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Learning Objectives

* Recall associations among different home environments (especially with
and without a pet), indoor air quality, and specific allergic sensitization.

* Summarize ways in which the presence of allergens and indoor air quality
relate to lung function and general health status.

* Identify relationships between the home environment and health outcomes
that remained significant after multivariate analysis.

Abstract

Objective: We sought to study the combined effects of multiple home indoor
environmental exposures in adult asthma and rhinitis. Methods: We studied 226 adults
with asthma and rhinitis by structured interviews and home assessments. Environ-
mental factors included dust allergen, endotoxin and glucan concentrations, and
indoor air quality (IAQ) variables. Outcomes included forced expiratory volume in 1
second (FEV ) percent predicted, Severity of Asthma Score (SAS), Short-Form (SF)-12
Physical Component Scale (PCS), and asthma Quality of Life (QOL) score. Results:
House dust-associated exposures together with limited IAQ variables were related to
FEV, % predicted (R> = 0.24; P = 0.0001) and SAS (R* = 0.18; P = 0.007). IAQ
and limited dust variables were associated with SF-12 PCS (R*> = 0.15; P = 0.02), but
not QOL (R° = 0.13; P = 0.16). Conclusions: The home environment is strongly
linked to lung function, health status, and disease severity in adult asthma and rhinitis.
(J Occup Environ Med. 2005,47:362-372)
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great deal of research has focused on
the etiologic role of the home indoor
environment in new-onset asthma
and rhinitis. The effect of the same
factors on established asthma has not
been well studied, particularly
among adults. Even less is known
about the home environment’s rela-
tionship to health status in rhinitis,
despite its frequent comorbidity in
asthma.

Allergen exposure is presumed to
be an aggravating factor for asthma
and rhinitis in the home indoor envi-
ronment; reduction in the home al-
lergen burden, especially through
dust mite control, is recommended
for better disease management, al-
though the controlled data support-
ing even this intervention have been
debated.'® Beyond a discrete set of
common allergens, other compo-
nents of the indoor home environ-
ment typically are assessed on an
exposure-by-exposure basis, rather
than in combination. Such exposures
include secondhand smoke”*®; nitro-
gen dioxide’''; mold, mildew, and
moisture'?; volatile chemicals'?; and
endotoxin and glucans.'*~'® Encom-
passing a broad range of potential
home environmental risk factors
within any single study presents a
major research challenge.®'”~"?

We investigated the combined ef-
fects of multiple aspects of the home
indoor environment on adult asthma
and rhinitis, including allergens, en-
dotoxin, and indoor air quality (IAQ)
measurements. We assessed multiple
outcomes, including lung function,
chronic disease-specific severity,
general health status, and asthma-
specific quality of life. This approach
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is predicated on a model in which
multiple factors act in concert, not
simply individually, to affect asthma
and rhinitis.

Materials and Methods

Initial Subject Recruitment

All aspects of the study were con-
ducted following institutional Com-
mittee on Human Research review.
Subjects with asthma were recruited
through a random sample of pulmo-
nary and allergy specialists in north-
ern California beginning in 1992,
followed by a sample of family med-
icine practices in 1996.*' In 1999,
a third group of subjects was re-
cruited by random-digit dialing in
the community at large within the
same Northern California area.>” The
latter sample included subjects re-
porting a physician’s diagnosis of
asthma, a diagnosis of rhinitis, or a
diagnosis of both conditions. Find-
ings from baseline and follow-up
interviews have been reported previ-
ously. >3

Follow-Up for Telephone
Interviews and Home Visits

In total, 548 eligible subjects com-
pleted the interview wave conducted
prior to the one used in this study
(2002-2003). Of the potential sub-
jects for follow-up, 6 (1%) had died,
114 (21%) declined participation, 12
(2%) could not be recontacted suc-
cessfully, and 416 were interviewed
(76%). Among the original physi-
cian-recruited group, 281 (81%)
were reinterviewed (228 from the
pulmonary-allergy; 53 from the fam-
ily practitioner recruitment). Among
the population-based group, 135
(68%) were interviewed. This in-
cluded 76 individuals with rhinitis
but no concomitant asthma.

Excluding those who had moved
out of the study geographic range of
northern California from Fresno to
the Oregon border, 390 interviewed
subjects were eligible for home vis-
its. Forty-nine declined a home visit
at the completion of the structured
phone interview; 115 additional sub-

jects declined upon inquiry to sched-
ule a visit. A total of 226 (58%)
home visits were ultimately com-
pleted. Of these, 121 (54%) were
from the SF-Oakland—San Jose Con-
solidated Metropolitan Statistical
Area (CMSA), 44 (19%) from the
Sacramento CMSA, and 61 (27%)
from elsewhere in Northern Califor-
nia. The median time elapsed be-
tween interview and home visit was
8.1 weeks (57 days). There were
only minor differences (Table 1) be-
tween subjects who did and did not
undergo home visits.

Subject Telephone Interviews

Subjects were interviewed with a
structured telephone survey that av-
eraged 45-minutes in length, using
computer-assisted telephone inter-
view software. The median time
elapsed since the last interview and
follow-up was 22 months. Core com-
ponents of the questionnaire were
based on items developed for and
used in multiple previous waves of
the study and thus have been tested
thoroughly. These include an exten-
sive survey of prescription and over-
the-counter medication use, medical
care utilization and costs during the
12 months before interview, annual
household income, employment
data, and cigarette smoke exposure.
Factors in the home environment that
could adversely affect the subject’s
asthma or allergic rhinitis condition
were also elicited in the telephone
survey, as well as in a later home
visit.

Health Status, Disease Severity,
and Disease-Specific Quality of
Life

General health status was assessed
with the SF-12, yielding the Physical
Component Scale (SF-12 PCS)
scores. The SF-12 PCS has a norma-
tive score of 53 = 7 among US
adults aged 18-44 years without
chronic morbidity.*'>* Asthma se-
verity was quantified with the Sever-
ity of Asthma Score (SAS), a previ-
ously validated measure that
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includes current symptoms, recent
medication use, and lifetime experi-
ence of certain types of health care
utilization.”>** A maximum score of
28 reflects the greatest asthma sever-
ity. Subjects in the cohort who did
not report a physician’s diagnosis of
asthma were nonetheless asked the
component questions and could
achieve scores greater than zero. The
Marks Asthma Quality of Life
(QOL) questionnaire, a validated,
asthma-specific instrument using a
20-item Likert-type scale adapted for
telephone administration, was ad-
ministered only to subjects with asth-
ma.’>>® A maximum summary score
of 60 reflects the greatest adverse
effects of asthma on QOL.

