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In many s i tua t ions  in epidemiology, e r ro r  in measurement of 

exposure var iables  has  no e f fec t  on the d i rec t ion  of an association, 

serving only t o  make the magnitude of an observed associat ion l e s s  

marked than the association that actual ly  exists. This is not 

always so, however, and the  purpose of t h i s  note is t o  highl ight  Some 

si tuat ioa 's  re levant  t o  the  passive smoking s tosy  in which, as a 

result of error in measurement of exposure var iab les ,  an apparent 

associat ion can occur when no real association e%ists at a l l .  
. .  

' The f i r s t  situation r e l a t e s  to where one i s  standardis ing for a 
. .  

confounding var-iable tha t  is' st rongly re la ted  t o  r i s k  of disease i d d .  

is also re la ted  t o  passive smoking,and where the confounding var iab le  
. ,' 

' 

. .._ 

. .  
. .  . .  is not accurately measured. An exanyre 'o f . th . i s  s o r t  of s i t u a t i o n  i s  . 

' . . the re la t ionship  between, r e s p t n t & y  symptoms o r  pulmonary: fukctton .in 
, . .  

. .  .- 
. .  

.. . young children and the  smokilsg habi t s  of the  mother: One lclows,that . . .  

. .  
lower soc ia l  c l a s s  re la ted  f a c t o r s  a re  very important .determinants 'of, 

these conditions and that lower soc ia l  class is smoking re la ted .  One 

also knows that  s n c i a l  c l a s s  must be an inaccurately determined 

measure of the t r u e  aetiological agent which social class is .sz?rrogate 

f o r .  

. .. . .  ' 

. .  - .  

Let us i l lus t ra te  what can happen by a simplif ied numerical 

example in which (hopefully) reasonable looking assumptions a re  made. 
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L e t  us assume t h e  fol lowing:  
_- 

(a) w e  s tudy  a populat ion of 1000 c h i l d r e n  i n  which ha l f  

t h e  mothers smoke, 

maternal smoking has no e f f e c t  on risk of t h e  cond i t ion  

ve are s tudying ,  

t h e r e  is an a e t i o l o g i c a l  agent which m u l t i p l i e s  r i s k . b y  

5 ,  

ha l f  the  c h i l d r e n  a r e  exposed t o  t h i s  agent ,  

t h e  agent i s  c l o s e l y  r e l a t e d  t o  s o c i a l  c l a s s ,  so t h a t  

80% of those  at r i s k  from t h e  agent  are i n  s o c i a l  class 

"low" and on ly  20% are in social c l a s s  "high", 

t h e  agent is c o r r e l a t e d  with maternal  smoking, so t h a t  

60% of those  a t  risk from t h e  agent h c e  mothers who slcoke 

while  only 40% of those  no t  a t  risk from t h e  agent  have 

mothers who smoke. 

We can then  set up a t a b l e  of expected 

---- Observable ---- 
Group Exposure t o  S o c i a l  Maternal 
Nuinber agent class smoking 

1 
2 
3 
4 
5 
6 

- 7  
8 

Low 
Low 
High 
High 
Low 
Low 
High . 
High 

* 
( r e l a t i v e  t o  same cons tan t )  

Yes 
No 
Y e s  
NO 
Yes 
N o  
Yes 
No 

r e s u l t s  as fol lows:  

Number i n  
group 

240 
160 

60 
40 
40 
60 

160 
240 

Risk* 
of group 

5 
5 
5 
5 
1 
1 
1 
1 

I f  w e  a r e  ep idemiologis t s  given t h e  observable  expected data ,  

what do w e  conclude? F i r s t ,  we s t a r t  off by looking a t  t h e  siinple 
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r e l a t i o n s h i p  between maternal  smoking and risk. 

Mean Re la t ive  
Groups Maternal smoking Number in group Risk Risk 

1+3+5+7 Yes 500 3.40 1.31  

- 

2+4+6+8 No 500 2.60 1 '  

We note  t h a t  t he re  is an a s s o c i a t i o n  between maternal smoking 

and r i s k .  Next, w e  look f o r  p o t e n t i a l  confounders. We note t h a t  

s o c i a l  class is related t o  r i s k .  

Groups 

1+2+5+6 

3+4+7+8 

The next  

c l a s s  removes 

Mean R e l  a t  iv e 
S o c i a l  c l a s s  Number i n  group Risk Risk - 

Low 

High 

5 00 4.20 

500 1.80 ' 

2.33 

1 

s t e p ,  t h e r e f o r e ,  is t o  see i f  s t a n d a r d i s a t i o n  for s o c i a l  

t h e  r e l a t i o n s h i p  between 

compute two t a b l e s  as fol lows:  

Maternal 
Groups Soc ia l  class Smoking 

1+5 Low Yes 
2+6 No 

3+7 
4+8 

High Yes 
No 

maternal smoking and risk. We 

Number i n  Mean Re la t ive  
group Risk Risk - 

280 4.43 1.13 
220 3.91 1 

220 
280 

2.09 1.33 
1.57 1 

We note  t h a t  wi th in  each s o c i a l  class group, t h e r e  s t i l l  remains a 

. p o s i t i v e  a s s o c i a t i o n  with maternal smoking, which averaged o v e r a l l  (by 

d i r e c t  s t a n d a r d i s a t i o n  t o  t h e  o v e r a l l  s o c i a l  class d i s t r i b u t i o n )  g ives  

a r e l a t i v e  risk f i g u r e  of 1.19. 

