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tung Cancer in Louisiana: Death Certificate Analysis '
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ASSTRACT —In a search for eliologic clues, » review was made
of death certificates of residents in a cluster of Louisisna
parishes, mainly In the souithern part of the state, where ung
wsncer mortaiity was high. A comperison of the ststements on
occupetion for 3,327 patients with lung cancer and those of 3,327
controls (matched by sex, race, age, and parish of residence)
during 1960-75 reveaied sn approximately twofold excess risk
mociated with (rsnsportation equipment manufacture. mainly
shipduilding, and the fishing Industry. Smatler eievations of lung
cancer risk were found among oider men who had been em-
ployed tn petroleum exploration and production and among male
md femaie residenis of towns where the petrofeum industry wes
» major employer. in addition, Acadian ancestry was associsted
with & higher risk of kg cancer among older maie and femaele
residents.—~JNCi 6 t131-1137, 1978.

Exceptionally high morality from lung cancer has
been reported among males in southern Louisiana
parishes along the Gulf of Mexico, the Mississippi
River. and the Aichafalava Basin (/-3). Reasons for the
excess rates are not clear, but nauonal correlation
studies of lung cancer have suggesied the role of <ccu-
pational exposures, including shipbuilding. chemical,
pewroleum, and paper manufacturing industries (3, #)
located in Louisiana. As a preliminary step to ficld

]~ studies in the high-risk parishes, a study was made of
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occupational, residential, and ethnic factors gleaned
from the decath certificates of persons who resided in
this area and died of lung ancer.

METHODS

Nineteen louisiana parishes (wexi-fig. 1) were se-
lected for study because of elevated lung cancer death
rates among white males for the years 1950-69 aisdror
because of petroleum, chemical, or paper manufac-
turing industries in the area. Of the 19 parishes, 17 had
mortalitv rates that exceeded the national average: in
10, the excess was over 30%. The parishes were typi-
cllv small, with 1970 populations ranging from 10,060
0 145,000 (median, 30.000).

A computerized listing of death certificates for 1960-
75 {or the 19 parishes was provided by the Office of
Public Health Siatistics, Louisiana Health and Human
Resources Adminisuation. Cenificates for deaths at-
tributed 10 lung cancer [ICD (5); 162.1, 163 for 1960-
67; ICD (6): 162.1 for 1968-75} were identified and
absuracted. Each certdificate that reported lung cancer as
the cause of death was maiched by sex, race, age at
death within 5 years, year of death within 1 year, and
by parish of usual rusidence o a control death certifi-
cte—ie., one of a person who died from conditions
other than ancer.

Abstracted from each death certificaic were the fol-
lowing: patient’s name, birthplace, usual residence and
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residence at time of deach, type of industry by which he
or she was employed, usual occupation (kind of work
done during most of working life, even if retired).
marial status, and parents’ names. With the use of the
1970 U.S. Bureau of the Census coding scheme (7), the
staltements on occupauon and indusay were each
assigned a three-digit code. Each patient was then
classilied into 1 of 9 occupational and 1 of 22 indus-
rial categories. We also examined the certificates o
determine the likelihood of Acadian ancesuy (probabie,
possible, or unlikely) by comparing birthplace and
parents’ names to compiled lists of names and updaied
variants of original Acadian settlers recorded on ships'
logs (8-119).

The usual residence listed -,; the ceruficaic wos ssed
for classification =f each fndividual as 10 prosinuy to
each of <= cr piimary types of manufacturing indusiry
in ¢ area. The classifications were based on the
predominant manufacturing industry in terms of yvears
in existence and number of emplovees durtng 1940-65
(15) for the individual's town of restdence. In most of
the smaller parishes, a town uniquely defined a zip
code area, so that each subject was classified as living
“near" a particular type of industry only #f a factory
was located in the zip code area of residence and it was
the major one in that area.

0dds ratios were calculated (16, 17) by sex and race
as estimates of the relative risk of lung cancer associ-
ated with each of the 22 industrial categories, 9 occupa-
tional groups, residendal proximity to the 7 industries,
and 3 categories of Acadian ancestry. We examined
positive associations in greater deail by calculating
odds ratios for subsirata and by using logistic models

ABBRITIATION UstD ICD = Internauonat Classification of Diseases.
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to test far interaction and to obtain the maximum
likelihood point and interval estimates of the odds
ratios after simuianeous adjustment for several factlors
including age, marital status, year of death, birthplice,
and parish of residence [(18, 19); Pickle LW, Rohde
CA: Unpublished observations]. Further details of the
statistical methods are in ““Appendix—Siatistical
Methods.”

