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Environmental Risk Factors and Work-Related
Lower Respiratory Symptoms in 80 Office
Buildings: An Exploratory Analysis of NIOSH Data

Mark J. Mendell, hp, mpy,'* Gina M. Naco, wph, Thomas G. Wilcox, vp,?
and W. Karl Sieber, php3

Background We evaluared relationships between lower respiratory symptoms and risk
facrors for microbiological contamination in office buildings.

Methods The National Institute for Occupational Safety and Health collected data from
80 office buildings during standardized indoor environmenial health hazard evaluations.
Present analyses included lower respiratory symptom-based outcome definitions and risk
factors for potential microbiologic contaminarion. Multivariate logistic regression models
for selected outcomes identified key risk factors.

Results Adjusted odds ratios (93% confidence intervals) for “at least three of four
work-related lower respiratory symptoms” were, for debris in ventilarion air intake, 2.0
(1.0-3.9), and for poor drainage in air-conditioning drip pans, 2.6 (1.3-5.2). Adjusted
associations with risk factors were consistently stronger for outcomes requiring both
multiple symptoms and improvement away from work, and somewhat stronger among
diagnosed asthmatics.

Conclusions Moisture and debris in ventilation systems, possibly by supporting micro-
biologic growth, may increase adverse respiratory effects, particularly among asthmatics.
Data from more representative buildings are needed to confirm these findings. Am.]. Ind.
Med. 43:630—641, 2003. Published 2003 Wilev-Liss, Inc.t

KEY WORDS: indoor environmental quality; indoor air quality; sick building
syndrome; nonspecific symptoms; respiratory symptoms; respiratory disease; ventila-
tion systems; building-related illness; asthina

INTRODUCTION

A defined disease involving a specific medical diagnosis
attributable to specific exposure in a building is often referred
to as a building-related illness (BRI). Documented BRI in

indoor, nonindustrial workplaces such as office buildings has
been reported periodically [Hodgson et al., 1987; Kreiss,
1989; Hoffman et al., 1993; Seuri et al., 2000; Jarvis and
Morey, 2001]. Most reported episodes have involved
respiratory disease such as hypersensitivity pneumanitis or
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humidifier fever associated with microbiologic contamina-
tion of the indoor environment [e.g., Hodgson et al., 1987].

In contrast, episodes of nonspecific health complaints
in indoor workplaces, not attributable to specific recognized
disease or exposures, have been very commonly reported in
recent decades [Mendell, 1993]. Sometimes referred to as
sick building syndrome (SBS), these episodes have involved
widespread complaints of symptoms and discomfort, in-
cluding mucous membrane irritation, nasal symptoms, skin
irritation, headache, fatigue, and sometimes breathing
problems. These symptoms are often reported to occur in
the building and to diminish away from the building. The
nonspecific symptoms involved in so-called SBS have gen-
erally not been associated with physical findings on clinical
examination or abnormalities in laboratory tests [Kreiss,
1989]. In practice, SBS generally refers to any cluster of
building-related health complaints that cannot be character-
ized as a recognized BRI

Although specific causal exposures for nonspecific
building-related symptoms have not yet been established,
research has identified a number of person-, job-, workplace-.
and building-related risk factors for these symptoms
(e.g., presence of air-conditioning systems, low ventilation
rate, high temperature, dust, endotoxin) [Mendell, 1993;
Gyntelberg et al., 1994; Teeuw et al., 1994]. Much research
has associated moisture, mold, and related factors in
residential environments with upper and lower respiratory
symptoms [Bornehag et al., 2001]. Available evidence sug-
gests that multiple biologic response mechanisms involving
overlapping sets of symptoms yet resulting from different
single or combined indoor exposures may ultimately be
identified as underlying non-specific building-related symp-
toms. Researchers have often treated the multiple symptoms
reported in buildings as a single syndrome [e.g., Burge et al.,
1987]. although some researchers have considered sub-
syndromes such as central nervous systems and mucus
membrane irritation symptoms [Jaakkola and Miettinen,
1995: Mendell et al., 1996a]. Few reports have considered
lower respiratory symptoms, which have been the least
commonly reported symptoms studied in indoor environ-
ments [Ruotsalainen et al., 1995: Mendell et al.. 19964a.b:
Sieber et al., 1996].

