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Abstract: There is an increasing concern about indoor air quality (IAQ) and its impact on health,
comfort, and work-performance in office-like environments and their workers, which account for
most of the labor force. The Scientific Committee on Indoor Air Quality and Health of the ICOH
(Int. Comm. Occup. Health) has discussed the assessment and management of IAQ problems and
proposed a stepwise approach to be conducted by a multidisciplinary team. It is recommended to
integrate the building assessment, inspection by walk-through of the office workplace, questionnaire
survey, and environmental measurements, in that order. The survey should cover perceived IAQ,
symptoms, and psychosocial working aspects. The outcome can be used for mapping the IAQ and
to prioritize the order in which problems should be dealt with. Individual health surveillance in
relation to IAQ is proposed only when periodical health surveillance is already performed for other
risks (e.g., video display units) or when specific clinical examination of workers is required due to the
occurrence of diseases that may be linked to IAQ (e.g., Legionnaire’s disease), recurrent inflammation,
infections of eyes, respiratory airway effects, and sensorial disturbances. Environmental and personal
risk factors should also be compiled and assessed. Workplace health promotion should include
programs for smoking cessation and stress and IAQ management.
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1. Introduction

The indoor air quality (IAQ) in office-like environments is an issue of increasing focus because
office workers provide services of high relevance. The office workers, which account for most of the
labor force in many countries, are occupationally exposed to biological, chemical, physical, ergonomic,
and psycho-logical/social loads with a potentially high and diversified impact on comfort [1],
work-related health problems [2], sickness absence [3], and risk of deteriorated work performance [4,5].
Another issue is an ageing workforce, later retirement, and the general trend (in Europe) that the
workforce in public offices is being reduced due to economic constraints. In this context, effects of IAQ
on health, well-being, and work-performance have been reported in office-like environments in recent
decades (e.g., [5–7]).

Modern offices are built with new materials, equipment, and the use of a variety of cleaning,
consumer, and personal care products; their emission of chemicals and particles reflects IAQ together
with the incoming outdoor air. New energy saving strategies, like lightning, heating, cooling,
and ventilation, also impact the perception of IAQ. Furthermore, pollutants that are emitted from
office equipment—e.g., laser printer emissions (ozone, primary VOCs, and particles)—and secondary
VOCs derived from reactive indoor air chemistry may be of concern [8–11].
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The EnVIE project prioritized the following diseases caused or exacerbated by poor IAQ: allergic
and asthma symptoms; chronic obstructive and pulmonary diseases; airborne respiratory infections;
cardiovascular mortality and morbidity; lung cancer; odor and sensory irritation in eyes and airways
(Sick Building Syndrome (SBS) symptoms) [12]; for this terminology, see below.

The term SBS has been used to define buildings in which an excessive prevalence of occupants
(>20%) report one or more symptoms that may be associated with the IAQ and climate at work [13].
However, the SBS terminology, apart from being semantically misleading, today is considered
obsolete [9,14–16], simply because no single pollution load is causative of all SBS symptoms; rather,
focus is on the individual specific symptomatology and the identification of potential risk factors for
specific symptoms or signs [9,17]. For instance, Brightman et al. (2008) concluded that “these findings
(questionnaires in buildings at large; added by authors) imply that it is counterproductive to
dichotomize buildings into healthy vs. unhealthy; instead the prevalence of health problems related to
buildings span a continuum” [14]. Furthermore, the neuropsychological symptoms (e.g., headache,
fatigue) “may in fact stem, at least partially, from a different origin” than exposure (added by the
authors) [18]. Thus, specific symptoms or exacerbation thereof may be associated with one or more
risk factors and possibly in a concerted and amplifying manner.

Health effects potentially related to exposure to indoor air pollutants in office environments
include acute and semi-acute effects and longer-term based effects. The former can be divided into
immediate perceived IAQ that is related to odor perception (olfactorius nerve) and semi-acute effects
that are characterized by some latency, like sensory irritation in eyes and airways (trigeminus nerve),
and symptoms related to the central nervous system (e.g., headache and fatigue) [15,19].

