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IMAGINE THAT A 40-YEAR-OLD MAN p r e s e n t s  f o r  a n  a n n u a l  

heal th  examina t ion .  His h i s to ry  and phys ica l  examina-  
t ion are  unreveal ing;  h o w e v e r ,  l abo ra to ry  eva lua t ion  re- 
veals a total se rum choles terol  concent ra t ion  higher  than 
the  90th  p e r c e n t i l e  for his agc and  gender .  Recal l  that  
the  F ramingham Study ~ r e v e a l e d  a s t rong  co r r e l a t i on  
b e t w e e n  c h o l e s t e r o l  c o n c e n t r a t i o n  and the la te r  devel-  
o p m e n t  of  i s chemic  hea r t  disease.  In addi t ion ,  severa l  
i n t e rven t ion  trials have i nd i ca t ed  that  r e d u c i n g  se rum 
cho les t e ro l  levels  can d e c r e a s e  the  i n c i d e n c e  of  cardi-  
ovascular  death .  For  example ,  the  Lipid Research  Clinics  
Coronary Primary Prevent ion TriM-' demons t ra ted  a 24% 
r e d u c t i o n  in the  i n c i d e n c e  of  ca rd iac  dea ths  in asymp- 
tomat ic  midd l e - aged  m e n  w h o  w e r e  t r ea t ed  w i th  cho- 
l e s ty ramine  for an average  of  seven  years.  On  the  o t h e r  
hand, a r e c e n t  dec i s ion  analyt ic  m o d e l  p r e d i c t s  that  a 
40-year-o ld  man  w h o  is a b o v e  the  90 th  p e r c e n t i l e  ff)r 
cho le s t e ro l  c o n c e n t r a t i o n  and w h o  manages  to ach ieve  
a l i felong cho l e s t e ro l  r c d n c t i o n  of  10% w o u l d  gain only  
8 mon ths  of  life e x p e c t a n c y ,  even  w h e n  the  po ten t i a l  
adverse  effects  of  c h o l e s t e r o l  r c d u c t i o n  on  total  mor-  
tality are  ignored)"  

What  specif ic  r e c o m m e n d a t i o n  should  be  m a d e  to 
this pa t i en t  r ega rd ing  the  t r e a t m e n t  for his h y p e r c h o -  
les tc ro lemia?  A 24% r e d u c t i o n  in the  i n c i d e n c e  of  
i schemic  hear t  d i s e a s e - r e l a t e d  dea th  o b s e r v e d  in the  
shor t  t e rm seems  w o r t h w h i l e .  However ,  the  fact that  
this t r e a t m e n t  benef i t  t rans la tes  in to  a long- t e rm gain of  
on ly  8 m o n t h s  s e e m s  d i sappoin t ing ,  e spec ia l ly  w h e n  
t r ea tmen t  w o u l d  r equ i r e  that  the  pa t i en t  make  a signif- 
icant  d ie ta ry  change  and /o r  take cos t ly  and po ten t i a l ly  
tox ic  drugs  for  the  res t  of  his life. 

In fact, the  benef i t s  of  many  the rap ies  for c h ron i c  
disease,  w h e n  e x p r e s s e d  in t e r m s  of  gains in life ex- 
pec tancy ,  s eem modes t .  For  example ,  c o r o n a r y  a r t e ry  
bypass  su rge ry  for  a 55-year -o ld  man  w h o  has seve re  
angina, no rma l  le f t -vent r icu lar  funct ion ,  and t r ip le-vesse l  
c o r o n a r y  a r te ry  d isease  w o u l d  y ie ld  an add i t iona l  10.8 
m o n t h s  of  l i fe -expec tancy ,  c o m p a r e d  w i tb  conse rva t ive  
management ,  s A n o t h e r  d e c i s i o n  analysis p r e d i c t e d  that  
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FIGURE 1. Usual understanding of a gain in life expectancy. A 40- 
year-old man perceives his life expectancy to be roughly 30 years. He sees 
a gain of 8 months as if  it would be "tacked" onto the end of  his life. This 
gain has almost no value because of  the "discounting" of  future life years. 
ALE - gain in life expectancy. 

