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Abstract

Background Dry eye disease (DED) is one of the most common conditions presenting to eye care providers and is
increasingly recognized to have poor outcomes on quality of life, activities of daily living, and social and emotional well-
being. Here, we aim to understand the association between dry eye symptoms and workplace productivity experienced by
patients with non-Sjogren’s dry eye and Sjogren’s Syndrome.

Methods MEDLINE, PubMed, Embase, Cochrane Library, CINAHL, Healthstar, and PsycINFO were searched from
inception to May 2019.

Results Thirty-one studies consisting of 50,446 study participants from 14 countries were included in this systematic review.
Among non-Sjogren’s dry eye patients, there was significant absenteeism (ES = 0.19; 95% CI: [0.04, 0.35]), presenteeism
(ES =0.25; 95% CI: [0.15. 0.35]), productivity impairment (ES = 0.24; 95% CI: [0.20, 0.27]), activity impairment (ES =
0.30; 95% CI: [0.21, 0.38]), and subjective difficulties at work (ES = 0.58; 95% CI: [0.40, 0.75]). Patients with Sjogren’s
Syndrome demonstrated significant absenteeism (ES =0.13, 95% CI: [0.10, 0.17]), presenteeism (ES = 0.28, 95% CI:
[0.24, 0.32]), productivity impairment (ES =0.31, 95% CI: [0.27, 0.35]), and activity impairment (ES =0.39, 95% CI:
[0.32, 0.47]) in the workplace. In addition, patients with Sjogren’s Syndrome demonstrated significantly lower employment
rate (ES =0.42, 95% CI: [0.34, 0.50]), decreased number of hours worked (SMD = —0.21, 95% CI: [—0.39, —0.02]), and
increased work disability (ES = 0.18; 95% CI: [0.09, 0.27]).

Conclusions This is the first systematic review and meta-analysis to demonstrate the negative association between DED and
several work productivity measures.

Introduction

Dry eye disease (DED) is a multifactorial disease of
the ocular surface characterized by aberrant tear film
dynamics. DED is recognized as a worldwide health
concern, with a prevalence ranging from 5 to 50% [1]. In
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the United States, more than 16 million adults have a
clinical diagnosis of DED, and an additional 6 million
people suffer from undiagnosed symptomatic dry eyes [2].
Although the disease is pervasive in women and older
adults, DED is also increasingly diagnosed among young
working adults [1, 3-7].

Among non-Sjogren’s Syndrome (non-SS) dry eye
patients, the pathophysiology of DED is attributed to a
combination of aqueous tear deficiency and increased tear
evaporation [1, 8]. In contrast, dry eye symptoms in patients
with Sjogren’s Syndrome (SS) is due to systemic immu-
nologic dysfunction that results in autoimmune-driven
inflammation of the ocular surface and lacrimal glands [1].
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As a chronic and progressive condition, DED has a
negative consequence on the physical and psychosocial
domains of quality of life (QoL). Lacking a cure, patients
seek medical care for persisting symptomatology, including
foreign body sensation, blurred vision, pain, and photo-
phobia, leading to significant utilization of medical resour-
ces and absence from work to attend medical appointments
[1, 9, 10]. In severe DED, utility assessments have
appraised the QoL impact to be equivalent to that of severe
angina [11, 12] and worse than an immobilizing hip fracture
[12]. Patients with DED commonly experience significant
role restrictions secondary to physical limitations, decreased
vitality, poorer general health, and increased bodily pain
[13]. Blurred vision often interferes with visual tasks such
as reading, driving, watching television, and the use of
digital devices [1]. Moreover, dry eye has been linked to
mental health outcomes such as depression [14—18], anxiety
[15, 16], stress [16], and sleep disorders [19, 20].

In the last two decades, researchers have endeavored to
develop a multidisciplinary understanding of the negative
association of dry eye in the work environment and its
socioeconomic implications. DED symptoms are often
exaggerated in the workplace, fueled by electronic device
usage, visually demanding tasks, suboptimal office illumi-
nation, and low indoor air quality [21, 22]. Consequently,
work productivity and performance can be negatively
affected, resulting in indirect costs such as absenteeism
(missed work due to dry eye symptoms) and a significant
economic burden to the patient and society [23-25]. In this
systematic review and meta-analysis, we aim to characterize
the relationship between dry eye and workplace functioning
and the associated economic burden.

