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PREFACE 

T h i s  r e p o r t  i s  one  i n  a series by the a u t h o r s  d e s c r i b i n g  
t h e i r  work on t h e  re la t ionsh ip  between h e a l t h  and energy  consunp- 
t i o n .  The s t u d y  was c a r r i e d  o u t  a t  IIASA i n  1976/77 and was 
p a r t  of  t h e  j o i n t  UNEP/IIASA p r o j e c t  T h e  C o m p a r i s o n  o f  E n e r g y  
O p t i o n s :  A M e t h o d o Z o g i c a Z  S t u d y .  Using c r o s s - s e c t i o n a l  a s  w e l l  
a s  l o n g i t u d i n a l  d a t a ,  t h e  s e r i e s  examines t h e  ro le  of economic 
development i n  improving h e a l t h .  The n a t i o n a l  d a t a  used  h e r e  
extended o v e r  t h e  p e r i o d  1900-1975 and covered  99% of  t h e  world 
p o p u l a t i o n .  The r e s u l t s  o f  t h i s  r e s e a r c h  a r e  d e s c r i p t i v e ,  b u t  
may b e  used i n  a p r o s p e c t i v e  manner f o r  ene rgy ,  e d u c a t i o n  and 
h e a l t h  p o l i c y  d e c i s i o n s .  

T h i s  Research Memorandum s t u d i e s  t h e  r e l a t i o n s h i p  bet-ween 
l o n g e v i t y  on t h e  one hand and n u t r i t i o n a l ,  med ica l  c a r e ,  s o c i a l ,  
and economic i n d i c a t o r s  on t h e  o t h e r .  





SUMMARY 

Previous reports (PP-78-6, PP-78-7, RM-78-4l)describe initial 
studies of the relationship between energy consumption, economic 
development, and health. In the previous report (Health and 
Economic Development I: Infant ~ortality), we presented data 
on infant mortality as it is influenced by development. Here, 
we use longevity from birth as the dependent variable. Unlike 
infant mortality, which represents death rates within a single 
age group, namely 0 to 1, longevity from birth is an aggregate 
of death rates at all ages. From both cross-sectional and 
longitudinal analyses which include a large number of indepen- 
dent variables, we conclude that longevity is strongly 
influenced by development. Both per capita energy consumption 
and literacy show strong interactions with longevity, but 
approximately half of the improvements in the death rates that 
have occurred since 1950 remain unexplained. 





Heal th  and Economic Development 11: 
Longevity 

INTRODUCTION 

A remarkable 20 th  c e n t u r y  phenomenon is  t h e  d ramat ic  world- 
wide i n c r e a s e  i n  human longev i ty .  Remarkable a l s o  i s  ou r  l a ck  
of  unders tanding of t h e  f a c t o r s  under ly ing  t h e  d e c l i n e  i n  dea th  
r a t e s ,  which have i n  many c o u n t r i e s  doubled l i f e  expectancy s i n c e  
t h e  t u r n  of t h e  c e n t u r y .  E f f o r t s  t o  un rave l  t h i s  enigma have 
l a r g e l y  been d i r e c t e d  t o  i n d i v i d u a l  d i s e a s e s  and t h e i r  patho- 
physiology,  t h e  i m p l i c i t  model sugges t ing  t h a t  d e a t h  i s  t h e  f i -  
n a l  outcome on ly  of some s p e c i f i c  pa tho log i c  p roces s .  That  mo- 
d e l  h a s  had some l i m i t e d  succes s ,  p a r t i c u l a r l y  i n  t h e  understand- 
i n g  and preven t ion  o f  c e r t a i n  i n f e c t i o u s  d i s e a s e s ,  b u t  l e a v e s  
open t h e  l a r g e r  q u e s t i o n  of  why d e a t h  r a t e s  a s  a  whole have de- 
c l i n e d .  

Another approach,  one t h a t  ha s  r e c e i v e d  less a t t e n t i o n ,  i s  
t h e  examination of d e a t h  r a t e s  i n  r e l a t i o n s h i p  t o  t h e  s o c i a l  and 
e c o n o ~ i c  environment i n  which t h e y  occur .  Economic development 
ha s  a  powerful d e p r e s s a n t  e f f e c t  on m o r t a l i t y ,  y e t  t h i s  r e l a t i o n -  
s h i p  h a s  e x c i t e d  l i t t l e  r e s e a r c h  i n t e r e s t .  The c a s u a l  observa-  
t i o n ,  o f t e n  u n c r i t i c a l l y  accep ted ,  is  t h a t  i nc rea sed  l o n g e v i t y  
i s  t h e  r e s u l t  o f  improvements i n  medica l  c a r e ,  n u t r i t i o n ,  and 
s a n i t a t i o n :  While t h a t  exp l ana t ion  is p l a u s i b l e ,  it l a c k s  p roo f .  

I n  a  p rev ious  gaper  [ I ]  a  s t udy  was made of t h e  r e l a t i o n -  
s h i p  of economic development t o  i n f a n t  m o r t a l i t y  w i t h  a  view 
toward examination of t h o s e  i n t e r l i n k i n g  v a r i a b l e s  t h a t  may be  
exp lana to ry .  I n  t h i s  paper  a  s i m i l a r  a n a l y s i s  i s  c a r r i e d  o u t ,  
w i t h  l ongev i ty  from b i r t h  a s  a  measure of  h e a l t h .  

A s  a measure of  economic development, we  have chosen t o  u se  
annua l  p e r  c a p i t a  commercial energy consumption i n  ki lograms of 
c o a l  equ iva l en t  (kgce).. The advantage i s  t h a t  t h i s  index pro- 
v i d e s  a  c o n s t a n t  p h y s i c a l  u n i t ,  comparable ove r  t i m e  and among 
c o u n t r i e s .  P e r  c a p i t a  G N P  is o f t e n  used a s  a  measure of economic 
development. Th i s  q u a n t i t y  has  t h e  d e f e c t  of r e q u i r i n g  a r b i t r a r y  
ad jus tments  when used among n a t i o n s  wi th  d i f f e r e n t  c u r r e n c i e s  o r  
f o r  l o n g i t u d i n a l  s t u d i e s  where ad jus tments  f o r  i n f l a t i o n  o r  de- 
f l a t i o n  a r e  necessary .  Other d e f e c t s  i n h e r e n t  i n  the u s e  of G N P  
a s  a  measure of  economic a c t i v i t y  have been reviewed e lsewhere  [ 2 ] .  

Longevity from b i r t h  i s  a  s t a t i s t i c  c a l c u l a t e d  f o r  a  g iven  
yea r  from age-spec i f ic  m o r t a l i t y  r a t e s  f o r  t h a t  yea r .  A common 
misunders tanding of  l o n g e v i t y  i s  t h a t  c h i l d r e n  born i n  t h a t  yea r  
w i l l  exper ience  t h o s e  m o r t a l i t y  r a t e s  throughout  t h e  subsequent  
y e a r s  of  t h e i r  l i v e s ,  an assumption a lmost  c e r t a i n  t o  be i n  
e r r o r .  Longevity i s ,  n e v e r t h e l e s s ,  a  very  u s e f u l  measure of 
m o r t a l i t y ,  s i n c e  it i s  an  agg rega t e  o f  c u r r e n t  d e a t h  r a t e s .  



