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Abstract
Background: Published studies have demonstrated inconclusive relationships 
between serum lipid levels and mortality after cancer.
Methods: The primary objective was to evaluate the relationship between fast-
ing lipid levels and mortality after cancer. Data were obtained on baseline lipids 
and outcomes after cancer from 1263 postmenopausal women diagnosed with 13 
obesity-related cancers who were part of the Women's Health Initiative (WHI) 
lipid biomarkers cohort. Obesity-related cancers included incident invasive can-
cers of the breast, colorectum, endometrium, esophagus (adenocarcinoma), kid-
ney, liver, gallbladder, pancreas, ovaries, small intestine, thyroid, stomach, as 
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1   |   INTRODUCTION

Studies assessing the relationship between abnormal lev-
els of lipid biomarkers such as total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), and low-density 
lipoprotein cholesterol (LDL-C), and cancer outcomes 
have yielded inconsistent results.1–3 In combination with 
waist circumference (WC) and clinical factors (e.g., hyper-
tension (HTN), insulin resistance), routinely measured cir-
culating lipids including LDL-C, HDL-C, and triglycerides 
(TG) provide a profile of an individual's metabolic health.4 
There is an increasingly robust body of literature suggest-
ing an interplay between metabolic health and cancer risk 
and outcomes, potentially by a common inflammatory 
pathway.5 More recently, non-HDL-C has been introduced 
as a variable of interest given its strongly positive associa-
tion with long-term risk of atherosclerotic cardiovascular 
disease.6 Some studies have found an impact of metabolic 
health on cancer risk, independent of body mass index.7,8 
A study using data from the Women's Health Initiative 
(WHI) reported associations between baseline lipids 
and incidence of several obesity-related cancers in post-
menopausal women; however, most associations were 

attenuated after the adjustment for clinical risk factors 
and statin use.9 Less information is available on the associ-
ations between individual lipid components and mortality 
after cancer.

To our knowledge only four published studies inves-
tigated the relationship between individual lipid compo-
nents and mortality after cancer with resultant conflicting 
findings. High TC,2,3,10 high LDL-C,2 and high HDL-C3 
were associated with a decreased risk of total cancer 
mortality in the cited references; however, other studies 
reported a higher rate of death from gynecologic can-
cer among women with high HDL-C2 and a higher rate 
of total cancer mortality among individuals with higher 
HDL-C.1

We used information on baseline lipid levels in a co-
hort of women in the WHI who were later diagnosed with 
13 cancers established as obesity-related in the US popula-
tion11 for the primary objective of our research which was 
to evaluate the relationship between baseline lipid levels 
and mortality after cancer. Though there is a strong associ-
ation between obesity and poor metabolic health, both of 
which are independently associated with certain cancers 
and dyslipidemia, the association between dyslipidemia 

well as multiple myeloma. Baseline lipid measurements included high-density 
lipoprotein (HDL)-cholesterol, low-density lipoprotein (LDL)-cholesterol, and 
non-HDL-cholesterol. Outcomes were all cause, cancer-specific, and CVD mor-
tality. Multivariable Cox proportional hazards models were used to measure as-
sociations between lipid levels and mortality (all cause, cancer, and CVD) after a 
cancer diagnosis, with lipids analyzed as continuous variables.
Results: Among women with obesity-related cancer, there were 707 deaths, of 
which 379 (54%) were due to cancer and 113 (16%) were due to CVD. Mean time 
from blood draw to cancer diagnosis was 5.1 years (range: 0.05–10 years). LDL-C 
values above the 95th percentile were associated with higher risk of all-cause 
mortality (p < 0.001), and cancer-specific mortality (p < 0.001), but not mortality 
due to CVD. Non-HDL-C values above the 65th percentile were associated with 
higher risk of all-cause mortality (p = 0.01) and mortality due to CVD (p = 0.003), 
but not cancer-specific mortality (p = 0.37). HDL-C values above the 95th per-
centile were associated with lower all-cause mortality (p = 0.002), and above the 
65th percentile with lower cancer-specific mortality (p = 0.003), but no significant 
relationship with mortality due to CVD was observed.
Conclusions: The relationship between pre-diagnosis fasting lipid levels and 
mortality after cancer diagnosis is complex. These results suggest that improved 
lipid control through lifestyle and anti-lipid medications could have a meaningful 
impact on outcomes after cancer.
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and cancer risk, and especially outcomes after cancer is 
less clear. The WHI is an ideal setting for this analysis 
given the availability of baseline fasting lipid levels, adju-
dicated cancer diagnoses and mortality outcomes as well 
as detailed information on cardiometabolic and cardiovas-
cular risk factors.

