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Objective   The aim of this study was to examine whether shared and open-plan offices are associated with more 
days of sickness absence than cellular offices comprising one occupant. 

Methods   The analysis was based on a national survey of Danish inhabitants between 18–59 years of age 
(response rate 62%), and the study population consisted of the 2403 employees that reported working in offices. 
The different types of offices were characterized according to self-reported number of occupants in the space. 
The log-linear Poisson model was used to model the number of self-reported sickness absence days depending 
on the type of office; the analysis was adjusted for age, gender, socioeconomic status, body mass index, alcohol 
consumption, smoking habits, and physical activity during leisure time. 

Results   Sickness absence was significantly related to having a greater number of occupants in the office 
(P<0.001) when adjusting for confounders. Compared to cellular offices, occupants in 2-person offices had 50% 
more days of sickness absence [rate ratio (RR) 1.50, 95% confidence interval (95% CI) 1.13–1.98], occupants 
in 3–6-person offices had 36% more days of sickness absence (RR 1.36, 95% CI 1.08–1.73), and occupants in 
open-plan offices (>6 persons) had 62% more days of sickness absence (RR 1.62, 95% CI 1.30–2.02). 

Conclusion   Occupants sharing an office and occupants in open-plan offices (>6 occupants) had significantly 
more days of sickness absence than occupants in cellular offices.  
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Sickness absence is an important public health problem 
with an impact on employees, the employer, and society 
in general (1–3). Risk factors for sickness absence have 
been the topic of many studies (4), but so far only a few 
have related sickness absence to the indoor environ-
ment in offices (5). Danielsson & Bodin (6) studied the 
association between self-reported sick leave and type 
of office characterized by a combination of functional 
features of the offices and number of occupants. The 
type of office showed no association with the risk of 
sick leave (>7 days/year), but an association between the 
type of office and being sick at least one day per year 
was found. Sharing an office has shown to be a risk fac-
tor for more than two episodes of common cold during a 
year compared to workers having private offices (7). In 
an observational study, Milton et al (8) found an asso-

ciation between sickness absence and lower ventilation 
rates per person in offices. However, in an experimental 
intervention study, no relation between ventilation rate 
and sick leave was found (9). 

Studies have found that sickness absence was associ-
ated with mechanical ventilation (10) and air-condition-
ing (11), and cleaning the ventilation system may reduce 
the prevalence of symptoms and the absenteeism rate 
(5). Mechanical ventilation has been associated with 
an elevated prevalence of non-specific symptoms in 
office buildings in several studies (12, 13); open-plan 
offices are more likely to have mechanical ventilation 
than cellular offices to be able to cope with building 
regulations (14).

We have previously reported that the prevalence 
of indoor environmental complaints and non-specific 
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symptoms among office workers increased with an 
increasing number of occupants in the space (14). How-
ever, in a review of non-specific symptoms among office 
workers, only 7 out of 32 studies included the number 
of office workers in the space (12). Five of these found 
the number of office workers to be positively associated 
with prevalence of symptoms. This is in accordance with 
recent studies (7, 15–18).

The most prevalent complaint in open-plan offices is 
noise annoyance (14, 19), with ringing phones and other 
peoples’ conversation being the most annoying sources 
of noise (20). In open-plan offices, employees perceive 
they have less privacy and find it difficult to have undis-
turbed and confidential conversations (21). However, to 
our knowledge, no studies have related noise to sickness 
absence solely in office buildings. 

Several studies have found that psychosocial risk 
factors predict sickness absence (22–24). One of these 
has been performed among office workers but did not 
include the number of workers per office (24). In our pre-
vious study, we found a significant association between 
employees’ psychosocial work environment and the type 
of office for a number of psychosocial dimensions (14), 
but differences were below what is regarded as mean-
ingful (25). However, a review found strong evidence 
that working in open-plan offices reduced employees’ 
privacy and job satisfaction (19). 

The aim of this study was to investigate whether 
shared and open-plan offices were associated with a 
higher number of days of sickness absence than cellular 
offices.

Methods 

This study is based on the 2005 wave of the Danish 
Work Environment Cohort Study (DWECS) (26). The 
main components of DWECS are cohorts of random 
samples of adults registered in the Danish centralized 
civil register (CRS). 

The analysis is based on a representative sample 
of Danish inhabitants, who had not requested survey 
exemption (27), were between 18–59 years of age, 
and were assigned to receive a mailed questionnaire. 
Respondents who had been employees within two 
months prior to the survey were classified as employees 
and responded to questions about working conditions 
and health behavior. The sample consisted of 14 969 
persons of which 9252 participated (62%), 7219 of these 
were employees. This study is based on the 2403 (33% 
of the 7219) employees that reported working in offices 
most of their time at work. 