1 
Y =  

0.014 + 0.010 exp ( -0.0022 x ) 

Energy Consumption per Capita (ku Coal Equivalent) 

F i g u r e  1 .  R e l a t i o n s h i p  between energy  consumption 
and l o n g e v i t y  f o r  130 c o u n t r i e s  (1975) d a t a .  

W e  have  d e s c r i b e d  e l s e w h e r e  [31 t h e  r e g r e s s i o n  o f  l o n g e v i t y  
on e n e r g y  consumption f o r  t h e  y e a r s  1950, 1960, and 1970 u s i n g  a 
l o g i s t i c  c u r v e  of  t h e  form y = l / ( a  + b e c x )  as  p r e s e n t e d  i n  F ig -  
u r e  1 .  W e  i n t e r p r e t e d  t h e  r e s u l t s  a s  d e m o n s t r a t i n g  d i s t i n c t  
phases  i n  economic development  as it a f f e c t s  m o r t a l i t y ,  namely, 
a n  a n n u a l  p e r  c a p i t a  consumption of  0 t o  99 kgce  (Phase  I ) ,  100 
t o  1999 kgce  (Phase  I I ) ,  2000 t o  3999 kgce (Phase  I I I ) ,  and more 
t h a n  4000 kgce (Phase  I V ) .  Longev i ty  i s  r e l a t i v e l y  i n s e n s i t i v e  
t o  i n c r e a s i n g  energy  consumption t h r o u g h o u t  t h e  f i r s t  and f o u r t h  
p h a s e s ,  b u t  rises s h a r p l y  t h r o u g h  Phase  11. I n  t h i s  p a p e r  w e  
f u r t h e r  d i v i d e  Phase  I1 i n t o  two c a t e g o r i e s  s o  as t o  examine t h e  
" t a k e - o f f "  phase  o f  economic d e v e l o p m e i ~ t  i n  more d e t a i l :  Phase  
I I a ,  from 100 t o  399 kgce ,  and I I b ,  from 400 t o  1999 kgce .  

The 29 c o u n t r i e s  i n  Phase  I ,  c o n t a i n i n g  9 p e r c e n t  o f  t h e  
w o r l d ' s  p o p u l a t i o n ,  are c h a r a c t e r i z e d  by i l l i t e r a c y ,  i n a d e q u a t e ,  
monotonous, and u n c e r t a i n  d i e t ,  and  h i g h  r a t e s  o f  i n f a n t  m o r t a l i t y  
and f e r t i l i t y .  The p r i m a r y  economic a c t i v i t y  i s  s u b s i s t e n c e  farm- 
i n g .  There  i s  l i t t l e  u s e  of  money, and energy  i n p u t s  a r e  l a r g e l y  
from human musc le .  E t h i o p i a ,  Nepal ,  and much of  A f r i c a  below t h e  
Sahara  a r e  examples.  



Phase I1 c o n t a i n s  6 3  p e r c e n t  of t h e  w o r l d ' s  popu l a t i on .  
Pe r  c a p i t a  GNP h a s  begun t o  r ise.  The p o r t i o n  of t h e  l a b o r  f o r c e  
engaged i n  a g r i c u l t u r e  b e g i n s  t o  f a l l .  U rban i za t i on  commences. 
I n f a n t  m o r t a l i t y  s t a r t s  t o  f a l l  and l o n g e v i t y  i n c r e a s e s  by ap- 
p rox imate ly  28 y e a r s .  I n d i a ,  China ,  and much o f  L a t i n  America 
a r e  examples. I n  Phase I11 a l l  t h e s e  t r e n d s  c o n t i n u e  a l t hough  
o n l y  sma l l  g a i n s  i n  l o n g e v i t y  o c c u r .  I n  Phase I V  t h e  develop-  
ment p roce s s  is  mature .  L i t e r a c y  i s  now v i r t u a l l y  u n i v e r s a l ,  
and h e a l t h  b e n e f i t s  p l a t e a u  i n  s p i t e  of  p r o g r e s s i v e  i n d u s t r i a l i -  
z a t i o n .  

W e  have c a r r i e d  o u t  bo th  c r o s s - s e c t i o n a l  and l o n g i t u d i n a l  
s t u d i e s  on 150 c o u n t r i e s ,  which c o n t a i n  more t han  99 p e r c e n t  of 
t h e  w o r l d ' s  popu l a t i on .  I t  was o u r  i n t e n t  t o  examine t h o s e  g r o s s  
v a r i a b l e s  f o r  which d a t a  a r e  now g e n e r a l l y  a v a i l a b l e  f o r  most 
c o u n t r i e s  t o  t es t  whether  e q u a t i o n s  cou ld  be d e r i v e d  t h a t  would 
pe rmi t  l i n k i n g  l o n g e v i t y  t o  economic development.  

The v a r i a b l e s  examined, t h e  shor thand  n o t a t i o n s  used i n  t e x t  
and t a b l e s ,  and t h e i r  s o u r c e s  a r e  a s  fo l low:  

INFMORT = i n f a n t  m o r t a l i t y  p e r  1000 l i v e  b i r t h s  141  
LONGBI  = l o n g e v i t y  from b i r t h  i n  y e a r s  [4 ]  
FERTILITY = annua l  b i r t h s  per woman aged 15  t o  45 ,  c a l c u -  

l a t e d  from s t a t i s t i c s  a v a i l a b l e  i n  [41 
BIRTH RT = l i v e  b i r t h s  p e r  1000 p o p u l a t i o n  [ 4 ]  
DEATH RT = d e a t h s  p e r  1000 p o p u l a t i o n  [4 ]  
GNP = p e r  c a p i t a  GNP i n  d o l l a r s  [5 ]  
ENERGY = p e r  c a p i t a  annua l  comrrlercial energy  consump- 

t i o n  i n  k i lograms  o f  c o a l  e q u i v a l e n t  (kgce)  [61 
$ LABAG = p e r c e n t  of  l a b o r  f o r c e  employed i n . a g r i c u 1 -  

t u r e  171 
$ GTH = p e r c e n t  o f  t o t a l  p o p u l a t i o n  l i v i n g  i n  c i t i e s  

of more t h a n  100,000,  c a l c u l a t e d  from 
s t a t i s t i c s  i n  [ 8 ]  

$ LITERACY = p e r c e n t  of  pe r sons  ove r  age  15 a b l e  t o  r e a d  
and w r i t e  [ 9 , 10 ]  

EMROLM = p e r c e n t  of e l i g i b l e  p o p u l a t i o n  e n r o l l e d  i n  
s choo l  [7 ]  

TOTCALS = p e r  c a p i t a  t o t a l  d a i l y  c a l o r i e s  [ I  11 
CARBCALS = p e r  c a p i t a  d a i l y  c a l o r i e s  from ca rbohyd ra t e  [ I l l  
FATCALS = p e r  c a p i t a  d a i l y  c a l o r i e ' s  from f a t  1111 
PROTCALS = p e r  c a p i t a  d a i l y  c a l o r i e s  from animal  and 

v e g e t a b l e  p r o t e i n  [11]  
APRCALS = p e r  c a p i t a  d a i l y  c a l o r i e s  from animal  p r o t e i n  [ I11 
POP/MD = number of  pe r sons  p e r  p h y s i c i a n  [8]  
POP/BED = number of  pe r sons  p e r  h o s p i t a l  bed [8]  
G I N 1  = an  i ndex  of d i s t r i b u t i o n  of  income [7 ]  
46 HAtF = s m a l l e s t  p e r c e n t  of p o p u l a t i o n  r e c e i v i n g  h a l f  

o f  t o t a l  income [7]  
% CHRISTIKV = p e r c e n t  of p o p u l a t i o n  who a r e  C h r i s t i a n  [ 7 ]  
% MOSLEM = p e r c e n t  of  p o p u l a t i o n  who a r e  Moslen 171: 



DATA ANALYSIS 

W e  ob t a ined  1975 v a l u e s  of t h e  above-mentioned v a r i a b l e s ,  
whenever p o s s i b l e ,  f o r  150 c o u n t r i e s .  While in format ion  on popu- 
l a t i o n  and v i t a l  s t a t i s t i c s  was a v a i l a b l e  f o r  each coun t ry ,  o t h e r  
d a t a  w e r e  incomplete.  For i n s t a n c e ,  GIN1 and % HALF were a v a i l -  
a b l e  f o r  on ly  71 c o u n t r i e s ;  however, 116 c o u n t r i e s  had complete 
d a t a  on t h e  v a r i a b l e s  used i n  most of t h e  d a t a  a n a l y s i s .  