RESULTS

In the 19 parishes during 1960-75, 3,327 people died
of lung cancer: 2,162 white males, 643 black males, 372
white females, 146 black females, and 4 American

JNC[ VOL. 63. NO. 5, NOVEMBER 1979

TEXT FCURE |.—Louisiana parishes included in the studv (cross-haiched areas).

Indian males. The median age at death was 62.8 for
lung cancer patients and 61.4 for comtrols.

Usual industry.—Information on 87% of the certifi-
cates for white males, 60% for black males, 96% for
white females, and 93% for black females was sufficient
to classify the decedent’s usual industry ol employ-
ment into 1 of the 22 industrial categories. Table |
shows the number of male workers and the crude odds
ratios for each indusiry. The odds ratios were signifi-
canily high for [ishing and for transport equipment
manufacture, primarily shipbuilding. Smaller elevated
ratios were associated with construction and transpor-
tation service. Similar increases were seen for metal and
machinery manufacture, oil refining, and business-
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; ' - Lung Cancer in Louisiana 1133
|' TasLe 1| —Odds ratios according to wusual tndustry among males (both races combired)
— Odds ratio
] Industry Census code’ Cases Controls (95% confi-
dence limits)’
) Agriculture 17-19, 27 459 459 1.00 (0.87, 1.16;
Fishing 28 T2 40 1.81° (1.22, 2.69)
{ Cruce oil extraction 49 128 116 1.1 (0.85. 144
sining 4748, 57-58 15 14 1.07 (0.51. 2.23)
Corsiruction 67~18 346 303 1.16 (0.98. 1.37)
Manufacturing 443 418 1.07 (0.92. 1.24)
Lumber 107-109 47 66 G.71 (048. 1.04)
Meial, machinery 147-2G7 33 26 127 (0.75. 2.14)
Transportation equipment 219-238 29 13 2.20° (1.14. 4.25)
[ Food 268~297 88 10} 0.87 (065 1.17)
Paper 323-337 103 98 1.05 (0.79, 1.40)
1 (-emicsl 317~369 38 34 112 {0.70. 179
Oi! refining 377-378 76 58 1.32 (0.93. 1.87)
Ozher 119-138, 248-259, 299-3189, 29 22 1.31 (0.75. 2.31)
338-339, 337-388
Transportation service 407429 201 161 1.27° (102, 1.58)
Communicatians, utilities 447479 35 49 0.71 (0.46. 1.11)
Vi no.esale 507-398 49 59 0.83 (0.56. 1.22)
Retzil 607698 165 209 0.78° (0.63. 096)
Finance 707-718 26 39 0.67 (040. 1.11)
Buciness—repsir 728-759 61 46 -1.33 (0.90, 1.97)
Personal services. entertainment 769-809 52 45 1.16 (0.77. 1.74)
Professional 828-897 67 96 0.69° {0.50, 0.96)
Public administratien 907-937 156 201 0.76° (0.61. 0.95)
Unsnown for:
Whites 274 287 095 (0.79. 1.14)
Dlacks 256 263 096 (0.76, 1.20)
Total 2.805 2.805
M S('l (.-\
* Sec ~Appendix—Statistical Methads™ for definition of interval estimates.
© Approximate 95% confidence interval does not include 1
TABLE 2 —Qdds ratios by race and age group for selected industries
Race group Age group
Industry Odds ratio QGdds ratio
] > Race* Cases lcr%?s' (95% confi- Age. Cases ?‘"{' (95% confi-
dence limits) yr rots dence limits)
N w 63 38 17° (114, 260 <83 28 17 1.9° (1.00, 3.42)
B 7 2 30 (0.70, 130%) =63 44 23 1.7" (1.02, 2.86)
3 Crude oil W 126 114 11 (0.B5, 145 <863 75 8% 10 (050, 1.31)
v B 2 2 1.0 (017, 6.00) 263 53 29 1.6° (1.03, 2.61)
; Construction w 286 256 1.1 (094, 1.36) <63 176 182 1.1 (0.88. 1.38)
= B 60 47 1.3 (0.87. 1.93) =63 170 123 1.3 (1.00, 165)
a Me:al, machinery w 31 25 12 (073, 212) <63 20 20 11 (0.60, 2.12)
R manufacture B 2 1 1.7 (0.21, 13.2)) 263 13 6 1.9 (0.71, 4.85)
k Transporiation~equipment w 25 13 19 (097, 373 <63 20 8 2.7° (121, 6.22)
. manufacture B 4 0 o 263 9 3 1.5 (0.53. 4.52)
) Shipbuilding {code 228) w 21 12 1.7 (0.85, 3.53) <63 16 8 22 (034, 510
N B 3 0 o 263 8 4 1.7 (0.53. 543)
=1 Chemical manufacture w 35 3 1.1 (0.69. 1.85) <63 24 19 14 (077, 2.62)
S B 3 3 10 (0.22, 4.55) =63 14 15 8 (0.40. 1.79)
. 0i) refining w 69 55 1.3 (0.88. 1.82) <63 38 38 11 {071, 1.79)
. B 7 3 22 (0.59. 791 263 38 20 1.7 1098, 2.94)
g Transportation w 155 127 1.2 1097, 1.58) <63 103 89 1.3 (098 1.79)
J B 46 3 14 (087 219) 263 98 72 12 (0.89. 169)
Business-repair W 55 42 1.3 (0.87, 1.98) <63 33 28 1.3 (0.80, 2.23)
] B § 4 14 (042 497) 263 28 18 14 (076, 2.52)
b Aute repair (codes w 29 20 1.4 (0.81. 2.58) <63 20 1 2.0 (096, 429)
_j 4%-757) B 6 3 1.9 (0.49, 7.06) 263 15 12 1.1 (0.52, 2.38)
2 “W=white; B=black.

