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Abstract: Dry eye disease is a chronic disease of the ocular surface characterized by abnormal tear
film composition, tear film instability, and ocular surface inflammation, affecting 5% to 50% of the
population worldwide. Autoimmune rheumatic diseases (ARDs) are systemic disorders with multi-
organ involvement, including the eye, and play a significant role in dry eye. To date, most studies
have focused on Sjögren’s syndrome (one of the ARDs) since it manifests as two of the most common
symptoms–dry eyes and a dry mouth-and attracts physicians to explore the relationship between dry
eye and ARDs. Many patients complained of dry eye related symptoms before they were diagnosed
with ARDs, and ocular surface malaise is a sensitive indicator of the severity of ARDs. In addition,
ARD related dry eye is also associated with some retinal diseases directly or indirectly, which are
described in this review. This review also summarizes the incidence, epidemiological characteristics,
pathogenesis, and accompanying ocular lesions of ARD’s related dry eye, emphasizing the potential
role of dry eye in recognition and monitoring among ARDs patients.

Keywords: autoimmune rheumatic diseases; dry eye disease; Sjögren’s syndrome; rheumatoid
arthritis; systemic lupus erythematosus; systemic sclerosis; retinal disease

1. Introduction

Dry eye is a multifactorial disease of the ocular surface characterized by a loss of
homeostasis of the tear film and accompanied by ocular symptoms, in which tear film in-
stability and hyperosmolarity, ocular surface inflammation and damage, and neurosensory
abnormalities play etiological roles [1]. It can be manifested as decreased vision and eye dis-
comfort, accompanied by eye inflammation and ocular nerve damage. The vision-related
quality of life and work efficiency of patients are significantly reduced by those malaises [2].
Epidemiological surveys reported that the prevalence of dry eye differed greatly among
regions, ranging from 5% to 50% worldwide [3]. The incidence of dry eye has increased
significantly in recent years due to the prolonged use of digital screens [4], air pollution [5],
and population aging. Predisposing factors of dry eye include the environment, increased
use of electronic products, systemic diseases, ocular surface diseases, eye surgeries, appli-
cation of eye drops and ointment, etc. Systemic diseases, especially rheumatic immune
diseases are closely related to dry eye [2].

Autoimmune rheumatic diseases (ARDs), also named rheumatic immune diseases
or immune-mediated rheumatic diseases, are a group of diseases related to the overacti-
vation of the immune system, including primary Sjögren’s syndrome (SS), rheumatoid
arthritis (RA), systemic lupus erythematosus (SLE), systemic sclerosis (SSc) or scleroderma,
idiopathic inflammatory myositis (IIM), and the systemic vasculitides (SV) [6].

As a systemic disorder with multi-organ involvement, ARDs lead to various clinical
manifestations including skin lesions, joint pain, vascular damage, and dry eye. Furthermore,
treatments for ARDs, including methotrexate and cyclophosphamide, usually cause or exacer-
bate symptoms of dry eye. Under normal conditions, the intrinsic immune mechanisms of the
eyes could maintain the microenvironment homeostasis. When the eye becomes the target
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of the immune response of ARDs, the ocular immune system is excessively stimulated by
relevant immunoregulatory molecules and the balance of the immunoregulatory mechanisms
is therefore disrupted. Additionally, chronic ocular surface inflammation is a result of dys-
regulated balance of the innate and adaptive immune systems, leading to chronic dry eye [7].
Ocular surface symptoms could be sensitive manifestations of the severity of the systemic
condition of ARDs. In addition, a considerable proportion of dry eye patients have ARDs
but are not diagnosed and treated in a timely manner [8]. However, the reported literature
mainly focused on specific kinds of ARDs (SS, RA, or SLE), and the number of cases is limited.
Moreover, we retrieved a few studies exploring the correlation between other or overall ARDs
and dry eye. Hence, this review aims to summarize the characteristics and pathogenesis of
dry eye in various kinds of ARDs. For the lack of studies reporting IIM or SV-related dry eye,
this article mainly focuses on the relationship between other kinds of ARDs (SS, RA, SLE,
and SSc) and dry eye. Dry eye is related to some retinal diseases directly or indirectly. The
retina is often involved in ARDs, commonly associated with autoimmunity and systemic
inflammatory cell infiltration. Consequently. the retinal diseases related to dry eye and ARDs
are also illuminated.

