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Abstract

Purpose. To investigate the impact of dry eye disease (DED)
symptoms and the perception of indoor environmental quality
(IEQ) on the well-being and social impact after work in open-
plan office worker cohort.

Material and Methods. 64 office workers (m=19; f=45; mean
age=47.7+9.3 (sd)), were recruited from a single workplace
(local government, open-plan, 400 employees) and asked to
complete a DED symptoms questionnaire (OSDI), and answer
questions on general ocular health, perception of the IEQ,
and social impact from DED symptoms. All participants had
worked in the building for at least 4 months.

Results. Over one-third of participants reported a significant
negative social impact after work. Group A: Normal-Mild
OSDI score (n=32); Group B: Moderate-Severe OSDI score

(n=32). Greater dissatisfaction for Group B in perception
of workplace relative humidity (summer p=0.008, winter
p=0.004), workplace light conditions in summer, daylight
vs electric light, and visual comfort (p=0.038, p=0.005,
p=0.007), and perception of daylight in winter (p=0.038).

Conclusion. Workers with Moderate-Severe OSDI scores
have greater dissatisfaction with workplace environment. A
high percentage of workers experienced significant effects
on social activities after work.

Keywords
Dry eye disease, indoor environment perception, social
impact, office workers, occupational dry eye
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Introduction

There is increasing awareness of the public health impact
of dry eye disease (DED). The personal and economic con-
sequences of DED are thought to be under-estimated.!?
The impact on quality of life (e.g., decreased work produc-
tivity, anxiety) gives DED an influence on the employment,
emotional and social aspects of life.? It is estimated that the
economic burden from decreased productivity due to DED
exceeds the direct cost of care.245

Working on a computer causes a decreased blink rate,
leading to reduced tear stability and increased tear evapora-
tion. When this occurs in an office environment with low rela-
tive humidity (RH) (<40 %) and/or air draft (>1.5 m/s), a higher
tear evaporation rate can be produced.®”® This desiccating
stress leads to a recurring cycle of tear instability, evaporation
and surface desiccation,? and initiates an inflammatory pro-
cess that produces symptoms, anterior eye surface damage,
and decreased tear production. Other ocular pathologies
may contribute to reduced tear stability and production, e.g.,
blepharitis.!®

This study investigated the effect of internal environment
quality (IEQ) on DED symptoms and social activity after
work experienced by workers in a modern, open-plan, office
building (with a glass fagcade facing south) in the Netherlands
(built 2003). The building had a history of IEQ issues >10 years
(c. 400 employees) with inconsistent temperature and air-
flow, and variable direct sunlight due to the glass facade.”?
A 2013 renovation created flexible-use workstations, meeting
rooms and hall spaces, and special attention was made to
the IEQ (e.g., new air control system, placement of plants to
improve local RH). Even with these adjustments, the workers
continued to report poor DED symptoms. A previous study
of office workers in the building (n =294), reported 30 % with
DED symptoms and 5% diagnosed with DED.

Methods

This study was conducted from January-May 2015. During
participant recruitment, measurements of indoor air quality
were taken every hour (at desk height) at 2 locations on the

second floor/south corner of the building, over a 3-week
period (26. November 2015 to 15. December 2015): Outdoor
air temperature, peak in-building temperature, peak and op-
erative radiation (°C); RH (%), airflow speed (m/s), CO: level
(ppm), draft rate (DR) (%); and light (radiation W/m?). For this
study the peak in-building temperature, peak and operative
radiation (°C); RH (%), airflow speed (m/s) were most impor-
tant. In the Netherlands, IEQ quality is regulated by Ergo-
nomics of the Thermal Environment NEN-ISO-7730:2005."
(Table 1)

All building employees (n =400) between 18 - 65 years of
age were invited to participate. Participants gave consent at
a preliminary recruitment visit and were excluded for: preg-
nancy/breastfeeding, Sjogren’s disease, refractive surgery
within the previous 6 months, and working <4 months in the
building. Approved participants were given an appointment
for their first visit. All visits took place in the office building,
for ease of participant attendance.

