Clinical aspects of allergic disease

Childhood antecedents of allergic
sensitization in young British adults
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Objective: This study was designed to investigate whether associations of self-reported hay
fever with sibship size, birth order, infant feeding, and childhood socioeconomic status reflect
variations in sensitization to common aeroallergens.

Methods: One thousand three hundred sixty-nine persons born throughout Britain in 1958
were followed up to age 34 to 35 years. The cohort included 1050 subjects with a history of
asthma, wheezy bronchitis, wheezing, or pneumonia and 319 with no history of wheezing
illness at ages 7, 11, 16, 23, or 33 years. Skin prick tests with extracts of mixed grass pollen,
house dust mite (Der p 1), and cat fur were performed; and wheal diameters were measured.
Results: The prevalence of positive skin test results (=3 mm wheal) was independently related
(p < 0.01) to male sex, reduced numbers of older siblings (but not younger siblings), and
higher socioeconomic status in childhood. Current cigarette smoking and maternal smoking
during pregnancy were independently associated (p < 0.01) with a reduced prevalence of skin
prick test positivity. No significant independent effects (p > 0.10) were found for adult social
class, maternal age, birth weight, gestation, breast feeding, preschool nursery attendance,

urban birthplace, or gas stove exposure.

Conclusion: Factors related to small families and relative affluence in childhood promote
atopic sensitization to a variety of aeroallergens in later life. These observations are consistent
with the suggestion that early infection may protect against subsequent allergic disease.

(J Allergy Clin Immunol 1997;99:6-12.)
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The prevalence of hay fever, as reported at age
23 years by a national sample of British adults, was
related to smaller numbers of older and younger
siblings (the former having the stronger effect),
increasing maternal age, breast feeding, and rela-
tive affluence in childhood (as indicated by father’s
occupation, owner-occupied housing, and exclu-
sive use of all household amenities). Hay fever was
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less common among cigarette smokers and persons
born in the north of England and Scotland.!

One unifying explanation for the associations
with family circumstances in childhood is that they
reflect a reduced risk of infectious illness in early
life."* The hypothesis that early infection may
protect against allergic sensitisation® 3 is attractive
in that it may explain some international variations
and time trends in allergic diseases.! There is
experimental support for “programming” of the
allergic response by cytokines at critical stages of
differentiation of helper T lymphocytes,* and bac-
terial and viral infections are known to influence
cytokine levels in the direction that would inhibit
the development of Ty, cells, which are implicated
in IgE-mediated allergy.’

Among German children, the prevalence of skin
prick test reactions to common aeroallergens was
inversely related to sibship size,® but no informa-
tion was available to evaluate the relative im-
portance of older and younger siblings. Among
teenage children in Sheffield, England, doctor-
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TABLE I. Prevalence (%) of atopy, specific aeroallergen sensitization, and mean wheal diameter by

father’s social class and sibship size in childhood

Percent with =3 mm wheal to

No. Percent with any Geometric mean
tested Der p 1 Grass Cat Any wheal =1 mm wheal diameter*
Father’s social classt
at birth of child
I 68 25.0 36.8 132 471 51.5 2.18
I 202 22.8 29.7 129 416 59.4 1.65
IIIN 141 20.6 28.4 12.8 383 60.3 1.67
1M 671 18.5 215 9.8 319 51.6 1.44
v 147 13.6 18.4 41 245 42.9 1.35
v 97 16.5 15.5 52 247 40.2 1.44
Other 43 16.3 16.3 47 30.2 55.8 1.21
No. of older siblings at
age 11 .
0 588 21.6 29.1 11.7 383 57.0 1.65
1 486 18.1 21.6 86 327 51.9 1.42
2 204 15.2 14.7 9.8 255 431 1.38
3+ 91 14.3 13.2 1.1 231 40.7 1.34
No. of younger siblings
at age 11
0 488 17.0 24.4 92 334 51.0 1.51
1 471 204 24.0 11.7 355 55.2 1.54
2 256 21.5 234 9.8 344 543 1.51
3+ 154 16.2 16.9 46 253 41.6 1.45

*Geometric mean of the three allergen wheal diameters (in millimeters) among those with at least one wheal =1 mm.
11 = professional and executive, II = managerial, ITIN = skilled nonmanual, IIIM = skilled manual, IV = semiskilled, V =
unskilled, other = armed forces, unemployed, or no male head of household.

diagnosed hay fever and skin prick test reactions to
grass pollen were more strongly related to the
number of older siblings than to the number of
younger siblings.”

