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Abstract
Background One of the most frequent ocular features of
systemic sclerosis (SSc) is dry eye disease (DED), which
has been identified to occur in 37–79% of patients.
Although several studies have found weak or no correlations
between symptoms and signs of dry eye, symptoms are often
the motivation for seeking eye care, and are therefore a critical
outcome measure when assessing treatment effect. The aim of
this study is to evaluate the impact of symptoms of dry eye on
vision-related quality of life in patients with systemic sclero-
sis, and to investigate the relation between clinical tests and
symptoms of dry eye in these patients.
Methods In this cross-sectional study, 45 consecutive patients
with SSc were enrolled. For evaluation of the symptoms the
“Ocular Surface Disease Index (OSDI)” questionnaire was
applied to all patients. After that, all individuals were submit-
ted to a full ophthalmic examination, including the following

tests: tear break-up time, Schirmer I, rose bengal staining.
Patients were then grouped into dry eye and non-dry eye
groups with regard to the diagnosis of dry eye. Mann–Whitney
test was used to compare continuous variables, whereas the
Fisher exact test was used to compare categorical data between
groups. Spearman’s correlation test was used to analyze the
correlations between clinical tests and OSDI scores. P values
<0.05 were considered significant.
Results Dry eye disease was diagnosed in 22 patients
(48.9%). Other ocular surface abnormalities found were:
blepharitis (40% of the patients), pterygium (15.6%),
pinguecula (82.2%), and superficial punctate keratitis
(26.7%). Among the 45 patients, 29 patients (64.4%)
had symptoms of ocular surface disease. The mean
OSDI score was 26.8±25.8 (SD). There were no statis-
tically significant differences in OSDI scores between
DED and non-DED patients. No substantive correlations
were found between OSDI scores and TBUT, Schirmer
I, or rose bengal staining score, and none of the observed
correlations reached statistical significance.
Conclusion Symptoms of dry eye have a moderate impact
on vision-related quality of life in patients with systemic
sclerosis and do not correlate well with clinical findings.
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Introduction

Systemic sclerosis (SSc) is a rare chronic disease of unknown
cause characterized by fibrosis, degenerative changes, and
vascular abnormalities in the skin, joints, and internal organs
[1, 2]. Impairment of internal organs induces a wide spectrum
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of functional failures and limitations, affecting general health
status and significantly decreasing health-related quality of
life [3]. SSc has a worldwide distribution, occurring most
commonly in females. The peak incidence appears in individ-
uals between 45 and 64 years old [2].

One of the most frequent ocular features of SSc is dry eye
disease (DED), which has been identified to occur in 37–79%
of patients and is thought to be derived from fibrosis of the
conjunctiva and lacrimal gland, which leads to a tear deficien-
cy state that causes further damage to the ocular surface [4, 5].
Although the probability of dry eye causing blindness or
visual impairment is low, it has a significant impact on the
daily and social lives of patients [6, 7]. In a considerable
number of cases, however, dry eye symptoms do not correlate
well with clinical findings of DED [8–12]. Although several
studies have found weak or no correlations between symp-
toms and signs of dry eye [8–12], symptoms are often the
motivation for seeking eye care, and are therefore a critical
outcome measure when assessing treatment effect [11, 13].

Patient-reported measurements used to evaluate the
impact of eye disease on symptoms, functioning, and
perceptions are referred to as vision-targeted health-related
quality of life instruments [11]. Recently, some studies have
developed ways of measuring patient-reported symptoms of
dry eye, such as the Dry Eye Questionnaire, the McMonnies
Questionnaire, and the Ocular Surface Disease Index (OSDI).
The later is notable among other questionnaires for ocular
surface disease for having undergone psychometric testing
and having been accepted by the U.S. Food and Drug Admin-
istration (FDA) for use in clinical trials [14, 15].

Since lack of association between clinical findings and
subjective symptoms among patients with dry eye have been
reported in some studies, it is valuable to explore possible
differences in associations of clinical signs with dry eye
symptoms in patient populations with different manifesta-
tions or causes of DED [11].

The purpose of this study was to evaluate the impact of
symptoms of DED on vision-related quality of life in patients
with SSc, using a dry-eye-disease-specific instrument (OSDI
questionnaire) and also to investigate the relation between
clinical tests and the OSDI scores in these patients.

Methods

The study protocol was approved by the Ethics Committee of
Hospital Clementino Fraga Filho (HUCFF). Consecutive
patients with diagnosed SSc were recruited from the Rheuma-
tology Service of HUCFF from April 2009 to September
2009. The diagnosis of SSc was based on the American
College of Rheumatology criteria [16]. Patients with SSc sine
scleroderma, scleroderma overlap syndrome, diabetes melli-
tus, or with severe systemic hypertension were excluded.

Before the clinical examination, a trained interviewer
administered the OSDI questionnaire to each patient. Sub-
sequently, a comprehensive ophthalmologic evaluation,
including tear function tests and ocular surface status, was
performed by another physician.