Many epidemiological studies have addressed IAQ and associated exposure related symptoms
in office workers [6,14,18,20–22]. For instance, one recent study showed that eye symptoms were
associated with proximity to outdoor pollution like traffic, portable humidifiers, and crowded
spaces [23], for further discussion, see [17]. Other risk factors include visual display unit work and
technical causes such as inadequate ventilation [24], low humidity [25], or high temperature, especially
regarding eye symptoms [17]. Further, mold in moisture-damaged buildings is another exposure risk
that may deteriorate the IAQ and impact susceptible people, e.g., with asthma symptoms [26,27].

The office type also plays a role in the prevalence of symptom reporting and sickness absence [3];
generally, the more crowded the more dissatisfaction and increase of adverse health effects [28–31].
It should be noted, however, that factors like noise, distance from window, and privacy also may
influence the overall perception of IAQ and the prevalence of symptoms.

Indoor symptoms have also been related to psychosocial environments and mental stress at
work [2]. For instance, an association between overall comfort, indoor symptoms, high efforts and
low rewards, the mood scale, and self-estimated productivity has been observed in a large survey in
modern EU office buildings [6]. Consequently, there is an interest in exploring potential synergies
between psychosocial stress and indoor air on health and comfort of office workers [20,32–34]. It is
essential to acknowledge how odor annoyance—e.g., caused by degraded building materials [35] or
generated from moisture-damage (MVOCs)—may influence general comfort; psychic reactions with
nonspecific symptoms are plausible, but they would not induce direct physiological reactions like
sensory irritation in eyes and upper airways [27,36]. Typical symptoms after exposure to unpleasant
odors are fatigue, impaired power of concentration, headache, nausea, and insomnia, including
possible mood disorders [27]. Furthermore, susceptible people—i.e., with high distress (low affectivity)
or being diagnosed with asthma or multiple diagnoses of asthma/allergy—may react more intensely
than people with low distress or without asthma [37,38].

Studies in office buildings have focused primarily on acute health symptoms: unspecific
symptoms of irritation of eyes, nose and mucous membranes, fatigue, and headache experienced by
office worker. Longer-term effects due to continuous or repeated exposure to indoor air pollutants may
be associated with aggravation of asthma exacerbation and allergic responses, oxidative stress and
inflammation, chronic obstructive and pulmonary disease, lung cancer, and cardiovascular diseases.
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These effects are generally not evaluated in office workers due to the complexity and required resources
for clinical testing, which seem unrealistic in view of occupants’ mobility and the inhomogeneity of
exposures [7].

Several experimental studies have demonstrated deteriorated workers’ performance caused
by poor IAQ—e.g., text processing [5]—but, also by general conditions of the office—e.g., lighting
and noise [39]. A complete understanding of the cause(s)–effect relationships and type of loss of
work performance is complex. Chemical pollutants and bioeffluents, rather than carbon dioxide
itself, have been suggested to cause mental distraction and stress by perceived poor IAQ [40],
but other mechanisms are also in play [40,41]. For instance, Maula et al. demonstrated a weak
loss in cue-utilization, but not for other performance tests by low ventilation as a metric for bioeffluents
in a typical office environment [42]. The overall concern about work performance is not only related to
absenteeism and associated diseases due to the work environment (IAQ), but it may result from less
comfortable working conditions, e.g. inadequate IAQ [5,43,44] and low relative humidity [17,25].

2. Occupational Health Services

Occupational health services are increasingly requested to assess the risk and monitor the health status
of workers in non-industrial building sectors. This topic has been discussed by experts of the Italian Society
of Occupational Health [45], during a special session at the Indoor Air 2008 Conference [46], and by the
members of the Scientific Committee on Indoor Air Quality and Health of the International Commission
on Occupational Health (ICOH) starting from the ICOH 2009 Conference [47]. The role of the occupational
health services about assessment and management of IAQ problems in office-like environments has been
proposed as shown below.

2.1. Collaboration in Risk Assessment—Risk Management

A multidisciplinary team approach with experts in occupational medicine, IAQ, building physics,
and (airway) toxicology, is recommended for risk assessment of IAQ problems. It is recommended to
integrate the building assessment, questionnaire survey, and environmental measurements, in that
order. This should also include a survey of office equipment, e.g., printers, cleaning procedures,
and the use of cleaning products and of other consumer products.

