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ABSTRACT 

Poss ib le  h e a l t h  e f f e c t s  and changes in sensa t ion  of comfort among 
t e n a n t s  a f t e r  replacement of s i n g l e  g l a s s  windows in leaky frames 
with double g l a s s  windows in a i r t i g h t  frames have been s t u d i e d .  The 
s tudy design was obse rva t iona l ,  and included a  s tudy group and a  
corresponding cont ro l  group. The r e s u l t s  i n d i c a t e  e s s e n t i a l  improve- 
ments of t h e  indoor c l ima te  and of t h e  hea l th  s t a t u s  of t h e  t e n a n t s  
a f t e r  replacement of t h e  windows ( i . e .  p o s i t i v e  e f f e c t s  on tempera- 
t u r e  c o n d i t i o n s ,  lowering of noise ,  fewer symptoms r e l a t e d  t o  
mucosal s u r f a c e s ,  fewer rheumatic symptoms, and poss ib ly  fewer 
headaches).  S i g n i f i c a n t  changes in  complaints or  hea l th  e f f e c t s  
which could be r e l a t e d  t o  reduced a i r  q u a l i t y  caused by t h e  a i r -  
t i g h t e n i n g  were not found. This s tudy cannot give any evidence of 
inconveniences t h a t  may occur l a t e r  i f  t h e  apartments become too  
a i r t i g h t .  





INTRODUCTION 

I n c r e a s e d  e n e r g y  c o s t s  have b r o u g h t  e f f o r t s  t o  reduce  v e n t i l a t i o n  
and i n f i l t r a t i o n  i n  i n d o o r  spaces. 

The a i r  q u a l i t y  i n  an i n d o o r  space, and more s p e c i f i c a l l y  t h e  concen- 
t r a t i o n  o f  a  g i v e n  i n h a l e d  p o l l u t a n t  i n d o o r s ,  depends on t h e  o u t d o o r  
a i r  q u a l i t y ,  on t h e  presence and s t r e n g t h  o f  em iss ions  f r o m  i n d o o r  
sources ,  on t h e  v e n t i l a t i o n  r a t e  and v e n t i l a t i o n  e f f i c i e n c y ,  and 
t h e  presence and e f f e c t i v e n e s s  o f  o t h e r  e l i m i n a t i o n  p rocedures  such 
as a d s o r p t i o n ,  s e d i m e n t a t i o n ,  o r  n e u t r a l i z a t i o n .  

The p o l l u t a n t s  t o  be c o n s i d e r e d  w i l l  g e n e r a l l y  be tobacco  smoke 
( p a s s i v e  smok ing) ,  NO2, C02, CO ( f r o m  combus t ion ) ,  fo rmaldehyde,  
asbestos ,  m i n e r a l  f i b r e s ,  o r g a n i c s ,  and r a d o n  ( f  rom m a t e r i  a1 s  and 
consumer p r o d u c t s ) ,  odours,  m o i s t u r e ,  and m ic roo rgan isms  ( f r o m  
occupancy) .  Some p o l l u t a n t s  can more s p e c i f i c a l l y  be 1  i s t e d  as 
a1 1  ergens.  

It has been r e a l i z e d  t h a t  t h e  knowledge o f  exposure  e f f e c t  r e l a t i o n -  
s h i p ,  e s p e c i a l l y  w i t h  r e g a r d  t o  d e l a y e d  e f f e c t s  o f  c h r o n i c  exposure  
i s  i nadeqva te ,  w h i l e  t h e  knowledge o f  c o m p l a i n t s  on a c u t e  d i s c o m f o r t  
b y  occupants  i n  some b u i l d i n g s  i s  w e l l  e s t a b l i s h e d  (1). 

The aim o f  t h i s  s t u d y  was t o  measure t h e  p o s s i b l e  h e a l t h  e f f e c t s  
among t e n a n t s  a f t e r  c e r t a i n  energy  c o n s e r v a t i o n  measures had been 
t a k e n  i n  t h e i r  d w e l l i n g s  i . e .  rep lacement  o f  windows i n  l e a k y  f rames 
w i t h  doub le  g l a s s  windows i n  a i r t i g h t  f rames.  

