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Abstract

Epidemiologic research into the causes of non-specific symp-
toms among office workers has produced a variety of conflict-
ing findings which are difficult to svnthesize. This paper
first discusses methodologic issues important in the interpreta-
tion of epidenuologic studies, and then reviews the findings
of 32 studies of 37 factors potentially related to office worker
sviptoms. Among environmental factors assessed, there
were generally consistent findings associating increased
svmproms with atr-conditioning, carpets, more workers in a
space, VDT use, and ventilation rates at or below 10 liters/
second. person. Studies with particularly strong designs
Sfound decreased svinproms associated with low ventilation
ratre, short-term humidification, negative lonization, and im-
proved office cleaning, although studies reviewed showed little
consistency of findings for humidification and ionization.
Relatively strong studies associated high temperature and low
relanive hwmdity with increased symptoms, whereas less
strong studies were not consistent. Among personal factors
assessed, there were generally consistent findings assoctating
tncreased symptoms with female gender, job stress/dissatis-
faction, and allergies/asthina. For other environmental or
personal factors assessed, findings were too inconsistent or
sparse for current interpretation, and there were no findings
from strong studies. Quverall evidence suggested thar work-
related symproms among office workers were relatively com-
mon, and that some of these symptoms represented prevent-
able physiologic effects of environmental exposures or con-
ditions. Future research on this problem should include blind
experimental and case-control studies, using improved meas-
urements of both environmental exposures and health out-
comes.
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Introduction

Investigations of symptom complaints among office
workers, reported increasingly in the past 20 years,
have often identified neither specific illnesses nor
responsible exposures. In addition to these reports
of single building investigations, a sizable research
literature on occurrence of such non-specific symp-
toms has also developed, including cross-sectional,
case-control, and cxpcrimental studies, with a var-
iety of often conflicting findings. It can be difficult,
in evaluating these contradictory findings, to
achieve a critical synthesis which goes beyond the
numerical estimates and confidence intervals re-
ported for various factors assessed.

This paper selects studies for review (see
Methods) and summarizes their findings graphi-
cally. It also attempts to help readers interpret this
literature, by discussing some study design features
important for insuring study validity (i.e., lack of
bias), assessing the quality and consistency of avail-
able study findings, and attempting resolution of
several conflicting sets of study findings. It then
summarizes other aspects of the current literature,
and suggests strategies for future research.

Even one source of major bias (error which either
hides, exaggerates, or even falsely creates relation-
ships) in an otherwise excellent study can produce
invalid and misleading findings. Some study fea-
tures which influence potential for bias include: type
of study design (e.g., various experimental or obser-
vational designs), strategies to control confounding
(a distortion of apparent relationships between two
factors due to another factor related to both), quality
of measurements, and comparability of study popu-
lations. Larger study size, although it can improve
the precision of findings (e.g., reduce the random
error), cannot reduce bias or improve validity.
These issues are discussed in detail by Rothman
(1986).
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Studies in the indoor air literature include both
experimental and observational designs. The advan-
tage of an experiment is that it allows changing one
factor, while holding all others constant. The ideal
experiment would randomly assign individual study
participants to two groups (“randomized”), admin-
ister a single changed condition to one group and a
false (“placebo™) change to the other, with neither
subjects nor researchers aware (“double-blind™) of
which group experienced the actual changed con-
dition. A randomized, placebo-controlled, double-
blind experiment can effectively minimize a variety
of potential biases in evaluating causal effects, even
in problematic situations; e.g., when only subjective
symptom reports, sensitive to mood and psycho-
logical setting, can be used to measure health. Lack
of one or more key features weakens an experiment’s
resistance to potential bias. An experimental study
lacking individual randomization to treatment
groups is vulnerable to prior differences between
the groups (and is thus sometimes called a “quasi-
experiment””) (Cook and Campbell, 1979). Com-
plete lack of a comparison group fails to control for
the potent beneficial effects of being studied or for
other time-related factors, and an unblinded study
is vulnerable to distortion of results from subject or
researcher expectations.

