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A number of factors, including age. sex. smoking habits, and atopic status have been reportett 
in cross-sectional studies to injluence levels of serum IgE. We have examined the effects of 
these variables on serum IgE in a community population cohort of 1109 subjects during u 
longitudinal study in which two serum samples were obtained 8 years apart from each subject. 
For the entire cohort, mean serum IgE level changed little during the foIlow-up period (28.9 
versus 26.0 /Ulml). Most of the decreases were observed in children anti young udults. Subjects 
more than the age of 3.5 years demonstrated no systematic change in serum igE levels. B,v the 
end of follow-up (when there were few subjects still less than 16 years of age), significant 
relationships of IgE to age could no longer be demonstrated in nonotopic subjects. Also. in the* 
nonatopic subjects of this cohort, there were no significant differences in IgE levels between 
the sexes. Among atopic subjects, there was a clear tendeq for IgE to decrease with qe. wcth 
utopic women more than 35 years of age demonstrating greater declines in IgE levels during 
follow-up than men of comparable age. The IgE levels in atopic male subjects were significantly 
higher than in atopic female subjects after the age of 35 years. Smoking was associated with 
an elevation in serum IgE. In this cohort, the smoking effect appeared to be limited to mule 
subjects. Among allergen skin test negative subjects at the start of the St&, IgE levels iI SD 
above the group mean were predictive of the subsequent development of allergic skin test 
renctiviv. Although these findings co&m many jndings from cross-sectional studies. the 
provide udditional information concerning the epidemiology of 1gE in the ,genernl population 
(J ALLERGY CLIN IMUUNOL 1987:79:9/9-27.) 

Since IgE was identified by Ishizaka and Ishizaka’ 
and Johansson et al.* in the late 196Os, a large number 
of variables have been demonstrated to have strong 
relationships with serum IgE, making it difficult to 
define normal population values. The earliest of these 
was allergen skin test reactivity and/or allergic dis- 
ease .‘. 4 This relationship, with as little as one 2 mm 
skin test reaction, has been confirmed in many stud- 
ies.5-‘0 An even greater relationship with extremely 
high values was described in parasitic disease by Mer- 
rett et al.” More recently, the emphasis in a number 
of population studies has been on the effects of age, 
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sex, and smoking. Some years ago, Delespesse et al. I2 
found Iower levels of IgE in older (more than 70 years 
of age) compared to younger (less than 40 years of 
age) adults. More recently, Bar&e et al.’ and Grund- 
bather and Massie,g among others, have reported that 
peak vahes occur toward the end of the first decade, 
with a rapid deccline during teenage years. After this 
early decline, most adult studies have demonstrated a 
continuing decrease in IgE with age,“, a ‘“. ” usually 
more pronounced in female than male adults. How- 
ever, Holford-S&evens et al.’ found no age-related 
decline in nonatopic adults aged 20 to 65 years. 

If there has been general agreement conczzxking the 
effects of atopy and age on IgE levels, the in4Tuences 
of sex and cigarette smoking have not been universally 
appreciated. After the observation of Gerard et al.” 
that smokers had higher IgE levels than nonemokers, 
Burrows et al.” confirmed the finding and found that 
the effect increased with age and was independent of 
allergy skin test reactivity. Several subsequellt studies 
confirmed a smoking-&E relationship.‘6-2” Freidhoff 
et al. .“’ however, found IgE levels of male subjects 
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to be higher than levels of female subjects without a 
significant smoking relationship. In a retrospective 
follow-up study, Rawle et al.13 also found no smoking 
effect. All the studies noted above have been cross- 
sectional. Thus, the several variables that may impact 
on IgE levels have been observed at a single point in 
time. Longitudinal studies have been limited to infants 
and children. In these studies, the emphasis has been 
on genetic factors and the predictive nature of excess 
IgE levels early in life.21-24 

In 198 1 we described the age, sex, and atopic re- 
lationships of IgE in a community population sample .6 
Subsequently, the effects of smoking on IgE were 
reported in this same population.” In this article, we 
have examined the relationship of these factors and 
the changes in IgE that have occurred during an 
8-year follow-up period in a cohort of 1109 subjects 
from this community sample. The predictive value of 
IgE levels in subjects who were initially allergen skin 
test negative is also described. 

