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PREFACE 

The aim of the IIASA Health Care Systems Modelling Task is 

to build a family of submodels for the National Health Care System 

(HCS), as an aid to Health Service planners. The modelling work 

is proceeding along the lines proposed in earlier papers. It in- 

volves the construction of linked submodels dealing with popula- 

tion, disease prevalence, resource need, resource allocation, and 

resource supply. 

This paper is concerned with the prevalence of chronic ill- 

nesses in Finland for the years 1 9 6 4  and 1 9 6 8 .  Three different 

methods of analysis of variance are used to establish quantita- 

tive relationships between the prevalence of chronic illnesses 

and socio-economic factors such as income of family head, quantity 

of medical supplies, and distance to the nearest physician. 

Recent publications in the IIASA Health Care Systems Modelling 

Task are listed at the end of this paper. 

Evgenii N. Shigan 
Leader 
Health Care Systems 

Task 





ABSTRACT 

The purpose of this paper is to present empirical evidence 

of the importance of socio-economic conditions for health. Simu- 

lation models of health care systems should take into account 

social and economic factors in order to represent reality more 

adequately. 

This paper is concerned with the prevalence of chronic ill- 

nessess in Finland for the years 1964 and 1968. Three different 

methods of analysis of variance are used to establish quantita- 

tive relationships between the prevalence of chronic illnesses 

and socio-economic factors such as income of family head, quantity 

of medical supplies, and distance to the nearest physician. A 

strong inverse relationship between the prevalence of chronic ill- 

nesses and income was found to be about ten times higher than the 

relationship between chronic illnesses and medical supply variables. 





CHRONIC ILLNESSES AND SOCIO-ECONOMIC CONDITIONS: 
THE FINLAND CASE 1964 AND 1968 

INTRODUCTION 

Over t h e  l a s t  hundred y e a r s  a c o n s i d e r a b l e  change i n  t h e  

c a u s e s  o f  d e a t h  h a s  t a k e n  p l a c e  s i m u l t a n e o u s l y  w i t h  t h e  f o r m a t i o n  

o f  i n d u s t r i a l i z e d  c o u n t r i e s .  I n f e c t i o u s  d i s e a s e s ,  t h e  m o s t  dan- 

g e r o u s  k i l l e r s  of t h e  l a s t  c e n t u r y ,  nowadays a c c o u n t  f o r  less t h a n  

f i v e  p e r c e n t  o f  t h e  c a u s e s  o f  d e a t h  i n  deve loped c o u n t r i e s .  L i f e  

expec tancy  h a s  n e a r l y  doub led  d u r i n g  t h e  i n d u s t r i a l i z a t i o n  p r o c e s s .  

The c a u s e s  o f  d e a t h  have s h i f t e d  towards  c a r d i o v a s c u l a r  d i s e a s e s  

and t h e  v a r i o u s  fo rms of  c a n c e r ,  a c c o u n t i n g  f o r  a b o u t  h a l f  o f  a l l  

d e a t h s .  G e n e r a l l y  s p e a k i n g ,  t h e  main c a u s e s  o f  d e a t h  t o d a y  are 

o f  t h e  c h r o n i c  and d e g e n e r a t i v e  t y p e .  

The p r e s e n t  p a p e r  d e a l s  w i t h  t h e  p r e v a l e n c e  o f  c h r o n i c  

i l l n e s s e s  and i t s  c o n n e c t i o n  w i t h  economic and s o c i a l  f a c t o r s .  

F i n n i s h  d a t a  ( P u r o l a ,  1974) are a n a l y z e d  i n  more d e t a i l ,  w i t h  U.S. 

s u r v e y  r e s u l t s  (Lawrence, 1964) p r e s e n t e d  f o r  compar ison.  Both 

c a s e  s t u d i e s  s h a r e  t h e  same e s s e n t i a l  f e a t u r e s :  

1.  A h i g h  p r o p o r t i o n  o f  t h e  p o p u l a t i o n  is  c h r o n i c a l l y  ill. 
2. Chron ic  i l l n e s s e s  v a r y  g r e a t l y  w l t h  age .  
3.  There  i s  a s t r o n g  i n v e r s e  r e l a t i o n s h i p  between c h r o n i c  

i l l n e s s  and income. 
4. The h e a l t h  care sys tem d i d  n o t  p roduce a u n i f o r m  d i s t r i -  

b u t i o n  o f  c h r o n i c  i l l n e s s e s .  



CHRONICALLY ILL BY AGE AND SEX 

The results of two surveys performed in Finland in 1964 and 

1968 show that an average of about 30 percent of the population 

are chronically ill (Table 1). The data also show that there is 

no noticeable difference of the percentage of chronic illnesses 

according to sex and that the frequency of illnesses does not 

change over time very much. Understandably, however, there is a 

distinct increase in the frequency of chronic illnesses within 

the older age groups. 

