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Meats cooked at high temperatures (frying, grilling) and for
a long duration contain heterocyclic amines (HCAs), which
are both mutagens and animal carcinogens. Additionally,
barbecuing/grilling of meats produces polycyclic aromatic
hydrocarbons (PAHs). Consumption of well-done meat has
been associated with an increased risk of colon cancer but has
not been evaluated as a risk factor for stomach or esophageal
cancers. We conducted a population-based case-control study
in 66 counties of eastern Nebraska. Telephone interviews
were conducted with white men and women diagnosed with
adenocarcinoma of the stomach (n = 176) and esophagus
(n = 143) between July 1988 and June 1993 and 502 controls.
The dietary assessment included several questions about
usual cooking methods for meats and doneness preference
for beef. High intake of red meat was associated with
increased risks for both stomach and esophageal cancers.
Overall, broiling or frying of beef, chicken or pork was not
associated with the risk of these tumors. Barbecuing/grilling,
reported as the usual cooking method for a small number of
study participants, was associated with an elevated risk of
stomach and esophageal cancers. After excluding those who
reported usually barbecuing/grilling, a source of both PAHs
and HCAs, we evaluated doneness level as a surrogate for
HCA exposure. Compared to a preference for rare/medium
rare beef, odds ratios were 2.4 for medium, 2.4 for medium
well and 3.2 for well done, a significant positive trend.
Doneness level was not associated with a significant trend in
risk of esophageal cancer. Int. J. Cancer, 71:14-19, 1997.
© 1997 Wiley-Liss, In¢.

surface of the meat. HCAs increase with increasing duration of
cooking or “doneness” of the meat (Sinkeaal.,1995; Knizeet al.,
1996). Oral administration of HCAs and PAHs has produced
gastro-intestinal tract tumors in animal studies (Adamson, 1990;
Wattenberget al.,1979).

We conducted a population-based case-control study of adenocar-
cinoma of the stomach and esophagus in Nebraska. The primary
purpose of our study was to evaluate drinking water nitrate
exposure and agricultural exposures as risk factors for these
tumors. A secondary purpose of the study was to compare risk
factors for adenocarcinomas of the esophagus, stomach cardia and
distal stomach. The descriptive epidemiology of adenocarcinomas
of the distal stomach and esophagus differ. Stomach cardia tumors
share many characteristics with the adjacent esophageal tumors,
including an increasing incidence in the United States and in other
developed countries (Blogt al., 1991; Powell and McConkey,
1990; Mgller, 1992). We now present results for meat and gravy
intake, meat cooking methods and doneness preference, informa-
tion which was ascertained as part of the dietary assessment.

METHODS

A population-based case-control interview study of stomach and
lower esophageal cancers was conducted in eastern Nebraska. For
efficiency and to reduce the cost of the study, controls were
randomly selected from a group of controls from a previous
population-based case-control study of hematopoietic cancers in

Dietary risk factors for stomach and esophageal cancers hdvebraska (Zahnet al., 1990) and were re-interviewed at the time
been evaluated extensively. Low intake of fruits and vegetablekthe case interviews.
increases the risk of stomach and esophageal cancers (Getham

al., 1990; Steinmetz and Potter, 1991; Coret¢al., 1985; Rischet
al., 1985; Buiattiet al., 1989; Tavaniet al., 1994; Ziegleret al.,
1981). An increased risk of stomach cancer has also been ass

Cases

Cases were white men and women aged 21 years or older, who
5d been newly diagnosed with adenocarcinoma of the stomach or

ated with high intake of salt and processed meats containing nitr §ophagus (ICD-O codes 150, 151) between July 1, 1988, and June

(Grahamet al.,1990; Riscret al.,1985; Buiattiet al., 1989, 1990).