I n  a d d i t i o n  t o  h e a l t h  e f f e c t s ,  changes i n  s e n s a t i o n  o f  c o m f o r t / -  
d i s c o m f o r t  r e l a t e d  t o  i n d o o r  c l i m a t e ,  i n c l u d i n g  t h e  t h e r m a l  and 
a c o u s t i c  e n v i  ronment , were a1 so i n c l  uded . 
The s t u d y  has been des igned  as an o b s e r v a t i o n a l  s t u d y  w i t h  two 
groups;  a  s t u d y  group and a  c o r r e s p o n d i n g  c o n t r o l  g roup n o t  exposed 
t o  e n v i r o n m e n t a l  changes i n  t h e i r  homes. 



MATERIALS AND METHODS 

The m a j o r i t y  o f  apar tment  houses i n  c e n t r a l  u rban  areas,  wh ich  have 
been w e a t h e r p r o o f e d  i n  r e c e n t  y e a r s ,  a r e  owned b y  b u i l d i n g  s o c i e t i e s .  
T h i r t y - t h r e e  of t h e  1  a r g e s t  b u i l d i n g  s o c i e t i e s  i n  Denmark were 
i n v i t e d  t o  p a r t i c i p a t e  i n  t h e  s t u d y .  Twenty- four  b u i l d i n g  s o c i e t i e s  
accepted,  and 8 o f  t h e s e  owned apar tment  houses t h a t  f u l f i l l e d  t h e  
c r i t e r i a  f o r  p a r t i c i p a t i o n :  

S tudy  group:  Houses 2-5 s t o r i e s  h i g h ,  w i t h  u n t i g h t  windows 
h a v i n g  one l a y e r  of g l a s s .  Windows were r e p l a c e d  
d u r i n g  t h e  p e r i o d  from September 1981 t o  November 
1981. 

C o n t r o l  g roup:  Houses 2-5 s t o r i e s  h i g h  w i t h  u n t i g h t  windows t h a t  
were n o t  r e p 1  aced i n  t h e  s t u d y  p e r i o d .  

Pe rsona l  d a t a  (name, address,  age and sex )  were c o l l e c t e d  f r o m  t h e  
C e n t r a l  Person R e g i s t e r  u s i n g  t h e  addresses s u p p l i e d  b y  t h e  b u i l d i n g  
s o c i e t i e s .  

A l l  r e s i d e n t s  o v e r  18 y e a r s  o f  age r e c e i v e d  a  q u e s t i o n n a i r e  i n  
August  1981 b e f o r e  rep lacement  ( i f  any) o f  windows. The persons who 
answered t h e  q u e s t i o n n a i r e  and t h e r e b y  i n d i c a t e d  t h a t  t h e y  were 
w i l l i n g  t o  p a r t i c i p a t e  i n  t h e  s t u d y  r e c e i v e d  new q u e s t i o n n a i r e s  i n  
December, January  and Februa ry .  I n  t h e  s t u d y  group t h e  rep lacement  
o f  windows t o o k  p l a c e  i n  t h e  p e r i o d  between t h e  f i r s t  and t h e  second 
q u e s t i o n n a i r e .  The w i n t e r  p e r i o d  was chosen because changes i n  
i n d o o r  c l i m a t e  a r e  maximal a t  t h i s  t i m e  o f  y e a r  (Korsgaard ,  2 ) .  

Q u e s t i o n n a i r e s  were each month s e n t  t o  a l l  persons who had answered 
t h e  p r e v i o u s  q u e s t i o n n a i r e .  The response r a t e s  a r e  g i v e n  i n  Tab le  1, 
i .e .  t h e  number o f  v a l i d  answers i n  p e r c e n t  of t h e  number o f  d i s t r i -  
b u t e d  q u e s t i o n n a i r e s ,  b u t  c o r r e c t e d  f o r  t h e  number o f  persons who 
had moved. 

T a b l e  1 shows t h a t  a  l a r g e  number d i d  n o t  respond i n  August .  T h i s  
number was smal l e r  i n  December and v e r y  sma l l  i n  January  and 
F e b r u a r y  , t h u s  i n d i c a t i n g  t h a t  t h e  group of persons t h a t  p a r t i c i -  
p a t e d  i n  t h e  s t u d y  g r a d u a l l y  s t a b i l i z e d .  