METHODS 
Study population 

The initial study population consisted of a random strat- 
ified cluster sample of more than 1600 white, non-Mexican- 
American households in Tucson, Ariz. Details of the se- 
lection process and the study methods have been reported.” 
Follow-up data have been obtained on this population in 
five additional surveys during 8 years as part of a longi- 
tudinal study of the development of airway obstructive dis- 
ease in this community population. During the first survey 
of the population, all subjects aged 3 years and older were 
asked to undergo skin testing with five commercially avail- 
able allergens. Those aged 6 years and older had venous 
blood collected for total serum IgE determinations. The 
prevalence of allergen skin test reactivity in 3102 subjects 
has been reportedT6 Similar data concerning the distribution 
of IgE have also been described in 2743 subjects.” During 
the sixth survey, 8 years later, allergen skin testing and 
venous blood sampling were again carried out. The cohort 
in this study consisted of 1109 subjects who were aged 
6 years or older during the initial survey and had both 
allergen skin testing and serum IgE data recorded during 
both the first and sixth surveys. In no significant way does 
the cohort differ from cohorts for whom data were only 
available for survey 1. Mean ages for the followed and 
nonfollowed groups (in survey 1) were 44.9 and 43.4 years, 
respectively. Female subjects accounted for 56% of the co- 
hort versus 53% in the nonfollowed group. Geometric mean 
IgE values for the followed and nonfollowed groups were 
28.9 and 33.9 B-J/ml, respectively. Subjects who never 
smoked made up 49.8% of the cohort compared to 47.4% 
of survey 1 only subjects. The mean period between testing 
for this cohort was 8.1 years ( 2 0.7), with a maximum of 
10 years and 9 months and a minimum of 6 years and 
4 months. For the analyses of relationships between IgE and 
smoking, subjects were categorized as follows: smokers had 

the habit at the time of the initial survey and continued to 
smoke in survey 6. Exsmokers had stopped before sur- 
vey 1 and continued to deny smoking subsequently. Non- 
smokers denied ever having used cigarettes. Subjects who 
were nonsmokers or exsmokers in survey 1 and who sub- 
sequently started smoking and smokers who quit smoking 
between the first and sixth survey were excluded from anal- 
yses of smoking effects. 

In order to compare the same subjects in survey 1 and 
survey 6, all ages in figures and the table are indexed to 
survey 1. Thus, for comparative purposes, subjects are dem- 
onstrated to be the same age on both surveys even though 
their sixth survey ages are an average of 8.1 years older. 

Serum IgE determinations 
On both surveys, venous blood samples were drawn from 

subjects aged 6 years and older, and serum was frozen at 
-70” C until it was analyzed. All determinations were 
carried out in the same laboratory by the PRIST (Pharmacia 
Diagnostics, Piscataway, N .J .) technique. Samples were 
run in duplicate, as was an aliquot of a reference serum in 
each batch. The survey 1 reference mean value was 68.1 
IUlml, with a 5.1% within-assay coefficient of variation 
and a between-assay coefficient of variation of 18.1% . Com- 
parable data for survey 6 samples were 70.0 IU/ml for the 
reference serum mean with coefficients of variation of 4.8% 
and 19.2%, respectively. All IgE values are reported as the 
mean of duplicates. 

Allergen skin testing 
During both the first and sixth surveys, allergen prick 

tests were performed by trained nurses according to the 
method of Pepys.2’ Details of the skin test procedure and 
the derivation of a skin test in&x have been reported pre- 
viously.26 In brief, the skin test index is determined by 
grading the size of the reaction to each individual antigen 
on a scale of 0 to 4 where 0 is no reaction greater than a 
glycerol control reaction. Grades 1 to 4 were determined 
by the prevalence of reaction sizes in all subjects free of 
respiratory disorders or food or drug allergy in our originally 
enrolled community population. (For example, grade 4 was 
a reaction that occurred in not >2% of these subjects.) The 
sum of the grades for the five individual skin test reactions 
is the skin test index that can range from 0 to 20. 

The same five antigen mixtures (Hollister-Stier Labora- 
tories, Spokane, Wash.) were applied in the same concen- 
trations in both surveys: house dust (1: lo), Dematiaceae 
mold mix ( 1: 100)) Bermuda grass (1: 20)) tree mix (1: 20)) 
and weed mix (1: 20). A control solution of 50% glycerol 
was also included. Although the antigen mixtures used in 
the two surveys were from different commercial lots, we 
were unable to detect any systematic difference in reactivity 
in the study population. For the purposes of this study, any 
reaction greater than control reaction was considered pos- 
itive. Four categories of skin reactivity are described: con- 
sistently positive, consistently negative, conversion from 
initial negative to positive, and reversion from initial pos- 
itive to negative. 
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FIG. 1. The relationship of serum IgE with age and sex in surveys 1 and 6. A, Geometric mean 
IgE levels for survey 1 (stippled} and survey 6 (horizontal stripe} decrease significsntly with age 
in both surveys (p < 0.001). A significant longitudinal change is present (between surveys 1 
and 6) in the 6 to 14 years age group (p < 0.001) and in the 15 to 34 years age group (p = 0.017). 
Age groups for both surveys refer to ages at the time of survey 1. B, Data am separated by sex: 
male subjects 10) in survey 1, male subjects (Rj in survey 6. female subjects (m in survey 1, 
and female subjects NJ in survey 6. The longitudinal changes observed in A in the 6 to 14 years 
age group are also observed in sex-specific groups. Significant male versus female differences 
in IgE level are present for the 55 years plus age group in survey 1 and for both older age groups 
in survey 6. 

