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Eye irritation and environmental factors in the office environment—
hypotheses, causes and a physiological model
by Peder Wolkoff, DrMedSc, 1 Peder Skov, MD, 2 Carsten Franck, MD,3 Lisbeth N Petersen, MD 4

Wolkoff P, Skov P, Franck C, Petersen LN. Eye irritation and environmental factors in the office environment—
hypotheses, causes and a physiological model. Scand J Work Environ Health 2003;29(6):411–430.
The study reviews eye irritation using a multidisciplinary approach. Potential risk factors and objective gender
differences are identified, and possible hypotheses for eye irritation caused by indoor air pollution are discussed.
Eye irritation depends somewhat on destabilization of the outer-eye tear film. An integrated physiological risk
model with blink frequency, destabilization, and break-up of the eye tear film as inseparable phenomena may
explain eye irritation among office workers in terms of occupational, climate, and eye-related physiological risk
factors. Certain volatile organic compounds that are both chemically reactive and airway irritants may cause eye
irritation. If airborne particles alone should destabilize the tear film and cause eye irritation, their content of
surface-active compounds must be high. Personal factors (eg, use of contact lenses, eye make-up, and certain
medication) may also affect destabilization of the tear film and possibly result in more eye symptoms.

Key terms causes of eye symptoms, gender differences, epidemiology of eye irritation, indoor air pollution,
occupational risk factors, environmental risk factors, physiological model for eye irritation.

Eye irritation (eg, dry or strained eyes) is one of the most
common symptoms reported in epidemiologic studies on
indoor air quality. The symptom “dry eyes” and related
ocular-surface effects form the major eye complaint
treated by eye physicians (1, 2). In recent European and
North American studies, the symptom prevalence of eye
irritation for men and women (at least once in the past
month at work) was reported to be on the order of 25%
to 40% (3). Several studies have shown that eye and vision problems are frequently reported complaints among
persons who work with a visual display unit (VDU).
[See, for example, reference 4.] Of the symptoms of the
sick-building syndrome, the symptoms “tired and
strained eyes” have been reported to be the most common cause of disruption of office work, followed by
mental fatigue and headache (5). [For comparison see
reference (6).]
The cause(s) of eye irritation in the indoor environment is(are) unknown, although several suspected factors have been studied (7). One hypothesis is that eye
and airway irritation is caused by indoor air pollution
(8, 9). Another, related to VDU work, is that eye and
1
2
3
4

airway irritation is associated with a reduced blink frequency (blinks per minute) and an increase in water
evaporation from the precorneal eye tear film, which
could result in dehydration of the tear film (10). Destabilization of the tear film by environmental exposure is
a third hypothesized cause of eye and airway irritation,
in which ruptures increase and the formation of dry spots
results in such ocular discomfort as dryness (2, 8, 11).
Symptoms of irritation, including dryness, have also
been explained by gland dysfunctions that result in instability of the tear film from deficiencies of one or more
of its components (2, 12–15) and various kinds of conjunctival inflammation (16).
Many other risk factors, some of which are occupational, are, however, also likely to influence the perception of eye irritation. Some of these are lighting (glare
and poor contrast), gaze position, a limited number of
breaks, a constant function of accommodation, musculoskeletal burden, and impairment of the visual nervous
system. [See, for example, references 17 and 18.] Work
stress has also been suggested as an explanation. [See,
for example, references 19 and 20.] In addition,
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psychological factors (eg, subjectively rated workload,
social support by colleagues, individual significance of
work, negative trait, job security, and mental fatigue)
have been found in multivariate analyses to be associated with an increase in eye irritation among VDU users. [See, for example, references 6 and 21.]
With respect to preventive measures, it is important
to understand how physiological effects of indoor pollutants result in an increase in perceived eye irritation
in indoor occupational environments. Therefore, our
purposes in writing this paper were (i) to review eye irritation reported in the office environment and to identify potential occupational, personal, and other risk factors, especially in relation to indoor air pollution, (ii) to
search for objective gender differences, (iii) to propose
possible hypotheses for eye irritation caused by indoor
air pollution, and (iv) to develop a risk model that integrates known risk factors associated with eye irritation
or the exacerbation of eye irritation.

Methods
The literature was reviewed by a multidisciplinary group
with experience in indoor air quality and pollution and
occupational medicine, including outer eye examinations in clinical and human exposure studies. The nature of the review was exploratory to stimulate new hypotheses. The literature search strategy included eye
symptoms, signs, and symptoms of the sick-building
syndrome encountered indoors (eg, discomfort, dryness,
excess tearing, foreign body sensation, gravelly sensation, grittiness, itching, inflammation, irritation, lacrimation, ocular fatigue, oppressive eyelids, pain, redness,
sandy sensation, scratchiness, smarting, soreness, strain,
swollen eyelids, tears in eyes, and tiredness). Various
kinds of office equipment (eg, photocopiers) and visual
display units (VDU) were also included. Within the
physiology of the outer eye, the search strategy included eye tear physiology, blink frequency or rate, breakup time, dehydration or desiccation, dry spots, epithelial damage of the conjunctiva, objective methods, human
exposure studies, indoor pollution, indoor air quality,
and indoor thermal climate. The search through literature related to indoor air in the field of epidemiology
focused specifically on identified associations between
eye irritation symptoms, indoor environmental factors,
and the use of such office equipment as a VDU, but case
reports were generally excluded. In the search for gender differences, only objective measures were identified
regarding the outer eye.
The search was carried out in the following databases: Pubmed/Medline, HSline, EMBase, and Scirus. The exclusion criteria were orthoptic, refractive
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or presbyopic eye and related complaints, work-related musculoskeletal disorders, lighting, organizational and psychological factors, and effects related
to inflammatory and allergic diseases and moisturedamaged buildings.

What is eye Irritation?
Eye irritation has been defined as “the magnitude of any
stinging, scratching, burning, or other irritating sensation from the eye [p 188]” (22). Many other vague
symptoms and signs of irritation and tiredness have been
used in questionnaires. They can be interpreted, however, in different ways that add to the overall confusion,
including conceptual and perceptual overlap of reported symptoms (23, 24). For example, the symptoms itching, irritation, grating, and sandy sensation have been
found to cluster together (25), while the symptoms dryness, smarting, and itching have been found to be related to particular occupations (6). One of the most common symptoms, dryness, has been equated to, and associated with, complaints of irritated eyes, and, in some
cases, dryness, itching, and irritation are used in combination. [For comparison see reference 26.]
It has been assumed that the four symptoms itching,
smarting, irritation, and dryness are caused by primary
sensory reactions (5th cranial nerve, trigeminus) that
lead to reported eye irritation (27). It has also been suggested that other eye symptoms are related to different
mechanisms. For example, tiredness may be caused by
strain of the eye muscles, eye redness due to dilation of
the blood vessels may be caused by inflammation or lack
of sleep, and cold drafts or emotional stimuli produce
lacrimation. Inflammation (eg, posterior blepharitis,
conjunctivitis, and other diseases) may further lead to
meibomian and lacrimal gland dysfunctions (2, 12, 13,
16, 28).
Eye symptoms are generally considered to be transient and reversible, and they have been reported with
intensities from severe (pain, smarting, burning or irritating) to less severe (itchiness, dryness or discomfort)
but nevertheless annoying. [For comparison see references 5 and 8.] Questions about eye irritation have so
far not included details about the location of the irritation (ie, the inner and exterior eyelids versus the eyeball itself), diurnal variation, onset, duration, and alleviating factors. [For comparison see reference 12.] In
addition, the same symptom(s) can arise in association
with different diseases. For example, dry eyes and meibomitis both result in sandy-gritty irritation, and the
symptoms are insidious at the onset (2). Similarly, it can
be difficult to differentiate between dry eyes and allergic conjunctivitis (12). Several diseases and conditions
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can give the same clinical dry-eye picture (16), but with
alteration in different layers of the tear film.
The large number of symptoms of eye irritation or
their clusters may be related to different perceptions (eg,
dry or smarting), which again may reflect different
mechanisms that are difficult to differentiate (24). Different disciplines have used different terminology [eg,
“eye irritation” is common in occupational hygiene,
while physiologists refer to “visual fatigue or strain”,
and ergopthalmologists look for occupational asthenopia (visual disturbances)]. [For comparison see reference
29.] In addition, differences in the cultural perception
of symptoms cannot be excluded. Therefore, different
outcomes may have been studied. For example, in one
study 21% of 524 consecutive eye patients reported tired
eyes (ocular fatigue) and 15% were diagnosed as having dry eyes (by objective criteria) (30). Of the patients
reporting tired eyes, 71% were diagnosed as having dry
eyes, and, similarly, 51% of the dry-eye patients reported tired eyes. Since there appears to be many interdependent mechanisms resulting in eye symptoms, an operational unambiguous definition of eye irritation does
not seem possible. It is, however, possible that clusters
of symptoms could be associated with specific mechanisms. [For comparison see references 6 and 12.]