Recent studies have reported the association of risk
factors in non-industrial indoor environments with increas-
ed work-related lower respiratory symptoms [Ruotsalainen
et al., 1995; Mendell et al., 1996a; Sieber et al., 1996]. For
this analysis. we hypothesize'that microbiologic contamina-
tion of indoor spaces or ventilation systems in office build-
ings may cause or exacerbate unrecognized building-related
respiratory disease that presents as work-related lower
respiratory symptoms.

The objective of this analysis was to identify, as
indicators of an underlying physiologic response. respiratory
symptom-based outcome definiticns that have the strongest
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associations with previously identified risk factors for
microbiological contamination. Variations in the definitions
assessed included: requiring différent numbers and combina-
tions of symptoms in the definition; restricting symptoms
to those exacerbated at work; and including cough, a symp-
tom sometimes associated with lower respiratory disease but
not specific to it. Risk factors were included in models
individually as well as in summary risk indices. We also
evaluated whether associations between the outcomes and
risk factors were stronger among doctor-diagnosed asth-
matics, a subgroup expected to be more responsive to the
hypothetical microbiologic contaminants represented by the
risk factors.

MATERIALS AND METHODS
Data Collection

Methods used in conducting the surveys, described in
detail in Crandall and Sieber [1996], are briefly discus- -
sed below. Between October 1992 and February 1993, the
National Institute for Occupational Safety and Health
(NIOSH) received over 800 requests for health hazard eval-
uations (HHEs, which are investigative responses intended
to identify health or safety hazards in workplaces) in office
buildings. This was, in less than a 6 month period. over four
times the usual annual number of requests. Due to the over-
whelming number of HHEs and limited agency resources,
NIOSH selected a systematic sample of 160 buildings for
evaluation (every third building among the first 480 valid
requests). Between April and July 1993, NIOSH investiga-
tors used a standard protocol to collect heaith, building,
and environmental data from a defined evaluation area within
each building. A self-administered questionnaire asked about
health histories and symptoms in workers. Industrial hygie-
nists using a standardized inspection form and simple mea-
surements recorded characteristics of the study buildings,
their ventilation systems, and their indoor environments.

The present analysis includes only office buildings,
excluding other types of buildings such as schools and health
care facilities. Of the 105 office buildings investigated. com-
plete data collected according to the study protocol were
available from only 80. From these 80 office buildings. 2,345
workers completed the questionnaire.

QOQutcomes

Outcome definitions were constructed from data on four
symptoms assessed in the questionnaire: three chest/lower
respiratory symptoms—wheeze, shortness of breath, and
chest tightness—and also cough. Cough has been grouped by
some researchers with lower respiratory symptoms, but by
others with upper respiratory symptoms of the nose and
throat. Qur analysis explores whether inclusion of cough with
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analyses using the three lower respiratory/chest symptoms
strengthened the findings. Twenty case definitions (described
in Table Ia—see footnotes ) were created using combinations
of these four symptoms, some with cough and some without.
These definitions were restricted to “frequent work-related”
(FWR) symptoms, defined as symptoms reported to occur at
least once per week in the previous 4 weeks and to improve
away from the workplace, as in Sieber [1996]. Twenty addi-
tional parallel outcomes were defined, “‘frequent” outcomes,
not restricted to symptoms improving away from the
workplace.

Rislc Factors

The 26 environmental risk factors used in previously
reported analyses on this NIOSH data set [Sieber et al.,
1996], involving either ventilation system design, ventilation
system maintenance, building design, or building mainte-
nance, were considered for the present analysis. Of those, we
included only risks associated with work-related lower
respiratory symptoms in the “partially adjusted” models in
the previous analyses (each model contained an independent
term for one environmental risk factor plus several potential
personal confounding variables, but not other environmental
risk factors) [Sieber et al., 1996]. We also excluded from
the present analyses risk factors not considered related to
potential microbioclogic contamination (e.g., “outdoor air
intake near vehicle traffic””) and those with sparse data,
leaving 20 dichotomous (i.e., two-valued) risk factors for
analyses (Table II).