R e s u l t s  based on t h e s e  d a t a  c o n s t i t u t e  o u r  c r o s s - s e c t i o n a l  
a n a l y s i s .  S t a t i s t i c a l  averages  (weighted by popu la t i on )  w e r e  
ob t a ined  us ing  complete d a t a  on each v a r i a b l e .  These ave rages  
a r e  p r e sen t ed  i n  Table 1 by development phase.  S tandard ized  
s c o r e s ,  i . e .  (phase  mean - grand m e a n ) / t o t a l  s t a n d a r d  d e v i a t i o n ,  
a r e  shown i n  F igu re  2 .  The s i g n s  of  t h e s e  s c o r e s  were a d j u s t e d  
s o  t h a t  t hey  w e r e  a l l  p o s i t i v e  f o r  t h e  developed phases .  

F2qure;' 2 ' Standard ized  s c o r e s  f o r  16  v a r i a b l e s ,  by annual  per  
c a p i t a  energy  consumption ( k q c e ) ,  150  c o u n t r i e s .  
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Weighted s imple  c o r r e l a t i o n s  were e s t ima ted  from complete 
p a i r s  of obse rva t ions .  Weighted m u l t i p l e  r e g r e s s i o n  a n a l y s i s  of 
l ongev i ty  on v a r i o u s  explana tory  v a r i a b l e s  was based on t h e  116 
c o u n t r i e s  wi th  complete d a t a .  This  a n a l y s i s  excluded % LABAG, 
ENROLM, G I N I ,  and % HALF. The l o n g i t u d i n a l  a n a l y s i s  i s  based on 
a  subsample of 4 2  c o u n t r i e s  f o r  which in format ion  was a v a i l a b l e  
i n  1950 and 1970. 

I n  t h e  r e g r e s s i o n  and c o r r e l a t i o n  ana lyses  some v a r i a b l e s  
were t ransformed t o  t h e i r  l oga r i t hmic  v a l u e s  s i n c e  t h i s  improved 
l i n e a r  c o r r e l a t i o n  w i t h  l ongev i ty .  V a r i a b l e s  s o  t ransformed were 
GNP, ENERGY, POP/MD, and. POP/BED. F i n a l l y ,  t o  f u r t h e r  i l l u s t r a t e  
t h e  degree  of l i n e a r  dependence between longev i ty  and t h e  explan- 
a t o r y  v a r i a b l e s ,  w e  chose t o  repo,rt t h e  p ropor t ion  of s t anda rd  
d e v i a t i o n  (SD) exp la ined ,  r a t h e r  than t h e  f a m i l i a r  p ropor t ion  of 
v a r i a n c e ,  s i n c e  t h e  SD i s  i n  t h e  same u n i t s  a s  t h e  o r i g i n a l  
measurements. While t h e  p ropor t ion  of v a r i a n c e  expla ined  i s  t h e  
square  of t h e  m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  ( r 2 ) ,  t h e  propor- 

t i o n  of SD i s  1  - 4 7 .  The l a t t e r  i s  always l e s s  t h a n  o r  
equa l  t o  t h e  former.  For example, i f  r = 0.8, t hen  t h e  propor- 
t i o n  of va r i ance  exp la ined  i s  0.64 (64 p e r c e n t )  whi le  t h e  pro- 
p o r t i o n  of SD exp la ined  i s  0 . 4 0  ( 4 0  p e r c e n t ) .  

R e s u l t s  w i l l  be p re sen ted  i n  two s e c t i o n s ,  c r o s s - s e c t i o n a l  
and l o n g i t u d i n a l .  

CROSS-SECTIONAL ANALYSIS 

F igu re  1  i l l u s t r a t e s  t h e  r e l a t i o n s h i p  between energy con- 
sumption and l o n g e v i t y  f o r  a l l  330 c o u n t r i e s  f o r  which complete 
d a t a  were a v a i l a b l e  i n  1975. Each d a t a  p o i n t  shown i s  t.he aver-  
age va lue  f o r  each succes s ive  10 c o u n t r i e s .  The curve  was f i t t e d  
t o  a  l o g i s t i c  f u n c t i o n  by an i t e r a t i v e  procedure .  Although t h e  
d a t a  could a l s o  be f i t t e d  t o  a l i n e a r  f u n c t i o n ,  a  number of con- 
s i d e r a t i o n s  r u l e d  o u t  t h e  l i n e a r  model. A s  w i l l  be desc r ibed  
l a t e r ,  t h e r e  i s  no s i g n i f i c a n t  c o r r e l a t i o n  between energy con- 
sumption and l o n g e v i t y  f o r  t h e  countrLes  w i t h  energy consumption 
e i t h e r  below 100 kgce o r  above 2000  kgce,  t h u s  g iv ing  suppor t  t o  
t h e  u s e  of  a  l o g i s t i c  equa t ion .  

C o r r e l a t i o n  c o e f f i c i e n t s  f o r  s e l e c t e d  v a r i a b l e s  w i t h  longe- 
v i t y  a r e  shown i n  Table  2  and w i l l  be d i scus sed  i n  groupings  a s  
shown t h e r e .  The t a b l e  shows c o r r e l a t i o n s  f o r  t h e  t o t a l  sample 
a s  w e l l  a s  w i t h i n  energy phase.  

V i t a l  S t a t i s t i c s  

C o r r e l a t i o n s  between l o n g e v i t y  and i n f a n t  m o r t a l i t y  a r e  
v e r y  h igh  s i n c e  d e a t h  r a t e s  a t  a l l  ages  t end  t o  be h i g h l y  cor -  
r e l a t e d .  V a r i a t i o n s  i n  i n f a n t  m o r t a l i t y  a r e  t h e r e f o r e  r e f l e c t e d  
i n  s i m i l a r  v a r i a t i o n s  of l o n g e v i t y  i n  t h e  oppos i t e  d i r e c t i o n .  
Death r a t e s  p e r  1000 a r e  i n v e r s e l y  r e l a t e d  t o  l ongev i ty  i n  t h e  
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paorer c o u n t r i e s  where t h e  p o p u l a t i o n s  a r s  r e l a t i v e l y  young i n  
age diszr%3~1-kFon,  With i n c r e a s i n g  economic development,  dea th  
r a t e s  5211 a t  younger a g e s ,  t h e  mean p o p u l a t i o n  age  i n c r e a s e s ,  
and l o n g e v i t y  becomes p o s i t i v e l y  c o r r e l a t e d  w i t h  d e a t h  r a t e s  i n  
t h e s e  o l d e r  p o p u l a t i o n s .  A s  p r e d i c t e d  by demographic t r a n s i t i o n  
t h e o r y ,  poo re r  c o u n t r i e s  w i t h  h i g h  d e a t h  r a t e s  have h igh  b i r t h  
r a t e s  and high f e r t i l i t y  i n  o r d e r  t o  m a i n t a i n  t h e i r  popu l a t i on  
s i z e ,  thus  e x p l a i n i n g  t h e  n e g a t i v e  c o r r e l a t i o n s  w i t h  l o n g e v i t y .  
I n  Phase I V  c o u n t r i e s ,  t h o s e  c o r r e l a t i o n s  become i n s i g n i f i c a n t  
a s  b i r t h  r a t e s  d r o p  t o  replacement  l e v e l s .  

