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Abstract 

Background: Research on the impact of metabolic abnormalities on breast cancer prognosis is limited by small 
samples and assessment of laboratory values at a single time point, often prior to cancer diagnosis and treatment. In 
this population-based cohort, time-updated laboratory values were adjusted for cancer treatment to assess the asso-
ciation between metabolic risk factors (glucose, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein 
cholesterol (LDL-C), triglycerides) and breast cancer survival.

Methods: 13,434 women diagnosed with stage I-III breast cancer from 2005-15 at Kaiser Permanente were included. 
All outpatient fasting glucose, HDL-C, LDL-C, and triglyceride values from diagnosis through 2019 or death were 
extracted from electronic medical records. Risk of breast cancer-specific mortality was evaluated with Cox propor-
tional hazards models adjusted for metabolic labs, demographics, body mass index, diabetes, dyslipidemia and anti-
hypertensive medications, tumor characteristics (stage, ER and HER2 receptor status) and cancer treatment (use of 
chemotherapy, tamoxifen, and aromatase inhibitors).

Results: Mean (SD) age at diagnosis was 62.3 (11.8) years. Over a median follow-up of 8.6 years, 2,876 patients died; 
1,080 of breast cancer. Patients with low HDL-C (≤ 45 vs. > 45 mg/dL) had higher breast cancer-specific mortality (HR, 
1.77; 95% CI, 1.53-2.05), as did those with elevated fasting glucose (> 99 vs. 60-99 mg/dL) (HR, 1.19; 95% CI, 1.03-1.37). 
Elevated levels of triglycerides and LDL-C were not associated with breast cancer-specific mortality.

Conclusions: High fasting glucose and low HDL-C evaluated over time after cancer diagnosis were associated with 
higher breast cancer mortality independent of cancer treatments and changes in other metabolic risk factors. Future 
studies should address whether pharmacologic or lifestyle treatment of glucose and lipids after breast cancer diagno-
sis can optimize survival outcomes.
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Background
Breast cancer is the second leading cause of cancer 
death among women in the United States [1]. Even after 
accounting for tumor characteristics, treatment, and 
other known risk factors for breast cancer mortality, 
there remains great heterogeneity in outcomes. Thus, 
identifying post-diagnosis modifiable risk factors may 
help improve prognosis [2–4].
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Systemic metabolic dysregulation, including the highly 
prevalent conditions of dyslipidemia and hyperglycemia, 
has been implicated in breast cancer progression. Poten-
tial mechanisms include enhanced tumor cell reprogram-
ming and chemoresistance, production of hormones and 
pro-inflammatory factors, and inhibited cancer cell apop-
tosis [4–6]. Yet, recent epidemiological studies assessing 
the association between hyperglycemia and breast cancer 
prognosis tend to focus on glucose values before or at 
diagnosis and often ignore the confounding influence of 
cancer treatment on glucose profiles and disease progres-
sion [6–8].

Dyslipidemia is also believed to influence cancer cell 
proliferation [2]. In particular, cholesterol’s role in cell 
membrane structure, cellular signaling pathways, and 
steroid hormone biosynthesis suggests it may be an 
important clinical factor in breast cancer development [9, 
10]. Yet, the few studies that have assessed the relation-
ship between lipids and prognosis have produced incon-
sistent results and been limited by small sample sizes and 
a focus on lipid profiles before lipid-altering cancer treat-
ment [5, 11–13].

The role of metabolic dysregulation in breast cancer 
progression remains unclear, in part because prior stud-
ies have been conducted in small populations with assess-
ment of laboratory values at a single time point, often at 
or before breast cancer diagnosis. Previous observational 
research often has not controlled for the influence of can-
cer treatments on metabolic dysregulation, even though 
emerging evidence suggests that chemotherapy may 
worsen glucose and lipid levels in breast cancer patients 
[14–17]. Endocrine therapies are also known to impact 
lipids, with prior research suggesting tamoxifen improves 
lipid profiles, while aromatase inhibitors worsen them 
[18].

This study of metabolic dysregulation and breast can-
cer survival is the first, to our knowledge, which assesses 
glucose, LDL-C, HDL-C, and triglycerides over time after 
breast cancer diagnosis controlling for cancer treatment.