In group surveys the contribution of the multidisciplinary team could be as follows:

� Information meeting at the company site with the safety committee and staff responsible
for ventilation, maintenance, working environment consultants, and/or the local working
environment authority (labor inspection); the primary goal is to identify the type of IAQ or climate
problem(s) reported and prioritized in the workplace evaluation, and to obtain information about
the building.

� Inspection by walk-through of the company workplace.
� Planning of future activities:

- Questionnaire survey (see below) and assessment thereof.
- Collaboration at the technical building assessment, decision about IAQ measurements if

required, and evaluation of the results. It is recommended to postpone IAQ measurements
if some action—e.g., intervention—is planned. Measurements, in general, should only
be carried out in case of suspected strong sources of pollution or other relevant climatic
parameters, or if it is necessary to control that air quality parameters are within regulatory
standards/guidelines.

- Individual clinical examination if required (see below).

� Evaluation of the combined results and definition of the risk management activities.
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2.2. Questionnaire to Assess Workers’ Comfort

The diagnosis of problem buildings/offices is not at individual level in the traditional medical
sense, but rather a diagnosis at group level with the implementation of a questionnaire survey.
In larger companies (minimum 45 employees), a questionnaire survey may provide a good overview.
The questionnaire should cover questions about the perceived IAQ and climate parameters, symptoms,
and working aspects. The role of personal factors like use of medication and psychosocial
stress—e.g., affectivity—are important issues that may influence the individual response and
perception of health, should be considered [44,48]. Psychological factors may also influence the
outcome of a questionnaire response [49]. It has been hypothesized that psychosocial stressors could
influence the reporting of individuals becoming more susceptible [33]; consequently, the psychosocial
parameters should be examined when risk factors of health and comfort are investigated.

Standardized and translated questionnaires for indoor climate cases are available, for instance
the Örebro model and MM questionnaire [50]. Note that the response rate strongly depends on the
design of the questionnaire, the recall period, and the neutrality of letter of invitation. It is essential
that the questionnaires are treated anonymously. The company’s safety representative or committee
can perform distribution and collection of questionnaires. Alternatively, the questionnaire could be an
online survey. Such surveys are ideal for monitoring the impact of intervention (i.e., before and after);
it should be noted, however, that at least one later survey is advisable to establish stability and avoid
the first impression reactions and filter out the inter alia the influence of different mood reactions.

It has been suggested that building-related health complaints should be investigated at the
work-area level and not at a building wide level. An occupant-centric medical evaluation should
guide environmental investigations, especially when screening results of indoor environmental and
air quality measurements show that the work areas in the building are within regulatory standards
and air quality guidelines [4].

An important role of the multidisciplinary team is the analysis and interpretation of the
results. The questionnaire survey data can be used for mapping the perceived IAQ, indoor climate,
and the psychosocial aspects and to prioritize the order in which the problems should be tackled,
e.g., measurements. However, two important issues should be considered. First, to distinguish whether
the reported symptoms are specifically associated with the working place and not with other external
stimuli—e.g., home, transport, or nearby industry. Further, it has been argued that reverse causality
may prevail as confirmed with ‘dummy’ questions; thus, the chicken and the egg situation should
be considered when identifying associations [51]. Second, it should be realized, both on a group and
individual level, that reported symptoms in some cases are borderline with actual disease (in low to
moderate degree) and not directly caused by the IAQ, although some symptoms may be exacerbated
by the IAQ.

3. Health Surveillance

Individual health surveillance in relation to IAQ problems is proposed only when periodical health
surveillance is already performed for other risks (e.g., video display units). Furthermore, individual
clinical examination of workers is also required when the occurrence of symptoms (signs) appears
to be associated with inadequate IAQ (e.g., Legionnaire’s disease), infection of the eyes, respiratory
(and inflammatory) effects in upper and lower airways, and sensorial disturbances. The examination
of individuals must encompass:

- Workplace description, that includes building and offices, ventilation conditions, amount of
available (floor) space per office worker, lighting, standard of cleaning, visible moisture damages,
and/or mold growth; furthermore, the thermal climate is important, like experience of cold feet,
cold/warm air, dry or stuffy air, smells, static electricity, and noise.