Data were analyzed on the University of Arizona 
DEC IOKDC CYBER 175 computer system, with the Sta- 
tistical Package for the Social Sciences programs. Analysis 
of variance was used to evaluate group differences; the 
paired t test was used for paired observations. LqO IgE 
vahs wett used in parametric analyses. and mean values 
in this iuticle are geometric means. 

RESULTS 

A number of studies have emphasized that IgE 
levels are dependent on a variety of factors. Among 
these factors are age, atopic status, and smoking hab- 
its. In some studies, a male versus female difference 
has also been de5cribed. Therefore, the data that foi- 
low will be presented in sequential fashion, starting 
with longitudinal IgE changes in the entire community 
cohort and then serially controlling for variables that 
have been said to affect those levels. 

The longitudinal IgE data for all 1109 subjects are 
illustrated by age group in Fig. 1, A. The age group- 
ings are based on age at the time of the initial survey 
in order that, for example, subjects who were less 

than 15 years of age at that time continue to be listed 
as less than 15 years, although they were, on an av- 
erage, 8.1 years older at the time of the sixth survey. 
A significant decrease in IgE with age is demonsf&ie 
in both surveys. A large and highly significant decline 
in serum IgE occurred longitudinally, also, in subjects 
who were initially aged 6 to 14 years. in survey 1 
their geometric mean level was 75.7 NJ/ml, compared 
to only 39.5 W/ml 8 years later. A smaller, but still 
significant decline, was also present amow 15- to 34- 
year-old subjects. Virtually no longitudinal change 
was noted in the older age groups. For the entire cohwt 
the geometric mean level was 28.9 IU/ml in sur- 
vey 1 and 26.0 IU/ml in survey 6. The same data, 
broken down by both age and sex, are illustrated in 
Fig. 1, B. In the youngest age groq, survey 1 IgE 
levels in female subjects were sli@y but not signif- 
icantly higher than for male subjects (81.7 versus 70.0 
II-J/ml). By the sixth survey the levels for both sexes 
were essentially identical (39.3 versus 39.5 ILJIml). 
In young adults (aged 15 io 34 years), male subjects 
had higher initial levels, but again. there was no dif- 
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FIG. 2. Effects of sex and age on serum IgE levels in the presence and absence of atopy. A, 
Geometric mean lgE levels for all subjects who are allergen skin test negative in both surveys. 
Male subjects (Cl) in survey 1, male subjects (Nj in survey 6, female subjects (Hj in survey 1, 
and female subjects (@j in survey 6. Age groups for both surveys refer to ages at the time of 
survey 1. Longitudinal changes from survey 1 to survey 6 in the 6 to 14 years age group are 
significant. Levels in male subjects are significantly greater than in female subjects in 55 years 
plus age group in survey 1 and in both older age groups in survey 6. B, Geometric mean IgE 
levels in all subjects who are allergen skin test positive in both surveys. Bars are identified as 
in A. Longitudinal changes in IgE level in the youngest group are not significant. Male subjects 
have significantly higher IgE levels only in 35 to 54 years age group in survey 6. 

ference in survey 6. For both older age groups, IgE 
levels for male subjects were higher initially and re- 
mained higher. Male subjects more than age 55 years, 
had consistently twice the level (28.9 and 26.6 
III/ml) as female subjects of the same age (13.8 and 
13.5 III/ml). These differences were highly significant 
(p < 0.001). 

In Fig. 2, A and B, IgE data by age and sex 
according to atopic status are illustrated. Values in 
Fig. 2, A are for subjects who were allergen skin test 
negative on both surveys. Except for subjects who 
were initially less than 15 years of age, levels for each 
sex were quite constant during the g-year follow-up 
period. For the entire group, the levels for male sub- 
jects in surveys 1 and 6 were 16.6 and 14.6 III/ml, 
respectively, and for female subjects, 9.8 and 8.5 
IU/ml. In subjects more than 35 years, this male ver- 
sus female difference is significant. In subjects more 
than age 55 years, for example, male subject values 
were 17.7 and 17.9 III/ml for surveys 1 and 6, re- 
spectively. For female subjects of comparable age, the 
values were 8.4 and 7.9 III/ml, respectively. These 
sex differences are highly significant (p < 0.001). 

Comparable values for the 379 subjects who had at 
least one positive skin test on both surveys are noted 
in Fig. 2, B. For female subjects, an age decline in 
IgE levels is apparent through the 35- to 54-year-old 
age group, both initially and at the time of follow-up. 
Most longitudinal decline in IgE in female subjects 
occurred in the 6- to lCyear-old age group, but in 
the sixth survey, levels still fell progressively with age 
from 163.3 III/ml to 50.7 III/ml in ages 35 to 54 
years. IgE levels in young male subjects were slightly 
higher than in female subjects initially and underwent 
a similar decline with age up to age 34 years. In the 
35- to 54-year-old age group especially, levels in 
male subjects were higher initially, and by the sixth 
survey, were almost twice those of female subjects 
(99.5 versus 50.7 IU). This difference is significant 
(p = 0.012). 