Many of the risk factors included are parts of the
ventilation system that may become dirty or wet. Sound liner
is a sound-absorbing porous surface lining inside the
ventilation system near the supply fans. Poor pan drainage
occurs when the drip pans beneath the ventilation cooling
coils, which collect moisture that condenses onto the cold
coils and drips down, do not drain well due to problems such
as clogged or poorly designed drains, or improperly sloped
pans. The air handler housing encloses the ventilation system
equipment—the fans, coils, and filters. Duct liner is a usually
fibrous lining inside the ducts that supply ventilation air from
the air handler to the occupied spaces.

initial Modeling Strategy

Multivariate modeling was performed using SAS ver-
sion 6.12. For each of the 20 FWR symptom outcome
definitions, initial logistic regression models estimated
partially adjusted odds ratios (ORs) for each of the 20 risk
factors; e.g., each model included a dependent term for one
outcome and independent terms for one risk factor and for
four dichotomous personal variables: gender, age (<39 years
vs. >40 years), smoking status (never vs. ever), and asthma
status (ever diagnosed by a physician).

Qutcome definitions were ranked as follows based on
estimates from models: for each risk factor, the partially
adjusted ORs for the 20 outcome definitions were ranked and
numbered (highest OR ranked as =1; lowest=20). (For a
hypothesized protective factor, “*surface dusting daily,” with
ORs less than 1.0, lowest ORs were ranked highest. For
simplicity, all building-related factors will be referred to
herein as risk factors.) A total score was calculated for each
outcome by summing its ranks for all the risk factors. The
outcomes with the highest mean rank for association with
the set of risk factors were selected for further multivariate
analysis.

We defined four subgroups of risk factors: potential
sources of microbiological contaminants less than 25 feet
from the outside air intake, problems with air filters (for
removing particles/dust from the air supply) in the heating,
ventilation, and air-conditioning (HVAC) system, dirt in
the HVAC system, and moisture in the HVAC system
(see Table II). Three variables—no scheduled HVAC ins-
pection, water damage in the workspace, and indoorsurface
dusting daily——were considered separately without inclusion
in a sub-group. Only variables for which P-values were
<0.20 in the initial partially adjusted models were included
in this process.

In the final multivariate models, we used two dternate
strategies to decrease the large number of independent
variables, many highly inter-correlated: the selection of
variables from preliminary models containing subgroups of
risk variables, and the construction of risk factor index
variables. These strategies are described in Appendix 1.

Asthmatics as a Susceptible Population

To determine whether occupants with a history of diag-
nosed asthma were more responsive to exposures represented
by the building risk factors, we attempted to add interaction
variables (building risk factor x asthma history) to selected
models. These included partially adjusted models for the
strongest risk factors and the two highest-ranked outcome
definitions, and also the final reduced models for those two
outcomes.

RESULTS

Rankings of the outcome definitions included in anal-
yses are provided in Table I. The more stringent cutcome
definitions requiring more symptoms had generally higher
ORs for environmental risk factors (and lower ORs for pro-
tective factors), but smaller numbers of respondents meeting
the definitions. This resulted in less precision; e.g, more
variability in the estimates and thus wider confidence inter-
vals. Six of the 10 top-ranked outcomes required at leist three
symptoms, whereas the five outcomes that required only
one symptom all ranked at the bottom (Table Ia). The most
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TABLE L. Independent Variables Used for Building-Related Risks in Analyses, Either as Compaonents of Subgroups or as Components of Index Variables*

Outdoor air intake near contaminant sources (index variable values 0—-4)
Standing water®
Exhaust vents®
Sanitary vents®
Trash dumpster

Problems with air filters (index variable values 0—4)

Filter not secure in place®

Dirty filters®

Limited or no access for changing or inspection®
Poor filter fitin frames

Moisture in HVAC (index variable values 0-2)
Moist sound liner
Poor pandrainage®

Dirt in HVAC (index variable valies 0~7)
Dusty air handler housing
Dirty sound liner
Debris in air intake®
Coils dirty
Residue in drain pans
Dirty duct work
Dirty duct finer

Ne scheduled HVAC inspection®

Workspace moisture incursion
Water damage in workspace

Workspace maintenance
Surface dusting daily®

a

*See Appendix 1; values of the index variables used in the analyses (results provided in Table IVb) ranged from 0 to the maximum number of items included in the index.
®Associated (Pvalue < 0.20) with both outcomes (at least three of four FWR respiratory symptoms; FWR wheeze, shortness of breath, and cough) in partially adjusted models

containing this subgroup of risk.factors.

stringent case definition, requiring all four lower respiratory
symptoms, had the smallest number of cases (21 or 0.9%) and
was ranked sixth of 20 outcomnes. In general, the addition of
cough to symptom definitions containing only chest symp-
toms tended to increase the strength of associations with
specific building risk factors. For example, the addition of
“cough” to the case definition, 3 of 3 lower respiratory
symptoms (wheeze, shortness of breath, and chest tightness),
increased ORs (95% Cls) for the risk factors “debris in air
intake™ and “‘poor pan drainage’ from 3.0 (1.4—6.8) to 4.6
(1.8-12.0) and from 2.5 (1.1-6.0) to 3.9 (1.6-10.6),
respectively. Cough was included in the top-scoring out-
comes; e.g., in the top three, and six of the top seven.

