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CD14 influences postnatal switching of T helper cell responses.
CD14 C�159T has been associated with altered CD14 and IgE levels
in cross-sectional studies. Identifying whether associations vary with
age requires data from children of the same age followed longitudi-
nally over many years. In this study, an unselected population with
extensive longitudinal data was used to test the hypothesis that
CD14 C�159T was associated with early-onset atopy. A total of 305
subjects were assessed on up to seven occasions between ages 8 and
25 years by questionnaire, histamine challenge, and skin prick test.
For atopy, airway hyperresponsiveness (AHR), and wheeze, each sub-
ject was classified as having early onset, late onset, or no disease
onset during follow-up. Compared with subjects with �159CT and
�159TT, subjects with �159CC had an odds ratio of 2.2 (p � 0.018)
for early-onset atopy and an odds ratio of 2.6 (p � 0.019) for early-
onset AHR. Cross-sectional analysis showed increased prevalence of
�159CC in subjects with atopy and AHR in childhood but not adult-
hood. These data suggest that the influence of CD14 �159C on the
atopic phenotype may be age specific, exerting an effect during
midchildhood, which is no longer apparent by early adulthood.
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Atopic disorders are mediated by the T helper cell type 2 (Th2)
cytokines interleukin 4 and interleukin 5 (1) and are character-
ized by an elevated and prolonged IgE response to common
nonpathogenic allergens (2, 3). Th2 lymphocyte responses pre-
dominate in fetal life and infancy and then, possibly as a result
of maturation of cellular immune function and exposure to aller-
gens and bacterial infection, typically change to T helper cell
type 1 (Th1) responses (4–6). Development of atopic disease
may be associated with a failure of this immune system “switch”
during early infancy (7–9).

LPS is a major constituent of the outer membrane of gram-
negative bacteria (10–12). CD14 functions as a receptor for LPS,
with binding of LPS enhancing production of interleukin 12, an
obligatory signal in the maturation of naive T cells into Th1 cells
(11). In the complex network of human adaptive immunity,
CD14 may therefore play a crucial role in the postnatal switch
from Th2 to Th1 responses. The promoter region of the CD14
gene contains a polymorphism (CD14 C�159T) that has been
associated with altered serum-soluble CD14, total IgE levels, and
skin prick test (SPT) responses in several populations (13–17).

Although atopic disorders are heterogeneous with distinct
age-specific phenotypic differences between childhood- and
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adulthood-onset disease (18, 19), the relationship between CD14
C�159T and atopy has only been studied using cross-sectional
data (13–17, 20, 21). The CD14 C�159T polymorphism affects
CD14 secretion and is likely to have an age-related role in the
development of atopy (6, 10–12, 22); however, no studies have
been reported that investigated age-related effects of the CD14
C�159T polymorphism on the development of atopy. Use of
data from a cohort of children of the same or similar age who
are followed longitudinally over many years (“age-specific longi-
tudinal data”) provides an optimal setting to investigate age-
related factors in a disease, with more statistical power to analyze
genotype–phenotype associations (23, 24). The aim of this study
was to use an unselected population from which extensive age-
specific longitudinal respiratory data has been collected to test
the hypothesis that the CD14 �159C allele was associated with
early-onset atopy.

Part of these data has been previously reported in the form
of abstracts (25–27).

METHODS

Phenotype

In 1982, 718 8-year-olds were randomly recruited from schools in Bel-
mont, New South Wales and reviewed on up to six occasions until 1999
(28–30). All seven assessments, performed at age 8, 10, 12, 14, 16, 18,
and 25 years, included questionnaire, histamine challenge, and SPT.
Blood was collected from consenting individuals for serum total IgE
level at age 18 and 25 years and for DNA extraction at age 25 years.
The self-administered questionnaire, completed by parents before 1990
and by subjects from 1990 onward, asked questions on recent wheeze,
eczema, hay fever, and diagnosed asthma. Recent wheeze was defined
by wheeze within the last 12 months. Diagnosed asthma was defined
by a positive response to the question: “Has your child/Have you ever
been diagnosed as having asthma by a doctor or at a hospital?” A
subject was classified as having smoked (“ever smoked”) if they had
smoked regularly before completing the questionnaire, that is, at least
one cigarette per day or one ounce of tobacco per month for at least
a year. The study was approved by the King Edward Memorial and
Princess Margaret Hospitals Ethics committee. Written informed con-
sent was obtained from parents before 1990 and from subjects from
1990 onward.

