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What can we learn by studying popula
tions that develop chronic diseases at
relatively low rates compared with the
general population? Are there protective
factors that minimize or delay an indi
vidual's risk of developing and dying
from heart disease, cancer, diabetes?
A number of epidemiologicalstudies
have examined relatively low rates of
diseasearound the world.1These have
been directed primarily at coronary heart
disease.2-4This approach isbeing ap
plied more extensively to cancer.5 In
studying cancer etiology, it is as impor
tant to identify populations at relatively
low risk as it is to identify populations at
relatively high risk. From those at low
risk,clues to protectivemechanisms
emerge; from those at high risk, clues to
causative mechanisms emerge. Based on
these findings, interventions may be intro
duced to challenge apparent risk factors.

Dr. Enstrom is Cancer Epidemiology Re
searcher, School of Public Health and Pro
gram Director for Cancer Control Epidemi
ology, Jonsson Comprehensive Cancer Cen
ter, University of California, Los Angeles,
California.
Reprinted by permission from the U.C.L.A.
Cancer Center Bulletin, 6:3:3-7, 1979.

I thank Devra M. Breslow, Editor/Manager
of the U.C.L.A. Cancer Center Bulletin, for
assisting me in the preparation of this article.
I gratefully acknowledge support from
American Cancer Society grants PDT-5l
and PDT-S1A.

This paper presents a brief epidemi
ological review of the cancer mortality
experience of the major low-risk popula
tions in the United States. Low-risk here
means a cancer mortality rate that is
significantly less than that experienced
by thegeneralU.S. population.Ideally,
an assessment of risk should include
cancerincidence.Unfortunatelycancer
incidencehas not been determinedfor
nearly as many subgroups of the U.S.
population as has cancer mortality. But
cancer incidence can often be approxi
mated, by knowing cancer mortality
and cancer survival rates.6 This dis
cussion of low-risk is focused on sub
populations of U.S. whites because these
have been most extensively studied and
have the most relevance to white Amer
icans. The findings are probably appli
cable to other racial groups as well. This
approach is the converse of the more
common one that examines persons at
high-risk of cancer.7 It should be noted
thatthesedataarederivedfrom observa
tions of naturally occurring populations
and not from controlled experimental
studies on humans, the latter being im
possible to conduct.

Low-risk, in addition to meaning low
risk to cancer, is extended here to include
low-risk to total mortality. In low-risk
U.S. adult populations, cancer comprises
15 to 20 percentof alldeathsand total
cardiovascular disease comprises 75 to 80
percent of all non-cancer deaths. In some
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parts of the world, such as Africa, India,
and Latin America, cancer is poorly
diagnosedand hencecancerratesappear
to be very low, for the simple reason that
the disease is under-reported. However,
the total mortality rate, which is usually
a more accurately compiled indicator in
these same countries, is substantially
higherthanthatintheU.S.,chieflydue
to high death ratesfrom infectiousdis
eases, malnutrition, and ill-defined
causes.1 Consequently the residents of
these countries avoid cancer simply by
dying young. This is clearly not the way
Americans want to avoid cancer. Aging
is by far the most important risk factor
in cancer mortality. The probability of
death from cancer increases about fifty
fold from age 35 to age 85. Consequently
all rates discussed here have been made
comparablewithrespecttoage by using
a technique known as direct age-adjust
ment to the standard 1940 United States
population.

In relatively primitive societies, such
as the small principality of Hunza in
West Pakistan, the village of Vilcabamba
in Ecuador, and the highlands of Georgia
in the Soviet Caucasus, it is often re
ported in the popular press that residents
livetoextremelyoldages,ofteninexcess
of 100 years, and experience little or no
cancer.8@9Only upon closerinspectiondo

â€œ¿�Agingis by far the most important
risk factor in cancer mortality.â€•

we findthattheseareasdo not maintain
any formalbirthordeathrecordsand do
not have doctors qualified to diagnose
cancer properly. Hence most of these
extraordinary claims have no scientific
validity.

In certain developed countries where
diseaserecordsare kept and diagnostic
capabilities are good, the cancer rate is
very low for some cancer sites but high

for others. In Japan, breast and colon
cancers are relatively rare, but the fre
quency of stomach cancer is great. Con
sequently, the total cancer rate among
Japanese is only five percent less than
among U.S. whites.'

