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A b s t ra c t
A n a ly s is  o f  d a ta  from  around 3000 p a r t ic ip a n t s  in  

th e  N o r th w ic k  Park H ea rt S tud y , a p ro s p e c t iv e  s tu d y  o f  
m ales and fem a le s  r e c r u i t e d  from  th re e  o c c u p a tio n a l 
g roups in  N o rth  West London, showed th a t  amongst the  
m ales o b e s ity  was a s s o c ia te d  w ith  an in c re a se d  r i s k  o f
f a t a l  is chaem ic h e a r t  d is e a s e . O v e ra ll an in c re a se in
o b e s i t y , omeasured as w e ig h t /h e ig h t  , by 1 kg -2m
re s u lte d in  a mean in c re a se in  th e  r e la t i v e r is k o f
f a t a l  IHD o f  13%. I n s u f f i c i e n t  cases fo r  a n a ly s is  
o ccu rre d  in  th e  fe m a le s . O b e s ity  was r e la te d  a t  e n t r y  
e xa m in a tio n  to  fo u r  c a rd io v a s c u la r  r i s k  f a c to r s ;  b lood  
p re s s u re , serum c h o le s te r o l ,  f a c to r  V I I  and plasma  
f ib r in o g e n  in  b o th  sexes . The a s s o c ia t io n  between  
c h o le s te r o l ,  f a c to r  V I I  and f ib r in o g e n  on th e  one hand 
and o b e s ity  on th e  o th e r  was s tro n g e r  amongst the  
younge r than  th e  o ld e r  m a le s . Changes in  w e ig h t between  
e n t r y  and fo l lo w  up e xa m in a tio n  (on average around 6 
ye a rs  la t e r )  were s i g n i f i c a n t l y  c o r r e la te d  w ith  changes  
in  b lo od  p re s s u re , serum c h o le s te r o l and fa c to r  V I I .  
The r e la t io n  between o b e s ity  a t e n t r y  and f a t a l  IHD 
p e r s is te d  when the  a s s o c ia t io n s  between o b e s ity  and the  
measured c a rd io v a s c u la r  r i s k  fa c to r s  were ta ken  in to  
accoun t s u g g e s tin g  t h a t  o th e r  m echanism (s) were a ls o
in v o lv e d .
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The a s s o c ia t io n  between the  d is t r i b u t i o n  o f body 
f a t  as measured by the  th ic k n e s s  o f fo u r  s k in fo ld s  
( fo re a rm , t r i c e p s ,  subscapu la r and s u p r a i l ia c )  and 
c a rd io v a s c u la r  r i s k  fa c to r s  was exam ined- In  the  case 
o f  s y s t o l ic  b lood  p re s s u re , c h o le s te ro l and fa c to r  V I I  
in  m a le s , bo th  fo re a rm  and e i t h e r  s u p r a i l ia c  or 
su b sca p u la r s k in fo ld  th ic k n e s s  were in d e p e n d e n tly  
a s s o c ia te d -  In  the  case o f fem a les these  th re e  
v a r ia b le s  were in d e p e n d e n tly  a s s o c ia te d  o n ly  w ith  
c e n t r a l l y  lo c a te d  f a t  ( e i t h e r  s u p r a i l ia c  or subscapu la r  
s k in fo ld  t h ic k n e s s ) - Plasma f ib r in o g e n  was a ss o c ia te d  
p a r t i c u la r l y  w ith  c e n t r a l l y  lo c a te d  f a t  in  bo th  sexes-
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Chap te r 1
In t r o d u c t io n

The a b i l i t y  to  s to re  energy in  th e  fo rm  o f f a t  has 
been o f m a jo r im po rtance  in  e v o lu t io n -  I t  has a llow ed  
g re a te r  m o b i l i t y  and independence from  a c o n s ta n t food  
s u p p ly  than  o th e r fo rm s o f s to re d  ene rg y . For in s ta n ce  
i f  ene rgy was s to re d  as g ly cogen  in s te a d  o f f a t  a 180 lb  
man w ith  30 lb  o f  f a t  would weigh 900 lb s l  (Powers 
1980) - In  tim es o f in adequa te  food su p p ly  the  a b i l i t y  
to  s to re  la rg e  re s e rv e s  o f f a t  must have been o f  
c o n s id e ra b le  s u r v iv a l va lu e  bu t in  deve loped  c o u n tr ie s  
a t  the  p re s e n t tim e  t h is  c a p a c ity  may become a 
l i a b i l i t y .  No s p e c i f ic  'c a u s e ' has has been found fo r  
th e  m a jo r i t y  o f  cases o f o b e s ity -  S p e c if ic
e n d o c r in o lo g ic a l o r m e ta b o lic  le s io n s  o n ly  accoun t fo r  a 
s m a ll p r o p o r t io n -  There appear to  be f a m i l i a l  fa c to r s  
in v o lv e d  wh ich  may be bo th  e n v iro n m e n ta l and g e n e t ic .  
The re  may be fa m i ly  p a t te rn s  o f r e la t i v e  o v e r fe e d in g  or 
s e d e n ta ry  l i f e  s t y le ,  b u t in  a d d it io n  s tu d ie s  on 
i d e n t i c a l  tw in s  re a re d  a p a r t show th a t  th e re  is  a c lo s e r  
r e la t io n s h ip  between t h e i r  w e ig h ts  than  non id e n t ic a l  
tw in s  re a re d  in  the  same house (S h e ild s  1962 )-

There has been c o n tro v e rs y  over the  c o n t r ib u t io n  o f  
o b e s i ty  to  p rem a tu re  m o r t a l i t y ,  p a r t i c u la r l y  from  
is ch a em ic  h e a r t d ise a se  ( IH D )- The r e s u l t s  o f the  
Fram ingham s tu d y  suggested  th a t  a 20% re d u c t io n  in  
w e ig h t m ig h t r e s u l t  in  a 40% re d u c t io n  in  the  chances o f
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c o ro n a ry  h e a r t  d is e a se  (Kanne l and Gordon 1974 )- On the  
o th e r  hand Keys e t  a l (1972a) found th a t  o b e s ity  was 
u n re la te d  to  the  in c id e n c e  o f d e f in i t e  c a rd io v a s c u la r  
d is e a se  in  men from  seven c o u n t r ie s  e xcep t amongst 
N o r th e rn  European men- A lth o u g h  th e re  has been a g re a t  
d e a l o f  p u b lis h e d  d a ta  abou t th e  a s s o c ia t io n  between 
b lo o d  p re s su re  and c h o le s te r o l and o b e s ity  l i t t l e  is  
known abou t the  r e la t io n  o f o b e s ity  to  h a em os ta tic
v a r ia b le s , p a r t i c u la r l y fa c to r s V I I  and V I I I and
f ib r in o g e n , wh ich have re c e n t ly been found to be
in dependen t r i s k  f a c to r s f o r  c a rd io v a s c u la r dea th in  a
p ro s p e c t iv e s tu d y (Meade e t a l 1980) . There have
r e c e n t ly  been s u g g e s tio n s  th a t  c e n t r a l l y  lo c a te d  body 
f a t  may be p a r t i c u la r l y  im p o r ta n t in  d e te rm in in g  b lood  
p re s s u re  ( B la i r  e t  a l 1984) b u t l i t t l e  is  known abou t 
th e  r o le  o f  the  d i s t r i b u t i o n  o f body f a t  in  d e te rm in in g  
o th e r  c a rd io v a s c u la r  r i s k  fa c to r s -  T h is  t h e s is ,  w h ich  
i s  based on da ta  from  th e  N o rth w ic k  Park- H ea rt S tudy  
(NPHS) w ith  w h ich  th e  a u th o r has been in v o lv e d  fo r  8 
y e a rs ,  addresses these  th re e  a re a s - A d d i t io n a l ly ,  many 
p re v io u s  s tu d ie s  w h ich  have exam ined the  a s s o c ia t io n  
between c a rd io v a s c u la r  r i s k  fa c to r s  and o b e s ity  have 
fo cu ssed  s o le ly  on c r o s s - s e c t io n a l d a ta - T h is  th e s is  
in c lu d e s  bo th  c r o s s - s e c t io n a l and lo n g i t u d in a l  d a ta  from  
in d iv id u a ls  measured on average 6 yea rs  a p a r t -
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The measurement o f  o b e s ity
O ve rw e ig h t is  n o t n e c e s s a r i ly  synonymous w ith  

o b e s i ty  w h ich  in d ic a te s  e x c e s s iv e  f a t  d e p o s i t io n .  For 
in s ta n c e ,  in  a s tu d y  o f  p r o fe s s io n a l f o o t b a l l  p la y e rs  i t  
was shown th a t  these  men, a lth o u g h  o ve rw e ig h t compared 
w ith  id e a l w e ig h t ta b le s  d e r iv e d  from  L i f e  In su ra n ce  
d a ta , a ls o  had a g re a te r  than  average s p e c i f ic  g r a v i t y  
in d ic a t in g  a low e r than  ave rage f a t  c o n te n t (Walham and 
Bahnke 1 942 ).

There a re  s e v e ra l la b o r a to r y  methods fo r
d e te rm in in g  body f a t .  The th re e  b e s t e s ta b lis h e d
in d i r e c t  methods a re  measurements o f t o t a l  body w a te r ,
body d e n s ity  and t o t a l  body p o ta s s iu m . These methods
a re  based on th e  p r in c ip le  th a t  f a t  c o n ta in s  no w a te r o r
p o ta ss ium  and is  le s s  dense than  th e  f a t  f r e e  mass.
T o ta l body w a te r can be c a lc u la te d  by a d i l u t i o n a l
te c h n iq u e  u s in g  t r i t i a t e d  w a te r (Pace e t a l -  1 945 ).
T o ta l body po ta ss ium  can be measured u s in g  a whole body
co u n te r w h ich  measures r a d io - a c t i v i t y  due to  the

40p resence  o f the  n a t u r a l l y  o c c u r r in g  is o to p e  K
(W omersley e t  a l -  1 9 7 2 ). D e n s ity  is  u s u a l ly  measured by 
unde rw a te r w e ig h in g  u s in g  A rch im edes ' p r i n c ip l e .  A 
com pa rison  o f  a l l  th re e  te c h n iq u e s  (K ry w ie k i e t  a l .
1974) showed a c o r r e la t io n  o f  0 .8  between body f a t  
de te rm in e d  by t o t a l  body p o ta ss ium  and d e n s ito m e try  in  
323 s o ld ie r s .  They co n s id e re d  th a t  a l l  th re e  methods
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were e q u a lly  r e l ia b le *  These methods may n o t be 
e n t i r e l y  v a l id  however a t th e  extrem es o f age o r in  th e  
c h r o n ic a l ly  s ic k .  None o f these  methods a re  s u i ta b le  
f o r  la r g e  s c a le  e p id e m io lo g ic a l s tu d ie s  and o th e r  le s s  
d i r e c t  methods a re  th e re fo re  used.

A v a r ie t y  o f d i f f e r e n t  measurements have been used 
to  q u a n t i f y  o b e s ity  in  p o p u la t io n  s tu d ie s .  There are  
two main re q u ire m e n ts  f o r  any v a l id  measure o f o b e s i ty ,  
f i r s t l y  i t  shou ld  be in dependen t o f h e ig h t ,  s e cond ly  i t  
shou ld  c o r r e la te  w e l l w ith  one o f  the  accep ted  
la b o r a to r y  measurements o f  o b e s ity .  As w e l l as be ing  a 
v a l id  in d ic a to r  o f  o b e s ity  i t  shou ld  be a b le  to  be 
measured re p ro d u c ib ly  by d i f f e r e n t  o b s e rv e rs .

Two typ e s  o f  w e ig h t in de x  a re  used fo r  a sse ss in g  
fa tn e s s .  R e la t iv e  w e ig h t is  th e  w e ig h t exp ressed  as a 
p e rce n ta g e  o f th e  w e ig h t o f  an ' i d e a l '  pe rson  o f  the  
same se x , h e ig h t  and pe rhaps frame s iz e .  The va lu e s  fo r  
id e a l w e ig h t a re  g e n e ra l ly  d e r iv e d  from  d a ta  c o l le c te d  
d u r in g  th e  e xa m in a tio n  o f  a p p lic a n ts  f o r  l i f e  in s u ra n ce  
p o l i c i e s .  The id e a l w e ig h t is  d e te rm in ed  by th e  l i f e  
e xp e c ta n cy  o f  p o l ic y h o ld e r s .

T ab le s  o f  d e s ir a b le  w e ig h t f o r  men and women based 
on th e  m o r t a l i t y  e xp e r ie n c e  from  U .S . L i f e  In su ra n ce  
Data have been p u b lis h e d  (M e tro p o li ta n  L i f e  In su ra n ce
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Company 1959 )- These ta b le s  g iv e  d e s ir a b le  w e ig h ts  fo r  
th re e  fram e s iz e s ,  s m a ll ,  medium and la r g e .  However in  
v iew  o f  th e  la c k  o f  agreem ent abou t the  c la s s i f i c a t io n  
o f  fram e s iz e ,  th e  F o g a rty  C on fe rence in  1973 
recommended th a t  th e  upper l im i t  o f d e s ir a b le  w e ig h t fo r  
th e  la rg e  fram e s iz e  be used in  e xp re s s in g  r e s u l t s  (B ray
1 9 7 3 ). There a re  o b v io u s ly  c o n s id e ra b le  advan tages in  
ha v in g  a u n ifo rm  system  fo r  e xp re s s in g  o b e s ity  w h ich  
a llo w s  com parison  between p o p u la t io n s .

The o th e r type o f  w e ig h t index is  d e r iv e d by
a t te m p t in g  to ta ke h e ig h t  in to accoun t by means o f
e x p re s s io n s  such as W/H, W/H^, W^/H, The te rm
W0 .3 3 ^H  ̂ an^ j_ts  i n ve rse  (H /W ^ *^ )  w h ich  was in tro d u c e d  
by Sheldon and c o lle a g u e s  in  s tu d ie s  o f som ato types  
(S he ld on , S tephens & Tucke r 1940) have been found to  be 
h ig h ly  c o r r e la te d  w ith  h e ig h t and th e re fo re  a re  no 
lo n g e r  c o n s id e re d  a v a l id  in dex  o f  o b e s i ty .

The in de x  w h ich  comes c lo s e s t  to  be in g  independen t
2o f  h e ig h t  is  W/H (F lo re y  1970) w h ich  was o r i g i n a l l y

d e s c r ib e d  by Q u e te le t  and is  sometimes known as
• 2Q u e te le t 's  In dex  o r Body Mass In d e x . W h i ls t  W/H does

n o t r e f l e c t  body f a t  w ith  a b s o lu te  a ccu ra cy  i t  has been
2shown th a t  th e re  is  a s tro n g  c o r r e la t io n  between W/H 

and body d e n s i t y .  The c o r r e la t io n  c o e f f i c ie n t  was 0 .67  
f o r  a g roup  o f U .S . b u s in e ss  e x e c u t iv e s  and 0 .85  f o r  a
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g roup  o f male s tu d e n ts  (Keys e t a l 1 9 7 2 b )- N e ve rth e le s s
no more than  h a l f  th e  t o t a l  v a r ia n c e  o f body fa tn e s s  was

2accoun ted  fo r  by th e  re g re s s io n  o f body d e n s ity  on W/H . 
The agreement may be c lo s e r  in  fe m a le s ; (W ebs te r, Kesp
and Garrow 1984) have found  a c o r r e la t io n  o f over 0 .9

2between th re e  measurements o f body f a t  and W/H in  a
2g roup  o f obese fe m a le s . W/H has th e  advan tage th a t  i t  

does n o t r e q u ir e  a re fe re n c e  s ta n d a rd  and does n o t 
r e q u ir e  any assum p tions  abou t what c o n s t i t u te s  norm al o r 
e xce s s iv e  w e ig h t .  I t  may n o t be a p p l ic a b le  fo r . c h i ld r e n  
and a d o le s c e n ts  u n le s s  d i f f e r e n t  s ta n d a rd  va lu e s  o f p 
a re  used in  th e  e x p re s s io n  W/H^.

The measurement o f  s k in fo ld  th ic k n e s s  can a ls o  be
used in  th e  assessm ent o f o b e s i ty .  I t s  use depends upon
th e  assum p tion  th a t  subcu taneous f a t  c o n s t i t u te s  a
p r e d ic ta b le  p r o p o r t io n  o f  t o t a l  body f a t .  The
c o r r e la t io n  c o e f f i c ie n t  between s k in f o ld  th ic k n e s s  and
body d e n s ity  has g e n e ra l ly  been found  to  be between 0 .7

%

-  0 .9  (D u rn in  and W omersley 1974, Keep e t a l .  1972,
Damon and Goldman 1964) . The r e la t io n  is  n o t l in e a r  in  
e i t h e r  se x , in  more obese s u b je c ts  r e l a t i v e l y  la rg e  
in c rem en ts  in  t o t a l  s k in fo ld  th ic k n e s s  a re  a s s o c ia te d  
w ith  o n ly  sm a ll changes in  body d e n s i t y .  The use o f a 
lo g a r i t h m ic  t r a n s fo rm a t io n  o f  t o t a l  s k in fo ld  va lu e s  
however r e s u l t s  in  a l in e a r  r e la t io n  w ith  body d e n s i ty .  
The r e la t io n s h ip  between s k in fo ld  th ic k n e s s  and body f a t
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v a r ie s  w ith  age and se x . Women appear to  have a more 
even subcu taneous d i s t r i b u t i o n  o f body f a t  than men and 
a ls o  appear to  have a la r g e r  p ro p o r t io n  o f  in t e r n a l  body 
f a t  than  men. The e q u iv a le n t  f a t  c o n te n t ,  as a 
p e rce n ta g e  o f  body w e ig h t ,  f o r  a g iv e n  v a lu e  o f the  sum 
o f  fo u r  s k in fo ld s  ( t r i c e p s ,  s u b s ca p u la r , s u p r a i l ia c  and 
fo re a rm ) tends  to  be h ig h e r  in  o ld e r  than  in  younger 
in d iv id u a ls .  I t  may be th a t  a h ig h e r p r o p o r t io n  o f body 
f a t  i t  d e p o s ite d  in t e r n a l l y  w ith  in c re a s in g  age.

D e f in i t io n  o f  o b e s ity  in  e p id e m io lo g ic a l s tu d ie s
The l im i t s  o f  'n o r m a l i t y '  in  s tu d ie s  o f o b e s ity  

have been d e f in e d  in  s e v e ra l ways. The l im i t s  shou ld  
i d e a l l y  be based upon a p re c is e  know ledge o f  the  
r e la t i o n  between o b e s ity  and m o rb id it y  and m o r t a l i t y  
s in c e  i t  is  t h is  r e la t io n s h ip  wh ich  c o n s t i t u te s  the  most 
p o w e r fu l argum ent f o r  d e f in in g  'n o r m a l i t y ' .

A t p re s e n t th e  d e f in i t o n  o f o v e rw e ig h t in  a d u lts  is  
based on a c t u a r ia l  d a ta  th a t  in d ic a te  th e  w e ig h t range  
f o r  each h e ig h t c a te g o ry  th a t  appears to  co rre spond  w ith  
th e  lo w e s t m o r t a l i t y  r a te  in  an in s u re d  p o p u la t io n .  
T h is  range is  ta ken  as th e  o p t im a l and th o se  who exceed  
th e  upper l i m i t  a re  'o v e rw e ig h t ' .  Some w o rke rs  have 
d e f in e d  o v e rw e ig h t as 110-119% o f  these  s ta n d a rd s  and 
o b e s i ty  as 120% o r m ore . The s ta n d a rd s  them se lves  a re  
d e r iv e d  from  M e t r o p o l i ta n  L i f e  In su ra n ce  Company da ta
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(1959 and 1960) and based on th e  B u ild  and B lood
P re ssu re  s tu d y  (S o c ie ty  o f  A c tu a r ie s  1 959 ). D e sp ite  the
recom m endations o f  th e  F o g a rty  C on fe rence  m entioned
e a r l i e r  many s tu d ie s  c o n t in u e  to  e xp ress  r e s u l t s  in
te rm s o f fram e s iz e s  and a second r e p o r t  by an e x p e r t
g roup  in  th e  USA (B ray  1979) r e fe r r e d  to  an a cce p ta b le
w e ig h t range w h ich  to o k  in to  accoun t a l l  th re e  frame

2s iz e s .  The a c c e p ta b le  average va lu e  fo r  W/H f o r  males  
was 22 .0  and th e  range 20 .1  -  2 5 .0 . O b e s ity  was d e f in e d  
as a W/H2 o f 30 .0  o r ove r (120% o f  th e  upper l i m i t  o f  
th e  a c c e p ta b le  range) . For fem a les th e  co rre sp o n d in g  
v a lu e s  were 2 0 .8 , 1 8 .7  -  23 .8  and 2 8 .6 .

S ince  many s tu d ie s  in d ic a te  t h a t  th e re  is  a r is e  in  
o b e s i ty  w ith  age th e re  is  a q u e s t io n  as to  w he the r t h is  
sh o u ld  be a llow e d  fo r  in  c a lc u la t in g  a c c e p ta b le  w e ig h ts .  
S tu d ie s  do in d ic a te  th a t  o b e s ity  may be p a r t i c u la r l y  
d e le te r io u s  a t  younger ages ( f o r  d is c u s s io n  see la t e r )  
and th e re  is  s t i l l  u n c e r ta in ty  ove r w he the r the  
s ta n d a rd s  used a re  a p p l ic a b le  a t  a l l  ages. There is  
however e v id ence  th a t  w e ig h t g a in  in  a d u lt  l i f e  may be 
d isa d va n ta g e o u s  and a t th e  p re s e n t tim e  th e  w e ig h t 
s ta n d a rd s  a re  used fo r  a d u lts  o f  a l l  ages.
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H e ig h t ,  w e ig h t and o b e s ity  in  th e  UK p o p u la t io n
There  have been s e v e ra l s tu d ie s  o f o b e s ity  in  th e  

UK- In  1943 a la rg e  s tu d y  o f 27,500 males and 33,500  
fem a le s  was unde rta ken  (Kemsley 1950) - The p o p u la t io n  
s tu d ie d  c o n s is te d  o f in d u s t r ia l  w o rke rs  in  la rg e  and 
s m a ll f i rm s  (b o th  male and fem a le ) , m in e rs  (male) and 
housew ive s - The r e s u l t s  o f t h is  s u rv e y , w h ich  was 
und e rta ke n  d u r in g  w a rtim e  a re  u n l i k e ly  to  be
r e p re s e n ta t iv e  o f th e  p o p u la t io n  a t the  p re s e n t t im e .  
W e igh t fo r  h e ig h t s ta n d a rd s  d e r iv e d  from  t h is  p o p u la t io n  
were p u b lis h e d  some tim e  a f t e r  th e  o r ig in a l  p u b l ic a t io n  
(Kemsley e t  a l - 1 962 )- The low  and h ig h  w e ig h t fo r  each 
h e ig h t  c a te g o ry  g iv e n  in  t h is  paper re p re s e n te d  the  
lo w e r and upper 25 pe r c e n t o f th e  w e ig h t d i s t r i b u t i o n .  
Data  on th e  h e ig h ts  and w e ig h ts  o f  men in  two in d u s t r ia l  
p o p u la t io n s  (one in  B irm ingham  measured in  1960 and one 
in  P o r t  T a lb o t ,  South Wales measured in  1965) showed 
t h a t ,  compared w ith  n a t io n a l samples in  1930 and 1943, 
th e re  appeared to  have been s e c u la r  in c re a se  o f abou t 1 
in c h  in  h e ig h t pe r g e n e ra t io n  (25 y e a rs ) s in c e  1850 and 
t h a t  th e  in c re a s e  was s t i l l  c o n t in u in g -  W e igh t seemed 
to  be in c re a s in g  a t a g re a te r  r a te  than h e ig h t so th a t  
th e  a d u l t  male p o p u la t io n  was becom ing p ro g re s s iv e ly  
more obese (K hos la  and Lowe 1968) - Young and m idd le  
aged men were abou t 15 lb s  h e a v ie r  than  men o f  th e  same 
age and h e ig h t  t h i r t y  ye a rs  b e fo re -  O b e s ity  appeared to  
in c re a s e  up to  age 35 and f l a t t e n  o f f -  A s tu d y  o f
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10,300 employees o f B r i t i s h  P e tro le um  Company L im ite d  
(7 ,400  m ales and 2 ,900 fem a le s ) s e rv in g  in  th e  London 
o f f i c e  and ove rseas between 1964 and 1966 a ls o  showed 
t h a t  the  p a r t ic ip a n t s  were t a l l e r  and h e a v ie r  than  those  
in  e a r l i e r  s tu d ie s .  (M o n te g r if fo  1 968 ). T h is  s tu d y  
a ls o  in d ic a te d  th a t  48% o f  males and 46% o f  fem a les  were 
above th e  d e s ir a b le  w e ig h t as g iv e n  by m o r t a l i t y  
s t a t i s t i c s  o f  th e  M e t r o p o l i ta n  L i f e  In su ra n ce  Company 
(1960) f o r  U .S . L i f e  In su ra n ce  p o l ic y  h o ld e rs .

A s tu d y  o f  o b e s ity  in  the  London Borough o f  
Richmond showed th a t  37% o f males and fem a le s  were 
g re a te r  th an  10% above d e s ir a b le  w e ig h t u s in g  th e  medium 
fram e o f the  M e t r o p o l i ta n  L i f e  ta b le s  (McLean B a ird  e t 
a l .  1974) . A lth o u g h  the  p a r t ic ip a n t s  were r e c r u i t e d  by 
random sam p ling  o f g e n e ra l p r a c t i t i o n e r s '  l i s t s  the  
response  ra te  was o n ly  36% o f those  re que s te d  to  a tte n d  
f o r  measurement and w e ig h in g . A random sample o f non 
re sp o n d en ts  was v i s i t e d  a t home and somewhat few e r o f 
them were found to  be obese compared w ith  re s p o n d e n ts .

O b e s ity  and c a rd io v a s c u la r  d is e a se
I t  has been sugges ted  fo r  many yea rs  th a t  o b e s ity  

p re d is p o s e s  to  dea th  from  c a rd io v a s c u la r  d is e a s e . Two 
m ain sou rces  o f d a ta  have been used to  exam ine the  
r e la t io n s h ip  between o b e s ity  and m o r t a l i t y .  F i r s t l y ,  
l i f e  in s u ra n ce  companies have , s in c e  1897, c o n s tru c te d
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ta b le s  r e la t in g  o b e s ity  to  m o r t a l i t y -  In fo rm a t io n  from  
t h i s  sou rce  is  a v a i la b le  f o r  v e ry  la rg e  numbers o f  
in s u re d  l i v e s  b u t d e s p ite  t h is  l i f e  in s u ra n ce  p o l ic y  
h o ld e rs  a re  n o t r e p re s e n ta t iv e  o f th e  g e n e ra l p o p u la t io n  
because those  in s u re d  tend to  be male and m id d le  c la s s  
and in d iv id u a ls  w ith  p r e - e x is t in g  h y p e r te n s io n ,  
d ia b e te s ,  is chaem ic  h e a r t  d is e a se  e tc -  may have 
d i f f i c u l t y  in  o b ta in in g  c o v e r . The second m a jo r sou rce  
o f  in fo rm a t io n  on o b e s ity  and m o r t a l i t y  has been from  
e p id e m io lo g ic a l s tu d ie s  o f a v a r ie t y  o f  p o p u la t io n s  
p a r t i c u la r l y  in  N o rth  Am erica  and Europe . These s tu d ie s  
have re s u lte d  in  da ta  on s m a lle r  numbers o f  in d iv id u a ls  
th a n  th a t  a v a i la b le  from  l i f e  in s u ra n ce  p o l ic y h o ld e r s  
b u t the  p a r t ic ip a n t s  w e re , by and la r g e ,  u n se le c te d  a t  
le a s t  as re g a rd s  t h e i r  h is t o r y  o f  v a s c u la r  d ise a se  and 
a s s o c ia te d  c o n d i t io n s .

The B u ild  and B lood  P re ssu re  S tudy (S e ltz e r  1966) 
was based on th e  e xp e r ie n c e  o f  ove r 4 m i l l i o n  in s u re d  
l i v e s  between 1935 and 1954 and in c lu d e d  males between  
20 and 59 ye a rs  o f  age. O b e s ity  was exp ressed  in  te rm s

(a lth o u g h  t h is  has now been shown to  be m arked ly  
dependent on h e ig h t ) . An e x p o n e n t ia l c u r v i l in e a r  r is e  
in  m o r t a l i t y  was no ted  be low  a v a lu e  o f 12, i . e .  w ith  
in c re a s in g  o b e s i t y .  A re v ie w  o f th e  e xp e r ie n ce  o f  bo th

o f u s in g  in ch e s  and pounds r e s p e c t iv e ly ,

B r i t i s h  and Am erican l i f e  in s u ra n ce  companies (Donald
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1973) conc luded  th a t  a t  a l l  ages o v e rw e ig h t was 
a s s o c ia te d  w ith  in c re a se d  m o r t a l i t y  and th a t  th e  le v e l  
o f  excess m o r t a l i t y  v a r ie d  more o r le s s  in  p ro p o r t io n  to  
th e  degree o f  o b e s i t y .  In  a d d it io n  i t  was found th a t  
among the  obese w ith  no o th e r  re co rded  im pa irm en t dea ths  
from  c a rd io v a s c u la r  and re n a l d is e a se  were 50% more than  
th o se  e xp e c te d ; c o ro n a ry  a r t e r y  d ise a se  m o r t a l i t y  showed 
an excess o f 40% and th e  m o r t a l i t y  ra te  due to  d ia b e te s  
was fo u r  tim e s  n o rm a l. The m o r t a l i t y  o f h y p e r te n s iv e s  
who were a ls o  obese and o f  those  w ith  a fa m i ly  h is t o r y  
o f  c a rd io v a s u la r  d is e a se  who a re  o v e rw e ig h t was 
s i g n i f i c a n t l y  h ig h e r than  those  o f  norm al w e ig h t w ith  
s im i la r  r i s k  f a c t o r s .  The excess m o r t a l i t y  o f obese 
p o l ic y h o ld e r s  in c re a s e s  d u r in g  the  20 yea r p e r io d  a f t e r  
th e  is s u e  o f th e  p o l i c y .  I t  then  tends  to  le v e l  o f f  b u t  
excess r is k s  can s t i l l  be dem ons tra ted  fo r  a t  le a s t  30 
y e a rs  a f t e r  th e  is s u e  o f  th e  p o l i c y .

A lth o u g h  th e  r e la t i v e  excess r i s k  appears to  occu r*  
in  a l l  age g roups in  l i f e  in s u ra n ce  da ta  i t  seems to  be 
h ig h e r  in  younger age g roups ( B la i r  and H a ines 1966, 
S o c ie ty  o f  A c tu a r ie s  1979) -

In  1959 th e  Am erican  Cancer S o c ie ty  conduc ted  a 
s tu d y  o f  750,000 men and women who were r e c r u i t e d  by
68 ,000 v o lu n te e r  w o rke rs  and fo llo w e d  up u n t i l  1972 (Lew 
and G a r f in k e l 1979) . Over 90% o f  those  o r i g i n a l l y
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in te r v ie w e d  were s u c c e s s fu l ly  t ra c e d  a t the  end o f t h is  
p e r io d .  U n fo r tu n a te ly  however the  s tu d y  used s e l f  
re p o r te d  h e ig h t  and w e ig h t .  The lo w e s t m o r t a l i t y  was 
found  amongst those  whose w e ig h t was 80-109% o f  the  
ave rage  fo r  t h e i r  age and sex . M o r t a l i t y  among men and 
women 30-40% h e a v ie r  than  average w e ig h t was n e a r ly  50% 
h ig h e r  th an  those  o f ave rage  w e ig h t .  Among those  more 
th a n  40% above average w e ig h t m o r t a l i t y  was 90% h ig h e r  
th a n  those  o f  average w e ig h t .  C o rona ry  h e a r t  d is e a se  
was th e  m a jo r cause o f  excess m o r t a l i t y  in  th e  obese. 
Cancer m o r t a l i t y  was o n ly  e le v a te d  amongst those  who 
were 40% o r more above average w e ig h t .

Some s m a lle r  s tu d ie s  based m a in ly  on p o p u la t io n s  
exam ined f o r  c a rd io v a s c u la r  r i s k  fa c to r s  and fo llo w e d  
p r o s p e c t iv e ly  have shown a U o r J shaped r e la t io n s h ip  o f
o b e s i ty w ith t o t a l  m o r t a l i t y w h ich  has tended to  be
h ig h e r th an th a t  in  s tu d ie s o f  in s u re d l i v e s . For
in s ta n c e  th e  Ch icago P eop les Gas Company S tudy o f 1233 
m ales aged between 40-59 found  th a t  the  lo w e s t m o r t a l i t y  
o c c u rre d  in  those  who were a round average w e ig h t f o r  the  
p o p u la t io n  w h ich  was 25-32% above t h e i r  d e s ir a b le  body 
w e ig h t (Dyer e t a l . 1 9 7 5 ). The Framingham s tu d y  found a 
s im i la r  r e la t io n s h ip  between o b e s ity  and m o r t a l i t y  among 
bo th  males and fem a les  ( S o r l ie  e t  a l . 1 9 80 ). There was 
a s ig n i f i c a n t  u n iv a r ia te  r e la t io n s h ip  w ith  CHD in c id e n c e  
amongst fem a le s  o n ly .
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The P o o lin g  P ro je c t  Research Group r e p o r t  (1978) 
w h ich  exam ined da ta  from  the  fo l lo w in g  s tu d ie s ,  A lb a n y , 
Chicago Gas Company, Chicago W estern  E le c t r i c ,  
Fram ingham and Tecumseh and in c lu d e d  ove r 8000 males  
aged between 40 -6 4 , found a m oderate g ra d ie n t  o f  
r e la t i v e  w e ig h t on CHD in c id e n c e  o n ly  f o r  men age 40-49  
w ith  no s i g n i f i c a n t  r e la t io n s h ip  fo r  o ld e r  men (P o o lin g  
P ro je c t  1978) .

The H e a lth  In su ra n ce  P lan  S tudy in c lu d e d  110,000  
m ales and fem a les aged between 35-64 and found a 
s i g n i f i c a n t  a s s o c ia t io n  between r e la t i v e  w e ig h t and non 
f a t a l  MI in  males o n ly  and ang ina  ( in  bo th  males and 
fe m a le s ) . W e igh t in c re a s e  in  a d u lt  l i f e  appeared to  be 
a more s e n s i t iv e  in d ic a to r  o f  r i s k  in  males (S h a p iro  e t  
a l .  1 9 6 9 ). The Japan and H aw a ii h e a r t  s tu d y  o f males  
between 45 and 68 found  a s ig n i f i c a n t  r e la t io n s h ip  
between ' d e f i n i t e '  CHD ( f a t a l  and non f a t a l  combined) 
and b o th  r e la t i v e  w e ig h t and s k in f o ld  th ic k n e s s  
co n s id e re d  s e p a ra te ly ,  (R obe rtson  e t  a l .  1977 ). 
P a ffe n b a rg e r e t  a l .  (1970) in  t h e i r  s tu d y  o f  ove r 3 ,000  
U-S . longshorem en aged 35-64 found th a t  th e re  was an 
in c re a s e  in  dea th  ra te  due to  CHD in  those  men who were 
above mean w e ig h t f o r  h e ig h t .  A s tu d y  o f  1 ,500 Swedish  
women aged 38-60 in  G othenburg (Noppa e t a l . 1980) 
showed th a t  th e re  was an in c re a se d  in c id e n c e  o f  ang ina  
and f a t a l  MI in  th e  f a t t e s t  q u in t i l e  b u t o v e r a l l  th e re
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was a n e g a t iv e  r e la t io n s h ip  between t o t a l  m o r t a l i t y  and
s k in f o ld  th ic k n e s s -  P e lkonen e t a l -  (1977) in  a
p ro s p e c t iv e  s tu d y  o f 1648 m id d le  aged F in n is h  men showed
th a t  o b e s ity  was o n ly  a s s o c ia te d  w ith  an in c re a se d  r is k
o f  c a rd io v a s c u la r  dea th  when combined w ith  ra is e d  serum
l i p i d s .  Cochrane e t a l .  (1980) found  a s ig n i f i c a n t

2r e la t io n s h ip  between W/H and CHD m o r t a l i t y  in  a
p ro s p e c t iv e  s tu d y  o f a sm a ll g roup o f women (n = 253)
aged 55-64 in  South W a les . A s tu d y  o f 4 ,000 males in
M an ito b a , Canada found  a r e la t io n s h ip  between CHD

2in c id e n c e  ( p a r t i c u la r l y  sudden dea th ) and W/H o n ly  in  
young men under aged 40 . The r e la t io n s h ip  o n ly  appeared  
a f t e r  p ro lo n g e d  (more than  20 y e a rs ) f o l lo w  up (Rabkin  
e t  a l .  1 9 77 ).

O the r s tu d ie s  have found  no s t a t i s t i c a l l y  
s ig n i f i c a n t  r e la t io n s h ip  between o b e s ity  and CHD. An 
e a r ly  r e p o r t  from  the  W h ite h a l l C i v i l  S e rva n ts  s tu d y  o f  
18 ,000  males age 4 0 -6 4 , f o r  in s ta n c e , found  no 
r e la t io n s h ip  w ith  CVD m o r t a l i t y  o r ang ina  (R e id  e t  a l .
1976) . S tu d ie s  in  O s lo  (W estlund e t a l .  1972) , Evans
C oun ty , G eo rg ia  (Heyden e t a l . 1971 ), th e  W estern  
C o l la b o r a t iv e  s tu d y  (Rosenman e t  a l .  1976) as w e l l as 
th e  I n t e r n a t io n a l  C o -o p e ra t iv e  s tu d y  o f C a rd io v a s c u la r  
E p id e m io lo g y , w h ich  in c lu d e d  men from  N o rth e rn  and South  
Europe and th e  USA, l ik e w is e  a l l  found  no s i g n i f i c a n t  
r e la t io n s h ip  o v e r a l l  w ith  d e f in i t e  CHD. In  th e  l a t t e r
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s tu d y  th e re  was however a s t a t i s t i c a l l y  s ig n i f i c a n t
a s s o c ia t io n  between o b e s ity  and d e f in i t e  CHD in  N o rth e rn
European men. (Keys e t  a l .  1 972 ). A re c e n t r e p o r t  from
th e  H o n o lu lu  H ea rt s tu d y  (Rhoads and Kagan 1983) th row s
l i g h t  on th e  a ppa re n t d is c re p a n c ie s  between th e  r e s u l t s
o f  v a r io u s  s tu d ie s  on th e  r e la t io n  between o b e s ity  and
CHD and between o b e s ity  and t o t a l  m o r t a l i t y .  The
a u th o rs  found th a t  th e  excess dea ths in  th e  to p  q u in t i l e
o f  W/H were due p r im a r i l y  to  CHD wh ich  was d i r e c t l y  and

2p o s i t i v e l y  r e la te d  to  W/H . In  the  bo ttom  two q u in t i le s
excess m o r t a l i t y  was due to  cancer and " o th e r "  causes
and was c o n f in e d  to  men who had lo s t  w e ig h t between aged
25 and e x a m in a t io n . T h is  suggested  th a t  excess
m o r t a l i t y  in  t h in  m id d le  aged men was due to  o c c u lt
d is e a se  ra th e r  th an  to  any adverse a f f e c t  o f  le a n e s s .  

2When W/H a t age 25 was c o n s id e re d  the  men in  th e  bo ttom  
q u in t i l e  had the  lo w e s t m o r t a l i t y  in  m id d le  age.

R e c e n t ly , a f u r t h e r  r e p o r t  from  th e  W h ite h a l l S tudy  
showed th a t  f o r  10 ye a r m o r t a l i t y  th e re  was an 
a s s o c ia t io n  between c a rd io v a s c u la r  (and t o t a l )  m o r t a l i t y  
and o b e s ity  in  younger males (aged 40 -49 ) ( J a r r e t t ,  
S h ip le y  and Rose 1982) . The appa re n t r e la t io n s h ip  o f
m o r t a l i t y  to  o b e s ity  may th e re fo re  depend on th e  age o f  
th e  p o p u la t io n  and th e  le n g th  o f fo l lo w - u p ,  th e  adverse  
e f f e c t s  o f  o b e s ity  may o n ly  become m a n ife s t a f t e r  
c o n s id e ra b le  p e r io d s .  In  a d d it io n  some s tu d ie s  have n o t



28

ta ken  in t o  a ccoun t the  con fo u nd in g  e f fe c ts  o f c ig a r e t te  
smoking w h ich  is  a s s o c ia te d  in  many s tu d ie s  w ith  a low e r  
body w e ig h t b u t a ls o  in c re a se s  c a rd io v a s c u la r  r i s k  ( f o r  
d is c u s s io n  see l a t e r ) .

There is  c o m p a ra t iv e ly  l i t t l e  in fo rm a t io n  on the  
e f f e c t  o f v o lu n ta r y  w e ig h t lo s s  on the  r is k s  o f o b e s ity .  
No random ised t r i a l s  o f w e ig h t re d u c t io n  in v o lv in g  la rg e  
numbers w ith  lo n g - te rm  fo l lo w  up have been u n d e rta ke n . 
There is  some ev idence  from  a s tu d y  o f the  m o r t a l i t y  
e xp e r ie n ce  o f 2300 peop le  who were f i r s t  charged  
a d d i t io n a l premiums fo r  o b e s ity  and who were la t e r  
in s u re d  a t  th e  norm al r a te  because th e y  had reduced to  
norm a l w e ig h t range (D u b lin  1 953 ). I t  appeared th a t  the  
expec ted  excess m o r t a l i t y  based on t h e i r  o r i g in a l  w e ig h t 
was r e v e r s ib le  by w e ig h t re d u c t io n .

O b e s ity  and c a rd io v a s c u la r  r i s k  fa c to r s
H yp e rte n s io n
R epo rts  on the  r e la t io n s h ip  between body w e ig h t and 

h y p e r te n s io n  go back ove r h a l f  a c e n tu ry  (T e r ry  1 923 ). 
In  a s tu d y  o f  th e  whole a d u lt  p o p u la t io n  o f Bergen , 
Norway, th e  c o r r e la t io n  between b lo od  p re su re  and w e ig h t  
was low  and pe rsons w ith  v e ry  h ig h  b lood  p re s su re  were 
o n ly  s l i g h t l y  h e a v ie r than  average (Boe e t  a l .  1957 ). 
S y s to l ic  p re s s u re  in c re a se d  by abou t 3mm and d ia s t o l i c  
p re s s u re  by abou t 2 mm fo r  e ve ry  10 kg in c re a se  in  body
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w e ig h t .  A s im i la r  r e la t io n s h ip  was found in  the  
Fram ingham s tu d y  (Kanne l and Gordon 1974 ).

I t  seems u n l i k e ly  th a t  d if fe r e n c e s  in  o b e s ity  
e x p la in  much o f  the  in t e r n a t io n a l  d if fe r e n c e s  in  the  
in c id e n c e  o f h y p e r te n s io n . In  the  Seven C oun try  s tu d y  
f o r  in s ta n c e  th e re  were la rg e  in t e r n a t io n a l  d i f fe r e n c e s  
in  body fa tn e s s  and r e la t i v e  w e ig h t b u t these  d id  n o t 
e x p la in  th e  observed d i f fe r e n c e s  in  b lo od  p re s s u re .  
Thus t h in  F in n s  had h ig h e r b lo od  p re s s u re s  than  f a t  
Am ericans and f a t  M ed ite rra n e a n  Europeans had even low e r  
b lo o d  p re s s u re s  (Keys 1970) .

I t  has been known f o r  many yea rs  th a t  i f  th e  
b la d d e r in  th e  b lo od  p re s s u re  c u f f  is  to o  sm a ll to  
e n c i r c le  75% o f  th e  arm c irc u m fe re n c e  a s p u r io u s ly  h ig h  
measurement o f  b lood  p re s s u re  is  l i k e l y  to  be o b ta in e d  
( K ir k e n d a l l  e t  a l .  1 9 8 0 ). The s ta n d a rd  s iz e  b la d d e r in  
b lo o d  p re s s u re  c u f f s  in  th e  UK is  o n ly  23 cm, t h is  is  
i n s u f f i c e n t  f o r  many arm s. O b e s ity  does however appear 
to  have a t r u e  e f f e c t  on b lo od  p re s s u re  even when c u f f  
s iz e  and arm c irc u m fe re n c e  a re  ta ken  in t o  a ccoun t 
(K hos la  and Lowe 1 9 6 5 ). B lood p re s s u re  appears to  be 
more c lo s e ly  c o r r e la te d  w ith  body w e ig h t than  w ith  body 
f a t  (Whyte 1959 and Kanne l e t  a l -  1 9 6 7 ). More r e c e n t ly  
however in  a s tu d y  in  G o te bo rg , Sweden, i t  has been 
found  ' t h a t  f a t  f r e e  mass was n o t r e la te d  to  b lo od
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p re s s u re  b u t th a t  abou t 10% o f  th e  v a r ia n c e  in  b lood  
p re s s u re  was e x p la in e d  by th e  r e la t io n s h ip  w ith  body f a t  
(L a rsson  1978) .

In  th e  Framingham s tu d y  th e re  was a c o n s is te n t  
r e la t io n s h ip  between w e ig h t changes over tim e  and 
changes in  b lood  p re s s u re  f o r  bo th  males and fem a les  
(A sh le y  and Kanne l 1974) - The i n i t i a l  r e la t i v e  w e ig h t  
seemed to  have no s i g n i f i c a n t  e f f e c t  on the  m agn itude o f  
th e  changes in v o lv e d *  Amongst males abou t 5% o f  the  
v a r ia n c e  o f  th e  change in  s y s t o l i c  b lood  p re s s u re  over 
t im e  was e x p la in e d  by changes in  r e la t i v e  w e ig h t ,  'th e  
p e rce n ta g e  was somewhat lo w e r , abou t 3%, in  fem a le s .

