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Baseline and On-Treatment
High-Density Lipoprotein Cholesterol
and the Risk of Cancer in Randomized
Controlled Trials of Lipid-Altering Therapy

Haseeb Jafri, MD,* Alawi A. Alsheikh-Ali, MD, MS,†‡ Richard H. Karas, MD, PHD*

Boston, Massachusetts; and Abu Dhabi, United Arab Emirates

Objectives We sought to examine the relationship between high-density lipoprotein cholesterol (HDL-C) levels and the risk
of the development of cancer in large randomized controlled trials (RCTs) of lipid-altering interventions.

Background Epidemiologic data demonstrate an inverse relationship between serum total cholesterol levels and incident can-
cer. We recently reported that lower levels of low-density lipoprotein cholesterol are associated with a signifi-
cantly higher risk of incident cancer in a meta-analysis of large RCTs of statin therapy. However, little is known
about the relationship between HDL-C levels and cancer risk.

Methods A systematic MEDLINE search identified lipid intervention RCTs with �1,000 person-years of follow-up, providing
baseline HDL-C levels and rates of incident cancer. Using random-effects meta-regressions, we evaluated the
relationship between baseline HDL-C and incident cancer in each RCT arm.

Results A total of 24 eligible RCTs were identified (28 pharmacologic intervention arms and 23 control arms), with
625,477 person-years of follow-up and 8,185 incident cancers. There was a significant inverse association be-
tween baseline HDL-C levels and the rate of incident cancer (p � 0.018). The inverse association persisted after
adjusting for baseline low-density lipoprotein cholesterol, age, body mass index (BMI), diabetes, sex, and smok-
ing status, such that for every 10-mg/dl increment in HDL-C, there was a 36% (95% confidence interval: 24% to
47%) relatively lower rate of the development of cancer (p � 0.001).

Conclusions There is a significant inverse association between HDL-C and the risk of incident cancer that is independent of
LDL-C, age, BMI, diabetes, sex, and smoking. (J Am Coll Cardiol 2010;55:2846–54) © 2010 by the American
College of Cardiology Foundation

ublished by Elsevier Inc. doi:10.1016/j.jacc.2009.12.069
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he relationship between serum cholesterol levels and the
isk of cancer in humans is an area of considerable research and
ebate, especially in the current era of intensive lipid-
odifying therapy and more aggressive cholesterol goals to

educe the risk of cardiovascular disease. To date, the literature
n cholesterol and cancer has focused predominantly on total
erum cholesterol, demonstrating an inverse relationship be-
ween serum cholesterol levels and incident cancer (1). More
ecently, we reported that serum levels of low-density lipopro-
ein cholesterol (LDL-C) are significantly and inversely related
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o the rates of incident cancer in large randomized controlled
rials (RCTs) of hydroxymethylglutaryl coenzyme A reductase
nhibitors (statins), such that lower levels of LDL-C are
ssociated with higher rates of incident cancer (2).

See page 2855

High-density lipoprotein cholesterol (HDL-C) contrib-
tes importantly to cardiovascular disease risk, independent
f the effects of LDL-C, with a significant inverse relation-
hip between HDL-C levels and the risk of cardiovascular
isease (3–7). However, very little is known about whether
here is a relationship between HDL-C levels and cancer
isk. Only a small number of studies have explored the
ssociation of HDL-C and cancer, and these have produced
ixed results (8–11). To date, there is no systematic

nalysis examining the relationship of HDL-C levels and

he risk of incident cancer. In the current study, we took
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dvantage of the numerous large-scale trials of lipid-
odifying therapy to examine the relationship between
DL-C levels and the risk of developing cancer.

ethods

rial inclusion. A MEDLINE search identified lipid
ntervention RCTs, published up to September 2009 in the
nglish literature, with at least 1,000 person-years of

ollow-up. To be eligible, trials had to report both baseline
DL-C and rates of incident cancer. The electronic search

trategy included the following terms: cancer, neoplasm,
DL-C, fibrate, niacin, hydroxymethylglutaryl coenzyme
reductase inhibitor, statin, lovastatin, pravastatin, sim-

astatin, atorvastatin, cerivastatin, fluvastatin, and rosuva-
tatin. Citations were limited using the terms “human,”
English language,” and “randomized controlled trial.” Ad-
itionally, a manual review of the reference lists of eligible
rials was performed to ensure that all appropriate studies
ere included.
ata extraction. All citations were screened at the abstract

evel. Full articles of eligible trials were independently
eviewed by 2 investigators (H.J. and A.A.A.-A.), and data
irectly extracted into electronic data tables. For each
ligible study, the following variables were extracted from
he published article: the intervention used and the dose; the
umber of patients in the intervention and control arms;
uration of follow-up; baseline and on-treatment serum
DL-C, LDL-C, total cholesterol, and triglyceride levels;

nd the number of patients with newly diagnosed cancer
uring the follow-up period. In addition, for each trial arm,
ge, sex, diabetes, smoking status, and body mass index
BMI) were recorded at baseline. Nonmelanoma skin can-
ers were not consistently recorded in all trials and were
herefore not included in the present analysis. Person-years
f follow-up for each study arm were calculated by multi-
lying the reported follow-up in years by the number of
ubjects in each arm. The number of incident cancers that
ere included in the analysis was taken from the values