Epidemiologic Evidence

One way to examine low-risk populations
is to first identify the largest groups in the
United States that have been studied in
the greatest detail over the past 25 years
and then examine their characteristics.
The total age-adjusted death rate, life
expectancy, and total age-adjusted cancer
ratefor each of thesepopulationsare
shown on Tables 1 and 2.

The American Cancer Society â€œ¿�can
cer prevention studyâ€• prospectively fol
lowed a cohort of 440,558 men and
562,671 women, initially 35 to 84 years
old,who were enrolledbetweenOctober,
1959 and February, 1960 by 68,116
American Cancer Society volunteer
workers.'0â€• This is the largest epidemi
ologic study of individuals ever con
ducted. The study area included 1,121
counties of all sizes and types in 25
states. The enrollees were essentially all
white,generallynot ill,and generally
above average in socioeconomic status.
Consequentlythecohortasa whole was
healthierthan the generalpopulation.
Among this cohort, there was an unusu
ally healthy subgroup of 95,849 males
and 381,369 females, initially 35 to 84
years old, who never smoked regularly.
This cohort was followed for mortality
from date of enrollment to September 30,
1963, for an average 46 months of fol
lowup. The published data have been
modified with a life table correction to
make them comparable with other data
in this paper.'2

The Dorn U.S. veterans study pros
pectively followed a cohort of 248,195
U.S. veterans who held active U.S. Gov
ernment life insurance policies in
1953.13,14 Most of the enrollees were

healthy white male veterans of World
War I; 82 percent were white-collar or
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skilled workers. Again the cohort as a
whole is healthier than U.S. white males.
Among this cohort there was an unusu
ally healthy subgroup of 54,344 men 35
to 84 years old who never smoked regu
larly. They were followed for mortal
ity from July 1, 1954 to December 31,
1962.'@ These nonsmoking men have the
lowest total cancer rate shown in Table 2.

Adventist Population

The Seventh-Day Adventist religious
group has been studied in great detail
over the past 20 years.'5-17 Seventh-Day
Adventists are a conservative evangelical
religious denomination with about
100,000 members in California and three
millionworldwide.By church proscrip
tion, they completely abstain from smok
ing and the use of alcoholic beverages.
In addition, they generally avoid the use
of coffee, tea, and cola beverages, hot
condiments and spices, and highly refined
foods. About half follow a lacto-ovo
vegetarian diet, which is free of any type
of meat, poultry, or fish, but does con
tain milk products and eggs. Virtually all
Adventists abstain from pork products
and other biblically defined â€œ¿�unclean
meats.â€• A few percent are pure vege
tarians. They make abundant use of
fruits, whole grains, vegetables, and nuts.
These dietary habits have been recom
mended by the church for over 100
years. In addition, Adventists emphasize
quality education and family life and are
deeply committed to their religion.

In 1958, investigators carefully iden
tified approximately 47,000 Adventists
living in California, who were followed
for mortality during the next eight
years.17 Causes of death were tabulated
as recorded on death certificates. As ex
pected, Adventists had extremely low
mortality ratios for cancer sites that are
related to cigarette smoking or alcohol
consumption. However, they also showed
significantlylower mortalityratesfor
other major classes of cancers, those of
the reproductive system, and leukemia.

For most ofthecancersitesunrelated
to smoking or drinking, the reduced risk

in Adventists occurs in sites that have the
most evidence of being related to dietary
practices. For both sexes, the risk of
deathfrom cancerofthecolon,stomach,
and pancreas is about 60 to 70 percent
that of the genera! U.S. population. For
females, the risk of postmenopausal
deaths from cancers of the breast, ovary,
and uterus is significantly below that of
the general U.S. population. The investi
gators feel that a plausible factor to ex
plain these findings is diet. Beef, and
other animal fat, and low fiber consump
tion have been suggested as factors in
developing cancer of the large bowel,
breast, and other sites.17 The exact role,
if any, of dietary factors on cancer induc
tion remain to be determined by ongoing
investigation.