The persons who had answered a l l  f o u r  t i m e s  and whose apar tments  f i t  
t h e  c r i t e r i a  f o r  p a r t i c i p a t i o n  a r e  i n c l u d e d  i n  t h e  a n a l y s i s  o f  d a t a .  



T h i s  group c o n s i s t s  of 641 persons,  where 106 a r e  i n  t h e  s t u d y  group 
and 535 a r e  i n  t h e  c o n t r o l  group,  see t a b l e  2. The r e d u c t i o n  f r o m  
1013 t o  641  was caused b y  t h e  b u i l d i n g  s o c i e t i e s '  change o f  p l a n s  
f o r  t h e  rep lacement  o f  windows. 

The age d i s t r i b u t i o n  i n  t h e  g roup  of persons who were i n v i t e d  t o  
p a r t i c i p a t e  i n  t h e  s t u d y  was: 28% 18-40 y e a r s ,  51% 41-70 y e a r s  and 
21% o v e r  70 y e a r s .  The age d i s t r i b u t i o n  i n  t h e  g roup  o f  persons who 
responded was, 30% 18-40 years ,  52% 41-70 y e a r s  and 18% o v e r  70 
y e a r s .  Women c o n s t i t u t e d  59% of t h e  o r i g i n a l  g roup and 60% o f  t h e  
g r o u p  o f  r e s p o n d e r s .  Thus, t h e  response  r a t e  was n o t  r e l a t e d  t o  age 
o r  sex.  

The q u e s t i o n n a i r e s  c o n s i s t e d  o f  t h e  same q u e s t i o n s  on a l l  f o u r  
o c c a s i o n s ,  e x c e p t  t h e  q u e s t i o n s  r e g a r d i n g  t h e  c h a r a c t e r i s t i c s  o f  t h e  
apar tmen t  (number o f  rooms e t c . )  wh ich  were o n l y  i n c l u d e d  i n  t h e  
f i r s t  q u e s t i o n n a i r e .  

The q u e s t i o n n a i r e  i n c l u d e d  q u e s t i o n s  about  number o f  rooms, number 
o f  persons under  and o v e r  18 y e a r s  i n  t h e  househo ld ,  number o f  
smokers i n  t h e  househo ld  and t y p e  o f  windows. 

I n  a d d i t i o n  t o  t h e  q u e s t i o n s  r e l a t e d  t o  t h e  c h a r a c t e r i s t i c s  o f  t h e  
apar tment ,  t h e  q u e s t i o n n a i r e  i n c l u d e d  a  number o f  q u e s t i o n s  concer -  
n i n g  t h e  pe rson ' s  w e l l b e i n g  and h e a l t h  s t a t u s .  There  were q u e s t i o n s  
about  t h e  number o f  days w i t h  i nconven ience  i n  t h e  p r e v i o u s  month 
( 0 ,  1-2, 3-8 and more t h a n  8  days p e r  mon th ) .  

The q u e s t i o n s  r e l a t e d  t o  w e l l - b e i n g  and inconven ience  c o u l d  be 
d i v i d e d  i n t o  f i v e  groups:  Temperature,  Noise,  Symptoms r e l a t e d  t o  
mucos a1 s u r f  aces, Rheumatic symptoms, and General  symptoms. 

The s t u d y  was c a r r i e d  o u t  i n  a  p e r i o d  w i t h  t e m p e r a t u r e s  be low 
no rma l .  The average t e m p e r a t u r e  i n  December 1981 was - 4 , 3 ' ~  - t h e  
l o w e s t  average t e m p e r a t u r e  i n  Denmark e v e r  measured. 

STATISTICAL METHODS 

I n  t h e  s t a t i s t i c a l  a n a l y s i s  was used c o n t i n g e n c y  t a b l e s .  C o r r e l a t i o n  
between r e t r o f i t t i n g  and symptoms was expressed w i t h  o d d s - r a t i o s .  



