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Abstract We investigated the association of self-report-
ed asthma or al lergic rhini t is  wi th serum lgE levels
and skin-test reactivity to allergens in 2657 subjects
in a general-population study. Regardless of the sub-
jects' status with respect to atopy or their age group, the
prevalence of asthma was closely related to the óerum lgE
level standardized for age and sex (p<0.0001), and io
asthma was present in the 177 subjects with the lowest
lgE levels for their age and sex (>1.46 SD below the
mean). The log odds ratio increased linearly with the se-
rum fgE level after we controlled for possible confounders
and the degree of reactivity to skin tests. In contrast, aller-

f  T is general lv accepred that there are borh al lereic
I  and nonal lergic lorms o[  asthma, and the dist inc-
t ion is usual ly basecl  on rhe presence or absence of
al lergy skin-test  react iv i ty ro one or more aeroal-
lergens considered capable of  inducing rhe disease.
Since Rackemann introduced the terrns in lg lB, l  asth-
ma that can be shown to be related ro hypersensi t iv i ry
to a foreign substance has been clescr ibed as , ,extr in-

s ic" ;  otherwise, the disease has been classi f ied asu ' in t r ins ic .  "
After Ishizaka? and Johansson3 and their colleagues
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gic rhinit is appeared to be associated primarily with skin-
test reactions to common aeroallergens, independently of
the serum lgE level.

We conclude that asthma is almost always associated
with some type of lgE-related reaction and therefore has
an allergic basis, although not all the allergic stimuli that
cause asthma appear to have been included in the battery
of common aeroallergens we used to assess atopic sta-
tus. These findings challenge the concept that there are
basic differences between so-called allergic ("extrinsic")
and nonallergic ("intrinsic") forms of asthma. (N Engl J
Med 1989; 320:271-7. \

ident i f ied immunoglobul in E ( lgE) as r l ìe ant ibody
responsible lor  the immediate type of  immune re-
sponse,  a  number  o f 'au thors  no ted  marked e leva t ions
of IgE in voung pat ients rv i th asthhà,+'S ancl  somt:
have at t^empted to dist inguish extr insic f rom intr insic
disease ón the basis of  the presence or absence of  an
elevated serum concentrat ion o{ '  IgE.u Regardless of
the speci f ic  cr i ter ia,  however,  extr insic asthma ap-
pears to be the predominant fornr of the disease
amons chi ldren and young adul ts,  and intr i r ìs ic asth-
ma is considered to be more common among older
subjeccs.

These widely accepted concepts,  based largely on
clinical observations, fail to take into account the rela-
tions of' both allergy skin-test rcacrivity (hereafter
cal led atopy) and serum IgE levels to age in the gener-
al  populat ion.  Both tend to decrease rv i th advancing

_ t / . .

. )J

34 .

3 5 .

36.

24

26.

27

2 8

29

30.

J l .

3 8 .

39.

40.

4 t .

^ 1

+ J .

zqlîî
ASSOCIATION OF ASTHMA WITH SERUM IgE LEVELS AND SKIN-TEST REACTIVITY
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ase Al thor rgh serrm IgE reaches i ts  peak ler -e l  c l r_ i r ine
c h i l r i h o o d .  a i ( ) p '  c r r n r i n u e s  r ( r  d e ' e r o p  u p  t o  t l r e  t l r i r à
dec: rde.7- i2  I .  add i t i 'n .  serurn [eE,  ieu 'e ls  i rave been
shorvn lO be af lected br. sex and br..  snrokins. hab_
i ts . i3 '14 aad there is  no asreement  about  rhe rever  o f
serum IgE that  exceeds the norrna l  l imi t .

In  the presenr  repor t ,  rve cons ider  the re la t ion o f
repor tec l  "z .s thrna"  to  both a topv and the serum lgE
le 'u 'e l ,  tak ing in to  account  the i r  c lose in ter re la t ion as
rve l l  as  the i r  var ia t ions * ' i th  age and sex.  F inc l i .gs  fbr
asthma are cont rasted wi th  those for  repor ted , ,a l le r -
q ic  rh in i t is "  among 2657 subjects  6  ro  95 ve i ì rs  o lc l  r ,vho
were enro l led in  an ep idemio loe ic  srudv of  a  samPie
l rom the genera l  popula t ion.

Mnrrroos

t  he c le ta i ls  o f ' rhe methods of  serect ion anc i  s ruc lv . f - the popr . r ra-
t io .  have bee'  prcviously '  reportecl . l5 ' I 'he 

subjects , ,ue rc selcctecl
{ ionr a ra.dom strat i f ied c luster  s^mple of  , rù i te 'on-\ fexrcau-
. \mer i can  househo lds  in ' I ' r cso . ,  . { , r i zo 'a .  i n  l g7 l . ' l - he  sa ' rp l i ne
f r .me  cons is tec l  o f  square  b locks  s t ra t i f i ed  on  the  bas is ' l ' e t l r ' i c
qroLrp.  age o[  the head of  the householc l ,  ancl  socioeconornic sr i i r r . rs .' Ì 'he 

members of  o 'e of 'each s ix households in thcsc sqr i r re l : locks
were asked to part ic ipate.  Bloocl  samples rr .cre obia i r recl  f t .om
the srrb. iects at  least  s ix vears o ld,  ancl  , . i r -  IqE levels \ \ .ere r ì ìe i ìs-
u red . ' f he  p rese r r r  ana lvses  ' , ve re  l i n r i t ec l  t o  the  ? ( ì57  su t r . j ec ts  i n
rv l ronl  serunl  lbr  nreasurenrert t  c i f ' IgE hacl  been r- rbta ipecl  a lc i  a l lers*
s k i ' r e s t s  h a d  b e e .  p e r f ì l r m e d  ̂t  t h e  t i n r e  o l  e . r o l l ' r e n r . . l ' h e
:r ! 'eraqe ase ( tSI l )  w,as { . , f .  I  -1-21.9 yrars,  a 'c l  5{ .5 r )crceÌ ì r  o[  t ] re
sanrp le  w t : re  {è rna le  s t rb . i ec ts .  \ : onsnr , k r : r s .  e rsn r ' kc rs . . r r r c l  cu r r . . r
smoke  rs  mac le  up  - t8 .5 ,  2  r  . 5 ,  a r rc r  l ì 0 .0  pe rcen t .  rL ,spec r i ' e rv ,  ' f '
t he  s t r rdv  s roup .' l 'he 

prescnce of 'd iseasc, ,va.s c leterrr r i .ed bv r( :sp()r ) . \cs t ,  a sta.c l -
; r rd izecl  sel f -complered qr-rest io.naire.  " ; \ l lerg ic r i r in i t is , , 'hereaf ier
re. ferred to s implv as rh in i t is .  w:rs inc l icatect  b i  a resPorìse of  , , \ 'es.  I
s t i l l  have  i t "  t o  the  ques t ion ,  "Have  you  e rve r  had  l ì av  fève r  o r  anv
other a l lerg,v that  'nakes vour nose runn'  or  stufry,  apart  r r r . , , i r
colds?" fhe presence of  asthma was incr icatecr by an uf f i r , r ,nt iu.
response to the quest ion,  "FIave vou ever hacl  asthma?' ,  in a subie<: t
who c la inred to "st i l l  have i t , "  adnr i t tec l  tc . r  , , r r .heezing 

or  rvhist l i r r 'g  i '
rhc c l rest"  that  occurred "apart  t iom colc ls."  or  hacl  more than rare
"at tat- -ks of '  short r ress of  breath wi th rvheezinq."

