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Abstract—A large variety of risks are
States. Risks considered include the following:
and in motor vehicies: unemploymenc poor s

quantified in terms of the loss of life expécnncy they cause in the United
diseases; accidents of various types at home. at work, in public,
ocial connections: use of smail cars: smoking; air pollution: other

don-cancer etfects: purposeiy ingested substances: sports participation:
geograpdy; medical care: epidemics: narurai

conservauon. A few suggestions for applicat

LEY

INTRODUCTION
IN 1979, WE published “A Catalog of Risks” (CR), a

review paper in which a large variety of risks were ex-

pressed in terms of the loss of life expectancy (LLE) they
cause (Cohen and Lee 1979). This was followed by a
similar paper on occupational risks (OcR ) (Cohen 1981).
Our purpose here is to extend and update those papers.
The various sections of this paper derive LLE for the types
of risks indicated in each section heading.

- The advantage of using LLE in quantifying risks is
that it is easily understandable in terms of every day ex-
perience. For example, 2 monality risk of 3 X 10~ is not
as easily understandable to most peopie as an LLE of 30
d: 30 d of living is something we ail experience and can
appreciate. Moreover, LLE considers the importaat fact
that a premature death of an eideriy person is less regret-
table than the death of a young person.

Life expectancy is an interesung concept in its own
right. especiaily with regard to its improvement over time.
In the advanced nations of Europe it is estimated that in
the {7th century, life expectancy was 35 y in England
(Sagan 1987) and 32 y in Bresiau ( now Wrociaw, Poland)
(Urquart and Heilmann 1984). But reliable statisticai in-
formation was not generally collected until the mid-19th
century. Life expectancy was 41.0 yin 1840, 42.5 y in
1860, 45.2 y in 1880, 47.1 y in 1890, 50.5 y in 1900, 54.3
yin 1910, 58.3 y in 1920, 61.7 yin 1930, 64.6 y in 1940,
69.8 y in 1950, 72.0 y in 1960 (United Nations 1973),
and is now about 75 y. There is less historical information
on technoiogically underdeveioped nations, An archeo-
logical study of an Indian tribe in Ohio indicates that in
950 A.D., life expectancy was about 25 y (Lovejoy et al.
1977). The average life expectancies in 1985-1990 in
various countries are listed in Table |.
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harards: socioeconomic factors: Rn and other radiation: and energy
ons of this cataiog of risks are ofiered.

METHODS FOR CALCULATING LLE

Where moruality rates or ratios are available as a
function of age, the straightforward method for calculating
LLE is by using a life table. Each age range is assigned an
index ¢ (i = {,age 0~ y;j = 2,age |4 v; ¢ =3 age 5-
9 y; etc.) and the probability of dying in that age range,
the mortality rate m(i), is obtained from Census statistics
as deaths per year per 10° peopie. We start with a cohort
of 100.000; the number dying in age range 1. n(1), is
then m(1) X 100,000, and the number remaining alive
after age range 1, R(1), is 100,000 — n(1 ). In generai,

ni) = R(i = 1) X m(i) (n
R(i) = R(i = 1) = n(i),

with R(0) = 100.000. Going back and forth between these

- {wo equations for each value of i, all n(f) can be com-

puted. The average number of years lived by those who
die in age range i, y(i), is readily estimated ( e.g., forage
range 25-29, y = 27), and the total number of years they
lived is then n(i) X y(i). The life expectancy for an in-
dividuai in this population, £, is:

S n(i ). 2
100.000“"(')xy(') (2)

" If a particular risk is removed. the m(i) are changed to

07

m'(i), and a new life expectancy, £, is calculated. Then
the LLE due to that risk is:

LLE=£"—-E. (3)

Here. the m(i) are taken from 1987 data ¢ US. Bu-
reau of the Census 1988). For the entire popuiation. £
=749 y.

In some cases. the best information available is that
all m(i) are increased by the same amount. 7, or by vthe
same factor, f, Numericai caicuiations like those described
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Table i. Life expectancy (in years) on vanous continents and
in vanous seiected nauons in 1985~1990 (World Resources
Insutute 1987).

World 6Ll

Africa SL3 Asa 61.1
Algena 62.5 Afghanisan 19.0
Congo 48.5 Bangiagesh 496
Egypt 60.6 China 69.4
Ethiopia 419 India 579
Gamiia 370 Indoneua 56.0
Ghana 54.0 Iran 9.0
Kenya §5.3 Japan ' 7.2
Libya 60.8 Korea 694
Morocco 60.8 Pakistan 52.1
Nigena $0.5 Saudi Araba 63.7
Sierra Leone 36.0 Turkey 64.1
South Afnca 55.5 Europe 74.0

North Amenca 720 France 75.2
Canada 76.3 Germany (W) 74.5
-Hait 54.7 Ialy 752

" Mexico 67.2 Poland 724
Unitea States 750 Sweden 76.8

South Amenca 65.5 . United Kingdom 74.8

- Argenuna 70.6 Yugosiavia na
Balivia 531
Brani : 64.9 USSR. 2.1
Chile 0.7 Oceana 69.1
Peru 614 Australia 75.7
Venezuela 69.7 Papua N.G. 540

¢ Calcuh:ed from data on conunents gives 63.0,

above with eqns (1), (2), and (3) for various r and f
lead to resuits that are approximately described by the
empiricai reiationships:

LLE= 11X 10°dXr (r<107%) (4)
LLE=13yxXIn f(02< f<5) (5)

with r (expressed in y~') a dimensioniess number. For
exampie. an added risk of | X 107 y~! at ail ages (r
= |0™*) gives LLE = 110 d. and a risk that muitiplies the
mortality probability atall agesby 1.5 (/= 1.5) gives LLE
= 13y XIn 1.5 =53y. If risks are age-dependent, eqns
(4) and (5) cannot be used and LLE must be caiculated
numericaily from egns (1), (2), and (3). Calculations
indicate that if the added risks are due to occupauonai
exposure and, therefore, apply oniy for ages 20-65. the
LLE are approximately haif of the values caicuiated from
eqns (4) and (?.

The LLE due to a risk can also be understood as the
average reduction of lifetime for those involved. For ex-
ampie. if 600 peopie of an age that would normally have
30 y of remaining life expectancy were 10 play Russian
Roulette ( one in six dies instantly ), 100 wouid die losing
30 y of life expectancy, and 500 wouid not lose any life
expectancy. The average LLE for the group wouid be one-
sixth of 30 v, or 5 y, from playing Russian Roulette.

For a risk that causes deaths of ¥ peopie to occur p
vears prematurely, where ¥ is a number known from ob-
servationai experience. we use the fact that there are about
2.000.000 deaths per year in the United States: hence, the
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fracuon of the popuiation affected by this nisk is N/
2.000.000. Since each victim loses p years. the LLE for

the average Amencan is the product of these t cf. the Rus-
sian Rouiette exampie):

LLE = p~N/2.000.000. (6)

If N is a number estimated from information on
heaith effects due to exposures throughout life, it is inter-
preted as referning 10 a life-table age distribution of a pop-
ulation equal to the present U.S. population. in which
there would be 3.200.000 deaths per year. With that in-
terpretation, present-day exposures are the relevant factor,
whereas if eqn (6) were used, only exposures to a much
smaller popuiation long ago would be reievant. With this
interpretation, again using the Russian Rouiette exampie,

LLE = pN/3,200.000. )

If the information is that a certain percentage, P, of
all deaths are due to a risk that costs victims p years of
life expectancy, the probability for each person to be a
victim is 0.01 P, and as in the Russian Rouiette exampie.
the LLE for the average American is the product of these:

LLE = 0.01pPr. (3)

In both eqns (6) and (7), p couid be the average number
of years by which death comes prematurely.

If information is availabie on the average age of vic-
tims, p may be interpreted as the remaining life expectancy
at that age times the fraction of the original cohort still
alive at that age. In many cases. pin eqns (6), (7), or(8)
must be estimated: in such cases. the uncertainty in LLE
is just proportional to the uncenainty in p.

If the data available give the loss of life expectancy
(LLEY for victims, as in the Russian Roulette exampie,

we need only muitiply by the fraction of the whole pop-
ulation that become victims. £, 10 obtain

LLE = FX (LLEY. (9)

Uncertainties in LLE are normaily determined by
the uncertainties in the basic data from which they are
calculated. Where these are from nationai statistics, errors

are normaily negiigible. but where they are from estimates.
e1Tors can be a factor of two or more.

DATA FROM DEATH CERTIFICATES

Death certificates give the cause of death as judged
by the attending physician. They are the best source of
data on deaths from various diseases. but they give little
information on risks imposed by human activities or by
other readily recognized risk factors. Some LLE from this
source (U.S. Bureau of the Census 1990) are listed in
Table 2.

Table 2 also lists the ratios of age-adjusted mortality
rates from various diseases for maie:femaie ( M:F) and for

blacks:whites ( B:W). It is evident that there are sizeabie
gender and racial differences in manv rases.




S

Catalog ot nsks extended and upaated ® B. L. COHEN 119

Table 2. LLE from vanous causes of death 1n the U.S. calculated thatin the 1930s. Progress is conunuing on all fronts. The
from the U.S. Bureau of the Census (1990) by use of egns (1), number of deaths per 100.000 popuiation deciinea be-
(2), and (3). M:F = maie:femaie; B:W = black:wiite. tween (978 and 1988 from 47.5 to 39.1 (18%) for ail

reduction in mortatity rates. Motor vehicie safety has aiso
improved, with the morality rate now oniy two-thirds of

