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Malignant mesothelioma is strongly associated with 
asbestos exposure. This paper describes demographic, 
geographic, and occupational distributions of mesothe­
lioma mortality in the United States, 1999-2001. The 
data (n = 7,524) were obtained from the National 
Center for Health Statistics multiple-cause-of-death 
records. Mortality rates (per million per year) were age­
adjusted to the 2000 U.S. standard population, and 
proportionate mortality ratios (PMRs) were calculated 
by occupation and industry, and adjusted for age, sex, 
and race. The overall age-adjusted mortality rate was 
11.5.2, with males (22.34) showing a sixfold higher rate 
than females (3.94). Geographic distribution of meso­
thelioma mortality is predominantly coastal. Occupa­
tions with significantly elevated PMRs included 
plumbers/pipefitters and mechanical engineers. 
Industries with significantly elevated PMRs included 
ship and boat building and repairing, and industrial 
and miscellaneous chemicals. These surveillance find­
ings can be useful in generating hypotheses and devel­
oping strategies to prevent mesothelioma. Key words: 
mesothelioma; mortality; occupations; industries. 
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M
alignant mesothelioma is a rare tumor that 
arises from the mesothelial surfaces of the 
pleural and peritoneal cavities as well as from 

the pericardium. 1 The annual incidence of malignant 
mesothelioma in the United States was reported as J 0.2 
cases/ million /year in the ] 998-2002 period. 2 Latency 
periods from the time of exposure to the development 
of mesothelioma range from 20 to 60 vears_ 1.3.4 About 
80% of mesotheliomas are pleural in origin. 1 Spinas et 
al. reported that about 88% of pleural mesotheliomas 
have been attributed to asbestos exposure,5 but other 
risk factors , such as zeolite, have also been implicated .1 

Epidemiologic studies have shown that, of the different 
types of asbestos fiber (chrysotile, crocidolite, amosite, 
actinolite, an thophyllite, and tremolite) , crocidolite 
may be the most potent in terms of carcinogenicity.6 
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Some cases of mesothelioma have been associated with 
exposure to chrysotile.7 

In the past, asbestos was used for many applications, 
including building materials (e.g., insulation materi­
als), manufacturing products (e.g., . asbestos cement 
pipe), and automobile · industry (e .g., vehicle brake 
shoes and clutch pads). Asbestos use declined substan­
tially in the 1980s in the United States and is still cur­
rently decreasing.8 However, legacy exposures still 
occur during remediation and handling of existing 
asbestos applications. For example, approximately 1.3 
million workers were exposed to asbestos in the United 
States in 2002,4 including shipbuilders, miners, con­
struction workers (e .g., insulation workers, plumbers, 
and pipe fitters) , electricians, sheet metal workers, and 
makers of asbestos products. Although asbestos was 
eliminated in the manufacturing of some products 
such as electric hair dryers, gas fireplaces, and wall­
board patching compounds, the product is still used in 
the United States. 

In 1999, the 10th revision of the International Clas­
sification of Diseases (ICD-10) was adopted by the 
National Center for Health Statistics (NCHS) for 
coding mortality data in the United States.9 ln this clas­
sification , malignant mesothelioma has a discrete code, 
C45,9 thereby providing the opportunity to study 
mesothelioma mortality with respect to the demo­
graphic, geographic, and occupational distributions in 
the United States. The aim of this study was to provide 
recent (] 999-200]) surveillance information using the 
new data for the 10th ICD revision for research and for 
developing prevention strategies to reduce industry­
and occupation-specific deaths from mesothelioma. 

METHODS 

For this study, we used the NCHS multiple-cause-of­
death data files for the period 1999-2001, for U.S. res­
idents aged :2 l S years. Cases with any mention of lCD-
10, code C45 ,9 specifically C45.0 (mesothelioma of 
pleura); C45.l (mesothelioma of peritoneum); C45.2 
(mesothelioma of pericardium); C45.7 (mesothelioma 
of other sites); and C45.9 (unspecified mesothelioma) 
listed on the entity axis* were included in this study.9•10 

We calculated age-adjuste<;l mortality rates (per million 

~The entiry axis preserves diagnostic detail for all listed condi­
tions and their placement on the death cenificate .1