Methods
Study population
This study population drew from all female Kaiser Per-
manente Northern California (KPNC) patients 18  years 
and older who were diagnosed with a first primary inva-
sive stage I-III breast cancer from 2005 through 2014 
(n = 21,226). Women were included if they had at least 
one measurement of all four labs (fasting glucose, LDL-C, 
HDL-C, and triglycerides) between 24 months pre-diag-
nosis and 6 months post-diagnosis (n = 13,434). Women 
included and excluded because of insufficient metabolic 
data were similar with respect to race/ethnicity, body 
mass index (BMI) and estrogen receptor (ER) status but 

differed by stage (58% vs. 49% stage I) and diabetes status 
(18% vs. 9%). All methods in this retrospective, data-only 
study were conducted in accordance with relevant guide-
lines and regulations approved by the Kaiser Permanente 
Northern California Institutional Review Board with a 
waiver of written informed consent.

Metabolic measurements and start of follow‑up
Outpatient fasting glucose, LDL-C, HDL-C, and triglyc-
erides values were extracted from the electronic medical 
record (EMR). Baseline labs were selected as the lab value 
closest to diagnosis within the window of 24  months 
pre-diagnosis to 6  months post-diagnosis but prior to 
chemotherapy and radiation (baseline window). Of the 
four baseline laboratory values (glucose, LDL-C, HDL-
C, triglycerides), the date of the most recent baseline lab 
measurement became the start of follow-up (follow-up 
start date). If all four baseline lab measurements occurred 
before breast cancer diagnosis, follow-up started at the 
diagnosis date. All metabolic measurements from base-
line through follow-up were included and were dichoto-
mized in accordance with KPNC’s clinical reference 
categories (see Table 1). The metabolic measurements 
were time-updated through follow-up and missing val-
ues were managed using last observation carried forward 
(LOCF) methodology. LOCF is a statistical approach to 
account for missing data in longitudinal studies in which 
a participant’s last observed value replaces their subse-
quent missing observations [19].

Breast cancer‑specific mortality and survival time
Death data was obtained from the KPNC death file, 
comprising the National Death Index and the California 
Department of Vital Statistics. Patients with Interna-
tional Classification of Diseases (ICD)-10 diagnostic code 
C50: Malignant neoplasm of breast listed as their imme-
diate or underlying cause of death were considered to 
have died from breast cancer. Follow-up continued from 
follow-up start date to death date or December 31, 2019, 
whichever was earlier.

Fixed and time‑varying covariates
Age at diagnosis, race/ethnicity, tumor characteristics 
(stage, ER status, and human epidermal growth factor 
receptor 2 [HER2] status), and receipt of chemotherapy 
were identified from the EMR and KPNC Cancer Regis-
try and treated as fixed covariates.

BMI, diabetes status, receipt of hormone therapies 
(tamoxifen and/or aromatase inhibitors), and use of 
dyslipidemia and anti-hypertensive medications were 
identified from the EMR and treated as time-varying 
covariates. Patients were identified as having diabetes at 
baseline if they had a diabetes diagnosis at any point prior 
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to their follow-up start date. Baseline BMI was calcu-
lated using the weight measurement closest to diagnosis 
and the mode of the heights within the baseline window. 
Patients were classified as being on hormone therapies 
or medications at baseline if they had a prescription at 
any point during the baseline window. All time-varying 
covariates were updated from the follow-up start date 
through follow-up, utilizing LOCF methodology.

Statistical analysis
Cox proportional hazards models were used to estimate 
hazard ratios (HRs) and corresponding 95% confidence 
intervals (CIs) for the association between metabolic dys-
regulation and breast cancer-specific mortality. Poten-
tial confounders were selected a priori and included age 
at diagnosis, race/ethnicity, BMI, diabetes status, tumor 
characteristics (stage and ER and HER2 status), cancer 
treatments (receipt of chemotherapy, tamoxifen and/
or aromatase inhibitors), and usage of dyslipidemia and 
anti-hypertensive medications. A missing indicator was 
used for variables with missing data (see Table 1). The 
Cox proportional hazards assumption was assessed via 
visual examination of the Schoenfeld residuals. Stratified 
analyses were conducted for the following covariates: age 
at diagnosis (< 55 and ≥ 55  years); BMI (normal, over-
weight, class 1 obesity, and class 2/3 obesity as defined by 
the Centers for Disease Control and Prevention); diabe-
tes status (no and yes); and ER status (negative and posi-
tive). Likelihood ratio tests were used to examine possible 
interactions between stratification variables and meta-
bolic labs. A subsequent analysis of metabolic dysregu-
lation and overall mortality was conducted to assess the 
potential for competing risks. All statistical analyses were 
performed using RStudio (version 4.0.2). Statistical sig-
nificance was established with 2-sided tests with α = 0.05.

