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Summary

This study examined prospectively the association of baseline plasma HDL-cholesterol levels with
incidence of lung cancer in 14, 547 members of the Atherosclerosis Risk in Communities (ARIC)
cohort. There were 259 cases of incident lung cancer identified during follow-up from 1987 through
2000. Results of this study indicated a relatively weak inverse association of HDL-cholesterol with
lung cancer that was dependent on smoking status. The hazard ratio of lung cancer incidence in
relation to low HDL-cholesterol, adjusted for race, gender, exercise, alcohol consumption, body mass
index, triglycerides, age, and cigarette pack-years of smoking, was 1.45 (95% confidence interval
1.10, 1.92). This association was observed among former smokers (hazard ratio: 1.77, 95%
confidence interval 1.05, 2.97), but not current smokers. The number of cases among never smokers
in this study was too small (n=13) for meaningful interpretation of effect estimates. Excluding cases
occurring within five years of baseline did not appreciably change the point estimates, suggesting
lack of reverse causality. The modest association of low plasma HDL-cholesterol with greater
incident lung cancer observed in this study is in agreement with existing case-control studies.
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Introduction

Lung cancer is the second most frequent non-cutaneous malignancy in men and women [1].
In 2005, an estimated 172,570 cases of lung cancer occurred in the United States [2]. This
cancer has a high mortality rate, with a five year survival probability of approximately 10%
[3]. Even though current trends in lung cancer incidence rates in the United States suggest an
overall decline, there is a concerning trend of increase in incidence of lung cancer among never
smokers and among women [4,5]. The vast majority of lung cancer cases can be attributed to
smoking [6], however the increase in incidence rates of lung cancer among never smokers
suggests a need for identification of other modifiable lung cancer risk factors.

Case-control studies of newly diagnosed lung cancer have shown that HDL-cholesterol levels
are reduced in lung cancer cases relative to levels observed in the control groups[7-10]. This
association was found to be independent of type and stage of lung cancer [7], but not all adjusted
for smoking or other confounders. Furthermore, levels of plasma HDL-cholesterol may change
as a consequence of lung cancer, and prospective studies are needed to better understand the
temporal relationship between low plasma HDL-cholesterol levels and cancer incidence.

The purpose of the present study was to examine the association of baseline plasma HDL -
cholesterol levels with incidence of lung cancer in the Atherosclerosis Risk in Communities
(ARIC) study cohort.

Materials and Methods

This study was approved by the appropriate Institutional Review Boards and all participants
provided written consent.

A detailed description of the ARIC study has been published elsewhere [11]. In brief, the ARIC
cohort was selected as a probability sample of 15, 792 men and women, aged 45-64 years,
from four US communities located in Forsyth County, North Carolina, city of Jackson,
Mississippi, eight northwestern suburbs of Minneapolis, Minnesota and Washington County,
Maryland. Physical examination and risk factor assessment was conducted during the baseline
visit (1987-1989) and at three subsequent visits occurring every 3 years.

Blood was drawn from an antecubital vein into tubes containing EDTA at each clinical visit
following a minimum of 8 hours of fasting. Plasma was separated by centrifugation at 4°C and
aliquots were stored at —70°C until analysis.

HDL-cholesterol levels were measured using the method of Warnick et al [12]. There are no
clearly defined cutpoints for HDL-cholesterol in relation to cancer outcomes. We chose to use
the cardiovascular clinical cutpoints to define low HDL-cholesterol levels (<40 mg/dl for men,
<50 mg/dl for women) as those have been extensively used in epidemiological research and
would provide a well defined benchmark [13,14].