2   |   METHODS

2.1  |  Study population

The WHI addressed significant causes of morbidity and 
mortality in postmenopausal women.12 The WHI includes 
four overlapping randomized clinical trials (CT) of com-
bined estrogen plus progestin and unopposed estrogen 
hormone therapy (HT), dietary modification (DM), and 
calcium and vitamin D supplementation, as well as an 
observational cohort (OS).12 The cardiovascular disease 
(CVD) lipid biomarker cohort included WHI participants 
from all four CT arms of the WHI, who had baseline 
fasting lipid levels obtained at study entry (n = 25,089) 

(Figure  1). The goal of the CVD lipid biomarker cohort 
was to examine how baseline biomarkers relate to estro-
gen + progesterone or estrogen-alone effects on CVD, and 
how biomarker changes might explain the impact of early 
hormone therapy on the risks of coronary heart disease 
(CHD), stroke, and venous thromboembolism.13

Our analytical sample included women who were part 
of the lipid biomarker cohort and who were diagnosed 
after study entry with any of 13 pathologically confirmed, 
incident, invasive, obesity-related cancers including the 
breast, colorectum (CRC), endometrium, esophagus (ad-
enocarcinoma), kidney, liver, gallbladder, pancreas, ova-
ries, small intestine, thyroid, stomach, as well as multiple 
myeloma. Among 2898 women diagnosed with an obesity-
related cancer and with baseline lipid information, we 
excluded 1062 women whose baseline blood draw was 
performed >10 years prior to their cancer diagnosis. This 
exclusion was made because of the longer duration of 
time between the lab measurement and the outcome of 
interest, and the possibility that baseline measures would 
not reflect exposure more proximal to the cancer diagno-
sis. Furthermore, our preliminary analysis demonstrated 

F I G U R E  1   Consort diagram.
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that women with blood draw >10 years prior to cancer di-
agnosis were much older (mean age 78.9 years with range 
60.3–98.6 years compared to 70.8 years (range: 51.9, 87.2) 
for women with ≤10 years of time from baseline lab to can-
cer diagnosis) which could have potentially confounded 
our results. We also excluded 527 women diagnosed with 
cancer at the time of death, and 46 women with a baseline 
history of cancer, or missing history on cancer. These ex-
clusions left a final analytic cohort of 1263 women with an 
obesity-related invasive cancer diagnosis and a lipid mea-
surement within 10 years prior to cancer diagnosis.

2.2  |  Lipid biomarkers

Plasma lipid biomarkers included in the analysis were 
LDL-C, non-HDL-C (defined as TC minus HDL-C), and 
HDL-C. Blood specimens for CVD biomarker analyses 
were obtained after fasting for at least 8 hours for 99.8% 
of the WHI participants with blood measurements. The 
blood was centrifuged and subsequently serum and 
plasma specimens were frozen at −70 degrees centigrade 
and shipped to a central processing facility using dry ice.14 
All lipid biomarker levels were measured in serum using a 
cholesterol oxidase method and HDL-C using the HDL-C 
plus third-generation direct method at the same labora-
tory using standard protocols and QA/QC controls. LDL-C 
was calculated with triglyceride (TG) <400 mg/dL by the 
Friedewald formula.15 Of note, TG levels did not exceed 
400 mg/dL for our study population. For our analysis, we 
evaluated lipid biomarkers as continuous value variables.

2.3  |  Outcomes

The primary outcomes included all-cause mortality, 
cancer-specific mortality (for all obesity-related cancers 
combined), and CVD mortality within 1–10 years post 
cancer diagnosis. The cause of death was determined by 
medical record review with both local and central adju-
dication by trained physician adjudicators and linkage to 
the National Death Index.16 Agreement between local ver-
sus central adjudication for death due to cancer (94%) and 
death due to CVD (73%) has been demonstrated in prior 
WHI analyses.16

2.4  |  Data collection

Participants completed an extensive series of standard-
ized questionnaires at baseline that included informa-
tion on sociodemographics, exposures, and medical 
history.17 Protocol-driven, clinic-based anthropometric 

measurements including height (cm), weight (kg), and hip 
and waist circumference (cm), were performed by trained 
study coordinators at participants' baseline clinic visits 
from which body mass index (BMI; kg/m2) and waist-to-
hip ratio (WHR) were calculated. Information on nutrient 
intake was obtained from the WHI food frequency ques-
tionnaire.18 Covariates considered for statistical adjust-
ment included enrollment in a specific CT, self-identified 
race and ethnicity, years of education, pack-years of smok-
ing, treated hypertension, self-reported diabetes,14 per-
centage of energy from dietary fat, estrogen and combined 
estrogen/progesterone use, physical activity (MET-hours/
week), and statin usage reported at study entry (yes or no). 
Information on age at cancer diagnosis was obtained by 
the annual WHI follow-up questionnaire.

