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ABSTRACT

Objective: To evaluate the prevalence and risk factors
of dry eye disease (DED) in workers using visual
display terminals (VDT).

Design: Systematic review and meta-analysis.

Data sources: We searched PubMed, Cochrane
Library, Embase and Science Direct databases for
studies reporting DED prevalence in VDT workers.
Results: 16 of the 9049 identified studies were
included, with a total of 11 365 VDT workers. Despite a
global DED prevalence of 49.5% (95% Cl 47.5 to
50.6), ranging from 9.5% to 87.5%, important
heterogeneity (1°=98.8%, p<0.0001) was observed.
Variable diagnosis criteria used within studies were:
questionnaires on symptoms, tear film anomalies and
corneoconjunctival epithelial damage. Some studies
combined criteria to define DED. Heterogeneous
prevalence was associated with stratifications on
symptoms (12=98.7%, p<0.0001), tears (12=98.5%,
p<0.0001) and epithelial damage (12=96.0%,
p<0.0001). Stratification of studies with two criteria
adjusted the prevalence to 54.0% (95% Cl 52.1 to
55.9), whereas studies using three criteria resulted in a
prevalence of 11.6% (95% Cl 10.5 to 12.9). According
to the literature, prevalence of DED was more frequent
in females than in males and increased with age.
Conclusions: Owing to the disparity of the diagnosis
criteria studied to define DED, the global prevalence of
49.5% lacked reliability because of the important
heterogeneity. We highlight the necessity of
implementing common DED diagnostic criteria to allow
a more reliable estimation in order to develop the
appropriate preventive occupational actions.

INTRODUCTION

Dry eye disease (DED) is one of the most fre-
quently established diagnoses in ophthalmol-
ogy,' and represents a growing public health
concern, with consequences that remain widely
underestimated. This pathology causes signifi-
cant impact on visual function, which may
affect quality of life** and work plroductivity.‘%_8
Owing to variability of clinical manifestations
and diagnostic criteria, and the poor

|2,3,4,5,6,7

Strengths and limitations of this study

= This is the first meta-analysis on the prevalence
and risk factors of dry eye disease (DED) in
workers using visual display terminals.

= The heterogeneity of the DED diagnostic criteria
and their measurement as well as the patho-
logical threshold definition applied may explain
the large variability in the prevalence reported.

= Results from the meta-analysis are therefore
unconvincing.

= However, we demonstrated a greater homogen-
eity of prevalence with shared diagnosis criteria
and therefore strengthened the need for a
common widely standardised definition.

correlation between clinical signs and symp-
torns,9 the assessment of its prevalence is diffi-
cult to determine, despite an improved
understanding of pathogenic factors of
acquired DED.

In 2007, the International Dry Eye
Workshop (DEWS) conducted a review of the
understanding of DED, revisiting the original
definition, developing new evidence on the
epidemiology of the disease and strategies for
diagnosis according to the stage of severity.
The revised DED definition was “a multifactor-
ial disease of the tears and ocular surface that
results in symptoms of discomfort, visual dis-
turbance and tear film instability, with poten-
tial damage to the ocular surface. It is
accompanied by increased osmolarity of the
tear film and inflammation of the ocular
surface”.'” Although the use of displays in
workplaces is growing, the prevalence of DED
associated with visual display terminal (VDT)
workers is uncertain.'" ' We hypothesised that
this wide heterogeneity may be explained by
inconsistent use of criteria of diagnosis and a
diversity of risk factors including different
working conditions, age and smoking. A more
unified identification of DED in workers may
lead to preventive occupational actions.
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Thus, we aimed to conduct a systematic review and
meta-analysis to more precisely determine the preva-
lence of DED among VDT workers, taking into
account the methodology of diagnosis used. A second-
ary aim was to identify the most frequently reported
risk factors.

METHODS

Literature search

We reviewed all cohort studies involving DED in the VDT
user population. Specifically, the inclusion criteria for the
search strategy were VDT workers—cohort studies (with a
minimum of 10 individuals), without a case-study design—
using the following keywords: ‘dry eye’, ‘display’ and
‘users’ or ‘work*’. The following databases were searched
on 7 July 2015: PubMed, Cochrane Library, Science Direct
and Embase. The search was not limited to specific years
and no language restrictions applied. To be included, arti-
cles needed to describe our primary outcome variable,
which was the number of workers with dry eye disease. In
addition, reference lists of all publications meeting the
inclusion criteria were manually searched to identify any
further studies not found through electronic searching.
The search strategy is presented in figure 1. One author
(RC) conducted all literature searches and collated the
abstracts. Two authors (RC and FD) separately reviewed
the abstracts and, based on the selection criteria, decided
on the suitability of the articles for inclusion. A third
author (CL) was asked to review the article where consen-
sus on suitability was debated. Then, all the authors
reviewed the eligible articles.

