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Abstract

Objectives: To study the association between diet and lung cancer mortality in the United States.

Methods: Records from 20,195 participants with usable dietary data in the 1987 National Health Interview Survey
were linked to the National Death Index. Baseline diet was assessed with a 59-item food-frequency questionnaire.
Food groups (fruits, vegetables, total meat/poultry/fish, red meats, processed meats, dairy products, breakfast
cereals, other starches, added fats, and alcohol) were analyzed in cause-specific Cox proportional hazard regression
models adjusted for age, gender and smoking.

Results: There were 158 deaths from lung cancer (median follow-up 8.5 years). Frequencies of meat/poultry/fish
intake (relative risk [RR] (highest compared to lowest quartile) = 2.0; 95% confidence interval [CI] 1.2-3.5, p for
trend [p] < 0.027), and red meat intake (RR = 1.6; CI 1.0-2.6, p < 0.014), were positively and significantly
associated with lung cancer mortality. Specifically, the red meats, including pork (RR = 1.6; CI 1.0-2.7,
p < 0.028), and ground beef (RR = 2.0; CI 1.1-3.5, p < 0.096) were associated with increased risk, although for
ground beef the trend was not significant. Dairy products (RR = 0.5; CI 0.3-0.8, p < 0.009) were inversely
associated with lung cancer mortality. There was no statistically significant association between intake of fruits and
vegetables and lung cancer mortality.

Conclusions: In this nationally representative study, intake of red meats was positively associated with lung cancer
mortality while intake of dairy products was inversely associated. While smoking is the major risk for lung cancer
mortality, diet may have a contributory role.

Introduction

Lung cancer is the most common cause of cancer
mortality in the United States [1]. While smoking is the
undisputed primary risk factor [2], numerous studies
suggest that diet may be etiologically important [3, 4].
The association between foods and lung cancer has
been studied extensively for some foods and less
extensively for others [4]. There are over 200 studics
on the association between fruits, vegetables and lung
cancer [4, 5]. There are considerably fewer studies on

meats, fish, poultry, dairy products [4, 6-13], grains [8],
and alcohol [4, 11, 14-19]. However, associations
between these foods and lung cancer, both positive
and inverse, are biologically plausible. For example,
heterocyclic amines [20] found in cooked red meats
[21-25] may increase risk.

The majority of studies on diet and lung cancer have
used the case—control method; yet cohort studies are less
subject to recall bias, which may be important in studies
of the association [26]. Historically, few cohorts in
the United States, and only one of them nationally
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representative [27], have provided data on diet and
cancer. Thus, new cohorts created by linkage of the
National Health Interview Surveys (NHIS) to the
National Death Index (NDI) by the National Center
for Health Statistics (NCHS), provide valuable oppor-
tunities for epidemiologists to study associations
between risk factors (including diet) and cause-specific
mortality (including cancer). The purpose of this study
was to prospectively, examine the association between
diet and lung cancer mortality in a nationally represen-
tative cohort of 20,195 individuals who satisfactorily
completed the 59-item food-frequency questionnaire in
the 1987 NHIS.

Material and methods
Population

The National Health Interview Survey (NHIS), con-
ducted by NCHS, is a continuing annual, cross-section-
al, nationally representative, probability survey of the
" health of the United States civilian, non-institutional-
ized population [28]. Door-to-door, in-home interviews
of non-institutionalized individuals are conducted by
experienced Bureau of the Census interviewers.

The 1987 NHIS included a core questionnaire com-
pleted by 47,240 households containing 122,859 persons,
and a Cancer Risk Factor Supplement (CRFS) devel-
oped and funded by the National Cancer Institute [29].
The CRFS consisted of two Supplements, Cancer
Control (n = 22,043) and Cancer Epidemiology
(n = 22,080). One adult, age 18 years or older, from
each household completing the core questionnaire was
randomly selected to receive either the Cancer Control
or Cancer Epidemiology Supplement. Our study used
data from the Cancer Epidemiology Supplement which
included a food-frequency questionnaire (FFQ). The
response rate for the core questionnaire was 95%. The
response rate for the Cancer Epidemiology Supplement
was 86.1%. Hispanics were over-sampled; Spanish
translations were available.

Mortality link

Starting with the 1986 NHIS, each subsequent NHIS
has been (and will continue to be) linked to the NDIL
The data files are available on CD-ROMs (National
Health Interview Survey Multiple Cause-of-Death Public
Use Data File, June 1997). The NHIS-NDI linkage
enables investigators to perform cohort studies having
cause-specific mortality endpoints {30, 31]. Briefly,
NHIS participants are matched to individuals reported
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as deceased in the NDI based on criteria including social
security number and first name, social security number
and last name, social security number and father’s
surname, or other combinations of birth date, name and
initials. At the time of this study, records from the 1987
NHIS were matched to the NDI through 31 December
1995.