eported as defined in each individual study. Cancer rates
ere expressed as number of incident cancers per 1,000
atient-years of follow-up for the study arm of interest.
rimary and secondary analyses. Our pre-specified pri-
ary analysis examined the association between baseline
DL-C levels and incident cancer risk. Each trial arm is

onsidered a separate observation, and intervention and
ontrol arms are included together in the analysis. We
reviously showed in a similar dataset that statin use is not
ssociated with cancer risk (2). The relationship between
aseline HDL-C levels and cancer risk was assessed using
andom-effects meta-regressions (see the Statistical meth-
ds section). Secondary analyses were performed examining
ny association between the rate of incident cancer and the
ollowing variables: baseline LDL-C, age, BMI, sex, and
he proportion of subjects who smoked or had diabetes. All

he variables that showed a significant univariate association a
ith incident cancer were used to
djust the meta-regression of in-
ident cancer risk and baseline-
DL-C in a multivariate model.
he above analyses were all repeated
sing on-treatment HDL-C in
lace of baseline HDL-C.
tatistical methods. In the main
nalyses, we assumed that inci-
ent cancer rates were normally
istributed. We used random-
ffects meta-regressions to evalu-
te the association between inci-
ent cancer and baseline HDL-C levels or the other variables
f interest, as described previously (12). We estimated
ultivariate associations controlling for each of the predic-

or variables that showed a significant univariate association
ith incident cancer. We fitted a single regression line to

he pooled data of both intervention and control cohorts
ndexed by a variable indicating cohort type (intervention vs.
ontrol). To determine whether the association of HDL-C
ith cancer differed between the intervention and control

rms, we tested the significance of the interaction term of
ohort type with baseline HDL-C level. We repeated this
nalysis for treatment type (statin, fibrate, other intervention
r control) to determine whether the association of HDL-C
nd cancer was significantly modified by treatment type.
ontinuous variables were compared using the Student t

est for independent or paired samples as appropriate. To
nsure that our findings were not sensitive to the assump-
ion of a normal distribution of cancer rates, these analyses
ere repeated, assuming that incident cancer rates follow a
oisson distribution. A p value �0.05 was considered statisti-
ally significant. All analyses were performed with STATA
ersion 9.2 (StataCorp, College Station, Texas).

esults

ligible trials. Our search yielded 2,300 citations that were
creened at the abstract level. A total of 2,250 abstracts were
xcluded (1,458 with follow-up of �1,000 person-years,
95 were not lipid intervention studies, and 497 were not
CTs), resulting in 50 full-text articles retrieved for detailed

valuation. Of these, 26 were eventually excluded (20 had
1,000 person-years of follow-up, 5 did not report cancer

ncidence [13–17], and 1 did not report baseline HDL-C
18]). Hence, a total of 24 lipid intervention RCTs were
ncluded in the main analysis (28 pharmacologic interven-
ion arms and 23 control arms) (Table 1) (19–42). There
as a total of 76,265 patients allocated to the lipid inter-
ention arms and 69,478 patients allocated to the control
rms. The median duration of follow-up was 5 years
interquartile range [IQR] 2.7 to 5.2 years). The cumulative
xposure was 319,062 person-years in the lipid intervention

Abbreviations
and Acronyms

BMI � body mass index

CI � confidence interval

HDL-C � high-density
lipoprotein cholesterol

IQR � interquartile range

LDL-C � low-density
lipoprotein cholesterol

RCT � randomized
controlled trial
rms and 306,415 person-years in t
he control arms. A total



Characteristics of Large Randomized Controlled Trials Included in the Present AnalysisTable 1 Characteristics of Large Randomized Controlled Trials Included in the Present Analysis

Study (Ref. #), Year Arm Dose* N
Follow-Up,

yrs
Incident
Cancer

Baseline
HDL-C,
mg/dl

Baseline
LDL-C,
mg/dl

Age,
yrs

BMI,
kg/m2 Diabetes, %

Sex,
% Male Smokers, % Cancer Site (Primary)

LRC-CPPT (19), 1984 Cholestyramine 24 g 1,906 7.4 57 44.4 205 47.6 26.4 0 100 38 NR

Placebo 1,900 57 44.4 205 47.7 26.2 0 100 37 NR

HHS (20), 1987 Gemfibrozil 600 mg BID 2,051 5 31 47.1 189.2 47 26.6 2.4 100 36.5 NR

Placebo 2,030 26 47.6 188.2 47 26.6 2.9 100 35.8 NR

POSCH (21), 1990 Ileal bypass NA 421 9.7 32 40 179 51 NR 0 90.7 35 NR

Control 417 28 40 179 51 NR 0 90.7 35 NR

EXCEL (22), 1991 Lovastatin 20 mg 1,653 1 18 45 180 56 26 0 60 18 NR

Lovastatin 40 mg 1,653 20 45 180 56 26 0 58 18 NR

Lovastatin 20 mg BID 1,653 8 45 180 56 26 0 59 18 NR

Lovastatin 40 mg BID 1,653 18 45 180 56 26 0 58 18 NR

Placebo 1,653 12 45 180 56 26 0 58 18 NR

4S (23), 1994 Simvastatin 40 mg 2,221 5.4 90 45.5 188 59 26 5 82 24 GI 12

Placebo 2,223 96 45.9 188 59 26 4 81 27 GI 14

WOSCOPS (24), 1995 Pravastatin 40 mg 3,302 5.0 116 44 192 55 26 41 100 44 GU 32, GI 31, respiratory 27, other 26