Quality of assessment

Although not designed for quantifying the integrity of
studies,'” the STrengthening the Reporting of
OBservational studies in Epidemiology (STROBE) cri-
teria were used for checking the quality of reporting.14
The 21 items identified in the STROBE criteria could
achieve a maximum score of 34.

Statistical considerations

Statistical analysis was conducted using Comprehensive
Meta-analysis ~ software  (V.2, Biostat Corporation,
Englewood, New Jersey, USA)H’ and Stata software (V.13,
StataCorp, College Station, Texas, USA). Baseline
characteristics were summarised for each study sample,
and reported as mean (SD) and number (%), for continu-
ous and categorical variables, respectively. Prevalence and
95% CI were estimated using random-effects models
assuming between and within study variability. Statistical
heterogeneity between results was assessed by examining
forest plots and CIs, and using 1%, which is the most
common metric for measuring the magnitude of between-
study heterogeneity, and is easily interpretable. 1% values
range between 0% and 100% and are typically considered
low for <25%, modest for 25-50% and high for >50%.
This statistical method generally assumes heterogeneity
when the p value of the I” test is <0.05. A sensitivity analysis
was thus conducted to assess the influence on the global
prevalence of the inclusion and exclusion of studies.
When possible (sufficient sample size), meta-regressions
were proposed to study the relation between prevalence
and clinically relevant parameters according to the litera-
ture. Type I-error was fixed at a=0.05.

Figure 1 Search strategy. DED,
dry eye disease; VDT, visual

“dry eye” AND (“display”) AND (“work*” OR “users”)

n = 9049

display terminals.
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Cochrane Science Direct
n=2 n = 3380

Duplicates
removed
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Studies not reporting prevalence of
DED in VDT workers excluded
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Studies carried out on same
sample population excluded

Non-epidemiologic observational
studies excluded

A 4

Included studies
n=16
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RESULTS

An initial search produced 9049 possible articles
(figure 1). All articles that were not written in English
were eliminated. Removal of duplicates and following the

selection criteria reduced these articles reporting preva-
lence of DED in VDT workers to 16 studies.® '' 1% 16728

Quality of articles

Quality assessment of the 16 included studies was ana-
lysed by the STROBE criteria, from which results varied
from 40.0% to 83.3%, with a mean score of 69.8+16.8.
Overall, the studies performed best in the Methods
section and worst in the Discussion section. Only three
studies described ethical 21pproval.19 25 26

Inclusion criteria for dry eye in VDT workers

DED was the shared inclusion criterion of the 16
studies.® "' '* %% The diagnosis criteria for DED dif-
fered between studies and could be grouped into three
categories: questionnaires on DED symptoms, tear film
anomalies and corneoconjunctival epithelial damage.
Questionnaires on symptoms as a diagnosis criterion was
used in 13 studies,6 T 1619 21-23 25-27 ooy film anomalies
evaluation in 14 studies® '' ' 16720 2528 3 d epithelial
damage in 9 studies.® ' 19719 % = %7 Criteria were used
independently or in combination. Eight studies com-
bined two or three diagnosis criteria to identify
DED.* ¢ 17719 24 26 27 Noreover, the protocols and proce-
dures associated with measurement and the thresholds
applied to these different criteria also differed among
studies.

Studies with symptoms as a diagnosis criterion for
DED* 6 11 16-19 21 22 2527 156 different questionnaires.
The most frequent questionnaire used was the Japanese
dry eye diagnostic criteria.”’ Only three studies used the
Ocular Index Disease Index (OSDI) questionnaire.11 2125
However, the OSDI thresholds for diagnosis were,
respectively, 12/100 and 23,/100,"* 2! and one study did
not report a cut-off value.” All questionnaires were com-
pleted by the investigator.