Lung Function

Home visit spirometry was per-
formed using an EasyOne Spirome-
ter (ndd Medical Technologies,
Chelmsford, MA). The EasyOne
meets ATS 1994 diagnostic stan-
dards for spirometry measure-
ments.?” Spirometry measurements,
including forced expiratory volume
in 1 second (FEV,), were taken using
a standard protocol conforming to
ATS guidelines.*®

Serum-Specific and Total IgE
and Serum Cotinine

Overall, 214 blood samples were
analyzed for IgE (11 declined analy-
sis; 1 specimen lost). There were 199
samples with serum cotinine results
for analysis after further excluding
14 subjects who reported current
smoking and 2 others who denied
smoking but had cotinine levels that
indicated active smoking. Active
smokers were only excluded from
the cotinine analyses in this study.

Samples were assayed for specific
IgE antibodies for cat, dog, cock-
roach, and dust mites (both Der p 1
and Der f 1) (Unilab Corporation,
San Jose, CA), using standard aller-
gens covalently coupled to Immuno-
CAP for assays corresponding to the
allergens we also measured in dust
(see below). Total serum IgE anti-
body concentrations were quantified
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TABLE 1

Subject Characteristics by Home Visit Participation Status

Home Visit Status

Completed Not Completed All Subjects
Subject Characteristics (n = 226) (n = 190) (n = 416) P Value

Age, mean (SD) 45 (9) 46 (9) 46 (9) 0.46
Female, n (%) 156 (69%) 138 (73%) 294 (71%) 0.49
Education,* n (%) 0.47

Did not graduate high school 2 (1%) 3 (1%) 5(1%)

High school graduate 32 (14%) 27 (14%) 59 (14%)

Some college 71 (831%) 6 (35%) 137 (33%)

College graduate 77 (35%) 60 (32%) 137 (33%)

Masters or PhD 43 (19%) 34 (18%) 77 (19%)
Annual family income,* n % 0.34

Less than $20,000 21 (9%) 9 (5%) 30 (7%)

$20,000-$40,000 37 (16%) 20 (11%) 57 (14%)

$40,000-$60,000 32 (14%) 3 (17%) 65 (16%)

$60,000-$80,000 35 (16%) 41 (21%) 76 (18%)

$80,000-$100,000 36 (16%) 31 (16%) 67 (16%)

More than $100,000 60 (27%) 43 (23%) 103 (25%)

Missing 5(2%) 3 (7%) 8 (4%)
Employment status, n (%) 0.55

Working 164 (73%) 143 (75%) 307 (74%)

On leave 3 (1%) 4 (2%) 7 (2%)

Unemployed ( %) 8 (4%) 8 (4%)

Unable to work 3 (10%) 11 (6%) 34 (8%)

Other 6 (12%) 24 (13%) 50 (12%)
Race, n (%) 0.40

White or other 184 (81%) 162 (85%) 346 (83%)

Black 3 (6%) 7 (4%) 20 (5%)

Asian 0 (4%) 12 (6%) 22 (5%)

Pacific Islander 8 (4%) 3 (2%) 1 (8%)

Native American 11 (5%) 6 (3%) 7 (4%)
Latin or Hispanic origin, n (%) 27 (12%) 21 (11%) 48 (12%) 0.90

Home visit status “not completed” includes both ineligible subjects outside geographic range and subjects who declined the home visits

after completing telephone interviews.

*Mantel-Haenzel x? for trend reported for education and income after excluding missing subjects (educational status missing for one subject;

income for 18 subjects).

according to standard methods at the
same commercial laboratory. Total
IgE concentrations were divided into
three categories of likelihood for ato-
py: low (<25 kU/L), equivocal (25
to 100 kU/L), and probable (>100
kU/L) IgE. The limit of detection
was 2 kU/L for total IgE and 0.35
kU/L for the specific IgE tests.

Concentrations of cotinine in
blood were determined using liquid
chromatography—tandem mass spec-
trometry (LC-MS/MS). Deuterium-
labeled cotinine (cotinine-dg) was
used as an internal standard.’® The
limits of quantification and detection
for cotinine were 0.2 ng/mL and 0.05
ng/mL, respectively.

Home Environment Checklist
and IAQ

A home environment checklist in-
cluded the presence of pets and signs
of moisture (based on damp patches
obvious by direct visual inspection
of the living room and bedroom ceil-
ings and walls) or mildew (based on
mold or mildew obvious by direct
visual inspection of the bathroom
ceiling, walls, tiled surfaces, and cur-
tains). TAQ measurements were
taken for at least 5 minutes in a
maximum of three locations: the sub-
ject’s bedroom, the room in which
the greatest amount of nonsleeping
time was spent (typically, a family

room or living room), and the
kitchen. Of 226 homes studied, 31
(14%) had a living arrangement that
combined more than one of the pre-
defined areas in a single living space.
For analysis, a single set of IAQ values
was generated based on the averaged
value for the subject’s sleeping area,
habitation area, and kitchen. Of the
226 subjects, there were 208 (92%) for
whom all IAQ endpoints were avail-
able for analysis.

Carbon monoxide, carbon dioxide,
humidity, and temperature were
measured with the IAQ Monitor
(model ag-5000, Quest Technolo-
gies, Oconomowoc, WI). Relative
humidity was measured with a ca-
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pacitive detector, carbon monoxide
was measured with an electrochemi-
cal sensor, and carbon dioxide was
measured with a nondispersive infra-
red detector. Moisture was measured
at multiple sites with the NO-PINS
Moisture Meter, Model CTI100
(Electrophysics, London, Ontario,
Canada) and averaged to generate a
single value.

Nitrogen Dioxide,
Formaldehyde, Acrolein, and
Volatile Organic Compounds

Palmes tube passive samplers
were used to test for kitchen nitrogen
dioxide.*® Aldehyde, acrolein and
volatile organic compounds (VOCs)
were assessed using passive diffu-
sion monitoring badges (Assay
Technology Analytical Laboratory,
Pleasanton, CA). Subjects returned
monitors after 1 week’s sampling
time. Most samples (74%) were kept
in the home for 7 days; 91% between
5 and 9 days. Nine subjects did not
return a Palmes tube, leaving 217
analyzed spectrophotometrically by
the ESE Lab (Harvard School of
Public Health, Boston, MA). The
limit of detection (LOD) for 1 week
of sampling was 1.0 part per billion
(ppb) nitrogen dioxide.