E x a m p l e ,  o d d s - r a t i o s  i n  A u g u s t :  

S t u d y  g r o u p :  a  p e r s o n s  w i t h  symptom X i n  A u g u s t  
b  p e r s o n s  w i t h o u t  symptom X i n  A u g u s t  

O d d s  f o r  X i n  t h e  s t u d y  g r o u p :  a / b  

C o n t r o l  g r o u p :  c p e r s o n s  w i t h  symptom X i n  A u g u s t  
d p e r s o n s  w i t h o u t  symptom X i n  A u g u s t  

O d d s  f o r  X i n  t h e  c o n t r o l  g r o u p :  c / d  

O d d s - r a t i o  f o r  X = a / b  = a .  d  ?7'a- b . c  

O d d s - r a t i o s  w e r e  c a l c u l a t e d  s e p a r a t e l y  f o r  e a c h  m o n t h  and  n o r m a l i z e d  
w i t h  r e s p e c t  t o  A u g u s t  ( o d d s - r a t i o  f o r  A u g u s t  = 1) .  T h e  o d d s - r a t i o s  
f o r  D e c e m b e r ,  J a n u a r y  a n d  F e b r u a r y  were t h u s  c o m p a r e d  w i t h  t h e  

2 o d d s - r a t i o s  f o r  A u g u s t .  A x  - t e s t  i n  a  l o g - l i n e a r  m o d e l  i s  u s e d  f o r  
s i g n i f i c a n c e  t e s t i n g .  T h e  p - v a l u e s  i n d i c a t e  t h e  p r o b a b i l i t i e s  t h a t  
t h e  o d d s - r a t i o s  i n  A u g u s t ,  D e c e m b e r ,  J a n u a r y  a n d  F e b r u a r y  are e q u a l .  

RESULTS 

A p a r t  f r o m  t h e  r e p l a c e m e n t  o f  t h e  w i n d o w s ,  t h e r e  e x i s t  c e r t a i n  
b a c k g r o u n d  v a r i  a b l e s  w h i c h  a f f ec t  t h e  r e g i s t e r e d  i n c o n v e n i e n c i e s ,  
e . g .  t h e  time p e r  d a y  s p e n t  i n  t h e  a p a r t m e n t  a n d  t h e  p a r t i c i p a n t s '  
a g e .  

A b o u t  40% o f  t h e  r e s i d e n t s  e i t h e r  l i v e  b y  h e r l h i m s e l f  , o r  o n l y  o n e  
p e r s o n  f r o m  t h e  a p a r t m e n t  a n s w e r e d .  T h i s  a p p l i e s  t o  t h e  s t u d y  g r o u p  
a s  well a s  t o  t h e  c o n t r o l  g r o u p .  

T h e  p e r s o n s  i n  t h e  c o n t r o l  g r o u p  t e n d  t o  b e  away f r o m  t h e  a p a r t m e n t  
f o r  a  l o n g e r  time t h a n  t h e  p e r s o n s  i n  t h e  s t u d y  g r o u p .  T h i s  i s  
r e l a t e d  t o  t h e  f a c t  t h a t  t h e r e  a r e  m o r e  p e r s o n s  o v e r  6 0  y e a r s  i n  t h e  
s t u d y  g r o u p :  56% i n  t h e  c o n t r o l  g r o u p  a n d  41% i n  t h e  s t u d y  g r o u p .  
S m o k i n g  h a b i t s  a r e  s i m i l a r  i n  t h e  t w o  g r o u p s ,  see t a b l e  2 .  



The ques t ions  r e l a t e d  t o  well-being and inconvenience were o r i g i n a l l y  
divided i n t o  f o u r  c a t e g o r i e s .  However, t h e  r e s u l t s  show t h a t  t h e  
answers were concentrated in  ca tegory  1 ( 0  days per month) and 
ca tegory  4  (more than 8 days per month). Taking t h i s  i n t o  account,  
t h e  c a t e g o r i e s  were combined so t h a t  only two c a t e g o r i e s  of answers 
a r e  cons idered:  0-2 days and more than two days per month. I t  was 
t e s t e d  f o r  a1 1  r e s u l t s  whether age had any e f f e c t  on t h e  r e s u l t s .  
Resul t s  on symptoms on which age had e f f e c t  a re  descr ibed in t h e  
t e x t .  The frequency of symptoms was not observed t o  be r e l a t e d  t o  
t h e  person's sex .  