S e ve ra l o th e r  s tu d ie s  have shown th a t  o v e rw e ig h t in  
young a d u l t  l i f e  in c re a s e s  th e  r i s k  o f h y p e r te n s io n  
l a t e r  (M ia l l  e t a l .  1968, P a ffe n b a rg e r e t  a l .  1968 ).  
W eigh t re d u c t io n  in  in te r v e n t io n  s tu d ie s  has a ls o  been 
shown to  be a s s o c ia te d  w ith  a f a l l  in  b lo od  p re s s u re  as 
lo n g  ago as 1922 (Rose 1922) .

The response o f b lo od  p re s s u re  to  w e ig h t re d u c t io n  
i s  however q u i te  v a r ia b le .  Some s u b je c ts  appear to  show 
no f a l l  and o th e rs  a d ra m a tic  re d u c t io n  o f  b lood  
p re s s u re . The mean re d u c t io n  o f  b lo od  p re s s u re  in  
d i f f e r e n t  s tu d ie s  range from  a re d u c t io n  o f 26 mm Hg in  
s y s t o l i c  p re s s u re  f o r  a 12 lb s  w e ig h t re d u c t io n
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(T e r r y  1923) , to  a 7 mm Hg re d u c t io n  in  mean s y s t o l ic  
b lo o d  p re s s u re  f o r  a 10 lb s  mean w e ig h t re d u c t io n  
(F le tc h e r  1954, A d le rs b e rg  e t a l*  1954) and a mean 
r e d u c t io n  o f  3*5 mm Hg fo r  a 10 lb s  mean w e ig h t lo s s  
(M a r t in  1953 )* Some o f these  d is c re p e n c ie s  may be due 
to  a f a i l u r e  to  ta ke  in t o  accoun t th e  f a l l  in  b lood  
p re s s u re  w h ich  o ccu rs  w ith  repea ted  measurements*

A random ised t r i a l  o f  w e ig h t re d u c t io n  in  127 
h y p e r te n s iv e s  w ith  a mean b lood  p re s s u re  o f  167/102 from  
a sc reened community showed th a t  a t one yea r fo l lo w  up 
th e re  was an ave rage d e c l in e  o f  18 mm Hg s y s t o l ic  
p re s s u re  in  the  t re a tm e n t g roup and 12 mm Hg in  the  
c o n t r o l  g roup  (a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e ) . 
The mean w e ig h t lo s s  was 18 lb s  and 4 lb s  r e s p e c t iv e ly  
( T y ro le r  e t  a l * 1975) T h is  s tu d y  sugges ts  a modest
e f f e c t  o f  w e ig h t lo s s  on b lo od  p re s s u re  b u t the  
i n t e r p r e t a t io n  is  c o m p lic a te d  by th e  in c lu s io n  o f s a l t  
r e s t r i c t i o n  in  th e  w e ig h t re d u c t io n  reg im e -

In  a Ch icago co ro n a ry  p re v e n t io n  e v a lu a t io n  
programme 67 males who were 15% o r more o v e rw e ig h t were 
s tu d ie d  f O L  5 ye a rs *  M oderate w e ig h t lo s s  (5-6% o f  body 
w e ig h t)  appeared to  in f lu e n c e  b lo od  p re s s u re  more or 
le s s  u n ifo rm ly  in d e p e n d e n t ly  o f  i n i t i a l  w e ig h t (S tam le r  
e t  a l -  1980 )* The p o s s ib le  r e la t io n  o f  changes o f s a l t  
in ta k e  to  b lo od  p re s s u re  changes in  p a t ie n t s  u n d e r ta k in g
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w e ig h t re d u c t io n  was in v e s t ig a te d  by Re isen e t a l .
(1 981 )* They showed th a t  a mean re d u c t io n  o f 9 .5  kg was 
a s s o c ia te d  w ith  a f a l l  in  b lood  p re s s u re  o f  18 mm Hg 
s y s t o l i c  and 20 mm Hg d ia s t o l i c  in  the  p resence  o f  an 
unchanged s a l t  in ta k e .  A random ly s e le c te d  c o n t r o l  
g roup  showed no change in  w e ig h t o r b lood  p re s s u re . The 
m agn itude  o f b lo od  p re s s u re  re d u c t io n  was c o r re la te d  
w ith  th e  re d u c t io n  in  w e ig h t .  U n fo r tu n a te ly  the  
in v e s t ig a to r s  used a b lo od  p re ssu re  c u f f  w ith  a b la d de r  
o f  o n ly  22 cm in  le n g th  w ith  may have le ad  to  s p u r io u s ly  
h ig h  b lo od  p re s s u re  in  th e  obese and th e re fo re  p o s s ib ly  
an exagge ra ted  f a l l  in  b lood  p re s s u re  on w e ig h t 
r e d u c t io n .  However i t  seems l i k e l y  th a t  t h is  
m e th o d o lo g ic a l d e f ic ie n c y  co u ld  o n ly  a ccoun t f o r  a p a r t  
o f  th e  observed f a l l  (K ing  1967) and th e  s tu d y  is  
e v id e n ce  fo r  th e  r o le  o f  w e ig h t re d u c t io n  in  lo w e r in g  
b lo o d  p re s s u re .

The mechanism o f th e  a s s o c ia t io n  between o b e s ity  
and h y p e r te n s io n  has been e x te n s iv e ly  in v e s t ig a te d  
(M e s s e r li 1 9 8 2 ). O b e s ity  in c re a se s  m e ta b o lic  demand and 
hence t o t a l  body oxygen con sum p tio n . As a consequence  
c a rd ia c  o u tp u t and s t ro k e  volume in c re a s e  to  meet the  
m e ta b o lic  re q u ire m e n ts , in t r a v a s c u la r  volume expands and 
p e r ip h e r a l re s is ta n c e  f a l l s .  Because o f th e  in c re a se d  
s t r o k e  volume l e f t  v e n t r i c u la r  end d ia s t o l i c  volume and 
f i l l i n g  p re s s u re  in c re a s e  in  p a r a l l e l  (Ka ltm an and
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G o ld in g  1976 )- A d ipose  t is s u e  appears to  be r e l a t i v e l y  
u n d e rp e rfu se d  compared w ith  le an  t is s u e ,  f o r  in s ta n c e  as 
t o t a l  body f a t  in c re a s e s  the  r a t i o  o f in t r a v a s c u la r  
vo lum e to  body w e ig h t f a l l s  to  a p p ro x im a te ly  45 m l/k g  
compared w ith  95-100 m l/k g  in  u n d e rw e ig h t p e rso n s . 
(F e ld schuh  and Enson 1977) . C a rd ia c  o u tp u t appears to  
be e le v a te d  d is p r o p o r t io n a te ly  to  th e  amount re q u ire d  
f o r  ad ipose  t is s u e  p e r fu s io n .  No s in g le  fa c to r  has been 
i d e n t i f i e d  as d i r e c t l y  l i n k in g  h y p e r te n s io n  and o b e s ity .

O b e s ity  in  r e la t io n  to  serum l i p i d s
S e ve ra l s tu d ie s  have shown a weak r e la t io n s h ip  

between serum c h o le s te r o l and o b e s ity  (Kahn e t a l 1969, 
G a rc ia  P a lm ie r i e t  a l . 1972, Keys and F idanza  1960 and 
S h ap iro  e t  a l .  1 9 69 ). The r e la t io n s h ip  between serum  
t r i g l y c e r id e s  is  c o n s id e ra b ly  s tro n g e r  and more 
c o n s is te n t  (C a r ls s o n  and L in d s te d t  1968, A lb r in k ,  Meigs 
and G ra n o ff 1962) . In  th e  G o teborg  s tu d y  no 
r e la t io n s h ip  was found  between serum c h o le s te r o l and 
body w e ig h t ,  body f a t ,  f a t  c e l l  s iz e  o r number in  men 
aged 50 and 60. In  c o n t r a s t  th e re  was a c o r r e la t io n  
between serum t r i g ly c e r id e s  and body w e ig h t ( r  = 0 .3 ) ,  
body f a t  ( r  = 0 .3 )  mean f a t  c e l l  w e ig h t ( r  = 0 .3 ) .  
There  was a r e la t io n s h ip  between serum t r ig ly c e r id e s  and 
bo th  w a is t  c irc u m fe re n c e  and su b s ca p u la r s k in f o ld  b u t 
n o t t r ic e p s  s k in f o ld  su g g e s tin g  a c lo s e r  r e la t io n s h ip  
w ith  c e n t r a l than  p e r ip h e r a l a d ip o s i t y .  Change in
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w e ig h t between th e  age o f 50 to  60 b u t n o t i n i t i a l  
w e ig h t was s i g n i f i c a n t l y  a s s o c ia te d  w ith  change in  serum  
t r i g l y c e r id e s  b u t n o t c h o le s te r o l (C a rls so n  1978 ).

In  the  Framingham s tu d y  however th e re  was a weak
p o s i t i v e  c o r r e la t io n  between change in  r e la t i v e  w e ig h t
o ve r tim e  and serum c h o le s te r o l .  Changes in  r e la t i v e
w e ig h t accoun ted  fo r  abou t 4% o f th e  v a r ia n c e  in
c h o le s te r o l ove r t im e  in  males and 2% in  fem a le s  (A sh le y
& Kanne l 1 9 74 ). In  a s tu d y  o f 5 ,800 r u r a l  and urban
s u b je c ts  in  P u e rto  R ico  c o r r e la t io n  c o e f f i c ie n t s  between
r e la t i v e  w e ig h t and serum c h o le s te r o l o f  0 .22  f o r  r u r a l
and 0 .13  f o r  u rban p a r t ic ip a n t s  were found  (G a rc ia
P a lm ie r i e t  a l . ,  1 9 7 2 ). A su rve y  o f 10 ,000 I s r a e l i  men
found  a c o r r e la t io n  c o e f f i c ie n t  o f  0 .15  f o r  serum

2c h o le s te r o l and w e ig h t /h e ig h t  (G o ld b o u rt & M eda lie
1974) .

S tu d ie s  o f th e  e f f e c t  o f w e ig h t re d u c t io n  have 
shown a re d u c t io n  in  serum c h o le s te r o l w h ich  is  n o t 
c o n s is te n t  in  a l l  in d iv id u a ls  (B e rk o w itz  1964) b u t in  
some cases is  q u i te  m arked, fo r  in s ta n c e  a sm a ll s tu d y  
o f  s ix  obese a d u lts  w ith  a mean w e ig h t lo s s  o f 24 lb s  
showed a mean decrease  in  serum c h o le s te r o l o f  54 
mg/lOOml (G a lb ra ith  e t  a l - 1 964 ). A s tu d y  o f fo u r  
m ed ic a l s tu d e n ts  who ga ined  and then  lo s t  w e ig h t ove r a 
s h o r t  p e r io d  o f  t im e  (Mann e t a l .  1955) showed th a t  a
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mean w e ig h t g a in  o f  18 lb  was a s s o c ia te d  w ith  .a mean 
in c re a s e  in  serum c h o le s te r o l o f  57 mg/100 ml and a mean 
decrease  o f  14 lb  w ith  a f a l l  in  serum c h o le s te r o l o f  43 
mg/100 m l. A g roup  o f 78 fa c to r y  w o rke rs  who had ga ined
4 .5  kg o r le s s  s in c e  age 25 had a c o n s id e ra b ly  low e r  
mean serum c h o le s te r o l than  a g roup  o f 137 who had 
ga in ed  more than  4 .5  kg . The mean le v e ls  o f  serum  
c h o le s te r o l were 218 and 240 mg/100 ml r e s p e c t iv e ly  
( A lb r in k ,  Meigs and G ra n o ff 1 962 ).

Changes in  r e la t i v e  w e ig h t ove r tim e  seem to  e x e r t  
a more p o te n t e f f e c t  on bo th  b lo od  p re s s u re  and 
c h o le s te r o l than  th e  g e n e ra l le v e l  o f  a d ip o s i t y .  W h i ls t  
o n ly  a sm a ll p e rce n ta g e  o f th e  v a r ia t io n  in  these  
v a r ia b le s  is  'e x p la in e d ' by changes in  r e la t i v e  w e ig h t  
th e  e f f e c t  is  n e v e r th e le s s  s u b s ta n t ia l  and c l i n i c a l l y  
r e le v a n t .  For in s ta n c e  a change in  r e la t i v e  w e ig h t from  
120% to  80% in  males aged 35-44 wou ld r e s u l t  in  a change  
in  r e l a t i v e  odds o f  CHD from  1 .86  to  0 .57  u s in g  the  
m u l t ip le  l o g i s t i c  model (A sh le y  and Kanne l 1 9 7 4 ). In  
men, f o l lo w in g  a 10% re d u c t io n  in  r e la t i v e  w e ig h t a f a l l  
o f  20% in  c o ro n a ry  in c id e n c e  would be a n t ic ip a te d .  The 
e f f e c t  is  s l i g h t l y  le s s  p ronounced in  o ld e r  than  in  
younge r pe rsons  and in  fem a les  than  m a le s .

The Framingham O f fs p r in g  S tudy  in v e s t ig a te d  the  
r e la t io n s h ip  between l ip o p r o t e in s  and o b e s ity  in  over
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4000 young a d u lts  o f  b o th  sexes (G a rr is o n  e t a l .  1 980 ).  
The s t r o n g e s t  a s s o c ia t io n  between o b e s ity  and LDL 
c h o le s te r o l was found  in  males aged 20-29 and the  
w eakes t in  40-49 yea r o ld  m a le s . In  c o n t r a s t ,  in  women, 
th e  r e la t io n s h ip  appeared s tro n g e r  in  the  o ld e r  (40 -49 ) 
age g ro u p . The p a u c ity  o f  le a n  males in  the  40-49 age 
g roup  may have been re s p o n s ib le  fo r  the  a p p a re n t ly  
weaker a s s o c ia t io n  in  t h is  g ro u p . An in v e rs e  
r e la t io n s h ip  between h ig h  d e n s ity  l ip o p r o t e in  (HDL) 
c h o le s te r o l and o b e s ity  was o f s im i la r  s t r e n g th  in  a l l  
age g roups in  b o th  sexes . There were s u b s ta n t ia l  
d i f f e r e n c e s  in  th e  r a t i o  o f  t o t a l  c h o le s te r o l to  HDL 
c h o le s te r o l in  le a n  and obese young m a les .

The H o n o lu lu  H e a rt S tudy found  a s tro n g  in v e rs e  
a s s o c ia t io n  between HDL c h o le s te r o l and s k in fo ld s  and a 
p o s i t iv e  c o r r e la t io n  between LDL and s k in fo ld s  in  men 
aged 50-72 (Rhoads e t  a l .  1 9 7 6 ).

C ig a r e t te  smoking
The r e la t io n s h ip  between w e ig h t and CHD is  p a r t l y  

con founded by th e  f a c t  t h a t  c ig a r e t t e  smokers tend  to  be 
l i g h t e r  th an  non smokers (La rsson  1978, H jerman e t  a l .  
1976, Gordon e t  a l -  1 9 75 ). There is  a tendency f o r  a 
c u r v i l in e a r  r e la t io n s h ip  between smoking and w e ig h t ,  
w ith  m odera te  smokers be ing  l i g h t e s t  and non smokers and 
heavy smokers b e ing  somewhat h e a v ie r .  I n d iv id u a ls  who
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s to p  smoking tend  to  g a in  more w e ig h t than  non smokers 
and p e r s is t e n t  sm okers* In  a lo n g i t u d in a l  s tu d y  in  
G o te bo rg , Sweden, f o r  in s ta n c e  men who stopped  smoking  
in  a te n  yea r p e r io d  ga ined  an average o f 3*5 kg in  
w e ig h t compared w ith  1 .4  kg fo r  non smokers (La rsson
1978) .

H a em os ta tic  v a r ia b le s
S tu d ie s  o f  th e  a e t io lo g y  o f  is chaem ic  h e a r t  d isease  

have fo cussed  p r im a r i l y  on th e  r o le  o f  sm oking ,
h y p e r te n s io n  and l i p i d s *  However, r e c e n t ly  th e re  has 
been g re a te r  a t t e n t io n  g iv e n  to  the  im po rta n ce  o f
f a c to r s  p re d is p o s in g  to  th ro m b o s is , in  p a r t i c u la r  to  the  
im p o rta n ce  o f  c o a g u la t io n  fa c to r s  and o th e r  e lem en ts  o f  
th e  h a e m o s ta tic  system *

i
I t  has r e c e n t ly  been shown in  a p ro s p e c t iv e  s tu d y  

t h a t  f a c to r s  V I I  and V I I I  and f ib r in o g e n  a re  h ig h e r in  
th o se  who d ie  o f  CHD th a n  those  who do n o t (Meade e t  a l .
1980) - The a s s o c ia t io n  w ith  c a rd ia c  dea th  appears to  be 
in d e penden t o f  th e  r e la t io n  between serum c h o le s te r o l  
and f a t a l  CHD and , in  th e  case o f f a c t o r  V I I  and
f ib r in o g e n ,  o f  s im i la r  o r g re a te r  m agn itude * The
g e n e ra l e p id e m io lo g y  o f  fa c to r s  V I I  and V I I I  and 
f ib r in o g e n  i s ,  w ith  few e x c e p t io n s , c o n s is te n t  w ith  the  
h y p o th e s is  th a t  th e y  a re  c a u s a lly  r e la te d  to  
c a rd io v a s c u la r  d ea th * In c re a s in g  age, d ia b e te s  and i t s
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c o m p lic a t io n s ,  smoking and o r a l c o n t ra c e p t iv e  use a l l  
appear to  in c re a s e  th e  le v e ls  o f one o r more o f these  
th re e  c l o t t i n g  fa c to r s  (C h a k ra b a r t i e t  a l .  1975, F u l le r  
e t  a l .  1979, Meade e t a l .  1979 , Meade e t a l .  1977 ). 
M odera te  a lc o h o l con sum p tio n , b la c k  e th n ic  g roup and 
v e g e ta r ia n is m  a re  a l l  a s s o c ia te d  w ith  a reduced r is k  o f  
CHD and decreased  le v e ls  o f  fa c to r  V I I  o r f ib r in o g e n  
(K o z a ra re v ic  e t  a l .  1980, Meade e t a l .  1978, P h i l l i p s  e t  
a l .  1978, Ha ines e t a l . 1 9 80 ).

A lth o u g h  th e re  have been some p r e l im in a r y  re p o r ts  
o f  the  a s s o c ia t io n  between o b e s ity  and f a c to r  V I I  
(H a ines e t a l 1980) and f ib r in o g e n  (Meade e t  a l 1979) no 
d e ta i le d  a n a ly s is  o f  th e  r e la t io n  between o b e s ity  and 
h a e m o s ta tic  v a r ia b le s  appears to  have been u n d e rta ke n .

D is t r ib u t i o n  o f  body f a t  and c a rd io v a s c u la r  r i s k  fa c to r s
I t  has been shown th a t  f a t  l a id  down in  a d u lt  l i f e  

te n d s  to  accum u la te  on the  t ru n k  r a th e r  than  the  
p e r ip h e r y  (Vague 1956, A shw e ll e t  a l 1 9 7 8 ). A d u lt  onse t 
o b e s i t y ,  u n le s s  s e ve re , te nd s  to  be a s s o c ia te d  w ith  f a t  
c e l l  h y p e r tro p h y  r a th e r  than  h y p e rp la s ia  (H irs c h  and 
B a tc h e lo r  1 9 76 ). S e ve ra l s tu d ie s  show th a t  c e n t r a l is e d  
r a th e r  than  a g e n e ra lis e d  p a t te r n  o f  subcu taneous f a t  
d e p o s it io n  is  a s s o c ia te d  w ith  d is o rd e rs  o f  l i p i d  and 
c a rb o h y d ra te  m e tabo lism  (Vague 1956, K issebah  e t a l
1982) . An a n a ly s is  o f  th e  Fram ingham da ta  by
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Damon e t a l (1969) suggested  th a t  mean sub scapu la r 
s k in f o ld  th ic k n e s s  was h ig h e r in  males w ith  ev idence  o f  
c o ro n a ry  h e a r t  d is e a se  u n a sso c ia te d  w ith  m yo ca rd ia l 
i n f a r c t io n  and th a t  mean t r ic e p s  s k in fo ld  was lo w e r .  
R e ce n tly  i t  has been shown t h a t ,  u s in g  d a ta  from  the  
F i r s t  U .S . H e a lth  and N u t r i t i o n  E xam in a tio n  Survey  
(HANES) on a d u lts  between ages 30 -5 9 , sub scapu la r  
s k in f o ld  was a b e t te r  p r e d ic to r  o f  b lo od  p re s su re  than  
t r ic e p s  s k in f o ld .  The o b s e rv a t io n  was c o n s is te n t  in  
males and fem a le s  and in  bo th  b la c k s  and w h ite s  
th ro u g h o u t a l l  age g roups ( B la i r  e t a l 1 9 84 ).

O b e s ity  as an in dependen t r i s k  fa c to r
Most s tu d ie s  o f  c a rd io v a s c u la r  d is e a se  and o b e s ity  

have conc luded  th a t  th e  r is k s  o f  o b e s ity  a re  m ed ia ted  
th ro u g h  th e  e f f e c t s  o f  o b e s ity  in  r a is in g  c a rd io v a s c u la r  
r i s k  f a c t o r s .  However a few  s tu d ie s ,  p a r t i c u la r l y  those  
in v o lv in g  r e l a t i v e l y  lo ng  te rm  fo l lo w  up, have suggested  
a d e le te r io u s  e f f e c t  o f  o b e s ity  in d e p e n d e n tly  o f  i t s  
e f f e c t  on th e  r i s k  f a c t o r  p r o f i l e  (H ube rt e t  a l 1983, 
R abk in  e t  a l  1977, R obe rtson  e t a l  1 9 77 ).

C o n c lu s io n
There a re  s e v e ra l a reas o f u n c e r ta in ty  re g a rd in g  

th e  r e la t io n  o f  o b e s ity  w ith  c a rd io v a s c u la r  d ise a se  to  
w h ich  t h is  th e s is  add resses i t s e l f .  In  p a r t i c u la r  i t  
exam ines th e  a s s o c ia t io n  between o b e s ity  and h a em os ta tic
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v a r ia b le s  as w e ll as w ith  's ta n d a rd ' c a rd io v a s c u la r  r i s k  
f a c t o r s .  The is su e  o f  w he the r the  a s s o c ia t io n  between  
o b e s ity  and c a rd io v a s c u la r  m o r t a l i t y  is  s o le ly  r e la te d  
to  i t s  e f f e c t  on c a rd io v a s c u la r  r i s k  fa c to r s  is  
exam ined . The re le v a n ce  o f  the  d is t r i b u t i o n  o f  body f a t  
in  d e te rm in in g  c a rd io v a s c u la r  r i s k  fa c to r s  has a ls o  been 
in v e s t ig a te d .  Most o th e r  s tu d ie s  have used s k in fo ld  
th ic k n e s s  a t o n ly  two s i t e s ,  u s u a l ly  t r ic e p s  and 
s u b s c a p u la r , to  measure f a t  d i s t r i b u t i o n .  NPHS has the  
advan tage  th a t  fo u r  s i t e s  o f measurement were used. 
F in a l l y ,  th e  N o r th w ic k  Park H ea rt S tudy p e rm its  
e xa m in a tio n  o f r e la t io n s h ip s  between o b e s ity  and bo th  
c a rd io v a s c u la r  r i s k  f a c to r s  and o th e r  v a r ia b le s  l i k e l y  
to  be o f  im po rta n ce  in  in f lu e n c in g  o b e s ity  such as age, 
smoking and menopause, in  bo th  c r o s s - s e c t io n a l and 
l o n g i t u d in a l  d a ta .
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C hap te r 2

The N o rth w ic k  Park H ea rt S tudy (NPHS)

D e s c r ip t io n  o f  NPHS -  Methods and d e s ig n

The main pu rpose o f NPHS s tu d y  is  to  d e te rm in e  the  
r e la t io n s h ip  between h a e m o s ta tic  v a r ia b le s  and the  
deve lopm en t o f  c l i n i c a l  IHD . Those who e n te r  th e  s tu d y  
a re  fo llo w e d  up and p a r t ic ip a n t s  who d e ve lo p  IHD a re  
compared w ith  those  who do n o t in  te rm s o f v a lu e s  fo r  
ha iem os ta tic  and o th e r  v a r ia b le s  in  b lo od  ta ken  a t  
r e c r u i tm e n t .  In  a d d i t io n  th e  p a r t ic ip a n t s  a re  c u r r e n t ly  
in  th e  p ro ce ss  o f  re -e x a m in a t io n  w h ich  is  on average  
abou t 6 ye a rs  a f t e r  t h e i r  i n i t i a l  e x a m in a t io n .

Most o f  th e  p a r t ic ip a n t s  in  th e  s tu d y  were 
r e c r u i t e d  from  th e  h e a d q u a rte rs  and main London 
p ro d u c t io n  s i t e  o f  a fo o d -p ro c e s s in g  company. A l l  those  
who had worked fo r  th e  company fo r  a t le a s t  12 months 
were asked to  ta ke  p a r t  in  th e  s tu d y - The employees o f  
th e  food  p ro c e s s in g  company were n o t c o n s id e re d  e l ig b le  
f o r  th e  s tu d y  u n le s s  and u n t i l  th e y  had been w ith  the  
company fo r  a t  le a s t  a y e a r .  T h is  d e c is io n  was taken  
because o f  th e  v e ry  h ig h  tu rn o v e r among those  w ith  the  
company f o r  o n ly  a s h o r t  t im e . Those who had been a t  
th e  company f o r  a t  le a s t  a y e a r , o r whose t im e  w ith  the
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company rose  above th e  one yea r c u t - o f f  d u r in g  the
cou rse  o f  th e  s tu d y , were co n s id e re d  e l i g ib l e  f o r  NPHS
p ro v id e d  th e y  were on th e  day s h i f t  (men and women) or
on th e  n ig h t  s h i f t  (men o n ly ) .  However, i t  p roved v e ry  
d i f f i c u l t  a c c u ra te ly  to  d e te rm in e  th e  numbers in  these  
c a te g o r ie s .  There were a lw ays q u i te  a la rg e  number o f  
p e o p le , p a r t i c u la r l y  men, who were t r a n s fe r r in g  -  o f te n  
f o r  v e ry  s h o r t  p e r io d s ,  b e fo re  th e y  t r a n s fe r r e d  back -  
from  one c a te g o ry  to  a n o th e r . T h is  in v o lv e d  t r a n s fe r  
n o t o n ly  between th e  day and n ig h t  s h i f t s  b u t a ls o  
between the se  two s h i f t s  and o th e r  " s p l i t "  s h i f t s  where 
th e  hou rs  in v o lv e d  made i t  im p o s s ib le  fo r  those  
conce rned  to  a t te n d  fo r  r e c ru itm e n t in to  NPHS. T h is
d i f f i c u l t y  w i l l  n o t have a f fe c te d  the  response ra te  
c a lc u la t io n s  v e ry  much b u t th e  f ig u r e s  fo r  th e  men, 
p a r t i c u la r l y  th e  day men, shou ld  be rega rded  as be ing  
a c c u ra te  to  w i t h in  abou t 2 o r 3% ra th e r  than  as v e ry  
p re c is e  e s t im a te s . W ith  th e se  p ro v is o s  in  m ind ,
response  ra te s  w ere :

day men 75%
n ig h t  men 91%
women 80%

The la r g e s t  g roup was the  day men and, ta k in g  t h is  in to  
a c c o u n t, th e  o v e r a l l  response r a te  was 78%.
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R e c ru itm e n t a t  th e  food  p ro c e s s in g  company to o k  p la ce  
between 1972 and 1976 and d u r in g  th e  e a r l ie r  p a r t  o f  
t h i s  p e r io d ,  many in d u s t r ia l  g roups seemed ready to  l e t  
t h e i r  work fo r c e  ta ke  p a r t  in  s tu d ie s  l i k e  NPHS in  the  
com pany's t im e . Towards the  end o f th a t  p e r io d ,  
how eve r, th e  in c r e a s in g ly  d i f f i c u l t  f in a n c ia l  
c irc u m s ta n c e s  fa c in g  in d u s t r y  a lte r e d  th e  w i l l in g n e s s  o f  
companies to  h e lp  w ith  m ed ica l re s e a rc h . For a w h ile ,  
i t  lo o ked  as though  no fu r t h e r  g roups w i t h in  reasonab le  
re a ch  o f  N o r th w ic k  Park H o s p ita l c o u ld  be r e c r u i t e d  and 
i t  was o n ly  ju s t  b e fo re  re c ru itm e n t a t  th e  food  
p ro c e s s s in g  company f i n a l l y  ended th a t  agreement was 
secu red  w ith  th e  o f f i c e  s t a f f  o f th e  London Boroughs o f  
Harrow  and B re n t to  p a r t i c ip a t io n  in  NPHS. In  o rd e r to  
ensu re  a c o n tin u o u s  su p p ly  o f e n t ra n ts  to  th e  s tu d y ,  
r e c ru itm e n t  in  these  London Borough g roups and, 
s u b s e q u e n t ly , in  th e  employees o f B r i t i s h  Telecom was 
based on a c a l l  f o r  v o lu n te e r s  (s tre n g th e n e d  by p e r io d ic  
rem in d e rs  and f u r t h e r  c a l ls )  r a th e r  than  on the  random  
s e le c t io n  from  a p re v io u s ly  e s ta b l is h e d  nom ina l r o l l  
t h a t  had been th e  b a s is  fo r  r e c ru itm e n t  a t the  food  
p ro c e s s in g  company. No fo rm a l e s t im a te s  o f response was 
made among th e  H a rrow , B re n t o r B r i t i s h  Telecom  g ro u p s . 
C o n t in u in g  r e c ru itm e n t  w ith o u t  a b reak was co n s id e re d  
more im p o r ta n t than  the  advan tages o f  a c c u ra te  response  
r a te  e s t im a te s ,  to g e th e r  w ith  random s e le c t io n  from  a 
nom ina l r o l l ,  as th e  l a t t e r  would have e n ta i le d  h a l t in g
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th e  re c ru itm e n t p ro ce ss  f o r  some weeks and p o s s ib ly  
m on ths . However, in fo rm a l e s tim a te s  (c o n firm e d  by the  
im p re s s io n s  o f  the  s t a f f  member in  each o f th e  th re e  
g roups  re s p o n s ib le  f o r  l ia is o n  w ith  NPHS) sugges t th a t  
th e  response ra te  in  these  o th e r g roups was abou t the  
same as a t th e  food  p ro c e s s in g  company.

Ages a t re c ru itm e n t  range from  18-64 f o r  males and 
18-59 f o r  fe m a le s . R e c ru itm e n t commenced in  1972 and 
was com p le ted  by 1978. R e -e xam in a tio n  was s ta r te d  in  
1979 and w i l l  c o n t in u e  u n t i l  th e  autumn o f 1985. The 
m a jo r i t y  (2962) o f  p a r t ic ip a n t s  a re  w h ite  and a l l  
r e s u l t s  shown a re  f o r  w h ite s  o n ly .  Day w o rke rs  were 
seen a t between 0830 and 1100 hou rs  and n ig h t  w o rke rs  
( fo o d  p ro c e s s in g  f a c t o r y  o n ly )  between 0700 and 0830 
h o u rs . The numbers in  th e  d i f f e r e n t  o c c u p a t io n a l g roups  
a re  as fo l lo w s

Food P ro ce ss in g
company

‘H a rle sden Hayes Harrow B re n t P os t T o ta l
O f f ic e

M 857 330 170 229 533 2119
F 215 249 116 178 85 843

1072 579 286 407 618
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P a r t ic ip a n t s  were in te rv ie w e d  in  a s ta n d a rd  fa s h io n  
by t r a in e d  n u rs in g  s is t e r s -  In fo rm a t io n  was c o l le c te d  
on smoking and d r in k in g  h a b i t s ,  m e d ic a t io n , s o c ia l c la s s  
(R e g is t r a r  G e n e ra l 's  c l a s s i f i c a t i o n ) ,  menopausal s ta tu s  
and o r a l c o n t ra c e p t io n  ( f o r  fe m a le s ) - In  a d d it io n  a l l  
p a r t ic ip a n t s  were in te rv ie w e d  by a d o c to r  to  d e te rm in e  
w he the r th e re  was any h is t o r y  o f  c l i n i c a l  IHD , 
c la u d ic a t io n  o r h y p e r te n s io n -  A s ta n d a rd is e d  p h y s ic a l  
e x a m in a tio n  was pe rfo rm ed  on a l l  p a r t ic ip a n t s  a t  
r e c ru itm e n t  and fo l lo w  up- The fo l lo w in g  measurements 
were re c o rd e d :

H e ig h t (m e tre s )
W e igh t (kg)
Peak e x p i r a to r y  f lo w  ra te  
B lood  p re s s u re  
P u lse  ra te
S k in fo ld  th ic k n e s s  a t th e  fo l lo w in g  s i t e s  -

T r ic e p s
Forearm
S u p r a i l ia c
S ubscapu la r

P e r ip h e ra l a r t e r i a l  p u ls e s
S tanda rd  12 le a d  e le c t ro c a rd io g ra m  (ECG)
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Methods o f  measurement
H e ig h t and w e ig h t were measured u s in g  a S te v e n 's  

beam ba lance  w ith  a h e ig h t  a tta c h m en t- The p a r t ic ip a n t s  
were in  u n d e rc lo th in g  o n ly .

B lood  p re s s u re  was measured b e fo re  and a f t e r  
venepun c tu re  and th e  mean o f two re a d in g s  used in  
s t a t i s t i c a l  a n a ly s e s - In  the  i n i t i a l  e xa m in a tio n  a 
s ta n d a rd  sphygmomanometer was used w ith  a 12 x 23 cm 
b la d d e r .  A t the  fo l lo w  up e xam in a tio n  a random zero  
sphygmomanometer was used w ith  two c u f f  s iz e s ,  one fo r  
no rm a l (12 x 23 cm b la d d e r)  and one fo r  obese arms (15 x 
33 cm b la d d e r ) - The arm c irc u m fe re n c e  was measured 10cm 
above the  m ed ia l e p ic o n d y le  o f th e  humerus- In  the  
e ve n t o f  th e  arm c irc u m fe re n c e  be ing  30 cm o r above the  
la r g e r  c u f f  was used- The b lood  p re s s u re  was a lways  
measured in  th e  l e f t  arm w ith  th e  p a r t i c ip a n t  ly in g  on a 
couch - Peak e x p i r a to r y  f lo w  ra te  was re co rded  as the  
b e s t o f  th re e  a tte m p ts  u s in g  a W r ig h t peak f lo w  m e te r -

S k in fo ld  th ic k n e s s  was measured to  the  n e a re s t
0 -2  mm u s in g  H o lta in  s k in fo ld  c a l ip e r s -  The measure­
ments were made on th e  r i g h t  s id e  o f  th e  body w ith  the  
p a r t i c ip a n t  s ta n d in g -  The t r ic e p s  s k in f o ld  was measured 
h a lfw a y  between th e  in f e r i o r  b o rd e r o f  th e  c o ra c o id  
p ro ce s s  and the  t i p  o f  th e  o le c ra n o n  p ro c e s s . The 
fo re a rm  s k in fo ld  was p ic k e d  up on th e  l a t e r a l  a sp e c t o f
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th e  fo re a rm  a t th e  m id -p o in t  o f the  ra d iu s -  The
o *su b s ca p u la r s k in f o ld  was measured a t an ang le  o f 45 to  

th e  v e r t i c a l  p a r a l l e l  to  th e  m ed ia l edge o f  th e  scapu la  
and ju s t  be low  i t .  The s u p r a i l ia c  s k in fo ld  was ju s t  
above the  i l i a c  c r e s t  in  th e  mid a x i l l a r y  l i n e -  In  each 
case the  s k in f o ld  was p ic ke d  up between thumb and 
f o r e f in g e r  and th e  c a l ip e r  jaws a p p lie d -  The re a d in g  
was ta ken  as soon as th e  need le  on th e  gauge appeared  
s ta b le  -

L a b o ra to ry  measurements
B lood samples were taken  fo l lo w in g  a norm al

b re a k fa s t  d u r in g  th e  re c ru itm e n t e x a m in a t io n , a t fo l lo w  
up p a r t ic ip a n t s  were asked to  have a f a t  f r e e  b re a k fa s t  
(e x c e p t the  n ig h t  s h i f t  w o rke rs ) and g iv e n  w r i t t e n  
i n s t r u c t io n s .  A t th e  re c ru itm e n t e xa m in a tio n  b lo od  was 
ta ke n  b e fo re  and a f t e r  a s ta n da rd  p e r io d  o f e x e rc is e  
w h ich  c o n s is te d  o f  s te p p in g  on and o f f  a c h a ir  20 tim es  
(e x c e p t in  th o se  w ith  ECG ev idence  o f IHD) .
F i b r i n o l y t i c  a c t i v i t y  and fa c to r  V I I I c were measured on 
th e  p re  and p o s t e x e rc is e  sam ple , th e  o th e r  v a r ia b le s  
were measured on th e  p re -e x e rc is e  sample o n ly .

A range o f h a e m o s ta tic  v a r ia b le s  have been assayed :

F a c to r V: automated o n e -s ta g e  b io lo g ic a l  
assay (B ro z o v ic  e t  a l - 1976)
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F a c to r  V I I  : c au tom ated o n e -s ta g e  b io lo g ic a l  
assay (B ro z o v ic  e t a l .  1974)

F a c to r  V I I I  : c sem i-au tom a ted  tw o -s ta g e  
b io lo g ic a l  assay ( S t i r l i n g  e t  a l 
1978) - R e su lts  fo r  th e  th re e  
c l o t t i n g  fa c to r s  a re  exp ressed  as 
% o f s ta n d a rd . S ix  d i f f e r e n t  
s ta n d a rd s  were used d u r in g  the  
r e c ru itm e n t  p e r io d  and a f u r t h e r  
f i v e  s ta n d a rd s  have been used in  
th e  f o l lo w  up . C onve rs io n  va lu e s  
were d e r iv e d  to  a llo w  r e s u l t s  
o b ta in e d  a g a in s t each su cce ss iv e  
s ta n d a rd  to  be exp ressed  in  te rm s  
o f th e  f i r s t  s ta n d a rd .

F ib r  inogen g ra v im e t r ic  method (F e a rn le y  and
( c lo t t 'a b le )  : C h a k ra b a r t i ,  1966)

F i b r i n o l y t i c who le  b lood  d i l u t e  c lo t  l y s i s
a c t i v i t y : t im e  method (F e a rn le y  and 

C h a k ra b a r t i 1962) . R e s u lts  a re  
exp ressed  as 100 x th e  r e c ip r o c a l  
o f  th e  c lo t  l y s i s  t im e  in  h o u rs .  
C lo ts  a re  rev iew ed  e i t h e r  by eye 
o r p h o to g r a p h ic a l ly .  Those wh ich
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a re  n o t ly se d  a t 24 hou rs  a re  a l l  
a ss ig ned  t h is  l y s i s  t im e , t h is  
g iv e s  a f i b r i n o l y t i c  a c t i v i t y  o f
4 .2  (1 0 0 /2 4 ) .

A n t i th ro m b in  I I I :  a) b io lo g ic a l  assay method
(Hensen and L o e lig e r  (1963)
b) im m uno lo g ic a l assay by immuno 
e le c t r o p h o re s is  ( L a u r e l l  1972)

In  a d d i t io n  p la t e l e t  coun t (C o u lte r  T h rom bocoun te r) 
and p la t e l e t  adhes iveness  to  g la s s  beads (a t  re c ru itm e n t  
o n ly )  were r o u t in e ly  c a r r ie d  o u t .

Serum c h o le s te r o l was a ls o  measured by th e  method 
o f  Van de r Honing e t  a l .  (1968) u n t i l  1976 when i t  was 
re p la c e d  by th e  en zym a tic  method o f Richmond (1973) 
u s in g  th e  ch rom ogen ic te ch n iq u e  d e s c r ib e d  by T r in d e r  
(1969) . T r ig ly c e r id e s  were measured by th e  method o f  
E g g s te in  and Kuhlmann (1974) .

S t a t i s t i c a l  methods
Data was s to re d  and ana lysed  on a D ig i t a l  DEC 20 

com pu te r. S tanda rd  s t a t i s t i c a l  packages were used fo r  
s t a t i s t i c a l  a n a ly s e s ; namely p-STAT f o r  ta b u la t io n s ,  
B io m e d ic a l Computer Programmes (BMDP) fo r  m u l t ip le  
re g re s s io n  ana ly se s  and G e n e ra lis e d  L in e a r  I n t e r a c t iv e
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Model ( l in g )  (GLIM) f o r  l o g i s t i c  re g re s s io n  a n a ly s e s .  
The d i s t r i b u t i o n  o f  W/H and t o t a l  s k in fo ld  th ic k n e s s  is  
skewed and th e re fo re  lo g  t ra n s fo rm a t io n  was unde rta ken  
to  im p rove  the  n o rm a li t y  o f  the  d is t r i b u t i o n .  The use 
o f  lo g  tra n s fo rm e d  d a ta  however made l i t t l e  d i f fe r e n c e  
to  th e  r e s u l t s  o f  a na ly se s  and fo r  conven ience  
a r i t h m e t ic  (u n tra n s fo rm ed ) means a re  shown in  ta b le s  and 
t e x t  u n le s s  in d ic a te d .  R eg re ss io n  c o e f f i c ie n t s  a re  g iv e n  
as % change in  the  dependen t v a r ia b le  pe r u n i t  change in  
th e  in dependen t v a r ia b le  because o f th e  use o f  
lo g a t i t h m ic  t r a n s fo rm a t io n s .

The p rogram  fo r  m u l t ip le  re g re s s io n  a na ly se s  uses a 
fo rw a rd  s te p p in g  a lg o r i th m  in  wh ich  th e  f i r s t  
in d e p enden t v a r ia b le  to  be e n te re d  in to  th e  e q u a tio n  is  
th e  one w ith  th e  h ig h e s t  a b s o lu te  c o r r e la t io n  w ith  the  
dependen t v a r ia b le .  When a v a r ia b le  has been e n te re d  
i n t o  th e  e q u a tio n  i t s  c o n t r ib u t io n  is  computed and the  
p o t e n t ia l  c o n t r ib u t io n  o f each o f  th e  v a r ia b le s  n o t y e t  
e n te re d  is  a ls o  com puted. I f  any o f the  v a r ia b le s  wh ich  
have been e n te re d  su b se q u e n tly  have a weaker 
r e la t io n s h ip  because o f  o v e r la p  w ith  o th e r  e n te re d  
v a r ia b le s  t h a t  v a r ia b le  w i l l  g e n e ra l ly  be d e le te d  from  
th e  e q u a tio n  ( th e  F v a lu e  to  d e le te  is  be low  a th re s h o ld  
o f  3 . 9 ) .  A v a r ia b le  w h ich  has been d e le te d  a t  one s tep  
may be re -e n te re d  la t e r  on . T h is  p ro ce ss  c o n tin u e s  
u n t i l  e i t h e r  to o  many s te p s  have o c c u rre d  due to
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e n te r /d e le te  o s c i l l a t i o n  o r no e n te re d  v a r ia b le  can be 
d e le te d  and no rem a in in g  v a r ia b le  can be e n te re d  or 
a l t e r n a t i v e l y  u n t i l  a l l  v a r ia b le s  have been e n te re d .

L o g is t ic  re g re s s io n  a n a ly s is  as d e s c r ib e d  by W alker 
and Duncan (1967) was used to  ana lyse  d a ta  w ith  a b in a ry  
e n d p o in t ,  s p e c i f i c a l l y  i t  has been used to  d e te rm in e  the  
a s s o c ia t io n  o f  a range o f  v a r ia b le s  w ith  m o r t a l i t y .  The 
dependen t v a r ia b le  can o n ly  ta ke  one o f  two va lu e s  (0 or 
1 , p re s e n t o r a b s e n t) .

In  those  cases where a non l in e a r  r e la t io n s h ip  appeared  
p o s s ib le ,  e i t h e r  from  in s p e c t io n  o f  the  d a ta  o r because  
p re v io u s  s tu d ie s  had sugges ted  t h is  p o s s i b i l i t y  (e .g .  
th e  a s s o c ia t io n  between o b e s ity  and t o t a l  m o r t a l i t y )  
q u a d ra t ic  te rm s were in tro d u c e d  in to  th e  re g re s s io n  
a n a ly s is  to  d e te rm in e  w he the r these  made an independen t 
c o n t r ib u t io n  to  th e  re g re s s io n  e q u a tio n  ( f o r  d e t a i l s  see 
l a t e r ) .

F o llo w  up o f  p a r t ic ip a n t s
Com prehensive n o t i f i c a t io n s  o f dea th s  a re  re c e iv e d  

from  the  N a t io n a l H e a lth  S e rv ic e  C e n tra l R e g is te r  and 
f u r t h e r  in fo rm a t io n  on the  cause o f  dea th  has been 
a s c e r ta in e d  from  th e  p a t ie n t s '  g e n e ra l p r a c t i t io n e r  
a n d /o r h o s p i t a l c o n s u lta n t .  A t f o l lo w  up p a r t ic ip a n t s  
a re  in te rv ie w e d  in  a s ta n d a rd  fa s h io n  to  d e te rm in e
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w he the r any c a rd io v a s c u la r  even ts  may have o ccu rre d  
s in c e  the  i n i t i a l  e x a m in a t io n . S p e c i f i c a l l y ,  q u e s t io n s  
a re  asked abou t th e  o ccu rre n ce  o f c h e s t p a in ,  any 
h o s p i t a l  a dm iss io n s  o r m a jo r i l ln e s s  and in v e s t ig a t io n s .  
S ince  fo l lo w  up is  s t i l l  underway in c id e n c e  da ta  are  
in c o m p le te  and th e  subsequen t a n a ly se s  r e la te  to  
c a rd io v a s c u la r  d is e a se  no ted  to  be p re s e n t a t  e n t r y  
examination and to the fatalities during the subsequent 

f o l lo w  up w h ich  a re  c o n t in u o u s ly  n o t i f i e d  to  NPHS. 
C l i n i c a l  and nec ropsy  re p o r ts  a re  assessed by th re e  
d o c to rs  in dependen t o f  th e  s tu d y  a c c o rd in g  to  s ta n da rd  
c r i t e r i a .

