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Abstract: Ocular issues are common, burdensome, and under-researched among residents of aged
care services. This study aims to investigate the prevalence of dry eyes or use of ocular lubricants
among residents, and the possible association with systemic medications known or suspected to
cause dry eyes. A cross-sectional study of 383 residents of six aged care services in South Australia
was conducted. Data were extracted from participants’ medical histories, medication charts, and
validated assessments. The main exposure was systemic medications known to cause, contribute to,
or aggravate dry eyes. The primary outcome was documented dry eyes or regular administration of
ocular lubricants. Logistic regression was used to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) for the association between systemic medications and dry eyes/use of ocular lubricants.
Dry eyes were documented for 53 (13.8%) residents and 98 (25.6%) residents were administered
ocular lubricants. Overall, 116 (30.3%) residents had documented dry eyes/used ocular lubricants.
Of these, half (n = 58) were taking a medication known to cause, contribute to, or aggravate dry eyes.
Taking one or more medications listed as known to cause dry eyes was associated with having dry
eyes/use of ocular lubricants (OR 1.83, 95% CI 1.15–2.94). In sub-analyses, no individual medication
was associated with dry eyes/use of ocular lubricants. Dry eyes and use of ocular lubricants are
common in residential aged care. Our hypothesis generating findings suggest the need for further
research into the clinical significance of systemic medications as a possible cause of dry eyes.
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1. Introduction

Ocular issues are common, burdensome, and under-researched among residents of aged care
services (ACSs) [1,2]. Studies have reported that the prevalence of visual complications in residents of
ACSs is generally higher than older adults living in the community [3,4]. While ocular complications
can impact the life of all older adults, those with dementia and frailty are particularly vulnerable. Due
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to cognitive and functional impairment, visual dysfunction may further contribute to or exacerbate eye
conditions [2,5]. One of the issues that may lead to ocular and visual complications is dry eyes [6].

Dry eye syndrome is a complex disease of the eye characterized by the lack of a stable tear film
with symptoms that vary from a mild gritty sensation to severe discomfort that affects the daily living of
the individual, and can be accompanied with abnormality of the ocular surface [7]. Dry eye syndrome
can impact the quality of life of the individual as it causes dryness, grittiness, visual discomfort, and
ocular complications. This increases both the health and economic burden on the individual, caregivers
and society [8].

The prevalence of dry eyes is associated with age, with older people more likely to experience
dry eye symptoms [9]. It is estimated worldwide prevalence of symptomatic dry eyes in people aged
40 years and older ranges from 20 to 50% [9]. Other risk factors include hazardous environments,
inflammatory and other systemic conditions, ophthalmic surgery, and medication use [10]. Medication
classes such as antihistamines, anticholinergics, antidepressants, and anxiolytics have been reported
to be associated with dry eyes [10]. However, evidence for these associations is generally weak and
there is a lack of data on the possible association among residents of ACSs. The Tear Film and Ocular
Surface Society (TFOS) Dry Eye Workshop (DEWS) generated a list of medications that are “known
or suspected to cause, contribute, or aggravate dry eyes” [10]. The possible mechanisms by which
medications may contribute include decreasing tear production, altering tear stability leading to
increased evaporation, and inducing inflammatory changes on secretory glands [10,11].

Residents of ACSs are generally older and experience higher rates of multimorbidity and
polypharmacy than adults living in the community [12]. This may mean this population is susceptible
to dry eyes. However, there is a lack of literature in this vulnerable population, including in those
with dementia and frailty. Thus, the aim of this study was to investigate the prevalence of dry eyes in
residents of ACSs and the possible association between systemic medication use, dementia, frailty, and
dry eyes.

2. Materials and Methods

2.1. Sample and Data Source

This was a secondary analysis of cross-sectional data for 383 long-term residents of six ACSs in
South Australia in 2014. The included participants were similar to all residents of the ACSs from which
they were sampled in terms of age (87.5 years (standard deviation [SD] 6.2) vs. 87.3 years (SD 6.4),
p = 0.66), sex (77.5% female vs. 78.5% female, p = 0.90), and dementia diagnosis (44.1% vs. 46.8%,
p = 0.72). Collection of data was performed by three experienced and trained study nurses. A detailed
description of the study design has been published previously [13]. In short, medical diagnoses were
extracted from medical histories of all participants and information on medications were extracted
from participants’ medication charts. Other clinical data were obtained using validated scales suitable
for use among people with and without dementia.

2.2. Medication Exposure

The main exposure was systemic medications listed as being suspected or known to cause,
contribute to or aggravate dry eyes. This list was outlined in the TFOS DEWS II iatrogenic report.
The report includes 118 suspected medications of which 40 were considered as being known to be
associated with dry eyes. A detailed list is reported in Table S1. All medications charted as regular or
as-required were included and were categorized using the Anatomical Therapeutic Chemical (ATC)
classification system [14].