Methods

This systemic review protocol has been registered on
PROSPERO (PROSPERO#CRD42019112182) and fol-
lows the preferred reporting items for systematic reviews
and meta-analyses (PRISMA) recommendations and the
meta-analysis of observational studies in epidemiology
(MOOSE) guidelines for rigorous study methodology and
reporting. The MOOSE statement checklist is detailed in
Supplementary Appendix 1.

Search strategy and study selection

A formal literature search of the MEDLINE, PubMed,
EMBASE, Cochrane Library, CINAHL, HealthSTAR, and
PsycINFO databases was performed from inception to 4
December 2018. Variations of natural language terminology,
as shown in our detailed search strategy (Supplementary
Appendix 2), were used to retrieve eligible studies.
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Two independent reviewers (GKS and JP) screened titles
and abstracts and reviewed full-text articles using the
inclusion and exclusion criteria. Covidence (Covidence
Systematic Review software, Veritas Health Innovation,
Melbourne, Australia), an online Cochrane study screening
and data extraction tool, was utilized to screen, select, and
assess the quality of included studies. Disagreements were
resolved in a consensus meeting. References of all selected
studies and relevant review articles were manually cross-
referenced to identify relevant studies omitted by the search
strategy. The search was rerun in May 2019 to identify
newly published studies.

Study eligibility criteria

Study cohorts aged 18 years or older with symptomatic dry
eyes or a clinical diagnosis of dry eye in non-SS DED and
SS subjects were included. Studies examining the Sjogren’s
population were differentiated between primary Sjogren’s
Syndrome (pSS) and secondary Sjogren’s Syndrome (sSS)
if specified. Primary SS is defined as an autoimmune dis-
ease occurring in isolation, while sSS occurs in association
with other rheumatic diseases.

The association between dry eye diagnosis and
workplace functioning was ascertained using outcome
measures from validated questionnaires. The Work Pro-
ductivity and Activity Impairment (WPAI) Questionnaire
[26] defines absenteeism as work time missed due to dry
eye; presenteeism as impairment at work or reduced on-
the-job effectiveness; productivity impairment as overall
work impairment, combining scores from absenteeism and
presenteeism; and activity impairment as non-professional
work impairment due to dry eye (e.g. housework). WPAI
outcomes are expressed as impairment percentages, with
higher numbers representing more significant impairment
and reduced productivity. The Work Limitations Ques-
tionnaire [27] (WLQ) appraises four domains of work
limitations, including time management (ability to man-
age time and schedule demands), physical demands
(ability to perform tasks involving strength, movement,
endurance, coordination, and flexibility), mental or inter-
personal functioning (ability to navigate cognitive tasks
and workplace social interactions), and output demands
(ability to produce adequate work quantity and quality)
to calculate overall work performance. A WLQ score
of 0 implies no limitations, whereas a score of 100 iden-
tifies limitations 100% of the time. The Impact of Dry
Eye on Everyday Life (IDEEL) instrument consists of a
QoL module with three scales: work limitations, activity
limitations, and emotional well-being. For each of
these domains, a scale score is calculated between 0
(indicating total impairment) and 100 (indicating no
impairment) [28].
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Indirect costs of DED were explored using outcome
measures such as hours worked, loss in paid or unpaid
work hours, sick leave, and work disability. Other end-
points including subjective difficulty at work, recent work
achievement, and job stress were also documented. All
cost values were converted to represent monetary value in
US dollars.

All original quantitative studies published in the English
language were included. Data were retrieved from quanti-
tative surveys designed to evaluate the impact of dry eye on
daily activities and work functioning. While validated
questionnaires were preferred, studies reporting data from
non-validated rating scales were not excluded. Exclusion
criteria included review articles, case reports, systematic
reviews and meta-analyses, letters to editors, and com-
mentaries. Conference abstracts were included if adequate
study details and data were provided. Authors of published
research works were contacted to obtain missing data or
retrieve inaccessible articles. There were no restrictions
placed on publication year or geographical settings.