Spirometry was used to measure lung function. �-agonists were
withheld for at least 6 hours beforehand. Forced expiratory maneuvers
were repeated until two consistent readings of FEV1 and FVC were
obtained, of which the largest value was used in analyses (31). Airway
responsiveness was tested by airway challenge to histamine using the
rapid method (32). Dose–response to histamine was obtained by plot-
ting percent fall in FEV1 against the logarithm of the histamine dose
administered. The dose of histamine causing a 20% fall in FEV1

(PD20FEV1) was read by interpolation. Individuals with a baseline FEV1/
FVC less than 60% or with an FEV1 less than 60% predicted for age
and height received a bronchodilator challenge of 200 �mol salbutamol
through a Volumatic spacer rather than a histamine challenge. Subjects
were classified as having airway hyperresponsiveness (AHR) if they
had a PD20FEV1 less than 3.9 �mol or a greater than 15% increase in
FEV1 in response to salbutamol.

SPT to Dermatophagoides farinae, Dermatophagoides pteronyssinus,
cat dander, ryegrass, plantain, and Alternaria tenuis (Hollister-Stier,
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Elkhart, IN) was performed on the forearm with histamine 10 mg/ml
and glycerol used as controls (33). The long axis and the perpendicular
of each wheal were measured and mean wheal size calculated. Consis-
tent with previous studies showing an age-related change in SPT re-
sponses (33–35), a reaction was considered positive if mean wheal size
was 3 mm or greater before 1986 and 4 mm or greater from 1986 onward.
Individuals were classified as atopic if they had a positive reaction to any
tested allergen. Serum total IgE was measured by the Quanticlone IgE
method, a noncompetitive, two-site radioimmunoassay (36).

Longitudinal Categories

For each individual, data on atopy, AHR and recent wheeze were
coded as binary variables (present or absent). Results were analyzed
across the 17 years of follow-up and individuals classified into one of
four longitudinal categories for the phenotypes of atopy, AHR, and
wheeze. To be classified, subjects had to have been assessed at least
once in each of the following age brackets: (1 ) 8 to 10 years, (2 ) 12 to
16 years, and (3 ) 18 to 25 years. Individuals unable to be confidently
classified into a longitudinal disease category due to inadequate number
of assessments, variation in characteristics, or intermittent characteris-
tics were excluded from analyses. Longitudinal categories of disease
were based on the above three age divisions as follows:

early persistent: present at age 8 and/or 10 years, then consistently
present thereafter until the last visit at either 18 or 25 years;

early remittent: present at age 8 and/or 10 years as well as the next visit,
then consistently absent until the last visit at either 18 or 25 years;

late onset: absent at age 8 and 10 years, then present on at least two
subsequent visits, with no visits after the age of 10 years showing
absent;

never: never present with subject assessed at least once between age 8
and 10 years, once between 12 and 16 years, and once between 18
and 25 years.

Genotype

Genomic DNA was extracted from peripheral blood mononuclear cells.
Genotyping for CD14 C�159T was determined by polymerase chain
reaction and restriction enzyme digestion using AvaII as reported pre-
viously (13).