Additionally we performed an analysis with gender-specific HDL-cholesterol cutpoints for
men: <34.7 mg/dl, >34.7 — <42.0 mg/dl, >42.0 — 51.0 mg/dl, and >51.0 mg/dl; for women:
<45.3 mg/dl, >45.3-<54.9 mg/dl, >54.9-<67.4 mg/dl, and >67.4 mg/dl). Metabolic factors,
other than HDL-cholesterol, were defined according to the National Cholesterol and Education
Program (NCEP) Adult Treatment Panel 11 criteria [15]: elevated blood pressure (>130/85
mm Hg), hypertriglyceridemia (=150 mg/dl or 1.695 mmol/L), elevated fasting glucose (=110
mg/dl) and large waist circumference (>88 cm in women and >102 cm in men). Triglyceride
levels were measured by enzymatic methods, adapted for analysis using the Cobas Bioanalyzer
(Roche) with the use of reagents supplied by Boehringer Mannheim Biochemicals [16]. Body
mass index was calculated as the ratio of weight in kilograms to height in centimeters square
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which were measured at baseline. Waist circumference was measured at the umbilicus to the
nearest centimeter with the subject standing. Presence of hypertension was based on use of
antihypertensive medication within two weeks of baseline data collection or if systolic blood
pressure measured at baseline was greater than 140 mm Hg or diastolic blood pressure was
greater than 90 mm Hg. Diabetes status (yes/no) at baseline was based on either one of the
following criteria: fasting plasma glucose levels greater than 126 mg/dL, non-fasting plasma
glucose >200 mg/dL, use of anti-diabetic medication within two weeks of baseline data
collection, or self-report of a diagnosis of diabetes. Exercise was based on self-reported level
of sport activity during leisure time, at baseline. Alcohol consumption was based on baseline
self-reported usual amount of ethanol intake per week.

Participants were classified as current, former and never smokers at baseline. Pack-years of
cigarette smoking were determined as the average number of cigarettes smoked per day times
the number of years of smoking divided by 20 (the number of cigarettes in a pack).

Incident lung cancer among the ARIC cohort members was ascertained from 1987 through
2000 on the basis of self-report by cohort participants of a cancer diagnosis (yes/no). The ARIC
study asked participants to report all hospitalizations and hospital surveillance was carried out
in each community. Cancer occurrence, primary site and diagnosis were identified by linkage
to the following cancer registries: the Minnesota Cancer Surveillance System (completeness
of records: 99.7 percent), the North Carolina Cancer Registry (completeness of records in
Forsyth County only throughout the study follow-up time), the Washington County (Maryland)
Cancer Registry (completeness of records: 90 percent), the (statewide) Maryland Cancer
Registry (completeness of records: 90 percent) and the Mississippi Central Cancer Registry
(from 1995; completeness of records: 90 percent in 1996, 96 percent in 2000). Because of a
lack of a state cancer registry, lung cancer cases in Jackson, Mississippi (from 1987 until 1995)
and in Minnesota (from 1987 to 1988), in addition to cases from other centers that were not
identified through the registries, were identified based on review of discharge codes from
retrieved medical records of persons who reported during the annual telephone follow-up call
of having had a cancer-related hospitalization.

Statistical analysis

Participants in the 15, 792 member ARIC baseline cohort were excluded from the current study
based on self-reported racial background other than white or black (n=48); failure to fast for
>8 hours before venipuncture (n=587); missing baseline data on HDL- status (n=195),
hypertension (n=128), pack years of smoking (n=279), cigarette smoking status (n=64); or
missing information concerning lung cancer incidence (n=235). The final cohort for this
analysis included 14,547 participants (92.1% of the baseline ARIC cohort).

The association between baseline HDL-cholesterol levels and lung cancer incidence was
initially examined using the Nelson-Aalen estimate [17,18] of cumulative hazard, with incident
lung cancer as the outcome of interest. The association between relative levels of HDL-
cholesterol (quartiles) and lung cancer was also evaluated using age-adjusted incidence rate
ratio estimates. The association between HDL-cholesterol and lung cancer incidence was
estimated by Cox proportional hazard ratios adjusted for age, race, gender, body mass index,
smoking status, cigarette pack-years of smoking, exercise, and alcohol consumption at
baseline. Adherence to proportional hazard assumptions in the Cox regression analysis was
determined for each covariate and for the overall regression model on the basis of smoothed
plots of Schoenfeld residuals (log-negative log plots) [19] performed before and after
stratifying on smoking status. Tests of the linear trend for the association between HDL -
cholesterol and lung cancer incidence were performed using Cox regression models with HDL-
cholesterol coded as a continuous variable or as an ordinal variable indicating HDL-cholesterol
quartiles.
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Results

Interactions between HDL-cholesterol and selected covariates were evaluated using likelihood
ratio tests comparing models with and without multiplicative interaction terms, and by
comparing expected and observed incidence rates assuming multiplicative or additive effects.
All hypothesis tests use o = 0.05 to determine statistical significance. All analyses were
conducted using the STATA statistical software package, version 8.0.