Type of workplace was assessed with the question 
“Where do you spend most of your time at work?” 

Response options were: (i) outside; (ii) vehicle (for 
example, car, truck, work machine, train, ship); (iii) 
workshop or production area, with ___ colleagues (indi-
cate how many); (iv) workshop, production area without 
colleagues; (v) location where there are customers, 
clients, patients, students, children; (vi) office or open-
plan office (multiple workers in the same space), with 
___ colleagues (indicate how many); (vii) office without 
colleagues; (viii) indoors, other, indicate what:___.

Respondents were classified as working in offices if 
they used the 7th response category or the 6th response 
category together with a response to the question about 
number of colleagues. 

Office workers were divided into four categories 
according to type of office: (i) cellular offices compris-
ing one occupant, (ii) shared offices comprising two 
occupants, (iii) shared offices comprising three to six 
occupants, and (iv) open-plan offices comprising more 
than six occupants.

Sickness absence was assessed with the question 
“In total, how many sick days have you taken in the last 
year? Number of days: ___”. 

Body mass index (BMI) was calculated from self-
reported weight and height and categorized according 
to the standard classification of the World Health Orga-
nization (WHO) (28). The population was divided into 
heavy smokers (≥15 cigarettes/day), moderate smokers 
(<15 cigarettes/day), ex-smokers and non-smokers. Men 
were classified as having a high consumption of alcohol 
if their consumption on average exceeded three units per 
day. Women were classified as high consumers if they on 
average reported more than two units per day.

Physical activity during leisure time in the last year 
was measured with a single question (29). The four 
response categories were: (i) physically inactive/light 
physical activity <2 hours per week; (ii) light physical 
activity 2–4 hours per week; (iii) physically active ≥4 
hours per week or more vigorous physical activity 2–4 
hours per week; (iv) more vigorous physical activity 
and competitive sports several times per week (>4 hours 
per week).

Socioeconomic status was divided into six classes 
based on self-reported information on employment 
grade, job title, and education (30).  

The distributions of age, gender, socioeconomic 
status, BMI, alcohol consumption, smoking habits, and 
physical activity during leisure time according to the 
various types of offices are given in table 1. Among the 
respondents working in offices, 2308 (96 %) answered 
the question concerning sickness absence. As sickness 
absence is a rare event, Poisson regression was used 
to model the number of self-reported sickness absence 
days. The analysis was adjusted for age, gender, socio-
economic status, BMI, alcohol consumption, smoking 
habits and physical activity during leisure time (31, 32) 
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and a scale parameter was added to account for over-
dispersion. A total number of 2202 respondents with 
non-missing data entered in this analysis.

Results

The average and median number of days of absence 
from work due to sickness during the last year for the 
occupants in the various types of offices is shown in 
table 2. The occupants in shared or open-plan offices 
reported almost twice as many days of sickness absence 
compared to occupants in private offices.  

The rate ratios (RR) for sickness absence in the vari-
ous office types are shown in table 3. Sickness absence 
was significantly related to type of office when adjust-
ing for age, gender, socioeconomic status, BMI, alcohol 
consumption, smoking habits, and physical activity 
during leisure time (P<0.001). The occupants in 2- and 
3–6-person offices had on average, respectively 50% 
and 36% more days of sickness absence than occupants 
in cellular offices, while the occupants in open-plan 

offices (>6 persons) had on average 62% more days 
of sickness absence than occupants in cellular offices.

Discussion 

The strength of this study is the use of a national popu-
lation sample. In contrast to other studies of open-plan 
offices (6, 14), this study represents more than 2000 dif-
ferent offices. To our knowledge this is the first national 
population study that has related sickness absence to 
type of office.

A weakness of the study is that both the type of 
office classification and sickness absence are based on 
self-report and associations may be influenced by com-
mon method bias (33). Reporting of sickness absence 
during the last 12 months may be influenced by recall 
bias (34), but the reporting of the number of occupants 
in the space is less likely to be affected by memory. The 
distribution of the number of occupants in the space 
(data not shown), showed that the reporting was subject 
to end-digit preference above ten occupants (35). This 

Table 1. Characteristic of the study population in the various office types. [SD=standard deviation.]

