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Excess Incidence of Squamous Cell Esophageal Cancer among US Black
Men: Role of Social Class and Other Risk Factors

Linda MorrisBrown,1RobertHoover,1DebraSilverman,_DalsuBaris,_RichardHayes,1G. MarieSwanson,2
JanetSchoenberg,3RaymondGreenberg,4JonathanLift,sAnnSchwartz,6MustafaDosemeci,_LindaPottern,7
andJosephF.Fraumeni,Jr.1

Data from a population-basedcase-controlstudy were used to evaluatethe relationbetweensocialclass
factorsand squamouscellesophagealcancerand the extentto whichalcohol,tobacco,diet, andlowincome
contributetothe higherincidenceamongBlackmenthanamongWhitemeninthe UnitedStates.A totalof 347
malecases(119White,228 Black)and 1,354 malecontrols(743White,611 Black)wereselectedfromthree
US geographicareas (Atlanta,Georgia,Detroit,Michigan,andNewJersey).Caseswereresidentsof the study
areas aged30-79 years who had beendiagnosedwithhistologicallyconfirmedesophagealcancerbetween
1986 and 1989.The adjustedoddsratiosfor subjectswithannualincomeslessthan$10,000versusincomes
of $25,000 or morewere 4.3 (95% confidenceinterval:2.1, 8.7) forWhitesand8.0 (95%confidenceinterval:
4.3, 15.0)for Blacks.The combinationofall fourmajorriskfactors_ow income,moderate/heavyalcoholintake,
tobacco use, and infrequentconsumptionof raw fruits and vegetables--accountedfor almostall of the
squamouscell esophagealcancersin Whites(98%) andBlacks(99%)and for 99% of the excessincidence
among Blackmen.Thus, lifestylemodifications,especiallya loweredintakeof alcoholicbeverages,would
markedlydecreasethe incidenceofsquamouscellesophagealcancerinbothracialgroupsandwouldnarrow
the racialdisparityinrisk.Furtherstudieson the determinantsof socialclassmayhelpto identifya newsetof
exposuresfor thistumorthatare amenableto intervention.Am J Epidemio/2001;153:114-22.

alcoholdrinking;case-controlstudies;diet;esophagealneoplasms;racialstocks;riskfactors;socialclass;
tobacco

The incidence of squamous cell esophageal cancer is risk (3). In this paper, we evaluate the relation between
more than five times higher among US Black men (16.8 per social class factors and squamous cell esophageal cancer
100,000) than among US White men (3.0 per 100,000)(1). and the extent to which alcohol, tobacco, diet, and low
To evaluate reasons for this striking racial disparity in risk, income contribute to the higher incidence among Black men
we conducted a population-based case-control study of than among White men in the United States.
squamous cell esophageal cancer among White and Black

men in three areas of the United States. Previous analyses MATERIALSAND METHODS
found that heavy drinking and smoking were the major risk
factors for this tumor in both Blacks and Whites (2) and that Methods for selection of cases and controls have been pub-
frequent consumption of raw fruits and vegetables reduced lished in detail elsewhere (2). In brief, concurrent case-control

studies of four cancers (multiple myeloma and cancers of the
Receivedforpublication January31,2000,andacceptedforpi_b- esophagus,prostate,and pancreas)were conductedin three

licationMay1, 2000. geographic areas of the United States during 1986--1989.For
Abbreviations:CI,confidenceinterval;OR,oddsratio;PAR,pop- efficiency, one large control group was chosenfor all fourutationattributablerisk;SOC,StandardOccupationalClassification.
DivisionofCancerEpidemiologyandGenetics,NationalCancer types of cancer.For the esophagealcancercomponent,all

Institute,Bethesda,MD. Black andWhite male residentsof Atlanta,Georgia,Detroit,
2CancerCenter, Michigan State University, East Lansing, MI. Michigan, andthe stateof NewJerseyaged30-79 yearswho
3NewJerseyStateDepartmentofHealth,Trenton,NJ. hadbeendiagnosedwith histologicallyconfirmedesophageal
4 Medical University of SouthCarolina,Charleston, SC. cancerbetweenAugust 1, 1986andApril 30, 1989wereell-sRollinsSchoolofPublicHealth,EmoryUniversity,Atlanta,GA.
6EpidemiologyDepartment,KarmanosCancerInstitute,Detroit, gible for study.Controlswere selectedfor similarity with the