Approximate 95% confidence interval does not include 1.
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repair. Decreased odds rauos were found for rerail
sales and for professional and public administrauon
indusiries.

Table 2 lists odds ratios according to race and age
category for selected industnies in which the overall
ratios were above 1. For nearly every industry shown,
the nisks were elevated in both whites and blacks. The
ratios tended to be higher in blacks, though several in-
dustries had few black workers. The major age differ-
ences were limited (o the oil producuon and refining
indusiries (excess rates were observed primarily for
people pver age 62) and to the transport and chemical
manmufacture and auto repair industries (excess rates
onlv at vounger ages).

The logistic analyses suggested that odds ratios for
certain segments ol the study population were par-
ticularly high. The ratio associated with crude oil
explorauon and drilling rose 1o threefold among per-
sons over age 62 in parishes with petroleum or paper
industries. Although it was based on small numbers, the

TaBLE 3.—Odds ratws for usuval occupation according lo ser and race

risk for chemical workers in whitecollur trades (74
cases, | conuol) was elevated, but a sligh( deficit wy,
seen for the remainder of the workers in this mdusu\
The excess associated with fishing was slightly greae,
than twofold throughout most of the study area,

Although the total risk rauos lor workers in whok.
sale and retail sales were less than 1, we analyzed deay
certificates on which chemical. oil, or paper and o
wood sales (as opposed 10 manulactuie) were men.
tioned. No increased risk was seen for chemical or pe.
troleum sales workers. However, significant excess wag
associated with lomber wholesale and lumber ang
furniture retail operations among whites, with 24 cases
and 10 controls [odds rauo=2.35, approximate 95%
confidence limits (1.12, 4.92)) reporting usual emplay. |
ment in this industry.

Occupation.—The odds ratios for major occups
tional categories according 1o sex and race are given in
table 3. Among males, the ratios were above 1 fo
craftsmen and operators and below 1 for professionai

