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Lung Function at Age 3 Years

Effect of Pet Ownership and Exposure to Indoor Allergens
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Objective: To investigate the effect of pet ownership
and exposure to indoor allergens on lung function in
3-year-old children.

Design: Birth cohort study.
Setting: Community.

Participants: Children recruited prenatally and fol-
lowed prospectively to age 3 years.

Main Outcome Measures: Specific airway resistance
(sR,,) (measured with body plethysmograph) at age 3
years; skin-prick tests; data on cat and dog ownership
collected prospectively; allergen levels measured in dust
collected from homes (high exposure defined as mite al-
lergens >2 pg/g in mattress, and dog >10 pg/g and cat
>8 pg/g allergens on the living room floor).

Results: There was no effect of cat or dog ownership at
birth or age 3 years on lung function, and no association
between lung function and mite, dog, or cat allergen ex-
posure. Sensitized children exposed to high levels of sen-
sitizing allergen had significantly poorer lung function

(n=49, sR,, kiloPascal per second [kPa/s]; geometric mean
[GM], 1.20; 95% confidence interval [CI], 1.13-1.28) than
children who were not sensitized and not exposed
(n=114; GM, 1.08; 95% CI, 1.04-1.12); not sensitized,
but exposed (n=282; GM, 1.07; 95% CI, 1.05-1.10); or
sensitized and not exposed (n=53; GM, 1.12; 95% CI,
1.06-1.18; P=.005). In a multivariate model, indepen-
dent significant associates of lung function were mater-
nal and paternal asthma, and the combination of sensi-
tization and exposure to sensitizing allergen, with
significant interaction between them. Lung function was
substantially worse in sensitized and highly exposed chil-
dren with both asthmatic parents (GM, 2.23;95% CI, 1.68-
2.97), compared with those with neither (GM, 1.09; 95%
CI, 1.04-1.16) or just 1 of these features.

Conclusions: Pet ownership, sensitization without ex-
posure, or exposure in nonsensitized individuals have no
effect on lung function. However, the combination of spe-
cific sensitization and exposure to sensitizing allergen is
associated with significantly poorer lung function in early
life.
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HE RELATIONSHIP BETWEEN

allergen exposure, sensiti-

zation, and the develop-

ment of asthma is complex.

Although a dose-response
relationship has been demonstrated be-
tween mite allergen exposure and spe-
cific sensitization in children,'? this ex-
posure does not appear to be implicated
in the development of asthma.* The effect
of pet ownership and exposure to pet al-
lergens on the development of sensitiza-
tion and asthma is even less clear. Based
on the current evidence, any association
between pet ownership, sensitization, and
asthma can be supported (ie, pets may be
a risk, protective, or may have no effect
at all).>”" In a systematic review of the re-

lationship between exposure to pets and
risk of asthma, Apelberg et al® reported a
linear association between age at assess-
ment and the strength of the association,
with pet ownership being associated with
a decreased risk of wheezing in children
younger than 6 years, but with an in-
crease in the risk of wheezing when chil-
dren were assessed at age 0 years or older.

The majority of asthma originates early
in life in association with impaired lung
function that may track to persistent dis-
ease in adult life.”!® It is therefore impor-
tant to elucidate factors influencing lung
function in early life. However, there is no
information on the effect of pet owner-
ship or allergen exposure on lung func-
tion in early life, since the majority of stud-
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ies inevitably focus on parent-reported symptoms rather
than objective measures, owing to the inherent difficul-
ties in recording lung function in the preschool age group.
During recent years, this problem has been overcome in
part by adapting plethysmographic measurement of spe-
cific airway resistance (sR,,) for use in preschool chil-
dren.'? Specific airway resistance is a reproducible mea-
sure of airway caliber (within-subject coefficient of
variation in this age group is estimated at ~8%),'* and
airway narrowing results in elevated values. We have pre-
viously reported that this measurement can be success-
fully performed in two thirds of children at age 3 years,
and that lung function is poorer in children with recur-
rent wheezing compared with those with occasional
wheezing only, or no history of wheezing."?

Within the context of a prospective birth cohort study
investigating the risk factors for development of
asthma,'*'> we investigated the effect of pet ownership
and exposure to cat, dog, and house dust mite allergens
on lung function in preschool children. Knowledge of the
factors affecting lung physiology in early life may help
our understanding of subsequent asthma development.