MI. expected age, race,gender,andareadistributionof the four
7Women'sHealthInitiative,NationalHeart,Lung,and Blood typesof cancercombined.Consols aged30-64 yearswere

Institute,Bethesda,MD. selected using a random digit dialing technique (4), whereasReprintrequeststo Dr.LindaMorrisBrown,NationalCancer
institute,ExecutivePlazaSouth,Room8026,6120ExecutiveBlvd., controlsaged65-79 yearswererandomlychosenfrom com-
MSC7244,Bethesda,MD20892-7244(e-mail: brownl@mail.nih, puterized listings of Medicare registrantsprovidedby the
gov). Health Care Financing Administration.
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In-person interviews lasting approximately 60 minutes and the following variables: age at diagnosis/interview
were conducted directly with the subjects, usually in their (<50, 50-59, 60-69, and >70 years), geographic area, years
homes, by trained interviewers. Informed consent for partic- of cigarette smoking (0, 1-29, 30-39, and >40 years), num-
ipation in the study was obtained from each subject prior to ber of alcoholic drinks consumed per week (0-7, 8-14,
interview. Detailed information was obtained on sociode- 15-35, 36--84, and >85), and number of servings of raw
mographic factors, use of alcohol and tobacco, usual adult fruits and vegetables consumed per week (<7.1, 7.1-11.6,
diet, usual occupation, medical and dental history, and faro- 11.7-18.3, and >18.3). Additional models included adjust-
ily history of cancer. Interviews were completed for 68 per- ment for annual income (>_$25,000, $10,000-$24,999, and
cent of both White cases and Black cases. The response rates <$10,000). The combined effects of income with diet and
were 72 percent and 76 percent, respectively, for the White income with alcohol drinking and cigarette smoking were
and Black Health Care Financing Administration controls, examined by fitting multiplicative and additive risk models
For the random digit dialing controls, the response rates (8, 9). Details concerning the dietary assessment instrument
were 76 percent and 79 percent, respectively, for Whites and and categorization of the smoking, drinking, and raw fruit
Blacks in the interview phase and 86 percent in the house- and vegetable variables have been published previously (2,
hold screening phase. The main reasons for nortresponse 3, 10).
were death (19 percent of cases, 1 percent of controls), ill- The population attributable risk (PAR) and summary PAR
ness (8 percent of cases, 4 percent of controls), and refusal were used to estimate the amount of esophageal cancer in
(4 percent of cases, 16 percent of controls), the population that might be due to a specific risk factor or

Analyses were based on 347 cases (119 White, 228 combination of risk factors, respectively. The method of
Black) and 1,354 controls (743 White, 611 Black). Twenty- Bruzzi et al. (11), based on unconditional logistic regres-
six cases (5 White, 21 Black) under 65 years of age were not sion, was used to compute race-specific PARs and summary
included in the analysis because they reported not having a PARs adjusted for the same confounding variables as those
telephone, a criterion for control selection, used in calculation of the odds ratios. The summary PARs

Subjects were asked to report their marital status and were calculated by fitting logit models that were additive in
place of birth (data suggest that Blacks born in the South are the main exposures. Two-sided confidence intervals were
more economically disadvantaged than those born else- calculated using the method of Benichou and Gall (12). The
where (5)), total income (including money received by a sum of individual PARs may exceed 100 percent, because
spouse) before taxes during the year prior to interview and subjects are often exposed to more than one risk factor; thesummary PAR takes into account multiple exposures. The
the number of persons supported by this income, the highest PARs and summary PARs were also used to estimate the
grade or level of schooling completed, how often they usu- proportion of the Black excess that might be attributable to
ally visited a dentist (an indicator of access to or propensity a risk factor or a combination of risk factors. They were
for seeking medical care), and usual occupation. Occupation based only on subjects with complete data for the income,
was coded using the Standard Occupational Classification alcohol, tobacco, and dietary variables (107 White and 190
[SOC] Manual (6). Occupations were grouped into the fol- Black cases; 631 White and 520 Black controls).
lowing six categories suggested by the SOC manual for pre-
sentation of cross-tabulated data: administrative/technical
(SOC codes 11-39), clerical/sales (SOC codes 40-47), ser- RESULTS

vice occupations (SOC codes 13 and 28), farming (SOC Social classfactors
codes 55-58), production/transportation (SOC codes

