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Lung cancer mortality rates are increasing for women, despite the fact that
90% of these deaths could be prevented by smoking cessation. Targeted
workplace smoking cessation programs may increase the effectiveness of lung
cancer prevention for women. This study uses proportionate mortality ratio
analysis of occupationally coded death certificates, from 28 states between
1979 and 1990, to identify occupations in which women are at high risk of
lung cancer mortality. The study found gender and racial variation in the
results for broad occupational groups. Blue-collar occupations associated
with potentially carcinogenic workplace exposures also had elevated propor-
tionate mortality ratios, probably reflecting both occupational and tobacco
exposure. For women, specific occupations such as managers and financial
officers revealed significant elevations in lung cancer mortality. Cessation
programs targeting women in these occupational groups may increase the
effectiveness of lung cancer prevention.
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ung cancer is the leading cause of
cancer deaths in women. Tobacco
alone is responsible for more than
90% of all lung cancer.! Although a
preventable disease, the rate of lung
cancer mortality for females contin-
ues to rise. Since 1976, the rate of
smoking initiation for women has sur-
passed the rate for men,? whereas the
success of antismoking efforts, as
measured by “quit ratios,” is consist-
ently lower for women.® There seems
to be an opportunity for improved
lung cancer prevention programs for
women,

Identification of occupations with
increased risk of lung cancer is one
method of targeting defined female
subpopulations for more effective
smoking prevention and cessation
programs. Although the workplace it-
self may contain exposures associated
with increased risk of lung cancer, the
strong correlation between tobacco
use and lung cancer means that oc-
cupational profiles of lung cancer
death*’ also may be interpreted as
profiles of smoking patterns according
to occupation.?® Moreover, a preven-
tion message based on mortality data,
rather than smoking incidence, may
carry a more powerful smoking ces-
sation message. The purpose of this
study is to identify the occupations in
which women are at high risk of lung
cancer mortality.

Materials and Methods

An occupationally coded mortality
data base supported by the National
Institute for Occupational Safety and
Health, the National Cancer Institute,
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and the National Center for Health
Statistics was used in this analysis.
Deaths attributed to malignancies of
the trachea, bronchus, and lung (I/n-
ternational Classification of Diseases,
Ninth Revision) were selected from
almost 5 million death certificates,
contributed by 28 states and spanning
the years 1979 through 1990 (Table
1). Using previously described meth-
ods, age-adjusted, race-specific, and
gender-specific proportionate mortal-
ity ratios (PMRs) and 95% confidence
intervals were calculated for 11 broad
occupational groups, including home-
makers, and more than 400 specific
occupations.'® The observed propor-
tion of lung cancer deaths withir a
selected occupational group was com-
pared with the expected proportion of
lung cancer deaths across all occupa-
tions in the study population.

Results

Analysis identified lung cancer
deaths in white women (n = 92,964),
white men (n = 194,420), black
women (n = 8,315), and black men
(n = 22,720). As shown in Table 2,
racial and gender variation occurs in
results for broad occupational cate-
gories. The proportion of deaths at-
tributed to lung cancer was in excess
for blue-collar occupational groups,
such as precision production workers
and operators and laborers, and in
deficit for farming occupations and
homemakers across all gender and ra-
cial categories. In other white-collar
occupational categories, however, the
patterns differed between women and
men. Female executives and man-
agers, technicians, sales workers, and
administrative support clerical work-
ers had significant excesses of lung
cancer deaths. In contrast, men in
these occupational categories had a
smaller proportion of lung cancer
deaths than expected.

