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Abstract

Objective

Osteoporosis is a multifactorial disease associated with inflammation and hormone imbal-
ance. It is noteworthy that dry eye syndrome shares a similar pathophysiology with osteopo-
rosis. Both diseases are more prevalent among the elderly and females. Dry eye syndrome
can result in impaired vision, which increases the risk of fall and fracture when osteoporosis
exists. In this study, we investigated whether osteoporosis is associated with an increased
risk of developing dry eye syndrome.

Methods

Claims data from the National Health Insurance Research Database (NHIRD) of Taiwan
were used to conduct a retrospective population-based cohort study covering the period
from January 1, 2000, to December 31, 2011. Multiple logistic regression was used to deter-
mine whether osteoporosis is an independent factor in the risk of developing dry eye syn-
drome, with risk estimates presented in the form of odds ratios (ORs).

Results

The exclusion of patients with specific autoimmune diseases and those younger than 50
years old resulted in 42,365 patients in the osteoporosis group and 147,460 patients in the
comparison group during the study period. The number of patients newly diagnosed with dry
eye syndrome was 6,478 (15.29%) in the osteoporosis group and 15,396 (10.44%) in the
comparison group. The crude OR of patients with osteoporosis developing dry eye syn-
drome was 1.55 and the 95% confidence interval (95% CI) was 1.50—-1.60. After adjusting
for patients’ age, sex, and underlying comorbidities, the adjusted OR was 1.26 and the 95%
Cl was 1.22—1.30. Subgroup analysis revealed this association in each age group and
among females but not among males.
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Conclusions

Our results demonstrate that osteoporosis is a risk factor for the subsequent development
of dry eye syndrome. Clinicians should be aware of the early symptoms of dry eye syndrome
in osteoporotic patients in order to prevent further complications.

Introduction

Dry eye syndrome refers to aqueous underproduction or over-evaporation decreasing the
lubrication of ocular surfaces, which can result in superficial punctate keratopathy, corneal fil-
aments, conjunctival scarring, or even corneal melting. Patients with dry eye syndrome experi-
ence ocular discomfort, visual disturbance, and pain. This has been shown to reduce the
quality of life, impair physical functioning, and retard work performance [1]. The reported
prevalence of dry eye syndrome varies from 4.87% to 33.7%, depending on which population
being studied and which study being cited [2, 3]. In the United States, the cost of dry eye syn-
drome on society has been estimated at US$55.4 billion [4]. Multiple factors have been impli-
cated in dry eye syndrome, including ocular inflammation, systemic disease, medical or
surgical history, medication, lifestyle, and environment [5]. The sex hormones, androgen and
estrogen, have both been shown to affect lacrimal gland and meibomian gland function in the
regulation of tear film [6, 7].

Osteoporosis is a major health issue characterized by decreased bone mass, disruption of
bone microarchitecture, and increased bone fragility, all of which increase the risk of fracture.
The lifelong incidence of fracture caused by osteoporosis is approximate 40-50% in women
and 13-22% in men [8]. In patients aged 65 or older suffering from hip fracture, the mortality
rate is 3-fold higher than in the general population [9]. The economic costs of osteoporotic
fracture include surgical fees, hospitalization, rehabilitation, and indirect costs like work pro-
ductivity [10]. Osteoporosis is also considered a multifactorial disease, associated with genetic
factors, age, sex, systemic disease, and diet [11].

Preventing fractures in patients with osteoporosis is a key objective of care. Visual distur-
bance is one complication of dry eye syndrome shown to hamper the safety of patients in their
daily activities, including the risk of fall [12, 13]. It is noteworthy that osteoporosis and dry eye
syndrome share common risk factors and epidemiological characteristics. The prevalence of
both disorders is higher among females and has been shown to increase with age [14-17].
Inflammation and degeneration have been shown to underlie both diseases; however, few
studies have mentioned a correlation between the two diseases.

Our objective in this study was to determine whether patients with osteoporosis are at
greater risk of developing dry eye syndrome, and to alert active prevention of unfavorable
complications in the elderly, using a nationwide population-based database.

Materials and methods
Database and population

In 1995, the Taiwanese government launched a social health system referred to as National
Health Insurance (NHI), which serves as the single payer of medical expenses in Taiwan.
Enrollment in NHI is compulsory and currently includes 23 million people, which represents
approximately 99% of the national population. Construction of the National Health Insurance
Research Database (NHIRD) takes into account the privacy of patients and data security. In
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this study, we employed the Longitudinal Health Insurance Database (LHID) 2000, which
comprises all claims data from 1 million NHI beneficiaries selected at random in 2000. Sample
selection was overseen by the National Health Research Institute (NHRI) with the aim of
ensuring that there would be no significant differences between the sample and the overall
population of NHI beneficiaries in terms of various factors, such as gender and age. Claims
data are available from 1995 and all enrollment files are de-identified. This large nationwide
cohort provides an excellent study resource. In this work, the LHID 2000 dataset was used as
the basis to examine the period from January 1, 2000, to December 31, 2011. The coding of dis-
eases was conducted in accordance with the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM), based on ambulatory care and inpatient dis-
charge records. This study was approved by the NHRI and the Research Ethics Committee
(REC) of Taipei City Hospital (case number: TCHIRB-10701114-W). The REC waived the
requirement of written consent.

Study group and outcomes

Patients who were 50 years or older during the study period were included in the cohort. All
patients diagnosed with osteoporosis (ICD-9-CM: 733.X) after 2000 were enrolled as the study
group, and the remainder of the population was assigned to the comparison group. Patients
with missing data were excluded, as were patients with autoimmune diseases, including those
affecting connective tissue (ICD-9-CM: 710.X), namely systemic lupus erythematosus or Sjo-
gren’s syndrome, rheumatoid arthritis (ICD-9-CM: 714.X), Wegener’s granulomatosis (ICD-
9-CM: 446.4), cystic fibrosis (ICD-9-CM: 277.X), Marfan syndrome (ICD-9-CM: 759.82), and
osteogenesis imperfecta (ICD-9-CM: 756.51). The osteoporosis and comparison groups were
followed up until the occurrence of dry eye syndrome (ICD-9-CM: 375.15) or the end of the
study period. A detailed flow chart of the study is presented in Fig 1.

Pre-existing comorbidities previously associated with dry eye syndrome were categorized
as secondary dry eye, including conjunctival scarring (ICD-9-CM: 372.6X), ocular pemphigoid
(ICD-9-CM: 694.61), Steven Johnson syndrome (ICD-9-CM: 695.1X), and post-corneal trans-
plant (ICD-9-CM: V42.5). In addition, pre-existing comorbidities which were prone to
develop osteoporosis were gathered, including vitamin D deficiency (ICD-9-CM: 268.9),
Cushing’s syndrome (ICD-9-CM: 255.X), hyperthyroidism (ICD-9-CM: 252), and hyperpara-
thyroidism (ICD-9-CM: 242.X).