Physiology of the outer eye
Tear film components and stability
The ocular surface, consisting of the cornea, bulbar, tarsal conjunctiva (including glands), and goblet cells, is
covered by the tear film (11, 31). The cornea is the transparent window covering the front of the eye, while the

conjunctiva is the thin transparent tissue that covers the
outer surface of the eye from the outer edge of the cornea to the inside of the eyelids. The tear film has many
functions (ie, to provide the cornea with a smooth surface with a refraction index greater than air and to maintain integrity by preventing water evaporation from the
surface to keep the outer eye moist). The surface tension of the tear film is lower than that of water and thus
results in a tighter attachment to the globe by lubrication. Higher surface tension has been measured in persons with dry eyes than in normal persons, a finding
compatible with a much lower time for rupture of the
tear film among the former (32). In addition, the tear
film provides protection against environmental exposure, bacterial colonization, and injury of the ocular surface.
The tear film is continuous over the cornea, but probably more scattered in the conjunctival regions; however, this assumption has not been documented. In a common model, two major layers cover the cornea and conjunctiva. [For comparison see references 11, 13, and 33–
36 and see figure 1.] An innermost mucus layer covers
the epithelium with the adsorbed (mostly) glycoproteins
(mucin) secreted from the conjunctival goblet cells between the epithelium cells. Overlying this layer is the
intermediate aqueous-mucin layer secreted mainly from
the lacrimal glands. Finally, the superficial (precorneal)
layer is a thin tear film, lipid (oily) layer secreted from
the meibomian glands in the eyelids. The oil is constantly secreted, but it is also aided by the blink action and
is almost jetted into the tear film immediately following a blink.
Aqueous tear production varies throughout the
day, depending on stimuli through a reflex loop connecting the ocular surface with the lacrimal glands.

Figure 1. Saggital view of the eye tear film and
glands.
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[For comparison see reference 11.] In normal situations, the tear fluid is secreted mainly from the lacrimal and meibomiam glands located in the eyelids,
and about 90% is drained through the lacrimal sac
(15). The high abundance of microvilli on the epithelium surface may facilitate the adherence of the
mucus layer and subsequently the stability of the tear
film.

Factors influencing blinking and the formation of tear
film
The tear film itself is formed by a complex interaction
of the blink process, the mucosal surface, the molecules
forming it, and the eyelids. It is possible to classify
blinking into three categories (37). Voluntary blinking
is the result of a conscious decision to close and open
the eyelids. Involuntary, spontaneous blinking, however, occurs without any external stimulus and at a fairly
constant frequency; this type of blinking probably arises from the activity of a central “blink generator” in the
brain, although the neural basis is poorly understood.
[For comparison see reference 38.] Reflex blinking is a
rapid closure movement of short duration in response
to a variety of external stimuli, usually auditory, cognitive, trigeminal, or visual, included as a component of
other types of motor behavior.
Table 1. Examples of blink frequency, ocular surface area, and
water evaporation as a function of work conditions and climate
parameters. (VDU = visual display unit)
Condition

Blink
frequency/
min

Relaxed a-c

Ocular
Water
surface evaporation
2
area (cm )
(µg/eye)

Mean

SD

Mean

SD

Mean

SD

13–22

9a

2.2 a, d 0.4

0.7 a, d 0.4

Reading a book at table level a

10

6

1.2 e 0.4

1.8 e 0.7

VDU work a

7

7

2.3 f 0.5

2.4 f 0.6

VDU work g
Room illumination 120 cd/m2 10.1
Room illumination 30 cd/m2 7.1

9
7

·
·

·
·

·
·

·
·

Constant relative humidity 20% h
20°C
17.5
50°C
6.2

8
3

·
·

·
·

·
·

·
·

Constant temperature 20°C
Relative humidity 80%

9.1

3

·

·

·

·

Constant temperature 24°C i
Relative humidity 18%
Relative humidity 80%

24
17

17
9

·
·

·
·

·
·

·
·

a

Tsubota & Nakamori (45), N=104.
Patel et al (50), N=16.
c Carney & Hill (46), N=20.
d
Downward gaze.
e Looking straight ahead.
f Upward gaze.
g
Tsubota et al (47), N=10.
h Mori et al (55); Tsubota et al (56), N=4.
i Kay et al (48).
b
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The purpose of normal blinking is twofold, to restore
the tear film and to defend the eye from environmental
exposure (eg, mechanical removal of deposited particles
and cellular debris) (15). About 80% of involuntary
blinking is complete, and the descending upper eyelid
covers more than two-thirds of the cornea; 18% is incomplete, and the descending eyelid covers less than
two-thirds of the cornea; only 2% is twitch blinking
(flutter); see references in Collins et al (39). Incomplete
or no blinking results in the thinning of the lipid layer
and a destabilized tear film. For example, a 40% reduction in the thickness of tear film has been measured 15
seconds after blinking (40). For some eyes, thinning
leads to rupture before the next blink, and dry spots are
formed that expose the cornea and conjunctiva to pollutants within a limited period of time (34). The time
interval (seconds) between blinking and rupture is called
the break-up time of the tear film, and this time is considered to reflect the stability of the tear film. In normal persons, the break-up time exceeds the interval between
blinks, and, therefore, the tear film is maintained.
Blink frequencies are individual with mean frequencies of <2–3 to 20–30 blinks/minute, and they depend
on environmental factors and, possibly, on the use of
contact lenses (15, 41). Typical blink frequencies at rest
range from about 12 to 20 blinks/minute (15, 41), lowest at a discrete observation (42). In a study of 150
healthy subjects, the most common order of decreasing
blink frequency was found to be conversation > rest >
reading (43). Blink frequency during reading also depends on the position of the gaze, being lowest during a
low gaze (44). Blinking has been reported to increase
due to draft (ie, air velocities higher than 0.5 m/s), but
it is suppressed during a visual task (38). Nevertheless,
both result in irritation, probably due to a disturbance
of the lipid layer, for example, through increased water
evaporation that causes a temperature decrease (10).
The major determinants of the blink frequency at rest
are extrinsic factors, like dehydration, arising from local tear film conditions around the cornea and conjunctiva and stimulation of their sensory receptors (10, 38).
Mental activities and work conditions, room temperature, relative humidity, and illumination also influence
blink frequency (table 1). Both high temperature and
high relative humidity reduce blink frequency. Visual
performance demand (ie, work difficulty, complexity,
and overload) also results in lower blink frequencies
(49). VDU work is an important factor that reduces blink
frequency and at the same time enhances the interblink
interval significantly (50). For contact lens wearers, the
break-up time is lower at low relative humidity (51).
An intact tear film reduces evaporation by 90–95%
(13), but the reduction may increase fourfold if the tear
fluid is not confluent or the lipid layer is unstable (52)
[eg, because of film thinning (33, 53) or mucus
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deficiency caused by a disease (54)]. It has been found
that the blink frequency is inversely proportional to the
ambient temperature (55, 56) [see also Paschides et al
(57) and Smedbold et al (58)] with respect to the decrease in break-up time. For normal persons, the threshold for detecting a cooling effect on the cornea is small,
about 0.3°C over about 0.8 mm2 in less than 1 second
of stimulation (59). An increase in relative humidity decreases blink frequency (table 1). However, blink frequency is also influenced by psychological and mental
states of mind. For example, mental stress, cognitive
awareness and demands, and the tasks performed can
play a role (15, 43, 44). In addition, increased attention
generally decreases blink frequency, while anxiety or
high arousal increases it (60), in addition to conversation (43). It appears that visual attention reduces blink
frequency in proportion to visual demand, while mental
problem solving leads to an increase in blink frequency
(44) (table 1). Gaze, however, also appears to be an important factor influencing blink frequency, which is
highest during direct gaze and lowest during downward
gaze (44) (table 1). Blink frequency has also been shown
to depend on the frequency of the VDU screen. Blink
duration becomes shorter, and the blink interval becomes longer, at low cathode frequencies (61).
An increase in blink frequency may also be stimulated by ocular discomfort, as experienced by dry eye
patients and people exposed to tobacco smoke, including side-stream tobacco smoke (22, 62). The increase
possibly occurs to maximize tear supply and clearance
(15, 41). Dry eye patients are characterized by a significantly lower maximum blink interval (longest time during which patients comfortably keep their eyes open)
than healthy persons (10). One reason for an increase
in blink frequency could be more water evaporation
from dry eye patients.