In total, 226 badges of one of the
three organics were available from
213 households for analysis: 71 ac-
rolein, 130 aldehyde, and 26 VOCs.
The badges were analyzed by their
manufacturer. The LOD for formal-
dehyde is 0.05 pg and for acrolein is
0.5 g per badge. For VOCs, the
LOD is dependent on the substance
analyzed: benzene = 0.5 pg; ethyl
benzene = 0.5 pg; toluene = 0.5 pg;
xylene = 0.6 pg.

Dust Sampling

The dust sampling was designed to
collect two samples of at least 200
mg of dust, one from the subject’s
bed and one from the floors of the
kitchen and living room, using a
Shark vacuum cleaner (Euro-Pro
Turbo Hand Vacuum, Model
EP033).*! The mattress pad and pil-

lows of the bed were vacuumed for 8
minutes at 250 to 550 L/min; the
kitchen floor was vacuumed for 2
minutes and the living room floor for
6 minutes. Vacuuming was per-
formed through a stainless-steel wire
mesh screen that removed very large
particles (opening size 0.014"
square) and a final filter (37 mm
cellulose support pad) that retained
small particles. Each minute, prefil-
ter dust was removed.

Of 226 households, 223 samples
were collected from the bed and 223
collected from the kitchen/living
room floors. No data at all were
obtained from one household; for
two beds and two kitchen/living
room floors no sample was collected.
Three bed samples and one kitchen/
living room floor sample had insuf-
ficient amounts of dust for analysis,
leaving a total of 220 bed and 222
kitchen/living room floor samples
that could be analyzed.

Dust Analysis of Allergens

All dust samples were analyzed
for allergens by the laboratory of Dr
S. Katharine Hammond (University
of California Berkeley). Samples
weighing less than 200 mg were
evenly divided so that a minimum
amount (>25 mg) per four aliquots
per sample could be maintained.
Samples were kept frozen until ex-
traction. For allergen analysis, ex-
traction used 5 mL of 0.05% Tween
20 (PBS-T, pH 7.4) per aliquot; the
tubes were gently rotated for 2 hours,
then centrifuged for 20 minutes at
2500 rpm. Supernatants were ana-
lyzed for each of five allergens: dog
(Can f 1), cat (Fel d 1), cockroach
(Bla g 1), and two types of dust mite
(Der p 1 [Dermatophagoides ptero-
nyssinus] and Der f 1 [Dermatopha-
goides farinae]) using enzyme-
linked immunosorbent assays
(ELISAs). These are the allergens
that are routinely measured in most
studies assessing indoor exposure to
cat, dog, cockroach, and dust mite
(although Der f 1 and Der p 1 not
always both sampled in the same
Study).1’2’5’18
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All ELISA kits, including antibod-
ies and standards, were purchased
from Indoor Biotechnologies (Char-
lottesville, VA). The allergen con-
centrations were calculated by using
the standard curve and quantified in
micrograms (pg) of allergen per
gram of dust (cat, dog, and mites) or
units (U) per gram of dust (cock-
roach). The LODs (quantification
limits) in micrograms allergen per
gram of dust were dog, 0.1 (0.20);
cat, 0.06 (0.50); dust mite [Der f 1 or
Der p 1], 0.10 (0.78); for cockroach,
the LOD was 0.78 U/g (3.13 U/g).

Endotoxin and Glucan Assays

Dust samples were analyzed for
endotoxin and glucan at the Univer-
sity of Iowa Environmental Health
Sciences Research Center. Samples
were eluted as 50 mg/mL in pyro-
gen-free water containing 0.05%
Tween 20 and shaken for 1 hour at
room temperature. Samples were
centrifuged for 20 minutes at 600 X
g at 4°C; 0.1-mL aliquots of super-
natant were removed to pyrogen-free
cryovials for analyses.

Endotoxin was analyzed using the
Limulus Amebocyte Lysate Kinetic-
QCL Test Kit (BioWhittaker).** Dilu-
tions of standards were performed in
cleaned borosilicate glass tubes
(heated more than 2 hours in a 200°C
oven to remove endotoxin). Twofold
serial dilutions of endotoxin standards
were prepared using pyrogen-free wa-
ter containing 0.05% Tween 20. A
12-point calibration curve ranging
from 0.05 to 100 EU endotoxin stan-
dard/mL gave a correlation = 0.997 to
0.998 based on maximum change of
optical density over time.

Glucan was analyzed using a
newly developed method. To extract
glucan, 0.1 mL of 10 X PBS was
added to diluents, which were shaken
for 1 hour at room temperature, au-
toclaved for 1 hour at 120°C, shaken
for 15 minutes, and centrifuged at
600X g for 20 minutes at 4°C before
supernatants were collected.

The amount of fungal glucan in
the dust eluates was quantified by
sandwich ELISA wusing custom
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TABLE 2

Lung Function, Disease Severity, Health Status, and Asthma-Specific Quality of Life for Home Visit Participants

Correlation With

Correlation With Correlation With

SF-12 Severity Score Asthma QOL
Health Measure N Mean (SD) (P Value) (P Value) (P Value)
FEV, Percent predicted 226 85.4 (18.4) 0.24 -0.43 -0.29
(0.002) (<0.0001) (—0.001)
SF-12 Physical component score 226 45.0 (11.1) 1.0 -0.39 -0.60
— (<0.0001) (<0.0001)
Severity of Asthma Score (SAS) 226 6.8 (5.3) — 1.0 0.60
— (<0.001)
Asthma quality of life (QOL) Score * 189 16.1 (15.2) 1.0

*Excludes 36 subjects with rhinitis alone but without a physician’s diagnosis of asthma and 1 subject with missing data.

mouse anti-(1—3,1—6)-B3-D-glucan
monoclonal antibody as the capture
antibody and rabbit anti-scleroglucan
polyclonal antibody as the second
antibody.

Statistical Analysis

We categorized the primary predic-
tor variables related to the home envi-
ronment into two general categories.
The first category included allergens
and IgE status, endotoxin, and glucan.
Allergen levels were logarithmically
transformed; where two detectable al-
lergen values were available (eg, from
the floors and bed), we used whichever
was the higher. For endotoxin and
glucan, values were averaged between
the bed and floor values. We tested
differences in allergen, endotoxin, and
glucan levels by pet ownership status
using the Wilcoxon rank sum test.

The second category of variables
was related to TAQ, including serum
cotinine (measuring secondhand
smoke exposure) and indoor concen-
trations of various gases, humidity, and
wall dampness. We recognized that
some of the factors categorized as IAQ
variables might act through either al-
lergic or non-allergic pathways.