Table Ib shows how partially adjusted ORs for selected
risk factors increased consistently and substantially as
outcome definitions became more stringent and required
more symptoms. For instance, ORs increased for debris in air
intake from 1.8 to 4.9, and for poor pan drainage from 1.8 to
5.4; for the protective factor daily surface dusting, they
decreased from 1.0 to 0.6.

Figure 1 shows, for selected key risk factors, the partially
adjusted ORs and 95% confidence intervals for four incre-
asingly stringent definitions of work-related lower respira-
tory outcomes—requiring an increasing minimum number
of the four FWR symptoms. ORs increase consistently for
each risk factor (or decrease consistently for the protective
factor), as stringency of the outcome definition increases.
Due to the smaller number of cases for the more stringent
definitions, the increased ORs did not always translate into
smaller P-values.

Relative rankings of outcome definitions from models
for frequenr symptoms (not shown) were essentially the same

as those from models for FWR symptoms. Without ex-
ception, however, each FWR outcome was more strongly
related to the building risk factors than the corresponding,
and less specific, frequent outcome.

Table HI shows the ORs and 95% confidence intervals
from partially adjusted models of single building-related risk
factors and the two outcomes with the highest mean rank
for association with these risk factors. These outcomes were
the top-ranked “wheeze, shortness of breath. and cough,”
with 27 cases, and the second-ranked “at least three of four
lower respiratory symptoms,” with 57 cases (also incduded
in the previous publication by Sieber [1996], as “multiple
lower respiratory symptoms’). Both these outcomes showed
some association with many building-related risk fictors,
with P-values less than 0.10 for at least half of them. Amon g
these risk factors, the highest ORs for both outcomes were
for the same three variables: “debris in air intake,” “poor
pan drainage,” and “‘standing water within 23 feet of the air
intake.” ORs for these risk factors were, for “wheeze, short-
ness of breath, and cough,” 5.1, 6.0, and 4.9, and for “at least
three of four lower respiratory symptoms,” 3.0, 3.6, and 4.8,
respectively. The practice of daily surface dusting was
equally protective for both outcomes: OR = 0.5,

Among models constructed with interaction terms for
(building risk factor x asthma history), only the partially
adjusted models containing single risk factors and the
relatively common outcome “at least three of four FWR
lower respiratory symptoms™ converged. Most ORs anong
asthmatics were higher than among non-asthmatics, although
P-values for the interaction terms all exceeded 0.05. For
example, ORs among doctor-diagnosed asthmatics vs,
among non-asthmatics were, for poor pan drainage, 43 vs.
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debris in air intake
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residue in drain pan

poor pan drainage surface dusting daily

Building-Related Risk Factors

l:l =1 of 4 FWR respiratory symptomsb
22 of 4 FWR respiratory symptoms

23 of 4 FWR respiratory symptoms

4 of 4 FWR respiratory symptoms

FIGURE 1. 0Odds ratios and 95% confidence intervals for the association of building-relatad risk factors with frequent work-related
(FWR) lower respiratory symptom-based outcome definitions of increasing stringency in partially adjusted models® from 1893 NIOSH

Health Hazard Evaluations.

2Adjusted for age, gender, smoking: ™ requent, work-related wheeze, shortness of breath, tight chest, or cough.

3.1 (P-value for interaction = 0.60); for debris in air intake,
4.5 vs. 2.0 (P-value = 0.20); and for residue in drain pan, 3.4
vs. 1.2 (P-value = 0.08). _

In models constructed from the risk factor subgroups
listed in Table II, nine of the 11 (dichotomous) environmental
variables in subgroups were associated with P-values less
than 0.20 for both outcomes (see Table II, footnote a). After
including these nine variables in both final models, the
reduced final models for both outcomes (top of Table IV)
included two building-related risk factors: debris in air intake
and poor pan drainage. Table IV also allows comparisons, for
these models, of estimated ORs for FWR outcomes and
frequent outcomes.