2.3. Outcome

The primary outcome was a diagnosis of dry eyes recorded in the medical record or the regular
administration of lubricating eye drops/ointments (ATC codes: S01XA20 and S01KA02) at least daily
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within the previous week. Regular administration of lubricating eye drops/ointments was investigated
in addition to documented dry eyes to account for possible under-documentation of dry eyes in the
medical record. Eye drops/ointments could be either administered by ACS staff or self-administered
by the resident. However, most residents of Australian ACSs do not self-administer medications and
administration is typically performed by registered nurses, enrolled nurses, or personal care assistants.

2.4. Covariates

Covariates included age, sex, history of ophthalmic conditions, the Charlson comorbidity index
(CCI), systemic conditions associated with dry eyes, dementia severity, and frailty. The Charlson
comorbidity index was used as a measure of comorbidity and disease severity. It is a method of
weighting comorbidities to give a single comorbidity score for each individual based on their relative
risk of mortality [15]. Presence or history of an ophthalmic condition can influence the prevalence of
dry eyes [16,17]. Ophthalmic conditions included presence or history of glaucoma, use of glaucoma eye
drops, cataracts, macular degeneration, and other ophthalmic conditions, including surgery. Systemic
conditions that are reported or suspected to cause or worsen dry eyes included Sjögren’s syndrome,
diabetes, arthritis, osteoporosis, asthma, Parkinson disease, and thyroid/hormonal dysfunction [9,18].
The Dementia Severity Rating Scale (DSRS) was used to measure dementia severity in all residents
both with and without a documented dementia diagnosis. A DSRS score of >18 is considered moderate
to severe severity [19]. The FRAIL-NH screening tool was used to assess frailty [20]. The scale was
constructed using clinical data and includes seven items: fatigue, resistance, ambulation, incontinence,
loss of weight, nutrition, and dressing.

2.5. Statistical Analysis

Descriptive statistics were used to compare participants’ baseline characteristics according to
documentation of dry eyes or administration of ocular lubricants. Binary logistic regression was used
to estimate odd ratios (ORs) and 95% confidence intervals (CIs) for the association between systemic
medications known or suspected to cause dry eyes, dementia and frailty with documented dry eyes
or use of ocular lubricants. Model 1 was adjusted for age and sex, while Model 2 was additionally
adjusted for history of ophthalmic conditions, CCI, number of systemic conditions, dementia severity,
frailty, and medication exposure where appropriate. The use of glaucoma drops was excluded from the
analysis to avoid potential multicollinearity with glaucoma diagnosis. Two sets of sub-analyses were
also performed. Firstly, each of the main medication classes listed as being known to cause, contribute
to, or aggravate dry eyes were investigated for their association with dry eyes or administration of
ocular lubricants. Secondly, the main analyses were repeated when the primary outcome was limited
to those residents who had a diagnosis of dry eyes documented in the medical record. All analyses
were performed in SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA).

2.6. Ethical Approval

Ethical approval was obtained by The Royal Australian College of General Practitioners National
Research and Evaluation Ethics Committee and the Monash University Health Research Ethics
Committee. Written informed consent was obtained from all participants prior to inclusion. Where
residents were unable to provide informed consent, this was obtained from a guardian, next of kin, or
significant other.

3. Results

A total of 383 participants were included in this study. Dry eyes was present in 30.3% (n = 116) of
residents; this included 53 residents with a documented diagnosis of dry eyes in the medical record,
and 98 residents regularly administered lubricating eye drops/ointments. Of those with dry eyes or
using ocular lubricants, 78.5% (n = 91) were aged 85 years or older and the same proportion were
female (Table 1). Those with dry eyes or using ocular lubricants had moderate frailty (mean (SD)
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FRAIL-NH 5.10 [4.4]), and 43% (n = 49) had moderate-to-severe dementia severity. All residents with
dry eyes or using ocular lubricants (n = 116) were taking one or more medications listed by the TFOS
as being suspected to cause, contribute to, or aggravate dry eyes. The most commonly used of these
medications were vitamins (78%), atenolol (16%) and mirtazapine (13%). Half (n = 58) of the residents
with dry eyes or using ocular lubricants took one or more medications listed as being known to cause,
contribute to, or aggravate dry eyes. The most commonly used of these medications were aspirin (34%),
diazepam (4%), and propranolol (2%). There were no statistically significant associations between any
individual class of medication and dry eyes or using ocular lubricants.

Table 1. Baseline characteristics of participants with and without dry eyes.