Statistical analysis

Descriptive analysis was used to compare the osteoporosis group and comparison group in
terms of demographic data and the incidence of dry eye syndrome during the study period.
The risk of developing dry eye syndrome was calculated as an odds ratio (OR) using logistic
regression. Multiple logistic regression was used to adjust for age, sex, and comorbidities.
Crude OR and adjusted OR were both estimated. We also conducted analysis of OR in terms
of demographic data and comorbidities. In all of the results, statistical significance was defined
as a P value of less than 0.05. Data analysis was conducted using SAS for Windows version 9.4
(SAS Institute, Cary, North Carolina, USA).

Results

The flow chart of patient selection was demonstrated in Fig 1. A total of 211,227 patients aged
50 years or older were included in this study, including 53,207 patients with diagnosis of osteo-
porosis and 158,020 patients without it. After excluding patients with autoimmune disease,
those presenting dry eye syndrome prior to the diagnosis of osteoporosis, and patients with
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Fig 1. Flow chart of patient selection.
https://doi.org/10.1371/journal.pone.0207008.g001

missing data, a total of 42,365 patients were included in the osteoporosis group and 147,460
patients were included in the comparison group.

Demographic data and clinical characteristics are listed in Table 1. The majority of the oste-
oporosis group was female (32,216 of 42,365 patients, 76.04%) but a minority in the
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Table 1. Demographic data and clinical characteristics (n = 189,825).

Variable Total Osteoporosis Non-osteoporosis P value
(n = 42,365) (n = 147,460)
n (%) n (%)
Gender <0.0001
Male 100,002 10,149 (23.96%) 89,853 (60.93%)
Female 89,823 32,216 (76.04%) 57,607 (39.07%)
Age (mean+SD) 65.66+9.96 63.10+£10.40 <0.0001
50-59 78,280 13,282 (31.35%) 64,998 (44.08%)
60-69 55,720 13,760 (32.48%) 41,960 (28.46%)
70-79 40,016 11,266 (26.59%) 28,750 (19.50%)
280 15,809 4,057 (9.58%) 11,752 (7.97%)
Comorbidity
Secondary dry eye 933 265 (0.63%) 668 (0.45%) <0.0001
Vitamin D deficiency 16 7 (0.02%) 9 (0.01%) 0.0639
Cushing’s syndrome 3,115 1,115 (2.63%) 2,000 (1.36%) <0.0001
Hyperparathyroidism 427 117 (0.28%) 310 (0.21%) 0.0116
Hyperthyroidism 6,798 2,453 (5.79%) 4,345 (2.95%) <0.0001

https://doi.org/10.1371/journal.pone.0207008.t001

comparison group (57,607 of 147,460 patients, 39.07%, P<0.0001). The mean age was

65.66 + 9.96 years in the osteoporosis group and 63.10 + 10.40 years in the comparison group
(P<0.0001). The prevalence rates of comorbidities of interest were all higher in osteoporosis
group than in comparison group. In osteoporosis group, there were 265 patients had second-
ary dry eye (0.63%, P<0.0001), 7 patients had vitamin D deficiency (0.02%, P = 0.0639), 1,115
patients had had Cushing’s syndrome (2.63%, P<0.0001), 119 patients had hyperparathyroid-
ism (0.28%, P = 0.0116), and 2,453 patients had hyperthyroidism (5.79%, P<0.0001).

During the study period, 21,874 patients were newly diagnosed with dry eye syndrome,
including 6,478 (15.29%) in the osteoporosis group and 15,396 (10.44%) in the comparison
group, as shown in Table 2. The crude OR for patients with osteoporosis to develop dry eye
syndrome was 1.55 (95% confidence interval, 95% CI, 1.50-1.60, P<0.0001). After adjustment
for patient age, sex, and underlying comorbidities, the adjusted OR was 1.26 (95% CI, 1.22—
1.30, P<0.0001).

The subgroup study, stratified by demographic data and comorbidities, was done using
multiple logistic regression, as shown in Table 3. The adjusted OR for patients with osteoporo-
sis to develop dry eye syndrome was significantly higher in the female group (adjusted OR,
1.33,95% CI, 1.28-1.38, P<0.0001) and in all age-specific subgroups (age 50-59, 1.34; age 60—
69, 1.25; age 70-79, 1.12; age 80 or more, 1.34). However, no significant difference was found

Table 2. Incidence of dry eye syndrome in osteoporosis and comparison cohort (n = 189,825).

Development of dry eye
Yes No Crude Adjusted®
n (%) n (%) OR (95%CI) P value OR (95%CI) P value
Comparison 15,396 132,064 1.00 1.00
(10.44%) (89.56%)
Osteoporosis 6,478 35,887 1.55 (1.50-1.60) <0.0001 | 1.26 (1.22-1.30) <0.0001
(15.29%) (84.71%)

’Adjusted for gender, sex, and comorbidities of interest

https://doi.org/10.1371/journal.pone.0207008.t002
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Table 3. Adjusted odds ratio of incidence of dry eye syndrome stratified by demographic data and comorbidities.

Variable

Gender
Male
Female

Age
50-59
60-69
70-79
=80

Comorbidity
Secondary dry eye
Vitamin D deficiency
Cushing’s syndrome
Hyperparathyroidism
Hyperthyroidism

n Adjusted® OR 95%CI P value
100,002 1.03 (0.95-1.11) 0.4781
89,823 1.33 (1.28-1.38) <0.0001
78,280 1.34 (1.27-1.41) <0.0001
55,720 1.25 (1.18-1.33) <0.0001
40,016 1.12 (1.04-1.20) 0.0021
15,809 1.34 (1.13-1.58) 0.0006
933 0.98 (0.68-1.40) 0.8945
16 3.15 (<0.01->99.99) 0.9937
3,115 1.21 (0.96-1.53) 0.1041
427 0.84 (0.47-1.53) 0.5761
6,798 1.10 (0.97-1.25) 0.1226

¥ The multiple logistic regression model was adjusted for gender, age, secondary dry eye, vitamin D deficiency, Cushing’s syndrome, hyperparathyroidism, and

hyperthyroidism

https://doi.org/10.1371/journal.pone.0207008.t003

in the male group (adjusted OR, 1.03, 95% CI, 0.95-1.11, P = 0.4781). No significant difference
was found in all comorbidity groups either.

Discussion

In this nationwide population-based cohort study, we identified an increased risk of develop-
ing dry eye syndrome among patients with osteoporosis, even after adjusting for comorbidities
(OR =1.26,95% CI = 1.22-1.30, P<0.0001). Subgroup analysis revealed that this risk was
found in female group (OR = 1.33, 95% CI = 1.28-1.38, P<0.0001) and in all age-specific
groups.

