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Problems in defining normal l imits for
serum lgE zrlt\
Mary Kl ink, MD, Martha G. Gline, MS, Mari lyn Halonen, phD, and
Benjamin Burrows, MD, Tucsott, Ariz.

Recommended "normal limits" for serum IgE generallv nssuma Íltat a single upper timit tf
normal can be applied to all adults. The present article desc'ribes the distribution of IgE levels
in 2657 subiec'ts in a general population sample in Tucson, Ariz. Limits oJ'lgE tteJining the
lovter 57c, l07o,25Vo' 507o,75Vo,90Vo, and 957o in 1569 suh.jecrs t t , i t l t  negttt ive al lergt,. tki t t
tests and without current asthma, considered a reference group, ttre prot,ided by, age and sex.
These cutoffs are then used to compare groups with asrhma antl u,ith pssitive allergr- skin tests
with the reference population. Distributions of IgE levels in these groups are vastly different,
but defning an upper "limit of normal" for serum IgE is of doubtful <'lirtical value because
there is no single level of IgE that distinguishes different groups v,irh ttrr. prec.it^ion- y'he spread
of IgE values is cxtremely wide in suhjects with ond without krtov,n rtllerei. diseuses.
(J ALu,ncv Cur,r luuuwor t990;g5:440_4.)

Measurement of serum IgE has become a routine
procedure in many clinical laboratories, and the level
of this immunoglobulin is sometimes used in an' at_
tempt to distinguish àllergic from nonallergic individ-
uals.r Although recommended "normal limits" usuallv
vary with age for óhildren,2 it is generally assumeà
that a single limit can be applied to adurts, regardless
of age or sex.3-5

In our population stuCies, however, serum IgE
levels appear to decline throughout adult life and tend
to be higher in men than in women. Furthermore,
there does not appear to be a single cutoff level for
serum IgE that reliably delineates subjects with and
without allergic disorders. A recent publication from
our laboratory suggests that the frequency of asthma
increases steadily from the age and sex standardized
IgE level and that this is true both in subjects with
and without allergy STpos reactions.ó Thus, it may
be more realistic to consider how an individual's IgE
level relates to Ievels of apparently nonallergic indi-
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viduals of the same age and sex-rather than to attempt
to define a single "normal limit"forthlsmeasurement.

In the present article, we describe the distribution
of IgE levels in subjects aged 6 years or older who
were enrolled in a general population study, and we
derive percentile limits to indicate how a given IgE
level would relate to levels found in subjects with
negative allergy skin tests and without known asthma
(our "reference population"). The percent of subjects
with asthma, allergic rhinitis, and positive skin tests
without allergic disease falling below the various per-
centile cutoffs for the reference population are then
described.

METHODS

The methods of sclcct ion and study of thc populat ion
have been reportcd in dctai l . 'Subjects in this study arc taken
from a random stratifìed sample of white non-Mexican
American households residing in Tucson, Anz., in 1971.
Square blocks of households were stratified on the basis of
ethnicity, age of the head of household, and socioeconomic
status. One of every six households in each of these blocks
was asked to participate. Blood samples were obtained and
assessed for serum IgE levels from subjects ó years of age
or older. The present analysis is limited to the 2657 subjects
who had both serum for IgE level and allergy'skin testing

r -
I Abbreviations used

I 
Sfpor, Skin tcsr posit ive

I STneg: Skin test negarive
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at thc t ime of enrol lmcnt into the study, thc same group as
the group reported in regard to the rerationship oi u.tÀ*u
to those same evidenccs of ailergy.o The agc range was fro',r
6 to 94 years.

, Allergy skin testing was performed by the prick test tech-
nique. Five tests were used that included a variety of al-
lergens common to the Tucson area plus u .on,.ol. Com_
mercially available skin test materials frbm Hollister-Stier.
Laboratories (Spokar:e, Wash.) were used. Test material
consisted cf ( l)  house dust; l :  l0; (2) Bermuda grass,
l :20; (3) tree mix, l :20 (ol ive, mulberry, mesquite, and
cottonwood); (4) weed mix. l:20 (rabbit bush, salt bush,
careless weed, Russian thistle, desert ragweed, ahd slen_
der ragweed); and (5) Dematiaceae mold mix, l:100 (A/_
ternoria, Helminthosporium, Cladosporium, Curvularia,
spondylocladium, and stemphyrium species). A reaction to
any skin test greater than a rcaction to the control classified
the subject as STpos.