D e f in i t io n s ;  P re va le n ce  Cases
D e f in i t e  M y o c a rd ia l I n f a r c t i o n ;
(a) T y p ic a l h is t o r y ,  t y p ic a l  ECG changes and 

e le v a te d  enzyme le v e ls .

or (b) History typical or atypical, equivocal ECG but 

e le v a te d  enzyme le v e ls .

o r (c) ECG shows t y p ic a l  s e r ia l  changes.

( d )o r T y p ic a l h is t o r y ,  n e g a tiv e  ECG b u t e le v a te d  
enzyme le v e ls .
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o r (e) T y p ic a l h is t o r y ,  t y p ic a l  ECG, b u t no enzyme 
changes re p o r te d .

P o s s ib le  M y o c a rd ia l I n f a r c t i o n :
(a) T y p ic a l p a in ;  ECG and enzyme le v e ls  p e rfo rm ed , 

b u t e q u iv o c a l o r n o rm a l.

o r (b) In te rm e d ia te  c o ro n a ry  syndrom es, e .g .  c o ro n a ry  
i n s u f f i c ie n c y ,  m yo ca rd ia l is ch a em ia ; te rm s  
sometimes used to  d e s c r ib e  ep isodes  o f  
p ro lo n g e d  ch e s t p a in ,  w ith  ( i )  o r w ith o u t  ( i i )  
ECG changes and no t n e c e s s a r i ly  r e la te d  to  
e x e r t io n ,  th a t  f a l l  s h o r t  o f  f r a n k  in f a r c t io n  
b u t a re  more p ro lo n ged  and in te n s e  than  
a n g in a .

C r i t e r i a :  ( i )  ECG in fo rm a t io n  a v a i la b le  ( e i t h e r  cop ied
from  o r ig in a l  t r a c in g  o r r e fe r r e d  to  in  a 
c l i n i c a l  summary) th a t  shows ST/T wave o r LBBB 
changes c o m p a tib le  w ith  is c h a e m ia , o r is  
c le a r ly  re p o r te d  on as is c h a e m ic . No enzyme 
changes. P ro longed  ch e s t p a in  re p o r te d ,  w h ich  
may o r may n o t have been t y p ic a l  in  s i t e ,  
q u a l i t y ,  e t c .

( i i )  ECG in fo rm a t io n  and enzyme le v e ls  n o t 
p e rfo rm e d , o r n o t a v a i la b le .  P ro longed  ch e s t
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p a in  re p o r te d ;  t y p ic a l  o f  is chaem ic  c a rd ia c  
p a in  in  s i t e  and q u a l i t y .

A ng ina  P e c to r is

D e f in i t e  A ng ina  P e c to r is : T y p ic a l h is t o r y  o f  ang ina
p e c to r is  c o n firm e d  by o th e r  e v id e n ce , c l i n i c a l  a n d /o r  
in v e s t ig a to r y  ( e .g .  in  a G .P . o r h o s p i ta l l e t t e r )  th a t  
i s  in d ependen t o f th e  o p in io n  o f th e  U n i t 's  exam in ing  
d o c to r .

P o s s ib le  A ng ina  P e c to r is ;  In dependen t e v id ence  o f  
ang in a  p e c to r is  e q u iv o c a l o r a b se n t, b u t symptoms co u ld  
be th o se  o f  a n g in a .

I n t e r m i t t e n t  C la u d ic a t io n

D e f in i t e  I n t e r m i t t e n t  C la u d ic a t io n :  As
A ng ina  P e c to r is  ( s u b s t i t u t in g
C la u d ic a t io n ) .

f o r  D e f in i t e  
I n t e r m i t t e n t

P o s s ib le  I n t e r m i t t e n t  C la u d ic a t io n : As
A ng ina  P e c to r is  ( s u b s t i t u t in g
C la u d ic a t io n )  .

f o r  P o s s ib le  
I n t e r m i t t e n t

N .B . E xam in a tio n  d e t a i l s  o f  p e r ip h e r a l p u ls e s  may be 
c o n s u lte d  in  a sse ss in g  cases fo r  in t e r m i t t e n t  
c la u d ic a t io n .
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D ia g n o s is  o f  f a t a l  is ch aem ic  h e a r t d is e a se
Data was a v a i la b le  from  s e v e ra l sou rces on those  

p a r t ic ip a n t s  who d ie d  d u r in g  the  fo l lo w  up . Death  
c e r t i f i c a t e s  were a v a i la b le  fo r  the  N a t io n a l H e a lth  
S e rv ic e  C e n tra l R e g is t r y  and f u r t h e r  in fo rm a t io n  was 
c o l le c te d  from  g e n e ra l p r a c t i t io n e r s ,  h o s p i ta l
c l i n i c i a n s  and co ro n e rs  where a p p ro p r ia te .  The d e c is io n  
to  c la s s i f y  a p a r t i c ip a n t  as d y in g  o f is chaem ic  h e a r t
d is e a se  was ta ken  w ith o u t  know ledge o f t h e i r  p e rs o n a l
c h a r a c t e r is t ic s  o r r i s k  f a c t o r s .  A l l  r e le v a n t  d a ta  was 
re v iew ed  by m y se lf w ith o u t  know ledge o f th e  la b o ra to r y  
r e s u l t s .  Of th e  54 f a t a l  cases o f  IHD amongst w h ite  
m ales on whom the  s t a t i s t i c a l  a na ly se s  were u n d e rta ke n ,  
34 had p o s t m orterns. In  a l l  o f  these  cases th e  au topsy  
r e s u l t s  c o r ro b o ra te d  th e  c l i n i c a l  d ia g n o s is .

My r o le  in  NPHS
I  have been in v o lv e d  in  NPHS s in c e  1976. I  have

exam ined and in te rv ie w e d  a la rg e  number o f p a r t ic ip a n t s  
a t  r e c ru itm e n t  and a t f o l lo w  up and made the  
measurements o f  b lo od  p re s s u re  and s k in f o ld  th ic k n e s s .  
I  have been re s p o n s ib le  fo r  i n i t i a t i n g  s e v e ra l o th e r  
s tu d ie s  based on use o f d a ta  from  NPHS in c lu d in g  the  
com pa rison  o f  h a e m o s ta tic  v a r ia b le s  and o th e r  
c a rd io v a s c u la r  r i s k  f a c to r s  in  NPHS p a r t ic ip a n t s  w ith  a 
g roup  o f  v e g e ta r ia n s  (H a ines e t  a l 1980) , th e  r e la t io n  
between ABH s e c re to r  s ta tu s  and pu lm ona ry  fu n c t io n
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(H a in e s , Imeson and Meade 1982) p s y c h o n e u ro t ic  p r o f i l e s  
in  smokers and non smokers (H a in e s , Imeson and Meade
1981) and th e  a s s o c ia t io n  between b re a th  methane 
c o n c e n tr a t io n  and o b e s ity  (H a in e s , Imeson and W igg ins  
1984) . No s y s te m a tic  a n a ly s is  o f the  NPHS r e s u l t s  on 
o b e s i ty  had been u nde rta ken  p re v io u s ly  and I  was 
re s p o n s ib le  f o r  i n i t i a t i n g  and s u p e rv is in g  the  a n a ly s is  
o f  th e  d a ta .  I  re c e iv e d  com pu ting  and s t a t i s t i c a l
a s s is ta n c e  from  Mr J .  D. Imeson, my c o lle a g u e  in  th e  MRC 
E p id em io lo g y  and M ed ica l Care U n it  a t N o rth w ic k  Park  
H o s p i t a l .

Dr T W Meade i n i t i a t e d NPHS and c o n t in u e s to
s u p e rv is e the o v e r a l l  p ro g re s s o f th e  s tu d y . He and
Dr R C h a k ra b a r t i were th e  o th e r  two o b se rve rs  b e s id e s  
m y s e lf who exam ined most o f th e  p a r t ic ip a n t s .  The 
h a e m o s ta tic  v a r ia b le s  were assayed in  th e  C o a g u la t io n  
la b o r a to r y ,  MRC E p id em io lo g y  and M ed ica l Care U n it  and 
th e  c h o le s te r o l and t r ig ly c e r id e s  in  the  C l i n ic a l  
C hem ica l la b o r a to r y ,  N o rth w ic k  Park H o s p i ta l .
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C hap te r 3

O b e s ity  and i t s  a s s o c ia t io n  in  NPHS

oThe d is t r ib u t i o n s  o f  W/H a t re c ru itm e n t  to  NPHS
fo r  fem a le s  and males a re  shown in  f ig u r e s  1 and 2
r e s p e c t iv e ly .  The d is t r ib u t i o n s  a re  s l i g h t l y  skewed fo r
b o th  males and fe m a le s . There is  a g re a te r  range o f
v a lu e s  fo r  fem a les th a n  m a le s . U s ing  the  va lu e s  fo r  the
upper l i m i t  o f d e s ir a b le  w e ig h t fo r  th e  la rg e  fram e s iz e
o b ta in e d  from  the  M e t r o p o l i ta n  L i f e  In su ra n ce  ta b le s
(1959) abou t 49% o f  th e  males and abou t 30% o f  the
fem a le s  exceed the  l im i t s  ( th e  l im i t s  o f  W/H a re  24.9
f o r  males and 24 .6  f o r  fe m a le s ) . The upper l im i t s  o f
a c c e p ta b le  v a lu e s  f o r  W/H2 (B ray 1979) a re  25 .0  and 23 .8
f o r  males and fem a les  r e s p e c t iv e ly .  Thus 48% o f  the
m ales and 39% o f  fem a le s  a re  o v e rw e ig h t o r obese by t h is

2d e f i n i t i o n .  The mean v a lu e  o f W/H is  low e r f o r  fem a les  
th a n  m a le s .

H is to g ram s  o f t o t a l  s k in fo ld  th ic k n e s s  a re  shown 
f o r  fem a le s  and m ales in  f ig u r e s  3 and 4 r e s p e c t iv e ly ,  
a g a in  th e re  is  a g re a te r  range fo r  fem a le s  than  m a les . 
The mean v a lu e  is  c o n s id e ra b ly  g re a te r  f o r  fem a le s  than  
m a le s . The d is t r i b u t i o n s  o f  bo th  v a r ia b le s  a re
m o d e ra te ly  skewed. The d is t r ib u t i o n s  appear r a th e r  more 
i r r e g u la r  in  the  case o f s k in fo ld  th ic k n e s s  than  W/H - 
There  is  a tendency  f o r  o ld e r  p a r t ic ip a n t s  to  have
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F ig u re  1

D i s t r i b u t i o n  o f  W / H 2  f o r  f e m a l e s

N .B . Lowest o b s e rv a t io n  = 15 .98
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Figure 2

Distribution of W /H 2 for males
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F ig u re  3

D is tr ib u tio n  of total skinfolds (mm) f o r  females

15 1

20 8
25 34
30 65

35 48
40 85
45 89
50 81
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60 66
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85 23
90 22
95 15

100 10
105 9
n o 4 M e a n  = 58.9

S . D .  = 2 2 .1
1 1 5 4 N = 838

> 1 2 0 14 Range of ob se rvations 16 .4 155
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Male

Female

Total

Tahle 1

2 2 W/H by age and sex (kg/m )
<30 30-39 40-49 50-59 60-69 Total

N 300 281 580 697 252 2110
M 23.6 24.4 25.4 25.6 25.4 25.1
SD 2.9 2.9 3.0 2.9 2.9 3.0

N 115 92 254 350 31 842
M 22.3 23.8 24.3 25.3 24.4 24.4
SD 2.6 4.5 3.4 3.6 2.8 3.6

N 415 373 834 1047 283 2952
M 23.3 24.3 25.1 25.5 25.3 24.9
SD 2.9 3.4 3.2 3.2 2.9 3.2
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Table 2
Total skinfolds (mm) by age and sex

<30 30-39 40-49 50-59 60-69 Total
Male N 300 281 577 698 251 2107

M 38.9 40.4 45.1 46.2 42.9 43.7
SD 17.6 15.9 16.5 15.8 14.7 16.4

Female N 114 92 253 348 31 838
M 45.2 54.8 59.5 64.1 58.1 58.9
SD 14.0 21.7 21.9 22.8 18.1 22.1

Total N 414 373 830 1046 282 2945
M 40.6 43.9 49.5 52.2 44.5 48.0
SD 16.9 18.5 19.5 20.2 15.8 19.4
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h ig h e r  v a lu e s  f o r  bo th  W/H and t o t a l  s k in fo ld s  (T ab le s
1 and 2) . However the  mean va lu e s  fo r  bo th  W/H and
s k in f o ld s  in  th e  50-59 age g roup a re  o n ly  s l i g h t l y
h ig h e r  than  th o se  in  th e  40-49 age g roup  fo r  m a le s . The
60-69 age g roup  has s l i g h t l y  low e r mean va lu e s  fo r  t o t a l
s k in f o ld s  than  b o th  th e  40-49 and 50-59 g ro u p s . In  th e
case o f  th e  fem a le s  th e  mean va lu e s  fo r  W/H in  th e  40 -
49 and 60-69 age g roups a re  s im i la r  and t o t a l  s k in fo ld
th ic k n e s s  is  s l i g h t l y  low e r in  the  o ld e s t  age g roup

2a lth o u g h  th e  numbers a re  s m a ll.  The mean W/H is
somewhat h ig h e r  amongst males than  fem a les a t  a l l  ages
and th e  conve rse  a p p lie s  in  the  case o f t o t a l  s k in f o ld s .
The r is e  in  W/H w ith  age f la t t e n s  o f f  somewhat la t e r
amongst fem a le s  than  m a les . M u l t ip le  re g re s s io n
a n a ly s is  u s in g  a q u a d ra t ic  te rm  fo r  age showed th a t

2amongst m ales W/H appeared to  peak a t  55 .4  ye a rs  (95%
2C .L . 5 y e a rs ) Amongst fem a les th e  peak v a lu e  fo r  W/H 

appeared to  be beyond th e  upper age l i m i t  o f th e  s tu d y -

The f o l lo w in g  e q u a tio n s  have been d e r iv e d  by Eddy
2f o r  c a lc u la t in g  th e  % f a t  from  W/H (quo ted  in  Research  

on O b e s ity  DHSS/MRC 1 9 7 6 ) : -

Men Fat% = 1 .281 (W/H2) -1 0 .1 3

Women Fat% = 1 .48  (W/H^j -7 *0

2
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Table 3
Ratio of trunk skinfolds (suprailiac and subscapular) 

to arm (triceps and forearm)
<30 30-39 40-49 50-59 60-69 Total

Male N 300 281 577 698 251 2107
M 1-65 1-77 1-90 1-96 1-89 1.87
SD 0.49 0.53 0.57 0.58 0.60 0.57

Female N 114 92 253 348 31 838
M 1.06 1.15 1.18 1.21 1.18 1.17
SD 0.32 0.43 0.41 0.49 0.34 0.44

Total N 414 373 830 1046 282 2945
M 1-49 1-61 1.68 1.71 1.81 1.67
SD 0-52 0-57 0.62 0.65 0.62 0.62
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U s ing  these  i t  can be c a lc u la te d  th a t  f o r  men the  
pe rce n ta g e  f a t  ranges from  a mean o f 20*1 in  the  
younges t age g roup  to  22*6 in  th e  50-59 yea r age g ro up . 
In  th e  case o f  women the  mean p e rce n ta g e  f a t  amongst
th o se  aged <30 is  26 .0  and fo r  those  aged 50-59 3 0 .4 .

The subcu taneous d is t r i b u t i o n  o f f a t  appears more
u n ifo rm  in  fem a le s  than  males in  th a t  th e  r a t i o  between
t r u n k  s k in fo ld s  (s u b s ca p u la r and s u p r a i l ia c )  and arm
s k in fo ld s  ( t r ic e p s  and fo re a rm ) is  much c lo s e r  to  u n i t y
in  fem a les (T ab le  3 ) .  There is  a tendency fo r  th e  r a t io
to  in c re a s e  w ith  age amongst males (e x ce p t pe rhaps in
th e  o ld e s t  g roup ) in d ic a t in g  th a t  in  o ld e r  men
subcu taneous f a t  is  d is t r ib u t e d  r e l a t i v e l y  more on the
t r u n k  th an  in  younger m a le s . The p a r t i a l  c o r r e la t io n
c o e f f i c ie n t  f o r  t o t a l  s k in f o ld  th ic k n e s s  and W/H is
0 .75  fo r  b o th  males and fe m a le s . A round 56% o f  the

2v a r ia n c e  in  t o t a l  s k in fo ld s  is  accoun ted  f o r  by W/H
amongst males and 64% amongst fe m a le s . Women have a 
g re a te r  t o t a l  s k in f o ld  th ic k n e s s  a t  a g iv e n  W/H than  
men.

Three o b se rv e rs  made the  g re a t m a jo r i t y  o f  s k in fo ld  
measurements on th e  p a r t ic ip a n t s  and th e  r e la t io n s h ip  
between W/H as one measure o f o b e s ity  and s k in fo ld  
th ic k n e s s  as a n o th e r was exam ined in d e p e n d e n t ly  f o r  th e



Table 4

2Relationship between W/H and skinfold thickness for the
three observers 2(x axis = W/H , y axis = SKF), females only

W/H2 + W/H2 + W/H2 + W/H2 +
Forearm SKF Triceps SKF Subscap SKF Suprailiac SKF

Observer 1 Intercept -6.5 -8.1 -24.5 -28.4
n = 54 Reg coeff 0.6 1.1 1.8 1.8

Corr coeff 0.7 0.6 0.9 0.8
Observer 2 Intercept -4.7 -8.9 -25.7 -21.7
n = 649 Reg coeff 0.5 1.1 1.7 1.5

Corr coeff 0.6 0.6 0.8 0.7
Observer 3 Intercept -1.3 -8.1 -21.3 -18.8
n = 63 Reg coeff 0.3 1.1 1.6 1.3

Corr coeff 0.6 0.6 0.8 0.6



Table 5

2Relationship between W/H and skinfold thickness for the2three observers (x axis = W/H , y axis = SKF), males only

W/H2 + W/H2 + W/H2 + W/H2 +
Forearm SKF Triceps SKF Subscap SKF Suprailiac SKF

Observer 1 Intercept -3.6 -7.8 -14.1 -13.0
n = 409 Reg coeff 0.4 0.7 1.3 1.1

Corr coeff 0.5 0.5 0.7 0.5
Observer 2 Intercept -4.7 -6.7 -25.2 -25.7
n = 1288 Reg coeff 0.4 0.6 1.6 1.5

Corr coeff 0.6 0.5 0.7 0.7
Observer 3 Intercept -1.8 -6.5 -21.9 -16.5
n = 283 Reg coeff 0.3 0.6 1.5 1.0

Corr coeff 0.5 0.5 0.7 0.6
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marked between o b se rv e r d i f f e r e n c e s .  T ab le s  4 and 5
show th e  in t e r c e p t s ,  re g re s s io n  c o e f f i c ie n t s  and

2c o r r e la t io n  c o e f f i c ie n t s  fo r  W/H and the  fo u r  s k m fo ld
th ic k n e s s  measurements f o r  the  th re e  o b s e rv e rs . The
t o t a ls  in  th e se  two ta b le s  a re  s l i g h t l y  le s s  than  the
number o f in d iv id u a ls  in  the  s tu d y  because a few
p a r t ic ip a n t s  had measurements made by two o th e r
observers at the beginning of the study. The numbers

however a re  to o  sm a ll to  make m ea n in g fu l com parison  w ith
th e  th re e  main o b s e rv e rs . There is  a c o n s is te n t
te ndency  (e x c e p t in  th e  case o f s u p r a i l ia c  s k in fo ld s  fo r
o b se rv e r 1) fo r  th e  c o r r e la t io n  c o e f f i c ie n t s  to  be

2h ig h e r  f o r  s u b s ca p u la r and s u p r a i l ia c  s k in fo ld s  and W/H
2th a n  f o r  t r ic e p s  and fo re a rm  s k in fo ld s  and W/H .

There is  a ls o  a c o n s is te n t  tendency fo r  the
c o r r e la t io n  c o e f f i c ie n t s  between th e  lim b  s k in fo ld

2th ic k n e s s  ( t r ic e p s  and fo re a rm ) and W/H to  be h ig h e r  
f o r  fem a le s  than  males perhaps r e f l e c t in g  th e  more 
u n ifo rm  d i s t r i b u t i o n  o f f a t  in  fem a les  and th e re fo re  the  
g re a te r  c o n t r ib u t io n  o f  p e r ip h e r a l f a t  to  t o t a l  body 
fat.

three observers to determine whether there were any

M u l t ip le  re g re s s io n  a na ly se s  w ith  in d iv id u a l  
s k in fo ld s  as th e  dependent v a r ia b le  and W/H^, sex , age 
and o th e r  v a r ia b le s  th o u g h t to  be r e la te d  to  o b e s ity



Table 6
2Social class, smoking and W/H (males)

Smoked I n mNM in  M IV V Total
N 78 156 73 151 62 5 525

Never M 24-0 24-4 23.8 25.1 26-1 26.2 24-7
SD 2-9 2.7 2.8 3-2 3-5 4-3 3.1
N 63 152 56 191 66 14 542

Ex M 25.6 25.6 25.5 25-8 25-9 26-9 25-8
SD 2.8 2-9 2.4 2.9 2.6 2.1 2.8
N 23 34 29 86 51 8 231

1-10 Cigs M 24-5 25-6 24-2 25.2 24.8 23.7 25-0
SD 2.0 2.5 3.4 3.5 3-2 3-0 3.1
N 24 52 39 178 75 14 382

11-20 Cigs M 25-0 25.3 24-0 24-6 24-1 25-0 24-6
SD 3-6 2-7 3.1 3-0 3-5 3-5 3.2
N 12 42 17 104 57 3 235

21+ Cigs M 25-3 25.6 25.0 25-5 24-2 20.3 25.1
SD 2.9 3-4 3.0 3.0 3-1 5-5 3.2
N 13 33 3 19 10 78

Cigar M 24-8 25-8 25.9 24-8 26-1 25.5
SD 2-1 2.3 2.5 2.4 2.0 2.2
N 17 30 15 43 11 2 118

Pipe M 24-9 25-0 25-9 25.2 27-3 26.2 25.4
SD 2.7 2.3 2.7 2.9 4.4 4.0 2.9
N 230 499 232 772 332 46 2111

Total M 24.8 25-2 24.6 25.2 25.1 25-2 25.1
SD 2.9 2.8 2.9 3.1 3.3 3-5 3.0
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Table 7

Social class, smoking and W/H 2 (fe m ales)

Smoked I n HI NM in  M IV V Total
N 33 94 96 118 32 4 377

Never M 23.3 24.5 24.1 25.1 25.5 26.3 24.6
SD 3.7 3.3 3.9 4.1 3.1 2.5 3.8
N 8 35 36 32 17 2 130

Ex M 25.4 24.4 25.1 24.7 25.8 24.9 24.9
SD 4.0 2.7 3.7 3.9 4.0 0.9 3.5
N 4 17 25 42 10 98

1-10 Cigs M 24.6 24.4 25.2 24.5 24.1 24.7
SD 2.1 4.0 5.1 3.6 2.9 4.0
N 5 28 31 49 22 2 137

11-20 Cigs M 24.6 23.6 23.0 24.4 24.0 25.1 23.8
SD 1.3 3.1 2.9 3.6 3.0 1.3 3.2
N 2 11 18 32 10 2 75

21+ Cigs M 23.9 22.1 22.9 23.7 23.0 25.3 23.2
SD 3.9 2.1 2.8 3.4 3.1 0.9 3.0
N 52 185 206 273 91 10 817

Total M 23.9 24.2 24.3 24.7 25.0 25.6 24.4
SD 3.5 3.2 3.9 3.8 3.6 1.7 3.6
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Table 8

Social class, smoking and total skinfolds (males)

Smoked

Never

Ex

1-10 Cigs 

11-20 Cigs 

21+ Cigs 

Cigar 

Pipe

I n IEE NM HI M IV V Total
N 78 156 72 152 62 5 525
M 40.9 42.0 40.7 44.4 45.0 40.7 42.7
SD 14.8 16.3 13.8 17.7 18.00 17.3 16.4
N 63 152 56 191 66 14 542
M 46.9 48.9 48.2 47.5 43.2 45.7 47.3
SD 15.1 14.9 13.7 18.0 15.8 9.1 16.0
N 23 34 29 86 51 8 231
M 46.9 44.8 42.2 42.6 41.1 31.8 42.6
SD 16.6 15.7 15.7 17.1 19.0 8.9 17.0
N 24 52 39 178 75 14 382
M 44.9 46.4 38.3 40.4 35.3 38.3 40.2
SD 22.5 16.9 14.9 15.2 14.3 12.5 16.0
N 11 42 17 104 56 3 233
M 43.9 42.9 42.7 44.5 37.0 27.5 42.0
SD 13.1 13.3 11.7 16.9 15.5 17.2 15.7
N 13 33 3 19 10 78
M 45.4 50.6 59.8 46.2 43.4 48.1
SD 16.3 14.2 17.2 14.6 10.9 14.5
N 17 29 15 43 11 2 117
M 45.5 47.0 43.7 43.8 51.4 39.7 45.5
SD 17.1 13.9 14.6 17.4 26.0 8.3 16.9
N 229 498 231 773 331 46 2108
M 44.3 45.7 42.9 44.0 40.7 39.1 43.7
SD 16.2 15.6 14.5 17.1 17.1 12.5 16.4

Total
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Table 9

Social class, smoking and total skinfolds (females)

Smoked I n HI NM HEM TV V Total
N 33 94 96 118 32 4 377

Never M 55*7 61.7 59.7 61.3 64.7 77.6 60.9
SD 18.7 21.9 24.5 22.5 20.4 16.1 22.3
N 8 35 36 32 17 2 130

Ex M 68.3 63.8 64.3 62.5 62.2 47.7 62.9
SD 30.2 19.0 23.7 22.9 22.3 8.1 22.1
N 4 16 25 42 10 97

1-10 Cigs M 51.0 61.3 61.7 60.6 52.5 59.8
SD 12.2 24.6 26.9 20.2 12.9 21.9
N 5 28 31 49 21 2 146

11-20 Cigs M 56.2 52.2 50.5 56.0 52.4 66.1 53.2
SD 16.7 19.9 17.3 25.3 18.9 21.6 20.8
N 2 11 18 31 10 2 74

21+ Cigs M 40.5 46.6 50.5 53.8 52.2 63.9 51.4
SD 21.6 13.2 17.3 22.6 20.5 28.7 19.6
N 52 184 206 272 90 10 816

Total M 56.8 59.3 58.6 59.5 59.1 66.6 58.9
SD 20.5 21.4 23.5 22.8 20.6 19.3 22.1
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(see la t e r  in  t h is  s e c t io n  fo r  d e s c r ip t io n )  as
in d ependen t v a r ia b le s  showed th a t  fo r  fo re a rm  s k in fo ld s  
th e re  is  a c o n s is te n t  d i f f e r e n c e  between o b se rve r 2 on 
th e  one hand and o b se rv e rs  1 and 3 on th e  o th e r  (p<0.01  
and p<0.001 r e s p e c t iv e ly ) .  In  a d d it io n  th e  s lo p e  o f the  
re g re s s io n  ( re g re s s io n  c o e f f i c ie n t )  f o r  o b se rve r 3 is  
s i g n i f i c a n t l y  d i f f e r e n t  from  th a t  o f o b se rve r 2 
(p < 0 .0 0 0 1 ). In  th e  case o f t r ic e p s  s k in f o ld  o b se rve r 1 
measured c o n s is te n t ly  d i f f e r e n t l y  from  ob se rve r 2 
(p < 0 .0 0 5 ) . Bo th  o b se rv e rs  1 and 3 measured the  
s u b s ca p u la r s k in f o ld  s i g n i f i c a n t l y  d i f f e r e n t l y  from  
o b se rv e r 2 (p<0 .0001 and p<0.05 r e s p e c t iv e ly )  and
s im i l a r l y  f o r  s u p r a i l ia c  s k in fo ld  (p<0 .02  and p<0.0001  
r e s p e c t iv e ly ) . A lth o u g h  some o f the  d i f fe r e n c e s  between  
o b se rv e rs  appeared to  be o p p o s ite  d i r e c t io n s  in  th e  two 
se xe s , th e  d i f fe r e n c e s  a re  n o t s t a t i s t i c a l l y  s i g n i f i ­
c a n t .  O bse rve rs  1 and 3 exam ined a c o m p a ra t iv e ly  sm a ll 
number o f  women a t r e c ru itm e n t  and th e  com parisons  
between the  o b se rv e rs  a re  th e re fo re  based on da ta  from  
b o th  sexes com bined .

P e rso n a l c h a r a c t e r is t ic s  r e la te d  to  o b e s ity  in  
NPHS.

Amongst males th e re  is  no c o n s is te n t  r e la t io n s h ip  
between o b e s i ty  and s o c ia l c la s s ,  th e  s ta n d a rd  d e v ia t io n  
te n d s  to  be h ig h e r in  th e  low e r s o c ia l c la s s  males
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s u g g e s tin g  a w id e r s c a t te r  o f v a lu e s - Amongst fem a les  
th e re  is  a tre n d  tow a rd  in c re a s in g  o b e s ity  w ith  low e r 
s o c ia l  c la s s  w h ich  is  more c o n s is te n t  f o r  W/H than  
s k in f o ld s  b u t is  n o t s t a t i s t i c a l l y  s ig n i f i c a n t  fo r  
e i t h e r  measurement (T ab le s  6 - 9 ) .  Amongst never smokers 
o f  bo th  sexes th e re  is  a f a i r l y  c o n s is te n t  t re n d  fo r  
th o se  in  th e  low e r s o c ia l c la s s e s  to  be more obese than  
th o se  in  th e  upper s o c ia l c la s s e s  b u t t h is  is  a ls o  n o t 
s t a t i s t i c a l l y  s i g n i f i c a n t .  Ex-sm okers tend  to  be 
somewhat more obese than  never and c u r r e n t  c ig a r e t t e  
smokers (pCO.OOl, m ales o n ly ) .  Amongst fem a le s  th e re  is  
an o v e r a l l  in v e rs e  r e la t io n s h ip  between number o f
c ig a r e t t e s  smoked pe r day and o b e s ity  (p<0 .0001 , fo r

2b o th  W/H and t o t a l  SKF, m u l t ip le  re g re s s io n )  b u t t h is  
i s  n o t a p pa re n t f o r  m a le s . C ig a r and p ip e  smokers 
(m a les o n ly )  tend  to  be h e a v ie r  than  c ig a r e t t e  smokers 
and never sm okers . Amongst males th e re  is  no o v e r a l l  
d i f f e r e n c e  in  mean W/H and t o t a l  s k in fo ld s  between  
c ig a r e t t e  smokers and neve r sm okers . However th e re  is  
an in t e r a c t io n  between s o c ia l c la s s ,  c ig a r e t t e  smoking  
and o b e s ity  in  t h a t  amongst upper s o c ia l c la s s  ( I  and 
I I )  males c u r r e n t  c ig a r e t t e  smokers a re  more obese than  
neve r smokers (Summary Tab le  10) w h i l s t  male s o c ia l  
c la s s  IV  and V smokers a re  le a n e r than  neve r smokers o f  
th e  same s o c ia l c la s s  (p<0 .001 f o r  com pa rison  o f  
d i f f e r e n c e  in  W/H^ between c u r r e n t  c ig a r e t t e  smokers and 
neve r smokers o f s o c ia l c la s s e s  I  and I I  combined on the
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Table 10 
Summary table

2Social class, current and never cigarette smokers and W/H (males)
Smoking I IE HE NM HE M IV V Totals

N 78 156 73 151 62 5 525
Never M 24.0 24.4 23.8 25.1 26-1 26.2 24.7

SD 2.9 2.7 2.8 3.2 3.5 4.3 3.1
Current N 59 128 85 368 183 25 848
Cigarette M 25.0 25.5 24.3 25.0 24.4 24.0 24.8
Smokers SD 2.9 2.9 3.2 3.1 3.3 3.7 3.2
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Multiple regression analysis of factors 
related to individual skinfolds

Tatale 11

Forearm Reg Coeff S.E.
Sex F>M

(mean difference)
2.7 0.11****

Age Per year 0.02 0.004****
Oral contraception 

(current) Y es/no 
(mean difference)

1.1 0.28****

Ex-smokers/never smokers 
(mean difference)

Triceps

0.33 0.05**

Sex F>M
(mean difference)

8.1 0.26****
Menopausal status Post/Pre 

(mean difference)
2.5 0.35****

Age per year 0.02 0.008*
Ex-smokers/never smoked 

(mean difference)
0.54 0.25*

Current cigarette smokers/ -0.41 
never smokers (mean difference)

Subscapular

0.21*

Age (per year) 0.13 0.01****
Sex F>M

(mean difference)
1.2 0.30****

Current cigarette smoking/ 
never smokers (mean difference)

Suprailiac

■ 0.83 0.29**

Current cigarette smoking/never - 
smokers (mean difference)

■ 1.5 0.30****
Menopausal status Post/Pre 

(mean difference)
2.5 0.51****

Age per year 0.04 0.01***
Sex F>M 1.3 0.08**

(mean difference)

* P < 0.05 
** P < 0.01 

* * *  P < 0.005
**** p < 0 .0001
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th e  o th e r  h a n d ) . In  th e  case o f  t o t a l  s k in fo ld s  s im i la r
r e s u l t s  were o b ta in e d  fo r  males * Amongst men those  who
worked on th e  n ig h t  s h i f t  a re  somewhat more obese (by 1
kg/m  ) than  those  on th e  day s h i f t  (p<0*05) and women
who consume a lc o h o l a re  on average more obese than  those

2who were t e e t o t a l le r s  by 1 kg/m (p<0*002) b u t th e re  is  
no a p p a re n t r e la t io n s h ip  between s ta te d  amount consumed 
and o b e s ity *

F a c to rs  r e la te d  to  in d iv id u a l  s k in fo ld s

a) Forearm

M u l t ip le  re g re s s io n  a n a ly s is  w ith  fo re a rm  s k in fo ld s  
as th e  dependent v a r ia b le  ta k in g  in to  a ccoun t the  
o b se rv e r d i f fe r e n c e s  p r e v io u s ly  d e s c r ib e d  re v e a le d  th a t  
f o u r  v a r ia b le s  appeared to  be r e la te d  to  fo re a rm  
s k in f o ld  th ic k n e s s *  Females have a g re a te r  mean fo re a rm  
s k in f o ld  th ic k n e s s  than  males (T ab le  11) , those  women 
ta k in g  o r a l  c o n t ra c e p t iv e s  have a g re a te r  mean fo re a rm  
s k in f o ld  th ic k n e s s  than  those  who were n o t*  Forearm  
s k in f o ld  th ic k n e s s  in c re a s e s  w ith  age* F in a l l y ,  ex­
smokers have somewhat g re a te r  mean fo re a rm  s k in fo ld  
th ic k n e s s  than  never smokers* 22% o f  th e  v a r ia n c e  is  
e x p la in e d  by th e  fa c to r s  in  the  m u l t ip le  re g re s s io n  
a n a ly s is *

one hand and between social classes IV and V combined on
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b) T r ic e p s

T a k in g  o b se rv e r d i f f e r e n c e  in t o  a cco u n t, th e re  a re  
f i v e  f a c t o r s  w h ich  appeared to  be re la te d  to  t r ic e p s  
s k in f o ld  th ic k n e s s .  Two f a c t o r s ,  sex and menopausal 
s ta tu s ,  a re  u n e q u iv o c a b ly  r e la te d  to  t r ic e p s  s k in fo ld  
th ic k n e s s  and fo r  th re e  c h a r a c t e r is t ic s ,  age, c u r re n t  
and p re v io u s  c ig a r e t t e  sm ok ing , th e re  a re  weak 
a s s o c ia t io n s  o f  b o r d e r l in e  s t a t i s t i c a l  s ig n i f ic a n c e .  
46% o f th e  v a r ia n c e  in  t r ic e p s  s k in fo ld  th ic k n e s s  is  
'e x p la in e d *  by the  v a r ia b le s  in  th e  m u l t ip le  re g re s s io n  
a n a ly s is .

c) S ubscapu la r

O n ly  th re e  fa c to r s  a re  r e la te d  to  su b sca p u la r  
s k in f o ld  th ic k n e s s  namely age, sex and c u r r e n t  c ig a r e t t e  
sm ok ing , th e  l a t t e r  c h a r a c t e r is t ic  h a v ing  th e  weakest 
a s s o c ia t io n .  O n ly 9% o f  th e  v a r ia n c e  is  e x p la in e d .

d) S u p r a i l ia c

Four c h a r a c t e r is t ic s  a re  s i g n i f i c a n t l y  r e la te d  to  
s u p r a i l ia c  s k in f o ld  th ic k n e s s ,  namely age, s e x ,c u r r e n t  
c ig a r e t t e  smoking and menopausal s ta tu s .  As w ith  
s u b s ca p u la r s k in fo ld  th ic k n e s s  o n ly  9% o f  th e  v a r ia n c e  
i s  e x p la in e d .
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O b e s ity  and b lo od  p re s su re

As d is c u s se d  p r e v io u s ly  i t  has been no ted  f o r  many 
ye a rs  t h a t  th e  measurement o f b lo od  p re s su re  may be 
a f fe c te d  by u s in g  a s ta n d a rd  s iz e  b lo o d  p re s s u re  c u f f  on 
a f a t  arm s in c e  in  t h is  case th e  b la d d e r does n o t c i r c l e  
th e  arm s u f f i c i e n t l y .  The u su a l le n g th  o f th e  b la d d e r  
in  th e  UK is  o n ly  23 cm. The Am erican H ea rt A s s o c ia t io n  
has recommended th a t  th e  b la d d e r shou ld  e n c i r c le  75% o f  
th e  arm c irc u m fe re n c e . In  th e  re c ru itm e n t  phase o f NPHS 
a s ta n d a rd  c u f f  and sphygmomanometer were used , however 
t h i s  was re p la c e d  in  the  fo l lo w  up e xa m in a tio n  by a 
random ze ro  sphygmomanometer w ith  bo th  s ta n d a rd  and 
o v e rs iz e  (33 cm) c u f f s  a v a i la b le .  A t f o l lo w  up the  
s ta n d a rd  c u f f  was marked w ith  l in e s  to  dem ons tra te  the  
m axim al p e rm it te d  arm c irc u m fe re n c e , the  o v e rs iz e  c u f f  
was used above t h is  p o in t .  In  a d d i t io n ,  a t  th e  fo l lo w  
up e x a m in a t io n , arm c irc u m fe re n c e  was measured 10 
c e n t im e tre s  above th e  m ed ia l e p ic o n d y le  o f th e  hum erus.

The r e la t io n s h ip  between b lo od  p re s s u re  and t o t a l  
s k in f o ld s  was ana ly sed  s e p a ra te ly  f o r  th e  two 
e x a m in a t io n s . The mean o f  two b lo od  p re s s u re  re a d in g s  
(p re  and p o s t b lood  sample) was used on bo th  o c c a s io n s .  
In  a d d i t io n ,  in  th e  fo l lo w  up d a ta , th e  r e la t io n s h ip s  
between b lo o d  p re s s u re  and th e  v a r io u s  measures o f
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Table 12

Age related quartiles of W/H2

Females 1 2  3
<30 20-5 21.9 24.1

30-39 21.0 23.2 24.7
40-49 22.1 23.8 26.0
50-59 22.9 24.8 26.7
60-69 22.0 24.5 26.6
Overall 22.0 24.0 26.0

Males
<30 21.6 23.5 25.3

30-39 22.5 24.3 26.3
40-49 23.5 25.2 27.1
50-59 23.7 25.6 27.4
60-69 23.8 25.4 27.1
Overall 23.0 25.0 27.0
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o b e s ity  were exam ined ta k in g  in t o  accoun t arm
c irc u m fe re n c e  by m u l t ip le  re g re s s io n  a n a ly s is .

The d a ta  f o r  s y s t o l i c  b lood  p re s s u re  and o th e r
v a r ia b le s  a re  d is p la y e d  s e p a ra te ly  f o r  th e  two sexes as

2mean v a lu e s  f o r  each age s p e c i f i c  q u a r t i l e  o f  W/H . The 
q u a r t i l e s  a re  g iv e n  in  T ab le  12. In  a d d it io n  s im i la r
ta b u la t io n s  were pe rfo rm ed  u s in g  th e  o v e r a l l  q u a r t i le s  
f o r  th e  who le  p o p u la t io n  g iv e n  in  T ab le  12 f o r  males and 
fem a le s  s e p a ra te ly .  T h is  n a t u r a l l y  r e s u lte d  in  la r g e r  
numbers in  th e  low e r q u a r t i le s  amongst th e  younger age 
g roups and c o n v e rs e ly  la r g e r  numbers in  the  h ig h e r  
q u a r t i le s  in  th e  o ld e r  age g roups s in c e  o b e s ity  tends  to  
in c re a s e  w ith  age. W h i ls t  the  use o f  o v e r a l l  q u a r t i le s  
had th e  advan tage  o f more c le a r ly  s e p a ra t in g  the  e f f e c t s  
o f  age and o b e s ity  by u s in g  u n ifo rm  q u a r t i le s  in  
d i f f e r e n t  age g roups t h is  approach d id  n o t s u b s t a n t ia l l y  
a f f e c t  th e  in t e r p r e t a t io n  o f  the  f in d in g s  and th e re fo re  
o n ly  th e  ta b u la t io n s  u s in g  age s p e c i f i c  q u a r t i le s  have 
been shown.

T ab le s  13 and 14 show the  r e la t io n s h ip  between
2e n t r y  s y s t o l i c  b lo od  p re s s u re  and W/H f o r  males and 

fe m a le s . B lood  p re s s u re  in c re a se s  c o n s is te n t ly  w ith  
in c re a s in g  o b e s i ty  in  m a le s . In  fem a le s  th e re  appears
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Table 13

Mean systolic bLood pressure (SD) a t entry
2by quartiles of W/H and age (males)

Age 1 2 3 4 Total
N 74 75 76 74 299

<30 M 119.7 123.4 124.8 126.5 123.6
SD 13.0 13.5 13.0 15.9 14.1
N 70 71 71 69 281

30-39 M 122.1 126.1 127.1 127.3 125.7
SD 12.2 13.2 15.0 18.8 15.0
N 143 146 143 145 577

40-49 M 126.5 131.9 133.3 135.3 131.8
SD 16.9 16.0 17.8 20.0 18.0
N 171 175 175 172 693

50-59 M 135.2 139.4 142.8 144.3 140.4
SD 18.7 18.5 22.7 21.0 20.6
N 64 60 64 61 249

60-69 M 144.9 149.9 151.5 149.8 149.0
SD 23.8 27.1 22.8 24.7 24.6
N 522 527 529 521 2099

Total M 130.1 134.5 136.6 137.7 134.7
SD 19.2 19.4 21.1 21.8 20.6
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Table 14

Mean systolic
by quartiles

Age 1
N 29

<30 M 117.7
SD 15.8
N 23

30-39 M 120.5
SD 14.2
N 63

40-49 M 124.0
SD 15.2
N 87

50-59 M 135.3
SD 21.1
N 8

60-69 M 135.5
SD 13.3
N 210

Total M 127.8
SD 19.5

blood pressure (SD) a t entry 
of W/H^ and age (females)

2 3 4
29 29 28

116.7 115.1 118.8
13.4 14.0 14.6
23 23 23

118.1 119.0 117.0
10.5 15.2 8.9
64 64 63

130.2 127.1 134.9
20.3 15.6 21.2
88 88 87

136.0 138.4 144.7
21.2 19.0 22.7
8 7 7

153.6 159.1 166.7
33.6 28.6 26.4

212 211 208
130.3 130.4 135.8
21.4 20.0 23.5

Total
115
116.9
14.3
92

118.6
12.3

254
129.1
18.6

350
138.6
21.3
30

153.1 
27.7

841
131.1
21.2
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to  be l i t t l e  r e la t io n s h ip  w ith  o b e s ity  in  those  under
40* In  b o th  sexes th e re  is  a marked r is e  in  b lood
p re s s u re  w ith  age a t a l l  le v e ls  o f o b e s ity *  M u l t ip le
re g re s s io n  a na ly se s  o f s y s t o l ic  b lo od  p re s su re  (SBP) a t
e n t r y  (w ith  b o th  t o t a l  s k in fo ld s  and W/H in c lu d e d )
shows th a t  f o r  males when age, o b se rve r v a r i a b i l i t y ,
a lc o h o l consum p tion  and smoking a re  ta ken  in t o  a c c o u n t,

2b o th  t o t a l  s k in fo ld s  and W/H have an in dependen t
r e la t i o n  w ith  SBP (p<0*01 f o r  b o th ) .  The m u l t ip le
re g re s s io n  a n a ly s is  was re pea te d  w ith  th e  fo u r  
i n d iv id u a l  s k in f o ld s .  Of th e  in d iv id u a l  s k in f o ld s ,  the  
s u p r a i l ia c  s k in f o ld  is  most c lo s e ly  (p<0*001) r e la te d  to  
b lo o d  p re s s u re  fo llo w e d  by th e  fo re a rm  s k in fo ld  
(p < 0 *0 1 )*  Amongst fe m a le s , the  su b s ca p u la r s k in f o ld  is  
m ost c lo s e ly  r e la te d  to  s y s t o l i c  b lo od  p re s s u re  
(p < 0 *0 01 )* T r ic e p s  s k in fo ld  th ic k n e s s  is  n o t
s i g n i f i c a n t l y  a s s o c ia te d  w ith  s y s t o l i c  p re s s u re  in  
fem a le s  when th e  o th e r  s k in f o ld  measurements a re  taken  
i n t o  a c c o u n t. In  males th e  r e la t io n  is  o f  b o rd e r l in e  
s ig n i f ic a n c e  b u t in  th e  o p p o s ite  d i r e c t io n  to  th a t  
a n t ic ip a te d *  (For summary o f a s s o c ia t io n s  between  
c a rd io v a s c u la r  r i s k  fa c to r s  and in d iv id u a l  s k in fo ld s  see 
T ab le s  27 and 2 8 ) .