Disease LLE (d) M:F B:W
Table 3. Deaths per year and LLE due to vanous types
Tubercuiosis 41 2.0 42 of accidents for average ciuzens of U.S. For work-
Viral hﬂm 3'247 "3 . u; , (I).gs related accidents. LLE are for those exposed 2000 h
Cancer types - Ay L . - fro 18-65 (cai 1989).
-Lip.onal. pharynz 22 214 1.29 Y Dmass {calculated from NSC
-Digesuve organs 269 1.16 0.96 1988 LLE
<Resprratory 343 2.2§ 085 Accident type deaths (d)
-Breast 109 0.006 0.78
<Genitai organs 13 1.26 117 All actidents 96.000 66
<Urinary organs 114 1.86 0.61 -Motor vehicle 49,000 207
-Leukema 46 1.29 0.65 -Home 22.500 74
Diabetes 82(2.7 mo) 0.74 1.45 -Work 10.600 60
Nutrition deficiency .50 0.64 1.08 -Public 18,000 60
Cardiovascuiar 2043(56y) 1.02 0.82 -Falis 12.000 28
-Hear disease 1,607 (44 y) 1.10 0.80 -Poison (solid. liquid) 5.300 20
Cerebrovascuiar 250 (8 mo» 0.69 0.96 -Drowning 5,000 29
-Atheroscicrons 24 0.64 0.58 -Fire. bumns 5.000 20
Preumonia 103 (3.3 moy 1.03 0.76 -Suffocauon 3.600 28
Influenza 2.3 0.67 0.22 -Fircarms 1,400 6.5
Chronxc puimonary 164 (5.4 mo) 1.68% 0.48 -Poison (gas) 1,000 40
-Bronchins 73 1.29 0.3 -Electne current 850 43
-Emphysems 32 1.95 0.36 -Expionives 250 L6
-Asthma 1.3 0.68 1.87 -Knives. razors 120 0.7
Ulcer 11.8 0.96 0.71 -Machinery 1.250 6.5
" Appendicitis 12 1.00 2.00 -Falling obects 900 6.0
Liver diseases 81 (2.7 mo) 1.88 1.20 -Venom
Galibladder 4.7 0.8 0.62 plant and animai 60 04
Nephnus 41 (1.3 mo) 1.06 1.61 Injury by ammais 9s 0.6
Accidents 365 .33 1.09 Motor vehicie 49.000 207
-Motor vehicie 205 261 0.39 <Collisions 21.200 8
-All other 158 208 1.30 -Non-Collisioa 13.900 (1}
Suicide 115 3.30 0.47 +Pedestnans 8.800 36
Homicide 93 Je s.70 -Fixed objects 3.300 14
<Pedalcycie 1,100 8.7
-Railroad 600 2.5
.. . . . . H 22.500 74
In addition to diseases. Table 2 lists accidents, sui- ?';:n, 6.500 13
cides. and homicides. For each, the M:F ratio is greater -Poison (solid. liguid) 4,300 16
than 2. and for homicide the B:W rauo is very large. In -Poison (gas) 600 |§'6
the following section. more details on accidents will be g“; burns ;.;g ol
given. Of the 30,900 suicides in the U.S. in 1986, 59% Drowmng. 300 42
were with firearms, [ 5% were by hanging or stranguiation, -Firearms 800 38
_10% were by ingesting iiquid or solid poisons. 10% were -All other 23500 19
by inhaling poisonous gases (82% of these were by motor Public ‘2’?83 62 3
vehicle exhausts), 1.4% were with knives or razors, and :FD“" g 2.900 140
2.2% were from jumping from high places (NSC 1989). -Fire. bums 600 21
Of the 21,500 homicides, 61% were with firearms., 20% -Firearms 300 22
were with knives and razors. and 5% were by strangulation. -Air transport :gg i;
Between suicides and homicides, firearms caused 31,000 :’;m‘m“ 00 3
geaths and an LLE of 130 d. 5 “Other transpon 200 09
-All other 1,700 228
ACCIDENTS Work (occupauon) 10.600 60
_ . Al (114 X (0% 10.600 60
The most obvious and best understood risks are from -Agricuiture 1,500 320
accidents. Fortunately, these risks have been dectining -Mine. quarry ngg "
stead@lyt (NSC 1989). In 1906. when the popuiation was ﬁi"“’;’“":‘n 1100 s
86 mﬂhon.‘thcrc were 80.000 peopie killed in non-motor :Tn';:;“n:m:. utility 1.400 160
vehicle acaidents, whereas in 1988 when the population -Trade 1.100 27
was 246 miilion. only 47,000 died in accidents not in- -Services 1.500 a
volving motor vehicies. This represents a nearly fivefold Government 1.600 60

* This column represents nsk to workers 1 that occu-

pauon.
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accidents. 23.6 10 19.9 ( 16% ) for motor vehicie accidents.
3.9 10 4.3 (27%) for occupauonai accidents. 10.3t09.2
(11%) for accidents 1n the home. 6.2 to 4.9 (21%) for
falls. 3.2 t0 2.0 (38%) for drowning, 2.8 t0 2.0 (29%) for
fire. and from 0.8 t0 0.6 (25% ) for accidents with firearms.
Only for poison has the risk increased. from (4 to
2.1 (50%).

The number of deaths in the United States in 1988
and the LLE for the average Amenican due 10 different
types of accidents are listed in Table 3 (NSC 1989). We
see from Table 3 that over haif of all accident deaths are
Caused by motor vehicles, 12.5% are caused by falls, and
no other cause contributes over 3.5%. Neariy haif of non-
motor vehicie accidents occur in the home. 38% occur in
public. and less than 15% occur at work. The accident
deaths per 100 million hours of exposure are seven av-
eraged over a lifetime. five while at work. three at home,
four 1n public ( discounting motor vehicie acadents), and
59 in motor vehicles,

About half of all motor vehicle accident deaths are
alcohol-related (NSC 1989), and more than half of al-
cohol-related fatal accidents do not invoive another ve-
hicle. In aicohol-related accidents, two-thirds of the vic-
ums were under the influence of alcohol and one-third
were not. Drivers in fatal accidents are 77% maie and 23%
female. The male driver fatal accident rate per billion
miles of driving is 45 vs. 17 for femaies. Approximatety
18% of those killed are pedestrians.

In 1985-1987, deaths per 1.6 X 10° km (billion pas-
senger miles) were 9.8 in automobiles (down from 12.8
in 1978-1980), 0.3 in buses. 0.6 in raiiroad passenger
trains. and 0.5 in scheduled airiines. Motor vehicle death
rates per 1.6 X 10° vehicie km (billion vehicle miles) are
24.6 overall. 16.6 during the day and 41.5 at night, 14.7
in urban areas and 39.! in rurai areas and 15 on rurai
interstate highwayvs. When the rurai interstate speed limit
was increased from 89 to 105 km h~' in 1987 (5510 65
miles per hour), the above death rates increased from 14
to 16 in the 38 states that impiemented the increase, Since
8% of motor vehicle deaths occur on rural interstates,
they cause an LLE of (0.08 x 207 =) 17 d: hence, the
increased speed limit gave the average Amencan an LLE
of 2 d.

A U.S. Depantment of Transportation study found
that states with seat-belt laws experience 7% fewer fatalities
than wouid be expected without these laws (Partyka
1988). A seat beit law thus increases life expectancy by
(0.07 X207 =) 14d. A study in North Carolina ( Reinfurt
et al. 1988) showed that enforcement of a seat beit law
increased usage from 25 to 60% and reduced fatalities by
11.6%. This impiies that using a seat beit reduces risk by
(11.6% +(0.60 —0.25) =} 33%. and. thererore. adds (0.33
X 207 =) 69 d to one’s life expectancy. The reduction in
injuries was even larger.

The largest contnibutor to LLE from accidents in the
home 1s fires. Cigarettes caused 29% of fires in homes.
[3% were caused by heaung equipment. and 12% by elec-
trical problems. A close association between fire nsk and
poverty has been demonstrated ( Fahy and Norton 1989},
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For exampie. the annual fire mortality rate per 100.000
s 1.7 nauonaily, 4.6 for ciues with 25% of their popuiauon
oclow the poverty level. and 0.64 for those with 10% below
the poventy level. Arson s the leading cause 1n urban pov-
erty areas.

Twenty percent of U.S. homes without smoke de-
tectors expenenced 60% of the deaths caused by fires ( Hall
1989), which implies that the risk with a detector is oniy
one-sixth of the risk without a detector and one-haif of
the average risk. Having a smoke detector, therefore. 1n-
creases life expectancy by (4 X 17 =)9 4.

Falls cause the largest number of accidental deaths
in the home. but almost 70% of the deaths are among
people over 75 y old. which greatly reduces the LLE. This
is a factor in severali of the accident types, with 37% of all
accident deaths in the home being among peopie over
age 75.

Accident deaths in public places are also heawiiv in-
fluenced by the 30% of these among people over 75 y old.
including 66% of the deaths from falls. Public accidents
also include accidents in public transportanon that. as we
have seen. are much safer than private motor vehicie
transport. However, the number of fatal accidents per 1.6
X 10° aircraft km (million aircraft miles) is much larger
when major airlines are not used: 0.24 for major airiines,
3.2 for commuter airiines, 10.1 for air taxis, and 15.8 for
general aviauon.

A person who flies 400.000 km (250,000 miies) per
year (round trip coast-to-coast each week) for 40 y hasa
0.5% risk of being killed if he uses scheduled airfines (0.5
per billion passenger miles X 10 million miles). giving
him an LLE of (0.5% X 35 y =) 64 d. [We assume that
the average victim loses 35 y of life expectancy and use
eqn (9).] If he uses smail planes. his risk wouid be ap-
proximately 40 times higher. giving a substanuai LLE of
about 7 y. The average Amencan traveis about 1600 km
(1000 miles) per year on scheduled airlines. giving him
an LLE of (64/250 x 70/40 =) 0.4 d.

Another interesung breakdown of accidents is by ge-
ography. The LLE vanes from 740 d in Alaska and 650
d in New Mexico to 250 d in New York. There are 12
states where it is more than 470 d (OR. MT. ID. WY.
NV, AZ NM. TN. MS. AL. SC. AK) and 12 states where
it is below 355 d (NH. VT. MA. CT, RIL. NY. NJ. OH.
ML MN, UT, HI). The U.S. annual morality rate from
accidents per 100.000 popuiation is 39.5 compared with
23 in England and Japan: 30-35 in Costa Rica. Germany,
Sweden. and Austraiia: 45-50 in Belpum, New Zeaiand.
Poland. and Norway: 30-60 in Switzeriand. Austnia. and
Czechoslovakia: 62 in France: and 73 in Hungary and
Cuba. The difference between France and England is
cnough to cause more than a |-y difference in life expec-
tancy. If the accident monality rate in the U.S. were re-

duced to that of Engiand. our life expectancy wouid be
extended by about 160 d.

OCCUPATIONAL RISKS
In OcR. it was conciuded that various tvpes of oc-
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related accidents—give the average Amencan worker an
LLE of about 500 d. The new informaton deais oniv with
accidents. which represent just about 15% of the total.
There are three widely quoted sources of informauon
on occupauonai accident deaths ( most recently reported
number tn parentheses ): Nationaj Safety Council—NSC
(10,600 in 1988), Bureau of Labor Staustics—BLS ( 3400
in 1987), and Nationai Insutute for Occupauonai Safety
- and Heaith—NIOSH (6400 in 1985) (NSC 1989). Since
the latter two are {imited by their specific methodologies
whereas the Nationai Safety Councit attemnpts 1o obtain
atrue esumate, we used the NSC figures. Their breakdown

by industries is inciuded in Tabie 3, updating a similar
table in CR.

UNEMPLOYMENT

By far the most dangerous occupation is no occu-
pation—being unempioved. While there 1s extensive lig-
erature on this. including a compiiaton of review arucles
(Brenner and Mooney 1983). the most forthright estimate
is given by Ray Marshall, former Secretary of Labor. * for
a 1% increase in U.S. unempioyment for | y: 37.000
deaths including 20,200 cardiovascular failures, 500 al-
cohol-related cirrhoses of the liver, 900 suicides, and 650
homicides. In addition to these deaths, there were 4,200
admissions to mental hospitals and 3,300 admissions to
prisons. If all of these deaths were expenienced by the
uncmpioyed person, he would have a 4% chance of death,
which gives him an LLE of about 1.4 y or 500 d. This is
‘roughly one-fifth of the risk of smoking a pack of Cigarettes
per day throughout adult life, or about equal to the risk
of smoking 10 packs per day while unemployed.