Mormon Population

The most recent low-risk population to
be studied are Mormons.18-20 Mormons
are interesting from an epidemiological
standpoint because their â€œ¿�Wordof Wis
dom,â€•a Church doctrine since 1833, ad
vises against the use of tobacco, alcohol,
coffee, tea, and addictive drugs and rec
ommends a well-balanced diet. Further
more, the Church emphasizes a strong
family life and advocates good health

â€œ¿�TheUtah cancer rate is the lowest
among the states in the U.S.â€•

practices in general.18 The Mormon
Church, officially known as The Church
ofJesusChristofLatter-DaySaints,has
approximately2.5 millionmembers in
the United States and about four million
members worldwide. Located mainly in
the Rocky Mountain states, Mormons
constitute about 70 percent of Utah's 1.3
millionpopulation;and therearealmost
400,000 in California.19
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An indirect indication of the Mormon
cancer rates is the fact that Utah whites
have a cancer death rate about 75 percent
thatof U.S. whites.18The Utah cancer
rate is the lowest among the states in the
United States.Direct evidence comes
from an analysis of well-kept Church
death records and membership statistics
which shows that 360,000 California
Mormons during 1968 to 1975 have a
cancer mortality ratio of 66 percent for
males and 81 percent for females com
pared with U.S. whites.19

The most striking findings pertain to
the active Mormon males, known as High
Priests and Seventies, who comprise
about 20 percent of all adult Mormon
males; no equivalent classification exists
for active Mormon females.'9 High
Priests are the Church leaders, such as
bishops,clerksand patriarchs;Seventies
are adult missionaries who proselytize
and bringnew members intotheChurch.
These Mormon men are most likely to
adhere to the Word of Wisdom. How
ever, they do not necessarily represent
the optimum group of Mormons with re
spect to health habits and mortality. The
13,880 California active Mormon males
at least 35 years of age have a total can
cer death rate that is about 50 percent
that of U.S. white males. Their remaining
life expectancy at age 35 is 44.6 years
(a total life expectancy of 79.6 years),
eight years longer than that of U.S. white
males in 1970.

There are several interesting features
of thesedata.First,thesecancer rates
appeartobe substantiallylowerthanex
pected for essentially all cancer sites ex
cept prostate, lymphomas, and leukemias.
In fact, for active California Mormon
males atleast35 yearsof age,themor
tality ratio is 25 percent for the â€œ¿�smok
ing-relatedâ€•cancer sites of the entire buc
cal cavity, esophagus, lung, and bladder
and 65 percentforallremainingcancer
sites. For all California Mormon males
at least 35 years of age, the ratio is 55
percent for the â€œ¿�smoking-relatedâ€•sites
and 73 percent for all other sites. The
major mortality difference between the
active Mormon males and Mormon males

as a whole appears to be in the â€œ¿�smoking
relatedâ€•cancer sites.18'19 This is in line
with the available data that indicate ac
tive Mormons abstain completely from
tobacco and alcohol, whereas Mormon
malesasa whole smoke and drinkabout
half as much as the general popula
tion.18â€•9

Nonsmokers

Data on a representative national sample
of nonsmokers in the U.S. have been ob
tained using a census survey.'2'19'21 In
formation on deceased persons 35 to 84
years old in the United States in 1966 to
1968 comes from the National Mortality
Survey, a follow-back survey of a repre
sentative sample of 19,526 death registra
tion records,including2,532 deaths
among white males who never smoked
cigarettes and 3,358 deaths among white
femaleswho neversmoked cigarettes.By
mail questionnaire, surviving family
members and others named on the death
certificateprovidedsmoking historiesand
socioeconomic characteristics of the de
ceased person; the overall response rate
was 92 percent.21 Then through the Cur
rent Population Survey conducted by the
Bureau of the Census in August 1967,
smoking and socioeconomicinformation
comparable to that for the decedents was
obtained for a representativenational
sampleincluding25,266whitemalesand
29,308 white females 35 to 84 years old.21
This sample represents about 10 million
white males and 25 million white females
who never smoked cigarettes. The result
ing cancer rates can then be compared
with rates for U.S. whites as a whole.@