The U.S. survey divided the chronically ill into ill persons 

with restrictions in their usual activities and those chronically 

ill but without restrictions (Table 2). For chronically ill with 

restrictions the U.S. figures show an even higher increase of 
.. 

illness with age than the Finnish figures show. The existing dif- 

ferences between the U.S. and Finnish results could be explained 

. - -  

Table 1. Prevalence index of chronic illness among adults 
in Finland (all age groups = 100) . 

Age group Female Male 

A11 age 
groups 

Percentage of 
chronically ill 33.4 31.9 30 29.6 
adults (15 years and over) 

Source: Purola, 1974, p. 75. 



T a b l e  2. P r e v a l e n c e  i n d e x  o f  c h r o n i c a l l y  ill (U.S. 1962/63) 
w i t h  and w i t h o u t  r e s t r i c t i o n s  i n  u s u a l  a c t i v i t i e s  
( a l l  a g e  g r o u p s  = 1 0 0 ) .  

Age g roup  
w i t h  w i t h o u t  T o t a l  

r e s t r i c t i o n s  r e s t r i c t i o n s  

A l l  age  g r o u p s  100 100 100 

P e r c e n t a g e  of 12.4 
c h r o n i c a l l y  ill 

Source :  Lawrence, 1976, p. 94. 

p a r t l y  by d i f f e r e n c e s  i n  t h e  d e f i n i t i o n  o f  what i s  c a l l e d  " c h r o n i c  

i l l n e s s "  and p a r t l y  by d i f f e r e n c e s  i n  t h e  p o p u l a t i o n  surveyed.  

The F i n n i s h  q u e s t i o n n a i r e  a s k e d ,  "Have you any h a n d i c a p s  o r  i n j u r y  

t h a t  r e d u c e s  y o u r  g e n e r a l  c a p a c i t y  t o  work, or any  l o n g s t a n d i n g  

i l l n e s s ? "  T h i s  c o r r e s p o n d s  more or less w i t h  t h e  d e f i n i t i o n  f o r  

" c h r o n i c  i l l n e s s e s  w i t h  r e s t r i c t i o n s  o f  u s u a l  a c t i v i t i e s "  o f  t h e  

U.S. s t u d y .  The a u t h o r s  o f  t h e  U.S. s u r v e y  d e f i n e  t h e s e  restr ic- 

t i o n s  as t h e  i n a b i l i t y  t o  p e r f o r m  t h e  u s u a l  ac t i v i t i es  of  t h e  c o r -  

r e s p o n d i n g  s e x  g roup ,  such  a s  work ing ,  a t t e n d i n g  s c h o o l ,  or spend-  

i n g  l e i s u r e  t i m e .  Whi le  i n  a d d i t i o n ,  t h e  F i n n i s h  s t u d y  i n c l u d e d  

o n l y  a d u l t s  i n  i t s  s u r v e y ,  t h e  U.S. s t u d y  r e f e r r e d  t o  t h e  t o t a l  

p o p u l a t i o n .  So t h e  U.S. s t u d y  s h o u l d ,  c e t e r i s  p a r i b u s ,  show lower  

p e r c e n t a g e  v a l u e s  of c h r o n i c a l l y  ill t h a n  t h e  F i n n i s h  s t u d y .  

CHRONIC ILLNESSES BY RESIDENTIAL AREA AND SEX 

The F i n n i s h  s u r v e y  n o t  o n l y  d e t e r m i n e d  t h e  c h r o n i c a l l y  ill 

p e r s o n s  b u t  a l s o  t h e  f r e q u e n c y  of c h r o n i c  d i s e a s e s .  On t h e  aver- 

a g e ,  t h e r e  was a rate o f  a b o u t  1 . 5  i l l n e s s e s  p e r  one  s i c k  p e r s o n .  

The re  were ,  o f  c o u r s e ,  much h i g h e r  rates f o r  e l d e r l y  p a t i e n t s  d u e  



t o  t h e  well-known "mu l t imo rb i d i t y "  o f  o l d e r  age  groups.  The most 

f r e q u e n t  d i s e a s e s  w e r e  d i s e a s e s  o f  t h e  c i r c u l a t o r y  sys tem c l o s e l y  

fo l l owed  by  d i s e a s e s  o f  t h e  locomot i ve  o rgans .  These two cate- 

g o r i e s  accoun ted  f o r  n e a r l y  h a l f  o f  t h e  c h r o n i c  d i s e a s e s  (22 .1  

p e r c e n t  p o i n t s  o f  47.8 t o t a l ) .  