Results
Patient characteristics are shown in Table  1. A major-
ity (67%) were non-Hispanic white and mean (standard 
deviation (SD)) age at diagnosis was 62 (11.8) years. Most 
women were diagnosed with stage I (58%), ER-positive 
breast cancers (83%). A majority were overweight or 
obese (68%), and accordingly a considerable number had 
diagnosed diabetes (18%), were prescribed anti-hyper-
tensives (57%) and/or dyslipidemia medications (43%) at 
baseline.

The number and temporal distribution of repeated 
measurements for each of the metabolic risk factors are 
shown in Supplemental Figures S1 and S2. The mean 
(SD) number of repeated measures for each metabolic 
risk factor (glucose, HDL-C, LDL-C, triglycerides) 
ranged from 5 (4) to 7 (5), and the mean (SD) time in 
years between first and last follow-up measurements 

Table 1 Study Population Characteristics at Diagnosis of Non-
Metastatic Breast Cancer (N = 13,434 women diagnosed at Kaiser 
Permanente Northern California, 2005–2015)1

1 Mean (SD); n (%)

Age at diagnosis (years) 62.34 (11.81)

Race/ethnicity
 White 8,949 (67%)

 Black 981 (7.3%)

 Asian/Pacific Islander 2,363 (18%)

 Hispanic/Latino 999 (7.4%)

 Other 131 (1.0%)

 Missing 11 (< 0.1%)

Body Mass Index Category
 Underweight (< 18.5 kg/m2) 136 (1%)

 Normal (18.5—< 25 kg/m2) 3,592 (26.7%)

 Overweight (25—< 30 kg/m2) 4,247 (32%)

 Class 1 Obesity (30—< 35 kg/m2) 2,689 (20%)

 Class 2/3 Obesity (≥ 35 kg/m2) 2,193 (16%)

 Missing 577 (4.3%)

 Diabetes 2,438 (18%)

 Overall mortality 2,876 (21%)

 Breast cancer mortality 1,080 (8.0%)

 ER positive 11,164 (83%)

 PR positive 8,686 (65%)

 HER2 positive 1,339 (10.0%)

Stage at diagnosis
 1 7,786 (58%)

 2 4,420 (33%)

 3 1,228 (9.1%)

 Surgery 13,142 (98%)

 Radiation 4,789 (36%)

 Chemotherapy 5,362 (40%)

Medications
 Anti-hypertensives 7,681 (57%)

 Statins 5,299 (39%)

 Other dyslipidemia medication 514 (3.8%)

Glucose
 Normal (60—99 mg/dL) 7,828 (58%)

 Low (< 60 mg/dL) 6 (< 0.1%)

 High (> 99 mg/dL) 5,600 (42%)

 High Density Lipoprotein (LDL) Cholesterol
 Normal (> 45 mg/dL) 10,663 (79%)

 Low (≤ 45 mg/dL) 2,771 (21%)

Low Density Lipoprotein (LDL) Cholesterol
 Normal (< 129 mg/dL) 9,251 (69%)

 High (≥ 129 mg/dL) 4,183 (31%)

Triglycerides
 Normal (< 199 mg/dL) 11,494 (86%)

 High (≥ 199 mg/dL) 1,940 (14%)
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ranged from 5 (3) to 6 (3). Categorical changes in glu-
cose, HDL-C, LDL-C, and triglycerides from diag-
nosis (pre-treatment) into survivorship (the first 
measurement between 1.5- and 3.5-years post-diagno-
sis) stratified by treatment regimen are presented in 
supplemental Table S1. While most women remained 
in the same category over time, depending on the meta-
bolic risk factor examined, up to 25% changed catego-
ries. For example, 15.2% of women moved from normal 
to high glucose and 7.2% from normal to low HDL-C 
over this period. Treatment type had little impact on 

these changes, except for tamoxifen where the expected 
decreases in LDL-C were observed.

Over a median follow-up of 8.6  years, 2,876 patients 
died, of whom 1,080 (37.6%) died of breast cancer. Haz-
ard ratios and 95% CIs from Cox proportional hazards 
models are presented in Table 2 and supplemental Table 
S2. Patients with low HDL-C (≤ 45 vs. > 45  mg/dL) had 
higher breast cancer-specific mortality (HR, 1.77; 95% CI, 
1.53–2.05) and overall mortality (HR, 1.87; 95% CI, 1.71–
2.04) (Fig. 1). Those with high glucose (> 99 vs. 60–99 mg/
dL) also had higher breast cancer-specific mortality (HR, 
1.19; 95% CI, 1.03–1.37) and overall mortality (HR, 1.13; 
95% CI 1.04–1.23). Elevated levels of LDL-C and triglyc-
erides were not associated with breast cancer or overall 
mortality.