Methodological assessment and data extraction

Critical appraisal of eligible studies was completed using the
27-item Modified Downs and Black Checklist, a validated
instrument, to evaluate overall study quality for randomized
and non-randomized studies (Supplementary Appendix 3).
Study quality was independently scored by two reviewers
(GKS and JP); disagreements were resolved through discus-
sion and consensus. The quality assessment scores were as
follows: excellent (26-27); good (20-25); fair (15-19); and
poor (<14). As per the quality appraisal criteria, only rando-
mized controlled studies could achieve an “excellent” level of
methodological quality.

A standardized data abstraction form, developed a
priori, was used by two independent reviewers (GKS and
JP) to collect the following data: author, publication year,
study design, geographic location, study period, sample
size, mean age of study participants, percentage of female
participants, disease duration, employment characteristics,
rating scale(s) or questionnaire(s), and the aforementioned
study endpoints.

Statistical analysis

Meta-analysis was completed using STATA v. 15.0
(STATA Corporation, College Station, TX). The primary
outcomes of interest were proportions, mean values, and
standard deviation (SD). If unreported, SD was calculated
using the range, confidence interval, standard error (SE),
and p-value.

For continuous scale outcomes such as mean values,
standardized mean difference (SMD) was calculated as

the treatment effect or effect size as per the Cochrane
Handbook for Systematic Reviews of Interventions [29].
SMD was chosen as the treatment effect since it is a mean
difference standardized across all studies. To compute SMD
for each study, the difference in mean values between DED
and control cohorts for an outcome measure was divided by
the SD for that same outcome measure. Weights were
assigned to each SMD according to the inverse of its var-
iance to compute the average. To estimate the summary
effect, SMD for each study was then aggregated using the
fixed or random-effect model based on the presence of
heterogeneity.

To test heterogeneity, I* statistics, Z-value, and y°
statistics were computed. An I* value < 50% implies low
heterogeneity, and in these cases, a fixed-effect model was
computed. An I* statistics of 50% or more represents high
heterogeneity, and as such, a random-effects model was
calculated. In addition, a high Z-value, a low p-value
(<0.01), and a large y* value imply significant hetero-
geneity, and therefore, a random-effects model using the
DerSimonian and Laird methods was computed. Forest
plots were generated for each outcome measure. Funnel
plots were used to identify publication bias for each out-
come measure.

Results
Selection process

Of 4565 retrieved references, 209 studies were selected for
full-text evaluation. After the full-text assessment, 27 stu-
dies and four conference abstracts met the eligibility criteria
for study inclusion (Fig. 1).

Study characteristics

Table 1 describes the demographic characteristics of the
31 studies included in this systematic review. Selected
studies consisted of 87,369 study participants including
healthy controls (n = 70,430), non-Sjogren’s (non-SS) DED
(n = 15,350), and Sjogren’s Syndrome (SS) (n = 1,589). As
the correlation between DED and work productivity and the
economic burden was reported in a subset of study cohorts,
relevant data from 50,446 study participants are presented
in this systematic review and consist of the following sub-
groups: non-SS DED (n = 8,292); Sjogren’s Syndrome
(n =1,516); and healthy controls (n = 2,687). The remain-
ing 37,951 participants represent the study population from
Farrand et al. [30], where the sample size among their dry
eye and control groups were not delineated. The geo-
graphical distribution of the included studies is illustrated in
Supplementary Fig. 1.
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Outcome measures

The primary objective of the study was to analyze and
quantify the relationship between dry eye and the following
outcome measures: absenteeism (work time missed due to
dry eye), presenteeism (impairment at work due to dry eye),
productivity impairment (overall work impairment com-
prising of absenteeism and presenteeism scores), activity
impairment (non-professional work impairment), work or
activity limitations, employment rate, number of hours
worked, and work disability. This relationship was directly
explored in the non-Sjogren’s dry eye cohorts and indirectly
in patients with Sjogren’s Syndrome known to experience
sicca symptoms.

Risk of bias

Using the Modified Downs and Black Checklist, most
studies were assessed as “fair” (n = 18) or “good” (n=11)
study quality; only two studies had “poor” methodological
evaluation (Supplementary Table 1). Due to limited avail-
able evidence, articles were not excluded from the analysis
based on methodological rigor.