2.5  |  Statistical methods

Participants were followed for mortality outcomes with 
data included through September 30, 2020. Lab values 
were scaled to account for systematic ancillary study 
(batch) differences in measurements. Scaling was per-
formed by fitting a simple linear model with the indi-
vidual lab value (LDL-C, non-HDL-C, and HDL-C) as a 
function of the study, adjusted for age, race and ethnicity, 
BMI, physical activity, geographic region, and clinical trial 
arm. From that model, parameter estimates for the study 
were pulled out and used to shift lab values. As a result of 
shifting, models with lab values did not need to include 
adjustment for the ancillary study arm of the blood draw. 
As our study cohort consisted of data from multiple stud-
ies with different selection criteria within the WHI, analy-
ses using inverse weighting were performed so that results 
would be more representative of all WHI CT women with 
invasive cancer. Probability weights were calculated from 
a logistic model with inclusion in the biomarker dataset 
as the outcome while including the following variables 
as covariates: age at screening, race and ethnicity, clini-
cal trial arm, WHI Memory Study, Long Life Study, and 
Genomics and Randomized Trials Network study mem-
bership, hysterectomy status at baseline, and medical his-
tory at baseline (myocardial infarction, stroke, ventricular 
tachycardia, or diabetes).

Lipids were analyzed as continuous variables in the 
Cox proportional hazards models to examine the associ-
ations of LDL-C, non-HDL-C, and HDL-C values with 
all-cause, cancer-specific, and CVD mortality outcomes. 
For all models, the proportional hazards assumption was 
assessed using scaled Schoenfeld residual plots, and the 
linearity of continuous covariates was checked using mar-
tingale and deviance residual plots. Based on our linear-
ity assessments, we considered restricted cubic splines to 
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model a more flexible functional relationship between lip-
ids and age. Models with three, four, and five knots were 
fit using percentiles suggested by Harrell19 with AIC/BIC 
criteria used for model selection. Hazard models were 
adjusted for age at cancer diagnosis, education, race, eth-
nicity, WHI CT or OS arm, whether the participant had a 
current health care provider, BMI, smoking status, alcohol 
intake, physical activity, and HT use. The baseline hazard 
was stratified by time from baseline lipid measurement to 
invasive cancer diagnosis, using quartiles to account for 
differences in measurement timing. We also tested for 
whether there was a different relationship between lipid 
and cancer outcomes for obese versus nonobese women 
by using interaction effects in the hazard models.

All analyses were performed using SAS version 9.4 
(SAS Institute Inc.).

3   |   RESULTS

For women in the analytic cohort (N = 1263), the mean 
time from blood draw to cancer diagnosis was 5.1 years 
(range: 0.05–10 years), the mean time from baseline en-
rollment to last follow-up was 14.4 years (range: 0.12–
25.9 years), and the mean time from diagnosis of the first 
invasive cancer diagnosis to last follow-up was 9.5 years 
(range: 0.003–24.3 years). Fifty-five women (4.4%) were 
alive and lost to follow-up at the time of the last contact. 
The five most common cancer types were breast (n = 620, 
49.1%), colorectal (n = 265, 21.0%), endometrial (n = 86, 
6.8%), pancreatic (n = 70, 5.5%), and ovarian (n = 60, 4.8%). 
Other cancer types included esophagus, gallbladder, kid-
ney, liver, multiple myeloma, small intestine, stomach, 
and thyroid. Overall, 707 (56%) of the women died during 
follow-up, of whom 377 (29.8%) died from invasive can-
cer representing 53% of all deaths. There were 113 women 
who died as a result of CVD. The top five causes of death 
due to cancer were colorectal (85), pancreatic (78), breast 
(71), ovarian (34), and multiple myeloma (32). The top 
five causes of death due to CVD were cerebral vascular 
(31), definite or possible CHD (47), pulmonary embolus 
(2), and other (33).

Selected descriptive baseline characteristics of study 
participants stratified by baseline median and inter-
quartile ranges (IQR) for each lipid variable are listed in 
Table 1. The mean age at cancer diagnosis was 70.8 years 
(SD = 7.1). About 2/3 of the cohort consisted of non-
Hispanic White women and almost 2/3 had some college 
education. Regarding medical history, roughly three-
quarters of the women had a BMI within the overweight 
or obese classification, with the same proportion report-
ing past use of estrogen alone or estrogen and progester-
one. The most common comorbidity was hypertension 

experienced by 41% of the cohort followed by diabetes in 
12% of the cohort. A little over 50% of the women never 
smoked and 12% reported drinking on average seven or 
more alcoholic beverages per week.