N u t r i t i o n  

Of t h e  f i v e  n u t r i t i o n a l  v a r i a b l e s  t e s t e d ,  a l l  w e r e  h i g h l y  
c o r r e l a t e d  w i t h  l o n g e v i t y  i n  t h e  o v e r a l l  sample ;  however, ab- 
s o l u t e  c o r r e l a t i o n s  w i t h i n  energy  groups  w e r e  e i t h e r  low o r  i n -  
s i g n i f i c a n t .  The c a r b o h y d r a t e  v a r i a b l e  i s  n e g a t i v e l y  c o r r e l a t e d  
w i t h  l o n g e v i t y  s i n c e  it i s  c a l c u l a t e d  as t h e  p e r c e n t  of t o t a l  
c a l o r i e s  from ca rbohyd ra t e ,  r a t h e r  t h a n  measured i n  a b s o l u t e  le- 
v e l s  a s  w i t h  t h e  o t h e r  n u t r i t i o n a l  v a r i a b l e s .  

Educa t ion  

S e v e r a l  measures  o f  e d u c a t i o n a l  l e v e l s  i n  v a r i o u s  c o u n t r i e s  
w e r e  examined, i n c l u d i n g  d o l l a r  inves tment  i n  e d u c a t i o n  p e r  
c a p i t a  and numbers o f  s c i e n t i f i c  p u b l i c a t i o n s .  A s  shown i n  
Tab le  2 ,  t h e  most powerful  e x p l a n a t o r y  v a r i a b l e  was l i t e r a c y ,  
t h e  a b i l i t y  t o  r e a d  and w r i t e .  The o v e r a l l  c o r r e l a t i o n  c o e f f i -  
c i e n t  betweeen l o n g e v i t y  and l i t e r a c y  was a s t r i k i n g  0 . 9 5 .  
Fur the rmore ,  c o r r e l a t i o n  was h i g h l y  s i g n i f i c a n t  w i t h i n  each  o f  
t h e  energy  g roup ings  e x c e p t  Phase IV where l i t e r a c y  approaches  
1 0 0  p e r c e n t  and no l o n g e r  s e r v e s  a s  a  u s e f u l  d i s c r i i n i n a t o r y  
v a r i a b l e .  C o r r e l a t i o n s  f o r  t h e  en ro l lmen t  v a r i a b l e  were weaker 
and less c o n s i s t a n t  w i t h i n  energy  phases .  

Medical  Care 

The e f f e c t  o f  med i ca l  c a r e  was measured by two v a r i a b l e s ,  
t h e  r a t i o s  o f  p o p u l a t i o n  t o  numbers o f  p h y s i c i a n s  and t o  hos- 
p i t a l  beds .  Both r a t i o s  f a l l  r a p i d l y  w i t h  economic development,  
a s  s een  i n  Tab le  3 .  C o r r e l a t i o n s  a r e ,  o v e r a l l ,  h i g h l y  s i g n i f i -  
c a n t ,  however, w i t h i n  energy  phase s ,  c o r r e l a t i o n s  a r e  n e i t h e r  
s t r o n g  nor  c o n s i s t e n t l y  s i g n i f i c a n t .  I n  Phase  I V  t h e  c o r r e l a -  
t i o n ,  0 . 7 2 ,  becomes p o s i t i v e  f o r  t h e  r a t i o  of p o p u l a t i o n  t o  
p h y s i c i a n s ;  i . e . ,  t h e  s m a l l e r  t h e  number o f  p h y s i c i a n s ,  t h e  
g r e a t e r  t h e  l o n g e v i t y  w i t h i n  t h o s e  21  c o u n t r i e s .  Number o f  hos- 
p i t a l  beds  does  n o t  c o r r e l a t e  s i g n i f i c a n t l y  w i t h  l o n g e v i t y  i n  
t h e  same group.  



Econonic 

Znergy consumption p e r  c a p i t a  and GMP p e r  c a p i t a  a r e  b o t h  
measures  of  economic development and b o t h  c o r r e l a t e  h i g h l y  w i t h  
l o n g e v i t y .  O f  t h e  two, c o r r e l a t i o n  of  l o n g e v i t y  w i t h  energy  
consumption i s  h i g h e r  i n  Phases  I I a  and I I b ,  where t h e  g r e a t e s t  
i n c r e a s e  i n  l i f e  expec tancy  o c c u r s ,  whereas GNP becomes more 
s t r o n g l y  c o r r e l a t e d  i n  Phases  111 and IT.  

S o c i a l  Y a r i a b l e s  

Two measures of  t h e  d i s t r i b u t i o n  of  w e a l t h  w i t h i n  c o u n t r i e s  
w e r e  examined t o  e x p l o r e  whether  a n  e q u i t a b l e  d i s t r i b u t i o n  might  
have  a  b e n e f i c i a l  e f f e c t  upon l o n g e v i t y .  N e i t h e r  G I N 1  i n d e x  nor  
X HALF confirmed t h i s  e x p e c t a t i o n ,  b o t h  showing weak c o r r e l a -  
t i o i l s .  

U r b a n i z a t i o n  

We examined a  n ~ m b e r  of  measures of u r b a n i z a t i o n ,  u s i n g  
v a r l i o u s  c r i t e r i a  o f  urba,n cong2omeuation. W e  a l s o  examined t h e  
i n d e x  of u r b a n i z a t i o n  p rov ided  t o  t h e  Uni ted  Na t ions  by each  
government.  P e r c e n t  of  popu la t io r .  i n  c i t i e s  of  o v e r  1 0 0 ~ ~ 0 0 0 ,  
t h e  measure most h i g h l y  c o r r e l a t e d  w i t h  l o n g e v i t y ,  i n c r e a s e s  
from 6.7 p e r c e n t  i n  Phase I t o  45.3  p e r c e n t  i n  Phase  I V  ( T a b l e  1 ) .  
Although t h e  o v e r a l l  c o r r e l a t i o n  i s  0.78,  c o r r e l a t i o n  w i t h i n  
energy  phases  i s  n o t  s i g n i f i c a n t  e x c e p t  i n  I I b .  

Other  V a r i a b l e s  

R e l i g i o n ,  th rough  i t s  i n j u n c t i o n s  on food ,  s a n i t a r y  p rac -  
t ices ,  and v a l u e s ,  might  be expec ted  t o  have s i g n i f i c a n t  e f f e c t s  
on l o n g e v i t y .  C o r r e l a t i o n s  f o r  p e r c e n t  C h r i s t i a n  and p e r c e n t  
Moslem w e r e  modera te ly  s t r o n g ,  b u t  because  no s i g n i f i c a n t  c o r -  
r e l a t i o n s  appeared  w i t h i n  g r o u p s ,  it was concluded t h a t  t h e s e  
v a r i a b l e s  o f f e r e d  l i t t l e  i n  t h e  way of e x p l a n a t i o n ,  and t h e y  
w e r e  dropped from f u r t h e r  a n a l y s e s .  