- EEETTEES

PARTICIPANTS

The birth cohort (National Asthma Campaign Manchester Asthma
and Allergy Study) is described in detail elsewhere.'*'*> Subjects
were recruited antenatally by screening prospective parents us-
ing skin testing and questionnaires regarding allergic diseases.
Information on pet ownership was collected prospectively. In-
formed consent was obtained from parents and the study was
approved by the local research ethics committee.

CLINICAL FOLLOW-UP

All participants were invited to attend a review clinic at age 3
years (+4 weeks). A standard, validated American Thoracic So-
ciety questionnaire was administered by an interviewer to col-
lect the information on parent-reported symptoms, physician-
diagnosed illnesses, and treatments received. Children were skin
tested for 6 common inhalant and food allergens (D pteronyssi-
nus, cat, dog, mixed grasses, egg, milk, positive and negative con-
trol; Bayer, Elkhart, Ind). Sensitization was defined as a mean
wheal diameter at least 3 mm greater than the negative control.

LUNG FUNCTION

Measurements of sR,,, were made in all children willing to par-
ticipate. Children were asymptomatic at the time of the lung
function assessment. 8,-Agonists were withheld for at least 4
hours prior to testing. Specific airway resistance was mea-
sured using whole-body plethysmography (Jaeger; Wurzburg,
Germany) as previously described'*" by a single-step proce-
dure from the simultaneously measured changes of respira-
tory flow and plethysmographic pressure, omitting the mea-
surement of thoracic gas volume. Measurements were carried
out during normal tidal breathing using a modified facemask
(Astratech No. 2; Astra, Denmark) fitted with a noncompress-
ible mouthpiece." Specific airway resistance was calculated from
the mean of 5 technically acceptable loops. Three measure-
ments of effective sR,,, were performed, and the median of these
was used in the analysis.

| 1085 Children Bomn Into the Study |

'

‘ 996 Attended the 3-Year Follow-up ‘

122 in the Environmental
Control Group <
(Not Included in the Analysis)

- 47 Children No Dust
Sample Obtained

Y
827 Dust Samples Taken at Age 3

67 Children Did Not
Have SPT Performed

v
‘ 760 SPT Done ‘

498 (65.5%) Children

Successfully Performed LF

262 Children Failed LF
157 Would Not Tolerate Mask
35 Would Not Enter Box
71 Could Not Establish Stable
Breathing Pattern

Figure 1. Study profile. SPT indicates skin prick tests; LF, lung function.

MEASUREMENT OF
INDOOR ALLERGEN EXPOSURE

Dust samples were collected from the homes of 827 subjects
at age 3 years using a Medivac dust sampler (Medivac PLC;
Cheshire, UK) as described previously.!* Samples were as-
sayed using 2-site immunometric enzyme-linked immunosor-
bent assays (ELISA).' Levels of cat and dog allergens were de-
termined from dust samples taken from living room floors, while
levels of mite allergens were measured in the sample from the
childs’ mattresses.

High exposure to dust mite, cat, or dog allergens was con-
sidered when mite allergens were greater than or equal to 2
ng/g,” catallergens were greater than or equal to8 pg/g,'” and
dogallergens were greater than or equal to 10 pg/g.'® These val-
ues were used to divide study participants into those exposed
or not exposed to each allergen.

STATISTICAL ANALYSIS

Statistical analysis was carried out using SPSS for Windows, ver-
sion 11.0 (SPSS Inc, Chicago, I11). Specific airway resistance mea-
surement followed a log-normal distribution; hence, it was sub-
jected to a log, transformation prior to analysis. Independent ¢
test and Pearson correlation were performed where appropri-
ate. Further analysis of the factors affecting lung function was
carried out using general analysis of variance (ANOVA) mod-
els including the Scheffe post hoc multiple comparison tests.
Results are presented as geometric means (GM) adjusted for
other confounding factors and 95% confidence intervals (CI).

