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Abstract

Purposes People who work indoors often manifest

symptoms related to the work environment. Sick building

syndrome (SBS) is a condition closely associated with

sealed, air-conditioned workplaces and is especially fre-

quent in countries with a cold climate. However, it is also

present in Mediterranean countries where artificial venti-

lation accompanies the natural one. The significance of

personal factors, air quality perception, and psychosocial

work conditions in relation to SBS and other work-related

symptoms needs to be clarified.

Methods Workers from 28 companies in the Latium

region of Italy were invited to answer a questionnaire

during their routine medical examination at the workplace.

A total of 4,029 out of 4,129 took part in the survey, giving

a response rate of 97.6 %.

Results A high percentage of workers (31.9 %) reported

symptoms related to work, and two-thirds of the employees

(65.4 %) complained of environmental problems. In

logistic regression models, personal factors (gender,

smoking habit, age, and atopy), anxiety and depression,

environmental discomfort and job strain were associated

both with symptoms of SBS and other work-related

symptoms. There was a significant association between the

perception of stuffy air, dry air, and electricity and cases of

SBS. Some associations between symptoms and the work

environment lacked biological plausibility.

Conclusions The occupational physician’s task is to

systematically monitor workers’ symptoms and their per-

ception of the work environment in order to analyze this

relationship and indicates the best mode of preventing ill-

ness/discomfort. This paper provides a method and refer-

ence values.

Keywords Sick building syndrome � Air quality �
Anxiety � Depression � Job strain � Psychosocial factors

Introduction

The health surveillance of workers involves the systematic

monitoring and analysis of both complaints relating to the

occupational environment and of work-related symptoms.

The occupational physician should concentrate on distin-

guishing between symptoms that are actually caused by

exposure to work and those that can be attributed to other

origins. Even if this information can be obtained in the

course of an interview, it is better for physicians to use a

questionnaire as this enables them to obtain a large set of

data in a short time.

One of the most frequent conditions that can affect

workers in indoor environments is known as sick building

syndrome (SBS). This morbid condition, which was iden-

tified more than 30 years ago, is characterized by the

occurrence of medical symptoms (neuropsychological,

mucosal, and dermal) that are closely associated with

occupational exposure to a specific environment (Burge

2004) and that have a significant effect on productivity

(Fisk et al. 2011; Niemelä et al. 2006). This symptom

pattern has been described in all kinds of non-industrial

environments, such as offices, schools, day care centers,

and hospitals as well as in dwellings and the general

population (Norbäck 2009). Several investigations have

been carried out in so-called problem-buildings where a

high proportion of workers experienced symptoms (Letz
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1990; Redlich et al. 1997; Meggs 2009). A high prevalence

of symptoms has often been found even in ‘‘non-problem’’

buildings (Magnavita et al. 1995; Muzi et al. 1998; Niven

et al. 2000). In most cases, researchers failed to find a

precise cause for the disorders or explanation for the great

variability in symptoms and discomfort in the various

buildings. The etiology of SBS, therefore, remains largely

unknown.

Although SBS symptoms are considered to be revers-

ible, most workers express concern about the possible long-

term health effects of indoor pollution. The subjective

nature of the symptoms and the aforementioned difficulties

encountered during investigation mean that the boundary

between SBS and other medically unexplained conditions

is slim, especially when we take into account the overlap of

SBS with multiple chemical sensitivities (MCS) and psy-

chogenic mass illness (PMI) (Magnavita 1998, 2000; 2001;

Chang and Gershwin 2004). Despite the numerous studies

on the subject, there is no research that takes into account

both the perceptions of workers, their personal components

(anxiety, depression, occupational stress) and objective

state of health. For this reason, we need to clarify the role

of individual characteristics and the psychosocial work

environment in SBS.

It is the occupational physician’s responsibility to assess

occupational hazards and communicate to workers the

extent of any occupational risk. In accordance with good

practice in occupational medicine and with European

Directives, at least once a year, he/she must report trends in

epidemiological data collected through observation of

workers and suggest possible improvements in the working

environment. He/she must collect and analyze workers’

symptoms and decide which of these are actually attribut-

able to occupational exposure and which, on the other

hand, are primarily due to the characteristics of the subject.

This task, which may be easy in the presence of a single

major pollutant, is particularly difficult when, as frequently

occurs nowadays, workers are exposed to low/very low

doses of a number of harmful agents of a physical, chem-

ical, biological, and psychosocial nature. The doctor who is

responsible for the medical surveillance of non-industrial

workers must study the distribution of both SBS and non-

SBS symptoms and their relationship with individual fac-

tors, such as gender, age, smoking habits, atopy, anxiety,

depression, work-related stress and occupational exposure

in the working environment.