In comparing the oldest women (≥ age 70) to the 
youngest women (< age 55), older women tended to 
have higher values for TC, LDL-C, and non-HDL-C, but 
no apparent difference in HDL-C values by age. Women 
with prior estrogen use had higher values of TC, LDL-C, 
and non-HDL-C. Women with higher educational levels, 
lower lean body mass, and higher levels of physical activ-
ity had higher HDL-C levels.

Figure  2A–C show the continuous variable survival 
analyses of LDL-C and all-cause mortality, cancer-specific 
mortality, and mortality due to CVD. There was a weak 
but significant increase in all-cause mortality above the 
level of 215 mg/dL (p < 0.001), and cancer-specific mor-
tality above the level of 245 mg/dL (both 95th percentile 
knots, n = 49 above 215 mg/dL, n = 8 above 245 mg/dL) 
(p < 0.001). There was no significant relationship between 
LDL-C and mortality due to CVD. With regards to non-
HDL-C, as shown in Figure 3, there was a small negative 
association with all-cause mortality as the confidence band 
barely covered 1 up to around the 65th percentile, after 
which the risk of all-cause mortality increased (p = 0.01). 
However, as shown in Figure 3B, there was no association 
with cancer-specific mortality (p = 0.37). There was an in-
creased risk for CVD mortality across increasing levels of 
non-HDL-C (3c) (p = 0.003).

The analysis of the associations of HDL-C showed a 
15% decreased risk of overall mortality (HR 0.85, 95% CI, 
0.83–0.88; p < 0.001), while a 25 mg/dL increase in HDL-C 
yielded a 20% decreased risk of overall mortality (HR 0.80, 
95% CI: 0.77, 0.85; p < 0.001) (Figure  4). The restricted 
cubic spline plots suggested that these hazards may be 
driven by the upper 95th percentile of values as there was 
no strong change in hazard until the 95th percentile. For 
cancer-specific mortality, there was a significantly lower 
risk observed with HDL-C values above the 65th percen-
tile which correlated to the approximate value of 60 mg/
dL (p = 0.003) (Figure 4B). There was no significant rela-
tionship for mortality due to CVD (Figure 4C).

Table  2A–C shows the models with significant inter-
action effects between TC, HDL-C, and non-HDL-C lipid 
quartiles, and obesity on all-cause mortality. Just under half 
of our cohort was obese with a BMI >30 (N = 590, 46.9%). 
Mortality risk tended to decrease in higher TC quartiles in 
nonobese women, while risk tended to be highest in the 
lowest and highest quartiles of obese women (Table 2A). 
When assessing HDL-C, nonobese women tended to have 
lower mortality risk than obese women, while also de-
creasing at higher HDL-C quartiles in nonobese women 
(Table 2B). Risks fluctuated in non-monotone directions 
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T A B L E  1   Distribution of lipid biomarker values by baseline characteristics in women with an obesity related cancer in the Women's 
Health Initiative CVD Biomarker cohort.

Characteristics All women Total cholesterol
Low-density 
lipoprotein Ca

High-density 
lipoprotein C Non-HDLC

N % Median (Q1–Q3) Median (Q1–Q3) Median (Q1–Q3) Median (Q1–Q3)

Total 1263 100 226.8 [203.1–252.8] 149.3 [125.5–171.6] 50.3 [43.3–60.0] 173.8 [147.8–199.7]

Age at cancer diagnosis

<55 85 6.7 217.1 [189.1–246.6] 134.9 [118.6–162.3] 52.3 [43.3–59.3] 158.3 [134.7–194.7]

55–59 180 14.3 226.9 [203.9–255.7] 152.4 [129.0–179.6] 50.3 [41.3–60.2] 175.7 [145.7–204.3]

60–69 599 47.4 225.8 [202.8–251.6] 148.5 [125.5–171.5] 50.0 [43.0–59.3] 174.3 [148.3–198.3]

≥70 399 31.6 230.8 [205.6–251.8] 151.5 [125.5–169.5] 52.0 [45.0–61.0] 173.8 [150.3–199.8]

Race

White not of Hispanic origin 836 66.2 229.8 [204.8–253.8] 149.6 [125.5–171.5] 51.0 [44.0–60.0] 174.8 [149.8–200.8]