Dietary data

The 1987 NHIS Cancer Epidemiology Supplement
included a 59-item food-frequency questionnaire
(FFQ), developed by Block et al. [32], which queried
participants about the number of times per day, week,
month or year they consumed certain foods during the
past year. The 59 items were selected based on contri-
bution to nutrient intake in the US population, deter-
mined from 24-hour recall data collected in the second
National Health and Nutrition Examination Survey
(NHANES TI, 1976-1980) [33, 34]. The 59-item FFQ
was based on a longer 98-item FFQ validated in
numerous subpopulations varying by gender, age and
income [35-39]. Correlations between nutrients and
multiple days of diet records were similar for both
instruments [40].

Foods in the 1987 NHIS FFQ were listed as line-items
(subsequently referred to as food-items). A food-item
consisted of a single food (for example, oranges), or of
several foods of similar nutrient content or usage (for
example, hamburgers, cheeseburgers and meatloaf). We
formed nine food groups (fruits, vegetables, meat/
poultry/fish [and the subgroups red meats and processed
meats], dairy products, breakfast cereals, starches,
added fats, desserts, and alcohol) (see Appendix).

Data on food group and food-item intake were
categorized (by quartiles of weekly intake frequency)
to-avoid assumptions about the parametric form of the
dose-response relationships and to reduce potential
influence by outlying dietary intake observations [41].
Food-items with high numbers of non-consumers (milks
and cereals) were categorized into three levels; non-
consumers, and consumers above and below their
sample weighted median intake.

Analytic cohort

Of the 22,080 participants who completed the 1987
Cancer Epidemiology Supplement, 1494 were excluded
from analyses because of coding, interviewer or partic-
ipant errors on the FFQ, and 391 were excluded because
of inadequate information to perform a mortality match
with the NDI; thus, 20,195 participants had usable
dietary data. Of these, 187 died of lung cancer as the
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Diet and lung cancer mortality

underlying cause, between baseline (the quarter of the
year 1987 during which the participant was interviewed)
and 31 December 1995, (the latest NDI match date
available at the time of this study). Thus, there were 187
cases and 20,008 non-cases.

To form the analytic cohort we excluded all partic-
ipants dying within 1 year of baseline or who reported a
diagnosis of lung cancer at baseline, as disease might
bias dietary recall. Thus, an additional 29 cases (23 died
within 1 year of baseline; six were alive 1 year after
baseline but had stated a diagnosis of lung cancer at
baseline), and 162 non-cases (140 died within 1 year of
their baseline interview; 22 were alive at 1 year but had
stated a diagnosis of lung cancer at baseline) were
excluded, resulting in an analytic cohort of 20,004
individuals (158 cases and 19,846 non-cases; median
follow-up = 8.5 years).

Statistical analysis

Covariates considered in analyses included the potential
confounders of age at baseline interview (continuous),
gender, and ever smoking as duration in years and packs
per day (both continuous). Additional covariates
included race (white non-Hispanic and other, black
non-Hispanic, Hispanic), family income ( < $20,000 and
2$20,000 per year), region of the country (Northeast,
Midwest, South, West) occupation (white-collar, blue-
collar, unemployed), marital status (single, married),
body mass index (continuous), and the number of days
the respondent participated in social activities during the
past year (continuous).

Sample weighted distributions of covariates within
quartiles of food groups were determined. Analyses for
sample weighted quartiles of intake were performed
using Cox proportional hazard regression analysis to
estimate relative hazards (henceforth referred to as
relative risks) of lung cancer mortality. The response
variable in the Cox models was time to lung cancer
mortality from baseline [42]. Participants who died
during follow-up, but not of lung cancer, were censored
at time of death. Overall, there were 1852 deaths in the
20,195 participants between baseline and 31 December
1995. Participants who survived through follow-up were
censored on 31 December 1995.

Analyses were performed for food groups using two
models: model 1 included age; model 2 included age,
gender, and smoking (packs per day and duration). Both
models were run with and without the covariates race,
family income, region of the country, occupation,
marital status, body mass index, and social activities,
If, in any model, there was a significant trend (p < 0.05)
over quartiles of food group intake, further analyses
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were performed for food-items within that group.
Analyses using models 1 and 2 were also performed
individually for the food-items not included in food
groups (see Appendix). Final models were performed
with and without adjustment for total caloric intake
(continuous). Tests of trend were performed by assign-
ing a score to each quartile of intake (the sample
weighted median intake within each quartile), including
that score in a Cox regression model as an independent
variable, and performing z-tests of the regression coef-
ficients associated with the score to determine the level
of significance of the trend. Restricted cubic regression
splines were used to check for non-linearity in dose—
response for food groups and food-items that had
significant linear trends [43]; for spline analyses, contin-
uous dietary variables were used.

Analyses were performed using SAS, version 6.12
(SAS Institute, Cary, NC) and SUDAAN v.7.5
(Research Triangle Institute, Research Triangle Park,
NC) a statistical software package that allows inclusion
of the complex sampling design of the NHIS in the
analyses of statistical models, thus facilitating compu-
tation of design-based estimates of relative risks and
their standard errors. Unless otherwise indicated, all
analyses were weighted to the US population using
sample weights from the 1987 NHIS. All tests of
significance were two-tailed with the level of significance
set at p < 0.05.