The F i n n i s h  s u r v e y  a l s o  p rov ided  i n f o r m a t i o n  conce rn i ng  t h e  

p l a c e  o f  r e s i d e n c e  and t h e  s e x  o f  t h e  peop le  i n t e r v i ewed .  I n  

o r d e r  t o  e v a l u a t e  t h e  e f f e c t s  o f  t h e s e  two c o n d i t i o n s  on c h r o n i c  

mo rb i d i t y ,  a s imp le  a n a l y s i s  o f  v a r i a n c e  w a s  per formed.  Fo r  " a l l  

c h r o n i c  d i s e a s e s "  a s i g n i f i c a n t  i n f l u e n c e  (on  t h e  10% l e v e l )  o f  

t h e  r e s i d e n t i a l  area ( u r b a n / r u r a l )  cou ld  be  shown. I t  was found 

t h a t  56.3% (= 46.72% + 9.5756) o f  peop le  l i v i n g  i n  r u r a l  a r e a s  

were c h r o n i c a l l y  ill, b u t  37.2% (= 46.72% - 9.57%) o f  peop le  

l i v i n g  i n  u rban  areas w e r e  c h r o n i c a l l y  ill. Tab le  3  shows t h e  

d i f f e r e n c e s  i n  t h e  f r equency  o f  some c h r o n i c  d i s e a s e s  by sex and 

r e s i d e n t i a l  a r e a  i n  F i n l and .  Each s i n g l e  d i s e a s e  c a t e g o r y  shows 

a h i g h e r  computed v a l u e  f o r  r u r a l  r e s i d e n c e  t h a n  f o r  u rban.  

Usua l l y ,  women show e s s e n t i a l l y  h i g h e r  r a t e s  o f  c h r o n i c  i l l n e s s  

t h a n  men e x c e p t  f o r  d i s e a s e s  o f  t h e  r e s p i r a t o r y  sys tem,  i n j u r i e s ,  

po ison ing ,  and  d i s e a s e s  o f  t h e  nervous sys tem and s e n s o r y  o rgans .  

T h i s  cou ld  b e  a t t r i b u t e d  t o  t h e  more r i s k y  l i f e - s t y l e  o f  ma les  

and t h e i r  h i g h e r  exposure  t o  a c c i d e n t s .  

CHRONICALLY ILL ADULTS BY INCOME, RESIDENCE, 
AND MEDICAL SUPPLY 

For  t h e  a n a l y s i s  o f  c h r o n i c a l l y  ill pe rsons  i n  connec t i on  

w i t h  c e r t a i n  s o c i a l  and economic f a c t o r s ,  t h r e e  d i f f e r e n t  methods 

o f  a n a l y s i s  o f  v a r i a n c e  w e r e  a p p l i e d  t o  t h e  F i n n i s h  d a t a .  The 

d i f f e r e n t  methods are d e s c r i b e d  i n  d e t a i l  i n  Appendix. Th ree  

sets o f  a priori assumpt ions  w i t h  r e s p e c t  t o  approaches  w e r e  used 

w i t h  i n c r e a s i n g  d e g r e e s  o f  complex i ty :  

1. O rd i na r y  L e a s t  Squares  (OLS) unde r  l i n e a r  r e s t r i c t i o n s  
w i t h  e q u a l  v a r i a n c e s  o f  t h e  d i s t u r b a n c e  t e r m s  

2 .  G e n e r a l i z e d  L e a s t  Squares  (GENLSQ) w i t h  d i f f e r e n t  and 
unknown v a r i a n c e s  o f  t h e  d i s t u r b a n c e  t e r m s  

3 .  LOGIT t r a n s f o r m a t i o n  o f  d a t a  and  b i n o m i a l l y  d i s t r i b u t e d  
o b s e r v a t i o n s  i n  combined w i t h  a maximum l i k e l i h o o d  
approach  



Table  3. Rate o f  c h r o n i c  d i s e a s e s  (F in l and ,  1968) p e r  100 
a d u l t s  by s e x  and r e s i d e n c e  (dev iances  from mean).  

Main d i s e a s e  
ca tego ry  

Grand ÿ em ale/ Rura l /  R2,, 
Mean Male Urban 

C i r c u l a t o r y  o rgans  11.25 f1.90 

Locomotive o rgans  10.30 f1.95 

D i g e s t i v e  o rgans  3.95 70.05 

I n a c c u r a t e l y  d e f i n e d  
d i s o r d e r s  

Nervous system and senso ry  
o rgans  o f  p e r c e p t i o n  3.48 T0.57 

I n j u r i e s  and po ison ing  3.23 71.77 

A l l e r g i e s ,  e n d o c r i n o l o g i c a l ,  
me tabo l i c  and n u t r i t i o n a l  3.23 f0.73, 
d i s o r d e r s  

Resp i ra to r y  o rgans  

Other  

A l l  ch ron i c  d i s e a s e s  46.72 f3.22 f9.57* .997* 

* s i g n i f i c a n t  on a  10% l e v e l .  
**squared c o r r e l a t i o n  c o e f f i c i e n t .  

Data source :  Pu ro la ,  1974, p. 84. 



