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United States national data were used to assass factors responsible for the increasa.
of brain tumor mortafity, Between 1968 and 1988, death rates increased 50% arnong
those aged 65-74 years, 200% among those aged 75-84 years, and 800% in the
oidest oid. Rate of incraase and maximuni death rate have changed aver time. Death
rate among the population aged 65-74 years peaked in the mid-1980s, while among
those aged 85 years and older it is projected to continue increasing throughout the
1990s. The patterns of rate increases 'were almost identical in the two saxes, as well
as arnong whites and nonwhites. There was a strong correlation over time of death
rates with head diagnostic (r = 0.98) and with the pace of computerized
axial tomography instaflation (# = 0.91). The authors conclude that the reported increase
in brain tumor mortelity is not genuine, but represents a combination of three factors:
availabifity of more sophisticated, noninvasive diagnostic technology; change in the
attitude toward care of the elderly; and infroduction of support programs such as
Medicare that faciitate diagnostic procedures in the eiderly. Am J Epideriol

1992;135:1349-57,
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Several observations made over the past
few years have demonstrated an apparent
increase of both mortality and incidence
rates of brain tumors in the United States
and elsewhere (1-7). There are at least six
possible explanations for this phenomenon:
i) It is a true increase. due to an exposure
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o a newly cmerging carcinogen or to
decreased ¢xposure to 4 protective factor;

2) It is a delayed reaction to an increased
exposure during early age 1o a carcinogen
with an ecxtremcly prolonged latency
{e.g., the insecticide dichlorodiphenyl-
trichloroethane (DDT); -

3) There is a change in disease classification
(i.c., a shift from the /mternazional Clas-
sification of Diseases (ICD) version 8 to
version 9);

4) It is the result of improved diagnostic
workup (¢.g.. use of computerized axial
tomography or magnetic resonance im-
aging, or a More precise histopathologic
diagnosis);

5) There is a higher probabxhty for brain
tumor to be coded as an underlying,
rather than a contributory, cause of
death; or

6) there is a change in health care delivery

reflecting. in part, a change in social val-

ues. e
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The differentiation between these six al-
tcrnatives has strong etiologic and public
health implications. The following report
presents an in-depth assessment of brain
tumor mortality patterns in the United
States over a 20-ycar period in an attempt
to delineat¢ the main factors respousible for
the reported increase. The distinet morpho-
logic categories of brain tumor were taken
into consideration. and health care utiliza-
tion data were incorporated. -

MATERIALS AND METHODS

United Statcs mortality statistics, based on
death certificate information available from
the National Center for Health Statistics
through the Compressed Mortality File (8,
9). were used for the period 1968-1988.
Data {rom all 50 states and the District of
Columbia were analyzed. Age, sex, race, and
ICD-specific rates were derived using the
underlying cause of death, For verification
purposcs. similar data were obtained for se-

lected years using multiple cause-of-death-

files (10). These data were used to identify
deaths for which hrain neoplasm was present
on the death certificate. irrespective of
whether brain necoplasm was selected as the
underlying cause of death,

Bevause of the shift from /International
Clussificarion of Diseases, Adapted, version
8 (ICDA-8) to version 9 (ICDA-9) in the
midst of the study period, different ICD
caregorics had to be selected. For the earlier
period (1968-1978). using the ICDA codes
selected included the following: malignant
brain tumors (ICDA-8 codes 191, 1920,
192.1. and 192.9); benign brain tumors
(ICDA-8 codes 225.0. 225.1. 225.5, and
225.9). and unspecified btywin tumors
" (ICDA-8 codes 238.1. 238.2, 238.3. and
238.9). For the later period (1979-1988), the
codes selected were: malignant brain tumors
(ICNDA-9 codes 191, 192.0. 192.1, and
192.9): benign brain tumors (ICDA-9 codes
225.0, 225.1, 2252, and 225.9): and. un-
specified brain tumors (ICDA-9 codes 237.5.
- 237.6.237.9. 239.6, 239.7, and 239.9). For
the multiple cause-uf-death data. the addi-
tional benign brain tumor codes of 198.3

and 198.4 (ICDA-8) and 198.3 (ICDA-9)
were included.