Males Females
White Black White Black
Odds Odds Odds Odds
Occupation C:;s:.s co ratio co r;,;:;: c {;;:: co ratio
n- {95% n- ( on- b n- (95%
Cases trols confi- Cases trols  confi- Cases trols confi- Cases trols  confi-
dence dence dence dence
limits) fimits himuts) timits}
Professional 001-199 70 118 058 8 16 0.51 18 15 1.20 2 1 1.68
(0.43. (0.22, (0.60, (0.21,
0.7 1,19} 2.4%) 13.42)
Managerial 201-299 308 363 082 6 19 0.33 15 7 211 1 0 —
{0.70, (0.13. {0.86.
0.98) 0.81) 5.21)
Clerical 301-399 50 65 0.77 2 1 1.67 14 4 2381 1 [ —
{0.52, 0.21. (1.11,
1123 13.21) 9.85)
Craftsmen 401~594 570 509 116 43 3 146 1 0 _— 0 0 —_
{1.01, (0.90.
1.34) 2.3
Operators 601-699 252 203 1.27* 26 15 1.74 6 4 1.45 2 1 1.68
{1.04, {0.91, (042, (0.21.
1.58) 3.33) 5.00) 13.42;
Transporters  701-739 B7 84 1.4 21 23 09 0 0 - 0 0 —_
{0.76, (0.50,
142) 167
Laborers 740-799 215 197 1.10 329 316 1.08 2 1 167 8 3 1.90
(0.90. (0.87, (0.21, (0.49.
. 1.36) 1.36) 13.25) 7.30)
Farmers 801-899 312 287 106 131 128 103 1 3 043 5 8 063 -
{0.89, {0.78. (0.06. 0.21.
1.26) 1.36) 3.02) 1.94)
Servicemen 901-989 137 126 1.09 33 33 1.00 17 25 0.67 40 30 1.45
(0.85, (0.61, {0.35. {0.84.
L4l i 290 300 0 211527) 83 95 03“52)
Housewives 0,59, 044,
1.22) 1.15)
- 161 200 079 44 62 069 8 13 067 8 8 075
Unknown (0.63, (0.46, (0.27, (0.26,
0.99 1.04) 1.66) 2.20)

® See (1.
* Approximate 95% confidence interval does not include 1.
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Lung Cancer in Louisiana 1135

TABLE 4§ —COdds ratios by scxr and race for residence in proximily o industry

y O -—
v Males Females
White Black White Blaek
Industry Odds Odds Odds Odds
u;r‘;sus o ratio Co ratio ratio ratio
e) n- (95% n- {95% Con- (95% Con- (95%
Cases  1ols  confi- % trols  confi-  O%%  rols  confi- 39 trols  confi-
dence dence dence dence
limits) limits) himits) limits)
awnills (108-109) 384 393 097 168 157 110 58 64 089 24 37 058
(0.83. (0.85, {0.60, (0.33,
: 1.14) 1.42) 1.32) , 1.05)
fetal manufacture 25 15 165 0 0 —_ 3 3 100 0 0 —
(138-168) (0.87, (0.22,
3.16) 4.57)
‘anneries (278) 182 198 0.91 31 30 1.03 23 23 1.00 12 i 1.73
(0.74. (0.62, (0.55. 0.67.
1.13) 1.74) 1.83) 4.49)
srain mills (279 184 167 111 34 36 0.94 38 41 0.92 8 8 1.00
(0.89, (0.58, (0.57, (0.37, w
1.39) 1.54) 1.48) 272) —_
Paper manufacture 204 216 094 42 47 0.89 33 s 094 12 14 085
(326-329) {0.77. (0.57, (0.57. (0.38. (=
1.15) 1.38) 1.56) 1.91) —
Chemical manufacture 441 485 0.89 134 148 088 90 86 1.06 31 38 0.77 N ol
(347-368) (0.74, (0.67, (0.75. (0.44, —
1.03) 1.15) 1.50) 1.33)
Ol refineries (377) 306 270 116 28 15  1.88 58 46 131 10 6 166 <
(9.97, (0.99, (0.86. 0.60. (ap}
1.38) 3.57) 2.00) 4.64) W)
‘Other 438 418 1.05 206 210 0.97 69 74 0.92 49 36 154
' 10.91, (0.77, (0.63, (0.92,
. 123) 1.23) 1.33) 2.58)
Total 2,162 2162 643 643 372 372 146 146