Assessments incorporating tear film evaluation as a cri-
terion for diagnosis were tear break-up time
(TBUT),® 11 12 16719 25-28 g piinor test,8 12 1719 25-28
tear osmolarity]] % and tear lipid layer status evalu-
ation.' '° As done previously, assessments could be used
independently or combined, and thresholds for diagno-
sis varied. Among the 13 studies evaluating tear film
anomalies, TBUT thresholds were considered as patho-
logical for most. TBUT values equal or less than 5 s were
used for diagnosis, with the exception of two studies,
which applied a pathological value <6s'' and <10s.'°
The Schirmer test was considered as positive in all
studies for values superior or equal to 5 mm; except for
one study, which cited a pathological value <10 mm.*
The Schirmer test was mostly performed without topical
anaesthesia.® 17719 2% 26 26 Only two studies ag)plied a
topical anaesthetic prior to the Schirmer test,>’ ** and
two studies did not specified the use of an anaesthetic

agent.'? ** Tear osmolarity cut-off values varied from
308'! 1o 316 mOsm/ L.%° Two studies also evaluated tear
lipid layer status, measuring the thickness of the superfi-
cial lipid layer of tear film <50 nm,16 or applying an
alteration index (DR-1 grade) of 3.12

All studies diagnosing DED based on epithelial damage
analysed conjunctival and/or corneal epithelium stain-
ing with fluorescein typically combined or with another
vital stain: lissamine green in six studies® 1718 28 24 ()
rose Bengal.'? 2 Only one study used lissamine green as
a unique vital stain.'®

In addition, DED was defined by several criteria com-
bined in eight studies.’ 1771925 2426 27 DR was
described as probable or definite in seven studies based
on the Japanese diagnosis criteria for DED. Specifically,
DED was probable if two of the three following criteria
—dry eye symptoms, tear film abnormalities and corneo-
conjunctival epithelial damage—were met. DED was
considered as definite when all three criteria were
observed. Only one study required evidence of the three
criteria to diagnose a DED.”

Population

Sample size: Population sizes ranged from 51% to 3549
individuals.?? In total, 11 365 VDT users were included
in this literature review.

Gender. The proportion of males among the VDT
worker population varied between 27.5% and 74.4%,*
but was not specified in the Brasche et al study,]6 and
not specified in the control group (without asthenopia)
in the Nakaishi and Yamada study.”’ Results were also
separated for gender within DED as well as non-DED
groups in seven studies.

Age: Age was not reported in most of the included
studies. However, three studies® 7 18 reported age
groups of DED and non-DED workers. Participants from
the largest population studied ranged from 22 to
60 years of age.22

VDT using: The total time of daily VDT work and the
VDT employment duration were not specified in most
studies. Only six studies® 1% 18 19 22 24 reported the daily
duration of VDT use and only four of these reported the
prevalence of DED related to this duration of VDT
work.'® 19 22 % The cutoff used for the daily VDT
working time was 4 h in three of these studies’ '¥ ** and
8 h for another.'® From the three studies, we calculated
a prevalence of DED of 68.2%," 33.4%* and 61.6%>
in VDT users exposed to <4h/day versus '72.1%,19
41.1%* and 77.2%>* in VDT users exposed to >4 h/day.
Combining these three studies to generate a pool of
6102 workers, we found a slightly higher prevalence of
DED in VDT users with >4 h/day exposure than in VDT
users with <4h/day (61.1% vs 57.6%, x*=0.5.72,
p=0.017). A similar trend was observed in the study
reporting a cutoff of 8h of daily exposure.'®
Specifically, 62.3% of VDT users with <8 h per day of
exposure had a DED, compared with 85.3% for workers
with >8 h of daily exposure (x°=3.51, p=0.061).
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Types of occupation: For all studies, the socioprofessional
category specified was office worker® 12 1627 or VDT
operator.11 Moreover, workers included within each
study were homogenous, with the same occupation, except
for in one study, where individuals were enrolled in various
occupations (computer operators, office workers, bank
workers, teachers, tour operators and photographers).*®

Outcome and aim of the studies

The prevalence of DED in VDT workers was the only
reported primary outcome in five studies.?! ™% 27 28 The
primary outcome of seven other studies was to evalu-
ate the relationships between criteria of DED (symp-
toms, tear film abnormalities and epithelial
damage).'' 1% 1° 17:20°25 26 Ty studies aimed to assess
the impact of VDT on the lacrimal layer.'? ** The rela-
tionship between physical activity and DED was the
focus of one study.'® One further study evaluated the
impact of this disease on work performance and prod-
uctivity in VDT workers.’