It has been suggested that an additional factor that 
may affect IgE levels is cigarette smoking. To assess 
this smoking effect, longitudinal IgE data in smokers, 
exsmokers, and nonsmokers ‘have been examined in 
bo& skin test positive and skin test negative male 
versus female subjects more t&n age 35 years. These 
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FIG. 3. The relationship of smoking status on serum IgE level in surveys 1 and 6 for subjects 35 
years of age and older. A, Geometric mean IgE levels for subjects who are allergen skin test 
negative. Male subjects (0) in survey 1, male subjects (El) in survey 6, female aub@ts m in 
survey 1, and female subjects (8) in survey 6. Male smokers have significantiy higher &JE levels 
than male nonsmokers in survey 1 (p = 0.045). The male versus female smoking difference 
approaches significance (p = 0.059) for current smokers and is highly signifia#1t in both surveys 
among exsmokers. B, Geometric mean IgE levels for subjects who are allergen skin teat positive. 
Bars are identified as in A. IgE levels in male smokers are consistently higher tb8n laveh in 
other male smoking categories and are higher than levels for female smokers. In survey 6, levels 
in male nonsmokers are also significantly higher than levels for female nonsmokers. 

data are presented in Fig. 3, A and B. Consistent 
smokers maintained their habit throughout the study 
period, and nonsmokers denied smoking on both sur- 
veys. Exsmokers had stopped the habit before the first 
survey and remained exsmokers throughout. Simi- 
larly, skin test positive and skin test negative subjects 

were consistent on both surveys. 
In skin test negative subjects, an effect of smoking 

on IgE levels for male but not for female subjects is 
evident. Survey 1 male smokers had a geometric mean 

IgE of 19.8 W/ml compared to only 10.1 W/ml in 
nonsmoking male subjects (p = 0.045). This smok- 
ing effect was somewhat less but still present in sur- 
vey 6. A significant smoking-related effect was not 
observed in female subjects in either survey. The 
meat ages of male and female smokers were virtually 
identical (53.1 versus 54.2). Exsmoking male subjects 
had significantly higher IgE levels than exsmoking 
female subjects on both surveys. Only in survey 1 did 
the male versus female difference in smokers approach 
significance (p = 0.059). 

Thus, although all IgE differences in skin test neg- 
ative subjects were quite small, what smoking effect 
tharc was appeared only among male subjects. A small 
but not significant male versus female difference in 

IgE levels was present in middle-aged and older non- 
smokers at the end of the follow-up period. Exsmok- 
ers, however, demonstrated a significant male versus 
female difference. In both surveys, exsmokmg male 
subjects had several times the IgE level as exsmoking 
female subjects. Also, there was DO decline in the 
levels of male subjects despite the fact that they had 
not smoked for moTe than 8 years. As illustrated in 
Fig. 3, B. this male-related, smoking-&E effect is 
more apparent in skin test positive subjects. Although 
the number of skin test positive smoking m&e subjects 
is small, their IgE levels 00 both surveys were sig- 
nificantly higher than the levels in female smokers or 
nonsmoking male subjects. The skin test positive fe- 
male smokers in this cohort did not demons&&e a 
smoking-IgE effect. Levels in smokers and n.areok- 
ers were virtually identical. Likewise, exsmeking 
male and female subjects have similar IgE levels. 
Levels in male subjects fell somewhat over time, 
whereas levels in female subjects remained constant. 

In Fig. 4, A (skin test negative) and B (skin test 
positive), the relationships of age ared sex are exam- 
ined in consistent nonsmokers. Altigh the numbers 
of subjects, in the youngest age group especially, are 
quite small, it is clear in the nonatopic subjects 
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FIG. 4. Effects among nonsmokers of sex and age on serum IgE levels in the presence and 
absence of atopy. A, Geometric mean IgE levels for nonsmokers who are allergen skin test 
negative in both surveys. Male subjects (Cl) in survey 1, male subjects (a) in survey 6, female 
subjects (m) in survey 1, and female subjects (fZ) in survey 6. Age groups for both surveys refer 
to ages at the time of survey 1. A significant age relationship exists for female subjects and for 
both sexes combined in survey 1. No significant sex difference is present in either survey, nor 
is there an age relationship in survey 6. B, Geometric mean IgE levels for nonsmokers who were 
allergen skin test positive in both surveys. A significant age relationship exists for female subjects 
and for both sexes combined in both surveys. Also, for subjects older than 35 years, male IgE 
levels are significantly higher than female IgE levels in survey 6. 

