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O

Background: Because of the high concentration of oil refining and petrochemical facilities, the industrial
area of the lower Mississippi River of South Louisiana has been termed the Industrial Corridor and has
frequently been referred to as the ‘‘Cancer Corridor’’.
Aims: To quantitatively assess the ‘‘Cancer Corridor’’ controversy based on mortality data available in the
public domain, and to identify potential contributing factors to the observed differences in mortality.
Methods: Age adjusted mortality rates were calculated for white and non-white males and females in
the Industrial Corridor, Louisiana, and the United States for the time periods 1970–79, 1980–89, and
1990–99.
Results: All-cause mortality and all cancer combined for white males in the Industrial Corridor were
significantly lower than the corresponding Louisiana population while Louisiana had significantly higher
rates than the US population for all three time periods. Cancer of the lung was consistently higher in the
Industrial Corridor region relative to national rates but lower than or similar to Louisiana. Non-respiratory
disease and cerebrovascular disease mortality for white males in the Industrial Corridor were consistently
lower than either Louisiana or the USA. However, mortality due to diabetes and heart disease, particularly
during the 1990s, was significantly higher in the Industrial Corridor and Louisiana when compared to the
USA. Similar mortality patterns were observed for white females. The mortality for non-white males and
females in the Industrial Corridor was generally similar to the corresponding populations in Louisiana.
There were no consistent patterns for all cancer mortality combined. Stomach cancer was increased
among non-whites in both the Industrial Corridor and Louisiana when compared to the corresponding US
data. Mortality from diabetes and heart disease among non-whites was significantly higher in the
Industrial Corridor and Louisiana than in the USA.
Conclusions: Mortality rates in the Industrial Corridor area were generally similar to or lower than the
State of Louisiana, which were increased compared to the United States. Contrary to prior public
perceptions, mortality due to cancer in the Industrial Corridor does not exceed that for the State of
Louisiana.

ver the past 20 years, Louisiana has been the focus of
public and governmental concerns relating to human
health effects possibly associated with occupational
hazards and environmental pollution. Louisiana is the second
largest producer of industrial and agricultural organic
chemicals and third largest producer of plastics, synthetics,
and industrial inorganic chemicals in the United States.1
Chemicals that have been released by these industries include
ammonia, methanol, phosphoric acid, nitrate compounds,
formaldehyde, and polycyclic aromatic hydrocarbons.2
Because of a high concentration of refinery and petrochemical facilities, the industrial area of South Louisiana
near the lower Mississippi River, has been termed the
Industrial Corridor, ‘‘Chemical Corridor’’, or ‘‘Cancer
Corridor’’.1 3 The petrochemical industry in this area has
been cited as a major pollution source, prompting concerns
about the potential adverse impact on health among employees and nearby residents. The Industrial Corridor includes
seven parishes: Ascension, East Baton Rouge, Iberville, St
Charles, St James, St John the Baptist, and West Baton
Rouge.3–5
Many studies of cancer incidence and mortality in
Industrial Corridor residents and petrochemical employees
have been conducted.3–13 These studies generally have not
shown significantly increased mortality or incidence for most
types of cancer, with the exception of lung and pancreas
cancer in white males.4 5 12 13 Recently, an increase in prostate

cancer incidence was reported among Industrial Corridor
white males, but not among black males.5 14 15 Studies
examining the relation between residential proximity to
industry and lung cancer are not consistent in Louisiana.
Based on death certificates only, one study concluded that
persons residing close to industry experienced higher lung
cancer mortality.16 However, a subsequent study using survey
data suggested that residential proximity to industrial sites in
Louisiana was not associated with increased lung cancer.17
There are no other published reports on mortality patterns for
the Industrial Corridor population.
The objectives of the present study were to compare
mortality rates for major causes of death in the Industrial
Corridor, Louisiana, and the USA and to identify potential
contributing social, economic, and behavioural factors to
mortality.

METHODS
The age, sex, race (white and non-white), and cause specific
numbers of deaths and corresponding populations for the
Industrial Corridor, Louisiana, and USA were obtained from
the University of Pittsburgh’s Mortality and Population Data
System (MPDS).18 Causes of death were classified according
to the International Classification of Diseases, ninth revision.
The leading causes of death in the USA were chosen for study
as well as certain cancer causes based on prior literature.19
ICD codes examined in this study are listed in the appendix.
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Policy implications
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This study found that overall mortality and cancer
mortality rates for the Industrial Corridor are, in
general, lower than or similar to those of Louisiana,
which are increased compared to the United States.
The raised lung cancer mortality rates among white
males in Louisiana have been seen for several decades,
but lung cancer in the Industrial Corridor was
consistently lower than the state average. Therefore, it
is likely that the Industrial Corridor did not contribute to
the excess mortality of lung cancer in Louisiana.
Mortality for pancreatic cancer was general higher in
the Industrial Corridor and Louisiana compared to the
USA.
Mortality due to diabetes and heart disease were
significantly higher in the Industrial Corridor and
Louisiana compared to the USA, especially for nonwhite females.
Non-malignant respiratory disease mortality was no
different for non-white males and females in the
Industrial Corridor compared to Louisiana, but was
significantly lower for white males and females in the
Industrial Corridor.

N

N

Compared to the USA, Louisiana has greater unemployment and poverty, and lower educational attainment and per capita income. The higher overall
mortality rate in Louisiana is consistent with the
demonstrated gradient that mortality follows across
socioeconomic status. In contrast, fewer persons in the
Industrial Corridor are impoverished or are unemployed compared to Louisiana.
Rates of obesity, smoking, sedentary lifestyle, and
alcohol consumption, and lack of access to a primary
care provider and health insurance in Louisiana
exceed national averages. These health risk factors
could have contributed to the higher levels of heart
disease, lung cancer, pancreatic cancer, and diabetes
in this state.
Social factors peripheral to health care access or
utilisation may have a major impact on the mortality of
populations in Louisiana.