For a variety of reasons, however, experiments or
even quasi-experiments are often not feasible in the
indoor air setting: impracticality of randomizing in-
dividuals to treatments in an occupational setting;
ethical constraints in administering, or even
allowing, known toxic exposures; difficulty in
changing only one factor in a complex environment;
and so on. Instead, observational studies involve
selection of appropriate populations to observe and
compare, without interventions, so as to sinulate
the results of an experiment. Observational study
designs, which include case studies, cross-sectional
studies, case-control studies, and follow-up studies,
are able to address a wider range of questions than
experiments but are more difficult to protect against
bias. Biases in observational studies, which can
falsely either exaggerate or diminish true associ-
ations, can be minimized but usually not eliminated;
however, a diverse body of well-designed obser-
vational studies can be persuasive.

Most of the observational studies reviewed here
are cross-sectional (i.e., they collect information on
health and exposures at the same time), while some
are case-control studies (which compare groups
with high levels of symptoms to those with low

levels). The cross-sectional design is often the most
practical approach in studying office worker symp-
toms, though it has more limitations than the case-
control or follow-up designs. Cross sectional studies
will underestimate disease effects if the most suscep-
tible have left the workplace; another limitation is
that they cannot assess temporal relationships (such
as whether stress or symptoms occurred first). Case
studies (i.e., problem building investigations per-
formed as a public health response to worker com-
plaints in a single building), have rarely provided
scientifically useful findings due to their limited de-
signs. Strategies for minimizing bias in epidemio-
logical studies include: technigues to control con-
founding, such as multiple regression modelling,
matching, or within-subject comparisons; use of op-
timally accurate measurements — e.g., objective
health measurements, less liable to be influenced by
extraneous factors than subjective ones, and person-
specific environmental measurements, more likely to
be accurate for each person than room-average
measurements; and (particularly in cross-sectional
and case-control studies) selection of populations ap-
propriate for the comparisons of interest.

Methods

This review selected reports from the literature of
epidemiologic studies on work-related symptoms
(those occurring at work or improving away from
work) among workers in office buildings, choosing
where possible the single most complete report for
each study. Articles from 1984 through December,
1992 were sought in several computerized scientific
databases, and also in a number of selected journals
and conference proceedings; later published updates
were also considered. All reports of single “prob-
lem” building investigations, some reports of
smaller studies (one or two buildings), and studies
performed in laboratories were omitted for brevity.

For each study included here, reported relation-
ships between symptom prevalence and a variety of
factors or environmental measurements were reviewed.
Direction of association (factor associated with
higher symptom prevalence, not associated with
symptom prevalence, or associated with lower
symptom prevalence) was determined. Association
with symptom prevalence was defined as a statisti-
cally significant association with az least one of the
following symptoms: eye, nose, throat, or skin
symptoms; breathing or lower respiratory prob-
lems; fatigue or tiredness; or headache.
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Findings for each specific factor or measurement
were evaluated across studies and classified as con-
sistent, mostly consistent, or too inconsistent or
sparse for simple interpretation. ‘““Consistent” was
defined as agreement by all relevant studies re-
viewed, with a minimum of three studies. “Mostly
consistent” was defined as one discordant finding
in four to six studies, one or two discordant findings
in seven or more studies, and so on (e.g., less than
30% discordant). Except as noted, this classification
did not consider differences between studies in
measurement methods, levels of factors compared,
or definitions of factors used. Inconsistent findings
for several factors, including ventilation rate, were
considered in more detail.

The presence of several key study features which
reduce potential bias was also evaluated for each
study. Findings from study designs considered to
be strong (highly resistant to bias) were identified;
as design features varied even within studies, this
determination was finding-specific, not study-speci-
fic. For instance, an experimental study may have
controlled ventilation rate to assess relationships
with symptoms, but may also have assessed associ-
ation of symptoms with variations in temperature
and other variables that happened to occur (e.g.,
Menzies et al., 1993); the ventilation finding would
be considered stronger than the temperature find-
ing. For experimental studies, a strong study re-
quired an adequate comparison group (simul-
taneous, and either untreated or placebo-treated)
and at least a single-blind design (e.g., subjects un-
aware of group treatment). Note that a single-blind
study is possible for ventilation rate, but may not be
for temperature. For observational studies, a strong
study design required either a case-control or fol-
low-up study design, along with control for major
confounding variables, person-specific environmen-
tal measurements, and use of appropriate study
populations.

Some additional research reports relevant to the
interpretation of the epidemiologic studies were also
reviewed but not included in the summary Table.