(Fig. 4, A) that the only age-related changes during 
the follow-up period were in subjects who were ini- 
tially less than age 15 years. In survey 1, IgE levels 
for these 18 young subjects were significantly higher 
than levels of the other two age groups. Geometric 
mean survey 1 levels for the three age groups were 
23.2, 14.3, and 8.6 III/ml, respectively. By the sixth 
survey, levels for the same subjects (now 8 years 
older) were 6.6, 10.0, and 9.3 IUlml. In the older 
two age groups, levels changed little, if they changed 
at all, during the &year period. In neither survey was 
there a significant male versus female difference. For 
the entire group of 213 nonatopic subjects, the geo- 
metric mean IgE level in survey 1 was 10.5 and, in 
survey,6, 9.2 IU/ml. 

Among skin test positive subjects, an age-related 
decline in IgE levels is more apparent, although, here 
again, the most notable longitudinal decline occurred 
in the youngest subjects. However, a significant age 
relationship was evident in both surveys. Geometric 
mean levels in survey 1 for the three age groups were 
243.6, 105.6, and 54.7 IUlml, respectively. In sur- 
vey 6, levels for the same subjects were 183.9, 85.1, 
and 49.5 IU/ml. In both surveys, levels in male sub- 
jects were higher than in female subjects. However, 

only in subjects aged 35 years and older was the dif- 
ference significant. 

Because serum IgE levels are closely related to al- 
lergen skin test reactivity, it is of interest to examine 
both initial and follow-up levels in subjects whose 
skin test status remained constant versus subjects who 
either became atopic during the study period or, con- 
versely, were positive initially and reverted to negative 
8 years later. These data are presented in Table 1. As 
noted previously, consistent skin test negative subjects 
had low initial IgE levels, and, except for a decline 
in the 6- to lCyear-old age group, changed little over 
time. Similarly, skin test positive subjects had initial 
IgE levels that were several times the level of the 
nonatopic subjects and, in the young, especially, had 
somewhat lower levels subsequently. One hundred 
eighty-five subjects converted from negative in sur- 
vey 1 to positive by survey 6. For all age categories, 
the survey 1 IgE levels were significantly higher than 
levels for subjects who remained skin test negative. 

In the youngest age group, the geometric mean 
initial IgE level among “converters” was 69.8 IU/ml, 
compared with 21.5 IL&ml in the consistent nonatopic 
subjects. By the sixth survey, when this age group 
was skin test positive, the IgE level remained high, 
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TABLE 1. Serum IgE levels related to consistent versus changing allergen skin test status 
- 

Allergen skin test status Age group Iyrl 
- --- 

Survey 6-14 (yr) 15-35 35-64 55-i- 
-I - --- - 

1 6 1 6 1 6 1 6 1 6 

Neg Neg 21.5* 6.5 14.2 12.1 12.6 11.5 IO 7 10.4 
(n = 485) (n = 27) (n = 98) in = 111) 11~ = 249) 

% Pos 69.8t 65.5”r 37.5-I 35.5: 28.2$ 32.3.t 15.2 19.3 
In = 18.5) (n = 15) (n = 61) n = 51) (11 = 58) 

Pas Neg - - 21.83 19.1$ 33.6 24.3s 23. 3.:: X.3$ 
(n = 60) (n = 0) (n = 142) (n = 19) :11 = 26) 

POS Pos 226.7 171.8 106.7 91.0 65.6 65.2 XT.‘! 61.5 
(n = 379) (n = 28) (n = 142) (n = 118) In = 91) 

Neg = negative; pos = positive. 
*Values are given as geometric mean serum IgE in international units per milliliter. 
tp < 0.01 between converters and consistent negatives. 
$p < 0.01 between reverters and consistent positives. 

65.6 IU/ml versus 6.5 IU/ml in the nonatopic group. 
Similar differences, both initially and at follow-up, 
were evident through age 54 years. Within the entire 
skin test conversion group, survey 1 IgE levels ap- 
peared to correlate with the degree of atopy that was 
acquired. The mean initial level for all of the consis- 
tently negative subjects was 12.3 IU/ml versus 22.5 
III/ml for subjects who became mildly atopic (a skin 
test index of 1 to 7) and 60.4 III/ml for the 37 subjects 
who were strongly skin test positive (a skin test index 
of 8 to 20) by the sixth survey. 

The reverse was true for subjects who were skin 
test positive initially and negative 8 years later. Sig- 
nificantly, there were no reverters among the youngest 
subjects. However, in all other age groups, both initial 
and follow-up levels in the reverters were significantly 
lower than in subjects who remained atopic through- 
out. Thus, among both converters and revertem, sur- 
vey 1 IgE levels appeared to be predictive of their 
subsequent atopic status. 