Characteristic Dry Eyes No Dry Eyes Total

Total 116 (30.3 %) 267 (69.7 %) 383 (100 %)

Age, mean (SD) 88.32 (6.3) 87.19 (6.1) 87.53 (6.2)

84 or younger 25 (21.6 %) 83 (31.1 %) 108 (28.2 %)

85–90 44 (37.9 %) 105 (39.3 %) 149 (38.9 %)

Older than 90 47 (40.5 %) 79 (29.6 %) 126 (32.9 %)

Female 91 (78.5 %) 206 (77.2 %) 297 (77.6 %)

Ophthalmic conditions 72 (62.1 %) 152 (56.9 %) 224 (58.5 %)

Glaucoma 16 (13.8 %) 32 (12.0 %) 48 (12.5 %)

Glaucoma eye drops use 14 (12.1 %) 28 (10.5 %) 42 (11 %)

Macular degeneration 16 (13.8 %) 43 (16.1 %) 59 (15.4 %)

Cataracts 45 (38.8 %) 91 (34.1 %) 136 (35.5 %)

IOL 18 (15.5 %) 24 (9.0 %) 43 (11.0 %)

Impaired vision 24 (20.7 %) 45 (16.9 %) 69 (18.02 %)

Other conditions 15 (12.9 %) 20 (7.5 %) 35 (9.1 %)

Dry eye-related systemic diseases, mean (SD) 2.07 (0.91) 2.00 (0.99) 2.02 (0.97)

Diabetes 30 (25.9 %) 59 (22.1 %) 89 (23.2 %)

Arthritis 97 (83.6 %) 214 (80.2 %) 311 (81.2 %)

Parkinson’s disease 4 (3.5 %) 15 (5.6 %) 19 (5.0 %)

Thyroid 18 (15.6 %) 52 (19.5 %) 70 (18.3 %)

Asthma 19 (16.4 %) 36 (13.5 %) 55 (14.4 %)

Osteoporosis / fracture 58 (50.00 %) 131 (49.1%) 189 (49.4 %)

Gout 14 (12.1 %) 27 (10.1 %) 41 (10.7 %)

CCI, mean (SD) 2.65 (1.62) 2.42 (1.84) 2.49 (1.78)

FRAIL-NH, mean (SD) 5.10 (4.4) 4.5 (3.9) 4.7 (4.05)

DSRS > 18 49 (43.0 %) 124 (46.6 %) 173 (45.5 %)

Dry Eye-Related Systemic Medications

Suspected Medications a

0–1 21 (18.1 %) 70 (26.2 %) 91 (23.8 %)

2–3 62 (55.9 %) 140 (55.3 %) 202 (55.5 %)

4 or more 33 (29.7 %) 57 (22.5 %) 90 (24.7 %)

Known Medications b

0 58 (50.0 %) 170 (63.4 %) 228 (59.5 %)

1 51 (44.0 %) 86 (32.2 %) 137 (35.8 %)

2–3 7 (6.0 %) 11 (4.1 %) 18 (4.7 %)

SD, standard deviation; IOL, intraocular implant; CCI, Charlson comorbidity index; and DSRS, Dementia Severity
Rating Scale; a. Suspected medications include those that have probable or possible relationship to dry eye symptoms;
b. Known medications include those that have been determined to cause dry eye symptoms by withdrawal and
rechallenge tests.

Table 2 shows the age and sex-adjusted and fully-adjusted odds ratios for having dry eyes or
using ocular lubricants. In the second, fully adjusted model, compared to non-users, taking one or



Int. J. Environ. Res. Public Health 2020, 17, 5349 5 of 9

more medications listed as being known to cause, contribute to, or aggravate dry eyes was associated
with having dry eyes or using ocular lubricants (OR = 1.83 (95%CI 1.15 to 2.94), p = 0.01). Similarly,
frailty was associated with dry eyes or using ocular lubricants (OR = 1.11 (95 CI 1.02 to 1.19), p = 0.01).
Dementia was inversely associated with dry eyes or ocular lubricants use (OR = 0.47 (95%CI 0.25 to
0.88), p = 0.02).

Table 2. Odds ratios and 95% confidence intervals for the association between systemic medications,
dementia, and dry eyes.

Variable Model 1 a Model 2 b

Suspected medications OR (95% CI) p-value OR (95% CI) p-value

Number of medications

1 or more 1.28 (0.44, 3.67) 0.65 1.43 (0.47, 4.33) 0.53

0–1 1.00 (reference) 1.00 (reference)

2–3 1.46 (0.82, 2.60) 0.20 1.45 (0.80, 2.62) 0.22

4 or more 1.97 (1.02, 3.81) 0.04 1.84 (0.93, 3.66) 0.08

Known medications OR (95% CI) p-value OR (95% CI) p-value

1 or more 1.78 (1.13, 2.80) 0.01 1.83 (1.15, 2.94) 0.01

0 1.00 (reference) 1.00 (reference)

1 1.76 (1.11, 2.82) 0.02 1.90 (1.16, 3.08) 0.01

2–3 1.92 (0.70, 5.28) 0.21 1.43 (0.48, 4.25) 0.52

DSRS >18 c 0.85 (0.54, 1.36) 0.47 0.47 (0.25, 0.88) 0.02

FRAIL-NH score c 1.03 (0.98, 1.09) 0.25 1.11 (1.02, 1.19) 0.01

OR, odds ratio; CI, confidence interval; NSAIDs, non-steroidal anti-inflammatory drugs; and DSRS, Dementia
Severity Rating Scale; a. Adjusted for age and sex; b. Adjusted for age, sex, ophthalmic conditions, dry eye-related
systemic conditions, Charlson comorbidity index, DSRS, and FRAIL-NH; c. The DSRS and FRAIL-NH Model 2 was
additionally adjusted for 1 or more known dry eye-related medications.