There are no published data relating measures
of allergic sensitization in adults to family circum-
stances in childhood. We took the opportunity to
examine these associations among members of the
British 1958 birth cohort previously studied at age 23
years,! using the results of skin prick tests performed
on a sample of the cohort at age 34 to 35 years.

METHODS
Subjects

The origins and nature of the National Child Devel-
opment Study (British 1958 cohort) are described else-
where.!»® Briefly, all births in Britain during 1 week
(March 3 to 9, 1958) were included in a perinatal
morbidity survey, and members of the cohort (or their
parents) were interviewed in 1965, 1969, 1974, 1981, and
1991. There were 17,414 births included in the perinatal
morbidity survey, and 1145 immigrants with the same
birth dates were included subsequently. Among 18,559
subjects who had participated in one or more follow-ups,
there were 5470 who had contributed data at birth and
ages 7, 11, 16, 23, and 33 years. We selected all subjects

with a history of asthma, wheezy bronchitis, or pneumo-
nia at any of the postnatal follow-ups (2174 patients) and
a random 20% sample of the remainder (706 control
subjects). Among the 2880 eligible subjects, 265 cohort
members who currently lived in the more remote areas
were excluded, and the remaining 2615 (1989 patients,
626 control subjects) were invited to participate in a
further study involving measurements of ventilatory
function and allergic sensitization during August 1992 to
July 1993. This supplementary study was approved by
the local research ethics committees of 215 health
districts in England, Scotland, and Wales.

After a single reminder, 1875 (72%) subjects re-
sponded; 1594 (61%) agreed to take part, and 1449
(55%) were examined in their homes by one of 20
research nurses who were trained together before the
study. Thirty-five subjects refused skin prick tests. Cer-
tain others lacked information on one or more variables
included in the logistic regression models. The analyses
presented here are therefore restricted to 1369 subjects
with complete data for all relevant variables.

Skin prick tests

Skin prick tests were performed on the volar aspect of
the forearm by using 1 mm flanged lancets and extracts
of mixed grass pollen, house dust mite (Dermatopha-
goides pteronyssinus), cat fur, histamine (1:999, positive
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TABLE Il. Prevalence (%) of atopy by number of older and younger siblings at age 11

No. of younger siblings at age 11

0 1 2+ Total
No. of older siblings
0 40.2 (49/122) 42.0 (99/236) 33.4 (77/230) 38.3 (225/588)
1 32.1(76/237) 35.5(50/141) 30.5 (33/108) 32.7 (159/486)
2+ 29.4 (38/129) 19.1 (18/94) 23.6 (17/72) 24.7 (73/295)
Total 33.4 (163/488) 35.4 (167/471) 31.0 (127/410) 33.4 (457/1369)

control), and diluent (negative control). The test solu-
tions used by each nurse were prepared from single
batches by Allergopharma, Germany. Skin prick test
reactions to each extract were recorded after 10 minutes
as the maximum wheal diameter and the diameter
perpendicular to the maximum. The average of these
two diameters was calculated.

Statistical analysis

The analyses presented here follow the current con-
vention® of defining a positive reaction as an allergen
wheal with average diameter 3 mm or more greater than
the average diameter of the wheal produced by the
negative control. Very similar results were obtained by
classifying as positive those reactions greater than or
equal to the histamine wheal. For certain descriptive
purposes (Table I), data are also presented as the
geometric mean of the three allergen wheal diameters,
among subjects with one or more detectable wheals. The
geometric mean is used because the distribution of mean
wheal sizes is positively skewed.

Social class in childhood was derived from the father’s
occupation recorded at the time the subject was born, by
using the Registrar-General for England and Wales
1951 classification. Social class in adulthood was derived
from the subject’s current or last occupation as reported
at age 33 years and coded to the Registrar-General’s 1990
classification. Place of birth was classified by 1951 standard
region and degree of urbanization. The regions were
aggregated into three groups, as in the earlier analysis of
hay fever at age 23 years (Southeast: East Midlands, East
Anglia, Greater London, Southeastern, Southern; South-
west: Southwestern, Wales, West Midlands; North: Scot-
land, Northern, East and West Ridings, Northwestern).
The more heavily urbanized areas were identified as the
pre-1974 county boroughs and London boroughs, which
included major cities and most larger towns in 1958.

Information on maternal age, gestational age, birth
weight, and maternal smoking during pregnancy was
obtained from perinatal records. Mode of infant feeding
and preschool educational experience were ascertained
from parents at the 7-year follow-up, and family compo-
sition (including older siblings who had moved away
from home) was recorded at the 11-year follow-up.
Information about the subjects’ own smoking habits and
cooking fuels used in the household at age 11 years was
obtained by interview at age 34 to 35 years.

