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Abstract 
In two case-referent studies the associations between ques

tionnaire symptom reports, expressed as SES (Sick Build

ing Syndrome) in office workers or facial skin symptoms 

among VDT-workers, and physical data from offices in 

160 buildings were investigated. The results show that low 

outdoor airflow rate and presence of certain pollution sources, 

such as copying machines, tended to be associated with an 

elei>ated prevalence of SES. Buildings built or remodelled 

between 1977 and 1986, low-rise buildings with a horizontal 

roof and a foundation of the type "concrete slab on the 

ground", as well as rooms with flour es cent tube lighting with 

metal shields were also associated with higher SB S risks. A 
m1111ber of f actors were associated with an overrepresenlation 

of skin symptoms among VDT-workers such as type of 

foundation (concrete slab on the ground and crawlspace), 

the frequency of floor cleaning and type of lighting (fluor

escent tubes with glass/ plastic shields). It has not been poss

ible to establish conclusive explanations for these associations. 

The difference in associations between building factors and 

SES, and between building factors and skin symptoms 

among VDT-workers points to different etiologies. 
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Introduction 
Building, room and ventilation factors are believed 
to influence the prevalence of symptoms and com
plaints often referred to as the Sick Building Syn
drome (SBS). However, the basis for such state
ments is weak. Most reported studies deal with one 
or a few buildings only, and the results cannot be 
used for general conclusions regarding causes of 
SBS. Results from a few larger studies'have been 
published, e.g. the Danish "Town Hall Study" 
(Skov et al., 1989; 1990) and the British "The Office 
Environment Survey" (Wilson and Hedge, 1987; 
Hedge et al., 1989). In the Danish study the import
ance of room characteristics such as temperature, 
fleece-factor (area of fleecy material in m2 per m3 
room volume) and shelf-factor (length of open shel
ves in m per m3 of room volume) were pointed out. 
In both the Danish and the British studies the type 
of ventilation and the size of the office were associ
ated with the prevalence of SES-symptoms. Al
though inadequate ventilation is a common denomi
nator of buildings with SES-problems (NIOSH, 
1987) there has been no large multibuilding study 
of SBS where ventilation rates have been measured. 

Skin symptoms (mainly facial) among VDT -
workers have proved another problem of concern 
during the last decade (Nielsen, 1982; Knave et al., 
1985; Liden and Wahlberg, 1985; Berg et al., 1990; 

Stenberg et al., 1993). The etiology is not known. 
Apart from psychosocial factors, electric and mag
netic fields from the video display terminal (VDT) 
as well as particulate matter have been discussed as 
potential risk factors (Sandstrom et al., 1991). The 
skin symptoms reported are similar to those re
ported in connection with SBS (Stenberg et al., 
1990). There has been no multibuilding study of 
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skin symptoms among VDT -workers which has in
cluded a thorough study of the office environment. 

The aim of the present studies is to assess the 
association between building, room and ventilation 

characteristics, and the occurrence of perceived 
symptoms of SBS in office workers and of facial 

skin symptoms among VDT-workers, respectively. 

Materials and Methods 
A questionnaire study of office workers in three cit

ies in a county in northern Sweden was carried out 

during October-December 1988. A proportional 

stratified sample of offices was drawn from the three 

cities. The study included 5,986 persons from all 

places of work with more than ten office workers, 

constituting approximately one third of all office 

employees in the county. The questionnaire in
cluded questions on demographic factors, work and 

building characteristics, perceptions of physical cli
mate and psychosocial conditions and perceived 

symptoms. The questionnaire return rate was 
95.7%. After exclusion of 13% of the respondents 
due to their spending less than half their working 
hours in the office, and because of absence from 

work during the study period etc., 4,943 office 
workers in approximately 210 buildings remained 

in the study. For further information on the total 
study design, the questionnaire and its reliability see 

Stenberg et al. (1993), and Sundell et al. (1993). 

The questionnaire covered the following per
ceived symptoms: 

1. "General" symptoms including "fatigue", "feel

ing heavy-headed", "headache", "nausea/ dizzi

ness" and "difficulties concentrating". 
2. Mucous membrane symptoms including "itch

ing, burning or irritation of the eyes", "irritated, 
stuffy or runny nose", "hoarse or dry throat" 

and "cough". 
3. Skin symptoms including "dry facial skin", 

"flushed facial skin" and "itchy, stinging, tight 

or burning sensations in facial skin". 

Answers were to be given in one of three categories: 

"Yes, often (every week)", "Yes, sometimes" and 

"No, never". The recall period was three months. 

The questionnaire study was used as the screen
ing base for two case-referent studies: one on the 

Sick Building Syndrome (SBS) and the other on 
facial skin symptoms among VDT-workers. Only 

respondents spending more than half their working 

hours in a specific room were included in the 
studies. Cases for the SBS-srudy were defined as 

persons reporting less than one hour daily work at 
a VDT and reporting the presence of symptoms 
from all three symptom groups: at lease one mucous 
membrane as well as one skin symptom "Yes, often 

(every week)" and at least one general symptom 

"Yes, sometimes". Originally the same criterion 
"Yes, often" was used also for general symptoms, 

but the number of cases was then too small. We 
chose to enlarge the criterion for general symptoms 

as we assumed such symptoms to be the least speci

fic with regard to associations with the indoor cli

mate. In the VDT study cases were persons re

porting more than one hour daily work at a VDT 
and reporting both sensory skin symptoms (itching, 

pricking or burning sensation in facial skin) and 

flushed and/or dry facial skin weekly. In both 

studies referents were chosen among those who ful
filled the same criterion as cases regarding VDT 

work. Referents were marched for city, sex and age. 

The reason for not including VDT-workers in 
the SBS-study was 1) that we knew from the ques
tionnaire study (Stenberg et al., 1993) that VDT 

work was associated with SBS and 2) that we 

wanted, in the actual studies, to analys whether 
the possible associations between building and room 

factors and SBS on the one band, and skin symp
toms among VDT-workers on the other, were the 
same. 