Information on the number of yearly neu-
rosurgical and neurodiagnostic procedures
was obtained from the National Center for
Health S$tatistics National Hospital Dis-
charge Survey (11). Data from the survey
were analyzed for the years 1979-1989. Rec-
ords were selected that included any men-
tion of operations of the head (including
International Classification of Diseases,
Ninth Revision. Clinical Modification (ICD-
9-CM) classification of procedures 01, 02, or
04) or mention of diagnostic procedures in-
volving the head. including ICD-9 CM clas-
sifications for tomography (ICD-9-CM
codes 87.03 and §7.04). magnelic resonance
imaging (1CD-9-CM code 88.91), and radio-
isotope scans (ICD-9-CM codes 92.11 and
92.12).

Information on the installation of major
imaging equipment was provided by the
Center for Devices and Radiologica! Health,
Food and Drug Administration. Depart-
ment of Health and Human Services. The
information was provided separately for to-
1al body and head only equipment and in-
cluded the date and state of installation of
each unit, irrespectively of whether it was
new or old. Therefore, for some equipment,
there would be more than on¢ installation
noted. However, no major bias could be
ascribed to this multiple installation factor
since the data are used here to refloct the
increment in the number of operating units.
A greater bias would oocur when new equip-
ment replaces old equipment that js retired
and a new installation {s counted.

Regression analyses were performed using
least square procedures for the equation
In(rate) = by + /T + b T2 where b, are
estimated coefficients. and 7 is the time in
years. Correlations were estimated using the
Pearson procedure,

RESULTS

There were 250,597 deaths with an un-
derlying cause of brain tumor in the United
States from (968 to 1988. Approximatcly,
three quarters of the tumors leading to death
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were classified as malignant. As seen in fig-
ure 1 for selected years and table 1 for all
vears. there was a consistent gradual increase
during this period in age-specific death rates.
for those over age 65 years. but practically
no increase at younger ages. The increase in
death rates was 50 percent among the pop-
ulation aged 65-74 ycars, 200 percent in the
population aged 75-84 years. and 800 per-
cent in those aged 85 years and older,

Figure 1 and table | also illustrate vividly
that the rate of increase and the location of
the point of maximum death rates have
changed over tim¢. The maximum age-
specific death rate in 1968 occurred in the
population aged 55-64 ycars. but in 1972
the maximum changed to those aged 65-74.
In 1980, the maximum age-specific death
ratc again changed to those aged 75-84
years.

We regressed the age-specific malignant
brain-tumor death rates on time by using a
quadratic functional form. The resulting
curves are shown in figure 2. It becomes
evident that the mortality rate among the
population aged 65-74 years peaked in the
mid-1980s. while among those age 85 and
older it is projected to continuc increasing
throughout the 1990s. Those aged 75-84
years present an intermediate pattern, but
the mortality increase appears to be slowing.

The characteristic patterns of increases in

Bate (per 100,000

age-specific death rates only among the pop-
ulation aged 65 years and older. changes in
the age of maximum death rates. and rates
of increase in death rates within age groups
over the time period are almost identical in
the two sexes, as well as among whites and
nonwhites. Similariy. no consistent pattern
was observed in change of death rates by
state. except that those states where fastér
change was noted in the carly period (1948
1978) largely had slower rates of increase io
the later one (1979-1988).

