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Concordance and interrelationship of
atopic diseases and markers of allergic
sensitization among adult female twins
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Background: Previous twin studies of asthma and allergy
implicate both genetic and environmental factors in disease
risk, but few have related the occurrence of clinical disease to
objective markers of allergic sensitization in twins.

Objective: We sought to investigate the concordance and inter-
relationships of self-reported allergic disease and total and
aeroallergen-specific IgE levels within pairs of British adult
female twins.

Methods: Three hundred forty monozygotic and 533 dizygotic
pairs, aged 18 to 72 years, completed questionnaires about
allergic disease. Of these, 282 monozygotic and 270 dizygotic
pairs were tested for total IgE and specific IgE to Der p 1,
mixed grass pollen, and cat dander by means of fluoroim-
munoassay.

Results: Concordance rates for all variables were higher for
monozygotic than for dizygotic twins, significantly (P < .05) so
for hay fever, eczema, and specific IgE positivity but not (P >
.05) for self-reported asthma or allergies. Within-pair correla-
tions of log-transformed IgE were 0.59 for monozygotic twins
and 0.29 for dizygotic twins, implying heritability of 60%.
Within both monozygotic and dizygotic pairs discordant for
hay fever or reported allergies, the affected twin had signifi-
cantly higher total and specific IgE levels. Within pairs who
were doubly discordant for 3 allergic diseases, associations
between diseases were of similar strength for monozygotic and
dizygotic pairs.

Conclusions: These results confirm that genetic factors influ-
ence susceptibility to aeroallergen sensitization and clinical
allergic disease. However, genetically identical twins are often
discordant in their expression of atopy, suggesting a substan-
tial modifying role for environmental factors. (J Allergy Clin
Immunol 2001;108:901-7.)
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Twin studies may offer unusual insights into the rela-
tive contributions of genetic and nongenetic (environmen-
tal and lifestyle) factors in the causation of allergic dis-
eases.! Several studies have compared concordance rates
for asthma among monozygotic and dizygotic twins,? but
similar comparisons of other allergic diseases have been
less commonly reported. Few twin studies have included
objective markers of allergic sensitization.3-7

In this article we analyze the concordance of a range
of self-reported allergic diseases and levels of circulating
total and aeroallergen-specific IgE among a sample of
adult female twins examined in London, England. We
also compare how different allergic diseases and markers
of allergic sensitization aggregate within monozygotic
and dizygotic twin pairs.

METHODS

The St Thomas’s UK Adult Twin Registry was used as the source
of twins.8 Briefly, this comprises mainly female twins from
throughout the United Kingdom who were recruited by means of
media campaigns®10 without specifying the diseases for study or
the hypotheses to be tested. Pairs were invited to attend the Twin
Research Unit, St Thomas’s Hospital, London, for a full day of clin-
ical tests, including a self-completed questionnaire relating to aller-
gic diseases. The questions on asthma and related symptoms were
those used in the European Community Respiratory Health Sur-
vey.!l Questions on hay fever, allergic rhinitis, and eczema were
derived from the International Study of Asthma and Allergies in
Childhood.!2 Respondents were asked, “Would you say you were
allergic to anything?” They were also asked to specify whether they
were allergic to pets, pollen, dust, insect bites, nuts, metals, or other
things.13 Blood was drawn, and cell pellets and serum samples were
frozen at —40°C before analysis. Both members of each pair were
examined on the same day, during the period from July 1996 to
August 1997. The study was approved by the Local Research Ethics
Committee of St Thomas’s Hospital, and subjects gave full
informed consent.

Zygosity was determined with a standard questionnaire,!4 and
multiplex DNA fingerprinting was determined with variable tandem
repeats. Levels of total IgE and specific IgE to Der p 1, mixed grass
pollen (timothy, rye, sweet vernal, velvet, and cultivated rye grasses),
and cat fur were measured by means of fluoroimmunoassay with the
Pharmacia Unicap system. Tests were performed in duplicate, and
specimens from both members of each twin pair were analyzed on the
same batch in each assay. Because of restrictions in available funding,
these tests were performed on half of the dizygotic pairs and an equiv-
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Abbreviations used

DZ: Dizygotic

DZF: Dizygotic female

Der p 1: Dermatophagoides pteronyssinus 1 allergen

MZ: Monozygotic

MZF: Monozygotic female

O:E: Observed to expected [ratio]

PBC: Probandwise concordance

alent number of monozygotic pairs. In both groups the restriction was
determined by the date of attendance for examination.