Statistical Analysis

CD14 C�159T genotype was recorded as homozygous C allele (�159CC),
heterozygous (�159CT), and homozygous T allele (�159TT). Atopy,
wheeze, diagnosed asthma, hay fever, and eczema were classified as
binary variables. Genotypes were cross-tabulated with binary pheno-
types, enabling comparison of genotype and allele frequency with pheno-
type. Significance was assessed using �2 analysis. Descriptive statistics
were calculated, and analysis of variance was used to compare geometric
mean IgE levels between genotypes. As the distribution of serum total
IgE was skewed, it was loge-transformed to approximate a normal
distribution. Analysis of serum total IgE versus genotype was assessed
at age 18 and 25 years and compared between subjects with and without
atopy. The number of positive SPTs was analyzed using Kruskall–Wallis
nonparametric testing. Longitudinal categories were analyzed as binary
variables (present or absent), and specific pair-wise comparisons of
one category with other categories performed for each phenotype, for
example, early persistent atopy versus other longitudinal atopy catego-
ries combined. Significance was tested using �2 analyses. Logistic regres-
sion, adjusted for sex and, when appropriate, smoking history was used
to further investigate the association of genotype with phenotype, for
both longitudinal and cross-sectional analyses (37). Analyses were per-
formed using Minitab for Windows version 12 software. For all analyses,
statistical significance was defined at the 5% level.

RESULTS

Genotype

A total of 345 individuals consented to a blood sample: 180/718
(25%) at age 18 years, 345/718 (48%) at age 25 years, and
144/718 (20%) at both ages. Of the 345 individuals providing

blood for DNA, 305 were successfully genotyped for CD14
C�159T, with 79 (26%) genotype �159CC, 149 (49%) genotype
�159CT, and 77 (25%) genotype �159TT. The frequency of allele
�159C was 50%, in Hardy–Weinberg equilibrium, and consistent
with studies of this polymorphism in other populations (13–15).

Phenotype

Of the initial 718 subjects, 74% had four or more assessments
and 31% had all seven assessments. Of the 305 subjects with
genotype results available, 86% had four or more assessments
and 41% had all seven assessments. Characteristics of the sub-
jects successfully genotyped are shown at visit one through seven
in Table 1. All subjects were white. Of the 305 subjects, 205
could be classified into a longitudinal category for atopy, 228 for
AHR, and 196 for wheeze. On average, 46% of the individuals in
a longitudinal category were male and 41% current or past
smokers. Characteristics of subjects classified into a longitudinal
category were similar to those of subjects unable to be classified
into a longitudinal category. For both cross-sectional and longitu-
dinal analyses, genotyped subjects were representative of the
original population of 718 in terms of sex, smoking history, and
all atopic phenotypes, and there were no significant differences
in study parameters between the subjects successfully genotyped
and the 40 subjects unable to be genotyped.

Longitudinal Analyses

Atopy. CD14 genotype frequencies for the longitudinal catego-
ries of atopy are shown in Table 2. Early persistent atopy and
early remittent atopy were initially classified together as early-
onset atopy for analysis, due to low numbers (four subjects) in
the early remittent atopy group. Early-onset atopy was com-
pared with late-onset and never atopy combined using logistic
regression. Compared with subjects with genotype �159TT, the
odds ratio for early-onset atopy was 2.5 (95% confidence interval
[CI] � 1.1�5.6; p � 0.027) for subjects with genotype �159CC
and 1.2 (95% CI � 0.6�2.5) for subjects with genotype �159CT.
Subjects with genotype �159CC had an odds ratio of 2.2 (95%
CI � 1.2�4.2; p � 0.018) for early-onset atopy compared with
subjects with genotype �159CT and �159TT. When early per-
sistent atopy was compared with early remittent atopy, late atopy,
and never atopy combined, subjects with genotype �159CC had
an odds ratio of 2.0 (95% CI � 1.1�3.9; p � 0.04) for early
persistent atopy compared with subjects with genotype �159CT
and �159TT. Compared with subjects with genotype �159TT,
subjects with genotype �159CC had an odds ratio of 2.1 (95%
CI � 0.9�4.8) for early persistent atopy and subjects with geno-
type �159CT had an odds ratio of 1.1 (95% CI � 0.5�2.3).