When the analyses was limited to having documented dry eyes only, taking one or more
medications listed as being known to cause, contribute to, or aggravate dry eyes remained significantly
associated with having documented dry eyes (OR = 2.51 (95%CI 1.33 to 4.73), p < 0.01) (Table S2).
However, frailty and dementia severity were no longer associated with documented dry eyes.

4. Discussion

To our knowledge, this is the first study to specifically investigate the prevalence of dry eyes and
use of ocular lubricants among residents of ACSs. Our study found that a third of residents had either
dry eyes or use of ocular lubricants. The use of one or more medications listed as being known to
cause, contribute to, or aggravate dry eyes was associated with higher odds of documented dry eyes or
use of ocular lubricants. Residents with greater frailty had higher odds of dry eyes or use of ocular
lubricants while those with greater dementia severity had lower odds.

Few studies have investigated the prevalence of dry eyes in the ACS setting. An earlier study by
Handelman et al. investigated the association between hyposalivatory medications, dry mouth, and
salivary flow [21]. Their study reported a 30% prevalence of perceived eye dryness in residents of
ACSs who took medications known to cause hyposalivation [21]. Previous studies have investigated
the prevalence of dry eyes in the general older population. A review of eight studies of people aged
60 years and older found the prevalence of dry eyes ranged from 10.7% to 73.5% [9]. In those 80 years
and older, a study by Schaumberg et al. reported dry eye prevalence to be around 7.7% [22]. Another
study conducted in France found 21.9% of older adults, with a mean age of 80 years, had definite dry
eyes [23]. The prevalence of dry eyes in our study appears to be higher than the aforementioned two
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studies. This could be because of differences in the definition of dry eyes and our sample being of
older age and having higher rates of multimorbidity. Environmental factors, such as being confined to
an indoor artificial climate, and dehydration may have also contributed [9].

Our study found that residents who used one or more medications listed as being known to cause,
contribute to, or aggravate dry eyes were at 83% higher odds of having documented dry eyes or use
of ocular lubricants compared to non-users. This remained significant after performing sensitivity
analyses to restrict our definition of dry eyes to a documented diagnosis in the medical records. While
it is possible that underlying comorbidities were responsible for dry eyes, with systemic medications
acting as a proxy, we adjusted for a range of specific dry-eye related systemic diseases and CCI in
our analyses. Possible mechanisms by which systemic medications may exert dry eye symptoms are
complex [10]. Plausible mechanisms include their effect on meibomian glands and conjunctival goblet
cells [24]. These structures can be affected by medication via alteration of neurological innervation;
additionally, since these areas are highly vascularized tissues, some medications can access them and
hence exhibit a direct effect (24). Muscarinic receptors are found on the corneal and conjunctival
cells and thought to have a proliferative effect [25], and cholinergic activation of the G-protein
coupled muscarinic receptor leads to tear secretion by the lacrimal gland [10,26]. Medications with
anticholinergic properties such as antidepressants, antihistamines, and anti-Parkinson’s may thus
affect tear production [10].

The most prevalent medication listed as being known to cause, contribute to, or aggravate dry eyes
was aspirin. Previous research on the possible association between aspirin and dry eyes is inconsistent
with some studies showing a link with dry eyes [27], and others showing users of aspirin were less
likely to have dry eyes [28]. It has been suggested that aspirin and ibuprofen can be secreted in tears
and therefore may play a role in tear instability [10]. This may lead to irritation or can increase tear
evaporation [10]. While these medications rarely cause ocular problems at routinely prescribed doses,
it is possible that ocular problems may become clinically significant at higher doses [29]. However,
residents in our study predominately used low-dose aspirin for cardioprotection and sub-analyses
identified no association between aspirin use and dry eyes or use of ocular lubricants. Other commonly
used medications listed as being known to cause, contribute to, or aggravate dry eyes were propranolol
and diazepam, possibly explained by decreased lacrimation [29].

While all residents with dry eyes were taking a medication suspected of causing dry eyes, this
was largely driven by vitamin use. The association between vitamin use and dry eyes is inconsistent
in the literature. Large epidemiological studies have found associations between multivitamin use
and dry eyes [30,31], while others have found no significant effect. As vitamins have not been clearly
defined in previous studies, we kept our definition of vitamins deliberately broad, encompassing
all those listed under ATC code A11. This included not only multivitamin combinations, but also
vitamin D preparations which accounted for the majority of vitamin use in our study population [32].
Vitamin D supplementation has been found to improve dry eye symptoms including tear quality
and ocular surface conditions [33], particularly in those with low vitamin D levels and who have
symptoms refractory to conventional treatment [34]. Further research should thus investigate the
temporal association between vitamin use and dry eyes in longitudinal studies.