Risk Factor Indices

Final models were also constructed including dichot-
omized risk factor indices and other risk factors not included
in these indices (e.g.. water damage. daily surface dusting).
The bottom of Table IV provides estimates from this final

reduced model. ORs were elevated for the dichotomized
“moisture in HVAC™ index for both outcomes, for water
damage for “wheeze, shortness of breath, and cough,” and
for "no scheduled HVAC inspections™ for “at least three of
four symptoms.” Lower risk of the outcome “at least three of
four symptoms™ was associated with daily surface dusting.
The HVAC system cleanliness index, which included debris
in air intake, was not retained in these final reduced models.
The strongest relationship found (OR = 4.8) was between the
“moisture in HVAC” index and the outcome “wheeze,
shortness of breath, and cough.”

DISCUSSION

The analyses reported here used models containing
variations on metrics for both outcomes and risk factors. in
order to evaluate the underlying relationships. The primary
finding from this multivariate-adjusted analysis was the
strong association between frequent, work-related multiple
lower respiratory symptoms in office workers, and building-
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TABLE I, Odds Ratios (OR) and 95% Confidence Intervals (Cls) for Building Risk Factors From Partially Adjusted Models

Frequent work-related symptoms

Wheeze, shoriness of
breath, cough(n = 27)

Atleast three of four lowes respiratory
symptoms® (n = 57)

Variable categary Analysis variable OR (95% GI) DR (35%¢E1)
Environmental HVAC design Outdoor airintake within 25 ft of
Trash dumpster 34 (14-81) 2.7{0.8-97)
Exhaust vents 28(1.4-54) 34(14~-83)
Sanitary vents 28(14-57) 36(14-89
Standing water 48(20-12.0) 49(2.0~-120)
HVAC maintenance Problems with air filter system
Filter nat secure 29 (1.2-69) 3.3(1.0-100)
Dirty filters 16 (0.9-69) 2.6 (11~60)
Limited or no access changing/inspection 18 (0.8-35) 14(0.5-38)
Poorfilter fit in frames 17 (0.8-3.2) 19(0.8-486)
Dirt in HVAC
Dusty air handling housing 16(09-31) 13(0.5-33)
Dirty sound liner 3{0.7-2.3) 11(0.5-27)
Debris in alr intake (1.6 54) 51 (2.2-18)
Coil dirty 15 (0.8—-3.0) 12(0.5-32)
Residue in drain pan 19 (10~-3.4) 2.3(1.0-54
Dirty duct work 23(12-44) 2.7 (11-63)
Dirty duct liner 13(0.6-2.6) 12(0.4-32)
Moisture in HVAC system
Poor pan drainage 3.6 (1.9-6.6) 6.0 (2.6—139)
Moist sound finer 15(04-52) 10(0.1-75)
No scheduled inspection 22(12-41) 21(0.9-50)
Building maintenance Surface dusting daily 0.5(0.3-10) 05(0.2~13)
Water damage 17(0.8-3.7) 3.2(1.3—-80)

Al models adjusted for age, gendsr, smoking status, and asthma status.
AWheeze, shortness of breath, tight chest, or cough.

related risk factors indicating moisture or contamination.
“Poor pan drainage” under cooling coils in the air-condi-
tioning system, by itself or as part of the index variable
for moisture in HVAC system, was the most consistently
identified building-related risk, as it was included in all four
final multivariate models for frequent, work-related lower
respiratory symptoms. Other risks included in one or two
models at most were debris in air intake, water damage in
occupied spaces, and no scheduled HVAC inspections. The
correlations between these risks make it difficult to know
which if any represent the true underlying risks, but the
findings point more towards moisture-related risks. This is
presumably because the moisture supports microbiologic
growth on surfaces over which the ventilation air supplied to
the building flows.