" 
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TABLE l · Demographic Characteristics of Malignant Mesothelioma Deaths by Site, Sex, Race, and Median Age 
at Death, 1999-2001 

Sex Race Median 
Underlying Age at 

Deaths Cause Male Female White Black Other Death 
Site (ICD-10 Code) No. (%) (%) No.(%) No. ( %) No.(%) No.(%) No.(%) (Years) 

Pleura (C45.0) 746 (9.9) 89.l 624 (83.6) 122 (16.4) 716 (96.0) 22 (2.9) 8(1.l) 73 
Peritoneum (C45. l) 261 (3.5) 90.0 163 (62.5) 98 (37 .5) 246 (94.3) 13 (5.0) 2 (0.7) 68 
Pericardium and other 

sites (C45.2. C45.7) 1.250 (16.6) 90.9 1.000 (80.0) 250 (20.0) 1.200 (96.0) 42 (3.4) 8 (0.6) 74 
Unspecified (C45.9) 5.375 (71.4) 94.2 4.361 (81.1) 1.014 (18.9) 5.704 (95.0) 215 (4.0) 56 (1.0) 74 
Total (Any site) 7.524 (101 .4) 94.3 6.058 (80.5) 1.466 (19.5) 7,161 (95.2) 289 (3.8) 74 (1.0) 74 

The sums of individual site deaths and percentages ore greater than the total numbers of deaths and percentages because some 
decedents hod more than one site of mesotheliomo listed on their death certificates. 

per year) based on the 2000 U.S. standard population, 
and age-specific mortality rates by gender using SAS® 
software version 8.2 (SAS Institute, Cary, NC). For the 
geographic mortality distribution, age-adjusted mortal­
ity rates were mapped for counties \\~th three or more 
mesothelioma deaths in each year, using Mapinfo Pro­
fessional version 7.5 (Mapinfo Corp ., Troy, :NY) . The 
proportionate mortality ratio (PMR) adjusted for age, 
sex, and race was computed by industry and occupa­
tion. The data used for the PMR analyses were a subset 
of the l 999 NCHS multiple-cause-of-death files for 
which the information on usual occupation and indus­
try was available. Occupation and industry data were 
available for] 9 states (Colorado, Georgia, Hawaii, 
Idaho, Indiana, Kansas, Kentucky, Nebraska, Nevada, 
New Hampshire, New Jersey, New Mexico, North Car­
olina, Rhode Island, South Carolina, Utah, Vermont, 
West Virginia, and Wisconsin) . 

The PMR was defined as the observed number of 
deaths with the condition of interest in a specified the 
Bureau of Census Industry Code (CIC) or Census 
Occupation Code (COC), 11 dh~ded by the expected 
number of deaths with that condition. The expected 
number of deaths was calculated using the total 
number of deaths in the industry/ occupation of inter­
est multiplied by a proportion defined as the number 
of cause-specific deaths for the condition of interest in 
all industries/occupations, di,~ded by the total number 
of deaths in all industries/ occupations. In this report 
only PMRs for those industries/ occupations \\~th five or 
more decedents with mesothelioma and a lower 95% 
confidence limit exceeding I .0 are reported. 

The standardized mortality ratio (SMR) was calcu­
lated to measure the mesothelioma mortality risk in 
counties with elevated mortality rates . The numerator 
of the SMR was obtained by summing the number of 
mesothelioma deaths in all age groups in each county. 
The expected numbers of deaths for the denominator 
were obtained by multiplying the age-specific mesothe­
lioma mortality rates of the 2000 U.S. population by the 
corresponding population in each county, and then 
summing all age groups. 12 The 95 % confidence inter-
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vals (Cis) were computed for PMRs and SMRs, assum­
ing a Poisson distribution of the data. 13 

RESULTS 

The demographic characteristics of malignant meso­
thelioma deaths by sex, race, and median age at death 
are listed in Table 1. A total of 7,524 mesothelioma 
deaths were identified for the period 1999-2001. Of 
these , 6,058 (80.5%) and 7,161 (95.2%) deaths 
occurred among males and whites, respectively. Malig­
nant mesothelioma was designated as the underlying 
cause of death in 94.3% of all malignant mesothelioma 
deaths. Over 71 % of cases were classified as unspecified 
mesothelioma (C45 .9). 