M u l t i p l e  Regress ion  

I n  o r d e r  t o  e v a l n a t e  t h e  r e l a t i v e  c o n t r i b u t i o n  o f  o u r  i n -  
dependent  v a r i a b l e s  t o  l o n g e v i t y ,  w e  grouped them i n t o  s i x  sets ,  
s e l e c t i n g  t h o s e  v a r i a b l e s  t h a t  had demons t ra ted  h i g h e s t  c o r r e -  
l a t i o n s .  They a r e :  n u t r i t i o n  ( f i v e  v a r i a b l e s  a s  i n  Tab le  2 ) ;  
medica l  (POP/MD, POP/BED); l i t e r a c y ;  energy consumption;  d e g r e e  
of  u r b a n i z a t i o n  i$ G T H ) ;  and l i t e r a c y  and energy  combined. 
V a r i a b l e s  showing weak c o r r e l a t i o n s  were exc luded .  M u l t i p l e  
r e g r e s s i o n s  were c a r r i e d  o u t  between l o n g e v i t y  and each  set o f  
v a r i a b l e s ,  a s  w e r e  2 a r t i a l  c o r r e l a t i o n s  w i t h  t h e  r e n a i n i n g  v a r i -  
a b l e s .  V a r i a b l e s  w i t h  p a r t i a l  c o r r e l a t i o n  g r e a t e r  t h a n  3.5 a r e  
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i n d i c a t e d  i n  Table 3 .  This  a n a l y s i s  was performed f o r  t h e  t o t a l  
sample a s  we l l  a s  f o r  each energy phase excep t  Phase I ,  where 
t h e  d a t a  were i n s u f f i c i e n t .  

For t h e  t o t a l  sample, t h r e e  of t h e  grouped v a r i a b l e s  a r e  
a b l e  t o  exp la in  approximately two t h i r d s  o r  more of s t anda rd  
d e v i a t i o n  i n  l ongev i ty :  medical ,  l i t e r a c y ,  and energy consump- 
t i o n .  L i t e r a c y  and energy each r e t a i n  s i g n i f i c a n c e  a f t e r  removal 
of t h e  o t h e r ,  bu t  t h e  two toge the r  e x p l a i n  only  s l i g h t l y  more of  
t h e  s tandard  d e v i a t i o n  of  l ongev i ty  than  does e i t h e r  a lone .  

The medical v a r i a b l e s  a r e  n o t  only  very powerful  i n  r e -  
ducing s tandard  d e v i a t i o n  i n  t h e  o v e r a l l  sample (67 p e r c e n t )  b u t  
a r e  a l s o  c o n s i s t e n t  w i t h i n  energy phases.  I n  t h e  I I b  group o f  
nat ions . ,  where l ongev i ty  i s  r a p i d l y  i n c r e a s i n g ,  medical  c a r e  ex- 
p l a i n s  4 1  pe rcen t  of  s t anda rd  d e v i a t i o n ,  and no o t h e r  s e t  of i n -  
dependent v a r i a b l e s  has a  l a r g e r  p a r t i a l  c o r r e l a t i o n  a f t e r  t h e  
medical  c a r e  e f f e c t  is removed. 

Urbanizat ion i s  a  ve ry  weak v a r i a b l e  i n  t h i s  a n a l y s i s ,  bo th  
i n  t h e  t o t a l  sample and i n  i n d i v i d u a l  energy phases  where urbani-  
z a t i o n  is  almost  u s e l e s s  i n  exp la in ing  v a r i a b i l i t y .  

In  summary, a l l  of  t h e  v a r i a b l e s  examined demonstrated some 
r e l a t i o n s h i p  wi th  l ongev i ty ,  b u t  wi th  t h e  except ion  of  l i t e r a c y ,  
ene rgy ,  and medical  c a r e ,  t h e  r e l a t i o n s h i p s  were n e i t h e r  s t r o n g  
nor  c o n s i s t e n t  enough t o  be persuas ive  of  a  c a u s a l  r e l a t i o n s h i p  
t o  longevi ty .  W e  t h e r e f o r e  undertook f u r t h e r  s t u d i e s  i n  o r d e r  
t o  determins  whether t h e s e  v a r i a b l e s  have p r e d i c t i v e  power. 

LONGITUDINAL ANALYSI-S 

We c o l l e c t e d  d a t a ,  where a v a i l a b l e ,  f o r  t h e  y e a r s  3950, 
1960, and J97Q. The r e l a t i o n s h i p  of  energy consumption and 
longev i ty  f o r  t h e s e  yea r s  a r e  shown i n  F igure  3 .  The sample 
s i z e ,  4 2 ,  i s  cons iderab ly  sma l l e r  than f o r  t h e  c r o s s - s e c t i o n a l  
a n a l y s i s  because of  absence of  d a t a  f o r  e a r l i e r  decades.  S ince  
t h i s .  sma l l e r  group with  complete l o n g i t u d i n a l  d a t a  c o n s i s t s  of  
more developed c o u n t r i e s ,  t h e  e s t i m a t e s  shown f o r  1970 i n  Fig- 
u r e  4 and J975 i n  F igure  1 d i f f e r  somewhat. 

Althouqh a l l  t h r e e  curves  demonstrate a  s i m i l a r  i n f luence  
of economic development on longev i ty ,  t h e r e  i s  evidence o f  a  
t ime- re l a t ed  e f f e c t  t h a t  i s  no t  connected wi th  energy consump- 
t i o n .  This  e f f e c t  is a s s o c i a t e d  wi th  an incxease  i n  l ongev i ty  
of  approximately 12 y e a r s  a t  t h e  lowest  l e v e l s  o f  energy con- 
sumption and i s  l e a s t  n o t i c e a b l e  a t  approximately 1000 kgce 
e q u i v a l e n t .  This  f a c t o r  a l s o  appears  t o  have produced a  g r e a t e r  
e f f e c t  between 1950 t o  1960 than  between 1960 t o  1970. 

Comparisons were made o f  c e r t a i n  v a r i a b l e s  f o r  t hose  coun- 
t r i e s  f o r  which d a t a  were a v a i l a b l e  f o r  1950 and 1970. S t a t i s t i -  
c a l  means a r e  shown i n  Table 4 .  To ta l  c a l o r i c  consumption in -  
c r eased  by 7  p e r c e n t ,  accompanied by a  s h i f t  from a  nigh carbo- 



--- 1 
1960 : y =  

0.014 + 0.005 exp ( -  0.005 x )  

F i g u r e  3.  R e l a t i o n s h i p  between e n e r g y  consumption and l o n g e v i t y  
f o r  42 c u u n t r i e s  (1 950-1 960-1 970 d a t a )  . 

35 - 

h y d r a t e ,  low f a t  d i e t  (1 2 .3  p e r c e n t )  t o  a  h i g h  f a t  d i e t  (34.2 
p e r c e n t ) .  T o t a l  d i e t a r y  p r o t e i n  remained r e l a t i v e l y  c o n s t a n t  
b u t  d a i l y  c a l o r i e s  from animal  s o u r c e s  i n c r e a s e d  by 2 2  p e r c e n t .  
Energy consumption,  l i t e r a c y ,  a v a i l a b i l i t y  o f  med ica l  care, and 
u r b a n i z a t i c n  a l s o  i n c r e a s e d .  