Destabilization of tear film
It is generally assumed that a decrease in secretion from
the meibomian and lacrimal glands and the goblet cells
leads to destabilized tear film (14). The tear secretion
decreases as age increases, mostly among women above
40–60 years of age (54, 63–67). This decrease, in part,
may contribute to the greater prevalence of eye irritation generally found for women. [See, for example, reference 64.] A thick lipid layer protects against the development of dry eyes; however, some thinning of the
lipid layer occurs during a workday in offices (68, 69).
The break-up time appears also to decrease with increasing age, starting above 40–60 years of age (35, 58, 67,
70, 71), and is thus consistent with an increase in dry
eyes with increasing age (64) and reduced tear secretion among elderly people, particularly among women.

The addition of quartz or benzalkonium chloride to
bovine meibomian secretions was found to reduce surface tension significantly (72). [For comparison see reference 73.] Surface tension is probably a predictor of
tear film stability; for example, a negative correlation
has been found between surface tension and break-up
time (noninvasive) (32). A decrease in break-up time
(self-reported, measured as time before discomfort or
pain is perceived after a blink) has been attributed to
emissions of volatile organic compounds (VOC), boiling point about 50–260°C, from degraded flooring made
of polyvinyl chloride (74). In another study, an increase
in relative humidity from 35% to 43% had no effect on
break-up time (self-reported), although the perception
that the air was dry was reduced significantly (75). It
has been found that break-up time is lower in dry and
warm environments than in cold and humid ones (57).
Similarly, break-up time was inversely associated with
increasing temperature among female nurses, in addition to dust settlement rate (possibly a proxy for airborne
particles), and urban vicinity (traffic-related pollution)
(58). [For comparison see reference 76.]

Trigeminal stimulation by indoor pollutants
Blink frequency has been shown to correlate negatively
with break-up time; in other words, blink frequency is
low in persons with a high break-up time (10, 77–79).
This phenomonen indicates that perceived eye irritation
(trigeminal stimulation) is associated with an increase
in blink frequency since the cornea and conjunctiva both
have sensitive nerve endings that belong to the first trigminal branch (34, 37). These findings support the hypothesis that changes in tear film prior to its break-up
is perceived by the cornea (and possibly conjunctiva)
and subsequently triggers a reflex blink (39). Although
auditory and visual stimuli cause blinking, trigeminal
stimulation dictates most reflex blinking (37). Environmental tobacco smoke at relatively high concentrations
is one example of an irritant that can cause a decrease
in break-up time (80); such exposure can also result in
an increase in blink frequency (41, 80). Increases in
blink frequency have also been observed in other human exposure studies with different VOC. For example, a butyl acetate concentration of 1400 mg/m3 has
resulted in a significant increase, from 9 to 12 blinks/
minute, although the break-up time remained unchanged
(81). [For comparison see reference 82.] Exposure to a
mixture of VOC (12–24 mg/m3) resulted in a dose or
time-dependent increase in blink frequency that was associated with eye irritation (83). However, such dependencies were not found for exposure to ethyl-, methyl tbutyl ether or propylene glycol monoethylether (84–86).
Blink frequency has been found to increase from about
21 to 35 blinks/minute after 35 minutes of continuous
Scand J Work Environ Health 2003, vol 29, no 6
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exposure to formaldehyde, from 0.04 to 4 mg/m 3 (most
clearly at 1.4 to 4 mg/m3); in the same interval, eye
irritation was reported to increase from 1.3 to just
above 2 on a scale from 1 (not at all) to 4 (strong)
(62). However, the effects observed at industrial levels cannot be extrapolated to indoor levels. In addition, the measurement of blink frequency differed in
the studies and excluded the time necessary for a full
cycle of involuntary blinking.

Eye symptoms in the indoor climate
Eye diseases affecting tear film
The eye disease “dry eyes” has been classified into
“tear-deficient dry eyes” and “evaporative dry eyes” (2).
The former is divided into “non-Sjögren dry eyes” and
“primary Sjögren’s syndrome dry eyes”. The cause of
the latter is alteration in the aqueous layer (1, 2, 87).
The evaporative type includes several disorders and
gland dysfunctions, including also disorders caused by
the use of contact lenses (12, 13, 36, 53, 88). The prevalence of keratoconjunctivitis sicca has been estimated
to be about 4% in a 30- to 60-year-old population when
a cutoff value of 5 mm/5 minutes was used for the
Schirmer test, more frequently among elderly people.
In the same study, mild primary Sjögren’s syndrome was
estimated to be on the order of 0.2–0.8% according to
the Copenhagen criteria, and its occurrence was age dependent (87). More than 90% of patients with primary
Sjögren’s syndrome in the United States are women (2).
These numbers depend on the criteria used for diagnosis. For example, in the diagnosis of dry eyes, the cutoff value for the break-up time is lower than 10 seconds,
and for the Shirmer test it is lower than 5 mm/5 minutes
according to a modified scheme (89), whereas, in Japan, the break-up time or the results of the Shirmer test
must be lower than 5 seconds or 5 mm/5 minutes, respectively (30). The prevalence of treated dry eyes was
about 0.5% in a 10 million managed-care population in
the United States, and it was highest among women and
the elderly (90). In a study of 524 patients, about 6%
had accommodative and refractive abnormalities. [For
comparison see reference 91.] In addition, 4% reported
tired eyes associated with eye diseases (30). Moreover,
unrecognized optometric defects and eye diseases can
contribute to the baseline prevalence of perceived eye
complaints in the general population (2). Some of the
more important defects are astigmatism, convergence
insufficiency, epiphora, myopia, and presbyopia. [For
comparison see reference 6.] In addition, there are meibomian gland dysfunctions, avitaminosis, and ocular pemphigoid (13, 92). Finally, low-grade infection of the meibomian glands in the eyelids can lead to abnormalities in
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tear lipid secretion and create a destabilized tear film.
However, limited information is available about the specific contribution to eye irritation in the general population. Finally, hormone replacement treatment during
menopause may increase the prevalence of dry eyes
among women (93). For example, it has been postulated that androgen loss may play a role in glandular dysfunctions and possibly facilitation of an inflammatory
environment, which may be reversed by androgen replacement; however, the exact role is unclear. [For comparison see references 2 and 28.] Using the aforementioned studies as a basis, we propose that about 5% of the
general population has eye diseases that may contribute
to the baseline prevalence of eye irritation symptoms.