To identify publication bias, funnel plots comprised of
scatter plots of the effect estimates from individual studies
against the SE of a study’s sample size were generated

SPRINGER NATURE

(Supplementary Figs. 2 and 3). Among non-SS dry eye
studies, analysis of funnel plots of meta-analyses for
absenteeism, presenteeism, productivity impairment, and
activity impairment, as well as difficulty at work and
IDEEL domains, did not reveal any asymmetry (Supple-
mentary Fig. 2a—f). In addition, studies consisting of the
pSS patient population are symmetrically distributed on
both sides of the combined effect size line in the funnel
plots for absenteeism, presenteeism, productivity impair-
ment, activity impairment, employment rate, hours worked,
and work disability (Supplementary Fig. 3a—g).

Work productivity and impairment in DED

Eight studies [30-37], three of which focused on patients
with Sjogren’s Syndrome, reported absenteeism, pre-
senteeism, productivity impairment, and activity impair-
ment using the WPAI rating scale (Supplementary Table 2).

In the non-Sjogren’s population, Fig. 2a—d summarizes
the results for absenteeism (missed work-time due to dry
eye), presenteeism (impairment at work due to dry eye),
productivity impairment (overall work impairment due to
absenteeism and presenteeism), and activity impairment
(impairment in non-professional activities). Three studies
[31, 32, 34] evaluated the relationship of DED with absen-
teeism and presenteeism, while four studies [30-32, 34]
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Fig. 2 Forest plot analyses describing the negative association
between dry eye disease and workplace functioning across
all Work Productivity and Activity Impairment (WPAI)
domains. Figure 2a-d describes outcomes in the non-Sjogren’s
dry eye population, including a absenteeism, b presenteeism,

¢ productivity impairment, and d activity impairment. Figure 2e-h
reports outcome measures from patients with Sjogren’s Syndrome,
including e absenteeism, f presenteeism, g productivity impairment,
and h activity impairment.
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explored productivity and activity impairment in DED. High
heterogeneity was observed for studies exploring absentee-
ism (P =89.6%; p=0.000), presentecism (I>=64.3%;
p =0.061) and activity impairment (> = 85.4%; p = 0.000).
Studies analyzing productivity impairment, on the contrary,
had low heterogeneity (I = 36.1%; p = 0.196). Absenteeism
(time lost at work due to DED symptoms) was reported to be
significant (ES =0.19; 95% CI: [0.04, 0.35]). Dry eye was
also associated with impairment in workplace activities or
presenteeism (ES = 0.25; 95% CI: [0.15, 0.35]). As expec-
ted, productivity (ES =0.24; 95% CI. [0.20, 0.27]) and
activity impairment (ES = 0.30; 95% CI: [0.21, 0.38]) were
also observed among the DED subgroup.

Using a scale of 0 (no effect) to 10 (completely prevented
one from working) in a WPAI questionnaire, McDonnell
et al. [38] demonstrated a statistically significant mean
productivity loss (1.63 +2.54 vs. 0.17 £0.66; p =0.0003)
and mean activity impairment (1.83 +2.3 vs. 0.59 £ 1.62;
p<0.0001) in DED subjects compared to age-matched
controls. There were no statistically significant differences
in hours missed due to health and hours worked between
both cohorts. As outcomes were reported using a unique
methodology, this study could not be included in our meta-
analysis.

Figure 2e-h illustrates a forest plot of a proportion of
subjects with Sjogren’s Syndrome experiencing absentee-
ism, presenteeism, productivity impairment, and activity
impairment. Between three studies [35-37] with SS cases,
non-significant heterogeneity was observed for absenteeism
(I2 =15.5%; p=0.306), presenteeism (I2 =0.0%; p=
0.397) and productivity impairment (* = 0.0%; p = 0.446),
while high heterogeneity was found for activity impairment
(PP =52.8%; p = 0.120). Absenteeism (ES = 0.13, 95% CI:
[0.10, 0.17]), presenteeism (ES =0.28, 95% CI: [0.24,
0.32]), productivity impairment (ES =0.31, 95% CI: [0.27,
0.35]), and activity impairment (ES = 0.39, 95% CI: [0.32,
0.47]) were significant among pSS subjects.