1970 : y =  
1 

- 0.014 + 0.004 exp ( -. 0.001 1 x ) 

C o r r e l a t i o n s  w i t h  l o n g e v i t y  f o r  each  o f  t h e s e  v a r i a b l e s  a r e  
p r e s e n t e d  i n  Tab le  5. C o r r e l a t i o n s  i n  each  o f  t h e  two y e a r s ,  
1950 and 1970, a r e  h i g h ,  e x c e p t  f o r  u r b a n i z a t i o n .  T a b l e  5  a l s o  
shows c o r r e l a t i o n s  o f  differences i n  l o n g e v i t y ,  w i t h  differences 
i n  each  o f  t h e  v a r i a b l e s ,  1950 t o  1970. The n u t r i t i o n a l  and me-  
d i c a l  v a r i a b l e s ,  w i t h  t h e  e x c e p t i o n  o f  f a t  c a l o r i e s ,  w e r e  n o t  
s i g n i f i c a n t l y  r e l a t e d  t o  l o n g e v i t y .  I n c r e a s e s  i n  l o n g e v i t y  w e r e  
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  i n c r e a s e s  i n  b o t h  energy  and lit- 
e r a c y .  

1 

10 50 100 500 1000 5000 10000 
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Table 4. Statistical means of selected variables 

Table 5. Correlation coefficients with selected 
. -  variables r 

Variables 

LONGEVITY 
INFANT MORTALITY 
$ LITERACY 
ENERGY 
TOTCALS 
FATCALS 
APRCALS 
CARBCALS 
PROTCALS 
POP/MD 
POP/BED 
$ URBANIZATION 

3 950 3 970 $ Change 

53 .3 63.3 + 23 
1 3 3  .6 57.8 - 48 
62.3 76.4 + 23 

3 276 2648 + 308 
2706 2890 + 7 
333 989 + 397 
344 3 76 + 22 

2058 3 575 - 23 
33 5 326 + 3 

3 753 1225 - 30 
358 226 - 37 
25 36 + 44 

$ LITERACY 
ENERGY 
FATCALG 
PRTCALS 
AP RCALS 
TOTCALS 
~OP/BED 
POP/IID 
?o GTH 

Longevity Longevity Difference 
(1950) (1 970) 1950-1 970 

I 

.98 .96 .77 

.90 .94 .45 

.71 .75 -.32 

.70 .65 .30 

.66 .75 -. 211 

.76 .73 .31 
-. 89 -. 92 -24 
-. 81 -. 71 -. 06 

. 51  -33 -08 



Having i d e n t i f i e d  l i t e r a c y  and energy  consumption a s  t h e  
major  f a c t o r s  c o r r e l a t e d  w i th  l o n g e v i t y ,  w e  a t t emp ted  t o  q u a n t i -  
f y  t h e  component of  l o n g e v i t y  g a i n  from 1950 t o  1970 a s s o c i a t e d  
w i th  t h e s e  v a r i a b l e s .  To t h a t  end,  w e  produced an e q u a t i o n  based 
on 1950 d a t a  wi th .  which t o  p r e d i c t  longe-vi ty  (w i th  a  s t a n d a r d  de- 
v i a t i o n  o f  3 , 7  years ) . :  

Longevi ty  = 29.4 + 0.302 (1 i t e . r a cy  

+ 2,448 l o g  (.energy) 

The weighted  mean i n c r e a s e s  i n  l i t e r a c y  and l o g  energy  f o r  t h e  
42 c o u n t r i e s  i n  t h i s  a n a l y s i s  w e r e  3 4 . 3  p e r c e n t  and 0.508 u n i t s ,  
r e s p e c t i v e l y .  Applying t h e  e q u a t i o n  t o  the - se  changes,  t h e  e f -  
f e c t s  on i n c r e a s e d  l o n g e v i t y  a s s o c i a t e d  wi th .  l i t e r a c y  and energy  
a r e  p r e d i c t e d  t o  be 4 .3  and 3.2 y e a r s ,  r e s p e c t i v e l y .  These e f -  
f e c t s  amount t o  4 7  p e r c e n t  of t h e  obse rved  mean l o n g e v i t y  i n -  
c r e a s e  o f  31.8 y e a r s .  The unexp la ined  p o r t i o n ,  6 . 3  y e a r s ,  w e  
a t t r i b u t e d  t o  a  " t i m e  e f f e c t ' '  which w i l l  be. d i s c u s s e d  below. 

DI.SCTJSSLON AND SUMMARY 

A s  shown i n  F i g u r e  2 ,  a l l  o f  th.e v a r i a b l e s  t h a t  w e  s t u d i e d  
a r e  c l o s e l y  a s s o c i . a t e d  w i t h  th.e  p r o c e s s  o f  economic development.  
I n  such a  t i g h t  web of i n t e r r e l a t i o n s h i p s ,  any one v a r i a b l e  cou ld  
be chosen a s  a n  i ndex  o f  development,  Longevi ty  i t s e l f  migh t  
s e r v e  a s  such .  

W e  under took  an a n a l y s i s  o f  t h o s e  r e l a t i o n s h i p s  p a r t l y  i n  
o r d e r  t o  tes t  whether  energy  consumption was s u f f i c i e n t l y  c l o s e l y  
r e l a t e d  t o  l o n g e v i t y  t o  s e r v e  a s  a  proxy o r  index  f o r  economic 
development.  I n  t h e  absence  of  e x p e r i m e n t a l  ev idence ,  w e  be- 
l i e v e  t h a t  t h e  r e s u l t s  o f  o u t  s t a t i s t i c a l  a n a l y s i s ,  b o t h  c r o s s -  
s e c t i o n a l  and l o n g i t u d i n a l ,  a r e  c o n s i s t e n t  w i t h  t h i s  hypo the s i s .  

W e  have p r e s e n t e d  t h e  r e l a t i o n s h i p  between commercial energy 
consumption and l o n g e v i t y  a s  a  l o g i s t i c  f u n c t i o n .  These  d a t a  
cou ld  have been f i t t e d  t o  a  l i n e a r  model a s  w e l l  a s  t o  a  l o g i s t i c  
model,  b u t  t h e r e  a r e  two r e a s o n s  f o r  r e j e c t i n g  a  l i n e a r  model: 

- There  i s  no s i g n i f i c a n t  c o r r e l a t i o n  between energy  con- 
sumption and l o n g e v i t y  above 2000 kgce. The i n c r e a s e  i n  
l o n g e v i t y  t h a t  h a s  been obse rved  l o n g i t u d i n a l l y  i n  t h e  
d e v e l o p e d  c o u n t r i e s  o v e r  p a s t  decades  can be e x p l a i n e d  
th rough  a n o t h e r  mechanism: t h e  t i m e  e f f e c t ,  d i s c u s s e d  
below. 

- The l i n e a r  model B a i l s  t o  p a s s  t h e  t es t  of p l a u s i b i l i t y .  
C l e a r l y ,  l o n g e v i t y  canno t  r e ach  t o  i n f i n i t y  b u t  must have 
bo th  lower  and upper  bounda r i e s ,  c o n d i t i o n s  t h a t  a r e  f u l -  
f i l l e d  by a  l o g i s t i c  f u n c t i o n .  