The production of tears of a suitable composition is crucial for maintaining the stability of
tear film. The three layers of tear film serve different functions, all of which are important to
the health of ocular surfaces. The inner mucin layer protects the cornea and gives the hydro-
phobic corneal epithelium hydrophilic surface. The middle aqueous layer forms the bulk of
tear film and contains immunoglobulins and nutrients. Finally, the outer lipid layer retards the
evaporation of tears and decreases the surface tension of tear film [18]. Any form of dysfunc-
tion among these three layers can result in tear film instability. There is a long list of causes of
dry eye syndrome, including ocular surface conditions (e.g., blepharitis, meibomian gland dys-
function), ocular surgical history (e.g., corneal transplantation, refractive surgery), inflamma-
tory conditions (e.g., allergies), hormone imbalance (e.g., thyroid hormones, sex hormones),
environment (e.g., dry weather, contact lens over-wearing, smoking), neurological conditions
(e.g., trigeminal nerve palsy, infrequent blinking), medication (e.g., anti-histamines), and sys-
temic disease (e.g., Sjogren’s syndrome, diabetes mellitus) [19]. Dry eye syndrome is therefore
considered a complex multi-factorial disease.

Our results are consistent with previous epidemiological studies, which have revealed that
female patients and the elderly are prone to dry eye syndrome, an unsurprising observation
given that organ function gradually declines with age [14, 17]. Aqueous deficiency caused by
lacrimal gland dysfunction, tear over-evaporation caused by decreased lipid production, and
decreased blink rate caused by decreased corneal sensitivity are all common pathophysiologies
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behind dry eye syndrome [20]. Chronic inflammation and oxidative stress of the lacrimal
gland have also been observed. Among the elderly is a higher incidence of meibomian gland
dropout and meibomian gland with atrophic morphology, which is regarded as a non-obstruc-
tive cause of decreased lipid production [21]. Anatomical changes of the eyelid, including eye-
lid retraction or eyelid malposition, can also lead to corneal exposure and dry eye syndrome.

The pathophysiologic relationship between osteoporosis and dry eye syndrome is complex;
however, a number of mechanisms have been proposed. The first mechanism is a deficiency of
sex hormones. Estrogen and androgen have both been shown to play important roles in the
development of osteoporosis and dry eye syndrome [8, 22]. A drop in serum estrogen levels in
menopausal women increases the number and activity of osteoclasts, which has an effect on
the metabolism of bone [23]. Bone mineral density in patients presenting premature ovarian
failure is lower than among women without this condition [24]. In vitro findings have revealed
that androgen can stimulate the proliferation of osteoblast precursors [25]. Androgen defi-
ciency and androgen deprivation therapy have also been shown to promote osteoporosis in
men [26]. Conversely, estrogen and androgen replacement therapies have proven effective in
the treatment of osteoporosis [27, 28]. The predominance of females in dry eye syndrome has
been reported in many studies [5, 22]. Studies have also revealed an association between dry
eye syndrome and both premature ovarian failure and androgen deficiency [6, 7]. It has been
postulated that sex hormones regulate the meibomian gland and thereby influence the stability
of tear film and indeed, the expression of androgen and estrogen receptors has been observed
in the meibomian gland [29, 30]. Animal studies have revealed that androgen stimulates lipid
productionhttps://www.ncbi.nlm.nih.gov/pubmed/16579987 whereas estrogen decreases lipid
secretion in the meibomian gland [31, 32]. However, research into the effects of hormone
replacement therapy on tear production has generated conflicting results. Affinito et al. and
Scuderi et al. reported that estrogen hormone replacement therapy was beneficial to Schirmer
test results; however, Erdem et al. failed to observe any benefits [33]. Topical or transdermal
testosterone supplements have been shown to improve dry eye syndrome in some studies [34,
35]. Future randomized controlled trials will be needed to determine the effects of sex hor-
mone supplement on dry eye syndrome; however, our findings suggest that targeting sex hor-
mones may be an effective therapy for both diseases. We failed to observe a correlation
between osteoporosis and dry eye syndrome among males in this study. Given the fact that
meibomian gland dysfunction and evaporative dry eye often occur during menopause and
aging, deficient tear secretion from both androgen deficiency and menopause-related estrogen
deficiency may be an important etiologic factor in the pathogenesis of dry eye syndrome in
women [5, 7].

Purinergic signaling is another possible mechanism underlying both diseases. Purinergic
receptors receive stimulus from adenosine or adenosine triphosphate (ATP), and are respec-
tively categorized as P1 and P2 receptors. P2 receptors can be further divided into P2X and
P2Y receptors, based on their activity. The fact that nucleosides and nucleotides are intracellu-
lar molecules have led researchers to the conclusion that their existence in the extracellular
space was associated with stress signals [36]. A number of studies have reported that purinergic
signaling can affect dry eye syndrome as well as osteoporosis. Purinergic receptors can be
found in the ocular surface. Under stimulus from P2Y2 receptors, the tear film tends to be
more stable due to an increase in the production of mucin [37-40]. Thus, inflammation-
related ocular disorders can be corrected through the restoration of tear film [41]. From the
perspective of osteoporosis, activation of P2Y2 receptors has been shown to inhibit osteoblast
activity and retard bone formation [42]. Mice lacking the P2Y2 receptor present elevated bone
mineral content [43]. Wesselius contradicted previous indications that P2Y2 receptor can have
harmful effects on bone mass. He reported a non-significant decrease in bone mineral density
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associated with one type of single nucleotide polymorphism associated with the P2Y2 receptor
gene [44].https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3568433/ Clopidogrel, a P2Y12
antagonist, was also shown to increase the prevalence of osteoporotic fractures in a cohort
study [45]. One in vitro study also reported that Clopidogrel treatment led to a reduction in
osteoblast as well as osteoclast function [46].

Various elements in the aqueous layer of the tear film, including proteins, vitamins, and
electrolytes, contribute to a healthy ocular surface [47]http://onlinelibrary.wiley.com/doi/10.
1111/j.1444-0938.2011.00634.x/pdf. Calcium in the tear film are particularly important in cell
signaling, metabolism, gene expression, osmolarity, and even the function of conjunctival gob-
let cells [48, 49]. Evidence suggests that calcium ointment reduces the symptoms of dry eye
[50]. Nonetheless, hypocalcemia in patients with osteoporosis indicates the possibility of
underlying hypothyroidism, vitamin D deficiency, or poor gastrointestinal absorption. This is
a clear indication that maintaining adequate calcium level is crucial to treating both of these
diseases.