Overall, elevated PMRs for white
men were restricted to service and
labor categories; most occupations as-
sociated with higher levels of educa-
tion had significantly decreased PMRs
for men. Black men revealed signifi-
cantly elevated proportions of lung
cancer deaths in only the two broad
occupational categories that recorded
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TABLE 1

Years of Data and Numbers of Deaths According to State of Residence in the
National Occupational Mortality Surveillance System, 1979 through 1990

State Years Number of Deaths
Alaska 1987-1988 3,527
California* 1979-1981 173,445
Colorado 1985-1990 139,113
Georgia 1984-19380 330,108
Idaho 1988-1990 21,025
Indiana 1986-1990 235,849
Kansas 1984-1990 146,771
Kentucky 1984-1990 233,103
Maine 1982-1983;* 1984~1990 96,117
Missouri 1984-1986 143,181
Nebraska 1984-1985 28,025
Nevada 1984-1990 51,653
New Hampshire 1984-1990 53,332
New Jersey 1988-1930 199,974
New Mexico 1986-1930 47,725
New Yorkt 1980-1987 350,499
North Carolina 1984-1986;* 1990 368,839
Ohio 1985-1990 571,718
Oklahoma 1985-1990 167,255
Pennsylvaniat 1983-1987 590,277
Rhode Island 1979-1983;* 1984-1990 106,431
South Carolina 1984-1990 190,398
Tennessee 1985-1988 171,358
Utah 1984-1990 51,093
Vermont 1986-1990 22,263
Washington 1989-1990 69,516
West Virginia 1988-1990 54,626
Wisconsin 1984-1990 279,816
Total number of deaths 4,897,037

* Data provided directly to the National Institute for Occupational Safety and Health, restricted

to ages 15 to 64.

1 Data obtained by the National Institute for Occupational Safety and Health through state
cooperative agreement, restricted to ages 15 to 74.

1 Data obtained by the National Institute for Occupational Safety and Health through state

cooperative agreement.

excess for both genders and all race
groups (ie, precision production work-
ers and operators and laborers). How-
ever, the pattern for women revealed
excess proportions of lung cancer
deaths in most of the broad occupa-
tional categories, the exceptions being
farmers, homemakers, and, for white
women, professionals. Black women
in the broad category of professional
occupations showed a nonsignificant
excess, whereas white women exhib-
ited a deficit in lung cancer mortality.

Table 3 shows all specific occupa-
tions for women with significantly el-
evated PMRs for at least one race and
age group. Results are shown for only
those groups with more than 10
deaths. Specific occupations with ex-
cess risk are seen within all the broad

categories. In the specific occupa-
tional groups showing the greatest ex-
cess lung cancer deaths, there is agree-
ment in the direction of the PMRs for
women older and younger than 65
years.

Because PMR analysis is propor-
tional, a deficit in one category will
result in an elevation in other cate-
gories. Because 45% of the females in
this data base fall into the category of
homemaker—a group with low smok-
ing prevalence! and less-than-ex-
pected lung cancer—we repeated our
analysis, excluding homemakers, to
assess the effect of our proportional
method. Most of the categories that
had shown excess lung cancer mortal-
ity in white women continued to be
elevated, although the magnitude of
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TABLE 2

Race-specific and Gender-specific Proportionate Mortality Ratios and Confidence Intervals* for Lung Cancer,} According to 11

Broad Occupational Categories

Occupational Category White Women White Men Black Women Black Men
Executive, managerial 134 (131, 137) 98 (97, 99) 142 (123, 164) 103 (94, 112)
Professional 92 (89, 94) 77 (75, 78) 104 (96, 114) 75 (69, 81)
Technician 108 (102, 113) 90 (86, 94) 127 (108, 149) 105 (87, 126)
Sales 118 (116, 121) 96 (95, 97) 123 (103, 145) 93 (83, 103)
Administrative support (clerical) 113 (111, 114) 97 (95, 99) 165 (151, 180) 98 (101, 96)
Service 112 (110, 114) 102 (100, 103) 102 (99, 105) 98 (95, 101)
Farming, forestry, fishing 94 (83, 107) 82 (80, 83) 55 (44, 67) 86 (82, 89)