From 1987 through 2000, lung cancer was diagnosed in 259 of the 14,547 ARIC cohort
members at risk (Table I). Participants who developed lung cancer were more likely than non-
cases to have been male, and were also heavier smokers, older and leaner on average. They
also were more likely to have low HDL-cholesterol levels and had a higher prevalence of
coronary heart disease at baseline than the noncases. Cases and noncases were similar with
respect to baseline prevalence of diabetes, average serum glucose, plasma triglyceride levels
and use of lipid lowering medications.

Stratification of the sample population according to smoking status indicated that among the
former smokers, mean HDL-cholesterol was lower in lung cancer cases than noncases (Table
I1); however, mean HDL-cholesterol levels were comparable between cases and noncases in
the other two smoking strata. The prevalence of low HDL-cholesterol was higher in cases than
non-cases among both current and former smokers, but the difference was statistically
significant for former smokers only.

Of other metabolic conditions, shown in Table |1, notable is higher prevalence of high
triglyceride levels among former smokers who developed lung cancer compared with former
smokers who did not develop lung cancer. There was very little difference in the prevalence
of high triglycerides in persons with lung cancer as compared to persons without lung cancer
in the current smokers group. Among never smokers, high triglyceride levels were less
prevalent in cases than in the noncases.

To evaluate effect modification by smoking on the association between low HDL-cholesterol
and lung cancer, we estimated incidence rates and crude Cox proportional hazard ratios for the
independent and joint effects of low HDL-cholesterol and smoking. Ever smokers were defined
as current and former smokers. Never smokers with high levels of HDL-cholesterol were
defined as the common reference group (Table I11A). Joint effect estimates for ever smokers
with low HDL-cholesterol levels were consistent with additive and multiplicative risks,
however the small number of cases (n=13) among never smokers contributed to a very
imprecise analysis (note width of confidence intervals). We performed an analogous analysis
of the independent and joint effects of low levels of HDL-cholesterol among current and former
smokers only, with former smokers with high levels of HDL-cholesterol defined as the common
reference group (Table I11B). Our results were consistent with a subadditive effect of current
cigarette smoking and HDL-cholesterol on lung cancer incidence, such that low HDL-
cholesterol was associated with lung cancer incidence only among former smokers and did not
appear to contribute any additional hazard to the incidence of lung cancer among current
smokers. Likelihood ratio tests comparing Cox regression models with and without a
multiplicative HDL-cholesterol-smoking interaction term showed a statistically significant
departure from expectations for multiplicative risks (observed adjusted joint hazard ratio for
low HDL cholesterol and current smoking 3.89 vs. expected hazard ratio of 7.78, likelihood
ratio x2=6.00, p=0.01). The interaction remained statistically significant after adjusting for
confounding.

Lung Cancer. Author manuscript; available in PMC 2009 September 1.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Kucharska-Newton et al. Page 5

Given the observed modification of the hazard ratio for HDL-cholesterol and lung cancer
incidence by current cigarette smoking, subsequent analyses were stratified by smoking status
among current and former smokers only.

Likelihood ratio tests indicated no statistically significant («=0.05) modification of the HDL-
cholesterol and lung cancer hazard ratio by cigarette pack-years of smoking (p=0.73 for former
smokers; p=0.63 for current smokers) or gender (p=0.42 for former smokers; p=0.93 for current
smokers).