A second o b s e r v a t i o n  r e g a r d i n g  t h e  r e l a t i o n  between energy  
consumption and l o n g e v i t y  i s  t h e  s h i f t  i n  t h e  l o g i s t i c  c u r v e  w i t h  
t i m e  a s  s e e n  i n  F i g u r e  3 .  T h i s  s u g g e s t e d  t o  us  t h a t  two s e p a r a t e  
f a c t o r s  o p e r a t e  t o  r educe  d e a t h  r a t e s  and i n c r e a s e  l o n g e v i t y .  
One o f  t h e s e  i s  c l e a r l y  economic. The o t h e r  i s  noneconomic, which 
w e  i n f e r  from t h e  o b s e r v a t i o n  t h a t  a l l  c o u n t r i e s  b e n e f i t  e q u a l l y  
r e g a r d l e s s  o f  economic development.  Tha t  does  n o t  imply  t h a t  t h e  
e f f e c t  o f  economic development on  l o n g e v i t y  i s  d e c r e a s i n g  wibh 
t i m e ,  b u t  r a t h e r  t h a t  a n o t h e r  f a c t o r  i s  o p e r a t i n g  r e l a t e d  t o  t i m e  
b u t  independen t  of  economic development.  P r e s t o n ,  u s i n g  GNP a s  
a  measure of development ,  h a s  made s i m i l a r  o b s e r v a t i o n s  [ I  21  . 

Another  purpose  of  t h i s  s t u d y  was t o  examine t h o s e  i n t e r -  
l i n k i n g  v a r i a b l e s  though t  t o  u n d e r l i e  t h e  r e l a t i o n s h i p  between 
i n c r e a s e d  l o n g e v i t y  and economic development.  The v a r i a b l e  most 
s i g n i f i c a n t l y  and cons i s t en t ly  r e l a t e d  t o  l o n g e v i t y  i n  o u r  ana ly -  
sis i s  l i t e r a c y .  Fur thermore ,  a l t h o u g h  l i t e r a c y  must c l e a r l y  be 
r e l a t e d  t o  fo rmal  e d u c a t i o n ,  t h e  two are n o t  t h e  same. L i t e r a c y  
was more h i g h l y  c o n s i s t e n t  i n  i t s  r e l a t i o n s h i p  t o  l o n g e v i t y  t h a n  
was s c h o o l  e n r o l l m e n t ,  a l t h o u g h  t h e r e  may b e  a  l a g  i n  t h e  e f f e c t  
o f  t h e  l a t t e r  t h a t  p a r t i a l l y  masks i t s  e f f e c t  on  l o n g e v i t y .  

How shou ld  w e  i n t e r p r e t  t h e  e f f e c t  o f  l i t e r a c y ?  Is it s imply  
an  a s s o c i a t i o n  w i t h o u t  any c a u s a l  s i g n i f i c a n c e ?  W e  t h i n k  n o t :  
t h e  c o r r e l s t i o n s  a r e  t o o  s t r o n g  and t o o  c o n s i s t e n t .  Although 
t h e r e  a r e  undoubtedly  many s u b t l e  i n t e r a c t i o n s  between h e a l t h ,  
economic development,  and educatilon, w e  s p e c u l a t e  t h a t  t h e  e f f e c t s  
on h e a l t h  which f low from e d u c a t i o n  f a l l  i n t o  two c a t e g o r i e s :  
a c c e s s  t o  i n f o r m a t i o n  and a  change i n  v a l u e s .  The former  i m p l i e s  
a c c e s s  t o  modern n u t r i t i o n a l ,  medica l ,  and o t h e r  h e a l t h  m a t e r i a l s ,  
and t h e  l a t t e r ,  t h e  abandoning o f  t h e  d e t r i m e n t a l  p r a c t i c e s  a s -  
s o c i a t e d  w i t h  t r a d i t i o n a l  c u l t u r e s .  An example of  such de t r imen-  
t a l  p r a c t i c e s  i s  quo ted  by a n  American o b s t e t r i c i a n  who h a s  p rac -  
t i c e d  f o r  20 y e a r s  i n  B e i r u t :  

A custom a t  c h i l d b i r t h  may l e a d  t o  one of  t h e  w o r s t  
sets  o f  c o m p l i c a t i o n s  imaginable .  A f t e r  d e l i v e r y ,  
t h e  vag ina  i s  packed w i t h  r o c k  s a l t .  This c a u s e s  
t h e  v a g i n a  t o  s h r i n k  and p r e v e n t s  hemorrhage. But 
t h e  pack o f  s a l t  must be  removed i n  2 4  hours  o r  s o .  
Otherwise, .  it can--and does--cause s e v e r e  a t r e s i a  
and s l o u g h i n g .  The t r o u b l e  is  t h a t ,  g i v e n  t h e  un+ 
s e t t l e d  l i f e  of  d e s e r t  nomads, a  woman may a c t u a l l y  
f o r g e t  t o  have t h e  s a l t  removed a s  camp i s  s h i f t e d .  
A f t e r  s e v e r a l  days ,  it may be t o o  l a t e .  The vag ina  
i s  n e a r l y  occ luded  by a  f i b r o u s  band o f  t i s s u e ,  and 
t h e  n e x t  pregnancy i s  c e r t a i n  t o  b e  d i f f i c u l t  and is  
o f t e n  f a t a l  t o  b o t h  mother  and c h i l d  L131. 

There  i s  a  second s e n s e  i n  which t h e  s i g n i f i c a n c e  o f  l i t e r a -  
cy may be i n t e r p r e t e d ,  and t h a t  i s  a s  a  marker f o r  t h a t  c o n s t e l -  
l a t i o n  o f  v a l u e s  and a t t i t u d e s  t o  which s o c i a l  s c i e n t i s t s  r e f e r  
a s  "modernism". By t h i s  is  meant  r a t i o n a l i s m ,  a c t i v e  p a r t i c i p a -  
t i o n  i n  c i v i c  and n a t i o n a l  a f f a i r s ,  s o c i a l ,  p h y s i c a l ,  and i n t e l -  
l e c t u a l  m o b i l i t y ,  and freedom from t r a d i t i o n a l  mores.  I n  ana ly -  
z i n g  s i x  Middle E a s t e r n  c u l t u r e s ,  D. Le rne r  f i n d s  t h a t  t h e  



v a r i a b l e  most h i g h l y  c o r r e l a t e d  wi th  t h e s e  q u a l i t i e s  i s  l i t e r a c y ,  
and t h a t  " L i t e r a c y  i s  t h e  b a s i c  pe r sona l  s k i l l  t h a t  u n d e r l i e s  t h e  
whole modernizing sequence" [ 141 . 

Many v a r i a b l e s  a r e  c l o s e l y  r e l a t e d  t o  economic development. 
These i n c l u d e  GNP, u r b a n i z a t i o n ,  and p e r c e n t  of l a b o r  f o r c e  i n  
i n d u s t r y ,  a s  w e l l  a s  l i t e r a c y  and longev i ty .  Only t h e  l a s t  two 
reach  a maximum a t  t h e  same p o i n t  of  development, namely, when 
energy consumption r eaches  2000. kgce. 