Statistical analyses were performed with Statistical Analysis
System software.!5 Probandwise concordance rates were derived
for each questionnaire item among monozygotic and dizygotic pairs
separately as 2a/(2a+b), where a is the number of pairs in which
both twins are affected and b is the number of pairs in which only
one twin is affected. The observed/expected concordance ratio was
calculated after stratification for age (in 2 groups, <50 and =50
years).16 The age stratification was necessary for calculating
expected concordance rates because the dizygotic pairs were on
average younger than the monozygotic pairs, and the prevalence of
many of the outcomes varied with age.

Levels of total IgE were log-transformed for analysis. Within-
pair correlation coefficients were derived for monozygotic and dizy-
gotic pairs before and after adjustment for age by means of regres-
sion modeling. The proportion of variance attributable to additive
genetic factors (heritability) was estimated as follows:

hzzz(rmunozygotic - rdiLngliC)'

The proportion of variance attributable to common environmen-
tal factors was estimated as follows:

C2=2rdizyg0tic ~ Tmonozygotic*

The the proportion of variance attributable to unshared environ-

mental factors was estimated as follows:
e?=1 Trmonozygotic: 17

The relationship between different allergic diseases within twin
pairs was investigated by means of matched-pair analyses of disease-
discordant pairs in the fashion of an individually matched case-
control study.!® The informative pairs in these analyses are those that
are doubly discordant (eg, one twin has asthma, and the other does
not; one twin has hay fever, and the other does not). Relative risks
were derived from the ratio of discordant pairs (eg, number of pairs
in which the asthmatic twin has hay fever divided by the number of
pairs in which the nonasthmatic twin has hay fever). CIs were derived
indirectly from the %2 test with the McNemar approximation. !8

RESULTS

Questionnaires were completed by both members of
873 female twin pairs (340 monozygotic and 533 dizy-
gotic pairs), of whom 552 pairs (282 monozygotic and
270 dizygotic) were tested for total and specific IgE.
Their ages at examination ranged from 18 to 72 years
(mean, 47 years). Some results are presented separately
for the pairs aged less than 50 years (140 monozygotic
and 325 dizygotic pairs) and those aged greater than 50
years (200 monozygotic and 208 dizygotic pairs).

Self-reported symptoms

Table I summarizes the paired responses to symptom
questions for each age group. Probandwise concordance
rates for reported outcomes ranged widely among both
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monozygotic and dizygotic twins. Zero concordances were
found for rare outcomes, such as nut allergy, but these are
not reliably estimated. The highest concordance rates for
both monozygotic and dizygotic twins relate to “any
reported allergy.” However, even for this highly prevalent
outcome, approximately one half of all affected monozy-
gotic twin pairs were discordant for reported allergy.

The concordance rates varied somewhat by age group,
partly as a reflection of differences in disease prevalence.
The effect of age was particularly marked for asthma:
There were too few older asthmatic subjects to make reli-
able comparisons between monozygotic and dizygotic
concordance rates, but the concordance for wheezing did
not vary greatly by zygosity (Table I).

Table II shows the observed/expected concordance
ratios for each symptom among monozygotic and dizy-
gotic pairs and the ratio comparing monozygotic and
dizygotic pairs. These ratios allow for the prevalence of
each outcome and therefore permit a more standardized
comparison of different allergic diseases.

Specific IgE

Table I also shows the paired results of specific IgE tests
by using a cutoff point of 0.35 kU/L to define a positive
outcome. With the exception of specific IgE to cat, where
the estimates are imprecise because of low prevalence, con-
cordance rates for monozygotic twins were higher in the
younger group than among older twins, whereas among
dizygotic twins, concordance rates were similar between
the 2 age groups. The highest concordance rates observed
(70% and 71%) were for IgE positivity to house dust mite
and mixed grass pollen among monozygotic twins aged 18
to 49 years. Thus the combination of genetic susceptibility
and an ubiquitous aeroallergen exposure, such as grass
pollen, did not inevitably lead to allergic sensitization.