Researchers have shown an association between vitamin D deficiency in the elderly and
osteoporosis as well as dry eye syndrome [51, 52]. Vitamin D is crucial to the regulation of cal-
cium homeostasis, bone metabolism, immune modulation, inflammation control, cell prolifer-
ation, and cell differentiation [53, 54]. Vitamin D has also been linked to enhanced production
of anti-inflammatory cytokines, such as IL-10 and IL-13, as well as reductions in the produc-
tion of pro-inflammatory cytokines, such as TNF-o and IL-8 [55, 56]. Immune cells, such as
T-cells, dendritic cells, and monocytes, are also regulated by vitamin D [57]. Thus, vitamin D
may inhibit the underlying inflammatory cascade of osteoporosis and dry eye syndrome. Stud-
ies have shown that vitamin D supplements can be helpful in the treatment of both diseases
[51, 58]. In Taiwan, vitamin D is classified as dietary supplement and is not covered by the
NHI. Because of this reason, vitamin D deficiency was not properly shown in the claims data,
as coding of diagnosis is related to reimbursement. This is indeed the limitation of retrospec-
tive claims data. In our future prospective study, serum 25(OH)D levels will be measured and
their correlation with osteoporosis and dry eye will be evaluated. Nonetheless, when we take
into account the issue of inflammation, it would be reasonable to expect that the link between
the two diseases would be stronger in patients with vitamin D deficiency.

Osteoporosis and dry eye syndrome can both be divided into primary and secondary dis-
eases based on the underlying pathology. Secondary osteoporosis is commonly linked to endo-
crine disorders, such as hyperparathyroidism and Cushing’s syndrome, whereas secondary dry
eye syndrome is generally linked to ocular surface diseases, such as conjunctival scarring or
post-ocular surgery [11, 19]. These secondary causes of both diseases were viewed as comor-
bidities of interest in our study. However, we had relatively few patients with comorbidities in
this study, such that no significant difference was found regarding the adjusted OR for each
comorbidity. Last but not least, our results demonstrate that this association occurred in all
age groups, which is indicative of an age-independent correlation.

Falling in patients with osteoporosis is associated with consequent disabilities, while visual
impairment is an important contributor to falling [10, 13]. Our study demonstrated that
patients with osteoporosis are at higher risk of developing dry eye syndrome. This risk is
observed in patients aged 50 years or older and female gender. It is important to raise aware-
ness of this condition, especially in doctors treating osteoporosis.

Visual disturbance is one complication of dry eye syndrome shown to hamper the safety of
patients in their daily activities, including the risk of fall [12, 13]. It is noteworthy that osteopo-
rosis and dry eye syndrome share common risk factors and epidemiological characteristics.
The prevalence of both disorders is higher among females and has been shown to increase
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with age [14-17]. Inflammation and degeneration have been shown to underlie both diseases;
however, few studies have mentioned a correlation between the two diseases.

Previous literatures have indicated the relationship between dry eye syndrome and possible
underlying autoimmune diseases, such as systemic lupus erythematosus, Sjégren’s syndrome,
rheumatoid arthritis, or Wegener’s granulomatous [59, 60]. Renal tubular acidosis, a complica-
tion of Sjogren’s syndrome, may cause low bone mineral density, predisposing these patients
to osteoporosis [61]. For more precise investigation of the relationship between osteoporosis
and dry eye syndrome, patients with confirmed autoimmune diseases were excluded in our
study. The relationship between dry eye and osteoporosis in patients with autoimmune dis-
eases are beyond the reach of our study.

This study had a number of limitations that must be taken into account. First, the diagnosis
of osteoporosis and dry eye syndrome were determined by ICD coding obtained from NHI
claims data. Because of the limitations of using administrative data, there were a limited num-
ber of coding columns. Thus, in cases of inaccurate disease coding and in cases where coding
for the disease of interest was in latter columns, the status of the patient would be misinter-
preted. Furthermore, the fact that the data were de-identified precludes data validation. Several
disease parameters, such as the severity of the disease, were unavailable as was any indication
of the treatment that patients actually received, thereby hampering any attempts at investigat-
ing the relationship between the severity of dry eye syndrome and osteoporosis. Second, our
study included only patients aged 50 years or older; therefore, our results are not generalizable
to younger patients. Third, the prevalence of comorbidities of interest was relatively low,
which meant that any discussion of these comorbidities would be hampered by a lack of clini-
cal data. Finally, our study population was made up entirely of Taiwanese. Thus, generalizabil-
ity to other ethnic groups will require further study.

Conclusions

Osteoporosis is associated with increased risk of developing dry eye syndrome, which can
cause blurred vision and increase the risk of fall and fracture. The fact that both diseases are
more prevalent in older populations means that any association between them could be of con-
siderable importance to clinicians. We suggest that physicians treating patients with osteopo-
rosis look for signs of dry eye syndrome early on. In cases of detection, patients should be
referred to ophthalmologists to reduce the likelihood of blurred vision, falling, and unfavorable
outcomes.

Acknowledgments

The authors receive research grant support from the Ministry of Science and Technology, Tai-
wan (MOST 106-3114-B-010-002, MOST 107-2911-1-010-501 and MOST 107-2321-B-010-
007). The funders had no role in study design, data collection and analysis, decision to publish,
or preparation of the manuscript.

Author Contributions

Conceptualization: Li-Lin Kuo.

Data curation: Shu-Yi Lin, Hsiao-Yun Hu.
Investigation: Yu-Ting Jeng.

Methodology: Shu-Yi Lin, Hsiao-Yun Hu, Li-Lin Kuo.

Project administration: Oscar K. Lee, Li-Lin Kuo.

PLOS ONE | https://doi.org/10.1371/journal.pone.0207008 November 5,2018 9/13


https://doi.org/10.1371/journal.pone.0207008

®PLOS | one

Osteoporosis and dry eye syndrome

Resources: Oscar K. Lee, Li-Lin Kuo.

Software: Shu-Yi Lin, Hsiao-Yun Hu.

Supervision: Oscar K. Lee, Li-Lin Kuo.

Writing - original draft: Yu-Ting Jeng.

Writing - review & editing: Yu-Ting Jeng.

References

1.

10.

11.

12

13.

14.

15.

16.

Nichols KK, Bacharach J, Holland E, Kislan T, Shettle L, Lunacsek O, et al. Impact of Dry Eye Disease
on Work Productivity, and Patients’ Satisfaction With Over-the-Counter Dry Eye Treatments. Invest
Ophthalmol Vis Sci. 2016; 57(7):2975-82. Epub 2016/06/09. https://doi.org/10.1167/iovs.16-19419
PMID: 27273596.

Yen JC, Hsu CA, Li YC, Hsu MH. The Prevalence of Dry Eye Syndrome’s and the Likelihood to Develop
Sjogren’s Syndrome in Taiwan: A Population-Based Study. Int J Environ Res Public Health. 2015; 12
(7):7647-55. Epub 2015/07/18. https://doi.org/10.3390/ijerph120707647 PMID: 26184245; PubMed
Central PMCID: PMCPMC4515681.