Al lerq,v skin tests were carr ied out  accorc l ine to t l re pr ick tcr :h-
nique,r6 using f ive tests that  incruded a var iet ; -  o i  a l re rgens conìm()n
to the. l 'ucsorì  area,  p lus  ̂  conrrol .  commercia l lv  avai iabte skin- test
marer ia ls were usecì  (suppl ied hv Hol l is te r -st ier  Lab<., raror ies) .  ' I 'he
. l lergens used in the f ìve tests inc luclecl  ( l )  hotrse c l ,sr .  r : l rJ ;  ( , - r )
l ì e rmuda  q rass ,  l : 201  (3 )  r ree  m i . r .  l : 20  (o l i r . e .  rnu lbe r rv .  - , , r , , u , , . ,
and  r :o r tonwood) ;  ( -$ )  r veed  m ix ,  r :20  ( rabh i t  bush ,  sa r ibush ,  ca re -
less iveed,  Russia '  th ist le, .  desert  ragweecl ,  ancl  s lender ragrveecl) ,
and r l5)  Dernat iaceae nrolc l  nr ix .  l : lCtO (at ternar ia,  helmir . , t ' l ìc ,spo.-
i r rnr .  c lacJospor iunr,  <:ur ' , 'u lar ia, .spr lncly l r :c lacl i r - rnr ,  ancl  , , . rnprhul i rn l
spec ies ) .  A f te r  s r " r l , r t rac t i o r r  o f  rhe  s i ze  o l ' t he  con t ro l ,  ea r :h ' t es t  * ,as
,qraded on a scale (0 to a)  based on the f  requencv.r 'a react i .n r . r |  i rs
s ize in the t . ta l  poprr lat ion,  . rs previur . rs lv c" lesc-r i f r rd, i  , \ ,  r rvcral l
a l l c rq ' sk i r r - tes t  i ' dcx  l . , as  ca lcL r ra tec r  fb r  each  su l r j e r : t  bv  su r r r r r r i . s
the i 'c l iv idual  test  scores.  T 'he use of  th is meth 'c l  , . . .1u. , , i1 the p<.r .ss i -
b i l i tv '  that  a react ion ro anv one of '  the al lergens woukl  hai ,e un
over rvhe lm inE  in f l uence  r :n  the  o 'e ra l l  t cs t  res i l t .  , - \  sk i ' - t es r  ì . c lex
, f  0 represented cornpletery .eg' t ivr  respolrses to a i l  f ìve (ests:  the
maxrmulr  score cr :u ld reach 20 onlv i l '  unusual lv  large reactrr )ns
r rccu r red  to  a l l  t he  a l l e rgens  app l i ec l .

I fen.rr r rement r ) l '  scr .um tgE 1as carr ied out  accorc l ing t ,  the
paper radir : immu'osorhe.nt  tesr  (  pRIS" l" )  (  pharmacia Diag'ost i . :s ,
Piscaraway, NJ.)  rneth,d.  ' l 'he 

reportecl  v ; r lues represent , i * - , - . , .u, . ,
' l ' dup l i ca te  tes t . s  and ' re  exp ressec l  i '  i n te rna r i , l na ì  un i t s  pe r  n r i l l i l i -
ter .  ( l r  is  convent ioral  to exp,ress I ,qE concentrar io.s in rh is nra ' .er ,
bu t  the i r  va lue  in  svs tè rne  In te r r ra t i . na l  u ' r t s  -  m l ( ] rog r i r *$  [ )e rl i t e r - -  can  be  apprex ima tec l  bv  mu l t i p tu ing  r r re  r rumber  e i f  i n te rna .
t i ona l  r " rn i t s  bv  ? ,4 . ' t )  I . $ f ,  r , a lues  show a  log .o rma l  c l i s t r i b ' r i ' .  i r r
the general  populat i r :n, r l  l 'or  t Ì r is  reason, log lun was usecl  in ar l

Sta t l -s t l c : ì l  ana l ' ses ,  an{ l  ; r ' r - - i ' ; rqe  va lues  \ ! .e re  r ( ìp ( ) r tec l  ; rs  ger , rn re t r .
r Ì ìeans  Ser t rm lqE sh i lws  a  r ra rkcd  c . lec rease r 'u i t l r  aee and ls  s iq r r i f
t :an t l t ' l o l . , c r  in  l vo t ìe l .  t l . ran  in  men.  J -o  s tanc ia rc l i ze  f , r , .uga anc i  - .e ;
I .qE 'a lues  r .vere  t ra .s l ' r : rmed in to  Z  scores ,  acc ' rc l i rg  t r ,  sex . ' c l  t l .
a l 4 e  g r o u p s 6 t o  1 4 , -  t 5  t o 3 * ,  3 i  r o  r 4 , 5 5  t o  7 4 ,  a n d  7 5 -  r e  a r s . , i -  a s ,
. \ q - e  - s e x - s t a n d a r d i z e d  I g E  Z  s c o r e s  i n c l i c a r e d  r l r c  n u n r f r e r . , f . s r u r ì c
:r i-ci  cleviat ions bv r,vhich incl iviciual sLrbjects ci i f terecl t ì-orn the 'rca
fòr  t l i e  i r  aqe -sex-spec i f i c  g roup.