First visit: Visual acuity measured for distance and near
with habitual correction. Ocular refraction was determined
by auto-refractor measurement. Three questionnaires were
given to be completed at home. First: a custom-designed
survey on general health, last medical examination, last exam
by an eye care professional, any drug prescriptions, allergies
and specific vitamin or superfood intake. Second: a custom-
designed 21 question, 5-point forced-choice Likert Scale
survey on perceived IEQ: satisfaction of light conditions
(daylight/electric light), air temperature, workstation RH, and
perception of sonic environment during summer and winter;
and 4 questions on interference/enhancement of the IEQ
(air quality, air temperature, light condition, acoustic quality)
on work productivity. The original English version of the Per-
ceived IEQ questionnaire was cultural translated into Dutch
and translated back to English. This last English version was
used. Third: a custom-designed survey asking about partici-
pant IEQ perception and social impact using three open ques-
tions: “With whom do you discuss eye-related problems?”,
“With whom do you discuss building-related problems?”, “Can
you explain how these problems interfere with your social
life?” (Table 2).

Second visit (within 1 month of first visit): The question-
naires were collected, and the participant completed the

Table 1: Normative values for interior environment quality (IEQ), as stated by the NEN- SO 7730:2005 (Dutch)

guidelines for building environments™"

NEN 7730 category A) Very Good

Indoor temperature (°C) Summer: 23-26

Winter: 20-24
Air humidity (%) 30-50
Air stream (m/s*) Summer:<0.12
Winter: <0.10
Amount Carbon Dioxide (CO:) (PPM**) <500

*m/s = metres per second; **PPM = particles per minute
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B) Good

Summer: 23-26
Winter: 20-24

25-60

Summer:<0.19
Winter:<0.16

<900

C) Acceptable

Summer: 22-27
Winter: 19-25

20-70

Summer: <0.24
Winter:<0.21

<1100
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Table 2: Questionnaire used for participant IEQ perception, time spent working in the building, and social impact of eye-related

and building related problems

Demographic questions and questions about perception of IEQ at workstation, workplace and building,

and of the social impact of eye-related problems and building-related problems

What is your gender? [1 Male [ Female

What isyourage? [J 30yearsorless [J 31-50yearsofage [J] more than 50 years of age

How many years have you worked in this building? [ <1 year

How long have you been working at this specific workstation?

[0 1-2years [J 3-5years [J more than 5 years

[ less than 3 months [J 4-6 months [ 7-12 months [ more than a year
Mark the specific work area on the floor map of the building and write the amount of months/years you are working there.

In a typical week, how many hours do you spend at your workstation?

[J 10hoursorless [0 11-30 hours [ more than 30 hours

How satisfied are you with the air quality (1), sonic level (2), sound privacy (3) in your workstation and in the building?

Satisfied [0 [0 O [O O Dissatisfied

Overall Satisfaction - Winter vs Summer

How satisfied are you with the humidity (4-5), the air stream (6-7), the air temperature (8-9), and the constancy
of air temperature (10-11) at your workstation during the day, in the winter and in the summer?

Satisfied [0 [0 O O O Dissatisfied

Overall Satisfaction - Winter vs Summer

How satisfied are you with the condition of day light (12-13) in the building, of the quantity electric light (14-15), and the
visual comfort of the lighting (16-17) during the day, in the winter and in the summer?

Satisfied [0 [0 [ [ O Dissatisfied

Overall, does the air quality (18), light condition (19), acoustic quality (20), air temperature (21) at your workstation

enhance or interfere with your ability to get your job done?
Enhance OO O O O O Interfere

Which of the following controls do you have over the lighting at your workstation?
O] Light switch [ Light dimmer [J Sunscreen [ Desklamp [ None of these [ Others

Impact of eye problems and building-related problems, and the possible social impact during life, were asked in three open

answer questions:
With whom do you discuss eye-related problems?
With whom do you discuss building-related problems?

Can you explain how these problems interfere with your social life?