To examine further the predictive nature of IgE 
levels relative to the development of atopy, the 670 
subjects who were skin test negative were divided 
according to their initial IgE level. One hundred fifty- 
two subjects had levels that were >l SD below the 
mean of the Log,0 IgE values for the entire group. 
Twenty-seven subjects (17.8%) had at least one pos- 
itive skin test 8 years later. This compares to a con- 
version rate of 59.0% (23 of 39) in subjects whose 
IgE level was > 1 SD above the mean. Among subjects 
whose levels were within the two extremes, the con- 
version rate was 28.2%. The reverse was true for the 
60 subjects who rewrted .from positive to negative. 
Only 23 subjects had both positive skin tests initially 
and IgE levels >l SD below the group mean. Nine 

(39.1%) of those subjects were negative by survey 6. 
This compares with only 10 reverters (8.5%) of 118 
with IgE levels > 1 SD above the mean. 

A number of cross-sectional studies have identi- 
fied a variety of factors that appear to affect levels of 
IgE.S-lO. I4-?0 Even with the relatively insensitive meth- 
ods that were available in the early lo7Os. it was 
apparent that both allergy’ and par&tic disease” were 
associated with IgE levels that were severalfold higher 
than the extremely low levels that characterize normal, 
nonallergic individuals. More recently, a number of 
epidemiologic observations on various populations 
have emphasized the significant age-&E relationship 
that exists. Peak levels are reached between ages 
8 and 12 years with a fairly rapid decline thereafter. 
Studies with only adult popuiations in which most of 
the decline has already occurred have found less im- 
pressive age relationships, especially in nonatopic 
male subjects. ‘. ” In two specific areas, disagmement 
has heen evident. Some authors have reported a sex- 
related IgE difference, wherein levels for male sub- 
jects are higher than for female subjects.‘. ‘” Other 
authors have found such a diffkence only in atopic 
subjects, or none at all.s*6 A part of this disagteement 
may he explained by the observation in some articles 
that IgE levels are increased by smoking. Therefore, 
the male versus female differences may be the result 
of either a higher smoking prevalence among male 
subjects or because the smoking-IgE effect is only 
found in male subjects. 

Given these somewhat varying observations, two 
primary functions may be served by longitudinal anal- 
ysis of a community population cohort. First. an op- 
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portunity is provided to confirm and/or modify con- 
clusions based on cross-sectional observations by ex- 
amining the behavior of the same cohort during a 
number of years. Second, information is provided 
concerning changes that occur in segments of the co- 
hort that may not be apparent at a single point in time. 
The data from this population serve both of these 
functions. For the entire cohort, remarkably little 
change in geometric mean IgE level was evident dur- 
ing the 8 years of observation. The mean level in 
survey 1 was 28.9 IU/ml compared with 26.0 IU/ml 
in survey 6. These mean levels are slightly higher than 
some authors have reported and may reflect the greater 
number of skin test positive subjects in the Tucson, 
Ariz., population. At the time of the initial survey, 
439 of the 1109 subjects (39.6%) had at least one 
allergen prick test reaction greater than control. Eight 
years later, with a greater number having become 
positive (185) compared to subjects who appeared 
to lose their reactivity (60), this percentage had 
increased to 45.6%. Thus, although there was a 
small decline in mean IgE level during the follow-up 
period for the cohort as a whole, three times as many 
subjects were developing atopic reactivity as were 
losing it. 

In skin test negative subjects, especially, the sur- 
vey 6 data look very much like those reported by 
Holford-&evens et al.’ whose youngest subjects were 
age 20 years. By that age, most of the decline in IgE 
levels that occurs during teenage years has already 
taken place. As a result, no significant age relationship 
is apparent, especially, as will be discussed below, 
when the smoking effect in male subjects is taken into 
account. In agreement with some studies,‘, 15-” but 
differing from others,‘“, I3 a definite smoking-IgE re- 
lationship is apparent, especially in male subjects. 
Before controlling for smoking (Fig. 2), IgE levels in 
male subjects more than age 35 years remain constant 
or increase over time and are significantly higher than 
in female subjects who fail to demonstrate a compa- 
rable smoking effect. After controlling for this smok- 
ing effect (Fig. 4, A), the male-female difference in 
IgE level among skin test negative subjects disappears. 
In a study of male and female lung cancer patients, 
Hallgren et al.” noted a similar male versus female 
difference in the effect of smoking on IgE levels. 
Except for possible differences in the specific smoking 
habits between male and female subjects, the expla- 
nation for this differing smoking effect between the 
sexes is unclear. Male smokers, both atopic and non- 
atopic, smoked a mean of 10 pack-years more than 
female smokers, but no relationship between IgE level 
and pack-years was observed. 

In contrast to the relatively constant low IgE levels 

found in nonatopic adults, a clear age relationship was 
found in atopic subjects. For both male and female 
subjects, levels declined progressively up to age 35 
years. IgE levels of female but not male subjects con- 
tinued to fall through middle age and remained quite 
constant thereafter. In all age groups, even after con- 
trolling for smoking, levels in male subjects were 
higher than in comparably aged female subjects. Thus, 
in atopic subjects, these data are in agreement with 
Freidhoff et al.” who also noted higher IgE levels in 
male subjects. 