' l ' o  
t e s r  l o r  t h e  i n d e p e n d e ' t  e i r e c t s  o f ' I e E  l e ' e l .  s k i n - t e s t  r e a c ( r \

i t y ,  a ' rc l  smok ins  l iab i ts .  as  rve l r  e rs  rhe i r  poss ib le  i . te rac t ivc  e0èc t
o '  the  pre ' " 'a le .ce  o f  as th rna  and rh i . i t i s ,  l ve  usec l  two t ) .pes  o
l 'g is t i c  mode ls . ' I ' he  f ì rs t  was  a  quar i ta t i r .e  (o r  c ; r teeor ica l )  n roc le l ,  i
r vh ic i r  a l l  re levant  indeperdent  vz r r iab les  w,ere  s t ia t i f i " . i .  , * , , , ,  ' l j , i

techn ique.  in  wh ich  each s r ra tum is  in t roducecr  as  an  i *c lepencrcn
resress ion 'a r iab le ,  p rov ides '  max imal  f l  ex i  b i l i t y .  to  the  rnu  l  t i va r ia t
ana l ' ses ,  avo id ing  a  p r io r i  assumpt ions  concern i .g  the  ro rnr  o f  t r r
re la t ion  berween the  independen i  anc l  c lependen i 'a r iab les .  Re le
r , ' a ^ t  v a r i a b l e s  r v e r e  s t r a t i f i e d  a s  f o l l o w s :  i o g  I g E  _  < 0 . 5 , 0 . 5 < l
l <  1 . 5 ,  1 . 5 < 2 .  2 < 2 . 5 , 2 . 5 < 3 ,  a ' d  3 + ;  s k i n _ t é s t ' i n c l e x  _  0 ,  I  t o  t J .
to  6 .  7  tc l  9 ,  anc l  l f J * ;  anc i  snrok ing-  ponsnrokers .  cur Ì .en t  snroke rs
a n r l  e r s r n , r k c . s .  ' \ g t ' w i r s  s t r a t i f ì e d  a s  d e s c r i l l e d  t ì r r  r h e  c i e r i v a t r o r r  t . l
l g E '  z  s c o r e s .  I n  t h e s e  a n a l v s c s .  t h e  r i s k  c , l ' c l i s e a s e  i '  e a c h  s t r a t u '
w a s  c o m p a r e d  w i t h  t h a t  i n  t h e  l o w e s t  s t r a t u n l ;  t h i s  b a s e - l i r ì e  r i r r a
r u m  w a s  a s s i e n e d  a n  o d d s  r a t i o  o l - u n i t v .  F o r  s k i n - t e s t  i n c l e x  a n c
s m o k i n e ,  t h e  d e f ì n i t i o n s  o f ' t h e s e  b a s e - l i n e  s r r a r a  \ \ . e r e  s r r a i g h t l o r
ward ;  ther , '  cor rs is ted  o f  negar ive  sk in  tes t  and .onsnrok ins  i ta tus
r e s p e c t i v e l v .  F - o r  s e  r u n r  I g E ,  r h e  c h o i c e  o f  r l r e  b a s e - l i n e  s t r a i u m  w a r
d i c t ^ t e c l  b v  t h e  f ì n d i n g  t h a t  s u b j e c t s  r v i t h  l o g  I g E ' a l u e s  < 0 . 3 2  c l i c
n o t  h a ' e  a . s r h r n a . ' I ' h e  p r e d i c t i ' e  v a l u e  o f  a  g i v e n  r i s k  f à c t o r  r v a r
assesscc l  t rv  de  te rmin ing  the  d i f le rence in  rhe  eoc ]dness-o f - f ì t  ch i
sqL la re  l r r i r *cc r r  r rode ls  inc lud ing  and exc lL rd ing  rhe  r i sk  làc to r  o l
in te res t . l r ì  

- l ' l ìe  
regress ion  coef r rc ien t  lL l r  each le . -ve l  o f  a  par t i c r - r lu r

r i sk  fàc : tu r  wàs  an  es t imate  o f  the  logar i t l r rn  o f ' the  oc lc ls  ra t io  thnr t  i
su l r . j cc t  hac l  the  c l i sease,  as  c r )n ìpared rv i t l i  the  base- l ine  gr ( ) [ l r ) .

.  

' l -he  
secont l  t vpe  r f ' l og is t i c  ana lvs is  rh^ r  , "ve  ,se . r  ,u ,n i ' "  , j  , , , , , . , .

t r ta r ive  l i r r t - ' : r r  mode l . l s  
- l ' h i . s  

methoc l  rvas  usr :c l  to  res t  the  hvoot l r .
e -s is  tha t  the  log  oc lds  ra t io  o f  hav ins  d isease rvas  l i .ear lv  re la iec l  t ,
the  le 'e l  o I  the  apparent  r i sk  fac to r .  In te  rac t ions  ber rveer r  c l i f re  re r r r
r i sk  l ì rc to rs  and be t rveen r i sk  lac to rs  ; rnd  po ten t ia l  con four rc ]e  rs  l ver (
a l .so  tes ted .  fn  these ana lvses ,  the  mean va lue  fè r r  the  v : r r iab le  i r
each s t ra rum \^ 'as  a t t r ibu ted  to  tha t  g roup a l te r  we ish t ing  b , , -  the
nurnber  o l -  su l r . iec ts  in  each s t ra tum.  Data  were  then s tand 'a rd izec l .
a 'd  rhe  Z  scores 'b ta i .ed  were  in t roc luced i ' to  the  mode l .  

' fh is  
rvpe

of -  .na lvs is  y ie lded a  loq is t i c  regress ion  coef l i c ien t  thar  represer r rs
thc  change in  rhe  log  odds  ra t io  per  u r r i t  c r range in  rhe  Z  s .core  a l te r
ac l jus r ' ' r r :n t  lo r  con lbLrnders .  l )e ' ia t ion  l rom l inear i tv  was  tes ted  bv
c1etermi r r ing  rhe  d i f l ' e rencc  in  goodness-o f ' - f i t  ch i -square  ber lveer r
th is  n rode l  and the  qua l i ta t i ve  nne descr ibed above.  conf ic le .ce
rn ter r . 'a ls  a rour rd  t l rc  regress ion  o f  tog  odds  ra t ios  anc l  leve ls  o f
I g l )  a n c l  t t r e  s k i r r - t e s t  i . d e x  w e r e  c a r J u l a t e d  w i t h  t h e  u s e  o f ' t h e
weigh tec l  ana lvs is  p ropc lsed l - ry  K le inbaum and Kupper , r ' r  as  n rod i -
f ì e d  b v  R o r h m a n . r l ,

Repor tec l  p robab i l i t v  va iues  a le  two- ra i led .  F 'o r  con t inur )L rs  ,u .a r r -
ab les ,  thesc  v 'a lues  were  ca lcu la ted  by  ana lvs is  o f  var iance,  anc l  [o r .
d isc re  te  var iab les  bv  ch i - .square  o i  t re  nd  ch i -square  rechn iques .

Rnsurrs

. , \s ex1;ectecl ,  asthma rares showecl  h iehlv s ieni f ìcant
pro{ressive increases with increases in both ihe skin-
tes t  index  and serurn  tg l i  leve l  (P<0.0001) .  fhe  re la_
t ion of '  asthrna to Ig l ì  lvas especial lv c lose when the
latter was expressed as an age*sex-stanclardizecl IgE
Z score.  Resardless of  age, none of '  the 177 sutr iects
wi th  the  lowesr  7 ,  scores  (<-1 .46)  hac l  asr l i rna ,
w.hereas Lti perce't ol ' the remaining 2480 subjects
c t i c l  (P<0.0001) .  ' l ' he  

p reva lence i . c reasec l  to  37 .3  per -
cerr I  anl()ng the 67 subjects wi th IgE I  scores ol  2.0
or more.