Information r e l a t e d  t o  temperature i s  c o l l e c t e d  from f o u r  ques t ions .  
The ques t ions  concerned draught ,  cold f l o o r ,  too  low temperatures  
and too  high temperatures ,  see  Fig.  1. In August, 22% of t h e  p a r t i -  
c i p a n t s  in  t h e  cont ro l  group and 33% i n  t h e  s tudy group repor ted  
t h a t  t hey  experienced inconvenience from draught in  t h e  apartments.  
In a l l  t h r e e  months during t h e  winter  season more p a r t i c i p a n t s  in 
t h e  cont ro l  group and l e s s  in t h e  s tudy group repor ted  draught 
inconvenience. The same p a t t e r n  was observed with regard t o  cold 
f l o o r ,  which bothered 20% of t h e  p a r t i c i p a n t s  i n  August and with 
regard t o  low temperature which bothered 10% of t h e  p a r t i c i p a n t s  in 
August. 

Table 3  shows t h e  r e s u l t s  of t h e  normalized odds- ra t ios  on tempera- 
t u r e .  The e f f e c t s  of weatherproofing on draught ,  cold f l o o r ,  and low 
temperature a r e  s i g n i f i c a n t  ( p  = 0.000, p = 0.000 and p = 0.007 
r e s p e c t i v e l y ) .  Weatherproofing had no e f f e c t  on inconveniences from 
high temperatures .  

Almost 40% of t h e  p a r t i c i p a n t s  were bothered by outdoor noise and 
about 20% of t h e  p a r t i c i p a n t s  were bothered by noise  o r i g i n a t i n g  
from ins ide  t h e  bui ld ing ,  s ee  Fig 1. The frequency of noise  nuisance 
i s  apparent ly  cons tant  in  t h e  fol lowing months in t h e  cont ro l  group, 
whereas t h e r e  i s  a  dramatic drop in  t h e  s tudy group. Outdoor noise 
almost d isappears  a f t e r  weather proofing (p  = 0.000) but with regard 
t o  t h e  noise  from t h e  bui lding t h e  e f f e c t  i s  l e s s  pronounced ( p  = 

0.06) ,  see Table 3. 

Smarting or  i r r i t a t i o n  of t h e  eyes i s  reported by more than 10% of 
t h e  r e s i d e n t s  in August, b u t  t h e  frequency of d is turbances  drops 
d ramat i ca l ly  i n  t h e  fol lowing months in both groups,  see  Fig. 2. 
Throat complaints were repor ted  by 8% of t h e  p a r t i c i p a n t s  in  August, 
see  F ig .  2. In t h e  fol lowing months t h r o a t  complaints were reported 
by 20% of t h e  p a r t i c i p a n t s  in t h e  con t ro l  group and by 10-15% in  t h e  



s t u d y  group.  F o r  b o t h  o f  t h e s e  symptoms r e l a t e d  t o  mucosal  s u r f a c e s  
i t  i s  n o t e d  t h a t  t h e  t e n d e n c i e s  towards  improvements i n  t h e  s t u d y  
g roup  observed i n  F i g .  2 a r e  n o t  s i g n i f i c a n t  ( p  = 0.2 and p  = 0.4, 
r e s p e c t i v e l y ) .  

F u r t h e r  a n a l y s i s  o f  t h e  impact  o f  f l u  and c o l d ,  age and smoking 
h a b i t s  showed t h a t  c o r r e c t i o n  f o r  t h e s e  background v a r i a b l e s  d i d  n o t  
change t h e  c a l c u l a t e d  o d d s - r a t i o s  s u b s t a n t i a l l y .  

Rheumat ic  symptoms a re  i n c l u d e d  i n  q u e s t i o n s  c o n c e r n i n g  knee and h i p  
j o i n t s ,  p a i n s  i n  t h e  neck and upper p a r t  o f  t h e  back and i n t a k e  o f  
a n a l g e s i c s  f o r  each o f  t h e s e  two c o n d i t i o n s  ( s a l i c y l i c  a c i d  and l i k e  
subs tances ) .  The f r e q u e n c y  o f  p a i n s  a re  seen i n  F i g  2. 