Analyses here adjusted simultaneously for both personal
factors (including smoking status and asthma history) and
other building-related risk factors. One outcome included in

analyses here, “‘at least three of four frequent, work-related
lower respiratory symptoms,” was also included in analyses
of the same data reported by Sieber [1996] as “multiple lower
respiratory symptoms.” For this outcome, Sieber reported
relative risks for a list of risk factors, each adjusted only for
age and gender but not for other personal factors or other
building-related risk factors. Analyses here thus extend
analyses reported by Sieber [1996]. The analyses reported
here also-differ from those of Sieber in several other ways:
including only building-related risk factors hypothetically
related to microbiologic contamination; creating and com-
paring multiple variations in outcome definitions; and using
several modeling strategies to adjust for the large number of
inter-correlated environmental risk factors,

Among the four final sets of model estimates, thesingle
most consistent risk factor was “‘poor pan drainage” (or a
“moisture in HVAC™ index almost entirely determined by
values of this variable), with adjusted ORs ranging from
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2.6 to 4.8, and all 95% lower confidence limits above 1.0.
“Debris in air intake™ was included in the two models of
dichotomous building-related risk factors. In the model with
index variables, however, this risk was included in the *““dirt in
HVAC?” index, which did not appear in the final models.
Constructing the index variable for dirt in HVAC out of
seven single variables apparently diluted the contribution of
the “debris in air intake™ variable sufficiently to exclude the
entire index variable from the model. Instead, one model
contained two different variables: “no scheduled HVAC ins-
pections™ and “daily surface dusting” (a protective factor),
and the other model contained *“water damage in occupied
space.” Presumably these factors contribute to risk but are
correlated with the debris in air intake variable, contributing
significantly only when the latter was omitted.

Three risk factors included in the final models—*poor
pan drainage™ (or the “moisture in HVAC™ index), “debris
in air intake,” and “no scheduled HVAC inspections”—
would increase the risk of soiling and moisture in the HVAC
system. consequent amplification of microbiological organ-
isms there, and dissemination of their products—allergens,
imitants, or toxins—through the ventilation system. The
other risk factors identified—water damage in occupied
spaces: and lack of “daily surface dusting”—indicate risk of
particles or moisture in the occupied spaces. Multiple
previous studies have found connections between indoor
dust and microbiologic contaminants [e.g., Gravesen et al.,
1986]. Additional research is necessary to identify more
precisely the indoor exposures underlying these findings.

A second set of key findings from this analysis relates to
the pattern of stronger associations found for more stringent
outcomne definitions. Torén et al. [1993] recommended that
analytic epidemiologic studies evaluating risks for a health
effect use questions with a very high (>99%) specificity even
if sensitivity is low, to prevent dilution of the risk estimates by
false positives [Copeland et al., 1977]. The magnitude of
partially adjusted ORs for the 20 primary outcome definitions
assessed (bottom of Table I) roughly paralleled the strin-
gency of the definitions. ORs for the six outcome defini-
tions requiring only one symptom were the lowest ranked
outcomes. The stronger association of stringent definitions
with building risk factors helps corroborate the occurrence of
an underlying, relatively severe health response, involving
three or four work-related lower respiratory symptoms at
least weekly, among more than 2% of respondents.

The final reduced model for “FWR wheeze, shortness
of breath, and cough” included only 27 cases and six inde-
pendent variables, or fewer than five cases per variable. The
final model for “at least three of four FWR breathing
symptoms,” with 57 cases and six independent variables, or
about ten cases per variable, is a more stable model. The
potential advantage for statistical power of more sensitive but
rarer outcome definitions more strongly associated with risk
factors may thus be outweighed by limitations in modeling,

and also by reduced precision. Replication in a larger popu-
lation will be necessary to identify outcome definitions that
best balance sensitivity and precision in identifying building-
related risks, e.g., in these data. “‘at least three of four FWR
breathing symptoms™* or “tight chest and cough” (bottom of
Table I).

The third finding of note was the tendency for stronger
risk/response relations among doctor-diagnosed asthmatics
for building-related risk factors. The greatly increased risk
(ORs of about 7-9) for work-related lower respiratory
symptoms among those with a history of asthma, relative 1o
those without, could have resulted from reporting bias among
concerned building occupants with asthma. More telling,
however, is the consistent tendency towards increased sez.si-
rivity to microbiologic risk factors (of which subjects were
not aware) among doctor-diagnosed asthmatics. For the
largest difference reported here—for association of “‘residue
in drain pan” with *“at least three or four FWR lower
respiratory symptoms’—the estimated ORs of 3.4 among
asthmatics vs. 1.2 among non-asthmatics (P = 0.08 for this
difference) suggest that virtually all the excess risk occurred
among asthmatics. Small sample size limited these analyses.
Furthermore, misclassification of true current asthmatics,
by the relatively nonspecific question on asthma diagnosis
“ever” by a physician, would cause underestimation of dif-
ferences found. The apparent increased sensitivity of diag-
nosed asthmatics to risks for microbiologic contamination in
the buildings may represent increased response among
occupants with pre-existing asthma, or response by occu-
pants with asthma caused by the building to a continuation of
the sensitizing exposures. Replication and clarification of
this critical finding in larger populations is essential.