Increasing frailty levels were found to be associated with higher odds of having documented
dry eyes or use of ocular lubricants. This likely reflects functional impairment and an increased
risk for adverse health outcomes [35]. While the association between dry eyes and frailty has been
understudied, a few previous studies have found an association between vision impairment and
frailty [36,37]. For example, a longitudinal study of 2836 English community-dwellers aged ≥60 years
found that non-frail older adults who experience poor vision had a two-fold increased risk of becoming
prefrail or frail over four years of follow-up [37]. Dry eyes may be particularly important in frail older
adults as, if left untreated, this may lead to visual complications in this vulnerable population [6,23].

In our study, residents with moderate to severe dementia severity were found to be less likely to
have dry eyes or use ocular lubricants (OR = 0.47). This may be because people with dementia are less
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likely to report subjective symptoms of dry eye; hence, they are less likely to be diagnosed with dry eyes
and in turn less likely to receive regular lubricating eye drops or ointments. A previous study reported
that visual problems were underreported in residents with dementia, which could be attributed to
under-recognition linked to residents with cognitive impairment not describing or expressing their
symptoms in the same manner as residents without cognitive impairment [38]. This highlights the
importance of ongoing ophthalmic and visual care by an appropriate eye care professional for this
vulnerable population [2]. Despite these findings, frailty and dementia severity were not found to
be significantly associated with dry eyes when limiting the definition to a recorded diagnosis in the
medical record.

Our study has some limitations. Firstly, our definition of dry eyes was not based on whether or
not residents actually experienced dry eyes on the day of assessment. Second, people with dry eyes
may not have had this documented in the medical records. Conversely, residents charted lubricating
eye drops/ointments may not have been currently experiencing dry eyes. We attempted to overcome
this limitation by performing a sub-analysis in those with a documented diagnosis in the medical
records. Third, we did not investigate the dose and duration of medications known or suspected to
cause, contribute to, or aggravate dry eyes into account. This could influence the findings as those
who are on higher doses or have taken exposure medications for a longer duration may have higher
risk of dry eyes. Additionally, as we did not know the date of initiation of exposure medications, it
was not possible to assess causality using an incident–user design. Fourth, this study did not use any
subjective or objective clinical tests; rather, it relied on the documentation of a dry eye diagnosis or the
regular administration of ocular lubricants. As a result, we could not determine if all participants with
dry eyes were true cases of dry eye disease. Additionally, we were not able to assess severity of dry
eyes, either through direct clinical assessment or through frequency of eye drop administration. Fifth,
we did not consider other factors that can influence dry eyes such as environment and genetics in our
analysis. Finally, given the cross-sectional study design, it is not possible to determine causality.

To the best of our knowledge this is the first study to specifically investigate the prevalence of dry
eyes in residents of ACSs. Our findings are largely hypothesis generating but could positively impact
current practice in several ways. First, our findings highlight the need for larger epidemiological
studies to investigate the prevalence of dry eyes in ACSs and assess the possibility of a dose-response
relationship between medication use and dry eyes. Second, our findings suggest the possible need to
consider dry eyes when prescribing medications that are known to cause, contribute to, or aggravate
this condition. In addition, a thorough eye examination of all residents in ACSs should be performed
by general medical practitioners, optometrists, or ophthalmologists to identify and manage dry eyes in
at-risk residents. Our findings suggest that this should include an assessment of medications that are
known or suspected to cause dry eyes.

5. Conclusions

This study found that 30% of ACS residents have dry eyes or use ocular lubricants. While
medications and frailty status may increase the risk of dry eyes, dementia severity was inversely
associated. Larger studies are needed to confirm the possible association between specific medications
and dry eyes in the residential aged care setting.
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Table S1: Medications suspected or known to cause, contribute or aggravate dry eyes, Table S2: Odds ratios
and 95% confidence intervals for the association between systemic medications, dementia and dry eye disease
diagnosis documented in medical record.

Author Contributions: Conceptualization, M.A., C.K., J.S.B., and E.C.K.T.; data curation, J.S.B., T.C., L.R., and
E.C.K.T.; formal analysis, M.A., C.K., and E.C.K.T.; funding acquisition, J.S.B. and E.C.K.T.; investigation, M.A.,
J.S.B., and E.C.K.T.; methodology, J.S.B. and E.C.K.T.; project administration, T.C., L.R., and E.C.K.T.; supervision,
E.C.K.T.; writing—original draft, M.A. and E.C.K.T.; and writing—review & editing, M.A., C.K., J.S.B., T.C., L.R.,
and E.C.K.T. All authors have read and agreed to the published version of the manuscript.

http://www.mdpi.com/1660-4601/17/15/5349/s1


Int. J. Environ. Res. Public Health 2020, 17, 5349 8 of 9

Funding: The study was funded by the Alzheimer’s Australia Dementia Research Foundation via the Resthaven
Incorporated Dementia Research Award, with additional funding provided by Resthaven Incorporated. ECKT is
supported by a NHMRC-ARC Dementia Research Development Fellowship. J.S.B. is supported by a NHMRC
Dementia Leadership Fellowship. MA was supported by a Monash Institute of Pharmaceutical Sciences Summer
Research Scholarship.