Placebo 3,293 106 44 192 55 26 35 100 44 GU 26, GI 30, respiratory 28, other 22

CARE (25) 1996 Pravastatin 40 mg 2,081 5.0 172 39 139 59 28 14 86 21 GI 26, breast 12, hematological 8, melanoma 4

Placebo 2,078 161 39 139 59 28 15 86 21 GI 37, breast 1, hematological 10

Post-CABG (26), 1997 Lovastatin 40–80 mg 676 4.3 48 39.1 155.4 48 NR 2.8 92 62 NR

Lovastatin 2.5–5 mg 675 42 39.4 155.6 42 NR 2.4 93 61 NR

AFCAPS/TexCAPS (27), 1998 Lovastatin 40 mg 3,304 5.2 252 36.6 150 58 27 6.8 85 13 Prostate 109, colon 25, lung 22, melanoma 14,
breast 13, lymphoma 12, bladder 12

Placebo 3,301 259 36.6 150 58 27 5.4 85 12 Prostate 108, colon 20, lung 17, melanoma 27,
breast 9, lymphoma 11, bladder 11

LIPID (28), 1998 Pravastatin 40 mg 4,512 6.1 379 36 150 62 NR 9 83 9 Breast 10, no other sites reported

Placebo 4,502 399 36 150 62 NR 9 83 10 Breast 10, no other sites reported

VA-HIT (29), 1999 Gemfibrozil 600 mg BID 1,264 5.1 124 32 111 64 29 24 100 22 Prostate 55, GI 18, lung 20, GU 11,
hematologic 6, head and neck 5,
melanoma 1, other 15

Placebo 1,267 129 32 112 64 29 25 100 19 Prostate 37, GI 25, lung 24, GU 17,
hematologic 11, head and neck 8,
melanoma 9, other 8

BIP (30), 2000 Benzafibrate 400 mg 1,542 6.2 85 34.6 149 60 26.7 10 91.2 11.4 NR

Placebo 1,548 91 34.6 148 60 26.7 10 91.6 12.1 NR

GISSI (31), 2000 Pravastatin 20 mg 2,138 1.9 16 45.7 151.8 60 26 12.9 87 12 NR

Placebo 2,133 25 45.7 151.5 60 27 14.4 86 11 NR

KLIS (32), 2000 Pravastatin 10–20 mg 2,219 5.0 77 48.9 169 58 24 21.8 100 38 NR

Conventional therapy 1,634 55 49.7 160 58 24 24.4 100 41 NR

ALLHAT-LLT (33), 2002 Pravastatin 40 mg 5,170 4.8 378 47.6 145.6 66 30 35.9 51 23 Lung 63, colon 46, breast 34

Placebo 5,185 369 47.4 145.5 66 30 34.4 51 23 Lung 78, colon 38, breast 37

Continued on next page
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ContinuedTable 1 Continued

Study (Ref. #), Year Arm Dose* N
Follow-Up,

yrs
Incident
Cancer

Baseline
HDL-C,
mg/dl

Baseline
LDL-C,
mg/dl

Age,
yrs

BMI,
kg/m2 Diabetes, %

Sex,
% Male Smokers, % Cancer Site (Primary)

HPS (34), 2002 Simvastatin 40 mg 10,269 5.0 814 40.9 131.2 63 NR 19.5 75 14 GU 259, GI 228, respiratory 179,
hematologic 64, connective
tissue 60, CNS 12, other 6,
not specified 38

Placebo 10,267 803 40.9 131.2 63 NR 19.2 75 14 GU 272, GI 223, respiratory 167,
hematologic 52, connective
tissue 68, CNS 68, other 2,
not specified 49

LIPS (35), 2002 Fluvastatin 80 mg 844 3.9 46 38 131 60 27 14.2 84 25 NR

Placebo 833 49 37 132 60 26 9.8 83 28 NR

PROSPER (36), 2002 Pravastatin 40 mg 2,891 3.2 245 50.2 146.7 75 27 10.5 48 26 GI 65, GU 58, respiratory 46,
breast 18, other 58

Placebo 2,913 199 50.2 146.7 75 27 11 48 26 GI 45, GU 59, respiratory 42,
breast 11, other 42

4D (37), 2005 Atorvastatin 20 mg 619 2.25 44 36 125 65.7 27.6 100 53.8 8.1 NR

Placebo 636 39 36 127 65.7 27.5 100 54.1 9.1 NR

FIELD (38), 2005 Fenofibrate 20 mg 4,895 5.0 393 42.5 118.5 62 29.8 100 63 9 GI 114, prostate 65, respiratory 45,
breast 37, GU 24

Placebo 4,900 373 42.5 118.5 62 29.8 100 63 9 GI 109, prostate 59, respiratory 41,
breast 38, GU 31

MEGA (39), 2006 Pravastatin 20 mg 3,866 5.3 126 57.5 156.3 58 24 21 32 21 GI 58, respiratory 10, breast 10,
GU 14, other 30

Diet 3,966 119 57.5 156.3 58 24 21 31 20 GI 65, respiratory 13, breast 15,
GU 10, other 30