Black or African American 298 23.6 221.1 [198.1–250.1] 150.6 [123.1–176.6] 50.3 [42.3–60.3] 171.7 [140.3–197.7]

American Indian or Alaskan 
Native

3 0.2 178.6 [146.6–222.6] 110.6 [72.6–148.6] 52.3 [48.3–53.3] 130.3 [93.3–170.3]

Asian or Pacific Islander 23 1.8 214.6 [197.6–233.6] 138.1 [125.6–155.6] 51.3 [42.3–59.3] 161.3 [142.3–184.3]

Hispanic/Latino 100 7.9 224.1 [204.1–252.4] 143.6 [126.1–167.1] 47.3 [39.3–57.3] 172.3 [153.7–201.0]

Other 3 0.2 221.6 [178.6–225.6] 148.6 [105.6–148.6] 64.3 [56.3–65.3] 157.3 [113.3–169.3]

Education

Less than some college 501 40.4 228.8 [203.8–254.8] 151.1 [126.5–176.1] 49.7 [42.0–58.3] 176.8 [148.8–205.8]

Some college 753 59.6 225.1 [203.1–248.8] 147.6 [125.5–169.1] 51.3 [44.3–60.3] 171.0 [146.7–195.0]

WHI study

DM: intervention 245 19.4 225.1 [207.1–245.8] 150.3 [128.1–170.1] 50.3 [43.3–60.3] 174.0 [148.8–194.8]

DM: control 354 28.0 226.1 [198.1–253.6] 146.1 [123.5–173.1] 49.9 [42.3–60.3] 171.2 [146.3–199.8]

CT: not DM 664 52.6 228.2 [203.4–252.9] 149.6 [126.5–171.5] 51.0 [44.0–60.0] 174.8 [148.1–199.8]

Body mass index (BMI) kg/m2

<25.0 kg/m2 277 22.0 220.1 [199.8–246.8] 140.1 [117.5–163.5] 58.0 [48.3–69.3] 159.8 [136.8–189.3]

25.0–29.9 kg/m2 392 31.1 230.8 [205.4–254.4] 152.3 [129.0–174.1] 51.0 [44.3–61.1] 175.8 [150.3–201.3]

30.0–34.9 kg/m2 333 26.4 226.1 [204.8–253.1] 149.5 [128.5–173.5] 49.0 [41.0–56.0] 176.7 [153.8–199.8]

≥35.0 kg/m2 257 20.4 226.8 [201.8–251.1] 152.1 [125.5–172.1] 46.3 [41.3–54.3] 176.8 [151.8–202.8]

Waist–hip ratio (WHR)

<0.80 410 32.5 224.4 [201.8–246.8] 144.6 [122.5–169.5] 56.0 [48.0–66.3] 165.1 [139.3–192.3]

0.80–0.85 364 28.8 226.8 [203.8–248.7] 150.5 [125.5–171.1] 49.0 [42.0–57.7] 175.8 [151.2–196.5]

>0.85 488 38.7 229.1 [204.1–255.8] 152.1 [126.5–174.1] 48.0 [41.0–56.0] 177.8 [154.7–206.9]

Treated hypertension

Never hypertensive 684 57.9 226.4 [203.8–251.8] 148.6 [126.5–171.5] 52.0 [45.0–61.0] 172.1 [146.7–197.3]

Treated hypertension 408 34.6 225.6 [199.9–250.1] 148.5 [121.5–170.1] 49.0 [42.0–56.6] 174.8 [146.8–198.8]

Untreated hypertension 89 7.5 234.8 [208.1–258.6] 154.3 [125.8–177.3] 52.0 [42.0–64.3] 180.3 [155.3–205.8]

Diabetes

No 1112 88.0 227.1 [203.8–252.8] 149.6 [126.1–171.5] 51.3 [44.0–63.0] 173.3 [147.8–198.8]

Yes, treated 120 9.5 222.4 [196.4–250.1] 148.0 [116.1–173.5] 46.0 [39.2–52.2] 178.8 [143.0–204.3]

Yes, untreated 31 2.5 221.8 [192.8–251.8] 142.5 [114.5–176.5] 48.3 [39.0–54.0] 170.8 [142.3–201.8]

Smoking status

Never smoker 657 52.6 227.8 [204.1–252.8] 150.6 [126.5–172.5] 51.0 [43.3–60.0] 175.0 [148.3–198.3]

Former smoker 491 39.3 226.8 [202.8–253.8] 148.1 [124.6–171.6] 51.0 [44.0–60.3] 172.8 [147.8–201.7]

Current smoker 100 8.0 221.4 [199.4–248.2] 148.6 [120.5–169.5] 47.3 [41.0–58.1] 170.8 [141.8–203.0]

(Continues)
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across HDL-C quartiles in obese women. Mortality trends 
across non-HDL-C quartiles were also of a non-monotone 
direction, despite the significant effect modification from 
obesity (Table 2C).