Precision production
Operator, laborer
Armed forces
Homemaker

115 (110, 120)

103 (101, 105)

132 (98, 173)
92 (91, 93)

112 (111, 113)

107 (106, 108)

110 (107, 114)
55 (43, 69)

137 (116, 160)

118 (111, 126)
45 (1, 250)
85 (82, 87)

112 (109, 115)

105 (103, 106)

101 (90, 113)
88 (58, 128)

* 95% confidence intervals appear in parentheses.
1 International Classification of Diseases, 9th Rev, code 162.

elevation was decreased. Categories
that had shown deficits (eg, profes-
sionals and farmers) revealed even
greater deficits, Only the category of
technicians changed direction by de-
creasing to less than 100 (PMR, 98
(93, 103)). When homemakers were
excluded from the analysis of black
women, the categories of professional
and service occupations revealed less-
than-expected lung cancer (PMR, 94
(86, 103) and 93 (90, 95), respec-
tively), whereas technicians and sales
workers ceased to exhibit statistically
significant excesses.

Discussion

This study demonstrates the impor-
tance of gender-specific analyses in
occupational targeting of disease pre-
vention. The distribution of lung can-
cer mortality by occupational group,
as observed in this study, differs by
gender and is similar to published dis-
tributions of smoking by occupation
and gender. A personal interview
study of almost 5000 white men and
women found smoking patterns sim-
ilar to the lung cancer mortality pat-
terns. For men, a greater percentage
of blue-collar (32%) than white-collar
(23%) workers were current smokers,
and a greater percentage of white-col-
lar (36%) than blue-collar (25%)
workers were former smokers.® Just as
with the mortality data, there was
much less variation by white-collar or
blue-collar status (or within the selec-
tion of more defined occupational

groups) among women, both in terms
of current and past smoking habits.
Similarly, tobacco use by occupation
as reported by almost 50,000 respond-
ents in the 1978 through 1989 Health
Interview Survey found that although
39% of managers 20 to 44 years old
(both men and women) were current
smokers; this drops to 30% for men
but remains essentially unchanged at
40% for women in the 45- to 64-year
age group.’ This supports the theory
that current smoking cessation efforts
are more successful for men and also
suggests that women have more smok-
ing years, which could lead to higher
lung cancer mortality for female man-
agers.

Many of the occupational cate-
gories with highest PMRs also have
recognized workplace exposures that
increase lung cancer risk. For exam-
ple, asbestos exposure in construction
occupations,'' vehicle exhaust expo-
sure in transportation occupations,'?
and second-hand smoke exposure of
food service workers'* may contribute
to excess lung disease in exposed
workers. However, reports of smoking
by occupation also found smoking
percentages among these blue-collar
workers to be at or above the smoking
percentages in the total employed
population.®® Because the combined
effect of tobacco and occupational ex-
posure may intensify adverse health
outcomes, cessation programs (as well
as minimizing occupational exposure)
may be of particular public health im-
portance in such workplaces. The gen-

der-specific lung cancer analysis pro-
vides greater occupational specificity
and, thus, the information to target
smoking cessation programs to
women in occupations where they ex-
perience excess risk of lung cancer.

Microtargeting of health promotion
is similar, strategically, to the practices
successfully used by tobacco mer-
chandisers, who focus their advertis-
ing messages on specific subpopula-
tions. Our study results show that oc-
cupationally coded Ilung cancer
mortality data may be useful in mi-
crotargeting groups of working
women who are in need of lung cancer
prevention programs and are accessi-
ble for such intervention at their
workplaces or through programs that
target their occupations.