The primary outcomes studied
were FEV, % predicted based on
NHANES 11 derived equations, us-
ing separate predictive values for
non-Hispanic whites, Hispanics, and
blacks,** and the SF-12 PCS as a
measure of general health status.
Secondary outcomes were the SAS
(a disease-specific severity measure
paralleling FEV, % predicted) and

the asthma QOL score (a disease-
specific measure paralleling the SF-
12). We excluded from the QOL
analysis subjects who reported rhini-
tis without concomitant asthma, be-
cause they were not asked to com-
plete this disease-specific instrument
as part of their interviews.

To assess the relationships between
independent and dependent variables
we used a stepped approach. First, we
tested individual independent variables
in linear regression models using
FEV, % predicted and SF-12 PCS as
the dependent variables. We also con-
ducted sensitivity analyses limited to
allergen exposure only in the subgroup
sensitized to dust mite, cat, or dog.
Additional analyses tested IAQ expo-
sures on a room by room basis. Next,
independent variables associated with
P < 0.20 were entered into multivari-
ate analyses. Because we tested clus-
ters of related variables together, the
first linear regression model was not
univariate in all cases. If the P value
associated with any one of the param-
eters in a cluster of variables was
<0.20, all of the variables in that
cluster were included in the multivari-
ate analysis. We reduced two variables
that had been multilevel ordinal (num-
ber of plants and carpet pile depth) to
dichotomous variables.

Results

Outcome Variable Frequency

Table 2 presents descriptive statis-
tics and correlations among four key
outcomes analyzed. For SF-12 PCS,

SAS, and asthma QOL, no statisti-
cally significant difference was de-
tected in scores between those stud-
ied in the home visits and those who
were not studied (data not shown).
Among those with rhinitis alone
(n = 36), 25 scored >0 on the SAS,
consistent with possible concomitant
asthma (the maximum score in this
subgroup was 6 points).

Indoor Allergens and Endotoxin

The most common specific allergic
sensitization (Table 3) was to dust
mite: 77 (36%) were positive either for
Der £ 1 (70; 33%) or Der p 1 (76;
36%). Dust mite allergen was signifi-
cantly higher in the homes of those
who were sensitized (P < 0.001). Cat
sensitization (67; 31%) and dog sensi-
tization (31; 14%) frequencies also are
shown in Table 3. Cat allergen levels
were higher in the homes of current cat
owners (P < 0.001), as were dog
allergen levels among current dog
owners (P < 0.001). No association
was found between cat sensitization
and current cat ownership (P = 0.85)
or cat allergen concentration (P =
0.99). Similarly, there was no relation-
ship between dog sensitization and
current dog ownership (P = 0.69) or
dog allergen concentration (P = 0.46).

Endotoxin and glucan were signif-
icantly correlated (r = 0.35; P <
0.001). Endotoxin levels were signif-
icantly higher in homes with dogs
(median = 52 EU/mg dust) than
those without (median = 36 EU/mg;
P = 0.008). Similarly, glucan was
also higher in dog owners’ homes
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TABLE 3
Dust Content and IgE Status Assessed in 226 Home Visits
Variable n Distribution
Total dust weights
Kitchen/LR floor, median dust weight in mg, (25th to 75th IQR) 223 116 (55-255)
Bed, median dust weight in mg (25th to 75th IQR) 223 89 (36-189)
Dust mite allergy and exposure status
Dust mite IgE positive for Der f 1 or p 1, n (%) 214 77 (36%)
Dust mite allergen pg/g house dust, median (25th to 75th IQR)
All subjects tested 225 0.1 (0-1.9)
IgE-positive subjects only 77 1 (0-5)
Pet ownership by IgE status
Dog owner, n (%) 226 103 (46%)
Cat owner, n (%) 226 80 (35%)
Dog IgE positive, n (%) 214 31 (14%)
Cat IgE positive, n (%) 214 67 (31%)
Pet antigen in png/g house dust, median (25th to75th IQR)
Dog allergen, all subjects tested 225 12 (2-93)
Dog allergen, IgE-positive subjects only 31 26 (3-117)
Cat allergen, all subjects tested 225 5 (1-74)
Cat allergen, IgE-positive subjects only 67 4 (2-82)
Total serum IgE 214
Low (<25 kU/L) for atopy, n (%) 55 (26%)
Equivocal (25 to 100 kU/L) for atopy, n (%) 78 (36%)
Probable (>100 kU/L) for atopy, n (%) 81 (38%)
Endotoxin in EU/mg dust, median (25th to 75th IQR) 214 42 (23-70)
Fungal Glucan in png/g house dust, median (25th to 75th IQR) 211 211  (124-426)

Dust antigen levels reported are the highest detected; endotoxin and glucan are averaged between the bed and floor samples.

IQR indicates interquartile range.

TABLE 4
Exposure Variables Related to IAQ Assessed in 226 Home Visits
Variable n Distribution

Serum cotinine (recent secondhand smoke exposure), n detectable (%) 199 35 (18%)
Wall dampness as percent moisture, mean (SD) 225 9
Air humidity as percent, mean (SD) 224 50 (9)
Air CO, ppm, mean (SD) 221 760 (300)
Air CO ppm, mean (SD) 217 0.3 (0.8)
Houseplants, n (%) (none = referent) 226

1-4 87 (39%)

5-10 65 (29%)

11 or more 33 (15%)
Damp living room or bedroom, n (%) 226 19 (8%)
Mold visible in bathroom, n (%) 226 40 (18%)
Air-filtering device, n (%) 226 57 (25%)
Heat source (other heating source = referent) 226

Gas wall heating unit, n (%) 31 (14%)

Coal or wood heat, n (%) 35 (15%)
Kitchen NO, ppb, mean (SD) 217 13 (14)
Kitchen formaldehyde ppb, mean (SD) 130 15 (10)
Kitchen gas stove or oven, n (%) 226 121 (54%)
Bedroom air conditioner, n (%) 226 62 (27%)
Bedroom humidity controls (no control = referent) 226

Humidifier, n (%) 10 (4%)

Dehumidifier, n (%) 4 (2%)
Bedroom carpet status and pile depth (no wall-to-wall carpeting = referent) 226

Wall-to-wall carpet pile <1“, n (%) 57 (25%)

Wall-to-wall carpet pile =1, n (%)

100 (44%)
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TABLE 5

FEV, % Predicted and SF-12 Physical Component Score in Relation to Antigens, Antibodies, Endotoxin, and Glucan