Study designs

All studies described a cross-sectional prevalence survey
design, analysing DED in VDT workers, except for one
study describing a prospective case—control, in which
outcomes of two existing groups (contact lens vs non
contact lens wearers) were compared because of a
hypothesised causal attribute.'?

Prevalence of DED

Within the 16 studies, the prevalence of DED in VDT
workers was markedly heterogeneous with values
ranging from 9.5% to 87.5%."" '* The lowest prevalence
(9.5%) was reported in the Nakamura et al study,'
which used the Schirmer test with a value inferior or
equal to 5 mm to define the DED. In this same study,
the use of other tear film evaluation abnormality cri-
teria, TBUT <5 s and tear lipid layer status (DR-1 value)
>grade 3, respectively, reported a prevalence of 49.4%
and 18.1%. The highest prevalence (87.5%) was
reported in one of the smallest sample size studies'' (64
VDT workers) with a DED defined by a TBUT <6s. The
use of other criteria in this study reported a prevalence
ranging for the same population from 50.0% to 57.8%,
respectively, using an OSDI score >12 and a value of tear
osmolarity >308 mOsm/L. The prevalence estimated in
the largest sample size studyQ2 was 32.3% via a definition
of DED that used a selfrating questionnaire of severe
symptoms (dryness and irritation, constantly or often).

Meta-analysis

The meta-analysis was conducted on the prevalence of
DED in VDT workers following the criteria used for the
DED definition with data from the 16 selected
studies.” ' '* 1 We identified a global prevalence of
DED in VDT users of 49.5% (95% CI 47.5 to 50.6) with
important heterogeneity (I°=98.8%, p<0.0001). Then,
we stratified diagnostic criteria in the following groups:

questionnaires on DED symptoms, tear film abnormal-
ities and corneoconjunctival epithelial damage, and
studies combining two or three of these diagnostic cri-
teria. Some stratifications reported heterogeneous preva-
lence such as for symptoms (1°=98.7%, p<0.0001), tears
(I”=98.5%, p<0.0001) and epithelial damage (1°=96.0%,
p<0.0001). However, studies combining two or three
diagnostic criteria reported a homogenous prevalence
of 66.1% (95% CI 64.4 to 67.8, p<0.0001; ’=0%,
p=0.69) (figure 2).

Stratification of diagnostic criteria on symptoms gener-
ated an overall prevalence of 39.1% (95% CI 37.6 to
40.5) (figure 3). Stratification of diagnostic criteria on
tear film abnormalities resulted in an overall prevalence
of 25.4% (95% CI 22.4 to 26.8). Prevalence appeared to
decrease with restrictive cut-off criteria such as for
TBUT (figure 4).

An insufficient number of studies limited any stratifica-
tion using epithelial damage. Within stratification of
studies combining several diagnostic criteria, the overall
prevalence was 38.3% (95% CI 36.8 to 39.8) with an
impact of the number of criteria for diagnosis.
Stratification of studies with two criteria retrieved a
prevalence of 54.0% (95% CI 52.1 to 55.9), whereas
studies using three criteria retrieved a prevalence of
11.6% (95% CI 10.5 to 12.9). The prevalence was homo-
geneous for studies combing two and three criteria
(I’=0%, p=0.99) (figure 5).

Meta-regressions

We demonstrated an increased prevalence of DED with
age (coefficient 5.05, 95% CI 1.98 to 8.12, p=0.003) and
for female gender (coefficient 0.14, 95% CI 0.04 to 0.24,
p=0.010) (table 1). Insufficient sample sizes precluded
other meta-regressions.

DISCUSSION

Sixteen studies met our inclusion criteria for examining
the prevalence of DED in VDT users. The major finding
was that the prevalence of DED in office workers was diffi-
cult to estimate, with values ranging from 9.5% to 87.5%
in a total population of more than 10 000 workers. Owing
to the disparity of the diagnosis criteria used to define
DED, the global prevalence of 49.5% (95% CI 47.5 to
50.6) was not relevant because of the substantial hetero-
geneity (I°=98.8%, p<0.0001). Thus, we highlight the
necessity of implementing common DED diagnostic cri-
teria to allow a more relevant estimation in order to
develop the appropriate preventive occupational actions.
Standardisation of criteria should be accepted on an
international scale based on the DEWS review published
in 2007 and other recent initiatives (Uchino et al).