The e m p i r i c a l  b a s i s  of t h i s  a n a l y s i s  i s  a s e t  o f  about  17 003 

i n t e r v i e w s  w i t h  a d u l t s  i n  1964 and 1968. They w e r e  asked about  

t h e  e x i s t e n c e  o f  ch ron i c  i l l n e s s e s  and about  t h e i r  s o c i a l  and eco- 

non ic  backgrou,.d. Some of  t h e  r e s u l t s  o f  t h i s  su rvey  can be 

seen i n  Tab les  4 and 5. The t a b l e s  show t h e  number of c h r o n i c a l l y  

ill and h e a l t h y  persons ,  r e s p e c t i v e l y ,  by annual  income of  f am i l y  

head and by a v a r i a b l e  t o  c h a r a c t e r i z e  t h e  medical  supp ly .  Chron- 

i c a l l y  ill persons  c a t e g o r i z e d  by d i s t a n c e  t o  t h e  n e a r e s t  phys i -  

c i a n  and/or by t ype  of community a r e  g iven i n  Tab le  4;  i n  Tab le  

5,  t h e  l o c a l  d e n s i t y  of  phys icans  i s  used i n s t e a d  of t h e  d i s -  

tance  t o  t h e  n e a r e s t  p h y s i c i a n  t o  c h a r a c t e r i z e  medica l  supp ly .  

Tab le  6 shows t h e  computed percen tage  r a t e s  of t h e  c h r o n i c a l l y  

ill. The h igh  impact of t h e  v a r i a b l e  " f am i l y  income" becomes 

e v i d e n t .  The percen tage  r a t e  of  t h e  lowes t  income b r a c k e t  i s  a s  

h igh  a s  approx imate ly  5074, f o r  f am i l y  incomes h ighe r  t han  10 000 

F inn i sh  Marks p e r  yea r  on l y  abou t  2 0 % .  Although it i s  n o t  c l e a r l y  

understood i f  peop le  a r e  c h r o n i c a l l y  ill because t h e y  a r e  poor,  

o r  i f  t h e y  a r e  poor because t h e y  a r e  ill, t h e r e  i s  some ev idence 

i n  f avo r  o f  t h e  f i r s t  argument. Not t h e  i n d i v i d u a l  income i s  

cons idered  b u t  t h e  f am i l y  income. I f  a  housewife, t h e r e f o r e ,  

becomes c h r o n i c a l l y  ill, no e f f e c t  on t h e  fami l y  income cou ld  

be noted. Housewives account  f o r  more t han  50% of female popu- 

l a t i o n .  T h e i r  r a t e  of  ch ron i c  i l l n e s s  i s  i n  t h e  ages  o f  h igh  

morb id i t y  i n  F in land  and t h e  Scandinav ian c o u n t r i e s  h ighe r  t h a n  

t h a t  of  men (see Table  1 and K a r i s t o ,  1978, p. 8 5 ) ,  so  t h e i r  

r e l a t i v e  weight  i n  c h r o n i c  i l l n e s s  r a t e s  seems t o  be h igh.  Never- 

t h e l e s s ,  a ve ry  s t r o n g  c o r r e l a t i o n  o f  c h r o n i c  i l l n e s s  w i t h  fami l y  

income c a n  be found. 



Table 4. Number of interviewed adults classified by chronic 
illness, type of community, distance to the nearest 
physician, annual income of family head (Finland 1964  
and 1 9 6 8 ) .  

Survey Year 
1964  

Distance to 
the nearest 
doctor 

Annual Income of Family Head of preceding 
Year in Finnish Marks of 1967 

Urban 
ill 2 4 7  233  359 3 6 0  
healthy 2 2 6  3 4 1  9 1 5  1 2 1 9  

Rural: 

-3  km 
ill 1 5 2  137 1 3 5  83 
healthy 146  2 2 0  376  345  

4-9 km ill 330  
healthy 385  

ill 481  30 1  216  80  
km healthy 5 5 5  558 421  2 4 4  

ill 400 260  94  5 3  
20- km healthy 464 425 2 2 3  1 3 6  

Survey Year 
1 9 6 8  

Annual Income of Family Head of Preceding 

Distance to Year in Finnish Marks of 1967  

the nearest 250  1  - 500 1  - 7501-  
doctor -2500 5 0 0 0  7500  10  0 0 0  10  000  

Urban ill 261  320 
healthy 363 489 

Rural: 

-3  km ill 174  154 
healthy 1 9 2  238  

4-9 km ill 2 3 1  
healthy 265  

ill 442 297 
km healthy 437 445  

ill 414 
20- km healthy 442 

Source: Purola, 1974,  p. 271.  



Table 5. Number of interviewed adults classified by chronic 
illness, type of community, number of physicians in 
community per 1 0  000  inhabitants, and annual income 
(Finland, 1964 and 1 9 6 8 ) .  

Survey Year 
1964 

Annual Income of Family Head of Preceding 
Year in Finnish Marks of 1967 

Number of doctors 
per 10 000 inhabi- 2501- 5001-  7501-  

-2500 5000  7500 10 000 
1 0  000 

tants 

ill 
healthy 

ill 
healthy 

ill 
healthy 

ill 
healthy 

ill 
healthy 

Urban 

Rural : 

11- 
doctors 

10-4 
doctors 

3-2 
doctors 

- 1 
doctors 

Survey Year 
1968 

Annual Income of Family Head of Preceding 
Year in Finnish Marks of 1967 Number of doctors 

per 10 000 inhabi- 2501- 500 1 - 7501- 
tants -2500 5000 7 5 0 0  1 0  0 0 0  10 000  

ill 
healthy Urban 

Rural: 

11- 
doctors 

10-4 
doctors 

ill 
healthy 

ill 
heal thy 

3-2 
doctors 

- 1 
doctors 

ill 
healthy 

ill 
healthy 

Source: Purola, 1974, p. 272. 