Proximity to industry.—Table 4 presents the number
of residents and odds ratios according 10 the nearness
of residence to 7 primary manufacturing industries.
Elevated risk estimaies for all 4 sex-race groups were
elevated only in towns where oil refineries were lo-
cated. The odds ratios ranged from 1.16 {with approxi-

ind manageriat occupations. Among white females,
nhowever, risk ratios higher than | were seen for
orofessional, managerial, and clerical occupauons. In
fact. regardless of 1vpe ol occupation, odds ratios for
tmploved women were usually higher than for house-

wives
|
1
! TaABLE 5.~—Odds ratios for Acadian ancesiry according to sex and race
" Probable Acadian Possible Acadian Non-Acadian
. Odds Odds 0dds
| Seb ratia’ ratio’ c ratio’
ubjects Can- (95% Con- (95% on- (95%
} Cases trols confi- Cases trols confi- Cases trols confi-
,‘ dence dence dence
. limits) limits) limits)
I White 157 129 1.24 443 442 102 1,562 1.591 0.93
t males {0.97, (0.88. (0.82,
1.59) 119 1.07)
, Black 6 3 1.01 73 68 1.08 564 569 0.93
: males (0.33. (0.76, {0.66.
! 3.08) 1.55) 1.31)
1. White 21 21 1.03 78 73 1.10 173 178 0.92
i1 females (0.54. (0.75, (0.65.
1.56) 1.62) 1.32)
Black 1 0 —_— 20 17 1.21 125 129 0.79
fernales ’ 0.60, (0.40,
243) 157

. Values are relative to non-Acadiar. '
Values are relative to possible or probable Acadian.
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mate 95% confidence limits (0.97, 1.38)] among whiwe
males 10 .88 (0.99. $.57) among black males. The
excess for males was not accounted for by employment
in the refineries, although the odds ratios were higher
for those who also worked in the industry than for
those who did not and was panicularly evident in
parishes that had both petroleum and chemical plants.

Acadian ancesiryv.—A gradient of increasing risk as-
sociated with the likelihood of Acadian ancestry was
seen among white males (wable 3). However, the in-
crease was limited to patients ol probable Acadian
ancestry who died at age 63 or older [odds rato=1.5],
approximate 93% confidence limns (1.07, 2.12)). A
similar padern was observed tor white female Acadians
for whom a nwvolold risk [2.10 (0.63, 6.76)) was found
among women over age 62. Although the original
settlers were white, some black decedents were classified
as Acadian on the basis of criteria on birthplace and
parents’ names. The risk racos were slightly above )
for blacks of possible or probable Acadian ancestury.

DISCUSSION

This survey of death certificates revealed a number of
leads w lung cancer nisk, but no single factor was
found to be responsible for the excess mortality rates
reported for this tumor in southern Louistana. In a
national correlation study. the high lung cancer mor-
ality rates among males residing in counties with pe-
troleum. chemical, paper, and transportauon manufac-
turing industries (3, ¥) suggested that occupational
factors influenced the geographic patterns of this
tumor. The present study was conducted (0 determine
whether the associadons seen at the aggregate (countv
or parish) level also existed at the individual level and
persisted in the 1970's. There was a twolold excess
among malcs in transportanon manufaciuring, mainly
shipbuilding; however, only slight incrcases were asso-
ciated with emplovment in the petroleum and chemical
industries, and no increase was seen with paper and
pulp production.

An excess risk of lung <ancer has heen reported
vecently among American men who were emploved in
shipvards during World War I1 (20). Although fewer
than 1% of the certificates in this study listed ship-

" building as the usual industry, ship construction and
repair was one of the largest industries in Louisiana
during the war {2]). A case-control study conducted in
a high-risk area in coastal Georgia indicated that over
20% of the patients recently diagnosed as having lung
cncer had worked in the shipyards that operated only
during the war (20); shipbuilding was rarely listed as
the occupation of the decedent on death ceruficates
(22). i a similar situation is true in Louisiana, this
death certificate survey probably has underesumated
the contribution of shipyard exposures o the area-wide
lung cancer excess. Moreover, the parishes selected for
this study did not include those in the immediate
vicinity of New Orlcans, where shipbuilding was a
major industry.

J.\'Cl. VOL. 63, NO. 5, NOVEMBER 1979

Pewroleum production and jefining aie major indy,.
tries in Louisiana. and about 8% of the certificates fy
male residents listed these as the usual industry of i,
decedent. The overall refauve risk (1.2) was not larg
but rose to 1.7 for those at older ages. Furthe
although the risk ratios were small and possibi,
influenced by factors that could not be accounted for i
this death certificate review, the higher ratios among
female as well as male residenis of towns whep
reflineries are located raise the possibility of communiy
exposures (o industrial carcinogens. Only himited daw
are available on the risks of cancer associated with the
petrolevm industry, but a recent study of mortahity and
marbidity stausucs in Los Angeles, where the indusiry
is a major employer, revealed a 60% excess 1isk of lung
cancer among petroleum and coal products workers
(23).