Tabulations were derived by the FREQ procedure in
Statistical Analysis System (SAS Institute).l® Multiple
logistic regression models were fitted by using the Gen-
eralised Interactive Modelling System (GLIM).'! The
outcome variable in these models was, in turn, the
prevalence of a positive (i.e., =3 mm) skin prick test
reaction to any of the three allergens (“atopy”) and to
each of the three allergens separately. All models in-
cluded dummy variables representing each of the 20
field workers and indicating whether the individual had
been selected as a patient or control subject, in addition
to the explanatory variables of interest.

RESULTS

The 1369 subjects included in this analysis rep-
resent 52% of the target sample of 2615. Com-
pared with these 1369 subjects, the 1246 cohort
members who did not respond or who were ex-
cluded from the analysis were somewhat less likely
to be female (48% vs 51%), to have a nonmanual
occupation (59% vs 65%), to have been affected by
eczema before the age of 7 years (8% vs 11%), or
to have reported hay fever in the past year at age
23 (16% vs 22%).

Among the 1369 subjects, 730 (53%) had a
detectable skin prick test reaction to one or more
of the three aeroallergens tested, and 457 (33%)
had one or more reactions of wheal diameter 3 mm
or greater. With the 3 mm cutoff, 259 (19%) had a
positive reaction to dust mite, 318 (23%) to grass
pollen, and 132 (10%) to cat fur. The proportion of
patients with one or more positive reactions was
38% (395 of 1050), and the corresponding propor-
tion of control subjects was 19% (62 of 319).
Allowing for the 1 in S sampling strategy for
control subjects, the estimated prevalence of skin
prick test reactions of 3 mm or greater in the entire
cohort is 27%. This may be an overestimate be-
cause the response rate was somewhat higher
among subjects with a history of hay fever or
eczema.

The prevalence of skin prick test positivity was
strongly related to father’s social class, sibship size,
and birth order, as shown in Table 1. The groups
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with a higher prevalence of atopy, defined as one
or more wheals of 3 mm or greater in diameter,
were also the groups with a higher prevalence of
any detectable aeroallergen wheal and with a
greater mean wheal diameter among those with
positive skin prick test reactions.

Although social class in childhood was influen-
tial, there was little variation in the prevalence of
atopy with social class in adulthood (on the basis of
the subject’s own occupation). The proportions
with one or more wheals of 3 mm or greater in
diameter were 36% (182 of 511) among profes-
sional workers, 33% (177 of 543) among skilled
workers, 30% (73 of 245) among semiskilled or
unskilled workers, and 36% (25 of 70) among
those in the armed forces or with no current or
previous occupation. The number of older siblings
had a more powerful independent effect on the
prevalence of atopy than did the number of
younger siblings, when both were considered to-
gether (Table II).

Table IIT shows the relationship of atopy to a
range of other dichotomous variables. Male sub-
jects were more likely than female subjects to have
skin prick test reactions of 3 mm or greater,
whereas atopy was significantly less common
among current smokers and among the offspring of
mothers who smoked. The maternal smoking effect
was evident mainly among subjects selected as
patients (28% vs 42%), whereas among control
subjects without a history of chest illness, there was
little association of atopy with maternal smoking
(18% vs 20%). In contrast, the apparent protective
effect of current smoking was consistent in both the
patient group (29% vs 41%) and among control
subjects (15% vs 21%).

Weak and nonsignificant bivariate associations
were found between skin prick test positivity and
other indicators of early air pollution exposure:
birth in an urban area and use of gas for cooking
(Table III). Attendance at a preschool playgroup
or nursery did not influence the prevalence of
sensitization in adulthood. A significantly higher
prevalence of atopy was found among subjects
born in the Southeast and those who were breast-
fed as infants (Table III).

After adjustment for birth order and father’s
social class, there were only weak associations
between atopy and maternal age, gestational age,
birth weight, or height at age 7 years. None of
these associations were statistically significant at
the 5% level. When the 457 atopic subjects were
compared with 912 nonatopic subjects, the differ-
ences in means * SD were as follows: maternal
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TABLE ll. Prevalence (%) of atopy by
selected dichotomous risk factors

Prevalence of atopy if

Factor Factor
Risk factor present absent
Male sex 38.1(258/678) 28.8 (199/691)
Born in Southeast ~ 37.7 (225/597) 30.1(232/722)
region*
Born in major town 33.1 (191/577) 33.6 (266/792)
or city*
Mother smoked 25.5(106/416) 36.9 (348/943)
during pregnancy
Breast-fed (any 34.8 (339/974)  29.9 (118/395)
duration)
Attended preschool 35.5 (102/287) 32.3 (320/990)
nursery
Gas cooking used 31.5 (254/806) 36.1 (197/546)
at age 11
Gas cooking used 33.6 (293/873)  32.9 (164/495)
currently
Current active 26.5 (110/415) 36.4 (347/954)
smoker

*See Methods section for definitions.

age, 27.48 + 0.25 years versus 27.22 = 0.18 years;
gestational age, 282.74 * (.57 days versus 281.32 +
0.53 days; birth weight 3377.2 = 20.9 gm versus
3338.0 = 17.0 gm; height at age 7, 48.19 = 0.11
inches versus 48.25 *+ (.08 inches.