Ocular Surface Disease Index (OSDI) questionnaire (Research
Group at Allergan Inc. (Irvine, California), which surveys DED
symptoms during the previous 7 days.

The study was approved by the Human Research Ethics
Committee, School of Optometry and Vision Sciences, Cardiff
University, and was consistent with the tenets of the Decla-
ration of Helsinki. In the Netherlands, this investigation was
considered a routine optometric investigation by the Medical
Research Involving Human Subjects Act (2016). All data was
filed confidentially and kept anonymous at the point of data
entry, with no subjects identifiable.

Descriptive statistics were performed on patient demo-
graphic data (age, gender, general health and OSDI score)
(Table 3). Subjects were grouped according to gender (male/
female) and OSDI score (Group A: Normal-Mild score <22;
Group B: Moderate-Severe score 222.01). Perception of IEQ
(satisfaction/dissatisfaction) questions on air quality, RH and
light conditions were analysed by gender (male/female) and
OSDI group score (A/B). Mann-Whitney U tests assessed
differences between males/females. Independent sample
tests (t-test) analysed IEQ perception scores between OSDI
group. Cronbach’s Alpha coefficient of IEQ questionnaire
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Table 3: Subject demographic information (n = 64) and OSDI scores

Demographic n Mean
Male 22 48.23
Female 42 47.36
OSDI group/ Age

Group A 32 4491
Group B 32 50.41
OSDI score

Group A 32 10.89
Group B 32 40.79
OSDI score

Male 22 17.42
Female 42 30.25
OSDI group Male Female
Group A 17 15
Group B 5 27
OSDI group <5vears > 5 years
Years working in the building vs OSDI group (n = 64)

Group A 16 16
Group B 13 19
Specific workplace area OSDI group (n = 60**)

Group A 12 19
Group B 8 21

Age Range sd
29-65 10.18
25-65 8.90
25-65 9.91
34-65 7.85
0.00-20.45 6.17
22.83-87.50 14.76
4.17-54.17 11.89
0-87.50 20.29
P
0.014*
P
0.451
0.09*

* Statistically significant p < 0.05.; Group A: Normal-Mild score; Group B: Moderate-Severe score)
** four participants reported not working at a specific workplace level or area

assessed internal consistency. Logistic regression for gender
and OSDI groups were reported as an odds-ratio (OR), with
95 % confidence interval (Cl). Questions on working years in
the building and time working at the workstation were ana-
lysed with Chi-square test.

Results

Sixty-eight employees took part in the study, and 64 partici-
pants were included in the analyses (Table 3): 2 participants
did not complete the questionnaires and 2 participants chose
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not to proceed. Most subjects had worked in the building for
>5 years, and >1 year at a specific workspace (Chi-square:
p =0.013 and p = 0.09, respectively) (Table 3).

There was no difference between genders for questions
on ocular and general health, except for males reporting
more ocular trauma than females. Females showed a higher
predictor for more severe DED symptoms [Odds Ratio (OR):
2.745 (p < 0.001,S.E. 0.299, 95% CI: 1.533 to 4.948)].

No statistically significant differences were found be-
tween OSDI group for number of working hours per day
(Mann-Whitney, p = 0.565), per week (p = 0.361), or years
working in building (p = 0.451). Significantly more subjects
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Table 4: Subject satisfaction with specific IEQ issues for OSDI group (A: Normal-Mild OSDI score and B: Moderate-Severe OSDI score)

and IEQ perception in Winter and Summer

Comparison of satisfaction of indoor Mean

environment quality per OSDI group

OSDI Group

Difference between

Std. Error 95% Confidence Interval
of of the Difference
Difference

How satisfied are you at your workstation in the winter (scale 1 -5) with the:

humidity? -0.656
air stream? -0.469
air temperature? -0.344
constancy in temperature? -0.344
quantity of daylight? -0.500
quantity of electric light? -0.531
visual comfort of the lighting? -0.469

How satisfied are you at your workstation in the summer (scale 1 -5) with the:

humidity? -0.594
air stream? -0.469
air temperature? -0.325
constancy in temperature? -0.490
quantity of daylight? -0.594
quantity of electric light? -0.719
visual comfort of the lighting? -0.665

How satisfied are you in general at your workstation (scale 1 -5) with the:

sonic level in the building? -0.313
surrounding sound in the building -0.438
air quality? -0.469

worked >5 years and >1 year at a specific workplace in
Group 2. No significant difference was found in work expe-
rience for gender.