Results

Table 1 summarizes findings from 32 reports on
associations between worker symptoms and 17 en-
vironmental measurements, 5 building factors, 7
workspace factors, and 8 job and personal factors.
Studies are categorized in Table 1 as experimental
or observational; one (Jaakkola et al., 1991) was

both. Experimental studies were further grouped
by whether or not adequate comparison groups (as
defined previously) were used. All experimental
studies reviewed were technically quasi-experi-
ments, as none randomized individuals to treat-
ments. Observational studies were grouped by the
presence or absence of techniques to control con-
founding. Within each of these groups, studies are
listed alphabetically by author. Observational
studies were cross-sectional except for four case-
control studies (Sundell et al., 1992; Menzies et al.,
1992; Skov and Valbjern, 1990a; Burge et al., 1990).

As shown in the Table 1 legend, symptom associ-
ations reported for factors or measurements are cat-
egorized as: associated with higher symptoms, no
associations, or associated with lower symptoms.
(Some factors were “reversed” for comparability
across studies e.g., improved cleaning (Leinster et
al., 1990) and poor cleaning (Skov et al., 1989, 1990;
Skov and Valbjern, 1990a).) Specific findings from
study designs considered strong are highlighted.
Some key study design features used are also indi-
cated in the Table.

In this paper, humidification refers to the ad-
dition of moisture to air supplied by mechanical
ventilation systems, using methods such as drip,
spray, or steam. Ionization refers to the use of ion
generators which emit negative ions and increase
their concentration in indoor air. Carpets refer to
the presence in the workspace of carpets of any age,
not just new. More workers in the workspace refers
to the number of other workers sharing a room or
workspace with a study respondent; specific levels
compared varied between studies.

The bottom row of Table 1 summarizes the ap-
parent consistency of findings across studies. Con-
sistent associations were reported between higher
symptom prevalence and: air-conditioning systems
(nine studies), higher job stress/dissatisfaction
(seven studies), and allergies/asthma (six studies).
Mostly consistent associations with higher symp-
toms were reported for: carpets (five of six studies),
more workers in the workspace (five of seven), video
display terminal (VDT) use (six of eight), and fe-
male gender (12 of 13). Consistent or mostly con-
sistent findings of o association with altered symp-
tom prevalence were reported for total viable fungi,
total viable bacteria, total particles, air velocity, car-
bon monoxide, formaldehyde, and noise. For other
factors and environmental measurements con-
sidered in the review, findings were too inconsistent
or sparse for simple interpretation. Findings for
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Table 1 Summary of reported associations between work-related symptoms and various environmental factors and measurements
along with summary of key design features of studies reviewed
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Table 1

(continued)

BUILDING FACTORS

WORKSPACE FACTORS

JOB AND PERSONAL
FACTORS
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only four factors, however, were so inconsistent as
to include associations with both higher and lower
symptom prevalence: humidity, noise, humidifi-
cation, and ionization. Findings for low ventilation
rate are considered mostly consistent (see below).

Strong study designs found low ventilation rate
(Jaakkola et al., 1991) to be related to increased
symptoms; humidification (Reinikainen et al.,
1992), ionization (Wyon, 1992), and improved office
cleaning (Leinster et al., 1990; Raw et al., 1991) to
be related to decreased symptoms; and low venti-
lation rate (Jaakkola et al., 1990; Menzies et al.,
1993; Wyon, 1992) also to be unrelated to symptom
frequency (an apparent inconsistency).

Figure 1 summarizes findings and study design
information regarding symptom prevalence and
ventilation rate. There were mostly consistent find-
ings of statistically significant higher symptom
prevalence associated with mean outside air venti-
lation rates at or below 10 liters/second/person (I/
s/p) (21 cubic feet/minute/person) (Nagda et al.,
1991; Sundell et al., 1992; Jaakkola et al., 1991),
with one exception (Jaakkola et al., 1990). Statisti-
cally significant differences in symptom prevalence
were not apparent in comparisons of mean venti-
lation rates above 10 1/s/p (Jaakkola et al., 1991;
Menzies et al., 1993; Wyon, 1992). A number of
additional studies which reported no relationships
between symptom prevalence and CO, concen-
tration (an approximate index of ventilation ad-
equacy) were not included in Figure 1 because the
volume of outside air supplied per person was not

reported (Skov et al., 1990; Mendell, 1992; Hodg-
son et al., 1991; Burge et al., 1990).