Originally, an equal number of cases and refer
ents were chosen (2 · 225, 2 · 75). Some individuals 

were excluded since their place of work had under

gone important physical changes between the ques

tionnaire and the physical measurement periods 

(e.g. improved ventilation, new carpets, etc.). After 

exclusions and replacements (when practically poss

ible), selected in the same way, the study groups 
consisted of 414 persons (SBS-group) and 156 per

sons (VDT-group), making a total of 570 persons. 

Neither the field investigators nor the persons in

cluded in the study knew whether a respondent was 

classified as a case or a referent. 

Measurements and inspections were made on site 

in the 160 buildings in which the respondents 

worked. A "building" is defined as a whole building 
or a uniform part of a building served by one venti

lation system. Basic facts regarding the type of 
building, its age, whether and when it had been 

rebuilt, type of ventilation and heating, occurrence 

of water- and mould problems etc. were gathered 

from the occupational health engineer working with 
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the building. Data were assembled during Jan
uary-April in 1989. 

In 540 rooms the outdoor airflow rate was meas
ured as specified by the Nordic Ventilation Group 
( 1982) using either a calibrated hot-wire-instrument 
for measurement of airflow or an IR-instrument 
(Miran IA) for measurement of air change rate, with 
nitrous oxide as tracer gas (decay method). For 
supply airflow the bag method was also used. Doors 
and windows were closed during measurements. In 
buildings with recirculation of air or with risk for 
leakage of exhaust air into the supply air the return 
airflow rate was measured with the tracer gas. Tem
perature and humidity were measured in each room 
at three heights at the place of work (0. 1 m and 1.1 

m above the floor, and 0. 1 m below the ceiling) 
as well as in the supply air to the room (hot wire 
instruments: Rotronic Hygroscopic DV-2 with 
probe SA- lOOC). The mean outdoor temperature 
was + 1.9- C (SD 3.0, range - 10 and + 12�C). 

Measured indoor humidity was standardized to the 
same outdoor air humidity (4.5 g/m3) (Sundell and 
Lindvall, 1993). For further information on the in
door climate study see Sundell et al. ( 199 1). 

Parallel to the physical measurements, obser
vations were made as to room size, surface materials, 
fleece- and shelf-factors, age of furniture, smoking 
habits, cleaning routines and presence of humidi
fiers, copying machines and laserprinters. All obser
vations were assessed at room level and not related 
to the specific surroundings of an individual person. 

Different samples of the total study groups have 
been used in the analysis. For subsamples we have, 
besides data on symptoms and buildings, also data 
from a psychosocial study (Eriksson and H66g, 
1991) as well as from a clinical study of skin symp
toms (Stenberg et al., 1990). For these groups 
multivariate analyses have been made, besides bi
variate analyses, in order to adjust for the influence 
of psychosocial and personal factors. The SBS
groups have also been stratified into persons work
ing in offices for 1-2 persons and persons working 
in other types of offices. The reason for this stratifi
cation is that the group "other types of rooms" is 
very heterogeneous with regard to type of room (i.e. 
lobbies, libraries, open-plan offices) and type of 
work, which introduces difficulties in an analysis of 
the importance of room factors. The group "offices 
for 1-2 persons" is more homogeneous in these as
pects. In Table 1 some characteristics of the differ
ent samples are given. 

Risk indicators under study are building and 

Table 1 Some chorl1.: . r' lst ics of 1he so1111•I, ,. 1 d 1 • "· "'"''�on re er· enrs used 111 ihe onol� ·rs vi SBS. ond of s 111 · 1 ,,,1 1 VDT • 1 •1111· umong workers_ Figures w11h111 br·ockels refer to ''"I" , , I 1' h 
• · ' ' "" · on w om psychsociol ond clinical i11formotlon is ovorl, ii 11., 1 ' h '"ir w oore included 1n multivorrore onolysis lodjusted t 1�· ·.t 

Respondent All 
characterisic rooms 

SBS-srudy 
Number of 347-414 
respondents (266) 
Cases % 50 (46) 
Women% 83 (80) 
Smokers% 25 (24) 

VDT-study 
Number of 126--156 
respondents (105) 
Cases% 49 (49) 
Women% 72 (74) 
Smokers% 31 (31) 

Roo111i1 r,,., 
1-2 f'IL'/':11111•1 

232 .!Hh 
(IW/) 

47 (-H1 
78 (T/i 
26 (2')) 

Other 
rooms 

115-128 
(69) 

55 (52) 
93 (90) 
21 (22) 

"Ot�er rooms" are of type open-plan ul'liu,", lobbies and li-
braries ' 

roo
_
m factors as indicators of che111ical, microbiological and other exposures. 

It is assumed implicitly that Cl:rtain building characteristics involve a greater degree of microbiological exposures (due to more fn:4t1ent water damages and resulting microbiological grciwth) and that 
certai� room characteristi�s (n�w surfaces, copying machines, tob�cco smok�g) 1°'.ply a higher exposure to chemical comammams 1n the air. Personal 
and work characteristics which might be important 
for the symptoms of a single individual are in this 
study dealt with as aspects not intl:di:ring with the group respo�e (in ?1e biv�riar� analysis), or as backgrowid mformanon (which is adjusted for) in 
a multivariate analysis. 

Statistical Methods 
I� the analysis, cases and r:fen:nt -, are compared 
with regard to exposure to different L"11Vironmenta1 
factors. As a measure of the strength and direction 
of the association between health <iutc.:f)me and ex
posure factors, the Odds Ratio (OR, is used. The 
Odds Ratios are given as point estirru.itr.."'> with a 95% 
confidence interva� �thin bracket-; 195'Yo CI). 

The results are m1t1ally presemcd a» a crude bi
variate, partly stratified (postfactum, analysis. 