A strong internal consistency was found in perception
of occupational IEQ: Cronbach’s Alpha coefficient, 0.923
(coefficient should ideally be >0.7). No significant difference
was found in |[EQ satisfaction between males and females,
except for degree of satisfaction with workstation air quality
(p =0.016), winter air temperature (p = 0.027), winter temper-
ature constancy (p = 0.018), and quantity of daylight in the
winter at workstation (p =0.046), with a greater dissatisfaction
by females on these comparisons.

Independent sample t-tests revealed a statistically sig-
nificant difference between OSDI groups for satisfaction
with workplace IEQ, with Group B reporting a more negative
score for dissatisfaction with RH in summer (p = 0.008) and

0.220 -1.095 -0.217 0.004
0.260 -0.989 0.052 0.077
0.260 -0.864 0177 0.192
0.257 -0.858 0171 0.187
0.304 -1.108 0.108 0.105
0.260 -1.051 -0.012 0.045
0.253 -0.975 0.037 0.069
0.215 -1.023 -0.164 0.008
0.264 -0.997 0.059 0.081
0.276 -0.877 0.227 0.244
0.269 -1.028 0.048 0074
0.279 -1.152 -0.035 0.038
0.250 -1.218 -0.220 0.005
0.237 -1.139 -0.192 0.007
0.258 -0.828 0.203 0.230
0.266 -0.970 0.095 0.106
0.251 -0.970 0032 0.066

winter (p = 0.004), electric light and daylight conditions in
summer (p = 0.005 and p = 0.038, respectively), electric
light conditions in winter (p = 0.045), and visual comfort of
lighting (p = 0.007). All other questions had no significant
differences (Table 4).

Testing for IEQ influence on getting work done during
the day found no statistically significant difference be-
tween Groups A and B for air quality (p = 0.60), temperature
(p = 0.741), light (p = 0.540), or sound (p = 0.719).

Sixty-three (98.4 %) subjects reported no control over
workspace light switch, 59 (92.2 %) had no control over lo-
calised light from a desk lamp, and 34 (53 %) had no control
of how sunlight affected their workspace using a sunscreen.

During the 3-week period, the outdoor temperature and
the indoor climate were assessed continuously by monitoring
the outdoor and indoor air temperature, peak air temperature,
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A: With whom do you discuss eye related problems?

Colleagues
Spouse [ | 74
Supervisor [ ] 8,8
Optician [ | 2,9

Not applicable

B: With whom do discuss building related problems?

Physical impact

No impact

I 52,9

—— 41,2

e 5,8

Colleagues
OHS expert 89
Facility service s
None [ 41,2

C: Can you explain how these problems interfere with your social life?

—— 372
Not too much NN 32,8
—— 30,9

Figure 1: Subject discussion
of eye-related and building-
related problems (A & B), and
social impact of IEQ on sub-
Jects after work (C). Percent-
ages exceed 100 % as some
participants consulted with
more than one person or with
both the working condition
consultant at work and the
facility service.

operative temperature and relative humidity. According to
the NEN-7730:2005 standard, the indoor air temperature
just fell within Category C (acceptable) (peak temperature
at a sunny day: 24.67 °C), as also did the air flow speed (up
to 18 m/s) in the winter, and the CO: level (up to 900 ppm)
(Table 1). The RH showed one dip to 20 % at the peak tem-
perature, but fell within the acceptable range according the
NEN standard.

Over40 % of participants did not discuss their eye-related
problems with colleagues or family, nearly 53 % reported dis-
cussing with colleagues, nearly 7% with their spouse, nearly
9 % with their supervisor, and nearly 3 % with their optometrist
(Figure 1A). Building-related issues were discussed most often
with colleagues (nearly 60 %), with an Occupational Health
and Safety (OHS) expert or working consultant (nearly 9 %),
and with facility services (nearly 2%) (Figure 1B).