Table IV shows the independent effects of sex,
sibship size, father’s social class, breast feeding,
region of birth, maternal smoking during preg-
nancy, and current smoking on the prevalence of
positive skin prick test reactions (=3 mm) to each
of the three allergens and to one or more allergens.
After adjustment for other factors, breast feeding,
region of birth, and adult social class were no
longer significant predictors of atopy; and the
number of younger siblings was significantly re-
lated only to grass pollen sensitization. In contrast,
the independent effects of sex, birth order, mater-
nal smoking, and current smoking were strong and
consistent across the three allergens tested. Fa-
ther’s social class was strongly and independently
related to atopy, mainly because of its significant
association with grass pollen sensitization. Skin
prick test positivity to mites and cat fur did not vary
significantly (p > 0.05) with father’s social class,
after adjustment for other factors.

DISCUSSION

This study is the first to relate prospectively
recorded information on perinatal and childhood
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TABLE IV. Mutually adjusted odds ratios (and 95% confidence intervals) for atopy and

sensitization to each allergen

Der P 1 =3
Any allergen wheal =3 mm mm Grass =3 mm Cat =3 mm
OR 95% Cl x2 OR x? OR x? OR x?

Sex

Male 1.00 Reference « 1.00 w 1.00 1.00

Female 057 044-074 179 0.45 22 065 9T g79 12NS
Father’s social class at birth

of child

1 1.00 Reference 1.00 1.00 1.00

I 1.00 0.55-1.81 1.15 0.86 1.32

IIIN 0.87 0.46-1.64 1.01 0.83 1.21

I1IM 0.74 0.43-127 6.5% 1.01 1.0NS 0.62 5.4% 1.18 19NS

v 052 0.27-1.01 0.62 0.57 045

A% 0.64 0.31-1.33 0.96 0.57 0.64

Othert§ 0.60 0.25-1.44 0.71 0.37 0.40
Older siblings at age 11

0 1.00 Reference 1.00 1.00 1.00

1 0.71 0.54-0.95 " 0.75 0.60 . 0.62

2 053 036079 *2 063 > g3 %2 087 U

3+ 049 0.28-0.86 0.56 0.37 0.08
Younger siblings at age 11

0 1.00 Reference 1.00 1.00 1.00

1 094 0.70-1.26 1.09 0.80 1.13

2 092 064131 2TNS g LONS 509 47H g3 29NS

3+ 0.64 0.41-1.02 0.92 0.56 0.44
Region of birth

SE 1.00 Reference 1.00 1.00 1.00

SW 1.22 0.77-1.93 23NS 1.34 2.0NS 1.10 0.6NS 0.50 34NS

N 0.82 0.56-1.22 0.87 0.88 0.95
Breast-fed

No 1.00 Reference 1.00 1.00 1.00

Yes 1.09 0.82-1.45 0.4NS 0.93 0.ZNS 0.93 0.2NS 1.21 0.6 NS
Mother smoked

No 1.00 Reference 1.00 1.00 1.00

Yes 064 048085 T o066 > o7 01T sz 63
Current smoker

No 1.00 Reference * 1.00 * 1.00 * 1.00

Yes 056 042074 170 0.54 124 0.59 108 068 28NS

Odds ratios are adjusted by multiple logistic regression for observer, patient/control subject status, and adult social class (seven
categories) in addition to all other factors shown in the table. For definition of father’s social class, see footnote to Table I.
OR, Odds ratio; CI, confidence interval; NS, not significant; SE, Southeast; SW, Southwest; N, North.

*p < 0.001.
ip < 0.01.
ip < 0.05.