The mortality data for the above de
scribed epidemiologic studies, plus com
parable data for U.S. whites and Swedes
are summarized in Table 1 for total mor
tality and life expectancy and in Table 2
for cancer mortality. Sweden has been
included, because contemporary Swedes
have the longest life expectancy of any
country in the world. Sweden is often
cited to as a place where people enjoy
excellent health and have an excellent
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cent of cancer deaths are preventable by
applying all current knowledge, e.g.,
eliminating human exposure to known
carcinogenic factors like cigarette smok
ing, high alcohol intake, excess sunlight,
and certain occupational and industrial
exposures.24

Table 2 shows that representative
U.S. white nonsmokers (males and fe
males averaged together) have a total
cancer rate of 24 percent less than that of
allU.S.whites.Thisisingood agreement
withthepredicted26 percentreduction
above. The nonsmoking healthy Ameri
can Cancer Society, Mormon and Adven
tist cohorts of males and females com
bined, as shown in Table 2, have an aver
age total cancer rate reduction of 39 per
cent relative to U.S. whites. This is slight
ly more than the 33 percent reduction
predicted above. What else are these
groups doing, in addition to not smoking,
to diminish their risk of cancer death?

It may be possible to lower the cancer
mortality rate even below the Table 2
rates by minimizing several risk factors
simultaneously. Some indication of this
is the fact that 282 adult men and 386
adult women in Alameda County, Cali
fornia who followed seven good health
habits experienced over a nine and one
halfyear periodonly 52 percentof the
total mortality rate of a representative
sample of 6,928 Alameda County adults 25
(This 52 percent is based on only 48
deaths, with 95 percent confidence limits
from 38 percent to 69 percent.)

The actual preventability of cancer
remains to be demonstrated. There is cer
tainly an overwhelming amount of evi
dence pointing to the benefits of being a
nonsmoker.23 However, the precise effects
of smoking cessation on current smokers
are still unknown. One major study
showed that British physicians who re
duced their cigarette smoking as a whole
by more than 50 percent over a 20-year
period experienced a reduction in lUng
cancer mortality relative to the mortality
of the general British population: from a
ratio of 65 percent in 1955 to 35 percent
in 1972.26 On the other hand, a recent
randomized controlled trial of smoking

health care system. The data in the tables
have been adopted from rates published
in references 10 to 21 and are made as
comparable as possible using age-adjust
ment to the 1940 U.S. population. How
ever, several table values have been ob
tained by extrapolation from incomplete
published data and are not given in the
original references as shown here.

Conclusions

It is clear that several nonsmoking pop
ulations experience relatively low cancer
rates and low total mortality rates. The
precise reasons for the low-risk are not
clear at this time. The most plausible ex
planation is that lack of smoking per se
reduces the total cancer rate by a sub
stantial amount. Furthermore, selection
associated with being a questionnaire re
spondent apparently reduces the cancer
rate by another 20 percent in men and 10
percent in women, based on the American
Cancer Society and U.S. veteran cohort
studies. The respondents in these cohort
studies could be healthier than normal
for several reasons: they probably are
health conscious and follow several good
habits in addition to not smoking; also,
it is well known that very sick persons do
not usually respond to questionnaire sur

â€œ¿�Ifall Americans did not smoke,
the mortality reduction that would
occur has been estimated to be...

a reduction of 26 percent.â€•

veys, thereby raising the average level of
health of the respondents.

If all Americans did not smoke, the
mortality reduction that would occur has
been estimated to be 80,000 lung cancer
deaths plus 22,000 other cancer deaths
of the 1978 total of 390,000 cancer
deathsâ€”a reduction of 26 percent.23
Another estimation is that about 33 per
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cessationamong middle-agedBritishmen
surprisingly showed no difference in total
mortality rates between intervention
group and control group after eight years
of followup.27

In view of these data, it is both impor
tant to realize the benefits of not smok

â€œ¿�Somecarcinogens that have been
given a great deal of attention by the

media.. . are not likely to have an
important impact on reducing

cancer mortality.â€•

ing and to ascertain what factors, in addi
tion to lack of smoking, account for the
low cancer mortality experience among
various low-risk populations, and to dis
cover how to apply these findings to per
sons at higher risk of cancer. Some car
cinogens that have been given a great
deal of attention by the media in recent
years are not likely to have an important
impact on reducing cancer mortality.
These factors include hair dyes, food
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