The c a l c u l a t i o n  o f  o d d s - r a t i o s  f o r  r h e u m a t i c  symptoms shows t h a t  
w e a t h e r p r o o f i n g  had a  pronounced e f f e c t .  However, t h i s  e f f e c t  i s  n o t  
m a n i f e s t  u n t i  1  January  and Februa ry .  The e f f e c t  on j o i n t  p a i n s  and 
n e c k l b a c k  p a i n s  i s  s i g n i f i c a n t  ( p  = 0.04 and p  = 0.000). The e f f e c t s  
on i n t a k e  o f  a n a l g e s i c s  a r e  a l s o  s i g n i f i c a n t  ( p  = 0.02 and p  = 

0.001), see T a b l e  3. 

The r h e u m a t i c  symptoms ment ioned p r e v i o u s l y  i n c r e a s e  i n  f r e q u e n c y  
w i t h  age, e s p e c i a l l y  f o r  persons o v e r  60. The r e s u l t s  were t h e r e f o r e  
d i v i d e d  i n t o  t w o  age groups:  l e s s  t h a n  60 y e a r s l o v e r  60 y e a r s .  

T h i s  a n a l y s i s  showed t h a t  t h e  e f f e c t  on j o i n t  p a i n s  was most  p r o -  
nounced f o r  persons o v e r  60 y e a r s .  The neck and back p a i n s  were 
a f f e c t e d  i n  b o t h  age groups b u t  t h e  e f f e c t  was most pronounced i n  
t h e  age g roup  o v e r  60 y e a r s .  The same t e n d e n c i e s  were observed f o r  
t h e  i n t a k e  o f  a n a l g e s i c s  f o r  b o t h  age groups f o r  j o i n t  p a i n s  and 
neck and back p a i n s ,  r e s p e c t i v e l y .  

F i g .  2  i n d i c a t e s  t h a t  weather  p r o o f i n g  a p p a r e n t l y  had a  p o s i t i v e  
e f f e c t  on t h e  f r e q u e n c y  o f  headaches and t h e  f r e q u e n c y  o f  t h e  i n t a k e  
o f  a n a l g e s i c s  f o r  headaches. However, t h i s  e f f e c t  i s  n o t  s i g n i f i c a n t  
( p  = 0 .5) .  

A p p a r e n t l y  t h e r e  was a  m ino r  e f f e c t  o f  w e a t h e r p r o o f i n g  on t h e  
symptoms "one's head f e e l s  heavy".  However, t h i s  e f f e c t  was n o t  
s i g n i f i c a n t  ( p  = 0.096).  

A d d i t i o n a l  ana lyses  were c a r r i e d  o u t  f o r  t h e s e  symptoms i n  o r d e r  t o  
make c o r r e c t i o n s  f o r  age and sex, b u t  t h e s e  c o r r e c t i o n s  had o n l y  
m i  n o r  i n f  1  uence on p-v a1 ues and o d d s - r a t  i 0s.  



Cases o f  f l u  and c o l d  had a l s o  a  v e r y  l i m i t e d  i n f l u e n c e  on t h e  
f r e q u e n c y  o f  symptoms. 

H a b i t s  w i t h  r e g a r d  t o  a i r i n g  were i n v e s t i g a t e d  i n  o r d e r  t o  t e s t  any 
r e l a t i o n s h i p  t o  w e a t h e r p r o o f i n g  and age. However, t h e r e  was n o t  
f o u n d  any r e l a t i o n s h i p  between t h e s e  two v a r i a b l e s .  Smoking was t h e  
o n l y  v a r i a b l e  wh ich  had pronounced e f f e c t  on a i r i n g :  smokers a i r e d  
more t h a n  non-smokers. 

I n  a d d i t i o n ,  i t  was i n v e s t i g a t e d  whether  mould  g rowth  and damages 
due t o  m o i s t u r e  i n  t h e  apar tment  were r e l a t e d  t o  a i r i n g  h a b i t s  and 
d r y i n g  o f  c l o t h e s  i n  t h e  apar tment .  O n l y  d r y i n g  o f  c l o t h e s  was f o u n d  
t o  be r e l a t e d  t o  s i g n s  o f  mould. 