In  th e  case o f  d a ta  a t  the  re -e x a m in a t io n  where arm
c irc u m fe re n c e  was a ls o  measured i t  was found th a t  when 

2W/H was ta ken  in to  a c c o u n t, arm c irc u m fe re n c e  had a
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Table 15

Mean serum cholesterol mmo]/L (SD) by age
related quartiles of W/H2 (males)

Age 1 2 3 4 Total
N 72 71 72 69 284

<30 M 4-8 5-0 5-3 5.5 5-1
SD 1.0 1-0 1-0 1.1 1-0
N 67 63 66 64 260

30-39 M 5-1 5-6 5-8 5-9 5.6
SD 1-0 0-9 1-0 1-0 1-0
N 140 140 133 138 551

40-49 M 5-8 5.9 6.3 6-2 6-1
SD 1-0 1-0 1.3 1-2 1-1
N 164 166 170 159 659

50-59 M 6-1 6-3 6.2 6-3 6.2
SD 1-1 1-2 1-1 1.2 1-1
N 57 60 61 61 239

60-69 M 5-9 6-2 6-3 6-4 6-2
SD 1-0 1-0 1.3 1.2 1-1
N 500 500 502 491 1993

Total M 5-7 5.9 6.0 6-1 5-9
SD 1-1 1.1 1-2 1-2 1-2
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Mean serum cholesterol mmcO/L (SD) by age
orelated quartHes of W/H (females)

Table 16

Age 1 2 3 4 Total
N 23 26 26 25 100

<30 M 5.1 4.9 5.4 5.5 5.3
SD 0.8 1.0 1.3 1.0 1.1
N 21 20 20 19 80

30-39 M 5.5 5.5 5.6 5.3 5.5
SD 1.5 0.8 1.0 1.0 1.1
N 61 59 54 56 230

40-49 M 5.7 5.8 6.1 6.4 6.0
SD 0.9 0.9 1.1 1.1 1.0
N 79 77 78 74 308

50-59 M 6.6 6.8 6.9 7.1 6.8
SD 1.0 1.1 1.1 1.5 1.2
N 6 8 8 7 29

60-69 M 6.7 6.6 8.2 7.6 7.3
SD 1.0 0.7 3.5 1.7 2.1
N 190 190 186 181 747

Total M 6.0 6.1 6.4 6.5 6.2
SD 1.1 1.2 1.5 1.4 1.3
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s l i g h t  in d ependen t r e la t io n s h ip  w ith  b lood  p re s su re  in
e i t h e r  sex (p<0 -0 5 ) .  S y s to l ic  b lood  p re s su re  rose by a
mean o f 0 .7  mm Hg pe r c e n t im e tre  in c re a se  in  arm c irc u m -

2fe re n c e  when s k in fo ld  th ic k n e s s  and W/H were ta ken  in t o  
2a c c o u n t. W/H was s i g n i f i c a n t l y  r e la te d  to  SBP a t

f o l lo w  up (P < 0 .0 0 1 ). The re g re s s io n  c o e f f i c ie n t  was 1 .7  
- 2mm Hg/Kgm (SE = 0 .18 ) f o r  bo th  sexes com bined.

However when t o t a l  s k in f o ld  th ic k n e s s  and arm c irc um ­
fe re n c e  were bo th  in c lu d e d  in  th e  m u l t ip le  re g re s s io n  
a n a ly s is ,  th e  r e la t io n s h ip  between W/H and b lood  
p re s s u re  was no lo n g e r s i g n i f i c a n t .  Arm c irc u m fe re n ce  
and t o t a l  s k in f o ld  th ic k n e s s  made s im i la r  c o n t r ib u t io n s  
to  th e  v a r ia n c e  o f  s y s t o l i c  b lo od  p re s s u re  in  t h is  
a n a ly s is ,  (s ta n d a rd  re g re s s io n  c o e f f i c ie n t  f o r  b o th  =
0 .0 9 ) .  S in ce  118 in d iv id u a ls  were known to  have 
h y p e r te n s io n  a t e n t r y  and in  most in s ta n c e s  were  
r e c e iv in g  t re a tm e n t f o r  ra is e d  b lo o d  p re s s u re  t h is  may 
have r e s u l te d  in  a s l i g h t  u n d e re s tim a te  o f the
a s s o c ia t io n  between o b e s ity  and b lo od  p re s s u re  ( f o r  
d e t a i l s  see l a t e r ) .

O b e s ity  and L ip id s

Amongst bo th  males and fem a le s  th e re  is  a
c o n s is te n t  r e la t io n  between serum c h o le s te r o l on th e  one 
hand and o b e s ity  on th e  o th e r .  (T ab le s  15 and 16) In  
m ales th e  r e la t io n  w ith  o b e s ity  appears somewhat more
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marked in  those  aged under 40 compared w ith  those  aged
40 and o v e r , m u l t ip le  re g re s s io n  a n a ly s is  w ith  an

2in t e r a c t io n  te rm  in c lu d e d  f o r  W/H and age dem ons tra ted
t h a t  t h is  tendency is  s t a t i s t i c a l l y  s ig n i f i c a n t
(p < 0 .0 0 1 ) . In  a d d i t io n  to  the  h ig h ly  s ig n i f i c a n t

2a s s o c ia t io n  between W/H and c h o le s te r o l (p < 0 .0 0 1 ), m
m ales o n ly  th e re  is  a s t a t i s t i c a l l y  s i g n i f i c a n t  (p<0 .01 )

2 2in d e p enden t a s s o c ia t io n  o f c h o le s te r o l w ith  (W/H ) when 
2W/H was ta ken  in t o  a c c o u n t. T h is  r e s u lte d  in  the

2r e g re s s io n  l in e s  o f c h o le s te r o l on W/H f o r  d i f f e r e n t
age g roups be ing  somewhat convex fo r  males ( f ig u r e  5) .
Mean serum c h o le s te r o l appears h ig h e r in  fem a les than
m ales ove r age 50. There is  a pronounced tendency
amongst fem a les  fo r  serum c h o le s te r o l to  be h ig h e r  in
th e  o ld e r  age g roups and t h is  is  a ppa ren t a t  a l l  le v e ls
o f  o b e s i t y .  In  th e  case o f males mean c h o le s te r o l
le v e ls  seem to  f l a t t e n  o f f  above age 4 0 -4 9 . A s im i la r
a s s o c ia t io n  was obse rved  w ith  t o t a l  s k in fo ld s  and to

2a v o id  r e p e t i t i o n  o n ly  ta b u la t io n s  show ing W/H a re  
d is p la y e d .  M u l t ip le  re g re s s io n  a n a ly s is  o f  serum  
c h o le s te r o l  co n firm e d  th a t  in  bo th  sexes combined ( th e re  
b e in g  no s ig n i f i c a n t  d i f f e r e n c e  between the  sexes in  the  
r e la t io n )  t o t a l  s k in fo ld s  a re  r e la te d  to  serum
c h o le s te r o l  (P<0.0001) . However th e  a s s o c ia t io n  was no 
lo n g e r  s i g n i f i c a n t  when W/H was ta ken  in t o  a c c o u n t.  
The a s s o c ia t io n  between c h o le s te r o l and in d iv id u a l  
s k in f o ld s  was a ls o  exam ined u s in g  m u l t ip le  re g re s s io n
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Mean serum triglycerides mmo]/L (SD) by age
2related quartiles of W/H (males)

Table 17

Age 1 2 3 4 Total
N 72 69 73 69 283

<30 M 1-0 1-0 1-4 1-7 1.3
SD 0-4 0-5 1-0 1-0 0-8
N 67 62 67 63 259

30-39 M 1-1 1-3 1-7 2-1 1-5
SD 0-5 0-7 0-9 1.3 1-0
N 134 142 136 138 550

40-49 M 1-4 1.7 2-2 2.2 1.9
SD 0-8 1-0 1.5 1-2 1-2
N 165 164 166 157 652

50-59 M 1-4 1-8 1-9 2.0 1.8
SD 0-8 1.0 1-0 1-2 1-0
N 56 61 58 61 236

60-69 M 1.5 1-7 1-7 2-4 1-8
SD 0-9 0-9 0.8 1-4 1-1
N 494 498 500 488 1980

Total M 1.3 1-6 1.8 2-1 1.7
SD 0-8 0-9 1.1 1-2 1-1
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Mean serum triglycerides mmol/L (SD) by age
2related quartiles of W/H (females)

Table 18

Age 1 2 3 4 Total
N 23 26 27 25 101

<30 M 1.0 1.0 1.0 1.0 1.0
SD 1.0 0.5 0.5 0.4 0.6
N 21 20 21 19 81

30-39 M 1.0 0.9 1.1 1.4 1.1
SD 0.5 0.4 0.5 0.6 0.5
N 61 57 53 56 227

40-49 M 1.1 1.0 1.1 1.4 1.1
SD 0.6 0.4 0.5 0.7 0.6
N 76 77 79 72 304

50-59 M 1.1 1.4 1.3 1.7 1.4
SD 0.5 0.8 0.6 0.8 0.7
N 6 8 8 7 29

60-69 M 1.1 1.3 2.7 1.5 1.7
SD 0.9 0.8 1.8 0.8 1.3
N 187 188 188 179 742

Total M 1.1 1.2 1.3 1.4 1.2
SD 0.6 0.6 0.7 0.7 0.7
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a n a ly s is -  S ubscapu la r (p<0 .001) and fo re a rm  (p<0 .01 ) 
s k in f o ld  th ic k n e s s  a re  in d e p e n d e n tly  a s s o c ia te d  w ith  
serum c h o le s te r o l in  males b u t the  a s s o c ia t io n  f e l l  to  
b o r d e r l in e  s t a t i s t i c a l  s ig n i f ic a n c e  when W/H was taken  
i n t o  a c c o u n t. In  th e  case o f  fe m a le s , s u p r a i l ia c  
s k in f o ld  (p<0 .001 ) is  th e  o n ly  in d iv id u a l  s k in fo ld  
r e la te d  s i g n i f i c a n t l y  to  serum c h o le s te r o l and t h is  
a s s o c ia t io n  is  no lo n g e r s t a t i s t i c a l l y  s ig n i f i c a n t  when 
W/H is  ta ke n  in to  a ccoun t (see a ls o  ta b le s  27 and 2 8 ) .  
I n  the  case o f  t r i g ly c e r id e s  (T ab le s  17 and 18) males  
have a c o n s id e ra b ly  h ig h e r mean le v e l than  fem a les  
o v e r a l l  and t h is  is  c o n s is te n t  in  a l l  age g ro u p s . The 
d i f f e r e n c e  between th e  le a n e s t and h e a v ie s t  q u a r t i le s  in  
mean t r ig ly c e r id e s  is  c o n s id e ra b ly  le s s  in  fem a les than  
m a le s . There is  a g e n e ra l ly  c o n s is te n t  tre n d  tow a rds  
h ig h e r  mean t r i g ly c e r id e s  w ith  in c re a s in g  age in  fem a les  
b u t no f u r t h e r  r is e  w ith  age o ccu rs  in  males beyond the  
40-49 age g ro u p .

O b e s ity  and h a e m o s ta tic  v a r ia b le s

The r e la t io n s  between o b e s ity  and fa c to r s  V , V I I  , 
V I I I ^ , f ib r in o g e n ,  a n t ith ro m b in  I I I  ( c lo t t i n g  and 
im m u n o lo g ic a l)  and f i b r i n o l y t i c  a c t i v i t y  were exam ined. 
S ig n i f i c a n t  r e la t io n s h ip s  ( a l l  p<0 .001 ) were found in  
th e  case o f  fa c to r s  V and V I I c , f ib r in o g e n  and 
f i b r i n o l y t i c  a c t i v i t y  f o r  bo th  sexes com bined . In  the
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Table 19

Factor V% and V I / (Males)
(Quartiles)

Age
N

<30 M
SD
N

30-39 M
SD
N

40-49 M
SD
N

50-59 M
SD
N

60-69 M
SD
N

Total M
SD

1 2
74 72

108.2 110.3
28.2 27.3
66 66

118.3 119.8
28.0 31.0

141 145
116.2 120.8
22.9 28.0

164 167
126.8 126.7
29.6 29.8
62 61

123.4 127.5
28.4 29.6

507 511
119.6 121.9
27.9 29.5

3 4
73 69

110.4 112.6
22.7 27.6
69 65

111.0 122.2
27.1 27.8

138 139
129.4 123.7
28.6 27.5

168 165
122.2 127.3
22.5 28.4
59 61

132.1 129.6
28.1 29.2

507 499
122.0 123.9
26.7 28.4

Total
288

110.3
26.4
266
117.7
28.7

563
122.5
27.2

664
125.7
27.7

243
128.1
28.8

2024
121.9
28.2
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TahLe 20

Factor V% and W/H^ (females)
(Quartiles)

Age 1 2 3 4
N 27 24 25 24

<30 M 105.9 101.2 105.4 116.7
SD 28.2 19.0 19.6 25.2
N 19 19 19 20

30-39 M 119.8 132.9 126.9 127.4
SD 39.6 58.7 24.3 25.6
N 59 56 57 52

40-49 M 117.7 118.7 124.1 133.6
SD 25.9 24.6 25.6 26.4
N 80 81 83 78

50-59 M 123.3 129.8 120.2 128.2
SD 25.8 23.6 25.7 35.3
N 6 8 8 6

60-69 M 113.4 120.0 150.6 139.0
SD 28.0 17.4 34.4 13.6
N 191 188 192 180

Total M 118.5 122.7 121.3 128.5
SD 28.1 30.0 26.4 30.4

Total
100
107.2
23.8
77

126.8
38.9

224
123.3 
26.2

322
125.3
28.0
28

131.4 
28.2

751
122.7
28.9
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TahLe 21

Factor VH % and W/H2 (males)
C(Quar tiles)

Age 1 2 3 4
N 73 71 70 69

<30 M 89.3 92.9 96.7 98.9
SD 21.8 23.6 23.0 22.1
N 67 66 69 64

30-39 M 91.6 98.1 106.4 115.4
SD 19.8 26.8 25.7 30.1
N 140 145 138 137

40-49 M 102.8 109.4 112.0 113.8
SD 24.5 25.8 26.5 27.1
N 164 168 168 163

50-59 M 108.2 110.0 114.2 115.2
SD 21.9 26.6 26.3 26.8
N 63 62 59 61

60-69 M 104.5 118.6 113.1 123.9
SD 21.7 30.8 27.8 36.4
N 507 512 504 494

Total M 101.4 106.9 109.9 113.6
SD 23.3 27.5 26.6 28.8

Total
283
94.4
22.8

266
102.8
27.1
560

109.5
26.2
663

111.9 
25.6
245

114.9
30.3

2017
107.9
27.0
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2
Table 22

Factor VIE % and W/H (females)
(Quartiles)

Age 1 2 3 4
N 27 24 25 24

<30 M 103-4 96.5 102.7 101.5
SD 34.4 35.2 38.4 36.2
N 20 19 19 21

30-39 M 102.0 102.4 108.1 107.1
SD 26.2 26.6 26.6 22.0
N 59 56 57 52

40-49 M 105.8 107.3 109.2 122.2
SD 25.5 22.8 26.3 28.9
N 79 81 83 77

50-59 M 114.4 126.5 119.6 134.9
SD 24.1 31.3 32.3 29.5
N 6 8 8 6

60-69 M 111.6 120.2 126.5 131.6
SD 29.1 22.9 16.8 31.9
N 191 188 192 180

Total M 108.8 114.3 113.4 123.5
SD 26.8 30.8 31.0 31.8

Total
100
101-1
35.6
79

104.9 
25.0

224
110.9
26.5

320
123.7
30.4
28

122.6
24.6

751
114.9
30.5
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case o f  f a c to r s  V and V I I c the  r e s u l t s  a re  shown by age
and sex in  T ab le s  1 9 -2 2 . Both fa c to r s  V and V ll^ s h o w
r is e s  w ith  age and o b e s ity  in  males and fe m a le s . The
r e la t io n s h ip  between f a c to r  V I I C and o b e s ity  seems
somewhat s tro n g e r  than  th a t  fo r  fa c to r  V and o b e s ity
e s p e c ia l ly  in  m a le s . In  th e  case o f f a c to r  V I I c in
m ales th e re  is  a s i g n i f i c a n t  in t e r a c t io n  between age and
o b e s i t y  in  th e  m u l t ip le  re g re s s io n  a n a ly s is  in d ic a t in g
t h a t  th e  a s s o c ia t io n  w ith  o b e s ity  is  s tro n g e r  a t younger
ages (p < 0 .0 2 ) . In  a d d i t io n  th e re  is  a somewhat convex

2re g re s s io n  l i n e  o f  fa c to r  V I I c on W/H , j u s t  as w ith
serum c h o le s te r o l ,  because o f a q u a d ra t ic  r e la t io n s h ip
(p<0 .05 ) between f a c to r  V I I C and W/H^ ( i . e .  w ith
(W /H ^ )^ , f ig u r e  6 . In  th e  case o f fa c to r  V I I  in  males
th e re  is  a ls o  an in dependen t a s s o c ia t io n  w ith  t o t a l

2s k m fo ld s  (p<0 .01 ) when W/H is  ta ken  in to  a c c o u n t- In  
v ie w  o f th e  s im i l a r i t y  between c h o le s te r o l and fa c to r  
V I I  in  t h e i r  a s s o c ia t io n  w ith  o b e s i t y ,  m u l t ip le

v

re g re s s io n  a n a ly s is  was pe rfo rm ed  w ith  f a c t o r  V I I c as
th e  dependent v a r ia b le  and c h o le s te r o l ,  t r i g l y c e r id e ,

2 2 W/H and those  v a r ia b le s  known to  a f f e c t  W/H as
in d e p e nden t v a r ia b le s .  T h is  showed th a t  the  independen t

2a s s o c ia t io n  o f  f a c to r  V I I C and W/H is  h ig h ly  
s i g n i f i c a n t  (p<0 .001 ) when a l l  th e  o th e r  v a r ia b le s  were 
ta ke n  in t o  a c c o u n t. Bo th  c h o le s te r o l and t r i g l y c e r id e  
a re  s i g n i f i c a n t l y  a s s o c ia te d  w ith  f a c to r  V I I c (p < 0 .0 0 1 ).



TahLe 23
2

Fibrinogen (mg/cU) and W/H (males)
(Quar tiles)

Age 1 2 3 4 Total

N 72 72 71 69 284
<30 M 234.3 245.4 249.9 259.1 247.0

SD 48.6 52.5 55.3 61.4 55.0

N 68 66 70 66 270
30-39 M 250.2 258.1 269.5 274.3 263.0

SD 52.4 55.4 60.8 54.7 56.5

N 141 145 137 134 557
40-49 M 279.7 286.3 287.7 301.7 288.7

SD 55.8 55.9 53.2 75.9 61.1

N 161 169 167 166 663
50-59 M 315.3 313.6 311.3 317.6 314.4

SD 75.7 70.2 65.1 58.8 67.6

N 63 62 59 62 246
60-69 M 313.6 321.1 320.9 314.5 317.5

SD 54.5 75.0 65.7 51.9 62.1

N 505 514 504 497 2020
Total M 285.0 290.4 291.6 299.0 291.5

SD 68.6 68.4 64.3 66.2 67.1
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Age

<30

30-39

40-49

50-59

60-69

Total

Table 24

Fibrinogen (mg/cQ) and W/H (females)
(Quar tiles)

1 2 3 4 Total

N 27 26 26 24 103
M 264-0 270-5 258-9 283-1 268.8
SD 52-6 63-0 78-9 97-5 73.7

N 19 19 19 21 78
M 276-4 280-7 288-7 319.3 292.0
SD 66-3 63-7 62-4 74.5 68-0

N 61 58 56 53 228
M 266-8 284-6 292-4 316-1 289-1
SD 51-2 46-8 66-3 56 7 57-9

N 78 82 84 76 320
M 303-9 323-9 326-9 329-1 321-0
SD 54.8 61-0 58-5 46-8 56-3

N 6 8 8 6 28
M 346-0 326-6 351-0 368.7 346-7
SD 73-6 30-2 56.6 74-2 57.6

N 191 193 193 180 757
M 285-0 300-7 305-0 319-3 302-3
SD 58-5 60-4 68-5 64-4 64-1
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Table 25
2

Fibrinolytic activity and W/H (males)
(Quartiles)

Age 1 2

N 72 73
<30 M 41.0 39.2

SD 14.0 23.0

N 70 68
30-39 M 37.4 35.5

SD 15.1 15.7

N 138 140
40-49 M 33.7 30.1

SD 16.4 15.9

N 166 165
50-59 M 33.2 28.1

SD 17.5 16.7

N 60 61
60-69 M 30.6 34.4

SD 14.9 23.3

N 506 507
Total M 34.7 32.0

SD 16.3 18.6

3 4 Total

74 72 291
36.5 28.4 36.3
16.3 14.7 17.9

69 67 274
28.2 24.3 31.4
15.9 15.9 16.5

136 138 552
24.8 23.4 28.0
15.8 15.3 16.3

164 163 658
25.1 22.4 27.2
14.0 15.4 16.4

60 59 240
26.6 24.2 29.0
14.1 17.2 18.1

503 499 2015
27.3 24.0 29.5
15.6 15.6 17.1
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Table 26

Fibrinolytic activity and W/H (females)
(Quartiles)

Age 1 2 3 4

N 29 26 26 24
<30 M 38.4 37.0 36.9 34.0

SD 11.7 12.7 14.8 15.3

N 21 21 22 21
30-39 M 42.8 29.5 35.6 29.7

SD 19.3 16.2 21.3 13.0

N 62 59 60 56
40-49 M 34.0 37.3 31.1 30.4

SD 12.3 17.6 16.4 16.3

N 82 82 86 81
50-59 M 35.2 34.4 27.5 24.4

SD 17.7 15.9 12.2 15.1

N 6 8 8 6
60-69 M 39.9 26.7 31.3 21.5

SD 22.9 10.9 21.0 9.6

N 200 196 202 188
Total M 36.2 34.7 30.8 27.9

SD 15.9 16.0 15.6 15.4

Total

105
36.7
13.5

85
34.4
18.3

237
33.2
15.8

331
30.3
15.9

28
29.7
17.3

786
32.5 
16.0
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The s ta n d a rd  re g re s s io n  c o e f f i c ie n t  f o r  c h o le s te r o l is
0 .153  and f o r  t r i g ly c e r id e s  0 .2 0 9 . The r e la t io n s h ip
between in d iv id u a l  s k in fo ld s  and fa c to r  V I I  was examined
u s in g  m u l t ip le  re g re s s io n  a na ly se s  in c lu d in g  a l l
in d iv id u a l  s k in fo ld s  (see T ab le s  27 and 28 fo r  summary
o f  a s s o c ia t io n  between in d iv id u a l  s k in fo ld s  and
c a rd io v a s c u la r  r i s k  fa c to r s )  . S ubscapu la r and fo re a rm
s k in f o ld s  a re  a s s o c ia te d  w ith  ' f a c to r  V I I  in  males
(PC0.001 and p < 0 .0 5 , r e s p e c t iv e ly )  b u t the  a s s o c ia t io n
o n ly  rem a ins s ig n i f i c a n t  (P<0.02 ) f o r  su b scapu la r

2s k in f o ld  when W/H is  ta ken  in t o  a c c o u n t. In  th e  case
o f  fem a le s  s u p r a i l ia c  and su b sca p u la r s k in fo ld s  are
a s s o c ia te d  a t  a b o r d e r l in e  le v e l  o f  s ig n i f ic a n c e
(p< 0 .0 5 ) w ith  f a c to r  V I I  b u t these  a s s o c ia t io n s  a re  no

2lo n g e r  p re s e n t when W/H is  ta ken  in t o  a c c o u n t.

In  th e  case o f p lasma f ib r in o g e n  in  m a le s , the  
r e la t i o n  w ith  o b e s ity  is  o n ly  a p p a re n t in  those  under 50 
(T ab le  23.) , in  fem a le s  i t  is  p re s e n t a t a l l  ages (Tab le  
24) . P lasma f ib r in o g e n  r is e s  s t e a d i ly  w ith  age in  bo th  
se xe s .

F i b r i n o l y t i c  a c t i v i t y  is  in v e r s e ly  r e la te d  to  bo th  
2age and W/H in  b o th  sexes (T ab le s  25 and 26) . There

was no a s s o c ia t io n  between th e  d i f fe r e n c e  in
f i b r i n o l y t i c  a c i t i v i t y  between th e  p re  and p o s t e x e rc is e

2b lo o d  samples and W/H .



regression analysis including a ll four skinfolds (Males)
2

Table 27 Individual skinfolds and cardiovascular risk factors with and without W/H in stepwise multiple

Skinfolds

SBP Forearm

Suprailiac

C holesterol Forear m

Subscapular

Factor VH Forearm

Subscapular

without W/H2 
with W/H2
without W/H2 
with W/H2

without W/H2 
with W/H2
without W/H2 
with W/H2

without W/H2 
with W/H2
without W/H2 
with W/H2

2W/H not significantly 
associated when 
skinfolds included

Regression (95% C.L.) 
coefficient 
%/mm skinfold

Standard Reg Coefficient 
(in S.D. units per S.D. 

change in skinfold)
P

value

5.1 ( 1.8- 8.3) 0.074 <0.01
4.0 ( 0.6- 7.4) 0.060 <0.05
2.0 ( 1.0- 3.1) 0.090 <0.001
1.4 ( 0.2- 2.6) 0.063 <0.05

7.6 ( 2.5-12.7) 0.082 <0.01
5.5 ( 0.4-10.6) 0.060 <0.05
4.1 ( 2.4- 5.7) 0.132 <0.001
2.2 ( 0.2- 3.9) 0.70 <0.05

6.7 ( 0.7-12.7) 0.058 <0.05
4.5 (-2.0-11.0) 0.039 n.s.
4.5 ( 2.3- 6.7) 0.115 <0.001
3.0 ( 0.6- 5.4) 0.060 <0.02

3.7 ( 1.0- 5.2) 0.107 <0.01Fibrinogen Suprailiac



regression analysis including aU four skinfolds (Females)
2

Table 28 Individual skinfolds and cardiovascular risk factors with and without W/H in stepwise multiple

Skinfolds Regression (95% C.L.) 
coefficient 

%/mm skinfold
Standard Reg Coefficient 
(in S.D. units per S.D. 

change in skinfold)
P

value

SBP Subscapular without W/H2 2.6 ( 1.4-3.8) 0.134 <0.001
with W/H2 1.0 (-0.8-2.8) 0.051 n.s.

Cholesterol Suprailiac without W/H2 3.7 ( 2.0—5-3) 0.142 <0.001
with W/H2 1.3 (-1.6-4.1) 0.049 n.s.

Factor VH Subscapular without W/H2/W /H2 not 3.4 ( 0.2-6.7) 0.099 <0.05\significantly associated
when skinfolds included^

Suprailiac without W/H2 3.3 ( 0.1-6.5) 0.099 <0.05

Fibrinogen Subscapular without W/H2 4.4 ( 2.6-6.4) 0.162 <0.001
with W/H2 1.5 (-1.3-4.3) 0.055 n.s.
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A s s o c ia t io n  o f  in d iv id u a l  s k in fo ld s  and c a rd io v a s c u la r  
r i s k  f a c to r s

The a s s o c ia t io n  o f th e  fo u r  c a rd io v a s c u la r  r i s k  
f a c t o r s  (SBP, c h o le s te r o l ,  f a c to r  V I I  and f ib r in o g e n )  
w ith  f a t  d i s t r i b u t i o n  as measured by th e  in d iv id u a l  
s k in f o ld s  has been b r i e f l y  o u t l in e d  in  th e  p re ceed in g  
s e c t io n s .  The r e s u l t s  a re  summarized in  T ab le s  27 and 
28 f o r  males and fem a le s  r e s p e c t iv e ly .  M u l t ip le  
re g re s s io n  a n a ly s is  was unde rta ken  in c lu d in g  a l l  fo u r  
s k in f o ld s  s e p a ra te ly  b o th  w ith  and w ith o u t  th e  in c lu s io n  
o f  W/H . The v a lu e s  g iv e n  in  th e  ta b le  a re  fo r  those  
s k in f o ld s  found  to  be s i g n i f i c a n t l y  a s s o c ia te d  w ith  the  
r i s k  fa c to r s  when a l l  s k in fo ld s  were in c lu d e d  in  the  
re g re s s io n  a n a ly s is .  In  th e  case o f  m a les , b o th  fo re a rm
and s u p r a i l ia c  s k in fo ld s a re in d e p e n d e n tly a s s o c ia te d
w ith SBP, c h o le s te r o l and fa c to r  V I I .  The a s s o c ia t io n
is somewhat s t ro n g e r w ith s u p r a i l ia c (SBP) or
su b s ca p u la r ( c h o le s te r o l and fa c to r  V I I ) than  w ith
fo re a rm  s k in fo ld  th ic k n e s s . A fu r t h e r s e r ie s  o f
m u l t ip le  re g re s s io n  a na ly se s  were pe rfo rm ed  in c lu d in g  an 
in t e r a c t io n  te rm  fo r  age and s k in f o ld  th ic k n e s s  to  
d e te rm in e  w he the r th e  a s s o c ia t io n  was s tro n g e r  a t  
d i f f e r e n t  ages. These re v e a le d  a s i g n i f i c a n t  (p<0 .01 )  
in t e r a c t io n  f o r  age and fo re a rm  s k in fo ld  th ic k n e s s  in  
th e  case o f serum c h o le s te r o l ,  in d ic a t in g  th a t  the  
r e la t i o n  between fo re a rm  s k in fo ld  th ic k n e s s  and 
c h o le s te r o l was s tro n g e r  in  younger m a le s . There is  no
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such r e la t io n s h ip  f o r  f a c to r  V I I  o r SBP. In  th e  case o f
p lasm a f ib r in o g e n  in  males s u p r a i l ia c  s k in fo ld  th ic k n e s s
is  th e  o n ly  one o f th e  fo u r  s k in fo ld s  in d e p e n d e n tly
a s s o c ia te d . Amongst fem a les  o n ly  th e  c e n t r a l s k in f o ld s ,
s u p r a i l i a c  a n d /o r s u b s c a p u la r , a re  in d e p e n d e n tly
a s s o c ia te d  w ith  th e  fo u r  r i s k  f a c t o r s .  The in c lu s io n  o f  

2W/H reduces and in  some cases a b o lis h e s  the  a s s o c ia t io n
w ith  th e  s k in fo ld s  in  b o th  sexes fo r  most o f th e  r i s k
f a c t o r s  w ith  th e  e x c e p t io n  o f  p lasma f ib r in o g e n  in  males
and f a c to r  V I I  in  fe m a le s . In  these  two cases the
s u p r a i l ia c  and su b sca p u la r s k in fo ld  r e s p e c t iv e ly  e x p la in

2more o f th e  v a r ia n c e  than  W/H w h ich  is  th e re fo re  n o t 
in c lu d e d  in  th e  m u l t ip le  r e g re s s io n .

In  o rd e r to  d e te rm in e  w he the r the  la c k  o f  an 
in d e p e n den t a s s o c ia t io n  o f  p e r ip h e r a l s k in fo ld s  w ith  
c a rd io v a s c u la r  r i s k  f a c to r s  in  women is  due to  a c lo s e r  
i n t e r c o r r e la t i o n  between p e r ip h e r a l and c e n t r a l  
s k in f o ld s  in  fem a les  th an  in  males th e  in t e r c o r r e la t io n s  
between the  in d iv id u a l  s k in fo ld s  were exam ined . The 
s t r e n g th  o f th e  a s s o c ia t io n s  a re  q u ite  s im i la r  in  bo th  
m ales and fem a les and range from  a c o r r e la t io n  
c o e f f i c ie n t  o f 0 .54 f o r  t r ic e p s  and su b sca p u la r s k in f o ld  
in  males to  0 .62  in  th e  case o f fo re a rm  and su b s ca p u la r  
s k in f o ld  a ls o  in  m a le s .
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Table 29

Cross-sectional relationships with age and obesity
in NPHS

Wt/Ht^(% per kgm^) Age(% per year)

VIE

VUE

Fibrinogen

Cholesterol

Systolic BP

Male 1.41 ( 1.05, 1.78) 0.40 (0.31, 0.49)

Female 1.15 ( 0.64, 1.66) 0.67 (0.42, 0.92)

Male 0.34 (-0.16, 0.86) 0.59 (0.45, 0.73)

Female 0.20 (-0.58, 0.99) 0.79 (0.52, 1.07)

Male 0.69 ( 0.38, 1.00) 0.67 (0.59, 0.75)

Female 1.12 ( 0.70, 1.55) 0.30 (0.11, 0.49)

Male 1.22 ( 0.94, 1.50) 0.40 (0.33, 0.48)

Female 1.06 ( 0.70, 1.43) 0.63 (0.47, 0.80)

Male 0.67 ( 0.48, 0.85) 0.40 (0.36, 0.45)

Female o t ( 0.38, 0.91) 0.53 (0.44, 0.62)

Regression coefficients (95% C3) for 2100 men and 800 women.



1 1 0

o b e s i ty  in  th e  c ro s s  s e c t io n a l d a ta
The re g re s s io n  c o e f f i c ie n t s  and 95% co n fid e n ce

in t e r v a ls  f o r  th e  a s s o c ia t io n  o f f a c to r  V I I ,  f ib r in o g e n ,
2c h o le s te r o l and s y s t o l i c  b lo o d  p re s s u re  w ith  W/H and

age a re  shown in  T ab le  29. F a c to r V I I I  is  in c lu d e d  fo r
2com pa rison  a lth o u g h  no s i g n i f i c a n t  a s s o c ia t io n  w ith  W/H

is  p re s e n t .  The changes a re  exp ressed  as % changes in
2th e  v a r ia b le  concerned pe r u n i t  change in  W/H ( i . e .  per 

- 2kg m ) .  T h is  means, f o r  exam p le , th a t  fo r  a male w ith
2a fa c to r  V I I  le v e l  o f  100% an in c re a s e  o f 1 u n i t  in  W/H

(e q u iv a le n t  to  around 3kg f o r  an average s iz e  male)
w ou ld  r e s u l t  in  a 1.4% in c re a s e  in  f a c to r  V I I  le v e l  on
a ve ra g e . S im i la r ly  f o r  a fem a le  w ith  a s y s t o l i c  b lo od

2p re s s u re  o f  140 mm Hg a 1 u n i t  in c re a s e  in  W/H wou ld  
r e s u l t  in  an ave rage in c re a s e  in  s y s t o l i c  b lo od  p re s s u re  
o f  0.64% i . e .  a p p ro x im a te ly  0 .9  mm Hg. The re g re s s io n  
c o e f f i c ie n t  f o r  th e  e f f e c t  o f age on serum c h o le s te r o l  
in  males is  a c o n s id e ra b le  u n d e re s tim a te  o f th e  t ru e  
r e la t i o n  in  th e  younger males because serum c h o le s te r o l  
f l a t t e n s  o f f  o ve r age f o r t y  and th e  a s s o c ia t io n  between  
age and serum c h o le s te r o l is  th e re fo re  m a rked ly  non 
l i n e a r .  S im i la r ly  f o r  f a c to r  V I I  in  males th e  r is e  w ith  
age f la t t e n s  o f f  m a rked ly  ove r age 40 and the  re g re s s io n  
c o e f f i c ie n t  in  th e  ta b le  is  th e r e fo r e  an u n d e re s tim a te
o f  th e  re g re s s io n  c o e f f i c ie n t  a t  ages under 40. In

2o rd e r  to  compare th e  r e la t i v e  e f f e c t  o f  changes o f W/H

Overall relation of cardiovascular risk factors to



I l l
Table 30

Standard regression coefficients 
(Change in dependent variable in SD units per SD 

change in independent variable)

VH

vm

Fibrinogen

Cholesterol

Systolic BP

W/H2 Age

Male 0.171 0.195

Female 0.151 0.276

Male 0.026 0.175

Female 0.018 0.212

Male 0.091 0.349

Female 0.186 0.158

Male 0.185 0.245

Female 0.184 0.336

Male 0.136 0.329

Female 0.150 0.376
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on th e  le v e ls  o f  th e se  v a r ia b le s ,  s ta n d a rd is e d
re g re s s io n  c o e f f i c ie n t s  were a ls o  c a lc u la te d  (Tab le  3 0 ) .
These show ra th e r  s im i la r  r e s u l t s  to  the  p re v io u s

2re g re s s io n  a n a ly s is  e xcep t th a t  th e  e f f e c t  o f  W/H. on
s y s t o l i c  b lo od  p re s s u re  in  com parison  to  i t s  e f f e c t  on 
th e  o th e r  v a r ia b le s  was shown to  be ra th e r  g re a te r  than  
u s in g  % changes. T h is  is  because th e  v a r ia n c e  o f  
s y s t o l i c  b lo o d  p re s s u re  somewhat low e r th an  th e  o th e r  
v a r ia b le s .  The in c lu s io n  o f  the  o c c u p a t io n a l g roups in  
m u l t ip le  re g re s s io n  a n a ly s is  does n o t m a t e r ia l l y  e f f e c t  
th e  r e la t io n  o f  o b e s ity  w ith  th e  c a rd io v a s c u la r  r is k  
f a c t o r s .

A s s o c ia t io n  o f  o b e s ity  w ith  v a s c u la r  d is e a se  d e te c te d  a t  
th e  e n t r y  e x a m in a t io n .

A t th e  e n t r y  e xa m in a tio n  118 in d iv id u a ls  were no ted  
t o  have p r e v io u s ly  d iagnosed  h y p e r te n s io n , th e  m a jo r i t y  
o f  th e se  were re c e iv in g  t re a tm e n t f o r  t h is  e i t h e r  from  
t h e i r  g e n e ra l p r a c t i t i o n e r  o r a h o s p i t a l .  In  a d d it io n  
th e re  were 25 cases o f in t e r m i t t e n t  c la u d ic a t io n  (19 
m a le s , 6 fem a le s ) 42 cases o f  ang ina  p e c to r is  (35 m a les , 
7 fe m a le s ) ,  17 p o s s ib le  (11 m a le s , 6 fem a le s ) cases o f  
m y o c a rd ia l i n f a r c t io n  and 42 d e f in i t e  cases (41 m a le s , 1
fe m a le ) . The c r i t e r i a  used fo r  d ia g n o s is  a re  g iv e n  in

2th e  methods s e c t io n .  The mean age a d ju s te d  W/H ( to  age 
40) and t o t a l  s k in f o ld  th ic k n e s s  in  those  who had no 
p re v io u s  v a s c u la r  e ven t and those  w ith  d i f f e r e n t  types



Table 31

W/H (age adjusted) and prevalence of 
vascular disease a t entry

2

Sex No event Hyperten­
sion

Def IC Def AP Poss MI Def MI Total

1920 87 19 35 11 41 2113
Male 24.647** 26.241** 25.313 25.042 24.877 25.152 24.716

2.891 3.062 3.343 3.058 1.457 2.397 2.907

791 31 6 7 6 1 842
Female 23.718 24.909 25.962 25.348 27.548 24.360 23.819

3.372 3.498 2.374 3.146 7.294 00.000 3.427

Total N 2711 118 25 42 17 42 2955
Mean 24.376 25.891 24.469 25.093 25.820 24.157 24.461
S.D. 3.068 3.221 3.105 3.036 4.437 2.368 3.090

** P<0.001
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Table 32

Total skinfoids (age adjusted) and prevalence of 
vascular disease a t entry

Sex No event Hyperten­
sion

Def IC Def AP Poss MI Def MI Total

Male
1917

42.094**
15.804

87
49.557**
17.163

19
46.863
15.755

35
45.097
18.822

11
40.429

9.576

41
41.671
11.535

2110
42.477
15.882

Female
787

54.172*
19.367

31
62.483*
22.010

6
68.610
18.186

7
65.706
29.357

6
66.594
29.908

1
42.935
00.000

838
54.755
19.727

Total N
Mean
S.D.

2704
45.609
17.783

118
52.953
19.323

25
52.082
18.572

42
48.532
21.916

17
49.664
22.426

42
41.701
11.395

2948
45.967
17.937

** P<0.001 
* P<0.05

114
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o f  v a s c u la r  d ise a se  a re  shown in  T ab le s  31 and 32. O n ly  
th e  h y p e r te n s iv e s  a re  s i g n i f i c a n t l y  more obese than  
th o se  w ith  no v a s c u la r  e v e n ts . The d i f f e r e n c e  is  
s l i g h l y  more amongst th e  males than  amongst the  fe m a le s .

Changes in  w e ig h t o ve r 6 yea r f o l lo w  up .
In  t o t a l  com p le te  d a ta  a re  a v a i la b le  on com puter 

(as o f  March 1984) on 1027 males and 416 fem a le s  who 
have been exam ined on ave rage around 6 ye a rs  a f t e r  
e n t r y .  In com p le te  d a ta  a re  a v a i la b le  on a f u r t h e r  87 
i n d iv id u a ls .  The response ra te  has been h ig h  amongst 
th o se  re que s te d  to  a t te n d  (o ve r 80%) bu t canno t be 
e x a c t ly  d e te rm ined  u n t i l  r e c a l l  f o r  the  fo l lo w  up exam 
has ceased wh ich  w i l l  be tow a rds  th e  end o f 1985. The 
r e s u l t s  p re se n te d  he re  f o r  th e  fo l lo w  up c o n s is t  o f  
w o rke rs  a t  th e  food  p ro c e s s in g  fa c to r y  and 
te le c o m m u n ic a tio n s  w o rke rs  who were r e c r u i te d  in t o  the  
s tu d y  b e fo re  th e  lo c a l governm ent s t a f f  and were 
th e r e fo r e  r e c a l le d  e a r l i e r .  There was some v a r i a b i l i t y  
in  th e  tim e  e lapsed  between i n i t i a l  exam and fo l lo w  up 
w h ich  ranged from  5 - 7 %  yea rs  in  95% o f  cases .

The mean in c re a se  in  w e ig h t ove r th e  (on ave rage ) 6 
ye a r f o l lo w  up was 1 .4  k i lo s  fo r  men and 1 .80  f o r  women 
b u t th e re  was a c o n s id e ra b le  range w ith  c o n s id e ra b le  
numbers g a in in g  more w e ig h t and o th e rs  lo s in g  w e ig h t .  
The o u t ly in g  va lu e s  were checked to  e xc lu de  the



116

Table 33
Changes in weight and population characteristics

o f NPHS
Men (n=1004) Women (n=397

Mean (kgs) 1.20 (0.13) 1.65 (0.23)
Gain in weight in kg 
per kg in itia l weight 0.046 (0.013) 0.13 (0.024) * ;
Age a t entry 
(kgs per decade) -1.06 (0.11)** -0.64 (0.21)*
Stopping smoking 
(kgs) +1.68 (0.43)** +2.03 (0.61)**
Cigarette reduction 
(kgs per 10 cigs/day) +0.62 (0.23)* -

Alcohol increase 
(kgs per 20 gms/day) +0.50 (0.15)*

Regression coefficients (Std Error)
* p< 0.01 ** p 0.001
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p o s s i b i l i t y  o f cod ing  e r r o r s -  The d i f fe r e n c e s  between  
th e  two e xa m in a tio n s  fo r  males and fem a les a re  shown in  
th e  f ig u r e s  7 and 8- The . d is t r ib u t i o n s  around the  mean 
f o r  th e  two sexes a re  s l i g h t l y  skewed and range from
18-0  k i lo s  w e ig h t lo s s  to  22-4 k i lo s  o f  w e ig h t g a in  fo r  
m ales and 12-0 and 28-2 kg r e s p e c t iv e ly  in  the  case o f  
fe m a le s .