60-83), and laborers/helpers (SOC codes 85-87) (6). To Table 1 presents numbers of cases and controls and odds
characterize each SOC code as representing high, medium, ratios by race for sociodemographic indicators potentially
or low socioeconomic status, one of us (M. D.) created an related to risk. Compared with Whites, Blacks had a lower
occupation-based socioeconomic status indicator using annual income, were more often widowed or divorced, had
information (average earnings and number of years of train- less formal education, visited the dentist less often, were
ing required for each job) presented in the 1987 version of less likely to hold an administrative or technical job and
CFKR Career Materials (CFKR Career Materials, EO. Box more likely to be employed as a laborer or helper, had a
437, Meadow Vista, CA 95722). Questionnaire data on lower occupation-based socioeconomic status, were more
income during the year prior to interview and the number of likely to have been born in the South, and were more likely
people supported by that income were compared with to be at or below the poverty threshold.
poverty thresholds by size of family using data supplied by Adjusted risks were strongly associated with low income,
the Bureau of the Census for the years covering the study reaching 4.3 (Whites) and 8.0 (Blacks) for subjects with
period, 1985-1989. We created a binary poverty index vari- annual incomes less than $10,000 compared with $25,000 or
able using census data from the year prior to interview to more. Additional adjustment for alcohol use (in 10 cute-
determine whether each study subject was above or below gories, the highest being >120 drinks per week) had little
the poverty threshold, impact on the risk estimates for income.

Data were analyzed using unconditional logistic regres- To evaluate income on a relative scale, we recalculated
sion (7). Odds ratios and 95 percent confidence intervals odds ratios for Blacks and Whites separately using approxi-
were obtained using the EPICURE program for personal mate race-specific quartiles as cutpoints. The odds ratios for
computers (8). Models included one social class indicator Whites associated with incomes of $25,000-49,999,
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TABLE 2. Joint odds ratios for annual income and categories of cigarette smoking and alcoholic
beverage use among Black men and White men with squamous cell esophageal cancer, 1986-1989

Annualincome

Smokingstatus* >$25,000 $10,000-$24,999 <$10,000and no.of

95% 95% Odds 95%drinksper week Odds confidence Odds confidence confidence
muot interval ratiot interval muot interval

Light smoker
Drinks/week

0-14 1.0 7.8 1.7, 35.7 14.1 2.9, 67.6
15-35 2.0 0.2, 23.1 14.6 2.9, 73.8 71.8 15.0, 343.9
>35 38.7 7.1,210.4 98.8 20.9, 467.3 231.6 48.2, 1,114

Heavy smoker
Drinks/week

0-14 4.1 0.8, 20.9 12.0 2.6, 55.0 49.2 10.9, 221.7
15-35 26.4 6.5, 124.7 46.2 10.4, 204.4 80.4 17.8, 367.9
>35 34.4 7.7, 154.7 94.5 21.9, 408.7 420.6 92.4, 1,914

-- * Light smoker._nonsmokerorsmokerof <1 pack per day. Heavy smoker: smoker of _>1pack per day.
1"Adjusted for age, study area, raw fruit and vegetable consumption, and race.

$15,000-24,999, and <$15,000 were 1.3, 2.1, and 3.9, significantly elevated. Risks for annual income, however,

respectively, compared with an income of $50,000 or more. remained significantly elevated when adjusted for the other

For Blacks, the odds ratios associated with incomes of social class variables.

$15,000-24,999, $8,000-14,999, and <$8,000 were 2.3, 3.0,

and 8.7, respectively, compared with an income of $25,000 Combined exposures
or more.

Significant associations were also seen for Blacks whose As table 2 shows, the overall risks associated with income

marital status was widowed (odds ratio (OR) = 2.5) or category in combination with smoking and drinking were

never married (OR = 3.9) versus married, whose educa- consistent with independent effects on a multiplicative scale

tional level was high school graduation (OR = 2.8) or less (p = 0.116) but not on an additive scale (p < 0.001).