Actually, all of this harm is not inflicted on the un-
employed worker. [t includes effects on his family and
friends. and even on those who remain employed but ex-
penence stress from fear of unempioyment.

OVERWEIGHT

The data on risks of overweight in CR were derived
from insurance company data. but insured peopie are not
necessarily representative of the generai public. A more
recent study was carried out by the American Cancer So-
ciety (Lew and Garfinket 1979) invoiving 750.000 men
and women from the general popuiation. The resuits are
-aummarized in Table 4 in terms of monality ratios for.
males and females. The average of these is converted to
LLE using eqn (5). and the last column gives LLE /per-
cent overweight. We see that up to about 30% overweight,
this is roughly constant at about 52 d LLE for each percent
overweight. If the average weight for a person’s height and
build is 68 kg (150 Ib), each extra 0.68 kg (1.5 Ib) gives

. Mm R. Heaith ana unemplioyment. Paper presented at the
Amencan Public Heaith Assoclauon Meeung, Dallas. TX: Novemoer
1983. Copies avaiiable from autnor at U niversity of Texas. Ausun. TX.
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Table 4. Mortaltity rauo and LLE vs. percent overweght (Lew
and Garfinke} 1979).

Monaiitv ranos

Percent LLE LLE pe:
overweght Male Femaie Average (d) percent
-5 1.05 0.96 1.00 0 -
0 1.00 1.00 1.00 0 -
+15 .15 1.17 1.16 m §2
+25 1.27 1.29 1.28 Jo3 52
+35 1.46 1.46 1.46 964 56
+4$ 1.87 1.89 1.88 3276 73

an LLE of 52 d. or 34 d LLE per0.45 kg ( | Ib.) overweight
This may be compared with 30 d/0.45 kg (1 1b) derivec
in CR. More details on this problem are given in Tabl
3, which lists the mortality ratios from various disease
VvS. percent overweight.

SOCIAL CONNECTIONS

One of the largest risks in CR was the risk of re
maining unmarnied, whether single, widowed. or divorcec
The LLE is many years, larger for men than for womer
and larger for blacks than for whites. Ia view of tpe man
doubts. questions, and comments received on this partic
ular risk, we give more details here.

The ratios of monaiity rates due to various disease
for unmarried to married men and women ( NCHS 197C
are listed in Tabie 6. Weseethauheriskofbeingqx
married includes a very wide variety of disass—c_axdu
vascular diseases, strokes, many types of cancer, accident
suicides and homicides, and many others.

There have been many studies of heaith cons
quences of becoming widowed ( NAS 1984). Apparenti'
the nisk of death reaches a peak in the second vear, ac
then declines 1o insignificance after about 6 y. Remarmas
removes the risk. There 1s a marked increase 1n use ¢
alcohol. tobacco. and drugs following bereavement. U:
married men are at increased risk following the death «
their mothers.

Social connections have important effects on life ¢.
pectancy (Sagan 1987) in other circumstances. Losit
both parents during childhood increases the risk of lat:
suicide by 700% (Chen and Cobb 1960), which corr
sponds to an LLE = 2.2 y. Losing one parent (by dea-
or divorce ) during childhood doubles the risk of later st
cide. causing LLE = 115 d according to Table 2, ar
increases the risk of dving in an accident by 50%. causi:
LLE = 180 d. It also increases the incidence of sever
diseases, including tuberculosis and various psychiau
problems.

Peopie with the most social connections have e
than haif the mortality rates at most ages of those wi
the least sociai connections ( Berkman and Syme 1979
corresponding to a difference in life expectancy of abo:
9 y according to eqn (5). We might say that very po
social connecuons give an LLE of 4.5 y, while very goc
social connections give an LLE = =4 5 y,
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Table 5. Monality ranos for vanous diseases vs. percent
overwerght (Lew and Garrinkel 1979),

Qverwereht
Cause of death’ 15% 5% 35%
All causes .16 1.28 1.46
Hean diseases 1.23 1.35 1.50
Cancer 1.06 1.14 1.18
Diabetes 1.18 295 3.65
Digesuve disorder 1.58 1.74 2.54
Cerebrai vascuiar 1.12 117 1.47
SMALL CARS

It has long been known and widely advertised that
the number of fatalities per year of driving 1s considerably
higher for small cars than for large cars. However, this
does not necessarily mean that dnving a smail car is less
safe than driving a large car. For exampie. it is weil known
that younger drivers tend to use smalier cars. and perhaps
younger drivers are less careful. The distance driven per
year. the rauo of highway to city driving, the average speed.
the rauo of night to day driving, the rano of maie to femaie
drivers, the probability for the driver 10 be intoxicated,
percent of use on weekend. and the amount of use in
hazardous weather are al| things that might correlate with
car size and hence cause a reiationship between car size
and fatality rate.

However, there is a tremendous amount of data on
motor vehicle accidents from the US, Department of
Transportation’s Fatal Accident Reporting System
(FARS) and from various state agencies. By ulizing these
in an analysis in which the above-listed factors cancel out
in the ratio of collisions of an automobiie with a pedes-
trian. a motorcycie, and another automobile, Evans
(1984a.b) finds that a given driver with cquivalent con-

Table 6. Ratios of mortality rates for various diseases for unmarmied
pectancy in days for the total poputation

LLE are the loss of life ex
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ditions is 1.9 times as .
as in an 1800-kg car.

driver's age. Evans an.

ely to be killed in a 900-kg car
ds resuit is independent of the
“asielewski ( 1987) studied col-
lisions between cars 0 uai mass. For fatalities and for
serious injurics. and f.  .oth head-on and all collisions.
they found a consisten: . 1ationship that the risk increases
with decreasing vehich  ass. doubling as the latter 1s re-
duced from 1800 kgt O kg.

. In view of these s. .. .ies, it seems reasonabie 10 con-
clude that the risk of using a smalil car is double that of
using a large car. Roughly, we may take them to be 1.4
and 0.7 times the avernes isted in Table 3, respecuvely.
The LLE is about (1.4 < 207 =) 290 d with smail cars
and (0.7 X 207 =) 145 d with large cars. Within the un-
ceranty of these estimates, it is reasonable to esumate
that using small cars throughout life reduces life expec-

tancy by 70 d, and using iarge cars increases life expectancy
by 70 d.

PASSIVE SMOKING

One of the largest risks in our society is cigarette
smoking, which was treated in some detail in CR_ In recent
years, attention has shifted to exposure of non-smokers
to tobacco smoke, often referred to as *passive smoking”
or “involuntary smoking.” The prncipal method of
studying this is by investigating the incidence of lung can-
cer, which is highly specific as an effect of tobacco smoke.
among non-smoking spouses of reguiar smokers. A recent
review (Surgeon General 1986 ) includes 10 studies of this
type and gives the relative risks for non-smoking spouses
of smokers vs. non-smokers. o

None of the 10 studies, by itself. gives convincing
evidence that passive smoking is harmful; in fact. two of
them give a negative resuit (reiative risk < 1.0) impiying
that passive smoking is beneficial. However. these two
have comparatively low power. whereas some of the other

10 married white men n1d women. 1959-1961 (NCHS 1910].
due 10 that cause and - : used to caicuiate the effect of being

unmarried. as explained in the text.
Men Women
Cause of death LLE (d) Single Widowed Divorced LLE (d) Singie Widowed Divorced
All causes - a - 1.48 1.54 223 — 1.30 1.45 1.44
Tubercuiosis - 3.82 2.17 6.67 — .37 1.43 2.45
Cancer-digesuve 230 1.28 1.26 1.55 260 1.1§ 1.23 .16
-Respiratory 350 1.16 1.26 213 200 1.04 1.18 1.53
-Breast - - - - 180 1.46 L1 1.14
<Genitai organs 100 0.95 1.23 .37 100 1.14 1.18 1.65
Leukerma s 1.19 1.08 1.21 s 1.06 1.10 1.07
Diabetes 70 1.46 1.41 1.92 120 0.66 L1 0.90
Stroke 390 1.37 1.50 1.81 630 1.28 1.47 1.35
Heart-artery disease 2.300 1.32 1.46 .77 1.970 1.26 1.48 1.30
Cirrhosis of liver 130 2.57 2.42 6.22 85 0.84 1.31 2.64
Motor vehicie accidents 360 1.51 w27 420 , 150 1.03 1.10 2.28
All other acaidents 310 1.51 2.27 4.20 150 1.72 1.84 137
Suicide 131 1.53 2.39 4.08 62 1.16 1.66 .19
Homiade 136 1.03 2.69 1.22 43 0.51 1.28 4.51

porsy
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eight have rather high power. When the data from all
studies are combined. a reasonaoly ciear picture emerges
with a reiauve nsk of about 1.5 or more.

There 1s enidence that this nsk estumate may be too
high. A relauve nsk of 1.5 corresponds to the nsk of
smoking about three cigarettes per day, but the exposure
10 tobacco smoke from passive smoking 1s only equivalent
to smoking 0.5-1.0 cigarette per day. AMong those ex-
posed to passive smoking, leveis of conunine. often taken
as a biological marker for effects of tobacco smoke. cor-
respond to what 1s expected from smoking about 0.25
cigarettes per day.

However, there is evidence that the risk may be
higher. A relative risk of 1.5 for lung cancer in a non-
smoker gives an LLE of 50 d. For regular smokers. the
increased risk of lung cancer represents only 13% of the
total excess risk from all causes due 10 smoking. (The
principal excess risk is from cardiovascular diseases.) One
could perhaps justify dividing the above 50 d by 0.13,
giving a total LLE = 380 d. or about | y. Several studies
of effects of passive smoking on incidence of cirdiovas-
cular disease have been reported and direct evidence has
been reported for damage 10 the cardiovascular systems
of non-smokers by association with smokers (Fackelmann
1990), but quanutative esumates are difficult to make at
present. When all things are considered, the LLE = 50 d
may be a reasonable first esumate.

In CR, the LLE from cigarette smoking was given
as 6.8 y from one to two packs per day and 8.6 y from
over two packs per day for males. and 3.5 y from one to
two packs per day for females. The latest resuits (Lew
and Garfinkel 1987) from one or more packs per day are
6.6 y for males and 3.9 y for females. For people in good

healith at age 35, the LLE are 7.1 y for males and 4.2 y
for females.