2. Epidemiology of ARD Related Dry Eye

It is reported that ARDs are significant causes of dry eye. Approximately 10–95% of
patients with immune system disorders are accompanied by dry eye. For example, 38–47%
of patients with RA have dry eye [9,10], 13.4–39.5% in SLE [11,12], 95% in SS [13,14], and
37–79% in SSc [15]. Consequently, the prevalence of dry eye in patients with SS is higher
than those in other diseases of ARDs. In addition, the proportion of females with ARDs
is much higher than that of males (appropriately 9:1) [16]. Hence, ARD related dry eye is
more likely to affect female patients.

The relationship between SS and dry eye was emphasized in the guidelines reported
by the American Academy of Ophthalmology. The guidelines showed that about 10% of
patients with dry eye have SS [8]. According to a randomized controlled study that included
535 patients with moderate to severe dry eye disease, SS was significantly associated with
more severe dry eye signs [17]. Moreover, the guidelines also report that RA is a risk factor
for dry eye [8]. Similarly, Paulsen et.al suggested that arthritis significantly correlated
with dry eye symptoms [18]. A recent prospective multicenter study involving more than
400 patients with primary SS showed that 94% of cases had dry eye symptoms [19]. Abd-
Allah et.al. found that RA can be accompanied by severe dry eye symptoms even when it
is not accompanied by secondary SS [20]. Similarly, the incidence of dry eye in SLE patients
was much higher than that in healthy individuals [21].

3. Mechanisms of ARD Related Dry Eye
3.1. Pathogenesis of Dry Eye

The pathogenesis of dry eye is complex and involves a group of units, such as the
lacrimal gland, meibomian gland, tear film, conjunctival membrane, cornea, and tissue
structures [22]. Pathological changes include inflammatory factors, tear hyperosmotic
pressure, lipids, mucins, microorganisms, etc. Dry eye is commonly classified into aqueous-
deficient dry eye and evaporative dry eye [2]. The main mechanisms are evaporation
and water loss, leading to hyperosmotic tissue damage. Ocular surface inflammation is
recognized as the critical process of dry eye pathogenesis. Induced by a variety of risk
factors such as hyperosmolarity, UV light, and desiccation, ocular surface epithelial cells
release various mediators, including metalloproteinases, inflammatory cytokines, and
chemokines. These lead to relevant immune-cell activation and associated inflammation
through stress signal transduction pathways [22]. Ocular structures related to dry eye are
presented in Figure 1.
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lacrimal gland results in less eye surface lubrication. Additionally, decreased oil secretion by mei-
bomian glands leads to excess tear evaporation. 
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could modulate the immune response on the ocular surface [23]. Combined with exposure 
to autoantigens, these innate inflammatory mediators can lead to an adaptive T cell-me-
diated response. Additionally, after the activation of the immune response, the dysfunc-
tion and death of conjunctival goblet cells is promoted by the Th1 cytokine IFN-γ, which 
aggravates dry eye [24]. Studies on human and animal models have shown that loss of 
ocular surface epithelial cells and goblet cells could lead to shorter tear break-up time [25]. 
Interferon-gamma (IFN-γ), produced by NK cells, is responsible for upregulating Th1 
cells to recruit chemokines (CXCL9, CXCL10, and CXCL11) in conjunctival and corneal 
epithelial cells. Meanwhile, increasing expression of activating NK cell receptor ligands 
and activation of innate immune pathways can lead to enhancement of T cell infiltration, 
involving the lysis of epithelial tight junctions. In consequence, the cornea barrier is de-
stroyed and the phenotype of the epithelial cells changes, which destabilizes the tear film, 
amplifies inflammation and creates a vicious cycle [22]. 
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Figure 1. Ocular structures related to dry eye. The three main components of the tear film are the
lipid layer, the aqueous layer, and the mucous layer, which are produced by the meibomian glands,
the lacrimal gland, and the conjunctival goblet cells, respectively. Decreased tear production by
the lacrimal gland results in less eye surface lubrication. Additionally, decreased oil secretion by
meibomian glands leads to excess tear evaporation.