'
Re

sults are also given of a multivariat<: logistic re
gression analysis in which a numt-.1.:r of potential 
confounding factors have been contr<illcd. 

Three multivariate models haver.;;� used. The 
first one used in the SBS-study il".!.ludes personal 
and work-related factors. The per>',-P.2) factors are 
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reported aschma and skin sensitivity ro sunlight 

(easily burned or eczematisized by sunlight). The 

work-related factors used are the reporred amowit 

of paperwork (Stenberg et al., 1990) and work satis

faction (Eriksson and Hoog, 1991). The second 

model for SBS includes, in addition to the above

mentioned factors, the outdoor airflow rare and the 

presence of copying machines in the office room. 

With regard to skin symptoms among VDT -

workers, a third model was used including reported 

asthma, skin sensitivity ro sunlight, amount of 

paperwork, work satisfaction and number of work

ing hours in from of a VDT. In the logistic analysis, 

measured values are dichotomized and, when ap

propriate, the median value is used as the cut-point. 
The data were analysed using Epi Info version 3 

(Center for Disease Comrol, Atlanta) and SPSS/ 

PC+ (SPSS Inc., Chicago) statistical packages. 

Results 
Characteristics of Building and Rooms 
The mean age of the 160 buildings was 26 yrs me

dian 21. Approximately 50% had been remodelled 

as to construction and/ or installations. The mean 

number of years since construction or remodelling, 

'virtual age", was 12 yrs, median 8. 
Physically, the 160 buildings were characterized 

by having 1-12 floors, median 3. There was a' hori

zontal" roof on 55% of the buildings, 72% had a 

foundation type basement and 80% had a "heavy" 

construction of stone or concrete. With respect to 

ventilation, most buildings (93%) had a mechanical 

exhaust and supply ventilation system, a majority 

some kind of heat exchanger (typically rotary heat 

exchanger), 29% had recirculation of air and most 

systems (79%) were shut off during nights or week

ends. 

Room characteristics are given as percentile 

values in Table 2. With regard to type of room, 

68 % of the 570 respondents worked in rooms for 

1-2 persons, 21 % in "open-plan offices" and 11 % 
in lobbies, libraries etc. The outdoor airflow rates 

in the measured 540 rooms had a mean value of 16.9 
l/s,p (SD 13.0), median 13.6 l/s,p. Office rooms for 

1-2 persons had a median value of 12.8 l/s,p, open 

plan offices 17.4 l/s,p, and rooms of the type lobbies 
and libraries 16.8 l/s,p. Three percent of the rooms 

were illuminated by electric bulbs, the rest by fluor

escent tubes (1 % open, 72% with metal shields, 

24% with shields of glass or plastic). A great ma

jority (70%) worked in rooms with furniture older 

than 5 yrs. As a mean value the floors in the rooms 

investigated were cleaned 2.75 times/week, median 

2. In 21 % of the rooms the floor was cleaned only 

once per week. With an assumed activity level of 

1.2 met and a clothing of 0.9 do, and assumimg 

only marginal heat loss by thermal radiation, the 

measured mean and median room temperature 

values are close to an optimal thermal comfort ac

cording to Fanger (1984). 
Copying machines were present in 1 % of rooms 

for 1-2 persons but in 31 % of open-plan offices and 

in 27% of lobbies, libraries etc. In total, 10% of the 

respondents were working in rooms with a copying 

machine, 5% in rooms with a laserprinter and 8% 
in rooms that were humidified (almost exclusively 

by small room devices). 

Among the respondents of the initial screening 

study, 19.8% of the men and 29.6% of the women 

reported themselves to be smokers. Smoking was 

generally allowed in 17% of the office rooms inves

tigated. In 6% of the buildings containing 12% of 

the rooms investigated, smoking was prohibited. In 

general, smoking was allowed in specially desig

nated "smoking-rooms". 

Risk Analysis of Building Characteristics 
In Table 3 the crude Odds Ratios, regarding SBS, 

for buildings of different age categories are given. 

Table 2 Percentile values for selected factors in 540 office rooms in Swedish office buildings 

Percentile values % 

10 20 30 40 50 60 70 80 90 

Ceiling height, m 2.39 2.49 2.57 2.62 2.67 2.70 2.75 2.80 2.97 
Room volume per person m3 17.4 22.0 24.0 26.0 28.6 32.0 35.0 39.0 45.0 
Shelf-factor m/m3 0.09 0.14 0.18 0.22 0.27 0.33 0.42 0.53 0.76 
Fleece-factor m2/m3 0.09 0.14 0.16 0.18 0.20 0.23 0.28 0.35 0.52 
Temperature °C 21.6 22.l 22.5 22.7 22.9 23.1 23.4 23.8 24.1 
Relative hwnidity % 17.3 19.8 21.3 22.6 23.8 25.1 26.4 28.0 30.0 
Outdoor air flow l/ s,p 5.0 7.8 9.2 11.1 13.6 15.8 19.4 24.8 33.3 
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Table 3 f'lumber of buildings and 1espondents !cases and refer
��1sl and crude Odds Ratios !ORl and confidence intervals !Cll 
'01 cases of "Sick Building Syn d rome" ISBSl  when working in 
i )u i l d ings of different years of construction and of different years 
of construction or remodelling 

Number of 

buildings respondents 
n= 160 n=414 

Year of construction 
< 1950 20 46 
1950-1964 40 90 

1965-1976 58 156 

1977-1986 39 111 

1987-1989 3 11 

Year of construction or remodelling 
< 1977 55 145 
1977-1986 85 211 
1987-1989 20 58 

OR CI(95%) 