The utility of workplace health pro-
motion has been demonstrated in gen-
eral and across disparate racial, mari-
tal, and economic groups.'*'” Gen-
der-specific workplace health promo-
tion may enhance the effectiveness of
health-promotion programs. The
need for such gender targeting is illus-
trated by the finding that patterns of
excess lung cancer mortality in
women do not mirror those in men
and that the rate of initiation of smok-
ing is now higher for women than
men. Since 1973, quit ratios were con-
sistently lower among women;’ the
intensity of smoking advertisements
directed toward females was esca-
lated.'® Tobacco companies continue
to sponsor female-oriented athletic
events and to feature females in the
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majority of campaigns that portray
young-looking models." Microtarget-
ing by occupation may provide one
method of accessing the same women
who are targeted by tobacco compa-
nies.

Limitations and Strengths

There are inherent limitations to
death certificate data**-** and PMR
analysis.?>*® Such proportional meth-
ods can be misleading when a large
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category, such as homemakers, ex-
hibits low smoking prevalence and
less-than-expected lung cancer. When
we controlled for this in our analysis,
we found a change in magnitude more
so than in direction.

TABLE 3

Proportionate Mortality Ratios* and Confidence Intervals for All Occupations with Significantly Elevated Proportionate Mortality
Ratios for Lung Cancert in Women Stratified by Age

Proportionate Mortality Ratio
(95% Confidence Interval)

RERagation White Women Black Women
Younger than 65 65 and Older Younger than 65 65 and Older
Managers 127 (122, 132) 142 (137, 147) 135 (108, 166)

Management related

Financial officers

Purchasing agents

Registered nurses

Social workers
Lawyers/judges

Writers

Entertainers
Painters/sculptors
Photographers

Public relations

Heaith technicians
Engineering technicians
Science technicians

Sales supervisors

Sales representatives (finance)
Sales workers (retail)
Administrative support (supervisory)
Computer operators
Secretaries

Information clerks

Records processing

Financial records processors
Distributing clerks
Adjustersfinvestigators

Bank tellers

Police

Crossing guards

Food preparation, supervisors
Bartenders

Waitresses

Cooks

Dental assistants

Nurses aides

Cleaning service

Hairdressers

Construction

Precision production supervisor
Precision metal workers
Machinists

Sheet metal workers

Machine operators

Motor vehicle operators

Bus drivers

Material moving equipment opera-
tors

126 (117, 136)
127 (115, 140)
128 (108, 159)
86 (79, 92)
108 (90, 120)
105 (62, 166)
105 (82, 132)
93 (69, 123)
97 (73, 125)
154 (84, 258)
108 (59, 181)
90 (81, 100)
142 (115, 173)
160 (112, 223)
133 (123, 143)
143 (129, 158)
109 (104, 114)
120 (102, 141)
128 (106, 154)
101 (98, 105)
115 (101, 130)
113 (95, 132)
112 (105, 119)
127 (112, 144)
113 (93, 135)
102 (84, 123)
124 (86, 173)
157 (112, 214)
140 (114, 171)
163 (127, 206)
142 (133, 151)
115 (105, 125)
140 (101, 188)
102 (95, 110)
116 (105, 127)
116 (104, 129)
147 (106, 200)
121 (108, 141)
118 (96, 145)
204 (108, 348)
226 (117, 394)
113 (109, 116)
120 (101, 142)
120 (96, 147)
161 (108, 231)

137 (126, 149)
130 (116, 146)
134 (111, 160)
116 (110, 122)
111 (92, 134)

170 (110, 251)
152 (122, 186)
136 (108, 170)
162 (127, 203)
166 (103, 254)
202 (118, 324)
109 (100, 120)
130 (98, 169)

141 (94, 202)

122 (114, 131)
161 (143, 182)
111 (106, 115)
140 (118, 164)
140 (101, 189)
121 (117, 126)
120 (104, 138)
136 (114, 159)
122 (116, 129)
124 (107, 143)
135 (105, 170)
128 (105, 156)
150 (105, 207)
98 (60, 152)

161 (132, 194)
163 (109, 234)
151 (141, 162)
97 (90, 105)

115 (79, 162)

107 (99, 116)

106 (97, 116)