These characteristic changes in mortality
patterns have occumred in both the malig-
nant and benign brain-tumor categories.
Only the unspecified brain-tumor mortality,

i.e.. thosc tumors not classified as either

malignant or benign, which are primarily
without a histopathologic classification,
continted to increase with age through the
oldest-old age calcgory in recent years (figure
3). Moreover, the proportion of all brain
tumors that were unspecified increased withi
age. For the period 1979-1988, the propor-
tion of the total brain tumors that were
unspecified was 14 pereent in the age group
45-64 years, 18 percent in the group aged
65-74 yeats. 27 percent in those aged 75-84
yeass. and 41 percent in those aged 85 years
and older. These proportions have been rel-
atively steady over the 20-year study period.

Figure 4 highlights the changes that should
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FIGURE 1. Age-specific death rates in the Urited States from &l brain tumors for selected years between 1968

and 1988,

‘_

CMA 113927




SEP 18 'S2 14

) 1352 Mooan etal.

151

FROM CLEU=-MLTH-SCI-LIB

TABLE 1. Aghmdﬁcmwhﬁiy'mmmmminmmmhmbymrdm. 1968-1988

per 100,000 populstion

Age group (yoars)
Your 65-74 75-84 285
No, Rate No. Rate No. Rate
1968 1,800 14.8 552 9.3 38 31
1969 1915 15.6 556 9.3 63 4.8
1970 1,990 18.0 642 105 58 38
1971 2,161 17.0 756 1B 75 5.0
1972 2294 178 804 12.3 78 5.1
1973 2,326 17.6 867 130 99 8.2
1974 2,483 18.1 71 143 118 69
1975 2617 18.8 1028 .~ 148 . 159 a7
1976 2.870 2.2 1 197 16.8 185 9.8
1977 2.984 20,4 1,351 18.8 254 128
1978 3.197 213 1,590 218 Fep 12.9
1979 3.176 207 1.646 21,7 3B 147
1980 3378 2.7 1.820 26 anr 16.8
1981 3.968 212 1.857 245 443 18.8
19682 3.508 N7 2,178 264 484 199
1963 3401 208 2179 259 568 221
1984 3,638 7.7 2,358 7.4 609 23.2
1988 3,719 219 2,439 2786 674 24.9
.. 1966 3,750 216 2,608 28.8 672 24.2
p ] 1987 3,886 290 2848 X %3 217
3 1988 387 23 2710 28.4 806 273
, * Undertymg cauce of death onty.
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be ascribed to ICD-9, which was adopted in
1979. There was an apparent temporary de-
crease in malignant brain tumor death rates,
but a slight increase among the unspecified
brain-tumaor death rates. The benign brain-
tumor mortality was unchanged.

The ratio of deaths with any mention of
brain tumors to those deaths for which the
underlying cause of death was determined
to be brain tumor has remained unchanged
throughout the period f study, For malig-
nant brain tumors, there was an excess of
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FIGURE 3. Age-specific death rates from unspecified brain tumar mortality in the United States for sglected years
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FIGURE 4.  Age-adjusted death rates in the United States from brain tumors among ndividusls aged 65 years and

older, 19681688, by
for individuails aged 85 years and oidor, using diradt

classification. Rages are age adjusted to the 1380 United States age distribution
adjustment.

up 10 9 percent in records with an underlying
cause of brain tumor, while in benign and
unspecified brain ncoplasms the discrepancy
amounted to approximately 30 percent.
These diffepences were not age related and
were similar in males and fomales. The data
indicate that brain tumor, and malignant
bramn tumor specifically, were usually sc-
lected as the underlying cause of death.
Figures 5-7 display several aspects of
changing medical technology during the
study period. These include diagnostic pro-
cedures of the bead, surgical procedures of

the head. and the rate of computerized axial
tomography installation. Figures 5 and 6
summarize the steep increase in use of di-
agnostic procedures of the head, especially
among patients aged 65 ycars or older. in
contrast to the plateau in brain surgery. The
correlation between the rates of diagnostic
and surgical procedures to the head amiong
paticnts aged 65 years or older was only 0.27.
However, if the diagnostic procedure rate is
compared with mortality rates, the correla-
tion was 0.96. The corrélation of surgical
procedures with mortality was 0.29, ..
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FIGURE 8. Number of head surgical and diagnostic procedures amaeng individuals aged 65 years o okjer and
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FIGURE 8. Age-apecific oumbers of head surgical and diagnastic procedures in the United States, 19731989,