Both innate and adaptive immunity are involved in the pathogenesis of dry eye.
Previous studies based on clinical and laboratory research have found that Th1 and Th17
cells could modulate the immune response on the ocular surface [23]. Combined with
exposure to autoantigens, these innate inflammatory mediators can lead to an adaptive
T cell-mediated response. Additionally, after the activation of the immune response, the
dysfunction and death of conjunctival goblet cells is promoted by the Th1 cytokine IFN-γ,
which aggravates dry eye [24]. Studies on human and animal models have shown that
loss of ocular surface epithelial cells and goblet cells could lead to shorter tear break-up
time [25]. Interferon-gamma (IFN-γ), produced by NK cells, is responsible for upregulating
Th1 cells to recruit chemokines (CXCL9, CXCL10, and CXCL11) in conjunctival and corneal
epithelial cells. Meanwhile, increasing expression of activating NK cell receptor ligands
and activation of innate immune pathways can lead to enhancement of T cell infiltration,
involving the lysis of epithelial tight junctions. In consequence, the cornea barrier is
destroyed and the phenotype of the epithelial cells changes, which destabilizes the tear
film, amplifies inflammation and creates a vicious cycle [22].

3.2. Pathogenesis of ARD Related Dry Eye

The immune systems in patients with rheumatic immune diseases are impaired,
resulting in abnormal immune responses and imbalanced immune regulation. Substantial
immune cells and inflammatory factors imperil the lacrimal gland, conjunctival membrane,
cornea, and meibomian glands, resulting in tissue destruction and dysfunction [26]. A
large number of immune cells, most of which are T lymphocytes, infiltrate the lacrimal duct
and accessory lacrimal gland in patients with rheumatic and immune diseases, causing
autophagy and apoptosis of acinar, ductal and myoepithelial cells, disruption of lacrimal
gland function and a decrease in tear secretion [25].

Due to the presence of innate immune cells and the secretion of inflammatory response
factors, the signal transduction caused by abnormal antibodies leads to chronic fibrosis
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of the lacrimal gland and further aggravation of dysfunction. The infiltration of T cells
in the conjunctival tissue results in squamous metaplasia, decreased goblet cell density,
and reduced mucin secretion. The deposition of autoantibodies and antigen-antibody
complexes in corneal tissues leads to corneal dystrophy [27]. An increased number of
corneal dendritic cells, as well as decreased nerve density and sensitivity are revealed
by confocal microscopy through focusing [28]. Villani et.al. found that 35 patients with
SS-related dry eye had significantly low corneal nerve counts (3.34 ± 0.76 vs. 5.10 ± 0.79,
p < 0.0001) and an increased degree of tortuosity (2.62 ± 0.94 vs. 1.20 ± 0.70, p < 0.0001),
compared with the control group [29], which was consistent with the study by Benítez
del Castillo et al. [30]. Moreover, Xu et al. [31] reported that the corneal nerve sensitivity
of SS-related dry eye patients was significantly reduced (4.5 ± 1.2 cm vs. 5.8 ± 0.4 cm,
p < 0.01). Additionally, immune cell infiltration in the meibomian glands and consequent
mechanical obstruction of its ducts were very common in patients with rheumatic immune
disease related dry eye (57.9%) [32]. Atrophy and occlusion of some meibomian gland
ducts can be revealed by meibomian gland imaging. Moreover, recent studies have shown
that gut dysbiosis (Firmicutes/Bacteroidetes ratio and genus Faecalibacterium) is closely
related to dry eye diseases caused by autoimmune diseases such as SS. However, the key
communication routes of the “gut dysbiosis–ocular surface–lacrimal gland axis” still need
to be further elucidated [33].