139 (127, 151)
129 (88, 182)

119 (101, 139)
137 (113, 165)

94 (91, 97)
118 (89, 153)
116 (78, 167)
125 (81, 183)

170 (118, 236)
165 (96, 264)

118 (96, 143)
138 (96, 192)

130 (105, 161)

119 (68, 193)

138 (108, 173)
225 (138, 348)
275 (168, 425)
149 (119, 183)
159 (94, 251)

136 (70, 237)

192 (126, 279)
173 (116, 249)

128 (47, 278)
97 (36, 211)

107 (66, 163)
81 (68, 97)

112 (98, 128)
123 (107, 139)
113 (85, 148)

147 (86, 235)
179 (103, 291)
204 (108, 348)

114 (103, 126)
155 (96, 237)
195 (111, 316)

135 (100, 178)
168 (77, 319)

130 (101, 164)
199 (125, 302)

116 (83, 157)

128 (87, 180)
184 (60, 429)

173 (114, 252)
310 (165, 531)

68 (2, 379)
107 (29, 274)

179 (104, 287)
96 (80, 113)

124 (101, 151)
103 (87, 122)
135 (104, 172)

132 (49, 288)

122 (107, 139)

* Proportionate mortality rates are reported only for stratified groups with more than 10 deaths.
1 International Classification of Diseases code 162.



1238

Another limitation is that lung can-
cer mortality may not reflect current
smoking patterns because of the la-
tency between initiation of smoking
and death from lung cancer. Patterns
of smoking may change during this
interval,

However, an analysis of occupa-
tionally coded death certificate data
also has several strengths that are par-
ticularly relevant to this study. Al-
though some cause-of-death listings
may be ambiguous, lung cancer des-
ignation is highly accurate.”® Given
the strong correlation between lung
cancer and smoking, mortality may
be an accurate reflection of smoking
patterns, free from the bias associated
with self-reported behaviors.

Occupationally coded lung cancer
mortality data and smoking cessation
programs that specifically target work-
ing (and smoking) women can be use-
ful additions to increasing the effec-
tiveness of lung cancer prevention
programs. Such workplace cancer pre-
vention programs may be especially
important for workers who experience
occupational exposures, such as asbes-
tos, that can intensify the effects of
smoking. Occupationally relevant and
lifestyle-compatible smoking cessa-
tion programs directed toward high-
risk women may be useful tools for
reaching working women at risk of
dying of lung cancer.

References

1. Fisher M, ed. Guide to Clinical Preven-
tive Services. Report of the US Preventive
Services Task Force. An Assessment of
the Effectiveness of 169 Interventions.
Baltimore, MD: Williams & Wilkins;
1989:67-69.

2. US Department of Health and Human
Services. Reducing the Health Conse-
quences of Smoking: 25 Years of Pro-
gress. A Report of the Surgeon General.
US Department of Health and Human
Services, Public Health Service, Centers
for Disease Control, Center for Chronic
Discase Prevention and Health Promo-

Occupation and Lung Cancer in Women « Rubin et al

tion, Office on Smoking and Health;
1989:303. DHHS publication number
(CDC) 89-8411.

3. US Department of Health and Human
Services. The Health Benefits of Smoking
Cessation. US Department of Health
and Human Services, Public Health
Service, Centers for Disease Control,
Center for Chronic Disease Prevention
and Health Promotion, Office on Smok-
ing and Health; 1990. DHHS publication
number (CDC) 90-8416.

4. Schoenberg JB, Stemhagen A, Mason
TJ, Patterson J, Bill J, Altman R. Occu-
pation and lung cancer risk among New
Jersey white males. J Natl Cancer Inst.
1987:79:13-21.

5. Zahm SH, Brownson RC, Chang JC,
Davis JR. Study of lung cancer histolog-
ical types, occupation, and smoking in
Missouri. Am J Ind Med. 1989:15:
565-578.