Aims

Our main aim was to study the frequency of work-related

symptoms in ‘‘healthy’’ workers (episodes of macroscopic

pollution of their working environments were excluded), to

investigate associations between work-related symptoms

and psychosocial work conditions, individual psychologi-

cal states (anxiety, depression), the level of job stress, and

the perceived indoor environment, and to evaluate which of

these factors were of greatest importance, in order to

ascertain the correct action to be taken by the occupational

physician responsible for the medical surveillance of

workers.

A second aim of our study was to evaluate the frequency

of SBS symptoms in a large working population in a region

where climatic conditions do not require significant insu-

lation to be used in indoor environments. We also aimed to

determine which environmental hazards were most asso-

ciated with symptoms in order to understand whether SBS

in a Mediterranean country has the same characteristics as

reported elsewhere.

Methods

Survey

The survey covered workers in 28 public and private

companies in the Latium region of Italy, all of whom were

engaged in activities that took place within confined

spaces. Workers who had been employed for at least 1 year

were invited to complete a two-page questionnaire before

undergoing routine medical examination at the workplace.

The questionnaire included questions on indoor air prob-

lems, symptoms, history of hypersensitivity, the psycho-

social work environment, anxiety and depression.

A total of 4,029 out of 4,129 workers took part in the

survey, yielding a response rate of 97.6 %. The main rea-

son given for non-participation or for failing to complete

the questionnaire was lack of time. Only in exceptional

cases did workers refer to reasons of confidentiality or the

fear that answers could be brought to the attention of

management.

Perception of the environment, symptoms and personal

history were examined in the questionnaire known as the

MiljömedicinMM040 questionnaire in Sweden (Anders-

son and Stridh 1992) and the Indoor Air Questionnaire

(IAQ) (Reijula and Sundman-Digert 2004) in Finland.

This tool has been translated from English into Italian

(Magnavita 2007b) and has been used for many years to

study the history of workers employed in confined spaces

(Magnavita 2014a b). The original purpose of the ques-

tionnaire was to study the ‘‘sick building syndrome’’

(SBS). The Italian version of the questionnaire includes

an extensive list of symptoms, so it can be used to sys-

tematically collect symptoms before the routine medical

examination.

The environmental section of the MM040/IAQ ques-

tionnaire was used to study the participants’ experiences of
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environmental conditions at the workplace. The environ-

mental factors evaluated by the questionnaire were as fol-

lows: draughts, uncomfortably high room temperature,

sudden change in temperatures, uncomfortably low room

temperature, stuffy air, dry air, unpleasant odors, static

electricity often causing shocks, passive smoking, noise,

lighting that is dim or causes glare and/or reflections, dust

and dirt. Environmental complaints were investigated with

the following question: ‘‘Have you been bothered by any of

the following factors at your workplace during the last

3 months?’’. There were three possible responses to the

question: 1, no, never; 2, yes, sometimes; 3, yes, often,

every week. Exposures were regarded as relevant if they

were present several times a week or daily (response = 3).

A scale of ‘‘discomfort related to the environment’’ (Dis-

comfort scale) was constructed by adding up the number of

environmental factors an employee complained of every

week. Main components confirmatory analysis showed that

the Discomfort scale of MM040/IAQ was homogeneous,

since all the variables composed a single factor (Magnavita

2007b). The reliability of the scale in this cohort, assessed

using Cronbach’s alpha, was high (a = 0.811).

The original version of the MM040/IAQ questionnaire

investigated 12 symptoms typical of SBS: five neuropsy-

chological symptoms (fatigue, feeling heavy headed,

headache, nausea/dizziness, difficulty in concentrating),

four mucosal symptoms (itching, burning or irritation of

the eyes, irritated, stuffy or runny nose, hoarse or dry

throat, cough), and three dermal symptoms (dry or flushed

facial skin, scaling/itching scalp or ears, dry hands, itching

or red skin). In the Italian version, six more questions were

added concerning sensorial (3 items) and musculoskeletal

symptoms (3 items), so as to make this instrument suitable

for the systematic collection of symptoms in office and

indoor workers. The additional questions referred to:

decreased vision, buzzing or ringing in the ears, decreased

hearing, neck or arm pain, back pain, tingling in the hands

or legs. The participants answered whether they had been

bothered by these 18 symptoms during the previous

3 months. Each question had four response options: 1, ‘‘no,

never’’; 2, ‘‘yes, sometimes’’; 3, ‘‘yes, often’’; 4, ‘‘yes,

often, and I believe this is due to the work environment.’’