AHR and wheeze. CD14 genotype frequencies for the longitu-
dinal categories of AHR are shown in Table 3. Early-onset AHR
was compared with late-onset and never AHR combined using
logistic regression. Compared with subjects with genotype
�159CT and �159TT, subjects with genotype �159CC had an
odds ratio of 2.6 (95% CI � 1.2�5.6; p � 0.019) for early-onset
AHR. When early persistent AHR was compared with early
remittent, late-onset, and never AHR combined, subjects with
genotype �159CC had an odds ratio of 4.6 (95% CI � 1.6�13.7;
p � 0.006) for early persistent AHR compared with subjects
with genotype �159CT and �159TT. The CD14 C�159T geno-
type was not associated with any longitudinal category of wheeze.

Cross-sectional Analyses

Atopy. Cross-sectional analysis showed increased prevalence of
genotype �159CC in subjects with presence of atopy during
childhood, becoming almost equal by 25 years of age (Table 4).
Compared with subjects with genotype �159CT and �159TT,
subjects with genotype �159CC had an odds ratio for atopy of
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TABLE 1. PHENOTYPE AT EACH VISIT FROM AGE 8–25 YEARS FOR INDIVIDUALS SUCCESSFULLY
GENOTYPED FOR CD14 C�159T

Phenotype Visit 1 Visit 2 Visit 3 Visit 4 Visit 5 Visit 6 Visit 7

Average age, yr 8 10 12 14 16 18 25
Individuals genotyped for CD14 C�159T, n 305 235 229 190 224 240 305
Male, % 47 45 49 48 46 47 47
Passive smoke exposure, % * * 60 58 * * *
Ever smoked, % * * * * 16 33 42
Atopy, % 22 33 41 39 42 43 43
Dust mite atopy, % 17 27 33 26 33 33 37
Number positive SPTs, mean 0.44 0.7 0.88 0.75 0.79 0.89 1
AHR, % 11 9 9 5 7 17 11
Asthma ever, % 10 14 15 22 21 23 28
Wheeze ever, % 20 20 25 28 25 30 47
Recent wheeze, % 11 12 13 14 19 28 38
Serum total IgE, geometric mean (n) * * * * * 82.3 (117) 58.9 (302)

Definition of abbreviations: AHR � airway hyperresponsiveness; SPT � skin prick test.
* Data not collected.

2.0 (95% CI � 1.1�4.0), 1.6 (95% CI � 0.9�2.9), 2.5 (95% CI �
1.4�4.5), 2.1 (95% CI � 1.1�4.1), 1.8 (95% CI � 1.0�3.4), 1.9
(95% CI � 1.0�3.5), and 1.3 (95% CI � 0.7�2.2) at age 8, 10,
12, 14, 16, 18, and 25 years, respectively (Figure 1). This associa-
tion was statistically significant at age 8 (p � 0.021), 12 (p �
0.003), 14 (p � 0.041), and 18 (p � 0.041) years. Subjects with
genotype �159CC had a higher number of positive SPTs com-
pared with subjects with genotype �159CT and �159TT. This
was significant in early childhood but was not present by 25
years of age (Figure 2).

Total serum IgE. At age 18 years, compared with subjects
with genotype �159CT and �159TT, subjects with genotype
�159CC had a 2.1-fold (95% CI � 1.1�4.0; p � 0.03) higher
geometric mean serum total IgE level overall and a 3.6-fold
(95% CI � 1.2�11.3; p � 0.032) higher geometric mean serum
total IgE level within SPT-negative subjects. There was no
association between CD14 genotype and total serum IgE level
at age 25 years.

Other atopic phenotypes. Compared with subjects with geno-
type �159CT and �159TT, subjects with genotype �159CC had
evidence of a trend toward higher prevalence of AHR at all
ages, which was significant at age 8 years (odds ratio � 2.4; 95%
CI � 1.2�5.2; p � 0.021) (Table 5). No association was found
between CD14 C�159T and diagnosed asthma, eczema, hay
fever, or recent wheeze at any age.