RESULTS
Mortality patterns

White males
Age adjusted mortality for the four race-sex groups were
calculated for the Industrial Corridor, Louisiana, and USA
using the 2000 US Standard Million Population. Ninety five
per cent confidence intervals were calculated, based on an
approximate standard error proposed by Keyfitz.20 To minimise random fluctuations, rates were expressed as average
annual rates per 100 000 for the time periods 1970–79, 1980–
89, and 1990–99. An age adjusted rate for a specific cause in
the Industrial Corridor (or Louisiana) was significantly
different from the US rate if the 95% confidence interval of
the adjusted rate of the Industrial Corridor (or Louisiana) did
not include the US point estimate. A two-sample statistical
method was used to compare rates between the Industrial
Corridor and Louisiana.21
Childhood mortality for all causes, all cancers combined,
and leukaemia was calculated for children younger than 15
years of age. Childhood mortality was adjusted to the 2000
US Standard Million Population for three age groups: 0–4,
5–9, and 10–14. Because of the small number of childhood
deaths, cancer mortality was calculated by race-sex subgroups, but not calendar time.
Industrial Corridor ‘‘non-white’’ data are comparable to
Louisiana, but not to the USA, because blacks contribute a
substantially higher proportion to the ‘‘non-white’’ population in Louisiana than in the USA (for 1990, 96% in the
Industrial Corridor and 94% in Louisiana versus 61% in the
USA).22 Therefore, US data for black males and females for
1975,23 1985,24 and 199525 were compared to non-whites in
the Industrial Corridor and Louisiana for the three time
periods. Due to a lack of comparable data for US black males
and females for 1975 and 1985, kidney and bladder cancer
cases (as defined for this study) were combined for the first
two time periods. Hispanic ethnicity was not examined
because it comprised only 2% of the Louisiana population in
1990 compared to 9% in the USA.26
Life expectancy at birth for the Industrial Corridor and
Louisiana was calculated using Chiang’s method.27 Average
population and deaths for the three time periods were used in
this analysis.
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All-cause and all-cancer mortality for Industrial Corridor
white males (table 1) was significantly lower than the
corresponding Louisiana population, while Louisiana had
significantly higher all-cause and all-cancer mortality than
US white males for all three time periods. Consistently, lung
cancer was significantly higher in the Industrial Corridor
relative to national rates, but lower than or similar to
Louisiana. Similar patterns were observed for pancreas
cancer. White males in the Industrial Corridor had consistently lower mortality from prostate cancer, non-malignant
respiratory disease, and cerebrovascular disease than
Louisiana and the USA. However, white males in the
Industrial Corridor and Louisiana had significantly higher
heart disease mortality than in the USA during the study
periods. Mortality due to kidney, bladder, stomach, and
central nervous system cancers and leukaemia in the
Industrial Corridor generally was not significantly different
from the USA. Although similar to Louisiana, liver and biliary
tract cancer mortality was increased in the Industrial
Corridor in the 1980s and 1990s, compared to the USA.
Diabetes mortality in the Industrial Corridor was similar to
the USA during the 1970s and 1980s but significantly higher
in the 1990s.

White females
The pattern of all-cause mortality for white females (table 2)
was similar to that seen in white males—that is, significantly
lower in the Industrial Corridor compared to Louisiana and
significantly higher in Louisiana than in the USA. Mortality
for all neoplasms combined in the Industrial Corridor and
Louisiana was significantly lower than in the USA during the
1970s, but was significantly higher in Louisiana than in the
USA during the 1990s. Mortality for cancers of the kidney,
bladder, liver and biliary tract, and stomach, and leukaemia
was similar between the USA and Industrial Corridor. Lung
and central nervous system cancer mortality in the Industrial
Corridor were generally the same as Louisiana but higher
than the USA in the 1990s. Pancreas cancer was consistently
higher in the Industrial Corridor and Louisiana. Like their
male counterparts, cerebrovascular disease mortality was

Occup Environ Med: first published as 10.1136/oem.2003.007831 on 18 March 2004. Downloaded from http://oem.bmj.com/ on September 19, 2021 by guest. Protected by copyright.

Main messages

1442.4*
(1416.2 to 1468.5)
257.7*
(246.8 to 268.5)
10.6
(8.3 to 12.9)
27.1
(22.1 to 32.0)
3.6
(2.3 to 4.9)
15.3
(12.6 to 18.0)
86.3*
(80.3 to 92.4)
23.3*
(19.3 to 27.3)
4.4
(3.1 to 5.6)
9.1
(6.8 to 11.4)
6.0
(4.6 to 7.4)
10.4
(8.2 to 12.5)
19.1*
(15.9 to 22.3)
126.6*
(117.4 to 135.7)
649.6
(631.2 to 668.0)
87.9*
(81.1 to 94.8)
105.4*
(100.2 to 110.7)

All causes

1556.3
(1547.8 to 1564.8)
278.5
(275.0 to 282.0)
10.4
(9.7 to 11.1)
29.0
(27.4 to 30.6)
3.8
(3.4 to 4.2)
16.4
(15.6 to 17.3)
93.6
(91.6 to 95.5)
29.0
(27.6 to 30.3)
5.3
(4.9 to 5.8)
9.2
(8.5 to 9.9)
4.9
(4.5 to 5.3)
12.0
(11.3 to 12.7)
23.7
(22.7 to 24.8)
153.9
(150.8 to 156.9)
637.7
(632.1 to 643.3)
106.0
(103.7 to 108.3)
130.1
(128.0 to 132.1)
108.3

105.9

599.2

135.5

19.7

11.2

5.6

10.0

5.6

29.6

75.1

13.6

4.2

33.5

11.6

256.1

1436.2

1351.0
(1343.8 to 1358.3)
294.0
(290.7 to 297.3)
7.8
(7.3 to 8.4)
28.6
(27.3 to 30.0)
7.3
(6.7 to 7.8)
14.5
(13.8 to 15.2)
106.3
(104.4 to 108.2)
30.4
(29.2 to 31.6)
6.9
(6.4 to 7.4)
8.6
(8.0 to 9.2)
5.8
(5.4 to 6.2)
11.5
(10.8 to 12.1)
19.5
(18.6 to 20.4)
88.5
(86.5 to 90.5)
522.6
(517.9 to 527.3)
109.0
(106.7 to 111.2)
111.9
(110.2 to 113.7)