Results

The baseline, unweighted characteristics of the analytic
cohort were determined. The median age of the analytic
cohort was 40 years (range 18-87 years). Eighty-five
percent of the participants were age 64 years or younger.
There were 8363 men (41.8%) and 11,641 women
(58.2%). Approximately 83% of the participants were
non-Hispanic whites, 10% were non-Hispanic blacks,
and 7% were Hispanic. Thirty-nine percent had more
than a high school education. Approximately 47% were
never smokers, 21% were former smokers, and 29%
were current smokers.

Of the 158 cases, 90 were men and 68 were women.
The mean duration of smoking in the male cases was 36
years; in the female cases mean duration was 25 years. In
the non-cases duration was considerably less; 13 years
for men and 9 years for women. The weighted mean age
at mortality from lung cancer in the cases was 65.7 years
(SD 13.4). In the US population in 1991 (midpoint
between 1987 and 1995), mean age at mortality from
lung cancer was 68.6 years (SD 10.7) (US Vital
Statistics). Differences could be due to the fact that the
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NHIS is conducted in a non-institutionalized popula-
tion.

Table 1 describes the demographics of the cohort by
quartiles of food group intake frequency. Intake of
fruits, vegetables, cereals, and added fats increased with
age, while intake of alcohol decreased. Relative to
women, men more frequently consumed meat, dairy
products, starches, and alcohol, and less frequently
consumed fruits, vegetables, and breakfast cereals.
Relative to participants who never smoked, ever-smok-
ers more frequently consumed added fats and alcohol,
and less frequently consumed fruits and breakfast
cereals. Duration of smoking was longest for the most
frequent consumers of added fats and alcohol.

Table 2 shows relative risks of lung cancer mortality
based on weekly frequency of food group intake.
Comparisons discussed are for the highest (Q4) vs.
lowest (Q1) quartiles of intake. In models adjusted for
age, gender, and smoking, the most frequent consumers
of meat/poultry/fish had more than double the risk for
lung cancer mortality of the least frequent consumers
(p for trend < 0.027). The most frequent consumers of
red meats had an approximate two-thirds increase in
risk (p for trend < 0.014). In contrast, the most
frequent consumers of dairy products had about half
the risk (p for trend < 0.009). Consumers in the highest
quartile of breakfast cereals intake had significantly
reduced risk for lung cancer mortality compared to
those in the lowest quartile, but the trend was not
significant (p for trend < 0.094). There were no signif-
icant associations between other food groups and lung
cancer mortality (including a dark green, yellow, and
orange vegetables group that included sweet potatoes,
or adding white potatoes to the vegetable group, both
analyses run in response to a reviewer’s query). Inclu-
sion of the covariates race, family income, region of the
country, occupation, marital status, body mass index,
and social activities, or inclusion of only occupation and
income, did not substantially alter results. Inclusion of
calories as a continuous variable in models did not
substantially alter results. .

Table 3 presents the relative risks of lung cancer
mortality for food-items within food groups that had
significant trends. The most frequent consumers of pork
had almost a two-thirds significant increase in risk (p for
trend < 0.028). Consumers in the highest quartile of
ground beef had almost a doubling of risk but the trend
over quartiles was not significant (p for trend < 0.096).
There were no significant findings for any other food-
items within the meat/poultry/fish or dairy products
groups or for food-items not included in food-groups
(see Appendix). Inclusion of the covariates race, family
income, region of the country, occupation, marital
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Table 1. Demographics of the 1987 National Health Interview Survey
cohort (n = 20,004) by frequency of food group intake

Quartiles (frequency of food
group intake)®

Ql Q2 Q3 Q4

Fruits
Mean age (years) 38.5 40.8 44.1 47.8
Percentage male 53.9 50.0 45.6 41.1
Percentage ever smoked 61.2 51.3 47.8 429
Mean duration smoked (years)®  12.1 10.5 10.2 9.7
Vegetables
Mean age (years) 40.0 42.5 43.7 45.2
Percentage male 50.1 49.1 47.0 44.5
Percentage ever smoked 52.9 50.5 50.6 49.2
Mean duration smoked (years) 10.6 10.7 10.7 10.6
Meat/poultry/fish
Mean age (years) 47.5 44.5 41.8 38.2
Percentage male 38.9 44.1 48.7 57.8
Percentage ever smoked 49.5 51.2 51.6 50.9

Mean duration smoked (years) 11.5 11.2 10.4 9.6

Dairy products

Mean age (years) 47.6 42.9 42.8 38.7
Percentage male 44 4 46.6 48.2 51.2
Percentage ever smoked 517 50.8 50.5 50.0

Mean duration smoked (years) 124 10.6 10.4 9.4

Breakfast cereals

Mean age (years) 40.9 40.3 43.1 474
Percentage male 52.8 47.2 46.3 44.6
Percentage ever smoked 58.5 50.8 49.1 44.7

Mean duration smoked (years) 12.3 10.1 10.1 10.1

Other starches

Mean age (years) 414 44.5 41.9 43.7
Percentage male 422 484 47.2 52.8
Percentage ever smoked 48.9 52.7 49.9 51.6
Mean duration smoked (years) 9.6 114 10.1 11.5
Added fats
Mean age (years) 40.9 43.1 42.9 44.5
Percentage male 50.0 48.1 45.7 47.4
Percentage ever smoked 46.5 499 513 55.1
Mean duration smoked (years) 9.1 10.5 10.7 12.2
Alcohol
Mean age (years) 48.7 42.6 39.5 39.8
Percentage male 37.1 34.2 47.4 70.2
Percentage ever smoked 39.9 46.9 52.0 64.5

Mean duration smoked (years) 9.6 10.0 9.7 13.2

2 All p values for trend across quartiles were significant at
p < 0.006 except for percentage ever smoked (vegetables, p < 0.02;
meat/poultry/fish, p < 0.29, dairy products, p < 0.56) and mean
duration smoked (vegetables p < 0.98).