In subgroup analyses, the associations of the metabolic 
labs with survival were similar across strata defined by 
age (as proxy for menopausal status), BMI, diabetes, and 
ER status (Table 3). However, the associations of high 
glucose with breast cancer mortality differed by diabetes 
status (HR, 1.41; 95% CI, 1.21–1.65 for no diabetes; HR, 
0.77; 95% CI, 0.58–1.03 for diabetes).

Discussion
In this study of 13,434 women with non-metastatic 
breast cancer from a community-based cohort, low 
HDL-C and elevated fasting glucose were associated 
with an increased risk of breast cancer-specific moral-
ity, while abnormal LDL-C and triglycerides were not. 
To our knowledge, this is the first study of metabolic 
risk factors over time after a breast cancer diagnosis that 
also accounts for cancer treatments and dyslipidemia 

Table 2 Time-Updated Metabolic Labs and Breast Cancer 
Survival in Women With Stage I-III Breast Cancer (N = 13,434)

1 HR = Hazard Ratio, CI Confidence Interval
2 All labs measured in mg/dL; all reference levels are normal

*Model adjusted for age at diagnosis, race/ethnicity, stage at diagnosis, ER and 
HER2 status, receipt of chemotherapy, and time-updated metabolic labs, body 
mass index, diabetes, tamoxifen and aromatase inhibitors, and dyslipidemia 
medications

Characteristic Model*

HR1 95%  CI1 p‑value

Glucose2

 Low (< 60) 5.29 2.17, 12.9 < 0.001

 High (> 99) 1.19 1.03, 1.37 0.019

HDL2

 Low (≤ 45) 1.77 1.53, 2.05 < 0.001

LDL2

 High (≥ 129) 0.91 0.79, 1.05 0.2

Triglycerides2

 High (≥ 199) 0.99 0.82, 1.20 > 0.9

Fig. 1 Time-Updated Metabolic Lab Values and Risk of Breast Cancer Mortality After. Stage I-III Breast Cancer Diagnosis (N = 13,434)1. 1High LDL 
(≥ 129 mg/dL); reference = normal (< 129 mg/dL). High triglycerides (≥ 199 mg/dL); reference = normal (< 199 mg/dL). High glucose (> 99 mg/dL); 
reference = normal (60—99 mg/dL). Low HDL (≤ 45 mg/dL); reference = normal (> 45 mg/dL)
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medications. Prior research on metabolic dysregulation 
and prognosis has been inconclusive and limited by small 
sample sizes, short follow-up, lack of serial measure-
ments and adjustment for cancer treatments, making few 
studies directly comparable.

The current study utilized time-updated measurements 
after breast cancer diagnosis and found that elevated 
glucose may be an important prognostic factor in breast 
cancer-specific mortality. This adverse association is sim-
ilar to the results of 2 prior studies on non-diabetics that 
assessed pre-diagnosis and chemotherapy-related hyper-
glycemia with overall survival (OS) and 5-year relapse-
free survival (RFS) [7, 8]. 2 prior studies that found null 
associations between at-diagnosis hyperglycemia and 
various breast cancer outcomes did not adjust for dia-
betes status nor cancer treatment which may increase 
glucose levels and impact prognosis [7, 20, 21]. In con-
trast, this study’s stratified analyses adjusted for cancer 
treatment and found an adverse association of elevated 
glucose and breast cancer-specific mortality only among 
non-diabetics. The apparent inverse association observed 
among women with diabetes is potentially due to antidia-
betic medications used to lower high glucose levels.

In addition to elevated glucose, low HDL-C evaluated 
over time was associated with breast cancer-specific 
mortality. This finding is consistent with 2 prior smaller 
studies that evaluated preoperative and at-diagnosis low 
HDL-C with overall survival, 1 of which only found a 
significant association among those with triple-negative 
breast cancers.[5, 20] In contrast to the current study’s 
findings, null associations with overall and breast-cancer 
specific mortality, as well as disease-free survival (DFS) 
and breast cancer recurrence have been reported [13, 
22–24]. A potential explanation is that those studies were 
smaller and assessed HDL-C at a single time point. More-
over, only 1 of those studies adjusted for chemotherapy, 
whereas this study evaluated HDL-C over a long follow-
up period and accounted for the effects of chemotherapy, 
tamoxifen, aromatase inhibitors, and dyslipidemia medi-
cations, all of which affect lipid profiles [18, 25].