Heterogeneity of DED diagnosis criteria and pathological
thresholds

We highlighted wide variations of prevalence from 9.5%
to 87.5%. We demonstrated that heterogeneity was

4
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Group by study (author, year, %men, +/- cc ) Statistics for each study Events/Total Event rate and 95% CI
Diagnostic criteria Event: Lower Upper
rate  limit limit p-Value
Symptoms Fenga et al, 2014, 39.1, symptoms 0.500 0.380 0.620 1.000 32/64 —(r
Symptoms Portello et al, 2012, 36.2 0.508 0465 0.551 0726 264/520 =
Symptoms Uchino et al, 2008, 74.4 0.323 0.308 0.339 0000 1147/3549 o
Symptoms Yazici et al, 2014, 27.5, symptoms 0471 0339 0606 0675 24 /51 ——
Symptoms Yokoi et al, 2014, 66.7, sy 0.711 0.672 0.747 0.000 399/561 =
Symptoms 0504 0326 0681 0966 ———
Tears Brasche et al, 2001, non specified, TBUT 0390 0356 0426 0000 285/730 On
Tears Fenga et al, 2014, 39.1, tear osmolarity 0.578 0455 0692 0213 37/64 ———
Tears Fenga et al, 2014, 39.1, TBUT 0.875 0.769 0.936 0.000 56 /64 —
Tears Nakaiski et al, 1999, 41.3 0339 0.282 0401 0.000 82 /242 -y
Tears Nakaiski et al, 1999, non specified 0.100 0.076 0.130 0.000 48 /480 <
Tears Nakamura et al, 2010, 55.7, TBUT 0.494 0454 0534 0775 297/601 L=
Tears Nakamura et al, 2010, 55.7, tear lipid layer 0.181 0.153 0.214 0000 109/601 Lo ]
Tears Nakamura et al, 2010, 55.7, Schirmer test 0.095 0.074 0.121 0.000 57 /601 o]
Tears Shrestha et al, 2012, 69.7 0.145 0082 0.243 0.000 11/76 —p—
Tears Yazici et al, 2014, 27.5, Schirmer test 0.176 0.094 0.306 0.000 9/51 —C—
Tears Yazici et al, 2014, 27.5, TBUT 0.137 0067 0.261 0.000 7/51 = J—
Tears Yazici et al, 2014, 27.5, tear osmolarity 0.275 0.170 0412 0.002 14 /51 —y—
Tears Yokoi et al, 2014, 66.7, TBUT 0786 0.750 0.818 0.000 441/561 <
Tears Yokoi et al, 2014, 66.7, Schirmer test 0.169 0.141 0.203 0.000 95 /561 [ =]
[Tears 0309 0.196 0.450 _ 0.009 —~ai—
Epithelial damage Brasche et al, 2001, non specified, epithelial damage 0.252 0.223 0284 0000 197/781 L]
Epithelial damage Fenga et al, 2014, 39.1, epithelial damage 0.563 0440 0678 0319 36/64 —t——
Epithelial d Yokoi et al, 2014, 66.7, epithelial d 0.160 0.132 0.193 0.000 90 /561 <
Epithelial damage 0295 0167 0466 _ 0.020 e EE—
+Tears + Epithelial d Hikichi et al, 1995, 40.0 0.169 0.153 0.185 0.000 359/2127 ]
Symptoms + Tears + Epithelial damage 0.169 0.153 0.185 0.000 ¢
+Tears + Epithelial d - Kaido et al, 2013, 66.4 0652 0608 0.693 0000 320/491 E=2
+Tears + Epithelial d ¥ Ka hima et al, 2014, 65.9 0659 0.612 0702 0.000 280/425 -
+Tears + Epithelial d o Kojima et al, 2011, 33.3, contact lens + 0.783 0670 0864 0.000 54 /69 ——
Symptoms + Tears + Epithelial damage* Kojima et al, 2011, 35.3, contact lens - 0.647 0550 0.733 0.003 66 /102 ——
ymp +Tears + Epithelial d % Kojima et al, 2011, 36.0, VDT >4h 0.721 0617 0.805 0.000 62 /86 —C—
Symptoms + Tears + Epithelial damage* Kojima et al, 2011, 32.9, VDT <4h 0.682 0576 0.772 0.001 58/85 ——
Symptoms + Tears + Epithelial damage* Uchino et al, 2013, 66.7 0656 0.616 0694 0.000 368/561 =
Symptoms + Tears + Epithelial damage* Uchino et al, 2014(1), 66.2 0.658 0.618 0.697 0.000 364/553 L ]
+Tears + Epithelial d * Uchino et al, 2014(2), 62.5 0.667 0567 0.754 0.001 64 /96 —C—
+Tears + Epithelial d ¥ Yokoi et al, 2014, 66.7 0.656 0.616 0694 0.000 368/561 =n
[ +Tears + Epithelial damage® 0.661 0.644 0.678 0.000 [}
Overall 0.490 0475 0506 0227 4
0.00 050 1.00