Dependent Variables Studied

FEV, % Predicted SF-12 PCS
Variables Tested in Unadjusted Models n B SE B SE
Dust, kitchen/living room floor per 100 mg 223 -0.7t 0.5 0.2 0.3
Dust, bed per 100 mg 223 —-2.0* 0.6 0.2 0.4
Dust mite allergen and specific IgE 214
Dust mite specific IgE positive -24 2.8 3.9* 1.6
Dust mite allergen (log) 0.3 0.3 0.1 0.2
Dog allergen and specific IgE 214
Dog owner —8.5% 3.3 -2.0 21
Dog IgE positive -9.3* 3.5 -0.3 2.2
Dog allergen (log) 0.4 0.7 0.1 0.4
Cat allergen and specific IgE 214
Cat owner 1.5 3.9 0.5 2.4
Cat IgE positive —-9.4* 2.7 0.1 1.6
Cat allergen (log) -0.3 0.7 -0.3 0.4
IgE (Referent = IgE low for atopy) 214
IgE equivocal (25-100 IU/L) -7.7* 3.2 —-0.1 2.0
IgE probable (>100 IU/L) —8.9* 3.2 2.0 1.9
Endotoxin (referent = <25% quartile) 214
25% to 50% quartile (>23, =42 EU/mg dust) —-6.21 3.5 -1.1 2.2
50% to 75% quartile (>42, =70 EU/mg dust) -2.9 3.6 -1.9 2.2
75% to 100% quartile (>70 EU/mg dust) -2.7 3.5 -2.3 2.2
Glucan (Referent = <25% quartile) 211
25% to 50% quartile (>124, =211 wg/g dust) 1.7 3.6 -3.8t 2.1
50% to 75% quartile (>211, <=426 pg/g dust) 0.7 3.6 —-2.4 2.1
75% to 100% quartile (>426 p.g/g dust) -0.1 3.6 -3.1t% 2.2

*P < 0.05; 10.05 < P < 0.20.

Individual variables or variable clusters in bold were included in a multiple linear regression models of FEV, percent predicted or SF-12 PCS

based on a cut off P < 0.20 (see Table 7).

(median 0.29 pg/g dust) than
those without (median = 0.17 pg/g)
(P = 0.001). No statistically signifi-
cant association was detected be-
tween cat ownership and levels of
either endotoxin (P = 0.48) or glu-
can (P = 0.19). Cockroach-specific
IgE was present in only 24 (11%) of
214 subjects; cockroach allergen was
detected in only 6 of 225 (3%) of
homes. We did not analyze this al-
lergen further.

IAQ

The distributions for the IAQ vari-
ables are presented in Table 4. Of
199 nonsmoking subjects, 35 (18%)
had detectable cotinine levels consis-
tent with recent secondhand cigarette
smoke exposure. Wall dampness and
room air humidity were correlated
(r = 0.4; P <0.001), as were nitro-
gen dioxide and carbon dioxide (r =

0.23; P = 0.001). Nitrogen dioxide
levels were higher in homes with gas
stoves (median value = 11 ppb in
114 homes) than in those without
(median = 6 ppb in 103 homes; P <
0.0001). Dust glucan concentrations
did not correlate with measured wall
dampness (r = -0.02; P > 0.7) and
did not differ statistically by the
presence of bedroom or living room
wall dampness or bathroom mold.
Formaldehyde was above the level of
detection in all of the 130 homes
sampled, although values were low
(mean 15 ppb; maximum = 53 ppb).

We conducted acrolein and VOC
testing in a subset of subjects. Fur-
ther acrolein sampling was discon-
tinued after initial testing yielded
values below the level of detection
for 41 (58%) of 71 samples tested.
VOCs were nondetectable for ben-
zene, toluene, xylene, or ethylben-

zene in 19 (70%) of 27 samples
tested; in the 8 with detectable levels,
toluene was the most frequent VOC
quantified.

Allergens, Atopy, Endotoxin,
and Glucan: Lung Function and
Health Status

As shown in Table 5, every vari-
able cluster tested demonstrated a
relationship to FEV,% predicted in
the expected direction at the a priori
cutoff of P < 0.20, except for dust
mite sensitivity-allergen levels and
dust glucan concentration by quar-
tile. In contrast to this pattern, dust
mite and glucan were the only inde-
pendent variables associated with the
SF-12 PCS. Of note, specific IgE to
dust mite was associated with a
higher SF-12 PCS (better health sta-
tus). None of the other predictors
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TABLE 6

FEV, % Predicted and SF-12 Physical Component Score in Relation to IAQ

Dependent Variables Studied

FEV1% Predicted SF12-PCS
Variables Tested in Unadjusted Models n B SE B SE

Cotinine detectable 199 —-2.2 3.5 0.2 2.1
Wall dampness (%) 225 0.3 0.5 —0.6* 0.3
Air humidity (%) 224 -0.1 0.1 0.02 0.08
Houseplants (referent = none) 226

Any houseplants 0.7 3.5 6.0* 21

At least five, <10 -2.7 3.0 -23 1.8

11 or more 3.8 3.9 0.2 2.3
Damp patches in living room or bedroom 226 2.7 4.4 -4.1% 2.7
Mold visible in bathroom 226 —-4.4% 3.2 -2.8t 1.9
Air filter 224 -4.2t 2.8 -2.61 1.7
Heating (referent = other) 226

Gas space heaters 6.3t 3.6 -1.7 2.2

Coal or wood heat 5.1 3.4 3.4t 2.1
NO, (ppb) 217 0.1 0.1 0.002 0.1
Gas stove or oven 226 1.6 2.5 0.7 1.5
Bedroom air conditioner 226 -1.2 2.7 —-2.2t 1.7
Bedroom humidifier (referent = none) 226

Humidifier 2.1 5.9 5.1t 3.6

Dehumidifier 17.0t 9.2 1.9 5.6
Carpet (Referent = none) 226

Any wall-to-wall 0.8 3.3 3.5t 2.0

Wall-to-wall pile >1¢ 1.9 3.1 -0.1 1.8

*P < 0.05; 10.056 < P < 0.20

Individual variables or variable clusters in bold were included in a multiple linear regression models of FEV, percent predicted or SF-12 PCS

based on a cut off P < 0.20 (see Table 7).

tested (Table 5) was associated with
SF-12 PCS at the a priori screening
cut-off of P < 0.20. In a sensitivity
analysis limited to dust mite-sensi-
tized subjects (n = 77), allergen
concentration was not statistically
associated with FEV, % predicted
(P = 0.22) or SF-12 PCS (P = 0.60).
Similar analyses limited to the cat
sensitized (n = 67) and dog sensi-
tized (n = 31) strata also failed to
meet the a priori cut-off of P < 0.20.