Data were dichotomized so that a symptom occurring

several times a week or daily was a positive answer. In this

study, we considered only work-related symptoms

(response 4). The factorial structure of the questionnaire

was confirmed by principal component analysis with

Varimax rotation (Magnavita 2007a, b). The dichotomized

symptoms were grouped into five classes of work-related

symptoms: neuropsychological, mucosal and dermal com-

ponents of the SBS, musculoskeletal and sensorial symp-

toms. In this study, the reliability of the scale of symptoms

was high (Cronbach’s a = 0.878).

The psychosocial work environment was investigated by

means of the MM040/IAQ using the following four ques-

tions: A. ‘‘Do you regard your work as interesting and

stimulating?’’; B. ‘‘Do you have too much work to do?’’; C.

‘‘Do you have any opportunity to influence your working

conditions?’’; D. ‘‘Do your fellow workers help you with

problems you may have in your work?’’ For each question,

there are four possible answers: 1: no, never; 2: no, rarely;

3: yes, sometimes; and 4: yes, often. As recommended by

Finnish authors (Lahtinen et al. 2004), on the basis of these

questions is possible to identify workers who: (A) do not

consider the work interesting and challenging (=uninter-

esting job), (B) have too much work to do (=high demand),

(C) are not able to control work conditions (=low control),

and (D) do not receive help from colleagues (=low sup-

port), grouping the answers 1 and 2 (for B, responses 3 and

4).The questions B and C were based on Karasek’s

demand–control model [Karasek 1979], according to which

job strain may be calculated as the ratio between demand

and control, thus obtaining a continuous scale between 0.25

and 4.0, with the highest score indicating the greatest

psychosocial stress at work. The psychosocial scale of the

MM040/IAQ showed a good correspondence with other

measurements of occupational stress and proved useful as a

screening tool in field work for analyzing the role of the

psychosocial work environment among the different

background factors of an environmental problem (Lahtinen

et al. 2004; Magnavita 2011).

The MM040/IAQ questionnaire also provided socio-

demographic characteristics, such as age and gender,

smoking habit, and history of immediate type allergy

(atopy).

Anxiety and depression were screened using the Italian

version (Magnavita 2007a) of the Goldberg questionnaire

(Goldberg et al. 1988). This short interview, designed to be

used by non-psychiatrists, is composed of two scales of 9

binary items; a score of one is recorded against each

question answered in the affirmative. Each scale provides a

variable with values ranging between 0 and 9. People with

anxiety scores of five or depression scores of three have a

50 % chance of having a clinically important disturbance;

for higher scores, the probability rises sharply (Gann et al.

1990). Consequently, workers who scored five or more on

the anxiety scale were classified as ‘‘anxious,’’ while

workers who scored three or more on the depression scale

were classified as ‘‘depressed.’’ Cronbach’s alpha in this

cohort was 0.809 for the anxiety scale, and 0.765 for the

depression scale.

Ethics

All participants were tested confidentially during their

routine psychophysical assessment at the workplace. The
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study protocol was approved by the Ethics Committee of

the Università Cattolica del Sacro Cuore, Faculty of

Medicine, Roma (Italy).

Statistical analyses

First of all, we used the common statistics to calculate

separately for males and females the distribution of both

individual symptoms and environmental complaints, and

psychosocial variables in the population. We also exam-

ined the prevalence range among different companies.

Differences between males and females were calculated by

chi-square and Student’s t test.

We used hierarchical multiple logistic regression models

in which the presence of any work-related symptom, or of

at least five SBS symptoms were specified as criteria. In

accordance with the current definition of the syndrome, the

latter were considered to be ‘‘SBS cases.’’ Odds ratios (OR)

and their 95 % confidence intervals (95 %CI) were com-

puted. In Model 1, only the control variables (age, gender,

smoking habit, and atopy) were specified as predictors. In

Model 2, the anxiety and depression scores were added to

the regression model. In Models 3 and 4, environmental

discomfort and the job strain score were, respectively,

added as further predictors. The amount of variance in the

regression score accounted for by the predictors (and the

goodness of fit of the regression model) was indexed by the

adjusted R2.

Logistic regression was also used to examine the asso-

ciation between the perceived occupational indoor envi-

ronment and symptoms. Analyses were carried out using a

two-step process. First, we adjusted each of the indoor

environment factors for sex, age, smoking habit, hyper-

sensitivity (atopy), anxiety, depression, and job strain and

tested this individually with the output (presence of

symptoms) (Model 1). Then, we adjusted each indoor

environment factor again for the other indoor environ-

mental factors (Model 2). The results are reported as OR

with their 95 % CI and p values.