B xesuits [

STUDY POPULATION

Figure 1 shows the trial profile. Of 1085 children who
were born into the study, 996 attended the 3-year follow-
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Table 1. Pet Ownership in Early Life and at Age 3 Years, and Lung Function at Age 3 Years

Pet Owner in Early Life

Pet Owner at Age 3 Years

I No. (%)

1
P Value*

I 1
No. (%) P Value*

SRy, GM (95% C1) SRay, GM (95% C1)

No pet 308 (61.7) 110 (1.07-1.12) NA 336 (67.5) 1.09 (1.07-1.12) NA
Pet owner 190 (38.2) 1.09 (1.05-1.12) 46 162 (32.5) 111 (1.07-1.14) 53
Cat owner 96 (19.3) 1.08 (1.03-1.12) 40 89 (17.9) 1.08 (1.03-1.12) 59
Dog owner 75 (16.1) 1.09 (1.03-1.16) 86 62 (12.4) 1.14 (1.07-1.22) 20
Cat and dog owner 19 (3.8) 147 (1.04-1.31) 21 11(2.2) 1.13 (0.98-1.31) 35

Abbreviations: Cl, confidence interval; GM, geometric mean; NA, not applicable; sR,,, specific airway resistance.

*Compared with “no pet.”

Table 2. Effect of High Exposure to Mite, Cat, and Dog
Allergens on Specific Airway Resistance
Not Exposed* Exposed* P Value
Cat Allergen
All children n =396 n=102 .28
SR kPa/s 1.10 (1.08-1.13) 1.07 (1.03-1.11)
Cat sensitized n=14 n=10 B8
SR kPa/s 1.27 (1.12-1.44) 1.11 (0.90-1.37)
Dog Allergen
All children n =401 n=97 .09
SR, kPa/s 1.08 (1.06-1.11) 1.13 (1.08-1.19)
Dog sensitized n=21 n=>5 .06
SR, kPa/s 1.18 (1.06-1.31) 1.50 (1.03-2.17)
Mite Allergen
All children n=208 n =290 10
SR, kPa/s 1.11 (1.08-1.14) 1.08 (1.05-1.11)
Mite sensitized n=13 n=40 40
SR, kPa/s 1.35(1.18-1.37) 1.19 (1.03-1.37)
Any allergen n=139 n =359 .78
SR, kPa/s 1.10 (1.06-1.13) 1.09 (1.07-1.12)

Abbreviations: kPa/s, kiloPascal per second; sR,,, specific airway
resistance.
*Data given as geometric mean (95% confidence interval).

up. Of these, 122 had been prenatally randomized to an
environmental control regimen'* and were not included
in the analysis. Of the 760 children who underwent skin
testing, 498 (65.5%) successfully performed sR,,, mea-
surements. There was no difference between children who
successfully completed lung function testing compared
with those who did not in the prevalence of sensitiza-
tion, maternal smoking, and maternal asthma.

PET OWNERSHIP, CONTACT WITH PETS,
AND LUNG FUNCTION

There was no significant effect on sR,,, of owning a cat, own-
ing a dog, or owning both a cat and a dog either in early
life or at the age of 3 years (Table 1). At the time of the
3-year review, 234 (47%) of 498 children had contact with
a pet on a regular basis (most days of the week) and 32
(6.4%) children had no reported contact with a pet. There
was no difference in sR,,, between children who had regu-
lar contact with pets at age 3 years (sR,,, kiloPascal per sec-
ond [kPa/s]; GM, 1.10; 95% CI, 1.07-1.13) compared with
those with no contact (GM, 1.09;95% CI, 1.01-1.17; P=.86).

SENSITIZATION AND LUNG FUNCTION

Children sensitized to at least 1 allergen (n=101, 20.3%)
had significantly poorer lung function compared with
those who were not sensitized to any allergen (GM, 1.15;
95% CI, 1.11-1.21 vs GM, 1.08; 95% CI, 1.06-1.10;
P=.002, sensitized vs non-sensitized, respectively). With
respect to the specific sensitizations, lung function was
significantly worse in children who were sensitized to
either dust mite allergens (n=53; GM, 1.15;95% ClI, 1.09-
1.23), cat allergens (n=24; GM, 1.21; 95% CI, 1.12-
1.32), or dog allergens (n=26; GM, 1.25; 95% CI, 1.12-
1.40) compared with children who were not sensitized
to any allergen (P=.03, P=.005, and P=.001, respec-
tively). In a multiple ANOVA model, controlling for the
effect of sensitization to other inhalant and food aller-
gens, dog sensitization remained the only significant in-
dependent associate of sR,,, (P=.04).