4   |   DISCUSSION

We used data from the WHI's lipid biomarker cohort to 
examine the relationship between baseline fasting lipid 

Characteristics All women Total cholesterol
Low-density 
lipoprotein Ca

High-density 
lipoprotein C Non-HDLC

N % Median (Q1–Q3) Median (Q1–Q3) Median (Q1–Q3) Median (Q1–Q3)

Smoking pack-years

Never smoked 657 53.9 227.8 [204.1–252.8] 150.6 [126.5–172.5] 51.0 [43.3–60.0] 175.0 [148.3–198.3]

<5 149 12.2 226.8 [204.1–256.8] 149.6 [130.5–173.5] 50.3 [43.3–58.0] 175.7 [150.8–202.3]

5 to <20 164 13.5 223.5 [194.9–251.9] 147.1 [118.1–169.6] 51.0 [43.7–61.1] 170.0 [139.5–202.6]

≥20 249 20.4 224.8 [202.8–249.1] 147.6 [124.5–169.5] 50.0 [42.3–60.0] 172.7 [148.3–198.8]

Alcohol use

Never drinker 172 13.8 226.6 [196.4–249.4] 151.6 [122.5–174.5] 48.0 [41.0–55.1] 176.5 [146.8–199.8]

Past drinker 282 22.6 228.8 [203.1–254.6] 150.6 [128.6–174.1] 48.3 [40.3–56.3] 178.8 [154.7–203.7]

<1 per month 179 14.3 226.8 [204.6–251.8] 149.6 [126.5–171.1] 49.3 [42.3–57.3] 174.7 [149.8–201.8]

<1 per week 241 19.3 224.8 [202.1–251.6] 146.5 [124.6–170.5] 50.3 [43.3–60.3] 171.3 [148.3–198.7]

1 to <7 per week 222 17.8 226.8 [204.8–249.8] 147.6 [123.5–169.5] 53.6 [46.3–63.0] 171.2 [144.3–194.7]

>7 per week 152 12.2 225.9 [204.2–253.7] 148.0 [125.5–166.0] 56.8 [49.0–68.5] 167.3 [142.3–192.3]

Physical activity

0–0.75 MET-hours/week 294 24.8 224.7 [204.8–250.1] 150.6 [124.1–173.1] 49.3 [42.0–57.0] 174.8 [150.8–201.7]

1–5.9 298 25.1 228.1 [200.0–254.1] 148.5 [122.6–171.5] 50.3 [44.0–59.3] 173.8 [143.3–200.8]

6–13.7 304 25.6 225.9 [199.8–248.4] 147.6 [125.5–172.5] 50.0 [43.0–60.0] 172.8 [145.3–198.6]

13.8–90.2 291 24.5 226.8 [205.1–253.1] 149.6 [127.6–169.5] 53.0 [44.3–63.0] 172.8 [148.7–196.8]

HRT usage

Estrogen 336 26.6 231.8 [207.3–256.9] 152.6 [127.8–174.5] 49.3 [43.0–57.3] 181.8 [154.8–207.8]

Estrogen and progesterone 600 47.5 225.7 [202.1–251.9] 148.5 [126.5–171.3] 51.0 [44.7–60.0] 172.8 [147.8–198.8]

Not randomized to HRT 327 25.9 222.6 [198.1–248.1] 146.6 [121.6–170.1] 50.3 [42.3–61.3] 170.3 [140.7–194.3]

Statin use

No 1160 91.8 228.1 [203.1–253.1] 150.3 [126.1–173.1] 51.0 [43.3–60.3] 174.7 [147.8–200.8]

Yes 103 8.2 218.8 [197.8–238.8] 139.1 [116.3–153.6] 48.0 [41.0–54.0] 170.7 [147.3–186.8]
a17 patients had no data for LDL-C.