Epidemiology of eye symptoms in office environments
Knowledge of the prevalence of eye irritation in the general population is important when findings in occupational indoor settings are being evaluated. The prevalence of eye irritation among Danish and Swedish adults
has been reported to be about 16–42% (according to the
results of different questionnaires) (27, 87, 94–96).
These prevalences are relatively high when compared
with the barely 10% (over the last 4 weeks) found in
the working population in a national Danish cohort study
(97). Differences in the design of the questionnaires, including symptom type, use of different recall periods,
and frequency classes of symptoms, may explain the
large differences. For example, in 56 European buildings in 9 countries, the mean prevalence of dry eyes was
39%, expressed as at least once the preceding month.
This value dropped to 26% when people were asked
about “experienced at work at this moment” (98). A
slightly higher prevalence, but with less difference between retrospective and same day prevalence, was observed in office buildings in the United States (99).
Doughty and his colleagues reviewed the literature for eye
symptoms and concluded “it was unclear just how often
one should expect symptom-free individuals [p 144]” (24).
Possible confounding variables, like the use of contact lenses, medication, and eye cosmetics, have only
been addressed in a few studies. [See, for example, references 24, 27, and 91.] For example, 63% of 292 office employees in an office building complex experienced a mean of 1.8 eye symptoms. However, the identification of contact lens wearers, medication use (in particular for seasonal allergies), including provoking stimuli (eg, traffic) halved the prevalence (the average
number of symptoms being 1.5). Of these, only 12% of
the respondents indicated symptoms constantly or often
(24). [For comparison see reference 100.] In another
study with 2500 participants, the use of contact lenses,
a history of allergic conjunctivitis, and VDU work was
associated with dry eyes (91).
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Atopy, gender, and psychosocial factors at work are
known well as risk factors associated with eye irritation.
[For comparison see reference 3.] The odds ratios for
eye irritation between women and men are generally
between 1.3 and 2.3 in epidemiologic studies. [See, for
example, references 3 and 101–104.] For clinical studies the corresponding figure is about 2 (9, 16). It is of
note that one recent, although small, study observed an
opposite trend (24). It is important that the aforementioned ratios have not been adjusted for confounders,
and the findings may as well be ascribed to the type of
work women do in organizations rather than to the gender being female.
Use of office equipment, especially work with a
VDU, handling photocopy paper, and work near a photocopier are often associated with irritation of the eyes
and upper airways (4, 7, 105). Some studies have indicated that the prevalence of eye irritation is lower in
naturally ventilated buildings than in those with mechanical or cooling facilities. [See, for example, references
101,104,106, and 107.]
Different building-related, person-related, and psychological factors are also associated with eye irritation.
Some cross-sectional epidemiologic studies have shown
an association between VDU work and eye irritation,
and, despite major differences in materials and methods, a dose-response effect of VDU workhours appears
to be associated with eye irritation (4, 18, 108). It is
of note that redness and watery eyes have not been
associated with time spent at work with a VDU (6).
The excess prevalence of eye symptoms among VDU
users compared with those among nonusers or seldom users varies with odds ratios up to about 2 (4, 6).
A few studies have shown time trends in the development of eye irritation. The mean prevalence for mucus membrane irritation increased slightly from morning to afternoon (109, 110). This finding is compatible
with the observation that the thickness of the lipid layer
decreases during an office workday (68, 69). In one
study, the prevalence was markedly higher during a period in June than during February (111). This increase,
however, may be ascribed to the high temperature or seasonal allergies (112), because allergies may be a major
cause of eye symptoms (24, 64, 91, 113) or the use of oral
antihistamines. [For comparison see reference 24.] Neither break-up time nor epithelial damage of the conjunctiva appear to exhibit seasonal variation (114).

Reported eye irritation in relation to specific indoor air
pollution
Carpet cleaning has been found to be associated with
eye irritation (115–118). The cause is probably excess
use or incorrect dilution of the cleaning agent or shampoo remaining in the carpet and dust and subsequently

exposure to resuspended particles. In addition, fiber release from ceilings has been associated with eye problems (119). Two cases have been reported about linoleum flooring in schools. Powdering of the floor polish
was associated with eye irritation in pupils (120), and,
in another case, eye irritation decreased, in particular
among pupils, after the replacement of the linoleum
flooring with oak parquet flooring (121). The use of indoor paints, particularly for wood surfaces, was associated with eye irritation at the workplace, in particular
among women (122). The preceding findings have not
been confirmed by follow-ups, and, therefore, a placebo effect cannot be excluded.
Irritants, even stronger than formaldehyde, formed
in photochemical reactions in the outdoor air have been
associated with eye irritation (123), including formaldehyde and acrolein in tobacco smoke plumes (124).

Studies of eye irritation by objective methods
Eye irritation in relation to exposure to indoor air
pollution
Studies of objective eye signs of the ocular surface have
been carried out in several controlled field studies or in
human exposure studies in a climate chamber. Those in
which objective eye signs have been documented are
summarized in table 2 according to the association between subjective complaints and objective eye signs, the
association between office environment exposure and
objective eye signs, and the association between controlled exposure to indoor air pollutants and objective
eye signs. The objective signs used are common and are
used by ophthalmologists to diagnose dry eye conditions
or diseases like primary Sjögren’s syndrome and keratoconjunctivitis sicca (130). Many of the investigations
involved the use of a slit-lamp (bio microscope), with
which the ocular surface can be studied before and after vital staining. The effects studied include the affection and stability of the lipid layer and epithelial damage of the conjunctiva. Other methods include examining tear fluid with a phenol red thread or using a microscope to look for different types of cells, including foam
formation in the canthus. The examinations reflect different aspects of decreased tear film quality and the consequence thereof (eg, dry spots).
Field studies have found that the prevalence of objective eye signs is often significantly altered among office workers in comparisons with random samples of the
general population. [See, for example, references 27, 68,
131, and 132.] This finding appears to be the most pronounced for the buildings with the highest prevalence
of irritation symptoms in the eyes, nose and throat. For
example, break-up time was significantly lower among
Scand J Work Environ Health 2003, vol 29, no 6
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Table 2. Summary of studies (according to effect studied) in which objective eye signs of the ocular surface have been found to be
associated with subjective ocular complaints in office environments or controlled human exposure studies. (VDU = visual display unit)
Study by effect studied

Sign

Method

Exposure scenario

Lipid layer affection
Lipid layer stability reduced
Epithelial damage
Epithelial damage
Lipid layer affection

Slit-lamp examination of foam
Break-up time in slit-lamp
Slit-lamp examination after vital staining
Slit-lamp examination after vital staining
Interference pattern, slit-lamp

Office workers in Copenhagen
Office workers in Copenhagen
Office workers in Copenhagen
General population in Melbourne
Office workers across Germany