Lin PY, Tsai SY, Cheng CY, Liu JH, Chou P, Hsu WM. Prevalence of dry eye among an elderly Chinese
population in Taiwan: the Shihpai Eye Study. Ophthalmology. 2003; 110(6):1096—101. Epub 2003/06/
12. https://doi.org/10.1016/S0161-6420(03)00262-8 PMID: 12799232.

Yu J, Asche CV, Fairchild CJ. The economic burden of dry eye disease in the United States: a decision
tree analysis. Cornea. 2011; 30(4):379-87. Epub 2010/11/04. https://doi.org/10.1097/ICO.
0b013e3181f7f363 PMID: 21045640.

Lee AJ, Lee J, Saw SM, Gazzard G, Koh D, Widjaja D, et al. Prevalence and risk factors associated
with dry eye symptoms: a population based study in Indonesia. Br J Ophthalmol. 2002; 86(12):1347—
51. Epub 2002/11/26. PMID: 12446361; PubMed Central PMCID: PMCPMC1771386.

Smith JA, Vitale S, Reed GF, Grieshaber SA, Goodman LA, Vanderhoof VH, et al. Dry eye signs and
symptoms in women with premature ovarian failure. Arch Ophthalmol. 2004; 122(2):151-6. Epub 2004/
02/11. https://doi.org/10.1001/archopht.122.2.151 PMID: 14769589.

Sullivan DA, Sullivan BD, Evans JE, Schirra F, Yamagami H, Liu M, et al. Androgen deficiency, Meibo-
mian gland dysfunction, and evaporative dry eye. Ann N Y Acad Sci. 2002; 966:211-22. Epub 2002/07/
13. PMID: 12114274.

Johnell O, Kanis J. Epidemiology of osteoporotic fractures. Osteoporos Int. 2005; 16 Suppl 2:S3-7.
Epub 2004/09/15. https://doi.org/10.1007/s00198-004-1702-6 PMID: 15365697.

Panula J, Pihlajamaki H, Mattila VM, Jaatinen P, Vahlberg T, Aarnio P, et al. Mortality and cause of
death in hip fracture patients aged 65 or older: a population-based study. BMC Musculoskelet Disord.
2011; 12:105. Epub 2011/05/24. https://doi.org/10.1186/1471-2474-12-105 PMID: 21599967; PubMed
Central PMCID: PMCPMC3118151.

Compston J. Osteoporosis: social and economic impact. Radiol Clin North Am. 2010; 48(3):477-82.
Epub 2010/07/09. https://doi.org/10.1016/j.rcl.2010.02.010 PMID: 20609886.

Raisz LG. Pathogenesis of osteoporosis: concepts, conflicts, and prospects. J Clin Invest. 2005; 115
(12):3318-25. Epub 2005/12/03. https://doi.org/10.1172/JCI27071 PMID: 16322775; PubMed Central
PMCID: PMCPMC1297264.

Goto E, Yagi Y, Matsumoto Y, Tsubota K. Impaired functional visual acuity of dry eye patients. Am J
Ophthalmol. 2002; 133(2):181-6. Epub 2002/01/29. PMID: 11812420.

Yip JL, Khawaja AP, Broadway D, Luben R, Hayat S, Dalzell N, et al. Visual acuity, self-reported vision
and falls in the EPIC-Norfolk Eye study. Br J Ophthalmol. 2014; 98(3):377-82. Epub 2013/12/18.
https://doi.org/10.1136/bjophthalmol-2013-304179 PMID: 24338086; PubMed Central PMCID:
PMCPMC3933174.

Sendecka M, Baryluk A, Polz-Dacewicz M. [Prevalence and risk factors of dry eye syndrome]. Przeg|
Epidemiol. 2004; 58(1):227-33. Epub 2004/06/29. PMID: 15218664.

Guggenbuhl P. Osteoporosis in males and females: Is there really a difference? Joint Bone Spine.
2009; 76(6):595-601. Epub 2009/11/21. https://doi.org/10.1016/j.jbspin.2009.10.001 PMID: 19926512.

Jakob F, Seefried L, Schwab M. [Age and osteoporosis. Effects of aging on osteoporosis, the diagnos-
tics and therapy]. Internist (Berl). 2014; 55(7):755-61. Epub 2014/06/07. https://doi.org/10.1007/
s00108-014-3468-z PMID: 24903137.

PLOS ONE | https://doi.org/10.1371/journal.pone.0207008 November 5,2018 10/13


https://doi.org/10.1167/iovs.16-19419
http://www.ncbi.nlm.nih.gov/pubmed/27273596
https://doi.org/10.3390/ijerph120707647
http://www.ncbi.nlm.nih.gov/pubmed/26184245
https://doi.org/10.1016/S0161-6420(03)00262-8
http://www.ncbi.nlm.nih.gov/pubmed/12799232
https://doi.org/10.1097/ICO.0b013e3181f7f363
https://doi.org/10.1097/ICO.0b013e3181f7f363
http://www.ncbi.nlm.nih.gov/pubmed/21045640
http://www.ncbi.nlm.nih.gov/pubmed/12446361
https://doi.org/10.1001/archopht.122.2.151
http://www.ncbi.nlm.nih.gov/pubmed/14769589
http://www.ncbi.nlm.nih.gov/pubmed/12114274
https://doi.org/10.1007/s00198-004-1702-6
http://www.ncbi.nlm.nih.gov/pubmed/15365697
https://doi.org/10.1186/1471-2474-12-105
http://www.ncbi.nlm.nih.gov/pubmed/21599967
https://doi.org/10.1016/j.rcl.2010.02.010
http://www.ncbi.nlm.nih.gov/pubmed/20609886
https://doi.org/10.1172/JCI27071
http://www.ncbi.nlm.nih.gov/pubmed/16322775
http://www.ncbi.nlm.nih.gov/pubmed/11812420
https://doi.org/10.1136/bjophthalmol-2013-304179
http://www.ncbi.nlm.nih.gov/pubmed/24338086
http://www.ncbi.nlm.nih.gov/pubmed/15218664
https://doi.org/10.1016/j.jbspin.2009.10.001
http://www.ncbi.nlm.nih.gov/pubmed/19926512
https://doi.org/10.1007/s00108-014-3468-z
https://doi.org/10.1007/s00108-014-3468-z
http://www.ncbi.nlm.nih.gov/pubmed/24903137
https://doi.org/10.1371/journal.pone.0207008

®PLOS | one

Osteoporosis and dry eye syndrome

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Sharma A, Hindman HB. Aging: a predisposition to dry eyes. J Ophthalmol. 2014; 2014:781683. Epub
2014/09/10. https://doi.org/10.1155/2014/781683 PMID: 25197560; PubMed Central PMCID:
PMCPMC4150485.