Serum IgE levels were performed wiih the PRIST
method. Duplicate tests wcrc done , and thc mean valuc was
expressed as intcrnational units pcr mil l i l i ter. As noted in
prcvi.us art icles,n u thc ovcrai l  distr ibution of scrum rqE
lcvcls in our populat ion is los n.rnral.  For this rcason. ùrc
scrutì l  IgE was uscd in al l  stat ist ir ;al analyses. and ccn(ral

; : : ; l : ' " t  
arc rcporrcd cithcr as logarithrììs or as sconrcrr ic

The presence of rhinitis, asthma, and smoking status were
based on rcsponses to a sclf-administcred questionnairc.
Subjects were considered ro have rhinitis if they repried.
"Yes, I still have it," to the question, ..Have you ever had
hay fever or any other allergy that makes your nose runny
or stuffy, apart from cords?" Exrhinitis was diagnosed if th!
response to this question was, . .yes, 

but I  no longer havc
it." subjects were considered to have asthma if thly gave

--%=-€=-
2 .5  3 .0  3 .5  *

an affirmative responsc to, "Have you ever had asrhma/.'
Asthma was considered current if thgy replied, ..yes, I still
have it," admitted to wheezing or whistling in the chest that
occurs apart from colds. or had more than rare "attacks of
shortncss of breath with wheezing." The presence of eczema
was not used in this analysis, since our questionnaire was
not designed to identify subjecrs with this disorder.

Preliminary analyses rbveared highry significant differ-
ences between IgE levels of STpos versus STneg subjects,
regardless of the presence or absence of asthma or rhiniiis.
Among STneg subjects, those with current asthma dem_
onstrated much higher IgE levels than other STneg subjects,
put there were no significant differences in srneg subjects
without current asthma related to the presence or absence
of exasthma, exrhinitis, or even cunent rhinitis. In fact.
other than current aithma, no reported symptom or disease
identified a subser of STneg subjecrs with a significant el-
evation of serum IgE. Therefore, we defìned our "reference
population" as the 1569 subjects with completely negative
skin tests who did not have current asthma. There were
stat ist ical ly signif ìcant but relat ively small  dif ferences be-
twecn sntokcrs and nonsntokcrs in th;s group. As wil l  bc
dcmonstratcd. thc dclrec of '  nt isclassif icat ion rcsult ing from
conrbining thc di l ' lèrcnt snroking sroups provccl to be verv
sl isht and dit j  not al)pcar to just i l 'y l inr i t ine thc refercncc
populat ion lo nonsnrokcrs. ' fhis 

would h:rvc created quitc
small groups in certain age ranges of male subjects.

Thc ovcral l  distr ibution of ' l .g IgE valucs in the reference
populat ion (Fig. l)  is remarkably gaussian. The mean log
IgE values and their standard deviitions in various agc
groups are presented for each sex in Table I. To age and
sex standardize the values for the reference population, ..2

scores" were calculatcd for subjects in cach of the age and
sex groups prescnted in Table I. A subject's age and sex
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.Sk in  tee t  nega l i ve  sub jec te
w i thou t  cu r ren t  As thma

FIG '  1 '  D is t r i t i u t i on  o f  l og  se rum lgE  va lues  in  the  1509  s rneg  sub jec ts  w i thou t  cu r ren t  as thma
in  the  Tucson  ep idemio log ic  s tudy  o f  a i rway  obs t ruc t i ve  d i seases .  Th is  g roup  o f  sub jec ts  com-pr i ses  the  lgE  re fe rence  popu la t i on .  The  pe rcen t  o f  sub jec ts  In  each  tgE  range  i s  i l l us t ra ted  on
the  o rd ina te .
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TABLE l .  Mean  l og  *  s tanda rd  dev ia t i on  and  geome t r i c  mean  o f  se rum lgE  ( i n te rna t i ona l  un i t s )  i n

re ference popula t ion*

Female
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Age (yr)
Mean log + SD

(geometric mean)
Mean log + 5P

(geometr ic  mean)

6-14

t5-34

35-54

55-74

7 5 +

69

213

r45

1 1 , 1

6 l

t .6 t2 t  0 .652
(40.e)

1 .361  : -  0 .718
(23 .3 )

1.309 +-  0 .669
(20.4)

1.297 - t  0 .694
(  1 9 . 8 )

1.250 1- 0.669
(  1  7 . 8 )

t 1

201

154

348

83

1 .610  + -  0 .523
(40.7)

1.2 t7  - r  0 .663
(16 .s )

|  .  t63 -f  0.647
(14.6)

1.030 - { -  0 .634
(  1 0 . 7 )

0.948 -f 0.68ó
(  8 .e )

*STneg subjects without current asthma.