30, 1993. Cases were limited to whites because the control group

~ Consumption of fried or broiled meats has been investigated agx|uded other ethnic groups due to expected small numbers. Cases
risk factor for stomach cancer, but results have been equivoggdre residents of 66 counties in eastern Nebraska at the time of the
(Katoet al.,1992; Steineclet al., 1993; Knektet al., 1994; IARC, interview. Cases who were not resident in Nebraska during
1993; Jedrychowsket al., 1992). A few studies of stomach and1983-1985 (when controls were identified) were excluded @)
esophageal cancers have shown elevated risks with high intakérgfn the analyses so that the same residence criteria applied to
smoked or barbecued meats (Coretal., 1985; Wu-Williamset cases and re-interviewed controls.

al.,, 1990; Risctet al., 1985; Castellettet al., 1994). Consumption  caseg from 1988 through 1990 were identified from the Ne-
of “well-done” or “well-browned” meat has been associated withyraska Cancer Registry. Cases from 1991 through June 30, 1993,
an increased risk of colorectal cancers (Schiffman and FeltqRere identified by review of discharge diagnoses and pathology
1990; Langet al., 1994; Gerhardsson de Verdier al., 1991) but \ecords at the 14 hospitals in Omaha, Lincoln and Grand Island.
has not been evaluated for stomach or esophageal cancers. Cookiigke 14 hospitals accounted for about 90% of the stomach and

methods are of interest because frying and grilling/barbecuiggophageal cancer diagnoses in the eastern 66 counties.
(cooking over an open flame, charcoal or ceramic briquets) are

high-temperature cooking methods which can produce high levels

of heterocyclic amines (HCAs) and other pyrolysis products——

C D O el e o O, D i 6139 Eoecuhe P SPACATS, Seheste 3
roasting (Adamson, 1990; Laytat al., 1995; Sinheet al., 1995). e : T30, d
GriIIing?bEarbecuing of meats also produces polycyclic aroanat%0892'7364’ USA. Fax: (301) 402-1819,

hydrocarbons (PAHs), which form when fat drips onto the flamear_____

heat surface, pyrolyses and comes up in smoke, which coats thBeceived 17 September 1996; revised 18 November 1996
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TABLE | — NUMBERS OF ELIGIBLE INTERVIEWED CASES OF The response rate in the lymphoma study, which took into
AND%gﬂ%%{;%ﬁ%%gEFIT*YEEiLO(%”F’* ;ETA,L\' ENEDS 8.?,'1{“;%% account the refusals at stage 1 of the random digit dialing, was
s . - control 87%. In the current study, the response rate for the re-interview of
Characencie (ntgmla;%) (r?ozplg%s (no:nsrgzs) :zipcs)ﬁsmep::teogfc?ozrg}:ols was 83%, giving an adjusted overall
n % n % n % :
Gender Interviews and dietary assessment
Men 97 57.1 121 883 284 56.6 Cases and controls or their next-of-kin were interviewed by
Women 73 429 16 117 218 433 telephone during 1992-1994. Interviews included information
Year of birth about agricultural exposures; a life-time occupational, residential
Before 1915 90 529 39 285 160 319 gng water source history; tobacco and alcohol use; diet; and a
%g%gjggg gg ig? gg 257-’8 ﬁé %gi medical and familial cancer history.
1940+ 10 59 13 95 105 20.9 Dietary information was obtained using a modified version of
Vital status the Health Habits and History Questionnaire (HHHQ) (Bletkl.,
Alive 47 27.6 43 314 211 42.0 1990) that focused on nitrate, nitrite, sodium, vitamin C, carotenes
Deceased 123 724 94 686 291 58.0 andanimal protein. Following the questions about the frequency of
Respondent type intake of beef, pork and chicken, we asked about the usual cooking
ﬁg';t of kin 1%?3 %8-8 1?(’)2 27‘;% 13%3 %%-‘é method (fried/broiled, baked/roasted, boiled/poached, other method
S ; . o to be specified). For beef, we also asked how well cooked the
pouse 48 28.2 64 46.7 135 269 .7 % . .
Son/daughter 62 365 29 212 106 21.1 individual usually ate beef (well done, medium well, medium,
Sibling/parent 10 5.9 11 3.0 34 6.8 Mmedium rare, rare). Doneness preference for pork and chicken was
Other relative 15 8.8 0 0.0 23 4.6 not ascertained. We evaluated intake of beef (steaks, roasts,
Friend/other 1 0.6 0 0.0 6 1.2 hamburgers), processed meat (bacon, sausage, luncheon meats, hot