AIR POLLUTION

Dozens of studies of the excess monality due to air
pollution have been reported. They generally deal with
““cross sectionai” studies in which correlations are reported
between air pollution and monality in a number of cities,
or “time series” studies in which the time variation of air
pollution and mortality rates in a particular city are cor-
related. Over a period of several years. there has been a
concerted effort by a group from the Harvard University
Energy and Environmental Policy Center to evaluate and
anadyze the data from ail of these studies. Their “findings
are consistent with, and seem to support. the suggestuon
that the monality effects of urban air pollution can be 6%
or more of the total deaths” (Ozkaynak and Spengier
1985). From private discussions with the authors. we dis-
cern that their best esumates are now in the range of 2-
5%: a reasonable estimate wouid be 3%. If the U.S. pop-
ulation were in age equilibrium, there would be 3.2 miilion
deaths per year: hence air poilution causes about 100.000
deaths per year. Since the average victim probably loses
about 7 y of life expectancy, from egn (9) LLE = (0.03
X 7=)0.21 yor 77 d. Since coal-burning power plants

323

are responsible for about 30% of all air poiluton. th:}'
probably cause approximately 30.000 deaths per vear. This
is considerably higher than the esumate of 10.000 deaths

per vear used in CR. [t wouid raise the LLE t0 23 d for
the average Amencan.

OTHER ENVIRONMENTAL POLLUTANTS:
CANCER RISKS

An EPA study (EPA 1987) utilized numerous sci-
entists with vast expenience in assessing risks in their var-
ious fields of specialization to rank various categonies of
environmental problems according to the relative impor-
tance of the risks they present. These rankings consider
the numbers of peopie exposed and the degree to which
they are exposed. Risk estimates are based on the few
agents on which adequate informaton is avaiable. but
the rankings include esumated effects of other agents that
have vet to be idenufied or to have their heaith 1mpact
quanufied. Clearly this exercise invoived a great deal of
subjective considerauon. and the resuits can hardly be
regarded as scienufic conclusions. However. for many
purposes. they are the resuits being sought. and since there
is not enough scientific informauon available for deriving
them. this is probably the best available approach.

EPA estimates are given in terms of deaths per year.
Since these deal with exposures accumuiated throughout
life. we assume that these numbers refer 10 a life-table age
distribution for the present U.S. population. The LLE are
then caiculated from eqn (7).

The EPA study treats cancer risks and non-cancer
risks separately. We describe their respective resuits in the
present and following sections. For cancer. we assume
that each victim loses an average of 18 y of life expectancy:
Le.p= 18 yinegn(7).

Cancer nisks due to inhalaton or ingestuon of vanous
chemicals. as judged by the EPA's panei of expers. are
listed in the EPA study (1987) and were used in their
evaluauons. They ranked various problem areas in order
of their importance to the heaith of the population. Their

rankings were as follows (number of deaths per vear 1n
parentheses):

I(tie). Indoor Rn (14.000)—LLE = 30d (see sep-
arate section below).

1(tie). Worker exposure to chemicals (14.000)—
LLE = 30 d because it is tied with Rn. Effects are esumated
from formaidehyde ( 100), methviene chioride (90), as-
bestos (50), and tetrachloroethyiene { 10), plus the fact
that there are 20.000 other chemicals that may give com-
parable nisks ( deaths per year in parentheses).

3. Pesucide residues on food (6.000)—LLE = 12 d.
This resuit is derived from evidence on seven substances
plus an estimate that there are about 200 other chemicais
with comparable risks.

4(tie). Indoor air poilution (3500-6500)—LLE
= 10 d. The EPA summary gives 3500 to 6500 deaths
per vear. but the discussion gives 5.000 v ' from tobacco
smoke (in home and outside home contributing equaily)
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plus 1240 from six organic poilutants (benzene. paradi-
chlorobenzene, chiorotorm. carbon tetrachionde. tetra-
chloroethviene, trichloroethyviene ) plus a few hundred
from misceilaneous organic chemicals including formai-
dehvde from insuiation. chlordane used to controf ter-
mites. carcinogens produced by moids and fungs, asbes-
10s, elc.

4(tie). Consumer product use (5000)—LLE = 10
d. The esumated deaths per vear (in parentheses) from
the analysis are: formaidehyde ( 50), methylene chioride
(30), para-dichlorobenzene ( 30), and asbestos (5); there
are 10,000 other chemicals that may contnibute,

6. Carcinogens in air poilution (2000)—LLE ~ 4
d. The principai contributors and the deaths per year (in
parentheses) are: products of incompiete combustion
(610) (e.g., benzo-a-pyrene), formaidehvde (435). waste
treatment facility emissions ( 240), 1,3-butadiene (223),
benzene (90), asbestos (82), gasoline vapors ( 77). chro-
mium (75), carbon tetrachionde (69), ethylene oxide
(58), and methyi chloride ( 35 ). i

7. Strawospheric 0zone depieton. It is esumated that
this will cause 10,000 deaths per year (LLE of 22 d) by
the year 2100 due 10 increased ultraviolet radiation.

8. Inactive hazardous waste sites (1000+)—LLE
= 2.5 d as a national average. This includes the 35 “super-
fund” sites: 17.5 deaths per year, LLE =4 d 1o the 30.000
people exposed. For the nationwide problem. 59% are
due to vinyl chloride, 25% are due 1o trichloroethylene,
and 14% are due to arsenic.

9. Drinking water contaminants (400-1000)—LLE
= |.3 d as a national average. Over haif of the problem

is due to trihalomethanes from chlorination, and over

20% is due to Rn. Less than 10% of the deaths (numbers

per year in parentheses ) are due 1o heprachior (42), vinyl
chlonde (40), Ra (30), carbon tetrachlonde (12), and
cthylene dibromide (8),

10, 11. Not appiicable.

12. Consumer use of pesticides (150)—LLE = 8§ h,

13. Active hazardous waste sites (<I00)—LLE <5
h. The only quantitative estimates are landfills and im-
poundments (35), incinerators (5), waste oil (2), and
burning in furnaces (0.3).

14. Non-hazardous industraj
through ground water (60)—LLE
tnibutors are arsenic, chioroform.,
roethane from the steel, paper. and organic chemical in-
dustries. J}lc EPA panel did not give a risk estimate, but
our esumate is deduced from the ranking.

15. New toxic chemicais (60)—LLE = 3 h, deduced
from the ranking.

16. Municipai landfills and incinerators (40)—1LE
=2h.
17. Contaminated sludge (40)—LLE = 2 . This is
due 10 using this siudge as terulizer. disposing of it in
landfills. incineraung 1t, or dumping it in oceans and con-
taminaung seafood.
18. Mining, smeiting, and refining waste refeased
through ground water (10-20)—LLE = 45 min.

waste sites with release
= 3 h. Principai con-
benzene, and tetrachio-
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19. Releases from gasoline storage tanks into ground
water (<|)—LLE = 3 min.
20. 21. Miscellaneous releases into ground water

(<1)—LLE = 3 min. The oniy quanutative esumate was
of methylene chlonde from septic systems.

The EPA panel considered severai other poilution
sources but concluded that none was as imporant.

OTHER ENVIRONMENTAL POLLUTANTS:
NON-CANCER HEALTH RISKS

Another EPA panel considered non-cancer health
risks. These are much more difficult to estimate quanu-
tatively; therefore. few quantitative estimates are given.
The basic conclusions are expressed by charamenz:;ag the
risks of each class of poilutant as *high,” *“medium."”
“low,” and *“‘unranked.” “Unranked” implies that they
are negligible. It is stated that the difference in nsk mag-
nitude between successive categones (e.g., high and me-
dium nisk) is at least two orders of magnitude but that
there 1s no significance 10 the order of listing within the
category. _

The high risk category includes air pollution com-
ponents on which EPA maintains standards: Pb. CO. SO,,
paruculates, acid aerosols, NO,, and ozone. We have pre-
viously ascribed 100,000 deaths per year to these from
the conclusions of the Harvard Study, but less elaborate
studies have derived estimates of about 10.000 deaths per
year. It was probably a number of this order that paruc-
ipants in the EPA study had in mind when they concluded
that there are no large differences within the category.
This implies about 10,000 deaths per year due to each of
the other classes in the high risk category. _

The medium risk category includes a few risks that
are quanufied: Rn, radiation other than Rn. and ultra-
violet radiation due to ozone depletion. The first two are
included as non-cancer risks because of their genetc and
teratological effects. which can be quanufied. They each
are estimated to cause about 200 serious cases per vear
that might be interpreted as equivalent to about 100 deaths
per year. The uitraviolet radiation is estimated 10 cause
about 20.000 cataracts per year. which again might be
interpreted as crudely equivalent to 100 deaths per year.
(Cataracts are located in one eye and are aimost always
effecuvely removed by surgery.)

From these three ciasses that are classified as ““me-
dium” risk. we conclude that “medium” risk corresponds
to roughly 100 deaths per vear. Since the high risk category
is stated to be more than two orders of magnitude more
serious. we conclude that each element of the high nisk
catcgory causes more than 10.000 deaths_ per year in the
U.S. This is in agreement with our previous conciusion
from the fact that air pollution due to major poilutants
isinciuded as a non-exceptional member ofthat category.
We crudely estimate that an average vicum dies |5 v pre-
maturely. Using this in eqn ( 7) gives. roughly, LLE =20
d. This LLE then appiies crudely to each class in the hign
risk category. These are:
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I. Hazardous air poilutants other than those regu-
lated by EPA. Substances inciuded 1n the anaivses were
benzene. carbon tetrachionde. chionne. chromium.
formaidehyde. and hydrogen suifide. but these are thought
to represent less than 3% of the substances in this class.

2. Indoor air poilutants other than Rn. Although six
substances were considered. this class 1s dominated by
environmental tobacco smoke.

3. Matenais in drinking water. Those included were
lead, pathogens. legioneila. nitrates. and chiorine disin-
fectants, and these are esumated 10 cause 30-100% of the
risk.

4. Pesucide residues on food. The estimates were
based only on aldicarb, diazinon. and EPN. but these are
believed 1o represent less than 3% of the problem.

5. Consumer product exposure. Substances consid-
ered were methylene chionde ( believed to be most im-
portant), 2-ethoxyethanol. and formaidehyde. but these
are esumated to cause only 3-10% of the risk from this
class.

6. Worker exposure to0 chemicais. Substances in-
cluded are those in consumer product exposure ( point
no. 3) plus perchloroethylene. but these are believed to
represent less than 3% of the total effect.

Other classes in the high risk category apply to workers
in specific industries. chemical workers. and pesucide ap-
plicators.

The medium risk category gives risks about 100 times
smaller, corresponding to an LLE of about 0.2 d. In ad-
dition to the radiation and ultraviolet classes mentioned
previously, these include the following: releases from
Sewage reatment systems: non-point sources of discharges
to surface water ( e.g., rainwater washing out fertilizer and
pesticides. and air poilutants settling into water ): munic-
ipal landfills. incinerators. impoundments. etc.: and in-
dustnai counterparts of these misceilaneous pesucide
contaminauon,

The low risk category gives risks a hundred times
smaller than these. corresponding to an LLE of a few
minutes. These include industriai discharges into surface
water. sludge from sewage treatment plants. hazardous
waste sites (active or inactive), mining wastes. reieases
from petroleum storage tanks. and farm storage facilities.