Y Duration ever smoked in total cohort.

status, body mass index, and social activities, or
inclusion of only occupation and income, did not
substantially alter results. Inclusion of calories as a
continuous variable in models did not substantially alter
results.

Fr
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w Survey Table 2. Relative risks (RR) and 95% confidence intervals (95% CI) for lung cancer mortality in the 1987 National Health Interview Survey
cohort by frequency of food group intake®
[ food Quartiles of intake p for trend®
— 1 2 3 4
Q4
— Fruits
Servings/week® 0-3.0 3.0-7.2 7.2-11.5 >11.5
47.8 Median? 1.3 4.9 9.0 16.0
41.1 No. of cases® 35 46 31 42
429 ’ Person-years 39,880 41,087 39,865 39,893
9.7 RR 1.0 1.1 0.6 0.6 <0.030
MV RR (95% CI) 1.0 (referent) 1.2 (0.7-1.9) 0.8 (0.4-1.4) 0.9 (0.5-1.6) <0.489
45.2 Vegetables
44.5 Servings/week 0-5.2 5.2-8.9 8.9-13.6 >13.6
49.2 : Median 3.2 7.0 11.0 17.5
10.6 : No. of cases 36 38 49 35
=z Person-years 40,478 41,474 41,078 41,088
% 382 RR 1.0 1.0 1.2 0.8 <0.321
=578 MYV RR (95% CI) 1.0 (referent) 1.0 (0.6-1.8) 1.3 (0.8-2.0) 0.9 (0.5-1.5) <0.786
g 50.9 : Meat/poultry/fish
< 96 ’ Servings/week 0-3.7 3.7-5.5 5.5-7.6 >7.6
8 ' Median 2.8 4.6 6.4 9.6
g 3‘8 7 No. of cases 35 43 38 42
c"g 51:2 Person-years 39,894 40,821 40,147 40,770
B 500 RR 1.0 1.6 1.5 2.4 <0.004
% 9'4 MV RR (95% CI) 1.0 (referent) 1.5 (0.8-2.5) 1.3 (0.8-2.0) 2.0 (1.2-3.5) <0.027
§ Red meats
g 474 Servings/week 0-2.3 2.34.2 4.2-6.6 >6.6
«_3‘ 44.6 Median 1.4 3.2 52 9.0
> 447 No. of cases 39 29 .44 46
%’ 10'1 Person-years 40,580 41,661 40,690 41,228 )
=5 RR 1.0 0.9 2.1 2.4 <0.001
4 MYV RR (95% CI) 1.0 (referent) 0.7 (0.4-1.2) 1.5 (0.9-2.4) 1.6 (1.0-2.6) <0.014
2 :z; Processed meats
5) 51:6 Servings/week 0-0.5 0.5-1.2 1.2-2.9 >3.0
o 1Ls Median 0 0.7 2.0 4.5
g No. of cases 54 36 34 34
o Person-years 40,323 40,886 38,674 44,260
44.5 RR 1.0 1.0 1.3 1.2 <0.405
474 MV RR (95% CI) 1.0 (referent) 0.8 (0.5-1.3) 1.0 (0.6-1.6) 0.8 (0.5-1.4) <0.721
551 . : )
122 Dairy products
Servings/week 0-3.0 3.0-7.0 7.0-10.0 >10.0
Median 1.0 5.0 9.0 15.0
39.8 No. of cases 51 50 33 22
70.2 Person-years 39,138 46,437 36,161 40,562
64.5 RR 1.0 0.9 0.7 0.5 <0.006
13.2 MV RR (95% CI) 1.0 (referent) 0.9 (0.5-1.4) 0.7 (0.4-1.2) 0.5 (0.3-0.8) <0.009
ificant at Breakfgst cereals
p < 0.02; Serv14ngs/week 0-0.5 0.5-2.5 2.5-6.0 >6.0
nd meari Median 0 1.2 4.0 7.0
No. of cases 49 32 35 41
Person-years 40,022 41,967 39,257 41,312
RR 1.0 0.5 0.5 0.4 <0.013
ties, or MYV RR (95% CI) 1.0 (referent) 0.5 (0.3-0.9) 0.6 (0.4-1.1) 0.5 (0.3-0.9) <0.094
did not
€S as a

ly alter
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Table 2. (Continued)

R.A. Breslow et al.