dogs, ham, home-cured meat) and all red meat (the beef and
processed meat groups, pork, liver), and risks were calculated for

H@?tiles of weekly intake using the lowest intake quartile as the

) . u
Only cases confirmed as adenocarcinoma of the stomach agfl o, r The weeklv fr n f consumbtion of arav
esophagus were retained in the analyses. A gastro-intestiqB ence group. the weekly requency of consumption ot gravy

h ) e de with meat juices was also evaluated because meat juices can
pathologist (R.M.) reviewed all initial diagnoses of stomach Cancgfntain high levels of HCAs
except for ymphomas, leiomyosarcomas and reticulosarcomas antrjJ ’
all diagnoses of esophageal cancer except those located in [J@a analysis
upper and cervical esophagus (ICD-O codes 150.0, 150.3), whichye excluded cases and controls who had unknown intakes for
are almost.excluswlely squamous ceII.tumors. C.ases.were plass@@% or more of the food questions. A total of 154 (91%) of the
by anatomical subsite and by histological type (intestinal, diffuse 8fomach cancer cases, 124 (91%) of the esophageal cancer cases
mixed) using the Lauren (1965) classification. A second gastrgng 449 (89%) controls were included in the dietary analyses.
intestinal pathploglst (P.C_.),who has extensive experience with tie,vimum likelihood estimates of the year-of-birth and gender-
Lauren classification, reviewed a subsample=(A3) of the cases. agjusted odds ratios (ORs) and 95% confidence intervals (95% CI)
Agreement was 84%. were calculated using stratified analysis (Gart, 1970). Multiple
Interviews were obtained for 79% of the eligible stomach cancgigistic regression analysis was used to evaluate the effects of
cases (97 men and 73 women) and for 88% of the esophagenlltiple factors simultaneously and to evaluate confounding.
cancer cases (121 men and 16 women). Twenty percent of #h@justment for total calories (as a continuous variable) and
interviews with stomach cancer cases and 24% of the interviewsn-dietary risk factors, including education level, parental origin
with esophageal cancer cases were obtained from the subjegid familial history of cancer (see “Results”), did not change the
themselves. Next-of-kin were the respondents for those who webRs substantially. All ORs were adjusted for the matching factors
deceased or too ill to participate. Surrogate interviews were wigh year of birth and gender. ORs for meat doneness, cooking
the spouse or a son or daughter for 81% of the stomach cancer casethod and gravy intake were adjusted for red meat intake, which

and 89% of the esophageal cancer cases. changed the ORs somewhat. Trend tests for categorized exposure
variables were performed by assigning ordinal scores to the
Controls categories and testing for a non-zero slope. We evaluated the

In 1986, the National Cancer Institute (NCI) collaborated witkombined effect of doneness preference and beef intake.

the University of Nebraska Medical Center in conducting a When the numbers of cases were adequate, ORs were calculated
case-control study of non-Hodgkin's lymphoma, multiple myseparately for stomach cardia £n30) and distal stomach tumors

eloma, Hodgkin's disease and chronic lymphocytic leukemign = 124) and by the Lauren (1965) histologic types (intestinal
Population controls were identified from 66 eastern counties af= 79, diffuse n= 53, mixed n= 16).