DISCUSSION

Although many studies have reported associations between vari-
ous genotypes and asthma and asthma-related phenotypes, virtu-
ally none have considered the temporal evolution of features in
their analyses. This is the first study to report an age-related

TABLE 2. CD14 C�159T GENOTYPE DISTRIBUTION IN
LONGITUDINAL CATEGORIES OF ATOPY

CD14 C�159T Genotype

n (% of total)

Atopy Category �159CC �159CT �159TT Total n

Early persistent 22 (34) 27 (42) 15 (24) 64
Early remittent 2 (50) 2 (50) 0 4
Late onset 6 (20) 12 (40) 12 (40) 30
Never 21 (20) 56 (52) 30 (28) 107

association by using defined cohorts according to multiple assess-
ments of a population from childhood to adulthood. Data from
this unique, age-specific, community-based cohort with repeated,
accurate longitudinal assessments suggests that CD14 �159C
has an effect on the development of atopy in early childhood.

In assessing the association between genotype and asthma-
related phenotypes as related to age, previous studies would have
been limited by their design and their recruitment of research
subjects. In particular, the inhomogeneity of cohorts containing
subjects of different ages and too few individuals of any specific
age would have mitigated against ascertaining these relation-
ships. Few comparable data sets are available. A recent study on
a large population of German children evaluated atopy-related
phenotypes annually from birth until 10 years of age and investi-
gated the role of CD14 C�159T in the presentation of the atopic
phenotype (20). They reported no association between CD14
genotypes and atopy; however, their study differed from ours
in that children were younger and followed over a shorter period
of time, and the analyses were cross-sectional in nature and not
based on longitudinal categories of disease. Only one published
study has used longitudinal analyses to investigate the effect of
age, in particular, transition from childhood to adult life, on
associations between genotype and the asthma phenotype (38).
Children were assessed once between the age of 8 and 12 years
and again 10 years later, with subjects classified and then ana-
lyzed as childhood onset, adult onset, persistent, or never onset of
phenotype. The protective effect against asthma of the CCR5�32
allele was shown to be present in childhood but lost by adulthood.
These results highlight the importance of considering age as a
confounder in genetic association studies. However, although

TABLE 3. CD14 C�159T GENOTYPE DISTRIBUTION
IN LONGITUDINAL CATEGORIES OF
AIRWAY HYPERRESPONSIVENESS

CD14 C�159T Genotype

n (% of total)

AHR Category �159CC �159CT �159TT Total n

Early persistent 9 (60) 2 (13) 4 (27) 15
Early remittent 5 (31) 5 (31) 6 (38) 16
Late onset 0 (0) 5 (62) 3 (38) 8
Never 47 (25) 96 (51) 46 (24) 189

Definition of abbreviation: AHR � airway hyperresponsiveness.
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TABLE 4. CD14 C�159T GENOTYPE DISTRIBUTION IN SUBJECTS WITH AND WITHOUT ATOPY
FROM AGE 8 TO 25 YEARS

With Atopy Without Atopy

n (% ) n (% )

Age, yr CD14 �159CC CD14 �159CT CD14 �159TT CD14 �159CC CD14 �159CT CD14 �159TT �2 p Value

8 25 (37) 30 (45) 12 (18) 54 (23) 119 (50) 65 (27) 0.04
10 26 (33) 36 (46) 16 (21) 37 (24) 78 (50) 42 (26) NS
12 35 (37) 41 (44) 18 (19) 26 (19) 66 (49) 43 (32) 0.005
14 23 (32) 31 (43) 18 (25) 21 (18) 64 (56) 30 (26) NS
16 30 (33) 37 (41) 24 (26) 26 (21) 62 (50) 36 (29) NS
18 31 (32) 40 (42) 25 (26) 26 (20) 68 (53) 35 (27) NS
25 35 (28) 58 (47) 31 (25) 38 (24) 82 (51) 42 (25) NS

Definition of abbreviation: NS � not significant.

detecting age relationships requires extensive, precise data from
a cohort of young children of very similar age followed over an
extended period, it also requires repeated assessments of these
subjects over the data collection period. The longitudinal, com-
munity-based cohort used in our study was ideal for detecting
age-related genetic associations. Comprehensive and standard-
ized data were collected from the same individuals on repeated
occasions over 17 years of follow-up from childhood into adult-
hood allowing numerous cross-sectional analyses as well as a
large number of individuals to be accurately classified into a
longitudinal category of disease. The long duration and fre-
quency of follow-up also minimized misclassification due to tran-
sient natural variation in responses. The effect of genotype on
the natural history of disease and age-related changes in disease
could therefore be assessed.