One of the stronger associations in this survey was
the excess lung cancer risk among [ishermen. An
approximate iwofald increase among blacks and whites
was consistent with other reporis (24, 25), but an
explanauvon of this finding is unclear. The higher risks
for auto r:pair, ransportation services, and lumber and
fumiture sales industries have been reporied in other
surveys of lung cancer (23-25) and serve as clues o
possibie occupational hazards.

Acadiana encompasses an area ol south cenural Loui-
siana where Acadians settled in the 18th century and
continue to live as a relatvely isolated populauon;
some still maintain an agrarian life-siyle unique to this
group. On the basis of {amily surnames on death certil-
icates, about 6% of the white residents in the entire
studvy area (or about 10% ol the whites in Acadizna
parishes) were classified as probable Acadians. About
20% of this group were farmers. Lung cancer risks were
elevated approximately 1.5-fold among males and two-
fold among females with probable Acudian ancesury
who died at 63 years ol age or older. No excess lung
cancer nisk was observed at yvounger ages. perhaps a
result of temporal changes in risk f{actors.

Although death certificate studies are a quick and
inexpensive mcans of assessing whether patterns seen
at the aggregate (parish or county) level reflect charac-
teristics at the individual level, the data abstracted from
the certificates are obviously limued. The statements
on industry and occupation are at best only a crude
descripuon of the usual work, with no information as
to detatl, variety, or duration of employment. Sim-
ilarly, residendal histories are unknown, and informa-
tion on cigarette smoking (the major etiologic factor
for lung cancer) is unavailable, so that causal in-
ferences on specific nsk factors cannot be made from
this study. Despite these limitations, death certificates
represent a practical means of obtaining a large sample
extending back over a long term and may be a valuable
hypothesis-generating resource. The clues obuained by
this study may now be tested by case-control studies in
high-risk communides of Louisiana., where more de-
finitive information can be obtained from interviews
with lung cancer patients or their next of kin.

L emnEZ R

APT
The

(O35 e
adeStm
cslill:dii
tn 02
[\/(l. A4

adj'.!S'.ﬂ

The
parame
fiers; tl
wh-:re. {
o di
VT

‘ de..th

(Louts
gn ‘.![

OLYLYI0LS




APPENDIX—STATISTICAL METHODS

The odds ratos presented in the text are simple
aoss-product ratios of the stratified 2X2 1ables with an
adjustment of 0.5 added to each count (16, 17). Interval
ssumates for these odds rauos, 6. arc of the form: exp
(ln 622 (st of In 6)) with standard emor defined by
vii A+1.8+1. C+1/D). where A, 8, C, and D are the
adjusted counts for the 2X2 table.

The logistic model used for further analysis included
parameters for various confounders and effect modi-
fiers; this technique has been described in detail else-
where {(19), equations 1-4]. The iniual logistic models
contained indicator parameters for age (<63 yr, =63
w), marual status (married. other), calendar year of
death (1960-63, 1964-67, 1968-71, 1972-75), birthplace
(Louisiana, other state, foreign), parish of residence
grouping (by major industryv), and interactions (eflect
modifications) between these variables and the case-
contro) indicator. In addiuon, categorizations of the
other variables of interest were included in the models
for each indusuy, e.g., terms representuing the 3 Aca-
dian ancestry groups and three broad occupation cate-
gories (white- and blue-collar workers and others).
Sequentia: deletions of terms weie made 10 arrive at a
hnal well-fitting model. Decisions concerning param-
cer deletion were based on the t-statistics for signifi-
ance of the individual parameter esumates, on the
changes in the value of the log likelihood, and on the
goodness of f{it of the model as compared with the
observed stratified odds ratios. Interval estimates for the
odds ratio are of the same form described above, where
in 6 is the maximum likelihood estimate of the log of
the odds ratio adjusted for anv significant confounders,
with standard errors obtained from the inverse of the
mnformation matrix for each final model. These inter-
vals mav be interpreted as either 2-unit support 1n-
ienals (26) or approximate 93% confidence intervals.

oty
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