Davidson HJ, Kuonen VJ. The tear film and ocular mucins. Vet Ophthalmol. 2004; 7(2):71-7. Epub
2004/02/26. https://doi.org/10.1111/j.1463-5224.2004.00325.x PMID: 14982585.

Javadi MA, Feizi S. Dry eye syndrome. J Ophthalmic Vis Res. 2011; 6(3):192—8. Epub 2012/03/29.
PMID: 22454735; PubMed Central PMCID: PMCPMC3306104.

Guillon M, Maissa C. Tear film evaporation—effect of age and gender. Cont Lens Anterior Eye. 2010;
33(4):171-5. https://doi.org/10.1016/j.clae.2010.03.002 PMID: 20382067.

Villani E, Canton V, Magnani F, Viola F, Nucci P, Ratiglia R. The aging Meibomian gland: an in vivo con-
focal study. Invest Ophthalmol Vis Sci. 2013; 54(7):4735—40. https://doi.org/10.1167/iovs.13-11914
PMID: 23761090.

Schaumberg DA, Sullivan DA, Buring JE, Dana MR. Prevalence of dry eye syndrome among US
women. Am J Ophthalmol. 2003; 136(2):318—26. Epub 2003/07/31. PMID: 12888056.

Riggs BL. The mechanisms of estrogen regulation of bone resorption. J Clin Invest. 2000; 106
(10):1203—4. Epub 2000/11/22. https://doi.org/10.1172/JCI111468 PMID: 11086020; PubMed Central
PMCID: PMCPMC381441.

Asli IN, Fallahian M, Seddigh HR, Javadi H, Baharfar N, Assadi M. Evaluation of bone mineral density in
premature ovarian failure. Hell J Nucl Med. 2010; 13(3):261-3. Epub 2011/01/05. PMID: 21193882.

Clarke BL, Khosla S. Androgens and bone. Steroids. 2009; 74(3):296—305. Epub 2008/11/11. https:/
doi.org/10.1016/j.steroids.2008.10.003 PMID: 18992761; PubMed Central PMCID: PMCPMC2679948.

Adler RA. Osteoporosis in men: a review. Bone Res. 2014; 2:14001. Epub 2014/01/01. https://doi.org/
10.1038/boneres.2014.1 PMID: 26273515; PubMed Central PMCID: PMCPMC4472130.

Gambacciani M, Levancini M. Hormone replacement therapy and the prevention of postmenopausal
osteoporosis. Prz Menopauzalny. 2014; 13(4):213-20. Epub 2015/09/04. https://doi.org/10.5114/pm.
2014.44996 PMID: 26327857; PubMed Central PMCID: PMCPMC4520366.

Jo DG, Lee HS, Joo YM, Seo JT. Effect of testosterone replacement therapy on bone mineral density in
patients with Klinefelter syndrome. Yonsei Med J. 2013; 54(6):1331-5. Epub 2013/10/22. https://doi.
org/10.3349/ym|.2013.54.6.1331 PMID: 24142635; PubMed Central PMCID: PMCPMC3809853.

Rocha EM, Wickham LA, da Silveira LA, Krenzer KL, Yu FS, Toda |, et al. Identification of androgen
receptor protein and 5alpha-reductase mRNA in human ocular tissues. Br J Ophthalmol. 2000; 84
(1):76-84. Epub 1999/12/28. https://doi.org/10.1136/bjo.84.1.76 PMID: 10611104; PubMed Central
PMCID: PMCPMC1723240.

Esmaeli B, Harvey JT, Hewlett B. Immunohistochemical evidence for estrogen receptors in meibomian
glands. Ophthalmology. 2000; 107(1):180—4. Epub 2000/01/27. PMID: 10647739.

Schirra F, Richards SM, Liu M, Suzuki T, Yamagami H, Sullivan DA. Androgen regulation of lipogenic
pathways in the mouse meibomian gland. Exp Eye Res. 2006; 83(2):291—-6. Epub 2006/04/04. https://
doi.org/10.1016/j.exer.2005.11.026 PMID: 16579987.

Suzuki T, Schirra F, Richards SM, Jensen RV, Sullivan DA. Estrogen and progesterone control of gene
expression in the mouse meibomian gland. Invest Ophthalmol Vis Sci. 2008; 49(5):1797-808. Epub
2008/04/26. https://doi.org/10.1167/iovs.07-1458 PMID: 18436814.

FengY, Feng G, Peng S, Li H. The effects of hormone replacement therapy on dry eye syndromes eval-
uated by Schirmer test depend on patient age. Cont Lens Anterior Eye. 2016; 39(2):124—7. Epub 2015/
09/24. https://doi.org/10.1016/j.clae.2015.09.002 PMID: 26391390.

Worda C, Nepp J, Huber JC, Sator MO. Treatment of keratoconjunctivitis sicca with topical androgen.
Maturitas. 2001; 37(3):209—12. Epub 2001/02/15. PMID: 11173183.

Nanavaty MA, Long M, Malhotra R. Transdermal androgen patches in evaporative dry eye syndrome
with androgen deficiency: a pilot study. Br J Ophthalmol. 2014; 98(4):567-9. Epub 2013/12/18. https://
doi.org/10.1136/bjophthalmol-2013-304637 PMID: 24344229.

Burnstock G. Introductory overview of purinergic signalling. Front Biosci (Elite Ed). 2011; 3:896—-900.
Epub 2011/05/31. PMID: 21622101.

Cowlen MS, Zhang VZ, Warnock L, Moyer CF, Peterson WM, Yerxa BR. Localization of ocular P2Y2
receptor gene expression by in situ hybridization. Exp Eye Res. 2003; 77(1):77-84. Epub 2003/06/26.
PMID: 12823990.

Jumblatt JE, Jumblatt MM. Regulation of ocular mucin secretion by P2Y2 nucleotide receptors in rabbit
and human conjunctiva. Exp Eye Res. 1998; 67(3):341-6. Epub 1998/10/21. https://doi.org/10.1006/
exer.1998.0520 PMID: 9778415.