In terms of study compliance, an excellent response rate was
maintained in this cohort, with large numbers of children as-
sessed at each visit. This allowed repeated, large, cross-sectional
analyses to be done that included every individual studied on
that occasion. As all subjects were the same age as one other
at each visit, age-related effects could be investigated, not by
each individual cross-sectional analysis, but instead by evaluating
the series of cross-sectional analyses thereby using all data. Thus,
this study has enabled examination of the effect of age on geno-

Figure 1. Odds ratio for atopy
associated with genotype
CD14 �159CC compared with
CD14 �159CT and �159TT
from age 8 to 25 years. Com-
pared with subjects with geno-
type �159CT and �159TT, sub-
jects with genotype �159CC
had an odds ratio for atopy of
2.0 (95% confidence interval
[CI] � 1.1–4.0; p � 0.021), 1.6
(95% CI � 0.9–2.9), 2.5 (95%
CI � 1.4–4.5; p � 0.003), 2.1
(95% CI � 1.1–4.1; p � 0.041),
1.8 (95% CI � 1.0–3.4), 1.9
(95% CI � 1.0–3.5; p � 0.041),
and 1.3 (95% CI � 0.7–2.2) at
age 8, 10, 12, 14, 16, 18, and
25 years, respectively. Error bars
represent 95% CI. # Represents
p values less than 0.01, and
*represents p values less than
0.05.

type–phenotype correlations in two ways: longitudinal analysis
including individuals who were assessed on each occasion as
well as repeated cross-sectional analyses that allowed age to be
assessed by considering the pattern of changes between cross-
sectional analyses. Potential for bias exists in longitudinal studies
analyzing subjects consenting to ongoing follow-up as it might
be difficult to distinguish between groups enriched by subjects
with persistent, severe, or adult-onset disease and the natural
increase in some phenotypes with increasing age. This does not
appear to be the situation in our study as the frequency of specific
phenotypes in the adult ages is not significantly higher than those
seen in the general population. As with all longitudinal studies,
the number of subjects genotyped and followed at different ages
is inconsistent and may have affected the phenotype studied
and therefore may be responsible for the association differences
shown between the various ages when assessed cross sectionally.
However, longitudinal analyses of the subjects who had been
assessed on at least three occasions from before the age of 12
years to after the age of 18 years adds further support to these
apparent age-related effects.

Genotype distribution in this population was consistent with
studies of the polymorphism in other populations (13–15, 20).
Not unexpectedly, genotyping was incomplete as specimens were
not available from all the initially recruited population and some
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Figure 2. Number of positive skin prick tests (SPTs)
with genotype CD14 C�159T from age 8 to 25
years. Using Kruskall–Wallis nonparametric testing,
subjects with genotype CD14 �159CC had a higher
number of positive SPTs compared with subjects
with genotype CD14 �159CT and �159TT com-
bined. This was significant at 8 (p � 0.016), 12
(p � 0.004), and 16 (p � 0.009) years of age.
# Represents p values less than 0.01, and *represents
p values less than 0.05.

were not successfully genotyped for the CD14 C�159T polymor-
phism. Analysis of only those subjects successfully genotyped
may have potentially limited power, introduced bias, and influ-
enced results. Nonetheless, phenotype was not found to be statis-
tically different between the subjects successfully genotyped and
those not able to be genotyped or not providing DNA, suggesting
that results found in the genotyped subpopulation are likely to
represent the total cohort. The high allele frequency of this
polymorphism meant subject numbers remained adequate to
detect significant associations.