\

C e r ta in  c h a r a c t e r is t ic s  were found  to  be re la te d  to  
w e ig h t changes (T ab le  33) . The mean d if fe r e n c e s  g iv e n  
in . t h is  ta b le  do n o t ta ke  in to  a ccoun t changes due to  
th e  4 f a c to r s  l i s t e d  be low  in  th e  ta b le -  The ta b le  
shows th a t  th o se  who were f a t t e r  a t e n t r y  tended to  g a in  
more w e ig h t ove r th e  fo l lo w  up p e r io d -  T h is  was more 
pronounced in  fem a les  than  m a le s . In  b o th  males and 
fem a le s  age a t  e n t r y  was n e g a t iv e ly  a s s o c ia te d  w ith
w e ig h t g a in  such th a t  w e ig h t g a in  was le s s  by a mean o f
1 -06 kg pe r decade (m ales) and 0-64 kg pe r decade 
( fe m a le s ) . S to p p in g  smoking was a s s o c ia te d  w ith  around  
2 kg w e ig h t g a in -  An in c re a se  a lc o h o l consum ption  in  
m ales was a ls o  a s s o c ia te d  w ith  w e ig h t g a in  as was a 
r e d u c t io n  in  c ig a r e t t e  con sum p tio n . The changes in  
t o t a l  s k in f o ld  th ic k n e s s  ove r t im e  were a ls o  exam ined, 
however i t  was found th a t  a c o n s is te n t  r is e  in  mean
s k in f o ld  th ic k n e s s  had o ccu rre d  ove r th e  yea rs  s in c e  th e  
b e g in n in g  o f  th e  s tu d y - T h is  is  p ro b a b ly  due to  
p ro g re s s iv e  weaken ing o f  the  s p r in g  on the  s k in fo ld
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c a l ip e r s  w h ich  le ad  to  p ro g r e s s iv e ly  le s s  com press ion  o f  
th e  s k in fo ld s  ove r t im e  and th e re fo re  a h ig h e r re a d in g -  
A lth o u g h  i t  is  p o s s ib le  to  a d ju s t  f o r  a s te a d y  change o f  
t h i s  typ e  such a tendency c o m p lic a te s  in t e r p r e ta t io n  o f  
r e s u l t s  and th e  changes between the  two measurements  
have th e re fo re  been exp ressed  in  te rm s o f w e ig h t 
changes- No s y s te m a tic  change in  w e ig h t o c c u rre d  ove r 
th e  d u ra t io n  o f th e  e n t r y  e xa m in a tio n  (1972-78 ) o r 
f o l lo w  up s u g g e s tin g  th a t  no c o n s is te n t  change in  
measurement ove r t im e  was o c c u r r in g -  M in im a l changes in  
h e ig h t  o c c u r r re d  ove r th e  s ix  ye a r p e r io d  (mean 1 mm 
f a l l  in  men and 3 -5  mm f a l l  in  women) i t  was th e re fo re  
unnecessa ry  to  e xp re ss  changes in  o b e s ity  as changes in  
W /H 2 .

L o n g itu d in a l r e la t io n s h ip s  between w e ig h t change and 
change in  c a rd io v a s c u la r  r i s k  f a c t o r s -

In  o rd e r to  d e te rm in e  w he the r changes in  w e ig h t  
between the  two e xa m in a tio n s  were a s s o c ia te d  w ith  
changes in  c a rd io v a s c u la r  r i s k  f a c t o r s ,  m u l t ip le  
re g re s s io n  ana ly se s  were pe rfo rm ed  w ith  the  fo l lo w in g  as 
th e  dependent v a r ia b le ;  f a c to r s  V I I  and V I I I ,  
f ib r in o g e n ,  c h o le s te r o l and s y s t o l i c  b lo od  p re s s u re -  
The in dependen t v a r ia b le s  in  t h is  s e r ie s  o f  m u l t ip le  
re g re s s io n  a na ly se s  were as f o l lo w s ;  w e ig h t change, age 
a t  e n t r y ,  smoking change, o r a l  c o n t ra c e p t io n  and 
menopause ( f o r  fe m a le s ) , i n i t i a l  le v e l o f  v a r ia b le  under
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e x a m in a t io n , i n i t i a l  w e ig h t and h e ig h t ,  the  s ta n d a rd s  
used in  the  assay o f  th e  c o a g u la t io n  f a c t o r s ,  ‘t^ e  th re e  
m ain o c c u p a t io n a l g ro u p s , day o r n ig h t  s h i f t  ( f o r  food  
p ro c e s s in g  w o rke rs  o n ly ) , i n i t i a l  s k in fo ld  th ic k n e s s  and 
s o c ia l  c la s s -  F i b r i n o l y t i c  a c t i v i t y  was n o t in c lu d e d  in  
t h i s  a n a ly s is ,  b o th  because i t  has n o t been c o n s is te n t ly  
r e la te d  to  IHD in  NPHS o r o th e r s tu d ie s  and because a 
p ro g re s s iv e  f a l l  in  f i b r i n o l y t i c  a c t i v i t y  has ta ken  
p la c e  ove r th e  d u ra t io n  o f  the  s tu d y  fo r  as y e t unknown 
b u t p re sum ab ly  m e th o d o lo g ic a l re a sons - The e f f e c t s  o f  
ag in g  w i t h in  an in d iv id u a l  have n o t been p re s e n te d - The 
mean d i f f e r e n c e  fo r  th e  c o h o r t between r e c ru itm e n t  and 
th e  6 ye a r f o l lo w  up may be b ia se d  by v a r ia t io n s  over 
t im e  in  measurements -  e -g -  o b se rv e rs  may change t h e i r  
b lo o d  p re s s u re  measurement te c h n iq u e , s ta n d a rd s  fo r  
c l o t t i n g  f a c to r s  change and o th e r  changes in  la b o r a to r y  
methods may occu r w h ich  may n o t be o b v io u s  b u t w h ich  may 
r e s u l t  in  a p p re c ia b le  a l t e r a t io n  in  r e s u l t s .  D i f f e r in g  
le n g th s  o f  f o l lo w  up between in d iv id u a ls  co u ld  a llo w  an 
assessm ent o f the  ag ing  e f f e c t ,  however in  NPHS n e a r ly  
a l l  th e  p a r t ic ip a n t s  fo llo w e d  up were seen between 5 -  
I k  ye a rs  -  t h is  is  to o  sm a ll a range to  a llo w  u s e fu l 
e s t im a te s  -

The lo n g i t u d in a l  r e la t io n s h ip s  o f  th e  f iv e  
c a rd io v a s c u la r  r i s k  fa c to r s  w ith  w e ig h t change a re  shown 
in  T ab le  34 exp ressed  as % change from  the  e n t r y  va lu e
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Table 34

Longitudinal relationships with weight changes between 
entry and follow up in NPHS

vn

vm

Fibrinogen

Cholesterol

Systolic BP

% change in baseline 
value per kg change

Standardised 
Reg Coeff

in weight
Male 0.90 ( 0.51, 1.29)*** 0.142
Female 0.82 ( 0.18, 1.48)** 0.124
Male 0.34 (-0.23, 0.93) 0.03
Female 0.25 (-0.74, 1.25) 0.02
Male 0.11 (-0.22, 0.44) 0.01
Female 0.21 (-0.27, 0.68) 0.05
Male 0.86 ( 0.62, 1.09)*** 0.236
Female 0.46 ( 0.08, 0.84)* 0.126
Male 0.57 ( 0.40, 0.74)*** 0.195
Female 0.36 ( 0.08, 0.63)** 0.120

Regression coefficients (95% Cl) fo r 
1000 men and 400 women 

*p<0.05, **p<0.01, ***p<0.001
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o f  th e  v a r ia b le  pe r kg body w e ig h t change between the
two e x a m in a t io n s . S ta n d a rd is e d  re g re s s io n  c o e f f i c ie n t s .
a re  a ls o  g iv e n  to  enab le  com pa rison  between the  r e la t i v e
e f f e c t  o f s ta n d a rd  change in  th e  v a r ia b le  in  q u e s t io n  on
w e ig h t change exp ressed  as s ta n d a rd  d e v ia t io n  u n i t s  o f
change in  th e  v a r ia b le  pe r s ta n d a rd  d e v ia t io n  u n i t  o f
w e ig h t change . The change in  fa c to r  V I I I  and f ib r in o g e n
w ith  w e ig h t change is  n o t s i g n i f i c a n t l y  d i f f e r e n t  from
ze ro  in  b o th  sexes . In  th e  case o f f ib r in o g e n  t h is
d i f f e r s  from  the  c r o s s - s e c t io n a l d a ta  wh ich  shows a

2c o n s is te n t  a s s o c ia t io n  o f f ib r in o g e n  w ith  W/H . Changes 
in  f a c t o r  V I I ,  c h o le s te r o l and s y s t o l i c  b lo od  p re s s u re  
a re  s i g n i f i c a n t l y  a s s o c ia te d  w ith  w e ig h t change in  bo th  
se xe s . S ta n d a rd is e d  re g re s s io n  c o e f f i c ie n t s  tend  to  be 
la r g e r  f o r  m ales th an  fem a le s  in  the  case o f th e se  th re e  
v a r ia b le s .  There is  no a s s o c ia t io n  between th e  tim e  
e la p sed  between the  two e xam in a tio n s  ( i . e .  change in  
age) and th e  amount o f  w e ig h t g a in e d .

A lth o u g h  com parison o f  th e  c r o s s - s e c t io n a l and
lo g i t u d in a l  d a ta  is  c o m p lic a te d  by d i f fe r e n c e s  in
measurement between th e  two e xam in a tio n s  i t  does appear
t h a t  th e  r e la t io n s h ip  between w e ig h t change and fa c to r
V I I ,  c h o le s te r o l and s y s t o l i c  b lo od  p re s s u re  is  g re a te r
in  th e  case o f  the  lo n g i t u d in a l  than  the  c r o s s - s e c t io n a l
d a ta .  In  th e  c r o s s - s e c t io n a l d a ta  th e  a s s o c ia t io n  has

2been exp ressed  in  te rm s o f  W/H . For a male o f  average
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W/H^ and death in NPHS 1518 white men ageijl 40-65 
Means of age-adjusted (to age 50) W/H

Table 35

Survivors IHD Cancer Other (inc. CVD) 
non-IH D

Mean 25.45 26.3 25.1 25.3
SD 2.9 3.6 2.9 3.0
N 1402 54 42 18
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2h e ig h t ,  one u n i t  o f W/H 3 .0  kg and fo r  fem a les 2 .5  
kg . I t  can be seen th a t  th e  change in  f a c to r  V I I ,  
c h o le s te r o l  and s y s t o l i c  b lo o d  p re s s u re  fo r  a g iv e n  
change in  o b e s i ty  is  somewhat g re a te r  in  the  case o f th e  
l o n g i t u d in a l  d a ta  than  th e  c r o s s - s e c t io n a l .  The 
c o n fid e n c e  l im i t s  however o v e r la p  fo r  a l l  b u t the  
c h o le s te r o l  and s y s t o l i c  b lo o d  p re s s u re  in  th e  case o f  
th e  males o n ly .  S k in fo ld  changes a re  n o t s i g n i f i c a n t l y  
a s s o c ia te d  w ith  changes in  any o f th e  r is k  fa c to r s  when 
a llo w a n ce  f o r  w e ig h t change is  made . The e f f e c t  o f  
w e ig h t g a in  appears th e  same a t a l l  ages w ith  SBP in  
m ales a p o s s ib le  e x c e p t io n . (p = 0 .0 5 , s t ro n g e r
a s s o c ia t io n  a t younger a ge s .)

M o r t a l i t y  and o b e s ity  
oMean W/H in  s u r v iv o r s ,  cases o f f a t a l  IHD , cance r

dea th s  and o th e r  causes o f dea th  a re  g iv e n  in  T ab le  35
f o r  w h ite  m ales aged 4 0 -6 5 . In  v iew  o f  th e  sm a ll number
o f  women in  th e  s tu d y  th e  numbers o f d ea th s  a re

2i n s u f f i c i e n t  f o r  s t a t i s t i c a l  a n a ly s is .  The mean W/H o f  
th e  f a t a l  IHD cases is  c o n s id e ra b ly  h ig h e r than  t h a t  fo r -  
th e  s u r v iv o r s  wh ich  is  in  tu r n  s l i g h t l y  h ig h e r th a n  th a t  
f o r  cance r d e a th s .

2There is  l i t t l e  d i f f e r e n c e  in  th e  mean W/H fo r
o th e r  d e a th s . The d i s t r i b u t i o n  o f th e  dea th s  in  te rm s

2o f  t e r t i l e s  o f  W/H is  shown in  T ab le  36 f o r  IHD dea th s
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2Distribution o f age-adjusted W/H by tertiles,
Table 36

Mean Low Middle High Total

Survivors, aged 40-59 25-5 398 404 409 1211
60-65 25-3 70 58 63 191

to ta l 25-5 468 462 472 1402

IHD deaths, aged 40-59 26-7 9 12 15 36
60-65 25-6 3 8 7 18

to ta l 26-3 12 20 22 54
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2Distribution o f age-adjusted W/H by tertiles,
Table 37

Mean Low Middle High Total
Survivors, aged 40-59 25-5 398 404 409 1211

60-65 25-3 70 58 63 191
to ta l 25.5 468 462 472 1402

Cancer aged 40-59 26-0 7 7 8 22
deaths, 60-65 24-2 10 8 2 20

to ta l 25-1 17 15 10 42



Table 38
. • 2Logistic regression of mortality and W/H

Logistic regression Relative risk of
_2 2coefficient (s.e.) 1 kgm W/H increase

2p-value at different W/H
values

W /H 2 (W/H2 -25)2

IHD death: 0.119 (0.046)
p=0.009

1.13 overall (1.03-1.26) 95% C.L.

0.076 (0.050) 0.011 (0.007)
p=0.13

20: 0.98 
22: 1.02 
24: 1.07 
26: 1.11 
28: 1.16 
30: 1.21
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Table 39

Logistic regression of mortality and W/H 2

Logistic regression 
coefficient (s.e.) 

p-value

Relative risk of 
-2  21 kgm W/H increase 

at different W/H2 
values

W/H2 (W/H2 -25)2

AH deaths 0.054 (0.034)
(n=114) p=0.11

0.037 (0.036) 0.007 (0.006)
p=0.27

1.06 overall

20: 0.98 
22: 1.00 
24: 1.03 
26: 1.06 
28: 1.09 
30: 1.12

128
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and s u r v iv o r s  and T ab le  37 fo r  cance r dea ths and
os u r v iv o r s *  The W/H is  age a d ju s te d  to  age 50 to  remove

2th e  co n fo u n d in g  e f f e c t  o f  age on com parisons o f  W/H -
I t  can be seen th a t  amongst IHD dea th s  a c o n s is te n t ly
g re a te r  number a re  found  in  th e  upper two t e r t i l e s  o f
W/H th a n  in  the  low e r t e r t i l e s *  The mean W/H is
somewhat h ig h e r  amongst th e  f a t a l  cases o f IHD aged le s s
th an  60 compared w ith  th e  o ld e r  IHD d e a th s *  In  th e  case
o f  cance r dea ths  th e  conve rse  a p p lie s  in  males aged 60-

265 . L o g is t ic  re g re s s io n  o f W/H and IHD m o r t a l i t y  
ta k in g  age in to  a ccoun t showed a s t a t i s t i c a l l y  
s ig n i f i c a n t  a s s o c ia t io n  (p= 0*009) (Tab le  3 8 )*
In c re a s in g  W/H by 1 kg m would r e s u l t  in  an in c re a se
in  r e l a t i v e  r i s k  o f  f a t a l  IHD o f  1*13 o v e r a l l *  The
. . —2in c re a s e  in  r e la t i v e  r i s k  f o r  a 1 kg m in c re a s e  in

2o b e s i t y  a t  d i f f e r e n t  v a lu e s  o f W/H is  a ls o  g iv e n  in  the  
t a b le *  A s im i la r  a n a ly s is  in  th e  case o f  t o t a l  
m o r t a l i t y  is  shown in  T ab le  39 w h ic h , as e xp e c te d , does 
n o t re v e a l a s ig n i f i c a n t  a s s o c ia t io n .  The in c lu s io n  o f
a q u a d ra t ic te rm  (W/H2 2-  25) , where 25 is the
a p p ro x im a te mean W/H2 f o r m a le s , does n o t show any
s i g n i f i c a n t q u a d ra t ic  r e la t io n between W/H2 and
m o r t a l i t y  in e i t h e r  ta b le *

For those  46 males who d ie d  o f IHD and fo r  whom 
da ta  was a v a i la b le  on o th e r  r i s k  fa c to r s  nam e ly , 
c ig a r e t t e  sm oking , b lo od  p re s s u re , serum c h o le s te ro l , .
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f a c to r  V I I  and f ib r in o g e n ,  u n iv a r ia te  and m u l t iv a r ia t e
l o g i s t i c  re g re s s io n  ana ly se s  were pe rfo rm ed  a ls o  ta k in g
age and da te  o f in te r v ie w  in t o  a ccoun t to  d e te rm in e
w he the r the  r e la t io n  between W/H and m o r t a l i t y  was due
to  i t s  a s s o c ia t io n  w ith  o th e r  c a rd io v a s c u la r  r i s k
f a c t o r s -  These ana ly se s  showed th a t  W/H is
independently associated (p = 0.03) with IHD death when

th e  o th e r  v a r ia b le s  were ta ken  in to  a c co u n t. The
re g re s s io n  c o e f f i c ie n t  is  o n ly  s l i g h t l y  reduced (from
0-126 to  0-106) in  the  m u l t iv a r ia t e  compared w ith  the
u n iv a r ia te  a n a ly s is -  The 8 males on whom da ta  was
in c om p le te  were s l i g h t l y  le a n e r (mean W/H = 25 -8 ) than

2th e  whole g roup  o f IHD dea ths (n = 54) , (mean W/H = 
26 .3 ) -

R e s t r ic t in g  the  a n a ly s is  to  those  dea ths o c c u r r in g
w i t h in  5 yea rs  o f  re c ru itm e n t (24 IHD dea ths  in  m ales)
r e s u lte d  in  th e re  be ing  no s ig n i f i c a n t  u n iv a r ia te

2a s s o c ia t io n  between IHD dea th  and W/H . The w e ig h t in g
2f o r  W/H in  m u l t iv a r ia t e  l o g i s t i c  re g re s s io n  a n a ly s is  o f  

th e  24 IHD dea th s  in  males is  0-069 (p = 0 -3 ) .

T r ig ly c e r id e s  were n o t a s s o c ia te d  w ith  IHD
m o r t a l i t y  in  e i t h e r  u n iv a r ia te  o r m u l t iv a r ia t e  a n a ly s is .
There is  no r e la t io n  between t o t a l  s k in fo ld s  and dea th  

2when W/H was taken  in t o  a c c o u n t. L o g is t ic  re g re s s io n  
a n a ly s is  o f m o r t a l i t y  in  r e la t io n  to  the  fo u r  in d iv id u a l
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s k i n f o l d s  s h o w e d  t h a t  w h e n  a g e  a n d  l e n g t h  o f  f o l l o w  u p  

a r e  t a k e n  i n t o  a c c o u n t  t h e r e  i s  n o  s i g n i f i c a n t  r e l a t i o n  

b e t w e e n  a n y  o f  t h e  f o u r  s k i n f o l d s  a n d  I H D  m o r t a l i t y .  

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

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

s i g n i f i c a n c e  ( p = 0 . 0 7 ) .

T a b l e  3 9 b

R e l a t i o n  b e t w e e n  i n d i v i d u a l  s k i n f o l d s  a n d  f a t a l  I H D ,  
L o g i s t i c  r e g r e s s i o n  a n a l y s i s

E s t i m a t e d  c h a n g e  i n  
r e l a t i v e  r i s k  p e r  mm 

c h a n g e  i n  s k i n f o l d
S k i n f o l d t h i c k n e s s t  v a l u e p  v a l u e

F o r e a r m 1 . 0 1 8 5 0 . 1 8 0 . 9

T r i c e p s 1 . 0 6 0 5 1 . 2 1 0 . 2

S u b s c a p u l a r 1 . 0 6 3 2 1 . 8 1 0 . 0 7

S u p r a i l i a c 0 . 9 4 7 0 1 . 3 7 0 . 2
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C o m m e n t s  o n  s t u d y  d e s i g n  a n d  i n t e r p r e t a t i o n  o f  d a t a

N PH S i s  b a s e d  o n  t h e  s t u d y  o f  p a r t i c i p a n t s  

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

t i o n  c a n n o t  t h e r e f o r e  b e  s a i d  t o  b e  r e p r e s e n t a t i v e  o f  

t h e  g e n e r a l  p o p u l a t i o n .  I t  i s  w e l l  k n o w n  t h a t  o c c u p a ­

t i o n a l  g r o u p s  a r e  l i k e l y  t o  c o n t a i n  l e s s  c h r o n i c a l l y  

i l l ,  p h y s i c a l l y  d i s a b l e d  a n d  m e n t a l l y  d i s t u r b e d  i n d i v i ­

d u a l s  t h a n  r a n d o m  s a m p l e s  o f  t h e  g e n e r a l  p o p u l a t i o n .

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

t h a n  t h a t  o f  t h e  g e n e r a l  p o p u l a t i o n  -  t h e  ' h e a l t h y  

w o r k e r '  e f f e c t .  T h e  N PH S s t u d y  p o p u l a t i o n  a l s o  i n c l u d e s  

w o m e n  a n d  i n d i v i d u a l s  o f  v a r i o u s  e t h n i c  g r o u p s  ( p a r t i c u ­

l a r l y  b l a c k  W e s t  I n d i a n s ) . T h e  n u m b e r  o f  w h i t e  m a l e s  i n  

t h e  a g e  g r o u p  l i k e l y  t o  p r o d u c e  c a s e s  o f  f a t a l  I H D  i s  

o n l y  a r o u n d  1 5 0 0  a l t h o u g h  t h e  t o t a l  s t u d y  p o p u l a t i o n  i s  

a r o u n d  3 5 0 0 .  T h e  r e l a t i v e l y  s m a l l  s i z e  o f  t h e  s t u d y  a n d  

t h e  p o s s i b l e  s e l e c t i o n  b i a s e s  o p e r a t i n g  a s  a  c o n s e q u e n c e  

o f  t h e  u s e  o f  o c c u p a t i o n a l l y  b a s e d  g r o u p s  o f  p a r t i c i ­

p a n t s  m u s t  b e  b o r n e  i n  m i n d  w h e n  i n t e r p r e t i n g  t h e  

r e s u l t s .

I n  a d d i t i o n  t o  t h e s e  s e l e c t i o n  b i a s e s  N P H S ,  l i k e  

e v e r y  o t h e r  s t u d y ,  i s  o p e n  t o  p o t e n t i a l  b i a s  f r o m  t h e  

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

e l i g i b l e  ( n o n  r e s p o n s e  b i a s ) .  T h e  e s t i m a t e d  r e s p o n s e
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r a t e  o f  a r o u n d  80 %  w a s  i n  t h e  r a n g e  g e n e r a l l y  a g r e e d  a s  

a c c e p t a b l e  b u t  a n y  l e v e l  o f  n o n  r e s p o n s e  i n t r o d u c e s  s o m e  

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

t h e  s t u d y  p o p u l a t i o n  a s  a  w h o l e .  A f u r t h e r  p o t e n t i a l  

s o u c e  o f  b i a s  a r i s e s  d u r i n g  t h e  f o l l o w  u p  o f  a  

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

w i l l  b e  o b t a i n e d  o n  a l l  i n d i v i d u a l s .

I n  t h e  c a s e  o f  t h e  l o n g i t u d i n a l  d a t a  p r e s e n t e d  i n  

t h i s  t h e s i s ,  a n a l y s e s  w e r e  p e r f o r m e d  o n  d a t a  f r o m  1 0 2 7  

m a l e s  a n d  4 1 6  f e m a l e s .  I n d i v i d u a l s  w e r e  r e c a l l e d  i n  t h e  

o r d e r  i n  w h i c h  t h e y  w e r e  r e c r u i t e d  a n d  t h e  l o n g i t u d i n a l  

d a t a  p r e s e n t e d  i n  t h i s  t h e s i s  a r e  t h e r e f o r e  d e r i v e d  

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

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

b e f o r e  t h e  o t h e r  t w o  o c c u p a t i o n a l  g r o u p s .  T h e  r e s p o n s e  

r a t e  f o r  t h e  s e c o n d  i n t e r v i e w  a n d  e x a m i n a t i o n  w a s  8 0 %  a t  

t h e  t i m e  t h a t  t h e s e  a n a l y s e s  w e r e  u n d e r t a k e n .  T h e r e  a r e  

s e v e r a l  p o t e n t i a l  r e a s o n s  f o r  f a i l u r e  t o  r e t u r n  f o r  a  

s e c o n d  e x a m i n a t i o n .  V e r y  f e w  ( 3 % )  p a r t i c i p a n t s  i n  t h i s  

s t u d y  h a v e  b e e n  t o t a l l y  l o s t  t o  f o l l o w  u p  i n  t h a t  n o  

i n f o r m a t i o n  a t  a l l  i s  a v a i l a b l e  a b o u t  t h e m ,  a  f u r t h e r  7% 

d i e d  b e f o r e  t h e i r  f o l l o w  u p  a p p o i n t m e n t  a n d  a r e  

o b v i o u s l y  n o t  i n c l u d e d  a m o n g s t  n o n  r e s p o n d e n t s  t o  f o l l o w

up.
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O n e  o f  t h e  r e a s o n s  f o r  f a i l u r e  t o  a t t e n d  f o l l o w  u p  

i s  t h a t  i n d i v i d u a l s  h a v e  m o v e d  t o  o t h e r  p a r t s  o f  t h e  

c o u n t r y .  S o m e  o f  t h e s e  i n d i v i d u a l s  h a v e  b e e n  v i s i t e d  a t  

h o m e  b y  a  t r a i n e d  n u r s i n g  s i s t e r  i n v o l v e d  w i t h  t h e  

s t u d y ,  o t h e r s  h a v e  b e e n  p e r s u a d e d  t o  a t t e n d  N o r t h w i c k  

P a r k  H o s p i t a l .  O u t  m i g r a n t s  f r o m  a n y  s t u d y  p o p u l a t i o n  

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

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

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

m i g r a n t s  w h o  h a v e  l e f t  f o r  f a m i l y  o r  e c o n o m i c  r e a s o n s .  

D e s p i t e  t h e s e  c a v e a t s  c o n c e r n i n g  t h e  p o s s i b l e  i m p a c t  o f  

v a r i o u s  f o r m s  o f  b i a s  o n  t h e  i n t e r p r e t a t i o n  a n d  

i m p l i c a t i o n s  o f  t h e  d a t a  r e p o r t e d  i n  t h i s  t h e s i s  t h e r e  

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

a l t h o u g h  t h e  p o p u l a t i o n  s t u d i e d  i s  n o t  r e p r e s e n t a t i v e  o f  

t h e  UK p o p u l a t i o n  a s  a  w h o l e  n e v e r t h e l e s s  t h e  f i n d i n g s  

a r e  o f  r e l e v a n c e  t o  t h e  s t u d y  o f  t h e  r o l e  o f  o b e s i t y  i n  

c a r d i o v a s c u l a r  d i s e a s e  a n d  t o  t h e  f o r m u l a t i o n  o f  p u b l i c  

h e a l t h  r e c o m m e n d a t i o n s .

T h e  m o r t a l i t y  d a t a  f r o m  t h e  s t u d y  a r e  o f  h i g h  

q u a l i t y  w i t h  a l l  p a r t i c i p a n t s  h a v i n g  b e e n  t a g g e d  a t  t h e  

N a t i o n a l  H e a l t h  S e r v i c e  C e n t r a l  R e g i s t r y  a n d  a l l  

a s s e s s m e n t s  o f  t h e  c a u s e  o f  d e a t h  h a v i n g  b e e n  p e r f o r m e d  

b y  i n d e p e n d e n t  a s s e s s o r s  b l i n d  t o  t h e  l a b o r a t o r y  

r e s u l t s .  N o t i f i c a t i o n s  a r e  r e c e i v e d  o n  a  r e g u l a r  3 

m o n t h l y  b a s i s  a r e  t h e r e f o r e  u p  t o  d a t e .
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T h o s e  v a r i a b l e s  f o u n d  t o  b e  a s s o c i a t e d  w i t h  o b e s i t y  

c r o s s - s e c t i o n a l l y  a r e  a l s o  a s s o c i a t e d  i n  t h e  l o n g i t u d i ­

n a l  d a t a  w i t h  t h e  e x c e p t i o n  o f  p l a s m a  f i b r i n o g e n  i n  b o t h  

s e x e s  w h i c h  i s  a s s o c i a t e d  w i t h  W /H  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  b u t  n o t  i n  t h e  l o n g i t u d i n a l .  T h e  

p o s s i b l e  r e a s o n s  f o r  t h i s  a r e  d i s c u s s e d  l a t e r .  G i v e n  

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

b e t w e e n  t h e  f i r s t  a n d  s e c o n d  e x a m i n a t i o n s  a n d  t h e  c h a n g e  

i n  t h e  m e t h o d  u s e d  f o r  t h e  d e t e r m i n a t i o n  o f  s e r u m  

c h o l e s t e r o l ,  t h e  c o n s i s t e n c y  o f  t h e  a s s o c i a t i o n s  i n  t h e  

t w o  a n a l y s i s  i s  s t r o n g  e v i d e n c e  o f  a  t r u e  a s s o c i a t i o n .

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

p r o s p e c t i v e l y  t h e  a s s o c i a t i o n  b e t w e e n  h a e m o s t a t i c  

v a r i a b l e s  a n d  s u b s e q u e n t  c a r d i o v a s c u l a r  d i s e a s e  r a t h e r  

t h a n  t o  p r o v i d e  a  p o p u l a t i o n  w h i c h  c o u l d  b e  s a i d  t o  b e  

r e p r e s e n t a t i v e  o f  t h e  c o u n t r y  ( o r  t h e  l o c a l  c o m m u n i t y )  

a s  a  w h o l e .  H o w e v e r  i t  c o u l d  b e  a r g u e d  t h a t  a  p o p u l a ­

t i o n  h a d  b e e n  s e l e c t e d  i n  w h i c h  t h e  a s s o c i a t i o n  b e t w e e n  

a  g i v e n  r i s k  f a c t o r  ( i n  t h i s  c a s e  o b e s i t y )  a n d  t h e  

e n d p o i n t  ( f a t a l  I H D ) ,  o r  b e t w e e n  t h e  v a r i o u s  r i s k  

f a c t o r s  t h e m s e l v e s ,  w e r e  a t y p i c a l .  C o m p a r i s o n s  b e t w e e n  

t h e  o c c u p a t i o n a l  g r o u p s  r e c r u i t e d  d i d  n o t  h o w e v e r  

s u g g e s t  a n y  d i f f e r e n c e s  b e t w e e n  t h e m  i n  t h e  a s s o c i a t i o n s  

b e t w e e n  o b e s i t y  o n  t h e  o n e  h a n d  a n d  h a e m o s t a t i c  

v a r i a b l e s ,  c h o l e s t e r o l  a n d  b l o o d  p r e s s u r e  o n  t h e  o t h e r .  

T h e  a s s o c i a t i o n s  b e t w e e n  c h o l e s t e r o l ,  b l o o d  p r e s s u r e  a n d  

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

( f o r  d i s c u s s i o n  s e e  l a t e r ) .
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S o m e  i n d i v i d u a l s  w e r e  f o u n d  t o  h a v e  e v i d e n c e  o f  

p r e - e x i s t i n g  I H D  a t  t h e  i n i t i a l  e x a m i n a t i o n  ( s e e  T a b l e s  

3 1  a n d  3 2 )  a n d  h a v e  b e e n  i n c l u d e d  i n  t h e  f o l l o w  u p  a n d  

i n  t h e  m o r t a l i t y  d a t a .  U n d e r  20% o f  t h o s e  w h o  d i e d  o f  

I H D  ( 9  o f  5 4 )  h a d  e v i d e n c e  o f  p r e v i o u s  I H D  a t  e n t r y  t o  

t h e  s t u d y .

P a t i e n t s  w h o  h a v e  c l i n i c a l  I H D  m a y  o f  c o u r s e  u n d e r ­

g o  c h a n g e s  i n  l i f e s t y l e  a n d  t h e r a p e u t i c  i n t e r v e n t i o n s  

w h i c h  m a y  a l t e r  t h e i r  r i s k  p r o f i l e .  N o n e t h e l e s s  i n  v i e w  

o f  t h e  s m a l l  n u m b e r s  o f  c a s e s  o f  f a t a l  I H D  a v a i l a b l e  f o r  

a n a l y s i s  I  f e l t  t h a t  i t  w a s  u n d e s i r a b l e  t o  r e m o v e  t h o s e  

w i t h  p r e v i o u s  I H D  f r o m  t h e  a n a l y s e s  w i t h o u t  a  v e r y  

s t r o n g  a  p r i o r i  r e a s o n .  R e c e n t l y  t h e  B r i t i s h  R e g i o n a l  

H e a r t  S t u d y ,  w h i c h  s t u d i e d  o v e r  7 0 0 0  m e n  i n  2 4  t o w n s ,  

s h o w e d  t h a t  t h e  d i f f e r e n c e s  i n  r i s k  f a c t o r s  b e t w e e n  

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

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

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

h i s t o r y  o f  I H D .  O n l y  s e r u m  c h o l e s t e r o l  w a s  h o w e v e r  a  

s t a t i s t i c a l l y  s i g n i f i c a n t  r i s k  f a c t o r  i n  t h o s e  w h o  h a v e  

p r e - e x i s t i n g  I H D  a t  e n t r y  ( S h a p e r  e t  a l  1 9 8 5 ) .

P r e v i o u s  h i s t o r y  o f  I H D  i s  i t s e l f  a  s t r o n g  r i s k  

f a c t o r  f o r  s u b s e q u e n t  e v e n t s  s o  t h a t  t h e  p r o p o r t i o n a l  

e f f e c t  o f  o t h e r  r i s k  f a c t o r s  m a y  b e  l e s s  i n  t h o s e  

p a t i e n t s .  I f  t h i s  i s  s o ,  b y  i n c l u d i n g  p r e v a l a n c e  c a s e s
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o f  I H D  I  m a y  h a v e  s l i g h t l y  u n d e r e s t i m a t e d  t h e  p o t e n t i a l  

c o n t r i b u t i o n  o f  o b e s i t y  t o  s u b s e q u e n t  I H D  b u t  t h e  e f f e c t  

i n  t h i s  d a t a  s e t  i s  l i k e l y  t o  b e  m i n i m a l  a s  t h e  n u m b e r s  

a r e  s m a l l .

T h e  B r i t i s h  R e g i o n a l  H e a r t  S t u d y  a l s o  f o u n d  t h a t  

t h e  d i f f e r e n c e s  i n  r i s k  f a c t o r s  i n  t h o s e  w h o  h a d  p r e ­

e x i s t i n g  I H D  a t  e n t r y  a n d  t h o s e  w h o  d i d  n o t  w e r e  s m a l l  

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

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

s u d d e n  d e a t h  d u r i n g  t h e  f o l l o w  u p  a n d  t h o s e  w h o  d i d  n o t .  

S i m i l a r l y ,  i n  N P H S  t h e  d i f f e r e n c e  i n  W / H  b e t w e e n  

p r e v a l e n c e  c a s e s  o f  MI  a n d  t h o s e  w i t h o u t  I H D  a t  e n t r y  i s  

s m a l l e r  t h a n  t h a t  o b s e r v e d  b e t w e e n  t h e  i n c i d e n c e  c a s e s  

a n d  t h o s e  w h o  d i d  n o t  d i e  o f  f a t a l  I H D  d u r i n g  f o l l o w  u p  

a n d  i s  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  T h i s  o b s e r v a t i o n  

i s  a l s o  d i s c u s s e d  l a t e r  ( p  1 8 4 - 1 8 5 ) .

T h e  f o l l o w  u p  o f  t h e  N P H S  p o p u l a t i o n  i s  q u i t e  

v a r i a b l e  d u e  t o  t h e  l o n g  p e r i o d  o f  r e c r u i t m e n t  ( 1 9 7 2 - 7 8 )  

n e c e s s i t a t e d  b y  t h e  t i m e  c o n s u m i n g  n a t u r e  o f  t h e  t e s t s  

f o r  t h e  h a e m o s t a t i c  v a r i a b l e s  w h i c h  m a d e  i t  i m p o s s i b l e  

t o  r e c r u i t  m o r e  t h a n  s i x  o r  s o  p a r t i c i p a n t s  a t  a n y  o n e  

t i m e .  A t  t h e  t i m e  o f  t h e  d a t a  a n a l y s i s  o n  w h i c h  t h i s  

t h e s i s  i s  b a s e d  t h e  m e a n  l e n g t h  o f  f o l l o w  u p  w a s  a r o u n d  

7 . 7 5  y e a r s  a n d  v a r i e d  f r o m  5 . 7 5  t o  1 1 . 7 5  y e a r s .  T h u s  

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

m o r e  t h a n  1 0  y e a r s .  S i n c e  s e v e r a l  s t u d i e s  h a v e  s h o w n
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t h a t  th e  e f f e c t  o f  o b e s ity  on c a rd io v a s c u a la r  r i s k  may 
be more marked on p ro lo nged  fo l lo w  up (H ube rt e t  a t  
1983/ Rabkin e t  a l 1977) fu tu r e  an la yses  may re v e a l a 
s tro n g e r a s s o c ia t io n  th an  th a t  d e s c r ib e d  h e re .



Chaper 4

D is c u s s io n
Measures o f  o b e s ity  -  com parison w ith  o th e r  s tu d ie s

Comparison o f  o b e s ity  in  NPHS p a r t ic ip a n t s  w ith  
o th e r  s tu d ie s  is  made d i f f i c u l t  by d if fe re n c e s  in  
measurement between s tu d ie s  and the  v a r ie t y  o f in d ic e s  
o f  o b e s ity  used in  the  p a s t .  In  a d d it io n  NPHS is  n o t a 
random sample o f the  g e n e ra l p o p u la t io n  b u t com prises  
th re e  main o c c u p a tio n a l g ro u p s . I t  is  l i k e l y  th a t  the  
m a s s iv e ly  obese and those  w ith  c h ro n ic  d isease  le a d in g  
to  m a jo r w e ig h t lo s s  a re  unde rep resen ted  because such 
c o n d it io n s  would im p a ir  t h e i r  l i k e l ih o o d  o f o b ta in in g  
and c o n t in u in g  in  employment. Some s tu d ie s  have 
re co rd ed  w e ig h ts  from  p a r t ic ip a n t s  w ea rin g  ja c k e ts  and 
shoes (M e tro p o li ta n  L i f e  In su ra n ce  Company 1959, Kemsley 
1952 ), these  item s o f c lo th in g  may c o n t r ib u te  around  
61bs. in  w e ig h t. N e ve rth e le s s  some com parisons can be
made w ith  p re v io u s  s tu d ie s  in  the  U .K . Tab le  40 shows a 
com parison  o f  r e s u l t s  fo r  males from  s e v e ra l UK s tu d ie s .

The p a r t ic ip a n t s  in  NPHS were c o n s id e ra b ly  more 
obese than  those  in  the  1930 N a t io n a l Survey (males 
o n ly )  and th e  p a r t ic ip a n t s  in  the  1943 N a t io n a l Survey  
(males and fem a les ) (C a th c a r t ,  Hughes and Chalmers 1935, 
Kemsley 1950) -
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Table 40
2Mean values for the weight-height index (W/H ) 

of men in dif f erent surveys undertaken in the UK 
during the last 50 years

Year of Group Age (years)
survey 20-25 35-40 55-60

W/H2 W/H2 W/H2
1930 National 21.3 22.8 23.3
1943 National 21.8 22.7 24.6
1960 Birmingham 22.8 24.9 24.9
1965 Port Talbot 24.3 26.2 26.2
1969 Directors - 25.6* 26.0*
1971 BP Employees 22.5 24.3+ 25.4+
1974 Richmond 22.6" 24.9" 24.7"
1980 National 23.0 24.7 25.2

Weight in kg; height in  metres
Adapted from DHSS/MRC 1976 

* Middle age group, 33-44 years;
upper age group, 55-64 years 

+ Age group, 30-39 years; upper 
age group, 50-59 years 

" Lower age group, 15-29 years;
middle, 30-49 years; upper, 50-65 years
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S tu d ie s  w h ich  have been u nde rta ken  s in ce  1960 
however show s im i la r  r e s u l t s  to  NPHS. The s tu d y  
unde rta ke n  in  1965 by Lowe e t a l (1968) on ove r 10,000  
P o r t T a lb o t s te e l w o rke rs  showed th a t  th e y  were somewhat 
more obese th an  th e  NPHS p a r t ic ip a n t s  b u t the  
d i f f e r e n c e s  were q u i te  s m a ll,  f o r  in s ta n c e  the  s te e l  
w o rke rs  aged 55-60 ( a l l  male) had a mean W/H^ o f  26-2  
compared w ith  25-6 f o r  th e  males aged 50-59 in  NPHS. 
D if fe re n c e s  o f  s im i la r  m agn itude  were observed  
th ro u g h o u t th e  age range - A sample o f ove r 5 ,000 men 
employed a t  an e le c t r i c a l  e n g in e e r in g  works in  
B irm ingham  in  1960 (Lowe and McKeown 1962) y ie ld e d  
somewhat low e r mean va lu e s  fo r  W/H a t a l l . ages v a ry in g  
from  22-8 in  males aged 20-25 to  24-9 in  those  aged 55 - 
60- The NPHS r e s u l t s  f o r  males l i e  between the  va lu e s  
from  these  two s tu d ie s -

The NPHS p a r t ic ip a n t s  were somewhat more obese 
o v e r a l l  than  the  p a r t ic ip a n t s  in  th e  s tu d y  in  the  London
Borough o f  Richmond (McLean B a ird  e t a l 1974) o f
. . . 2 in d iv id u a ls  aged 15 -64 - In  th a t  s tu d y  th e  mean W/H was
24-3 f o r  males and 23.9 f o r  fem a les compared w ith  25 .1
and 24-4 r e s p e c t iv e ly  in  NPHS p a r t ic ip a n t s -  Amongst
m ales bo th  those  aged under 30 and those  ove r 50 seem

. 2more obese m  NPHS th an  in  the  Richmond s tu d y  (mean W/H
23 -6  vs 22-6  and 25 -5  vs 24-7 r e s p e c t iv e ly ) ,  the  
d i f f e r e n c e  is  o n ly  m a rg in a l however in  th e  m id d le  aged



135

Table 41
Mean values for the weight-height index (W/H ) 

o f women in three surveys undertaken in the UK
2

Year of Group Young Early Late
survey adult* middle* middle'

age age

W/H2 W/H2 W/H2
1943 National 20.7 22.5 23.6
1971 BP Employees 21.6 22.9 25.9
1974 Richmond 21.6 23.7 25.1
1980 National 22.7 23.9 25.4
Weight in kg; height in metres
* Adapted from DHSS/MRC 1976 
+ Young, 20-25 or 20-30 years 
+ Early middle age, 30-49 or 35-40 years 
" Late middle age, 50-65 or 50-60 years
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36% b u t a random sample o f  non re sponden ts  was v is i t e d
a t  home and t h e i r  w e ig h ts  and h e ig h ts  re c o rd e d . The
male non re sponden ts  appeared to  be o f  s im i la r  o b e s ity
to  the  re sponden ts  b u t amongst the  fem a le  re sponden ts
th e  obese were somewhat over re p re s e n te d . The r e s u l t s
from  a s tu d y  o f  ove r 10,000 (7 ,400  o f  whom were m ales)
B .P . employees between 1964-1966 were v e ry  s im i la r  to
th o se  o f  male NPHS p a r t ic ip a n t s  (M o n te g r if fo  1968) . A
s tu d y  o f  d i r e c t o r s  p u b lis h e d  in  1969 y ie ld e d  somewhat

2h ig h e r  le v e ls  o f  W/H than  NPHS, f o r  in s ta n c e  in  th e  age
2g roup  35-40 mean W/H was 25 .6  in  th e  D ir e c to r s  s tu d y

and 24 .4  in  NPHS (R icha rd son  and P in c h e r le  1969) The
2d is t r i b u t i o n  o f  W/H in  the  C i v i l  S e rva n ts  s tu d y  (Reid  

e t  a l 1 9 7 6 ), w h ich  com prised  males aged 40 -6 4 , was v e ry  
s im i la r  to  males o f  th e  same age in  NPHS.

In  th e  case o f  women in fo rm a t io n  is  r a th e r  more 
s c a n ty  th an  f o r  men (Tab le  41) . NPHS fem a les a re  
c o n s id e ra b ly  more obese than  fem a le  p a r t ic ip a n t s  in  the  
1943 N a t io n a l S u rvey (e .g .  W/H^ 22 .3  vs 20 .7  fo r  women 
aged <30, s im i la r  d i f fe r e n c e s  th ro u g h o u t the  age ra n g e ) .  
L a te r  s tu d ie s ,  on B .P . employees and in  R ichmond, gave 
s im i la r  r e s u l t s  to  NPHS e xcep t th a t  young women (<40) in  
NPHS were s l i g h t l y  more obese th an  young women in  the  
o th e r  two s tu d ie s .  The ev idence  from  s tu d ie s  in  th e  UK 
sugge s ts  t h a t  a f t e r  1960 no c o n s is te n t  changes in

men. The response rate for the Richmond study was only
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o b e s i ty  have o c c u rre d  in  a d u lts  in  the  UKf a lth o u g h  
th e re  may be some in c re a s e  in  o b e s ity  o c c u r r in g  in  young 
women a c c o rd in g  to  NPHS and th e  1980 N a t io n a l su rve y  
(O f f ic e  o f  P o p u la t io n  Censuses and Surveys 1981) . 
Compared to  th e  f i r s t  h a l f  o f th e  c e n tu ry  th e re  has been 
a c o n s id e ra b le  in c re a se  in  o b e s ity  in  bo th  males and 
fe m a le s . Data from  the  USA show th a t  Am ericans tend to  
be more obese than  Europeans (Keys e t a l 1972) . The 
NPHS r e s u l t s  a re  v e ry  s im i la r  to  th o se  in  10,000 I s r a e l i  
C i v i l  S e rva n ts  (G o ld b o u rt and M eda lie  1 9 74 ).