Limitations of Study

The office buildings included in this analysis, all
buildings for which health hazard investigations had been
requested, may differ from other buildings. Findings thus
cannot be directly extrapolated to office buildings in general.
In particular, estimates of symptom prevalence from these
data are higher than in other US buildings [Malkin e al..
1996; Brightman et al., 1999]. The presence of environ-
mental risks and resulting health effects may be higher in
these buildings; the occupants’ concerns about their indoor
environments in these investigated buildings may have
caused relative over-reporting of symptoms experienced
while in the building; or both of these could be true, However,
concern could not create or increase associarions of symip-
toms with risk factors of which respondents were unaware,
such as conditions within the ventilation systems. Thus,
given other limitations of the study, these findings are likely
to be relatively valid in the population studied. On the
other hand, to the extent that the inaccuracies of subjective
reporting of symptoms increased random misclassification




of the outcomes, this would reduce estimates of true relation-
ships toward the null, and cause underestimates of true risks
in this population.

The most straightforward generalization of these findings
is to other U.S. office buildings with recognized air quality
problems. These findings suggest conditions in such buildings
to address to prevent or reduce symptoms. “‘Complaint”
office buildings, although the frequency of their occurrence
has not been quantified, represent an important set of
buildings with public health importance. Findings here on
prevalence of building-related symptoms clearly cannot be
extrapolated to office buildings in general. but the findings on
relationships of risks to outcomes may turn out to hold in other
office buildings as well. More of these building may have
environmental risks and adverse exposures than buildings in
general, but in theory, the relationships found of risks to
effects should apply to other buildings with those risks as well.
Any general overreporting of symptoms within the complaint
buildings studied should not create a bias that prevents
generalization; this general overreporting would tend to
cancel itself out in the comparisons between the buildings.

The analyses described here. which build on findings
from previous analyses of the same data [Sieber et al., 19961,
were intended to explore patterns of association and generate
hypotheses for re-testing and confirmation in other data. The
findings here should be considered in this light. Nevertheless,
although this analysis included “multiple comparisons,”
chance associations are unlikely to explain the present find-
ings. For instance, in partially adjusted models for the two
highest ranking outcomes, nine and seven of the 20 risk
factors, respectively, had lower 95% confidence limits above
1.0 (Table ITT), compared to one expected for each model by
chance alone. Furthermore, for the four example risk factors
listed at the bottom of Table I, lower 95% confidence limits
for association of these risk factors with the 20 outcomes
were above 1.0 for 43 of 60 estimates, and upper 95%
confidence limits for the protective factor were below 1.0 for
4 of 20. These 47 statistically significant associations among
80 comparisons are much greater than the four expected by
chance alone.

For common health outcomes such as many building-
related symptoms, estimated ORs may differ substantially
from risk ratios (defined as the outcome risk among the
exposed divided by the risk among the unexposed) and
therefore are less useful for estimating additional risk related
to exposures. Becanse the prevalence of the two outcomes in
final models were low (1.1 and 2.3%), the adjusted ORs will
only slightly overestimate adjusted risk ratios (by 2-4%)
[Zhang and Yu, 1998].

Iimplications

Although work-related lower respiratory symptoms
reported in industrial or agricultural settings are considered
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potential indicators of work-related disease, such symptoms
in non-industrial indoor environments are generally accorded
little clinical significance because of the presumed lack of
causal exposures. Yet multiple reports have described serious
respiratory BRI, including hypersensitivity pneumonitis and
asthma, caused by building or HVAC-related moisture and
mold in workplaces [Woodard et al., 1988; Kreiss. 1989;
Hoffman et al., 1993; Thorn et al., 1996; Seuri et al., 2000;
Jarvis and Morey, 2001].

Investigators of health complaints in buildings often
tally and report only the most commonly reported symptoms
(generally headache, fatigue, or eye irritation) without realiz-
ing that these are generally the most commonly reported
symptoms in any building [Mendell et al., 1996a.b; Bright-
man et al., 1999]. This selection almost invariably excludes
the lower respiratory symptoms. Yet this exclusion, as sug-
gested in the findings here, may hide an important component
of the biologic response in a key susceptible subpopulation.
The symptoms studied here may represent unrecognized
subclinical manifestations of known building-related disease
such as asthma or hypersensitivity pneumonitis [Kreiss, 1989].