Results

The characteristics of the study population are shown in

Table 1. In the sample we observed, on average female

workers were younger than their male counterparts. There

were no other significant differences between the genders,

with regard to atopy, prior diagnosis of asthma, or the

smoking habit. Compared to Italian data (Pacifici 2012),

the smoking prevalence was high, especially in women.

Most workers reported the presence of at least one cause

of environmental discomfort and a third of workers com-

plained of at least one work-related symptom. The most

frequently reported causes of environmental discomfort

were as follows: the presence of sudden changes in air

temperature (23.1 %), stuffy air (21.9 %), unpleasant odors

(21.6 %), passive smoking (20.9 %), and dust and dirt in

the workplace (21.7 %). Female workers complained more

often than males of dust and dirt and unpleasant odors in

the workplace; they perceived the presence of electrostatic

charges more often than male workers and reported an

excessively low temperature in air-conditioned environ-

ments. Males complained of environmental tobacco smoke

more often than female workers. There was considerable

variability in the frequency of environmental complaints

between one company and another.

Reports of anxiety and depression, as well as neuro-

psychological, dermal and musculoskeletal symptoms were

more frequent among females than males. The psychoso-

cial working environment also differed according to gen-

der: A larger number of male workers reported excessive

job demands, uninteresting work, and insufficient help

from colleagues (low support), while the percentage of

workers reporting low job control was higher among

females. However, the job strain score did not vary

between male and female workers (Table 1).

Multiple logistic hierarchical regression analysis

showed that the personal characteristics of the workers

(age, gender, smoking habit and atopy) were significantly

associated with the occurrence of at least five SBS symp-

toms, and with other sub-groups of non-SBS work-related

symptoms (Table 2). These relationships were weak,

however (less than 5 % of the variance), and tended to

become weaker or nonsignificant when other variables

were added to the predictive model. Female gender and the

presence of atopy were most strongly related to SBS

symptoms, even after correction for other variables. Atopy,

however, appeared to be related only to mucosal and der-

mal symptoms, not to neuropsychological symptoms of

SBS (data not shown). The risk of reporting mucosal and

dermal symptoms was approximately double for atopic

workers (data not shown). Age and tobacco smoking were

mainly related to sensorial impairment.

Anxiety and, to a lesser extent, depression were sig-

nificantly associated with all symptoms. After the intro-

duction of these variables, the coefficients of

determination of the predictive models more than doubled

and sometimes reached a sixfold increase. Each point of

increase on the anxiety scale corresponded to a 25 %

increase in the probability of a worker reporting at least

one SBS symptom. The presence of these variables was

significantly associated with symptoms even in more

complex models.

The further introduction of environmental discomfort

into the model of logistic regression led to a substantial

increase in the coefficients of determination. Discomfort
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due to the work environment was strongly associated with

symptoms. Workers who perceived environmental prob-

lems had a two- to fivefold increased risk of reporting all

types of work-related symptoms. The highest increase in

the odds ratio was observed for at least five SBS symptoms

for which there was a more than 20-fold increased odds

ratio in workers who perceived environmental problems.

In the final (fourth) model of hierarchical regression, job

strain was significantly associated with all classes of work-

related symptoms. The final model of regression which

included job strain, environmental discomfort, anxiety and

depression and other personal variables, accounted for

about 20 % of the variance in all types of work-related

symptoms (Table 2).

Table 1 Medical and demographic data for male and female participants

Characteristics Males (42.3 %)

(N = 1,706)

Females (57.7 %)

(N = 2,323)

Two tailed

p value

Whole group

(N = 4,029)

Range (28

places)

Age 42.1 ? 9.4 39.1 ? 9.1 0.000b 40.3 ± 9.4

Current smoker 673 (39.4) 896 (38.6) n.s.a 1,569 (38.9) 13.6–73.9

History of physician’s diagnosed

asthma

162 (9.5) 245 (10.5) n.s.a 407 (10.1) 0–31.3

Atopy (pollen or furry pet allergy) 394 (23.1) 582 (25.1) n.s.a 976 (24.2) 0–50.0

Anxious (anxiety score C5) 571 (33.5) 921 (39.6) 0.000a 1,492 (37.0) 0–56.3

Depressed (depression score C3) 429 (25.1) 839 (36.1) 0.000a 1,268 (31.5) 0–52.4

Environmental complaints:

Draughts 262 (15.4) 309 (13.3) n.s.a 571 (14.2) 0–36.1

Excessively high temperature 314 (18.4) 380 (16.4) n.s.a 694 (17.2) 0–55.6

Changes of air temperature 410 (24.0) 521 (22.4) n.s.a 931 (23.1) 0–35.9

Excessively low temperature 155 (9.1) 260 (11.2) 0.030a 415 (10.3) 0–38.9

Stuffy air 350 (20.5) 531 (22.9) n.s.a 881 (21.9) 4.3–54.5

Dry air 274 (16.1) 408 (17.6) n.s.a 682 (16.9) 0–33.3

Unpleasant odors 331 (19.4) 540 (23.2) 0.003a 871 (21.6) 0–39.7

Static electricity 122 (7.2) 239 (10.3) 0.001a 361 (9.0) 0–55.6

Passive smoking 382 (22.4) 460 (19.8) 0.046a 842 (20.9) 0–34.1

Noise 253 (14.8) 350 (15.1) n.s.a 603 (15.0) 0–35.7

Glare or reflections 252 (14.8) 373 (16.1) n.s.a 625 (15.5) 4.8–35.9

Dust and dirt 324 (19.0) 552 (23.8) 0.000a 876 (21.7) 0–41.4

At least one environmental complaint 1,055 (61.8) 1,578 (57.9) 0.000a 2,633 (65.4) 25.0–91.7

Psychosocial variables:

Uninteresting job 277 (16.2) 266 (11.5) 0.000a 543 (13.5) 0–39.0

Low support 341 (20.0) 349 (15.0) 0.000a 690 (17.1) 0–37.5

High job demands 605 (35.5) 727 (31.3) 0.005a 1,332 (33.1) 0–57.8

Low job control 751 (44.0) 1,110 (47.8) 0.018a 1,861 (46.2) 18.8–59.4

Job strain (demand–control ratio)

(range 0.25–4.0)

1.5 ± 0.9 1.5 ± 0.9 n.s.b

Work-related symptoms

Neuropsychological SBS symptoms 280 (16.4) 497 (21.4) 0.000a 777 (19.3) 0–52.8

Mucosal SBS symptoms 220 (12.9) 341 (14.7) n.s.a 561 (13.9) 0–41.7

Dermal SBS symptoms 95 (5.6) 215 (9.3) 0.000a 310 (7.7) 0–14.4

Musculoskeletal symptoms 201 (11.8) 374 (16.1) 0.000a 575 (14.3) 0–31.3

Sensorial symptoms 107 (6.3) 141 (6.1) n.s.a 248 (6.2) 0–14.1

Any 12 SBS symptoms 420 (24.6) 670 (28.8) 0.003a 1,090 (27.1) 6.3–42.0

Five or more SBS symptoms 42 (2.5) 112 (4.8) 0.000a 154 (3.8) 0–10.3

Any of 18 work-related symptoms 501 (29.4) 785 (33.8) 0.003a 1,286 (31.9) 7.1–63.9

a Differences between males and females calculated by Chi square (2 9 2 contingency tables)
b Differences between males and females calculated by Student’s t test. n.s. not significant
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Logistic regression analyses were also used to study the

relationship between perception of the work environment

and each type of work-related symptom. All indoor envi-

ronmental factors were associated with symptoms after

taking into account sex, age, atopy, anxiety, depression,

and job strain (Table 3, model 1). In model 2, we also

adjusted for the other environmental factors. While in

Model 1, almost all individual environmental factors were

significantly associated with increased OR for symptoms,

in Model 2, when all environmental factors were entered

simultaneously, only some of them were associated with

significantly increased ORs; this effect was due to the high

inter-correlation between environmental factors. In Model

2, perception of dry air, static electricity, and glare or

reflections were associated with dermal SBS symptoms.

The same environmental factors and environmental

tobacco smoke were associated with mucosal SBS symp-

toms, while neuropsychological SBS symptoms were also

related to the perception of stuffy air, unpleasant odors, and

noise. Musculoskeletal complaints were associated with

draughts, static electricity, glare or reflections, dust and

dirt, while an association was found between sensorial

symptoms and noise, lighting problems (glare or reflec-

tions) and dry air. Dry air, static electricity, and stuffy air

were associated with having five or more SBS symptoms

(i.e., with the diagnosis of ‘‘a case of SBS’’) (Table 3,

model 2).

Discussion

Principal findings

The systematic observation of indoor workers undergoing

routine medical examination to assess their occupational

fitness revealed that approximately one-third of them

(31.9 %) reported work-related symptoms. These symp-

toms included those traditionally labeled as SBS, and

others involving work-related musculoskeletal and senso-

rial disorders. Despite the fact that none of the buildings

were associated with apparent problems of air quality, two

out of three workers (65.4 %) complained about the pre-

sence of environmental risk factors in the workplace. A

prevalence of complaints that reaches such a high level

cannot be neglected and requires specific preventive action.