p o s t m c n o p a u s a l  w o m e n  w h o  are  t r ea t ed  with  e s t rogen  
r e p l a c e m e n t  w o u l d  gain 10.3 m o n t h s  of life expec-  
tancy,  c, A 30-year-o ld  a s y m p t o m a t i c  d iabe t i c  pa t i en t  w h o  
has gal l s tones  w o u l d  gain 6.1 m o n t h s  of  life e x p e c t a n c y  
wi th  c h o l e c y s t e c t o m y  ins tead  of  e x p e c t a n t  manage-  
ment .  7 Finally, warfar in  w o u l d  e x t e n d  the life of  a 75- 
year -o ld  w h o  has d i l a t ed  c a r d i o m y o p a t h y  by  2.5 months ,  
even  though  it r e d u c e s  the  year ly  i n c i d e n c e  of  sys temic  
embol i  by  83%.8 

Why  shou ld  effect ive t r e a tme n t s  for ch ron ic  dis- 
eases p r o d u c e  re la t ive ly  m o d e s t  gains  in life expec tancy?  
Of course ,  cal l ing a gain  large o r  small  involves  assigning 
an a rb i t ra ry  value j u d g m e n t  to a number .  The real  ques- 
t ion is not  "why  are  the  gains in life e x p e c t a n c y  for 
effect ive t he rapy  small?" bu t  r a the r  "why  do  w e  p e r c e i v e  
the  gains for effect ive the rap ie s  to b e  small?" This per-, 
c e p t i on  has two  sources :  first, c l in ic ians  d o  no t  under-  
s tand wha t  a gain in life e x p e c t a n c y  real ly  means  ( in  
par t icular ,  c l in ic ians  confuse  it w i th  an increase  in life 
span, w h i c h  o c c u r s  at the  end  of  a pa t ien t s  life); and 
second,  c l in ic ians  have  an over in f la ted  sense  of  w h a t  
cons t i tu tes  a large  gain. The  p u r p o s e  of  this a r t ic le  is to 
address  these  issues: that  is, to exp la in  wha t  life ex- 
p e c t a n c y  and gains  in life e x p e c t a n c y  mean  and to sug- 
gest  w h y  phys ic ians '  p e r c e p t i o n  o f  a s ignif icant ly large 
gain is inflated. W e  h o p e  to  es tabl ish  a c onc e p tu a l  frame- 
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work wi th in  wh ich  cl inicians can decide  w h e t h e r  a gain 
is clinically significant. It should  be noted,  however ,  that 
the purpose  of this article is no t  to advocate  life ex- 
pec tancy gain as the best  way of express ing  the benef i t  
of a therapy. Rather, dec is ion  analysts use life expec t ancy  
gain as a measure  of t r ea tmen t  benefi t  w h e n  they explore  
the long- term c o n s e q u e n c e s  of heal th  policies. 9, ~o Since 
it is increasingly c o m m o n  for such dec is ion  analytic 
models  to appear  in journals  read by general  in ternis ts  
and o ther  pr imary  care physicians,  ~-~8 it is impor t an t  
for cl inicians to have the necessary tools to p roper ly  
in terpre t  them. 

THE MEANING OF LIFE EXPECTANCY 

W h e n  cl inicians and pat ients  th ink of a gain in life 
expectancy,  they usually visualize the benef i t  incor rec t ly  
as an increase in life span (Fig. 1 ). A 40-year-old man  
who has a 30-year life expec t ancy  perce ives  a gain of 8 
months  as if it will  be  "tacked" on to  the end  of his life. 
He thinks the gain is insignif icant  because  he "discounts"  
the value of future  life years. ~9 Discoun t ing  refers to the 

relative loss of value of a c o m m o d i t y  as the t ime at w h i c h  
it will  be  ob ta ined  moves  fur ther  and fur ther  in to  the 
future. For example,  mos t  peop le  w o u l d  ra ther  receive  
$1,000 today as opposed  to ob ta in ing  the same a m o u n t  
ten years f rom now. Money  ob ta ined  today can be in- 
vested and can earn  in teres t  over  the nex t  t en  years, 
whereas  the same a m o u n t  ob ta ined  ten  years f rom n o w  
cannot.  Thus, the value of $1,000 ob ta ined  ten  years 
from now is d i scoun ted  relat ive to $1,000 today by an 
amount  equiva len t  to the interes t  that could  have b e e n  
earned over  the ten  years. Most people  v iew heal thy life 
years as a d i scoun tab le  commodi ty ;  that is, a year  of 
healthy life in the p re sen t  has m u c h  more  value than 
the same a m o u n t  of heal thy life 30 years f rom now. As 

a result, the adverse aspects of a therapy assume m u c h  
more  impor t ance  because  they may occur  immediately.  
A modes t  gain in life expec t ancy  that occurs  at the end  
of a pat ient ' s  life has almost  no  value because  it is so 
heavily d iscounted .  