PLOS ONE | https://doi.org/10.1371/journal.pone.0207008 November 5,2018 11/13


https://doi.org/10.1155/2014/781683
http://www.ncbi.nlm.nih.gov/pubmed/25197560
https://doi.org/10.1111/j.1463-5224.2004.00325.x
http://www.ncbi.nlm.nih.gov/pubmed/14982585
http://www.ncbi.nlm.nih.gov/pubmed/22454735
https://doi.org/10.1016/j.clae.2010.03.002
http://www.ncbi.nlm.nih.gov/pubmed/20382067
https://doi.org/10.1167/iovs.13-11914
http://www.ncbi.nlm.nih.gov/pubmed/23761090
http://www.ncbi.nlm.nih.gov/pubmed/12888056
https://doi.org/10.1172/JCI11468
http://www.ncbi.nlm.nih.gov/pubmed/11086020
http://www.ncbi.nlm.nih.gov/pubmed/21193882
https://doi.org/10.1016/j.steroids.2008.10.003
https://doi.org/10.1016/j.steroids.2008.10.003
http://www.ncbi.nlm.nih.gov/pubmed/18992761
https://doi.org/10.1038/boneres.2014.1
https://doi.org/10.1038/boneres.2014.1
http://www.ncbi.nlm.nih.gov/pubmed/26273515
https://doi.org/10.5114/pm.2014.44996
https://doi.org/10.5114/pm.2014.44996
http://www.ncbi.nlm.nih.gov/pubmed/26327857
https://doi.org/10.3349/ymj.2013.54.6.1331
https://doi.org/10.3349/ymj.2013.54.6.1331
http://www.ncbi.nlm.nih.gov/pubmed/24142635
https://doi.org/10.1136/bjo.84.1.76
http://www.ncbi.nlm.nih.gov/pubmed/10611104
http://www.ncbi.nlm.nih.gov/pubmed/10647739
https://doi.org/10.1016/j.exer.2005.11.026
https://doi.org/10.1016/j.exer.2005.11.026
http://www.ncbi.nlm.nih.gov/pubmed/16579987
https://doi.org/10.1167/iovs.07-1458
http://www.ncbi.nlm.nih.gov/pubmed/18436814
https://doi.org/10.1016/j.clae.2015.09.002
http://www.ncbi.nlm.nih.gov/pubmed/26391390
http://www.ncbi.nlm.nih.gov/pubmed/11173183
https://doi.org/10.1136/bjophthalmol-2013-304637
https://doi.org/10.1136/bjophthalmol-2013-304637
http://www.ncbi.nlm.nih.gov/pubmed/24344229
http://www.ncbi.nlm.nih.gov/pubmed/21622101
http://www.ncbi.nlm.nih.gov/pubmed/12823990
https://doi.org/10.1006/exer.1998.0520
https://doi.org/10.1006/exer.1998.0520
http://www.ncbi.nlm.nih.gov/pubmed/9778415
https://doi.org/10.1371/journal.pone.0207008

®PLOS | one

Osteoporosis and dry eye syndrome

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Terakado K, Yogo T, Kohara Y, Soeta S, Nezu Y, Harada Y, et al. Conjunctival expression of the P2Y2
receptor and the effects of 3% diquafosol ophthalmic solution in dogs. Vet J. 2014; 202(1):48-52. Epub
2014/09/03. https://doi.org/10.1016/j.tvjl.2014.05.022 PMID: 25178686.

Lau OC, Samarawickrama C, Skalicky SE. P2Y2 receptor agonists for the treatment of dry eye disease:
a review. Clin Ophthalmol. 2014; 8:327-34. Epub 2014/02/11. https://doi.org/10.2147/OPTH.S39699
PMID: 24511227; PubMed Central PMCID: PMCPMC3915022.

Guzman-Aranguez A, Gasull X, Diebold Y, Pintor J. Purinergic receptors in ocular inflammation. Media-
tors Inflamm. 2014; 2014:320906. Epub 2014/08/19. https://doi.org/10.1155/2014/320906 PMID:
25132732; PubMed Central PMCID: PMCPMC4123590.

Abbracchio MP, Burnstock G, Boeynaems JM, Barnard EA, Boyer JL, Kennedy C, et al. International
Union of Pharmacology LVIII: update on the P2Y G protein-coupled nucleotide receptors: from molecu-
lar mechanisms and pathophysiology to therapy. Pharmacol Rev. 2006; 58(3):281-341. Epub 2006/09/
14. https://doi.org/10.1124/pr.58.3.3 PMID: 16968944; PubMed Central PMCID: PMCPMC3471216.

Orriss IR, Utting JC, Brandao-Burch A, Colston K, Grubb BR, Burnstock G, et al. Extracellular nucleo-
tides block bone mineralization in vitro: evidence for dual inhibitory mechanisms involving both P2Y2
receptors and pyrophosphate. Endocrinology. 2007; 148(9):4208—16. Epub 2007/06/16. https://doi.org/
10.1210/en.2007-0066 PMID: 17569759.

Wesselius A, Bours MJ, Henriksen Z, Syberg S, Petersen S, Schwarz P, et al. Association of P2Y(2)
receptor SNPs with bone mineral density and osteoporosis risk in a cohort of Dutch fracture patients.
Purinergic Signal. 2013; 9(1):41-9. Epub 2012/07/10. https://doi.org/10.1007/s11302-012-9326-3
PMID: 22773251; PubMed Central PMCID: PMCPMC3568433.

Jorgensen NR, Grove EL, Schwarz P, Vestergaard P. Clopidogrel and the risk of osteoporotic fractures:
a nationwide cohort study. J Intern Med. 2012; 272(4):385-93. Epub 2012/03/01. https://doi.org/10.
1111/j.1365-2796.2012.02535.x PMID: 22372976.

Syberg S, Brandao-Burch A, Patel JJ, Hajjawi M, Arnett TR, Schwarz P, et al. Clopidogrel (Plavix), a
P2Y12 receptor antagonist, inhibits bone cell function in vitro and decreases trabecular bone in vivo. J
Bone Miner Res. 2012; 27(11):2373-86. Epub 2012/06/21. https://doi.org/10.1002/jbmr.1690 PMID:
22714653.

Stahl U, Willcox M, Stapleton F. Osmolality and tear film dynamics. Clin Exp Optom. 2012; 95(1):3—11.
Epub 2011/10/26. https://doi.org/10.1111/j.1444-0938.2011.00634.x PMID: 22022802.

Putney JW, Bird GS. Calcium signaling in lacrimal glands. Cell Calcium. 2014; 55(6):290-6. Epub 2014/
02/11. https://doi.org/10.1016/j.ceca.2014.01.001 PMID: 24507443; PubMed Central PMCID:
PMCPMC4058340.

Paz HB, Tisdale AS, Danjo Y, Spurr-Michaud SJ, Argueso P, Gipson IK. The role of calcium in mucin
packaging within goblet cells. Exp Eye Res. 2003; 77(1):69-75. Epub 2003/06/26. PMID: 12823989.

Tsubota K, Monden Y, Yagi Y, Goto E, Shimmura S. New treatment of dry eye: the effect of calcium
ointment through eyelid skin delivery. Br J Ophthalmol. 1999; 83(7):767—70. Epub 1999/06/25. PMID:
10381659; PubMed Central PMCID: PMCPMC1723096.

Lips P, van Schoor NM. The effect of vitamin D on bone and osteoporosis. Best Pract Res Clin Endocri-
nol Metab. 2011; 25(4):585-91. Epub 2011/08/30. https://doi.org/10.1016/j.beem.2011.05.002 PMID:
21872800.