CORONA (40), 2007 Rosuvastatin 10 mg 2,497 2.7 156 48 136.9 73 27 30 76 9 NR

Placebo 2,514 144 47.6 136 73 27 29 76 8 NR

JUPITER (41), 2008 Rosuvastatin 20 mg 8,901 1.9 298 49 108 66 28.3 0 61.5 15.7 NR

Placebo 8,901 314 49 108 66 28.4 0 62.1 16 NR

AURORA (42), 2009 Rosuvastatin 10 mg 1,389 3.8 107 45 99 64.1 25.4 27.9 61.3 14.5 NR

Placebo 1,384 118 45 100 64.3 25.4 24.8 63 16.4 NR

*Target dose is in milligrams per day. Year refers to year of publication. All lipid levels are mean or median levels as reported in the trial. Age is the mean or median age for the arm reported in the trial.
AFCAPS/TexCAPS � Air Force/Texas Coronary Atherosclerosis Prevention Study; ALLHAT-LLT � Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial; AURORA � A Study to Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis:

An Assessment of Survival and Cardiovascular Events; BID � twice daily; BIP � Bezafibrate Infarction Prevention Study; BMI � body mass index; CARE � Cholesterol and Recurrent Events trial; CNS � central nervous system; CORONA � Controlled Rosuvastatin in Multinational
Trial in Heart Failure; EXCEL � Expanded Clinical Evaluation of Lovastatin; FIELD � Fenofibrate Intervention and Event Lowering in Diabetes; GI � gastrointestinal; GISSI � Gruppo Italiano per lo Studio della Sopravvivenza nell’Infarto Miocardico; GU � genitourinary; HHS �

Helsinki Heart Study; HPS � Heart Protection Study; HDL-C � high-density lipoprotein cholesterol; JUPITER � Justification for the Use of Statins in Prevention: an Intervention Trial Evaluating Rosuvastatin; KLIS � Kyushu Lipid Intervention Study; LDL-C � low-density lipoprotein
cholesterol; LIPID � Long-Term Intervention With Pravastatin in Ischemic Disease study; LIPS � Lescol Intervention Prevention Study; LRC-CPPT � Lipid Research Clinics Coronary Primary Prevention Trial; MEGA � Management of Elevated Cholesterol in the Primary
Prevention Group of Adult Japanese study; NA � not available; NR � not reported; POSCH � Program on the Surgical Control of the Hyperlipidemias; Post-CABG � Post Coronary Artery Bypass Graft trial; PROSPER � Prospective Study of Pravastatin in the Elderly at Risk;
VA-HIT � Veterans Affairs High-Density Lipoprotein Cholesterol Intervention Trial; WOSCOPS � West of Scotland Coronary Prevention Study; 4S � Scandinavian Simvastatin Survival Study.
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f 8,185 patients with incident cancer were included. The
ncidence of newly diagnosed cancer ranged from 3.0 to
1.6 per 1,000 person-years in the lipid intervention arms
nd from 2.6 to 27.3 per 1,000 person-years in the control
rms.

Among all the eligible RCTs, there was a wide range of
aseline and on-treatment lipid parameters, with compara-
le baseline levels in the intervention versus control arms
nd favorable on-treatment changes in the intervention
rms (Table 1). The median baseline HDL-C for all arms
ncluded was 44.4 mg/dl (IQR 39.0 to 47.4 mg/dl). In the
ipid-intervention arms, median baseline and on-treatment

DL-C levels were 44.7 mg/dl (IQR 39.0 to 46.7 mg/dl)
nd 46.4 mg/dl (IQR 42.1 to 49.2 mg/dl), respectively (p �
.001). Baseline and on-treatment HDL-C levels did not
iffer in the control arms.
nivariate meta-regressions. PRIMARY ANALYSIS. In uni-

ariate random-effects meta-regression analysis, there was a
ignificant inverse relationship between baseline HDL-C
evel and the rate of incident cancer, such that every
0-mg/dl increment in HDL-C was associated with a 28%
95% confidence interval [CI]: 5% to 45%) relatively lower
ancer rate (p � 0.018) (Fig. 1). The significant inverse
ssociation between baseline HDL-C and incident cancer
id not differ between the intervention and the control arms
p � 0.95) and was not modified by the type of intervention
sed (p � 0.726).

ECONDARY ANALYSIS. When evaluating the other inde-
endent variables in the study, there was a significant
nverse relationship between baseline LDL-C level and the
ate of incident cancer, such that every 10-mg/dl decrement
n LDL-C was associated with a 15% (95% CI: 12% to

Figure 1 Baseline Levels of HDL-C (mg/dl) and Rate of Inciden

The size of each circle represents the relative size (i.e., the weight of the arm) of
The solid black line is the combined weighted regression line for all trial arms inc
8%) relatively higher cancer rate (p � 0.001) (Fig. 2). In
ddition, there was a significant and direct relationship
etween both age and BMI and the rate of incident cancer,
uch that every 5-year increment in age was associated with
33% (95% CI: 22% to 45%) relatively higher cancer rate

nd every 1-kg/m2 increment in BMI was associated with a
1% (95% CI: 8% to 35%) relatively higher cancer rate (p �
.001 and p � 0.001, respectively) (Figs. 3 and 4). Addi-
ionally, sex, the proportion of smokers, and the proportion
f patients with diabetes mellitus were significantly associ-
ted with incident cancer (p � 0.01 for all univariate
ssociations).