6. Milne KL, Sandler DP, Everson RB,
Brown SM. Lung cancer and occupation
in Alameda County: a death certificate
case-control study. Am J Ind Med.
1983:4:565-575.

7. Carstensen JM, Pershagen G, Eklund G.
Smoking-adjusted incidence of lung can-
cer among Swedish men in different oc-
cupations. Int J Epidemiol. 1988;17:
753-758.

8. Levin LI, Silverman DT, Hartage P,
Fears TR, Hoover RN. Smoking patterns
by occupation and duration of employ-
ment. Am J Ind Med. 1990;17:711-725.

9. Brackbill R, Frazier T, Shilling S. Smok-
ing characteristics of US workers. Am J
Ind Med. 1988:13:5-41.

9a.World Health Organization. Interna-
tional Classification of Disease, 1975 rev.
Geneva, Switzerland: World Health Or-
ganization; 1977.

10. Rubin CH, Burnett CA, Halperin WE,
Seligman PJ, Occupation as a risk iden-
tifier for breast cancer. Am J Public
Health. 1993;83:1311-1315.

11. Teta MJ, Lewinsohn HC, Meigs W,
Vidone RJ, Mowad LZ, Flannery JT.
Mesothelioma in Connecticut, 1955-
1977, occupational and geographic as-
sociations. J Occup Med. 1983;25:749-
756.

12. Hayes RB, Thomas T, Silverman DT, et
al. Lung cancer in motor exhaust-related
occupations. Am J Ind Med. 1989;16;
685-695.

13. Siegel M. Involuntary smoking in the

restaurant workplace, a review of em-
ployee exposure and health effects.
JAMA. 1993:279:490-493.

. Breslow L, Fielding J, Herrman AA, Wil-

bur CS. Worksite health promotion; its
evolution and the Johnson & Johnson
experience. Prev Med. 1990:19:13-21.

. Shipley RH, Orleans CT, Wilbur CS.

Effect of the Johnson & Johnson Live
for Life program on employee smoking.
Prev Med. 1988:17:25-34.

. Blair SN, Pischeria PV, Wilbur CS,

Crowder JH. A public health interven-
tion model for work site health promo-
tion. JAMA. 1986:255:921-926.

. Beardsley T. A war not won. Sc¢i Am.

1994:1:130-138.

. Ernster VL. Mixed messages for women:

a social history of cigarette smoking and
advertising. NY State J Med. 1985;85:
335-340.

. Mazis MB, Ringold DI, Perry ES, Den-

man DW. Perceived age and attractive-
ness of models in cigarette advertise-
ments, J Marketing. 1992;56:22-37.

. Schade WJ, Swanson GM. Comparison

of death certificate occupation and in-
dustry data with lifetime occupational
histories obtained by interview: varia-
tions in the accuracy of death certificate
entries. Am J Ind Med. 1988;14:121-
136.

. Gute DM, Fulton JP. Agreement of oc-

cupation and industry data on Rhode
Island death certificates with two alter-
native sources of information. Public
Health Rep. 1985:1:65-72.

2. Steenland K, Beaumont J. The accuracy

of occupation and industry data on death
certificates. J Occup Med. 1984;4:288-
295,

. Alderson MR, Meade TW., Accuracy of

diagnosis on death certificates compared
with that in hospital records. Br J Prev
Soc Med. 1967:21:22-29,

. Percy C, Stanek E, Gloeckler L. Accu-

racy of cancer death certificates and its
effect on cancer mortality statistics. Am
J Pub Health. 1981;71:242-250.

. Wong O, Decoufle P. Methodological

issues involving the standardized mortal-
ity ratio and proportionate mortality ra-
tio in occupational studies. J Occup Med.
1982;24:299-304.

. McDowall M. Adjusting proportional

mortality ratios for the influence of ex-
traneous causes of death. Stat Med.
1983:2:467-475.