[AQ: Lung Function and Health
Status

Bathroom mold, air filtration,
home heating type, and bedroom hu-
midifier status were associated with
FEV,% predicted; more TAQ vari-
ables were associated with SF-12
PCS at the a priori cut-off of P <
0.20 (Table 6). The only consistent
relationships for both FEV, % pre-
dicted and for SF-12 PCS were for
mold, presence of a household air

filter (poorer lung function and
health status), and coal or wood heat-
ing (better function and status). Nei-
ther carbon dioxide nor carbon mon-
oxide concentrations was associated
with FEV, % predicted or SF-12
PCS at the P < 0.20 cutoff; a sensi-
tivity analysis of IAQ variables by
room (humidity, carbon dioxide, car-
bon monoxide) did not yield substan-
tively different results (data not in
Table). Formaldehyde was not sig-
nificantly associated with FEV,%
predicted (3.4 = 3.1% increase; P =
0.28) or SF-12 PCS score (3.1 = 1.8
point increase; P = 0.10) [expressed
per 20 ppb formaldehyde [2 SD]
change] (data not shown in Table).

Multivariate Analyses

We tested a multivariate model for
FEV, % predicted, including all of the
individual variables meeting the P <
0.20 cutoff (Table 7). The model R* =
0.24 (P = 0.0001). Two variables

demonstrated statistically significant
negative associations with FEV, %
predicted: dog ownership (—9.7 =
3.5%; P = 0.006) and total dust col-
lected from the bed (—1.8 % 0.6% per
100 mg of dust; P = 0.003). We
retested the same multivariate model
using the SAS as the dependent vari-
able (model R* = 0.18 P = 0.007).
Dog ownership was also related to
greater SAS (3.3 = 1.1; P = 0.002);
dog antigen with a statistically signif-
icant lower SAS (—0.5 = 02; P =
0.03). The presence of an air filter was
the only other variable also signifi-
cantly associated with the SAS (in the
direction of greater severity, 2.3 = 0.9;
P = 0.01).

The variables meeting the a priori
cutoff of P < 0.20 in relation to
SF-12 PCS were also tested together
in a multivariate model (Table 7).
This model had an R* = 0.15 (P =
0.02). Dust mite specific IgE was the
only individual variable statistically
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TABLE 7

Multivariate Models of FEV,; % Predicted and SF-12 Physical Component Score

Outcome Measures Analyzed

FEV, % Predicted (n = 199)

SF-12 PCS (n = 199)

Variables Retained in Multivariate Models B SE B SE
Dust, kitchen/living room floor per 100 mg -0.2 0.5
Dust, bed per 100 mg -1.8* 0.6
Dust mite allergen and specific IgE

Dust mite specific IgE positive 3.4* 1.7

Dust mite allergen (log) 0.2 0.2
Dog allergen and specific IgE

Dog owner -9.7* 3.5

Dog IgE positive —6.71 4.3

Dog allergen (log) 0.5 0.7
Cat allergen and specific IgE

Cat owner 3.0 4.2

Cat IgE positive —5.01 3.4

Cat allergen (log) -0.3 0.7
IgE (Referent = IgE low for atopy)

IgE equivocal (25-100 IU/L) -3.8 3.3

IgE probable (>100 IU/L) -2.8 3.5
Endotoxin (Referent = <25% quartile)

25% to 50% quartile (>23, =42 EU/mg dust) —-5.4% 3.6

50% to 75% quartile (>42, =70 EU/mg dust) -1.5 3.6

75% to 100% quartile (>70 EU/mg dust) 1.5 3.6
Glucan (Referent = <25% quartile)

25% to 50% quartile (>124, =211 pg/g dust) -2.0 2.2

50% to 75% quartile (>211, =426 pg/g dust) -2.4 2.2

75% to 100% quartile (>426 pg/g dust) -1.5 2.2
Wall dampness (%) —0.5t1 0.3
Any houseplants 3.61 2.1
Damp patches in living room or bedroom -2.9 2.8
Mold visible in bathroom -3.2 3.3 -0.5 2.2
Air filter —-4.21 2.9 -3.3t 1.8
Heating (referent = other)

Gas space heaters 5.41 3.8 -1.3 2.4

Coal or wood heat 4.7t 3.6 3.1t 2.2
Bedroom air conditioner 2.2 1.9
Bedroom humidifier (referent = none)

Humidifier 1.7 6.3 2.5 4.0

Dehumidifier 13.2t 10.1 1.7 5.6
Any wall-to-wall carpet 2.7t 1.7

*P < 0.05; 10.05 < P < 0.20

FEV, % Predicted model R> = 0.24 (P = 0.0001); SF-12 PCS model R? = 0.15 (P = 0.02).

associated with the SF-12 PCS (in
the direction of better health status,

3.3 points; P =

0.02). The TAQ

showed a moderate relationship to

similar to its estimate in the simple
model: 34 = 1.7; P = 0.04). Re-
testing these factors with asthma-
specific QOL score as the dependent
variable (n = 168 subjects after ex-
cluding those with rhinitis alone)
yielded an R?=0.13;P = 0.16). The
only variable that was statistically
significantly associated with QOL
was heating with coal or wood (in
the direction of better QOL; -7.9 =

variables alone, excluding dust mite
and glucan, were associated with bet-
ter explanatory power for QOL
(study n = 179; R> = 0.14; P =
0.02).

Discussion

Multiple factors in the indoor envi-
ronment can act independently or in
concert to affect health outcomes
among adults with asthma and rhinitis.
Exposures linked to house dust

lung function and asthma severity, but
a less prominent impact on general
health status. In contrast, IAQ factors
were related to general health status
and to asthma-specific QOL. These
responses can be characterized by a
sum that is greater than its individual
parts.

Our findings were also of interest
in the factors having little explana-
tory power for the outcomes studied.
Allergen exposure levels (including
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dust mite) and dust mite sensitization
were not associated with adverse ef-
fects. In prior studies among adults,
dust mite exposure has had an incon-
sistent relationship to asthma out-
comes.*** Index factors for indoor
mold exposure, including dust glu-
can concentrations, damp or moldy
walls, the number of houseplants,
and increased humidity, were also
not consistently associated with ad-
verse effects. Indicators of indoor
combustion byproducts also failed to
demonstrate consistent negative ef-
fects.

A particular strength of this anal-
ysis is the broad range of potential
risk factors that it includes. How-
ever, this range presents potential
study limitations as well. We did not
have an a priori model specifying a
restricted set of predictor variables.
We addressed this in two ways. First,
we used a stepwise approach, placing
a modest hurdle (P < 0.20) for entry
in multivariate modeling. Second,
we re-tested our multivariate models
on different, but related outcomes
(SAS for FEV, % predicted and
asthma-specific QOL for SF-12
PCS).