ultivariate meta-regressions. Multivariate random-
ffects meta-regression analyses were conducted for baseline
DL-C and incident cancer, controlling for the variables

hat had significant independent associations with incident
ancer in the univariate regression models. After adjusting
or baseline LDL-C, age, BMI, diabetes, sex, and smoking
tatus, the significant inverse relationship between baseline
DL-C and rate of incident cancer persisted, such that for

very 10-mg/dl increase in HDL-C, there was a 36% (95%
I: 24% to 47%; p � 0.001) relatively lower rate of incident

ancer. In the multivariate model including all relevant
ariables in addition to HDL-C, LDL-C and sex (percent-
ge of males) continued to have a significant inverse
elationship with the rate of incident cancer (p � 0.02 and

� 0.007, respectively), and age continued to have a
ignificant direct relationship with rate of incident cancer
p � 0.001). In this multivariable model, however, the
irect relationship between smoking status and rate of
ncident cancer approached significance, but failed to
chieve it (p � 0.06), and the relationships between both

cer per 1,000 Person-Years

rial arm for the lipid intervention arm (black) and the control arm (red).
in the analysis. p � 0.018. HDL-C � high-density lipoprotein cholesterol.
t Can

each t
luded



B
l
r
y
H
s

D

T
a

d
I
p
o

o
d
c
t
e

2851JACC Vol. 55, No. 25, 2010 Jafri et al.
June 22, 2010:2846–54 HDL-C and Cancer Risk
MI and diabetes status with incident cancer rate were no
onger statistically significant (p � 0.71 and p � 0.78,
espectively). All findings were unchanged when the anal-
ses were repeated using on-treatment instead of baseline
DL-C levels or with Poisson meta-regressions (data not

hown).

iscussion

he current analysis demonstrates a significant inverse
ssociation between baseline HDL-C levels and the risk of

Figure 2 Baseline Levels of LDL-C (mg/dl) and Rate of Inciden

The size of each circle represents the relative size (i.e., the weight of the arm) of
The solid black line is the combined weighted regression line for all trial arms inc

Figure 3 Age (in Years) and Rate of Incident Cancer per 1,000

The size of each circle represents the relative size (i.e., the weight of the arm) of
The solid black line is the combined weighted regression line for all trial arms inc
eveloping cancer in large RCTs of lipid-altering therapy.
mportantly, this relationship persisted after controlling for
otentially confounding variables, including baseline levels
f LDL-C, age, BMI, and smoking status.
The present study is the most comprehensive assessment

f the relationship between HDL-C and risk of cancer to
ate. This study builds on the few previous nested case-
ontrol studies of HDL-C and risk of cancer. Studies from
he breast cancer literature provide mixed results. Moorman
t al. (8), in an analysis of 95,000 women from the Kaiser

cer per 1,000 Person-Years

rial arm for the lipid intervention arm (black) and the control arm (red).
in the analysis. p � 0.001. LDL-C � low-density lipoprotein cholesterol.

on-Years

rial arm for the lipid intervention arm (black) and the control arm (red).
in the analysis. p � 0.001.
t Can

each t
luded
Pers

each t
luded
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ermanente Medical Care Program and Kucharska-
ewton et al. (9) in a study of 7,575 women from the ARIC

Atherosclerosis Risk in Communities) study suggested that
he relationship of HDL-C and breast cancer varies by
enopausal status, where an inverse association between
DL-C and breast cancer exists in pre-menopausal
omen, but not in post-menopausal women. In contrast, a

tudy of 38,823 Norwegian women by Furberg et al. (10)
uggested that low levels of serum HDL-C are indepen-
ently associated with increased breast cancer risk in post-
enopausal females. Additionally, a recent analysis of the
TBC (Alpha-Tocopherol Beta-Carotene Cancer Preven-

ion) study, examining 29,093 Finnish male smokers, iden-
ified a significant inverse relationship between HDL-C
evels and the risk of incident cancer. They found that this
ignificant inverse association, largely attributed to cancers
f the lung, prostate, liver, and hematopoietic system,
ersisted after exclusion of cases diagnosed during the first
2 years of follow-up (11). These previous analyses are
imited by sex or cancer type studied, whereas the current
tudy included a mixed population and reported a broad
ariety of cancers.

As with all association studies, the present study should
ot be interpreted as implying a causal relationship between

ow HDL-C levels and cancer risk. However, it is interest-
ng to consider potential biological mechanisms for the
bserved inverse association between HDL-C and incident
ancer risk. The primary mechanism by which HDL-C
xerts its atheroprotective effects is via reverse cholesterol
ransport, but HDL-C has also been shown to have other
eneficial effects via its anti-inflammatory and antioxidant
roperties (7,43–51). Cancer is well-known to be a proin-