T a b l e  6 .  P e r c e n t a g e  o f  c h r o n i c a l l y  ill adu1t.s by soc ia l  and 
economic c a t e g o r i e s  ( F i n l a n d ,  1964 and 1 9 6 8 ) .  

DIS64, DIS68 respectively 

Annual Income of Family Head of Preceding Year 
in Finnish Marks of 1967 

Type of community, Average of 
distance to the 2501- 5001- 7501- All Income 

Year -2500 
nearest physician 5000 7500 10 000 001 B~ackets 

Urban 

Rural Communities 

-3 km 

All rural 
communities 

DENS64, DENS68 respectively 

Annual Income of Family Head of Preceding Year 
in Finnish Marks of 1967 

Average of 
Type of community, 
number of physi- 
cians per 10 000 Year -2500 2501- 5001- 7501- All Income 
inhabitants 5000 7500 10000 Brackets 

Urban 

Rural Communities 

11- physicians 

10-4 physicians 

3-2 physicians 

-1 physicians 

All rural 
communities 

- - -  

Source: Compiled on the basis of Purola, 1974, p. 271-272. 



THE RESULTS OF ANALYSIS OF VARIANCE 

As described in dekail in Appendix 1, three methods of analysis 

of variance were applied to the data in Tables 4 to 6. Each of 

the four data sets shows the percentage of chronically ill adults 

by family income and by a variable indicating the medical supply. 

The four data sets are given abbreviated names according to the 

special variable used measuring the medical supply (Table 6): 

-- DIS 64 refers to the data set including doctor's distances 
in 1964 -- DIS68 refers to the data set i.ncluding doctor's distances 
in 1968 -- DENS64 refers to the data set including density of doc- 
tors in 1964 -- DENS68 refers to the data set including density of doc- 
tors in 1968. 

The general model 

is applicable to each of the four data sets. Only the meaning 

of ai is different for DIS64/68 and DENS64/68, as follows: 

a i For DIS64/68 For ~ ~ ~ ~ 6 4 / 6 8  

a urban area with urban area with 
short distance to high density of doctors 
the nearest doctor 

a rural area, distance rural area, 1 1  or more doctors 
u p t o 3 k m  per 10 000 inhabitants 

rural area, distance rural area, 4 to 10 doctors per 
a3 4 to 9 km 10 000 inhabitants 

a rural area, distance rural rea, 3 to 2 doctors per 
1 0 t o 1 9 k m  10 000 inhabitants 

a rural area, distance rural area, less than 2 doctors 
morethan20km per 10 000 inhabitants 
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from t h e  mean v a l u e  u accord ing  t o  d i f f e r e n t  l e v e l s  o f  medica l  

supply.  A s h o r t  d i s t a n c e  t o  t h e  n e a r e s t  phys i c i an  seems t o  be a  

r a t h e r  sma l l  advantage.  I n  t h e s e  a r e a s  t h e r e  a r e  abou t  2  t o  3  

pe rcen t  p o i n t s  less c h r o n i c a l l y  ill a d u l t s .  There a r e  some d i f -  

f e r e n c e s  i n  t h e  magnitude of  e f f e c t s  o f  d i s t a n c e  b u t  t h e  d i r e c t i o n  

remains b a s i c a l l y  t h e  same between 1964 and 1968. With one excep- 

t i o n ,  a l l  t h e  e s t i m a t e d  v a l u e s  f o r  a 3  and a5  a r e  p o s i t i v e ,  every  

e s t i m a t o r  o f  a ,  and a 2  i s  nega t i ve .  One cou ld  conc lude t h a t  l i v -  

i n g  i n  an  urban a r e a  o r  nea r  a  d o c t o r  is connected w i t h  a  s l i g h t  

r educ t i on  of c h r o n i c  i l l n e s s ,  b u t  t h a t  l i v i n g  f a r t h e r  away from 

a  d o c t o r ' s  p r a c t i c e  i n c r e a s e s  t h e  p r o b a b i l i t y  o f  hav ing a  c h r o n i c  

d i s e a s e .  However, i f  one u s e s  t h e  LOGIT-approach (see Appendix) 

and tests  t h e  o v e r a l l  i n f l u e n c e  of  d i s c o u r s e  on c h r o n i c  i l l n e s s  

by t h e  F - t e s t  (Tab le  8 ) ,  no s i g n i f i c a n t  i n f l u e n c e  can be  proved. 