In  fact, a gain in life expec tancy  is no t  the same as 

an increase in life span, w h i c h  occurs  only in the future. 
Rather, a gain in life expec t ancy  implies  a po ten t ia l  im- 
mediate  benefit .  To see h o w  this can be true, it is nec- 
essary to u n d e r s t a n d  the re la t ionship  b e t w e e n  gains in 
life expec tancy  and the more  familiar ways of express ing  
a t r ea tment  benefit .  Usually, c l inic ians  th ink of a thera- 
peut ic  effect in te rms of the decrease  in the p r o p o r t i o n  
of adverse events  that occu r  in  a g iven per iod  of t ime 

in a group of pat ients  w ho  rece ive  a therapy, compared  
wi th  a cont ro l  group. There  are several ways of sum- 
marizing the magn i tude  of the t r ea tmen t  effect. TM For 
example,  the absolute  risk r e d u c t i o n  is the difference in 
the p ropor t ions  of adverse  even ts  in the two groups.  If 
50% of the pat ients  in  a con t ro l  g roup  suffer myocardia l  
infarct ions (MIs)  whi le  40% of the pat ients  taking a n e w  
drug have MIs, then  the absolute  risk r e d u c t i o n  is (0.5 
- -  0 . 4 )  = 0 . 1 ,  o r  1 0 % .  

Another  c o m m o n  way of express ing  t r ea tmen t  ben-  
efit familiar to c l inic ians  is the shift of a "survival" curve  
in response  to a t rea tment .  Figure 2 shows a hypothet ica l  
survival curve,  w h i c h  is a p lo t  of  the cumula t ive  prob- 
ability of avoiding an adverse  even t  vs time. The survival 
curve  for pat ients  rece iv ing  a n e w  drug, d e n o t e d  by open  
circles, is shifted r ightward and upward  wi th  respect  to 

the curve  for a con t ro l  g roup  of patients,  d e n o t e d  by 
closed circles. At the e nd  of the  trial, if only  the pro- 
por t ions  of adverse even ts  in the  two groups  were  com- 
pared, it w o u l d  appear  that the n e w  drug  had a very 
small t r ea tmen t  effect (i.e., a small absolute  risk reduc-  
t ion).  The ca lcula t ion  of t r ea tmen t  effect in this way is 
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FIGURE 2. Two survival curves. Survival curves are a ~I 
~. 0.8 plot of the probability of survival vs time. The two curves .,~ 

in the figure represent the results of a hypothetical random- 
ized clinical trial. The upper curve (open circles) represents r.~ 0.7 
the survival of patients treated with a drug, while the bottom 
curve (closed circles) represents the survival of control pa- O 
tients. Even though roughly the same proportions of patients ~ ,  
eventually suffer an adverse event, the curve for the treated 
patients is shifted rightward and upward with respect to the 
curve for the control patients, which implies that treatment , ~  
delays the adverse event. This benefit of therapy would not ~(~ 
have been appreciated if only the absolute of relative risk 1~ 
reduction had been calculated at the end of the trial. 
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FIGURE 3. Relationship among expressions of treatment benefit. Two survival curves are shown with the curve for patients who receive beta-blockers 

post myocardial infarction (MI) shifted rightward and upward with respect to the curve for patients who receive a placebo. The absolute risk reduction 
(ARR) at a given time is represented by the vertical separation between the curves at that time. The difference in median survival times is the horizontal 
separation between the two curves when the probability of survival is 50%. The gain in life expectancy (ALE) is the area between the two survival curves. 