LA

91.2

115.1

488.3

80.9

17.2

10.9

5.9

8.8

6.1

32.1

86.3

12.5

5.8

31.8

8.9

267.7

1253.7

USA
1156.4*
(1137.4 to 1175.4)
281.4*
(272.3 to 290.6)
6.6
(5.2 to 8.0)
29.1
(25.7 to 32.9)
9.5
(7.8 to 11.1)
14.6
(12.5 to 16.6)
93.4*
(88.3 to 98.6)
29.9*
(26.7 to 33.2)
5.8*
(4.5 to 7.0)
8.3
(6.6 to 10.0)
6.7
(5.4 to 8.0)
11.8
(10.0 to 13.6)
31.8
(28.6 to 34.9)
53.0*
(48.7 to 57.4)
414.6
(402.8 to 426.4)
102.6*
(96.5 to 108.7)
80.3*
(75.8 to 84.7)

Corridor

1990–99

1230.3
(1223.8 to 1236.9)
297.2
(294.1 to 300.4)
6.8
(6.3 to 7.2)
27.8
(26.6 to 29.1)
8.9
(8.3 to 9.4)
14.2
(13.5 to 14.9)
103.8
(102.0 to 105.6)
34.8
(33.6 to 36.0)
7.3
(6.8 to 7.8)
7.6
(7.1 to 8.1)
6.1
(5.7 to 6.5)
11.9
(11.2 to 12.5)
31.9
(30.9 to 33.0)
66.1
(64.5 to 67.7)
404.9
(401.1 to 408.7)
113.2
(111.1 to 115.3)
98.6
(96.8 to 100.3)

LA

81.0

115.5

370.7

62.9

23.1

10.7

6.2

8.2

6.4

33.7

83.3

12.1

6.9

27.1

6.9

261.6

1109.0

USA
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A cause specific rate in the Industrial Corridor or Louisiana was significantly different from the US rate if its 95% confidence interval did not include the US point estimate.
*Significantly (p,0.05) different from Louisiana.

All external causes

Non-malignant respiratory disease

Heart disease

Cerebrovascular disease

Diabetes

Leukaemia

CNS

Bladder

Kidney

Prostate

Lung

Pancreas

Liver and biliary tract

Colorectal

Stomach

All malignant neoplasms

Corridor
1255.0*
(1233.5 to 1276.6)
278.5*
(268.7 to 288.3)
7.0
(5.4 to 8.5)
29.8
(25.6 to 34.0)
6.9
(5.3 to 8.4)
12.7
(10.6 to 14.8)
101.5
(95.7 to 107.4)
26.4*
(22.9 to 30.0)
8.8*
(7.1 to 10.6)
9.6
(7.6 to 11.6)
5.7
(4.4 to 6.9)
10.9
(9.0 to 12.9)
17.2
(14.6 to 19.8)
74.8*
(68.8 to 80.7)
488.5*
(474.5 to 502.5)
104.2
(97.2 to 111.2)
98.5*
(93.8 to 103.2)

1980–89
USA

Corridor

LA

1970–79

Cause of death

Table 1 Age adjusted mortality rates per 100 000 (95% CI) by cause and geographic area for white males

Mortality in Louisiana industrial corridor, USA
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42.4

43.2

339.4

115.8

19.3

6.5

3.7

2.9

2.5

32.2

17.7

8.4

3.7

25.5

5.7

161.7

859.7

LA
802.4
(797.8 to 807.0)
166.7
(164.6 to 168.8)
3.7
(3.4 to 4.0)
20.4
(19.5 to 21.4)
4.3
(4.0 to 4.6)
9.9
(9.4 to 10.4)
32.9
(32.0 to 33.8)
28.2
(27.3 to 29.0)
3.2
(2.9 to 3.5)
2.5
(2.2 to 2.7)
3.6
(3.2 to 3.9)
6.6
(6.2 to 7.1)
19.5
(18.8 to 20.2)
76.6
(75.2 to 78.1)
309.5
(306.6 to 312.4)
50.1
(49.0 to 51.3)
38.6
(37.7 to 39.6)

USA

33.1

55.2

288.2

72.5

15.7

6.3

3.9

2.5

2.8

32.7

30.2

8.8

4.2

22.1

4.2

168.6

761.8

752.5*
(740.0 to 764.9)
175.3
(169.3 to 181.3)
2.8
(2.0 to 3.6)
16.6
(14.2 to 19.0)
4.7
(3.7 to 5.7)
10.0
(8.6 to 11.5)
44.7
(41.7 to 47.7)
29.8
(27.4 to 32.3)
3.2
(2.4 to 4.0)
2.1
(1.4 to 2.7)
5.2
(4.2 to 6.2)
6.2
(5.1 to 7.4)
24.8*
(22.5 to 27.0)
44.4*
(41.4 to 47.5)
274.3*
(266.7 to 281.8)
59.4*
(55.9 to 63.0)
32.0*
(29.3 to 34.6)

Corridor

1990–99

A cause specific rate in the Industrial Corridor or Louisiana was significantly different from the US rate if its 95% confidence interval did not include the US point estimate.
*Significantly (p,0.05) different from Louisiana.