Acknowledgments: The authors thank the Resthaven residents and staff for their participation.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Thibault, L.; Kergoat, M. Eye care services for older institutionalised individuals affected by cognitive and
visual deficits: A systematic review. Ophthalmic Physiol. Opt. 2016, 36, 566–583. [CrossRef] [PubMed]

2. Chriqui, E.; Law, C.; Kergoat, M.; Leclerc, B.; Kergoat, H. Visual impairment in older institutionalised
Canadian seniors with dementia. Ophthalmic Physiol. Opt. 2017, 37, 225–233. [CrossRef] [PubMed]

3. Eichenbaum, J.W.; Burton, W.B.; Eichenbaum, G.; Mulvihill, M. The prevalence of eye disease in nursing
home and non-nursing home geriatric populations. Arch. Gerontol. Geriatr. 1999, 28, 191–204. [CrossRef]

4. Owsley, C.; McGwin, G.; Scilley, K.; Meek, G.C.; Dyer, A.; Seker, D. The Visual Status of Older Persons
Residing in Nursing Homes. Arch. Ophthalmol. 2007, 125, 925. [CrossRef] [PubMed]

5. Guthrie, D.M.; Davidson, J.G.S.; Williams, N.; Campos, J.; Hunter, K.; Mick, P.; Orange, J.B.; Pichora-Fuller, M.K.;
Phillips, N.A.; Savundranayagam, M.Y.; et al. Combined impairments in vision, hearing and cognition are
associated with greater levels of functional and communication difficulties than cognitive impairment alone:
Analysis of interRAI data for home care and long-term care recipients in Ontario. PLoS ONE 2018, 13, e0192971.
[CrossRef]

6. Ding, J.; Sullivan, D.A. Aging and dry eye disease. Exp. Gerontol. 2012, 47, 483–490. [CrossRef]
7. Tsubota, K.; Yokoi, N.; Shimazaki, J.; Watanabe, H.; Dogru, M.; Yamada, M.; Kinoshita, S.; Kim, H.-M.;

Tchah, H.-W.; Hyon, J.Y.; et al. New Perspectives on Dry Eye Definition and Diagnosis: A Consensus Report
by the Asia Dry Eye Society. Ocul. Surf. 2017, 15, 65–76. [CrossRef]

8. McDonald, M.; Patel, D.A.; Keith, M.S.; Snedecor, S.J. Economic and Humanistic Burden of Dry Eye Disease in
Europe, North America, and Asia: A Systematic Literature Review. Ocul. Surf. 2016, 14, 144–167. [CrossRef]

9. Stapleton, F.; Alves, M.; Bunya, V.Y.; Jalbert, I.; Lekhanont, K.; Malet, F.; Na, K.-S.; Schaumberg, D.; Uchino, M.;
Vehof, J.; et al. TFOS DEWS II Epidemiology Report. Ocul. Surf. 2017, 15, 334–365. [CrossRef]

10. Gomes, J.A.; Azar, D.T.; Baudouin, C.; Efron, N.; Hirayama, M.; Horwath-Winter, J.; Kim, T.; Mehta, J.S.;
Messmer, E.M.; Pepose, J.S.; et al. TFOS DEWS II iatrogenic report. Ocul. Surf. 2017, 15, 511–538. [CrossRef]

11. Fraunfelder, F.T.; Sciubba, J.J.; Mathers, W.D. The Role of Medications in Causing Dry Eye. J. Ophthalmol.
2012, 2012, 1–8. [CrossRef] [PubMed]

12. Jokanovic, N.; Tan, E.; Dooley, M.J.; Kirkpatrick, C.; Bell, J.S. Prevalence and Factors Associated With
Polypharmacy in Long-Term Care Facilities: A Systematic Review. J. Am. Med Dir. Assoc. 2015, 16, 535.e1–535.e12.
[CrossRef] [PubMed]

13. Tan, E.; Visvanathan, R.; Hilmer, S.N.; Vitry, A.; Quirke, T.; Emery, T.; Robson, L.; Shortt, T.; Sheldrick, S.;
Lee, S.; et al. Analgesic use, pain and daytime sedation in people with and without dementia in aged care
facilities: A cross-sectional, multisite, epidemiological study protocol. BMJ Open 2014, 4, e005757. [CrossRef]
[PubMed]

14. WHO Collaborating Centre for Drug Statistics Methodology. Guidelines for ATC Classification and DDD
Assignment; WHO Collaborating Centre for Drug Statistics Methodology: Oslo, Norway, 2017.

15. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C. A new method of classifying prognostic comorbidity
in longitudinal studies: Development and validation. J. Chronic Dis. 1987, 40, 373–383. [CrossRef]

16. Kasetsuwan, N.; Satitpitakul, V.; Changul, T.; Jariyakosol, S. Incidence and Pattern of Dry Eye after Cataract
Surgery. PLoS ONE 2013, 8, e78657. [CrossRef] [PubMed]

17. Rouen, P.A.; White, M.L. Dry eye disease: Prevalence, assessment, and management. Home Healthc. Now
2018, 36, 74–83. [CrossRef]

18. Bron, A.J.; Tomlinson, A.; Foulks, G.N.; Pepose, J.S.; Baudouin, C.; Geerling, G.; Nichols, K.K.; Lemp, M.A.
Rethinking Dry Eye Disease: A Perspective on Clinical Implications. Ocul. Surf. 2014, 12, S1–S31. [CrossRef]

http://dx.doi.org/10.1111/opo.12311
http://www.ncbi.nlm.nih.gov/pubmed/27580756
http://dx.doi.org/10.1111/opo.12358
http://www.ncbi.nlm.nih.gov/pubmed/28211177
http://dx.doi.org/10.1016/S0167-4943(99)00009-6
http://dx.doi.org/10.1001/archopht.125.7.925
http://www.ncbi.nlm.nih.gov/pubmed/17620572
http://dx.doi.org/10.1371/journal.pone.0192971
http://dx.doi.org/10.1016/j.exger.2012.03.020
http://dx.doi.org/10.1016/j.jtos.2016.09.003
http://dx.doi.org/10.1016/j.jtos.2015.11.002
http://dx.doi.org/10.1016/j.jtos.2017.05.003
http://dx.doi.org/10.1016/j.jtos.2017.05.004
http://dx.doi.org/10.1155/2012/285851
http://www.ncbi.nlm.nih.gov/pubmed/23050121
http://dx.doi.org/10.1016/j.jamda.2015.03.003
http://www.ncbi.nlm.nih.gov/pubmed/25869992
http://dx.doi.org/10.1136/bmjopen-2014-005757
http://www.ncbi.nlm.nih.gov/pubmed/24948752
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.1371/journal.pone.0078657
http://www.ncbi.nlm.nih.gov/pubmed/24265705
http://dx.doi.org/10.1097/NHH.0000000000000652
http://dx.doi.org/10.1016/j.jtos.2014.02.002


Int. J. Environ. Res. Public Health 2020, 17, 5349 9 of 9

19. Clark, C.M.; Ewbank, D.C. Performance of the Dementia Severity Rating Scale: A Caregiver Questionnaire
for Rating Severity in Alzheimer Disease. Alzheimer Dis. Assoc. Disord. 1996, 10, 31–39. [CrossRef]

20. Kaehr, E.; Visvanathan, R.; Malmstrom, T.K.; E Morley, J. Frailty in Nursing Homes: The FRAIL-NH Scale.
J. Am. Med. Dir. Assoc. 2015, 16, 87–89. [CrossRef]

21. Handelman, S.L.; Baric, J.M.; Saunders, R.H.; Espeland, M.A. Hyposalivatory drug use, whole stimulated
salivary flow, and mouth dryness in older, long-term care residents. Spéc. Care Dent. 1989, 9, 12–18. [CrossRef]

22. Schaumberg, D.A.; Dana, R.; Buring, J.E.; Sullivan, D.A. Prevalence of Dry Eye Disease Among US Men.
Arch. Ophthalmol. 2009, 127, 763. [CrossRef]

23. Malet, F.; Le Goff, M.; Colin, J.; Schweitzer, C.; Delyfer, M.-N.; Korobelnik, J.-F.; Rougier, M.-B.; Radeau, T.;
Dartigues, J.-F.; Delcourt, C. Dry eye disease in French elderly subjects: The Alienor Study. Acta Ophthalmol.
2013, 92, e429–e436. [CrossRef] [PubMed]

24. Wong, J.; Lan, W.; Ong, L.M.; Tong, L. Non-hormonal systemic medications and dry eye Ocular Surface.
Ocul Surf. 2011, 9, 212–226. [CrossRef]

25. Liu, S.; Li, J.; Tan, D.T.H.; Beuerman, R.W. Expression and Function of Muscarinic Receptor Subtypes on
Human Cornea and Conjunctiva. Investig. Opthalmol. Vis. Sci. 2007, 48, 2987–2996. [CrossRef] [PubMed]

26. Mitchelson, F. Muscarinic Receptor Agonists and Antagonists: Effects on Ocular Function. Handb. Exp.
Pharmacol. 2011, 208, 263–298. [CrossRef]

27. Smidt, D.; Torpet, L.A.; Nauntofte, B.; Heegaard, K.M.; Pedersen, A.M.L. Associations between oral and
ocular dryness, labial and whole salivary flow rates, systemic diseases and medications in a sample of older
people. Community Dent. Oral Epidemiol. 2010, 39, 276–288. [CrossRef]

28. Tong, L.; Wong, T.Y. Aspirin and dry eye? Ophthalmology 2009, 116, 167. [CrossRef]
29. Fraunfelder, F.T.; Fraunfelder, F.W.; Chambers, W.A. Drug-induced Ocular Side Effects: Clinical Ocular

Toxicology E-Book; Elsevier Health Sciences. 2014. Available online: https://www.elsevier.com/books/drug-
induced-ocular-side-effects/fraunfelder/978-0-323-31984-3 (accessed on 24 July 2020).