Figure 4 BMI (kg/m2) and Rate of Incident Cancer per 1,000

The size of each circle represents the relative size (i.e., the weight of the arm) of
The solid black line is the combined weighted regression line for all trial arms inc
ammatory state, in which inflammatory cells actively par- (
icipate in the neoplastic process, allowing tumor cell
roliferation, survival, and migration (52–54). Therefore, it
s plausible that HDL-C, by mechanisms that are not yet
nown, may influence some of the proinflammatory medi-
tors involved in carcinogenesis. Further work will need to
e done to elucidate these potential mechanisms.
As a secondary analysis, we examined the other potential

ariables associated with cancer risk in our dataset. We
onfirmed our previous report that LDL-C levels are
nversely associated with the risk of incident cancer in a
imilar database (2). Additionally, the current analysis
urther supports the well-established association of age and
isk of cancer. Furthermore, we demonstrated that in
nivariate analyses, there was an association between BMI
nd cancer; however, this relationship was no longer signif-
cant after adjusting for HDL-C. The univariate association
etween BMI and incident cancer reported here is consis-
ent with a recent meta-analysis of prospective observational
tudies by Renehan et al. (55), although they did not adjust
or HDL-C.
tudy limitations. Our findings are limited by the use of

rial-level data. It is possible that the relationship of
DL-C and cancer could reflect differences in study design

hat relate to HDL-C at the population level, thus con-
ounding our observed association between HDL-C levels
nd cancer. Access to individual patient data would allow a
ore robust analysis. Furthermore, the process for the

dentification of cancers was not specifically reported, nor
as it uniform across all RCTs, and, thus, an effect of
ifferences in the definitions of cancers could not be
xcluded. Also, many of the recent, large-scale lipid-
owering RCTs did not report newly diagnosed cancer

n-Years

rial arm for the lipid intervention arm (black) and the control arm (red).
in the analysis. p � 0.001. BMI � body mass index.
Perso

each t
luded
13–17), and thus data from these trials could not be
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ncluded. Although the possibility of reverse causality could
ot be addressed in the current analysis because we did not
ave access to the individual patient data and could not
etermine the exact time of cancer diagnosis, it seems
nlikely that cancer-associated reductions in HDL-C levels
n the small subgroup of these cohorts in which cancer
ctually developed would significantly affect the mean base-
ine levels for the large cohort overall. Finally, given the

edian follow-up time of 5 years, we may not have been
ble to fully appreciate whether the inverse relationship
etween HDL-C and incident cancer risk is altered over
onger periods of follow-up.

onclusions

verall, the current epidemiologic data demonstrate an inverse
elationship between serum total cholesterol levels and rate of
ncident cancer. We recently showed in a meta-analysis that
here is a strong inverse relationship between LDL-C and the
ate of incident cancer. The current study, based on a system-
tic analysis, is the first to report a strong and significant inverse
elationship between baseline HDL-C and the rate of incident
ancer. These findings underscore the importance of reporting
ancer rates in future lipid intervention trials and further
upport the importance of basic scientific research to determine
otential underlying mechanisms that might mediate these
ssociations.

eprint requests and correspondence: Dr. Richard H. Karas,
olecular Cardiology Research Institute, Box # 80, Tufts Medical
enter, 750 Washington Street, Boston, Massachusetts 02111.
-mail: rkaras@tuftsmedicalcenter.org.

EFERENCES

1. Jacobs D, Blackburn H, Higgins M, et al. Report of the Conference on
Low Blood Cholesterol: Mortality Associations. Circulation 1992;86:
1046–60.

2. Alsheikh-Ali AA, Trikalinos TA, Kent DM, Karas RH. Statins,
low-density lipoprotein cholesterol, and risk of cancer. J Am Coll
Cardiol 2008;52:1141–7.

3. Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR.
High density lipoprotein as a protective factor against coronary heart
disease. The Framingham Study. Am J Med 1977;62:707–14.

4. Wilson PW, Garrison RJ, Castelli WP, Feinleib M, McNamara PM,
Kannel WB. Prevalence of coronary heart disease in the Framingham
Offspring Study: role of lipoprotein cholesterols. Am J Cardiol
1980;46:649–54.

5. Castelli WP, Garrison RJ, Wilson PW, Abbott RD, Kalousdian S,
Kannel WB. Incidence of coronary heart disease and lipoprotein
cholesterol levels. The Framingham Study. JAMA 1986;256:2835–8.

6. Gordon DJ, Probstfield JL, Garrison RJ, et al. High-density lipopro-
tein cholesterol and cardiovascular disease. Four prospective American
studies. Circulation 1989;79:8–15.

7. Barter P, Gotto AM, LaRosa JC, et al. HDL cholesterol, very low
levels of LDL cholesterol, and cardiovascular events. N Engl J Med
2007;357:1301–10.

8. Moorman PG, Hulka BS, Hiatt RA, et al. Association between
high-density lipoprotein cholesterol and breast cancer varies by meno-
pausal status. Cancer Epidemiol Biomarkers Prev 1998;7:483–8.

9. Kucharska-Newton AM, Rosamond WD, Mink PJ, Alberg AJ,

Shahar E, Folsom AR. HDL-cholesterol and incidence of breast
cancer in the ARIC cohort study. Ann Epidemiol 2008;18:671–7.
0. Furberg AS, Veierod MB, Wilsgaard T, Bernstein L, Thune I. Serum
high-density lipoprotein cholesterol, metabolic profile, and breast
cancer risk. J Natl Cancer Inst 2004;96:1152–60.

1. Ahn J, Lim U, Weinstein SJ, et al. Prediagnostic total and high-
density lipoprotein cholesterol and risk of cancer. Cancer Epidemiol
Biomarkers Prev 2009;18:2814–21.

2. Knapp G, Hartung J. Improved tests for a random effects meta-
regression with a single covariate. Stat Med 2003;22:2693–710.