Our study demonstrates that symptoms reported as being

caused by the working environment are significantly

associated with a number of personal characteristics, such

as gender, age, smoking habits, and atopy, with common

mental disorders such as anxiety and depression and also

with occupational stress and with discomfort due to phys-

ical factors in the environment. The contribution of envi-

ronmental factors to the onset of symptoms related to workT
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is of considerable importance when a worker complains of

five or more symptoms of SBS, whereas it is slight and

comparable to that of personal factors when we examine

the musculoskeletal and sensorial symptoms, or all of the

symptoms related to work. Although these symptoms were

most strongly associated with the perception of environ-

mental problems, the occupational physician cannot over-

look the importance of other factors when analyzing the

way symptoms evolve.

The interpretation of work-related symptoms

The complexity of work-related symptoms is difficult to

describe since we must take into consideration all these

personal, environmental, and work-related factors. In our

study, percentages of explained variance in symptoms

indicated by hierarchical multiple logistic regression

models range from 2 to 5 % in the simplest Model 1 based

on four predicting variables to 20–25 % in Model 4

containing eight variables. Seen from the opposite per-

spective, even in the best cases of prediction, there is a

mass of unexplained variances since approximately 75 %

of the symptom variance remains outside the model used.

With the instruments currently available for assessing the

subjectivity of workers in indoor environments, it is not

easy for the occupational physician to interpret this vari-

ability. As Brauer and Mikkelsen correctly observed

(2010), symptom reporting may be influenced by contex-

tual factors, so that the symptoms are related to employ-

ment if the survey is conducted in the workplace, while

the opposite occurs if the survey is conducted in another

place.

Both the presence of symptoms and the perception of the

environment would be lost if the physician did not under-

take a systematic collection of data. The occupational

physician should, therefore, use a questionnaire such as the

one described above and routinely carry out an epidemio-

logical analysis of data. By collecting symptoms during

medical examinations and not during an ad hoc survey

designed to study SBS, there is less likelihood of influ-

encing the response of workers, and the physician will be

more confident of the result. Medical tests, such as breakup

time (a measure of tear film stability), and analysis of

sebaceous secretion and of skin hydration, performed

shortly after the completion of the questionnaire, can easily

objectify eye and skin symptoms, and other tests can be

conducted for non-SBS symptoms. Previous studies have

shown that self-reported symptoms are significantly related

to medical tests, although there is not always an exact

correspondence between the latter and sensory perception,

so questionnaires should be used as indicators, not as

substitutes for medical test data (Brasche et al. 2001a).

Factors influencing symptoms reporting

The analysis of data provided by workers is a highly

complex matter. Many earlier studies have shown the

importance of gender (Burge et al. 1987; Brasche et al.

2001a, b; Bakke et al. 2007), atopy (Andersson and Stridh

1992; Reijula and Sundman-Digert 2004), and other per-

sonal and psychosocial factors (Lahtinen et al. 2004) in

symptom prevalence. The doctor will, therefore, take into

account the fact that the symptoms reported depend not

only on physical problems in the work environment, but

also on the subjective state of the workers. He/she will

provide accurate information on the environmental situa-

tion and reassure workers about the relative harmlessness

of SBS symptoms. In this way, he/she will try to prevent, as

far as possible, anxiety occurring about unknown danger or

the onset of depression due to physical disorders, which

may in turn lead to an increase in the frequency of reported

symptoms, thus triggering a vicious circle. Furthermore, a

reduction in the levels of work-related stress will certainly

help to prevent work-related symptoms.

The task of providing accurate information about the

meaning of work-related symptoms also entails a critical

analysis since the causal pathway from environmental

exposure to outcome is not straightforward. Studies on SBS

symptoms have shown that nonspecific symptoms may be

more related to personal and psychosocial factors than to

environmental factors (Runeson-Broberg and Norbäck

2013). Moreover, awareness of a potential environmental

hazard has been shown to affect self-reported illness

(Moffatt et al. 2000). Conversely, illness may also affect the

perception of the indoor environment (Lundin 1999). An

increase in work-related stress may worsen the perception

of the indoor environment (Magnavita et al. 2007). Reverse

causation, i.e., the possibility that environmental complaints

are due to the presence of symptoms, has also been dem-

onstrated. In a longitudinal study, both SBS symptoms and

general symptoms predicted the onset of complaints about

the indoor environment (Brauer et al. 2006a, b). The

interplay between health outcome and feeling exposed can

be very complex and even act reciprocally. This does not

mean that the indoor environment cannot cause health

problems. However, it suggests that many people experi-

ence symptoms for reasons other than those arising from

problems in the indoor environment (Brauer et al. 2006a, b).