For social impact, the participants’ answers were cate-
gorized into 3 groups based on their answer to the survey
question asking how any eye problems affect their social
life (Figure 1C): Group 1: No Impact (30.9 % of participants);
Group 2: Limited Impact (32.8 %) - complaints were limited
and diminished when being at home (getting fresh air, no
computer work, or different mindset was enough to ease the
burden and not interfere with other daily activities after work);
Group 3: Significant Physical and Emotional Impact (37.2%).
Answers reflecting physical and emotional impact were the
main factors affecting daily activities: tiredness, headache,
not able to watch television or I-pad, not able to drive, or
a reason to go to bed early. A small number were unable to
wear contact lenses (2 %). More than a third of participants
mentioned in general that they needed the weekend to
recover from work-related eye problems. Looking at the im-
pact of the OSDI goups vs the social impact the Moderate to
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severe experience more negative impact after work than the
normal-mild group, 62.5 % of the Normal-mild group report-
ed no impact at all, although 70 % of the moderate-severe
group reported significant Physical and Emotional impact.
Group 2, not too much impact was almost devided in half
between the OSDI group A and B (52.4 % for group A and
47.5% for group B).

Discussion

This study investigated how IEQ was experienced and how
IEQ affected well-being and social life. The study found that
office workers in this building described dissatisfaction with
the IEQ in their building, that dissatisfaction was greater for
females and for workers with more severe DED symptoms,
and that dissatisfied workers were unlikely to report their
dissatisfaction. A previous survey at this location found work
productivity and daily activity at work were compromised by
eye symptoms experienced at work for a large percentage of
workers (n=193,74 %).12 The study also found that DED-relat-
ed symptoms, pain sensation in and around the eye, and light
sensitivity, blurry vision, and transient vision were experienced
significantly more often at work than at home.

Most participants reported some dissatisfaction in IEQ,
with females significantly more dissatisfaction (air quality,
temperature, winter temperature constancy) than males.
This matches with previously reported gender differences
for thermal comfort.”

For difference in IEQ perception between OSDI group,
those participants with more severe DED symptoms had
greater dissatisfaction with RH in summer (S) (p = 0.008)
and winter (W) (p = 0.004), with quantity of electric light and
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daylight in summer (p = 0.005 and p = 0.038, respectively),
and with quantity of electric light in winter (p = 0.045).

Office RH and light conditions are of crucial importance
to DED patients. DED office workers are particularly sensitive
to the workplace IEQ since DED causes an unstable tear
film.1520.21 Since, the impact of low RH on tear film stability is an
important factor in subjective complaints, it is not surprising
that subjects with more severe DED symptoms reported a
greater dissatisfaction with building RH. The seasonal effects
from RH changes are also evident in dissatisfaction with low
building RH during winter, and with possible localised low-
ering of RH caused by ambient temperature increases due
to solar radiation.

In the Netherlands, the ISO Standard for Ergonomics of
the Thermal Environment (NEN-1SO-7730:2005) is used to
predict the general thermal sensation and degree of dis-
comfort for office workers. Thermal sensation is the personal
satisfaction with specific aspects of the IEQ, including air
temperature, radiant temperature, air velocity, and RH. When
office workers complain about indoor IEQ, indoor air meas-
urements are taken. In this study the overall indoor air quality
was categorised as ‘good to acceptable’, conforming with the
Building Code Guidelines. The RH measurements were low
(<30 %), but within acceptable limits, except for a few sunny
days when there was a greater fluctuation in temperature (up
t024.7°C), RH (down to 18 %), and airflow (up to 0.18 m/s). The
consequence of these fluctuations is that IEQ could be ac-
ceptable overall, and no intervention is made, while IEQ issues
remain. By using the NEN-ISO-7730:2005 guidelines alone,
the building classification may not meet the occupational
satisfaction of those who workin it who experience eye issues.