Nebraska and were frequency-matched to the hematopoietic cancer

cases by their gender, age (in 5 year groups) and vital status in a 3:1

ratio. Controls under the age of 65 years were selected from the RESULTS

general population (in 1985-1986) by random digit dialing. Risk factors for stomach cancer in this study population were

Subjects aged 65 years and over were identified from Health Cajilar to those seen in some other studies. For stomach cancer,

Financing Administration Medicare files. Controls for deceaseagRrs were significant or marginally significant for parental origin

cases were selected from Nebraska mortality records with tihe or more parent born outside the United StatessOR1, 95%

additional matching factor of year of death (1983-1985). Cl = 1.4-3.3), family history of cancer (any family history of
The gender, year of birth and vital status distribution of thgastro-intestinal cancer compared with no family history ©R.4,

controls overlapped adequately with the distribution of stoma®&b% Cl= 1.4-4.2) and vitamin use for 1 year or more (680.6,

and esophageal cases (Table ). Atotal of 502 eligible controls weé38% Cl= 0.4-0.9). In contrast to many other stomach cancer

re-interviewed. Deceased cases and controls were not matchedtdlies, there was not a significant association with education level

year of death. Interviews were conducted with the subjectBigh school or greater compared to less than high schoo=@FRO,

themselves for 39% of controls. The remaining interviews we@5% Cl 0.6-1.3), an indicator of socio-economic status. Dietary

obtained from surrogate respondents, the majority of which werisk factors which were associated with stomach cancer risk,

interviews with a spouse or a son or daughter (79%). comparing the highest quartile of intake to the lowest quartile
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TABLE Il — ODDS RATIOS FOR STOMACH AND ESOPHAGEAL ADENOCARCINOMAS WITH FREQUENCY
OF INTAKE OF MEAT AND GRAVY

Stomach cancer Esophageal cancer

Meat group (times/week) Number Number
of cases  of controls

OR! (95% Cl) '(;‘f”crgggrs OR! (95% CI)

Total red medt

<8 18 99 1.0 16 1.0
8-12 29 113 1.4(0.7-2.9) 25 1.3(0.6-2.9)
13-18 43 111 2.1(1.1-4.2) 32 1.4 (0.7-2.9)
19+ 64 126 2.4(1.3-4.8) 51 2.0 (1.0-4.0)
p for trend: <0.001 0.02
Processed medts
<4 32 125 1.0 25 1.0
4-5 35 102 1.4(0.8-2.7) 22 1.3 (0.6-2.6)
6-8 40 118 1.3(0.7-2.4) 31 1.1(0.6-2.1)
8+ 47 104 1.6 (0.9-2.9) 46 1.7 (0.9-3.3)
p for trend: 0.06 0.04
Beef (steaks/roasts, hamburgers)
<3 30 115 1.0 26 1.0
3-4 65 179 1.5 (0.9-2.6) 58 1.4 (0.8-2.6)
5 22 54 1.8 (0.9-3.7) 14 1.0 (0.4-2.3)
6+ 37 101 1.6 (0.9-3.0) 26 1.1(0.6-2.1)
p for trend: 0.06 0.37
Gravy made with meat juicés
<0.7 17 86 1.0 18 1.0
0.7-1 32 126 1.2 (0.6-2.3) 27 1.0 (0.5-2.0)
2-3 56 138 1.5(0.8-2.9) 35 1.0(0.5-2.1)
4+ 48 91 1.6 (0.8-3.3) 43 2.3 (1.0-5.0)
p for trend: 0.01 0.01

1Adjusted for gender and year of birtAlrcludes beef group, beef stew/pot pie, processed meats, fresh
ham/pork, liver.<Includes bacon, sausage, processed ham, home-cured meats, sandwich meats such as
bologna or salami, hot dog$®GRs adjusted for gender, year of birth and red meat intake.