misleading:  even  t h o u g h  rough ly  the  same p r o p o r t i o n  
of  events  o c c u r r e d  in the  g r o u p  r ece iv ing  the  drug,  the  
de lay  of  adver se  even t s  is ce r t a in ly  w o r t h w h i l e  in its 
o w n  right.  In  fact, s ince  w e  all die,  the  benef i t  of  any 
med ica l  therapy ,  e x p r e s s e d  as the  d i f fe rence  in the  pro-  
p o r t i o n  of  dea ths  b e t w e e n  two  groups ,  mus t  even tua l ly  
be  zero.  Howeve r ,  even  t h o u g h  dea th  is cer ta in ,  mos t  
p e o p l e  w o u l d  p r e f e r  to d ie  60 yea r s  f rom n o w  ra the r  
than t o m o r r o w .  Thus, t r e a t m e n t  effect  can be  e x p r e s s e d  
as the  e x t e n t  to w h i c h  a g iven  the rapy  shifts the  survival  
cu rve  for  pa t i en t s  w i t h  a ce r t a in  disease.  The  m a g n i t u d e  
of  this  shift is f r equen t ly  s u m m a r i z e d  by  the  d i f fe rence  
in m e d i a n  survival  t imes  o r  "half- t imes" (i.e., the  t ime  
at w h i c h  half  of  the  c o h o r t  have  suffered the  adverse  
event) .  

The  c o n c e p t s  of  life e x p e c t a n c y  and life e x p e c t a n c y  
gain are  no  m o r e  than s imple  ex t ens ions  of  survival  
curves.  To u n d e r s t a n d  this poin t ,  s o m e  def in i t ions  are  
necessary .  The  life span o f  an ind iv idua l  at a pa r t i cu la r  
t ime  is de f ined  as the  n u m b e r  of  years  that  p e r s o n  l ives 
b e y o n d  that  t ime.  O n  the  o t h e r  hand,  life e x p e c t a n c y  at 
a pa r t i cu la r  t ime  is de f ined  as the  average  fu ture  life span 
of  a g r o u p  o f  l ike ind iv idua ls  at that  t ime. For  example ,  
the  life e x p e c t a n c y  value  for  40-year -o lds  in the  genera l  
popu l a t i on  is the  average  fu tu re  life span  o f  a c o h o r t  of  
hea l thy  p e o p l e  w h o  are  all 40. In  theory ,  life e x p e c t a n c y  
is easy to ca lcula te :  one  sums  the  life spans o f  all the  
m e m b e r s  of  a g r o u p  and t hen  d iv ides  by  the  n u m b e r  of  
p e o p l e  at the  start. I t  can  b e  s h o w n  m a t h e m a t i c a l l y  that  
this way  of  ca lcu la t ing  life e x p e c t a n c y  for  a g roup  of  
p e o p l e  is equ iva l en t  to f inding  the  area  u n d e r  the i r  sur- 
vival curve.  Thus, the  gain in life e x p e c t a n c y  d u e  to the  
effect of  a t he r apy  is equ iva l en t  to the  area  b e t w e e n  the  
survival  c u r v e  for  pa t i en t s  w h o  r e c e i v e  t he  t r e a t m e n t  
and the  c u r v e  for  those  w h o  d o  not.  

F igure  3 i l lus t ra tes  the  in t e r r e l a t ionsh ips  b e t w e e n  
these  t h ree  ways  of  exp re s s ing  a t r e a t m e n t  effect. Two  

survival  curves  for  pa t ien ts  pos t -MI  are  shown.  The  up- 
pe r  curve represents  patients t rea ted  with  a beta-blocker,  
wh i l e  the  l o w e r  cu rve  r e p r e s e n t s  pa t ien ts  t r ea ted  wi th  
a p lacebo.  The  ver t ica l  s epa ra t ion  b e t w e e n  the two  sur- 
vival curves  at a g iven  t ime r e p r e s e n t s  the  d i f ference  in 
p r o p o r t i o n s  of  dea ths  at that  t ime  (i.e., the  abso lu te  r isk 
r educ t i on  due  to b e t a - b l o c k e r  the rapy) ;  the  hor izon ta l  
separa t ion  of  the  two  curves  w h e n  the  p robab i l i t y  of  
survival is 0.5 o r  50% r e p r e s e n t s  the  d i f ference  in me- 
dian survival  t imes  for the  two  groups;  and the  area  
b e t w e e n  the  t w o  cu rves  r e p r e s e n t s  the  gain in life ex- 
p e c t a n c y  d u e  to  the  be ta -b lockade .  