Table II shows the corresponding observed/expected
concordance ratios, which were significantly higher in
monozygotic pairs than in dizygotic pairs for grass, dust,
and any specific IgE positivity. The monozygotic/dizy-
gotic ratio was of similar magnitude for specific IgE to
cat, although it was not significant because of the small-
er numbers of positive test results.

Concordance for the presence of specific IgE to any of
the 3 allergens did not always imply that both members
of the twin pair were sensitized to the same allergens. In
the 2 age groups combined, there were 35 monozygotic
pairs in which both twins had one or more positive test
results (pairs concordant for “any specific IgE”). Twen-
ty-one (60%) of these pairs showed the same pattern of
positive results on the 3 specific IgE tests. Among the 29
dizygotic pairs who were concordant for “any specific
IgE,” 14 (48%) had the same pattern of positivity.

Conversely, discordance for IgE to each specific aller-
gen did not always imply absence of IgE responsiveness
in the unaffected twin. Table III summarizes the results
of all specific IgE tests for monozygotic and dizygotic
pairs identified by a proband with specific IgE positivity
to each of the 3 allergens in turn. Among the co-twins
who expressed atopy (ie, had positive results to at least
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TABLE I. Probandwise concordance* of allergic outcomes by age and zygosity

Monozygotic pairs, age
<50 y (max n = 140)*

Dizygotic pairs, age
<50 y (max n = 325)"

Monozygotic pairs, age
>50 y (max n = 200)*

Dizygotic pairs, age
>50 y (max n = 208)*

++ +- -- PBC ++ +- -- PBC ++ +- -- PBC ++ +- -- PBC
Wheeze ever 22 43 75 50% 46 119 159 44% 19 57 120 40% 19 69 117 35%
Wheeze past year 12 32 93 43% 27 94 197 36% 8 40 142 29% 9 52 141 26%
Asthma ever 14 28 93 50% 10 77 225 21% 2 34 155 11% 2 40 155 9%
Asthma past year 5 12 117 45% 7 35 267 29% 0 13 175 0% 1 20 176 9%
Hay fever ever 22 34 76 56% 43 131 125 40% 23 53 109 46% 20 54 114 43%
Seasonal rhinoconjunctivitis 10 22 105 48% 12 78 227 24% 6 27 152 31% 3 23 160 21%
Eczema ever 16 31 86 51% 25 99 179 34% 14 32 137 47% 2 42 152 9%
Flexural rash 4 19 114 30% 1 53 255 3% 4 19 164 30% 0 21 178 0%
Dry skin now 27 38 68 59% 36 138 130 34% 30 47 106 56% 28 62 110 47%
Urticaria ever 3 18 109 25% 8 59 230 21% 4 28 149 22% 6 31 156 28%
Allergies
Any 51 48 39 68% 112 130 76 63% 53 75 65 59% 57 79 65 59%
Pets 9 14 98 56% 12 56 223 30% 1 13 160 13% 3 14 162 30%
Pollen 12 25 79 49% 22 102 169 30% 7 35 131 29% 10 41 130 33%
Dust 16 21 82 60% 10 73 207 22% 3 36 137 14% 8 32 145 33%
Insect bites 4 16 96 33% 3 58 221 9% 4 32 138 20% 8 35 135 32%
Nuts 0 2 111 0% 0 11 274 0% 0 1 169 0% 0 6 170 0%
Metals 3 17 98 26% 11 57 220 28% 8 26 137 38% 5 28 144 26%
Other 20 38 58 51% 47 105 131 47% 23 57 92 45% 24 69 89 41%
Specific IgE*
Any 20 23 56 32% 18 45 67 44% 15 28 140 52% 11 33 96 40%
Cat 5 13 81 43% 6 18 106 40% 4 5 174 62% 0 8 132 0%
Grass 15 12 72 71% 8 34 88 32% 9 17 157 51% 5 23 112 30%
Derp 1 15 13 71 70% 10 35 85 36% 4 24 155 25% 6 20 114 38%

*Probandwise concordance (PBC) is defined as affected twins in concordant pairs divided by all affected twins.
TNumbers with paired responses vary for each outcome. IgE tests are restricted as noted in the text.