(other than the meat and cooking-related ORSs) included sodiguices into approximate quartiles and calculated ORs adjusted for
(OR=1.7,95% Cl= 0.9-3.4), protein (OR= 1.9, 95% Cl= 1.1- year of birth, gender and red meat intake. Consumption of gravy 4
3.4), saturated fat (OR 2.4, 95% Cl=1.3-4.4), total fat ormore times per week was associated with a 60% increased risk of
(OR = 1.8, 95% Cl= 1.0-3.1) and total calories (OR 1.6, 95% stomach cancer and a greater than 2-fold increased risk of
Cl = 0.9-2.9). Risk factors for adenocarcinoma of the esophagi§ophageal cancer. The association differed by respondent type.
were smoking (ever smoked cigarettes 3 months or more compajglong next-of-kin respondents, there was no association between
to never used tobacco OR2.2, 95% ClI=1.2-4.1), alcohol giomach cancer and gravy intake (adjusted ©R0, 95% CI
consumption t-30 years compared to never foll year OR= 1.6, g 4_ 3y and a weaker association with esophageal cancer (adjusted
95% CI=0.9-3.0) and body mass index (highest quartile R = 1.5, 95% CI 0.6-3.7) In contrast, among self-respondents,

uetelet's index compared with the lowest quartile ©R..9, 95% . . . .
gl = 1.0-3.6). Dietarr))/ risk factors (highesg. lowest quartile of the adjusted ORs for the highest quartile of gravy consumption

intake) included vitamin C (OR- 0.5, 95% Cl= 0.3-0.9) and were 4.2 (95% CI 0.9-18.9) for stomach cancer (12 cases, 23
beta-carotene (OR 0.4, 95% Cl= 0.2-0.8). controls) and 7.9 (95% Cl 1.3-46.5) for eso_phageal cancer (14
Intake of processed meats, beef and total red meat was cate Ses, 23 controls). Adjustment for red meat intake decrgased the
rized into quartiles, and year-of-birth- and gender-adjusted ORE®S for gravy use slightly compared with the year-of-birth and
were calculated using the lowest intake quartile as the refereri@nder-adjusted ORs.
group. There were significantly increasing risks of stomach andFrying and broiling were the most commonly reported cooking
esophageal cancers with increasing red meat intake (Table I1). Tlehniques for beef. Table Il shows the ORs by usual cooking
major components of the red meat group were processed meatsimathod for beef, comparing the higher temperature cooking
beef. High intake of processed meats was associated with @ethods of frying/broiling and barbecuing/grilling to the lower
elevated risk of stomach and esophageal cancers, while high begfiperature methods of baking/roasting. Frying or broiling was not
intake was associated with an increased risk of stomach cancer #ociated with risk of stomach or esophageal cancer. However,
not esophageal cancer. Total red meat intake showed the strongggiin the frying/broiling group, increasing doneness preference
relationship with risk. The upper quartile of red meat intake Wagas associated with an increasing risk of stomach cancer but not
associated with about a 2-fold increased risk of stomach agd,phageal cancer. Compared with a preference for fried/broiled
esophageal cancers compared with the lowest quartie8aimes 50" medium rare beef, ORs were 2.4, 2.1 and 3.2 for medium,

%eRr :er((e)k é;gzmgfhl (?5 354’Ng>?t(i/gf-i:ilrl gsalléi;lffessop%r:%geﬁmedium well and well done. The ORs for doneness preference

exhibited similar risks. Saturated fat, total fat and protein inta@ecrgased when the reft_arent group included those whose usual
were highly correlated with red meat intake (Pearson correlati§iNg method was baking or roasting (all doneness preferences
coefficients, r> 0.8): therefore, we did not adjust for intake ofcOmPined).
these dietary components. Adjustment for total calorie intake did Grilling/barbecuing, reported as the usual cooking technique by
not change the ORs substantially. a small number of subjects, was associated with non-significant
Beef that is roasted in the oven contains few HCAs even wher@itfold increased risk of stomach cancer and a 50% non-
is cooked well done. However, the fat drippings and meat juicsinificantly elevated risk of esophageal cancer (Table Ill). The
contain HCAs, and gravy made from juices of well-done bedPRs are adjusted for red meat intake, which slightly increased the
contains high levels (R. Sinha, Bethesda, personal communigaagnitude of the associations for barbecuing. Adjustment for other
tion). We categorized the weekly intake of gravy made with medietary factors did not change the ORs substantially.
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TABLE lll — ODDS RATIOS FOR STOMACH AND ESOPHAGEAL ADENOCARCINOMAS WITH BEEF COOKING METHOD