During the study period, national age-adjusted 
mesothelioma mortality rates were stable: 11.65, l l .63, 
and 11.36 per million in l 999, 2000, and 2001, respec­
tively; the overall age-adjusted rate for the three years 
was 11 .52. The number of deaths by age group and the 
ag e-specific mortality rates of malignant mesothelioma 
are presented in Table 2. Mortality rates for males were 
higher than those for females in all age groups and 
were nearly six times that of females overall . The age­
specific mortality rates of malignant mesothelioma for 
males increased steadily ~th age: 0.38 per million for 
age group 15-44 and 151.72 per million for age group 
85 and older (Table 2). 

Statistically significant (lower 95% confidence limit 
exceeding 1.0) PMRs, by usual occupation and indus­
try, are listed in Table 3. By industry, ship and boat lruild­
ing and repairing had the highest adjusted PMR of 5.95 
(95% CI, 2.39-12.27), followed by industrial and miscel­
laneous chemicals, PMR of4.81 (95% CI, 2.90-7.51). By 
occupation, plumbers, pipefitters, and steamfitters had the 
highest adjusted PMR of 4.76 (95% CI, 2.81-7.51), fol­
lowed by mechanical engineers, PMR of 3.04 (95% CI, 
I.I )-6.62). 

Although 55% (4,150) of all malignant mesothe­
lioma deaths were residents of California ( n = 757), 
Florida (11=520),Pennsylvania (n=48l),NewYork (n 
= 453), Illinois (n = 381), Texas (n = 373), Ohio (n = 
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TABLE 2 Numbers of Malignant Mesothelioma (Any Site) Deaths, Age-specific and Age-adjusted Rates 
(per Million per Year) by Sex and Age Group, 1999-2001 

Males 

Age-specific 
Age (Years) No. Rate/Million 

15-44 71 0.38 
45-54 297 5.3 
55-64 905 25.73 
65-74 1,985 79.72 
75-84 2 ,231 151.57 
2: 85 569 151 .72 

Age-specific 
Age (Years) No. Rate/Million 

All ages 6 ,058 22.34 

347), New Jersey (n = 316), Michigan (n = 269) , and 
Massachusetts ( n = 253) , the states with the greatest 
age-adjusted mortality rates (per milJion) were Alaska 
(24.0) , Maine (21.4) , Delaware (18.2), \Vashington 
(]7.7), Oregon (17.1), Montana (16.0) , Massachusetts 
(15.8), New Hampshire (15.7) , New jersey (15.2) , and 
Virginia (] 4.8) . Mortality patterns by county, presented 
in Figure 1, indica te clustering of elevated mortality 
rates in coastal counties in California, Florida, and New 
Jersey. The top 20 counties with the largest age­
adjusted malignant mesothelioma mortality rates and 
SMRs are listed in Table 4. The SMRs in these counties 
exceeded the national mortality rate by more than six­
fold . Somerset County, New jersey, had the largest SMR 
(] 4.5, 95% CI, 10.0-20.4). 

DISCUSSION 

This report provides recent surveillance information 
about malignant mesothelioma in the U.S. The rriajor 
findings are: a high proportion of unspecified meso­
theliomas; distribution of high mortality rates in coastal 
areas ; elevated PMRs for the ship and boal building and 

Females Both Sexes 

Age-specific Age-specific 
No. Rate/Million No. Rate/Million 

59 0.32 130 0.35 
' 116 2.01 413 3.64 

21 6 5.71 l , 121 15.35 
395 13.15 2,380 43.31 
517 23 .05 2,748 73.97 
163 17.90 732 56.94 

Age-specific Age-specific 
No. Rate/Million No. Rate/Million 

1.466 3.94 7,524 11.52 

repairing industry and in the plumbers, pipefilters, and 
steamfitters occupation. 