- Description of symptoms (and signs), with special regard to mucous membrane (sensory)
irritation, skin and general symptoms, and relationship with work (symptom development).
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When do symptoms appear during the week; are symptoms present on working days and/or
days off, and seasonal variation; do colleagues report similar symptoms. Routine physical
examination, focusing on eyes, nose, throat, skin, and lungs.

- Allergy (atopy) evaluation, when indicated; for example, in case of asthma and/or rhinitis,
where allergens are suspected at the workplace, e.g., mold growth, animal fur, and plants.

- Other risk factors; for instance, transport conditions, use of medication, and use of contact lenses.
- Furthermore, it should be considered that the worker may have a disease or unrecognized disease

that influences the overall perception of the IAQ and symptom reporting.

4. Promotion of Health

Health promotion is performed at various locations. Worksites are among the settings that should
receive special attention. WHO states that the workplace “has been established as one of the priority
settings for health promotion into the 21st century” because it influences “physical, mental, economic
and social well-being” and “offers an ideal setting and infrastructure to support the promotion of health
of a large audience”. Workplace health promotion should include programs for smoking cessation
(important source of IAQ pollution), stress (synergies between psychosocial stress and indoor air on
health and comfort of office workers), and on adequate measures for IAQ management. Furthermore,
it is considered highly appropriate, when moving from an old to new workplace, to provide neutral
and trustworthy information about the IAQ.

5. Conclusions

There is an increasing demand for (occupational health) services to assess work related risks
and monitor the health status of office workers. A multidisciplinary team of experts in occupational
medicine, IAQ, building physics, and toxicology, is recommended for the assessment and management
of IAQ problems. A questionnaire survey is recommended as a first step, while expensive physical,
chemical, and microbiological measurements should only be carried out in case of an anticipated action
or strong suspicion to specific agents causing the problem or if it is required to ensure that air quality
parameters are within regulatory standards/guidelines.

Guidance about the role of the occupational health service in the assessment and management of
IAQ problems has been provided and includes collaboration in risk assessment, use of a questionnaire
survey for comfort and health evaluation of the workers, health surveillance when already performed
for other risks or in case of specific clinical examinations and health promotion.

Further, synergies with other risk factors—e.g., psychosocial stress—may potentially also be
important and need to be evaluated, too.

Acknowledgments: The work was supported by an internal grant from the National Research Center for the
Working Environment. We thank members of ICOH Scientific Committee “Indoor Air Quality and Health”
for comments.

Author Contributions: The authors contributed equally to writing this paper on the basis of several presentations
during the last decade.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Frontczak, M.; Wargocki, P. Literature survey on how different factors influence comfort in indoor
environments. Build. Environ. 2011, 46, 922–937. [CrossRef]

2. Lahtinen, M.; Sundman-Digert, C.; Reijula, K. Psychosocial work environment and indoor air problems:
A questionnaire as a means of problem diagnosis. Occup. Environ. Med. 2004, 61, 143–149. [CrossRef]
[PubMed]

http://dx.doi.org/10.1016/j.buildenv.2010.10.021
http://dx.doi.org/10.1136/oem.2002.005835
http://www.ncbi.nlm.nih.gov/pubmed/14739380


Int. J. Environ. Res. Public Health 2018, 15, 741 6 of 8

3. Pejtersen, J.H.; Feveile, H.; Christensen, K.B.; Burr, H. Sickness absence associated with shared and
open-planar offices—A national cross sectional questionnaire review. Scand. J. Work Environ. Health
2011, 37, 376–382. [CrossRef] [PubMed]

4. Lukcso, D.; Guidotti, T.L.; Franklin, D.E.; Burt, A. Indoor environmental and air quality characteristics,
building-related health symptoms, and worker productivity in a federal government building complex.
Arch. Environ. Occup. Health 2016, 71, 85–101. [CrossRef] [PubMed]

5. Wyon, D.P. The effects of indoor air quality on performance and productivity. Indoor Air 2004, 14 (Suppl. 7),
92–101. [CrossRef] [PubMed]

6. Bluyssen, P.M.; Roda, C.; Mandin, C.; Fossati, S.; Carrer, P.; de Kluizenaar, Y.; Mihucz, V.G.;
de Oliveira Fernandes, E.; Bartzis, J. Self-reported health and comfort in ‘modern’ office buildings:
First results from the European OFFICAIR study. Indoor Air 2016, 26, 298–317. [CrossRef] [PubMed]