TABLE Il. Observed/expected concordance ratios of allergic outcomes by zygosity

Monozygotic pairs, all ages;
O/E ratio (95% Cl)

Dizygotic pairs, all ages;
O/E ratio (95% Cl)

Monozygotic vs dizygotic pairs,
monozygotic/dizygotic ratio (95% Cl)

Wheeze ever

Wheeze past year

Asthma ever

Asthma past year

Hay fever ever

Seasonal rhinoconjunctivitis
Eczema ever

Flexural rash

Dry skin now

Urticaria ever

1.56 (1.26-1.94)%
1.90 (1.39-2.59)%
1.86 (1.32-2.63)%
3.52 (1.90-6.55)%
1.70 (1.38-2.09)%
2.65 (1.87-3.74)%
2.31 (1.79-2.97)%
2.91 (1.78-4.74)%
1.80 (1.50-2.16)%
2.13 (1.26-3.60)F

1.34 (1.13-1.59)%
1.53 (1.22-1.93)%
1.16 (0.78-1.74)8
3.05 (1.87-4.98)
1.23 (1.03-1.46)*
1.60 (1.12-2.28)¢
1.28 (0.98-1.67)%
0.33 (0.08-1.32)8
1.19 (1.00-1.42)8
1.78 (1.23-2.58)%

1.17 (0.89-1.54)8
1.24 (0.84-1.82)8
1.60 (0.94-2.71)8
1.15 (0.52-2.54)8
1.39 (1.06-1.82)*
1.66 (1.01-2.73)*
1.81 (1.25-2.61)F
8.84 (2.03-38.4)7
1.51 (1.18-1.95)%
1.20 (0.63-2.27)8

Allergies
Any 1.22 (1.07-1.40)F 1.16 (1.04-1.29)F 1.06 (0.89-1.26)%
Pets 3.45 (2.23-5.35)% 2.19 (1.53-3.13)% 1.58 (0.90-2.78)%
Pollen 1.97 (1.44-2.71)% 1.33 (1.04-1.70)* 1.48 (0.99-2.21)8
Dust 2.09 (1.52-2.88)% 1.67 (1.20-2.31)F 1.25 (0.79-1.98)8
Insect bites 2.08 (1.27-3.39)F 1.49 (0.98-2.27)% 1.39 (0.73-2.65)%
Nuts 0.00 0.00 Indeterminate
Metals 2.48 (1.63-3.77)% 2.08 (1.47-2.94)% 1.19 (0.69-2.05)8
Other 1.45 (1.17-1.79)% 1.29 (1.10-1.52)F 1.12 (0.86-1.47)%

Positive specific IgE
Any 2.31 (1.83-2.92)% 1.57 (1.21-2.03)F 1.47 (1.04-2.08)*
Cat 4.63 (2.92-7.35)% 3.14 (1.78-5.53)% 1.48 (0.71-3.06)%
Grass 3.71 (2.80-4.92)% 1.92 (1.31-2.83)% 1.93 (1.20-3.11)f
Dust 3.07 (2.23-4.22)% 1.91 (1.35-2.70)F 1.61 (1.01-2.58)*

O/E, Observed/expected.
*P < .05.

P <.0l.

P < .001.

$P > .05, not significant.
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TABLE lll. Concordance of allergen-specific sensitization in monozygotic and dizygotic twin pairs

Monozygotic pairs—
Proband has specific IgE to:

Dizygotic pairs—
Proband has specific IgE to:

Co-twin has specific IgE to: Grass Dust Cat Grass Dust Cat
Same allergen (+ others) 24 19 9 13 16 6
Different allergen only 6 8 8 12 8 8
None of the 3 allergens 23 29 10 45 47 18
Co-twins sensitized to the same 89% 83% 69% 68% 80% 60%

allergen as a percentage of co-twins
sensitized to any of the 3 aeroallergens*

*Concordant pairs contribute 2 co-twins to both numerator and denominator.