(OR = 3.1) versus more than a high school education, and Gradients of increasing risk with decreasing income were

whose usual employment was as a laborer or helper (OR = seen for each drinking/smoking category. While increasing

4.2) versus an administrative/technical job. Odds ratios were risks for drinking/smoking were seen for each income cate-

significantly elevated in both races for men who rarely vis- gory, the risks were highest among heavy drinkers (>35

ited a dentist (ORs were 1.8 for Whites and 1.7 for Blacks) drinks per week) with annual incomes of <$10,000. As table

and for those with incomes at or below the poverty level 3 shows, the overall risks associated with income category

(ORs were 2.6 for Whites and 4.2 for Blacks). combined with frequency of raw fruit and vegetable con-

Nonsignificant excess risks were seen for low occupation- sumption were not statistically different from either a multi-

based socioeconomic status (ORs were 1.8 for both races) plicative model (p = 0.600) or an additive model (p =

and for place of birth in the South (ORs were 1.4 for both 0.473). Large differences in risk were seen for income level

races). When adjusted for annual income, all risks associ- within each fruit/vegetable consumption category, but there

ated with other social class variables were reduced and not were only small differences in risk for frui.t/vegetable con-

TABLE 3. Joint odds ratios for annual income and frequency of raw fruit and vegetable consumption
among White men and Black men with squamous cell esophageal cancer, 1986-1989

Consumptionof Annualincome

raw fruits >$25,000 $10,000-$24,999 <$10,000
and vegetables
(no.of servings Odds 95% Odds 95% Odds 95%

per week) ratio* confidence ratio* confidence ratio* confidenceinterval interval interval

>18.3 1.0 3.9 1.4, 11.0 7.8 2.6, 23.4
11.7-18.3 3.4 1.3, 9.2 4.5 1.6, 12.2 14.9 5.1, 43.2
7.1-11.6 1.8 0.6, 5.3 5.0 1.8, 13.5 15.9 5.7, 44.1
<7.1 2.5 0.9, 7.1 7.2 2.7, 19.2 17.0 6.3, 46.3

* Adjusted for age, study area, years of cigarette smoking, number of alcoholic drinks per week, and race.

Am J Epidemio/ Vol. 153, No. 2, 2001
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TABLE 4. Odds ratios and population attributable risks for established risk factors* among White men
and Black men with squamous cell esophageal cancer, 1986-1989

Incidence % of95% inthe
Risk Odds 95% % of PARt,t confidence nonexposed Blackfactor ratiot confidence controls (%) excess

interval exposed interval (per explained100,000)_

Alcohol

White men 6.8 3.5, 13.4 50.1 76.6 63.0, 90.1 0.84
Black men 8.3 4.3, 15.8 56.7 82.3 72.0, 92.7 3.43 63.5

Tobacco
White men 3.1 1.2, 8.5 78.1 65.0 35.9, 94.0 1.26
Black men 2.5 1.1, 5.6 77.6 57.3 28.6, 86.0 8.28 55.6

Diet

White men 2.0 1.1, 3.9 73.7 43.9 14.1, 73.6 2.02
Black men 1.7 1.0, 3.1 76.9 37.1 7.1, 67.0 12.20 35.6

income
White men 2.3 1.3, 4.0 41.7 38.5 18.2, 58.7 2.21
Black men 4.3 2.4, 7.9 70.4 69.3 53.9, 84.8 5.96 76.3

* Established risk factors: _>8alcoholic drinks per week, tobacco smoking (cigarettes, pipes, or cigars) for 6
months or more, <18 servings of rawfruits and vegetables per week, and an income of <$25,000 per year.

t Odds ratios and population attributable risks were adjusted for age, study area, and the other established
risk factors.