PURPOSELY INGESTED SUBSTANCES

o Crouch and Wilson (1982) have developed risk es- -

timates for carcinogens occurring naturaily in foods. We
express them here as LLF:

* broiled meat (organics by pyroliysis )—0.13 kgd™'
(2lbwk™")LLE = 3

® peanut butter (aflotoxin)—i tbsp. (14g)d ' LLE
=1d

* milk (aflotoxin)—0.45 L d~' (1 pint d~') LLE
=09d

* chlonnated water (chloriform). Miami FL LLE
=0.5d
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[n CR. it was esumated that alcohoi abuse causes
36.000 deaths per year 1n the United States que 1o direct
effects (cirrhosis of the liver. aicoholic psychosis). acc-
dents. suicides. and homicides. A more recent esumate
(Ravenhoit 1984) raises this to 100.000. If we assume
that each vicum loses about 20 y of life expectancy, ap-
plying eqn (6) gives an LLE = | y for the average Amer-
ican. Abuse of other addictive substances. esumated in
CR to cause 6.000 deaths per year, has been more recently
esumated (Ravenhoit 1984) to cause 35.000. corre-
sponding to an LLE = {25 d averaged over the population.

Of course, risks are much higher to those 1nvolved
in substance abuse. For exampie, insurance studies have
shown that “alcoholics” have mortality rates 2.5-3 times
that of the general population. Using these in eqn (5)
gives LLEs = 12.8 and 15.5 y, respectively. If the increased
mortality rate does not begin until age 25, these LLE are
reduced to 10.8 and 12.9 y.

Oral contracepuves increase 2 woman's risk of heart
attacks and strokes by an amount depending on age and
smoking habits (RCGP 1977, 1981); using them from
age 15—45 reduces life expectancy by 107 d for smokers
and by 25 d for non-smokers according to calcuiations
based on eqns (1) to (3). Evidence indicates that effects
linger after use is disconunued. If they linger to0 age 55,
these LLE are increased to 293 d for smokers and 70 d
for non-smokers. These numbers are much larger than
those given in CR. based on phiebitis.

Duning the 1950s, diethyistilbestrol (DES ) was used
to prevent miscarmages, but it was later found that daugh-
ters of DES users had an increased incidence of vaginal
cancer, with a risk of 0.1% (Melnick et al. 1987). Ac-
cording to eqn (5), this corresponds to an LLE of about
4.7 d to the daughters.

According to death certificate information (NSC
1989), poisoning by drugs, medicaments. and biologicais

Table 7. LLE due to sports parucipauon per year of parucipauon.
The second column gives the probability per year of being killed
(Reif 1981), the third column gives an esumate of the average
life expectancy lost by a vicum. and the last column gives the
product of these X 365, which is the LLE in davs.

Probabulity Years lost LEE
Sport of death per vicum (d)
Prof. boxing 1:2.200 50 8
Hang ghiding 1:560 4 ]
Footbail
-high school 1:81.000 60 0.3
Footbail
~college 1:33.000 55 0.6
Mountan climbing
~dedicated 1:167 50 110
-all climbers 1:1.750 50 10
Mountain hiking 1:15.700 40 0.9
Parachuung 1:570 40 29
Sail planing 1:1.710 40 9
Scuba diving (amateur) 1:2.400 45 7
Skiing-racing 1:40.000 0 0.5
Snowmobiling 1:7.600 40 2
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Caused an average of 4.200 deaths per vearin |984-1986.
If each vicum lost an average of 20 v of life expectancy.
thisisan LLE of 10 d averagea over the U.S. popuiation
according to eqn (7). Of these deaths. 27% were from
pain reiievers (e.g., aspirin ), 6.5% were from tranquilizers
and psychotropic agents. | 3% were trom other drugsacung
on the nervous system. 2% were from sedatives. and 1.5%
were from anubiotics and anu-infectants.

SPORTS PARTICIPATION

The probability of being killed in a spors accident
and the LLE per year of parucipauon in that sport are
listed in Table 7 (Reif 1981). The method of calculation
is explained in the caption.

A jogging study conducted in Rhode [sland
(Thompson et al. 1982) showed that 7.4% of all men
between ages 30-64 jog at least twice a week. and there
were |2 deaths attnbuted 10 this exercise 1n 1975-1980.
The nsk per jogger was 1 /7,620 per year. Assuming 35 y
lost life expectancy per vicum. according to eqn (9), this
corresponds to an LLE of 1.7 d per year of jogzng or 50
d from 30 y of partcipauon. Jogging 1s usually viewed as
a measure for preventing heart disease that has an ELE
= 2,100 d. s0 if 30 y of jogging reduces the probability of

heart disease by more than (50/2100 = ) 2.4%, it is worth
the nisk.

GEOGRAPHY

In CR. it was shown that life expectancy varies by
about 2.5 y depending on the region of the country where
one resides. with the shortest life expectancies in the
Southeast (SC, MS, GA. LA, AL in that order) and the
longest in the Northern Plains (ND, MN. SD. NB, KS,
IA. W1 in that order). It was shown that there 1s little
correlation with annuai income and that it is reasonable,
theretore. to consider geography as a risk factor with an
LLE of plus or minus more than a year. A more recent
study (NCHS 1980) of geographic patterns in the nsk of
dying between ages 35-74 cails this “the cnigma of the
southeast” and searches for explanations. The principal
contnibutor is cardiovascular diseases. and the effect 1s
larger in men than in women. The principal possible ex-
planauon considered is iow levels of trace elements in the
soil. Note that the quantities of naturally occurring trace
clements are very much larger than the quantities of these
element reieased into the ground by technology.

That report considers other observed geographic
vanauons in life expectancy. Areas with heavy mining
have consistently high morality rates for both males and
females. It is specuiated that mine products (e.g., coal
dust) or mine wastes (e.g., sulfur) may cause health prob-
lems through air or water pollution. although cuiturai and
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socloeconomic factors are also considered. No data are
presented that can be used to caiculate LLE. but 1t 1s
cleariy a matter of a few vears.

Areas at high elevauon have substanuaily lower
mortality rates than areas near sea level. The correiatons
are especially strong for cancer. but they are aiso significant
for cardiovascuiar disease. Again no data are given for
esumaung LLE. but itis a few vears. The report also con-
siders population density and rurai vs. urban effects and

concludes that the difference is smail. in agreement
with CR.

MEDICAL CARE

Progress in medical technology is widely recognized
as giving important life-saving effects, especiaily by re-
ducing nisks from cardiovascuiar disease. Between 1970
and 1980. morality rates decreased by an average of 2%
y ', increasing life expectancy by 3.1 y (Myers and Bayo
1985), with 70% of this due 10 progress in cardiovascujar
diseases. It is instructive to consider individual advances.

There were 332,000 coronary artery bypass opera-
tions performed in the U.S. in 1987, with many of them
avertng imminent death." If we assume that each oper-
ation adds an average of 3 y to the life expectancy of the
pauent, applying eqn (6) indicates that this technology
adds a half year (180 d) to our life expectancy (LLE
= —180 d). These operations first became available in
1970 and were not applied widely until about 1980.

Coronary pacemakers first became available in 1960
and are now being implanted at a rate of about 500,000
per year.? If we assume that they extend life expectancy
of pauents by an average of 2 y, appiication of eqn (6)
indicates that they add 180 d to the life expectancy of the
average Amencan (LLE = —{80 d).

There are about 9,000 kidney transpiants each year
in the United States.! Survival after 5 and 10 y 1s 75%
and 55%. respecuvely (40% higher 1f the donor 1s a sibling,
40% lower if not ). From these data we estimate the average
added life expectancy from each transpiant to be |2 y.
According to eqn ( 6 ) these operations. which first became
available in 1955, add 20 d to the life expectancy of the
average American (LLE = -20d).

About 110,000 Americans are receiving kidney di-
alysis, and the average duration of such treatment is about
3 y before death or reception of a kidney transpiant. This
implies that 5 y of life expectancy is added to 22,000 peo-
ple averted each year. Applicauon of eqn (6) indicates
that kidney dialysis technology, which first became avail-
able in 1945, is adding 20 d to the life expectancy of the
average Amencan (LLE = =20 d).

Use of 8 blocker drugs following heart attacks is es-
timated to save 17,000 lives per vear in the U.S. ( Urquart
and Heiimann 1984). If the average would-be vicim gains

' Personal communicauon { 1990). N. Haas. Amencan Heant As-
sociauon. Dallas, TX.

* Personal communicauon ( 1990). S, Song, University of Southern

California Cardiac Pacemaxer Center. Los Angeies. CA.

! Personal communicanon ( 1990). D. Zobel. U.S. Renai Data Sys-
tem. Washineron. DC
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5y of life expectancy from its use. according to eqn (6)
the average American gains 15 d of life expectancy (LLE
= —15d).

It is interesting that most people benefitting from
coronary artery bypass operations, pacemakers, and 3
blocker drugs will still die of heart disease. so the effects
of these technological advances are not apparent in mor-
tality rates from that cause. This illustrates one of the
advantages of using life expectancy as a measure in con-
sidering effects of risks.

Hadley (1982) estimates that a 10% increase in the
number of physicians would result in an 0.8% decrease
in mortality rates (p. 154) and. elsewhere in the same
- book (p. 10), estimates that a 10% increase in medical
care would reduce mortality rates by 1.5%. Auster et al.
(1969) estimate that a 1% increase in medical services
would reduce mortality rates by 0.1%, two-thirds of Had-
ley’s maximum estimate (assuming linearity ). Converting
to a risk viewpoint, we conclude that a 1% reduction in
our medical services might increase mortality rates by
about 0.1%, givingus an LLE = 5 d according to eqn (5).

However, a geographical correlation study (NCHS
1980) finds, surprisingly, a positive correlation between
the number of physicians and mortality rates, although
the correlation with number of general practitioners is
negative. Robin (1984) takes a strong position that we
have far too many physicians in the United States. He
notes that U.S. and Canada have twice as many physicians
per capita as Great Britain, but there is no difference in
mortality rates from various diseases, including those
treated by surgery. He also cites studies of physician strikes
in Canada, Israel. and Southern California during each
of which mortality rates declined. returning to their nor-
mal levels after the strikes were ended.

Another contrary view is the estimate by Sagan
(1987) that hospital-acquired infections may cause up to
100.000 deaths per vear. If we estimate that an average
case causes the victim to lose 10 y of life expectancy, ap-
plication of eqn (6) indicates that this corresponds to LLE
=0.5y.