TABLE IV. Relationship between allergic diseases, reported allergy, and specific IgE among monozygotic and dizygotic

twin pairs discordant for 2 outcomes

Doubly discordant monozygotic pairs

Doubly discordant dizygotic pairs

Case: Yes No Matched-pair relative Case: Yes No Matched-pair relative
Case definition Co-twin: No Yes risk (95% Cl) Co-twin: No Yes risk (95% Cl)
Asthma ever
Hay fever ever 18 7 2.6 (1.0-6.5)* 29 13 2.2 (1.2-4.2)*
Eczema ever 12 6 2.0 (0.6-6.3) 25 12 2.1 (1.1-4.1)*
Reported allergy 17 6 2.8 (1.1-7.5)* 41 8 5.1 (2.6-10.1)%
Hay fever ever
Asthma ever 18 7 2.6 (1.0-6.5)* 29 13 2.2 (1.1-4.2)*
Eczema ever 11 7 1.6 (0.4-5.5) 35 24 1.5 (1.0-4.3)
Reported allergy 41 2 20.5 (7.4-56.9)% 99 6 16.5 (2.5-10.3)%
Eczema ever
Asthma ever 12 6 2.0 (0.6-6.3) 25 12 2.1 (1.1-4.1)*
Hay fever ever 11 7 1.6 (0.4-5.5) 35 24 1.5 (0.8-2.6)
Reported allergy 14 3 4.7 (1.3-16.2)F 32 17 1.8 (8.9-30.4)%
Any positive specific IgE
Asthma ever 8 3 2.7 (0.5-13.1) 15 4 3.8 (1.2-11.6)*
Hay fever ever 15 4 3.8 (1.2-11.6)* 33 4 8.3 (3.4-20.3)*
Eczema ever 4 6 0.7 (0.05-8.2) 9 8 1.1 (0.4-2.9)
Reported allergy 16 2 8.0 (2.1-30.3)% 25 2 12.5 (3.9-40.2)%
*P < .05.
P <.01.
P < .001.

one allergen), the proportion who were sensitized to the
same allergen as the proband was significantly (P < .05)
greater among monozygotic twins than among dizygotic
twins for grass pollen (89% vs 68%) but not for dust mite
or cat (Table III). These data, based on small numbers,
offer only weak support for allergen-specific genetic
influences on atopic sensitization.

Total IgE

Total IgE measurements followed an approximately
log-normal distribution, ranging from 2 to 3433 kU/L,
with a geometric mean of 29 kU/L. The within-pair cor-
relations of log-transformed total IgE levels were 0.60
for monozygotic pairs and 0.28 for dizygotic pairs. These
were virtually unchanged by adjustment for age (0.59
and 0.29, respectively). These within-pair correlations
imply a heritability of about 60% for total IgE in this
population, with the remaining 40% of the variance in
log IgE being attributable to unshared environmental
influences and a negligible contribution from shared
environmental factors.

Relationship between allergic markers with-
in discordant pairs

The association between allergic diseases, reported
allergy, and specific IgE positivity was explored further
by focusing on doubly discordant twin pairs (Table V).
Despite the small numbers of doubly discordant pairs,
many of the associations were statistically significant.
The weakest relationships were with a lifetime history of
eczema, whereas there were strong associations within
discordant pairs of self-reported allergy with both hay
fever and the presence of specific IgE to one or more
allergens. The strength of the associations were general-
ly similar for monozygotic and dizygotic pairs and did
not differ significantly by zygosity.

Total IgE levels were compared within pairs discor-
dant for allergic diseases by using pairwise ¢ tests on the
log-transformed IgE concentrations. Significant (P < .05)
differences when comparing the affected twin with the
unaffected twin were found only for hay fever and report-
ed allergy and not for asthma or eczema. The within-pair



J ALLERGY CLIN IMMUNOL
VOLUME 108, NUMBER 6

ratios ranged from 1.0 (no difference) to 1.8 and were
generally similar for monozygotic and dizygotic pairs.
The greatest difference between affected and unaffected
twins was among 68 monozygotic pairs discordant for
hay fever (IgE ratio, 1.8; 95% CI, 1.3-2.5), although this
did not differ significantly from the corresponding ratio
for 80 dizygotic pairs (IgE ratio, 1.2; 95% CI, 0.8-1.8).
For reported allergy, the within-pair ratios were similar
for 65 disease-discordant monozygotic pairs (IgE ratio,
1.4; 95% CI, 1.0-2.1) and 71 dizygotic pairs (IgE ratio,
1.6; 95% CI, 1.1-2.3).