All external causes

Non-malignant respiratory disease

Heart disease

Cerebrovascular disease

Diabetes

Leukaemia

CNS

Bladder

Kidney

Breast

Lung

Pancreas

Liver and biliary tract

Colorectal

Stomach

All malignant neoplasms

903.5
(897.8 to 909.1)
155.8
(153.5 to 158.0)
5.1
(4.6 to 5.5)
21.6
(20.4 to 22.7)
2.6
(2.3 to 2.9)
9.5
(8.9 to 10.1)
19.6
(18.8 to 20.4)
27.9
(27.0 to 28.9)
2.8
(2.5 to 3.1)
3.1
(2.7 to 3.4)
3.5
(3.1 to 3.8)
7.2
(6.7 to 7.7)
24.8
(23.9 to 25.7)
125.6
(123.4 to 127.8)
357.5
(353.9 to 361.2)
42.0
(40.7 to 43.2)
45.5
(44.4 to 46.7)

765.7*
(751.6 to 779.8)
169.3
(162.8 to 175.7)
3.9
(2.9 to 4.9)
19.8
(16.9 to 22.7)
4.6
(3.6 to 5.7)
9.9
(8.3 to 11.5)
32.3
(29.6 to 35.1)
32.7
(29.8 to 35.5)
3.5
(2.5 to 4.4)
1.9
(1.2 to 2.6)
4.5
(3.5 to 5.5)
7.1
(5.8 to 8.4)
18.0
(15.8 to 20.1)
59.6*
(55.5 to 63.6)
291.5*
(282.6 to 300.4)
47.2
(43.6 to 50.7)
34.5*
(31.9 to 37.2)

Corridor

847.1*
(829.3 to 864.9)
149.1
(142.0 to 156.1)
5.4
(4.0 to 6.7)
20.0
(16.8 to 23.2)
2.0
(1.1 to 2.9)
9.4
(7.6 to 11.2)
17.5
(15.2 to 19.8)
27.5
(24.6 to 30.5)
2.3
(1.4 to 3.3)
2.4
(1.4 to 3.3)
3.5
(2.5 to 4.5)
6.8
(5.4 to 8.3)
21.3*
(18.5 to 24.1)
97.7*
(91.2 to 104.1)
361.2
(349.1 to 373.4)
38.4
(34.6 to 42.1)
39.4*
(36.2 to 42.6)

USA

Corridor

Cause of death

All causes

LA

1980–89

Age adjusted mortality rates per 100 000 (95% CI) by cause and geographic area for white females

LA
781.0
(776.8 to 785.2)
176.6
(174.6 to 178.7)
3.1
(2.9 to 3.4)
18.7
(17.9 to 19.6)
4.6
(4.3 to 4.9)
9.9
(9.4 to 10.3)
43.8
(42.8 to 44.8)
28.9
(28.1 to 29.7)
3.8
(3.5 to 4.1)
2.2
(2.0 to 2.4)
4.3
(4.0 to 4.6)
6.5
(6.1 to 6.9)
28.5
(27.7 to 29.4)
59.3
(58.1 to 60.4)
254
(251.6 to 256.4)
68.0
(66.7 to 69.2)
37.3
(36.3 to 38.3)

USA

30.3

70.7

232.2

58.2

18.9

6.2

4.2

2.4

3.0

30.0

40.6

9.0

4.1

18.6

3.3

172.1

719.9
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Non-white males
Mortality for non-white males in the Industrial Corridor was
generally similar to the corresponding population in
Louisiana (table 3). In general, there were no statistical
differences for all causes of death, all cancers or any specific
cancer, or non-malignant respiratory disease between the
Industrial Corridor and Louisiana. However, overall mortality
for the Industrial Corridor and Louisiana was higher than the
comparable US population. Diabetes and heart disease
mortality were significantly higher in both the Industrial
Corridor and Louisiana compared to the USA during the
entire study period. Mortality for cancers of the bladder,
kidney, and central nervous system, and leukaemia in the
Industrial Corridor was about the same as Louisiana and the
USA. Compared to the USA, liver and biliary tract cancer
mortality in the Industrial Corridor was slightly higher in the
1980s and 1990s after being lower in the 1970s. Mortality
from all cancers combined, pancreas cancer, and lung cancer
in the 1990s was higher in both the Industrial Corridor and
Louisiana than in the USA although rates in the Industrial
Corridor were lower than those of Louisiana. Stomach cancer
mortality was consistently higher in the Industrial Corridor
and Louisiana, but prostate cancer was significantly lower
when compared to the USA.

Non-white females
All-cause mortality among Industrial Corridor non-white
females was similar to Louisiana, but significantly higher
than the USA (table 4). There were no statistical differences
in mortality for all cancers combined between the three
populations for the three time periods. Like their male
counterparts, stomach cancer was higher in all three time
periods in the Industrial Corridor and Louisiana. In the
1970s, pancreas cancer was significantly lower in the
Industrial Corridor and Louisiana compared to the USA,
but significantly higher in the 1990s. Cancer of the central
nervous system was marginally increased compared to both
Louisiana and the USA during the 1990s. There were no
statistically significant differences for any other specific
cancer sites, although mortality from cancers of the kidney
and bladder in the Industrial Corridor was consistently lower
than the USA for the entire study period. Cerebrovascular
disease mortality during the 1990s was significantly lower in
the Industrial Corridor compared to Louisiana or the USA.
However, heart disease mortality was significantly higher
among Industrial Corridor residents compared to those in
Louisiana or the USA for all three time periods. Diabetes
mortality was significantly higher in the Corridor than in the
USA, and surpassed stroke to become the third leading cause
of death in this population in the 1990s.

Childhood mortality
Table 5 shows age adjusted mortality for children under the
age of 15 in the Industrial Corridor, Louisiana, and the USA.
For both white males and females, total mortality from all
causes was significantly lower in the Industrial Corridor than
Louisiana or the USA. Among non-white children, the overall
mortality for males in the Industrial Corridor was significantly lower than Louisiana or the USA, but was similar for
females. There were no statistically significant differences for
cancer or leukaemia deaths among whites or non-whites
between the Industrial Corridor and Louisiana or the USA.

Life expectancy
Life expectancy at birth for the Industrial Corridor, Louisiana,
and the USA are presented in table 6. Life expectancy at birth
among whites in the Industrial Corridor was similar to that of
the USA but better than Louisiana. Life expectancies for
white males in the 1990s, compared to the 1970s, increased
4.4 years for the Industrial Corridor, 4.2 years for Louisiana,
and 4.3 years for the USA. Similar patterns were noted for
white females.
Life expectancy at birth for non-whites in the three
geographic areas was similar for all three time periods.
When compared to 1970–79, life expectancy at birth for the
Industrial Corridor, Louisiana, and the USA during 1990–99
increased 2.7, 3.0, and 2.8 years, respectively, for non-white
males and 3.2, 3.5, and 2.6 years for non-white females.