§Excluded from the test for trend for father’s social class. Chi square values are 1 df for trend except for region of birth (2 df

heterogeneity test).

factors to measures of aeroallergen sensitization in
adult life. It broadly confirms earlier observations
of the epidemiology of hay fever! and infant ecze-
maZ in the same cohort, suggesting that the higher
prevalence of these allergic diseases among
smaller, more affluent families and among first-
born children is not an artefact of symptom recog-

nition, parental recall, or diagnostic labeling but
indicates the underlying epidemiology of atopy.
These associations reflect the influence of factors
operating in Britain during the late 1950s and
1960s and are not necessarily relevant to more
recent cohorts born in Britain or elsewhere. How-
ever, the inverse association of atopy with sibship
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size is consistent with findings from British chil-
dren born in the late 1970s” and German children
born in the early 1980s.6

Our stratified sample contained proportionately
more patients (subjects with a history of asthma,
wheezing, or pneumonia) than would have been
obtained by random sampling of the cohort. The
effects that we demonstrate therefore reflect to a
greater extent associations present within the patient
group than those within the control subjects. How-
ever, in the final logistic regression model we not only
adjusted for patient/control subject status but also
explored possible statistical interactions between
each explanatory variable and patient/control subject
status: none were significant (p > 0.15 in each case).
For these variables, the results based on our stratified
sample can be extrapolated with reasonable confi-
dence to the general population.

Our results are consistent with those of many
other studies in demonstrating a higher prevalence
of atopy among male subjects than female subjects.
This contrasts with the equal prevalence of self-
reported hay fever among men and women of this
cohort at age 23 years,! suggesting differential
symptom recognition by the two sexes. Variations
in hay fever prevalence by region of birth! were not
confirmed in this study, but this may be due to the
loss of statistical power involved in the adjustment for
operator effects, which effectively means stratifying
by current region of residence (the nurses being
assigned to fieldwork on a geographic basis).

Maternal smoking during pregnancy was associ-
ated with a reduced prevalence of atopy in our
sample. Maternal smoking is more strongly related
to the incidence of wheezing among nonatopic
subjects than among atopic cohort members,'2 so
our stratified sampling design may have led to a
higher proportion of nonatopic offspring of smok-
ing mothers among our patients than would have
arisen in a random sample of the cohort. However,
this can only be a partial explanation because there
was also an inverse relationship between maternal
smoking and atopy among the randomly selected
control subjects. Some studies have demonstrated
an increased prevalence of skin prick test positivity
among children whose parents smoke,’>* al-
though the excess is not consistently found in all
countries or for all allergen sensitivities.!* No
association'” or a reduced prevalence® of skin prick
test positivity was observed among German chil-
dren whose mothers smoked. The reduced preva-
lence of atopy among current smokers runs
counter to the observation that smokers are at
increased risk of sensitization to some, but not all,
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occupational allergens.’® It may reflect selective
avoidance of cigarettes by atopic teenagers, be-
cause the presence of hay fever at age 11 years
predicted a lower prevalence of smoking at age 23
years in this cohort.

There is currently much interest in the possibil-
ity that outdoor or indoor air pollution may play a
role in promoting allergic sensitization.'” In the
late 1950s and early 1960s, most major towns and
cities of Britain experienced levels of ambient
smoke and sulfur dioxide pollution comparable to
those in the more polluted parts of Eastern Europe
in recent years,'” yet no marked effect of birthplace
on the prevalence of allergic sensitization is evi-
dent. Gas cooking, a major source of indoor nitro-
gen dioxide exposure, was associated with a slightly
lower prevalence of atopy. These observations,
although based on relatively crude indicators, lend
no support to the air pollution hypothesis.

Perinatal factors, especially intrauterine growth!s
and infant feeding,' have been proposed as “pro-
gramming” influences on the developing immune
system. Our findings do not suggest an important
influence of either, although we lack the specific
information required to evaluate the effect of neona-
tal head circumference!® or prolonged, exclusive
breastfeeding'® in this cohort. Nevertheless, our find-
ings would be more consistent with those for self-
reported hay fever in the whole cohort,' suggesting a
modest increase in risk of atopy and allergic disease
among breast-fed infants.

The dominant influences on aeroallergen sensi-
tization in this national birth cohort were those
related to social class and family size in early
childhood. As previously postulated,? these pat-
terns may reflect the reduced likelihood of cross-
infection within smaller, more affluent families.
We therefore expected that early exposure to
organized child care outside the home would pro-
tect against subsequent atopy, but this was not the
case. Because the first postnatal follow-up of this
cohort occurred at age 7 years, there is inadequate
information to assess the incidence of infectious
illnesses among cohort members in early child-
hood. Detailed studies of the patterns of social
interaction and infectious illness in relation to
socioeconomic status, sibship size, birth order, and
preschool child care in more recent cohorts are
required to elucidate the biologic mechanisms
underlying these intriguing epidemiologic observa-
tions.
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