Lipid layer stability reduced

Break-up time in slit-lamp

Office workers across Germany

Epithelial damage

Slit-lamp examination after vital staining

Office workers across Germany

Franck & Skov, 1989 (131)

Lipid layer affection

Slit-lamp examination of foam

Franck, 1991 (68)

Lipid layer affection

Interference pattern in slit-lamp

Franck et al, 1993 (27)

Reduced lipid layer stability

Break-up time in slit-lamp

Muzi et al, 1998 (134)

Reduced lipid layer stability

Break-up time in slit-lamp

Self-reported sting
Self-reported sting
Fenga et al, 2001 (133)
Lipid layer stability reduced
Epithelial damage
Nakaishi & Yamada, 1999 (126) Phenol red thread
Kjærgaard & Brandt, 1993 (76) Tear fluid

Break-up time
Break-up time
Break-up time in slit-lamp
Conjunctiva cytology
Tear secretion
Inflammatory cells

Office environment compared with
general population
Office environment compared with
general population
Office environment compared with
general population
Air-conditioned buildings compared
with natural ventilation buildings
Damp versus specially designed buildings
Tobacco smoke in air cabins
Operating rooms compared with wards
Operating rooms compared with wards
VDU work
VDU work

Slit-lamp examination of foam
Slit-lamp examination of foam
Interference pattern in slit-lamp
Break-up time in slit-lamp
Break-up time in slit-lamp
Break-up time in slit-lamp
Break-up time, slit-lamp
Break-up time
Slit-lamp examination after vital staining
Slit-lamp examination after vital staining

Rubber floor covering
Nylon carpet with rubber
Rubber floor covering
Nylon carpet with rubber
Gypsum board with waterborne paint
n-Decane
Draft (>1 m/s)
Propylene glycol
Man-made mineral fibers
Office machines

Ocular complaints
Franck et al, 1993 (27)
Franck, 1986 (132)
McCarty et al, 1998 (64)
Brasche et al, 2001 (125)

Office environment exposure

Wieslander et al, 1999 (74)

Controlled exposure of indoor air pollutants
Johnsen et al, 1991 (127)

Kjærgaard et al, 1989 (178)
Wyon & Wyon, 1987 (128)
Wieslander et al, 2001 (179)
Stokholm et al, 1982 (129)
Wolkoff et al, 1992 (135)

Lipid layer affection
Lipid layer affection
Lipid layer affection
Lipid layer stability
Lipid layer stability
Lipid layer stability
Lipid layer stability
Self-reported sting
Epithelial damage
Epithelial damage

people who worked in operating rooms with air conditioning and reported a significantly higher occurrence
of burning, itching, and tearing than those working in
wards with natural ventilation (133). In another study,
however, it was observed that break-up time was significantly lower among employees in a “sick building”
compared with employees in a comparison building with
fewer complaints, but no association between break-up
time and complaints was found (134). In another study
of office workers, there was a significant correlation
between use of eye make-up and a thin lipid layer, and
the foam formation was significantly reduced in the office population (131). [For comparison see references
13 and 76.]
Objective eye measures have also been used in controlled human exposure studies in climate chambers. For
example, exposure to a simulated office environment
was found to be associated with epithelial damage of
the conjunctiva and reports of eye irritation (135). With
a similar approach, but with building materials as
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sources of VOC, an association was found between reduced tear film quality (pooled break-up time, foam formation, and thickness of lipid layer) and an increase in
reported eye irritation (136). In a field study, a weak
association was observed between an increase in polymorphonuclear neutrophils in the eye and VDU work
(76). Thus office-like environments may promote objective changes in the eyes and be subsequently accompanied by reports of irritation and dryness of the eyes.
[See, for example, reference 132.] This, however, is not
always the case. [See, for example, references 84, 134
and 137–139.]

Eye irritation in relation to use of contact lenses
Dry eyes appear to be the most common complaint
among contact lens wearers. [See, for example, references 113, 140, and 141.] Although both contact lens
wearers and spectacle wearers experience similar eye
irritation symptoms, dryness, redness, and grittiness
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have been reported far more frequently among contact
lens wearers and with greater severity than among spectacle wearers (141). Several investigations indicate that
the use of contact lenses is associated with an increased
risk of bacterial adhesion (142), epithelial damage of the
conjunctiva (88), inflammation (143, 144), reduction of
break-up time (145), and, subsequently, dry eyes or eye
irritation. The effects appear to be influenced by the lens
material and type. [See, for example, references 144 and
146.] Reports of dry eyes among a presbyope population increased from 28% before contact lenses were acquired to 68% after 6 months of use, and complaints
were the most pronounced among women (145). The use
of contact lenses appears to influence dry eye symptoms
more than age and gender (145, 146). The relatively higher
blink frequency among contact lens wearers agrees with
complaints often reported about dry eyes or eye irritation
(41, 55, 88), probably because of an increase in the destabilized tear film and water evaporation (147, 148).
It has been suggested that maintaining a uniform tear
film is hampered by contact lenses and that, during the
use of hydrogel lenses, tear film thickness is reduced to
about one-third the prewearing phase, and thus can result in the break-up of the tear film and enhanced water
evaporation (149). It has also been found that blinking

among contact lens wearers is incomplete and can lead
to destabilized tear film (35). Contact lens wearers with
a low break-up time and lens deposits are more sensitive to low relative humidity (47). Since eye discomfort
normally results in the person rubbing his or her eyes, a
vicious circle can be instigated among contact lens wearers.

Eye irritation in relation to gender
The main reason for the higher prevalence of eye irritation often found among women is probably a multicausal phenomenon (150). Indeed, some physiological differences of the outer eye have been found that can at
least partially explain the odds ratio between men and
women (table 3).
For example, tear film stability (eg, break-up time)
is significantly lower among women than among men.
In addition, women have a higher blink frequency while
reading (43), possibly when oral contraceptives are used
(153). This high blink frequency is also compatible with
the finding that the mean time of blink suppression is
significantly higher for men than for women, while men
also appear to be more capable of speeding up their blinking (42). In a recent study of nonallergic Danes, women

Table 3. Observed physiological gender differences of the outer eye. (> = higher than for men, < = lower than for men)
Study

Parameter

Women
Mean

SD

Men
Mean

SD

Bentivoligio et al, 1997 (43)

Mean blink frequency while reading (blinks/min)

6.2a

·

3.0

·

Karson et al, 1981 (42)

Mean blink suppression (ie, stop blinking as long as possible) (s)

15b

15

80

86

Blink speed up (blinks/min)

153c

47

220

27

Mean break-up time (s) (Singapore-Chinese; slit-lamp examination)

5.6d

3.1

8.0

4.7

Cho & Yap, 1993 (70)
Craig & Tomlinson, 1998 (154)

Mean break-up time (s) (British; noninvasive method)

23.8e

22.1

31.3

25.4

Du Toit et al, 2001 (145)

Mean break-up time (s) (Canadians; slit-lamp examination)

12.5f

·

17.9

·

Corneal sensitivity (slit-lamp examination)

>g

·

·

·

Cho & Lam, 1999 (151)

Corneal thickness decrease with increasing age (slit-lamp
examination) (Hong Kong-Chinese)

>

·

·

·

Du Toit et al, 2001 (145)

Damage of conjunctival epithelium after use of contact
lenses (slit-lamp examination)

>

·

·

·

Franck, 1991 (68); Kjærgaard
& Brandt,1993 (76)

Use of eye make-up (slit-lamp examination)

>

·

·

·

Lamberts et al, 1979 (65)

Tear secretion (Shirmer’s test), after 60 years of age

<h

·

·

·

Tomlinson & Giesbrecht, 1993 (152) Water evaporation (g/m × h)