- fhe 
erver. l l  rares of '  asrhma ancl  rh in i t is  in three

broad age groups are shown in Table l .  The table also
shorvs the fi 'eclLleneies of skin-tesr reactivitv ancl of'

272
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S u ril Ects

All  subjects

Number
Percent rvi th a.sthma
Percent  w i th  rh in i t i s

Subjects without asthma

Number
Percent  w i th  pos i t i ve  sk in  tes l
Percent  w i th  IgE >100 IU/ml
Geometric mean IgE ( lUiml)
i l lean IgE Z score tSD*

Subjects with asthma

Number
Percent with posit ive skin test
Percent  w i th  fgE >100 IU/ml
Geometric mean I,sE ( lU/ml)
,\ lean IgE Z score tSD*

t 
rt''

Table .1.  
Disease Prevalence,  lgE Leveis,  and Skin-Test  Index.

According to Age Groups.

{cE 6 .fo l4 AcE Ji r0 5.1 A c E  5 5 +

r 029
9 . 8

1 7 . 8

928
j i .  ò

r 3 . 0
l 8

-0 .07
+0 .98

l 0 l
39 .6
) ) .  t

56
0.60

t  1 . 0 0

r 083
8 2

1 1 1

994
, t . 1  f

3 0 . :
+-)

-  0 .08
+0 .97

89
78.1
7 3 0

L ! +

0 .90
: t  0.87

5-15
8 . 6

4 7 . i

498
4 0 0
r 8 . l
26

-0  08
+0 .96

47
1 2 . 3
57  .1

n 7
0 .8ó

+  1 . 0 0

,,,,;::'tllr:îTlTil;"J:,ll'#;-J::r:il;H?il'iil,1;,,11i'll'.["ffi::: be'lween 'lhe

"elevated" IgE concentrat ions,  as wel l  as the geomet-
r ic mean serum IgE levels and mean IgE Z scores in
subjects wi t f r  and without asthma. The cutof f  poinr for
a  h ieh  IgE leve l -  100 IU per  mi l l i l i te r  -  was  rough-
lv equivale nt  to the upper l imi t  of  normal recommend-
ed in a popular textbook of  medicine.2r These indexes
of al lergy decl ined markedly in subjects wirh asrhma
rvho were older than 55, but so did the rates of  atop,v
and the levels of  IgE, in subjects wi thout asthma.

Al though the serum IgE levels in subjects wi th asrh-
ma showed a  s ign i f i can t  dec l ine  w i th  age (P<0.0001) ,
the IgE Z scores showed only a s l ight  and srar isr ical lv
insigni f icant di l lèrence rv i th ase. In al l  age groups,
howe'u'er, both geometric mean IgE levels and IgE Z
scores in subjects wi th asthma were signi f icant ly high-
er  than in  sub jec ts  w i thour  asrhma (P<0.0001) .  F ig -
ure I  .shows the prevalence of  asthma in the three age
sroups in relat ion to their  age-sex-standardized IgE Z
scores.  When IeE levels were examined in relat ion to
the overal l  d istr ibut ion of  IgE values according ro age
and sex, the relat ions of  the rates o[  d isease to IgE
were remarkablv s imi lar  in al l  age groups.

A close examinat ion of  the overal l  re lat ions of  rh in i -
t is  and asthnÌa to the skin-cest index and the serunì
IgE, level  suggested thar rhe prevalence of  asthma
seerned to fb l low rhe serum level  of  IgE more closelv
than the de,grce of  atopv, whcreas the opposi te ap-
peared to be true ol '  rh in i t is .  To test  the hypothesis
that asthmar,  in contrast  to rhini t is ,  was pr imari ly re-
lated to serum Igl ì  and that i ts re lat ion ro rhe skin-test
index might in large parr  be dependenr on rhe close
inte rrelat ion between IgE and skin-test  react iv i ty,  we
perfbrmecl the logistic analyses described in the lvleth-
ods  sec t i r l r r .

Af ter  we control led for  age and sex, both the IgE
level  and the skin-test  index were s igni f icant predic-
tors of' the disease. Both remained significanr afrer
ad jus t rnent  fb r  the  e f lec t  o f '  the  orher  var iab le
(P<0.0001),  but  the goodness-of- f i r  chi-square for  IgE
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(1 79.91 n,as l r is i rer  than t i ra t  for  t i re  sk in- test  index
(53 .3 ) .  Fu r the rmor r ì ,  a f t e r  ad jus tmen t  f o r  aqe .  sex .
and sk in- test  index.  the r - rse o f  a  l inear  model  for  the
IgE eflèct did not siggr{ìcantlv change the goodness-
of-f i t  of the relat ion of asthma to IgE levels that rvas
found r .v i th  the qual i ta t ive analvs is  us ing seven ca iego-
r ies  o f  IgE concent ra t ions.  Th i .s  ind icates that  ast i rma
rates increase l iàear ly  wi th  log IeE va lues.  in  th is
anaiys is ,  the iog is t ic  regress ion coef f ic ient  ( *Sg)  lor
the pre 'u 'a lence of  as thma in  re la t ion to  the IgEZ score
was  0 .7610 .08 ,  Th i s  l i nea r  r e l a t i on  d id  no t  app l v .
however ,  to  the re la t ion o f  as thma to  the sk in- test
index.  In  th is  case)  a f ter  ad justment  for  IgE,  the l inear
model gave signif icnntl ,v lvorse results than the quali-
ta t ive model .

A history of smoff ing did not add ro the abi l i tv
to  pred ic t  the preva lence of  as thma in  the log is-
t ic  analvses when age,  sex,  serum IgE leve l ,  and sk in-
test  index were cont ro l led for ,  and no s ign i f icant  in ter -
actions \,vere noted between smoking and any of the
other  pred ic tor  var iab les.  A lso,  there were no s ign i f i -
cant  in teract ions between age or  sex and the sk in- test
index or  serum IgE leve l  in  determin ing d isease f re-
quenc ies.  or  bet r ,veen t i re  sk in- test  index and serum
IgE  l eve l .

The re la t ive re la t ions o f  the sk in- test  index and
IgE ler , ,e l  to  rh in i t is  were qu i te  d i f ferent  l rom the i r
re la t ions to  ast i ìma.  Af ter  we cont ro l led f -or  ase and
sex ,  bo th  t he  sk in - t es t  i ndex  and  t he  I gE  l eve l  d i d
remain s ta t is t ica l lv  s ign i f icant  pred ic tors  o f  r i r in i t is
a f ìer  ad justment  lor  the o ther  (P<0.0001 for  sk in- test
index and P(0.005 lor  IgE) ,  but  the goodness-oÈf i t
ch i -square fbr  the sk in- test  index (158.0)  ' ,vas h igher
than  t ha t  f o r  t he  se rum IgE  l eve l  ( 20 .3 ) .  A l so ,  un l i ke
the resu l ts  o i '  the analys is  for  as thma,  those of  the
quant i ta t ive i inear  log is t ic  regress ion model  ind icated
thar  the re la t ion o f  the rh in i t is  ra te  to  the sk in- test
index was essent ia l ly  l inear ;  the log is t ic  regress ion co-
e f Ì ì c i en t  ( *SE)  was  0 .62 t0 .05  i n  t h i s  ana l ys i s .