Quartiles of intake

p for trend®

1 2 3 4

Other starches

Servings/week 0-7.0 7.0-9.0 9.0-13.2 >13.3

Median 4.7 8.0 10.5 16.7

No. of cases 31 32 47 48

Person-years 41,173 41,619 40,792 40,567

RR 1.0 0.7 14 1.1 <0.344

MV RR (95% CI) 1.0 (referent) 0.6 (0.4-1.1) 1.2 (0.7-2.0) 0.9 (0.5-1.5) <0.943
Added fats

Servings/week 0-5.4 5.5-9.0 9.0-14.0 >14.0

Median 3.0 7.0 10.0 16.0

No. of cases 31 38 36 52

Person-years 40,763 39,894 39,447 42,152

RR 1.0 1.1 1.1 1.3 <0.381

MV RR (95% CI) 1.0 (referent) 1.1 (0.6-1.9) 1.0 (0.5-2.1) 1.2 (0.7-2.0) <0.603
Alcohol

Servings/week 0 0.02-0.5 0.544 >4.4

Median 0 0.2 1.9 10.5

No. of cases 52 23 32 50

Person-years 47,779 31,894 41,061 41,026

RR 1.0 0.9 1.2 2.1 <0.0001

MV RR (95% CI) 1.0 (referent) 0.7 (0.4-1.3) 1.0 (0.6-1.6) 1.3 (0.8-2.0) <0.101

4 RR values are adjusted for age; multivariate RR (MV RR) are adjusted for age, gender, smoking duration (years), and packs per day

smoked.

> p-Values for trend were obtained using weighted sample medians of quartiles as quartile scores.
© Ranges of intake are for multivariate models. Ranges for models adjusted for age only are similar. The overlap in ranges for quartiles is due

to rounding.

4 Sample weighted median intake within quartiles for multivariate models. Median values for models adjusted for age only are similar.

¢ Missing dietary data explains numbers fewer than 158 cases.

Smoking duration was a-significant variable in all
models for food groups and food-items. The non-age-
adjusted relative risk of ever smoking for a duration of
40 years was 12.9 in this relatively young cohort with a
high proportion of women,; the age-adjusted relative risk
of ever smoking was approximately 4.7. The number of
packs smoked per day was not significant in any models.
There were no significant interactions between smoking
duration and food groups except alcohol (p < 0.026).
Among non-smokers the relative risk of lung cancer
mortality in the highest compared to the lowest quartile
of alcohol intake was 2.3 (CI 1.1-4.6). Among those
who smoked for 25 years the RR in the highest vs.
lowest quartile of alcohol intake was 1.4 (CI 0.9-2.1),
and among those who smoked for 50 years the relative
risk was 0.9 (CI 0.5-1.2). Restricted cubic regression
splines were not significant for any of the food groups or
foods significantly associated with lung cancer mortal-
ity, indicating no statistical evidence of a non-linear
dose-response relationship in the log relative risks.
Although our power to perform analyses by gender was
low due to small numbers of cases, we performed

separate analyses of significant food groups and fruits
and vegetables and tested for interactions between
gender and these food groups. None of the interactions
was significant at p < 0.05.

Discussion

In this nationally representative cohort, frequent intake
of the meat/poultry/fish food group, specifically intake
of red meats (pork, and to a lesser extent, ground beef),
was positively associated with lung cancer mortality.
Frequent intake of dairy products was inversely associ-
ated with risk.

A family of pyrolysis products is produced in red
meats cooked at high temperature [20-25]. These highly
mutagenic compounds initiate lung cancer in animals
[20]. We did not have details on meat cooking practices
in our cohort. However, it is known that red meats, in
particular beef and pork, are frequently cooked at high
temperatures to high levels of doneness. Data from Sinha
et al. [23, 24] and Byrne et al. [25] suggest that beef and

T
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Table 3. Relative risks (RR) and 95% confidence intervals (95% CI) for lung cancer mortality in the 1987 National Health Interview Survey
cohort by frequency of selected food-item intake®