In terms of genetic heredity, RA is a complex disease and is correlated with multiple
genetic loci, each of which usually has only one modest association with a specific condi-
tion [34]. According to a recent study, 39 variants were identified in immune-related genes
across SLE, RA, and SS families. Among this gene set, regulation of T cell activation and T
cell receptor signaling pathways were particularly concentrated [35], which might correlate
with symptoms and signs of dry eye. Consequently, gene analysis is a powerful tool for
understanding the pathogenesis of ARD related dry eye [36].

3.2.1. Primary Sjogren’s Syndrome & Dry Eye

Primary SS is an autoimmune and systemic disorder. Globally, the prevalence of
primary SS ranges from 0.1% to 4.8% depending on age [37,38], and 90% of patients are
females. Sicca symptoms (dry mouth and dry eyes) are common oral and ocular complaints.
Nevertheless, SS is often underdiagnosed, misdiagnosed, or delayed in being diagnosed
since the symptoms are usually vague for many years [39] until irreversible organ damage
has occurred [40]. As an autoimmune disease that mainly affects exocrine glands (such as
the salivary and lacrimal glands), primary SS is most closely related to dry eye among the
various types of ARDs. Primary SS is also a possible diagnosis in patients with dry eye
symptoms. Staining of the temporal conjunctiva and severe dry mouth symptoms were the
major factors in distinguishing primary SS from dry eye disease [41].

SS is a chronic inflammatory autoimmune disease, histopathologically characterized by
lymphocytic infiltration of exocrine (mainly salivary and lacrimal) glands with remarkable
B-cell hyperactivity and the presence of autoantibodies against the ribonucleoprotein
particles SSA/Ro and SSB/La. The glandular function is impaired by the infiltrating cells
in several ways, including local production of autoantibodies, destruction of glandular
structures by cell-mediated mechanisms, and secretion of cytokines that activate pathways
related to interferons (IFNs) [13]. The salivary and lacrimal glands are the principal
targets of a proposed T cell-mediated chronic inflammation, followed by glandular atrophy
and deficient function. Primary SS is considered to arise from an interplay between
environmental factors and genetic susceptibility. Activation of B cells, the presence of anti-
Ro-52 antibody and the “triggers” of viral infections result in the activation of the innate
and adaptive immune systems, which perpetuate self-reactive activity against healthy
tissues [42,43].

Due to the invasive process of lacrimal gland biopsy, most studies of SS related dry
eye were carried out on mouse models, such as the Aec and IL-12 transgenic mice [44],
TSP-1KO mice [45], CD25KO mice [46], BXSB/MpJ-Yaa mice [47], and lupus-prone female
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NZB×NZWF1 (B/WF1) mice [48] (secondary SS), and indicated lymphocytic infiltrations
as well as loss of secretory functions. Noteworthily, Hayashi et al. [48] reported substantial
destruction of the myoepithelial cells and lysis of basement membranes within the inflam-
matory lymphocytic foci in the lacrimal gland. Hawley et al. found substantial changes in
the myoepithelial cell morphology and contractile protein expression in these relatively
normal areas (between the lymphocytic foci) of the lacrimal gland, which is likely due to
decreased expression of the contractile proteins of smooth muscle actin and calponin, and
significant loss of the oxytocin receptor [49]. Hayashi et al. suggested that acini destruction
in lacrimal glands may be induced by systemic and local Th1 cell-dominant reactions [50].