Ravenholt (1987) estimates that failure to detect and
treat treatable cancers—especiaily cancers of the cervix,
skin, colon, breast. prostate. and bladder—cause 75.000
avertable cancer deaths per vear in the U.S. (15% of all
cancer deaths). According to Table 2, this corresponds
to an LLE = 187 d (0.5 y) due to inadequate cancer
screening. He also estimated that 125,000 unnecessary
deaths per year are caused by inadequate control of high
blood pressure. which is 13% of all deaths from heart dis-
ease and stroke. According to Table 2, this corresponds
toan LLE = 0.7 y. Adding these to the estimate from CR
that improper use of drugs in medical treatment causes
LLE = 0.25 y (confirmed by Ravenholt), the total effect
of deaths preventable by good medical services with tech-
nology now available is LLE (= 0.5 + 0.7 + 0.25) = 1.45
y = 530 d. However, Robin ( 1984) questions the advan-
tages of medical screening programs.

Acquired immune deficiency syndrome (AIDS)is a
preventable disease caused. directly or indirectly, by

promiscuous sexual practice. It is killing about 12.000
Amenicans per year. with each victim losing about 40 v
of life expectancy. Averaged over the U.S. population.
this gives an LLE = 55 d according to eqn (7).

If everyone would use all currently available tech-
nology to prolong life. including good dietary practice.
proper exercise, proper sleep, and the best available med-
ical care. Ravenholt ( 1987) estimates that all age-specific
mortality rates would be cut in half: that, according to
eqn (5), would increase life expectancy by 9.0 y. Thus.
sub-optimal practices cause an LLE = 9.0 y. Cigarette
smoking is the largest single contributor to this risk.

Medical progress extends life expectancy. As one
quantitative example, it is estimated that the cancer cure
rate has been improving about 1% per year (Cohen 1983).
Since our LLE from cancer is 1247 d, progress in cancer
treatment each year gives an LLE = —12d.

EPIDEMICS

Histoncally, disease epidemics have been one of the
most important human risks (Comnell 1979). “The Plague
of Justinian™ killed 100 million people in A.D. 500-650.
The “black death,” in 1347-1351, killed 75 miilion people
in Europe (one person in four), wiping out 200,000 vil-
lages; it may have done even more damage in Asia. re-
ducing the world population by as much as one-third.
The influenza epidemic of 1918-1919 killed 25-50 mil-
lion people (another estimate is 20 million, Weiss 1989),
including 500,000 in the U.S. Rat-born diseases killed 12

Table 8. Average number of deaths per vear in the United States
and LLE from some natural hazards. P is the average loss of life
expectancy (in years) per victim assumed in caiculating LLE

from eqn (6).
Deaths LLE
Hazard?* per vear P (d)
Hurricanes 41 35 0.3
Tornadoes 124 35 08
Excessive heat 236 8] 0.6
-NSC 270 15 0.7
Excessive cold 366 15 1.0
-NSC 770 15 2.1
Lightnin, 141 45 1.1
%:ISC ¢ 85 45 0.7
Floods 62 35 04
Earthquakes 28 35 0.2
Tsunami 24 35 0.15
Weather-related
transportation accidents 288 35 1.8
Venomous plants. animals 60 - 45 0.5
-Snakes. lizards, spiders 10 45 0.08
-Hornets. wasps, bees 44 45 0.4
Dog bites 5 45 0.12
Storms and floods 140 35 09
Earthquakes and i
volcanoes 20 35 0.13

* Above line: information from Cornell (1979). Below line and des-
ignated “NSC": information from National Safety Councii (1989).
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muilion peopie in india in 1898-1923. In the 16th century,
small pox killed severai miilion—up 10 haif of the nauve
Indian population encountered by the Spanish Conquis-
tadors. in 1530-1545 measies killed an additional 1.5-2
million. Typhus killed 3 muilion peopie 1n Eastern Europe
in 1914-1915, -

Many dozens of more iocaiized epidemics have been
recorded. For exampie. 280.000 Crusaders. 90% of those
returning from the Holy Land. died of an unknown dis-
case 1n 1098-1101. and the "“Great Plague " killed 70.000
in London during the summer of 1665. A listing of epi-
demics in China (McNeill 1976) inciudes an average of
about eight per century from the first to the I4th, and
about 40 per century from the 16th to the 19th. In some
of the earlier ones. half or more of the local population
died.

Medical science in advanced nations is now powertul
enough to have prevented most of these epidemics (al-
though perhaps not the influenza epidemic of 1918-
1919). However. the AIDS virus has now infecred 5-10
million peopie with no end in sight. and in 1983. a poultry
virus in Pennsyivania killed 17 million chickens in 6 mo
(Weiss 1989). Such epidemics can arise from a mutation
in a virus, and mutations in viruses occur very frequently
(one in 10,000 replications). There have been numerous
localized outbreaks from this source. Rift Valley fever. a
mutation of a virus normaily found in sheep, killed thou-
sands of Egypuans in 1977. The Ebola virus killed 500
in Zaire and Sudan in 1976. Epidemics of hemorrhagic
diseases have occurred recently in Bolivia and Argentina,
and there was a similar outbreak in Nigena.

None of these diseases has spread worldwide except
for AIDS which. fortunately, is not spread through highly
efficient channeis such as coughing and ingesuon of food.
but there s no reason why a virus couid not deveiop that
would spread in those ways. Modern technology has pro-
vided new and highly efficient transport modes for viruses,
such as blood transfusions and greatly expanded human
travel. Many of the chemicais introduced by our tech-

nology are mutagens and couid. therefore. induce such
an unfortunate mutation.

NATURAL HAZARDS

The number of deaths per year from various natural
hazards and their associated LLE are listed in Table 8

-2

Table 9. Life expectancy in 1960 in various sections of Chicago
classified according 10 sociceconomic status: | = low, 5 = high
(Kitagawa and Hauser 1973).

Socioeconomic White White Other Other
status males femnales males femaies

| 60.0 67.7 56.7 62.5

2 64.6 71.2 59.9 65.1

3 66.5 72.8 65.1 68.1

4 67.9 738 — -

5 67.4 736 — —

Suburbs 69.0 746 66.1 723
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Table 10. Rauo of crude mortalitv rates in poverty and non-
poverty areas ot vanous U.S. ciues (NCHS 1975),

City Whites Others
Atlanta 1.78 1.92
Balumore 1.45 .74 -
Buffalo 1.90 |.89
Chicago 1.44 1.70
Cinannau 1.72 1.60
Cleveiand 1.48 1.56
Dallas 1.72 1.69
Denver 1.60 2.40
Indianapoiis 2.39 1.7§
Mempnis 208 1.20
Minneapoiis 1.31 1.18
New York 0.85 1.33
Philadeiphia 1.41 1.60
Pittsburgn 1.55 1.42
San Diego 1.50 228
San Francisco 1.74 1.7§
Seatue 1.96 1.92
Washingion L84 158
Ave. = .71 1.70

(Cornell 1979; NSC 1989). We see that the LLE are gen-
erally about | d or iess. and added together. they are less
than a week. Bee stings give a risk of 1.8 X 10~ y~'
(Rubenstein 1982) which. according to eqn (4), gives an
LLE = 0.2d = 4.8 h. The added risk of death at all ages
from being struck by lightening is estimated by Urquhart
and Heilmann (1984)tobe 5.3 X 10~7 y~, corresponding
to an LLE = 0.6 d according to eqn (4). Estimates in
Table 8 are 1.1 and 0.7 d.

While the data in Table 8 give the impression that
natural hazards are not imporant sources of risk. indi-
vidual incidents may cause heavy loss of life. A 1970 hur-
ricane in Bangladesh killed a miilion peopie. and there
have been four others in India and Vietnam that killed
over 100.000. The most disastrous U.S. humcanes killed
6.000 in Galveston 1n 1900. 2.000 in Florida in 1928. and
1800 in New Orleans in 1893. U.S. tornadoes killed 689
in 1925 (Midwest), 600 in 1884 (South). 300—00 in
1896 (St. Louis), 419in 1936 (MS and GA ). 343 in 1942
(MO to AL). 315 in 1974 (Midwest), 300 in 1840 ( MS).
272 in 1965 (Midwest). 268 in 1932 (AL). etc.

On several occasions. floods have killed hundreds of
thousands of peopie in China. but the most disastrous
U.S. floods killed 500-700 in 1913 (Ohio River), 313 in

- 1927 (Mississippi River). 250 in 1937 ( Mississippi River).

and 190 in 1955 (Connecticut River). The famous
Johnstown flood that killed 2.200 in 1889 was due 10
collapse of a dam: this is not usually classed as a natural
disaster. but weather contributed to the dam's coilapse.
Other floods caused by heavy rainfall-induced dam coi-
lapse drowned 450-700 peopie near Los Angeies in 1928.
over 200 near Rapid City. SD in 1972, 144 in Williams-
burg, MA in 1874. and 125 in Buffalo Creek. WV in 1972,
There are two dams in California whose coilapse could
cause 200.000 deaths (Okrent et al. 1974).

A few Chinese earthquakes have caused over a haif
miilion deaths. and manv tens of thousands have died in



Catalog ot nsks extended and upaated ® B. L. COHEN

earthquakes 1n Japan. Italy, Caucasia. Greece. Portugal.
Peru. Ecuador. Chile. Colombia. and Venezueia. The
most disastrous U.S. earthquake (San Francisco. 1906)
killed about 700. Tsunamis have killed tens of thousands
in Indonesia. Japan. and Portugal, but the highest U.S.
death tolls were 173 (1946) and 61 ( 1960), both 1n Ha-
wall.

While disasters resuiting from natural causes have
been minimal in the U.S., they are always a possibility.
It is esumated that an earthquake 1n Los Angeles (~7.5
on a Richter scale) could cause 20.000 to 200.000 deaths:

one elaborate study (NOAA 1973) esumated 40.000
deaths.

SOCIOECONOMIC FACTORS

Included in CR was a great deal of evidence that
higher socioeconomic status increases life expectancy.
Much more data pertaining to this are now available. Ki-
tagawa and Hauser ( 1973) classified vanous secuons of
the Chicago area according 10 socioeconomo class and
determined the average age at death. which 1s closely cor-
related with life expectancy. Results are shown in Table
9. We see that life expectancy is longer for the highest
than for the lowest socioeconomic status citizens by 9 y
for white males, 7 y for white femalies. and 10 y for non-
whites. These are the LLE from being poor rather than
well-to-do. A U.S. Public Health Service study (NCHS
1975) for 1969=1971 classified census tracts as “poverty
areas” if over 20% of its population had incomes inade-
quate to meet basic nutntional needs. For exampie, fora
family of four this was U.S. $3743 per year. It then com-
pared morality ratios in poverty areas and non-poverty
areas of 19 large cities. The rauo of crude mortality rates
between poverty and non-poverty areas is listed in Table
10. We see that. with one exception. this rauo is substan-
tially greater than 1.0 for both whites and non-whites in
all cities. The average rauo 1s 1.70. According to eqn (5),
this corresponds to an LLE = 6.9 y.