or trend®
Quartiles of intake p for trend®
1 2 3 4
Meat[poultry(fish food group
Fried fish or fish sandwiches
Servings/week® 0 0.02-0.2 0.2-1.0 >1.0
Median? 0 0.2 0.5 1.0
344 No. of cases® 55 31 21 51
943 Person-years 50,126 40,127 28,460 45,122
RR 1.0 0.8 0.9 1.1 <0.441
MV RR (95% CI) 1.0 (referent) 0.7 (0.4-1.2) 0.8 (0.5-1.4) 1.0 (0.6-1.5) <0.758
Ground beef (hamburgers, cheeseburgers, or meatloaf)
Servings/week 0-0.5 0.5-1.0 1.2-2.0 >2.1
Median 0.2 1.0 2.0 3.0
381 No. of cases 55 56 ‘ 21 26
.(§3 Person-years 48,416 53,609 31,542 30,210
§ RR 1.0 1.5 1.0 2.3 <0.021
) MV RR (95% CI) 1.0 (referent) 1.4 (0.9-2.3) 1.0 (0.6-1.8) 2.0 (1.1-3.5) <0.096
g Beef, such as steaks and roast
o . Servings/week 0-0.5 0.5-1.0 1.0-1.9 >2.0
3 Median 0.1 0.5 1.0 2.0
(801 No. of cases 34 23 49 52
181 Person-years 37,277 28,050 50,096 48,456
B ‘ RR 1.0 1.0 1.4 1.8 <0.010
K per day MV RR (95% CI) 1.0 (referent) 0.9 (0.4-1.8) 1.1 (0.7-1.7) 1.3 (0.8-2.1) <0.122
§ Pork, such as pork chops or roasts
< Servings/week 0-0.02 0.04-0.2 0.2-1.0 >1.0
r@esisdue Median 0 02 0.5 1.0
= No. of cases 40 34 35 49
irgilar. Person-years 39,797 42,649 35,983 45,320
’;'? RR 1.0 0.9 1.4 2.0 <0.003
o MV RR (95% CI) 1.0 (referent) 0.9 (0.5-1.5) 1.3 (0.8-2.2) 1.6 (1.0-2.7) <0.028
I@ fruits Fried chicken
i Servings/week 0 0.02-0.4 0.5-1.0 >1.0
gt“.’een Median 0 02 0.5 1.0
eQ_ ctions No. of cases 45 24 30 59
KL Person-years 41,389 33,560 31,370 57,572
RR 1.0 0.8 1.5 1.5 <0.032
MV RR (95% CI) 1.0 (referent) 0.75 (0.4-1.3) 1.1 (0.6-1.8) 1.2 (0.8-1.8) <0.203
Chicken or turkey, baked or broiled
Servings/week 0-0.2 0.2-0.5 0.5-1.0 >1.1
. Median 0 0.2 1.0 2.0
at intake No. of cases 41 54 31 32
ly intake Person-years 40,710 41,283 44,269 37,484
nd beef), RR 10 13 038 0.8 <0.165
nortality. MV RR (95% CI) 1.0 (referent) 1.5 (0.9-2.3) 0.9 (0.6-1.5) 1.1 (0.6-2.0) <0.653
y associ- Bacon
Servings/week 0 0.02-0.5 0.5-1.0 >1.1
d in red Median 0 0.2 1.0 2.3
. No. of cases 52 21 40 45
se h.lghly Person-years 47,357 27,523 51,462 36,910
animals RR 1.0 09 1.1 L5 <0.041
practices MV RR (95% CI) 1.0 (referent) 0.8 (0.5-1.5) 0.9 (0.5-1.5) 1.2 (0.7-1.9) <0.396
meats, in Sausage
d at high Servings/week 0 0.02-0.2 0.2-1.0 >1.0
>m Sinha Median 0 0.1 0.2 1.0

beef and No. of cases 69 8 32 47
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Table 3. (Continued) i
Quartiles of intake p for trend® 12]
1 2 3 4 H
Person-years 63,957 11,360 46,649 41,291 Y
RR 1.0 0.6 0.8 1.3 <0.092 f
MYV RR (95% CI) 1.0 (referent) 0.6 (0.3-1.4) 0.7 (0.4-1.2) 1.0 (0.6-1.6) <0.604 Jr
Hot dogs 4
Servings/week . 0 0.02-0.2 0.2-0.7 >0.7 ) |
Median 0 0.1 02 1.0 s
No. of cases 76 9 42 31 d
Person-years 52,885 15,096 52,317 43,412 d
RR 1.0 0.6 0.8 1.0 <0.777
MV RR (95% CI) 1.0 (referent) 0.5 (0.3-1.1) 0.7 (0.5-1.1) 0.8 (0.5-1.4) <0.730 ¢
Ham or lunch meats
Servings/week 0-0.1 0.1-1.0 1.0-2.0 >2.1 N
Median 0 0.5 1.0 40 4
No. of cases 51 34 43 29 ) |
Person-years 39,870 41,159 47,934 34,795 1
RR 1.0 1.0 1.2 1.2 <0.393 d
MV RR (95% CI) 1.0 (referent) 0.9 (0.5-1.4) 0.9 (0.6-1.6) 0.9 (0.5-1.6) <0.977 a
Dairy products food group 4
Cheese or cheese spreads d
Servings/week 0-0.5 0.5-1.9 2.0-3.0 >3.0 A
Median 0 1.0 2.0 7.0
No. of cases 57 25 50 26
Person-years 43,497 30,085 49,510 40,815
RR 1.0 0.7 0.9 0.6 <0.105
MV RR (95% CD 1.0 (referent) 0.6 (0.4-1.1) 0.8 (0.5-1.4) 0.6 (0.3-1.1) <0.124
Whole milk, not including on cereal’ :
Servings/week 0 0.02-7 >8.0
Median 0 4.0 14.0
No. of cases 102 49 6
Person-years 101,524 52,427 9602
RR 1.0 1.4 1.0 <0.394
MV RR (95% CI) 1.0 (referent) 1.1 (0.7-1.6) 0.7 (0.3-1.7) <0.603
2% milk, not including on cereal’
Servings/week 0 0.02-7.0 >8.0
Median 0 4.0 14.0
No. of cases 117 36 5
Person-years 107,571 46,702 9330
RR 1.0 0.9 0.5 <0.101
MV RR (95% CI) 1.0 (referent) 0.9 (0.6-1.4) 0.5 (0.2-1.4) <0.169
Skim milk, 1% milk, or buttermilk, not including on cerealf
Servings/week 0 0.02-5.0 >5.6
Median 0 1.0 7.0
No. of cases 132 14 11
Person-years 134,336 14,919 14,238
RR 1.0 1.0 0.6 <0.132
MV RR (95% CI) 1.0 (referent) 1.1 (0.6-2.0) 0.8 (0.4-1.6) <0.500

2 RR values are adjusted for age; multivariate RR (MV RR) are adjusted for age, gender, smoking duration (years), and packs per day
smoked.

b p-Values for trend were obtained using weighted sample medians of quartiles as quartile scores.