:[:PAR, population attributable risk.
§ The total incidence rate was 3.6/100,000 for Whites and 19.4/100,000 for Blacks.

sumption within income categories. We used income as the (ORs were 3.1 for Whites and 2.5 for Blacks). The highest
measure of social class in the PAR and summary PAR esti- PARs were seen for moderate/heavy alcohol consumption
mates because its dominant effect subsumed the other social (76.6 percent in Whites and 82.3 percent in Blacks). These
class variables and it appeared to have effects independent risks increased further when alcohol use was redefined as
of alcohol, smoking, and diet in our analysis, consuming at least one drink per month for 6 months or

longer (Whites: OR = 11.7, PAR = 89.8 percent; Blacks:
PARs OR = 10.9,PAR = 89.4percent).We alsocalculatedpartial

PARsfor]eve]of alcoholconsumptionin BlacksandWhites
Table4 presentsoddsratiosand PARsfor the four major combined(table5). Comparedwith subjectswho consumed

risk factors:alcohol(>8 drinks perweek), tobacco(smoking fewer thaneightalcoholicdrinksper week, the partialPARs
of cigarettes,pipes, or cigars for 6 monthsor longer), diet were7.6 percent,24.2 percent,and49.1 percentfor subjects
(<18 servings of raw fruits or vegetablesper week), and who consumed8-14, 15-35, and >_.36drinks per week,
income (<$25,000 per year). Odds ratios for both races were respectively.
associated with moderate/heavy use of alcohol (ORs were The PARs for tobacco use in Whites and Blacks were 65.0
6.8 for Whites and 8.3 for Blacks) and any use of tobacco percent and 57.3 percent, respectively (table 4). Use of

TABLE 5. Odds ratios and population attributable risks for squamous cell esophageal cancer by level
of alcoholic beverage use among White men and Black men combined, 1986-1989

Levelof alcoholuse 95% % of 95%
(no.of drinks Odds PARtfl; confidenceratio*,t confidence controls (%)perweek) interval exposed interval

_>8 7.9 4.9, 12.5 53.1 81.0 73.2, 88.8
8-14 3.2 1.8, 5.8 17.6 7.6 3.6, 11.7
15-35 6.2 3.7, 10.3 22.7 24.2 18.4, 30.1
->36 16.9 10.1, 28.1 12.9 49.1 42.8, 55.4

* Compared with a risk of 1.0 for drinkers of tewer than eight alcoholic drinks per week.
t Adjusted for age, study area, raw fruit and vegetable consumption, years of cigarette smoking, race, and

income.
1:PAR, population attributable risk.

Am J Epidemiol VoL 153, No. 2, 2001
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tobacco and moderate/heavy use of alcohol were not this risk factor) to the annual age-adjusted incidence rates
markedly different for Whites and Blacks when the expo- for the three areas combined. If all of the men consumed
sures were characterized as dichotomous variables. An ear- fewer than eight drinks per week, annual incidence rates

lier analysis examined the joint effects of cigarette smoking would be 0.8 per 100,000 person-years for Whites (3.6 x
(in two levels) and alcohol drinking (in five levels) and (1 - 0.766)) and 3.4 per 100,000 person-years for Blacks
found that odds ratios were higher among Blacks than (19.4 x (1 - 0.823)). Conversely, the annual incidence rates
among Whites for every level of drinking/smoking (2). For due to this factor would be 16.0 per 100,000 per year for
example, in comparison with light smokers (nonsmokers, Blacks and 2.8 per 100,000 per year for Whites, an excess
ex-smokers, and current smokers of <1 pack/day) who had among Blacks of 13.2 cases per 100,000 per year. On the
fewer than eight alcoholic drinks per week, the odds ratios basis of these calculations, we estimated that high levels of
for light smokers who had 15-35 drinks per week were 4.6 drinking would account for 83.5 percent of the excess in
(95 percent CI: 1.7, 12.8) among Whites and 10.6 (95 per- incidence rates among Black men (13.2 cases per 100,000
cent CI: 4.1, 27.2) among Blacks. Among heavy smokers per year of the 15.8 cases per 100,000 per year difference
(current smokers of >1 pack/day) who had 15-35 drinks per between the Black and White incidence rates). For the other
week, the odds ratios were 22.1 (95 percent CI: 7.8, 62.3) three factors, the corresponding annual incidence rates for
for Whites and 36.8 (95 percent CI: 13.9, 97.2) for Blacks. White and Black men would be 1.3 and 8.3, respectively, if