In addition, the corneal nerves play a critical role in the pathophysiology of dry eye
because they contribute to the reflex control of basal tear production and blinking [51].
Compared to healthy subjects, both the density and function of sensory nerve fiber ter-
minals in the cornea declined in primary SS [52,53], leading to a vicious circle of corneal
hypoesthesia. Moreover, primary SS also results in damage to secretomotor innervation
and inflammatory destruction of acini and ducts [54]. SS dry eye is generally described
as aqueous-deficient dry eye and much attention has been paid to the lack of tear produc-
tion [55,56]. However, as a result of the meibomian glands being under immune attack,
meibomian glands dysfunction (MGD) is captured in primary SS patients [57], with a
diffuse abnormality of the meibomian glands, commonly characterized by chronic terminal
duct obstructions and qualitative or quantitative changes in the glandular secretion [58].
Lymphocytic infiltration was also found in the conjunctiva of patients with SS related dry
eye [59]. By using a Sjogren’s syndrome model MRL/MpJ-Fas(lpr) mouse, Diebold et al.
found lymphocytic infiltration and goblet cell marker alteration in the conjunctiva [60].
Furthermore, desiccating stress caused by SS promotes the maturation of monocytes to
antigen-presenting cells with elevated levels of inflammatory genes in conjunctiva [61].
Keratinization of the conjunctival and corneal epithelia, squamous metaplasia, and goblet
cell loss are observed in severe primary SS.

In conclusion, SS dry eye is a multifactorial disease, comprising aqueous, lipid, and mucin
components, which is comprised of a series of disorders of the lacrimal gland, conjunctiva,
corneal and meibomian glands, causing aqueous-deficient or evaporative dry eye.

3.2.2. Rheumatoid Arthritis & Dry Eye

RA is a common systemic inflammatory disease, characterized by persistent synovitis,
systemic inflammation, and autoantibodies (particularly rheumatoid factor and citrulli-
nated peptide) [62]. The morbidity ranges from 0.5% to 2% in the overall population [63].
RA affects the joints, but the systemic inflammatory process could affect other tissues and
organs, for example, the eyes. Most relevant studies showed that dry eye was the most
frequent ocular complication in RA patients, while others include scleritis, episcleritis,
keratitis, etc. [64–66]. Although some patients with RA can develop secondary SS with the
prevalence varying from 4% to 50% [67], dry eye is common even in RA patients without
secondary SS [10]. No matter what kind of RA (RA-SS or RA-nonSS), dry eye is the most
common ocular manifestation. As for gender characteristics of dry eye in RA, it is more
common in women, with a female-to-male ratio of 9:1 [68]. The probability of ocular in-
volvement increases with the duration of the disease and it may represent the main clinical
manifestation of RA in patients with long-standing disease. In addition, sometimes ocular
complaints are the first symptom of RA patients [64]. The severity of eye dryness was
verified to be highly correlated with juvenile RA [69]. However, there was no significant
correlation between the severity of dry eye and RA activity. Therefore, the deterioration of
the systemic condition of RA does not one hundred percent lead to the aggravation of dry
eye symptoms, and dry eye cannot be excluded even in patients with mild RA [10].

Mechanisms of RA are the repeated activation of innate immunity, especially at
mucosal surfaces. Innate immunity could activate fibroblast-like synoviocytes, dendritic
cells, and macrophages during the earliest phases in individuals with underlying immune
hyperreactivity. The overproduction of pro-inflammatory cytokines, such as tumor necrosis
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factor (TNF) and interleukin-6 (IL-6), lead to the proliferation of synovial cells in joints and
subsequent pannus formation, cartilage destruction, and bone erosions [62]. Among ARDs
other than SS, the association is the closest between dry eye and RA [70]. As mentioned
above, increased deterioration of RA seems not to lead to the aggravation of dry eye.
Consequently, the etiology of dry eye is different in SS and non-SS patients with RA [10].

The mechanism of dry eye in RA patients is different from SS and might be a result of
local pathology affecting the tear fluid, conjunctiva, or cornea. The pathological changes
of the ocular surface in RA-SS are dissimilar to RA-nonSS as discovered by Villani et al.
after they detected the concentration of human IL-1a, IL-6, IL-8, and TNF-a (substantial
in the synovial fluid and tissue of RA patients) in tear samples [66]. After intervention
therapy using blockers against TNF-a, IL-1a, and IL-6, there were remarkable therapeutic
efficacies in RA. Additionally, the concentration of IL-1a and IL-6 in the tear ducts of RA-SS
patients declined significantly, while there were no evident changes of those cytokines in
RA-nonSS patients [66]. However, Usuba et al. demonstrated the evaporative component
disturbance in RA patients, with the presence of meibomian gland dysfunction (associated
with alterations in the lipid layer of tear film) as well as decreased goblet cell numbers
(associated with the mucin layer of the tear film), in addition to the traditional aqueous
tear deficiency related to dry eye disease. Furthermore, treatment with TNF inhibitors
improved conjunctival goblet cell numbers in RA patients with mild dry eye, which is
conducive to relieving dry eye by increasing the secretion of mucin [71]. This is consistent
with Tong’s findings that TNF-inhibitor treatment controlled inflammatory disease activ-
ity concomitantly to conjunctival cytology, especially the goblet cell density, implying a
common underlying inflammatory mechanism for ocular and articular activity [72]. In
addition, in a clinical trial by Schargus et al., tear film hyperosmolarity highly correlates
(>316 mOsmol/L) with undiagnosed dry eye in RA patients [73].

