.
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FIGURE 4

Cumulative abnormal TC and LDL-C incidence among early-stage breast cancer menopausal patients based on endocrine therapy used.
Cumulative curves showing TC (A, C) and LDL-C (B, D) dyslipidemia incidences. p-values were obtained from the log-rank tests for
comparisons of abnormal TC and LDL-C incidences between the different endocrine therapy groups. SERM, selective estrogen receptor
modulator; TAM, tamoxifen; TOR, toremifene; Al, aromatase inhibitor; ANA, anastrozole; LET, letrozole; EXE, exemestane; TC, total cholesterol;

TG, triglyceride; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol.

Because the physiological meaning of blood lipid indicators
differs, the impacts of different endocrine therapies were analyzed
to adequately understand how different endocrine therapies affect
the blood lipid profiles. Because of its ability to promote reverse
cholesterol transport and improve atherosclerotic vascular lesions,
HDL-C is often considered as a good cholesterol (27). Several
epidemiological studies have reported a positive association
between increased HDL-C serum levels and decreased CVD risk
(27, 28). On the contrary, high LDL-C levels are significant risk
factors for CVD (29). According to epidemiological evidence in
China, increased cholesterol is the most important and clear risk
factor for ASCVD in China, while increased LDL-C is the third
largest risk factor for CVD-related death in China (6). After
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receiving endocrine therapy for 5 years, about one-third of
patients with hormone receptor-positive EBCs developed
dyslipidemia. This result suggests that dyslipidemia is one of the
most common concomitant diseases associated with BC. In our
study, we also found that female patients with EBC, whether
postmenopausal or premenopausal, were significantly more likely
to develop abnormal LDL-C and TC levels within 60 months of
taking SERM drugs than those taking AI drugs. In light of the
above findings, lipid profiles (especially LDL-C and TC) should be
continuously monitored during the course of endocrine therapy,
TAM should be used as first-line treatment in patients with
cardiovascular risk factors, and statins should be used in female
BC patients with high cholesterol levels.
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Studies on the effects of Als on lipid profiles remain
controversial. Previous studies have suggested that letrozole
and anastrozole are more likely to cause elevated cholesterol
levels (30, 31). A subsequent phase III clinical trial also suggested
that different Als had different effects on lipid metabolism: TG
and cholesterol levels increased significantly in the anastrozole
group compared with that in the exemestane group (32). By
contrast, the lipid profiles vary in patients using different AI
treatments (14, 33). Our study showed higher risks of developing
abnormal LDL-C and TC levels in the AI group compared with
that in the SERM group among postmenopausal BC patients, but
no difference was observed in the TG and HDL-C levels. Our
findings suggest a unique dyslipidemia profile in Chinese women
with EBC treated with endocrine therapy.

This study has some limitations. The research participants
were from a single-center cohort of the West China Hospital,
Sichuan University, Western China, which does not represent the
general population in China. This study lacked a control group
(i.e., BC patients who did not receive hormonal therapy) and did
not assess some confounders (i.e., diet and physical activity). This
study focused on investigating the incidence of dyslipidemia and
did not explore the incidence of ASCVD or CVD.

Conclusion

This study was based on the analysis of a large-sample BC
cohort in China. Among the hormone receptor-positive EBC
patients with normal blood lipid levels, dyslipidemia occurred in
one-third of patients within 5 years after receiving endocrine
therapy. Importantly, the 5-year incidence of dyslipidemia was
close to one-third among premenopausal patients in China.
However, clinicians have rarely considered the impact of
endocrine drugs on lipidemia when choosing the endocrine
drugs for premenopausal BC patients. The incidence of
abnormal TC and LDL-C levels was higher in the AI group
than that in the SERM group in both postmenopausal and
premenopausal patients. Therefore, Al is more likely to cause
abnormal TC and LDL-C levels than SERM. In summary,
dyslipidemia is an extremely common event among
premenopausal and postmenopausal women and must be
closely detected in those with BC.

Data availability statement

The datasets presented in this article are not readily available
because of data security protection, the dataset used and
analyzed in the current research can be applied to the
corresponding author according to reasonable requirements,
and the analysis must be performed locally after passing the
application. Requests to access the datasets should be directed to
zhongxiaorongzxr@163.com.

Frontiers in Endocrinology

10

10.3389/fendo.2022.815960

Ethics statement

The studies involving human participants were reviewed and
approved by the biomedical research ethics committee of West
China Hospital (reference number: 20200427). The patients/
participants provided their written informed consent to
participate in this study.