1 
1.09 0.5-2.4 
1.40 0.69-2.9 
1.37 0.65-2.9 
1.56 0.4--7.1 

1 
1.76 1,12-2,8 
1.32 0,69-2,6 

The category boundaries were selected before the 
data analysis and represent historically important 
changes in compulsory building codes and/ or 
changes in building technology. With regard to year 
of construction there is a tendency, although not 
statistically significant, towards an elevated preva-

lenc:_ of SB�
,
i� "neV:" buildings(�···· ,11.111 Tables-I 

and'.:>). The virtual age of the buil.11111, .. - f 
f . .. .. 1.e. rom 

the year o construction or rem ddlt1111 1 d b . l'n s to t: 
related to the risk of SBS. In build1111.. 1. "' 11 age-cat
egory 1977-1986, workers have asi�111111111 ll · 1 
"risk" in the crude analvsis (Table ·11 · 1.11 

1 Y
d

�aiset
l - 'a JUSteL Odds Ratios display the same trend 1·1 ·111ites 4 an<l 

5). 
The risk of skin symptoms among VI r 1. k 

is not associated with building age hi 11 11 
-war 

d
e�s 

• 
. IC tren IS 

towards l�wer prevalences m bmldi11w1 • ·unstructed 
after 196::> (Table 6). 

Stratified analysis of combinari111111 oil' diffi b . d' h . . erenr Ull mg c aractensncs shows that li11di l'ise build-
ings (3--12 floors) erected or r..i 11111l d · 
1965-1976 ("virtual age"), having a l11-11vy 

. unng 
. d "h . I" f h 

\.:OUStruC-uon an a orizonta roo, ad lciw prevalences 
of SBS. Compared to this group 11f r 1 0·v I ' h ltb " ·1d· d · ea e y 

ea y bm mgs, the tren 1s l11w •ids high prevalences of SBS in high-rise b11t1i1111"" t edr . . . .... .. erec e 
or rebuilt after 1977, havmg a leani111� ,,111r as well 
as in low-rise buildings (1-2 floor:i1 '''•I I� Ratios 
1.49, CI 0.93-2.4 and 1.48 CI 0.H.' 1 7 es ec , ... r p -
tively). Among the low-rise building:, 1 I ie elevated 
"risk" tends to be associated with a l1g111 \.:onstruc-

Table 4 Crude 0·1ci odi1.1s·ed odds ro·ios •or "SSS" lien wor ing irt rooms ond buildings wi n dil erenr choroc eris1o0 • " , . , 1. 1 1 
OR I means odius;ed for reponed cs:nmo (crude OR 2.1 ·1. "s 1n sensirivi1y o sunliglit'' !crude OR 1.8·1 "amounl ol p•11,." 11.,1'�'.�� .. �rs · 
�moun " crude OR I �., and "wor so. 1s'oaion" l"lo v so isfocrlon" crude OR 2 � ') <?R2 me��s odjus ed or he o " , ,,, ... ,,,1ioned

orge 

ice· ors IORll plus for ·�e ourdoor 01t:lo"' ro e and ie presence of copying machines an lie 01 ice room. OR= I 101 1,.,, , . . k' . 
rooms or buildings wi h ;lie conrror-1 c�aroc·erisric. • meons 'liar he association is signilicanr with p < 0.05 · · "0r mg in 

Risk indicators All respondents 
(n=347-414) 

% of Crude 
respondents OR 

Building factors 
Built > 1965 67 1.3 
Built or remodelled > 1977 65 1.6* 
Buildings _.,; 2 floors 17 1.2 
5 2 floors + horizontal roof+ concrete slab on the ground 3 6.4* 

Room factors 
Room far 1-2 persons 70 0.7 
Plastic floor 30 1.4 
Fluorescent tubes, glass/plastic shields 30 0.7 
Furniture _.,; 5 years 28 1.0 
Copying machine 11 1.9 
Humidifier 7 2.2 
Outdoor airflow rate < 13.6 l/s,p# 52 1.3 
Room air temperature <22.9°C# 49 1.1 
Room air relative humidity < 23.8%# 50 1.2 
Shelf-factor >0.27 m/m3# 50 0.9 
Fleece-factor >0.20 m2/m3# 51 1.0 
Floor cleaning 52 times/week 58 1.1 
Water/mould problems 35 1.2 

# median value of the total study population 

Respondents with psycho,,,, 1:,1/.,Jinical data 
(n=26ti1 

% of Crude 
respondents OR 

68 1.5 
62 1.4 
17 1.0 

5 6.2* 

74 0.7 
26 1.1 
30 0.4* 
26 1.1 

8 3.4* 
6 1.8 

55 1.7* 
49 1.4 
49 0.9 
50 1.1 
50 0.8 
58 1.1 
36 1.3 

l'.1fjusted 

t1111 

I,, 
J 1, 
I J 

'1 /.• 

'1 ·1 
I 11 
() j" 
J J 
: 't • 
J ,, 
J ;.,• 
! ... 

'1'1 
' .  
r,;.:_ 

. ' 

OR 

1.7 
1.6 
1.4 

11.3* 

1.1 
0.9 
0.3* 
1.3 
4.9* 
2.1 
2.1* 
1.4 
1.0 
1.1 
0.9 
1.2 
1.4 
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Table S Crude and adjusted odds ratios for SBS for persons working in rooms for l-2 persons as a function of building and room 
characteristics I risk indicators}. OR l means adjusted for reported asthma I crude OR 2.0l. "skin sensitivity to sunlight" le rude OR 2 I'}. 
"amount of paper work" ("large amount". crude OR 1.4) and "work satisfaction" l"low satisfaction", crude OR 3. J •). OR2 means 
adjusted for the above·mentioned factors IOR I} plus for the outdoor airflow rate and the presence of copying machines in the office 
room. OR= l for persons working in rooms or buildings with the contrary characteristic.• means that the association is significant with 
p<0.05 