< - 1 , 5  . " 1 . 5 t 0 . < - 0 , 5  - 0 , 5 t o < 0 , 5  0 , 5 t o . : 1 , 5  1 . 5 -

Ranges of Serum lgE Z Score

Figure 1. Prevalence of Asthma in Flelation to lgE Z Scores
Standardized for Age and Sex,

In all age groups, the trend for prevalence to increase with in-
creasing Z scores had a high level of significance (P<0.0001).
The following numbers of subjects (according to age group)were
at risk in the five ranges of scores: age 6<95 * 79, Z4g,4gS, ZSZ,
and 75; age 35<55-43, 123,205, 139, and 3b; and age 55+ -

50, 255, 431, 236, and 57,
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I i igure 2  sho, , r ,s  the re ia t ion o i  the odds ra t io  (on: r
loe sca le)  o f '  hav ine asthma and rh in i t is  to  rhc serum
I€vel of IgE. F or this purpose . \r 'e r-rsed the resression
coel f ic ients  obta ined f t 'om the qual i tar i r -e  log is t ic  anal -
vs is  o f ' IgE (see rv ' f  e t i rods)  a f rer  co l recr ion fbr : rse,  ser .
sk i n - t es t  i ndex ,  a .d  smrk ing  s ta r r , r s .  . \ l t houe l i  t he rc
was  e r , ' i c l ence  o f  co l i nea r i t v  amor ìg  t hc  req ress ion  va r i -
a l r les  entered in to  the model  and rhe i rase- l ine leve i  for
Ig l ,  was chosen arb i t rar i lv ,  the re la t ive pos i t ion o f ' the
increas ing ieve ls  \ ,vas s t i l l  represenrar i r -e  o f  the inde-
pendent  re la t ion between the loe odds ra t io  zr .nd r isk-
lac tor  leve l .  F igure 2  a lso demoÀstrares a  renrarkablv
l inear  re la t ion bet lveen the log odds rar io  o l -  hav inq
asthma and increas ing leve ls  o f  lgE.  as shorvn in  rhé
s ta t i s t i ca l  ana l vs i s .  I n  con t ras t .  t he  re l a t i r . e l v  s l i qh t
i . dcpe .den t  r e l a r i on  o f  r h i n i t i s  t o  I e l -  : rPpea rcc l  t , i be
present  pr i rnar i ly  a t  h igher  leve ls  o f '  IgE.

F igure 3  shows an ident ica l  rvpe of  ana lvs is  re la t ing
the log odds ra t ios  for  both d iseases to  ieve Is  o f  sk in-
test  react iv i ty  a f ter  ad justment  for  aee.  sex,  serum Ig l i
le ' , 'e l ,  and smoking s ta tus.  I t  is  obv ious that  the re la-
t i 'n 'e  re la t ions o f  asrhma and rh in i t is  to  the sk in- resr
index are reversed l rom the i r  re ia t ive re la t ions [o  se-
rum IgE .  The  essen t i a l l v  l i nea r  r e i a t i on  o f  r h i n i t i s  t o
the  sk in - t es t  i ndex  i s  ev iden t .  Thc  i nc i ependen r  assoc i -
a t ion o f  as thma rv i t l i  the sk in- test  index appezu 's  to  r rc :
re la ted pr i rnar i lv  to  the presence or  absence of -  a  pos l -
t ive  tes t ;  i t  shows l i t t le  progress i r , 'e  i .c rease * i th  l ì ieh-
er  degrees o l  sk in- test  react iv i t r , ' .

From a c i in ica l  v iervpo in t ,  i t  seemecl  r .e levanr  to
demonst ra te  these same re la t ions separate lv  in  the
su_bjects  who appeared leasr  a l lerg ic  accord ins ro  rhe
al lersv  sk in  tes t  or  rhe serum IgE leve l .  The re ia t ion
of asthma rates to the age-se.\-standardizecl IqE Z
sco res  i n  t he  1662  sub jec rs  w i t h  comp le te l v  ncga r i ve

0.32
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Skin-Test Index

Figure 3. odds Ratio (Log scale) of Having Rhinit is (sol id circres,l
at Five Levels of the skin-Test Index after correction for Age,

Sex, Smoking Habits, and Serum lgE in a Logist ic Analysis.
The dashed l ine, representing rhinit is, is a weighted least-squares
linear regression model fitted to the odds ratios at each level of
the skin-test index. The vert ical l ines are 95 percent confioence
intervals around the regression for each odds ratio corresoondino
to a given value for the skin-test index. The sol id l ine representé
the odds rat io of having asthma at the same f ive levels of the skin-

test index, after correction for the same confounders.

a l lergy sk in  tes ts  is  shorvn in  F isure +.  I f  a  lack
o[  react iv i ty  to  our  bat tery  o f  common aeroa l lersens
is  accepted as ind icat ive o f  an " in t r ins ic"  fbrm of
the d isease,  th is  ,eraph shows the re ia t ion o f  seeminelv
in t r ins ic  asthma tÒ the ase-sex-srandard izec l  IgE leve l
(P<0.0001 b, r , ,  t rend ch i -square) .  I f  the f ind ings in
an equal  number  o f  sub jects  ' "v i th  the lorvest  serunì
I sE  l eve l s  ( che  1662  sub jec t s  r v i t h  I eE  Z  sco res  <0 .S2 )
are exafn inec l ,  no cons is tent  re la t ion is  seen between
asthrna ra tes and the degree r . r f  a l le rgv sk in- te  s t
react . iv i tv  (F ig .  5) ,  but  a  s ign i f ìcant  re la t ion is  e 'u ' i -
c lent  between rh in i t is  ra tes and rhe sk in- test  index
( P < 0  0 0 0 1  ) .