DISCUSSION
Age adjusted mortality in the Industrial Corridor for all three
time periods and race-sex groups generally followed the same
racial and gender patterns as in Louisiana and the USA. Nonwhite males consistently exhibited the highest mortality,
followed by white males, non-white females, and white
females. In addition, all-cause mortality declined over the 30
year study period and cancer mortality steadily increased in
all three populations. Diabetes mortality decreased slightly
from the 1970s to the 1980s but sharply increased in the
1990s, especially in non-whites. Mortality for heart disease
and cerebrovascular disease consistently decreased during
the study period. Lung cancer and non-malignant respiratory
disease mortality generally increased except among white
males, who experienced a decrease during the 1990s.
This study showed that mortality for the Industrial
Corridor is generally similar to or lower than that of
Louisiana, which is increased compared to the USA.
Compared to Louisiana, there was no excess mortality risk
among Industrial Corridor residents for all causes or all
cancers combined regardless of gender or race. During the 30
year study period, life expectancies at birth among Industrial
Corridor residents were approximately the same as the
corresponding US population. However, compared to
Louisiana, whites in the Industrial Corridor enjoyed a longer
life expectancy (0.7 to 1.7 years), which was less evident in
non-whites (20.2 to 0.5 years).
Other studies have found few significant associations
between residential proximity to industry and either disease
incidence or mortality.28–31 One study in the San Francisco
Bay area concluded that residence near petrochemical
industry had no effect on cancer incidence.28 Other studies
in Wales found increases in multiple myeloma, Hodgkin’s
disease, and non-Hodgkin’s lymphoma incidence, but could
not rule out chance due to multiple statistical tests.30 31
Increased lung cancer mortality among white males in
Louisiana has been observed for several decades,32 and is
consistent with results for lung cancer incidence.4 5 Currently,
the highest lung cancer rates in the nation are observed
across the southeast with Louisiana ranked fifth nationally.21
Since lung cancer in the Industrial Corridor was consistently
lower than or similar to the state average, it is likely that the
Industrial Corridor did not contribute to the excess mortality
of lung cancer in Louisiana, assuming that smoking rates
were similar. Available data show that smoking prevalence in
Louisiana in the 1990s was higher than the national average
(table 7), and one study estimated that male residents in
South Louisiana prior to 1990 tended to smoke more than the
rest of the nation.17 A diet low in fruits and vegetables has
also been found to increase the risk of lung cancer 50–
100%,36 37 and it is noteworthy that a survey conducted in
1968–70 reported low vitamin C intake among Louisiana
residents.38
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significantly lower in the Industrial Corridor than Louisiana
or the USA, as was mortality from non-malignant respiratory
disease. Compared to the USA, heart disease and diabetes
mortality were significantly increased in both the Industrial
Corridor and Louisiana.
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11.0
(7.7 to 14.3)
3.0
(1.5 to 4.5)
7.8
(5.3 to 10.3)
36.1
(30.3 to 42.0)
204.1
(189.5 to 218.6)
709.9*
(683.0 to 736.8)
96.0
(86.9 to 105.2)
198.8*
(187.9 to 209.7)

Kidney + bladder

11.0
(9.9 to 12.1)
3.1
(2.6 to 3.6)
9.1
(8.1 to 10.0)
36.8
(34.8 to 38.8)
195.3
(190.4 to 200.2)
618.6
(610.0 to 627.2)
93.6
(90.4 to 96.7)
215.8
(211.5 to 220.0)

–

200.1

99.3

554.0

173.4

28.7

8.6

3.4

11.4

–

–

55.5

91.9

16.6

5.1

30.2

21.3

322.8

13.6
(10.2 to 17.0)
3.2
(1.8 to 4.5)
5.7*
(3.8 to 7.7)
32.6
(27.4 to 37.8)
133.6
(122.7 to 144.4)
557.1
(535.0 to 579.2)
97.4
(88.5 to 106.3)
138.1*
(130.2 to 145.9)

–
10.9
(9.8 to 12.0)
3.1
(2.6 to 3.6)
8.5
(7.6 to 9.4)
34.7
(32.8 to 36.6)
132.9
(129.0 to 136.8)
560.3
(552.4 to 568.2)
97.3
(94.0 to 100.5)
160.8
(157.5 to 164.1)

–

1637.9
(1625.1 to 1650.6)
363.8
(357.6 to 370.0)
20.1
(18.6 to 21.5)
28.8
(26.5 to 31.2)
9.8
(8.8 to 10.8)
16.9
(15.6 to 18.3)
119.2
(115.7 to 122.7)
59.7
(57.0 to 62.4)
–

LA

141.1

113.9

527.3

111.6

27.7

9.3

3.1

12.8

–

–

65.6

113.8

16.8

8.1

32.9

16.6

366.8

1614.5

USA
1634.5
(1601.7 to 1667.2)
389.8
(372.9 to 406.8)
15.9
(12.6 to 19.3)
36.7
(30.2 to 43.2)
11.4
(8.6 to 14.1)
18.7
(15.0 to 22.3)
129.2
(119.6 to 138.8)
68.4
(60.5 to 76.2)
6.3
(4.3 to 8.3)
6.3
(3.9 to 8.6)
12.5
(9.5 to 15.5)
4.5
(2.9 to 6.1)
9.6
(7.0 to 12.1)
61.6
(54.9 to 68.4)
90.3*
(81.9 to 98.7)
498.8*
(479.2 to 518.3)
105.6
(96.4 to 114.7)
150.5*
(142.5 to 158.4)

Corridor

1990–99

A cause specific rate in the Industrial Corridor or Louisiana was significantly different from the US rate if its 95% confidence interval did not include the US point estimate.
*Significantly (p,0.05) different from Louisiana.