TABLE l l .  Reference values for serum lgE*

Limits of  lgE ( internat ional  uni ts)  def in ing lower

25V" 50% 75"/"

Age (yr)
6-14

M
F

t5-34
M . .
F

35-s4
M
F

55-74
M. F

7 5 +
M
F

3 . 9
6 .2

1 . 7
i .s

1 . 8
1 . 4

l . ó
1 . 1

1 . 6
0 7

6.4
. 9 . r

3.0
2 .5

3 .0
2 .3

2.7
1 . 8

2.6
1 , .2

42.2
4r.7

2 4 . r
l 7 . o

21.0
1 5 . 0

20.4
I 1 . 0

1 8 . 3
9 . 2

t09.2
89.4

68.7
44.8

55.8
38.6

56.4
27.9

48.7
25.4

256.7
177.4

r 7 6 . 1
106.7

133.9
90.1

140.0
&.o

1 1 6 . 8
61.4

423.6
z6s.r

305.9
177.8

224.0
r48.2

238.8
r0/..2

r95.4
104.0

15.2
1 8 . 4

7 . 8
6.0

7 .4
5 . 5

6 .9
4 . 1

6 .5
3 . 1

xValues in STneg subjects without current asthma.

standardized "Z score" is simply the number of standard
deviations by which hc or she differs from the mean of their
age and scx group. Z score cutoffs below which 5Vo, lOVa,
257o,50%,157o,907o.  and 9-5% of  the re ference popula t ion
would fall were then determined. From these scores the
actual level of serum IgE required in each age- and sex-
specific group could be calculated to place a subject within
these percentile limits.

Those subjects not in the reference population were clas-
sified into four different subgroups based on skin test status
and questionnaire responses: (l) STneg with current asthma
(with or without rhinitis), (2) STpos with current asthma,
(3) STpo,s with rhinitis (subsequently called "allergic rhi-

nitis") but without current asthma, and (4) STpos with no
current rhinit is or asthma.

Statistical analyscs u'crc performed with the Statistical
Package for the Social Scienccs (SPSS, Inc., Chicago.
I l l . ) .  Stat ist ical methods included analysis of variance
and chi-square.

RESULTS

The limits for serum IgE levels derived fromZ score
cutoffs that would place an individual in the lower
5Vo, lÙVo, 25Vo, 50Vo, 75Vo, 90Vo, and 95Vo of the
reference population are presented in Table II. With

r
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Percentile Cutoff Levels for Serum lgE
F lG.  2 .  The  p reva lence  o f  as thma (w i th  o r  w i thou t  rh in i t i s )  by  sk in  tes r  reac t i v i t y  and  o f  a l l e rg i c
rh in i t i s  (w i th  o r  w i thou t  as thma)  i n  the  Tucson  ep idemio log ic  s tudy  accord ing  to  va r ious  pe r -
cen t i l e  l eve ls  o f  t he  lgE  re fe rence  popu la t i on .  On ly  STpos  rh in i t i s  cases  were  cons ide red  to  have
" a l l e r g i c  r h i n i t i s . "

T A B L E  l l l .  C o m p a r i s o n  o f  s m o k e r s  v e r s u s  n o n . * o i . e r s  i n  t h e  r e f e r e n c e  p o p u l a t i o n

Cumulative 7o of reference subjects in lower

1O"/"

Current smokers
Ex- or never smokers

Total

A '' 1 . / -

5 . 3

5 . 0

8 .0
10.9

1 0 . 0

1 9 . 0
27 .9

25.0

43.4
5 3 .  I

50.0

ó8.0
78.3

75.0

8ó.4
9r.6
89.9

9 1 . 8
96.5

95.0'

t

t

t .