A number of other points emerged from the
literature review. Six cross-sectional studies re-
ported data from buildings selected without regard
to symptom complaints: all reported an overall
prevalence greater than 20% of at least one work-
related symptom (Hedge et al., 1989; Mendell,
1992; Norback et al., 1990; Skov et al., 1990; Zweers
et al., 1992; Finnegan and Pickering, 1987a). Al-
though these data are from subjective symptom
reports only, and thus susceptible to bias from
psychological influences, Franck and Skov (1991,
not listed in Table 1) found subjective reports of
eye irritation from questionnaires in cross-sectional
building studies (Skov et al.,, 1990; Skov and
Valbjorn, 1990a) to be significantly correlated with
objective clinical measurements of eye dryness.
Wyon (1992) also reported significant correlations
between objective and subjective measurements of
dry mouth, lips, skin, nails, and eyes, and significant
improvement of some objective health measure-
ments with blinded environmental manipulations in
his experimental study.

Discussion

This paper provides a brief overview of a difficult
research area in which neither disease outcomes nor
relevant exposures are well defined. Although speci-
fic etiologic exposures for office worker symptoms
have not been implicated in this review, a number

STUDIES STUDY
DESIGN
Jaakkola '91 cross-sectional
Jaakkola '91 cross-sectional ﬂ
Wyon '92 experiment O——O
Menzies '93  experiment O .
Wyon '82 experiment O-—O
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Jaakkola '91  experiment Jﬁ} @)
Nagda '91 experiment ()
Sundell '92  cross-sectional @ O
Jaakkola '90 experiment C— 0
Nagda '91 experiment (O s e O (O=) mean ventilation rates
Jaakkola '91 experiment @-—() com.pared ) .
Jaakkola '91  experiment @—-O ¢ as:yorggttg%;v 1}221 %%r) E,?o: rg;;iizrﬁgr:i:i'
0 10 20 30 lated symptoms: reported

MEAN OUTDOOR AIR VENTILATION RATE
(liters/second/person)

relationships summarized
using estimated mean ven-
tilation rates compared.
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of environmental factors, possible indicarors for eti-
ologic exposures, have been related to symptom
prevalence by consistent or strong findings. Related
to increased symptoms with at least general consist-
ency were air-conditioning, carpets, more workers
in the space, VDT use, and ventilation rates at or
below 10 liters/second/person. These ventilation
rates were associated with increased symptoms in
one study of strong design; humidification systems,
negative ionization, and improved office cleaning
were found in studies of strong design to be associ-
ated with decreased symptoms. Some personal fac-
tors were independently related to increased symp-
toms. Job stress/dissatisfaction and allergies/
asthma may represent either causal factors for in-
creased symptoms, indicators of increased suscepti-
bility, or possibly ouzcomes of exposures which also
cause symptom increases. Female gender may be
associated with higher levels of exposures or stres-
sors, or with differential susceptibility or reporting.

Reports of no association were considered less per-
suasive than positive findings, because real associ-
ations may fail ro be derected for many reasons. False
negative findings may be due to any of the sources
of error possible in positive findings (chance, con-
founding, and various directional biases), but also
from additional errors. These include several types
of measurement error (e.g., inaccuracy; choice of a
non-relevant exposure component, time interval, or
location for measurement), as well as inadequate
power to detect effects due to small sample size
or limited variation in exposures (Rothman, 1986).
Furthermore, the exposure range included in a
study may not exceed threshold values for actual
effects (e.g., viable fungi, carbon monoxide, form-
aldehyde, and noise were found consistently in this
review to be unrelated to worker symptoms, but are
known to cause health effects at high levels). Most
inconsistencies found in this review, between find-
ings of positive associations and findings of no as-
sociations, are thus not surprising.