ALLERGEN EXPOSURE AND LUNG FUNCTION

There was no significant effect of high exposure to dust
mite, cat, dog, or any 1 or more allergens on sR,,
(Table 2).

COMBINATION OF SENSITIZATION
AND EXPOSURE TO SENSITIZING ALLERGEN
AND LUNG FUNCTION

The effect of a combination of sensitization and high ex-
posure to sensitizing allergen for individual allergens is pre-
sented in Table 2. Among the 24 children sensitized to cat
allergens, there was no difference in sR,,, between those who
were exposed to high levels of cat allergens and those not
exposed, and no correlation between sR,,, and cat allergen
levels (r=—-0.06; P=.79). In dog allergen—sensitized chil-
dren, there was a borderline significant difference; chil-
dren exposed to high levels of dog allergen had a higher
sR,, compared with those not exposed, and a significant
positive correlation was observed between sR,,, and dog al-
lergen levels (lung function became increasingly worse with
increasing exposure; r=0.45; P=.03). In mite-sensitive chil-
dren, although there was no difference in sR,,, between ex-
posed and not exposed individuals, there was a tendency
for lung function to become increasingly worse with in-
creasing mite levels (r=0.25; P=.09).
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Based on their sensitization and exposure status, chil-
dren were divided into the following groups: not sensi-
tized and not exposed to any of the allergens; not sensi-
tized, but exposed to high levels of at least 1 allergen;
sensitized, but not exposed to high levels of sensitizing
allergen; both sensitized and exposed to high levels of
the sensitizing allergen. Sensitized children who were ex-
posed to high levels of the sensitizing allergen had sig-
nificantly poorer lung function (n=49, sR,,, kPa/s; GM,
1.20;95% CI, 1.13-1.28) than children who were either
not sensitized and not exposed (n=114; GM, 1.08; 95%
CI, 1.04-1.12); not sensitized, but exposed to high aller-
gen levels (n=282; GM, 1.07;95% CI, 1.05-1.10); or sen-
sitized and not exposed (n=53; GM, 1.12;95% CI, 1.06-
1.18; P=.005; 1-way ANOVA) (Figure 2).

MULTIVARIATE ANALYSIS

Regression analysis was performed including variables
for which a significant association with sR,,, was found
in the univariate analysis (child’s sensitization and ex-
posure status, parent-reported wheezing and eczema, and
parental history of asthma and maternal smoking). In-
dependent significant associations with sR,, were seen
for maternal and paternal asthma and sensitization and
exposure status. Maternal smoking and child’s eczema
were not significant and independent associates of sR,,
while there was some evidence of a relationship with par-
ent-reported wheezing (Table 3). The estimated mar-
ginal means (means adjusted for other factors) for sR,,
in a multiple ANOVA model in relation to the sensitiza-
tion and exposure status are presented in Table 4. The
post hoc analysis revealed that sensitization in the ab-
sence of exposure or exposure in nonsensitized indi-
viduals were not associated with poor lung function (sen-
sitized/not exposed vs not sensitized/not exposed, P=.89;
not sensitized/not exposed vs not sensitized/exposed,
P=.96). However, the combination of sensitization and
exposure to sensitizing allergens was associated with
markedly and significantly poorer lung function (sensi-
tized/exposed vs not sensitized/not exposed, P=.05; sen-
sitized/exposed vs not sensitized/exposed, P=.008).
We observed significant interactions between mater-
nal and paternal asthma and sensitization and exposure
status. The estimated marginal mean for sR,, in a mul-
tiple ANOVA model was substantially and significantly
worse in those children who were sensitized and highly
exposed to sensitizing allergens and had both mothers and
fathers with a history of asthma (GM, 2.23;95% CI, 1.68-
2.97), compared with the children with neither of these
features (GM, 1.09; 95% CI, 1.04-1.16) or just 1 of them.