Non-malignant respiratory
disease
All external causes

Heart disease

Cerebrovascular disease

Diabetes

Leukaemia

CNS

–

Bladder

Kidney

Prostate

Lung

Pancreas

Liver and biliary tract

Colorectal

Stomach

All malignant neoplasms

1734.9

1606.7
(1571.8 to 1641.6)
372.2
(354.6 to 389.8)
25.0*
(20.3 to 29.7)
30.0
(23.4 to 36.6)
10.2
(7.4 to 13.1)
16.0
(12.4 to 19.6)
118.7
(109.0 to 128.4)
56.4
(48.8 to 64.0)
–

Corridor

1763.1
(1749.4 to 1776.9)
304.7
(298.9 to 310.5)
23.5
(21.9 to 25.2)
22.8
(20.6 to 24.9)
4.0
(3.4 to 4.7)
15.1
(13.8 to 16.5)
88.5
(85.4 to 91.6)
47.4
(45.0 to 49.9)
–

USA

Corridor

1793.2
(1753.4 to 1833.1)
297.9
(281.4 to 314.4)
27.0
(22.0 to 32.1)
22.7
(16.8 to 28.6)
3.0
(1.4 to 4.5)
13.0
(9.5 to 16.5)
86.3
(77.6 to 95.0)
47.3
(40.0 to 54.5)
–

Cause of death

All causes

LA

1980–89

Age adjusted mortality rates per 100 000 (95% CI) by cause and geographic area for non-white males

1617.0
(1604.8 to 1639.2)
402.9
(396.5 to 409.3)
17.0
(15.6 to 18.3)
36.5
(34.0 to 38.9)
10.7
(9.7 to 11.7)
19.3
(17.9 to 20.7)
135.6
(132.0 to 139.3)
72.0
(69.1 to 74.9)
6.1
(5.4 to 6.9)
5.4
(4.6 to 6.2)
11.5
(10.4 to 12.6)
3.7
(3.1 to 4.3)
9.9
(9.0 to 10.9)
64.2
(61.7 to 66.8)
100.3
(97.1 to 103.5)
457.1
(450.2 to 464.0)
106.1
(102.8 to 109.5)
164.1
(160.8 to 167.4)

LA

136.0

115.1

452.5

97.6

45.9

9.5

3.4

12.2

5.9

6.3

76.7

115.5

15.7

10.5

35.8

14.8

375.9

1593.6

USA
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1970–79

Table 3
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4.9
(3.0 to 6.8)
2.0
(0.9 to 3.0)
5.8
(3.9 to 7.7)
50.3
(44.3 to 56.2)
154.4
(143.6 to 165.2)
511.2*
(491.5 to 530.9)
44.5
(39.2 to 49.8)
51.7
(46.6 to 56.9)

Kidney + bladder
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5.4
(4.7 to 6.1)
1.9
(1.6 to 2.3)
5.9
(5.2 to 6.6)
54.7
(52.5 to 56.9)
159.2
(155.4 to 163.0)
451.3
(444.8 to 457.7)
43.0
(41.1 to 44.8)
52.7
(50.7 to 54.6)

–

5.3

1.9

6.0

54.5

40.3

380.2

153.0

41.8

–

–

30.4

18.0

10.7

2.9

25.7

8.9

181.1

4.6
(3.0 to 6.2)
2.0
(1.0 to 3.0)
5.5
(3.8 to 7.1)
52.3
(46.7 to 57.8)
99.5
(91.7 to 107.4)
423.0*
(406.8 to 439.3)
46.4
(41.3 to 51.5)
35.7*
(32.0 to 39.4)

–

LA

5.6
(5.0 to 6.2)
2.0
(1.7 to 2.4)
5.5
(4.9 to 6.2)
50.1
(48.1 to 52.0)
106.9
(104.0 to 109.8)
392.5
(387.0 to 398.0)
41.2
(39.5 to 42.9)
40.5
(39.0 to 42.1)

–

1032.7
(1023.9 to 1041.4)
194.3
(190.5 to 198.1)
9.1
(8.3 to 9.9)
24.4
(22.6 to 26.2)
5.1
(4.5 to 5.7)
12.3
(11.4 to 13.3)
29.8
(28.4 to 31.3)
33.3
(31.7 to 34.8)
–

5.4

2.0

5.6

40.1

49.5

358.5

100.1

35.3

–

–

34.6

29.4

12.4

4.4

27.6

7.8

195.0

995.9

USA
1011.0
(989.1 to 1032.9)
217.4
(207.1 to 227.6)
8.8
(6.7 to 11.0)
26.0
(21.5 to 30.5)
6.1
(4.3 to 7.8)
15.9
(13.1 to 18.8)
40.2
(35.7 to 44.6)
40.8
(36.5 to 45.2)
3.2
(2.0 to 4.5)
3.2
(1.9 to 4.5)
6.4
(4.6 to 8.2)
3.9
(2.6 to 5.2)
5.3
(3.8 to 6.9)
76.8
(70.6 to 83.0)
65.6*
(59.8 to 71.3)
343.5*
(330.2 to 356.7)
51.3
(46.2 to 56.4)
36.5
(32.8 to 40.2)

Corridor

1990–99

999.5
(991.4 to 1007.6)
212.8
(209.0 to 216.5)
8.4
(7.6 to 9.2)
24.6
(23.0 to 26.2)
5.9
(5.3 to 6.5)
14.1
(13.1 to 15.1)
40.1
(38.5 to 41.7)
39.1
(37.5 to 40.7)
3.4
(3.0 to 3.9)
2.8
(2.4 to 3.3)
6.3
(5.6 to 7.0)
2.7
(2.3 to 3.1)
5.6
(5.0 to 6.2)
72.1
(69.9 to 74.3)
81.4
(79.1 to 83.8)
318.7
(314.1 to 323.4)
52.4
(50.6 to 54.3)
39.8
(38.3 to 41.4)

LA

38.9

59.9

310.1

81.3

47.8

5.6

2.4

6.6

3.3

3.3

38.6

39.2

12.7

5.7

25.8

7.5

207.2

973.5

USA
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A cause specific rate in the Industrial Corridor or Louisiana was significantly different from the US rate if its 95% confidence interval did not include the US point estimate.
*Significantly (p,0.05) different from Louisiana.