Most of the current studies demonstrated that dry eye in RA tends to correlate with
local pathogenic mechanisms other than with systemic inflammation [10,73]. In summary,
mixing aqueous-deficient dry eye and evaporative dry eye, RA-nonSS dry eye comprises
disorders of the conjunctiva and meibomian gland, resulting from a decrease of aqueous,
lipid, and mucin components. Findings of note include that the meibomian gland dysfunc-
tion is associated with higher disease activity parameters, and that TNF-inhibitor therapy
improves ocular surface health by promoting the recovery of goblet cells.

3.2.3. Systemic Lupus Erythematosus & Dry Eye

SLE is a multisystem, chronic, autoimmune disease that mostly affects women (fe-
male/male ratio ranging from 6:1 to 10:1) who are of child-bearing age [74]. Ocular
symptoms can be detected in approximately one-third of SLE patients. The incidence of
SS secondary to SLE is about 13.96% [75]. Dry eye complaints are usually ignored in SLE
patients without secondary SS. However, dry eye is the most common ocular manifestation
of SLE [11], and the same is true of juvenile systemic lupus erythematosus [76]. As a
significant “window” into SLE, dry eye is diagnosed with a prevalence of 5% in early-onset
SLE patients, 16% in the duration stage, and 33% in late-onset [77].

Elevated levels of anti-double-stranded DNA antibodies (anti-dsDNA) and erythrocyte
sedimentation rate [78], as well as the depression in complement levels (C3 and C4) [79,80]
are commonly used to predict lupus’s flare and assess its activity. Chen et al. found that
in SLE patients without secondary SS, the progress of dry eye severity was consistent
with anti-dsDNA titers and low C3 levels, but not with the low C4 levels, erythrocyte
sedimentation rate, and antinuclear antibodies (ANAs) [81]. SLE alters not only the density
and the morphology of the corneal Langerhans cells, but it also interferes with corneal
homeostasis and might contribute to the development of dry eye [82].

As significant risk factors for dry eye, poorer meibomian gland function and worse tear
film lipid layers were also found in SLE patients without secondary SS, leading to decreased
tear volume and faster evaporation [83]. SLE tends to present with multiple factors of
induced dry eye, including disorders of the lacrimal gland, cornea, and meibomian glands.



Biomolecules 2023, 13, 724 7 of 13

3.2.4. Systemic Sclerosis & Dry Eye

Scleroderma, also called SSc, is an immune-mediated rheumatic disease that is charac-
terized by fibrosis and vasculopathy of the skin and internal organs [84]. The proportion of
females with SSc is higher than that of males (female/male = 3:1) [85]. This disease involves
different organs, including the eyes and periocular tissues. Dry eye is the most common
ocular manifestation of SSc.

SSc related dry eye is likely owing to the fibrosis of the conjunctiva and lacrimal
glands [86]. Based on a histological study, the fibrosis of the conjunctiva is associated
with degranulating mast cells. Dry eye from primary SS and dry eye from SSc share a
similar mechanism since the primary lacrimal gland duct is involved in both. However, the
lymphoid infiltration in the gland is sparser in SSc [15], which can be used to differentiate
SSc and primary SS related dry eye. The presence of fibrosis suggests SSc, whereas lympho-
cytic infiltration is a critical sign of primary SS [59]. Because SSc is related to peripheral
neuropathy, de A. F. Gomes et al. held the opinion that patients with SSc may have a
decreased corneal sensation, which can explain the lack of correlation between signs and
symptoms of dry eye [15].