7. Carrer, P.; Wargocki, P.; Fanetti, A.; olfgangBischof, W.; De Oliveira Fernandes, E.; Hartmann, T.;
Kephalopoulos, S.; Palkonen, S.; Seppänen, O. What does the literature tell us about ventilation-health
relationship in public and residential buildings? Build. Environ. 2015, 94, 273–286. [CrossRef]

8. Salonen, H.; Pasanen, A.-L.; Lappalainen, S.; Riuttala, H.; Tuomi, T.; Pasanen, P.; Bäck, B.; Reijula, K.
Volatile organic compounds and formaldehyde as explaining factors for sensory irritation in office
environments. J. Occup. Environ. Hyg. 2009, 6, 239–247. [CrossRef] [PubMed]

9. Wolkoff, P. Indoor air pollutants in office environments: Assessment of comfort, health, and performance.
Int. J. Hyg. Environ. Health 2013, 216, 371–394. [CrossRef] [PubMed]

10. Wells, J.R.; Schoemaecker, C.; Carslaw, N.; Waring, M.S.; Ham, J.E.; Nelissen, I.; Wolkoff, P. Reactive indoor
air chemistry and health-A workshop summary. Int. J. Hyg. Environ. Health 2017, 220, 1222–1229. [CrossRef]
[PubMed]

11. Weschler, C.J.; Carslaw, N. Indoor chemistry. Environ. Sci. Technol. 2018, in press. [CrossRef] [PubMed]
12. Fernandes, E.O.; Carrer, P.; Jantunen, M.; Kephalopoulos, S.; Seppänen, O. Health effect of indoor air quality

and proposed IAQ policy for the EU. REHVA J. 2009, 46, 12–16.
13. World Health Organization. Indoor Air Quality Research; World Health Organization: Copenhagen, Denmark, 1986.
14. Brightman, H.S.; Milton, D.K.; Wypij, D.; Burge, H.A.; Spengler, J.D. Evaluating building-related symptoms

using the US EPA BASE study results. Indoor Air 2008, 18, 335–345. [CrossRef] [PubMed]
15. Hodgson, M. Indoor environmental exposure and symptoms. Environ. Health Perspect. 2002, 110 (Suppl. 4),

663–667. [CrossRef] [PubMed]
16. Thörn, Å. Methodologic aspects of the study of modern-age diseases: The example of sick-building syndrome.

Int. J. Occup. Environ. Health 2002, 8, 363–370. [CrossRef] [PubMed]
17. Wolkoff, P. External eye symptoms in indoor environments. Indoor Air 2017, 27, 246–260. [CrossRef]

[PubMed]
18. Magnavita, N. Work-related symptoms in indoor environments: A puzzling problem for the occupational

physician. Int. Arch. Occup. Environ. Health 2015, 88, 185–196. [CrossRef] [PubMed]
19. Jaakkola, M.S.; Yang, L.; Ieromnimon, A.; Jaakkola, J.J.K. Office work exposures and respiratory and sick

building syndrome symptoms. Occup. Environ. Med. 2007, 64, 178–184. [CrossRef] [PubMed]
20. Azuma, K.; Ikeda, K.; Kagi, N.; Yanagi, U.; Osawa, H. Prevalence and risk factors associated with nonspecific

building-related symptoms in office employees in Japan: Relationships between work environment,
Indoor Air Quality, and occupational stress. Indoor Air 2015, 25, 499–511. [CrossRef] [PubMed]

21. Bluyssen, P.M.; De Olivera Fernandes, E.; Groes, L.; Clausen, G.; Fanger, P.O.; Valbjørn, O.; Bernhard, C.A.;
Roulet, C.A. European indoor air quality audit project in 56 office buildings. Indoor Air 1996, 6, 221–238.
[CrossRef]

22. Reijula, K.; Sundman-Digert, C. Assessment of indoor air problems at work with a questionnaire.
Occup. Environ. Med. 2004, 61, 33–38. [PubMed]

23. De Kluizenaar, Y.; Roda, C.; Dijskstra, N.E.; Fossati, S.; Mandin, C.; Mihucz, V.G.; Hänninen, O.;
de Oliveira Fernandes, E.; Silva, G.V.; Carrer, P.; et al. Office characteristics and dry eye complaints in European
workers—The OFFICAIR study. Build. Environ. 2016, 102, 54–63. [CrossRef]