Characteristic Office type [number of occupants]

1 (N=543) 2 (N=268) 3–6 (N=637) >6 (N=955) Total (N=2403)

% Mean SD % Mean SD % Mean SD % Mean SD % Mean SD

Age (years) 1 46.0 9.2 42.6 9.1 41.0 9.8 41.1 10.1 42.4 9.9
Gender (women) 53 66 60 50 55
Socioeconomic status 
Higher white-collar 47 35 28 32 35
Middle white-collar 25 22 21 20 21
Lower white-collar 22 34 42 40 36
Skilled workers 3 7 4 5 4
Unskilled workers 4 2 2 2 2
In process of training 0 0 2 2 1

Body mass index (BMI)
<18.5 (underweight) 1 2 1 2 1
18.5–24.9 (normal) 54 60 59 60 59
25–29.9 (overweight) 36 31 29 31 32
≥30 (obese) 9 7 10 7 8

Smoking habits
Non-smokers 43 49 50 51 49
Ex-smokers 34 28 26 28 29
Moderate smokers (<15 cigarettes/day) 9 12 11 12 11
Heavy smokers (≥15 cigarettes/day) 15 10 13 9 9

Alcohol consumption
High consumption (men: >3 units per day;  
women: >2 units per day) 

16 13 16 15 15

Physical activity during leisure time
Physically active <2 hours/week 18 16 17 17 17
Light physical activity 2–4 hours/week 58 63 59 58 58
Physically active >4 hours/week or more  
vigorous physical activity 2–4 hours/week 

22 18 21 22 22

More vigorous physical activity and competitive 
sports several times per week, >4 hours per week 

3 3 3 3 3

1 Age, November 2005
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may be because respondents in larger offices pass from 
actually counting to roughly estimating the number of 
colleagues in the offices. Except for the end-digit pref-
erence peaks, the distribution was very similar to our 
previous study where the occupants were counted by 
a researcher (data not shown) (14). This indicates that 
the self-reported number of occupants <10 is valid, and 
since the offices were categorized into 1-, 2-, 3–6- and 
>6-person offices, the bias in relation to the end-digit 
preference had no influence on the found association.      

Another weakness is that we do not know if the 
occupants have been in the same office for the entire 
recall period of 12 months. However, adjusting the 
model for length of employment in the company did 
not change the estimated rate ratios (data not shown). 
Although employees may change office within the 
company, we have no reason to believe that this should 
bias the results.

In all, 2308 respondents answered the question 
about sickness absence (table 2), but due to missing 
values for some of the covariates our analysis is based 
on 2202 occupants (table 3). The mean number of sick-
ness absence days is higher for the group with missing 
data on covariates, but the pattern and relations between 
office categories are very similar to the overall sample 
(table 2). We do not think that the 4.5% missing data 
could influence the conclusion. 

It would have been an advantage to have matched 
workplaces in each of the four categories of offices. 
However, by taking a random sample of employees, we 
are accounting for the fact that there is no matching on 
workplaces. Furthermore, by focusing on office workers, 

we are making the type of work comparable and also 
excluding workplaces and industries where employees 
experience sickness absence due to hard manual work 
etc. To further study this, we adjusted our model for 
differences in industries by using the 9-grouping for 
standard industrial grouping according to the 2003 
Danish industrial classification of all economic activi-
ties (data not shown). We collapsed some of the smaller 
categories. The adjustment for industrial grouping had 
very little effect on the RR as they were reduced by 
only 2–4%. 

The validity of self-reported sickness absence has 
been studied among British civil servants, who mainly 
were office workers. The study found good agreement 
between self-reported sickness absence and register-
based sickness absence (36). The mean absence rates for 
the British civil servants were 7.1 days per year based 
on self-reported data and 7.3 days per year based on 
recorded data. This is similar to the mean absence rate 
of 7.1 days per year in our study. We therefore believe 
that self-reported sickness absence is a valid measure.

In Danish national surveys, there are increasing 
proportions of non-responders especially among young 
persons, and survey exception is four times more com-
mon among the age group 20–29 years than in the age 
group 50–59 years (27). In this study, we saw a slight 
trend towards decreasing age with increasing number 
of occupants in the space (table 1), and as other stud-
ies have shown that increasing age were a risk factor 
for self-reported sickness absence (31), we have age-
adjusted the analysis. Nevertheless, we might have 
problems concerning the representativeness of the young 
responders if the non-responders and those with survey 
exception differ from respondents when it comes to both 
type of office and self-reported sickness absence. Per-
sons with higher education are least inclined to request 
survey exemption (27) and non-responders have lower 
socioeconomic status and worse health than responders 
according to a Danish population-based study (37). The 
under-representation of the age group 20–29 years most 
likely resulted in bias towards an underestimation of the 
association, assuming that lower socioeconomic status is 
associated with more occupants in the office.