In figure 7, comparison is made between
the number of diagnostic procedures and the
pace of computerized axial tomography in-
stallation in the United States (r = 0.97),
The figurc shows a very fast incline starting
in 1974. The correlation between comput-
erized axial tomography installations and
br‘giln-tumor mortality after age 64 years is
0.91.

The number of neurologists in the United
States increased from 1,192 in 1970 10 5,087
in 1987 (12), & 3.6-fold increase in the ratio
of neurologists per capita.

OISCUSSION

At least 50 percent of cancer has been
estimated to be ¢nvironmentally determined
(13). Therefore. a sudden change in mortal-
ity patterns, especially in one specific tumor
type. might indicate an introduction of a
new carcinogen. an increased exposure to a
prevailing carcinogen, or a decreased expo-
sure t0 a protective factor. The apparent
increase in the morbidity and mortality from
brain tumors has been construed as a possi-
bie failure of public health officials to inter-
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cept the rise in cancer (14). Yet, if there has
been an increase due to changes in environ-
mental exposures, one would have to assume
an exposure to a widely distributed sub-
stance to whichi all population strata are
exposed (c.g.. air or drinking water) sioce
the increase is found im both males and
fermnales, in whites and nonwhites, and with.
out a specific predilection to one state or
another within the United States,

In contrast to the cquity in death rate
increases among sex, racial, and geographic
population strata, the increase in mortality
has been limited to individuals aged 65 years
and older. Further, the magnitude of the

increase is directly related 10 age within the ,
clderly population, with a 50 percent in-

crease among those aged 65-74 years and
an 800 percent increase among those age 85
years or older.

By the same token. the fact that the grad-
ual impediment to the increasing mortality
occurs first in the age group 65-74 years and
only subsequently in those aged 75-84 might
be more consistent with a cohort effect
However, no increases in death rates were
noted among the younger age groups during
the period 1968-1988, as would be expected
if a2 cohort effect were present and had
rcached a maximum effect among those
aged 65-74 years in 1980. Moreover, for the

population as a whole, the maximum age-

specific death rate shified from the popuke

tion aged 55-64 years in 1968 to the those

aged 75-84 years by 1980. That is, the tran-

sition occurred faster than the population -

was aging. This indicates that @ process sep+
arate from aging was increasing the brain-
tumor mortality in the elderly population.
It is also apparent that the factor affecting

the change is beginning to subside, since the

rate of change in mortality is decreasing in
all age groups and is now unchanged in the

past decade for the population aged 65-74. -
years. Given the fact that the risk of cancer

does not continually increase with increasing
age either for specific years or within birth

cohorts, it is unlikely that a longlatency’
carcinogenic effect is present, This is in line®

with the observations of Schwartz (15).
With regard to the impact of changes in
the ICD versions. there was a onestime.’
slight decrease in the death rates from ma-
lignant brain tumor when the ICD-9 version
was introduced. This decrease, in addition

to the observation that the increascs in death
rates have occurred throughout the 1968-.

1988 period, is contradictory to the hypoth-
esis that {CD changes may explain the in--
crease in either malignant or total brain-
tumor mortality.

Another possible explanation, that a
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change has occurred in the way physicians
complete the death certificate, also appears
to be unlikely. The proportions of brain-
tumor deaths for which the brain tumor is
listed as the underlying cause has been up-
changed for all of the morphologic types
throughout the period. The alternative ex-
planations for the change in brain<tumor
mortality. i.c.. that we arc dealing with a
methodological and/or social phenomenon.,
scem more likely and are further supported
by the strong correlation of mortality with

technologic advances. The increase in mor-
tality parallels the introduction of sophisti-

cated diagnostic technology, first with com-
puterized axial tomography and later with
magnetic resonance imaging.