Three conc lus ions ,  of genera l  a p p l i c a t i o n ,  can be made from t h i s  

example : 

( a )  t he  observed a s s o c i a t i o n  f o r  t h e  inaccura t e ly  measured t r u e  

risk f a c t o r  is less ( r e l a t i v e  risk 2.33) than t h e  t r u e  
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assoc ia t ion  f o r  the a c t u a l  r i s k  f a c t o r  ( r e l a t i v e  r i s k  5 ) .  

the a s s o c i a t i o n  between t h e  t r u e  r i s k  f a c t o r  and materna!. 

smoking r e s u l t s  i n  an apparent  a s s o c i a t i o n  ( r e l a t i v e  r i s k  

1.31) between maternal  smoking and the condi t ion  of 

interest, when no true a s s o c i a t i o n  exists. 

Trichopoulos,  Garf inke l ,  e tc . ,  i n  which the smoking h a b i t  of the  

spouse is related t o  r i s k  of lung cancer  i n  non-smoking women. 

Here w e  know t h a t  a c t i v e  smoking is s t r o n g l y  r e l a t e d  t o  r i s k  and 

t h a t  smokers tend t o  marry smokers 2nd non-smokers t o  marry non- 

mokers .  If w e  assume some smokers deny t h e i r  smoking, cac  t h i s  

r e s u l t  i n  an apparent a s s o c i a t i o n  between spouse ' s  smoking and 

lung cancer  when no true a s s o c i a t i o n  e x i s t s ?  Formally, then,  l e t  

u s  look a t  an example w i t h  t he  fol lowing assumptions: 

t h i s  apparent a s s o c i a t i o n  is reduced by s t anda rd i sa t ion  

f o r  t h e  inaccura t e ly  measured r i s k  f a c t o r  ( t o  1.19),  but 

is not el iminated.  An apparent  a s soc ia t ion  s t i l l  exists 

even though maternal smoking has been assumed in our  

example t o  have no a c t u a l  a s s o c i a t i o n  w i t h  risk. 

The second s i t u a t i o n  relates to  the s t u d i e s  of Hirayama, 

w e  s tudy  a populat ion of 100,000 married women, i n  which 

ha l f  the wives smoke, 

ha l f  their  husbands smoke a l s o ,  

a s soc ia t ed  w i t h  t h e i r  wives,  so 

60% of husbands smoke, whi le  in 

40% of husbands smoke. 

but  t h e i r  h a b i t s  a r e  

tha t  -in women who smoke 

women -who do not smoke 

a c t i v e  smoking i n  women m u l t i p l i e s  r i s k  of lung cancer  

bY 2 0 ,  

pass ive  smoking has  no e f f e c t  on r i s k ,  

5% of men and women who smoke deny smoking on in t e rv i ew.  
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Again s e t t i n g  up a t a b l e  of expected r e s u l t s ,  w e  have: 

Self-reported 
Group Actual smoking h a b i t s  Number i n  smoking h a b i t s  Humber i n  Risk 
Number Wife Husband group Wife Husband group af group - -- - 
1 A  

1 B  

1c 
1D 

2A 

28 

3A 

3B 

4 

Smoker 
I f  

I f  

I f  

11 

11 

Nonsmoker 
I* 

I f  

Smoker Smoker Smoker 27075 

30,000 11 Nonsmoker 1425 

I 1  Nonsmoker Smoker 1425 

I f  Nonsmoker 75 I f  

Smoker Nonsmoker 19000 

Nonsmoker Nonsmoker 1000 

Smoker 3 Nonsmoker Smoker 19000 
I1 { 20,000 Nonsmoker Nonsmoker 1000 

Nonsmoker 30,000 Nonsmoker Nonsmoker 30000 

Given the se l f - r epor t ed  d a t a  one can make t h r e e  o b s e n a t i o n s :  

20 

20 

20 

20 

20 

20 

1 

1 

1 

Number i n  Mean Re la t ive  
Groups Wife Husband group Risk Risk 

lA,lB,PA Smoker E i t h e r  47500 20 10.50 

All o t h e r s  Nonsmoker E i t h e r  52500 1.90 1 

1A Smoker Smoker 27075 20 1 

1B,2A Smoker Nonsmoker 20425 20 1 

iC, 3 A .  Nonsmoker Smoker 2 0425 2.33 1.42 

1D,2B,3B,4 Nonsmoker Nonsmoker 32075 1.64 1 
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In words, w e  observe 

(a) the observed a s s o c i a t i o n  between se l f - r epor t ed  a c t i v e  smoking 

and r i s k  of lung cancer (10.5) is less marked than tha t  assumed 

t o  a c t u a l l y  ex is t  between a c t u a l  a c t i v e  smoking and r i s k  of lung 

cancer  ( 2 0 ) .  