Non-SS DED and limitations in the workplace

Using the WLQ instrument, Uchino et al. [39] and Yamada
et al. [40] identified a statistically significant loss in work
performance among subjects with ‘definite’ DED (4.8%)
and ‘self-reported’ DED (6.1%) subgroups, respectively,
compared to control groups (Supplementary Table 3).
Intriguingly, the presence of dry eye was concomitantly
associated with increased mental and interpersonal demands
compared to healthy controls [39, 40]. A qualitative ana-
lysis of four studies reporting work limitations using the
IDEEL scale demonstrated scores ranging from 62 to 85 out
of 100 among non-SS dry eye subjects, where a score of
100 indicated a lack of work limitations (Supplementary
Table 4) [29, 34, 41, 42]. In the same cluster of studies,
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daily activity limitations and emotional well-being scores
ranged from 72 to 86 and 62 to 85, respectively, out of 100.
Figure 3a summarizes a meta-analysis of two studies
[29, 42] comparing IDEEL outcomes between subjects
with non-Sjogren’s DED and healthy cohorts. Significant
heterogeneity between the two studies examining work
limitations (> =99.5%; p = 0.000), daily activity limita-
tions (12:99.6%; p=20.000), and emotional wellbeing
(? =99.4%; p=0.000) was observed. Findings suggests
non-significant differences in work limitations (SMD =
—5.23; 95% CI: [—12.28, 1.81]), daily activity limitations
(SMD = —5.66, CI: [—14.54, 3.22]), and emotional well-
being (SMD = —4.25; CI: [-9.60, 1.10]) between DED and
healthy cohorts. However, the strength of our interpretation
is limited due to a small sample size of studies.

Corresponding to the above findings, studies investigat-
ing the non-SS (n=4) and SS (n=1) patient population
reported subjective difficulties in the workplace due to dry
eye, ranging from 22 to 75% [21, 43-46]. Figure 3b illus-
trates the results of four studies [21, 43, 44, 46] investi-
gating subjective difficulties at work in the non-SS DED
population. While there was significant heterogeneity
between studies (I2 =96.0%; p = 0.000), our meta-analysis
revealed that subjects experience significant difficulty at
work due to DED (ES = 0.58; 95% CI: [0.40, 0.75]) com-
pared to healthy controls. In a Chinese study, a qualitative
survey utilizing the National Eye Institute Visual Function
Questionnaire (NEIVF-Q) revealed that dry eye symptoms
impacted daily work, reading activities, emotional well-
being, interpersonal relations, and sleep at ‘most’ of the
times [47].

A cross-sectional survey across five European countries
by Labetoulle and colleagues [44] demonstrated that
patients perceive their DED as significantly associated with
discomfort and daily pain and highly impactful on work
life. Interestingly, a longer time to diagnosis and more
frequent use of dry eye treatments was correlated with an
increased burden of daily discomfort, pain, activity con-
straints, and impact on work life. Similarly, in a US-based
study, patients with Sjogren’s disease described a sig-
nificant impact of their illness in multiple facets of daily life,
including physical activity, intimacy, career productivity,
daily activities, social interactions and mental alertness
compared to controls [48]. This study also validated that the
negative association of DED on QoL domains was sig-
nificantly higher among those with severe sicca symptoms
compared to low sicca severity groups. Interestingly, a
Korean study investigated the link between DED, recent
work achievement and job stress and did not identify any
statistically significant differences between dry eye and
control groups [49].

Miljanovi¢ et al. [50] reported that those with dry eye
symptoms were more likely to report difficulties carrying
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out professional work (OR =3.49; 95% CI: [1.72-7.09];
p =0.001) and activities of daily living (OR =4.80; 95%
CI: [2.47-9.35]; p<0.001) compared to control subjects.
Among the included studies, only two studies [50, 51]
assessed for possible gender differences in workplace
functioning in the dry eye population. Adjusting for con-
founding variables, Miljanovi¢ et al. [50] found that there
were no significant gender differences in challenges with
professional work as a result of DED (men: OR =4.1;
95% CI: [1.84-9.13] vs. women: OR =3.06; 95% CI.
[1.72-5.44]). Likewise, Schaumberg and colleagues [51]
did not identify gender-based disparities related to problems

in carrying out professional duties (OR =1.35, 95% CI:
[0.97-1.83]; p <0.05).