Non-malignant respiratory
disease
All external causes

Heart disease

Cerebrovascular disease

Diabetes

Leukaemia

CNS

–

Bladder

Kidney

Breast

Lung

Pancreas

Liver and biliary tract

Colorectal

Stomach

All malignant neoplasms

1086.1

1055.4
(1030.8 to 1080.0)
189.8
(179.4 to 200.3)
9.3
(6.9 to 11.6)
25.5
(20.6 to 30.4)
6.0
(4.1 to 7.8)
12.6
(9.9 to 15.3)
32.6
(28.2 to 36.9)
31.1
(27.0 to 35.3)
–

Corridor

1148.7
(1138.8 to 1158.6)
175.2
(171.4 to 179.1)
11.2
(10.2 to 12.2)
21.7
(19.8 to 23.5)
2.2
(1.8 to 2.7)
8.2
(7.3 to 9.0)
17.2
(16.0 to 18.4)
28.4
(26.8 to 30.0)
–

USA

Corridor

1168.1
(1139.6 to 1196.7)
171.6
(160.7 to 182.6)
10.9
(8.1 to 13.7)
20.7
(15.6 to 25.8)
2.9
(1.4 to 4.4)
6.8
(4.6 to 8.9)
16.1
(12.9 to 19.4)
27.8
(23.3 to 32.3)
–

Cause of death

All causes

LA

1980–89

Age adjusted mortality rates per 100 000 (95% CI) by cause and geographic area for non-white females

1970–79

Table 4
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Cause of death
All causes
Corridor
Louisiana
USA
All cancer
Corridor
Louisiana
USA
Leukaemia
Corridor
Louisiana
USA

White males

White females

Non-white males

Non-white females

97.5 (92.2 to 102.7)
118.9 (116.8 to 121.0)
110.2 (109.9 to 110.4)

74.9 (70.2 to 79.6)
88.2 (86.3 to 90.1)
83.1 (82.9 to 83.3)

191.3 (182.4 to 200.2)
209.6 (206.1 to 213.2)
202.5 (200.1 to 205.0)

165.2 (156.9 to 173.6)
165.1 (161.9 to 168.3)
159.6 (157.4 to 161.8)

3.9 (2.9 to 5.0)
4.3 (3.9 to 4.7)
4.5 (4.5 to 4.6)

2.8 (1.9 to 3.8)
3.4 (3.1 to 3.8)
3.5 (3.5 to 3.6)

4.1 (2.8 to 5.4)
4.1 (3.6 to 4.6)
3.7 (3.4 to 4.1)

3.6 (2.4 to 4.9)
3.2 (2.8 to 3.7)
3.5 (3.2 to 3.9)

1.43 (0.79 to 2.08)
1. 67 (1.42 to 1.92)
1.85 (1.82 to 1.88)

1.42 (0.76 to 2.08)
1.34 (1.10 to 1.57)
1.40 (1.37 to 1.43)

1.33 (0.58 to 2.08)
1.47 (1.17 to 1.77)
1.34 (1.28 to 1.40)

1.01 (0.35 to 1.67)
1.07 (0.81 to 1.32)
1.07 (1.02 to 1.12)

Table 6 Life expectancy at birth in years by race and geographic area
1970–79

White males
White females
Non-white males
Non-white females

1980–89

1990–99

Corridor

Louisiana

USA

Corridor

Louisiana

USA

Corridor

Louisiana

USA

69.3
77.6
62.4
70.6

67.8
76.4
62.1
70.5

69.3
77.1
62.4*1
71.3*

71.9
78.9
65.4
73.0

70.5
78.2
64.9
73.2

71.7
78.9
65.01
73.4

73.7
79.5
65.1
73.8

72.0
78.8
65.1
74.0

73.6
79.8
65.2`1
73.9`

*Data point from 1975.
Data point from 1985
`Data point from 1995.
1Life expectancy for US black males.
Life expectancy for US black females.

Studies of workers in the shipping, sugarcane, and asbestos
related industries in Louisiana have shown increases in lung
cancer, while refinery and petrochemical workers had no
excess for all cancer combined or lung cancer.11 However, a
recent review of mortality and cancer incidence among
chemical workers in the USA and Western Europe reported a
weak to moderate excess of lung cancer likely caused by
occupational exposure to known lung cancer carcinogens.39
Since the Industrial Corridor parishes are located in the
nation’s highest density of petrochemical facilities, the US
government has funded several in-depth studies which
will evaluate the impact of industrial chemical exposure
on lung cancer aetiology, focusing on gene-environment
interactions.40
Increased pancreatic cancer mortality in the Industrial
Corridor was observed in non-whites, particularly in females,
and has been previously reported in Louisiana.4 5 The only
well established risk factors for pancreatic cancer are
cigarette smoking41 and occupational exposure to chlorinated
hydrocarbons.42 Several population based case-control studies
in Louisiana found that a history of smoking was associated
with a twofold increase in pancreas cancer.41 43 Differences in
smoking prevalence might be partly responsible for the
observed regional difference in pancreatic cancer. Some
studies have shown a significant increase in pancreas cancer
risk in those of Cajun ethnicity and among those consuming
diets poor in fresh fruits,41 44 although this result is not
consistent.45 It is also noteworthy that diabetes mellitus,
which has been positively associated with pancreatic cancer,45
was higher in Louisiana. However, it is unknown if these
diseases are consequences of a common exposure or are
causally related.
Liver and biliary tract cancer mortality was lower in the
Industrial Corridor and Louisiana than the USA in the 1970s
but higher in the 1980s and 1990s. Rates have risen more
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quickly for males than for females. Increased liver and biliary
tract cancer mortality in Louisiana has not previously been
reported. Liver cancer incidence data is available for
Louisiana and the Industrial Corridor during 1983–87, and
for Louisiana as a whole during 1993–97. In the 1980s, liver
cancer incidence in Louisiana and the Industrial Corridor was
virtually the same or lower than national rates for all sex-race
groups.3 In the 1990s, liver cancer incidence in Louisiana was
similar to the USA based on data from the North American
Association of Central Cancer Registries, although the rate for
white males was slightly higher than the USA while the
corresponding rate for black males was slightly lower.5 Based