24. Sundell, J.; Levin, H.; Nazaroff, W.W.; Cain, W.S.; Fisk, W.J.; Grimsrud, D.T.; Gyntelberg, F.; Li, Y.; Persily, A.K.;
Pickering, A.C.; et al. Ventilation rates and health: Multidisciplinary review of the scientific literature.
Indoor Air 2011, 21, 191–204. [CrossRef] [PubMed]

http://dx.doi.org/10.5271/sjweh.3167
http://www.ncbi.nlm.nih.gov/pubmed/21528171
http://dx.doi.org/10.1080/19338244.2014.965246
http://www.ncbi.nlm.nih.gov/pubmed/25258108
http://dx.doi.org/10.1111/j.1600-0668.2004.00278.x
http://www.ncbi.nlm.nih.gov/pubmed/15330777
http://dx.doi.org/10.1111/ina.12196
http://www.ncbi.nlm.nih.gov/pubmed/25727348
http://dx.doi.org/10.1016/j.buildenv.2015.08.011
http://dx.doi.org/10.1080/15459620902735892
http://www.ncbi.nlm.nih.gov/pubmed/19184725
http://dx.doi.org/10.1016/j.ijheh.2012.08.001
http://www.ncbi.nlm.nih.gov/pubmed/22954455
http://dx.doi.org/10.1016/j.ijheh.2017.09.009
http://www.ncbi.nlm.nih.gov/pubmed/28964679
http://dx.doi.org/10.1021/acs.est.7b06387
http://www.ncbi.nlm.nih.gov/pubmed/29402076
http://dx.doi.org/10.1111/j.1600-0668.2008.00557.x
http://www.ncbi.nlm.nih.gov/pubmed/18717984
http://dx.doi.org/10.1289/ehp.02110s4663
http://www.ncbi.nlm.nih.gov/pubmed/12194903
http://dx.doi.org/10.1179/oeh.2002.8.4.363
http://www.ncbi.nlm.nih.gov/pubmed/12412855
http://dx.doi.org/10.1111/ina.12322
http://www.ncbi.nlm.nih.gov/pubmed/27444579
http://dx.doi.org/10.1007/s00420-014-0952-7
http://www.ncbi.nlm.nih.gov/pubmed/24917077
http://dx.doi.org/10.1136/oem.2005.024596
http://www.ncbi.nlm.nih.gov/pubmed/17339295
http://dx.doi.org/10.1111/ina.12158
http://www.ncbi.nlm.nih.gov/pubmed/25244340
http://dx.doi.org/10.1111/j.1600-0668.1996.00002.x
http://www.ncbi.nlm.nih.gov/pubmed/14691270
http://dx.doi.org/10.1016/j.buildenv.2016.03.013
http://dx.doi.org/10.1111/j.1600-0668.2010.00703.x
http://www.ncbi.nlm.nih.gov/pubmed/21204989


Int. J. Environ. Res. Public Health 2018, 15, 741 7 of 8

25. Wolkoff, P. Indoor air humidity, air quality, and health—An overview. Int. J. Hyg. Environ. Health 2018, 221,
376–390. [CrossRef] [PubMed]

26. World Health Organization. WHO Guidelines for Indoor Air Quality: Dampness and Mould; WHO Regional
Office for Europe: Copenhagen, Denmark, 2009; pp. 1–228.

27. Hurraß, J.; Heinzow, B.; Aurbach, U.; Bergmann, K.-C.; Bufe, A.; Buzina, W.; Cornely, O.A.; Engelhart, S.;
Fischer, G.; Gabrio, T.; et al. Medical diagnostics for indoor mold exposure. Int. J. Hyg. Environ. Health 2017,
220, 305–328. [CrossRef] [PubMed]

28. Bergström, J.; Miller, M.; Horneij, E. Work environment perceptions following relocation to open-plan offices:
A twelve-month longitudinal study. Work 2013, 50, 221–228.