Author contributions

XZ and TL were responsible for the conception and design of
the study. JW, JY, JQ, JJ, and YH were responsible for the data
and project management. JW, JY, JQ, and JJ performed data
cleaning and analysis. JW, XZ, KZ, and TL were responsible for
the interpretation of data. JW, JY, JQ, JJ, YH, HZ, KZ, TL, and
XZ drafted and revised the manuscript. All authors approved the
final manuscript as submitted and agreed to be accountable for
all aspects of the work.

Funding

This work was supported by the National Key Development
Plan for Precision Medicine Research (grant number:
2017YFC0910004) and 135 projects for disciplines of
excellence, West China Hospital, Sichuan University (grant
numbers: ZYGD18012 and ZYJC21035).

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 this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fendo.2022.815960/full#supplementary-material

frontiersin.org


mailto:zhongxiaorongzxr@163.com
https://www.frontiersin.org/articles/10.3389/fendo.2022.815960/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.815960/full#supplementary-material
https://doi.org/10.3389/fendo.2022.815960
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wang et al.

References

1. Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, et al. Cancer statistics
in China, 2015. ] CA: Cancer ] Clin (2016) 66(2):115-32. doi: 10.3322/caac.21338

2. MaF, Xu B, Shao Z. Comprehensive management guideline for breast cancer
follow-up and concomitant diseases. ] Zhonghua Zhong Liu Za Zhi (2019) 41
(1):29-41. doi: 10.3760/cma.j.issn.0253-3766.2019.01.006

3. Zhu J, GR ZS. Guidelines for prevention and treatment of dyslipidemia in
Chinese adults (revised 2016). Chin Circ J (2016) 31:937-53. doi: 10.3969/
j.issn.1000-3614.2016.10.001

4. Jacobson TA, Ito MK, Maki KC, Orringer CE, Bays HE, Jones PH, et al.
National lipid association recommendations for patient-centered management of
dyslipidemia: part 1-full report. J Clin Lipidol (2015) 9(2):129-69. doi: 10.1016/
jjacl.2015.02.003

5. Tabas I, Williams K]J, Borén J. Subendothelial lipoprotein retention as the initiating
process in atherosclerosis: update and therapeutic implications. Circulation (2007) 116
(16):1832-44. doi: 10.1161/CIRCULATIONAHA.106.676890

6. Hu S. Report on cardiovascular health and diseases in China 2019: an
updated summary. Chin Circ J (2020) 35(9):833-854. doi: 10.3969/j.issn.1000-
3614.2020.0

7. Abdel-Qadir H, Austin PC, Lee DS, Amir E, Tu JV, Thavendiranathan P,
et al. A population-based study of cardiovascular mortality following early-stage
breast cancer. JAMA Cardiol (2017) 2(1):88-93. doi: 10.1001/jamacardio.
2016.3841

8. Koelwyn GJ, Newman AA, Afonso MS, van Solingen C, Corr EM, Brown EJ,
et al. Myocardial infarction accelerates breast cancer via innate immune
reprogramming. Nat Med (2020) 26(9):1452-8. doi: 10.1038/s41591-020-0964-7

9. Lumachi F, Luisetto G MM, Basso S, Basso U, Brunello A, Camozzi V.
Endocrine therapy of breast cancer. Curr Med Chem (2011) 18(4):513-22. doi:
10.2174/092986711794480177

10. Bruning P, Bonfrer J, Hart A, de Jong-Bakker M, Linders D, Van Loon J,
et al. Tamoxifen, serum lipoproteins and cardiovascular risk. Br J cancer (1988) 58
(4):497-9. doi: 10.1038/bjc.1988.248

11. Grainger DJ, Schofield PM. Tamoxifen for the prevention of myocardial
infarction in humans: preclinical and early clinical evidence. Circulation (2005) 112
(19):3018-24. doi: 10.1161/CIRCULATIONAHA.104.531178

12. Arimidex T. Comprehensive side-effect profile of anastrozole and
tamoxifen as adjuvant treatment for early-stage breast cancer: long-term safety
analysis of the ATAC trial. Lancet Oncol (2006) 7(8):633-43. doi: 10.1016/S1470-
2045(06)70767-7

13. Shien T, Doihara H, Sato N, Anan K, Komaki K, Miyauchi K, et al. Serum
lipid and bone metabolism effects of toremifene vs. letrozole as adjuvant therapy for
postmenopausal early breast cancer patients: results of a multicenter open
randomized study. Cancer Chemother Pharmacol (2018) 81(2):269-75.
doi: 10.1007/s00280-017-3491-6