Over 71 % of malignant mesotheliomas were unspec­
ified , compared with nearly 10% of malignant meso.the­
liom as of the pleura (Table 1) . Other studies based on 
morbidity or mortality data reported that the pleura is 
the most frequently specified primary site of malignant 
mesothelioma, followed by the peritoneum.6 In Aus­
tralia , 83 % of the incident cases of mesothelioma arose 
from the pleura, and both pleura and peritoneum 
accounted for nearly 91 %.14 The large proportion of 
unspecified sites of malignant mesothelioma coded on 
death certificates in this study might therefore be due 
to failure to b e precise about the specific site of the 
tumor on the death certificate, and thus lead to an 
underestimate of the cases of pleural mesothelioma. 

Mortality data coded using ICD-10 have been shown 
to be a valid source of information for mesothelioma 
surveilJance. Pinheiro et al. reported a high correlation 
between mesothelioma mortality according to ICD-10 
and the disease incidence rate. 15 Previous investigations 
of m esothelioma mortality data coded using ICD-9 were 
inad equate because there was no specific code for this 

TABLE 3 Malignant Mesothelioma Proportionate Mortality Ratios (PMRs) by Usual industry and Occupation, 1999 
( 19 States)* 

Census Industry Number 
Code (CIC) Industry of Deaths PMR 95%CI 

360 Ship and boat building and repairing 7 5.95 2.39-12.27 
192 Industrial and miscellaneous chemicals 19 4.81 2.90-7 .51 
200 Petroleum refining 5 -3.80 1.23-8 .87 
460 Electric light and power 10 3.08 1.48-5.66 

60 Construction 77 1.55 1.23-1.94 

Census 
Occupation Number 
Code (COC) Occupation of Deaths PMR 95%CI 

585 Plumber, pipefitters, and steamfitters 18 4.76 2.81-7.51 
57 Mechanical engineers 6 3.04 l. ll-6.62 

575 Electricians 12 2.42 1.25-4.22 
156 Teachers. elementary school 13 2.13 1.13-3.64 

·Colorado. Georgia. Hawaii. Idaho. Indiana . Kansas. Kentucky . Nebraska. Nevada. New Hampshire. New Jersey. New Mexico. 
North Carolina . Rhode Island. South Carolina. Utah. Vermont. West Virginia . and Wisconsin . 
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Figure /-Age adjusted mesotheliomo mortality rotes (per million) by county, United States 7999-2007. Note: Mortal­
ity rotes were calculated only tor counties with three or more deaths in each year. 

disease and pleural mesothelioma was classified with 
other pleural tumors. This was demonstrated by a study 
using the Massachusetts Cancer Registry. ,vith ICD-9 
codes the registry reported only 12% of cancers of the 
peritoneum and pleura as the underlying cause of 
death. The rate increased to 83% when death certifi­
cates were reviewed for any mention of mesothelioma.16 

Similarly, the ,,\Tork-Related Lung Disease Surveillai1ce 
Report shows about 20% of deaths from pleural cancer 
compared with mesothelioma in 1999.17•18 

There was no substantial change in the mesothe­
lioma mortality rate during 1999-2001 . In this period, 
the total number (7,524) of malignant mesothelioma 
deaths was similar to the number of incident cases 
(7,500) reported by Price and ,vare 19 for the same 
period. These authors projected mesothelioma incident 
cases for 2003-2054 based on J 993-2000 mesotheli'oma 
incidence data released by the Surveillance, Epidemiol­
ogy, and End Results (SEER) Program, National Cancer 
Institute. The SEER data for mesothelioma cover 13 
geographic areas, representing J 0% of the U.S. popula­
tion. In addition, the authors reported that the number 
of incident mesothelioma cases is expected to gradually 
decline from the peak of approximately 2,500 cases 
annually during 2000-2004 .19 Authors linked these 
cases to a high occupational exposure to asbestos in 
workplaces during ] 960-J 980. In this period the 
asbestos consumption ranged from 600,000 tons in 
1960 to 803,000 tons in J 973. After that, asbestos con­
sumption decreased, to 13,JOO tons in 2001.20 
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Nearly 81 % of all mesothelioma deaths in this study 
occurred among men, suggesting that men were more 
likely to be exposed to asbestos in the workplace than 
were women. In the 1930s through the 1960s, most 
women did not work in industries in which men were 
usually exposed to high levels of asbestos 19 and were pri­
marily exposed to asbestos in the environment. Some of 
the mesothelioma deaths in women might have resulted 
from environmental exposures. Cases of mesothelioma 
have been observed in families of asbestos workers who 
brought home asbestos-contaminated clothing. 21 