29. Brennan, A.; Chugh, J.S.; Kline, T. Traditional versus open office design. A longitudinal field study.
Environ. Behav. 2002, 34, 279–299. [CrossRef]

30. Herbig, B.; Schneider, A.; Nowak, D. Does office space occupation matter? The role of the number of persons
per enclosed office space, psychosocial work characteristics, and environmental satisfaction in the physical
and mental health of employees. Indoor Air 2016, 26, 755–767. [CrossRef] [PubMed]

31. Leder, S.; Newsham, G.R.; Veitch, J.A.; Mancini, S.; Charles, K.E. Effects of office environment on employee
satisfaction: A new analysis. Build. Res. Inform. 2015, 44, 1–17. [CrossRef]

32. Hansen, Å.M.; Meyer, H.W.; Gyntelberg, F. Building-related symptoms and stress indicators. Indoor Air 2008,
18, 440–446. [CrossRef] [PubMed]

33. Clougherty, J.E.; Kubzansky, L.D. A framework for examining social stress and susceptibility to air pollution
in respiratory health. Environ. Health Perspect. 2009, 117, 1351–1358. [CrossRef] [PubMed]

34. Lu, C.-Y.; Ma, Y.-C.; Lin, J.-M.; Li, C.-Y.; Lin, R.S.; Sung, F.-C. Oxidative stress associated with indoor air
pollution and sick building syndrome-related symptoms among office workers in Taiwan. Inhal. Toxicol.
2007, 19, 57–65. [CrossRef] [PubMed]

35. Uhde, E.; Salthammer, T. Impact of reaction products from building materials and furnishings on indoor air
quality—A review of recent advances in indoor chemistry. Atmos. Environ. 2007, 41, 3111–3128. [CrossRef]

36. Korpi, A.; Järnberg, J.; Pasanen, A.-L. Microbial volatile organic compounds. Crit. Rev. Toxicol. 2009, 39,
139–193. [CrossRef] [PubMed]

37. Andersson, L.; Claeson, A.-S.; Ledin, L.; Wisting, F.; Nordin, S. The influence of health-risk perception and
distress on reactions to low-level chemical exposure. Front. Psychol. 2013, 4, 1–8. [CrossRef] [PubMed]

38. Claeson, A.-S.; Palmquist, E.; Lind, N.; Nordin, S. Symptom-trigger factors other than allergens in asthma
and allergy. Int. J. Environ. Health Res. 2016, 26, 448–457. [CrossRef] [PubMed]

39. Horr, Y.A.; Arif, M.; Kaushik, A.; Mazroei, A.; Katafygiotou, M.; Elsarrag, E. Occupant productivity and
office indoor environment quality: A review of the literature. Build. Environ. 2017, 105, 369–389. [CrossRef]

40. Zhang, X.; Wargocki, P.; Lian, Z. Physiological response during exposure to carbon dioxide and bioeffluents
at typical levels occurring indoors. Indoor Air 2017, 27, 65–77. [CrossRef] [PubMed]

41. Wolkoff, P.; Nielsen, G.D. Effects by inhalation of abundant fragrances in indoor air—An overview.
Environ. Int. 2017, 101, 96–107. [CrossRef] [PubMed]

42. Maula, H.; Hongisto, V.; Naatula, V.; Haapakangas, A.; Koskela, H. The effect of low ventilation rate with
elevated bioeffluent concentration on work performance, perceived indoor air quality, and health symptoms.
Indoor Air 2017, 27, 1141–1153. [CrossRef] [PubMed]

43. Meijer, E.M.; Frings-Dresen, M.H.W.; Sluiter, J.K. Effects of office innovation on office workers’ health and
performance. Ergonomics 2009, 52, 1027–1038. [CrossRef] [PubMed]

44. Pejtersen, J.; Allerman, L.; Kristensen, T.S.; Poulsen, O.M. Indoor climate, psychosocial work environment
and symptoms in open-plan offices. Indoor Air 2006, 16, 392–401. [CrossRef] [PubMed]

45. Cavallo, D.; Carrer, P.; Liotti, F.; Muzi, G. Indoor air quality: Suggestions for risk assessment and medical
surveillance. G. Italo. Medl. Lav. Ergon. 2004, 26, 416–428.

46. Carrer, P. Role of occupational physician in managing indoor air quality problems. In Proceedings of the
11th International Conference of Indoor Air Quality and Climate, Lyngby, Denmark, 22–27 August 2008.