Figure 2 Meta-analysis on the prevalence of dry eye disease in visual display terminal workers stratified on the three criteria
defining dry eye disease: symptoms, tear anomalies and epithelial damage.

linked with diagnostic criteria. Symptoms, tear film
abnormalities and epithelial damage were the identified
diagnosis criteria for all retrieved studies. Intuitively, the
less restrictive diagnosis criteria were, the more preva-
lence increased. The number of diagnostic criteria used
to define DED also provided a trend; studies combining
several criteria demonstrated a higher prevalence. The
prevalence also increased in studies identifying DED
from tear film abnormalities, which can be described as
less restrictive diagnosis criteria than questionnaires on
symptoms or corneoconjunctival epithelial
damage.”® *° *! Surprisingly, in the limited number of
studies in which DED symptoms were assessed via ques-
tionnaires, when cut-off levels were made more discrim-
inative, a similar proportion of DED was reported. The
ability of patients to correctly recall their symptoms may
be an explanation.”® Even though epithelial damage
could have intuitively produced a more reliable and

standardised diagnosis, the only two studies solely asses-
sing DED on this criteria showed considerable variation.
Therefore, we vigorously promote international guide-
lines for DED diagnostic criteria. At a national level, the
Japanese research teams’ work is nevertheless remark-
able, especially the Osaka study, for addressing the need
to standardise the DED diagnostic criteria and evalu-
ation method in the workplace. In these studies,6 17-19
2324 26 we observed that DED prevalence was relatively
homogeneous.  Although  homogeneity  within
Japanese publications could be explained by the use
of similar DED diagnosis criteria and methodology,
the underlying hypothesis of international reform
could not be disregarded because of widespread het-
erogeneity of studies elsewhere in the world. DED
should be assessed more consistently and further
investigations may include assessing genetic suscepti-
bility of DED.

Group by study (author, year, %men, +/- comments) Statistics for each study Events/Total Event rate and 95% CI
Diagnostic criteria Event Lower Upper
rate  limit limit p-Value
0OsDI>12 Fenga et al, 2014, 39.1, symptoms 0.500 0.380 0.620 1.000 32/64
0OSDI>13 Portello et al, 2012, 36.2 0.508 0.465 0.551 0.726 264 /520
0SDI >23 Yazici et al, 2014, 27.5, symptoms 0.471 0.339 0.606 0.675 24/51 | —p—
0OSDI; value of cut-off non-reported  Yokoi et al, 2014, 66.7, symptoms 0.711 0.672 0.747 0.000 399 /561 On
Self report dryness or irritation Uchino et al, 2008, 74.4 0.323 0.308 0.339 0.000 1147/3549 o
Overall 0.391 0.376 0.405 0.000 0 * 0 .

Figure 3 Meta-analysis on the prevalence of dry eye disease in visual display terminal workers stratified on diagnostic criteria