DISCUSSION 

The response r a t e  f r o m  t h e  f i r s t  q u e s t i o n n a i r e  was 54% wh ich  m i g h t  
seem low.  The persons who p a r t i c i p a t e  i n  an e p i d e m i o l o g i c a l  s t u d y  
l i k e  t h i s  w i l l  n o t  b e n e f i t  d i r e c t l y  o r  p e r s o n a l l y .  Thus t h e y  a r e  n o t  
g r e a t l y  m o t i v a t e d  t o  p a r t i c i p a t e .  I n  a d d i t i o n ,  we assume t h a t  t h e  
l ow  response  r a t e  t o  some e x t e n t  i s  due t o  t h e  f a c t  t h a t  t h e  
q u e s t i o n n a i r e  had a  r a t h e r  c o m p u t e r - l i k e  des ign ,  - i n  o r d e r  t o  
f a c i l i t a t e  a n a l y s i s  o f  da ta .  Fur thermore,  t h e  p a r t i c i p a n t s  have f e l t  
o b l i g e d  t o  answer t h e  f o l l o w i n g  t h r e e  q u e s t i o n n a i r e s  i f  t h e y  had 
answered t h e  f i r s t  one. 

The o n l y  i n f o r m a t i o n  a v a i l a b l e  f o r  a l l  p a r t i c i p a t i n g  persons 
i n c l u d e d  sex, age and address ( C a p i t  a1 , P r o v i  n c i  a1 towns) .  There  was 
a p p a r e n t l y  no s e l e c t i o n  w i t h  r e g a r d  t o  t h e s e  t h r e e  f a c t o r s .  

O r i g i n a l l y  t h e  s t u d y  group was supposed t o  be as l a r g e  as t h e  
c o n t r o l  g roup .  The observed r e d u c t i o n  i s  n o t  due t o  l o s s  o f  
p a r t i c i p a n t s  o n l y ,  b u t  i s  m a i n l y  t h e  r e s u l t  o f  t h e  b u i l d i n g  
s o c i e t i e s '  change o f  p l a n s  f o r  t h e  rep lacement  o f  windows. 

The r e s u l t s  o f  t h i s  s t u d y  a r e  r a t h e r  c l e a r c u t .  Even though  t h e  
r e d u c t i o n  i n  p a r t i c i p a n t s  was l a r g e ,  t h e  n o n p a r t i c i p a n t s  had t o  be 
v e r y  d i f f e r e n t  f r o m  t h e  p a r t i c i p a n t s  t o  i n f l u e n c e  t h e  r e s u l t s  i n  an 
o p p o s i t e  d i r e c t i o n .  The e f f e c t s  a r e  r e g i s t e r e d  f o r  t h e  same 
p a r t i c i p a n t s  b e f o r e  and a f t e r  t h e  " e x p e r i m e n t "  i . e .  t h e  r e s u l t s  a re  
i n t r a p e r s o n n e l  v a r i a t i o n s .  We t h e r e f o r e  conc lude  t h a t  t h e  magni tude 
o f  t h e  e f f e c t s  must be i n t e r p r e t e d  w i t h  some c a u t i o n  whereas t h e  
t r e n d s  a re  v e r y  c l e a r .  



Fur the rmore ,  i t  s h o u l d  be emphasized t h a t  a l l  t h e  measured e f f e c t s  
a r e  a c u t e  o r  subacu te  e f f e c t s .  T h i s  s t u d y  cannot  g i v e  any e v i d e n c e  
o f  i n c o n v e n i e n c e s  t h a t  may o c c u r  1  a t e r  i f  t h e  apar tments  become t o o  
a i r t i g h t .  

The d r a m a t i c  improvement i n  t h e  i n d o o r  c l i m a t e  w i t h  r e g a r d  t o  
t e m p e r a t u r e  and n o i s e  may have i n f l u e n c e d  t h e  answers t o  t h e  
q u e s t i o n s  about  symptoms, which a r e  n o t  d i r e c t l y  r e l a t e d  t o  l o w  
t e m p e r a t u r e s  and d r a u g h t .  

The r e s u l t s  o f  t h i s  s t u d y  t h e r e f o r e  show t h a t  i t  would  be  d e s i r a b l e  
t o  conduc t  s i m i l a r  s t u d i e s  under d i f f e r e n t  c l i m a t i c  c o n d i t i o n s  and 
f o r  o t h e r  t y p e s  o f  b u i l d i n g s ,  b u t  w i t h  t h e  same methodo logy so t h a t  
t h e  s t u d i e s  wou ld  be comparable.  