In conclusion, since the perceived indoor environment may

be associated not only with symptoms that may be plausibly

attributed to environmental factors, but also with other

symptoms, the intervention of the occupational physician

must not only be timely, but also cautious. He/she must

neither underestimate the problems of the workers nor

attribute to the employer responsibility for all the symptoms

workers report.
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The role of the occupational physician in a ‘‘sick’’

building

Although many years have passed since the first cases of

SBS were identified, researchers have failed to reach

unanimous agreement regarding the definition of SBS. And

since consensus is lacking over what incidence of symp-

toms should be considered abnormal, which symptoms

should be investigated and which methods used to collect

information, the decision to define a building as ‘‘sick’’ or

‘‘with problems’’ is still, to a certain degree, an arbitrary

one. Moreover, once a building has been defined as ‘‘sick’’,

it becomes impossible thereafter to conduct a scientifically

valid study, as none of the figures involved (workers,

management, or investigators) are any longer in a position

to operate ‘‘blind ‘‘, i.e., without being aware of informa-

tion that could lead to conscious or unconscious bias. The

physician who observes a cluster of SBS cases, i.e., a

significant number of workers who are complaining of

numerous SBS symptoms and are employed in the same

workplace, must verify the situation, carry out an inspec-

tion and, if necessary, instruct the industrial hygienist to

conduct environmental evaluations. He/she must also

promptly inform the employer of action that can be taken

to improve air quality in the workplace. As a recent review

points out, improving ventilation rates could be the easiest

way to reduce symptom prevalence, unless alternative

effective measures, such as source control or air cleaning,

are introduced to limit indoor pollutant levels (Sundell

et al. 2011). The physician who receives reports of other

work-related symptoms (not included in SBS), such as

musculoskeletal disorders or sight and hearing impairment,

should take similar action. In this case too, the first line of

action should be to assess and reduce environmental haz-

ards, bearing in mind the concept of plausibility. It is

biologically plausible that hearing impairment is associated

with noise and that muscular complaints are related to

draughts that favor myalgias or to lighting problems that

cause incorrect posture and muscle pain. It is more difficult

to find a connection between sensorial impairment and dry

air, or between muscular symptoms and static electricity, or

dust and dirt. The physician should interpret these incon-

sistent associations as indicative of a less than optimal

relationship between employees and their work and con-

clude that specific intervention is needed on the part of

management to improve work organization and the psy-

chosocial climate.

After examining an employee who reports health prob-

lems in the indoor environment, the occupational physician

should avoid removing the worker from that specific

environment, or limiting his/her suitability. In fact, if the

cause of the health problem is the environment, avoiding

the exposure of one worker would only mean exposing

another to the same occupational hazards. On the other

hand, if the issue is personal, it will not be resolved by a

judgment of suitability. When he/she hears about envi-

ronmental hazards that cause a problem for workers’

health, the occupational doctor should urge the manage-

ment to improve the workplace conditions. On the con-

trary, if he/she discovers behavioral problems, common

mental disorders or job strain, he/she must give the indi-

vidual worker support and make the employer aware of the

need to implement a program of stress management and

health promotion.

Sick building syndrome in warm climate

The second aim of our study was to evaluate the charac-

teristics of SBS in our country, that is, in a warm climate

where buildings do not need to be insulated. We can

conclude that this phenomenon is distributed according to

the same characteristics as observed in Northern European

countries: it is more prevalent in women than in men, there

is a high prevalence in atopic people and an association

with anxiety, depression and work-related stress. However,

in our sample, complaints and symptoms prevalence were

very different from that in Northern European countries.

Finnish researchers (Reijula and Sundman-Digert 2004)