The v a l u e s  of a ,  y ,  and u i n  Tab le  8  canno t  be compared w i t h  t h e  

r e s u l t s  of  Tab le  7 because of d i f f e r e n t  t r a n s f o r m a t i o n s  a p p l i e d  

t o  Yt '  

The measured i n f l u e n c e  o f  t h e  d e n s i t y  o f  d o c t o r s  f o r  1964 i s  

weaker t han  t h e  i n f l u e n c e  o f  t h e  d i s t a n c e  t o  d o c t o r s .  Even t h e  

s i g n  o f  t h e  e s t i m a t e d  parameter  v a r i e s  w i t h  t h e  method app l i ed .  No 

conc lus ion  can b e  drawn on t h e  d i r e c t i o n  o f  t h e  i n f l u e n c e  o f  t h e  

d e n s i t y  of  d o c t o r s .  Only f o r  1968 t h e r e  i s  some ev idence  t h a t  a  

lower d e n s i t y  co r responds  t o  a  h i g h e r  r a t e  o f  c h r o n i c  i l l n e s s ,  b u t  

once a g a i n  t h e  F - t e s t  does  n o t  i n d i c a t e  any s i g n i f i c a n t  i n f l u e n c e .  

The p i c t u r e  changes cons ide rab l y  i f  one s t u d i e s  t h e  i n f l u e n c e  

o f  fami l y  income. Here one f i n d s  a  ve ry  s t a b l e  s i t u a t i o n .  Not 

o n l y  t h e  s i g n  o f  t h e  e s t i m a t e d  paramete rs  remains c o n s t a n t  over  

t ime and method used ,  b u t  t h e  magnitude o f  t h e  c o e f f i c i e n t s  remains  

abou t  t h e  same. The p r o b a b i l i t y  of t h e  a d u l t  member o f  a  f am i l y  

e a r n i n g  less t h a n  2500 Fmk t o  be c h r o n i c a l l y  ill i s  (45.5%,  mini-  

mal va lue )  n e a r l y  doub le  t h e  p r o b a b i l i t y  o f  r i c h  f a m i l i e s  (23.2$,  

maximum va lue )  be ing  c h r o n i c a l l y  ill. The F-values f o r  t h e  i n f l u -  

ence o f  f am i l y  income a r e  r a t h e r  h i gh  and a r e  s i g n i f i c a n t  i n  each 

case .  I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  a l l  t h e  F-values i n c r e a s e  

over  t i m e .  A t  t h i s  s t a g e  of i n v e s t i g a t i o n ,  it canno t  be  c l a r i f i e d  

i f  t h i s  i s  due  t o  r e a l  changes o r  due t o  t h e  l e a r n i n g  p rocesses  o f  

t h e  i n t e r v i e w e r s  of t h e  survey.  A d d i t i o n a l l y ,  it can  be seen  t h a t  

t h e r e  i s  a  ve ry  s t a b l e  monotonic dec rease  o f  t h e  pe rcen tage  o f  



T a b l e  8.  P a r a m e t e r  e s t i m a t e s  fo r  t h e  L O G I T  approach and x 2 

values. 

D a t a  set D I S 6 4  D I S 6 8  D E N 6 4  D E N 6 8  

P a r a m e t e r  



chronically ill according to family income. For each of the five 

income brackets, the lower the average family income the higher 

the probability of chronic illnesses. 

One could assume the results presented here are unique for 

Finland, because Finland is known as having one of the highest male 

mortality rates of the developed countries, but the high influence 

of the family income remains the same if one compares U.S. sta- 

tistics (Table g), although the prevalence rate is somewhat lower. 

Table 9. Percentage of chronically ill with restrictions in 
their usual activities classified by age and family 
income (USA 1962/63). 

Annual 
Family 
Income ( $ )  

All ages 
(including children) 28.6 16.0 

~ ~ . .  

Source: Lawrence, 1976, p. 96. 

The above results indicate stringent inequalities in the 

health status of the Finnish and U.S. populations. The inequal- 

ities are not distributed at random but correspond to family in- 

come levels. The measured influence extended by medical supply 

indicators is rather low. The results of many other empirical 

studies point in the same direction: environmental, social, and 

economic conditions can explain the level and distribution of 

illnesses to a high degree. The medical supply itself cannot 

explain the problem of diseases and mortality sufficiently. 

If one applies this result to the model building activity 

of the health care system, one ends up with the conclusion that 

health care system models of the resource allocation type show 

one side of the coin. Simulation models of the health care system 

should also include the other side of the coin--social and econo- 

mic variables--in order to reflect the real world more adequately. 



APPENDIX: THREE APPROACHES OF STATISTICAL 
ANALYSIS 

For the statistical analysis of data on chronic diseases and 

environmental factors, three different approaches to the analysis 

of variance method were used. In this Appendix, the basic model 

and the methodological background are described in detail. A 

general linear model was chosen as the basic model. Linear re- 

strictions were added due to the necessities of parameter iden- 

tification. For the three approaches computer programs were 

written: 

Approach I : Ordinary Least Squares ( 0 ~ s ) ~ )  under linear 
restrictions, the simplest and most direct 
method 

Approach 2 :  An iterative method of Generalized Least Squares 
7 \ 

(GENLSQ)~) with unknown diagonal covariance 
matrix of the disturbances 

Approach 3 :  LOGIT-transformation of data and maximum like- 
lihood method for binomially distributed ob- 

servations (LOGIT) 1) 

The basic model applied is a linear one. The dependent variable 

--in this case the proportion of chronically ill--is explained 

by a linear combination of exogenous variables plus an error term 

"The block letters in brackets refer to the names of the corre- 
sponding computer programs. 