(b)  In  se l f - r epor t ed  smokers, an unbiassed e s t ima te  of the. e f f e c t  of 

husband's smoking (1) is obta ined .  

(c)  In se l f - r epor t ed  non-smokers, an apparent e f f e c t  of husband's 

smoking is seen ( r e l a t i v e  r i s k  1.42) when no t r u e  effect exis ts .  

I t  is also of i n t e r e s t  to  look a t  more Japanese s t y l e  assumptions. 

For the  sake of i l l u s t r a t i o n ,  l e t  u s  assume 

(a) w e  s tudy  a populat ion of 100,000.marr ied women i n  which 15% of 

the  wives smoke, 

(b) 75% of t h e i r  husbands smoke, bu t  t he i r  h a b i t s  are a s s o e i a t e d ,  so 

t ha t  for women who smoke w e  f i n d  tha t  13/15 (87%) of t h e i r  husbands 

smoke whereas f o r  women who do not  smoke only 62 /85  (73%) of t h e i r  

husbands smoke. 

(c) a c t i v e  smoking i n  women m u l t i p l i e s  r i s k  of lung cancer  by 20 ,  

(d) pass ive  smoking has no e f f e c t  on risk, 

(e) men do not  deny smoking but  20% of women do (smoking being an 

unacceptable  h a b i t  for women in Japan) .  
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Here the t a b l e  is: 

Self - reported 
Group Actua l  smoking h a b i t s  Number i n  smoking h a b i t s  ,Number in Risk 
Number Wife Husband group Wife Husband group - of group 

I A  Smoker Smoker 

1B 

- 
Smoker Smoker 10400 20 

13000 Nonsmoker Smoker 2600 20 '* I* 

Smoker Nonsmoker 1600 20 

2ooo Nonsmoker Nonsmoker 400 20 

Nonsmoker Smoker 62000 1 

3 2A 11 Nonsmoker 

2B I* ' V  

3 Nonsmoker Smoker 62000 

4 I* Nonsmoker 23000 Nonsmoker Nonsmoker 23000 1 

B 

Here t h e  "Hirayama" obse rva t ions ,  based on t h e  s e l f - r e p o r t e d  d a t a ,  

produce t h e  following: 

R e 1  a t  i v e  Number i n  X e a n  
Groups W i f e Husband group Risk Risk 

1B,3 Nonsmoker Smoker 64600 1.76 1.33 

28,4 Nonsmoker Nonsmoker 23400 1.35 1 

Again one ends up  w i t h  an apparent  r e l a t i o n s h i p  wi th  pas s ive  smoking 

when no real  r e l a t i o n s h i p  a c t u a l l y  exists. 

Cruc ia l  t o  t h e  e x t e n t  of t h e  appareot  r e l a t i o n s h i p  are both t h e  e x t e n t  

of l y i n g  about smoking and the  degree  of c o r r e l a t i o n  between husbands'  and 

wives '  smoking h a b i t s .  The f i g u r e s  given are pure guess t ima tes ,  which seemed 
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in 

t o  

t o  

u i t i v e l y  reasonable  t o  m e  a t  the time. It is of obvious nportance 

t r y  t o  g e t  d a t a  h e r e  though the d i f f i c u l t y  of ob ta in ing  it is n o t  

be underest imated - the ex ten t  of l y i n g  w i l l  doubt less  depend on the  

way i n  which the smoking data are c o l l e c t e d .  Another important po in t  

is t h a t  my c a l c u l a t i o n s  depend on l y ing  about smoking by t h e  w i f e  being 

independent of the husband's smoking h a b i t .  I t  is r e l a t i c e l y  easy t o  

see tha t  if women on ly  l ied i f  t h e i r  htlsbands were non-smokers, a b i a s  

i n  t h e  r e v e r s e  d i r e c t i o n  would obta in .  However, t h i s  does not seem 

a l l  that  p l a u s i b l e  e s p e c i a l l y  if t h e  d a t a  were c o l l e c t e d  with the 

husband no t  p re sen t .  

Obviously t h i s  n o t e  l eaves  many unanswered ques t ions .  Bowever, i t s  

purpose is merely t o  i n d i c a t e  tha t  when in f a c t  no t r u e  e f f e c t  of pas s ive  

smoking a c t u a l l y  exists a t  a l l ,  apparent ly  reasonable  assumptions about 

inaccuracy of measurement e r r o r  can lead t o  observing a r t e f a c t u a l  

a s s o c i a t i o n s  between pass ive  smoking and d i s e a s e  of a magnitude n o t  

dissimilar t o  t h o s e  r epor t ed  in t h e  l i t e r a t u r e .  