Economic burden of DED

Among a mixed cohort of subjects with DED, including
those with Sjogren’s Syndrome, Nelson et al [23] reported a
need to decrease work hours (11.4%) or change the line of
work (7.1%) as a result of dry eye symptoms. In addition, in
a typical DED patient, dry eye symptoms impaired the
performance of work tasks on an average of 191 days per
year and contributed to two days of absence from work.
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Bowman and colleagues [52] suggested a diminished
capacity to work in pSS patients and demonstrated a sta-
tistically significant loss of regular paid hours from the
current weekly schedule, unpaid work (housework time
loss), and outside help (loss of hours spent by an individual
working as a “helper” to aid the patient).

Studies reporting the employment characteristics of
patients with Sjogren’s Syndrome are demonstrated in Sup-
plementary Table 5 [37, 48, 52-57]. A subset of studies (n =
6) revealed high rates of work disability in pSS patients
compared to control subjects, ranging from 5 to 66%
[37, 48, 52-57]. Remarkably, Mandl et al. [55] reported an
escalating trend in the rate of health-related work disability
from the time of pSS diagnosis (26%) to 12 months (37%)
and 24 months (41%) post-diagnosis. The relative risk of
absence due to sick leave increased from the time of diagnosis
(RR =1.44) to 24 months after diagnosis (RR =2.67) [55].
Meijer and colleagues [56] demonstrated an average sick
leave of 14.7 days and 22.3 days per year among pSS and sSS
patients, respectively.

Figure 4a shows a forest plot consisting of seven
studies [37, 48, 52, 53, 56, 57], reporting the employment
rate among patients with Sjogren’s Syndrome. Considerable
heterogeneity (P = 81.2%; p = 0.000) was observed between
these studies. Thus, a random-effects model was developed
and identified that only 42% of SS patients were employed in
a full-time or part-time job (ES=0.42, 95% CIL [0.34,
0.50]). With non-significant heterogeneity (> =37.7%, p =
0.201) observed, a meta-analysis of three studies indicated
significantly fewer hours worked by SS patients (SMD =
—0.21; 95% CI: [—0.39, —0.02]) compared to healthy con-
trols (Fig. 4b) [37, 56, 57]. Figure 4c synthesizes results from
five studies that examined work disability in the SS patient
population and demonstrates significant work disability in SS
patients (ES =0.18; 95% CI: [0.09, 0.27]) [37, 48, 53-55].
Significant heterogeneity ( =90.7%, p=0.000) was
observed among these five studies.

Among one of the most extensive economic studies
conducted to date in dry eye management, Yu et al. [33]
analyzed survey data from over 2,000 DED patients across
the United States. The annual cost to society from dimin-
ished work productivity significantly outweighed the direct
costs of DED medical treatment, and the total productivity
loss per person ranged from $US 12,569 to $US 18,168 on
an annual basis. Using a conservative, low estimate eco-
nomic model, Bowman and colleagues [52] have reported
the cost of illness in pSS patients to an approximate total
indirect cost of $US 9,919 ($7,184-$12,654) compared to
$US 1,152 ($397-$1,910) among control subjects. Indirect
costs include time lost from work due to illness based on an
existing work schedule among employed subjects, time lost
performing household/voluntary work, and time spent by
another individual (“helper”) assisting the person obtaining
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healthcare services. In a population-level study based on
Canadian data, McCormick et al. [37] reported an adjusted
excess productivity cost for paid and unpaid work as an
average of $US 60 and $US 59 per week, respectively,
among SS participants compared to healthy cohorts.
Patients with Sjogren’s Syndrome were predicted to incur
lost productivity costs of $US 3,126 each year compared to
control subjects. Similarly, a Japanese study by Uchino
et al. [39] reported a predicted productivity loss of $US
6,160 per person in those with definite DED and $US 2,444
in the probable DED group. In another Japanese study, the
cost of work productivity loss per person exceeded by $US
799 in the ‘definite’ dry eye group compared to control
groups [40].