T A B L E  1   (Continued)

F I G U R E  2   (A) Cox hazard ratios with 95% confidence bands for low-density lipoprotein cholesterol and all-cause mortality in the 
Women's Health Initiative lipid biomarker cohort. (B) Cox hazard ratios with 95% confidence bands for low-density lipoprotein cholesterol 
and cancer-specific mortality in Women's Health Initiative lipid biomarker cohort. (C) Cox hazard ratios with 95% confidence bands for low-
density lipoprotein cholesterol and cardiovascular disease mortality in the Women's Health Initiative lipid biomarker cohort.
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values and mortality after cancer. To our knowledge, this is 
the only report evaluating fasting lipid values and mortality 
after cancer analyzing lipids as continuous value variables. 
We found a significant relationship between higher LDL-C 
and increased risk of all-cause and cancer-specific mortal-
ity, largely driven by LDL-C values above the 95th percen-
tile, which if true will only impact a small proportion of 
women with cancer and very high lipid values. At the same 
time, there was a small negative association for non-HDL-C 
with all-cause mortality as the confidence band barely cov-
ered 1 up to around the 65th percentile, after which the risk 
of all-cause mortality increased as it did for LDL-C. There 
was also a significant relationship between higher HDL-C 
and lower cancer-specific mortality for HDL values above 
the 65th percentile. The potential protective impact of high 
HDL on cancer-specific mortality could potentially im-
pact a larger proportion of women at risk. Lastly, despite 
fewer deaths from CVD in this cohort, we found a signifi-
cant positive relationship between non-HDL-C and CVD 
mortality. We also found significant effect modification 
by obesity on the association of all examined lipid values 
and all-cause mortality. Consistent with our findings, data 

from the EPIC-Heidelberg cohort (N = 2739 of which 1632 
had a cancer diagnosis) showed that elevated HDL-C was 
associated with a reduction in total cancer mortality. The 
study population in the EPIC-Heidelberg cohort was differ-
ent than the WHI in that it included both men and women 
and a younger age group (ages 35–65 years).3 Consistent 
with our findings, results from the Women's Health Study, 
which evaluated HDL-C as quartiles, demonstrated higher 
quartiles of HDL-C were associated with a lower risk of 
total cancer mortality.1 In contrast, a study from the Lipids 
Research Clinic Program (2753 men and 2476 women aged 
40–79) found a significant inverse association between 
LDL-C with total cancer mortality among men, as well as 
a positive association between HDL-C and death from gy-
necologic cancers.2 In the Lipids Research Clinic cohort, 
there was no significant relationship between HDL-C and 
total cancer mortality in either men or women. It should 
be noted that in the Lipids Research Clinic Program study, 
the number of outcomes was small with only 79 reported 
cancer deaths in men and 65 in women.2

In our analysis we evaluated lipid levels as continuous 
value variables to better understand a potentially complex 

F I G U R E  3   (A) Cox hazard ratios with 95% confidence bands for non–high-density lipoprotein cholesterol and all-cause mortality in 
the Women's Health Initiative lipid biomarker cohort. (B) Cox hazard ratios with 95% confidence bands for non-HDLC and cancer-specific 
mortality in the Women's Health Initiative lipid biomarker cohort. (C) Cox hazard ratios with 95% confidence bands for non–high-density 
lipoprotein cholesterol and cardiovascular disease mortality in the Women's Health Initiative lipid biomarker cohort.

F I G U R E  4   (A) Cox hazard ratios with 95% confidence bands for high-density lipoprotein cholesterol and all-cause mortality in the 
Women's Health Initiative lipid biomarker cohort. (B) Cox hazard ratios with 95% confidence bands for high-density lipoprotein and cancer-
specific mortality in the Women's Health Initiative lipid biomarker cohort. (C) Cox hazard ratios with 95% confidence bands for high-density 
lipoprotein cholesterol and cardiovascular disease mortality in the Women's Health Initiative lipid biomarker cohort.
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relationship between lipid levels and cancer outcomes, 
and to better identify signals missed in the quartile anal-
yses from other studies. In our analysis, the continuous 
models were significant for the most part at extreme val-
ues (>95th percentile) while significant for HDL-C and 
cancer-specific mortality at the 65th percentile. While 
not conclusive of a cause-and-effect relationship, the re-
lationship between LDL-C and increased cancer mortality 
risk, as well as the potential protective effect of HDL-C 

are consistent with relationships seen for cardiovascular 
health.20

In the cubic spline plots, the relationships for non-HDL 
versus all-cause mortality, as well as LDL-C versus cancer-
specific mortality, there was a trough in the middle range 
of lipid values. This is similar to the U-shaped relation-
ships between LDL-C and mortality outcomes described 
in the literature.21 HDL-C versus all-cause mortality, how-
ever, had the inverse shape, with mortality peaking in the 
middle range of values. This is contrary to a growing body 
of literature that suggests that HDL-C might have harmful 
mortality effects in adults without cancer at the upper and 
lower range of values.22–25