The increase in IgE that has been noted in atopic 
male smokers is of considerable interest. Recently, 
Zetterstrom et al.” and Venables et a1.2o have con- 
firmed this relationship in industrial populations. Both 
studies demonstrated an increase in specific IgE and 
allergen skin reactivity to agents with which the work- 
ers were in direct close contact. They postulated that 
this specific sensitization was the result of increased 
respiratory mucosal permeability, secondary to to- 
bacco smoke. Hulbert et al.‘* demonstrated a similar 
increase in the absorption of horseradish peroxidase 
in experimental animals immediately after tobacco ex- 
pOSUR. 

In contrast to a previous article by Burrows et aLI 
based on cross-sectional analyses in this same Tucson, 
Ariz., population and a similar finding by Hal&en 
et al.17 in cancer patients, exsmokers in this cohort 
did not demonstrate a decline in IgE during the g-year 
follow-up period. In the study of Burrows et al., the 
major decline was noted in younger exsmokers (aged 
15 to 34 years). The exsmoking data in the current 
study were examined in subjects who were older than 
35 years at the time of the initial survey. In this age 
group, up to 20 or more years since quitting cigarettes 
was required for a decline in IgE to be detectable.15 
Thus, the g-year follow-up period in our cohort may 
have been too short for the effect to be observed. A 
small but not significant fall in IgE level was noted 
in atopic male exsmokers. 

Because of uncertainty in quantifying the degree of 
change in allergen skin reactivity during an g-year 
period, we have, in attempting to assess the predictive 
nature of initial IgE levels, analyzed only those sub- 
jects who changed from negative on survey 1 to pos- 
itive on survey 6 (converters) and the reverse (re- 
verters). Within this study population there were 185 
converters and 60 reverters. Several studies have 
indicated that IgE levels in nonatopic subjects, 
especially infants and children, were predictive of 
subsequent atopic status and/or overt allergic dis- 
ease.22-X Specifically, Kjellman,*’ during an 18-month 
follow-up period, noted that 75% of subjects whose 
IgE levels were > 1 SD above the group mean devel- 
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oped symptoms of allergic disease. This was con- 

trasted with only a 6.4% incidence in subjects whose 
IgE levels were 1 SD below the group mean. In the 
present study, the initial IgE level of those negative 
skin test subjects who became skin test positive were 
significantly higher than the consistent nonatopic sub- 
jects. When this finding was analyzed with standard 
deviations above or below the mean for specific age 
groups, a similar trend was noted. Only 17.8% of 
subjects who were 1 SD below the survey 1 mean 
level became atopic compared to 59.0% of subjects 
whose levels were >1 SD above the mean level. Re- 
verters demonstrated a trend in the opposite direction. 

In most respects, these longitudinal data confirm 
the findings of cross-sectional studies. It is clear that 
a number of factors have a significant impact on IgE 
levels. Among these factors, the age relationship is 
prominent in children and teenagers. Conversely, es- 
pecially in skin test negative adults, neither age nor 
sex has a significant relationship with IgE levels after 
controlling for smoking habits. In atopic individuals, 
there is a consistent decline from the initially high 
levels and an age relationship that exists even after 
controlling for smoking. Male atopic subjects tend to 
have higher levels than female subjects. Finally, high 
initial levels in nonatopic subjects are predictive of 
the acquisition of atopy. The relationship of these 
longitudinal changes to the development and/or dis- 
appearance of allergic respiratory symptoms will be 
the subject of future analyses. 
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for technical assistance, and P. King for manuscript prep- 
aration. 

1. Ishizaka K, Ishizaka T. Identification of YE-antibodies as a 

carrier of reaginic activity. J Immunol 1%7;99:1187. 

2. Johansson SGO, Bennich H, Wide L. A new class of immu- 
noglobulins in human serum. Immunology 1%8;14:265. 

3. Loeffler JA, Cawley LP. Serum IgE levels: correlation with 
skin test sensitivity. AM Allergy 1973;31:331. 

4. Johansson SGO. Raised levels of a new immunoglobulin class 
&ND) in asthma. Lancer 1%7;2:951. 

5. Holford-&evens V, Wanen P, Wong C, Manfreda J. Serum 
total itnmunoglobulin E levels in Canadian adults. J ALLERGY 
CLUV bdhfiJNOL 1984;73:516. 

6. Barbee RA, Halonen M, Lebowitz M, Burrows B. Distribution 

of IgE in a community population sample: correlations with 

age, sex, and allergen skin test reactivity. J ALLERGY C~rrv 

IMMIJNOL 1981;68:106. 