Findings were completely consistent for only
seven of the 37 factors or measurements assessed.
For some factors with inconsistent findings, the
stronger study designs reviewed (even if not classi-
fied here as “strong”) found associations not found
by many of the less strong studies, suggesting poss-
ibly biased, false negative findings in the latter. Such
findings include associations of increased symptoms
with high temperature (Wyon, 1992), low humidity
(Reinikainen et al., 1992; Wyon, 1992), thorough
cleaning (Raw et al., 1991; Leinster et al., 1990),

and possibly VOC (Hodgson, 1991, 1992), and as-
sociations of decreased symptoms with humidifi-
cation (Reinikainen et al., 1992; Wyon, 1992) and
ionization (Wyon, 1992). For example, Hodgson et
al. (1991, 1992) found relationships between VOCs
assessed, with presumably greater accuracy, at each
occupant’s workstation and simultaneous symptom
intensity, whereas other studies comparing VOCs
measured in larger areas to retrospectively reported
symptoms failed to find relationships (Mendell,
1992; Skov 1990; Skov and Valbjern, 1990a). In-
consistencies may also have resulted from differ-
ences between studies in measurement methods,
definitions, or ranges of factors included. Closer
examination of differences between studies may re-
duce apparent inconsistencies, as with ventilation
rate.

The apparent resolution of most inconsistencies
regarding symptoms and ventilation rate (Figure 1)
should, however, be interpreted cautiously. Com-
parisons made across studies necessitated crude esti-
mation of some mean ventilation rates: some studies
directly reported mean ventilation rates for each
study area or condition (Jaakkola et al., 1990, 1991;
Menzies et al., 1993; Nagda et al., 1991), while
others reported multiple rates (Wyon, 1992) or
ranges of rates (Sundell et al., 1992; Jaakkola et al.,
1991) for each. Also, one positive study (Nagda et
al.,, 1991) used a design which could not separate
effects of time and repeated measures from effects
of ventilation, and was thus likely to have exagger-
ated the effects found. On the other hand, all nega-
tive studies used relatively less accurate methods for
measuring ventilation rate (compared with tracer
gas methods); this, along with the inability of cur-
rent measurement techniques to assess variation in
outdoor air ventilation delivery throughout a build-
ing, might have obscured effects. Comparison of
ventilation effects across buildings while ignoring
possible differences in contaminant loads may dis-
tort findings, as ventilation rates can only modify
exposures from existing sources. And lastly, this
review considered only the statistical significance of
the study findings, rather than the actual magnitude
of effects reported at different ventilation levels.

Some other inconsistencies in reported findings
may also have plausible explanations. For instance,
regarding humidification (see Table 1): both experi-
mental studies which used newly installed humidifi-
cation systems to increase humidity found reductions
in symptom prevalence (Reinikainen et al., 1992;
Wyon, 1992). Yet all cross-sectional studies of
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buildings selected without regard to worker com-
plaints found the presence of humidification sys-
tems to be associated with Aigher prevalence of some
symptoms (Hedge et al., 1989; Reinikainen et al.,
1991; Zweers et al., 1992; Finnegan and Pickering,
1987a). It is reasonable to hypothesize that: a) shorz-
term (e.g., experimental) humidification will simply
reduce symptoms where normal indoor humidity is
low, by eliminating the negative health effects of
excessively low humidity; b) long-term humidifi-
cation may reduce some symptoms by increasing
humidity (Reinikainen et al., 1991), but may more
substantially increase the risk of symptoms from
microbiologic contamination (in the humidifier or
elsewhere). The inconsistent findings for direct
measurements of relative humidity may be partly
due to such opposing effects of humidification sys-
tems, as well as to the health effects resulting from
either very high or very low humidities. Long-term
comparison studies (or the identification of specific
etiologic microbiologic exposures) will be necessary
to resolve this question.

For ionization, one study of strong design found
that symptom prevalence decreased after the use of
ionization and a very large increase in ion concen-
trations (Wyon, 1992), although findings from other
studies were mixed (Finnegan et al., 1987; Hawkins
and Morris, 1984). Another well-designed study
found no effect, but was not included in Table 1
because its intended ionization intervention pro-
duced no changes in airborne ion concentrations
(Daniell et al., 1991), and thus provided no infor-
mation on effects of changed ion concentrations.
If the beneficial effects of ionization persuasively
demonstrated by Wyon (1992) occurred not from
changed concentrations of ions, but from reductions
of microbiologic or other airborne particulate mat-
ter, then ionization would reduce only particle-re-
lated symptoms.

The scope of this review limited the consideration
of many important details. For instance, both con-
sistency and strength of study designs were sum-
marized without regard for differences in study size,
quality of measurements (e.g., objective vs. subjec-
tive, current vs. retrospective, type of instrument,
etc.), or strength of findings (e.g., magnitude of ef-
fect), which can substantially affect persuasiveness
of studies. Also, lumping of all symptoms together
limits inference about disease mechanisms.