¢ Ranges of intake are for multivariate models. Ranges for models adjusted for age only are similar.

4 Sample weighted median intake within quartiles of multivariate models. Median values for models adjusted for age only are similar.

¢ Missing dietary data explains numbers fewer than 158 cases.

f Due to large numbers of non-consumers, a referent category of non-consumers was formed with consumers divided into two groups at the
sample weighted median value of intake.
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Diet and lung cancer mortality

pork, cooked well-done and/or at high temperatures, are
major sources of heterocyclic amines in the US diet [21,
22]. Our findings of associations between pork, ground
beef intake and lung cancer mortality are thus consistent
with literature on heterocyclic amines. Our null findings
for the steaks and roasts food-items may be due to the
grouping of these two types of meats, generally cooked
by very different techniques, into a single food-item.
Roasts are generally cooked at moderate temperatures
by roasting and generally contain non-detectable levels
of heterocylic amines; on the other hand, steaks may be
cooked by techniques that can produce high levels of
these mutagens [24].

Alternatively, dietary fat or cholesterol content might
explain an effect of red meat. In-vivo studies demonstrate
that dietary fat promotes lung carcinogenesis [4, 44].
However, epidemiologic evidence for these associations
is inconsistent [4, 9, 10, 13, 45-49], perhaps due to
confounding by energy intake. Our food-based study
did not attempt to disentangle the effects of fat and
energy. However, we found no association between high
fat or high cholesterol foods and lung cancer mortality
in this study. Inclusion of total calories, poorly captured
in a 59-item FFQ, in food group models did not
substantially alter our results.

Our results for red meat are consistent with reports of
some case-control studies [50-54]. The results of our
cohort study differ from the results of other cohort
studies [6-8, 10-13] (Table 4). However, comparisons
between the results of cohort studies are complicated by
differing definitions of meat and differing categoriza-
tions of meat intake frequency. Other than our study, no
cohort studies reported significantly increased risk of
lung cancer associated with meat intake. However, three
studies [6, 7, 11] (including one of lung cancer mortality)
[6], reported point estimates of 1.3, suggesting the
possibility of increased risk. -

Our finding that dairy products were associated with
reduced lung cancer mortality is interesting. Unfortu-
nately, high numbers of milk non-consumers (for
example, 16,000 for skim milk) limited statistical power
to detect differences between different types of milk
(whole, 2%, 1% or skim). Dairy products contain non-
nutritive compounds with anticarcinogenic -activity
including conjugated linoleic acid, sphingomyelins, and
butyric acid [55]. Milk is rich in pre-formed vitamin A
(retinol), calcium and vitamin D. Retinol, necessary for
cell differentiation, has been inconsistently associated
with reduced risk of lung cancer [4]. In some epidem-
iologic studies, calcium and vitamin D have been
associated with reduced risk of colorectal cancer [4],
but evidence of an effect on lung cancer is lacking [4, 51].
Milk may contain phytochemicals [55], but epidemio-
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logic evidence to substantiate a protective effect from
this source is lacking.

There are few epidemiologic data on the association
between dairy products and lung cancer (Table 4).
Kvale et al. reported decreased risk for lung cancer for
a subgroup of men with squamous cell lung cancer [11];
other studies have shown no association [6, 7, 9, 10, 12,
56, 57] or increased risk [51, 53, 58, 59]. One study [51]
found elevated risk with intake of whole milk and
decreased risk with intake of reduced fat milk. Com-
parison between our results and the results of other
cohort studies on dairy products is not straightforward
as the NHIS FFQ questions on milk intake specifically
excluded milk on breakfast cereals. Thus, milk frequen-
cy was undoubtedly underestimated. Although there is
no way to accurately impute the frequency of milk on
cereal, we thought that frequency of cereal consumption
was our best available surrogate for total frequency of
milk intake. The Pearson correlation coefficient between
dairy products and breakfast cereals was r = 0.20
(» < 0.0001). We created a new variable to include in
a Cox model; intake frequency of the diary products
group plus intake frequency of the breakfast cereals
group. The RR for this surrogate total milk variable was
0.5 for the highest compared to lowest quartile (CI 0.3-
0.8), similar to our original estimate.