T h i s  s t u d y  has been p a r t  o f  a  number o f  p r o j e c t s ,  wh ich  t h e  
Department  o f  Energy,  Copenhagen has g i v e n  t h e  I n s t i t u t e  o f  Hygiene,  
U n i v e r s i t y  o f  Aarhus, c o m p r i s i n g  i n d o o r  p o l l u t a n t  s o u r c e  c o n t r o l  ( 3 )  
as w e l l  as changes i n  housedust  m i t e  p o p u l a t i o n s  r e l a t e d  t o  m o i s t u r e  
changes i n  r e t r o f i t t e d  d w e l l i n g s  (2,4).  

The concep t  o f  comb in ing  d i f f e r e n t  m e t h o d o l o g i c a l  s t u d i e s  l i k e  t h i s  
i s  based on t h e  e x p e r i e n c e  f r o m  o t h e r  f i e l d s  o f  e n v i r o n m e n t a l  h e a l t h  
s t u d i e s  i n  t h a t  t h e y  g e n e r a l l y  s h o u l d  i n c l u d e  b o t h  f i e l d  measure- 
ments and o b s e r v a t i o n a l  h e a l t h  s t u d i e s ,  as w e l l  as c o n t r o l l e d  
exposure  s t u d i e s ,  t o  be c o n c l u s i v e .  

The c o n c l u s i o n  so f a r  has been t h a t  i n s u l a t i o n  and r e t r o f i t t i n g  i n  
f l a t s  seems t o  have p r e d o m i n a n t l y  p o s i t i v e  a c u t e  e f f e c t s  r e g a r d i n g  
t o  v o t e s  on c o m f o r t  and w e l l - b e i n g .  P o s s i b l e  l o n g  t e r m  consequenses, 
o f  a  v e r y  l ow  v e n t i l a t i o n  r a t e ,  w i t h  n e g a t i v e  h e a l t h  e f f e c t s  canno t  
be e x c l u d e d  f r o m  t h i s  s t u d y  and w i l l  have t o  be observed  i n  t h e  
f u t u r e .  

The e n v i r o n m e n t a l  changes wh ich  t o o k  p l a c e  i n  t h e  b u i l d i n g s  
concerned i n  t h i s  s t u d y  were n o t  p h y s i c a l l y  m o n i t o r e d .  T h i s  has t o  
be done i n  s t u d i e s  i n  c o n t i n u a t i o n .  
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Table 1 Number of reponses and response r a t e s  

August December January February 

Number of d i s t r i bu t ed  
quest i onnai r e s  3309 1739 1268 1112 

Number of answered 
questionnaires 1922 1306 1148 1043 

Number of val id  answers 1739 1268 1112 1013 

Response r a t e  53.6 73.9 88.5 92.8 

Table 2 Follow-up group: Distr ibution of 
background vari  ables in  percent 

August December January I-ebruary 

Periods away 
from apartment control group 18.3 57.1 61.5 57.5 
< 4 hours - study group 24.2 69.5 67.9 67.0 

Smokers control  group 51.8 52.0 51.1 51.7 
study group 51.7 51.8 53.6 54.1 

Tot a1 number control group 535 5 35 535 5 35 
of answers study group 141 141 141 141 



Table 3. Normalized odds-rat ios fo r  disturbances and symptoms 

August December January February 

Temperature 

Draught 
Cold f l o o r  
High temperatures 
Low temper a t  ures 

-- - 

Noise 

Outdoor no ise  
Noise f rom t h e  b u i l d i n g  

Symptoms re1 a ted t o  mucos a1 s u r f  aces 

Smarting o r  i r r i t a t i o n  o f  t h e  eyes 1 0.33 0.00 0.00 
Dryness o f  t h e  t h r o a t  1 0.44 0.52 0.67 

Rheumatic symptoms 

J o i n t  pains 1 0.79 0.41 0.28 
Analgesics f o r  j o i n t  pains 1 1.30 0.37 0.32 
Necklback pa ins  1 0.38 0.11 0.18 
Analgesics f o r  back pains 1 0.73 0.11 0.19 

General symptoms 

Heaviness o f  t h e  head 
Headache 



Fig. 1 Frequencies of disturbances 

C = control group 
S = study group 
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Fig. 2 Frequencies of symptoms 

C = control group 
S = study group 
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