Stomach cancer

Esophagus cancer

Method

Number Number

Number Number

of cases  of controls OR? (95% CI) of cases  of controls OR! (95% Cl)
Baked/roasted/boiled 14 38 1.0 10 38 1.0
Fried/broiled 128 379 1.1(0.6-2.1) 101 379 1.0 (0.4-2.1)
Grilled/barbecued 8 21 1.9 (0.6-5.6) 9 21 1.5(0.5-4.8)

1Adjusted for gender, year of birth and weekly red meat intake.

TABLE IV — ODDS RATIOS FOR ADENOCARCINOMA OF THE STOMACH AND
ESOPHAGUS WITH DONENESS PREFERENCE FOR BEEF

Doneness Stomach Esophagus
level Cases Controls OR95% CI) Cases OR95% Cl)
Rare/mediumrare 7 60 B0 14 1.0

Medium 21 76 2.4(0.9-6.2) 16 1.0(0.4-2.3)
Mediumwell 25 84 2.4(0.9-6.1) 30 1.8(0.9-3.9)
Well 93 206 3.2(1.4-7.6) 53 1.5(0.7-2.9)

1Excludes those who usually barbecued/grilled béatijusted for
gender, year of birth and weekly red meat intaRefer trend: stomach

esophageal tumors compared to the risk for distal stomach tumors
(OR=1.4,95% Cl 0.6-3.1).

We compared risks for the intestinal and diffuse morphologic
types of stomach cancer as classified by Lauren (1965). The
association with high gravy intake was slightly stronger for the
intestinal type of stomach cancer (GR1.8, 95% CI 0.7-4.8)
compared with the diffuse type (OR 1.2, 95% CI 0.4-3.4). Red
meat intake, cooking method and doneness preference showed
similar associations for both histologic types. A small number of
stomach tumors were of the mixed histologic type=(116) and

cancelp = 0.004, esophageal canges 0.35. were too few to evaluate.

The ORs for frying/broiling were similar for self- and next-of- DISCUSSION

kin respondents. Among next-of-kin respondents, the ORs forin this study, we observed that a high intake of red meat was
barbecuing were 2.5 for stomach cancer and 3.1 for esophagasdociated with a significant 2.4-fold risk of stomach cancer and a
cancer. Among cases reporting for themselves, only 2 stomagliold risk of esophageal cancer. Processed meats and beef, the
cases and no esophageal cases reported barbecuing as their usajar components of the red meat group, showed a positive
cooking method. Broiling/frying of pork and chicken was noassociation with risk of stomach cancer, while only processed meat
associated with risk of stomach and esophageal tumors (data imthke was associated with esophageal cancer risk. Red meat intake
shown). The numbers of individuals reporting barbecuing as the&ias highly correlated with the intake of total fat, saturated fat and
usual cooking technique for these meats were too few to evaluatprotein; therefore, it was not possible to assess the independent

The levels of HCAs produced in meat increase with increasirgifects of each factor.