Elevated risks were associated with low (versus high) all men never smoked tobacco; 2.0 and 12.2, respectively, if

consumption of raw fruits and vegetables (ORs were 2.0 for all men consumed 18 or more servings of raw fruits and veg-
Whites and L7 for Blacks3_(tab_le 4)_. The PARs for_ low et_ab_lesper week; and 2.2 and 6.0 if all men had annual
intake were 43.9 percent in Whites and 37.1 percent in incomes of $25,000 or greater. Unlike the situation with
Blacks. alcohol, tobacco, and diet, the proportions of the disease

An ethnic difference was evident for subjects with annual accounted for by low income (69 percent for Blacks vs. 38
incomes less than $25,000 versus $25,000 or more (ORs percent for Whites) differ notably by race, because of the
were 2.3 for _,2_?:es and 4.3 for Blacks). The percentage of substantially higher odds ratio and exposure rate in Blacks
controls with low income was also higher among Blacks than in Whites. Thus, a considerable amount of the excess

(70.4 percent) than among Whites (41.7 percent), yielding a incidence rate among Black men is explained by low
PAR for low income of 38.5 percent in White men and 69.3 income.
percent in Black men. Because the four risk factors are asso-

ciated individually with odds ratios greater than 2.0 and with Summary PARs
exposure rates that exceed 40 percent, each factor separately
explains a substantial portion of the disease. Table 6 presents summary PARs for various combinations

The annual age-adjusted incidence rates for squamous of the four major risk factors. Because alcohol drinking and
cell esophageal cancer for the three geographic areas corn- tobacco use are recognized as the dominant causes of squa-
bined were 19.4 per 100,000 for Black men and 3.6 per mous cell esophageal cancer in Western populations, only
100,000 for White men--an excess of more than 400 per- PARs for combinations including alcohol and tobacco use
cent among Blacks, or 15.8 cases per 100,000 per year. To are presented. The summary PARs for tobacco and moder-
estimate what the race-specific annual incidence rates of this ate/heavy alcohol use were similar for Whites (92.4 percent)
tumor would be if men consumed fewer than eight alcoholic and Blacks (91.9 percent). On the basis of these PAR esti-
drinks per week, we applied the complement of the race- mates, we calculated that high levels of alcohol drinking or
specific PAR (the proportion of the disease not explained by tobacco use would account for 91.8 percent of the excess

TABLE 6. Summary population attributable risks for selected combinations of established risk factors* among White men and

Black men with squamous cell esophageal cancer, 1986-1989

White men Black men
% of

Incidence Incidence Black
Risk 95% 95%

factors PARI",:_ confidence rate in the PAR.l: confidence rate in the excess
nonexpesed (%) interval nonexposed explained

(%) interval (per 100,000)§ (per 100,000)¶

Alcoholandtobacco 92.4 84.5, 100 0.27 91.9 85.2, 98.6 1.57 91.8
Alcohol,tobacco,anddiet 96.2 92.0, 100 0.14 95.3 87.1, 98.3 0.91 95.1
Alcohol,tobacco,andincome 96.5 92.7, 100 0.13 98.0 96.0, 100 0.39 98.4
Alcohol,tobacco,diet,and income 98.2 96.2, 100 0.06 98.8 97.6, 100 0.23 98.9

* Establishedrisk factors: _>8alcoholic drinks per week, tobacco smoking for 6 months or longer, <18 servings of raw fruits and
vegetablesper week,and an income of <$25,000 per year.

1"PAR,populationattributablerisk.
:1:Adjustedfor age, study area, andthe other establishedrisk factors.
§Total incidence rate was 3.6/100,000for Whites.
¶ Total incidence rate was 19.4/100,000for Blacks.