The p re -w a r d a ta  show a s te ad y  r is e  in  o b e s ity  w ith  
age in  males u n t i l  abou t age 60 b u t in  p o s t war s tu d ie s  
o b e s i ty  in c re a s e s  c o n s id e ra b ly  w ith  age u n t i l  abou t 35- 
40 (Tab le  40) and then  f la t t e n s  o f f .  In  NPHS W/H^ 
f l a t t e n s  o f f  in  th e  40-49 age g roup  compared w ith  the  
r i s e  a t  younge r ages and reaches a peak a t around 55 
y e a rs .  In  fem a les th e  in c re a se  in  o b e s ity  w ith  age 
c o n t in u e s  to  a somewhat la t e r  age in  a l l  th e  fo u r  m a jo r 
UK su rve ys  (1943 N a t io n a l,  BP Em ployees, Richmond and 
1980 N a t io n a l)  and in  NPHS. S ince  these  s tu d ie s  a re  
c ro s s  s e c t io n a l and n o t lo n g i t u d in a l  th e re  a re  
d i f f i c u l t i e s  in  d e c id in g  whe the r th e  changes in  o b e s ity  
w ith  age re p re s e n t th e  e f f e c t s  o f  a g in g  a lone  o r r e s u l t  
from  d i f f e r i n g  le v e ls  o f  o b e s ity  in  d i f f e r e n t  b i r t h  
c o h o r ts .  There is  a d e a r th  o f  d a ta  on la rg e  g roups o f  
in d iv id u a ls  in  th e  UK w ith  measures o f  o b e s ity  re co rded
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on s e v e ra l o cca ss io n s  spread ove r lo n g  p e r io d s  o f t im e .  
S tu d ie s  from  o th e r  c o u n t r ie s  have in d ic a te d  a tendency  
f o r  in c re a s in g  o b e s ity  in  in d iv id u a ls  w ith  age. For
in s ta n c e  a s tu d y  in  G o tebo rg , Sweden (La rsson  1978) 
w h ich  s tu d ie d  718 men bo rn  in  1913 bo th  in  1963 (50
ye a rs  o f  age) and 1973 (60 yea rs  o f  age) showed th a t  the  
men ga ined  an ave rage o f 1 .8  kg ove r the  decade and th a t  
7.7% ga ined  more than  10 kg . The mean va lu e  fo r  w e ig h t  
g a in  was n o rm a lly  d is t r ib u t e d .  In  c o n t r a s t  a com parison  
o f  th e  50 and 60 yea r o ld  men from  a c ro ss  s e c t io n a l 
s tu d y  in  th e  same p o p u la t io n  showed no d i f fe r e n c e  in  
o b e s i ty  between th e  two age g ro u p s . Thus a t le a s t  some 
o f  the  f la t t e n in g  in  mean le v e ls  o f  o b e s ity  w ith  age may 
be due to  o ld e r  b i r t h  c o h o r ts  b e in g  le s s  obese than  
yo u n g e r. A no th e r p o s s ib le  c o n t r ib u t in g  f a c to r  co u ld  be 
a s e le c t iv e  in c re a s e  in  m o r t a l i t y  o f  obese in d iv id u a ls  
from  m id d le  age onwards. However as w i l l  be d is cu ssed  
l a t e r  t h is  is  u n l i k e ly  to  a ccoun t fo r  much o f the  
obse rved  f la t t e n in g  w ith  age.

The lo n g i t u d in a l  d a ta  from  NPHS show th a t  bo th
m ales and fem a le s  tended to  g a in  w e ig h t between th e  two
e xa m in a tio n s  b u t those  who were o ld e r  tended to  g a in
le s s  w e ig h t than  younger p a r t i c ip a n t s .  T h is  cou ld
a ccoun t a t  le a s t  in  p a r t  f o r  th e  obse rved  f la t t e n in g  o f  

2W/H w ith  in c re a s in g  age in  the  c r o s s - s e c t io n a l d a ta .
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R e la t io n  o f W/H2 w ith s k in fo ld s

2There is  a c lo s e  r e la t io n s h ip  between W/H and
s k in fo ld s  o v e r a l l  b u t women have a g re a te r  t o t a l

2s k in f o ld  th ic k n e s s  fo r  a g iv e n  le v e l o f  W/H th an  men. 
Females tend  to  have a h ig h e r p e rce n ta g e  o f  body f a t  
th a n  m a les .

O the r la rg e  s tu d ie s  have g e n e ra l ly  measured one o r
two s k in fo ld s  o n ly  -  f r e q u e n t ly  t r ic e p s  and
s u b s c a p u la r . A lth o u g h  th e y  p ro v id e  a more d i r e c t

2measure o f body f a t  than  W/H , s k in fo ld  th ic k n e s s  
measurements s u f f e r  from  th e  d is a d va n ta g e  o f
c o n s id e ra b le  o b se rv e r v a r i a b i l i t y  even when p re c a u t io n s  
a re  ta ken  to  s ta n d a rd is e  measurement te c h n iq u e . For 
in s ta n c e  d is p la c e m e n t o f  the  s i t e  o f  measurement fo r  
t r i c e p s  s k in f o ld  by 2 .5  mm from  the  mid p o in t  can a l t e r  
re a d in g s  by as much as 25% (R u iz  e t a l 1971) . O ther 
su rve ys  u s in g  s e v e ra l o b se rv e rs  have reco rded
c o n s id e ra b le  between ob se rve r d i f fe r e n c e s  in  
m easurem ent, e .g .  th e  Ten S ta te  S tudy in  the  USA 
(Lohmann 1981) re co rd ed  o b se rve r d i f fe r e n c e s  o f  as much 
as 13 mm in  t r ic e p s  s k in f o ld  measurement in  norm al 
s u b je c ts .  In  NPHS, as w e l l  as the  o b se rv e r d if fe r e n c e s  
t h a t  were d e te c te d , th e re  was a tendency  fo r  a s te ad y  
change in  t o t a l  s k in f o ld  th ic k n e s s  ove r t im e  w h ich  was 
p ro b a b ly  due to  in s tru m e n t e r r o r .  The c a l ip e r s  used in
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th e  s tu d y  have s in c e  been re tu rn e d  to  the  m anu fa c tu re rs  
f o r  ch e ck in g  and i t  is  p o s s ib le  th a t  a p ro g re s s iv e  
weaken ing  o f  the  c a l ip e r  s p r in g  w ith  co n tin u e d  use 
r e s u l te d  in  le s s  p re s s u re  be ing  a p p lie d  to  the  s k in fo ld  
and th e re fo re  a h ig h e r  re a d in g - The o b se rve r  
d i f f e r e n c e s  and c o n s ta n t changes ove r tim e  can be taken  
i n t o  a ccoun t by m u l t ip le  re g re s s io n  a n a ly s is  b u t t h e i r  
p resence  adds to  th e  c o m p le x ity  o f  d a ta  a n a ly s is  and 
i n t e r p r e t a t io n .

In  NPHS th e  r e la t io n  between su b sca p u la r s k in fo ld  
oand W/H was c lo s e r  f o r  a l l  o b se rv e rs  and in  bo th  sexes 

th a n  f o r  any o f th e  o th e r  s k in fo ld s -  In  p a r t i c u la r  the  
r e la t io n s h ip  was weaker f o r  th e  lim b  s k in fo ld s  ( fo re a rm  
and t r i c e p s ) - S im i la r  r e s u l t s  have been re p o r te d  from  
o th e r  s tu d ie s  (C a r ls so n  1978, G o ld b o u r t and M eda lie  
1974 )- T h is  may, in  p a r t  a t le a s t ,  be due to  the  fa c t  
t h a t  a h ig h e r p ro p o r t io n  o f subcu taneous body f a t  is  
c a r r ie d  on th e  t ru n k  than  on th e  arms and th a t  t h is  
p r o p o r t io n  in c re a s e s  w ith  in c re a s in g  o b e s i t y .  Women 
have a more even d is t r i b u t i o n  o f  subcu taneous f a t  than  
men. 2

2The r e la t io n  between t o t a l  s k in f o ld s  and W/H in  
NPHS m ales is  s l i g h t l y  concave upwards and tends  to
dec rease  w ith  age- Amongst males abou t 53% o f  the  t o t a l

. . 2v a r ia n c e  m  t o t a l  s k in fo ld s  is  accoun ted  fo r  by W/H and
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abou t 64% amongst fem a le s * The p a r t i a l  c o r r e la t io n
2c o e f f i c ie n t  f o r  s k in fo ld s  and W/H is  0 .75  in  bo th  

se xe s .

In  th e  s tu d y  o f men in  G o teborg  (C a rls so n  1978)
th e re  was a c o r r e la t io n  o f  around 0 .7 -0 .8  between body
f a t ,  as measured by t o t a l  K40 d e te rm in a t io n s  on the  one 

2hand and W/H on th e  o th e r ,  in  th re e  g roups o f  men aged 
30 , 50 and 60 . For th e  sum o f  su b scapu la r and t r ic e p s  
s k in f o ld s  th e  c o r r e la t io n  w ith  body f a t  was v e ry  
s im i l a r .

A lth o u g h  i t  has been sugges ted  th a t  s k in fo ld s  may
2g iv e  a more a c c u ra te  e s t im a te  o f  body f a t  than  W/H

(D u rn in  and Womersley 1974) the  p r a c t i c a l  advan tage  o f
m easu ring  s k in f o ld  th ic k n e s s ,  a t  le a s t  in  s tu d ie s  o f
c a rd io v a s c u la r  r i s k  in  W estern  p o p u la t io n s ,  seems
e q u iv o c a l as judged  by NPHS and o th e r  s tu d ie s .  In  f a c t
in  NPHS the  a s s o c ia t io n  o f  o b e s ity  w ith  c a rd io v a s u la r

2m o r t a l i t y  is  p a r t i c u la r l y  w ith  W/H -

O the r w o rke rs  have found  t h a t ,  in  fem a les a t le a s t ,  
body w e ig h t c o r r e la te d  somewhat more h ig h ly  w ith  body 
f a t  mass ( r  = 0 .90 ) th an  w ith  the  sum o f t r ic e p s  and 
su b s ca p u la r s k in fo ld s  ( r  = 0 .7 7 ) .  M u l t ip le  re g re s s io n  
a n a ly s is  in c o r p o r a t in g  th e se  two v a r ia b le s  and b u t to c k  
c irc u m fe re n c e  showed th a t  a l l  th re e  v a r ia b le s  made
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in d e penden t c o n t r ib u t io n s  to  the  p r e d ic t io n  o f body f a t  
mass and th a t  th e y  accoun ted  fo r  between 80-90% o f  the  
v a r ia t io n  in  body f a t  mass in  th e  age s t r a t a  s tu d ie d  
(44, 52, 56, 60 and 66 years of age). (Noppa et al

1979 ).

In  c h i ld r e n  th e  c o r r e la t io n  between t r ic e p s  
s k in f o ld  and w e ig h t a d ju s te d  f o r  h e ig h t in c re a se d  from  
0*5 a t  age f i v e  to  n e a r ly  0 .7  a t  age 11 w ith  some 
c u rv a tu re  in  th e  r e la t i o n .  There was a c lo s e r  r e la t io n  
f o r  heavy than  fo r  l i g h t  c h i ld r e n  (M o rr is  and Ch inn  
1981) .

2The use o f  W/H a llo w s  e a s ie r  com parison  w ith  o th e r
s tu d ie s  and la r g e ly  a vo id s  th e  p rob lem  o f  o b se rv e r
v a r i a b i l i t y  whereas s k in f o ld  th ic k n e s s  g iv e s  in fo rm a t io n
about the distribution of subcutaneous fat as well as

being a measure of obesity. In general there seems to

be no consistent advantage of one over the other in

d e te rm in in g  th e  a s s o c ia t io n  o f  c a rd io v a s c u la r  r i s k
fa c t o r s  w ith  o b e s ity  and th e  s im p l i c i t y  o f  measurement

2o f  w e ig h t and h e ig h t  make W/H a p a r t i c u la r l y  v a lu a b le  
measurement f o r  e p id e m io lo g ic a l s tu d ie s .
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The a s s o c ia t io n  o f  in d iv id u a l  s k in fo ld s  w ith  
c a rd io v a s c u la r  r i s k  f a c t o r s  and m o r t a l i t y

S e ve ra l s tu d ie s  have shown th a t  f a t  la id  down in  
a d u lth o o d  tends to  accum u la te  on the  t ru n k  ra th e r  than  
on th e  lim b s  (Vague 1956, A shw e ll e t a l 1 978 ). In  NPHS 
t h i s  was p a r t i c u la r l y  o b v io u s  fo r  males b u t amongst the  
fem a le s  th e  r a t i o  o f  lim b  to  t ru n k  s k in fo ld s  in c re a se d  
m o d e ra te ly  u n t i l  e a r ly  m id d le  age (4 0 -4 9 ) , t h e r e a f t e r  no 
c o n s is te n t  changes were o b se rve d . M oderate a d u lt  o n se t 
o b e s i ty  is  a s s o c ia te d  w ith  f a t  c e l l  h y p e r tro p h y  ra th e r  
th a n  h y p e rp la s ia  a lth o u g h  h y p e rp la s ia  may d e ve lo p  in  
a d u lth o o d  i f  th e  f a t  d e p o s it io n  is  s u f f i c i e n t  (H irs c h  
and B a tc h e lo r  1976) . F a t c e l l  h y p e r tro p h y  in  th e  
abdom ina l re g io n  h a s - been a s s o c ia te d  w ith  
h y p e r l ip id a e m ia  (B jo r n to rp  and S jo s trom  1971, K issebah  
e t  a l  1 9 8 2 ). The menopause has a ls o  been s a id  to  r e s u l t  
in  th e  d e p o s it io n  o f  more f a t  c e n t r a l l y  (Edwards 1 951 ).

In  NPHS bo th  t r ic e p s  and s u p r a i l ia c  s k in fo ld s  were 
s i g n i f i c a n t l y  g re a te r  in  p o s t th an  p re  menopausal women 
when age was ta ken  in t o  a c c o u n t.

A re c e n t r e p o r t  in  w h ich  t r ic e p s  and su b sca p u la r  
s k in f o ld s  were exam ined in  r e la t io n  to  b lo od  p re s s u re  in  
th e  d a ta  from  the  F i r s t  U .S . H e a lth  and N u t r i t i o n  
E xa m in a tio n  Survey (HANES), showed th a t  su b sca p u la r  
s k in f o ld  was a b e t te r  p r e d ic to r  o f  b lo od  p re su re  than
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t r ic e p s  ( B la i r  e t  a l 1 9 8 4 ). However the  a u th o rs  d id  n o t
d e te rm in e  w he the r e i t h e r  s k in fo ld  was s i g n i f i c a n t l y

oa s s o c ia te d  w ith  b lo od  p re s su re  when W/H was taken  in to
a c c o u n t. The r e s u l t s  from  NPHS show th a t  a lth o u g h  in
m ales b o th  fo re a rm  and s u p r a i l ia c  s k in fo ld  th ic k n e s s
have independent associations with systolic blood

p re s s u re  these  a re  c o n s id e ra b ly  weakened when W/H is
in t ro d u c e d  in t o  th e  m u l t ip le  re g re s s io n  e q u a t io n .
Triceps skinfold has no independent association with

b lo o d  p re s s u re  when th e  o th e r  s k in fo ld s  a re  ta ken  in to
a c c o u n t. In  th e  case o f women the  a s s o c ia t io n  is
s t r o n g e s t  w ith  su b s ca p u la r s k in f o ld  and is  no lo n g e r  

, 2s i g n i f i c a n t  when W/H is  in c lu d e d . In  th e  case o f serum
c h o le s te r o l in  m a le s , fo re a rm  and su b sca p u la r s k in fo ld

2th ic k n e s s  a re  in d e p e n d e n t ly  a s s o c ia te d  b u t when W/H is
in c lu d e d  in  th e  m u l t ip le  re g re s s io n  a n a ly s is  the
r e la t io n s h ip  is  c o n s id e ra b ly  weakened and is  o f
b o r d e r l in e  s t a t i s t i c a l  s ig n i f ic a n c e .  O v e ra ll the
in d iv id u a l  s k in fo ld s  c o n t r ib u te  v e ry  l i t t l e  to  the
r e la t i o n  o f  th e  fo u r  c a rd io v a s c u la r  r i s k  f a c to r s  (SBP,
c h o le s t e r o l ,  f a c to r  V I I  and f ib r in o g e n )  w ith  o b e s ity
o ve r and above W/H . Two p o s s ib le  e x c e p tio n s  a re  plasma
f ib r in o g e n  in  males ( s u p r a i l ia c  a lo n e ) and fa c to r  V I I  in
fem a le s  (s u b s ca p u la r and s u p r a i l ia c )  f o r  w h ich  s k in fo ld s
c o n t r ib u te  somewhat more o f  the  v a r ia n c e  in  th e  m u l t ip le

2regression analysis than W/H „
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The d a ta  from  NPHS sugges ts  t h a t  c e n t r a l o b e s ity  is
o f  g re a te r  im po rta n ce  th an  p e r ip h e r a l subcu taneous f a t
in  d e te rm in in g  c a rd io v a s c u la r  r i s k  fa c to r s  in  fem a le s .
In  males f o r  3 o f  th e  4 r i s k  fa c to r s  found to  be
a s s o c ia te d  w ith  s k in f o ld s ,  bo th  fo re a rm  s k in fo ld
( p e r ip h e r a l • f a t )  and e i t h e r  su b scapu la r and s u p r a i l ia c
( c e n t r a l  f a t )  make in dependen t c o n t r ib u t io n s  a lth o u g h
th e  a s s o c ia t io n  is  somewhat s tro n g e r  w ith  c e n t r a l f a t .
The in d ependen t c o n t r ib u t io n  o f  fo re a rm  s k in fo ld  in
m ales does n o t seem to  be due to  more a c c u ra te
measurement o f fo re a rm  s k in f o ld  compared w ith  t r ic e p s

2s in c e  th e  c o r r e la t io n s  o f  b o th  w ith  W/H a re  s im i la r  fo r  
a l l  th re e  o b s e rv e rs . The in dependen t c o n t r ib u t io n  o f  
fo re a rm  s k in f o ld  to  c a rd io v a s c u la r  r i s k  fa c to r s  in  males 
i s  pe rhaps s u r p r is in g  in  v iew  o f  th e  o b s e rv a t io n  th a t  in  
m ales th e  r a t i o  o f  c e n t r a l to  p e r ip h e r a l s k in fo ld s  
in c re a s e s  somewhat w ith  age (a t  le a s t  up to  age 40) 
s u g g e s tin g  th a t  f a t  a c q u ire d  in  a d u l t  l i f e  is  be in g  la id  
down to  a g re a te r  e x te n t  c e n t r a l l y  th an  p e r ip h e r a l ly .  
Of th e  th re e  r i s k  fa c to r s  s i g n i f i c a n t l y  a s s o c ia te d  w ith  
fo re a rm  s k in f o ld  th ic k n e s s  o n ly  in  the  case o f  serum  
c h o le s te r o l  is  th e  r e la t io n  s i g n i f i c a n t l y  s t ro n g e r  in  
younge r m a le s . I t  is  o f  cou rse  p o s s ib le  th a t
p o p u la t io n s  d i f f e r  in  t h e i r  r e la t io n  between the  
d i s t r i b u t i o n  o f body f a t  and c a rd io v a s c u la r  r i s k  
f a c t o r s .  Much o f th e  work in  t h is  a rea up to  now has 
been in  N. Am erica  and S c a n d in a v ia . L o n g itu d in a l
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s tu d ie s  may h e lp  to  i l lu m in a te  th e  r e la t i v e  im po rta n ce  
o f  c e n ta l and p e r ip h e r a l f a t  b u t th e y  a re l i k e l y  to  be 
c o m p lic a te d  by d i f f i c u l t i e s  in  making re p ro d u c ib le  
measurements ove r lo ng  p e r io d s  o f tim e  u s in g  s e v e ra l 
o b s e rv e rs .

R e c e n t ly ,  p u b l ic a t io n s  from  G o tebo rg , Sweden have 
in d ic a te d  th a t  th e  r a t i o  o f w a is t  to  h ip  c irc u m fe re n ce  
was a s s o c ia te d  w ith  an in c re a se d  r i s k  o f is chaem ic  h e a r t  
d is e a se  and s t ro k e  in  men (La rsson  e t a l 1984) and women 
(L ap id u s  e t a l 1984) a f t e r  13 and 12 yea rs  o f  f o l lo w  up 
r e s p e c t iv e ly -  T r ic e p s ,  s u b s ca p u la r and p a ra th o ra c ic  
were th e  th re e  s i t e s  a t  w h ich  s k in f o ld  measurement was 
made in  th e  G o tebo rg  s tu d y - No a s s o c ia t io n  was found  
between IHD and in d iv id u a l  s k in fo ld s  b u t the  in v e s t i ­
g a to rs  d id  n o t measure s u p r a i l ia c  s k in f o ld -  In  NPHS 
su b s ca p u la r s k in f o ld  was th e  most c lo s e ly  r e la te d  o f the  
in d iv id u a l  s k in fo ld s  to  IHD m o r t a l i t y  b u t the  a s s o c ia ­
t io n  was n o t s t a t i s t i c a l l y  s i g n i f i c a n t  a t  c o n v e n tio n a l 
le v e ls  o f  s ig n i f ic a n c e .

W a is t and h ip  c irc u m fe re n c e  were n o t measured in  
NPHS, i t  is  th e re fo re  im p o s s ib le  to  compare th e  two 
s tu d ie s  d i r e c t l y .  Assessment o f  the  com pa ra tiv e  
p r e d ic t iv e  v a lu e  o f  in d iv id u a l  s k in fo ld s  and w a is t / h ip  
r a t i o  may be c o m p lic a te d  by th e  p o s s i b i l i t y  o f  g re a te r  
o b se rv e r e r r o r  in  the  case o f  s k in f o ld  m easurem ents.
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Both  NPHS and th e  G o tebo rg  s tu d y  sugges t th a t  c e n t r a l l y  
lo c a te d  f a t  is  o f  p a r t i c u la r  re le va n ce  in  the  c a u s a t io n  
o f  IHD , th e  r e s u l t s  o f  th e  G o teborg  s tu d y  emphasize the  
p o s s ib le  r o le  o f  abdom ina l and s u p r a i l ia c  f a t  
d i s t r i b u t i o n .

O b e s ity  and o th e r  p e rs o n a l c h a r a c t e r is t ic s
In  a f f lu e n t  s o c ie t ie s  o b e s ity  is  g e n e ra lly  more 

common in  peop le  o f  low e r so c io -e co n om ic  s ta tu s  (Gordon 
and Kanne l 1975, Koskenvuo e t  a l .  1 9 81 ). In  the  UK 
p re v io u s  s tu d ie s  have tended to  be l im i t e d  to  e i t h e r  
s o c ia l  c la s s e s  I I I - V  (K hos la  and Lowe 1972) o r s o c ia l  
c la s s e s  I  and I I  (R icha rd son  and P in c h e r le  1969, W a lle r  
and B rookes 1 972 ). Some s tu d ie s  in  W estern  p o p u la t io n s  
have shown o b e s ity  to  be more p re v a le n t  in  upper s o c ia l  
c la s s e s  (B u lle n  e t  a l 1963, Keys e t  a l 1967, Keys and 
B rozek 1957) and o th e rs  have shown no r e la t io n s h ip  
(Jacobs and G o tte n bo rg  1981, K i t t e l  e t  a l 1 9 78 ). These 
d is c re p a n c ie s  may have a r is e n  because o f d if fe r e n c e s  in  
s o c io  econom ic s c a le s  used , s tu d y  p o p u la t io n s  and 
i n t e r n a t io n a l  o r r e g io n a l v a r ia t io n s .  There may be 
r u r a l  u rban d i f fe r e n c e s  in  o b e s ity  (M e tzne r e t a l 1977, 
M one llo  e t  a l 1965) b u t these  do n o t show a c o n s is te n t  
p a t t e r n .  There appears to  be an in t e r a c t io n  between  
s o c ia l  c la s s ,  smoking and o b e s ity  in  NPHS w ith  male 
smokers in  th e  upper s o c ia l c la s s e s  be in g  more obese 
th an  non sm okers ; in  th e  low e r s o c ia l c la s s e s  the
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d i f f e r e n c e  between smokers and non smokers is  re v e rs e d .  
T h is  r e la t io n s h ip  does n o t appear to  be due to  d a i ly  
number o f c ig a r e t t e s  smoked s in c e  t h is  is  n o t r e la te d  to  
w e ig h t in  m a le s . One p o s s ib le  e x p la n a t io n  is  th a t  men 
in  s o c ia l c la s s e s  I  and I I  may be a b le  to  a f fo r d  to  
smoke and e a t more than  th e y  need w h i l s t  those  in  low er  
s o c ia l  c la s s e s  may have to  spend le s s  on food i f  th e y  
smoke. The p r o p o r t io n  o f  c ig a r e t t e  smokers is  low er  
amongst h ig h e r  s o c ia l c la s s e s  th an  low e r s o c ia l c la s s e s ,  
t h i s  may r e f l e c t  a b e t te r  response to  h e a lth  w a rn in g s  in  
th e  upper s o c ia l  c la s s e s . Many s tu d ie s  have shown th a t  
on average c ig a r e t t e  smokers a re  le a n e r than  non smokers 
( B l i t z e r ,  Rimm and G ie fe r  1977, H ig g in s  and K je ls b e rg  

.1967, Jacobs and G o tte n bo rg  1981, K hos la  and Lowe 1972, 
Noppa and Bengtson 1980) . In  NPHS th e re  is  an in v e rs e  
r e la t io n s h ip  between o b e s ity  and s ta te d  number o f  
c ig a r e t t e s  smoked in  women o n ly .  T h is  ra is e s  the  
p o s s i b i l i t y  t h a t  some women use c ig a r e t t e s  as a method 
o f  c o n t r o l l i n g  o b e s ity  and c l i n i c a l l y  i t  is  n o t uncommon 
to  f in d  th a t  conce rn  abou t p o s s ib le  w e ig h t g a in  is  g iv e n
by some women as a reason fo r  n o t s to p p in g  sm oking .

2I n t e r e s t i n g ly  however the  d i f f e r e n c e  in  W/H between
fem a le  never smokers and ex-sm okers is  m in im a l whereas 
in  males th e re  is  an a p p re c ia b le  d i f f e r e n c e  (24 .7  vs  
2 5 .8 ) .  P o s s ib ly  t h is  in d ic a te s  t h a t  fem a le  ex-sm okers  
were o n ly  l i g h t  smokers when th e y  d id  smoke c ig a r e t t e s .  
I n  th e  Fram ingham s tu d y  in  bo th  sexes ex-sm okers were
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l i g h t e r  than  never smokers and c u r re n t  c ig a r e t t e  smokers
were l i g h t e r  s t i l l .  In  Framingham the  r e la t io n s h ip  in
b o th  sexes between s ta te d  number o f c ig a r e t te s  smoked
and w e ig h t was non l in e a r  w ith  the  le a n e s t c a te g o ry
b e in g  those  who smoked 11-19 c ig a r e t te s  pe r day , the
h e a v ie s t  smokers (4 0+ /day ) weighed more than  a l l  the
o th e r  smoking c a te g o r ie s .  Those men who q u i t  smoking
d u r in g  th e  fo l lo w  up o f  th e  Framingham s tu d y  p o p u la t io n
ga in e d  abou t 4 lb s  on a ve rage . In  NPHS amongst male
c ig a r e t t e  smokers th o se  who smoked 11-20 c ig a r e t te s  a

2day were le a n e s t ,  th e  mean W/H f o r  t h i s  g roup was 
s im i la r  to  t h a t  o f those  who had never smoked. The
ave rage  w e ig h t g a in  o ve r t im e  in  those  who s to p  smoking  
has g e n e ra l ly  been found  to  be h ig h e r than  in  c o n t in u in g  
smokers and in  those  who have never smoked ( B l i t z e r ,  
Rimm and G ie fe r  1977, Bosse, Garvey and Costa 1980, 
Noppa and Beng tsson 1980) . There have been th re e  main 
hypo theses  to  e x p la in  t h is  o b s e rv a t io n , f i r s t l y  smoking  
may a c t as an a p p e t i te  s u p p re s sa n t, se co n d ly  smoking  
s t im u la te s  th e  r e s t in g  m e ta b o lic  ra te  and t h i r d l y  a f t e r  
g iv in g  up .smoking th e  amount o f  food ea ten  is  in c re a sed  
as a s u b s t i t u t e  f o r  sm ok ing . In  the  lo n g i t u d in a l  d a ta  
th o se  who s to p  smoking between the  two e xa m in a tio n s  g a in  
a mean o f around 2 k i l o s .  T h is  compares q u i te  c lo s e ly  
w ith  the  d i f f e r e n c e  between c u r re n t  and ex-sm oke rs in  
th e  c ro s s  s e c t io n a l d a ta  and w ith  th e  r e s u l t s  o f  the  
Fram ingham s tu d y . I n t e r e s t i n g ly ,  in  males th e re  is  a
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s t a t i s t i c a l l y  s ig n i f i c a n t  r e la t io n  between change in  
c ig a r e t t e s  smoked between the  two e xam in a tio n s  and 
w e ig h t change s u g g e s tin g  a d i r e c t  dose response e f f e c t  
o f  c ig a r e t t e  consum p tion  on w e ig h t w h ich  is  n o t e v id e n t  
in  th e  c ro s s  s e c t io n a l d a ta *

A re c e n t p u b l ic a t io n  sugges ts  th a t  th e  b a s e lin e  
a c t i v i t y  o f  ad ipose  t is s u e  l ip o p r o t e in  l ip a s e  is  r e la te d  
to  th e  amount o f  w e ig h t g a in  fo l lo w in g  smoking c e s s a t io n  
and t h a t  t h is  may be th e  mechanism o f the  g a in  in  w e ig h t  
(Carney and G o ldbe rg  1984 )* L ip o p ro te in  l ip a s e  in  
ad ipo se  t is s u e  is  a key enzyme in  the  r e g u la t io n  o f  
up ta ke  and s to ra g e  o f t r i g l y c e r id e  f a t t y  a c id  by 
a d ip o c y te s *  The le v e l  o f  l i p o p r o t e in  l ip a s e  in  ad ipose  
t is s u e  in c re a se d  in  obese s u b je c ts  a f t e r  w e ig h t lo s s  and 
f e l l  to  low e r le v e ls  when w e ig h t was re g a in e d  (S cw a rtz  
and B ru n z e l l 1978 )* The r is e  in  a c t i v i t y  o f  t h is  enzyme 
f o l lo w in g  w e ig h t lo s s  may re p re s e n t a com pensa to ry  
a tte m p t to  m a in ta in  a p re d e te rm in e d  mass o f ad ipose  
t is s u e .  In  th e  case o f  c ig a r e t t e  smokers who s to p  
sm ok ing , a lth o u g h  th o se  w ith  th e  h ig h e s t  p re -sm ok in g  
c e s s a t io n  le v e ls  o f  l i p o p r o t e in  l ip a s e  in  ad ipose  t is s u e  
have th e  b ig g e s t w e ig h t g a in ,  no e v id en ce  is  c u r r e n t ly  
a v a i la b le  on changes in  t h i s  enzyme fo l lo w in g  c e s s a t io n *

There a re  s e v e ra l p o s s ib le  e x p la n a t io n s  f o r  th e  
la c k  o f  an o v e r a l l  r e la t io n  between c ig a r e t t e  smoking
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and o b e s ity  in  th e  c ro s s  s e c t io n a l d a ta  on male 
p a r t ic ip a n t s  in  NPHS* I t  is  p o s s ib le  th a t  the  le a n e r  
smokers may have been u n d e r- re p re s e n te d  amongst the  
p a r t i c ip a n t s  due to  a p o o re r response r a te ,  
a l t e r n a t i v e l y  i t  may r e f l e c t  d i f f e r e n t  smoking p a t te rn s  
in  th e  NPHS male p o p u la t io n  than  in  o th e r  s tu d ie s *  The 
la r g e s t  o c c u p a t io n a l g roup  in  NPHS were w o rke rs  in  a 
fo od  p ro c e s s in g  fa c t o r y  who a re  n o t p e rm it te d  to  smoke 
w h i l s t  w o rk in g *  I t  is  p o s s ib le  th a t  the  male smokers in  
t h i s  g roup  tend  to  smoke m a in ly  in  the  e ven ings  w h i l s t  
in  pubs o r o th e r  s o c ia l s i t u a t io n s  w h i l s t  th e  women may 
smoke p re d o m in a n t ly  a t  meal b re a ks * D if fe re n c e s  in  
sm oking p a t te r n s  co u ld  a ccoun t f o r  v a ry in g  e f f e c t s  (o r  
la c k  o f  them) o f smoking on w e ig h t .  In  NPHS c u r r e n t
c ig a r e t t e  smokers d id  have a s l i g h t l y  low e r mean 
su b s ca p u la r and s u p r a i l ia c  th ic k n e s s  than  never smokers 
and e x -sm oke rs , t h is  may sugges t a somewhat d i f f e r e n t  
d i s t r i b u t i o n  o f  body f a t  in  smokers b u t the  e f f e c t  is  
s m a ll*

There  is  ra th e r  spa rse  and c o n t r a d ic to r y  d a ta  abou t 
th e  r e la t io n  between a lc o h o l consum p tion  and o b e s i t y .  
I n  NPHS th o se  women who consume a lc o h o l a re  more obese 
th a n  th o se  who were t e e to t a le r s  b u t th e re  was no 
a p p a re n t r e la t io n  w ith  s ta te d  amount consumed. T h is  may 
r e f l e c t  th e  inadequacy o f  a lc o h o l consum ption  d a ta  o r 
a l t e r n a t i v e l y  may in d ic a te  th a t  a lc o h o l i t s e l f  is  n o t
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re s p o n s ib le  fo r  th e  w e ig h t d i f fe r e n c e  bu t is  m e re ly  an 
in d ic a to r  o f  some o th e r  a spec t o f l i f e  s t y le  wh ich is  
re s p o n s ib le -  In  th e  lo n g i t u d in a l d a ta  however th e re  is  
an a s s o c ia t io n  between in c re a se  in  a lc o h o l consum ption  
and w e ig h t g a in  between the  two e xam in a tio n s  amongst 
males -

O ra l c o n tra c e p t iv e s  a re  w e ll documented as caus ing  
in c re a s e s  in  w e ig h t (S p e lla c y ,  Buhi and B ir k  1972) . In  
NPHS o n ly  fo re a rm  s k in fo ld  th ic k n e s s  is  s i g n i f i c a n t l y  
g re a te r  in  women on o r a l c o n tra c e p t iv e s -  However NPHS 
was n o t des igned  to  in v e s t ig a te  th e  e f f e c t s  o f o r a l  
c o n t ra c e p t iv e s  on w e ig h t ,  in  o rd e r to  do t h is  repea ted  
measurements ove r t im e  in  women on c o n tra c e p t iv e s  and 
th o se  n o t ta k in g  o r a l  c o n tra c e p t iv e s  would have been 
n e ce s sa ry .

Postmenopausa l women have g re a te r  mean t r ic e p s  and
s u p r a i l ia c  s k in fo ld  th ic k n e s s  than prem enopausa l women
when age and o th e r  fa c to r s  were ta ken  in t o  accoun t

2a lth o u g h  th e re  is  no s ig n i f i c a n t  d i f fe r e n c e  in  W/H - 
Menopausal s ta tu s  has been shown to  a f f e c t  serum  
c h o le s te r o l ,  f a c to r  V I I ,  f ib r in o g e n ,  le v e ls  o f  these  
v a r ia b le s  be ing  6-10% h ig h e r in  postm enopausa l than  
prem enopausa l women when age is  ta ken  in to  accoun t 
(Meade e t a l 1983 )- C h a r a c te r is t ic s  o f  the  menopause 
o th e r  than  th e  d e c l in e  in  o e s tro g en  p ro d u c t io n  may be
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re s p o n s ib le  s in c e  exogenous o e s tro g en s  tend to  r e s u l t  in  
r is e s  in  w e ig h t ,  f a c t o r  V I I  and f ib r in o g e n  le v e ls .  The 
r i s e  in  g o n a d o tro p h in s  d u r in g  and a f t e r  the  menopause is  
one p o s s ib le  e x p la n a t io n  a lth o u g h  th e re  appears to  be no 
f i r m  e v id e n ce  o f any l i n k  o f  g o n a d o tro p h in s  w ith  l i p i d  
m e ta b o lism  and b lood  c o a g u la t io n .

O b e s ity  and b lo od  p re s s u re
Many s tu d ie s  have dem ons tra ted  a r e la t io n s h ip  

between o b e s ity  and h y p e r te n s io n  (US D epartm en t o f  
H e a lth  E d u ca tio n  and W e lfa re  1979, C h iang , Perlm an & 
E p s te in  1 9 6 9 ). The r e la t io n s h ip  is  found in  bo th  sexes  
and in  b o th  c h i ld r e n  and a d u lts  (V oo rs , Webber and 
Berenson 1 9 7 7 ). In  a d d i t io n  to  th e  a s s o c ia t io n  in  c ro s s  
s e c t io n a l s tu d ie s ,  lo n g i t u d in a l  s tu d ie s  have shown th a t  
th o se  who a re  obese a t  th e  onse t o f  the  s tu d y  were more 
l i k e l y  to  d e ve lo p  h y p e r te n s io n  la t e r  than  p a r t ic ip a n t s  
who were n o t ove r w e ig h t (Kanne l e t  a l  1967, T y r o le r ,  
Heyden and Hames 1975, P a ffe n b a rg e r , Thorne and Wing 
1968 ).

A f t e r  re v ie w in g  s tu d ie s  com paring d i r e c t  in t r a  a r t e r i a l
and in d i r e c t  methods o f d e te rm in in g  b lo od  p re s s u re ,  
C h iang , Perlm an and E p s te in  (1969) conc luded  th a t  the  
d is c re p a n c y  is  m ino r in  most cases and th a t  i t  o f te n  
in c o n s is t e n t ly  r e la te d  to  o b e s i t y ,  in  any even t i t  is  
i n s u f f i c i e n t  to  a ccoun t fo r  the  o v e r a l l  r e la t io n  between
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o b e s i ty  and b lo od  p re s s u re . A more re c e n t s tu d y  
(M axw e ll e t  a l 1982) however a p p a re n t ly  showed th a t  the  
r e g u la r  s iz e d  c u f f  (12 x 23 cm) r e s u l te d  in  the  g re a te s t  
b ia s  in  b lo o d  p re s s u re  re a d in g s  in  1240 obese p a t ie n ts  
compared w ith  a la rg e  c u f f  (15 x 33 cm) and a th ig h  c u f f  
(18 x 36 cm) . For in s ta n c e , f o r  a pe rson  w ith  an arm 
c irc u m fe re n c e  o f 40 cm th e re  was a mean 7 .5  mm Hg 
d i f f e r e n c e  in  d ia s t o l i c  p re s s u re  between th ig h  c u f f  and 
th e  re g u la r  c u f f  and abou t 3 .5  mm Hg between the  la rg e  
and th e  r e g u la r  c u f f .  However i t  was n o t c le a r  from  
t h is  paper w he the r th e  c u f f s  had been a p p lie d  in  random  
o rd e r -  f a i l u r e  to  do so m ig h t have exagge ra ted  the  
d i f f e r e n c e  i f  th e  re g u la r  c u f f  had c o n s is te n t ly  been 
used b e fo re  two la r g e r  c u f f s  s in ce  re pea te d  measurements 
o f  b lo od  p re s s u re  tend  to  r e s u l t  in  th e  la t e r  re a d in g s  
b e in g  somewhat low e r than  the  e a r l i e r  re a d in g s  
p o s s ib ly  as a r e s u l t  o f  th e  p a t ie n t  b e in g  more re la x e d .  
In  a d d i t io n  measurements in  t h is  paper were n o t 
pe rfo rm ed  by random ze ro  sphygmonometer and th e re fo re  
c o u ld  have been open to  b ia s  s in c e  those  p e r fo rm in g  the  
measurements must p resum ab ly  have known the  h y p o th e s is  
t h a t  th e y  were te e t in g *

In  NPHS arm c irc u m fe re n c e  is  o n ly  p a r t l y  
re s p o n s ib le  fo r  th e  r e la t io n  between W/H2 and b lo od  
p re s s u re . D u r in g  th e  second ( f o l lo w  up) measurement (on 
ave rage  6 ye a rs  a f t e r  re c ru itm e n t )  th e re  is  a sm a ll
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in d e penden t a s s o c ia t io n  o f  arm c irc u m fe re n c e  w ith  b lood
2p re s s u re  when W/H is  ta ke n  in to  a c c o u n t. A t f o l lo w  up

two c u f f s iz e s were used depend ing on arm s iz e and
a lth o u g h t h is  may have se rved to  reduce the r e la t io n
between b lo od p re s s u re  and o b e s ity due to arm
c irc u m fe re n c e  i t  d id  n o t a b o lis h  i t .  A t re c ru itm e n t
only one size cuff (23 cm bladder) was used and this

could have resulted in some of the association found in

th e  r e c ru itm e n t  e x a m in a tio n  r e s u l t s  between o b e s ity  and
b lo o d  p re s s u re  b e in g  due to  s p u r io u s ly  h ig h  re a d in g s  in
th o se  w ith  f a t  a rm s. However th e  a s s o c ia t io n  o f

os y s t o l i c  b lo o d  p re s s u re  and W/H is  q u i te  s im i la r  in  
bo th  e x a m in a t io n s , t h is  sugges ts  th a t  any such b ia s  must 
have been o f sm a ll m agn itu de .

The a s s o c ia t io n  between in c re a s in g  o b e s ity  and age 
seems to  o ccu r w id e ly  in  W es te rn ized  p o p u la t io n s .  In  
non W estern  p o p u la t io n s  however th e re  is  f r e q u e n t ly  no 
r e la t io n  and no r is e  in  b lood  p re s s u re  o ccu rs  w ith  age 
(Sever e t  a l 1980, Mann e t  a l 1964, Whyte 1963 ).
However t h i s  may n o t n e c e s s a r i ly  im p ly  t h a t  o b e s ity  is  a 
m a jo r d e te rm in a n t o f  age r e la te d  changes in  b lood
p re s s u re  s in c e  o th e r  f a c to r s  in c lu d in g  s a l t  consum ption  
c o u ld  be r e le v a n t .  In  NPHS age is  a s to n g e r d e te rm in a n t  
o f  b lo o d  b lo o d  p re s s u re  in  bo th  sexes in  the  c ro ss
s e c t io n a l d a ta  th an  in d ic e s  o f  o b e s i t y .  The r e la t io n
between o b e s i ty  and h y p e r te n s io n  may have been s l i g h t l y
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u n d e re s tim a te d  in  NPHS because some h y p e r te n s iv e s  were  
r e c e iv in g  a n t ih y p e r te n s iv e  t re a tm e n t .  NPHS is  
c o m p lic a te d  by the  d i f fe r e n c e s  in  b lood  p re s su re  
m easu ring  te c h n iq u e  between the  two e xa m in a tio n s  and 
because many p a r t ic ip a n t s  were n o t exam ined by th e  same 
o b se rv e r on b o th  o c c a s io n s . A lth o u g h  i t  can be shown by 
m u l t iv a r ia t e  a n a ly s is  u s in g  in t e r a c t io n  te rm s fo r  
d i f f e r e n t  o b se rv e rs  th a t  the  e f f e c t  o f  o b se rve r  
d i f f e r e n c e s  in  measurement does n o t a ccoun t fo r  the  
r e la t io n s h ip  o f b lo o d  p re s s u re  w ith  w e ig h t changes 
between th e  e x a m in a t io n s , n e v e r th e le s s  th e  e xa c t 
m agn itude  o f  the  e f f e c t s  observed com paring i n i t i a l  w ith  
f o l lo w  up d a ta  must be open to  some c o n je c tu re  because  
o f  th e se  c o m p lic a t in g  f a c t o r s .

D e s p ite  th e  d i f f i c u l t i e s  o f com paring the  
l o n g i t u d in a l  and c ro s s  s e c t io n a l d a ta  i t  does appear 
t h a t  w e ig h t changes between the  two e xa m in a tio n s  have a 
g re a te r  e f f e c t  on b lo o d  p re s su re  than  th e  c ro ss  
s e c t io n a l d a ta  s u g g e s t. I n i t i a l  w e ig h t had no 
s ig n i f i c a n t  e f f e c t  on changes in  b lo od  p re s s u re  between  
th e  two e xa m in a tio n s  when the  w e ig h t change was taken  
i n t o  a c c o u n t. T h is  is  in  agreement w ith  o th e r  s tu d ie s  
in c lu d in g  Fram ingham (A sh le y  and Kanne l 1 9 74 ). In  the  
Fram ingham da ta  changes in  r e la t i v e  w e ig h t -e xp la in ed  
abou t 4.6% o f  th e  v a r ia n c e  o f  s y s t o l i c  b lo od  p re s s u re  in  
m ales and 2.7% in  fe m a le s , in  NPHS the  % is  somewhat
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s m a lle r  f o r  bo th  sexes (3.8% and 1.4% r e s p e c t iv e ly ) .  
The Fram ingham e s t im a te s  were based on s ix  measurements 
each two ye a rs  a p a r t and may th e re fo re  re p re s e n t a more 
a c c u ra te  assessm ent than  th e  NPHS r e s u l t s  b u t in  any 
e ve n t th e  two s tu d ie s  show q u ite  s im i la r  r e s u l t s .

O ld e r p a r t ic ip a n t s  o f  bo th  sexes tended to  g a in  
le s s  w e ig h t between the  two e xam in a tio n s  th an  younger 
p a r t i c ip a n t s .  A s im i la r  p a t te r n  was e v id e n t in  the  
c ro s s  s e c t io n a l d a ta  f o r  males b u t n o t f o r  fem a le s .  
The re  is  a tendency in  males f o r  th e  e f f e c t  o f w e ig h t  
g a in  on s y s t o l i c  b lo od  p re s s u re  to  be somewhat g re a te r  
a t  younge r ages.