This study is cross-sectional and cannot explain the 
mechanisms behind the increased sickness absence rates 
in shared and open-plan offices. However, the literature 
suggests five main explanations. One explanation could 
be that increased absence rates in shared and open-
plan offices are caused by higher exposure to noise in 
these offices (14). In their review, Passchier-Vermeer 
& Passchier (38) found that exposure to noise indoors 
constitutes a risk in terms of hearing impairment, hyper-
tension, annoyance and sleep disturbance, but there was 
limited evidence that absence rates were related to noise 
exposure. Evans (39) found elevated stress hormone in 

Table 2. Self-reported days of sickness absence within the last 
year according to office types.

Office type  
[number of 
occupants]

N Days of sickness 
absence 
(mean)

Days of sickness 
absence  
(median)

1 522 4.9 1.0
2 258 8.0 2.0
3–6 610 7.1 2.0
>6 918 8.1 2.0

Table 3. Rate ratios for sickness absence in the various office 
types. The log-linear Poisson model was adjusted for age, gen-
der, socioeconomic status, body mass index, alcohol consump-
tion, smoking habits and physical activity during leisure time. 
[95% CI=95% confidence interval.] 

Office type [number 
of occupants]

N Rate ratios 95% CI

1 497 1
2 250 1.50  1.13–1.98
3–6 584 1.36 1.08–1.73
>6 871 1.62 1.30–2.02
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subjects exposed to office noise compared to subjects 
exposed to quiet conditions even when there were no 
differences in the subjects’ perception of stress. Clausen 
et al (40) found a relation between self-reported noise 
exposure and long-term sickness absence for men, but 
not for women. Although the results from other studies 
are mixed, noise exposure is more prevalent in shared 
and especially open-plan offices and may be a part of 
the explanation for the found association.  

Another explanation for the association could be 
that the difference in sickness absence in the various 
offices is due to differences in the type of ventilation 
used. Open-plan offices are in general equipped with 
mechanical ventilation whereas many cellular offices in 
Denmark have natural ventilation (14). This explanation 
is supported by other studies (10, 11) and the general 
finding that mechanical ventilation is associated with 
non-specific symptoms (12, 13). However, controlling 
for type of ventilation in our previous study did not 
remove the effect of type of office on symptoms (14). 

A third explanation for the found association could 
be that occupants in shared and open-plan offices are 
more likely to be exposed to viruses than occupants 
in cellular offices. A recent review showed strong evi-
dence for an association between ventilation, air move-
ments in buildings, and the spread of infectious diseases 
(41). Even though the number of sources is higher in 
mechanically ventilated open-plan offices than in natu-
rally ventilated cellular offices, the ventilation rate is in 
general also higher in open-plan offices, so the resulting 
exposure for workers in the various types of offices is 
hard to estimate. 

A fourth explanation for the difference in sickness 
absence between types of offices could be differences in 
the psychosocial work environment (23). Our previous 
study neither supported nor contradicted this explana-
tion since we found statistically significant differences 
in the psychosocial work environment between offices, 
but the magnitude of the differences was very modest 
(14). Other studies pointed at lack of privacy as a severe 
problem in open-plan offices (19). 

A final explanation has to do with the presence of 
other humans when working, and shares similarities with 
the psychosocial explanation. Working in open-plan or 
shared offices may reduce employees’ autonomy, as the 
absence of physical boundaries will increase the likeli-
hood that co-workers and leaders will interfere with 
the employees’ discretion and freedom to work (19). 
Lack of autonomy may be a stressor, as it is related to 
burnout (42), and therefore can be a contributing factor 
to sickness absence. Related to this explanation is the 
evaluation apprehension explanation. Within psychol-
ogy, studies have shown that working in the presence 
of others may lead to social facilitation, however if the 
employees are subject to evaluation apprehension, this 

may rather lead to inhibition than social facilitation (43). 
This stressor may therefore also be a contributing factor 
to sickness absence.  

Concluding remarks

Open-plan offices have become popular because they are 
designed to facilitate communication and accommodate 
knowledge sharing. However, our study showed that 
occupants sharing an office had a significantly higher 
number of days of sickness absence than those in cel-
lular offices. Consequently, employees, employers, and 
society in general pay a high price for the benefits of 
open-plan offices in terms of sickness absence and loss 
of productivity.
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