Discussion

Occupational medicine is increasingly recognized as an
effective platform for addressing health issues and initiating
health promotion strategies to mitigate health risks
and improve healthy living and economic productivity.
However, the impact of ophthalmic diseases on workplace
functioning is understudied. Here, we present the first
systematic review and meta-analysis to underscore the
relationship between DED and functional outcomes in
the workplace. Patients with non-Sjogren’s dry eye
experience significant absenteeism and subjective difficul-
ties in the workplace. Sjogren’s Syndrome was associated
with pronounced productivity and activity impairment,
presenteeism, and absenteeism in the work environment.
Moreover, patients with Sjogren’s Syndrome demonstrated
decreased employment rate, reduced number of hours
worked and increased work disability.

Quality of evidence and limitations

Aside from the limited number of available published stu-
dies reporting workplace dysfunction in the context of
DED, the power of this systematic review was limited by
the clinical, methodological, and statistical heterogeneities
of included studies. From a clinical perspective, patients
with DED included in this study consisted of varying dis-
ease durations, diagnostic criteria, and disease severity.
Study subjects ranged from patients with asymptomatic and
symptomatic non-SS dry eye to those with DED secondary
to the autoimmune phenomenon, Sjogren’s Syndrome.
Aside from xerophthalmia, Sjogren’s Syndrome is also
tethered to a cluster of systemic manifestations, including
xerostomia, dry skin, arthritis, and neuropathy. While our
study findings related to the Sjogren’s subgroup may be
valid, it remains unclear whether the dry eye phenomenon
alone contributes to impaired work productivity and
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Fig. 4 Negative association of
dry eye among patients with
Sjogren’s Syndrome on
employment outcomes. Forest
plot analyses of a) employment
rate, b) hours worked, and ¢)
work disability among patients
with Sjogren’s Syndrome.

challenges in the workplace in this complex patient popu-
lation. As such, the strength of our interpretation may be
limited based on patient differences in DED etiology and
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related confounding factors. Albeit the significant differ-
ences in the non-SS and SS DED population, our meta-
analyses ultimately underscore the significance of dry eye in
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the workplace, particularly across all WPAI domains, in
both populations. In this study, it should be noted that we
were unable to perform direct comparisons against the non-
SS and SS subgroups due to the limited availability of
comparative studies.

Studies included in this systematic review depended on
data derived from self-administered questionnaires.
Although many studies utilized commonly available and
validated questionnaires, there was variability in the rating
scales and parameters used to diagnose DED. The lack of
consistency and reliability among included studies in the
diagnostic parameters used for DED yields to methodolo-
gical disparities. Moreover, data from non-validated ques-
tionnaires or generic health questionnaires such as SF-36
were not included in our meta-analyses and could not
contribute to the value of our study findings. For future
studies, we recommend using validated rating scales, par-
ticularly the Work Productivity and Activity Impairment
(WPAI), Work Limitations Questionnaire (WLQ), Impact
of Dry Eye on Everyday Life (IDEEL), and Stanford
Health Assessment Questionnaire (SHAQ), which are
proven to be sensitive in discriminating difficulties with
workplace activities. In addition to the significant dis-
parities across rating instruments, our study was limited in
sample size by questionnaire-specific outcome measures.
Moreover, non-English language citations were excluded in
this study due to translation difficulties, contributing to the
low sample size of included studies. As such, additional
studies are required to make concrete conclusions in this
area of interest.

Relationship between dry eye and workplace
function

Our current understanding of the relationship between dry
eye and work function is widely based on self-administered
questionnaires. While our study has identified a negative
correlation between dry eye and diminished workplace
productivity and performance, the cause and effect rela-
tionship between these variables remains elusive and war-
rants further investigation.

A growing body of evidence describes strong associa-
tions between DED and mental health outcomes such as
depression, anxiety, suicidal ideation, and sleep disorders
[14-16, 19, 20]. DED is not only clinically associated with
psychiatric comorbidities but also with chronic fatigue
syndrome as well as chronic pain syndromes (CPS)
[58, 59]. Patients with DED reported more frequent chronic
pain syndromes, worse dry eye symptoms, and low ocular
and non-ocular pain scores [59]. A large cohort study by
Venof et al. [60] demonstrated a heritable component
among CPS, including chronic widespread musculoskeletal
pain (CWP), chronic pelvic pain (PP), irritable bowel
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syndrome (IBS), and DED. These conditions are co-
inherited in families with shared genetic factors between
CWP, PP, IBS, and DED.