47. Carrer, P.; Muzi, G.; Wolkoff, P. Role of occupational physician in the assessment and management of indoor
air quality problems. In Proceedings of the 29th International Congress on Occupational Health (ICOH),
Cape Town, South Africa, 22–27 March 2009.

48. Moffat, S.; Mulloli, T.P.; Bhopal, R.; Foy, G.; Phillimore, P. An exploration of awareness bias in
two environmental epidemiology studies. Epidemiology 2000, 11, 199–208. [CrossRef]

http://dx.doi.org/10.1016/j.ijheh.2018.01.015
http://www.ncbi.nlm.nih.gov/pubmed/29398406
http://dx.doi.org/10.1016/j.ijheh.2016.11.012
http://www.ncbi.nlm.nih.gov/pubmed/27986496
http://dx.doi.org/10.1177/0013916502034003001
http://dx.doi.org/10.1111/ina.12263
http://www.ncbi.nlm.nih.gov/pubmed/26537539
http://dx.doi.org/10.1080/09613218.2014.1003176
http://dx.doi.org/10.1111/j.1600-0668.2008.00571.x
http://www.ncbi.nlm.nih.gov/pubmed/18823341
http://dx.doi.org/10.1289/ehp.0900612
http://www.ncbi.nlm.nih.gov/pubmed/19750097
http://dx.doi.org/10.1080/08958370600985859
http://www.ncbi.nlm.nih.gov/pubmed/17127643
http://dx.doi.org/10.1016/j.atmosenv.2006.05.082
http://dx.doi.org/10.1080/10408440802291497
http://www.ncbi.nlm.nih.gov/pubmed/19204852
http://dx.doi.org/10.3389/fpsyg.2013.00816
http://www.ncbi.nlm.nih.gov/pubmed/24204356
http://dx.doi.org/10.1080/09603123.2015.1135314
http://www.ncbi.nlm.nih.gov/pubmed/26788835
http://dx.doi.org/10.1016/j.buildenv.2016.06.001
http://dx.doi.org/10.1111/ina.12286
http://www.ncbi.nlm.nih.gov/pubmed/26865538
http://dx.doi.org/10.1016/j.envint.2017.01.013
http://www.ncbi.nlm.nih.gov/pubmed/28126407
http://dx.doi.org/10.1111/ina.12387
http://www.ncbi.nlm.nih.gov/pubmed/28378908
http://dx.doi.org/10.1080/00140130902842752
http://www.ncbi.nlm.nih.gov/pubmed/19606364
http://dx.doi.org/10.1111/j.1600-0668.2006.00444.x
http://www.ncbi.nlm.nih.gov/pubmed/16948715
http://dx.doi.org/10.1097/00001648-200003000-00020


Int. J. Environ. Res. Public Health 2018, 15, 741 8 of 8

49. Runeson, R.; Wahlstedt, K.; Wieslander, G.; Norbäck, D. Personal and psychological factors and symptoms
compatible with sick building syndrome in the Swedish workforce. Indoor Air 2007, 16, 445–453. [CrossRef]
[PubMed]

50. Andersson, K.; Stridh, G. The use of standardized questionnaires in BRI/SBS surveys. In Oslo; Levy, F.,
Maroni, M., Eds.; National Institute of Occupational Health: Oslo, Norway, 1991; Available online: http:
//www.mmquestionnaire.se/model/model.html (accessed on 19 March 2018).

51. Brauer, C.; Kolstad, H.; Ørbæk, P.; Mikkelsen, S. The sick building syndrome: A chicken and egg situation?
Int. Arch. Occup. Environ. Health 2006, 79, 465–471. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1111/j.1600-0668.2006.00438.x
http://www.ncbi.nlm.nih.gov/pubmed/17100665
http://www.mmquestionnaire.se/model/model.html
http://www.mmquestionnaire.se/model/model.html
http://dx.doi.org/10.1007/s00420-005-0075-2
http://www.ncbi.nlm.nih.gov/pubmed/16408193
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Occupational Health Services 
	Collaboration in Risk Assessment—Risk Management 
	Questionnaire to Assess Workers’ Comfort 

	Health Surveillance 
	Promotion of Health 
	Conclusions 
	References