duration of cooking (doneness). The cooking method of barbecuing/The cooking methods of frying and broiling were not associated
grilling produces PAHSs in addition to HCAs, so we excluded thoseith an increased risk of stomach or esophageal cancers compared
who usually barbecued beef to better evaluate doneness level as baking or roasting. Grilling/barbecuing of beef was associated
surrogate for HCA exposure (Table IV). We observed an increasimgth about a 2-fold non-significantly increased risk of stomach
risk of stomach cancer with increasing doneness. Among thosancer and a smaller non-significant excess of esophageal cancer.
reporting for themselves, there was a stronger association wibw people reported grilling or barbecuing as their usual cooking
well-done beef (OR= 9.9, 95% CI 1.1-87) based on 17 cases anchnique, probably due to the seasonal nature of this activity, and
65 controls compared to those with next-of-kin respondentse associations were based on small numbers. The level of
(OR = 2.1, 95% CI 0.8-5.7) based on 63 cases and 109 contrafeneness preference for beef was associated with a significantly
The confidence intervals are wide due partly to a small number iotreasing risk of stomach cancer. A preference for well-done beef
cases in the reference categories (1 case among self-respondenig$associated with a 3.2-fold increased risk of stomach cancer
cases among next-of-kin respondents). Doneness preference e@spared to a preference for rare or medium rare beef. Doneness
not strongly or monotonically associated with esophageal cangaeference was not strongly associated with esophageal cancer risk.

overall (Table 1V) nor among self- and next-of-kin respondents.  High intake of gravy made with meat juices was associated with
We evaluated the combined effect of doneness preference amdincreasing risk of stomach cancer and an elevated risk of

intake of beef, excluding those who usually barbecued beef. Taldlgophageal cancer in the highest-intake quartile. Gravy made from

V shows ORs for stomach cancer with doneness level stratified meats cooked well done can contain high levels of HCAs (R. Sinha,

beef intakes below the median and at or above the median. Thpegsonal communication).

was no statistical interaction between beef intake and donenesgjost previous studies of stomach cancer have not shown an

level. Risk increased with doneness level in both low- angssociation with fresh meat intake, though positive associations
high-intake categories. The OR for high intake of well-done begfith processed meat have been observed (Boeingl., 1991;
compared with low intake of rare or medium rare beef was 5@onzalezet al., 1991). High intakes of fresh meat have generally
(95% Cl11.5-18.9). For esophageal cancer, there was no significgakn protective in epidemiologic studies of esophageal cancer in
association for any combination of doneness preference and bgefeloped countries (Zieglet al., 1981; Franceschi, 1993). Some
intake and no evidence of an interaction (data not shown). previous studies of stomach cancer have shown an increased risk
Stomach cardia tumors have been hypothesized to have ngith high intake of fried or broiled meats (Katet al., 1992;
factors similar to adenocarcinomas of the esophagus due to fleglrychowsket al.,1992). However, other studies have shown no
close proximity of the tumor sites and recent increases in incidengssociation (Grahaet al.,1972; Knektet al.,1994; Hanssost al.,
of both tumors. We compared the risks for stomach cardia with ti893). Barbecuing/grilling was not associated with stomach cancer
risks for distal stomach tumors. The ORs for stomach cardia did rintthe few studies which have evaluated it (Coretaal., 1985;
differ substantially from the ORs for the distal stomach tumors fdanssoret al.,1993), but consumption of smoked foods or meats
red meat intake, beef intake, beef cooking method and donenbkas been associated with an increased risk of stomach cancer in
preference. The association with high gravy intakel times per most studies (Boeingt al.,1991; Correat al.,1985; Risctet al.,
weekvs.<0.7 times per week) was stronger among stomach cardi@85; Leeet al.,1990; Falcaet al.,1994). Eating barbecued meat
cases (OR= 3.2, 95% CI 1.0-9.8) and closer to the risk formore than once per week was associated with a 2-fold increased
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TABLE V — ODDS RATIOS FOR STOMACH CANCER BY PREFERRED BEEF DONENESS AND FREQUENCY OF BEEF

INTAKE!
Beef intake
Doneness level <4/week =4/week
Cases Controls OR95% CI) Cases Controls GR95% Cl)
Rare/medium rare 3 38 1.0 4 22 2.0 (0.4-10.3)
Medium/medium well 28 101 3.0(0.8-10.9) 18 59 3.5 (0.9-13.0)
Well 59 138 3.8(1.1-13.3) 34 68 5.3 (1.5-18.9)