The association between CD14 C�159T and childhood-onset
atopy may result from a direct functional effect on sCD14 and
IgE levels. Increased CD14 expression, as assessed by sCD14
levels and lower IgE levels, has been shown in individuals homo-
zygous for the T allele (13). The CD14 C�159T polymorphism
has also been shown to affect transcriptional activity (39), most
likely through lowering the affinity of the CD14 regulatory re-
gion for Sp3 (40, 41). However, it is possible that the association
could be due to linkage disequilibrium of CD14 C�159T with
a polymorphism in another gene, although a more plausible
candidate gene than CD14 in this region has not been identified

TABLE 5. CD14 C�159T GENOTYPE DISTRIBUTION IN SUBJECTS WITH AND WITHOUT AIRWAY
HYPERRESPONSIVENESS FROM AGE 8 TO 25 YEARS

AHR No AHR

n (% ) n (% )

Age, yr CD14 �159CC CD14 �159CT CD14 �159TT CD14 �159CC CD14 �159CT CD14 �159TT �2 p Value

8 14 (44) 9 (28) 9 (28) 65 (24) 140 (51) 68 (25) 0.022
10 6 (30) 6 (30) 8 (40) 56 (26) 108 (51) 49 (23) NS
12 7 (35) 5 (25) 8 (40) 54 (26) 101 (49) 52 (25) NS
14 3 (33) 3 (33) 3 (33) 42 (24) 91 (51) 45 (25) NS
16 4 (27) 6 (40) 5 (33) 52 (25) 100 (48) 55 (27) NS
18 14 (36) 13 (33) 12 (31) 43 (23) 98 (52) 48 (25) NS
25 10 (32) 12 (39) 9 (29) 64 (25) 125 (50) 63 (25) NS

Definition of abbreviations: AHR � airway hyperresponsiveness; NS � not significant.

(42). The CD14 promoter was recently investigated in more
detail and four novel single nucleotide polymorphisms identified
in the region: A�1619G, G�1359T, A�1145G, and A�809C
(42–44). The G�1359T, A�1145G, and C�159T polymorphisms
were studied in a cohort of children and found to be in tight
linkage disequilibrium (44). Homozygotes for the T/A/C haplo-
type were shown to have significantly higher IgE levels than
homozygotes for both the G/G/T and G/A/C haplotype. There-
fore, the possibility exists that one of these, rather than C�159T,
may be the polymorphism responsible for the relationships we
demonstrated. Ultimately, CD14 may therefore also need to be
evaluated in a more comprehensive haplotype context.

A potential confounder specific to all longitudinal studies is
the “era effect.” This can be defined as an effect that occurs in
populations in particular calendar years, not as a consequence of
a particular year of life but rather as a consequence of temporally
acting environmental factors (23). Prevalence of atopic disease
was increasing in the 1980s but has continued to increase and
has remained at high levels in recent years (45–47). Therefore,
the effect shown in this study that disappeared with increasing
age was more likely to be a result of a genetic rather than an
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environmental, era-related cause. LPS level was not assessed in
this study, therefore the possibility, although remote, exists that
differences in CD14 genotypes over the course of the study
might be related to a gene–environment interaction.

The use of longitudinal categories of disease was a novel
approach to investigating the effect of genotype on asthma
phenotype that allowed age relationships to be explored. The
categorization of subjects into longitudinal groups was decided
according to criteria that were based on available literature and
expertise regarding the known influence of puberty on the course
of asthma (48, 49). Cross-sectional analyses, a more established
although not necessarily better or ideal method of analyzing
genotype–phenotype associations, were done in this population
in an attempt to validate the age cutoffs used for longitudinal
analyses. Although data from an inconsistent number of subjects
were analyzed using the two approaches, the value of doing
both cross-sectional and longitudinal analyses was the ability to
further support and interpret age-related findings. Nonetheless,
age cutoffs were arbitrary and using different age and exclusion
criteria may have resulted in different findings. Future analyses
using definitions based on various age cutoffs may clarify this
issue. Also, as with all studies, although defining longitudinal
categories according to strict criteria increased the accuracy of
definition and the validity of results, the number of subjects in
each subgroup able to be analyzed became less. At times this
resulted in small cell sizes that limited full investigation of persis-
tent compared with remittent disease and may have restricted
the ability to detect significant associations. Continuation of the
use of this approach of longitudinal phenotype classification,
including the use of different criteria, is necessary in more popu-
lations to explore these concepts further and expand on the
findings of this work. Although data in this study were subject
to several analyses, raising the possibility of type I errors, analy-
ses were strictly prioritized and the main hypothesis tested using
an a priori approach, therefore no adjustment for multiple com-
parisons was necessary. In assessing heterogenous disorders, the
delineation of homogenous subtypes increases the chances of
finding significant genotype–phenotype correlations.