Dtscussrorv

Our f indings in resard ro reporrecl  "al lereic rhini-
t is"  are relat ively straightfbr l ,vard.  I r"r  the 

' f  
ucson i ì r .e a,

l . }1 .2  pe  rcent  o f  sub jecrs  rvho have complere lv  nesar i r .e
responses to skin tesrs of  a batterv of  common aero-
al le rgens report  symproms of ' rh in i t is  due to "hay fever
or anv other al lerey,"  and the rate of  reported disease
is near 30 percent even in nonatopic sulr jects who have
very low serum IgE levels.  We presume that rnanv of
these cases represent nonspeci f ic  nasal  react ions to
our  d rv  anc l  somewhat  dus ty  env i ronment .  I t  m igh t  be
arsued that the apparenr f rec. lureney ol"  aropy (as
defìncd at :ove) in suhr jects who reporr  t "har thev ha,, 'e
rhini t is  would be increased i f  more invasive merh-
ods of  skin test i r ìg were employecl .  F{owcver,  i t  has
heen shown that react ions to intradermal tests onh' ,
and not pr ick tests,  are l requenr l ,v unassociated with
the presence of  a l lergen-speci f rc IgE in the serum.??.t : r

. o
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Figure 2. Odds Ratio (Log Scate) of Having Asthma (Open Cir_
cles) at seven Levels of the Total serum lgÈ concentration, after
correction for Age, sex, smoking Habits, and skrn-Test Index in

a Logistic Analysis.
The solid l ine, representing the risk of asthma, is a weighteo,
least-squares linear regression model fitted to the odds raiios ar
each log lgE level. The verticat tines are g5 percent confidence
intervals around the regression for each odds ratio corresponding
to a given log lgE tevel. The dashed tine represents the oddé
ratios of having rhinitis at the same seven levels of serum lgE,

after correction for the same confounders.
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Figure 4. Prevalence of Asthma in Relat ion to lgE Z Scores,
Standardized for Age and Sex, in the '1662 Subjects wlth Com-

pletely Negative Al lergy Skin Tests.

The trend for prevalence to increase with irícreasing Z scores had
a high level of signif icance (P<0.0001). The fol lowing numbers of
subjects were at r isk in the f ive ranges of scores: 150,521, 689,

259, and 43.

\ o n e t h e l e s s ,  t h e  r a t e  o l ' r e p o r t e d  l h i n i t i s  i n c r e a s c c i

rnarkec l lv  r ,v i rh  the c leqrce of  a l le rg l '  sk in- tcs t  rc l ìc t r \ . -

i t v  t o  t he  an t i gens  app l i ed  i n  t h i s  s tudv ,  c r cecc l i nq  B5

pe rcen t  amonq ' sL rb . j ec t s  r v i t h  t hc  i nos t  s t r o r t q^ l r  l t t r s i -
t i r , ' e  t cs t s  i s k i n - t es t  i r t c l cxes  o f '  l 6+  ) .  

' l ' h c  
f  ì r r c l i r r s

that  sen-rm IgE ier , 'e ls  addec l  re lz r t ive lv  l i t t l c  to  thc
p red i c tab i i i t v  o f '  t he  svmp ton - ì s  o [ '  r h i n i t i s  i r l ì r ' r  t h t '

dcgree of  a topv ivas takct l  i t ì lo  accoLl t ì t  suggest .s  th i ì t

t l - re  bat terv  o f  sk in  tes ts  appl icc l  ac lec luatc lv  reprcse nt -

ed the loca l  aeroa l lereens most  l ike lv  ro  induce a nzrsa l

reac t i on .
' I 'he 

s i tuat ic in  r . r ' i th  respect  tn  asthma is  mr- rch n lore

comniex.  
' fhe 

c iear -cL l t  d i f lè rences between ast l tma

anc l  r h i n i t i s  i n  t he i r  r e l a t i ons  t o  a topv  and  se rum le I ì
\vere u t ìexpected,  s ince not  o t l lv  arc  lg l l  anc l  a topv
c lose lv  in ter re la tec l  but  a l le rg ic  rh in i t is  anc l  as thma

tend  t o  be  conco rdan t .  Neve r the less ,  a . l t hoL rgh  rh i n i t i s
had l i t t le  re la t ion to  serum lgE leve ls  a f ter  a topv wi ì .s
zrccounted for. the opposite rvas noted in r,egard to

asthma.  r \s thma ra tes wère c lose ly  re la tec l  to  serurn
IeE leve ls  even i r t  nonatop ic  sub jects ,  and in  a l l  s r - rb-
jec ts  thev remainec l  re la tec l  to  tgE af ter  rve accountec l
fbr  thc  degree of '  a topv.  

' [ 'he 
cc lns is tencv of  the re la-

r ions a t  a l l  ages bt :came c leat r ,  however ,  or t lv  a l ie r  se-
runr  Ig l i  leve is  were cons idered in  re la t ion to  the agr : r
ancl sex of the sr,r lr . j r :cts.

!Vere i t  not  f i : r  t l ie  { ìnd ings about  rh in i t is .  or t ( ì

w 'ou ld  suspect  thzr t  the re la t ions to  asthma might  l tave:

re f lec ted on lv  a  sross inadeqr- racv o f  the sk in  tes ts  usec l

t o  assess  a top ) , .  Bu t  i f ' t Ì r i s  l ve re  t he  case ,  t he  ra te  o f '
r :h in i t is  should  a lso havc been c lose lv  re lar tec l  to  seÌ rL ln ì
IsE as wel l  as  to  the sk in- test  index.  I t  might  a lsc" r  [ :e

argr" red that  the h igh Ig I i  Z  scores o f 'e lder l1 ,  sut r jec t .s ,
rvh ich 'vvere assoc ia ted wi t Ì r  e levated asthrna ra tes,

representec l  re la t ive ly  low actua l  serum leve ls  o f '  Ig I

nnc l  therefore lvere un l ike l l '  to  be atssoc ia ted wi th  a

s i ,gn i f icant  a l lerg ic  response .  How'ever ,  the tendencv to

fb rm  l gE  i s  an  i nhe r i t ed  t r a i t , ?+ '?5  and  t he  se rum Ig I

leve l  has a marked tendency lo  " t rAck"  wi th  age.  Eve n

serunì  IgE,  levets  present  i l t  t ì i t ìe  months o f  ager  are

corrciaieci , , t ' i i l r  thr-rse fbund i t t  corcl blooc' l  at the t in-rt '

o { -  b i r th .?6.A.*ong the sut r jec ts  * 'ho werc  enterec i  in  t i re

preserìt  stuciv before the age of 35, therc was a marked

and s ig 'n i f ìcar t t  dec l ine in  the serLì rn  IgE ler , 'e l  over  thc

ensr- r ing e ight  \ ;ears t ' l :  never the lcss,  ig l l  va lues record-

ecl clrrr ine fol lolv-t ip\frongly corre lzìtecl rvi t l -r  those re-

c ;orc lec l  a t  e  n t r ) / *  ( r  :  0 .827) .  Ar t  i i ln tost  ider - r t ica l  cor re-

lz r t ion r ,vas fbLrnd in  our  sub jects  35 vears  o ld  or  o lder

a t  en t r y  ( r  :  0 .822 ) ,  i n  r , vhom the  mean  change  i n  I eE

leve i  c lur ing the e ie l t -vez i r  per iod r ,vas ins isn i f ìcar r t .