>

·

·

·

Craig & Tomlinson, 1998 (154)

<I

·

·

·

j

·

·

·

2

Osmolality (mOsm/kg)
Linearity with age for women only

a

-15

P=<1×10 , N=150.
P=<0.01, N=41.
P=<0.02, N=12.
d
P=0.01, N=76.
e P=0.027, N=125.
f P=<0.04, N=150.
g
P=0.01, N=141.
h P<0.05, see also McCarty et al (64) for more information.
i P=0.012, age<41 years.
j
Positive correlation, P=0.002, N=127.
b
c
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who reported eye irritation also had higher levels of epithelial damage of the conjunctiva than men when exposed to carbon dioxide (71). It is of note that women
apparently produce less foam in the canthus (76). In a
study of presbyopes, women had more epithelial damage of the conjunctiva, more sensitive eyes (ie, lower
corneal threshold), and lower break-up time than men
after 6 months of wearing contact lenses (145). All
in all, women appear to exhibit lower tear film stabilities than men (154). Reports of eye dryness
among women are generally twice as high as among
men, and women often report being more sensitive
(100). For the purpose of comparison, thresholds of
nasal irritation due to exposure to carbon dioxide or
propanol are lower for women (155), and this phenomenon also accounts for results found in connection with exposure to tobacco smoke (156). It is believed that such differences also occur for eye irritation (through the trigeminal nerve), because anosmic and normosmic persons have comparable sensitivity to nasal and eye irritation (157). The eye irritation threshold of carbon dioxide provocation of the
eyes for 2 minutes was about 20% lower for women
than for men, although the result was not statistically significant (158).
Several factors may contribute to gender differences. One is the use of eye make-up, which has been
shown to be associated with increased reports of eye irritation among women (13, 68, 76, 131, 159, 160). Another reason could be that the women in the reported
studies have done more VDU work than the men, including lower grade work. A third often-quoted explanation is related to the age-dependent decrease of tear
secretion, particularly among women after 40 years of
age. [See, for example, references 64, 66, and 161.] Tear
secretions are essential substances that help maintain an
intact tear film. Androgen and estrogen loss has been
postulated to be associated with dysfunctions of the
meibomian and lacrimal glands, because their production has been proposed to maintain glandular functions
and suppress inflammation. [For comparison see references 2, 11, and 28.]
When the wide differences in experimental conditions and confounders are considered, it can be concluded that there is some evidence for physiological gender
differences, and, as also indicated, hormonal factors may
result in a higher probability of glandular dysfunctions
among women. These findings could in part explain the
higher odds ratio of eye symptoms often found for women. In addition, psychosocial factors and personal vulnerability may contribute to the difference. For example, it has been indicated in a human exposure study that
occupational stress lowers the threshold for eye irritation (158). It has also been shown that diminished coping (eg, low sense of coherence) with psychosocial
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challenges merely changes the threshold for expressing
symptoms and thereby enhances the reporting, as shown
to occur for women (162).

Hypotheses concerning eye irritation due to indoor
air pollution
If eye irritation is caused by indoor pollution, three questions arise. First, which pollutants (gases or particles)
cause destabilized tear film and the break-up of tear
film, and, second, which pollutants are eye irritants?
Since meibomian gland dysfunction and blepharitis with
loss of meibomian glands are common causes of evaporative dry eye (12, 13), the third question concerns the
possibility that indoor pollutants cause gland dysfunctions, in particular in the meibomian glands. It has been
suggested that local pathology, dermatological diseases
(eg, ocular rosacea), and iatrogenic etiology result in
meibomian gland dysfunction (13). One should keep in
mind, however, that eye irritation inevitably causes an
increase in hand rubbing of the eyes and thus results in
an increase of pollutant transport (ie, a vicious cycle).
In the following, the first and second questions are discussed in terms of the pollution of particles and gaseous pollutants, respectively, while there is no information available with which to evaluate the third question.

Surface-active compounds and particles
It has been suggested that eye complaints encountered
in the office environment are mild reversible forms of
dry eyes of the evaporative type in contrast to the teardeficient dry eyes found in keratoconjunctivitis sicca
and primary Sjögren’s syndrome (8). It is known that
direct instillation of compounds, surfactants [eg, benzalkonium chloride (73, 163), paraffin oils, and silicone
emulsion (34)] may induce a reduction in surface tension, reduce the lipid layer and break-up time, or enhance epithelial damage of the conjunctiva. However,
such outcomes of high local exposure of the eyes are
unlikely in the office environment. Instillation of carbon particles (dissolved in perfluorodecalin) into the eye
did not result in perceived irritation among 12 volunteers (164). The question is whether indoor particles
carry sufficiently high concentrations of surface-active
compounds to cause the tear film to break-up or carry
eye irritants that result in eye irritation or gland dysfunctions. It has been suggested that fungi and bacteria transferred from a VDU or keyboard to hands that rub eyes
could be responsible for conjunctival colonization and
result in “tired eyes” (165).
Our present knowledge of surface-active compounds
on particles is scarce, except for a few reported cases
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of excess use. Deposition on the forehead, eyes, and skin
depends on the electrical charge of the particles and the
persons exposed to an electrical field (166). Eye redness and increased subjective complaints have been reported for workers employed in tobacco industries when
they were compared with a reference group (167). It was
concluded that even small concentrations of tobacco
dust could induce acute desquamation of the epithelium layer and increase redness; similarly, tobacco smoke
may result in irritation in intercontinental air cabins
(168). [For comparison see reference 62.] It is interesting to note a weak association between an increased
concentration of polymorphonuclear neutrophils in the
eye and VDU work (76), including an association with
enhanced epithelial damage of the conjunctiva (135).
Traffic pollution, partly reflected as particle settlement
on surfaces, has also been associated with eye irritation
(58, 76). However, it could well be a proxy for other
active outdoor, chemically reactive or irritating agent(s).
[For comparison see references 169 and 170.]
The results from human exposure studies in climate
chambers with exposure to airborne dust from office
floors in concentrations of about 400 µg/m3 have been
inconclusive about eye irritation (171, 172). Surfactants
in vacuumed office floor dust, like fatty acid salts, and
linear alkylbenzene sulfonates used in detergents, have
been measured in amounts up to about 0.5% each (173,
174). They represent, however, only a fraction of the
total surface-active agents, which also include proteins
(eg, as in human debris). The question is how and how
much floor dust can be re-suspended, reach the eye region, and result in irritation. It has been estimated, on
the basis of a toxicologic evaluation, that 100 µg/m3 of
SDS (sodium dodecylbenzene sulfonate) equivalents is
the lower limit for airway irritation indoors (175). Therefore, it can be estimated that, to cause airway irritation,
airborne particles should contain an unrealistically high
percentage of surfactants (in SDS equivalents) at a typical total indoor particle concentration of 50–100 µg/m3.
(See the preceding comments about the similarity between eye and airway irritation thresholds). In addition,
the rate of precipitation of airborne particles reaching
the tear film (ie, open unprotected eye) may turn out to
be negligible under neutral conditions (no electric fields)
and with the person gazing downwards, as in normal
office work (176). All in all, if particles at typical indoor concentrations should cause eye irritation, the content of surface-active compounds or eye irritants should
be markedly higher than normally encountered.