Crude Nelson-Aalen cumulative hazard estimates indicated that cumulative hazards for lung
cancer were lower among current smokers with low HDL-cholesterol (logrank test <= 0.72,
p= 0.40), while among former smokers hazards were higher in association with low HDL-
cholesterol (logrank test y== 4.90, p=0.03) (Figure 1).

In an analysis of age-standardized relative rate of lung cancer incidence as a function of HDL-
cholesterol quartiles (Table 1V) an inverse association between lung cancer incidence and
HDL-cholesterol was observed for former smokers (p for trend = 0.02). No obvious gradient
of association was seen for current smokers.

A Cox regression analysis of the association of HDL-cholesterol, as a dichotomous variable,
and incidence of lung cancer (Table V) was consistent with the above observations. A modest
association between low HDL-cholesterol and lung cancer incidence was observed for the total
sample population and among former smokers. In those two groups the magnitude of the
association increased after adjustment for covariates (race, age, gender, body mass index,
triglycerides, exercise, alcohol consumption, and cigarette pack-years of smoking). No
association was seen in current smokers. We noted a modest association among the never
smokers; however the number of cases in this group was small, rendering the measurement of
effect imprecise and difficult to interpret. The results of the analysis of association of HDL-
cholesterol as a continuous variable and incidence of lung cancer (Table V) revealed a pattern
similar to that observed with the dichotomous variable.

We explored the impact of possible variations in the measured HDL-cholesterol levels by
restricting our analysis to the sample remaining in the cohort after the second visit and
classifying low HDL-cholesterol based on the average of measurements from visit 1 and visit
2. Adjusted Cox proportional hazard ratios decreased for the total sample (hazard ratio 1.23;
95% confidence interval 0.93;1.64) and for former smokers (hazard ratio 1.38; 95% confidence
interval 0.77, 2.47), but the difference between former and current smokers persisted (hazard
ratio for current smokers: 1.10; 95% confidence interval: 0.74, 1.64)).

Subclinical cancer may itself decrease plasma levels of HDL-cholesterol, suggesting that
observed reduced HDL-cholesterol levels may be a result and not a cause of lung cancer. We
therefore eliminated from the analyses those persons for whom the diagnosis of lung cancer
was made within 5 years after baseline data collection (n=74). Estimates of the hazard ratios
in that subset did not differ substantially from the estimates for the entire sample, although the
confidence intervals were, as expected, wider after the exclusion.

Discussion

We found evidence of a weak inverse association of HDL-cholesterol and lung cancer
incidence in the ARIC study cohort. We observed that low HDL-cholesterol levels were
associated with a higher incidence of lung cancer in the total sample and among the former
smokers in this study; however no consistent association was seen between low HDL-
cholesterol and lung cancer incidence for the current smokers. The association observed among
the former smokers was probably not an effect of depletion of plasma HDL-cholesterol by
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existing preclinical cancer [20] since exclusion of lung cancer cases within 5 years or less from
baseline did not alter the relative lung cancer incidence rates.

Biological mechanisms that might link low plasma levels of HDL-cholesterol with cancer are
not well understood [10,21-23]. The function of HDL-cholesterol in reverse cholesterol
transport [24] is important in development of atherosclerosis; however it is not obvious how
this function of HDL-cholesterol could influence carcinogenesis. The pleiotropic properties of
the HDL-cholesterol particle [25], including its anti-oxidative function, modulation of cytokine
production, blockage of apoptosis and stimulation of cell proliferation and migration, are more
likely to play arole in the development of cancer. HDL-cholesterol levels are decreased during
chronic inflammation. Reduction in the above mentioned functions of HDL-cholesterol,
resulting from decreased HDL-cholesterol levels, may contribute to a milieu conducive to
cancer development. Case-control studies have shown that low plasma HDL-cholesterol is
associated with newly diagnosed cancer at various sites [10,21-23,26,27]. That association has
also been seen in case-control studies of lung cancer [7-9], however those studies were based
on relatively small numbers of cases and compared mean levels of HDL-cholesterol in cases
and controls without always adjusting for age or smoking status. The most comprehensive of
those studies [10], examined association of lipoproteins (LDL-cholesterol, HDL-cholesterol,
triglycerides) and multiple cancer types. Their findings suggest that the association with low
HDL-cholesterol is shared among different malignancies, suggesting a common pathway.