However, before making inferences about life ex-
pectancy, crude monality rates must be age-adjusted be-
cause areas with younger inhabitants naturaily have lower
crude mortality rates. Data for age-adjustment are not
available, but another report (U.S. Bureau of the Census
1973) finds that populations are younger in poverty areas.
For the 50 largest cities. the median age is 29.3 y for whites
and 23.4 for non-whites in poverty areas vs. 33.0 and 25.6
+rrespectively, in non-poventy areas. This means that ra-
tios of age-adjusted mortality rates are substanually higher
than those listed in Table 10. The average rauo is probably
more than 2.0 which, from eqn (5), givesan LLE > 9.0
y. Note that Chicago, which had a 7-10 y difference in
1960 according to Table 9, has a below average ratio in
Table 10. Therefore, it seems reasonable to conclude that
in most large American cities. poverty causes an LLE of
about 10 y. This is substanually larger than the LLE of 4
y esumated in CR from data on occupational categories.

The British Registrar-General's report ( Registrar-
Generai 1978) classines peopie by occupation into six
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groups (L. II. III N. [II M. IV. V) according to “social
class™: class I, which consists of protessionai peopie. 1s the
highest. while ciass V is the lowest. consisung of unskilled
laborers. Differences from the nauonal average mortaiity
rate and life expectancy are listed in Table 11. with the
method of calculation expiained in the capuon. From the
last column, we see that protessional men iive 2.6 y longer
than average while unskiiled laborers live 4.6 y less than
average, a total difference of 7.2 y.

The standardized mortality ratios for various causes
of death for each social class are listed in Table 12. We
see that there is a strong corretation for a very wide vanety
of diseases. and it is even stronger for accidents and hom-
icide.

The Canadian Ministry of Health and Welfare car-
ried out a study ( Wigle and Mao 1980) of life expectancy
vs. average income 1n 2,228 census tracts in 21 metro-
politan areas based on staustcs for 1971. Census tracts
were classified by income level as |, 2. 3. 4. 5. correspond-
ing to quinules in the distnbution of incomes 1n Canada.
The median household income (1n 1971) vaned from iess
than $7500 in level 5 to over $11,000 in levei 1. The
average life expectancy (in years) for leveis | and 5 for
males was 72.5 and 66.3. and for females was 77.5 and
74.6. respectively. We see that the difference 1n life ex-
pectancy between ciass | and class 5—the top and bottom
20% by income level—is 6.2 y for males and 2.9 y for
femaies. The ratios of monality rates for income level °
10 income level | were the following: heart disease anc
stroke—1.32 (M), 1.15 (F); cancer—1.34 (M), 1.07 (F)
accidents, poison. and violence—1.88 (M), 1.46 (F). O
the 33 ratios of this type ( 17 diseases X two sexes), oni
two were less than 1.0, and one of these was 0.98. This 1
in agreement with conclusions from the U.S. (CR) anc
British ( Table 12) data that poverty increases the nsk c
nearly every disease.

Table 11. Monality for ages |5-64 by social class in Englan
and Wales in 1970-1972 (Regstrar-Generai 1978). The secon
column gives the difference 1n mortality rate from the nauon:
average which was 597 X 10~* y~'. The next two columns g
the difference in life expectancy from the nauonal averas
calculated from the second column assumung (1) the proporuon
difference in monality rate stays the same after age 64. and (.
the difference in monality rate becomes zero after age 64. T!
next column shows the average of the results of these assumpuo:
that we take to be the best esumate of the actual situauon. ar
hence the actual LLE. The last column convers this into vea

Difference in life expectancy (d)

Difference 1n class Same Zero

mortahity rate after 65 afier 65 Mean Yea
l -135x 107 —-1240 —680 -960 =2,
1 -111 -1020 -560 -7%0 R
IIN -6 =355 =30 -42 ;
M +36 330 +180 +260 =0,
v +84 770 420 +600 -1
v +1235 2160 +1180 ~1670 4
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Table 12. Standardized mornauty rauos (SMR) for vanous causes

of death in Engiand and Wales vs. soqal class (Remstrar-Generai

1978). SMR is 100 times the rauo of monaiity rate 10 the nauonal
average mortalitv rate for that disease.

Social class

| I NN mMm v v
Tuberculons 61 63 88 86

126 197

Syptulis 46 44 T 94 125227
Malignant neopiasms 75 80 9] I3 16 3]
-Stomach 50 66 79 118 125 147
-Trachea, bronchus, lung 3 68 84 P18 123 143
Circulatory system 86 89 |10 106 110 118
-Hypentenave T 85 |04 14 112 141
~Ceretrovascuiar 80 386 98 106 111 136
Respiratory system SRR 80 106 123 137
-Influenza 38 61 79 100 1S 189
-Pneumomna 41 =753 78 92 LIS 195
-Bronchrus. emphysema 36 51 82 113 128 188
Digesuve sysiem 83 9 97 92 109 152
-Ulcers 49 ¢ 38 102 116 180
Geno-unnary system 63 81 102 98" 111 |52
Nephnus-neparons 58 83 103 103 109 152
Actidents-posoning-violence 3 78 83 94 122 19}
-Motor vehicle 77 83 89 105 121 174
-Motor cyciist % 43 6l 119 183 |92
-Pedestnan 4 37 54 92 120 142
-Poisoning by gases 66 82 81 9 119 134
-Falls 49 47 46 103 131 265
Homiade 34 30 47 87123139

A study of different sections of Montreal (Wilkins
1986) gave the resuits listed in Table 13. The ordering is

a umiversity educauon. We see that the difference in iife
¢Xxpectancy between the highest and lowest socioeconomic
level secuons is 10.8 y for men and 7.3 y for women.

In census data for Finland. all men except farmers
are assigned to social group | (highest), IL, I11, IV ( lowest )
based on occupations, or former occupations for retirees
and the unempioyed. The percentage of the total popu-
lation in each and their life expectancies in 1969-1972
were ( Niyhi 1977): | (7%), 67.5 y: 11 (23%), 65.5 y; 111
(31%), 66.1 y; IV (12%), 60.3 ¥, a 7.2 y difference.

A study based on data from France (Ledermann
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1960) in the 1950s conciudes that professionais and man-
agers lived 13 v longer than miners and unskilled laborers.

In summary, data from U.S.. Britain. Canada. Fin-
land. and France indicate that, in technologicaily ad-
vanced nauons. the LLE due 10 poverty is in the range
7-10y. There can be no qQuesuon that weaith brings neaith
and poverty kills,

One of the reasons for this. 1o be discussed below, is
the negative correiation between educaton (closely cor-
related with weaith and social class) and cigarente smoking.
There are anaiogous correlations for alcoholism ( Kissin
and Begleiter 1976) and obesity (Silverstone 1969), both
of which have serious heaith cffects. Men in the highest
social position inciuded only 9% with aicohol problems.
whereas among those in the lowest social position, 26%
had alcohol problems. A study of 20-39 y oids in London
found that in the upper social class, 17% of the men and
27% of the women were obese, whereas in the lower social
class, 30% of the men and 70% of the women were obese.

Within technoiogicaily advanced nauons. there are
effective programs 10 provide poor people with reasonable
medical care and an adequate diet, but such programs
are much fewer and less effective on an internauonal basis,
One would. therefore, expect vanations of life expectancy
with socioeconomic level to be much larger. A test of this
concept is shown in Fig. |, which is a plot of life expec-
lancy vs. gross national product (GNP) for the vanous
nations of the world (World Resources Insutute 1987),
The very strong correlation is immediately obvious. not
only for the world as a whole but within each conunent
individuaily,

The reason for the strong correlation between life
€xpectancy and GNP shown in Fig. | has been explored
in some detail by the World Bank to determine the most
productive areas for investment (World Bank 1980). In
correiation studies of life expectancy vs. vanous other fac-
tors, it was found that literacy was the most irmporant
factor and that distribution of income was more important
than average income. The daily calorie intake and phy-
sicians per capita were of some, but lesser. imporance.
The World Bank concluded that education is the key factor
affecting life expectancy, largely because the mother's ed-
ucation affects the heaith of her children: aduits seem to
adjust much more readily to their diet and environment.
and even their heaith is heavily influenced by their child-
hood experience. The study found that each additionai

2
Table 13. Socioeconomic factors and life EXpeclancy in vanious districts of Montreal (Wilkins 1986).
Educauon
Occupauonal Percent Life expectancy
> Househoid professional Percent University-

Distnet income (§) (%) <9y educated Male Femaie
NDG-Eas Westmount 14,500 18.9 13.8 43.5 722 78.2
NDG-West/Mtl-West 10.300 13.0 209 320 70.7 78.3
Metro 10.400 12.7 15.1 49.6 67.8 75.9
St. LouissMile End 6,600 2.6 530 14.6 66.4 5:2
St. Henrv/L. Bergundy 6.500 2.6 -

3.9 AT S4
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(B
year of matemnai education reduces child morality by
0.9%. Thus, if the national life expectancy is 50 v, for each
year lost from a mother’s educaton. the child hasanLE
of 0.45 y. .

An interesting study corroborating this conclusion
involved correlating infant mortality (IM) with femaie
literacy (FL) in the various states of India { United Nations
1983). The state with lowest IM (Keraia) had the highest
FL. aithough its per capita domestic product (DP) was
moderate. Punjab and Haryana had the highest DP, 1.69
and 1.51 times higher than Keraia. but their FL was oniy
53% and 34% of Kerala's. and their IM was 2.0 and 2.2
umes higher. For the 14 states. there was little correlation
of IM wath DP but a strong negauve correiation of IM
with FL.

Educauon is aiso an important factor influencing life
expectancy 1n advanced nauons. Direct evidence on this
was given in CR. and further evidence has been cited by
Sagan (1987). One study showed a strong negative cor-
reiation between college education and smoking (Covey
and Wynder 1981). For physicians. dentists, lawyers, en-
- gineers. teachers. and clergymen—over 95% coilege ed-

ucated—only about 17% were cigarette smokers. but for
painters. carpenters, and taxi-. truck-, and bus drivers—
only 6% of them college educated—i6% were cigarette
smokers. Data from other occupations fall into line in
this smoking-education corretation.

It is interesung to understand the direct causes of
early death in underdeveioped countries. Data are avail-
able for Ghana (GHAPT 1981) that can be used to esti-
mate sources of LLE. Infant morality there is about 10%,
reducing life expectancy by about 5.7 y. in advanced na-
tions it is about 1%, which reduces life expectancy by 0.7
y and gives Ghana an added LLE = 5 y from that source.