Under s t and ing  life e x p e c t a n c y  gain as the  area  be- 
t w e e n  two  survival  curves  has two  key impl ica t ions .  
First, as shown  in Figure  3, a gain in life e x p e c t a n c y  due  
to a the rapy  is r e l a t ed  to a shift in the  survival cu rve  for 
the  t r ea ted  pat ients .  This m e a n s  that  the  t r ea ted  pa t ien t s  
en joy  an i m m e d i a t e  inc rease  in the  p robab i l i t y  o f  sur- 
vival, compared  wi th  the cont ro l  patients. In other  words,  
some  pa t ien ts  w h o  w o u l d  have  d i ed  the  day after  the  
t r ea tmen t  is s t a r t ed  may  no t  d i e  that  day. A shift in the  
survival cu rve  impl ies  that  the  d i s t r ibu t ion  of life spans 
for the  t r ea ted  pa t i en t s  is "shif ted to the  r ight"  (i.e., 
t oward  longe r  life s p a n s ) w i t h  r e s p e c t  to the  d i s t r ibu t ion  
for the control  patients. Thus, life expec tancy  gain should 
be  v i ewed  in a "p robab i l i s t i c"  sense.  A gain of  8 m o n t h s  
for a 40-year-o ld  man  wi th  a 30-year  basel ine  life ex- 
p e c t a n c y  does  no t  m e a n  that  he  wi l l  l ive unti l  age 70.67 
years  ins tead  of  70 years.  Rather,  a gain of  8 m o n t h s  of  
life e x p e c t a n c y  means  that  the  p robab i l i t y  of  a l onge r  
life span has increased .  The  ac tua l  inc rease  for a par t ic-  
ular  indiv idual  m a y  be  large, c lose  to zero,  or  even  neg- 
ative. However ,  the  mos t  p r o b a b l e  (i.e., the  ave rage )  
increase  in life span  is 8 months .  Since the  d i s t r ibu t ion  
o f  life spans  is shif ted,  a gain in life e x p e c t a n c y  impl ies  
that  the  p robab i l i t y  o f  a l onge r  life span is i nc r ea sed  
even  for  those  pa t i en t s  w h o  are  de s t i ned  to d ie  soon  
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after the initiation of the therapy. This fundamental con- 
cept is worth reiterating: a gain in life expectancy implies 
an i m m e d i a t e  benefit to patients. 

Second, for equally effective treatments, the mag- 
nitude of a given gain in life expectancy depends on the 
slope of the survival curve for the control patients (i.e., 
the baseline risk of death). Two sets of survival curves 
are shown in Figure 4. Panel A illustrates the case of a 
particularly lethal illness (such as chronic myelogenous 
leukemia after blast transformation), while panel B il- 
lustrates the case of a disease that is less severe [such 
as chronic lymphocytic leukemia (CLL)]. As shown in 
Figure 4, the survival curves for patients who receive 
new chemotherapy regimens are shifted with respect to 
the standard treatments. At some point, the absolute risk 
reduction is 15% in both cases. However, the gain in 
life expectancy for the patients with blast crisis is sub- 
stantially less than that for the patients with CLL, even 
though the absolute risk reduction is the same, since the 
slope of the "blast curve" is much steeper than the slope 
of the "CLL curve." In terms of the interpretation of 
gains in life expectancy, the converse of this argument 
is more important. A small gain in life expectancy may 
be associated with a risk reduction that most clinicians 
would consider to be important ff the baseline risk of 
death in the control patients were high. 

THE LAW OF AVERAGES 

As mentioned above, calculating the life expectancy 
of a group of people by finding the area under their 
survival curve is equivalent to summing all the individual 
life spans of the group and then dividing by the original 
number of people. Thus, calculating the life expectancy 
of a cohort  of patients is analogous to finding their av- 

erage hemoglobin value by summing all of the individual 
hemoglobin values and then dividing by the number of 
people in the group. It is important to realize that life 
expectancy values always represent averages. When de- 
cision analysts speak of the "'life expectancy" of an in- 
dividual with certain characteristics, they really mean 
the average life span of a group of people with those 
same characteristics. A person may have a life expec- 
tancy of 40 years, but his or her actual life span may be 
substantially different from the average span. Using the 
hemoglobin analogy, healthy men may have an average 
hemoglobin level (which corresponds to "life expec- 
tancy") of 140 mg/L, while individual hemoglobin values 
(which correspond to "life spans") may vary substan- 
tially around the average. 