Total IgE and specific IgE to cat,
dog, and dust mite are examples of
inter-related exposure variables that
may not have retained strong indi-
vidual associations in multivariate
analysis, although they still contrib-
uted to the overall explanatory power
of the models. Confounding with
endotoxin or glucan did not seem to
explain the adverse effect of dog
ownership on lung function or SAS.
Pet ownership and home endotoxin
are known to be interrelated.**~*®
We also found that both endotoxin
and glucan levels were higher in the
dog owners’ homes in our study.
Dog ownership, however, had a
stronger and more consistent rela-
tionship to the outcomes studied than
did either endotoxin or glucan, both
in simple and multivariate models.
Moreover, dog allergen concentra-
tions in dust were unrelated to lung
function and slightly protective in
terms of SAS, suggesting that the

effect of dog ownership was not
mediated through this mechanism.

The potential for exposure levels
to be modified by disease severity
itself poses a more difficult question.
For example, if secondhand smoke
exposure is selectively avoided by
those with the most severe disease or
the most symptoms from this source,
this factor might actually appear to
be “protective.” The inability to se-
lectively avoid such exposures may
be an important characteristic differ-
entiating the home indoor environ-
ment from the workplace indoor en-
vironment, which we did not analyze
in this study. Thus, we cannot gen-
eralize our indoor environmental
findings to work-related exposures
even of the same or similar type.

Diagnostic heterogeneity also
could have affected our study results.
We believe that including adults with
rhinitis together with adults with a
range of asthma severity (many of
whom also have concomitant rhini-
tis) is actually a strength of the study
in that it better reflects the spectrum
of asthma- and rhinitis-related air-
ways disease among adults of this
age range.

In summary, we found that multi-
ple factors of the indoor home envi-
ronment were associated with lung
function, disease severity, health sta-
tus and QOL in adults with asthma
and rhinitis. Depending on the con-
stellation of variables tested, approx-
imately 10% to 20% of the variance
of these outcome measures was ac-
counted for by these factors. This
clearly indicates a magnitude of ef-
fect that could be clinically relevant,
in terms of measurable lung function
and also in terms of perceived health
and well-being.

Acknowledgments

The authors acknowledge the assistance of
Dr Steve Shiboski for statistical review; Dr
Nervana Metwali for endotoxin and glucan
analyses; the UC Berkeley laboratory re-
search assistants for dust collector construc-
tion, dust handling, and aliquoting, and aller-
gen analyses; Charles Perrino, Katarzyna
Kaczmarek, Megan Hiltz, Dan Burley, Mar-
garet Cheng, Edwin Fung, Sa Liu, and Chris-

371

tina Ha; the personnel of the home visit study
teams, including Chito Elago, Naomi Frie-
dling, Arleen Ervin-King, Kathryn Kern, Win
Kryda, Michelle Nance, and Judith Sansone;
the study telephone interviewers, Marissa San
Pedro and Karen Van der Meulen; and the
research assistant, Melanie San Pedro-
Salcedo.

References

1. Langley SJ, Goldthorpe S, Craven M,
Morris J, Woodcock A, Custovic A. Ex-
posure and sensitization to indoor aller-
gens: association with lung function,
bronchial reactivity, and exhaled nitric
oxide measures in asthma. J Allergy Clin
Immunol. 2003;112:362-368.

2. Lewis SA, Weiss ST, Platts-Mills TAE,
Burge H, Gold DR. The role of indoor
allergens and exposure in causing mor-
bidity in women with asthma. Am J
Respir Crit Care Med. 2002;165:961—
966.

3. Sheffer AL. Allergen avoidance to re-
duce asthma-related morbidity (edito-
rial). N Engl J Med. 2004;351:1134—
1136.

4. Murray CS, Simpson A, Custovic A.
Allergens, viruses, and asthma exacerba-
tions. Proc Am Thoracic Soc. 2004;1:99 —
104.

5. Maestrelli P, Zanolla L, Puccinelli P,
Pozzan M, Fabri LM. Low domestic
exposure to house dust mite allergens
(Der p 1) is associated with a reduced
non-specific hyper-responsiveness in
mite-sensitized asthmatic subjects under
optimal drug treatment. Clin Experiment
Allergy. 2001;31:715-721.

6. Gotzsche PC, Hammarquist C, Burr M.
House dust mite control measures in the
management of asthma: meta-analysis.
BMJ. 1998;317:1105-1110.

7. Jindal SK, Gupta D, Singh A. Indices of
morbidity and control of asthma in adult
patients exposed to environmental to-
bacco smoke. Chest. 1994;106:746-749.

8. Eisner MD. Environmental tobacco
smoke exposure and pulmonary function
among adults in NHANES III: impact on
the general population and adults with
current asthma. Environ Health Perspect.
2002;110:765-770.

9. Ostro BD, Lispett MJ, Mann JK, Weiner
MB, Selner J. Indoor air pollution and
asthma. Results from a panel study. Am J
Respir Crit Care Med. 1994;149:1400—
1406.

10. Jarvis D, Chinn S, Sterne J, Luczynska C,
Burney P. The association of respiratory
symptoms and lung function with the use
of gas for cooking. European Community



372

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Respiratory Health Survey. Eur Respir J.
1998;11:651-1658.

Eisner MD, Blanc PD. Gas stove use and
respiratory health among adults with
asthma in NHANES III. Occup Environ
Med. 2003;60:759-764.

Zock J-P, Jarvis D, Luczynska C, Sunyer
J, Burney P. Housing characteristics, re-
ported mold exposure, and asthma in the
European Community Respiratory Health
Survey. J Allergy Clin Immunol. 2002;
110:285-292.

. Delfino RJ, Gong H, Linn WS, Hu Y,

Pellizzari ED. Respiratory symptoms and
peak expiratory flow in children with
asthma in relation to volatile organic
compounds in exhaled breath and ambi-
ent air. J Exp Anal Environ Epidemiol.
2003;13:348-363.

Michel O, Kips J, Duchateau J, et al.
Severity of asthma is related to endotoxin
in house dust. AmJ Respir Crit Care Med.
1996;154:1641-1646.

Liu AH. Endotoxin exposure in allergy
and asthma: reconciling a paradox. J Al-
lergy Clin Immunol. 2002;109:379-392.
Douwes J, Zuidhof A, Doekes G, et al.
(1—=3)-B-D-glucan and endotoxin in
house dust and peak flow variability in
children. Am J Respir Crit Care Med.
2000;162:1348-1354.

Crain EF, Walter M, O’Connor G, et al.
Home and allergic characteristics of chil-
dren with asthma in seven U.S. urban
communities and design of an environ-
mental intervention: The Inner-City
Asthma Study. Environ Health Perspect.
2002;110:939-945.