The a y a i l a h i l i t y  of medical  c a r e ,  as r e f l e c t e d  i n  o u r  crude 
measure of numbers of  d o c t o r s  and h o s p i t a l  beds,  shows a very 
s t r o n g  r e l a t i o n s h i p  both t o  economic development and t o  longe- 
v i t y .  Whereas t h i s  r e l a t i o n s h i p  i s  s t r o n g  i n  t h e  c r o s s - s e c t i o n a l  
a n a l y s i s ,  it i s  i n s i g n i f i c a n t  i n  t h e  l o n g i t u d i n a l  a n a l y s i s  
[Table 4 1 ,  W e  a r e  r e l u c t a n t ,  f o r  two a d d i t i o n a l  reasons ,  t o  ac-  
c e p t  medical  c a r e  as  p l ay ing  a s t r o n g  r o l e  i n  t h e  reductLon of 
dea th  r a t e s  t h a t  h a s  been observed i n  a s s o c i a t i o n  wi th  economic 
development. They a r e  t h e  fo l lowing .  

F i r s t ,  r e d u c t i o n  i n  d e a t h  rates began long b e f o r e  t r u l y  e f -  
f e c t i v e  medical  therapy  became a v a i l a b l e  L351. Death r a t e s  be- 
gan f a l l i n g  i n  some a r e a s  o f  Europe a t  least  one hundred y e a r s  
ago and i n  most o f  Europe 50 1-ears zigo [ I  61 . The i n t r o d u c t i o n  
of s u l f a  d rugs  began i n  t h e  3930s and of  a n t i b i o t i c s  i n  t h e  l a t e  
3940s, and even more recen t$y  o u t s i d e  t h e  developed c o u n t r i e s .  
It seems u n l i k e l y  i n  t h e  extreme t h a t  t h e  i n t r o d u c t i o n  o f  t h e s e  
drugs  became s o  common throughout  t h e  underdeveloped world a s  t o  
add many y e a r s  t o  l ongev i ty  w i t h i n  two decades.  Furthermore,  it 
would be an e r r o r  t o  assume t h a t  t h e s e  drugs  are u n i v e r s a l l y  e f -  
f e c t i v e  i n  t h e  t r e a t m e n t  and c u r e  of t h e  d i a r r h e a s ,  pneumonias, 
and o t h e r  i n f e c t i o n s  t h a t ,  t o  a l a r g e  e x t e n t ,  a r e  r e s p o n s i b l e  
f o r  f a l l i n g  d e a t h  r a t e s .  Not a r e  t h e s e  drugs  e a s i l y  used by 
u n s k i l l e d  persons .  S ince  t h e  popu la t ion  t o  phys i c i an  r a t i o  i s  
of t h e  o r d e r  o f  many thousands i n  less developed c o u n t r i e s  
(Table 1 1 ,  t h e  burden of  proof would s e e m  t o  r e s t  on those  who 
a l l e g e  medical  c a r e  a s  t h e  cause  of t h i s  phenomenon. 

Second, d e a t h  r a t e s  have f a l l e n  a t  a l l  ages  p r o p o r t i o n a t e l y .  
It would seem u n l i k e l y  t h a t  medical  c a r e  has  e q u a l l y  a f f e c t e d  
m u l t i p l e  d i s e a s e s  a c t i n g  independent ly  a t  d i f f e r e n t  ages  through- 
o u t  l i f e .  F igu re  4 i l l u s t r a t e s  l i f e  expectancy a t  v a r i o u s  ages 
by l e v e l  of energy consumption. The curves  show a p r o p o r t i o n a t e  
d e c l i n e  a t  a l l  a g e s  f o r  each  l e v e l  o f  economic development. It 
i s  u n l i k e l y  t h a t  t h i s  i s  t h e  r e s u l t  of medical  c a r e .  

An a l t e r n a t i v e  exp lana t ion  of i n c r e a s e d  l o n g e v i t y  i s  t h a t  
it i s  t h e  e f f e c t  of s a n i t a t i o n  and p reven t ive  h e a l t h  e f f o r t s ,  
such a s  v a c c i n a t i o n s ,  I n  view of  t h e  f a c t  t h a t  t h e  r e d u c t i o n s  
i n  dea th  r a t e s  a s s o c i a t e d  wi th  economic development o f t e n  r e f l e c t  
t h e  l e s s e r  f requency o f  i n f e c t i o u s  d i s e a s e ,  t h i s  s e e m s  p l a u s i b l e .  
Va r i ab l e s  t h a t  w e  t e s t e d  f o r  t h i s  e f f e c t ,  p e r c e n t  of  homes wi th  
piped wate r  o r  f l u s h  t o i l e t s ,  showed no s i g n i f i c a n t  r e l a t i o n s -  
s h i p  t o  l ongev i ty ,  however (-data n o t  shown) . Furthermore,  t h e  
on ly  d i s e a s e  f c r  which worldwide v a c c i n a t i o n  programs have been 
undertaken i s  smallpox,  f o r  which d e a t h  r a t e s  i n  t h i s  c e n t u r y  - 

have been very low. 
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Figure  4 .  Longevity age f o r  phases of energy consumption, pe r  
c a p i t a  (1975 d a t a )  . 

More perp lex ing  s t i l l  i s  t h e  non-economic, t ime- re l a t ed  
f a c t o r .  Some medical e f f o r t s  made by i n t e r n a t i o n a l  and o t h e r  
o r g a n i z a t i o n s  could be o p e r a t i n g  he re ,  bu t  t h e s e  have,  i n  t h e  
g l o b a l  s ensz ,  been min iscu le  and usua l ly  d i r e c t e d  toward s p e c i -  
f i c  d i s e a s e s  o r  " e r a d i c a t i o n "  programs, such a s  a g a i n s t  ma la r i a .  
Even t h e  e f f e c t  of t h e s e  programs i s  ques t ioned  [ 1 7 ] .  

A more c r e d i b l e  s p e c u l a t i o n  i s  t h a t  t h e  i n c r e a s e  i n  r e s i s ;  
t ance  t o  d i s e a s e  exper ienced f i r s t  i n  t h e  developed n a t i o n s  i s  
now producing some e f f e c t  i n  t h e  underdeveloped popula t ion  of  
t h e  world. Experiments among mouse c o l o n i e s  i n t o  which patho- 
gen ic  organisms have been in t roduced  i n  o r d e r  t o  s tudy  t h e  h i s -  
t o r y  of  epidemics demonstrate t h a t  t h e  numbers of s u s c e p t i b l e s  
i n  such popula t ions  and d e n s i t i e s  of  animals a r e  c r i t i c a l  fac -  
t o r s  [ I  8,191 . Rela t ive  v i r u l e n c e  of t h e  b a c t e r i a l  organism i s  
of l e s s  importance. 



I n  summary, economic development has  been shown t o  add ap- 
proximately  30 y e a r s  t o  l i f e  expectancy.  This  range was observed 
throughout  t h e  p e r i o d  of  s tudy.  L i t e r a c y  and energy consumption 
a r e  s t r o n g l y  a s s o c i a t e d  wi th  i nc reased  longev i ty ,  and w e  have 
suggested t h a t  l i t e r a c y  may ope ra t e  through i n c r e a s i n g  acces s  t o  
in format ion ,  o r  by a s s o c i a t i o n  wi th  o t h e r  va lues ,  o r  both.  An- 
o t h e r  f a c t o r  a f f e c t i n g  longev i ty ,  u n r e l a t e d  t o  economic develop- 
ment, has  been i d e n t i f i e d  i n  less developed c o u n t r i e s .  The cause 
of t h i s  phenomenon i s  unkown. 
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