A major strength of the present study is its prospective design, which adds support to the
existing case-control studies of the association of low HDL-cholesterol and lung cancer
incidence. The ARIC cohort is a representative sample of populations of four selected
communities and as such represents an ethnically heterogeneous study population. This
heterogeneity and large size of the cohort are further strong advantages of our study.

The major methodological issue that we had to confront in this analysis was the effect of
cigarette use on the association of HDL-cholesterol and incidence of lung cancer. Smoking is
a well documented and highly significant independent risk factor for lung cancer [28].
Furthermore, smoking has been shown to reduce plasma HDL-cholesterol levels, possibly
through induction of an inflammatory response and an associated increase in lipases that
hydrolyze HDL-cholesterol and enhance clearance of HDL-cholesterol molecules from the
bloodstream [29]. From our data, it is not possible to discern whether the lower mean HDL-
cholesterol levels observed among the participants destined to develop lung cancer were due
to smoking or other factors. We tried to address the confounding effect of cigarette smoking
by stratifying the analysis by smoking status. This approach was limited by the small number
of cases of lung cancer among never smokers and could not eliminate all of the confounding
effects due to smoking. Residual confounding by smoking may persist among the current and
former smokers despite adjusting for cigarette pack-years, age at onset of smoking and years
of smoking cessation (former smokers). This residual confounding could result from self-
reporting of smoking status, change in smoking status during the follow-up time, or differences
in smoking intensity.

We did not observe a clear association between HDL-cholesterol and lung cancer among
current smokers, in contrast with a positive association between low HDL cholesterol among
former smokers. One possible explanation for this finding is that there is in fact no association
and the weak association we did find in former smokers is random or is the result of residual
confounding. Another explanation is that smoking is such a strong risk factor for lung cancer
that the effect of a relatively weak risk factor, such as HDL-cholesterol, is unobservable among
current smokers. Furthermore, our data indicate that the reduction in HDL-cholesterol levels
seen among current smokers relative to never smokers, resulting presumably from cigarette
smoking, is independent of lung cancer status. Given this smoking-related reduction in HDL-
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cholesterol levels the hazard ratio for the association of HDL-cholesterol and lung cancer,
observed in the group of current smokers, may not be representative of the actual risk.

Plasma levels of HDL-cholesterol are closely related to levels of triglycerides. In
hypertriglyceridemic states, which can occur as a consequence to an inflammatory process
[30], there is an increase in plasma triglyceride levels and a net increased movement of
triglycerides into HDL-cholesterol molecules. The thus triglyceride-enriched HDL-cholesterol
is cleared more readily from the blood stream, resulting in decreased plasma HDL-cholesterol
levels [31]. Smoking cessation does not appear to affect levels of triglycerides [32]. In our
study we observed a higher prevalence of elevated triglyceride levels among former smokers
who developed lung cancer relative to the former smokers who did not develop lung cancer,
but did not observe such differences among current smokers for whom levels of triglycerides
were not significantly associated with lung cancer status. It is possible, that the low mean HDL-
cholesterol levels observed among cases in the sample of former smokers were reflective of
the increased triglyceride levels.

Conclusion

Our data underscore the difficulty in examining the role of factors other than smoking in the
development of lung cancer. The modest inverse association between plasma HDL-cholesterol
and incidence of lung cancer, which we have noted in former smokers, but not in current
smokers, should be confirmed by further studies performed in never smokers as well as studies
in which cancers other than lung cancer are the outcome of interest. Likewise, the potential
clinical and public health significance of this association should be explored further.

Abbreviations

ARIC, Atherosclerosis Risk in Communities; HDL-cholesterol, high density lipoprotein
cholesterol; HR, hazard ratio.
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Figure 1.

Crude Nelson-Aalen cumulative hazard function of lung cancer incidence for the current and
former smokers in the ARIC study cohort.