1 'hus,  h ieh igE Z scores amor ìg  e lc ier l r  sub jects  \ \ 'e re

l ike iv  to  ident i [ r , '  those*who had muc] r  h igher  leve ls  o{ -

I ,qE t rzr r l ie r  in  l i lè ,  whsn the i r  prob lems wi th  asthnra

probat l lv  be,gan.  in  ac ld i l ion,  \ve have lound that  the

presence o1"  as i i t t le  as I  I t - . ;  o i  Bermuda erass-spec i { rc
lgE per  n i i l l i l i te r  o l -  ser t tm is  a lmost  a l rvavs assoc ia tec l

r r i th  : r  pos i t ive  sk in- test  react ior l  to  th is  ant igen (Ha-

l onen  N I :  unpub l i shed  da ta ) .  La rge  amoun ts  o t -  an t i -

gen-spec i f ic  serum IgE are not  nccressarv  for  z rn  a l ler -

q i c  r esponse .
" f he  mos t  obv ious  q t r cs t i on  ra i sed  bv  t he  p resen t

f ìnc l ings is  rc la tec i  to  the nature l  o f ' the a l lerg ic  s t imtr l r - rs

tha t  l eac i s  t o  t he  t vpe  o f  [ gE  assoc ia ted  r v i t h  as thm: t .

C ìompar i sons  u ' i t h  r h i n i t i s  suqges t  t ha t  a topv  t o  t he

( ìomlnor ì  aeroa l lc rgens usec l  in  th is  s t r - rdv is  r ro t  t l te

( ìsse l l i i i i l  {àc tor ,  a l thc- r t tgh r - rpc caI ì l lo l  c leny t l l i r t  s r :c I

ae roa l l e rgens  n tav  i nducc  i ì s t l ìma ,  apc l  t hev  ce r ta i r t l v

aPPeí . l r  to  i ìqgravate t l ìe  svmptoms of 'ex is t ing c l ise asc

in  some pat icnts .  Racker t ra t ln  sL lggested matr \ '  \ 'e i ì rs

? Ìgo  t ha t  " i n t r i ns i c "  as thma  rep resen ted  a r l  a l l c rg i c

t 'eact ion to  pacter ia  r ,v i rh in  the resp i ra torv  t rac t . l  ; \ l -

thr : r - rgh pt leun locc lcca l -spec i l ìc  lgE ce ln  somet imcs l lc

c ler "nonst la tec l . lT  t i te re  is  no f i rm ev idet ìce that  z t l le lgv

to  bz i c te r i a  i n  t he  a inva t v '  i s  o { ' impo r tance  i r r  t he  pa th -

ogr- 'nes is  o f  as t l ì Ina.  A number  o f '  u 'e l l - recognizcc l

a l l e r g e n s  s h o w n  t o  b e  i n v o l " ' e d  i n  a s t h m a  w c r c

no t  i nc l udec l  i n  ou r  sk i n - t es t  ba t t e r v ,  i nc l L rd ing  dc r ' -

r na tophaeo ides  ( t he  house -dus t  m i t e )  a r t d  a t r i r nz r l

dzr r tc lers .  Hotevet ' ,  c lermatopt ragoic les  is  t tncotnn lon

in  nur  l t " lca le ,  and when rve ap 'p l ied an ext ract  o f  i t  to

s r - r l : j ec t s  i n  t l u r  popu la t i on  samp le  on  r cpea t  sk i n  t es t -

-: '.rO I Fu i
: J l o ':
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Figure 5. Prevalence of Asthma and Rhinit is in Relat ion to the
Aliergy $kin-Test Index in the 1662 Subjects with the Lowest lgE

Z Scores (<0,32),

There was no statistically significant trend for asthma rates to
increase with the values for the skin' test index in these subjects,
but the increase in rhinit is rates had a high level of signif icance
(P<0.0001). The fol lowing numbers of subjects were at r isk in the
f ive ranges for  the sk in- test  index:  1253,  161,  137,66 '  and 45.
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ing sever?ì i  vears af ter  enroi i rnent,  r t  produced even
fèrver positive reactions than our crude hsuse=dust
ant igen. In f ,act ,  onlr '  2 percent ol ' the retested popula-
t ion reacted to th is ant igcn-n but not to anv of  t i re
al lersens used in the present studr ' .  Also,  r 'erv low
rates of  react ions to cat ,  dog, ar-rd horse danders were
found in a subset of  our popuiat ion u 'ho underwent
qui te extensive al iergy skin test ing,22 especial lv among
subjects who had completeh'negat ive react ions to the
ant igens used in the present studv. However,  addi-
t ional  organic ant igens n ' i th possible relevance to
asthma are being recognized and r-eported. such as
airborne part ic le i  of  insect or ig in.2e I t  is  a lso c lear
ft 'om studies of occupational asthnla that a r,vide vari-
ety of  re lat ively s imple compounds, such as pl icat ic
acid ( in workers handl ing red cedar)  and piat inum
salts,30,3l  are capable of  indr-rc ing IgE-mediated asth-
n-ra and that this mav occur in otherwise nonatopic
subjects.  The range of  possible al lergic st imul i  other
than commonly recognized aeroal lergens is almost
l imi t less.  I f  i t  were not lor  the c lusters of  cases of
asthma within occupat ional  groups, mal lv substances
now recognized as causes of  asthmas2 would never
have been identif ied

None of  the above is meant to i rnplv t l ' rat  a com-
plete evaluat ion by- a t ra ined al lergist  in a c l in ical
set t ing might not have detected speci f ìc aì lergens in
nlanv of  the subjects wi th asthma who appeared non-
atopic on the basis of  pr ick-test  react iv i tv to the
aeroal lergens used in the present studv. On the con-
trarv,  the relat ions to serum IgE suggest that  our bat-
tery of  a l lergy skin tests was inadequate to detect
the wide range of  a l lergens that mav be of  importance
in asthma. We also recognize that our determinat ion
of the presence or absence of  d isease was relat ively
crude and was based ent i re lv on in lormat ion f rom
quest ionnaires.  More ref ined cr i ter ia fbr  the diagnosis
of  asthma and al lergic rhini t is  in epidemiologic stud-
ies .would be highlv desirable,  but  anv misclassi l ìca-
t ion of  cases in the present study rvould have served
only to confound rather than to exaggerate the demon-
strated relat ions to serum IgE and al lergy skin-test
react iv i ty.

Regardless of  the speci f ic  a l lergic st imulus involved,
since no asthma at  a l l  was tound in sub. iects wi th ex-
tremely low IgE levels,  v i r tual lv al l  the obse rved cìases
rnight be considered to be related to th is evidence of
"al lergv."  Indeed, the present data do not support  t l ' Ie
div is ion of  asthma into the extr insic or al lergic tvpe
and the intr insic or nonal lergic type. 