Risk indicators 

Building factors 
Built > 1965 
Built or remodelled > 1977 
Buildings s 2 floors 

Room factors 
Plastic floor 
Fluorescent tubes, glass/plastic shields 
Furniture s 5 years 
Outdoor air flow rate < 13.6 l/s,p# 
Room air remperature <22.9°C# 
Room air relative humidity < 23.8% RH:; 
Shelf-factor > 0.27 m/m3,¥ 
Fleece-factor >0.20 m2/m3_\! 
Floor cleaning s2 times/week 
Warer/mould problems 

# % median value of the rota! study population 

All respondents 
(n = 232-286) 

% of Crude 
respondents OR 

68 0.9 
62 1 .5 
18 1.4 

20 1.4 
28 0.6 
27 0.9 
57 1.7* 
52 0.9 
47 1.0 
53 0.9 
54 0.9 
67 1.4 
36 1.6 

Respondents with psychosocial/clinical data 
(n= 197) 

% of Crude Adjusted 
respondents OR 

ORI OR 

69 1.2 1.3 1.2 
63 1.3 1.7 1.5 
17 1.2 1.2 1.4 

19 1.3 1.1 1.3 
28 0.4* 0.3* 0.3* 
25 1.0 l.l 1.3 
58 2.3* 2.4* 2.4* 
51 1.2 1.2 1.0 
49 0.7 0.7 0.9 
51 1.3 1.3 1.3 
52 0.8 0.9 0.9 
65 1.6 1.9 1.7 
38 1.7 1.6 1.8 

Table 6 Crude and adjusted Odds Ratios for skin symptoms among VDT ·wor ers when worlc.ing in rooms and buildings with differenr 
characteristics (risk indicators). OR I means adjusted or reported asthma !crude. OR 1.71. "skin sens11iv1 y o sunlight" [crude OR I n, 
"omouni of paper work" ("large amount", crude OR 2.11. "number or hoursidoy or a VDT" I> 4h1dc . crude OR 1-81 and "wor 
satisfaction" ("low satisfaction'', crude OR 2.2l. OR= l for persons working in rooms or buildings with onorher cha roe eris:ic. ·means 
hat rhe association is signiliconl with p < 0.05 

R isk indicators 

Building factors 
Built> 1965 
Built or remodelled > 1977 
Buildings s 2 
Concrete slab on the ground/ crawlspace 

Room factors 
Room for 1-2 persons 
Plastic floor 
Fluo.roscent tubes, glass/plastic shields 
Furniture s 5 years 
Copier 
Humidifier 
Outdoor air t1ow rate < 13.6 //s,p# 
Room temperorure <22.9°C# 
Room air relative humidity < 23.8%RH# 
Shelf-factor > 0.27 m/m) 
Fleece-factor >0.20 m2/m3# 
Floor cleaning :s;2 times/week 
Water/mould problems 

# median value of the total study population 

All respondents 
(n = 126-156) 

% of Crude 
respondents OR 

74 0.6 
69 0.9 
29 2.0 
26 3.4* 

67 0.9 
27 1.2 
22 2.7* 
41 1.7 
11 1.3 
10 2.5 
46 0.7 
50 0.8 
52 0.9 
so 0.7 
48 1.0 
63 1.8 
37 0.6 

Respondents with psychosocial/clinical 
darn (n=l05) 

% of Crude Adjusted 
respondenrs OR ORI 

79 0.7 0.8 
77 1.0 1.2 
28 1.7 1.6 
25 3.5* 2.9* 

73 0.6 1.2 
26 1.4 1.6 
19 4.1* 4.3* 
37 1.8 1.6 

8 2.4 1 .5 
10 5.6* 4.6 
48 0.6 0.6 
50 0.8 0.9 
51 1.2 1.5 
46 0.8 0.7 
49 1.2 1 .4 
70 2.5* 3.1* 
33 0.6 0.6 
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tion OR 1.99 (CI 0.84-4.7) a light construction 
plus a horizonral roof, OR 4.0 (CI 1.27-13) and 
c mbinacions of a light construction, a horizontal 
roof and a foundation type "concrete slab on the 
ground", OR 9.3 (CI 1.92-61). The latter group of 

high-risk buildings (9 buildings) was to a great ex
tent erected between 1965 and 1976, had been re

modelled later and had more often been subject to 

water and mould problems. These trends and dif
ferences remain even after adjusting for personal 
and work-related factors as well as for outdoor air
flow rates and presence of copying machines (Table 

4). 
Skin problems among VDT-workers tended to 

be more frequent in low-rise buildings (OR 2.6 CI 
0.97-6.9) compared to high-rise buildings with a 

combination of a heavy construction and a horizon

tal roof. Low-rise buildings with a heavy construc
tion and a foundation type "concrete slab on the 

ground" had the highest risk of skin problems (OR 
3.8, CI 1.22-12). 

In low-rise buildings with reported water/mould 

damages, SBS tended to be more frequent (OR 
1.67, CI 0.78-3.6), compared to low-rise buildings 

without such damages. There was no association 
between SBS and water I mould damages in high

rise buildings or between skin symprnms among 
VDT-workers and water/mould damages at all. 

Neither SBS nor skin symptoms among VDT

workers were associated with type of ventilation. 
There was a tendency, although not statistically sig

nificant towards an elevated risk of SBS in build
ings with natural ventilation (OR 1.61, CI 0.4-7.0) 

or with mechanical exhaust ventilation (OR 1.93, CI 
0.57-6.9). Adjusting for personal and work-related 
factors did not change these results. Regarding skin 

symptoms among VDT-users the material was too 
limited for further analysis. 

Type of heat exchanger, recirculation of air or 

ventilation shut-off during nights or weekends were 

not associated with SBS or with skin symptoms 
among VDT-workers. However, ventilation run

ning time less than 9-12 hours was associated with 

an elevated risk of SBS (OR 2.7, CI 1,52-5.0). 