Yildirim P, Garip Y, Karci AA, Guler T. Dry eye in vitamin D deficiency: more than an incidental associa-
tion. Int J Rheum Dis. 2016; 19(1):49-54. Epub 2015/08/14. hitps://doi.org/10.1111/1756-185X.12727
PMID: 26269110.

Toniato E, Spinas E, Saggini A, Kritas SK, Caraffa A, Antinolfi P, et al. Immunomodulatory Effects of
Vitamin D on Skin Inflammation. J Biol Regul Homeost Agents. 2015; 29(3):563—-7. Epub 2015/09/26.
PMID: 26403394.

Samuel S, Sitrin MD. Vitamin D’s role in cell proliferation and differentiation. Nutr Rev. 2008; 66(10
Suppl 2):S116-24. Epub 2008/12/05. https://doi.org/10.1111/j.1753-4887.2008.00094.x PMID:
18844838.

Barker T, Martins TB, Hill HR, Kjeldsberg CR, Dixon BM, Schneider ED, et al. Vitamin D sufficiency
associates with an increase in anti-inflammatory cytokines after intense exercise in humans. Cytokine.
2014; 65(2):134—7. Epub 2014/01/07. https://doi.org/10.1016/j.cyto.2013.12.004 PMID: 24388225.

Azizieh F, Alyahya KO, Raghupathy R. Association between levels of vitamin D and inflammatory mark-
ers in healthy women. J Inflamm Res. 2016; 9:51-7. Epub 2016/05/14. https://doi.org/10.2147/JIR.
S$103298 PMID: 27175089; PubMed Central PMCID: PMCPMC4854309.

Wobke TK, Sorg BL, Steinhilber D. Vitamin D in inflammatory diseases. Front Physiol. 2014; 5:244.
Epub 2014/07/30. https://doi.org/10.3389/fphys.2014.00244 PMID: 25071589; PubMed Central
PMCID: PMCPMC4078458.

PLOS ONE | https://doi.org/10.1371/journal.pone.0207008 November 5,2018 12/13


https://doi.org/10.1016/j.tvjl.2014.05.022
http://www.ncbi.nlm.nih.gov/pubmed/25178686
https://doi.org/10.2147/OPTH.S39699
http://www.ncbi.nlm.nih.gov/pubmed/24511227
https://doi.org/10.1155/2014/320906
http://www.ncbi.nlm.nih.gov/pubmed/25132732
https://doi.org/10.1124/pr.58.3.3
http://www.ncbi.nlm.nih.gov/pubmed/16968944
https://doi.org/10.1210/en.2007-0066
https://doi.org/10.1210/en.2007-0066
http://www.ncbi.nlm.nih.gov/pubmed/17569759
https://doi.org/10.1007/s11302-012-9326-3
http://www.ncbi.nlm.nih.gov/pubmed/22773251
https://doi.org/10.1111/j.1365-2796.2012.02535.x
https://doi.org/10.1111/j.1365-2796.2012.02535.x
http://www.ncbi.nlm.nih.gov/pubmed/22372976
https://doi.org/10.1002/jbmr.1690
http://www.ncbi.nlm.nih.gov/pubmed/22714653
https://doi.org/10.1111/j.1444-0938.2011.00634.x
http://www.ncbi.nlm.nih.gov/pubmed/22022802
https://doi.org/10.1016/j.ceca.2014.01.001
http://www.ncbi.nlm.nih.gov/pubmed/24507443
http://www.ncbi.nlm.nih.gov/pubmed/12823989
http://www.ncbi.nlm.nih.gov/pubmed/10381659
https://doi.org/10.1016/j.beem.2011.05.002
http://www.ncbi.nlm.nih.gov/pubmed/21872800
https://doi.org/10.1111/1756-185X.12727
http://www.ncbi.nlm.nih.gov/pubmed/26269110
http://www.ncbi.nlm.nih.gov/pubmed/26403394
https://doi.org/10.1111/j.1753-4887.2008.00094.x
http://www.ncbi.nlm.nih.gov/pubmed/18844838
https://doi.org/10.1016/j.cyto.2013.12.004
http://www.ncbi.nlm.nih.gov/pubmed/24388225
https://doi.org/10.2147/JIR.S103298
https://doi.org/10.2147/JIR.S103298
http://www.ncbi.nlm.nih.gov/pubmed/27175089
https://doi.org/10.3389/fphys.2014.00244
http://www.ncbi.nlm.nih.gov/pubmed/25071589
https://doi.org/10.1371/journal.pone.0207008

®PLOS | one

Osteoporosis and dry eye syndrome

58.

59.

60.

61.

Bae SH, Shin YJ, Kim HK, Hyon JY, Wee WR, Park SG. Vitamin D Supplementation for Patients with
Dry Eye Syndrome Refractory to Conventional Treatment. Sci Rep. 2016; 6:33083. Epub 2016/10/05.
https://doi.org/10.1038/srep33083 PMID: 27698364; PubMed Central PMCID: PMCPMC5048427.

Khanna D, Shrivastava A. Suppurative dacroadenitis causing ocular sicca syndrome in classic Wegen-
er's granulomatosis. Indian J Ophthalmol. 2011; 59(2):151-3. Epub 2011/02/26. https://doi.org/10.
41083/0301-4738.77044 PMID: 21350287; PubMed Central PMCID: PMCPMC3116546.

Stern ME, Schaumburg CS, Pflugfelder SC. Dry eye as a mucosal autoimmune disease. Int Rev Immu-
nol. 2013; 32(1):19-41. Epub 2013/01/31. https://doi.org/10.3109/08830185.2012.748052 PMID:
23360156; PubMed Central PMCID: PMCPMC3587314.

Gravani F, Papadaki |, Antypa E, Nezos A, Masselou K, loakeimidis D, et al. Subclinical atherosclerosis
and impaired bone health in patients with primary Sjogren’s syndrome: prevalence, clinical and labora-
tory associations. Arthritis Res Ther. 2015; 17:99. Epub 2015/04/18. https://doi.org/10.1186/s13075-
015-0613-6 PMID: 25886059; PubMed Central PMCID: PMCPMC4416325.

PLOS ONE | https://doi.org/10.1371/journal.pone.0207008 November 5,2018 13/13


https://doi.org/10.1038/srep33083
http://www.ncbi.nlm.nih.gov/pubmed/27698364
https://doi.org/10.4103/0301-4738.77044
https://doi.org/10.4103/0301-4738.77044
http://www.ncbi.nlm.nih.gov/pubmed/21350287
https://doi.org/10.3109/08830185.2012.748052
http://www.ncbi.nlm.nih.gov/pubmed/23360156
https://doi.org/10.1186/s13075-015-0613-6
https://doi.org/10.1186/s13075-015-0613-6
http://www.ncbi.nlm.nih.gov/pubmed/25886059
https://doi.org/10.1371/journal.pone.0207008