Anderson et al. reported five pleural mesothelioma 
deaths among the family contacts of the 1,664 workers 
who were employed in a factory that produced amosite 
asbestos products from 1941 to 1954.22 Mesothelioma 
has also been associated with environmental exposures 
to zeolite mineral fibers. A study from Turkey reported 
that high mortality (11 among 18 total deaths) from 
pleural and peritoneal mesotheliomas in small villages 
was caused by em~ronmental exposures to domestic soil 
and rock rich in zeolite minerals. 23 

Among industries ,,~th significantly elevated PMRs 
for malignant mesothelioma, ship and boat buiul.ing and 
repai1ing had the highest. This finding is consistent with 
known exposure to asbestos in this industry, since this 
material was widely used in insulation in ships in the 
past.4 Other studies have also shown that shipbuilding 
workers had high mortality from mesothelioma.24 

In this study, where the geographic distribution of 
mesothelioma mortality rates was examined by county, 
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Table 4 Top 20 Counties and County Equivalents· with Highest Age-adjusted Malignant Mesothelioma Mortality 
Rates (p~r Million per Year) and Standardized Mortality Ratios (SMRs), 1999-2001 

coi:mty · State No. of Deaths Age-adjusted Rate SMR (95% Cl) 

Somerset County New Jersey 33 52. 7 14.4 (9.9-20.2) 
12.0 (6.0-21 .4) 
12.0 (8.8-15.9) 

Portmouth City Virginia 11 45.0 
Jefferson Parish Louisiana 47 44. 1 
Chesapeake City Virginia 13 36.8 9.7 (5.2-16.6) 

9.4 (5.4-15.2) 
8. 9 (5.4-13.8) 
8.8 (6.0-12.5) 
8.3 (5.2-12.6) 
7.8 (5.7-10.4) 
7.7 (4.2-12.9) 
8.6 (4.4-15.0) 
7.9 (4.6-12.7) 
7. 1 (3.9-12.0) 
8.5 (4.4-15.6) 
6.9 (4.7-10.0) 
6.8 (3.9-10.9) 
7 .3 (3.5-13.5) 
6.5 (4.2- 9.5) 
6.1 (4.2- 8.6) 
6.0 (4.3- 8.2) 

Kitsap County Washington 16 34.3 
Niagara County New York 20 32.2 
Anne Arundel Maryland 31 32. 1 
Clackamas County Oregon 22 29.6 
Delaware County Pennsylvania 46 29.1 
York County Maine 14 29. 1 
Chesterfield Virginia 12 28. 1 
St. Louis County Minnesota 17 27 .7 
Rockingham County New Hampshire 14 26.4 
St. Tammany Parish Louisiana 10 26.2 
Lake County Illinois 29 26. 1 
Charleston County South Carolina 17 25.2 
Rock Island County Illinois 10 24.2 
Plymouth County Massachusetts 25 23 .E 
Pierce County Washington 32 23 .4 
Norfolk County Massachusetts 40 22.9 

Overall United States 7,524 11.5 

·other primary legal or statistical subdivisions or State geopolitical units. which may include boroughs and census areas (Alaska). 
parishes (Louisiana). and independent cities (Maryland. Missouri. Nevada· and Virginia). Counties and county equivalents with 
fewer than three deaths in ariy individual year were not ir:icluded. 

there was considerable variation, but some clustering. 
In particular, coastal counties in California, Florida, 
and New Jersey had elevated age-adjusted mesothe­
lioma mortality rates. Previous studies reported a simi­
lar mortality distribution and suggested an association 
bet\veen geographic pattern of malignant mesothe­
lioma and the distribution of potential exposures to 
asbestos used in shipyards5•25•26 and to asbestos-contam­
inated vermiculite ore. 27 The highly devated SMR in 
Somerset County, NJ, could be related to manufactur­
ing of asbestos products in Manville .25 The second­
highest PMR was found in industrial and miscellaneous 
chemicals. Lilis et al. 28 demonstrated that maintenance 
workers in this type of industry were exposed to 
asbestos iri various occupations. The construction indus­
try had the highest number of deaths ( n = 77) and 
accounted for 14% of 541 decedents with malignant 
mesothelibma on death certificates in the l 9 states in 
] 999. 18 As suggested in other reports, the elevated PMR 
might be related to an excess risk of asbestos exposure 
in the construction industry, leading to the develop­
ment of mesothelioma. 29 Demolition workers in the 
construction industry may continue to encounter 
asbestos from past uses in old buildings.30 