Risk Analysis of Room Characteristics 
In a crude analysis of the rooms in the SBS-study, 
the risk tended to be elevated when outdoor airflow 

rates were below the median value. Considering 

only rooms for 1-2 persons, this crude OR was 1.67 
(CI 1.00-2.8). Adjusting for personal factors, work 

characteristics and the presence of copying ma-

chines strengthened this association (Tables -'� and 

5). The association between SES and outdoor air
flow rate was most pronounced when using thl: me
dian (13.6 l/s,p) as cut-point as compared to uthcr 
values between 8 and 25 l/s,p. Using 3 or 4 kvcls 

of outdoor airflow rates revealed a tendency towards 

a dose-response relationship. 
Skin problems among VDT-workers tcndl:d to 

be inversely related to outdoor airflow races in a 
crude analysis (OR 0.70, CI 0.35-1.40), as well as 
after adjustment (Table 6). 

In the crude analysis there was a small tendency, 
not statistically significant, towards higher preva
lences of SBS in "open-plan offices" (OR 1.23, 

0. 73---2.1) and "lobbies, libraries" (OR 1.62, 
0.81-3.2) compared to rooms for 1-2 persons. When 
adjusting for personal and work-related factors, this 

trend was less pronounced. After adjusting for out
door airflow rates, and especially for the presence 

of copying machines, the trend disappeared (Table 
4). With respect to the risk of skin symptoms among 
VDT-users, there was no obvious difference in 

symptom prevalences in different types of rooms. 
Illumination by fluorescent tubes with shields of 

glass/plastic tended to be associated with a low 
prevalence of SBS, a tendency that was strength
ened, and sracistically significanr after adjustment 

(Tables 4 and 5). On the contrary, with regard to 
skin symptoms among VDT-workers, there was a 
significantly elevated risk associated with the same 

type of lighting (Table 6). 
There was no association between the prevalence 

of SBS and the age of furniture. There was, how
ever, a tendency, in both the crude and the adjusted 
analysis, towards an elevated prevalence of skin 
symptoms among VDT-users working in rooms 

with furniture less than 5 yrs of age. The Odds 
Ratios in a crude analysis were 1.51 (Cl 0.7-3.2) for 
furniture 1-5 yrs, and 2.9 (CI 0.6--15) for furniture 

of < 1 yr of age respectively, compared to furniture 

older than 5 yrs. 
The presence of copying machines in the office 

room tended, in a crude analysis, to be associated 
with an elevated risk of SBS. After adjusting for 

personal and work-related factors and for outdoor 

airflow rate, this association was pronounced (Table 
4). With regard to skin symptoms among VDT
users there was the same trend, though not signifi

cant (Table 6). 
Humidifying of room air tended to be associated 

with an elevated prevalence of both SBS and skin 
symptoms among VDT-workers (Tables 4 and 6). 
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Plastic floor covering tended, in a crude analysis, 
to be associated with an elevated risk of SBS com
pared to linoleum and wall-to-wall carpets (OR 
1.42, CI 0.93-2.2). However, after adjusting for per
sonal and work-related factors, there was no such 
trend (Tables 4 and 5). With regard to skin symp
toms among VDT-users, there was a tendency 
towards an elevated risk in rooms with plastic floor 
coverings in an adjusted analysis. 

In rooms for 1-2 persons a low cleaning fre
quency, here defined as s 2 times I week, tended to 
be associated with an elevated risk of SBS (Table 

5). For all types of rooms skin symptoms among 
VDT-workers tended to be associated with a low 
cleaning frequency; this association became statisti
cally significant after adjustment (Table 6). 

There were no general associations between SBS 
or skin symptoms among VDT -workers, and room 
air temperature. There was, however, a tendency 
towards an elevated prevalence of SBS and a low
ered prevalence of skin symptoms among VDT -
workers when the temperature was below the me
dian value (Tables 4, 5 and 6). There was no general 
association between relative humidity and variations 
in risks of SBS or skin symptoms among VDT -
workers. The use of 3 or 4 levels of room air tem
perature or relative humidity, instead of 2 levels, 
did not change the general "no association" picture 
with regard to SBS or skin symptoms among VDT -
workers. 

There were no associations between SBS or skin 
symptoms in VDT-workers with fleece- and shelf
factors, ceiling height, room volume per person, 
type of interior ceiling, wall surface materials, type 
of sunshading or access to openable windows (12% 
had not). 

Risk Analysis of Smoking 
Smokers tended to have a slightly elevated risk of 
SBS (OR 1.32, CI 0.82-2.1) compared to non
smokers in both a crude and an adjusted analysis. 
For skin symptoms among VDT-users this Odds 
Ratio was close to 1. In buildings with or without 
smoking there were small and insignificant differ
ences in the risks of SBS, and of skin symptoms 
among VDT-users. Smokers did have a tendency 
towards elevated prevalences of both SBS and of 
skin symptoms among VDT-users in those build
ings where smoking was prohibited or only allowed 
in specially designated "smoking rooms". However, 
nonsmokers had a tendency towards slightly low
ered prevalences in such buildings. 

Discussion 
Buildings 
In comparison with most od1er studies of building
related health and comfort problems, me case-refe
rent studies presented involve a large sampl of 
buildings ( 160). The initial screening questio1U1aire 
study involved a stratified random sample of ap
proximately 210 buildings representative of me 
whole stock of office buildings in me cow1ty and 
including about 1/3 of all office workers in the 
county. The selection of che 160 buildings investi
gated was governed by the selection of an equal 
amount of cases and referents. Thus "problem ' 
buildings might have been overrepresented in the 
final group of buildings. However, for no single 
symptom or group of symptoms, was chere a differ
ence in the frequency of answers ' Yes, of ten (every 
week)" of more than 3%, neimer for women nor 
for men when comparing the investigated and non
investigated groups of buildings. Women had 
slightly more mucous membrane symptoms bur 
slighrly less general and skin symptoms in the inves
tigated buildings. Men had slightly less of all symp
tom groups in the buildings studied. In total, the 
prevalence of persons having at least one symptom 
"Yes, often (every week)" was 46.61Yo in the build
ings investigated compared to 46.9% in the rest. 
With regard to symptom reports, therefore, me 
buildings investigated seem to be represemative of 
a typical population of office buildings in northern 
Sweden. 