3. de Lemos JA, Blazing MA, Wiviott SD, et al. Early intensive vs a
delayed conservative simvastatin strategy in patients with acute
coronary syndromes: phase Z of the A to Z trial. JAMA 2004;292:
1307–16.

4. Colhoun HM, Betteridge DJ, Durrington PN, et al. Primary preven-
tion of cardiovascular disease with atorvastatin in type 2 diabetes in the
Collaborative Atorvastatin Diabetes Study (CARDS): multicentre
randomised placebo-controlled trial. Lancet 2004;364:685–96.

5. Cannon CP, Braunwald E, McCabe CH, et al. Intensive versus
moderate lipid lowering with statins after acute coronary syndromes.
N Engl J Med 2004;350:1495–504.

6. Pedersen TR, Faergeman O, Kastelein JJ, et al. High-dose atorvastatin
vs usual-dose simvastatin for secondary prevention after myocardial
infarction: the IDEAL study: a randomized controlled trial. JAMA
2005;294:2437–45.

7. LaRosa JC, Grundy SM, Waters DD, et al. Intensive lipid lowering
with atorvastatin in patients with stable coronary disease. N Engl
J Med 2005;352:1425–35.

8. GISSI-HF Investigators. Effect of rosuvastatin in patients with
chronic heart failure (the GISSI-HF trial): a randomized, double-
blinded, placebo-controlled trial. Lancet 2008;372:1231–9.

9. The Lipid Research Clinics Coronary Primary Prevention Trial
Results. I. Reduction in Incidence of Coronary Heart Disease. JAMA
1984;251:351–64.

0. Frick MH, Elo O, Haapa K, et al. Helsinki Heart Study: primary-
prevention trial with gemfibrozil in middle-aged men with dyslipide-
mia. Safety of treatment, changes in risk factors, and incidence of
coronary heart disease. N Engl J Med 1987;317:1237–45.

1. Buchwald H, Varco RL, Matts JP, et al. Effect of partial ileal bypass
surgery on mortality and morbidity from coronary heart disease in
patients with hypercholesterolemia. N Engl J Med 1990;323:946–55.

2. Bradford RH, Shear CL, Chremos AN, et al. Expanded Clinical
Evaluation of Lovastatin (EXCEL) study results. I. Efficacy in
modifying plasma lipoproteins and adverse event profile in 8245
patients with moderate hypercholesterolemia. Arch Intern Med 1991;
151:43–9.

3. Randomised trial of cholesterol lowering in 4444 patients with
coronary heart disease: the Scandinavian Simvastatin Survival Study
(4S). Lancet 1994;344:1383–9.

4. Shepherd J, Cobbe SM, Ford I, et al., for the West of Scotland
Coronary Prevention Study Group. Prevention of coronary heart
disease with pravastatin in men with hypercholesterolemia. N Engl
J Med 1995;333:1301–7.

5. Sacks FM, Pfeffer MA, Moye LA, et al., for the Cholesterol and
Recurrent Events Trial investigators. The effect of pravastatin on
coronary events after myocardial infarction in patients with average
cholesterol levels. N Engl J Med 1996;335:1001–9.

6. The Post Coronary Artery Bypass Graft Trial Investigators. The effect
of aggressive lowering of low-density lipoprotein cholesterol levels and
low-dose anticoagulation on obstructive changes in saphenous-vein
coronary-artery bypass grafts. N Engl J Med 1997;336:153–62.

7. Downs JR, Clearfield M, Weis S, et al. Primary prevention of acute
coronary events with lovastatin in men and women with average
cholesterol levels: results of AFCAPS/TexCAPS. Air Force/Texas
Coronary Atherosclerosis Prevention Study. JAMA 1998;279:
1615–22.

8. The Long-Term Intervention with Pravastatin in Ischaemic Disease
(LIPID) Study Group. Prevention of cardiovascular events and death
with pravastatin in patients with coronary heart disease and a broad
range of initial cholesterol levels. N Engl J Med 1998;339:1349–57.

9. Rubins HB, Robins SJ, Collins D, et al., for the Veterans Affairs
High-Density Lipoprotein Cholesterol Intervention Trial Study
Group. Gemfibrozil for the secondary prevention of coronary heart
disease in men with low levels of high-density lipoprotein cholesterol.

N Engl J Med 1999;341:410–8.

mailto:rkaras@tuftsmedicalcenter.org


3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

K

2854 Jafri et al. JACC Vol. 55, No. 25, 2010
HDL-C and Cancer Risk June 22, 2010:2846–54
0. The BIP Study Group. Secondary prevention by raising HDL cho-
lesterol and reducing triglycerides in patients with coronary artery
disease: the Bezafibrate Infarction Prevention (BIP) study. Circulation
2000;102:21–7.

1. GISSI Prevenzione Investigators (Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto Miocardico). Results of the low-dose (20
mg) pravastatin GISSI Prevenzione trial in 4271 patients with recent
myocardial infarction: do stopped trials contribute to overall knowl-
edge? Ital Heart J 2000;1:810–20.

2. Kyushu Lipid Intervention Study Group. Pravastatin use and risk of
coronary events and cerebral infarction in Japanese men with moderate
hypercholesterolemia: the Kyushu Lipid Intervention Study. J Athero-
scler Thromb 2000;7:110–21.