for symptoms. OSDI, Ocular Index Disease Index.
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Group by study (author, year, %men, +/- comments) Statistics for each study Events/Total Event rate and 95% CI
Diagnostic criteria Event Lower Upper
rate  limit limit p-Value
Schirmer test <=10mm Yazici et al, 2014, 27.5, Schirmer test 0.176 0.094 0.306 0.000 9/51 ——
Schirmer test <=10mm Nakaiski et al, 1999, 41.3 0.339 0.282 0.401 0.000 82/242 =0
Schirmer test <=10mm Nakaiski et al, 1999, non specified 0.100 0.076 0.130 0.000 48/480 Lo ]
Schirmer test <= 10mm Shrestha et al, 2012, 69.7 0.145 0.082 0.243 0.000 11/76 Yy
[Schirmer test <=10mm 0.177  0.080 0.345 0.001 i
Schirmer test <=5mm Nakamura et al, 2010, 55.7, Schirmer test 0.095 0.074 0.121 0.000 57/601 O
Schirmer test <=5mm Yokoi et al, 2014, 66.7, Schirmer test 0.169  0.141  0.203 0.000 95/561 Lo
[ Schirmer test <=5mm 0.128 0.071  0.220  0.000 g~
TBUT <=10s Brasche et al, 2001, non specified, TBUT 0.390 0.356 0.426 0.000 285/730 O
TBUT <=10s Yazici et al, 2014, 27.5, TBUT 0.137 0.067 0.261  0.000 7/51 e Ju—
[TBUT <=10s 0.253 0.080 0.568  0.118 oo —
TBUT <=5s Nakamura et al, 2010, 55.7, TBUT 0.494 0.454 0.534 0.775 297/601 e
TBUT <=5s Yokoi et al, 2014, 66.7, TBUT 0.786 0.750 0.818  0.000 441/561 el
[TBUT <=55 0.654 0.341 0.874  0.336 R ——
TBUT <= 6s Fenga et al, 2014, 39.1, TBUT 0.875 0.769  0.936 0.000 56/64 —
[TBUT<=65 0.875 0.769 0.936  0.000 o
Tear lipid layer status >grade 3 Nakamura et al, 2010, 55.7, tear lipid layer 0.181 0.153 0.214  0.000 109/ 601 (]
[Tear lipid layer status > grade 3 0.181 0.153 0.214  0.000 &
Tear osmolarity >308 mOsm/L __ Fenga et al, 2014, 39.1, tear osmolarity 0.578 0.455 0.692 0.213 37/64 g
|Tear osmolarity > 308 mOsm/L 0.578 0.455 0.692 0.213 i
Tear osmolarity > 316 mOsm/L  Yazici et al, 2014, 27.5, tear osmolarity 0.275 0.170  0.412 0.002 14/51 e y—
|Tear osmolarity > 316 mOsm/L 0.275 0.170 0.412 0.002 e~
Overall 0.254 0.224 0.286  0.000 &
0.00 0.50 1.00

Figure 4 Meta-analysis on the prevalence of dry eye disease in visual display terminal workers stratified on diagnostic criteria

for tear film abnormalities. TBUT, tear break-up time.

DED in the worker population

DED is an underestimated health concern in the work-
place, with direct consequences of workplaces com-
pletely devoid of preventative strategies. Indeed, DED is
responsible for considerable discomfort at work for the
employee and a loss of productivity for companies.
Identified risk factors for DED include: age, female sex,
certain medications, wearing contact lenses, eyelid infec-
tion, smoking, refractive surgery, extreme hot or cold
weather conditions, low relative humidity and exposure
to VDT.%

Within this systematic review of workers, an increased
prevalence of DED was apparent with age and for
female gender.10 Despite significant results with the use
of %%, establishing a higher prevalence of DED with dur-
ation of exposure to VDT use, the number of studies
assessing the influence of time of exposure was too low
to permit meta-regression on this parameter. Also, insuf-
ficient data precluded meta-regression analyses with

others parameters; especially with individual risk factors
already established (smoking, ocular and eyelid diseases,
contact lenses wear, medications) and other work-related
parameters that remain unclear (hours exposed to VDT
daily, temperature and humidity in the workplace, and
employment duration).

Limitations

Our study has some limitations. To assess effects of VDT
work, it would have been interesting to compare the
prevalence of DED in VDT users to the prevalence of
DED in the general population, however, no studies
compared the diagnosis of DED in VDT users to that of
a control group, within the same studies, and therefore
with the same diagnosis criteria. We can only note that
our retrieved prevalence in VDT users (50%) seems
greater than the prevalence in the general population
(5-33%)."° Even though DED may be considered a
chronic condition affecting the ocular surface, we did