Questionnaire 
As shown in Sundell et al. (1993) the test-retest 
reliability of the questionaire for single symptoms 
or groups of symptoms is fair to good (kappa values 
between 0.30 and 0.60). Although the intraindividu
al consistency between symptom reports, three to 
six months apart, seems low, the imragroup consist
ency seems high (ibid). The mean response of a 

large group of occupants seems fairly stable in spite 

of me fact that me individuals of the group may 
have partly changed. Thus, the questionnaire works 
well in srudies of associations between building fac
tors and symptom reports of the group. 

Measurements 
A problem with the study design is that inspections 
and measurements in buildings took place 3-6 
months after the time of the questionnaire study. As 
we wanted co analyse healch-data vis-d-'V£s building 
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data, the data on buildings and rooms should b e  
representative fo r  the questionnaire period. Build
ings or rooms which had been subject to changes, 
potentiall y  influencing the indoor air quality, were 
excluded from the study. The data on building and 
room characteristics such as surface materials 

should therefore be relevant. With regard to airflow 
rates, the data should also be relevant as both the 
questionnaire and the physical measurement studies 

are from the same climate season (winter) meaning 
that the setting of the ventilation s ys tem has been 

the same. 

Validity in the data on room temperature and 
indoor air humidity is more questionable. Measure
ments have been made only once in each room. 

Point measurements do not reflect daily or weekly 

variations. The humidity indoors is a function of 
the humidity outdoors, the outdoor airflow rate and 

factors within the room such as humidity sources 

and sinks. The measured humidity values have been 
adj usted with regard to the outdoor absolute hu

midity. Thus the humidity data used in the analysis 
are normalized to increase comparability. Measured 
high temperature values are correlated with com

plaints of " Too high temperature", (p < 0.001). Any 
misclassification as to indoor climate conditions 

would not be systematic but would underestimate 
a possible association with symptom reports, i.e. the 

Odds Ratio would go towards 1. 

Water/mould Problems 

The ways of obtaining the information on water I 
mould problems, i.e. reports from a health officer 
and from a walk-through inspection, implies under

reporting. By " problem" is meant any type of dam
age whether there has been a risk of exposure for 

the persons under study, or not. Therefore, there 
may be both underreporting of damages and overre

porting of damages with regard to risk of exposure. 
In conclusion, this means a potential misclassifica

tion when analysing the association between water I 
mould damages and symptoms. A possible associ
ation might be unrecognized or underrated. 

Gender 

Female gender is in the questionnaire study highly 

associated with elevated prevalences of both SBS 
and skin symptoms among VDT -workers as s hown 
by Stenberg et al. (1993). In the present studies, 

cases and referents were matched for sex but a con
founding effect of sex may still remain. However, 

an analysis of the influence of sex both through 

stratification and via multivariate techniques has 
shown that the remaining confounding effect of 

gender is negligible. 

Risk Indicators for SBS 
In Tables 4, 5 and 6 a summary of Odds Ratios 

from the crude bivariate analysis, the stratified 

analysis and the multivariate logistic regression 
analyses is given. The large covariation between ex
posure variables introduces large risks of con

founding. The results from the bivariate analysis 
must therefore be assessed against the results from 
the multivariate analysis. Generally, the results 
from the crude and the multivariate analyses are 
consistent. 

Besides personal and work-related factors (see 

Stenberg et al., 1993) only type of building, outdoor 
airflow rate, presence of copying machine in the 
office room and type of lighting act as essential 
"risk" indicators of SBS in an analysis of all rooms. 

For rooms for 1-2 persons, a low floor cleaning 
frequency and water/mould problems are also as
sociated with SBS. Other, but not as important, 
"risk" indicators are the age of the building and the 
use of humidifiers. The association between symp
toms and humidifiers may be due to the fact that 

room humidifiers sometimes are used to compen
sate for the sensation of "dry air" that commonly 
follows SBS. Surface materials, temperature, indoor 
air humidity, fleece- and shelf-factors did not seem 
to be important " risk" indicators of SBS. The as
sociations between s ymptom reports, indoor air hu
midity and the sensation of "dryness" are further 
analysed in a separate report (Sundell and Lindvall, 
1993). 

This study is the first large multibuilding SBS

study that includes a thorough measurement of ven
tilation rates. Earlier we have reported an associ

ation between outdoor airflow rates and reports of 

different groups of symptoms (Sundell et al., 1991). 
That report, as well as the present one in which 

we have demonstrated an association between the 

prevalence of SBS and outdoor airflow rate, sup

ports the general assumption that indoor air quality 
is important for the occurrence of SBS. Further, 

the analysis s hows that the influence of outdoor air
flow rates and photocopying machines are stronger 
after adjusting for each other. Most photocopiers 
are in rooms (open-plan offices) with a relatively 
high outdoor airflow rate. In a crude, non-stratified, 

analysis of ventilation rates, photocopiers act as 



92 Sundel l :  Sick Bui l d ing Syndrome ISBSI in O ffice Workers and Facial Sk in  Symptoms among VDT� Worke r s  

confounders, hiding the impact of ventilation rates 

or vice versa. 
The negative influence of type of building refers 

to low-rise buildings with a horizontal roof and a 

foundation of the type concrete slab on the ground, 

i.e. a type of building that in a Swedish climate is 

prone to get water and mould problems. However� 

in most cases these buildings were also low-budget 

buildings, including the choice of "cheap" surface 

materials and a low cleaning frequency. 