7. Houri M, Mayer ALR, Houghton LE, Jacobs D. Correlations 
of skin, nasal, and inhalation tests with the IgE in the serum, 

nasal fluid, and sputum. Clin Allergy 1972;2:285-98. 

8. Hanneuse Y, Delespesse G, Hudson D, DeHalleux F, Jacques 
JM. Influence of ageing on IgE-mediated reactions in allergic 
patients. Clin Allergy 1978;8:165-74. 

9. 

10. 

Grundbacher FJ, Make FS. Levels of immunoglobulin 6. hf. 

A. aad E at various ages in allergic and nonallergic black and 
white individuals. J ALLERGY CI.IN IMMI~YO~. 1985,75:65I. 

Freidhoff LR, Meyers DA, Marsh DG A genenc- 

epidemiologic study of human immune responsiveness IO al- 

lergens in an industrial population. II. The assmlations among 

skin sensitivity. total serum JgE. age. XX. and the reporting 

of allergies in a stratified random sample J AI.I.FH(,Y CI.IN 

hWJNOL 1984;73:490. 

11. 

12. 

Merrett TG. Merret J, Cookson JB. Allergy and parasites: the 

measurrmenf of total and specific JgE levels m urban and mral 

communities in Rhodesia. Ciin Allergy 1970: b: I3 I 

Delespesse G. DeMaubeuge J. Kennes B. N~caise K. Go- 

vaerts G. 1gE mediated hypersensitivity in a9m.g Clin Allergy 

1977:7:155. 

13. 

14. 

15. 

16. 

17. 

Rawle FC. Burr ML. Plans-Mills TAE. Laneterm falls in 

antibodies to dust mite and pollen allergens in patients with 

asthma or hay fever. Clin Allergy 1983: I?:4N. 

Gerrard JW, Heiner DC, Ko CG. Mink J, Meyers A. Dosman 

JA. Jmmuncglobulin levels in smokers and r?onsmokers. Ann 

Allergy 1980;44:261_ 

Burrows B. Halonen M. Barbee R4. Jrbowitz MD. The re- 

lationship of serum irnmuncglobulin E to >:lgarcte smoking 

Am Rev Respir Dis 1981;124:523. 

Warren CPW, Holford-Strevens V. Wonp C. Manfreda J. The 

relationship between smoking and total immunoglobulin E 

levels. J ALLJZRGY CUN IMMUNOI. 1982;69:3?0 

Hallgren R. Nou E. Arrendal H. Hiesche K Smokmg and 
circulating 1gE in bronchial carcinoma. .\cta IMed Stand 

1982;211:269. 

18. 

19. 

Bahna SL, Heiner DC. Myhre BA. immunoglobulin E pattern 

in cigarene smokers. Allergy 1983~3857. 

Zetterstrom 0. Ostetman K, Machado L. Johansson SGO. 

Another smoking hazard: raised serum JgE concentration and 

increased risk of trcupational allergy. Br Med J 1981: 

283:1215. 

20. 

21 

71 

Venables KM, Topping MD, Howe W. Luczynska CM. Hawk- 

ins R, Newman Taylor AJ. lntemction of smoking and atopy 

in producing specific 1gE antibody against a hapten protein 

conjugate. Br Med J 1985;290:201. 

Kjellman NIM. Predictive value of high IgE levels in children. 

Acta Paediatr Stand 1976;65:465. 

_ I .  Orgel HA, Hamburger RN, Bazaral M. Gotrin H, Gro- 

shong ‘T, Lenoir M. Miller JR, Wallace W. Development of 

JgE and allergy in infancy J .ALLHWY Cur. JMM~~NOL 

1975;56:2%. 

23. Kjellman RIM. Johansson SCO. 1gE and atopic allergy in 

newborns and infants with a family history of atopic disease. 

Acra Paediatr Stand 1976;65:601. 

24. &mrdl M. Orgel HA, Hamberger RN. 1gE levels in normal 

infants and mothers and an inheritance hypothesis. J Jmmunol 

1971:107:794. 

25. Lebowitz M, Knudson R, Burrows B. Tucson epidemiologic 

study of chronic obstructive lung disease.\. 1. Methodology and 

prevalence of disease. Am J Epidemiol 1975.102:137. 

26. Barbee RA. Lebowitz MD, Thompson HC. Burrows B. Im- 

mediate skin test reactivity in a general populatmn sample. 

Ann lntem Med 1976;84: 129. 

27. Pepys J. Skin tests in diagnosis. In: Cell PGH. Coombs RRA. 
Lachman PJ. eds. Clinical aspects of immunology. Oxford: 

Blackwell Scientific Publications. 1975:SS. 

28. Hulbert WC. Walker DC, Jackson A, Hcgg JC. Airway per- 

meability IO horseradish pemXidaSC in guinea pigs: the repair 
phase after Injury by cigarette smoke. Am Rev Respir Dis 

1981.123:320. 