In this study, those participants with more DED symptoms
reported less satisfaction with the quantity of light they expe-
rienced at their workstation. This matches with previous re-
ports of reduced visual-related quality of life score from light
sensitivity, and discomfort glare for patients with moderate
to severe DED."”232425 These symptoms can ultimately result
in disability glare, and to the more severe, but rare condition
of photo-allodynia, caused by a chronic neurotrophic pain.

For participants in this study, their well-being was adverse-
ly affected by the building in which they work. This negative
illness perception was reported by 60 % of participants who
discussed their eye-related problems with colleagues and
relatives, compared with 9% of participants who reported
eye-related problems to their supervisor, and only 1% to the
occupational health service. The impact of the IEQ may be
seen as a problem that can’t be fixed, or that the supervisor,
occupational health care service, working consultant are un-
able tointervene to change the health problem, or that there
is a general lack of awareness in the workers of how these
groups can help. There may be evidence for this in the low
responses for discussion of any building-related issues with
the working consultant (nearly 9 %) or with facility services
(nearly 2 %). This negative expectation for a positive interven-
tion could create a negative state of mind in the workers, who
may feel that they are not heard or taken seriously.

For the employer, there was some evidence that work
productivity is reduced by a negative perception of the work

IEQ. Wolkhoff reported that “perceived dry eyes and dry air
are associated with deteriorated work performance”.'61922 |n
contrast, the literature suggests that giving employees the
ability to adjust their workstation lighting may contribute to
better environmental satisfaction and well-being.2¢?7 In this
study, few participants reported the ability to use a sunshield
to control the level of sunlight in their workspace. The reflec-
tion of sunlight on a computer screen and a lack of technical
knowledge in how to adjust the computer screen for changing
light conditions during the day could make any discomfort
experienced worse. This could be exacerbated by the problem
of the south-facing glass facade that may allow fluctuation in
light levels (sunlight) throughout the day, leading to discom-
fort glare. These fluctuations in perceived light were shown
by van Duijnhoven et al. (2020), who reported on workstation
light conditions in the same building.™

Limitations

The investigation is from a single local Government building in
the Netherlands with a known history of complaints about the
IEQ. Thus, the participants could be influenced by long-stand-
ing complaints and be biased towards a more severely affected
symptoms sub-type. However, the even distribution of subjects
between the two OSDI score groups suggests that this was
not the case and strengthens the statistical analysis. The study
location was for a single building, but it can be argued that this
location is representative of modern, glass fagade buildings
with open plan office spaces. The limitation of a single location
and small cohort size can be addressed by future studies at
other office sites. Other possible causes for DED symptoms
were not considered, such as contact-lens induced dry eye or
discomfort, effect of blink frequency at the office versus home,
orthe influence of the specific kind of digital work, or the used
software, text size, and contrast.

Practical Implications

It may be possible that building IEQ can lead to work-related
DED symptoms caused by increased tear instability and tear
evaporation, associated with changes in the blink-rate and
RH. This can develop into a negative stress cycle, leading to
increased incidence of DED that reduces worker quality of life
and productivity. Intervening to prevent this cycle is the first
step, and work-related dry eye symptoms should be seen as
an occupational hazard in the office environment that must
be investigated at an early stage.

Occupational physicians would benefit from being aware
of the importance of good tear film stability and visual func-
tioning for the visually demanding tasks of modern office
workers.?82930 |n combination with ergonomics and attention
to environmental factors, this will contribute to creating a
comfortable working environment. Education about light
fluctuations and the ability to adjust the computer screen to
avoid reflections and discomfort glare could be an interven-
tion to follow.
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There is a need for better education of office workers on
the benefits in bringing their concerns to their occupational
officer or facility director. Worker awareness about the role of
occupational services is needed to get the right help at the
right moment, as well as getting good clinical (optometric)
diagnostic testing for these symptoms.

Conclusion

This study helps in understanding the perception and impact
of the work environment on eye-related issues. The social
impact of work-related eye problems should be investigated
further, as IEQ influences are significant and have impact
productivity and worker well-being.
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