Atopy is known to have an important association with asthma
and AHR (50–53). The CD14 C�159T genotype was shown to
be associated with AHR but not with wheeze or diagnosed
asthma in this population. These findings may be due to the
relatively low prevalence of diagnosed asthma in this unselected
cohort, with few individuals with asthma taking regular preven-
tive medication. Low numbers of subjects with AHR made
conclusions difficult; however, despite this and the inherent vari-
ability of AHR, the use of longitudinal categories of disease
detected an association between AHR and CD14 genotype. This
emphasizes the advantage of longitudinal over cross-sectional
studies in ascertaining the causes of genetic susceptibility and
supports the need for these cohorts to be investigated into older
ages. AHR could have been analyzed as both a dichotomous
and continuous variable. However, as the main emphasis of this
study was to assess age-related changes, and in view of the
complexity of variable numbers, variable responses and multiple
time points in this study, dichotomous classification of AHR was
used to facilitate comparison of longitudinal and cross-sectional
data and to maintain power to draw conclusions. Although in
some studies phenotypes are studied in combination, such as
wheeze with diagnosed asthma, in this study we specifically se-
lected individual phenotypic parameters, in particular wheeze,
because of the complexity of examining longitudinal data sets.

In this study, total serum IgE was measured on only two
occasions, both of them in adulthood. This enabled us to com-
ment on associations postpuberty but not on the change from
childhood to adulthood. Analyses using populations with blood

taken from the same individuals in childhood and adulthood
would be helpful in expanding our findings. Analyses of CD14
genotype within SPT-positive and SPT-negative subjects were
performed to be consistent with previous work (13).

Longitudinal studies investigating the outcome of childhood
asthma have shown atopy to be a major risk factor for the
persistence of asthma into adult life (54–56). The potential there-
fore exists to identify, at a young age, those individuals with the
CD14 �159C allele who are “at risk” of developing atopy in
childhood and target them for early intervention strategies aimed
at preventing sensitization and potentially “immunizing” in favor
of the postnatal switch from Th2 to Th1 responses. In this popula-
tion, only a small number of subjects had early-onset atopy that
remitted after childhood, thus limiting some of the statistical
conclusions. Longitudinal analysis of populations with larger
numbers could confirm our findings and potentially provide in-
sight into the differences between those subjects that develop
early-onset atopy and go on to develop persistent disease from
those subjects whose atopy resolves. In addition to its impact on
atopic disorders, the CD14 C�159T genotype has implications in
disorders of other systems. CD14 plays a crucial role as a media-
tor of the inflammatory response during gram-negative sepsis;
therefore individuals at genetically decreased risk of allergic
disease may be at increased risk of mortality associated with
gram-negative sepsis (57, 58). Studies also report the CD14
C�159T genotype to be associated with altered risk of myocar-
dial infarction (59, 60), atherosclerosis (61, 62), coronary artery
lesions in Kawasaki disease (63), increased risk of alcoholic liver
damage and cirrhosis (64), as well as renal disease (65).

In summary, this study showed that the CD14 �159CC geno-
type was associated with increased odds of childhood atopy and
AHR, the association being present during midchildhood but
not by early adulthood. These data are consistent with CD14
C�159T being responsible for an age-related susceptibility to
the development of atopy.
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