Potential mechanisms to explain the finding that lower 
risk of mortality was associated with higher HDL-C are 
multifactorial. Low HDL-C has been associated with in-
creased likelihood of tumor metastasis.26 In addition, 
HDL is under investigation as a potential modulatory 
factor that reduces hypoxia-mediated angiogenesis and 
inhibits inflammatory-driven neovascularization, mecha-
nisms necessary for cancer growth, and tumor metasta-
sis.27 There is also evidence suggesting that HDL-C has 
anti-inflammatory and anti-oxidative properties that may 
play a role in other inflammatory related processes such 
as cancer.28–30 Our study raises a further research question 
as to why HDL-C is more strongly associated with mor-
tality outcomes than LDL-C. The answer may lie with the 
nature of lipid physiology, such that most medical inter-
ventions which seek to increase HDL-C levels also result 
in reduced LDL-C, triglycerides, BMI, and other markers 
of metabolic health.

Strengths of our analysis include the large sample size 
with baseline fasting lipid values and long duration of fol-
low-up for mortality outcomes. Limitations include the 
fact that we only studied postmenopausal women and our 
data cannot be generalized to other age groups or men. 
Furthermore, we only had information on baseline lipid 
values, and our data did not allow us to analyze changes 
in lipid profile over time. The average 5.1 years between 
lipid measurement and cancer diagnosis may also limit 
interpretation in that it is not clear what is the most infor-
mative time point prior to diagnosis wherein values may 
predict risk. In addition, we only adjusted for statin use 
at baseline because of the varying time points in which 
information on statin use was available. There is no in-
formation on statin dose or compliance with statins avail-
able in the WHI population. Another limitation of our 
study is that we analyzed all 13 obesity-related cancers in 
a combined analysis. Given that the complex relationship 
between obesity, lipids, metabolic health, and cancer may 
vary by cancer site, it would be prudent to analyze each 
cancer separately as well; however, we lacked the power 
to do this. Lastly, we did not have information on other 

T A B L E  2   Hazard ratios and 95% confidence intervals for the 
relationship between lipid biomarkers and cancer outcomes in 
the Women's Health Initiative lipid biomarker cohort with effect 
modification of body mass index.

(A) Total cholesterol and all-cause mortality—interaction 
p-value <0.001

TC HR 95% CI p-value

Obese women (BMI > 30)

Q2 vs. Q1 0.54 0.26–1.11 0.09

Q3 vs. Q1 0.57 0.34–0.93 0.03

Q4 vs. Q1 1.10 0.93–1.30 0.28

Nonobese women (BMI < 30)

Q2 vs. Q1 1.31 1.02–1.66 0.03

Q3 vs. Q1 1.04 0.87–1.25 0.66

Q4 vs. Q1 0.87 0.75–1.00 0.046

(B) High-density lipoprotein and all-cause mortality—
interaction p-value <0.001

HDL-C HR 95% CI p-value

Obese women (BMI > 30)

Q2 vs. Q1 1.13 0.66–1.94 0.65

Q3 vs. Q1 0.89 0.66–1.21 0.47

Q4 vs. Q1 1.54 0.75–3.18 0.24

Nonobese women (BMI < 30)

Q2 vs. Q1 1.25 1.20–1.31 <0.001

Q3 vs. Q1 0.72 0.56–0.93 0.01

Q4 vs. Q1 0.64 0.41–0.99 0.045

(C) Non-HDL-C and all-cause mortality—interaction 
p-value <0.001

Non-HDL-C HR 95% CI p-value

Obese women (BMI > 30)

Q2 vs. Q1 0.61 0.28–1.30 0.20

Q3 vs. Q1 0.59 0.26–1.31 0.19

Q4 vs. Q1 1.02 0.72–1.45 0.92

Nonobese women (BMI < 30)

Q2 vs. Q1 0.59 0.44–0.78 <0.001

Q3 vs. Q1 0.86 0.71–1.03 0.10

Q4 vs. Q1 0.99 0.88–1.11 0.82
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medical interventions such as cancer treatment that could 
have affected outcomes, although it is assumed that most 
participants in a large clinical trial received standard of 
care treatment for their cancers.

In conclusion, in an evaluation of the relationship be-
tween lipid levels and mortality after cancer, we found 
that very high LDL-C and non-HDL-C are associated with 
greater all-cause and cancer-specific mortality in a sample 
of postmenopausal women who developed obesity-related 
cancers. However, the clinical relevance of these findings 
is limited in that lipid levels mostly above the 95th per-
centile are rarely seen in humans. Higher HDL-C was 
inversely associated with all-cause and cancer-specific 
mortality, suggesting that interventions (lifestyle and med-
ications) to increase HDL-C may serve to improve mortal-
ity outcomes after an obesity-related cancer diagnosis.
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