Unlike elevated glucose and low HDL-C, high triglyc-
erides and LDL-C were not associated with an increased 
risk of breast cancer-specific mortality. The null effect of 
triglycerides is in accordance with the majority of pub-
lished studies on triglycerides and breast cancer out-
comes, except for 1 that found high triglyceride levels to 
be protective and 1 other that suggested the opposite [4, 
5, 13, 20–24]. Of the very few studies that have assessed 
LDL-C and prognosis, 2 have reported null associations 
with OS and DFS, while 1 found at-diagnosis high LDL-C 
was associated with worse DFS at 25  months follow-up 
[12, 23, 24]. The adverse association was reported in a 
study with a small sample size and short follow-up period 

that excluded women on dyslipidemia and/or anti-dia-
betic medications, yet, did not account for the lipid-alter-
ing effects of chemotherapy and endocrine therapy as the 
current study did [12, 18, 25]. Additionally, epidemiologi-
cal evidence suggests that statin use among breast cancer 
patients can target cholesterol metabolism and decrease 
mortality risk, which could provide a potential explana-
tion for why this study, which adjusted for use of statins 
over time, did not detect associations with LDL-C [26].

The exact mechanisms by which hyperglycemia and 
lipids affect breast cancer progression are still being 
studied. The adverse association found in this study 
between hyperglycemia and breast cancer-specific 
mortality is substantiated by current literature that 
hyperglycemia may promote tumor cell proliferation, 
invasion, and migration through various pathways, 
including the “Warburg” effect resulting in increased 
glucose consumption by cancer cells, activation of epi-
dermal growth factor and insulin receptors, and pro-
duction of pro-inflammatory factors. Hyperglycemia 
is also thought to alter the tumor microenvironment, 
inhibit cancer cell apoptosis, and increase the chemore-
sistance of tumor cells [6, 27].

Excess lipid biosynthesis may also influence tumor cell 
proliferation through increased tumor cell metabolic 
reprogramming, including increased: building materials 
for cell membrane components, energy via oxidation of 
fatty acids, and signaling molecules that influence onco-
genic pathways [28–31]. Although hypotheses as to how 
HDL-C specifically impacts tumor progression are lim-
ited, this study’s findings that low HDL-C worsens breast 
cancer-specific mortality are in accordance with theories 
that low HDL-C increases activity of pro-inflammatory 
cytokines and decreases regulation of angiogenesis which 
could encourage tumor metastasis [4].

Strengths of the study include being the first large 
study evaluating multiple metabolic exposures and breast 
cancer-specific survival with a long follow-up time, and 
incorporation of time-varying exposures post cancer 
diagnosis. Furthermore, robust multivariate models 
were used to control for multiple potential confounders, 
including cancer characteristics and treatment and dys-
lipidemia medications. Limitations include exclusion of 
women with insufficient metabolic data; while women 
in the study were more likely to be diabetic, other nota-
ble differences in their characteristics were not detected 
and stratified analyses by diabetes status were conducted. 
In addition, clinically collected EMR data was used to 
characterize metabolic risk factors; thus, the timing of 
data collection was not perfectly aligned with diagnosis 
or at regular follow-up intervals. However, the analytic 
approach enabled us to update metabolic risk factors 
over time, a novel strength.
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Conclusions
The results of this study indicate that elevated glucose 
and low HDL-C evaluated over time after breast cancer 
diagnosis is associated with worse breast cancer-spe-
cific mortality, after controlling for cancer treatments, 
dyslipidemia medications, and changes in other meta-
bolic risk factors. Although this study did not detect 
differences in associations by ER status, future studies 
by breast cancer subtype are necessary to understand 
the impact of metabolic dysregulation on the metabolic 
reprogramming of different tumor types [3, 32]. Given 
the preclinical literature indicating metabolism may 
influence tumor progression and the current study’s 
findings of the significant role of elevated glucose and 
low HDL-C on breast cancer specific-mortality, future 
studies should address whether pharmacologic or life-
style treatment of glucose and lipids after breast cancer 
diagnosis can optimize survival outcomes.
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