We found no association between fruit and vegetable
intake and lung cancer mortality in this study. Some [7,
60-62], but not all [11, 63], cohort studies and the
majority of case—control studies [4] have reported
significant protective effects of fruits and vegetables.
Given the incompleteness of the FFQ assessment of fruit
and vegetable intake (six questions on fruits and
vegetables, omitting commonly consumed items such
as bananas, green beans, corn, and peas) our data are
not comparable to data from other studies, the majority
of which had more comprehensive assessments. We
found a statistically significant interaction between
alcohol, smoking, and lung cancer mortality. Of three
cohort studies that considered an interaction between
drinking and smoking, two [17, 18] found none while the
other [15] reported greatest risk of lung cancer at the
extreme upper levels of both drinking and smoking. Our
study found no difference in lung cancer mortality
across levels of drinking for individuals with long
smoking duration (25 and 50 years); instead, mortality
was greatest among non-smokers at the highest level of
drinking. Taken together, the results of these four
studies are inconsistent and do not suggest that an
interaction between alcohol and smoking is of major
importance.

The major strengths of our study were that prospec-
tively collected dietary data were obtained from a
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Diet and lung cancer mortality

nationally representative cohort. In addition, detailed
data on smoking were available, making it possible to
control for confounding and to study effect modifica-
tion. The limitations of our study included having a
brief dietary assessment tool administered at a single
point-in-time and having a cohort followed-up for a
relatively short duration (median of 8.5 years). In
addition, although the FFQ has been validated for
nutrients [40], it has not been validated for foods.

The results of our study may have differed from those
of other cohort studies listed in Table 4 because of
differences in populations and design. Unlike these other
cohort studies, ours was performed in a sample repre-
sentative of the US population. Qur study also had an
excellent response rate. Some of the other cohort studies
had smaller numbers of lung cancer cases [7, 11, 12],
which would lower their power. In addition, duration of
follow-up differed in each cohort study, ranging from 6
years [7, 10] to 24 years [12]. The endpoint of our study
was lung cancer mortality. In the other cohort studies,
with one exception [6], the endpoint was incidence.
However, survival from lung cancer is short, with
incidence closely paralleling mortality [1]. Thus, we
would not have expected this fact to account for
differences between the results of our study of diet and
lung cancer mortality and other studies of diet and lung
cancer incidence. It should be noted that all of the
cohort studies referenced in Table 4, and ours, adjusted
for smoking.

In conclusion, red meats, in particular pork and
ground beef, were associated with increased lung cancer
mortality, while dairy products were associated with
reduced risk. There have been few cohort studies of
these associations. Further studies are needed to confirm
our results and to elucidate possible mechanisms.
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Appendix: Composition of food groups formed from food-items on the
1987 National Health Interview Survey Food Frequency Questionnaire

Food groups

Fruits

Oranges

Grapefruit

Orange juice or grapefruit juice
Apples or apple sauce
Cantaloupe in season

Vegetables®

Beans, such as baked, pinto, kidney beans, or chili
not including green beans

Tomatoes, including in salad

Broccoli

Carrots or mixed vegetables containing carrots

Coleslaw, cabbage, or sauerkraut

Green salad

Spinach

Mustard greens, turnip greens, or collards

3

Dark green, yellow, orange vegetables

Broceoli

Carrots or mixed vegetables containing carrots
Spinach

Mustard greens, turnip greens, or collards
Sweet potatoes or yams

Meat/poultry|fish

Fried fish or fish sandwiches

Ground beef (hamburgers, cheeseburgers, or meatloaf)
Beef, such as steaks or roasts

Beef stew or potpie with vegetables

Pork, such as pork chops or roasts

Liver, including chicken liver

Fried chicken

Chicken or turkey, baked, stewed or broiled
Bacon

Sausage

Hot dogs

Ham or lunch meats

Red meats

Hamburgers, cheeseburgers, or meatloaf
Beef, such as steaks or roasts

Pork, such as pork chops or roasts
Bacon

Sausage

Processed meats
Ham or lunch meats
Hot dogs

Dairy products

Cheese or cheese spreads, not including cottage cheese

Whole milk or drinks made with whole milk, not including on cereal
2% milk or drinks made with 2% milk, not including on cereal
Skim milk, 1% milk, or buttermilk, not including on cereal

Breakfast cereals

Cooked cereals such as oatmeal

Highly fortified cereals like Product 19, Total, or Most
High-fiber cereals such as bran, granola, or shredded wheat
Other cold cereals such as Rice Krispies or corn flakes
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Appendix (Continued)

Other starches

Rice

Spaghetti, lasagna, or pasta with tomato sauce

White bread, rolls, or crackers, including sandwiches,
bagels and so forth

Dark breads such as whole wheat, rye, or pumpernickel

Corn bread, corn muffins, corn tortillas, or grits

Added fats

Salad dressing or mayonnaise, including on sandwiches
Butter on bread, rolls, or vegetables

Margarine on bread, rolls, or vegetables

Desserts

Ice cream

Doughnuts, cookies, cake or pastry
Pie

Chocolate candy

Alcohol

Beer (during past year)
Wine (during past year)
Liquor (during past year)

Food items not included in groups

Other fruit juices or fortified fruit drinks
Eggs

Peanuts or peanut butter

Salty snacks such as chips or popcorn
Sugar in coffee, tea or on cereal

Milk or cream in coffee or tea

Soda or soft drinks with sugar

2 The vegetable group was analyzed with/without white potatoes,
baked, boiled or mashed, and French fries or fried potatoes.
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