There a re  s e v e ra l p o s s ib le  e x p la n a t io n s  fo r  the
a p p a re n t ly  g re a te r  im po rta n ce  o f  w e ig h t change w i t h in
in d iv id u a ls  on b lo od  p re s s u re  than  d i f fe r e n c e s  between
individuals in the cross sectional data. One is that

o th e r  f a c t o r s ,  b o th  g e n e t ic  and e n v iro n m e n ta l,  may
d e te rm in e  d i f fe r e n c e s  between in d iv id u a ls  b u t these  are
k e p t a b s o lu te ly  c o n s ta n t (g e n e t ic )  and r e l a t i v e l y
c o n s ta n t (e n v iro nm en t) w i t h in  in d iv id u a ls .  Second ly
w e ig h t changes in  an in d iv id u a l  g e n e ra l ly  re p re s e n t

ochanges in  body f a t  whereas d i f fe r e n c e s  in  W/H between  
i n d iv id u a ls  do n o t e n t i r e l y  r e f l e c t  d i f fe r e n c e s  in  body 
f a t .  There is  a s t ro n g e r  r e la t io n  between change in  
body w e ig h t and b lo od  p re s s u re  change than  w ith  change
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in  s k in f o ld  th ic k n e s s *  However the  measurement o f  
s k in f o ld  th ic k n e s s  in  NPHS is  c o m p lic a te d  by ev idence  o f  
p ro g re s s iv e  changes in  s k in fo ld  th ic k n e s s  ove r t im e ,  
pe rhaps due to  changes in  s e n s i t i v i t y  o f  th e  c a l ip e r s *  
I n  a d d i t io n  s in c e  an in c re a s in g  p ro p o r t io n  o f body f a t  
may be d e p o s ite d  in t e r n a l l y  w ith  advanc ing  age changes 
in  s k in f o ld  th ic k n e s s  may n o t r e f l e c t  changes in  body 
f a t  w ith  age s u f f i c i e n t l y  a c c u ra te ly *  The G oteborg  
s tu d y  w h ich  measured changes in  s y s t o l i c  b lo od  p re ssu re  
and body w e ig h t between 1963 and 1973 in  men aged 50 in  
1963 found  th a t  th e  re g re s s io n  c o e f f i c ie n t  was 0-88 mm 
Hg/Kg change in  body w e ig h t (C a rls o n  1978) w h ich  is  
q u i t e  s im i la r  to  th e  f in d in g s  o f  NPHS*

There a re  s e v e ra l p o s s ib le  mechanisms fo r  the  
a s s o c ia t io n  between w e ig h t change and b lo o d  p re s s u re *  
One is  t h a t  th e re  is  an u n d e r ly in g  co n fo u nd in g  
a s s o c ia t io n  w ith  s a l t  co nsum p tio n . Dahl f o r  in s ta n c e  
sugges ted  th a t  an in c re a se d  in ta k e  o f sodium  a long  w ith  
in c re a s e d  c a lo r ic  in ta k e  p roduces h y p e r te n s io n  in  the  
obese (D a h l, S i lv e r  and C h r is t ie  1958) . However re c e n t  
random ised c o n t r o l le d  t r i a l s  in  humans o f s a l t  
r e s t r i c t i o n  have p roduced  d i f f e r i n g  r e s u l t s *  Two re c e n t  
s tu d ie s  o f  p a t ie n ts  w ith  'm i ld '  (MacGregor e t  a l 1982) 
o r 'm i ld  to  m ode ra te ' (Beard e t  a l 1982) h y p e r te n s io n  
showed an a p p a re n t ly  b e n e f ic ia l  e f f e c t *  The fo rm e r was 
a random ised d o u b le -b l in d  c ro s so ve r s tu d y  on 19 p a t ie n ts



159

who were a d v ised  n o t to  add s a l t  to  t h e i r  d ie t  and then  
supp lem en ted  w ith  'S low  Sodium ' (C iba) o r id e n t i c a l  
p la ce b o  w h ich  showed a d i f f e r e n c e  between the  fo u r th  
week o f th e  supp lem ented and p la cebo  p e r io d s  o f  7 mm Hg 
in  mean sup in e  b lo od  p re s s u re  in  fa v o u r o f the  p la cebo  
g ro u p - The mean 24 hour u r in a r y  sodium  was 162 mmol in  
th e  f o u r t h  week o f  th e  supp lem ented p e r io d  and 86 mmol 
in  th e  fo u r t h  week o f  th e  p la cebo  p e r io d -  The l a t t e r  
s tu d y  was a random ised t r i a l  o f  a no added sodium  d ie t  
in  90 p a t ie n t s  on m e d ic a t io n -  The mean u r in a r y  sodium  
e x c re t io n  was 37-0 mmol/24 hour in  the  d ie t  g roup  and 
161-0 mmol/24 hour in  the  c o n t r o l g roup - Both g roups  
had f a l l s  in  b lood  p re s s u re  b u t th e  d ie t  g roup f in is h e d  
w ith  14 o f  45 o f f  m e d ic a t io n  and, 37 o f  45 ha v in g  e i t h e r  
s topped  o r reduced th e  dose , compared w ith  no re d u c t io n  
in  t re a tm e n t in  30 o f  45 in  th e  c o n t r o l g ro up - The d ie t  
g roup  a ls o  lo s t  a mean o f  2 -1  kg , b u t th e re  was no 
a s s o c ia t io n  between in d iv id u a l  w e ig h t lo s s  and outcom e. 
I t  was n o t c le a r  w he the r th e  w e ig h t lo s s  re p re s e n te d  a 
r e d u c t io n  in  ad ipose  t is s u e  o r f l u i d  lo s s .

Long te rm  s a l t  r e s t r i c t i o n  ove r a p e r io d  o f 2 yea rs  
was shown in  a n o th e r s tu d y  (Morgan e t a l 1978) to  r e s u l t  
in  a r e d u c t io n  o f  d ia s t o l i c  p re s u re  by a mean o f 7 mm 
Hg, a r e s u l t  s im i la r  to  th a t  in  p a t ie n ts  t r e a te d  w ith  
a n t ih y p e r te n s iv e s -  In  an u n tre a te d  c o n t r o l g roup  th e re  
was a mean r is e  o f  1 -8  mm Hg. The mean u r in a r y  sodium
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e x c re t io n  o ve r 24 hou rs  f e l l  to  157 mmol/1 compared w ith  
191 mmol/1 b e fo re  th e ra p y . The sodium  r e s t r i c t i o n  was 
th e r e fo r e  v e ry  modest and one t h i r d  o f p a t ie n ts  f a i le d  
to  p ro v id e d  a u r in e  spec im en . No changes in  w e ig h t were 
m en tio n e d . N e ith e r  o f th e  la s t  two s tu d ie s  were 
ana ly sed  on an in t e n t io n  to  t r e a t  b a s is  and p a t ie n ts  who 
f a i l e d  to  com p le te  th e  s tu d y  were th e re fo re  exc luded  
from  a n a ly s is .

A s tu d y  o f 18 p a t ie n ts  w ith  a mean b lo od  p re ssu re  
o f  144 /93  who r e s t r i c t e d  t h e i r  sodium  in ta k e  fo r  e ig h t  
weeks in  a doub le  b l in d  random ised c ro s so v e r t r i a l  o f  
Slow Sodium and p la cebo  t a b le t s  f a i l e d  to  show any 
d i f f e r e n c e  between the  tre a tm e n t and p la cebo  p e r io d s  in  
b lo o d  p re s s u re  (W a tt e t  a l  1983) . The s tu d y  had a 99% 
power to  d e te c t  a d i f f e r e n c e  o f 5 mm Hg mean a r t e r i a l  
p re s s u re  between th e  two p e r io d s .  These p a t ie n ts  were 
r e c r u i t e d  from  a s in g le  g e n e ra l p r a c t ic e  and com prised  
th o se  whose d ia s t o l i c  b lo od  p re s s u re  was w i t h in  the  
range  90-104 mm Hg based on th e  mean o f  s ix  ca su a l b lo od  
p re s u re  re a d in g s . Mean u r in a r y  sodium  e x c re t io n  o ve r 24 
hou rs  was 143 mmol d u r in g  th e  p e r io d  on sodium  
s u p p le m e n ta t io n  and 87 mmol d u r in g  the  p e r io d  on 
p la c e b o . A f u r t h e r  s tu d y  in  th e  same p r a c t ic e  (W a tt,  
Tudor H a r t and Foy 1983) showed th a t  in  o f f s p r in g  whose 
p a re n ts  were b o th  in  the  to p  t h i r d  o f  th e  d is t r i b u t i o n  
o f  b lo od  p re s s u re  f o r  t h e i r  age g roup  ( h ig h /h ig h )  th e re
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was no d i f f e r e n c e  in  24 hour u r in a r y  e le c t r o ly t e
e x c re t io n  o r p lasma re n in  a c t i v i t y  compared w ith
o f f s p r in g  whose p a re n ts  were bo th  in  the  lo w e s t t h i r d  o f
th e  b lo od  p re s s u re  d i s t r i b u t i o n  ( lo w / lo w ) . There was no
o v e r a l l  d i f f e r e n c e  in  mean w e ig h t in  th e  o f f s p r in g  o f
h ig h /h ig h  and lo w / lo w  p a re n ts  (mean w e ig h t 60 .7  kg and

259 .6  kg r e s p e c t iv e ly ) .  R e s u lts  f o r  W/H were n o t g iv e n  
in  t h is  p a p e r.

I t  seems l i k e l y  t h a t  th e  response o f  b lo od  p re s su re  
to  s a l t  lo a d in g  and r e s t r i c t i o n  may depend on the  group  
s e le c te d  f o r  in te r v e n t io n  and te s ts  f o r  id e n t i f y in g  s a l t  
s e n s i t iv e  in d iv id u a ls  a c c u ra te ly  w i t h in  th e  p o p u la t io n  
have n o t y e t  been d e ve lo p ed . There is  however ev idence  
t h a t  th e  e f f e c t  o f  s a l t  r e s t r i c t i o n  and w e ig h t re d u c t io n  
a re  p ro b a b ly  due to  se p a ra te  m echanisms. For in s ta n c e  
25 obese p a t ie n t s  p la ce d  on a 12 week re d u c in g  d ie t  in  
w h ich  s a l t  in ta k e  was e i t h e r  medium (120 mmol) o r low  
(40 mmol) showed t h a t  w e ig h t lo s s  was th e  same in  the  
two g ro u p s , t h a t  mean b lo o d  p re s s u re  f e l l  e q u a lly  in  
bo th  g roups and th a t  th e  f a l l  was c o r r e la te d  w ith  w e ig h t  
lo s s  (Tuck e t a l 1981) . R e is in  e t  a l (1978) a ls o  
showed, in  obese p a t ie n ts  random ly a l lo c a te d  to  a w e ig h t  
re d u c in g  d ie t  o r a c o n t r o l  g ro u p , w ith  a sodium  in ta k e  
w h ich  was u n c o n t r o l le d  and e q u iv a le n t  in  th e  two g roups  
t h a t  th e  w e ig h t re d u c t io n  g roup  showed a g re a te r  f a l l  in  
b lo o d  p re s s u re .
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Two s tu d ie s  sugges t t h a t  re d u c t io n  in  d ie t a r y  f a t  
m ig h t le a d  to  f a l l s  in  b lo od  p re s s u re  in d e p e n d e n tly  o f  
w e ig h t lo s s -  Puska e t  a l in  N o rth  K a r e l ia ,  F in la n d
(1983) in  a random ised c o n t r o l le d  t r i a l  compared a low  
f a t  (23% o f  ene rgy ) h ig h  p o ly u n s a tu ra te d /s a tu ra te d  r a t io  
(1 :0 )  d ie t  w ith  two o th e r  g ro u p s , one a reduced s a l t  
in ta k e  (192 mmol to  77 m m ol/day) and a no th e r wh ich
c o n tin u e d  on t h e i r  no rm a l d ie t s .  The low  f a t  g roup  
showed a f a l l  in  b lo od  p re s s u re  ove r th e  6 week i n t e r ­
v e n t io n  p e r io d ,  th e  o th e r  two g roups d id  n o t-  Both the  
low  f a t  and the  low  s a l t  g roup lo s t  a l i t t l e  w e ig h t
(mean 0 -7  kg and 0 .9  kg r e s p e c t iv e ly ) .  A f u r t h e r  s tu d y  
o f  59 p a t ie n t s  sugges ted  a b lo od  p re s s u re  lo w e r in g  
e f f e c t  (o f  5 -6  mm Hg s y s t o l i c  p re s s u re ) o f a v e g e ta r ia n  
d ie t  w h ich  appeard in dependen t o f  sodium  and po ta ss ium  
in ta k e  (Rouse e t a l 1983) . There were no s ig n i f i c a n t  
f a l l s  in  w e ig h t d u r in g  th e  p e r io d s  on v e g e ta r ia n  d ie t .

There is  th u s  e v id ence  f o r  in dependen t e f f e c t s  o f 
w e ig h t re d u c t io n  and re d u c t io n  in  f a t  in ta k e  on b lood
p re s s u re .

I t  has been shown th a t  p lasm a re n in  a c t i v i t y  and 
a ld o s te ro n e  f a l l  w ith  w e ig h t lo s s  (Tuck e t a l 1981) a t  
d i f f e r e n t  le v e ls  o f  s a l t  in ta k e .  The f a l l  in  plasma  
r e n in  a c t i v i t y  was c o r r e la te d  w ith  th e  degree o f  w e ig h t 
lo s s  b u t ' t h a t  o f  p lasma a ld o s te ro n e  was n o t .  In  NPHS
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plasm a re n in  a c t i v i t y  was fo u n d , i f  a n y th in g , to  
c o r r e la t e  in v e r s e ly  w ith  b lood  p re s s u re  (Meade e t a l
1983) and th e re  was no r e la t io n  between plasma re n in  
a c t i v i t y  and o b e s i t y .

I t  has been shown th a t  o v e re a t in g  o f p r o te in ,  
c a rb o h y d ra te  and f a t  causes an in c re a se  in  the
d e io d in a t io n  o f  th y ro x in e  to  t r i io d o th y r o n in e  (T^) and a 
c o r re s p o n d in g  in c re a s e  in  serum (D a n fo r th  e t a l
1 9 7 9 ). I t  is  p o s s ib le  th a t  t h is  o b s e rv a t io n  co u ld  be 
r e le v a n t  to  th e  deve lopm en t o f  h y p e r te n s io n  in  o b e s ity  
s in c e  may in c re a s e  B a d re n e rg ic  re c e p to r  number (a t  
le a s t  in  r a t s ! )  and may th e re fo re  in c re a se  s e n s i t i v i t y  
to  p re s s o r mechanisms.

D u rin g  f a s t in g  th e re  is  a decrease  in  s ym pa th e tic  
a c t i v i t y  (Landsbe rg  and Young 1978) and i t  is  p o s s ib le  
t h a t  th e  c a te ch o lam in e  response to  o v e r fe e d in g  co u ld  
cause sodium  r e te n t io n .  However the  a c t i v i t y  o f the  
a d re n e rg ic  ne rvous system  has n o t been shown to  be 
d i f f e r e n t  in  obese h y p e r te n s iv e  in d iv id u a ls  compared 
w ith  le a n  h y p e r te n s iv e s  a lth o u g h  w e ig h t re d u c t io n  may 
le a d  to  a re d u c t io n  in  c i r c u la t in g  n o ra d re n a lin e  le v e ls  
(M e s s e r li 1982) . There may o f cou rse  be in d iv id u a ls  who 
a re  p a r t i c u la r l y  s u s c e p t ib le  to  a change in  
ca te c h o lam in e  m e tabo lism  w ith  w e ig h t change.
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H y p e r in s u lin a e m ia , w h ich  is  commonly found in  obese 
i n d iv id u a ls ,  may a f f e c t  sodium  h a n d lin g  by the  k id n e y  
p ro b a b ly  by enhanc ing  the  tu b u la r  re a b s o rp t io n  o f sodium  
(De F ronzo e t a l  1975) . A lth o u g h  th e re  is  a r e la t i v e  
i n s u l in  re s is ta n c e  a t  a t is s u e  le v e l in  obese p a t ie n ts  
n e v e r th e le s s  o rgans d i f f e r  in  t h e i r  s e n s i t i v i t y  and i t  
is possible that adipose tissue and renal tubular calls 

(Howard e t  a l 1979) c o u ld  rem a in  s e n s i t iv e  in  the  fa ce  
o f  the  in s u l in  re s is ta n c e  o f muscle and l i v e r .

Plasma and t o t a l  b lo od  vo lumes tend  to  expand in  
obese p a t ie n t s  and c a rd ia c  o u tp u t r is e s  (M e s s e r li e t  a l 
1981) . H yp e rte n s io n  a lone  is  a s s o c ia te d  w ith  a 
c o n t r a c t io n  o f  in t r a v a s c u la r  volume and th e re  is  an 
in v e rs e  a s s o c ia t io n  between p e r ip h e r a l re s is ta n c e  and 
in t r a v a s c u la r  volume ( J u l iu s  e t  a l 1971, T a ra z i e t a l 
1968) . The e f f e c t s  o f  o b e s ity  and h y p e r te n s io n  on 
in t r a v a s c u la r  volume tend  to  be in  o p p o s ite  d ir e c t io n s  
and may in  some p a t ie n ts  o f f s e t  each o th e r .  The b lood  
s u p p ly  to  ad ipo se  t is s u e  te nds  to  be r e l a t i v e l y  poor 
compared w ith  le a n  t is s u e ,  fu r th e rm o re  th e  p e r fu s io n  per 
u n i t  o f  f a t  t is s u e  te nd s  to  decrease w ith  in c re a s in g  
o b e s i t y .  I t  seems th a t  th e re  may be a d is c re p a n c y  
between th e  in c re a s e  in  c a rd ia c  o u tp u t in  o b e s ity  and 
th e  p e r fu s io n  o f  a d ipose  t is s u e .  T h is  c h ro n ic  h ig h  
o u tp u t s ta te  may, to g e th e r  w ith  volume e xp a n s io n , 
e v e n tu a l ly  le a d  to  a r is e  in  p e r ip h e r a l r e s is ta n c e  and
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a r t e r i a l  p re s s u re -  The e xa c t mechanism fo r  the  
a s s o c ia t io n  between ra is e d  b lood  p re s su re  and o b e s ity  is  
however s t i l l  open to  s p e c u la t io n -

O b e s ity  and l i p i d s

The marked r is e  in  serum c h o le s te r o l w ith  age which  
te n d s  to  f l a t t e n  o f f  in  males ove r aged 40 has been w e ll 
documented (T y ro le r  e t  a l 1975, Johnson 1 967 )- T h is  
p a t te r n  is  a ls o  seen in  th e  d a ta  from  NPHS- In  women 
however th e  r is e  o ccu rs  th ro u g h o u t th e  age range  
s tu d ie d -  Many c ro s s  s e c t io n a l s tu d ie s  have shown a 
modest a s s o c ia t io n  between serum c h o le s te r o l and o b e s ity  
(Kahn e t  a l 1969, Kanne l e t a l 1962) and i t  has a ls o  
been shown th a t  when in d iv id u a ls  change w e ig h t t h e i r  
c h o le s te r o l le v e ls  tend  to  p a r a l l e l  w e ig h t changes- In  
m ales w e ig h t lo s s  has been shown to  r e s u l t  in  a 
decreased  r a t i o  o f  low  d e n s ity  l ip o p r o t e in  c h o le s te r o l  
(LDLC) to  h ig h  d e n s i ty  l ip o p r o t e in  c h o le s te r o l (HDLC) in  
m a les - In c o n s is te n t  r e s u l t s  have been a ch ie ved  in  
fem a le s  (Lew is  e t  a l 1976, Thompson e t a l  1979, C on ta ld o  
e t  a l  1980, Dobrea e t  a l  1981, B ro w n e ll and S tunka rd  
1981) - There may be d i f fe r e n c e s  in  th e  l ip o p r o t e in  
response  to  a c t iv e  w e ig h t lo s s  and s ta b le  reduced  
w e ig h t-  A re c e n t s tu d y  found  th a t  LDLC was reduced and 
HDLC ra is e d  in  obese women d u r in g  s ta b le  reduced w e ig h t
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lo s s  (F riedm an e t  a l 1 982 )- T o ta l c h o le s te r o l was 
unchanged from  the  b a s e lin e  measurements in  t h is  s tu d y  
w h ich  was however on o n ly  15 women. In  NPHS the  
a s s o c ia t io n  o f  serum c h o le s te r o l w ith  o b e s ity  is  
somewhat low e r f o r  fem a le s  than  males in  b o th  the  c ro ss  
s e c t io n a l and the  lo n g i t u d in a l  d a ta  (w e ig h t change) bu.t 
th e  d i f f e r e n c e  is  m in im a l in  the  case o f th e  c ro ss  
s e c t io n a l d a ta  and is  n o t s t a t i s t i c a l l y  s ig n i f i c a n t  in  
e i t h e r  case . The r e la t io n  between o b e s ity  and serum  
c h o le s te r o l is  somewhat s to n g e r in  younger compared w ith  
o ld e r  men in  th e  c ro s s  s e c t io n a l d a ta  b u t th e re  is  no 
ev id e n ce  th a t  th e  response o f c h o le s te r o l to  w e ig h t 
change was more p ronounced in  younger males in  the  
lo n g i t u d in a l  d a ta . T h is  may sugges t c o h o r t d if fe r e n c e s  
in  th e  a s s o c ia t io n  between o b e s ity  and serum  
c h o le s te r o l ,  a l t e r n a t i v e l y  th e  o b s e rv a t io n  may be due to  
th e  g re a te r  range o f W/H a t e n t r y  in  the  younger m a les . 
The Framingham o f f s p r in g  s tu d y  (G a rr is o n  e t a l 1980) 
fo und  t h a t ,  amongst m a le s , LDLC was most c lo s e ly  r e la te d  
to  o b e s ity  in  th e  younges t (20 -29  ye a rs ) age g ro u p . The 
conve rse  was found  in  fem a les  in  whom the  r e la t io n  was 
modest e xcep t in  th e  o ld e s t  (40-49 ye a rs ) age g ro up . 
T h is  s tu d y  a ls o  no ted  a p a u c i ty  o f  le a n  males in  th e  40- 
49 age g roup  and sugges ted  th a t  t h is  m ig h t be an 
e x p la n a t io n  fo r  th e  weak r e la t io n s h ip  in  th a t  g ro u p . 
(O n ly  2.6% had a r e l a t i v e  w e ig h t o f  be low  100% based, on 
th e  M e t r o p o l i ta n  L i f e  In su ra n ce  Co. d a ta . )  F in d in g s
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from the Fram ingham H ea rt S tudy c o h o r t , who were a l l
o ve r 50 ye a rs  o f  age a t the tim e  o f the re le v a n t
m easurem ents , showed th a t 4 o f the  6 age s p e c i f i c
c o r r e la t io n s  in  males between r e la t i v e  w e ig h t and LDLC 
were n o t s i g n i f i c a n t l y  d i f f e r e n t  fo rm  ze ro  (K anne l, 
Gordon and C a s t e l l i  1 979 )- S im i la r  d a ta  fo r  HDLC were  
re p o r te d  from  the  C o l la b o r a t iv e  L ip id  Research C l in ic s  
(G lu e ck , T a y lo r  and Jacobs 1979 )- Amongst a d o le s ce n ts  
in  Boga lusa  o n ly  th e  most obese boys (upper 15% o f  th e  
d is t r i b u t i o n )  appeared to  have e le v a te d  LDLC (F r e r ic h s ,  
e t  a l 1 9 7 8 ).

A lth o u g h  age has a more p o w e r fu l e f f e c t  o v e r a l l  on 
serum c h o le s te r o l than  o b e s i t y ,  n e v e r th e le s s  those  in  
th e  f a t t e s t  q u a r t i l e  o f  NPHS males aged 30-39 yea rs  have 
a serum c h o le s te r o l s im i la r  to  th e  le a n e s t two q u a r t i le s  
in  th e  40-49 age g ro up - The e f f e c t  o f  o b e s ity  in  the  
younge r age g roups is  th e re fo re  q u i te  s u b s ta n t ia l .  The 
la c k  o f  any a p p a re n t e f f e c t  o f  age on the  a s s o c ia t io n  
between serum c h o le s te r o l and o b e s ity  in  women may be 
due to  th e  c o n fo u n d in g  e f f e c t  o f  menopause w h ich  r e s u l t s  
in  an e le v a t io n  o f  serum c h o le s te r o l in  m id d le  aged 
women (Meade e t  a l ,  1983 )-

The a s s o c ia t io n  between serum t r ig ly c e r id e s  and 
o b e s i ty  has been w e l l documented (O le fs y , Reaven and 
Fa rquha r 1974) - S e ve ra l mechanisms may be in v o lv e d  in
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t h i s  a s s o c ia t io n ,  f o r  example th e  ra te  o f f r e e  f a t t y  
a c id  m o b i l iz a t io n  is  a d e te rm in a n t o f  th e  amount o f  
s u b s t r a te  p re se n te d  to  th e  l i v e r  f o r  p lasma t r i g ly c e r id e  
s y n th e s is *  H y d ro ly s is  o f  f a t  c e l l  t r i g l y c e r id e  to  y ie ld  
f r e e  f a t t y  a c id s  is  in  p a r t  under th e  c o n t r o l o f  in s u l in  
le v e ls *  Ad ipose  t is s u e  l ip o p r o t e in  l ip a s e  is  th e  m ajo r 
enzyme re s p o n s ib le  f o r  h y d ro ly s is  o f t r i g ly c e r id e s  
c i r c u la t in g  in  c h y lo m ic ro n s  o r v e ry  low  d e n s ity  
l i p o p r o t e in s  to  f a t t y  a c id s  w h ich  a re  ta ken  up by f a t  
c e l l s  f o r  s to ra g e  as ad ipose  t is s u e  t r i g ly c e r id e s *  
L e v e ls  o f  f a t  c e l l  l i p o p r o t e in  l ip a s e  w i l l  th e re fo re  
a f f e c t  c i r c u la t in g  p lasma t r i g l y c e r id e  and th e  a c t i v i t y  
o f  t h is  enzyme has been shown to  be e le v a te d  in  obese 
p a t ie n t s  (S chw a rtz  and B ru n z e ll 1 9 7 8 ). The e le v a t io n  
rem a ins  f o l lo w in g  w e ig h t lo s s ,  and may become even 
g re a te r *  I t  may th e re fo re  in d ic a te  an u n d e r ly in g  
m e ta b o l ic  a b n o rm a lity  o f  im po rta n ce  in  the  a e t io lo g y  o f  
o b e s i t y  and accoun t f o r  th e  d i f f i c u l t y  in  m a in ta in in g  a 
reduced  w e ig h t th a t  obese in d iv id u a ls  tend  to  
e x p e r ie n c e *  O le fs k y ,  Fa rquha r and Reaven (1974) 
p roposed  than  in  n o n -d ia b e t ic  p a t ie n ts  in s u l in  
r e s is ta n c e  was a m a jo r d e te rm in a n t o f in s u l in  s e c re t io n  
and th a t  in s u l in  le v e ls  in  tu rn  were a m a jo r fa c to r  
d e te rm in in g  h e p a t ic  t r i g l y c e r id e  s y n th e s is  and thus  
p lasm a t r i g l y c e r id e  le v e ls *  I n s u l in  re s is ta n c e  is  
r e la te d  to  f a t  c e l l  s iz e  w h ich  is  known to  be e le v a te d  
i n  a d u l t  o n se t o b e s ity  (S jo s tro m  1 9 8 0 ).
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There has been some c o n tro v e rs y  as to  whe the r 
p lasm a t r i g ly c e r id e  le v e l is  r e la te d  to  IHD in c id e n c e  or 
m o r t a l i t y -  Two s tu d ie s  found an appa ren t r e la t io n s h ip  
(C a r ls so n  and B o t t ig e r  1972, Pe lkonen e t a l 1977) - 
Recent s tu d ie s  sugges t however th a t  th e re  is  no
in dependen t a s s o c ia t io n  o f IHD w ith  t r ig ly c e r id e s  
(W ilhem ssen, Wedel and T ib b l in  1973, Gordon e t a l ,
1977) - In  a com prehensive re v iew  H u lle y  e t a l (1980) 
exam ined th e  r e s u l t s  o f 27 s tu d ie s  wh ich showed an 
a s s o c ia t io n  between serum t r ig ly c e r id e  and co ro n a ry  
d is e a se  and found th a t  o n ly  8 had taken  th e  range o f  
known r i s k  fa c to r s  in to  a ccoun t- When a d ju s tm en t fo r
s e v e ra l r i s k  fa c to r s  was unde rta ken  o n ly  2 showed a 
r e s id u a l in dependen t a s s o c ia t io n  between IHD and 
t r i g l y c e r id e s .  They p o in te d  o u t th a t  e a r l ie r  s tu d ie s  
had f a i l e d  to  ta ke  in to  accoun t the  im po rtance  o f HDLC 
and found in  t h e i r  own r e s u l t s  from  the  W estern  
C o lla b o ra t iv e  Group S tudy th a t  when t h is  was done th e re  
was no rem a in in g  a s s o c ia t io n  between IHD and 
t r i g l y c e r id e -  In  NPHS th e re  was no ev idence  o f an 
a s s o c ia t io n  between t r i g l y c e r id e  and IHD m o r t a l i t y .

The r e s u l t s  from  NPHS were on n o n - fa s t in g  b lood  
sam p les , and t h is  may have re s u lte d  in  somewhat h ig h e r  
le v e ls  o f t r i g ly c e r id e s  than  would have been observed on 
f a s t in g  sam p les . However th e re  is  a s u r p r is in g ly  h ig h  
c o r r e la t io n  between f a s t in g  and n o n - fa s t in g  t r i g ly c e r id e
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le v e ls  ( r  = 0 -7 ) w h ich  sugges ts  th a t  a lth o u g h  the  use o f  
n o n - fa s t in g  samples may have decreased the  s t r e n g th  o f  
a s s o c ia t io n  somewhat th e  e f f e c t  was n o t s u f f i c i e n t  to  
s e r io u s ly  in t e r f e r e  w ith  th e  in t e r p r e t a t io n  o f  r e s u l t s  
(N o rth  and Meade u n p u b lis h e d  o b s e rv a t io n s )  - From an 
e p id e m io lo g ic a l p e rs p e c t iv e  th e re  a re  c o n s id e ra b le  
advan tages in  b e in g  a b le  to  use n o n - fa s t in g  samples 
s in c e  i t  is  g e n e ra l ly  e a s ie r  to  persuade la rg e  numbers 
o f  in d iv id u a ls  to  a t te n d  fo r  e xam in a tio n  i f  i t  in v o lv e s  
c o m p a ra t iv e ly  l i t t l e  d is r u p t io n  o f  t h e i r  r o u t in e .  In  
a d d i t io n  in  many ways th e  n o n - fa s t in g  s ta te  is  l i k e l y  to  
be more r e p r e s ta t iv e  o f  lo n g - te rm  exposu re  than  fa s t in g  
le v e ls  s in c e  in d iv id u a ls  spend l i t t l e  o f  t h e i r  l i v e s  
unde rg o in g  m orn ing  f a s t s !

A lth o u g h  th e re  is  a p a u c ity  o f e p id e m io lo g ic a l da ta  
on c a rd io v a s c u la r  r i s k  f a c to r s  in  women compared w ith  
th e  w e a lth  o f  d a ta  on men, th e  Framingham s tu d y  showed 
t h a t  th e  r i s k  fa c to r s  and t h e i r  in t e r - r e la t io n s h ip s  were 
e s s e n t ia l l y  s im i la r  in  th e  two sexes a lth o u g h  th e re  was 
a u n iv a r ia te  a s s o c ia t io n  between t r i g l y c e r id e  and 
c o ro n a ry  h e a r t  d is e a se  in c id e n c e  in  fem a les w h ich  was 
n o t p re s e n t in  m a le s , t h is  however d is a ppea re d  when HDLC 
le v e ls  were ta ken  in t o  a ccoun t (Gordon e t a l  1 9 77 ). In  
a d d i t io n  d ia b e te s  appeared a r i s k  f a c to r  fo r  fem a les  
o n ly  b o th  in  u n iv a r ia te  and m u l t iv a r ia t e  a n a ly s is .  
R e la t iv e  w e ig h t was a r i s k  f a c t o r  f o r  fem a le s  in  
u n iv a r ia t e  a n a ly s is  o n ly .
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In  th e  Framingham d a ta  the  a s s o c ia t io n  between
r e la t i v e  w e ig h t and low  d e n s ity  l ip o p r o t e in  c h o le s te r o l ,
t r i g l y c e r id e  and s y s t o l i c  b lo od  p re s su re  was s im i la r  in
m ales and fe m a le s . In  NPHS t o t a l  c h o le s te r o l was
measured and no d i r e c t  measurements o f  HDL-C and LDL-C

2a re  a v a i la b le  b u t the  a s s o c ia t io n s  between W/H on the
one hand and l i p i d s  and b lo od  p re s su re  on the  o th e r  a re
g e n e ra l ly  s im i la r  in  th e  two sexes a lth o u g h  somewhat
s t ro n g e r  f o r  m a le s . Mean t r i g ly c e r id e s  a re  low e r in
fem a le s  th a n  males in  b o th  NPHS and th e  Fram ingham

2s tu d y , t h is  may r e f l e c t  th e  low e r v a lu e s  o f W/H and 
r e l a t i v e  w e ig h t r e s p e c t iv e ly  f o r  fem a les compared w ith  
m ales in  th e  two s tu d ie s  a lth o u g h  the  d i f f e r e n c e  in
t r i g l y c e r id e s  appears somewhat la r g e r  than  would be
expec ted  on th e  b a s is  o f  d i f fe r e n c e s  in  o b e s ity  a lo n e .

H aem os ta tic  v a r ia b le s
Amongst the  h a e m o s ta tic  v a r ia b le s  measured th e re  is  

good e v id e n ce  th a t  f a c t o r  V I I ,  fa c to r  V I I I  and f i b r i n o ­
gen a re  r e la te d  to  is ch aem ic  h e a r t  d ise a se  and th a t  the  
r e la t io n s h ip  may be c a u sa l (Meade e t a l 1 9 80 ).

M ales in  NPHS who deve loped  f a t a l  IHD had h ig h e r
le v e ls  o f  f a c to r  V I I  , f ib r in o g e n  and fa c to r  V I I I  thanc c
th o se  who d id  n o t .  The in dependen t a s s o c ia t io n  o f
f a c t o r  V I I c and f ib r in o g e n  w ith  c a rd io v a s c u la r  dea th  
appeared a t  le a s t  as s tro n g  as th a t  between serum
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c h o le s te r o l and c a rd io v a s c u la r  d e a th . A c lu s te r in g  o f  
h ig h  le v e ls  o f  two o f th e  th re e  c l o t t i n g  fa c to r s  was 
p re s e n t in  63% o f  those  who d ie d  o f  c a rd io v a s c u la r  
d is e a se  compared w ith  23% o f  those  who s u r v iv e d .  There  
was no e v id en ce  o f  a s s o c ia t io n  w ith  dea th  from  ca n ce r. 
E x c lu s io n  o f  those  w ith  a p r e - e x is t in g  h is t o r y  o f  
c a rd io v a s c u la r  d is e a se  d id  n o t a f f e c t  the  d i f fe r e n c e  
between th o se  who d ie d  and the  s u r v iv o r s .

S e ve ra l s tu d ie s  have shown th a t  fa c to r  V I I  le v e lsc
v a ry  in  p a r a l l e l  w ith  p lasma l i p i d s .  V e g e ta r ia n s  have 
lo w e r le v e ls  o f f a c t o r  V I I c and l i p i d s  than  non­
v e g e ta r ia n s  (Ha ines e t  a l 1980) . B la cks  have low e r 
le v e ls  o f  f a c t o r  V I I c and c h o le s te r o l than  w h ite s  (Meade 
e t  a l 1978) . F a c to r V I I c and c h o le s te r o l le v e ls  are
h ig h e r  in  p o s t than  p re -m enopausa l women even when age 
d i f f e r e n c e s  a re  a llo w e d  fo r  (Meade e t  a l 1 9 8 3 ). Use o f  
o r a l  c o n t ra c e p t iv e s  (Meade e t  a l  1977) r e s u l t s  in  ra is e d  
V I I c and c h o le s te r o l le v e ls  and p a t ie n ts  w ith
h y p e r l ip id a e m ia  (C o n s ta n t in o  e t  a l 1977, Simpson e t  a l
1983) a ls o  tend  to  have e le v a te d  f a c to r  V I I  le v e ls .c
R e d u c tio n  o f  p lasma l i p i d s  in  h y p e r l ip id a e m ic  p a t ie n ts
is  a s s o c ia te d  w ith  a f a l l  in  f a c to r  V I I c le v e ls  (Simpson
e t  a l  1983) . In  NPHS th e re  is  a f a i r l y  weak bu t
s t a t i s t i c a l l y  h ig h ly  s ig n i f i c a n t  c o r r e la t io n  ( r= 0 .2 3 )
between serum c h o le s te r o l and f a c to r  V I I  (Meade e t  a lc
1980).
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The a s s o c ia t io n  o f f a c to r  V I I c and l i p i d s  does n o t
seem to  be due to  an a r t e f a c t  o f the  assay system  s in ce
fa c t o r  V I I  le v e ls  a re  n o t ra is e d  by th e  a d d i t io n  o f  c
l ip o p r o t e in s  to  p lasma in  v i t r o .

H igh  f a c to r  V I I  le v e ls  c o u ld  in f lu e n c e  the  r i s k  o f
IHD in  s e v e ra l ways. F a c to r V I I  e x is t s  in  a le s s  a c t iv e
s in g le  c h a in  fo rm  and as a more a c t iv e  doub le  c h a in  fo rm
(S i lv e r b e r g ,  Nemerson and Zur 1 9 7 7 ). The fa c t o r  V I I
c l o t t i n g  assay ( V I I c ) uses plasma wh ich  has been
c o l le c te d  d i r e c t l y  in t o  c i t r a t e  and te s te d  e i t h e r  f re s h
o r a f t e r  snap f r e e z in g  and s to ra g e  in  l i q u id  n i t r o g e n .
The f a c t o r  V I I C assay p ro b a b ly  measures f a c to r  V I I
p r o t e in  in  th e  p r o p o r t io n  o f s in g le  and doub le  c h a in  V I I
( th e  d oub le  c h a in  v a r ia n t  be ing  deno ted  b y c ^ V I I  ) w h icha
e x is te d  a t  th e  moment o f  v e n e p u n c tu re . The f a c to r  V I I
a c t i v i t y  o f  b o th  th e  sample and th e  s ta n d a rd  a g a in s t
w h ich  i t  is  assayed w i l l  depend upon the  p r o p o r t io n  o f

olV I I  , i . e .  as th e  p r o p o r t io n  o f  J i V I I  in c re a s e s  the
le v e l  o f  f a c t o r  V I I c w i l l  a p p a re n t ly  in c re a s e . F a c to r
V I I  measured by a t r i t i a t e d  f a c t o r  X method ( in  w h ich
a l l  f a c t o r  V I I  i s  f i r s t  c o n ve rte d  to  c>LVII ) is  n o ta
a s s o c ia te d  w ith  c h o le s te r o l .  T h is  sugges ts  th a t  the
a s s o c ia t io n  between f a c to r  V I I  and c h o le s te r o l is  duec
to  an in c re a s in g  p r o p o r t io n  o f  f a c to r  V I I  c i r c u la t in g  as 

o c V II in  p a t ie n t s  w ith  h ig h  c h o le s te r o l le v e ls  ( M i l le r  e ta
a l  B r i t  J Haemato l in  th e  p r e s s ) .  K a l l i k r e in  and o th e r
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p ro te a se s  a re  a b le  to  c o n v e r t s in g le  c h a in  V I I  to  c * V I Ia
(S e lig s o h n  e t  a l 1 9 7 9 ). The k a l l i k r e i n  system  is
a c t iv a te d  in  h y p e r l ip id a e m ia  as in d ic a te d  by d e p le t io n
o f  p r e k a l l i k r e i n  and k a l l i k r e i n  i n h ib i t o r s  (C a rva lh o  e t
a l  1 9 7 8 ). C onve rs io n  o f  p r e k a l l i k r e in  to  k a l l i k r e i n
o ccu rs  f o l lo w in g  a d s o rb t io n  o f th e  c o n ta c t fa c to r s  on to
a n e g a t iv e ly  cha rged  s u r fa c e . I t  is  p o s s ib le  th a t
l i p o p r o t e in  p a r t i c le s ,  w h ich  a re  n e g a t iv e ly  cha rged , may
p ro v id e  s u f f i c i e n t  s u r fa c e  fo r  a c t iv a t io n  o f th e  c o n ta c t
sys tem . W h i ls t  th e  re a c t io n s  o f th e  c o n ta c t system  may
be to o  s low  to  a f f e c t  th e  ra te  o f  th rom b in  p ro d u c t io n
d u r in g  c o a g u la t io n  (A ltm an and Hemker 1967) i t  is
p o s s ib le  th a t  an in c re a se d  p r o p o r t io n  o f ot V I I  maya
in c re a s e  th e  ra te  o f  th rom b in  p ro d u c t io n  and th u s  rende r 
th e  h a e m o s ta tic  system  more s e n s i t iv e  to  p ro -c o a g u la to ry  
s t im u l i .

In  NPHS m ales th e  s im i la r  convex r e la t io n  o f bo th
2c h o le s te r o l and f a c to r  V I I  to  W/H (and t h e i r  c lo s e r

02a s s o c ia t io n  w ith  W/H a t younger ages) is  added ev idence  
t h a t  th e re  is  a c lo s e  p a r a l l e l  between th e  tw o . However 
th e  a s s o c ia t io n  between f a c to r  V I I c and o b e s ity  p e r s is t s  
when serum c h o le s te r o l and t r i g l y c e r id e  le v e ls  a re  taken  
in t o  a c c o u n t.

------  In  c o n t r a s t  - to —fa c t o r - V IT , th e re  is  no a s s o c ia t io n
between f a c to r  V and f a t a l  m y o c a rd ia l in f a r c t io n  in  NPHS
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and i t s  e p id e m io lo g ic a l fe a tu re s  do n o t sugges t any 
m a jo r a s s o c ia t io n  w ith  c a rd io v a s c u la r  r i s k -  I t  has n o t 
been measured a t th e  fo l lo w  up e x a m in a tio n -

H igh f ib r in o g e n  le v e ls  may e x e r t  an adve rse  e f f e c t
on c a rd io v a s c u la r  r i s k  by in c re a s in g  plasma v is c o s i t y ,
a l t e r n a t i v e l y  th e y  may o p e ra te  th ro u g h  the  r o le  o f
f ib r in o g e n  in  th e  c o a g u la t io n  system - In  a d d it io n
f i b r i n  may have a r o le  in  the  p ro d u c t io n  o f a theroma
(S m ith  e t  a l  1 979 )- The la c k  o f any a s s o c ia t io n  between
w e ig h t change and f ib r in o g e n  in  th e  lo n g i t u d in a l  d a ta
sugge s t th a t  f ib r in o g e n  may n o t be d i r e c t l y  r e la te d  to
o b e s i t y -  T h e ir  a s s o c ia t io n  in  th e  c ro s s  s e c t io n a l da ta
m ig h t re p re s e n t a common a s s o c ia t io n  w ith  a t h i r d ,  as
y e t  unknown, co n fo u n d in g  f a c to r  o r may in d ic a te  th a t
f ib r in o g e n  is  an in d ic a to r  o f  m e ta b o lic  fa c to r s  wh ich
p re d is p o s e  to  o b e s i ty -  Plasma f ib r in o g e n  c o n c e n tra t io n s
a re  h ig h e r in  smokers than  non-sm okers and a re  reduced
by a lc o h o l consum p tion  (Meade e t a l 1979) b u t these
a s s o c ia t io n s  do n o t o f cou rse  accoun t fo r  th e  r e la t io n  

2w ith  W/H in  th e  c ro s s  s e c t io n a l d a ta -  A re c e n t s tu d y  
o f  d ie t a r y  d e te rm in a n ts  o f l i p i d s ,  b lo od  p re s s u re  and 
f ib r in o g e n  on 117 m id d le  aged men who com p le ted  7 day 
weighed d ie t a r y  re c o rd s  showed th a t  th e re  was no 
s ig n i f i c a n t  a s s o c ia t io n  between f ib r in o g e n  and d ie t a r y  
f a t  in ta k e  b u t an in v e rs e  a s s o c ia t io n  was found  between  
c e re a l f i b r e  in ta k e  and f ib r in o g e n  ( F e h i l l y  e t  a l 1982 )-
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F a c to r V I I I  is  n o t r e la te d  to  o b e s ity  and a ls o  c
d i f f e r s  from  fa c to r  V I I  and f ib r in o g e n  in  t h a t  i t  is  
n o t p roduced  in  th e  l i v e r .  F a c to r V I I I  te nds  to  be 
r a is e d  by a d re n e rg ic  s t im u l i ,  e x e rc is e  and c ig a r e t t e  
smoking (Cohen e t a l 1968, Ing ram  1961 ).