Gaseous pollutants
There are indications that certain types of gaseous indoor pollution are associated with objective changes in
tear film [eg, in operating rooms compared with wards

(133)]. Outdoor air pollution, in particular reactive compounds like peroxy acetyl nitrates found in smog (123),
has also been associated with eye complaints (170, 177)
or defects of the tear film (58).
Lipophilic and surface-active lipophilic pollutants
have been hypothesized to cause thinning of the tear film
and destabilized eye tear film and, finally result in reduced break-up time and epithelial damage of the conjunctiva (8). However, both lipophilic and hydrophilic
compounds, exemplified by decane and propylene glycol, may result in some reduction of break-up time at
industrial concentration levels (178, 179); however no
reduction has been observed for butyl acetate (81) or
propylene glycol monoethyl ether (86). It appears unlikely that such chemically unreactive VOC would result in destabilized tear film at indoor levels. Generally
speaking, pollutants other than VOC are present indoors,
for example, ozone and nitrogen oxides, including particles on which volatile, semivolatile, and nonvolatile
organics, including inorganic substances, are adsorbed.
Chemically nonreactive VOC in indoor air are not considered to be a direct cause of eye irritation, because
their irritation estimates (for eyes and airways) are orders of magnitude higher than typical indoor concentrations (180). However, reactions between certain unsaturated VOC from pine and citrus oils (eg, used in
cleaning agents) and ozone produce airway irritants in
mouse bioassays; this phenomenon could possibly explain eye complaints of humans (181). Reactive oxygenated VOC, like formaldehyde and acrolein and other
species, are, among other things, formed from these atmospheric reactions, which can occur within the timeframe of low air exchange rates (182). In addition, this
hypothesis about reactive species is supported by the
fact that ozone-emitting equipment (eg, photocopiers)
that can contribute to these reactions locally have been
associated with eye and airway irritation (105); it is also
supported by the results of a recent eye exposure study
of eight men (183).
One hypothesis could be that repetitive exposure to
chemically nonreactive VOC increase eye irritation, especially over longer periods. [For comparison see reference 180.] This hypothesis, however, was not supported by the results of a longitudinal study including college students who dissected cadavers in anatomical laboratories. The formaldehyde potency of eye irritation (in
addition to nose and throat irritation) diminished during a period of 14 weeks of 2.5 hours of exposure weekly (184). Furthermore, the nasal irritation threshold for
nicotine is the same for smokers and nonsmokers, and
this similarity indicates that repeated exposure to nicotine does not lower the irritation threshold (185). Repetitive exposures to acetic acid in home environments
have been studied for 3 weeks with acetone as a control
odorant (186). The response to acetic acid decreased
Scand J Work Environ Health 2003, vol 29, no 6
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during the exposure period, while the response to acetone showed a minor change over the course of the exposure. Since nasal and eye irritation thresholds are
comparable (157), it is believed that these observations
are also valid for eye irritation. Another hypothesis
could be that exposure to a powerful eye and airway irritant increases the effect of a succeeding challenge of
chemical nonreactive VOC; however, this assumption
was not supported by the results of a mouse bioassay
study (187). To conclude, it appears unlikely that
chemically nonreactive VOC, even if lipophilic, can
result in eye symptoms at indoor concentrations.
However, one may speculate that dry spots already
formed by destabilized tear film could facilitate VOC
at realistic indoor concentrations and stimulate nerve
endings in the conjunctival epithelium layer (or eyelids).
Patients with sensory hyperreactivity have been reported to develop eye irritation after exposure of either
the airways (eyes covered) or the eyes (airways supplied
with fresh air) to perfumes at concentrations significantly greater than in a placebo exposure (188). This finding infers that the olfactory and trigeminal systems do
not have completely isolated functions. [For comparison see reference 189.]

Risk model for eye irritation
Any pathogenetic model for indoor eye irritation must
consider the findings from existing studies and previously proposed models (2, 31, 35, 55, 190). For example, it is well established that dry eye patients have reduced tear reflex secretion and fewer goblet cells in the

conjunctival epithelium. In addition, increased water
evaporation thus results in water loss that is sufficient
to cause an increase in tear film osmolarity (1, 12, 92,
191). It is also generally believed that destabilized tear
film results in enhanced complaints of dry eyes and ultimately in eye irritation (14). [For comparison see
reference 179.] Other parameters of interest are the protective mechanisms related to overall tear film quality
[ie, conditions that influence blink frequency parameters, lipid layer stability, rate and composition of tear
secretions, conjunctival (and corneal) epithelium layer,
and the immunologic system]. The symptom of red eyes
is generally caused by inflammation (sensory irritation,
edema, vessel dilation, white blood cells), exposure to
microorganisms, or tissue damage, when the repair
mechanisms or the immune system are overwhelmed.
Exposure to allergens can also induce inflammation if
the person is sensitized.
Our approach has been to formulate a risk model for
eye irritation signs and symptoms. It includes their multiple pathogenicities (2), mechanisms (31, 56), and the
experiences gained from our reviewed studies, as summarized in figure 2. Both experimental and epidemiologic studies on indoor environmental eye irritation indicate different cause-effect relationships. Furthermore,
it is difficult to differentiate between the sequence of
events, and blink frequency, break-up of the tear film,
and destabilized tear film are inseparable phenomena
that are influenced by many risk factors. Therefore, we
propose a model that integrates most of the risk factors
that influence blink frequency, the break-up of the tear
film, and destabilized tear film. The mechanism(s) of
destabilized tear film and the break-up of the tear film
and subsequent dry-spot formation are not well understood. However, water evaporation from the tear film

Figure 2. Personal and work-related risk
factors that influence blink frequency, destabilization of the tear film (DTF), break-up of
the tear film with the formation of dry spots,
resulting hypothetically in “dry, irritated, and
tired eyes”. ( = more than one paper has
demonstrated the impact on either blink frequency or break-up,
= only one paper has
shown or indicated the impact or the impact
is considered hypothetical or both,
é = increase in effect, ê = decrease in effect,
= hypothetical or interactive phenomena, VDU = visual display unit, PC =
personal computer)
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cannot be the sole mechanism (149), since the break-up
time usually lasts less than 1 minute. The most common
model assumes uniform evaporation from the tear film
to a point that some critical thickness is reached and the
lipid molecules in the lipid layer migrate down to the
mucus layer, which becomes hydrophobic. Finally, the
tear film ruptures and dry spots are formed (35). Spontaneous local thinning of the lipid layer aids the whole
process. In the meniscus model, a negative pressure is
generated by suction of the curved tear menisci in the
lid margins, and this suction induces local thinning of
the adjacent tear film (33, 55, 192). The break-up of the
eye tear film in this latter model does not involve the
lipid or mucus layers. This assumption is partly supported by the general observation that rupture sites occur
more commonly in the parameniscal areas (ie, inferior
part) than they do over the central corneal zone. [See,
for example, references 146 and 193–195.] The higher
proportion of ruptures in the inferior part is compatible
with partial or incomplete blinking and thinning of the
tear film. [For comparison see references 26, 33, 55, and
196.] It is also compatible with decreases in tear film
thickness from the inferior to the superior region of the
tear film (149). It is also difficult to separate the cause
of dehydration by reduced tear secretion or enhanced
water evaporation from the tear film, although water loss
by itself appears to cause thinning. [For comparison see
reference 190.] Increased osmolarity of the tear film
may be one of the sources of epithelial damage of the
conjunctiva (1), as a result of water loss that cannot be
compensated for by an enhanced rate of tear secretion
(eg, among the elderly). This occurrence would result
in the perception of dry eyes or eye irritation (11).
The integrated risk model shows that, in addition to
the influence of thermal climate, many other factors have
a positive or negative influence on both blink frequency
and the overall destabilized tear film. The latter leads to
thinning and break-up of the tear film or enhanced water
evaporation and dehydration of the tear film that results
in dry or irritated eyes. The epithelium of the eye is a major protective barrier that regulates transport across the tear
film and the inner eye, by making a “tight” sheet with socalled tight junctions. The nerve endings in the eye are
just below the surface of the epithelium, which is protected by the mucus layer. Therefore, any rupture of the tear
film will facilitate exposure of the nerve endings to pollutants. However, whether dry eyes by themselves also
result in reports of eye irritation or tired eyes is unknown.
The model only represents some of the many factors that
influence the milieu of the outer eye.
One popular explanation for dry eyes is the evaporation of water into the surrounding air as a result of
high air velocities near the ocular surface. However,
evaporation is insignificant (< 5%) if the tear film is intact under normal conditions of blink frequency and