Brugge D, Vallarino J, Ascolillo L, Os-
good N-D, Steibach S, Spengler J. Com-
parison of multiple environmental factors
for asthmatic children in public housing.
Indoor Air. 2003;13:8-27.

Samet JM, Marbury MC, Spengler JD.
Health effects and sources of indoor air
pollution. Parts I and II. Am Rev Respir
Dis 1987;136:1486-1508; 1988;137:
221-242.

Blanc PD, Cisternas M, Smith S, Yelin E.
Asthma employment status, and disabil-
ity among adults treated by pulmonary
and allergy specialists [published erratum
appears in Chest. 2000;118:564]. Chest.
1996;109:688—696.

Blanc PD, Eisner MD, Israel L, Yelin
EH. The association between occupation
and asthma in general medical practice
[Published erratum appears in Chest.
2000;118:564]. Chest. 1999;115:1259—
1264.

Blanc PD, Trupin L, Eisner M, et al. The
work impact of asthma and rhinitis: find-
ings from a population-based survey.
J Clin Epidemiol. 2001;54:610-618.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Impact Home Environment Asthma Rhinitis « Blanc et al

Eisner MD, Blanc PD. Environmental
tobacco smoke exposure during travel
among adults with asthma. Chest. 2002;
122:826-828.

Katz PP, Yelin EH, Eisner MD, Blanc
PD. Perceived control of asthma and
quality of life among adults with asthma.
Ann Allergy Asthma Immunol. 2002;89:
251-258.

Eisner MD, Yelin EH, Katz PP, Earnest
G, Blanc PD. Exposure to indoor com-
bustion and adult asthma outcomes: en-
vironmental tobacco smoke, gas, stoves,
and woodsmoke. Thorax. 2002;57:973—
978.

Blanc PD, Trupin L, Earnest G, et al.
Effects of physician-related factors on
adult asthma care, health status, and qual-
ity of life. Am J Med. 2003;114:581-587.
Cisternas MG, Blanc PD, YenIH, et al. A
comprehensive study of the direct and
indirect costs of adult asthma. J Allergy
Clin Immunol. 2003;111:1212-1218.
Snyder L, Blanc PD, Katz PP, Yelin EH,
Eisner MD. Leukotriene modifier use and
asthma severity: how is a new medication
being used by adults with asthma. Arch
Int Med. 2004;164:617-622.

Katz PP, Yelin EH, Eisner MD, Earnest G,
Blanc PD. Performance of Valued Life
Activities reflected asthma-specific quality
of life more than general physical function.
J Clin Epidem. 2004;57:259-267.

Yelin EH, Trupin L, Earnest G, Katz PP,
Eisner M, Blanc P. The impact of man-
aged care on health care utilization
among adults with asthma. J Asthma.
2004;41:229-242.

Ware JY, Kosiniski M, Keller SD. How
to Score the SF-12 Health Survey. 2nd
ed. Boston, MA: The Health Institute,
New England Medical Center; 1995.
Gandek B, Ware JE, Aaronson NK, et al.
Cross-validation of item selection and
scoring for the SF-12 health survey in
nine countries. J Clin Epidemiol. 1998;
51:1171-1178.

Blanc PD, Jones M, Besson C, Katz P,
Yelin E. Work disability among adults with
asthma. Chest. 1993;104:1371-1377.
Eisner MD, Katz PP, Yelin EH, Henke J,
Smith S, Blanc PD. Assessment of
asthma severity in adults with asthma
treated by family practitioners, allergists,
and pulmo-nologists [published erratum
appears in Med Care. 2000;38:880—
885]. Medical Care. 1998;36:1567-1577.
Marks GB, Dunn SM, Woolcock AJ. A
scale for the measurement of quality of
life in asthma. J Clin Epidemiol. 1992;
45:461-472.

Katz PP, Eisner MD, Henke J, Shiboski
S, Yelin, EH, Blanc PD. The Marks
Asthma Quality of Life Questionnaire:

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Further validation and examination of
responsiveness to change [published er-
ratum appears in J Clin Epidemiol. 2001;
54:105-107]. J Clin Epidemiol. 1999;52:
667-675.

Mortimer KM, Fallot A, Balmes JR,
Tager IB. Evaluating the use of a portable
spirometer in a study of pediatric asthma.
Chest. 2003;123:1899-1907.

American Thoracic Society. Standardiza-
tion of spirometry. Am J Respir Crit Care
Med. 1994;152:1107-1136.

Bernert JT Jr, Turner WE, Pirkle JL, et al.
Development and validation of sensitive
method for determination of serum coti-
nine in smokers and non-smokers by
liquid chromatography/atmospheric pres-
sure ionization tandem mass spectrome-
try. Clin Chem. 1997;43:12 2281-2291.
Palmes ED, Gunnison AF, DiMattio J,
Tomczyk C. Personal sampler for nitro-
gen dioxide. Am Ind Hyg Assoc J. 1976,
37:570-577.

Fresno Asthmatic Children’s Environ-
mental Study (F.A.C.E.S.) Part B: Char-
acterization of Asthmatic Children’s Air
Pollution Exposure in Fresno, Ca. House
Dust Collection. Berkeley, California:
University of California, Berkeley; 2000.
Thorne PS. Inhalation toxicology models
of endotoxin- and bioaerosol-induced in-
flammation. Toxicology. 2000;152:13-23.
Hankinson JL, Odencrantz JR, Faden
KB. Spirometric reference values from a
sample of the general U.S. population.
Am J Respir Crit Care Med. 1999;159:
179-187.

Chan-Yeung M, Manfreda J, Dimich-
Ward H, et al. Mite and cat allergen
levels in homes and severity of asthma.
Am J Respir Crit Care Med. 1995;152:
1805-1811.

Dharmage S, Bailey M, Raven J, et al.
Current indoor allergen levels of fungi
and cats, but not house dust mites, influ-
ence allergy and asthma in adults with
high dust mite exposure. Am J Respir
Crit Care Med. 2001;164:65-71.
Wickens K, Douwes J, Siebers R, et al.
Determinants of endotoxin in carpets in
New Zealand homes. Indoor Air. 2002;
13:128-135.

Heinrich J, Gehring U, Douwes J, et al.
Pets and vermin are associated with high
endotoxin levels in house dust. Clin Exp
Allergy. 2001;31:1839-1845.

Waser M, Schierl R, Von Mutius E, et al.
Determinants of endotoxin levels in liv-
ing environments of farmers’ children
and their peers from rural areas. Clin Exp
Allergy. 2004;34:389-397.