TABLE lV. Distribution of serum lgEZ scores in subpopulations as compared to percentile
distribution of lgE Z score values in the reference population*

Gumulative Y" of subjects in lower

Population 1O"/o 25o/"

a

. {

i

(
I

5 . 0Reference group
STneg

Current asthma
STpos

No currcnt disease
Current rhinit is
Currcnt asthma

r5ó9

93

376
475
144

10.0

0

2 . 1
t . l
t)

25.0

1 2 . 9

8 . 5
. 1  . /

o

50.0

30. I

23.9
t 2  8
5 . 6

75.0

5 r . 6

49.1
3 3 |
t_r  l

89.9

7 3 . 1

95.0

82.8

85.4
76.4
5 2 .  r

0

1 . 9
0 . 2
0

a a -
t J . t

6 2 . 3
1 <  r

Al l  othcr  groups have a s igni f icant ly  d i f fcrent  d ist r ibut ion than thc rctcrcncc group.  / r*Reference group is Stpos subjects without current asthnra.

these cutoff levels, we then determined the percent of
any other group whose serum IgE level would fall
below these reference levels. The differences between
current and exsmokers and never smokers in the ref-
erence population are presented in Table III. As al-

ready noted, the degree of misclassification based on
smoking status, although it is statistically significant,
is relatively small and probably of no practical clinical
importance.

The percent of subjects with IgE serum levels falling

t
2

d

. i '
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below the limits for the reference population (Table

II) are demonstrated for groups not included in the
reference population in Table IV All percents are
highly significantly different from the reference per-
centiles. However, STpos subjects with previous
asthma and without allergic rhinitis were not signifi-
cantly different from STpos subjects without disease
and are not presented separately.

The group that differs most strikingly from the ref-
erence population is the group containing STpos sub-
jects with current asthma; >867o of subjects fall in a
range that included only the highest 25Vo of the ref-
erence population, and none fall in the range of the
lowest 25Vo of the refercnce population. Even in this
group, however, there is no obvious single point that
would allow a clear distinction between a normal and
an abnormal serum level of IgE. This is evident if the
percent prevalence of diseases in the various IgE cat-
egories is considered, as illustrated in Fig. 2. A pro-
gressive increase in age and sex standardized IgE level
is i l lustrated in Fis. 2.

DISCUSSION

The major purpose of this study was to describe the
distributions of serum IgE levels in that segment of
the popuiation least likely to have an allergic problem.
These findings should provide reference values with
which IgE levels in subjecs suspected of having an
allergic disease might be compared. Obviously, these
data are specific for the population in which they were
obtained, white, non-Mexican Americans residing in
Tucson, Ariz.

There are obvious limitations in an epidemiologic
study of this type. Our allergy skin test battery was
limited in regard to the allergens applied. Some of
our seeiningly STneg subjects might well have reacted
to the more complete skin testing used in a clinical
evaluaiion. There are also serious limitations in the
determination of the presence or absence of disease
based on self-reporting by the subjects. Unfortunately,
firm criteria for diagnosing asthma or allergic rhinitis
in a population survey do not exist, and we could not
verify these reported diagnoses oi' the lack of disease
by performing a full clinical evaluation of all subjects
in the study. Thus, our "refèrence population" un-
doubtedly includes some subjects with subclinical al-
lergic problems and may er en incude a few with ec-
zema. For thrs reason, it is considered only as a ref-
erence group rather than as a pure "nonallergic"
population. It also includes subjects who, despite re-
porting allergic rhinitis, have negative allergy skin

F R G Y  C L I N .  I M M U N O L .
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tests. Such subjects do not demonstrate any siglrificant

elevation of their serum IgE. As noted in a previous

article,ó we can only presume that such subjects have

nonspecific nasal reactions, possibly related to the dry,

dusty environment of Tucson.
Although the distributions of IgE levels are vastly

different in STpos than in STneg subjects, and even

more different in subjects with apparent allergic dis-

ease, the spread of IgE values is extremely wide in

all groups, and there is no single level of IgE that

clearly distinguishes different groups at a level of pre-

cision that is clinically meaningful- We are doubtful

that defining an upper "limit of nonnal" for serum

IgE is clinically useful, even if the marked effects of

age and lesser effects of sex are taken into account.

Furthermore. with a continuous variable, such as IgE

in which there is a steady increase in the probability

of disease with higher age and sex standardized levels,

calculation of such indices as sensitivity and specific-

ity are not very nreaningful. Even the ranges of IgE

levels found in our reference population probably have

very limited clinical application. We present them pri-

marily because they appear to be more reasonable than

the single value often used as the limit of normal for

adults.
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