Table 7 Behavioural and social risk factor prevalence
for the state of Louisiana, and the USA*
Risk factor

Louisiana (%) USA (%)

Obesity (1995)
Smoking (1995)
Alcohol consumption (1995)
1–2 drinks
.3 drinks
Exercise` (1996)
Uninsured population (1998)
Below 100% poverty level (1998)
Without access to primary care provider
(1996)
Personal per capita income (1990)
Unemployed (1990)
High school graduate or higher (1990)
Bachelor’s degree or higher (1990)

17.7
25.3

15.8
22.4

62.5
37.5
65.1
19.0
21.6

67.6
32.3
72.3
16.3
13.1

33

33.4

17.1

$10635
9.6
68.3
16.1

$14387
6.3
75.2
20.3

*Sources: Centers for Disease Control, Health Resources and Services
Administration,34 35 US Census Bureau.22
Average number of drinks on days when alcohol was consumed.
`Any exercise in the past month.

Occup Environ Med: first published as 10.1136/oem.2003.007831 on 18 March 2004. Downloaded from http://oem.bmj.com/ on September 19, 2021 by guest. Protected by copyright.

Table 5 Age adjusted childhood (ages 0–14) mortality rates per 100 000 and 95% CI by race, sex, and geographic area,
1970–99

Mortality in Louisiana industrial corridor, USA

Profile of the Industrial Corridor parishes, and the State of Louisiana, 1980 and

Total population
% White
% Black
Occupation
Agriculture
Manufacturing
Mining
Health and hospitals
Persons below poverty level (%)
Per capita income
Persons living in rural areas
% White
% Black
Education level
% High school graduate or higher
% Bachelor’s degree or higher
Unemployed (%)
Current smokers (%), average
1995–98*
3

Industrial Corridor
1980

Louisiana
1980

Industrial Corridor
1990

Louisiana
1990

558182
62.7
32.4

4205900
69.2
29.4

592099
64.4
34.1

4314085
66.7
31.3

1.1
18.6
1.3
5.4
16.1
$7045

2.2
14.4
5.0
7.0
18.6
$6430

1.4
18.2
0. 7
7.2
19.7
$12163

2.5
12.5
3.2
9.0
23.6
$10635

25.1
22.7

34.6
24.2

25.5
18.1

37.0
21.7

–
–
–
–

57.7
14.0
–
–

78.1
21.5
8.3
24–32

68.3
16.1
9.6
26

22

Sources: Groves et al, US Census Bureau, Louisiana Department of Health and Hospitals.
*Range of values for parishes, according to region.

on this ecological study, it is difficult to determine the
aetiology of the higher mortality for these cancers in
Louisiana and the Industrial Corridor.
Although much attention has been given to potential
health effects from industrial pollution, the influence of other
environmental and socioeconomic factors on the health of
populations is well documented. Neighbourhood safety,
economic conditions, resident education level, occupational
safety, access to health care, and other social and behavioural
factors have been recognised as important determinants of
health in a community.46 47 The three most prominent
contributors to US mortality are behaviour related: tobacco,
diet and activity patterns, and alcohol.19
Compared to the USA, Louisiana has greater unemployment and poverty, and lower educational attainment and per
capita income (table 7). The higher overall mortality and
lower life expectancy in Louisiana are consistent with the
demonstrated gradient of mortality across socioeconomic
status.47 Furthermore, rates of obesity, smoking, sedentary
lifestyle, alcohol consumption, and lack of access to health
care in Louisiana exceed national rates. These factors could
have contributed to the higher levels of heart disease, lung
cancer, pancreatic cancer, and diabetes in this state,48 49
although data needed to investigate this were not available.
Since 1980, per capita income and educational attainment
have been consistently higher in the Industrial Corridor than
the state of Louisiana (table 8). Fewer persons in the
Industrial Corridor are impoverished, unemployed, or live
in rural areas. This generally higher socioeconomic status is
reflected in the significantly lower overall mortality for
whites. However, mortality rates for non-whites living in
the Industrial Corridor were no different than those for
Louisiana.
One of the more striking findings of this study was the
significantly increased diabetes mortality in Louisiana during
the 1990s, especially among Industrial Corridor non-white
females. Diabetes prevalence increased by a third in the USA
during the 1990s. In Louisiana, the rate was slightly higher,
35%.51 Heart disease mortality was also significantly higher in
Louisiana, particularly for Industrial Corridor residents.
Smoking prevalence estimates are similar in the Industrial
Corridor and Louisiana overall (table 8), yet lung cancer
mortality rates were generally lower in the Industrial
Corridor than the corresponding state population. Despite

50

the presence of air emissions from area industries, nonmalignant respiratory disease mortality was also lower for
Industrial Corridor residents.
Several limitations of this study should be recognised. The
inability to obtain sex and race specific prevalence data for
certain potential confounding factors (for example, smoking,
income, dietary habits) limits the ability to draw conclusions
about the contribution of such behavioural risk factors to
disease outcomes. Second, this study is ecological in design,
thereby limiting the ability to draw causal relations due to the
potential for the ‘‘ecologic fallacy’’.52 Third, for the leading
causes of death and for common cancers such as lung,
prostate, colon, and breast, mortality is stable because it is
based on a large number of deaths. However, for rare cancers
such as brain, liver and biliary tract, and kidney, the rates are
less stable.
.....................
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APPENDIX
The following specific causes and ICD codes were examined
in this study: all malignant neoplasms (140–209), stomach
cancer (151), colorectal cancer (153–154), liver and biliary
tract cancer including gallbladder and bile ducts (155–156),
pancreas cancer (157), lung cancer (162), breast cancer
(174), prostate cancer (185), bladder cancer (188, 189.3–
189.4, 189.8–189.9), kidney cancer (189.0–189.2), central
nervous system cancer (191–192), leukaemia (204–208),
diabetes mellitus (250), cerebrovascular disease (430–438),
heart disease (390–398, 402, 404, 410–429), non-malignant
respiratory disease (460–519), and all external causes of
deaths (E800–E999).
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