F i b r i n o l y t i c  a c t i v i t y  has n o t been shown to  be 
c o n s is te n t ly  a s s o c ia te d  w ith  c a rd io v a s c u la r  r i s k  u n l ik e  
th e  th re e  p re ce e d in g  h a e m o s ta tic  v a r ia b le s .  In  the  
c ro s s  s e c t io n a l d a ta  i t  was c o n s is te n t ly  in v e r s e ly  
r e la te d  to  o b e s ity  b u t the  pronounced f a l l  in  
f i b r i n o l y t i c  a c t i v i t y  w h ich  has o c c u rre d  s in c e  the  la t e r  
p a r t  o f  th e  re c ru itm e n t  f o r  as y e t  unkown re a son s , has 
made com pa risons between c ro s s  s e c t io n a l and 
l o n g i t u d in a l  changes im p o s s ib le .  There is  no consensus  
abou t th e  most a p p ro p r ia te  method o f  m easu ring  
f i b r i n o l y t i c  a c t i v i t y  and th e  d i l u t e  b lo od  c lo t  l y s i s  
t im e  is  u n d o u b te d ly  a c rude  method wh ich  however has the  
advan tage  o f  b e ing  m e th o d o lo g ic a l ly  s im p le  and r e f le c t s  
th e  b a lan ce  between a c t iv a to r s  and in h ib i t o r s  o f  
f i b r i n o l y s i s .  In  p r a c t ic e  i t  does m a in ly  r e f l e c t  
a c t iv a t o r s  o f  f i b r i n o l y s i s  a lth o u g h  in h ib i t o r s  a re  a ls o  
p re s e n t .  Whole b lo od  d i l u t e  c lo t  l y s i s  tim e  and 
e u g lo b u l in  l y s i s  tim e  a re  q u i te  c lo s e ly  c o r r e la te d  
(F lu te  1964) , th e  l a t t e r  method be in g  in dependen t o f  
i n h i b i t o r s .  There was no s ig n i f i c a n t  d i f f e r e n c e  in  
f i b r i n o l y t i c  a c t i v i t y  between those  in  NPHS who d ie d  o f
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m y o c a rd ia l in f a r c t io n  and those  who s u rv iv e d  (Meade e t  
a l  1980 )* In  o th e r  re s p e c ts  th e re  a re  some s u g g e s tio n s ,  
from  what is  known abou t the  e p id e m io lo g y  o f f i b r i n o ­
l y t i c  a c t i v i t y ,  t h a t  i t  co u ld  be o f  some re le va n ce  in  
th e  a e t io lo g y  o f v a s c u la r  d is e a s e . F ib r i n o l y t i c  
a c t i v i t y  f a l l s  w ith  age, is  reduced in  smokers (Meade e t  
a l 1979) , e le v a te d  somewhat in  those  who consume a lc o h o l 
compared w ith  non d r in k e r s ,  i t  a ls o  f a l l s  in  the  
im m ed ia te  a f te rm a th  o f  m y o c a rd ia l in f a r c t io n  (H a ines e t  
a l  1 9 8 3 ). However some a s s o c ia t io n s  a re  in  th e  o p p o s ite  
d i r e c t io n  to  what m ig h t be e xp e c te d , f o r  example i t  is  
lo w e r in  b la c k s  th an  w h ite s  d e s p ite  a low e r IHD 
m o r t a l i t y  in  b la c k s , i t  is  e le v a te d  in  women ta k in g  o r a l  
c o n t ra c e p t iv e s  and in c re a s e s  in  low e r s o c ia l c la s s  men 
(Meade e t  a l  1 9 8 0 ).

These a p p a re n t ly  p a ra d o x ic a l e f f e c t s  may r e f l e c t  
com pensa to ry  mechanisms w h ich  re a c t  to  s i t u a t io n s  in  
w h ich  in d iv id u a ls  a re  a t in c re a se d  (o r decreased) r i s k  
o f  th ro m b o t ic  e v e n ts . I f  t h is  is  so then  those  
in d iv id u a ls  who f a i l  to  re a c t a d e q u a te ly  w ith  in c re a se d  
a c t i v i t y  in  such s i t u a t io n s  co u ld  be a t in c re a se d  r i s k .  
Because o f th e  c o m p le x ity  o f  th e  f i b r i n o l y t i c  system  a 
s im p le  measurement such as th a t  used in  NPHS co u ld  
r e f l e c t  an in c re a se d  r i s k  o f  th ro m b o t ic  e ven ts  in  some 
c irc u m s ta n c e s  and in  o th e rs  a r e a c t io n  to  in c re a se d
r i s k .
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S e ve ra l o th e r  s tu d ie s  have shown a s im i la r ,  in v e rs e  
r e la t io n s h ip  between f i b r i n o l y t i c  a c t i v i t y  and o b e s ity  
(S z c z e k l ik  e t  a l  1980, Shaper e t a l 1966 )* I t  is  
p o s s ib le  th a t  because o f  th e  crude method o f measurement 
used fo r  f i b r i n o l y t i c  a c t i v i t y  i t s  c o n t r ib u t io n  to  
c a rd io v a s c u la r  r i s k  may have been u n d e re s tim a te d  in  NPHS 
d a ta .  I f  t h i s  is  so then  i t s  in v e rs e  a s s o c ia t io n  w ith  
o b e s i t y  may be o f  re le v a n c e  to  the  r e la t io n  o f  o b e s ity  
w ith  c a rd io v a s c u la r  m o r t a l i t y .

L o n g itu d in a l r e la t io n s h ip s  o f w e ig h t change w ith  
h a e m o s ta tic  v a r ia b le s  and o th e r  c a rd io v a s c u la r  r i s k  
f a c t o r s

There a re  d i f f i c u l t i e s  in  d e te rm in in g  th e  e xac t 
m agn itude  o f  th e  lo n g i t u d in a l  changes in  c a rd io v a s c u la r  
r i s k  fa c to r s  between th e  two e x a m in a t io n s . In  th e  case 
o f  th e  c o a g u la t io n  f a c t o r s ,  d i f f e r e n t  s ta n d a rd s  have 
been used in  th e  assay on th e  two o c c a s io n s . A lth o u g h  
c o n v e rs io n  fa c to r s  have been c a lc u la te d  to  a llo w  
e x p re s s io n  o f  r e s u l t s  in  te rm s o f  one s ta n d a rd  i t  is  
o b v io u s ly  d i f f i c u l t  to  d e te rm in e  w ith  a b s o lu te  
c o n fid e n c e  how much o f th e  changes between e xam in a tio n s  
a re  due to  changes in  p o p u la t io n  c h a r a c t e r is t ic s  and how 
much due to  d i f f e r i n g  p o te n c ie s  o f  s ta n d a rd  s in c e  the  
two fa c to r s  a re  con founded .
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S im i la r ly  th e  d i f fe r e n c e s  in  the  method used to  
measure serum c h o le s te r o l w h ich  changed in  1976 make 
e x a c t com pa rison  d i f f i c u l t  b u t a t  le a s t  in  the  case o f  
c h o le s te r o l some d a ta  is  a v a i la b le  fo r  the  la t e r  method 
a t  b o th  re c ru itm e n t  and fo l lo w  up e xa m in a tio n  and the  
two methods were ta ke n  in t o  accoun t in  th e  m u l t ip le  
re g re s s io n  a n a la y s is .  In  the  case o f b lo od  p re s s u re  a 
s ta n d a rd  c u f f  and sphygmomonometer were used a t
r e c ru itm e n t  compared w ith  s ta n d a rd  and o v e rs iz e  c u f fs  
w ith  a random ze ro  sphygmomonometer a t  f o l lo w  up . In  
a d d i t io n  in d iv id u a ls  w e re , in  many in s ta n c e s , measured 
by d i f f e r e n t  o b se rv e rs  on th e  two o c c a s io n s . W h i ls t  i t  
i s  p o s s ib le  to  make some a llow ance  fo r  th e  o b se rve r  
d i f f e r e n c e s  u s in g  in t e r a c t io n  te rm s in  th e  m u l t ip le  
re g re s s io n  a n a ly s is  i t  is  im p o s s ib le  to  ta ke  in to
a ccoun t any d i f f e r e n c e  between the  sphygmomonometer 
w ith o u t  p e r fo rm in g  d i r e c t  com parisons between them on 
th e  same in d iv id u a ls  a t  the  same p o in t  in  t im e .
N e v e r th e le s s  s in c e  th e  p a r t i c u la r  aim o f th e  a n a ly s is  o f 
th e  lo n g i t u d in a l  d a ta  is  to  d e te rm in e  th e  c o n t r ib u t io n  
o f  w e ig h t change to  changes in  c a rd io v a s c u la r  r is k  
f a c t o r s ,  th e  d i f f e r e n c e s  in  the  methods used between the  
two e x a m in a t io n s , w h i l s t  a f f e c t in g  th e  a b s o lu te  amount 
o f  th e  change o f  th e  v a r ia b le  measured shou ld  n o t a f f e c t  
th e  c o n t r ib u t io n  o f  w e ig h t u n le s s  o f cou rse  those  who
were measured on sa y , a p a r t i c u la r  c o a g u la t io n  fa c to r  
s ta n d a rd  g a in e d  o r lo s t  w e ig h t a t  a d i f f e r e n t  r a te  to
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th o se  measured on a n o th e r s ta n d a rd . There is  however no 
e v id e n ce  o f  any such tendency in  NPHS d a ta . The g e n e ra l 
s im i l a r i t y  o f  the  lo n g i t u d in a l  and c ro s s  s e c t io n a l  
r e s u l t s  (w ith  th e  e x c e p t io n  o f f ib r in o g e n )  is  f u r t h e r  
ev id e n ce  t h a t  th e  e s t im a te s  o f th e  e f f e c t s  o f w e ig h t 
change a re  re a so n a b ly  a c c u ra te .

The mean change in  w e ig h t ove r th e  6 yea r f o l lo w  up 
i s  q u i t e  s im i la r  to  th e  mean w e ig h t change o f 1 .4  kg in  
a s tu d y  o f Swedish women aged 38-60 ye a rs  who were 
measured in  1968-9 and aga in  in  1974-5 (Noppa, 1 9 80 ).

The Swedish s tu d y  a ls o  showed th a t  o ld e r  women 
ga in e d  le s s  w e ig h t than  younger women, a s im i la r  
o b s e rv a t io n  was no ted  in  bo th  sexes in  NPHS. In  NPHS, 
j u s t  as in  th e  Fram ingham s tu d y , (A sh le y  and K anne l, 
1974) th e  changes in  serum c h o le s te r o l and b lood  
p re s s u re  w ith  w e ig h t change a re  somewhat g re a te r  in  
m ales than  fe m a le s . W e igh t changes have a somewhat 
g re a te r  e f f e c t  on serum c h o le s te r o l than  s y s t o l i c  b lood  
p re s s u re  in  b o th  s tu d ie s  b u t in  NPHS th e  d i f f e r e n c e  is  
v e ry  s m a ll .  In  NPHS and Fram ingham the  change in  w e ig h t 
was the  im p o r ta n t d e te rm in a n t o f  change in  r i s k  fa c to r s  
and th e  i n i t i a l  w e ig h t d id  n o t a f f e c t  th e  change. T h is  
has im p o r ta n t re p e rc u s s io n s  fo r  p u b l ic  h e a lth  s in c e  i t  
im p l ie s  th a t  i f  in d iv id u a ls  co u ld  be p re ve n te d  from  
g a in in g  w e ig h t ,  p a r t i c u la r l y  r e l a t i v e l y  young
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in d iv id u a ls  who tend  to  g a in  more than  o ld e r  p e o p le ,  
th e n  a w o rth  w h ile  re d u c t io n  in  th e  r is e  in
c a rd io v a s c u la r  r i s k  t h a t  o ccu rs  w ith  age ing  co u ld  be 
a ch ie ve d * In  p r a c t i c a l  te rm s t h is  may be more 
a c h ie v a b le  than  w idesp read  w e ig h t re d u c t io n  in  the  
p o p u la t io n -  H e a lth  e d u c a t io n  shou ld  p la c e  more emphasis  
on re g u la r  w e ig h in g  w ith  th e  aim o f p re v e n t in g  a r is e  in  
w e ig h t and re v e rs in g  any sm a ll e le v a t io n s  as th e y  o c c u r .

O b e s ity  and m o r t a l i t y
2The a s s o c ia t io n  o f W/H and m o r t a l i t y  in  NPHS males  

i s  s t a t i s t i c a l l y  s i g n i f i c a n t  b o th  in  the  u n iv a r ia te  and 
th e  m u l t iv a r ia t e  a n a ly s is  w h ich  ta ke s  in t o  a ccoun t o th e r  
r i s k  f a c t o r s .  The u n iv a r ia te  a n a ly s is  showed th a t  
c h o le s te r o l ,  f ib r in o g e n  and f a c to r  V I I  were a s s o c ia te d  
w ith  f a t a l  IHD as re p o r te d  p re v io u s ly  (Meade e t a l
1 9 8 0 ). T h is  sugges ts  t h a t  o b e s ity  had an e f f e c t  on 
m o r t a l i t y  w h ich  is  m ed ia ted  o n ly  p a r t i a l l y  th ro u g h  the  
r i s k  fa c to r s  measured in  t h is  s tu d y . Of th e  54 male
p a r t ic ip a n t s  who s u f fe re d  f a t a l  IHD , 8 had in c o m p le te  
d a ta  because o f  an i n s u f f i c i e n t  volume o f  b lo o d  
c o l le c t e d ,  and were th e re fo re  e xc lu ded  from  m u l t iv a r ia t e  
a n a ly s is -  I t  is  p o s s ib le  th a t  th e  u n a vo id a b le  e x c lu s io n  
o f  these  p a r t ic ip a n t s  from  the  m u l t iv a r ia t e  a n a ly s is  may 
have r e s u l te d  in  an u n d e re s tim a te  o f  the  c o n t r ib u t io n  o f  
o b e s i ty  to  f a t a l  IHD th ro u g h  i t s  e f f e c t  on th e  
c a rd io v a s c u la r  r i s k  fa c to r s  measured in  NPHS i f  th e re
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had been a p a r t i c u la r l y  s tro n g  r e la t io n  between o b e s ity  
and c a rd io v a s c u la r  r i s k  fa c to r s  amongst those e ig h t

oi n d iv id u a ls .  T h is  seems u n l i k e ly  because the  mean W/H 
o f  these  8 in d iv id u a ls  in  q u e s t io n  was a c tu a l ly  somewhat 
low e r than  th a t  o f  th e  whole g roup  o f 54 f a t a l  IHD
ca se s .

The adve rse  a f f e c t  o f o b e s ity  may be due to  i t s
n e g a t iv e  a s s o c ia t io n  w ith  H igh D e n s ity  L ip o p ro te in  
c h o le s te r o l (HDL-C) w h ich  was n o t measured in  the  NPHS 
p o p u la t io n  (B e rc h tg o ld  e t  a l 1981, Rhoads e t a l 1976, 
Avogaro e t a l 1978) .

In  NPHS p r e v io u s ly  id e n t i f i e d  h y p e r te n s iv e s  were 
more obese than  n o rm o te n s iv e s . There is  however no
a s s o c ia t io n  between b lo od  p re s s u re  and m o r t a l i t y  in  the  
NPHS p o p u la t io n .  One p o s s ib le  e x p la n a t io n  is  because 
th e  h y p e r te n s iv e s  in  t h is  p o p u la t io n  have r e l a t i v e l y  
w e l l  c o n t r o l le d  b lo o d  p re s s u re s . However tre a tm e n t fo r  
h y p e r te n s io n  is  th o u g h t to  be m a in ly  o f  b e n e f i t  in
p re v e n t in g  s t ro k e  and c o n g e s tiv e  c a rd ia c  f a i l u r e .  The 
e f f e c t s  o f  t r e a t in g  h y p e r te n s io n  on the  p re v e n t io n  o f  
m y o c a rd ia l i n f a r c t io n  have been e q u iv o c a l (WHO/ISH M ild  
H yp e r te n s io n  L ia is o n  Comm ittee 1982 .)

The v a ry in g  r e s u l t s  o f s tu d ie s  o f o b e s ity  and 
c a rd io v a s c u la r  m o r t a l i t y  may be due to  th e  oppos ing
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e f f e c t s  o f  c ig a r e t t e  smoking on c a rd io v a s c u la r  m o r t a l i t y  
and o b e s i ty -  In  NPHS males th e re  is  no s ig n i f i c a n t  
o v e r a l l  r e la t io n  o f  o b e s ity  and c ig a r e t t e  sm oking , upper 
s o c ia l  c la s s  smokers tend  to  be f a t t e r  and low e r s o c ia l  
smokers th in n e r  th an  non sm okers- T h is  may accoun t fo r  
th e  c le a r  a s s o c ia t io n  o f  o b e s ity  and IHD m o r t a l i t y  in  
NPHS m a le s . A f u r t h e r  p o s s ib le  e x p la n a t io n  is  th a t  NPHS 
in v o lv e s  a w o rk in g  p o p u la t io n  in  whom those  w ith  c h ro n ic  
d is e a s e , in  w h ich  m o r t a l i t y  is  l i k e l y  to  be a s s o c ia te d  
w ith  u n d e rw e ig h t a re  p ro b a b ly  u n d e r- re p re s e n te d  -

O b e s ity  te nd s  to  have a more marked in f lu e n c e  on 
c a rd io v a s c u la r  m o r t a l i t y  on lo n g  te rm  fo l lo w  up (>5 
y e a rs ) than  in  th e  s h o r t  te rm  (Garrow 1981) - T h is  
p a t te r n  is  a ls o  seen in  NPHS where th e re  is  no 
s ig n i f i c a n t  r e la t io n  between o b e s ity  and m o r t a l i t y  
w i t h in  5 ye a rs  o f  r e c ru itm e n t  (a lth o u g h  th e re  were o n ly  
24 male dea th s  due to  IHD in  t h is  p e r io d ) - When a l l  IHD 
dea th s  in  males a re  in c lu d e d  however th e re  is  a s tro n g  
a s s o c ia t io n  w ith  o b e s i ty -  I t  may be o f  p a r t ic u la r  
im p o rta n ce  as a r i s k  f a c to r  in  young men in  whom the  
a b s o lu te  r i s k  o f  m y o c a rd ia l in f a r c t io n  is  sm a ll so th a t  
many ye a rs  have to  pass b e fo re  s u f f i c i e n t  cases o c c u r .  
S e ve ra l s tu d ie s  have indeed  shown th a t  th e  c a rd io v a s u la r  
r i s k  c o n fe r re d  by o b e s ity  seems a p p a re n t o n ly  in  younger 
m a les - For in s ta n c e  in  th e  M an itoba  s tu d y  (R abk in  e t  a l  
1977) o n ly  in  th o se  men under 40 was th e re  an in c re a se
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r i s k  o f c o ro n a ry  h e a r t  d isease  w ith  o b e s ity  when th e y  
were fo llo w e d  up fo r  16 y e a rs . In  the  P o o lin g  P ro je c t
(1978) th e  a s s o c ia t io n  w ith  o b e s ity  was o n ly  in  those  
age <50. In  NPHS th e  excess r i s k  appeared somewhat 
g re a te r  a t  younger ages a lth o u g h  th e  numbers in  any one 
age g roup  were sm a ll and the  r e la t io n  w ith  age was n o t  
s t a t i s t i c a l l y  s i g n i f i c a n t .

O b e s ity  may be a b e t te r  p r e d ic to r  o f  IHD m o r t a l i t y
th a n  th e  la b o ra to r y  measures o f c a rd io v a s c u la r  r i s k  in
lo n g  fo l lo w  up because i t  is  le s s  v a r ia b le .  An
a l t e r n a t i v e  e x p la n a t io n  is  th a t  th e  a s s o c ia t io n  o f
o b e s i ty  w ith  IHD m o r t a l i t y  is  v ia  a n o th e r mechanism
w h ich  is  in d ependen t o f  those  v a r ia b le s  measured in
NPHS. The measurement o f  in d iv id u a l  s k in fo ld s  g iv e s
somewhat p o o re r p r e d ic t io n  o f IHD m o r t a l i t y  compared 

2w ith  W/H .A re c e n t r e p o r t  has sugges ted  th a t  th e  r a t i o  
o f  w a is t  to  h ip  measurement may be an in dependen t
p r e d ic t o r  o f  c o ro n a ry  m o r t a l i t y  a t le a s t  in  males
(La rsson  e t  a l  1984) . These measurements a re  n o t
a v a i la b le  in  NPHS.

2The la c k  o f  any d i f fe r e n c e  in  W/H in  these  
p a r t ic ip a n t s  w ith  a p re v io u s  m yo c a rd ia l in f a r c t io n  a t  
th e  e n t r y  e x a m in a tio n  is  n o t s u r p r is in g  g iv e n  th a t  many 
p a t ie n t s  a re  l i k e l y  to  be a d v ise d  to  lo s e  w e ig h t
f o l lo w in g  a m a jo r c o ro n a ry  e v e n t. An a l t e r n a t i v e
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e x p la n a t io n  is  th a t  obese p a t ie n ts  w ith  m yo ca rd ia l 
i n f a r c t io n  a re  le s s  l i k e l y  to  s u rv iv e  than  le a n e r  
p a t ie n t s . However in  s tu d ie s  o f s u r v iv a l  fo l lo w in g  
m yo c a rd ia l i n f a r c t io n  o b e s ity  has n o t been m en tioned as 
a p ro g n o s t ic  f a c to r  (N o r r is ,  B ra n d t and Lee 1969, 
P o h jo la ,  S i l ta n e n  and Romo 1980, L u r ia  e t  a l 1 9 79 ). 
N e ve r th e le s s  w e ig h t and h e ig h t  a re  r a r e ly  measured in  
th e  a c u te ly  i l l  p a t ie n t  on adm iss io n  to  c o ro n a ry  ca re  
u n i t  and th e r e fo r e  i t  is  p o s s ib le  th a t  i f  obese p a t ie n ts  
have a h ig h e r  e a r ly  m o r t a l i t y  f o l lo w in g  m yo ca rd ia l 
i n f a r c t io n  th an  le a n  p a t ie n ts  t h is  co u ld  have been 
m issed in  many s tu d ie s .

There is  no s i g n i f i c a n t  a s s o c ia t io n  between t o t a l
m o r t a l i t y  and o b e s ity  amongst th e  NPHS males because th e

os l i g h t l y  low e r mean W/H in  those  who d ie  from  cance r
and o th e r  causes p a r t l y  c o u n te rb a la n ce s  th e  g re a te r

2o b e s i ty  o f  th o se  who d ie  o f  IHD. The low e r mean W/H o f  
th e  f a t a l  cance r cases seems to  o ccu r p a r t i c u la r l y  in  
th o se  aged 60 and ove r a t  re c ru itm e n t  a lth o u g h  th e  t o t a l  
numbers a re  s m a ll .  S e ve ra l e p id e m io lo g ic a l s tu d ie s  have 
found  th a t  th e re  is  excess m o r t a l i t y  amongst pe rsons  o f  
be low  average w e ig h t ,  in c lu d in g  the  Framingham S tudy and 
th e  Ch icago P e o p le 's  Gas Company S tudy  ( S o r l ie ,  Gordon  
and Kanne l 1980, Dyer e t  a l 1 9 7 5 ), w h ich  sugges ted  th a t  
th e  lo w e s t m o r t a l i t y  o c c u rre d  in  those  who exceeded  
t h e i r  1 id e a l w e ig h t1 by 25-35% . Even when a l l  th ose
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w ith  d e f i n i t e  c l i n i c a l  e v id ence  o f le t h a l  d ise a se  were
e xc lu d e d  th e  excess m o r t a l i t y  in  those  w ith  be low
ave rage  w e ig h t p e r s is te d .  I t  was suggested  th a t  t h is
m ig h t be due to  s u b c l in ic a l  d is e a s e . Those who lo s t
w e ig h t w ith o u t  d e l ib e r a t e ly  d ie t in g  had a h ig h e r than
ave rage  m o r t a l i t y  i f  th e re  was a m ed ica l e x p la n a t io n  fo r
t h e i r  w e ig h t lo s s  (Gordon and Kanne l 1 973 ). There is
c o n s id e ra b le  deba te  abou t the  n a d ir  o f  the  U shaped

2cu rve  r e la t in g  W/H to  t o t a l  m o r t a l i t y .  The US L i f e  
In s u ra n ce  s tu d ie s  have found  the  minimum m o r t a l i t y  a t  
w e l l  be low  average w e ig h t fo r  h e ig h t (S o c ie ty  o f  
A c tu a r ie s  1959) . However those  who were accep ted  fo r  
p o l i c ie s  a re  n o t r e p re s e n ta t iv e  o f  th e  g e n e ra l 
p o p u la t io n  in  th a t  those  w ith  c h ro n ic  d ise a se  le a d in g  to  
w e ig h t lo s s  wou ld  tend  to  be e x c lu d e d . More re c e n t L i f e  
In s u ra n c e  d a ta  from  th e  USA (S o c ie ty  o f  A c tu a r ie s  1979) 
c o n f irm s  th a t  the  lo w e s t m o r t a l i t y  is  in  those  be low  
ave rage  w e ig h t a lth o u g h  th e re  may be a s l i g h t  in c re a se  
in  th o se  g re a te r  th an  20% be low  average w e ig h t .

In  Fram ingham the  m o r t a l i t y  in  th e  second 12 yea rs  
o f  th e  24 ye a r f o l lo w  up showed a g re a te r  tendency  to  
in c re a s e  w ith  r e la t i v e  w e ig h t than  m o r t a l i t y  in  the  
f i r s t  12 y e a rs  o f  f o l lo w  up, b u t t h is  p a t te r n  d id  n o t 
ex te nd  to  th o se  o f le s s  than  90% o f  median w e ig h t fo r  
t h e i r  age and sex in  whom a somewhat h ig h e r m o r t a l i t y  
p e r s is te d  (H ube rt e t  a l  1983) . T h is  o b s e rv a t io n  co u ld
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have been due to  c ig a r e t t e  sm ok ing . A r e - a n a ly s is  o f  
th e  Am erican Cancer S o c ie ty  d a ta  ( o r i g in a l l y  p u b lis h e d  
by Lew and G a r f in k e l in  1979) f o r  the  re c e n t (1983) 
r e p o r t  o f  th e  R oya l C o lle g e  o f  P h y s ic ia n s  -  'O b e s i t y ' ,  
shows th a t  m o r t a l i t y  r is e s  in  bo th  smokers and non- 
smokers (a lth o u g h  a t a h ig h e r le v e l in  smokers) above a

9W/H o f  abou t 24. The m o r t a l i t y  in  the  le a n e s t g roup o f
2non smokers (W/H <20 in  bo th  sexes) was s l i g h l y  h ig h e r

2th a n  th a t  f o r  those  w ith  a W/H between 20 -24 , b u t was 
a round th e  ave rage fo r  th e  com p le te  s tu d y  p o p u la t io n .

The a s s o c ia t io n  between o b e s ity  and IHD m o r t a l i t y
2is  i n s u f f i c i e n t  to  a ccoun t f o r  th e  f la t e n in g  o f  W/H 

w ith  age w h ich  is  seen in  NPHS and o th e r  s tu d ie s .

D e s p ite  th e  r i s k  a s s o c ia te d  w ith  o b e s ity  in  NPHS 
m ales th e re  is  no doub t t h a t  in  an obese smoker the  
p r i o r i t y  shou ld  be g iv e n  to  smoking c e s s a t io n  s in c e  the  
ave rage  w e ig h t g a in  f o l lo w in g  s to p p in g  smoking w i l l  o n ly  
c o n fe r  a round 6% in c re a s e  in  th e  r i s k  o f f a t a l  IHD 
compared w ith  around tw o fo ld  f o r  20 c ig a r e t te s /d a y  or 
more (R oya l C o lle g e  o f P h y s ic ia n s  1 983 ).

NPHS d a ta  r e la te s  m a in ly  to  males and a lth o u g h  th e  
number o f  women in c lu d e d  is  to o  sm a ll to  y ie ld  
s u f f i c i e n t  cases o f f a t a l  IHD fo r  a n a ly s is  th e  
a s s o c ia t io n  between c a rd io v a s u la r  r i s k  f a c to r s  in  the
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two sexes is  b ro a d ly  s im i la r .  The Am erican Cancer 
S o c ie ty  and th e  Fram ingham s tu d ie s  have sugges ted  a 
s im i la r  a s s o c ia t io n  between o b e s ity  and c a rd io v a s c u la r  
m o r t a l i t y  in  th e  two sexes a lth o u g h  the  dea th  ra te  
amongst fem a les  f o r  c a rd io v a s c u la r  d ise a se  is  o f cou rse  
c o n s id e ra b ly  low e r th an  amongst m a le s .

There a re  s e v e ra l fa c to r s  wh ich  co u ld  r e s u l t  in  
o b e s i t y  p re d is p o s in g  to  f a t a l  c a rd io v a s c u la r  d is e a s e .  
One p o s s i b i l i t y  is  t h a t  obese in d iv id u a ls  a re  le s s  
l i k e l y  to  ta ke  e x e rc is e  than  le a n  in d iv id u a ls .

The l im i t a t io n s  o f  th e  v a r io u s  methods fo r  
re c o rd in g  p h y s ic a l a c t i v i t y  in  a f r e e  l i v i n g  s i t u a t io n  
have been re v iew ed  by Gar row (1978) who conc luded  th a t  
none o f  th e  a v a i la b le  te ch n iq u e s  was a b le  to  d e te rm in e  
r e l i a b l y  w he the r a low  a c t i v i t y  le v e l was o f  
a e t io lo g ic a l  im po rta n ce  in  o b e s i t y .  Many s tu d ie s  used 
p re d ic te d  ene rgy e x p e n d itu re s  f o r  g iv e n  ta s k s  b u t i t  is  
known th a t  th e re  is  c o n s id e ra b le  in t r a  and in t e r  
i n d iv id u a l  v a r ia t io n  in  th e  ene rgy c o s ts  o f  p a r t i c u la r  
ta s k s .  I t  is  a ls o  p o s s ib le  th a t  o b s e rv a t io n  may r e s u l t  
in  a l t e r a t i o n  o f  a c t i v i t y  le v e ls .

Some s tu d ie s  have n o t found any s i g n i f i c a n t  
d i f f e r e n c e s  between th e  le a n  and th e  obese in  p h y s ic a l  
a c t i v i t y  (M a x f ie ld  and K o n is h i 1966, M cCarthy 1966) and
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o th e rs  have shown an a p p a re n t ly  low e r le v e l in  th e  obese 
(B loom and E idek  1967, B u l le n ,  Reed and Mayer 1964, 
M o r r is  and S tun ka rd  1 9 5 7 ). However i t  is  p o s s ib le  th a t  
t h i s  r e f l e c t s  th e  g re a te r  ene rgy e x p e n d itu re  re q u ire d  
f o r  e x e rc is e  in  the  obese o r the  s tigm a  o f o b e s ity  w h ich  
d is c o u ra g e s  p a r t i c ip a t io n  in  s p o r ts  and o th e r  fo rm s o f  
p h y s ic a l e x e r t io n .

N e v e r th e le s s  s e v e ra l s tu d ie s  sugges ted  th a t  
e x e rc is e  may have a p r o te c t iv e  e f f e c t  on c a rd io v a s c u la r  
d is e a s e . M ild  p h y s ic a l e x e rc is e  on a re g u la r  b a s is  ove r 
2 months has been shown to  have b e n e f ic ia l  e f f e c t  on 
serum l ip o p r o t e in s  ^ ( in c re a sed  HDL s u b f r a c t io n  two) and 
a ra c h id o n ic  a c id  m e ta b o l ite s  (decreased  serum  
th rom boxane and in c re a se d  plasma 6 Keto p ro s ta g la n d in  
F 1 <=*. c o n c e n tra t io n )  (Rauramaa e t a l 1984) . Work 
a c t i v i t y  in  longshorem en was in v e r s e ly  a s s o c ia te d  w ith  
c o ro n a ry  h e a r t  d is e a se  m o r t a l i t y  (P a ffe n b a rg e r and Hale
1975) . Male members o f  K ib b u tz im  in  I s r a e l  w ith  
s e d e n ta ry  jo b s  had a 2-4 f o ld  h ig h e r  r i s k  o f  IHD (bo th  
t o t a l  and f a t a l )  , (B renne r e t a l 1974) than  those  w ith  
non s e d e n ta ry  jo b s .  In  a s tu d y  o f 18 ,000 male c i v i l  
s e rv a n ts  in  the  UK, those  who re p o r te d  v ig o ro u s  e x e rc is e  
d u r in g  a two day sample p e r io d  were le s s  l i k e l y  to  
s u f f e r  f a t a l  c o ro n a ry  h e a r t  d is e a se  su b s e q u e n tly  than  
th o se  who d id  n o t (b u t th e re  was no r e la t io n  w ith  t o t a l  
p h y s ic a l a c t i v i t y )  (Chave e t a l 1 9 7 8 ). The Framingham
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s tu d y  (Kanne l and McNamara 1967) showed a th r e e fo ld  
h ig h e r  in c id e n c e  o f  f a t a l  m y o c a rd ia l in f a r c t io n  in  the  
le a s t  a c t iv e  compared w ith  the  most a c t iv e .  P h y s ic a l 
a c t i v i t y ,  b o th  t o t a l  e ne rgy  e x p e n d itu re  and peak 
e x e r t io n  as in  s tre n u o u s  s p o r ts ,  appeared to  be 
p r o t e c t iv e  in  H a rva rd  g ra d u a te s  in d e p e n d e n tly  o f  o b e s ity  
(P a f fe n b e rg e r , Wing and Hyde 1978) .

In  summary, i t  appears t h a t  a lth o u g h  e x e rc is e  may 
be p r o t e c t iv e  a g a in s t c o ro n a ry  d is e a s e , p a r t i c u la r l y  
f a t a l  m y o c a rd ia l i n f a r c t i o n ,  i t  does n o t seem to  o p e ra te  
v ia  r e d u c t io n  o f o b e s i t y .  The r o le  o f  la c k  o f e x e rc is e  
in  th e  g e n e s is  o f o b e s ity  is  s t i l l  open to  d e ba te .

I t  is  a ls o  p o s s ib le  th a t  o b e s ity  c o u ld  be 
a s s o c ia te d  w ith  f a t a l  IHD because o f d ie t a r y  d i f fe r e n c e s  
between th e  obese and non obese . However th e  r e la t io n  
o f  o b e s ity  w ith  f a t a l  IHD does n o t seem to  be due to  
e x c e s s iv e  fo od  con sum p tio n , in  f a c t  s e v e ra l c a s e -c o n t ro l  
o r p ro s p e c t iv e  s tu d ie s  have shown th a t  those  who d e ve lo p  
is c h a em ic  h e a r t  d is e a se  consume a low e r ene rgy in ta k e  
th a n  th o se  who do n o t (Keen, Thomas and J a r r e t t  1982) . 
T h is  o b s e rv a t io n  has been no ted  in  a case c o n t r o l s tu d y  
from  Canada ( L i t t l e  e t  a l 1 9 6 5 ), a case c o n t r o l s tu d y  o f  
H aw a iian  Japanese (B a s s e tt e t  a l  1969) and s im i la r  b u t  
n o t s t a t i s t i c a l l y  s ig n i f i c a n t  t re n d s  were seen in  
p ro s p e c t iv e  s tu d ie s  in  I s r a e l i  c i v i l  s e rv a n ts  (M eda lie
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e t  a l  1 9 7 3 )  a n d  J a p a n e s e - A m e r i c a n s  ( R h o a d s  e t  a l  1 9 7 8 ) .  

I n  a  r e t r o s p e c t i v e  a n a l y s i s  o f  d a t a  f r o m  3 3 7  h e a l t h y  

m i d d l e - a g e d  m a l e s  i n  L o n d o n  w h o  u n d e r w e n t  a  s e v e n  d a y  

i n d i v i d u a l  w e i g h e d  d i e t a r y  r e c o r d  b e t w e e n  1 9 5 6 - 1 9 6 6  a n d  

w e r e  f o l l o w e d  u n t i l  1 9 7 6 ,  M o r r i s ,  M a r r  a n d  C l a y t o n  

( 1 9 7 7 )  f o u n d  t h a t  t h o s e  w i t h  a  h i g h  e n e r g y  i n t a k e  h a d  a  

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

t h o s e  w i t h  a  h i g h  c e r e a l  f i b r e  i n t a k e  a l s o  h a d  a  l o w e r  

r a t e .

I m p l i c a t i o n s  f o r  p u b l i c  h e a l t h  p o l i c y

P r e v e n t i o n  o f  o b e s i t y  o r  e f f e c t i v e  w e i g h t  r e d u c t i o n  

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

t h e  p r e v e n t i o n  o f  I H D .  M u c h  a t t e n t i o n  h a s  b e e n  g i v e n  t o  

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

d i e t a r y  a p p r o a c h e s  h a v e  b e e n  a d v o c a t e d .  T h e  s h e e r  

v a r i e t y  o f  d i e t a r y  r e g i m e s  s u g g e s t s  h o w e v e r  t h a t  

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

c a s e s .  C o m p a r a t i v e l y  l i t t l e  a t t e n t i o n  h a s  b e e n  p a i d  

h o w e v e r  t o  t h e  p o s s i b i l i t y  o f  p r e v e n t i n g  t h e  w e i g h t  g a i n  

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

a g e .  I f  t h e  a v e r a g e  i n c r e a s e  o f  b e t w e e n  2 - 3  k g / m  i n  

w/H w h i c h  t e n d s  t o  o c c u r  i n  m a l e s  a n d  f e m a l e s  w i t h  a g e  

c o u l d  b e  p r e v e n t e d ,  a  c o n s i d e r a b l e  r e d u c t i o n  i n  f a t a l  

I H D  s h o u l d  f o l l o w .  P r e v e n t i o n  o f  w e i g h t  g a i n  i s  o f  

c o u r s e  m o r e  d i f f i c u l t  t o  e v a l u a t e  t h a n  w e i g h t  r e d u c t i o n  

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

p r e v e n t i v e  p r o g r a m m e s .  N e v e r t h e l e s s  I  b e l i e v e  t h a t  

s t r a t e g i e s  f o r  t h e  p r e v e n t i o n  o f  w e i g h t  g a i n  a i m e d  a t  

i n c r e a s i n g  e x e r c i s e  a n d  i m p r o v i n g  d i e t  s h o u l d  b e  

d e v e l o p e d  a n d  m o n i t o r e d .  T h e s e  m i g h t  i n c l u d e  c o m p a r i s o n  

o f  t h e  e f f e c t i v e n e s s  o f  i n t e r v e n t i o n s  i n  s c h o o l  

c h i l d r e n ,  t h r o u g h  f a m i l e s  a n d  u s e  o f  m a s s  m e d i a .  S o m e  

g e n e r a l  r e c o m m e n d a t i o n s  f o r  t h e  p o p u l a t i o n  h a v e  b e e n  

m a d e  w h i c h  a r e  a i m e d  a t  p r e v e n t i n g  o b e s i t y ,  f o r  i n s t a n c e  

T h e  R o y a l  C o l l e g e  o f  P h y s i c i a n s  ( 1 9 8 3 )  r e c o m m e n d e d  

i m p r o v e d  l a b e l l i n g  o f  f o o d s  t o  i n d i c a t e  e n e r g y ,  f a t  a n d  

s u g a r  c o n t e n t  i n  a  w i d e  r a n g e  o f  m a n u f a c t u r e d  f o o d s  a n d  

m e n t i o n e d  t h e  r e s p o n s i b i l i t y  o f  c a t e r i n g  o r g a n i s a t i o n s  

i n v o l v e d  i n  t h e  p r o v i s i o n  o f  m e a l s  a t  f a c t o r y  c a n t e e n s ,  

s c h o o l s  a n d  l a r g e  i n s t i t u t i o n s  s u c h  a s  h o s p i t a l s  t o  

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

s u g a r  t h a n  t h o s e  c u r r e n t l y  s e r v e d .

T h e  a d o p t i o n  b y  H e a l t h  D i s t r i c t s  o f  a  F o o d  a n d  

H e a l t h  P o l i c y  w h i c h  i n v o l v e s  a  w i d e  r a n g e  o f  h e a l t h  

s e r v i c e  s t a f f  c o u l d  b e  o f  c o n s i d e r a b l e  i m p o r t a n c e  i n  

c h a n g i n g  p u b l i c  e a t i n g  h a b i t s .  F o r  e x a m p l e  r e c e n t l y  a  

W o r k i n g  P a r t y  o f  B r e n t  H e a l t h  D i s t r i c t  ( i n  w h i c h  I  w a s  

i n v o l v e d )  p r o d u c e d  a  p o l i c y  f o r  F o o d  a n d  H e a l t h  w h o s e  

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

g u i d e l i n e s  b y  t h e  H e a l t h  A u t h o r i t y  a i m e d  a t  r e d u c i n g  f a t
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a n d  s u g a r  i n t a k e  a n d  i n c r e a s i n g  c e r e a l  f i b r e  i n t a k e ,  

g r e a t e r  i n f o r m a t i o n  f o r  h o s p i t a l  i n - p a t i e n t s  a b o u t  t h e  

h e a l t h  a s p e c t s  o f  f o o d  a n d ,  o f  p a r t i c u l a r  r e l e v a n c e ,  i t  

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

p l a y  a  m o r e  a c t i v e  r o l e  i n  h e a l t h  p r o m o t i o n .  ( R e p o r t  o f  

a n  a d  h o c  W o r k i n g  G r o u p  o n  F o o d  a n d  H e a l t h  1 9 8 3 ) .

I n  t h e  r e c e n t  r e p o r t  o f  t h e  R o y a l  C o l l e g e  o f  

G e n e r a l  P r a c t i t i o n e r s  o n  H e a l t h  a n d  P r e v e n t i o n  i n  

P r i m a r y  C a r e  ( 1 9 8 1 ) ,  t h e  p r e v e n t i o n  o f  o b e s i t y  h a s  n o t  

b e e n  g i v e n  p r o m i n e n c e .  G e n e r a l  p r a c t i t i o n e r s ,  h e a l t h  

v i s i t o r s  a n d  d i s t r i c t  n u r s e s  n e e d  t o  b e  m a d e  m o r e  a w a r e  

o f  t h e  r e l e v a n c e  o f  o b e s i t y  t o  h e a l t h  a n d  t h e i r  

p o t e n t i a l  r o l e  i n  p r e v e n t i o n .  C o n s i d e r i n g  t h e  p u b l i c  

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

r e s e a r c h e d  a r e a .  I  h o p e  t h a t  t h e  c o n c l u s i o n s  o f  t h i s  

t h e s i s  w i l l  r e i n f o r c e  t h e  n e e d  f o r  m o r e  a c t i o n  i n  t h i s  

i m p o r t a n t  a r e a  o f  p r e v e n t i v e  m e d i c i n e .

C o n c l u s i o n s

T h i s  t h e s i s  h a s  d e m o n s t r a t e d  t h a t  f o u r  

c a r d i o v a s c u l a r  r i s k  f a c t o r s ;  b l o o d  p r e s s u r e ,  s e r u m  

c h o l e s t e r o l ,  p l a s m a  f i b r i n o g e n  a n d  f a c t o r  V I I ,  a r e  

r e l a t e d  i n  b o t h  s e x e s  t o  w / h 2 i n  c r o s s - s e c t i o n a l  d a t a .  

A n a l y s i s  o f  l o n g i t u d i n a l  d a t a  h a s  s h o w n  t h a t  w e i g h t
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c h a n g e s  o v e r  a  6  y e a r  p e r i o d  a r e  s i g n i f i c a n t l y  

a s s o c i a t e d  w i t h  c h a n g e s  i n  t h r e e  o f  t h e  v a r i a b l e s :  b l o o d  

p r e s s u r e ,  s e r u m  c h o l e s t e r o l  a n d  f a c t o r  V I I .

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

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

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

t h a n  p e r i p h e r a l  f a t  w i t h  t h e  p r o v i s o  t h a t ,  i n  m a l e s ,  

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

a s s o c i a t e d  w i t h  b l o o d  p r e s s u r e ,  c h o l e s t e r o l  a n d  f a c t o r  

V I I  a f t e r  t a k i n g  i n t o  a c c o u n t  a s s o c i a t i o n s  w i t h  o t h e r  

s k i n f o l d s .

O b e s i t y  i s  a  r i s k  f a c t o r  f o r  f a t a l  I H D  a m o n g s t

2 2m a l e s  s u c h  t h a t ,  o n  a v e r a g e ,  a  c h a n g e  i n  w/H o f  1 k g / m  

r e s u l t s  i n  a  c h a n g e  o f  r i s k  o f  1 3 % .  D e s p i t e  t h e  

a s s o c i a t i o n  b e t w e e n  W / H  a n d  o t h e r  c a r d i o v a s c u l a r  r i s k  

f a c t o r s  i t s  a s s o c i a t i o n  w i t h  f a t a l  I H D  p e r s i s t s  a f t e r  

t a k i n g  t h e s e  i n t o  a c c o u n t .  T h e  r e l a t i o n  b e t w e e n  o b e s i t y  

a n d  f a t a l  I H D  i s  m a n i f e s t e d  a f t e r  p r o l o n g e d  ( g r e a t e r  

t h a n  5 y e a r s )  f o l l o w  u p .  T h e r e  i s  n o  s i g n i f i c a n t  

a s s o c i a t i o n  b e t w e e n  t o t a l  m o r t a l i t y  a n d  o b e s i t y  b e c a u s e  

t h e  p o s i t i v e  a s s o c i a t i o n  w i t h  f a t a l  I H D  i s  a t  l e a s t  

p a r t l y  c o u n t e r b a l a n c e d  b y  a  t e n d e n c y  f o r  p a t i e n t s  d y i n g  

o f  c a n c e r  t o  h a v e  s o m e w h a t  l o w e r  l e v e l s  o f  w/H a t  e n t r y  

t o  t h e  s t u d y .
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2
O f  t h e  t w o  m e a s u r e m e n t s  o f  o b e s i t y ,  W / H  w a s  m o r e  

c l o s e l y  r e l a t e d  t o  f a t a l  I H D  t h a n  e i t h e r  t o t a l  o r  

i n d i v i d u a l  s k i n f o l d s  p e r h a p s  b e c a u s e  o f  t h e  o b s e r v e r  

v a r i a b i l i t y  i n  t h e  m e a s u r e m e n t  o f  s k i n f o l d s .

T h e  r e d u c t i o n  o f  o b e s i t y  s h o u l d  b e  a f f o r d e d  m o r e  

p r o m i n e n c e  i n  p u b l i c  h e a l t h  p r o g r a m m e s  a i m e d  a t  

p r e v e n t i n g  i s c h a e m i c  h e a r t  d i s e a s e .
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