14. Tian W, Wu M, Deng Y. Comparison of changes in the lipid profiles of
Eastern Chinese postmenopausal women with early-stage breast cancer treated
with different aromatase inhibitors: A retrospective study. Clinical Pharmacology in
Drug Development. (2018) 7(8):837-43. doi: 10.1002/cpdd.420

15. Zhong X, Luo T, Deng L, Liu P, Hu K, Lu D, et al. Multidimensional
machine learning personalized prognostic model in an early invasive breast cancer
population-based cohort in China: Algorithm validation study. JMIR Med Inform
(2020) 8(11):219069. doi: 10.2196/19069

16. Luo C, Zhong X, Deng L, Xie Y, Hu K, Zheng H. Nomogram predicting
locoregional recurrence to assist decision-making of postmastectomy radiation
therapy in patients with T1-2N1 breast cancer. Int J Radiat Oncol Biol Phys (2019)
103(4):905-12. doi: 10.1016/}.ijrobp.2018.11.005

Frontiers in Endocrinology

11

10.3389/fendo.2022.815960

17. Liu P, Fu B, Yang SX, Deng L, Zhong X, Zheng H. Optimizing survival
analysis of XGBoost for ties to predict disease progression of breast cancer. IEEE
Trans Biomed Eng (2020) 68(1):148-160. doi: 10.1109/TBME.2020.2993278

18. Jin Y, Junren W, Jingwen J, Yajing S, Xi C, Ke Q. Research on the
construction and application of breast cancer-specific database system based on
full data lifecycle. Front Public Health (2021) 9:936. doi: 10.3389/
fpubh.2021.712827

19. Qi L, Ding X, Tang W, Li Q, Mao D, Wang Y. Prevalence and risk factors
associated with dyslipidemia in chongqing, China. Int ] Environ Res Public Health
(2015) 12(10):13455-65. doi: 10.3390/ijerph121013455

20. Phan BAP, Toth PP. Dyslipidemia in women: etiology and management. Int
] Womens Health (2014) 6:185. doi: 10.1007/978-981-16-3923-4_16

21. Jensen J, Nilas L, Christiansen C. Influence of menopause on serum lipids and
lipoproteins. Maturitas (1990) 12(4):321-31. doi: 10.1016/0378-5122(90)90012-U

22. Mumusoglu S, Yildiz BO. Metabolic syndrome during menopause. Curr
Vasc Pharmacol (2019) 17(6):595-603. doi: 10.2174/1570161116666180904094149

23. Stevenson JC, Crook D, Godsland IF. Influence of age and menopause on
serum lipids and lipoproteins in healthy women. Atherosclerosis (1993) 98(1):83—
90. doi: 10.1016/0021-9150(93)90225-]

24. Yamamoto Y, Iwase H. Safety profiles of aromatase inhibitors and selective
estrogen-receptor modulators in the treatment of early breast cancer. Int J Clin
Oncol (2008) 13(5):384-94. doi: 10.1007/s10147-008-0828-5

25. Lewis S. Do endocrine treatments for breast cancer have a negative impact
on lipid profiles and cardiovascular risk in postmenopausal women? Am Heart ]
(2007) 153(2):182-8. doi: 10.1016/j.ahj.2006.10.034

26. Connor C, Attai D. Adjuvant endocrine therapy for the surgeon: options,
side effects, and their management. Ann Surg Oncol (2013) 20(10):3188-93. doi:
10.1245/510434-013-3177-1

27. Fisher EA, Feig JE, Hewing B, Hazen SL, Smith JD. High-density lipoprotein
function, dysfunction, and reverse cholesterol transport. Arterioscler Thromb Vasc
Biol (2012) 32(12):2813-20. doi: 10.1161/ATVBAHA.112.300133

28. Gordon DJ, Rifkind BM. High-density lipoprotein-the clinical implications
of recent studies. New Engl ] Med (1989) 321(19):1311-6. doi: 10.1056/
NEJM198911093211907

29. Castelli WP, Anderson K, Wilson PW, Levy D. Lipids and risk of coronary
heart disease the framingham study. Ann Epidemiol (1992) 2(1-2):23-8. doi:
10.1016/1047-2797(92)90033-M