B covent [

Children aged 3 years who were both sensitized and cur-
rently exposed to high levels of sensitizing allergen had
significantly worse lung function compared with those
who were either not sensitized, or were sensitized but
not currently exposed. These results indicate that sen-
sitization per se in the absence of exposure to allergen-
causing sensitization has little effect on lung function in
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Figure 2. Effect of sensitization and exposure status on specific airway
resistance (sR,,) at age 3 years. Cl indicates confidence interval;

GM, geometric mean; kPa/s, kiloPascal per second; NS/NE, not sensitized
and not exposed to any of the allergens; NS/E, not sensitized, but exposed to
high level of at least 1 allergen; S/NE, sensitized, but not exposed to high
level of sensitizing allergen; S/E, both sensitized and exposed to high levels
of the sensitizing allergen.

preschool children. However, sensitization has a major
effect on lung function within the context of specific ex-
posure. It should be emphasized that our observations
were based on a single evaluation of each child made dur-
ing quiet breathing and in the absence of any evidence
of viral infection. It is possible that atopic children would
respond differently to exercise or viral syndrome chal-
lenge than nonatopic children. Our data revealed sig-
nificant interactions between maternal and paternal
asthma and a child’s sensitization and exposure status.
After adjusting for the history of wheezing, lung func-
tion was substantially and significantly worse (~100%
higher sR,,,) in children who were sensitized and ex-
posed to high levels of sensitizing allergens and had both
mothers and fathers with a history of asthma, compared
with the children with none or any 1 of these features.
This suggests that there is a strong inherited compo-
nent that interacts with environmental exposures, pre-
disposing children to poor lung function in early life. Our
data indicate that allergen sensitization and exposure may
be clinically relevant events in young children, and the
emphasis on viral infection as a predominant cause of
wheezing in this age group may not be accurate.

Cat and dog ownership either at birth or at 3 years of
age had no effect on lung function. It is important to em-
phasize that these data do not provide any firm evi-
dence on the relationship between pet ownership and
asthma, but do suggest that if any association does ex-
ist, it is unlikely to be mediated via lung function.

Investigation of the effect of sensitization and expo-
sure to individual allergens on different outcomes is inevi-
tably confounded by the fact that some individuals are sen-
sitized (and/or exposed) to more than 1 allergen. Coupled
with the fact that despite the size of the cohort, a relatively
small number of children were sensitized and exposed to
individual allergens, this could have contributed to equivo-
cal data on the effect of high exposure to mite and cat al-
lergens on lung function in children sensitized to those al-
lergens. In a group of older, dust mite—allergic Australian
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Table 3. Main Factors in Multivariate Analysis

Variables Included in Model P Value F Value Significant Interactions* P Value F Value
Maternal asthma .004 8.47 SE status .001 5.66
Paternal asthma .02 5.79 SE status .024 3.19
Parent-reported wheezing .08 3.07 NA NA NA
Parent-reported current eczema 12 2.49 NA NA NA
Maternal smoking during pregnancy .93 0.008 NA NA NA
SE status <.001 7.26 Maternal/paternal asthma interaction .01 3.32

Abbreviations: NA, not applicable; SE, sensitization and exposure.

*Sensitization and exposure status: not sensitized and not exposed to any of the allergens; not sensitized, but exposed to high level of at least 1 allergen;
sensitized, but not exposed to high level of sensitizing allergen; both sensitized and exposed to high levels of the sensitizing allergen.

Table 4. Estimated Marginal Means of the Specific Airway
Resistance Levels in Relation to Sensitization and
Exposure Status in a Multiple ANOVA Model

sR.., Geometric Mean*
(95% Confidence Interval)

1.14 (1.04-1.24)

Not sensitized, not exposed (NS/NE)

Not sensitized, exposed (NS/E) 1.10 (1.05-1.15)
Sensitized, not exposed (S/NE) 1.21 (1.08-1.37)
Sensitized and exposed (S/E) 1.38 (1.26-1.51)

Abbreviations: ANOVA, analysis of variance; sR,,, specific airway
resistance.

*Derived from estimated marginal means in ANOVA. All P values are
derived from the Scheffe post hoc multiple comparison test: NS/NE vs NS/E,
P=.96; NS/NE vs S/NE, P=.89; NS/E vs S/NE, P=.65; S/NE vs S/E, P=39;
NS/NE<S/E, P=.05; NS/E<S/E, P=.008.

school children, Jalaludin et al* reported a significant in-
verse relationship between peak expiratory flow and mite
allergen concentration in sensitized children but no asso-
ciation in children who were not sensitized.