In addition to the impairment of the aqueous layer of the tear film due to lacrimal
gland fibrosing [86], blepharitis and MGD are other factors for SSc related dry eye. The
lacrimal gland, conjunctiva, cornea, and meibomian glands are all involved in SSc related
dry eye. Characteristics of primary SS, RA, SLE, and SSc related dry eye disease are shown
in Table 1.

Table 1. Characteristics of autoimmune rheumatic diseases related dry eye disease.

Primary Sjogren’s
Syndrome Rheumatoid Arthritis Systemic Lupus

Erythematosus Systemic Sclerosis

Incidence of Dry Eye 95% 38–47% 13.4–39.5% 37–79%

Incidence of Secondary
Sjogren’s Syndrome - 4–50% 13.96% 14–60%

The Most Common Ocular
Manifestation dry eye dry eye dry eye dry eye

Correlation between Dry
Eye and ARDs Activity positive relationship

uncertain in adults, a
positive relationship

between juvenile RA and
dry eye

positive relationship positive relationship

Ocular Structures
Involved

� lacrimal gland
� acini and ducts of

lacrimal gland
� conjunctiva
� corneal
� meibomian gland

� conjunctiva
� cornea
� meibomian gland

� lacrimal gland
� cornea
� meibomian gland

� lacrimal gland
� conjunctiva
� cornea
� especially

meibomian gland

Type of Dry Eye aqueous-deficient and
evaporative dry eye

aqueous-deficient and
evaporative dry eye

aqueous-deficient and
evaporative dry eye

aqueous-deficient and
mainly evaporative

dry eye

Changes in Tear Film aqueous, lipid, and mucin aqueous, lipid, and mucin aqueous, lipid, and mucin aqueous, mucin
especially lipid

Note: ARDs, autoimmune rheumatic diseases.

4. ARDs Related Dry Eye and Its Association with Retinopathy
4.1. How Dry Eye Disease Affects Retinal Diseases

Dry eye is related to some retinal diseases directly or indirectly. Systemic diseases or
exposure to hazardous substances should be considered if the dry eye and retinal diseases
are concurrent.

Dry eye and retinal diseases both belong to the catalog of age-related ocular dis-
eases, including age-related macular degeneration, cataracts, and glaucoma. These above-
mentioned changes may be attributed to similar pathophysiological mechanisms, including
dysregulated mitochondrial metabolism, reprogrammed glucose metabolism, and impaired



Biomolecules 2023, 13, 724 8 of 13

methylation in the aging eye [87]. The overlap of endocrine (hormonal withdrawal) and
neuronal dysfunction with aging contribute to age-related ocular diseases [88]. The age-
related ocular diseases can be improved in various parameters of visual function by using
L-carnitine and its derivatives [89].

The environment is one of the most significant risks for dry eye. Endocrine disrupting
chemicals (EDCs) are a group of chemical compounds that can interfere with endocrine
hormone homeostasis, including about 1000 synthesized chemicals. Humans are exposed
to EDCs from their diet, thermal receipts, personal care products, antimicrobial soaps,
household or agricultural pesticides, and cleaning products, leading to physiological
abnormalities in the body, such as ocular surface disorders, including dry eye [90]. The
induction of chronic physiological abnormalities caused by EDCs may subsequently result
in retina diseases, including age-related macular degeneration, retinitis, retinal detachment,
and diabetic retinopathy [91].

In addition, the ocular surface and retina are often involved in diabetes. Diabetes
is associated with progressive damage to corneal nerves and epithelial cells, which can
increase the risk of dry eye [92]. Up to 54% of type 2 diabetic patients suffer from dry eye
syndrome, which is more frequent in diabetic patients with diabetic retinopathy [93].

Alpha-lipoic acid showed similar therapeutic effects in the treatment of both dry eye
disease and diabetic retinopathy [94].