The findings here, although requiring replication,
suggest that building-related respiratory health effects may
occur without recognition among a proportion of indoor
workers with moisture- or contaminant-related exposures.
History of asthma, whether diagnosed prior to working in the
building or initially caused by exposures in the building, may
confer heightened sensitivity to these exposures. Replication
of the findings reported here could lead to earlier identifica-
tion of indoor workplaces and workers at increased risk of
work-related respiratory health effects. At present, BRI cases
found in indoor work environments have almost without
exception been identified through follow-up of clinically
diagnosed index cases, traced back to the indoor workplace
by astute clinicians [Woodard et al., 1988; Hoffman et al.,
1993; Thom et al., 1996].

In summary, our analyses found several conditions in
buildings or ventilation systems suggestive of excessive
moisture or poor maintenance to be risks for increased work-
related lower respiratory symploms among occupants—
particularly, poor drainage in the air-conditioning drip pans,
but also debris in the ventilation air intake, no scheduled
ventilation system inspections, water damage in occupied
spaces, and lack of daily surface dusting. The risks were
higher for more stringent and severe outcome definitions
requiring multiple symptoms with cough, and for symptoms
improving away from work, suggesting that these were more
specific metrics for the underlying health effect. The risks
also tended to be greater among previously diagnosed
asthmatics. Although office buildings are not usually consi-
dered to pose risks for lower respiratory health, poor design
or maintenance of ventilation systems and occupied spaces in
these office settings may result in exposures that cause or
exacerbate lower respiratory health problems.
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Analyses of data from representative sets of buildings,
rather than from buildings with recognized air quality
problems, are needed to quantify the occurrence of these
risk factors and confirm the relationships found here. Even if
low proportions of buildings have the risk factors evaluated
here, the absolute numbers of U.S. workers at risk among the
almost 70 million in indoor environments may be of public
health significance. Future research on occupants reporting
multiple lower respiratory symptoms exacerbated within
buildings, including a focus on susceptible subgroups such as
asthmatics, may help identify more specific environmental
risks for building-related respiratory disease. Etiologic re-
search into other poorly characterized health effects attri-
buted to the environment may benefit from analyses using
alternate metrics of symptom-based outcome measures for
disease processes of interest, and indicators for suspect but
poorly characterized exposures.
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APPENDIX 1. DETAILS OF PRELIMINARY
STRATEGIES FOR CONSTRUCTING
MULTIVARIATE MODELS

Preliminary Models With Subgroups of
Rick Factors as Independent Variables

For each of the two selected outcomes. an initial multi-
variate model was constructed for each subgroup of risk



factors. Each model included the risk factors within the sub-
group and the personal covariates for gender, age, smoking,
and asthma status. From each subgroup, variables for which
P >0.20 were eliminated sequentially, except when their
removal changed the estimates for another risk factor by
more than 15%.

For each outcome, a final model was created containing
all the risk factor variables from the reduced subgroup
models, plus the ungrouped risk factor variables, along with
gender, age, smoking, and asthma status. This full model was
then reduced by sequential elimination of terms for which
P > 0.10, except when their removal changed the estimates of
another risk factor by more than 15%.

Risk Factor Index Variables

In the second model reduction strategy, a continuous
index variable was created for each of the four risk factor
subgroups described above (listed in Table II). Each
subgroup index for a building was calculated by summing
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the number of risk factors (independent variables) within the
subgroup that were present in that building. The index
variables (and ranges of possible scores per building) were—
microbiological sources less than 25 feet from the outside
air intake (range 0-3), problems with the particle filtration
(range 0-4), dirt in the HVAC system (range 0-7), and
moisture in the HVAC systemn (range 0-2). Dichotomous
variables, evaluated separately, were retained for the
following: no scheduled HVAC maintenance, daily surface
dusting, and water damage in the workspace.

The continuous indices were evalnated for the two
selected outcomes, with adjustment for personal variables.
To evaluate whether indices were linear each was categorized
into low, medium, and high and modeled with indicator vari-
ables. The low (reference) category was defined as having
none of the problems in that category: medium and high
categories each contained half the remaining observations.
Simpler dichotomized variables were also created for each
index (any problems within a specific sub-category vs. none
of the problems in the category).