The gain in life expectancy is also an average value. 
The actual change in the life span for the individual 
members of a group may vary and may be distributed 
around the average change. A gain in life expectancy of 
a certain size can result from all of the members of the 
group's obtaining a small increase in life span or from a 
small proportion of a group's enjoying a large increase 
in life span. For example, cessation of smoking by all the 
members in a group of 1,000 smokers may improve the 
pulmonary function of all of these individuals, resulting 
in an increase in each of their life spans by one tenth of 
a year. On the other hand, use of preoperative antibiotics 
may prevent four of 1,000 patients from developing fatal 
wound infections, resulting in an increase in each of the 
life spans of these four by 25 years, while the other 996 
patients have no gain in life span. The gain in life ex- 
pectancy is 0.1 years for both groups, even though the 
distributions of the increases in life span are quite dif- 
ferent. 

The fact that the actual increase in life span for 
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FIGURE 4. The magnitude of the gain in life expectancy (delta LE). The magnitude of a gain in life expectancy depends on the slope of the survival 

curve in the control group. In A, the upper curve represents the survival of patients with chronic myelogenous leukemia and blast transformation (i.e., "blast 
crisis") who receive a new chemotherapy regimen, while the lower curve represents similar patients who receive standard therapy. In B, the upper curve 
represents patients who receive a new therapy for chronic lymphocytic leukemia (CLL), while the lower curve represents patients who receive standard 
therapy. Both treatments are associated with an absolute risk reduction (ARR) of 15%. However, the gain in life expectancy associated with the treatment 
in A is much smaller than the gain for the treatment in B because the baseline risk of death in the control group in A is much higher than that in B. 



706 Naimark et  aL. MEANING OF LIFE EXPECTANCY 

individuals is d i s t r ibu ted  a round  the  gain in life ex- 

pec t ancy  (i.e., the  average  increase  in life span)  has im- 

plications for dm interpretat ion of  apparently small gains. 

A small gain in life e x p e c t a n c y  can be  in t e rp re t ed  as 

meaning  that mos t  pa t ien ts  wil l  not  benef i t  f rom therapy 

but  a few pat ients  wi l l  benef i t  substantially. -'~ Does  the 

fact that only  a few pat ients  ob ta in  a substantial  benef i t  

f rom an in t e rven t ion  m e a n  that the i n t e rven t ion  is clin- 

ically unimpor tan t?  The  answer  is, of  course ,  no. For 

example ,  c h l o r a m p h e n i c o l  is rarely uscd  as an ant ibiot ic  

of  first c h o i c e  n o w  because  of  c o n c e r n s  regarding  idio- 

syncrat ic  fatal b o n e  m a r r o w  suppression,  despi te  the fact 

that it is effect ive  and inexpens ive .  In o the r  words ,  only  

a few pat ients  benef i t  f rom the i n t e rven t ion  (avo id ing  

ch lo ramphen ico l ) ,  but  they  benef i t  substantially. The  

gain in life e x p e c t a n c y  for all po ten t ia l  rec ip ien ts  of  

c h l o r a m p h e n i c o l  due  to the avo idance  of  the d rug  is 

minuscule ,  but, nonethe less ,  it is impor t an t  to cl inicians 

(o therwise ,  c h l o r a m p h e n i c o l  w o u l d  be used) .  For the 

same reason, the gain in life e x p e c t a n c y  for s c reen ing  

or  immuniza t ion  p rograms  should  be  e x p e c t e d  to be  

relat ively small because  few pat ients  wil l  benef i t  di- 

rectly. Clinicians cons ide r  these  gains to be  cl inical ly 

impor tan t  because  the  few pat ients  w h o  are d i s co v e re d  

by the sc reen ing  p roces s  and are appropr ia te ly  t rea ted  

wi th  benef i t  substantially. 