The fact that a better correlation of mor-
tality is obtained with diagnostic techniques
than with brain surgery supports the hvpoth-
esis that the increase is due to more inteasive
diagnosis that may have identificd a greater
proportion of existing brain tumors rather
than a true incidence increase that would
have necessilated more surgical as well as
diagnostic cfforts. Indeed. the aumber of
surgical procedures is fargely unchanged in
recent vears, By the same token, the fact that
in recent years the ill-defined category of
brain tumor of unspecified origin has con-
stituted the only brain tumor diagnostic
group that has had no age-related deflection
in mortality rates indicates that only limited
surgical action is undertaken after diagnosis,
perhaps because of the physicians’ reluc-
tance to opcrate on the oldest old. In fact,
Surveillance, Epidemiology. and End Re-
sults data show that in 19831987 the per-
cent of diagnosed brain tumors that were
microscopically confirmed was 88.2 among
individuals aged 65-69 years. but slightly
less than 40 percent among individuals aged
85 years or older (3).

In spite of the above deliberation. im-
proved diagnostic technology alone can
hardly provide the full answer ta the phe-
nomcnon under consideration. Computer-
ized axial tomography was instituted only in
the mid-1970s. Although the use of this im-
aging tooi propagated quickly, it did not gain
an overall comprehensive populanon cov-

erage until the late 1970s, i.c., approximately
10 years after the increase in death rates
staried.

We believe, therefore, that in addition to
the improved diagnosis per se, the apparent
increase in brain tumor mortality can be
explained by a drastic change in the overall
approach of our society to the elderlv and
their consequent increase of health utiliza-
tion (16). These changes reflect a new sct of
values toward the clderly. particularly the
oldest old, who when afflicted might have
been previously diagnosed as stroke victims
with only minima! diagnostic workup, and
the introduction of support programs such
as Medicare that cover the bulk of diagnostic
expenditures.

Those factors might also explain why the
introduction of new imaging techniques
hardly affected the decath raies from brain
tumors in younger subjects. Among the
younger subjects, the previous use of less
sophisticated, but more invasive diagnostic
aids, such as angiography or myelography,
was replaced by the new diagnostic technol-
ofy. Among the older subjects, there was a
reluctance 10 .use invasive procedures,
Hence, with the introduction of less invasive
diagnostic procedures. there was an increase
in the number of tumors diagnosed. Indeed,
the Surveillance, Epidemiology. and End
Resuits data indicate that among the oldest
old the percent of cases with surgical confir-
mation dropped from 54 percent in 1973-
1977 to 40 percent in 1983-1987 (3). while
the incidence increased, indicating that, al-
though more tumors are diagnosed, there is
a reluctance to perform invasive procedures
among this age group.

It might be pointed out that h:stoncallv
at least as far back as the 1945-1954 data,
the incidence and mortality rates of brain
tumor for the eiderly in Rochester and
Olmsted County, Minnesota, populations
(17-19) have been much higher than those
reponed nationally. The combination of ex-
cellent health care in Olmsied County, in-

cluding neyrology and neurosurgical exper- -

tise, and an overall high autopsy rate that
assured accurat¢ diagnosis of brain tumor
even before computerized axial tomography
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and magnetic resonance imaging became
available are in line with the reasons which
are brought out in our paper.

In conclusion. we are witnessing a com-
bined effect based on three components:
more sophisticated diagnostic techniques
magde available to more recent birth cohorts;
a change in the definition of and attitude
toward elderly persons with a greater will-
ingness 1o diagnose them with less invasive
procedures; and the introduction of the
Mecdicare program that facilitates access to
medical care. This has been a gradual pro-
cess with each advancing age group and
decuade and is still taking place among the
oldest old.