A life table is given in the reference, allowing us to
calculate LLE from eqns (1), (2), and (3). The most
important killer disease s pneumonta. which is 40% fatai
among children giving LLE = .3 y and 10% fatal for
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adults. adding LLE = 0.6 y for a total LLE of 1.9 VAREE
0.28 v in the U.S.). Measies have been virtuaily eiiminated
in advanced natuons by immunization (uncommon 10
Ghana) so that disease gives an LLE = | 3 y. The worst
tropical disease 1s malana with an LLE = {.2 y. Actuaily,
the worst effects of malania are the debilitaton 1t causes
throughout life. Severe mainutrition (i.e.. starvauon ) kills
many young children. giving an LLE = (.2 y(vs. 0.0l y
in the U.S.). Sickle cell disease. which is an indirect geneuc
eftect of malania. kills many infants leading to an LLE of
1.2 y. Diarrnea. caused by problems with food. kills about
2% of all children before they reach age 5, contnbuting
LLE = 1.0 y. (Most of these could be saved easily and
cheaply with oral rehydration therapy). Tetanus and per-
tussis (whooping cough), both eliminated in advanced
nauons by immunization, kill infants and young children
giving LLE = 0.5yand 0.3 y, respecuvely. Schistosom-
iasis. a tropical disease, is 4% fatal t0 voung children. giving
LLE=04y.

Tuberculosis is sull an important killer in the middle
ages, giving an LLE = 0.5 y (vs. 0.01 y in US.). Other
middle-age killers are cirthosis with LLE = 0.5 y, intesunai
obstructions with LLE = Q.35 y, comptications of pregnancy
with LLE = 0.65 y for femaies. and typhoid with LLE
= 0.3 y. Even leprosy is still a factor, with LLE = 0.13 Y.

The fact that few peopie live 10 old age greatly reduces
the importance of aduit cancer, which hasan LLE of only
0.25 y vs. 3.4 y in the United States. The same is true of
heart disease with LLE = 0.35 y vs. 4.4 y in the US.,,
although here it is believed that dietary factors aiso con-
tribute to the difference.

Of course, the fact that total life expectancy in Ghana

is 20 y shorter than in the USS. substantially reduces ali
LLE for Ghana.

RADON IN HOMES AND OTHER RADIATION

The National Academy of Sciences Commuttee { NAS
1988) estimates that. if the average Rn ievels in U.S.
homes is 37 Bqm™ (1 pCi L™'), 14.000 Amenicans per
year die from Rn-induced lung cancer. If the U.S. pop-
ulation were in age equilibrium. there wouid be 3.2 miilion
deaths per year in the U.S., which means that ( 14,000/
3.2 X 10*® =) 0.44% of all deaths are due to Ra. Since an
average victim loses about |8 y of life expectancy, appii-
cation of eqn (8) gives an LLE = 29 d for the average
American. Many miilions of American homes havea Rn
level in excess of 450 Bqm ™ (12 pCiL™"), which means
they have LLE of a year or more from Ra. _ .

The radiation risks quoted in CR require updating
in view of the new dose estimates for the Japanese A-
bomb survivors. Since most radiation exposures of interest
are at low dose rates. there is a problem in choosing the
“dose rate effectiveness factor” (DREF). The BEIR V
Report (NAS 1990) does not recommend a vaiue. NCRP
Report No. 64 (1980) and the 1988 United Nations Sci-
entific Committee on the Effects of Atomic Radiation
(UNSCEAR 1988) recommend a DREF “between 2 and
10.” The Nationai Radiological Protection Board ( 1988)
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recommends a DREF = 3 for ail but breast cancer. for
which DREF = 2. BEIR III ( NAS 1980) inciudes an im-
plicit DREF that vanes with dose.

To obtain a DREF. 2 questionnaire was sent to alj
members of the Commurtees that authored BEIR III. BEIR
V., NCRP No. 64. and UNSCEAR 1988. asiing for per-
sonal best esumates of DREF. Geometnic means of re-
Sponses to each quesuon are used. after converting all
estimates greater than 10 (some were much higher) to a
DREF = 0. Tweive responses offering numencal esu-
mates were recetved. The mean DREF for these were:

® | mSv (100 mrem)y~' for 70 y—3 4
0.01 mSv (1 mrem)y "' for 70 y—i.2
13 mSv (1.3 rem) y~! for 50 y—2.6
single dose of 0.01 mSv (1 mrem)—3.9
single dose of 10 mSv (| rem)—2.7
singie dose of 100 mSv (10 rem)—1i .9

Based on these resuits. we take DREF = 3 for exposures
of 50 mSv (5 rem) y ' or less. in agreement with the
NRPB esumate. This leads 1o an age-averaged mortality
risk esumate from BEIR V of 0.026/man-Sv (260 X 10=*/
man-rem). This cannot be used to calculate LLE by ap-
plication of eqn (4) since death is delayed for many years
after exposure,

The LLEs obtained from BEIR V., with application
of DREF = 3, are:

® continuous exposure to | mSv (100 mrem) v
throughout life—LLE =99 d:

® continuous exposure ta |0 mSv (1 rem)y~! from
age 18 to 65—LLE = 5] d:

® single exposure 10 [0 mSv (| rem), age-averaged—
LLE = 1.5d;

® single exposure t0 0.01 mSv (| mrem), age-aver-
aged—LLE = 2.1 mn.

According to Table |-3 in BEIR V. average exposure from
natural radiation. exciuding Rn. is 0.94 mSy (94 mrem)
y ™' which gives LLE = (0.94 x 9.9 =) 9.3 d. Medical
radiation gives an average exposure of 0.63 mSv (63
mrem) y ™', which causes LLE = 6.2 d. Average exposures
to workers in the nuclear industry are now about 4.5 mSv

(450 mrem) y ~' which (if expenenced from age |8-65)
gives LLE = 23 4.

ENERGY CONSERVATION

It is widely believed that the poilution caused by en-
CIRY generauon is so harmiul that conservi ng energy would
be a substantial benent 10 our heaith. but energy conser-
vauon measures have their own nisks that we can estimate
by use of Tables 2 and 3, and the previous section.

Close to half of all Amencan houses have been
weathenzed to save fuej. pnncipaily by weather stripping,
caulking around windows, and closing gaps below doors:
this increases the Rn Jeve} by about 10% (Cohen 1988).
causing an average [ LE = 3 d. The U.S. Department of
Energy recommends. as a long-term goal. that air change
rates in houses be cut 1n haif. This would double rthe

Septemoer 1991. Volume o1, Numper }

Rn concentration and give
= 29d.

Another energy conservation measure 1S us
smaller cars. mandated by government directives. [f t
were equivaient 1o everyone shifting from mid-size
small cars (as defined in the earty 1970s), it wouid ¢
the Amencan public an LLE = 70 d. The actuai shift :
been by about haf that much, giving usan LLE = 3¢

Another energy conservauon measure 1s [0 redt
lighting. Motor vehicie accidents are 2.5 times more iik
to occur at night than in daylight (U.S. DOT 1981)
seems reasonable to expect substantial reductions 1n st
and highway lighting 10 increase traffic deaths by 5%.T
gives an LLE (= 0.05 X 207) = 10d.

Most homicides occur in the dark. Reduced light:
may increase their number by 5%, giving LLE =4 5¢
may also increase the frequency of falls by 5% giving L.
= 1.4 d. Cold (from conserving fuel) and darkness ( fr:
reduced lighting ) aggravate depression and mignt weii
crease the suicide rate by 5%, giving LLE = 6 d.

Bicycling 1s often employed as an energy conser
tion measure, but it is much more dangerous per kilome
than automobile driving. If bicycling doubles. the
spread over the entire population is LLE = 6 d.[A rec
study by Thompson et al. ( 1990) indicates that this co:
be reduced 10 0.8 d if use of helmets were 10 beco
universal. ]

The total risk of our present energy conservation
fort probably approaches LLE = 50 d. whereas the n
of all of our energy generation were esumated in CR
LLE = 24 d (increased to perhaps 34 d by the increa
esumates on air pollution above). Thus. conservatio:
the most dangerous energy strategy. If we desist fr:
buiiding power piants and deveioping energy sources
the name of energy conservation. this could very ea:
discourage expansion of industry and thereby cause
creased unemplioyment.

Myers and Werner ( 1987) estimate from histon
analysis that each kilowatt (kW) per capia of energy cr
sumption adds 30 d of life expectancy in advanced cot
tries and 220 d in less advanced countries. According
this. each time a |-miilion kW electric power plant. wh
consumes 3 miilion kW of energy, is not buiit. aver
life expectancy in the United States is reduced from w
it would have been by ( 3 million/ 240 miilion popuiat
X 30 =) 0.38 d. Between 1975-1982. about 80 muil:
kW in power plant orders were canceied. presuma
causing LLE = 30d.

the public an average L.

APPLICATIONS OF THE CATALOG OF RIS}

We offer a few suggestions for appiying the cata.
of risks. One application 1s in personal decision maki-
For example. if a person 1s considenng the purchase ¢
smail car. embarking on a JOggIng program. going o:
weight-reducuon diet. choosing an occupauon. or any
numerous actions. it is useful to know the nsks. Ri
may not be the dominant factors in making a decisic
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Fig. 2. Companson of risks. Height of bar 1s LLE given in the text or fro
designates average nsk spread over the total U.S. popuiation:
The ordinate scaie ts shown at the left. The heights of the b:
1,000 in the right section. The first bar in cach of these rep

m CR (1979) or OcR (1981). Astensk
others refer to risks of those exposed or partcipating.
ars are multiplied by 20 in the center secuon and by
roduces the last bar in the previous section. showing

the effect of scaie change,

we emphasize here is in helping to understand risks and
to keep them 1n perspecuive. One aid to doing this is prep-
arauon of a bar graph (Fig. 2). Figure 2 inciudes data
from CR and OcR as welil as from this paper. Asterisks
indicate risks averaged over the enure U.S. popuiation
while other 1tems refer to those exposed or participating.
Catastrophes refer to accidents invoiving a large number
of deaths: the ieading contnibutors (LLE in days in pa-
rentheses ) are airline crashes ( 1), tornadoes (0.8). dam

failures (0.5). major fires (0.5), hurricanes (0.3), eanth-

quakes (0.15), and chemical reieases (0.1 ).

Another approach 10 putting risks in perspective is
to compare the amounts of exposure of major items that
will give a risk equal to that of a minor 1tem. For example,
smoking one pack of cigarettes per day causes LLE

<

= 2.250 d while nuclear power causes LLE = 0.05 d. a
ratio of 45.000: one pack ( 20 cigarettes) per dayv is 45.000
cigarettes in 2,200 d. Thus. the risk of nuclear power 1s
equal to the risk a regular smoker takes in smoking one
extra cigarette every 2.200 d. or every 6 v. Simuiariy. the
risk of nuciear power is equal to the nisk of an overwerght
person increasing his weight by 0.6 g (0.02 oz.). or ot
using a smail car rather than a mid-size car | d every 3 v.

Another approach is to compare risks of similar
items. For exampile. a radiation worker at a nuciear plant
g¢ts more radiation exposure from Rn in his home than
from his work.

This section on applications is not meant to be com-

plete. It is oniy suggestive of some areas where these data
may be useful.
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