Cutpoints for HDL-cholesterol: 40 mg/dl for men and 50 mg/dl for women
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Selected baseline characteristics of the Atherosclerosis Risk in Communities (ARIC) study cohort. Lung cancer cases

occurring between 1987-2000 (n=259).

Characteristic Total sample (n=14,547)
Cases (n=259) Noncases (n=14,288) p*
Male (%) 64.9 44.8 <0.01
Age, years (mean (SD)) 57.2 (5.4) 54.1 (5.8) <0.01
Smoking status:
current smokers (%) 66.8 25.1 <0.01
former smokers (%) 28.2 32.2 0.17
never smokers (%) 5.0 42.7 <0.01
Pack-years smoking (mean (SD)) 42.5 (25.7) 15.7 (21.4) <0.01
HDL-cholesterol (mg/dl (SD)) 49.3 (17.7) 51.6 (17.1) 0.03
Low plasma HDL-cholesterol é%)” 45.95 39.22 0.03
High waist circumference (%) 39.8 49.9 <0.01
Diabetes (%) 12.0 11.7 0.92
High serum glucose (%)§ 23.2 216 0.55
Triglycerides (mmol/L (SD))* 1.56 (1.0) 149 (1.0) 0.26
High plasma triglycerides (%) 30.1 275 0.35
Cholesterol lowering drugs (%) 35 3.0 0.63
Prevalent CHD (%) 7.3 5.0 0.08

*
p values were determined for the two-sided t-test

7L7LL0W plasma HDL-cholesterol was defined as <50 mg/dl for women and <40 mg/dl for men
iHigh waist circumference was defined as >88 cm for women and >102 cm for men
§High serum glucose level was defined as >110 mg/dL

#High plasma triglyceride level was defined as >150 mg/dl (1.695 mmol/L)
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TABLE V
Cox proportional hazard ratios of the association of low HDL and the incidence
of lung cancer in the ARIC study cohort.

Cox proportional hazard ratios

Risk factor Total sample (95% CI) Current smokers (95% Former smokers (95% Never smokers (95%
Cl) Cl) Cl)
Low vs. high HDL-cholesterol:
Crude 135 0.89 2,01 0.83
. (1.05, 1.72) (0.66, 1.20) (1.27,3.19) (0.25, 2.69)
Adjusted 1.45 1.04 177 1.56
(1.10,1.92) (0.74,1.47) (1.05, 2.97) (041, 5.86)
HDL -cholesterol as a continuous variable:
Crude 0.86 1.05 0.72 1.16
(0.75, 0.99) (0.91,1.22) (0.55, 0.96) (0.69, 1.94)
f=-0.16 3=0.05 $=-0.32 $=0.15
(-0.29, —0.03) (-0.10, 0.20) (-0.60, —0.04) (-0.37, 0.66)
. p=0.02 p=0.50 p=0.02 p=0.58
Adjusted 0.92 1.07 0.87 0.78
(0.78,1.08) (0.90, 1.28) (0.62,1.22) (0.39, 1.56)
$=-0.09 $=0.07 p=-0.14 =-0.25
(-0.25, 0.07) (-0.11, 0.25) (-0.48, 0.20) (-0.94, 0.45)
p=0.29 p=0.45 p=0.42 p=0.49

*
Adjustment for age, race, body mass index, cigarette pack-years of smoking, gender, triglycerides, exercise and alcohol consumption

Adjustment for smoking status was performed only for the total sample. No adjustment for smoking, or pack years of smoking was performed for never
smokers.

Cut-points for the dichotomous HDL-cholesterol variable were 40 mg/dl for men, 50 mg/dl for women.

In analysis of the hazard ratios of the continuous HDL-cholesterol variable, the Cox proportional hazard ratios indicate change in hazard rate per one
standard deviation increase in HDL-cholesterol levels (SD=17.07), the value of the beta coefficient defines a logarithm of the relative risk of lung cancer
incidence per one standard deviation increase in HDL-cholesterol levels; p designates p for trend.
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