30. Tomao F, Spinelli G, Vici P, Pisanelli GC, Cascialli G, Frati L, et al. Current
role and safety profile of aromatase inhibitors in early breast cancer. Expert Rev
Anticancer Ther (2011) 11(8):1253-63. doi: 10.1586/era.11.96

31. Lenning PE, Geisler J, Krag LE, Erikstein B, Bremnes Y, Hagen Al et al.
Effects of exemestane administered for 2 years versus placebo on bone mineral
density, bone biomarkers, and plasma lipids in patients with surgically resected
early breast cancer. J Clin Oncol (2005) 23(22):5126-37. doi: 10.1200/
JCO.2005.07.097

32. Goss PE, Ingle JN, Pritchard KI, Ellis MJ, Sledge GW, Budd GT, et al.
Exemestane versus anastrozole in postmenopausal women with early breast cancer:
NCIC CTG MA. 27-a randomized controlled phase III trial. J Clin Oncol (2013) 31
(11):1398. doi: 10.1200/JC0O.2012.44.7805

33. Smith I, Yardley D, Burris H, De Boer R, Amadori D, McIntyre K, et al.
Comparative efficacy and safety of adjuvant letrozole versus anastrozole in
postmenopausal patients with hormone receptor-positive, node-positive early
breast cancer: final results of the randomized phase III femara versus anastrozole
clinical evaluation (FACE) trial. J Clin Oncol (2017) 35(10): 1041-1048. doi:
10.1200/JC0O.2016.69.2871

frontiersin.org


https://doi.org/10.3322/caac.21338
https://doi.org/10.3760/cma.j.issn.0253-3766.2019.01.006
https://doi.org/10.3969/j.issn.1000-3614.2016.10.001
https://doi.org/10.3969/j.issn.1000-3614.2016.10.001
https://doi.org/10.1016/j.jacl.2015.02.003
https://doi.org/10.1016/j.jacl.2015.02.003
https://doi.org/10.1161/CIRCULATIONAHA.106.676890
https://doi.org/10.3969/j.issn.1000-3614.2020.0
https://doi.org/10.3969/j.issn.1000-3614.2020.0
https://doi.org/10.1001/jamacardio.2016.3841
https://doi.org/10.1001/jamacardio.2016.3841
https://doi.org/10.1038/s41591-020-0964-7
https://doi.org/10.2174/092986711794480177
https://doi.org/10.1038/bjc.1988.248
https://doi.org/10.1161/CIRCULATIONAHA.104.531178
https://doi.org/10.1016/S1470-2045(06)70767-7
https://doi.org/10.1016/S1470-2045(06)70767-7
https://doi.org/10.1007/s00280-017-3491-6
https://doi.org/10.1002/cpdd.420
https://doi.org/10.2196/19069
https://doi.org/10.1016/j.ijrobp.2018.11.005
https://doi.org/10.1109/TBME.2020.2993278
https://doi.org/10.3389/fpubh.2021.712827
https://doi.org/10.3389/fpubh.2021.712827
https://doi.org/10.3390/ijerph121013455
https://doi.org/10.1007/978-981-16-3923-4_16
https://doi.org/10.1016/0378-5122(90)90012-U
https://doi.org/10.2174/1570161116666180904094149
https://doi.org/10.1016/0021-9150(93)90225-J
https://doi.org/10.1007/s10147-008-0828-5
https://doi.org/10.1016/j.ahj.2006.10.034
https://doi.org/10.1245/s10434-013-3177-1
https://doi.org/10.1161/ATVBAHA.112.300133
https://doi.org/10.1056/NEJM198911093211907
https://doi.org/10.1056/NEJM198911093211907
https://doi.org/10.1016/1047-2797(92)90033-M
https://doi.org/10.1586/era.11.96
https://doi.org/10.1200/JCO.2005.07.097
https://doi.org/10.1200/JCO.2005.07.097
https://doi.org/10.1200/JCO.2012.44.7805
https://doi.org/10.1200/JCO.2016.69.2871
https://doi.org/10.3389/fendo.2022.815960
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Comparison of dyslipidemia incidence in Chinese early-stage breast cancer patients following different endocrine therapies: A population-based cohort study
	Introduction
	Methods
	West China Hospital breast cancer cohort
	Study design
	Definition of dyslipidemia
	Covariates
	Data analysis

	Results
	Participants’ characteristics
	Abnormalities in four blood lipid indexes among premenopausal women with EBC
	Abnormalities in four blood lipid indexes among postmenopausal women with EBC

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	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