Am J Epidemiol Vol. 153, No. 2, 2001
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incidence rate among Black men. Since these exposures $25,000, resulting in a PAR for low income that was 80 per-
tend to overlap in the same individuals, once the effects of cent higher among Black men. A comparison of the distri-
one variable are considered, the addition of each other fac- bution of annual family income reported by our population
tor accounts for proportionately less of the total disease, controls with that from 1990 US Census data for the rele-
Thus, the addition of low intake of raw fruits and vegetables vant race groups, age groups, and geographic areas revealed
or low income to the PARs for tobacco smoking and moder- that the percentages of low income (i.e., <$10,000) subjects
ate/heavy alcohol use raised the PARs only slightly. In corn- from each source were similar (Blacks: census = 9 percent,
bination, however, they explained virtually all of the disease study = 8 percent; Whites: census = 25 percent, study = 28
(98.2 percent in Whites, 98.8 percent in Blacks) and percent).
accounted for virtually all of the excess incidence (98.9 per- Consistent with other studies, we found elevated risks of
cent) among Black men. squamous cell esophageal cancer for single men compared

with married men (16-19), an inverse association with level
DISCUSSION of education (20-24), a greater risk for low status occupa-

tions compared with high status occupations (whether mea-
In previous reports from our population-based case- sured by job titles or educational requirements) (20, 21, 25),

control study of squamous cell esophageal cancer (2, 3), we and an increased risk associated with incomes at or below
noted that moderate/heavy use of alcohol, tobacco smoking, the poverty level (26). In our study, adjustment for annum
and infrequent consumption of raw fruits and vegetables income reduced the magnitude and significance of the risks
were major risk factors in both Black men and White men in associated with other indicators of social class.
the United States. In this analysis, we found elevated risks In addition, our study showed slight and nonsignificant
of esophageal cancer in both Blacks and Whites in relation excess risks for both Blacks and Whites associated with
to various indicators of low social class, especially low being born in the South compared with other regions of the
annual income; the social class associations contributed to United States. Overall, the percentage of case men born in
the higher incidence among Blacks than among Whites and the South was more than three times greater among Blacks
appeared to be independent of other risk factors, than among Whites. The findings are consistent with data

In computing PARs, we found that alcoholic beverage indicating that Southern-born Blacks are more disadvan-
consumption of eight or more drinks per week accounted for taged economically than those born elsewhere (5). We also
77 percent of the disease in White men and 82 percent in found elevated risks for subjects who reported visiting a
Black men, and for 84 percent of the excess incidence dentist only rarely. This could reflect poor access to medical
among Black men. In both races combined, heavy con- care due to poverty, oral infections, or social factors, such as
sumption of alcoholic beverages (>35 drinks per week) purchases of alcohol and tobacco that took priority over
accounted for 49 percent of the tumors. The combination of dental care.
tobacco and moderate/heavy alcohol use was responsible for Although social class has been linked to squamous cell
92 percent of the tumors in both White men and Black men, esophageal cancer in a number of studies (15, 19-22,
and for 92 percent of the excess incidence among Blacks. 24--29), the underlying exposures or characteristics respon-
Consideration of all four risk factors, including diet and sible for the association are unclear. Low social class is a
social class, accounted for virtually all of the disease, surrogate for a set of lifestyle and other environmental fac-
including the Black/White differential in incidence, tors including poor housing, unemployment or workplace
However, it is not clear why these four risk factors are hazards, limited access to medical care, stress, poor nutri-
responsible for 15.8 more cases of squamous cell tion, and exposure to infectious agents (14). Some of these
esophageal cancer per 100,000 per year among Black men factors, such as nutritional status, may affect susceptibility
than among White men. In an earlier analysis of alcohol- to environmental carcinogens, but the mechanisms need to
related cancer risk in our study population, we suggested be clarified (29, 30).
that ethnic variations in susceptibility to lifestyle and other Exposure to human papillomavirus, a sexually transmit-
environmental exposures might be involved (13). ted infectious agent associated with low social class (31,