REFERENCES

1. Babernuka M. Masscy EW, Schocnberg BS. Inter-
national morulity from primary nervous system
neoplasms: distribution and trends. Int J Epidemiol
1983:17:33-8,

. Davis DL, Hoel D, Fox J, et al. International trends
in cancer mortality in Frapce, West Germany, Italy,
Japan. England and Wajcs, and the USA. Lancet
1990:336:474-8 1,

. Davis DL, Hoel D. Percy C. ef al s brain mortality
increasing in industrial countries? In: Davis DL,
Hoel D. eds. Trends in cancer mortabity in indus-
mial countres, Aan N Y Acad Sci 1990:60%:
191=204.

. Greig NH. Ries LG, Yancik R, et al. Incrossing’

annual incidence of primary malignant brain tu-
mors in the elderly, J Natl Cancer Ingt 1990
82:1621-4,
$. Boyle P. Maisoaneuve P, Saracei R, ct al. I$ the
mcrcuod incidence of primarv malignam brain
tumors in the elderly real? j Natl Czncet Inst 1990:
82:1594=8,
. Ahihom A. Some notes on brain tumor epidemi~
ology. Ann N Y Acad Sci 1990:609:179-85.
. Doll, R. Progress against cancer: an. epidemiologic

Brain Tummor Mortaity 1357

assessment. The 1991 John C. Cassel Memortal
1acture. Am J Epidemiol 199141 34:675-88.

. NationaJ Center for Health Statistics. Vital Stati¢.
tics of the Umted States, 1987, Vol. II. Morality,
Part A. Section 7. Technical Appendix. Washing.
ton OC: US Public Health Service. 1990.

. National Center for Health Statistics, Public use
data tape documentation: compresed mortality
file, 1968-85. Hyattsville, M[»: Natronal Center for
Health Statistics, 1988,

, Natitmal Center for Health Statistien. Public use
data ape documemntation: multipic cuse of death
for ICD-9. Hyattsville, MD: National Center for
Health Statistics. 1968-1988.

. National Center for Health Statistics, Detailed di-
agnoses and procedures for paticnts discharped
from short-stay hospitals. United States. 1986,
Washington DC: US GPO, 1988, (Vital and Health

Statigtics. Series 13: Data from the National Heplth -

f%y no. 95) (DHHS publication no. (PHS) B3-

)

National Ceater for Heahth Statigics. Health.
United States, 1990. Hyattsville, MD: US GPO, -
1991, (DHHS$ publication no, (PHS) 91=1232),

. Doll R, Peto R. The canses of cancer: quantitative’
estimates of avoidabie risks of cancer in the United
States, J Natl Cancer Inst 1981;66:1191-308.

. Marshall E, Experts clash over cancer data, Scicnce
1990;250:900-2.

. Schwartz J. Multinational treads in cancer mortal-
ity ratet Methodological issues and resuhs In:
Davis DL, Hoel D, eds. Trends in cancer mortality
in industrial ¢countries. Ann N Y Acad Sci 1990;
609:136-45.

National Research Council. . The aging population

in the twenty-first century, Statistics for heakth pol -

icy. Washington DC: Natiomal Acadetny Press,

1991. '

. Kurland, LT, The frequency of intracranial and
intraspinal neoplasms in the resident population of
Rochester. Minnesota, J Neurosury 1958:15:
627-41.

18. Percy AK. Elveback LR, Okazaki H, et al. Neo-
plasme of the ccntra) nervous systerty: epidetnio-
logic considarations, Newrology 1972:22:40-8.

19. Kurland LT. Schoenberg BS. Annegers JF, et al.
The incidence of primary inttacranial aeoplamms
ip Rochester, Minncsote, 1935-1977, [n: Selikoff
1. Hammond EC. ods. Brain tumors in the chen-
ical industry. Ana N Y Acad Sci 1982:381:6=16.

CMA 113933