Exposures to asbestos of workers in occupations with 
significantly elevated PMRs (plumbers, pipefitters, and 
steamfitters, mechanical engineers, and electricians) have 
been previously described.20

•
24

•
31

•
32 The PMR of 2.l 3 for 

schoolteachers in this study might reflect potential 
exposures of teachers to asbestos in schools. Schools 
built between ] 945 and 1973 are likely to harbor 
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asbestos-containing materials.33 ]h ] 982, the U.S. Envi­
ronmental Protection Agency estimated approximately 
8,600 schools contained friable asbestos and 100,000 to 
300,000 teachers were potentially exposed to airborne 
asbestos in these schools.34 The friable asbestos fibers 
might enter a school environment as a consequence of 
disturbance of the material during maintepance or ren­
ovation operations, or the resuspension of settled fibers 
caused by custodial dusting or cleaning.35 In a case 
report, a 50-year-old schoolteacher died of pleural 
mesothelioma after 28 years' teaching in the same high 
school classroom with an asbestos ceiling and asbestos 
pipe insulation. 36 

There are some limitations to this study. First, we 
were not able to evaluate information about exposures 
specifically to asbestos and other mineral fibers , 
because such data are not on the death certificates. 
Second, the "usual" occupation and industry given on 
the death certificate may not have been the industry 
and occupation in which the decedent's causative 
exposure occurred. Third, only three years of data were 
available for analysis of temporal changes. More data 
are needed for in-depth meaningful trend analysis of 
mesothelioma mortalitv. Fourth , because of potential 
migration factors, the' state of residence at death does 
not always reflect the state in which the decedents' 
causative exposures occurred . In some geographic 
areas elevated mortality rates seemed to have little bear­
ing on past potential asbestos exposures. In these cases, 
migration may have played a role. For example, high 
mortality in some counties in Florida might be related 
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to elderly persons who retired, moved there, and died 
with mesothelioma. 

Unlike some other countries,37•38 the United States 
has no national mesothelioma registry collecting infor­
mation about exposures and pathology data. The 
National Cancer lnstitute provides annual mesothe­
lioma incidence data through the Surveillance, Epi­
demiology, and End Results (SEER) program from 13 
participating centers in the United States .39 For 
mesothelioma mortality surveillance in the United 
States, the Division of Respiratory Disease Studies, 
NJOSH, maintains mesothelioma mortality data under 
the National Occupational Respiratory :Mortality 
System (NORMS) based on data from the NCHS mul­
tiple-cause-of-death records.40 However, the NORMS 
relies on the death certificate occupation and industry 
information for exposures and so has limited potential 
to clearly identify and describe work exposures in 
detail. For the purposes of a registry, more and better 
occupational information could be obtained from the 
next of kin. Such information would enhance knowl­
edge about potential causative exposures, including 
information about the proportion of alJ malignant 
mesothelioma cases that have an occupational versus 
an environmental origin . 

ln conclusion, our data indicate that malignant 
mesothelioma deaths are closely associated with indus­
tries and occupations where exposures to asbestos were 
likely. These surveillance findings can be useful for 
generating epidemiologic research hypotheses and 
developing asbestos-related disease prevention and 
intervention strategies. The use of JCD-10 codes since 
1999 has been shown to provide enhanced capability to 
identify malignant mesothelioma. Therefore, mortality, 
as weJJ as morbidity surveiJJance for mesothelioma 
should be continued in order to monitor its mortality 
and incidence both nationaJJy and geographically. 

The findings and conclusions in this paper are those of the authors 
and do not necessarily represent the views of the National Institute 
for Occupational Safety and Health. 
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