Furthermore, as a systemic autoimmune disorder, pri-
mary Sjogren’s Syndrome causes profound fatigue symp-
toms in its patient population. In a large cohort study by
Hackett et al. [61], physical and mental fatigue was asso-
ciated with pain and depression, and particularly, ocular
dryness was strongly associated with physical fatigue.
Research experts hypothesize that an inherent level of
somatization may contribute to the ocular symptoms of dry
eye and give rise to chronic pain syndromes and physical
fatigue [15]. Naturally, this can also lead to mental health
concerns, diminished work productivity and performance,
and overall reduced QoL. However, to establish the rela-
tionship between these complex variables, further investi-
gation is necessary.

Therefore, with these multifaceted interactions in mind,
our findings ultimately suggest the importance of clinician-
led discussions surrounding workplace difficulties in
DED patients and the development of personalized dry eye
self-management plans to facilitate improved workplace
performance. Eye care providers must assess for and
acknowledge challenges endured by DED patients, such as
performing sustained visual tasks or working in environ-
ments with harsh fluorescent lighting, low humidity, or poor
air quality. Tailored interventions such as frequent ocular
lubrication, specialized moisture-retaining eyewear, humi-
dification of the environment, adjustments to office illumi-
nation, and ergonomic placement of computer monitors are
examples of measures that can improve or alleviate symp-
toms of dry eye in the work environment.

As electronic devices dominate workspaces and create
visually demanding tasks, workplace accommodations, or
modified work duties may be necessary to support
employees and optimize work productivity and performance
based on their DED severity. Furthermore, the literature
demonstrates that it is not uncommon for DED patients to
reduce work hours, change the line of work, and take a
leave of absence to manage dry eye symptoms. Absentee-
ism and productivity loss due to DED unsurprisingly result
in significant economic costs to employers and the gov-
ernment. Understanding the negative consequence of DED
on QoL outcomes, including an individual’s work and
economic potential, eye care providers, employers, and
policy-makers need to acknowledge and address the chal-
lenges of DED in the workplace.

Conclusions

Our study findings suggest that DED appears to negatively
alter the landscape of work productivity and economic
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capacity among the Sjogren’s Syndrome and non-Sjogren’s
dry eye patient population. Although the dry eye popu-
lation is quite heterogeneous, our meta-analyses have
demonstrated that dry eye has a bearing on absenteeism,
presenteeism, productivity impairment, and activity
impairment in non- Sjogren’s DED and Sjogren’s
Syndrome. An improved understanding of how DED
impacts work productivity will allow clinicians to counsel
patients on symptom management at work and encourage
employers to develop a tailored approach for workplace
accommodations for DED patients. Further studies using
standardized and validated questionnaires to understand
DED in the workplace are necessary to shed light on the
humanistic and economic burden of DED.

Summary table
What was known before:

e Dry eye disease (DED) is among the most common
ocular surface diseases worldwide and is often the
leading reason for patient visits to general practitioners,
emergency departments, and eye care providers.

e DED is a chronic and unremitting disease increasingly
recognized to diminish the quality of life and impair
activities of daily living, social health, and emotional
well-being.

What this study adds:

e Thirty-one studies consisting of 50,446 study partici-
pants were included in this systematic review, 19 of
which were included in the meta-analysis, to study the
association between DED and work productivity.

e Non-Sjogren’s dry eye patients experience significant
absenteeism, presenteeism, productivity and activity
impairment, and subjective difficulties in the workplace.

o Similarly, patients with Sjogren’s Syndrome demon-
strated pronounced absenteeism, presenteeism, produc-
tivity impairment, and activity impairment in their work
environments.

e Additionally, patients with Sjogren’s Syndrome dis-
played a lower employment rate, decreased number of
hours worked, and increased work disability.

e Our study findings suggest that DED is negatively
associated with work productivity and economic
capacity among patients with Sjogren’s Syndrome and
non-Sjogren’s dry eye.

e Ophthalmologists and optometrists, as well as general
practitioners, managing dry eye patients should be aware
of the potential for impaired work performance and, as

such, aim to optimize treatment of dry eye symptoms
and tailor workplace accommodations appropriately.
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