30. Paulsen, A.J.; Cruickshanks, K.J.; Fischer, M.E.; Huang, G.-H.; Klein, B.E.K.; Klein, R.; Dalton, D.S. Dry eye in
the beaver dam offspring study: Prevalence, risk factors, and health-related quality of life. Am. J. Ophthalmol.
2014, 157, 799–806. [CrossRef]

31. Moss, S.E.; Klein, A.P. Prevalence of and Risk Factors for Dry Eye Syndrome. Arch. Ophthalmol. 2000, 118,
1264. [CrossRef]

32. Stasinopoulos, J.; Jokanovic, N.; Tan, E.; Emery, T.; Robson, L.; Visvanathan, R.; Pitkälä, K.; Bell, J.S. Do
Clinicians Recommend Multivitamin and Mineral Supplements to Long-Term Care Residents According to
Nutritional Status? J. Am. Med. Dir. Assoc. 2016, 17, 563–565. [CrossRef]

33. Yang, C.-H.; Albietz, J.; Harkin, D.G.; Kimlin, M.G.; Schmid, K.L. Impact of oral vitamin D supplementation
on the ocular surface in people with dry eye and/or low serum vitamin D. Contact Lens Anterior Eye 2017, 41,
69–76. [CrossRef] [PubMed]

34. Bae, S.H.; Shin, Y.J.; Kim, H.K.; Hyon, J.Y.; Wee, W.R.; Park, S.G. Vitamin D Supplementation for Patients with
Dry Eye Syndrome Refractory to Conventional Treatment. Sci. Rep. 2016, 6, 33083. [CrossRef] [PubMed]

35. E Morley, J.; Vellas, B.; Van Kan, G.A.; Anker, S.D.; Bauer, J.M.; Bernabei, R.; Cesari, M.; Chumlea, W.;
Doehner, W.; Evans, J.; et al. Frailty consensus: A call to action. J. Am. Med. Dir. Assoc. 2013, 14, 392–397.
[CrossRef] [PubMed]

36. Klein, B.E.K.; Klein, R.; Knudtson, M.D.; E Lee, K. Relationship of measures of frailty to visual function: The
Beaver Dam Eye Study. Trans. Am. Ophthalmol. Soc. 2003, 101, 191–199. [PubMed]

37. Liljas, A.E.M.; A Carvalho, L.; Papachristou, E.; De Oliveira, C.; Wannamethee, S.G.; Ramsay, S.E.; Walters, K.
Self-reported vision impairment and incident prefrailty and frailty in English community-dwelling older
adults: Findings from a 4-year follow-up study. J. Epidemiol. Community Health 2017, 71, 1053–1058. [CrossRef]
[PubMed]

38. Koch, J.M.; Datta, G.; Makhdoom, S.; Grossberg, G.T. Unmet visual needs of Alzheimer’s disease patients in
long-term care facilities. J. Am. Med. Dir. Assoc. 2005, 6, 233–237. [CrossRef] [PubMed]

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1097/00002093-199603000-00006
http://dx.doi.org/10.1016/j.jamda.2014.12.002
http://dx.doi.org/10.1111/j.1754-4505.1989.tb01013.x
http://dx.doi.org/10.1001/archophthalmol.2009.103
http://dx.doi.org/10.1111/aos.12174
http://www.ncbi.nlm.nih.gov/pubmed/23742664
http://dx.doi.org/10.1016/S1542-0124(11)70034-9
http://dx.doi.org/10.1167/iovs.06-0880
http://www.ncbi.nlm.nih.gov/pubmed/17591863
http://dx.doi.org/10.1007/978-3-642-23274-9_12
http://dx.doi.org/10.1111/j.1600-0528.2010.00588.x
http://dx.doi.org/10.1016/j.ophtha.2008.07.001
https://www.elsevier.com/books/drug-induced-ocular-side-effects/fraunfelder/978-0-323-31984-3
https://www.elsevier.com/books/drug-induced-ocular-side-effects/fraunfelder/978-0-323-31984-3
http://dx.doi.org/10.1016/j.ajo.2013.12.023
http://dx.doi.org/10.1001/archopht.118.9.1264
http://dx.doi.org/10.1016/j.jamda.2016.04.004
http://dx.doi.org/10.1016/j.clae.2017.09.007
http://www.ncbi.nlm.nih.gov/pubmed/28919183
http://dx.doi.org/10.1038/srep33083
http://www.ncbi.nlm.nih.gov/pubmed/27698364
http://dx.doi.org/10.1016/j.jamda.2013.03.022
http://www.ncbi.nlm.nih.gov/pubmed/23764209
http://www.ncbi.nlm.nih.gov/pubmed/14971577
http://dx.doi.org/10.1136/jech-2017-209207
http://www.ncbi.nlm.nih.gov/pubmed/28798152
http://dx.doi.org/10.1016/j.jamda.2005.04.001
http://www.ncbi.nlm.nih.gov/pubmed/16005408
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Sample and Data Source 
	Medication Exposure 
	Outcome 
	Covariates 
	Statistical Analysis 
	Ethical Approval 

	Results 
	Discussion 
	Conclusions 
	References