3. The ALLHAT Officers and Coordinators for the ALLHAT Collab-
orative Research Group. Major outcomes in moderately hypercholes-
terolemic, hypertensive patients randomized to pravastatin vs usual
care: the Antihypertensive and Lipid-Lowering Treatment to Prevent
Heart Attack Trial (ALLHAT-LLT). JAMA 2002;288:2998–3007.

4. Heart Protection Study Collaborative Group. MRC/BHF Heart
Protection Study of cholesterol lowering with simvastatin in 20,536
high-risk individuals: a randomised placebo-controlled trial. Lancet
2002;360:7–22.

5. Serruys PW, de Feyter P, Macaya C, et al. Fluvastatin for prevention
of cardiac events following successful first percutaneous coronary
intervention: a randomized controlled trial. JAMA 2002;287:3215–22.

6. Shepherd J, Blauw GJ, Murphy MB, et al. Pravastatin in elderly
individuals at risk of vascular disease (PROSPER): a randomised
controlled trial. Lancet 2002;360:1623–30.

7. Wanner C, Krane V, Marz W, et al. Atorvastatin in patients with type
2 diabetes mellitus undergoing hemodialysis. N Engl J Med 2005;353:
238–48.

8. Keech A, Simes RJ, Barter P, et al. Effects of long-term fenofibrate
therapy on cardiovascular events in 9795 people with type 2 diabetes
mellitus (the FIELD study): randomised controlled trial. Lancet
2005;366:1849–61.

9. Nakamura H, Arakawa K, Itakura H, et al. Primary prevention of
cardiovascular disease with pravastatin in Japan (MEGA Study): a
prospective randomised controlled trial. Lancet 2006;368:1155–63.

0. Kjekshus J, Apetrei E, Barrios V, et al. Rosuvastatin in older patients
with systolic heart failure. N Engl J Med 2007;357:2248–61.

1. Ridker PM, Danielson E, Fonseca FA, et al. Rosuvastatin to prevent
vascular events in men and women with elevated C-reactive protein.

N Engl J Med 2008;359:2195–207. r
2. Fellstrom BC, Jardine AG, Schmieder RE, et al. Rosuvastatin and
cardiovascular events in patients undergoing hemodialysis. N Engl
J Med 2009;360:1395–407.

3. Barter PJ, Rye KA. Molecular mechanisms of reverse cholesterol
transport. Curr Opin Lipidol 1996;7:82–7.

4. Fredenrich A, Bayer P. Reverse cholesterol transport, high density
lipoproteins and HDL cholesterol: recent data. Diabetes Metab
2003;29:201–5.

5. Kujiraoka T, Nanjee MN, Oka T, et al. Effects of intravenous
apolipoprotein A-I/phosphatidylcholine discs on LCAT, PLTP, and
CETP in plasma and peripheral lymph in humans. Arterioscler
Thromb Vasc Biol 2003;23:1653–9.

6. Kuvin JT, Karas RH. The effects of LDL reduction and HDL
augmentation on physiologic and inflammatory markers. Curr Opin
Cardiol 2003;18:295–300.

7. Negre-Salvayre A, Dousset N, Ferretti G, Bacchetti T, Curatola G,
Salvayre R. Antioxidant and cytoprotective properties of high-density
lipoproteins in vascular cells. Free Radic Biol Med 2006;41:1031–40.

8. Nissen SE, Tsunoda T, Tuzcu EM, et al. Effect of recombinant
ApoA-I Milano on coronary atherosclerosis in patients with acute
coronary syndromes: a randomized controlled trial. JAMA 2003;290:
2292–300.

9. Shah PK, Kaul S, Nilsson J, Cercek B. Exploiting the vascular
protective effects of high-density lipoprotein and its apolipoproteins:
an idea whose time for testing is coming, part I. Circulation 2001;
104:2376–83.

0. Tall AR. Plasma high density lipoproteins. Metabolism and relation-
ship to atherogenesis. J Clin Invest 1990;86:379–84.

1. von Eckardstein A, Hersberger M, Rohrer L. Current understanding
of the metabolism and biological actions of HDL. Curr Opin Clin
Nutr Metab Care 2005;8:147–52.

2. Coussens LM, Werb Z. Inflammation and cancer. Nature 2002;420:
860–7.

3. Pikarsky E, Porat RM, Stein I, et al. NF-kappaB functions as a
tumour promoter in inflammation-associated cancer. Nature 2004;
431:461–6.

4. Gonda TA, Tu S, Wang TC. Chronic inflammation, the tumor
microenvironment and carcinogenesis. Cell Cycle 2009;8:2005–13.

5. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M. Body-
mass index and incidence of cancer: a systematic review and meta-
analysis of prospective observational studies. Lancet 2008;371:569–78.

ey Words: cancer y high-density lipoprotein cholesterol y lipids y

andomized controlled trials.


	Baseline and On-Treatment High-Density Lipoprotein Cholesterol and the Risk of Cancer in Randomized Controlled Trials of Lipid-Altering Therapy
	Methods
	Trial inclusion
	Data extraction
	Primary and secondary analyses
	Statistical methods

	Results
	Eligible trials
	Univariate meta-regressions
	PRIMARY ANALYSIS
	SECONDARY ANALYSIS

	Multivariate meta-regressions

	Discussion
	Study limitations

	Conclusions
	REFERENCES