Group by study (author, year, %men, +/- comments) Statistics for each study Events/Total Event rate and 95% CI
Diagnostic criteria Event Lower Upper
rate  limit limit p-Value
Symptoms + Tears + Epithelial damage (2/3)  Kaido et al, 2013, 66.4, probable DED 0.534 0.489 0.577 0.137  262/491 KO-
Symptoms + Tears + Epithelial damage (2/3) Kawashima et al, 2014, 65.9, probable DED 0.541 0.494 0.588 0.090 230/425 sl
Symptoms + Tears + Epithelial damage (2/3)  Uchino et al, 2013, 66.7, probable DED 0.540 0.499 0.581 0.058  303/561 RO
Symptoms + Tears + Epithelial damage (2/3)  Uchino et al, 2014(1), 66.2, probable DED 0.541 0.499 0.582 0.056  299/553 bO=
Symptoms + Tears + Epithelial damage (2/3)  Uchino et al, 2014(2), 62.5, probable DED 0.573 0472 0.668 0.155 55/96 e
Symptoms + Tears + Epithelial damage (2/3)  Yokoi et al, 2014, 66.7, probable DED 0.540 0.499  0.581 0.058 303 /561 RO=
[Symptoms +Tears + Epithelial damage (2/3) 0.540 0.521  0.559 0.000 ¢
Symptoms + Tears + Epithelial damage (3/3)  Kaido et al, 2013, 66.4, definite DED 0.118 0.092 0.150 0.000 58/491 <
Symptoms + Tears + Epithelial damage (3/3) Kawashima et al, 2014, 65.9, definite DED 0.118 0.090 0.152 0.000 50/425 <
Symptoms + Tears + Epithelial damage (3/3)  Uchino et al, 2013, 66.7, definite DED 0.116 0.092 0.145 0.000 65 /561 <
Symptoms + Tears + Epithelial damage (3/3)  Uchino et al, 2014(1), 66.2, definite DED 0.118 0.093 0.147 0.000 65/553 o]
Symptoms + Tears + Epithelial damage (3/3)  Uchino et al, 2014(2), 62.5,definite DED 0.094 0.050 0.170 0.000 9/96 el
Symptoms + Tears + Epithelial damage (3/3)  Yokoi et al, 2014, 66.7, definite DED 0.116  0.092  0.145 0.000 65 /561 <
[[Symptoms +Tears + Epithelial damage (3/3) 0.116  0.105  0.129 0.000 []
Overall 0.383 0.368 0.398 0.000 []
0.00 0.50 1.00

Figure 5 Meta-analysis on the prevalence of DED in visual display terminal workers stratified on combining several diagnostic

criteria. DED, dry eye disease.
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Table 1 Correlation between DED prevalence and worker
characteristics (gender and age)

Correlation
Variables coefficient 95% ClI p Value
Male -0.137 (-0.239 to —0.036) 0.010
gender
Age 5.054 (1.985 to 8.124) 0.003

DED, dry eye disease.

not retrieve studies addressing the issue of workers
experiencing discomfort towards the end of the day.
Furthermore,  populations investigated in  the
meta-analysis appear to be clustered from specific coun-
tries of the world. Two studies were on European
workers,11 6 one was in Nepal28 and one in the USA,21
whereas the remaining research was conducted exclu-
sively in Japan. The use of broader keywords in the
search strategy may have resulted in a wider potential of
articles. However, we already included most of the arti-
cles on DED in VDT users. Most importantly, we believe
that the key message of our article is not altered. The
heterogeneity of the DED diagnostic criteria and their
measurement as well as the pathological threshold defin-
ition applied may explain the large variability in the
prevalence reported. Results from the meta-analysis are
therefore inconclusive. However, we demonstrated
greater homogeneity of prevalence with shared diagnosis
criteria and therefore strengthened the need for a
common widely standardised definition.

CONCLUSION

VDT work has been increasing in offices and a large
number of workers experience symptoms associated with
VDT use. The usage is especially associated with DED, but
the prevalence is probably widely underestimated.
Nevertheless, DED in VDT users has important conse-
quences for employees and the employer because it causes
VDT users distress at work and may compromise workplace
productivity. We demonstrated that, in approximately
10 000 VDT workers, the estimation of prevalence of DED
was widely heterogeneous with values widely scattered—
from 9.5% to 87.5%. Thus, we strengthen the evidence for
establishing common DED diagnostic criteria to allow
more accurate estimation. Universal agreement and imple-
mentation of diagnostic criteria for DED would support
the development of appropriate preventive occupational
strategies and collectively contribute to advancing the
understanding of DED risk in the workplace. Agreement
could be guided by previous initiatives (DEWS, Uchino
et al) but should include more than one criterion and
should perhaps include more frequent assessment for
workers already known to be at risk of DED.
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