4.2. How ARDs Affect Retinal Diseases

The retina is often involved in ARDs and commonly associated with systemic in-
flammatory cell infiltration, which may constitute the initial presentation of systemic
immune-mediated disorders. Retinal vasculitis may also represent the most common reti-
nal manifestations of the rheumatic disease and it is often accompanied by uveitis, scleritis,
or macular edema [95]. It was reported that about 51% of SSc patients had different forms
of retinal diseases, including mild retinal pigment epithelial atrophy, drusen, choroidal
scar formation, and severe age-related macular degeneration [96]. Retinal involvement, the
second most common ocular manifestation among SLE patients, has a prevalence of 7–29%
and is one of the most common indicators of a highly-active period of SLE [97].

Since a case of optic neuropathy secondary to SS was first reported in 1990, more and
more studies are focusing on the relationship between SS and retinopathy [98]. With the
continuous improvement of retinal detecting technology, more details of the mechanisms
have been uncovered by recent studies. According to a clinical study of patients with SS,
anti-SSB autoantibodies might be a useful marker to predict abnormally reduced peripapil-
lary retinal nerve fiber layers and macular ganglion cell–inner plexiform layer thickness [99].
Furthermore, as reported recently, optical coherence tomography angiography was used
to investigate the differences in retinal thickness and superficial vascular density between
patients with SS and healthy controls, suggesting the retinal thinning of the macular area
can also reflect the severity of dry eye in SS and has clinical value for assisted imaging
diagnosis [100]. Similarly, in RA, retinal capillary plexus density in the macula is lower
than in normal individuals [101]. In addition, even if no clinical and ophthalmoscopic signs
are present, retinal vessel inflammation is present in 18% of RA patients and can represent
one of the possible extra-articular manifestations of RA [102].

5. Clinical Attention–Dry Eye Is the “Window” of ARDs

First, dry eye is a challenge for patients and may be difficult for clinicians to di-
agnose and manage effectively [103]. Moreover, patients ultimately diagnosed with an
autoimmune rheumatic disease are also a diagnostic challenge [6]. We should devote more
attention to symptoms of ARD related dry eye. Second, there is a sequence of other ocular
disorders that ARDs patients may have, e.g., scleritis, episcleritis, keratitis, etc. However,
the symptoms and signs of these ocular diseases are easy to notice, unlike the latent dry
eye. Third, the eye could be a surrogate marker for the onset or aggravation of an immune
reactivation in ARDs since dry eye complaints can antedate the diagnosis of rheumatic
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diseases. It is possible to avoid the delay of many long-term sequelae by recognizing dry
eye manifestations of ARDs.

Of note, a significant percentage of dry eye diagnoses can be missed because of the
number of symptoms just for diagnosis of dry eye as well as isolated inclusion criteria.
Severe dry eye is usually common in patients with ARDs. In addition, the decreased
corneal sensation is a feature of severe dry eye which might alter the patient’s perception
of symptoms of ocular irritation. The reduced corneal sensation could provide inadequate
feedback through the ophthalmic nerve to the central nervous system, resulting in less
efferent stimulation to the lacrimal gland, reduced tear production, and the promotion of
a vicious cycle [104]. Overall, examines related to dry eye are significant and should be
implemented in patients with ARDs, even if there is no specific ocular complaint.

6. Conclusions

Dry eye is the most common ocular complication in ARDs. ARD related dry eye,
caused by functional disorders of the lacrimal gland, lacrimal duct, conjunctiva, cornea,
and meibomian glands, includes the two kinds of aqueous-deficient and evaporative dry
eye, simultaneously. Severe symptoms of dry eye are usually presented in patients with
ARDs, which might enable the dry eye to be a significant indicator of ARDs. In the future,
the research on ARD related dry eye might contribute to the investigation of systemically
immunological and molecular mechanisms in ARDs. Significantly, because of the direct or
indirect associations of ARD related dry eye with some retinal diseases, a comprehensive
understanding of dry eye, ARDs, and relative complications is necessary.
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