normal gaze. However, the evaporation increases fourfold in destabilized tear film (54), as well as during
VDU work, during which the ocular surface is large and
blink frequency is low (table 1). The lipid layer probably acts as a film barrier that retards direct evaporation
(ie, external diffusion) because the water loss is dominated by internal diffusion through the lipid layer, rather than by direct evaporation therefrom. [For comparison see reference 149.] The influence of typical indoor
air velocities (ie, < 0.15 m/s) on evaporation should be
negligible. However, if the lipid layer becomes thinner,
water loss may become dominated by direct evaporation.
In this case, water evaporation depends on the air velocity and will result in a faster temperature decrease in
the cornea. However, high air velocities (> 1 m/s) have
been shown to result in a slight increase in blink frequency during rest, but not during game playing on a
VDU (38). In the latter case, VDU work becomes a special case in which performance of a visual task overrides sensory impact from the ocular surface, because
the blink frequency falls below that of resting conditions
and the exposed ocular surface increases (38). Both reactions result in an increase in water evaporation, possibly as a result of a thinning lipid layer and a subsequent destabilized tear film or vice versa. [For comparison see reference 190.] Suppression of the blink frequency would also cause pollutants to be removed less
efficiently. The break-up of the tear film also results in
optical aberrations that reduce image quality. This phenomenon may be a direct cause of the blurry vision
sometimes reported by complainers of dry eyes (197),
perhaps because poor vision would lead to a low blink
frequency, because of the increase in visual demand.
The increase in complaints among VDU workers
could, among other things, be explained in terms of an
increase in osmolarity as a result of dehydration caused
by enhanced water evaporation. A higher osmolarity of
the tear film results in epithelial damage of the conjunctiva (1), as also observed for women in a simulated office environment study (135).

Practical implications and research needs
Preventive measures
Any preventive action should be based on the compiled
knowledge available according to table 1 and figure 2.
If work conditions or specific indoor pollutants should
destabilize tear film, the result is unlikely to be observed
among normal patients in clinics, because the process
is reversible and has a relatively short recovery time.
The basic problem is how to maintain integrity and
wettability of the tear film and to avoid instability (eg,
reduction of the blink frequency). In order to minimize
Scand J Work Environ Health 2003, vol 29, no 6
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water loss from the tear film, normal blinking should
be maintained in the indoor environment by (i) avoiding room temperatures that are too high, because blink
frequency is reduced; (ii) avoiding relative humidities
that are too high or too low, because they reduce blink
frequency or may increase water evaporation. In order
to maintain an intact tear film (i) blinking and short
breaks may be beneficial for VDU users (46, 199); (ii)
downward gazing is recommended to reduce the ocular
surface area and water evaporation (10, 200, 201); (iii)
the distance between the VDU and keyboard should be
kept as short as possible to minimize evaporation from
the ocular surface area by a low direction of the gaze
(202); (iv) blink training can be beneficial (203), especially forceful blinking (204). Other preventative measures are (i) proper lid hygiene (13); (ii) avoidance of
eye rubbing (165); and (iii) the use of personal products and medication. Eye make-up should be used with
care (13). The use of artificial tears may be beneficial
in alleviating symptoms, but they should be without preservatives, which destabilize the tear film (10, 163, 205).
The use of oral contraceptives (93, 153) and hormonal
treatment for postmenopause (161) may increase the risk
of dry eyes. Other drugs (eg, antidepressants) may result in hyposecretion or hypersecretion ((31), including
medication for hypertension, stomach ailments, and antihistamine (24, 206).

Research needs
The cardinal question about eye irritation in indoor environments is how much is caused by pollutants, how
much is disease related, and how much is physiological, psychological, or psychosocial in origin, including
musculoskeletal overloading.
Some research needs in relation to indoor air pollution are evident from this review. For example, studies
are needed on the interaction (synergism) between common chemically reactive organic compounds and ozone
and nitrogen dioxide in concentrations usually found in
indoor environments and combined with other loads.
Human exposure and effect studies are also needed in
which participants are exposed to chemically reactive
organic compounds mixed with the aforementioned oxidants under typical work conditions with or without
stress or ergonomic load. This work should also include
conditions of overloading the accommodation of the eye.
In addition, epidemiologic studies of longitudinal design, including intervention, are needed in which groups
of office workers with different exposures are followed
with measurement of the indoor environment, tear film
stability, and symptoms on a personal level. Moreover,
clinical longitudinal studies of persons with destabilized
tear film should be carried out to determine the natural
history of the condition. Finally, the causes of gender
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differences should be further substantiated and quantified, because of their consistency.

Concluding remarks
Dry, tired, strained, and irritated eyes are common
symptoms in the indoor environment and are often treated by the ophthalmologist. The purpose of this review
was to identify risk factors of eye irritation using a
multidisciplinary and exploratory approach and to develop a risk model for eye irritation.
Eye irritation symptoms are generally transient in
indoor environments. However, occupationally mediated eye irritation, tired (or strained) eyes, and dry eye
symptoms are overlapping conditions. It is proposed that
about 5% of the general population has had eye diseases that contribute to the background prevalence.
The pathomechanisms of eye irritation are multiple
and complex and depend to some extent on tear film stability. Climatic parameters and occupational risk factors
under certain work conditions destabilize the tear film.
In an eye physiological risk model, blink frequency,
destabilized tear film, and break-up of the tear film are
inseparable phenomena that are influenced by a combination of many different risk factors, including personal factors. VDU work, visual attention, and possibly
mental problems have an overall destabilization effect
on tear film through the process of reducing blink frequency. This reduction may lead to destabilized tear
film, and dry spots are formed that may facilitate access of airborne irritants, dehydration, and increased
osmolarity, the result thus being dry or irritated eyes.
Objective measures of tear film instability in human
exposure and field studies have generally been found to
be associated with an increase in symptom reporting.
Other risk factors are high room temperature or low relative humidity or both. However, a recent review shows
that the literature is inconclusive about the influence of
low humidity, partly as a result of different study designs. It was concluded, however, that a modest increase
in humidity (about 10% relative humidity) appears to
result in some alleviation of symptoms (198).
Destabilization of the tear film may be caused by
gland dysfunctions (eg, less tear secretion) provoked by
mild inflammation possibly caused by exposure to certain pollutants, in particular among women over 40 to
60 years of age. In addition, the use of contact lenses
and eye make-up reduces tear film quality and possibly
leads to enhanced water evaporation.
Several well-known risk factors influence the reporting of eye irritation (eg, atopy, gender, and psychosocial
factors). Another occupational risk factor is the use of
photocopiers. The higher odd ratios often found for eye
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symptoms among women may be explained at least partially by physiological gender differences, possibly hormonal, but more VDU work including lower grade work
among women may also contribute to the difference.
Chemically stable VOC and office dust at indoor
concentrations are not likely to cause either destabilization or irritation. If the cause(s) of eye irritation should
be found among indoor pollutants, those left for speculation are certain chemically reactive VOC known to
form airway irritants when mixed with ozone. The tear
film may be destabilized if the content of surface-active compounds is high in office floor dust that becomes
airborne.
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