(irrespective of whether the endogenous variable is transformed 

as in Approach 3 or not) : 

where 

y is a T-vector of observations, 

B is a K-vector of parameters to be estimated, and 

u is a random T-vector with expected value of zero 

and with a covariance-matrix 1. 

The T x K-matrix X consists of zeros and ones only. Its shape 

depends on the experimental set-up. Given a typical two-dimen- 

sional analysis of variance model 

the T x K-matrix X has the following shape 

with 

and 



where 

e is the n-unit vector, 

Ei is a n x m-matrix X with ones in the i-th column 
and zeros otherwise, and 

I the n x n-identity matrix. 

In the above notation the K-vector B can be written as 

As can be easily seen, the rank of X is less than K, precisely 

K - 11) for the two-dimensional case. 

If one applies the least squares principle in the case of 

a singular X'X-matrix, B cannot be determined uniquely. To over- 

come this problem, one adds linear restrictions on 6: 

where 

L is a ( K  - r) x K-matrix and 

The first column of X is simply the sum of the columns 2 to 
m + 1, and the sum of the columns m + 2 to K. 



For the special case of two-dimensional analysis of variance, L 

was chosen as follows 

and 

This means there is no restriction on u ,  and the sum of the a 's i 
and of the y 's equals zero 

j 

APPROACH 1 : ORDINARY LEAST SQUARES (OLS) 

Now the extended model can be formally written as 

the best unbiased estimator of @ is 

i = (X'X + L'L)-~(X'~ + L'z) ; 

and the covariance-matrix of is determined by 

where 

z = (X'X + L'L) . 

An estimator of the disturbance-term u can be given by 



As can be shown for complementary matrices X and L (Rao, 1971, 

p. 118) 

u can be expressed simply by 

2 Since (I - XZ-lx) is idempotent, an estimator of o can be given 

by 

The expected value of G ' c  results in 

since XZ-~X'  is idempotent and therefore 

An unbiased estimator of o2 can now be given by 1) 

~ ~ ~- - 

 or the two-dimensional case. 



If one assumes normally distributed error terms, bi  can be tested 

against the hypothesis 

by the term 

where t is distributed by Student's t-Distribution with T - K + 2 

degrees of freedom. 
* 

If one wants to test the combined hypothesis B2 = f3* where 

B2 is one part of the parameter vector f3 of dimension n, f3* any 

predetermined vector, and 2 

the model becomes 1) 

One gets the F-distributed variable by means of 

where 

h 

u* = y - x2f35 - x l g l  , estimated under given 8;. 

"In the two-dimensional case, B2 corresponds to y. 



r = rank X'X, 

r1 = rank X;X,, 

r = rank X5X2, 2 

with (r - r,) and (T - r) degrees of freedom. 

APPROACH 2: GENERALIZED LEAST SQUARES (GENLSQ) 

In this application the dependent variable is of a special 

type: its value is always a fraction of one, and it is binomially 

distributed. To take this heteroscedastic situation into account, 

one should apply generalized least squares. The model assump- 

tions must be changed. The covariance-matrix of the disturbances 

is no longer assumed to be proportional to the identity matrix. 

It is, instead, assumed to be a diagonal matrix in which elements 

may differ because of the different precisions of the samples: 

An iterative procedure was programmed: 

1. Approximation of V-matrix 

Yt(l - yt) 
V = diag = diag a 

2 
n t t 

where yt are the observed percentage values and n t the 

sample size. The elements of V represent approximations 



of the variances of binomially distributed random vari- 
ables. 

2. Computation of B by generalized least squares method 
under the a~sumption~of a known V-matrix. 

3 .  Computation of 9 = XB.  
4. Computation of a new matrix V. 

n 

gt(l - yt) 
V = diag 2 

e = diag a . 

After this, one can start at Step 2 and proceed up to 

a stop-rule. 1) 

For the derivation of an estimator for B by the maximum likeli- 

hood principle, normally distributed disturbances were assumed. 

The initial value of their variances was taken from the corre- 

sponding binomial distribution. The likelihood function can be 

written as follows 

I 

1 
-- 

2 2 - 2 2  1 
L(BIol ,. -aT) - T n (ai) exp - fZ(y - XB) 'v-' (y - XB)I . 

= i=1 

The linear restrictions on B are added in the logarithmic form 

by means of Lagrangian multipliers X 

Partial derivatives to B and oi) result in 

and 

"The program stops if the g igs maximum percentage change in suc- 

ceeding steps is less than 0.001. 



In matrix notation one gets the normal equations in the following 

partitioned form 

For abbreviation, the left-hand side matrix is called A. The in- 

verted matrix A-' is partitioned analogously: 

-1 
Since A is symmetric, A is symmetric too, and s ; ~  = S12. 