DISCUSSION

This is the largest twin study yet published that has
included objective markers of allergic sensitization. Our
sample of twins was recruited mainly by means of adver-
tisement and therefore in theory may be less representa-
tive of all twins than series derived from comprehensive
national registers. The most likely type of volunteer bias
is toward a higher degree of concordance, particularly
among monozygotic pairs.!® It is unlikely that this would
seriously affect comparisons of affected and unaffected
twins within discordant pairs, although it may have
reduced the number of discordant pairs available for
analysis. Major volunteer bias is unlikely because the
twins were not recruited specifically for an allergy-related
project and were unaware of the hypotheses being tested.
Comparisons of the St Thomas twin cohort with general
population studies in the United Kingdom suggest that
there are no large differences in lifestyle variables or
measures of musculskeletal disease.?10,20

The prevalence of positive specific IgE test results in
our twin sample aged 18 to 49 years (Table I) was less
than half that reported among young adults of both sexes
in Eastern England by using the same cutoff point for a
positive test result.2! In that study 25% had specific IgE to
house dust mite, 25% to timothy grass, and 11% to cat fur.
A reduced prevalence of allergic rhinitis has been report-
ed among Swedish military recruits who were twins com-
pared with those who were singletons,?? and rates of hos-
pital admission for childhood asthma in Scotland were
lower among twins.z3 Our findings are consistent with a
reduced prevalence of allergic sensitization among twins,
a phenomenon that deserves further exploration.

Early studies of concordance of allergic disease
among monozygotic and dizygotic twins were based on
small clinical case series and considered asthma, allergic
rhinitis, and eczema in combination. Pairwise concor-
dances, summarized by Wiithrich et al,5 were 58% for
monozygotic twins and 38% for dizygotic twins, which
are equivalent to probandwise concordance rates of 73%
and 55%, respectively. In contrast, Edfors-Lubs,?4 in a
population-based sample of 6736 Swedish twins, found
pairwise concordances for self-reported history of asth-
ma, hay fever, or eczema of 25% for monozygotic twins
and 16% for dizygotic twins (equivalent to probandwise
concordances of 40% and 28%, respectively). This dif-
ference probably reflects the recognized tendency of
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clinical case series to overestimate concordance through
selective identification of concordant pairs.25

Concordance rates for asthma on the basis of nation-
wide twin registers have recently been summarized by
Koppelman et al.2 For studies that have obtained a life-
time history of asthma by means of questionnaire, usual-
ly in children or younger adults,24:26-30 probandwise con-
cordance rates among monozygotic twins vary from 32%
to 62% but are generally in the range 40% to 50%. The
corresponding figures for dizygotic pairs vary from 9%
to 26%. These are comparable with the concordance
rates we obtained for asthma among female twins aged
18 to 49 years (Table I).

Lower concordance rates for adult asthma were report-
ed from the Finnish national twin register (13% for
monozygotic pairs and 7% for dizygotic pairs), but in that
study asthma was ascertained by means of record linkage
to hospital admissions and free medications, a more
restrictive case definition.3! We did not assess the severi-
ty of asthma in detail, but among children, monozygotic
pairs who are concordant for asthma tend to have more
similar indices of severity than dizygotic pairs.32

Fewer studies have reported twin concordance rates for
other allergic diseases. Among 6736 Swedish twin pairs
contacted in the late 1960s, probandwise concordance
rates for hay fever were 35% for monozygotic twins and
24% for dizygotic twins.24 Among 2003 female Aus-
tralian twin pairs (mean age, 35 years; contacted in the
early 1980s), probandwise concordances for “hay fever
ever” were 60% for monozygotic twins and 45% for dizy-
gotic twins. The corresponding figures among 919 male
pairs were 60% and 33%.26 Similar concordance rates of
60% for monozygotic pairs and 32% for dizygotic pairs
were found among 2000 Finnish twins aged 16 years.33
These recent figures are consistent with our results for
females aged 18 to 49 years (Table I), although surpris-
ingly, no difference in concordance of hay fever by means
of zygosity was evident in our older age group.