In contrast to the findings on mite and cat allergen
exposure, we found a significant positive correlation be-
tween sR,,, and levels of dog allergens in children sensi-
tized to dog allergens, with exposure to increasing lev-
els of dog allergens being associated with deterioration
in lung function. Nelson et al? investigated the effects
of high exposure in sensitized children enrolled in the
Childhood Asthma Management Program (CAMP) study.
Similar to the finding in the current study, sensitization
to dog allergens had a significant independent effect on
lung function (assessed by measuring forced expiratory
volume in 1 second [FEV,]). However, in contrast to our
findings, there was no difference in prebronchodilator
FEV; or airway reactivity between sensitized children who
were exposed or not exposed to dog allergen. These dif-
ferences may be explained by the different study de-
signs and the primary outcome measures (eg, we pre-
sent the data from the whole population study, compared
with only asthmatic children in CAMP; participants in
our study were younger; FEV, may be a less sensitive tool
to detect the differences in lung function compared with
the specific airway resistance).

While there is a paucity of data on the effect of aller-
gen exposure on lung function in early life, several stud-
ies have concluded that exposure is a risk factor for ex-

acerbations in sensitized individuals with established
asthma. In a study of 405 adults, Gehring et al*' re-
ported that sensitized subjects exposed to elevated con-
centrations of mite and cat allergens had the highest risk
of asthma attacks and respiratory symptoms. Similarly,
in 140 sensitized women with asthma the presence of high
levels of cat and cockroach allergens significantly con-
tributed to asthma morbidity.**

Experimental studies have suggested that several mite
allergens are proteolytic enzymes that can potentially
cause airway damage independently from their aller-
genic effect.”** However, in the current study, we found
no evidence for the independent effect of high levels of
mite allergen, or other allergens, on lung function. This
is in agreement with the data showing no relationship
between mite and cat allergen exposure and FEV, at 7
years of age.* In our study, allergen exposure exhibited
the effect on early-life lung function only in sensitized
individuals, and independent of a history of wheezing.

Thorough knowledge of the factors affecting lung
physiology in early life could have a major effect on our
understanding of the causes of asthma. The data from the
Tucson cohort suggest that a deficit in lung function in
persistent wheezers is not present early after birth, but
seems to be acquired during the first years of life.” Im-
portant information on the relationship between stan-
dard measures of lung function in childhood with adult
asthma comes from the Melbourne Asthma Study,’ where
participants have been reviewed at the ages of 10, 14, 21,
28, 35, and 42 years. The results suggest that the clini-
cal pattern of asthma in early childhood is predictive of
that in adult life.° Furthermore, individuals with trouble-
some symptoms in adult life had an early loss of FEV, in
childhood (at 10 years), which did not appear to progress
ata greater rate as compared with the asymptomatic group
or those with mild symptoms.®?® Similarly, a recent
study®"*® from New Zealand suggests that reduction in
lung function at age 26 years could be tracked to decre-
ments at 9 years of age.

In this study we report on the effect of several envi-
ronmental exposures on lung function in preschool chil-
dren. Our data suggest that allergic sensitization in the
absence of exposure to the specific sensitizing allergen
or exposure to high allergen levels in individuals not sen-
sitized to that allergen are not associated with poor lung
function. However, the combination of sensitization and
exposure to sensitizing allergen is associated with sig-
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D v 1his suudy Adds [

The effect of pet ownership and allergen exposure on the
development of asthma and sensitization is unclear. It
is known that the majority of asthma cases originate early
in life and are associated with impaired lung function in
older children that may track to persistent disease in adult
life. The majority of studies in young children inevita-
bly focus on parent-reported symptoms due to the pau-
city of data on lung function in early life. It is therefore
important to elucidate those factors which affect lung
function in preschool children in order to help our un-
derstanding of the early life development of asthma.

This study shows that in young children a combina-
tion of sensitization and exposure to a sensitizing aller-
gen results in significant deficits in lung function when
compared with sensitization alone or sensitization with-
out current exposure to the sensitizing allergen. A strong
heritable component was shown to interact with sensi-
tization and environmental exposures. The study sug-
gests that allergen sensitization and exposure may be clini-
cally relevant even in early life.

nificantly poorer lung function in early life. This may help
our understanding of the often confusing association be-
tween atopy and asthma.
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