reported a very high prevalence of complaints regarding

dry (35 %) and stuffy air (34 %), dust or dirt (25 %), and

draughts (22 %) in a sample of 11,154 employees in 122

workplaces, while the same authors observed a signifi-

cantly lower prevalence of complaints regarding environ-

mental tobacco smoke (4 %), unpleasant odors (17 %) and

sudden changes in air temperature (16 %) than was found

in our study. The most common environmental risk factors

identified in Danish buildings were dry and stuffy air (Skov

and Valbjorn 1987), and in a Dutch study covering over

7,000 workers and 61 buildings, the most common com-

plaints concerned dry air (Zweers et al. 1992). Even in a

more recent, longitudinal study on Danish employees, dry

air was significantly associated with mucous membrane

and neuropsychological symptoms at baseline, and with

mucosal symptoms even in the prospective analyses (Bra-

uer et al. 2006a, b). In our study, the most frequent com-

plaints regarded sudden changes in indoor temperature

(23.1 %), stuffy air (21.9 %), bad smells (21.6 %), tobacco

smoke (20.9 %), dust and dirt (21.7 %). Dry air and static

electricity were reported by only 16.9 % and 9.0 % of our

population, respectively, although these environmental

problems accounted for the strongest association with SBS

symptoms. Bearing in mind methodological differences

between the studies which hinder comparison, and doubts

about the relationship between exposure and symptoms, we

can conclude that the perception of excessively dry air is

significantly associated with SBS symptoms in both Italian
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and European surveys, and in buildings classified as ‘‘sick’’

and those that are ‘‘not sick’’. Furthermore, as was

expected, the frequency of SBS symptoms in this sample

was much lower than that found in surveys of buildings

deemed to be ‘‘sick’’, at least as regards mucosal and

dermal SBS symptoms that generally dominate the clinical

picture (Burge et al. 1987; Finnegan et al. 1984; Jaakkola

et al. 1991; Skov and Valbjorn 1987; Reijula and Sund-

man-Digert 2004).

Which symptom is really part of SBS?

In our experience, the most frequently reported symptoms

(e.g., back pain and cervical–brachial pain) were not

attributable to SBS or, even if they were part of the SBS

framework, could also be related to completely different

causes: The most frequent of which is fatigue. In important

studies conducted in Northern European countries (An-

dersson and Stridh 1992; Reijula and Sundman-Digert

2004; Burge et al. 1987; Jaakkola et al. 1991; Skov and

Valbjorn 1987), the incidence of fatigue, heaviness of the

head, headache, and other neuropsychological disorders is

often comparable to that found in our study and can be

considered endemic. This poses the question of whether

these neuropsychological symptoms, which are always

seen to constitute one of the components of the clinical

picture of SBS, may in fact stem, at least partially, from a

different origin.

Even the most recent studies on indoor workers have

reported the presence of symptoms without expressing

absolute certainty regarding their cause. Some kind of

work-related SBS symptom was reported by 18 % of

Swedish employees (Runeson-Broberg and Norbäck 2013).

In a random study of Danish manual and non-manual

workers, Brauer et al. (2006a, b) found a 25 % prevalence

of mucous membrane symptoms and general (neuropsy-

chological) symptoms of SBS, and a 10–15 % incidence of

new symptoms in the 1-year follow-up period. They also

found a high prevalence and incidence of symptoms that

are not usually connected with the indoor environment,

such as muscle tension, depression, and nervousness. This

figure was significantly higher than that found among

Japanese employees, where at least one mucocutaneous or

neuropsychological symptom of SBS was reported by

7.9 % of female and 3.9 % of male office workers (Kubo

et al. 2006). Clearly, longitudinal studies that take into

account simultaneously environmental, occupational, and

personal factors could be useful in disentangling the pos-

sible pathways and putting the subjective factor into per-

spective. The present study had some limitations: Firstly,

its cross-sectional nature limited the causal conclusions

that could be drawn from its findings and secondly, expo-

sure levels and symptoms were self-reported.

A positive aspect of this study was that all partici-

pants underwent a medical examination after completing

the questionnaire. We could, therefore, exclude symp-

toms arising from a specific disease or from non-occu-

pational factors and could evaluate symptoms

objectively. Another advantage was the administration of

questionnaires during routine medical examinations since

this resulted in a high participation rate and reduced the

contextual bias that is typical of surveys focused on

indoor air quality problems.

Conclusion

Sick building syndrome, i.e., the presence of symptoms

related to indoor environment, has so far been studied to

date mainly with ad hoc surveys conducted as a result of

environmental problems. This may lead to over-reporting

of symptoms and difficulty in understanding the relation-

ship between symptoms, psychosocial, and environmental

factors.

In this study, the Scandinavian questionnaire on indoor

air quality was systematically used in its Italian version by

the occupational physician during the routine medical

examination of workers. The administration of the ques-

tionnaire immediately before the medical examination

reduced the possibility of responses being influenced by the

opinions of other workers and enabled us to carry out

immediate and objective verification of most of the

symptoms.

The prevention of work-related complaints does not

depend only on physical measures, but must involve

organizational changes designed to improve workers’ well-

being and mental health.

The occupational physician’s task is to systematically

collect data on symptoms and observe the workers’ per-

ception of the work environment so as to analyze this

relationship and indicate the best mode of preventing

discomfort.
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