INFLATED PERCEPTION 

Another  reason why  gains in life expectancy of  weeks  

to mon ths  seem m o d e s t  is that  ou r  p e r c e p t i o n  of  wha t  

cons t i tu tes  a big gain has been  shaped by the populat i tm- 

wide  gains ach ieved  in this century .  Since 1900 the life 

e x p e c t a n c y  at bir th  has g r o w n  dramatically.  For exam- 

ple, the life e x p e c t a n c y  for a w o m a n  born  in 1900 was 

47 years, wh i l e  the life e x p e c t a n c y  for a w o m a n  born  

in 1988 was 75 years. ~2 Most of  this gain has b e e n  d u e  

to large dec reases  in neonata l  and materna l  mor ta l i ty  

and deaths  due  to infec t ious  disease,  wh i l e  re la t ively  

little has c o m e  fi'om the modern  therapies for the chronic  

degene ra t ive  diseases o f  midd le -aged  and e lder ly  pa- 

tients. In the futurc,  gains in life e x p e c t a n c y  are likely 

to be m u c h  m o r e  m o d e s t  than those  in the past because  

most  in te rven t ions  wi l l  be  t a rge ted  at ch ron ic  diseases. 

For example ,  to increase  the  life e x p e c t a n c y  at bir th  

f rom 75 to 100 years  w o u l d  r equ i r e  the  r e d u c t i o n  of  all 

causes of  mor ta l i ty  across all ages for bo th  m e n  and 

w o m e n  by 85% .22 Set in this con tex t ,  w e  should  e x p e c t  

modest  gains in life expec tancy  for management  of  chronic  

disease in o lde r  patients .  

CONCLUSION 

W h e n  c o n f r o n t e d  wi th  a dec i s ion  analytic m o d e l  

that p red ic t s  long- te rm gains in life e x p e c t a n c y  of  days, 

weeks,  or  mon ths  for  a d iagnost ic  or  the rapeu t i c  inter- 

ven t ion  c o n s i d e r e d  to be  eff icacious f rom shor t - te rm 

studies, c l inicians are inc l ined  to think that e i ther  the 

analysis is faulty or  the  in t e rven t ions  are worthless .  In 

this article, w e  have a t t e m p t e d  to s h o w  that  ne i the r  o f  

these conc lus ions  is cor rec t .  Apparent ly  small gains in 

life e x p e c t a n c y  can be  associated wi th  cl inical ly impor-  

tant the rapeu t i c  in tervent ions .  The  gains themse lves  are 

ne i ther  large nor  small; rather,  c l inicians p lace  a value 

judgmen t  on  a g iven gain based on a m i s c o n c e p t i o n  of  

what  life e x p e c t a n c y  gain means  and based on  an over-  

inflated sense of  wha t  cons t i tu tes  a " large"  gain. We have 

shown that  a gain in l i fe -expec tancy  impl ies  an imme-  

diate increase  in the probabi l i ty  of  survival  for some  

t reated pat ients  ra ther  than a heavily d i s coun ted  benef i t  

that occu r s  only in the distant  future. 

W h e n  con f ron t ed  w i t h  a gain that seems small, cli- 

nicians should  ask themse lves  two  quest ions.  First, wha t  

is the basel ine morta l i ty  rate  in the con t ro l  group? If the 

underlying disease is especially lethal, an apparently small 

gain may be  associated w i t h  a large and clinically im- 

por tant  absolute  risk reduc t ion .  Second,  h o w  many pa- 

tients s tand to benef i t  f rom the i n t e rven t ion  out  of  the 

total popu la t ion  treated? If the  n u m b e r  is small, then  a 

small gain in life e x p e c t a n c y  is to be  expec ted .  However ,  

as for sc reen ing  and immuniza t ion  programs,  clinicians 

may cons ide r  this small gain to be cl inical ly impor tan t  

because  the benefi ts  arc so dramat ic  for the relat ively 

few pat ients  w h o  r ece ive  them. 

Results of  dec is ion  analyses are appear ing com- 

monly  in the medica l  l i te ra ture  and the me t r i c  of  heal th  

benefi t  f requen t ly  e m p l o y e d  is life e x p e c t a n c y  gain. We 

hope  this ar t icle  will  p r o v i d e  cl inicians wi th  a concep-  

tual f r amework  wi th in  w h i c h  the results  of  these anal- 

yses can be  p roper ly  in te rpre ted .  
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