' fhe 
di{ Ieretrce in

the course of  asthma benveen older subjects ancl
younger subjects may be the resul t  of  many lactors
whol lv unrelated to the al lergic or ig ins of  their  d is-
order.  However,  regardless of  the level  of  serum IgE,
a minor i ty ol  subjects have asthma, suggest ing that
some other lactor in host suscept ib i l i ty  may have a
cr i t ical  ro le in the disease. Inherent hyperresponsive-
ness of  the airways could rvel l  represent th is essent ia l
r isk factor,33 but the present data suggest that  some
IgE-related react ion is required to induce overt  asth '
ma even in suscept ib le persons. The mechanism {br

th is  re la t ion cannot  be determined f rom th is  tvpe of

study. Also. lve cannot den-v the possibi l i tv that therc

may be unusual  forms o[  as thma that  are not  assoc ia t -

ed wi th  IgE,  but  such cases nÌust  be so uncommorì

that  they have not  in f luenced the re la t ions noted in  the

p rcsen t  r epo r t .
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ABNoRMALTTIES rN pARATHyRoID HoRMONE sEcRiuoN AND 1,25-

DIHyDRoxyvITAMIN D3 FORMATIOI\I Iht woMEN WITHaOSTEOPOROSIS

SuoniNr  J .  Sr r .v rnBERG, IVI .D. ,  EL iznsara SneNE,  lVI .D.  ,  Lvz DE LA CRuz,  R N*GrNo V '  SecRE'  Vf  'D"

Tnol res L .  Cr .ENlrNS,  PH.D. ,  . rxoJo i r r . r  P.  Br t .ez IKIAN) IU.D.

Abstract We investigated the parathyroid hormone-
1,Qp-dihydroxyvitamin De (1,25(OH)2D) axis in osteopo-
rosis by administering phosphate to 8 postmenopaus-

al women with osteoporosis (49 to 78 years old) and
to 10 normal women matched for age (50 to 74 years)'

All subjects responded wíth a similar increase in the se-
rum phosphorus concentration (women with osteoporo-
sis,  1.15t0.06 to 1.7910.09 mmol per l i ter ;  controls,
1. '14t0.05 to 1.7310.08 mmol per l i ter)  and a fa l l  in
the ionized calcium concentration (women with osteoporo-
sis,  1.1210.03 to 1.06t0.03 mmol per l i ter ;  controls,
1 . 1 7 1 0 . 0 1  t o  1 . 1  1  1 0 . 0 2  m m o l  p e r  l i t e r ) .

Parathyroid hormone levels rose 2.s-fold in the control
group (15.4t2.2 to 37.9t6.1 pg per mi l l i l i ter)  but  in-
creased by only 43 percent in the group with osteoporosls
(14.8-r2.8 1o21.2-r4.1 pg per mi l l i l i ter) ,  an increase simi-

T' f  is  now wel l  establ ished that parathyroid hormone

I is a key resulator of  the renal  produ.ct ion of  i ,25-

d ihyc i roxvv i tamin  D:  (1 ,25(OH)rD) . ' - ' t  Para thvro id

hormone st imulates the renal  I -a-hvdroxvlase enz)-mei

leading to increased conversion of  25-hydroxvvi tamin
D to the act ive lorm of  the hormone '  I  '25(OH):D'
Responsiveness to this regulatory pathwav appears tr)

become impaired in osteoporosis and aging, resulting

in reducecl f irrmation of the active vitzrmin D rnetabo-

l i te .+ -7  r \  poss ib le  mechan ism o f  a l te red  l '25(OH)zD

lormat ion in osteoporosis is a pr imary detect  in the

renal l-a-hydroxylase or, alternatively-' a cletbct in fac-

tors that  st imulate the enzyme. These potent ia l  abnor-

mal i t ies in 1,25(OH)?D f t>rnrat ion in osteoporosis,

however,  ha'n 'e not been dist inguished f iom t i re al ter-

a t ion  in  1 ,25(OH)2D proc luc t ion  tha t  i s  k t town to  be  a

feature of  the process of  aging.
To address these issues, we studied the parathvroid
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lar to that previously reported in young normal subjects (53

percent). in healthy older and younger subjects, the- levels

òt t,es(OH)2D did not change; in the subjects with os-

teoporosis,' however, they decreased significantly (50

percent).
We conclude that older women require a greater para-

thyroid hormone stimulus than younger women to maln-

taín vitamin D homeostasis, because of an age-related
decline in the formation of 1,25(OH)2D in response to

parathyroid hormone, and that in osteoporosis the age-

appropriate parathyroid hormone response to the same

nypocalcemic signal is diminished. our results are consis-

tent with the presence of an abnormality in parathyroid

hormone secretory function in osteoporosis in addition to

the universal decline in 1,25(oH)2D responsiveness asso-

ciated with aging. (N Engl J Med 1989; 320:277-81 )

hormone-1 .25(OH)2D ax is  in  women $ ' i th  os teoporo-

sis,  usine a chal lenge with oral  phosphate '  
- l "here.  has

been consic lerable interest  recel l t ly  in the use of  phos-

phate as part  of 'sequent ia l - t reatmerì t  protocols i l r  the

ih. tupy of  osteoporosis.B'e F'or the purpose of '  th is

study, however,  the use of  phosphate al lowgl ] : t  
to

" r r . r ,  
the  e f lbc t  o f  oppos ing  s t imu l i  to  t ,25(OH)?t )

product ion:  the direct  ef lect  of  phosphate in suppress-

ing  1 ,25(OH)pD leve ls ,  and an  ind i rec t  e tTec t  o f  phos-

pùt. through elevation of parathvroicl ho'none p:r, '-

e ls  in  s t imu ia t ing  the  fo rmàt ion  o f  1 ,25(OH)rD, " " '

With the use of  ige-matched control  rv.mén withr:r t t

osteoporosis,  the protocol  permit ted an examinat ion

of both enclogenous parat l ìyroid hormone respotrs ive-

ness and 1,25(oH)2D product ion in rvomet l  r ,v i th os-

teoporosis.  Data on a grot lp o[  young norrnal  subiects

whc) were stucl ied accprcl ing to an ic lènt ical  protocc.r l r ' r

enablecl us also to ev'àluate aging as a factor indepe nd-

ent of  ostegporosis.  
' fhe 

resul ts support  the existetrctr

c; f  a c l is t inct  abnormal i ty in the Parathvroid hormont ' -

1 ,25(OH)2D ax is  in  os teoPoros is .

MnrHons

!Vc studiecl  fJ  womcn wi th r , rsteoporosis (meirn t tge.  { i3 \ ( : 'ars:

range, 49 to 78) a l rd l0 age' lnatctred contrr l ls  (nrean xqt . '  h l :

.an[e S0 to 7.1) .  Al l  subjects were postnìen.pausal  w6i te w'onrct t .
' t 'hose wi th osteoporosis had at  Ie lst  two nontr&umat ic vertebral

compression l ractures,  and their  t ronc'  mineral  c lensi ty i ls  mrastrrecl

by àual-photon absorpt iometry o l '  the lumbar $pi t te - rvas,  
nr t t re

than ? SD bel<tw the meatr  extrrected [br  their  age'  In f ì r 'e  o l '