Since it was not known which sociodemographic mea- 32), has been suggested as a risk factor for squamous cell
sures were most strongly related to risk of esophageal can- esophageal cancer (33, 34), but the epidemiologic data are
cer, we examined a large number of variables, including not conclusive (35--40). Human papillomavirus seropositiv-
education, income (annual income and poverty index), ity was found somewhat more often in Black male controls
occupation (usual occupational group and occupation-based (6.3 percent) than in White male controls (4.6 percent) in
socioeconomic status), marital status, place of birth, and fre- our study population (41), but further studies are needed to
quency of dental visits. Income was the social class variable determine whether this virus or other viruses play a role in
most strongly associated with risk. In agreement with previ- esophageal cancer.
ous studies (14-16), we found significantly elevated risks The strengths of our study include the use of population-
for the lowest level of annual income versus the highest (4.3 based cases and controls; having large enough numbers of
for Whites and 8.0 for Blacks, after adjustment for the cases of each race to estimate risks for Blacks and Whites
potentially confounding factors alcohol use, cigarette smok- separately; the relatively high participation rate, considering
ing, and diet). In addition to their higher risks, Black men the poor survival rates for esophageal cancer; the use of
had a greater prevalence of controls with incomes less than direct interviews; and the ability to conduct cell type-
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specific analyses. Limitations include possible biases result- 467-74.
ing from the tendency to interview cases with better sur- 4. Waksberg J. Sampling methods for random digit dialing. JAmStat Assoc 1978;73:40--6.
vival; the potential for heightened recall among cases versus 5. Greenberg M, Schneider D. The cancer burden of Southern-
controls; the exclusion of subjects with missing data from born African Americans: analysis of social-geographic legacy.
the PAR analysis; and the problem of multiple comparisons Milbank Q 1995;73:599--620.
and the possible influence of chance. 6. US Department of Commerce. Standard occupational classifi-

cation manual. Washington, DC: US GPO, 1980.
In summary, intake of moderate/heavy levels of alcohol, 7. Breslow NE, Day NE. Statistical methods in cancer research.

use of tobacco, infrequent consumption of raw fruits and Vol I. The analysis of case-control studies. (IARC Scientific
vegetables, and low income were found to account for over Publication no. 32). Lyon, France: International Agency for
98 percent of the squamous cell esophageal cancer in this Research on Cancer, 1980:192-246.
population and for 99 percent of the excess incidence among 8. Preston DL, Lubin JH, Pierce D. EPICURE: risk regressionand data analysis software. Seattle, WA: HiroSoft International
Blacks. The higher incidence rates observed among Blacks Corporation, 1992.
for exposure to the same risk factors as Whites may reflect 9. Lubin JH, Gaffey W. Relative risk models for assessing the joint
a susceptibility state conditioned by genetic traits or by effects of multiple factors. Am J Ind Med 1988;13:149--67.
nutritional, viral, or other factors associated with low social 10. Swanson CA, Gridley G, Greenberg RS, et al. A comparison of
class. Whatever the mechanism, it is clear that lifestyle rood- diets of blacks and whites in three areas of the United States.Nutr Cancer 1993;20:153-65.
ifications, including a reduction in alcohol and tobacco use 11. Bruzzi P, Green SB, Byar DP, et al. Estimating the population
and improvements in diet and living conditions, would attributable risk for multiple risk factors using case-control
markedly lower the incidence of squamous cell esophageal data. Am J Epidemiol 1985;122:904--14.
cancer in both racial groups. From a public health stand- 12. Benichou J, Gall MH. Variance calculations and confidenceintervals for estimates of the attributable risk based on logistic
point, our study suggests that the geatest impact would models. Biometrics 1990;46:991-1003.
come from decreasing the levels of alcoholic beverage con- 13. Brown LM, Hoover R, Gridley G, et al. Drinking practices and
sumption, especially among the 13 percent of the population risk of squamous-cell esophageal cancer among Black and
who are the heaviest drinkers. Further reductions in inci- White men in the United States. Cancer Causes Control 1997;
dence would result from cessation of tobacco use. In addi- 8:605--9.

14. Gorey KM, Vena JE. Cancer differentials among US blacks
tion, the independent effect of social class variables pro- and whites: quantitative estimates of socioeconomic-related
vides a clue for further research into viral, nutritional, risks. J Natl MedAssoc 1994;86:209-15.

metabolic, and environmental determinants that may be 15. Ernster VL, Selvin S, Sacks ST, et al. Major histologic types of
amenable to intervention, cancers of the gum and mouth, esophagus, larynx, and lung by

sex and by income level. J Nail Cancer Inst 1982;69:773-6.
16. Swanson GM, Belle SH, Satariano WA. Marital stares and can-

cer incidence: differences in the black and white populations.
Cancer Res 1985;45:5883-9.

17. Segal I, Reinach SG, de Beer M. Factors associated with
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