The only publication that has compared concordance
rates for eczema in adults?4 generates probandwise con-
cordance rates of 27% for monozygotic twins and 9% for
dizygotic twins. These are substantially lower than our
findings in both age groups (Table I). Much higher con-
cordance rates (86% for monozygotic twins and 21% for
dizygotic twins) have been reported for atopic dermatitis
among Danish children.34

Our results for within-pair correlation of log-transformed
total circulating IgE levels are consistent with those for
American children and young adults reported by Hopp et
al3 on the basis of 61 monozygotic pairs (r = 0.82) and
46 dizygotic pairs (r = 0.52). The heritability of total IgE
in that study was 61%, which is very similar to our esti-
mate of 60%. Another study, on the basis of a sample of
157 pairs from the Finnish twin registry,4 analyzed IgE as
a dichotomous characteristic rather than a continuous
trait, making comparisons difficult.

Our estimates of the concordance of a range of aller-
gic diseases, particularly among the younger age group,
are consistent with data from the published literature. For
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this reason, they are unlikely to be seriously biased by the
method of sample recruitment. Although concordance
rates are higher for monozygotic pairs than for dizygotic
pairs, indicating a genetic contribution to disease risk, it
is also notable that probandwise concordance rates for
monozygotic pairs rarely exceed 60%, implying incom-
plete penetrance of the common genotypes associated
with allergic diseases.

Discordance rates of 30% among monozygotic pairs
for specific IgE positivity to grass pollen and house dust
mite, aeroallergens that are almost ubiquitous in Britain,
strongly suggest a modifying influence of nongenetic
factors in the process of allergic sensitization. Further
examination of pairs with identical genotypes but discor-
dant phenotypes may be particularly informative regard-
ing nongenetic (environmental and lifestyle) influences
on atopy and allergic diseases and possible gene-
environment interactions.

Small series of disease-discordant monozygotic twin
pairs35-37 have illustrated the potential for genetically
identical individuals to differ in respect to patterns of skin
prick positivity, specific IgE tests, and levels of total cir-
culating IgE. We also found evidence of phenotypic vari-
ation in atopy within identical twin pairs. Among
monozygotic pairs in which one twin had circulating IgE
to a specific allergen, the other twin was sometimes sen-
sitized only to a different allergen (Table III). This
occurred among both monozygotic and dizygotic pairs,
suggesting that unshared environmental factors influence
the pattern of allergic sensitization in genetically suscep-
tible individuals. One possibility is that infection during a
critical period of early allergen exposure may determine
whether sensitization develops to each specific allergen.38

Our study is one of few to have investigated the rela-
tionship between allergic markers within disease-
discordant twin pairs. Hopper et al39 reported a bivariate
analysis of “asthma or wheezing ever” and “hay fever
ever” in the Australian twin registry. If their data are
restricted to the informative doubly discordant pairs, as we
have done in Table IV, the matched-pair relative risks asso-
ciating asthma with hay fever are similar for monozygotic
and dizygotic pairs (54/16 = 3.4 for monozygotic female
pairs; 51/13 = 3.9 for dizygotic female pairs). In the
Finnish adult twin cohort,0 the corresponding matched-
pair relative risks for twins of both sexes were 3.5 (e,
21/6) for dizygotic pairs and 2.3 (ie, 7/3) for monozygotic
pairs. This is consistent with our findings for “asthma
ever” and “hay fever ever” and for other interrelationships
(Table IV), in which the strength of association among
dizygotic twins rarely exceeded that among monozygotic
twins and never to a statistically significant degree.

In a more detailed clinical study of Australian twin pairs
who were discordant for a history of wheezing, Duffy et
al#! found a significantly larger difference in skin prick test
positivity to outdoor allergens (including pollen) between
asthma-discordant dizygotic pairs than among asthma-
discordant monozygotic pairs, suggesting a genetic associ-
ation between pollen allergy and asthma. However, the dif-
ference between affected and unaffected co-twins in
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respect to skin prick positivity to indoor allergens was of
similar magnitude for monozygotic and dizygotic pairs,
which would be more consistent with our data. This sug-
gests that the association between different clinical mani-
festations of allergy within individuals reflects acquired
phenotypes rather than common or linked genotypes.

We conclude that there is consistent evidence from
studies of twin concordance that genetic factors influ-
ence susceptibility to aeroallergen sensitization and clin-
ical allergic disease. However, genetically identical twins
often vary in their expression of atopy, and it is environ-
mental rather than genetic factors that are of prime
importance in determining the pattern of sensitization
and associated allergic diseases in individuals with a
genetic predisposition to atopy.
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assays and Sarah Moran for assistance with the statistical analyses.
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