The unexpected association between SBS and the 

type of lighting may be due to chance or to some 
factor or factors that in this study covary with the 

type of lighting: water I mould problems, airflow 

rate, "virtual" age, surface materials and age of fur
niture. Adjusting for such factors, however, changes 

the strength of the association only to a minor de

gree. Another possible explanation is that type of 

lighting is associated with the bear load in the room. 
The point estimates of room temperature do not 

favour such an explanation. In favour of regarding 

the result as a chance outcome is the fact that so far 
there is no simple explanation of the mechanism 

behind an effect of type of lighting. 

The role of copying machines as "risk" elevators 

of SBS is most likely due to the emission of air 

pollutants. Another possible explanation is that 

copying machines are often handled by more "sensi

tive" persons such as women, or persons with a 

low work satisfaction. However, this theory is not 

supported by our results as the associacions between 

SBS and copying machines are stronger in the ad

justed than in the crude data. 

Type or age of surface materials or furniture in 

the rooms are not strongly associated with SBS. 

This is a surprising finding since a great deal of the 

debate on SBS has been focusing on the role of off

gassing from surface materials. It should be noted, 

however, that the classification of materials has been 

coarse. For instance, all plastic floor materials are 

grouped together as are all wall-to-wall carpets. A 

more refined classification with regard to type and 

age of materials might have given other results. The 

importance of building materials may be part of the 
reason for the association between SBS and build

ings built or rebuilt during 1977-1986, a period not 

only of energy conservation but also of the introduc

tion of many new materials and building techniques. 

Comparison with Other SBS-Studies 
The results of the present SBS-srudy correspond 

in some respects with the results presented in both 

the Danish "Town Hall Scudy" (Skov et al., 1 989; 

1990) and the British "The Office Environment 

Survey" {Wilson and Hedge, 1987· H«!dge et al., 

1 989) despite essential differences in the measure of 

effects. In the Danish study, general symptoms and 

mucous membrane symptoms were studied separ

ately, whereas in the British study all symptoms 

were summarized. However, skin symptoms were 

not included in their studies. In the present study 

we have used a definition of a "full" SBS-case, 

being a person who reports having at least one gen

eral symptom (' Sometimes"), one mucous mem

brane symptom ("Often") and one skin symptom 
("Often '). All three studies used a period preva

lence but in the Danish and the present studies this 

period was 3 months compared to one year in the 

British study. Finally, in the British and the Danish 

studies they asked for "Work-related symptoms ' 

while we have asked for "Sympcoms" with no speci
fication of work relation. 

The Danish, British and the present studies gave 

similar results with regard to the importance of sex 

gender psychosocial and work-related factors. 

Working in open-plan offices seems co be associated 

with an increased risk for SBS. This risk, however, 

is in our study essentially removed when adjusting 
for personal and work-related factors and the pres

ence of copying machines. In the British, the 
Danish as well as in other studies, m dem venti

lation systems with mechanical supply and extract 

air have been looked upon as a risk factor for SBS. 

Especially air-conditioning systems with cooling 

and humidifying are reported to be associated with 

elevated prevalences of SBS. Such systems are un

common in northern Sweden. In our material there 

is a rather strong tendency towards an increased risk 

associated with nacural ventilation and mechanical 

extract-only systems. 

Essential conclusions from the Danish "Town 

Hall Study" were that high fleece- or shelf-factors 

were associated with high prevalences of SBS. 

These results have not been verified in our study. 

With regard to the fleece-factor, type and age of 
wall-to-wall carpets may influence the different re

sults of the two studies . The colder climate in north

ern Sweden means that the humidity indoors is 

lower and this may influence e.g. the microbial 

growth in the carpets. In Sweden such carpets are 

also Less common than in Denmark. The import

ance of floor cleaning was pointed out in the Danish 

study. To some extent their results are supported 

by ours. 
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The description of SBS given by WHO (1986) 
states that the problems are primarily found in new 
and remodelled buildings. The prevalences were 
also shown in the "Town Hall Study" to be rela
tively lower in old buildings. We see the same ten
dency in our data. In our crude analysis, the "vir
tual" age of the buildings, i .e. the year of erection 
or remodelling, has a greater impact. 

SBS? 
The different criteria of SBS, used in different 
studies, point towards a fundamental problem. 
We have no generally accepted definition of SBS 
and we do not know whether there is one syn
drome, "SBS", or if different symptoms or 
groups of symptoms that persons percieve in 
non-industrial buildings have different causes. If 
there are a number of different symptoms or 
syndromes with different causes then a simple 
total summary of symptoms (that happens to be 
included in the questionnaires) or even a sum
mary of symptoms within groups of symptoms 
might conceal true associations. If, for instance, 
one symptom or syndrome is associated with 
"too much" of a factor and another symptom or 
syndrome is associated with "too little" of the 
same factor then an analysis of a "summary of 
symptoms" will lead to an underestimation of 
"true" associations. Further studies are needed to 
shed light upon this topic. In the planning of this 
study of SBS we thought that using a very strict 
criterion for cases would give us most infor
mation, but we do not know if that is true. Still, 
factors that are strong risk "indicators" of SBS 
in this study are probably important for those 
who perceive significant health problems from 
non-industrial indoor environments.  

Risk Indicators for Skin Symptoms among 
VDT-Workers 
The assumption that building and room factors in
fluence the prevalence of skin symptoms among 
VDT -workers is supported by our results (Table 
6). The "risk" indicators are not the same as in the 
study of SBS. Besides the floor cleaning frequency, 
the "risk" elevators of the prevalence of skin symp
toms (i.e. type of lighting, type of foundation) are 
not commonly associated with the pollution load in 
rooms. They might influence the electric back
ground field in the room, a factor that has been 
shown to be associated with symptom prevalence 
(Sandstrom et al., 199 1). The mechanism behind 

such a possible effect is still hidden. The role of 
chance cannot be disregarded. 

SBS versus Skin Symptoms among 
VDT-Workers 
The associations between building factors and SBS, 
and between building factors and skin symptoms 
among VDT-workers are generally different. This 
difference points towards different etiologies of SBS 
and VDT -related skin symptoms. 
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