With these abbreviations the following equations hold 

- 1  
X'V XSI1  + LISZ1 = IK 

S1 1 = 0 

, a conditionally unbiased estimator of 6, can be expressed by 

Unbiasedness of is proved by 



The covariance-matrix of B  is given by 

E[ ( B  - B )  (i - B )  'I = E [ S ~  l ~ ~ ~ - l ~ ~ l v - " x ~ l l ~  

It can easily be shown that 8 fulfills the linear restrictions 

L B  = z .  

Unfortunately, the estimate of the covariance matrix of the 

disturbances in general is biased. This can be shown as follows. 

As 

If T is large, the distribution of ki can be approximated by a 

normal distribution. By means of 



t h e  h y p o t h e s i s  Ho: Bi - - B Y  can be  t e s t e d ,  where Sii i s  t h e  i - t h  
* 

d iagona l  e lement  of S l l  and B i  a  predetermined va lue .  

I f - - as  i n  t h i s  app l i ca ton - - t he  dependent  v a r i a b l e  v a r i e s  

between z e r o  and one o n l y ,  t h e n  one u s u a l l y  shou ld  n o t  expec t  

t h e  r e l a t i o n s h i p  between t h e  endogenous and t h e  exogenous v a r i a b l e  

t o  be l i n e a r .  With c e r t a i n  v a l u e s  o f  t h e  exogenous v a r i a b l e s ,  t h e  

i n t e r v a l  between 0 and 1 o f  t h e  endogenous v a r i a b l e  cou ld  be  ex- 

ceeded,  which i s  c o n t r a d i c t o r y  t o  Fercen tage  f i g u r e s .  I n  a d d i t i o n  

t o  t h i s  f a c t ,  t h e  d i s t r i b u t i o n  of  t h e  dependent  v a r i a b l e  i s  no t  of  

t h e  normal t ype  (a l though  it can be  approximated by i t)  b u t  obeys 

t h e  laws of  t h e  b inomia l  d i s t r i b u t i o n  

N!  
$ ( a )  = n a ( l  - IT) 

N-a 
a! ( N  - a )  ! 

I f  t h e r e  i s  a  g i ven  p r o b a b l i t y  IT f o r  t h e  occur rence  of  a  c e r t a i n  

e v e n t ,  4 ( a )  r e p r e s e n t s  t h e  p r o b a b i l i t y  o f  t h e  occu r rence  o f  t h e  

e v e n t  a f t e r  N t r i a l s .  The paramete rs  o f  t h e  d i s t r i b u t i o n  a r e  

g i ven  by 

I f  one does  n o t  e x p r e s s  t h i s  p r o b a b i l i t y  f o r  t h e  a b s o l u t e  v a l u e s  

b u t ,  i n s t e a d ,  f o r  p r o p o r t i o n s  p  = a/N, one g e t s  

Tr (1 - T r )  
V [ p l =  

')*ere t h e  a u t h o r  f o l l ows  a  book by A. L inder  and W.  Berch to ld  
(1976) .  



To get rid of the restriction on the range, one can trans- 

form the dependent variable. In this case the LOGIT transforma- 

tion was chosen 

which has the following advantages: 

-- While IT varies between zero and one, z varies on the 
real numbers. Therefore, linear models can be more 
approximately applied to z, 

-- The LOGIT transformation is invariant against biased 
data. Biases occurring in differences of IT are ruled 
out in the domain of z (Linder, 1976, pp. 25-27) 

-- Changes in extreme values of z will bring about minor 
changes in IT rather than changes in central values of 
z. This property could be helpful, for extreme values 
could more likely correspond to errors in the measure- 
ment 

One derives the estimator for B on the basis of a likelihood 

function as a product of binomial distributions 

or, in logarithmic terns, 

l n ~ =  at inn + 1 (nt - at)ln(l - n ) + const . 
t=l t=l t 

Here, IT is dependent via the invefse LOGIT transformation on z 
t t 

exp z 
IT = 

t 1 + exp z 

and the T-vector z is the dependent variable of the linear model 

E[z] = X B  . 



The maximum of the likelihood-function is found by computing par- 

tial derivatives of 1nL and by setting them to zero. 

or, in matrix notation, 

where 

-- a ln is a K-column vector, a B 

d a T-column vector, and 

X a T x K-matrix. 

This system of equations is non-linear and cannot be solved ex- 

plicitly. Therefore, an iterative solution procedure is applied 

--the Newton-Raphson Method. One starts with an approximation 

of the vector B,bo and computes the Taylor approximation near b 
0 

In using expected values 



for the second term, one gets 

By using the abbreviations 

and 

W = diag Wt , 

the matrix J of the I can be written as 
jk 

J = X'WX 

and 

The iteration procedure thus results in 

One can use 1 I < E as a stopping rule. The elements of J-' 
1 

can be used as an approximation of the variances and covariances 

of the elements of B .  

For the case of LOGIT transform, W can be specified by t 

which corresponds to the elements of the matrix V-' in the second - 

ant 
approach (- = 1 in that case). a 2, 
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