1Excludes those who usually barbecued/grilled béatlusted for gender and year of birth.

risk of squamous cell esophageal cancer in a study in Argentirgported intake between these 2 types of controls. Median gravy
(Castellettaet al.,1994), but few studies of esophageal cancer hawetake for deceased controls was 2 times per week compared to
evaluated meat cooking techniques. self-respondent reports of 0.7 times per week. Higher reported
HCAs are formed by the pyrolysis of creatinine and amino acidgtakes among deceased controls would reduce the risk estimates.
in the meat juices during high-temperature cooking (Adamso@ther studies have shown that controls chosen from mortality files
1990; Skog, 1993; Sugimuet al., 1988). These compounds arehave a higher intake of meat, a lower fruit and vegetable intake and
among the most potent mutagens tested by the Ames/Salmonalkigher proportion of heavy drinking and smoking compared with
bioassay and are carcinogenic in mice, rats and non-humlafing persons of the same age and gender (McLaugétiral.,
primates (Felton and Knize, 1991; Ohgekial., 1986, 1991; Iteet  1985). Differences in risk estimates by respondent type may also be
al.,1991). In addition to producing HCAs, grilling or barbecuing oflue to differences in the quality of the information. Next-of-kin
meats produces PAHs, and smoked meats also contain PAHs:eApondents may give less accurate information than subjects about
possible role for PAHs in the carcinogenesis of upper gastrdietary intakes, which would lead to non-differential misclassifica-
intestinal tract tumors has been suggested from animal studigm and attenuation of the risk estimates. Surrogate dietary
(Wattenberget al., 1979; F. Beland, personal communication) anéhformation provided by spouses, particularly from wives reporting
epidemiologic studies evaluating smoked foods, tobacco aod their husbands’ dietary intakes, has been shown to have good
occupational exposures (Blot, 1994). To evaluate a possible linjreement with subject reports (Samet, 1990; Marshall., 1980)
between stomach cancer and PAH exposure separately from HBuy poorer agreement with other types of respondent (Herrmann,
exposure, it would be necessary to obtain more detailed informepgs).
tion about barbecuing, consumption of smoked foods and occupap pigh intake of red meat was associated with elevated risks of

tional exposures. L . both stomach and esophageal cancers, independent of doneness
Overall, we found no association between the cooking methoggeference. The association with well-done beef consumption and
of frying/broiling and stomach cancer risk. At face value this doegomach cancer risk suggests that dietary HCAs or some other
not support a role for HCAs in stomach cancer risk. Howevegomponent of well-done beef may play a role in human stomach
limitations of the questions about meat cooking method may haygncer risk. Risk of esophageal adenocarcinomas did not show the
led to substantial misclassification and may partly explain the lag¢ong association with doneness preference observed for stomach
of an association (Sinha and Rothman, 1997). Specifically, HGAncer. Our data suggest that the degree of doneness of meat (a
levels are different for frying and broiling and for different cuts ok, ryogate for HCAs) may be an aspect of a high red meat diet that
beef (R. Sinha, personal communication). Non-differential misclagyther increases the risk of stomach cancer. Since most of the
sification usually attenuates risk estimates (Flegtl., 1986; jytormation was based on next-of-kin responses, studies with more
Correaet al., 1995). detailed questions about dietary exposure to HCAs and PAHs are
Doneness preference may be a better surrogate for exposur@deded to confirm or refute these suggestive findings.
HCAs or other pyrolysis products than a question about usual
cooking method since there may be a uniform preference across
cuts of meat and cooking methods. Indeed, we did observe an
association with doneness preference within the group who usually ACKNOWLEDGEMENTS
fried or broiled beef. The strength of the association betweenThe authors acknowledge Mr. T. Brooker and Ms. S. Keehn of
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