Nevertheless, the overall literature confirms both
the importance and the usefulness of continued re-
search into the causes of unexplained office worker

symptoms. Symptom prevalence data from ‘“‘nor-
mal” buildings shows that for office workers to ex-
perience various symptoms which improve away
from their buildings is a relatively common phen-
omenon. The correlation of subjective symptom
reports with objective health measurements (Wyon,
1992; Franck et al., 1991) and of both with blind
environmental manipulations (Wyon, 1992) lend
credibility to symptom reports and suggest that
some represent preventable physiologic effects of
environmental exposures or conditions in office
buildings.

This review also corroborates that this is a multi-
factorial problem. Currently, one must invoke
microbiologic, chemical, physical, and psycho-
logical mechanisms to logically explain all the as-
sociations with increased symptoms reported, either
consistently or from studies of strong design. As
this syndrome may thus represent overlapping sets
of symptoms involving multiple causes and physiol-
ogic pathways, effective intervention strategies may
include changes in the physical as well as the psy-
chosocial environments. For psychosocial factors
particularly, however, the associations found with
subjective symptom reporting in cross-sectional
studies have not established direction of causality:
symptoms could have induced stress or vice versa.

Future research should make full use of our cur-
rent knowledge, not only of risk factors implicated
and related biologically plausible causes, but also about
good study designs. Where feasible, experimental (or
quasi-experimental) designs will be stronger than ob-
servational. Good models of experimental design are
already available (Menzies et al., 1993; Wyon, 1992;
Leinster et al., 1990; Reinikainen et al., 1992; Raw et
al., 1991; Jaakkola et al., 1991), although modifi-
cations will be needed for some assessments, such as
of long-term effects of humidification. An inherent
limitation of field experiments, however, is the im-
practicality of randomizing individuals to exposure
groups. A crossover strategy, which sequentially ap-
plies both active and placebo treatments to each indi-
vidual and performs within-subject comparisons,
can help protect against prior differences between
study groups (Jaakkola et al., 1990; Reinikainen et al.,
1992; Daniell et al., 1991), especially with some de-
signs (Menzies et al., 1993); however, a crossover de-
sign is usable only when residual treatment effects do
not occur.

For the many questions for which experimental
designs are not feasible, observational studies will be
necessary. Broader use of certain approaches would
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improve the quality of future observational studies.
These include techniques to control for multivariate
confounding; blinding of subjects and technicians
(even in observational studies) to study hypotheses
and data; improved symptom assessment, including
use of current symptom intensity (Hodgson et al.,
1991, 1992; Wyon, 1992) symptom diaries (Jaakkola
et al.,, 1990; Reinikainen et al., 1992), or simul-
taneous environment/health measurements (Hodg-
son et al., 1991, 1992; Wyon, 1992; Menzies et al.,
1992); objective health measurements (Wyon 1992;
Franck and Skov, 1991; Koenig, 1988; Menzies et
al., 1992); person-specific environmental measure-
ments (Hodgson et al., 1991, 1992; Menzies et al.,
1992); data analyses based on hypothesized effect
levels; and more efficient case-control designs (Sun-
dell et al., 1992; Menzies et al., 1992). Building-
level case-control designs (Skov and Valbjern,
1990a; Burge et al., 1990) will have very low power
unless they contain many buildings or include per-
son-level case-control comparisons as well.

Meanwhile, maximum effectiveness of these
studies awaits the development of measurement and
interpretation approaches which capture the rel-
evant exposures or conditions with appropriate
specificity of time, place, and exposure, based on
hypothesized mechanisms. Promising targets for
such new approaches include temperature and hu-
midity (Berglund and Cain, 1989), VOC (Mselhave,
1991), and particularly microbiologic materials
(Miller, 1992; Plartt et al., 1989; Rylander et al.,
1992; Brundage et al., 1988; Jaakkola et al., 1990a).
Until we can identify these specific causes, appro-
priate mitigation and prevention of building-related
symptoms may need to be at the level of prudent
design, operation, and maintenance practices, fo-
cused on factors which reduce the likelihood of prob-
lem indoor exposures or conditions.
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