The OSDI [14] (provided by Allergan, Inc. Irvine, CA,
USA) was used to quantify the impact of dry eye symptoms
on vision-related quality of life. This disease-specific ques-
tionnaire includes 12 questions which are subdivided into
three groups: (1) ocular discomfort, which includes symptoms
such as painful eyes, (2) functioning, which measures limita-
tion in performance of common activities such as reading and
working on a computer, and (3) environmental triggers, which
measures the impact of environmental triggers, such as wind
or drafts, on dry eye symptoms. The questions are asked with
reference to a 1-week recall period. Possible responses refer to
the frequency of the disturbance: none of the time, some of the
time, half of the time, most of the time, or all of the time. The
total OSDI score was calculated on the basis of the following
formula: OSDI0[(sum of scores for all questions answered) ×
100]/[(total number of questions answered) × 4]. Subscale
scores were computed similarly, with only the questions from
each subscale used to generate its own score. Thus, the OSDI
overall and subscale scores were scored on a scale of 0 to 100,
with higher scores representing greater disability. The
scoring of the OSDI was performed according to the
published guidelines [17].

The OSDI was considered in the study to evaluate the
impact of dry eye with the following scores: 0–12 normal,
13–22 mild, 23–32, moderate, and 33–100 severe symptoms
[18].

Tear film stability was assessed using tear film break-
up time (TBUT). One drop of 2% sodium fluorescein
(Fluoresceína®, Allergan, São Paulo-SP, Brazil) was instilled
into the inferior fornix, and the patient was instructed to blink
several times. Using the cobalt blue filter and slit-lamp
biomicroscopy, the duration of time required for the first area
of tear film breakup after a complete blink was determined.
The mean value of a total of three measurements was
recorded.

A 5-minute conventional Schirmer I test without anes-
thesia was performed to evaluate tear production. A com-
mercially available 5 x 35-mm paper strip (Schirmer strips®,
Ophthalmos, São Paulo-SP, Brazil) was placed over the
lower lid margin between the junction of the middle and
outer third of the lower lid. Patients were instructed to keep
their eyelids closed during the Schirmer test.

The assessment of ocular surface damage was performed
by touching the inferotemporal bulbar conjunctiva with a
rose bengal strip (Rose Glo™, Rose Stone Enterprises, Alta
Loma, CA, USA), wetted with one drop of a preservative-
free isotonic sodium chloride solution, and the reaction was
classified according to the van Bijsterveld scoring system
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[19], which could range from 0–9, higher scores indicating
worse ocular surface damage.

Abnormal values of the tests were as follows: Schirmer
test ≤5 mm in 5minutes, TBUT <10 seconds, rose bengal
staining score >3. Patients were diagnosed with DED if two
or more of these tests (Schirmer,TBUT, or rose bengal) were
abnormal. The diagnosis of DED in this study was made by
extrapolating the Japanese [20] and Copenhagen criteria
[21].

Demographic and clinical characteristics of the patients
were analyzed by descriptive statistics. Correlation between
clinical tests and dry eye symptoms was assessed using
Spearman’s correlation analysis. Patients were grouped into
DED and non-DED groups. Mann–Whitney test was used to
compare continuous variables, whereas the Fisher exact
test was used to compare categorical data between groups.
P value of <0.05 was considered as significant.

Results

Forty-five patients were enrolled in this study. Forty (88.9%)
patients were female and five (11.1%) were male, and the
mean age was 51 years (range, 22–77). According to the
criteria adopted in this study, DED was diagnosed in 22
patients (48.9%). Other ocular surface abnormalities found
were: blepharitis (40% of the patients), pterygium (15.6%),
pinguecula (82.2%), and superficial punctate keratitis
(26.7%). Among the 45 patients, 29 patients (64.4%) had
symptoms of ocular surface disease such as itching, burning,
foreign body sensation, dryness, or redness. Twenty-three

patients (51.1%) had a score higher than 22 in the OSDI
questionnaire (Table 1).

Table 2 presents the characteristics of the patients, divided
into DED and non-DED groups, by age, sex, and clinical
examination findings. There were no significant differences
between groups in terms of age (p00.2) or sex (p00.67).
Furthermore, the two study groups were comparable for
ocular surface abnormalities (p>0.13). With respect to DED
evaluation for all patients, the following results were obtained:
Schirmer I, 11.7±10.9 mm (range, 0–35); TBUT, 4.4±3.1 s
(range, 1–12); rose bengal staining, 0.98±1.4 (range, 0–5).

The OSDI overall and subscale scores of the patients are
shown in Table 3. There were no statistically significant
differences in OSDI overall score or in any of the subscale
scores between DED and non-DED patients.

Correlation analyses between OSDI (overall and subscale
scores), TBUT, Schirmer I test and rose bengal staining
scores are described in Table 4. No substantive correlations
were found and none of the observed correlations reached
statistical significance.

Discussion

DED is a multifactorial disease of the tears and ocular
surface that results in symptoms of discomfort, visual dis-
turbance, and tear film instability, with potential damage to
the ocular surface and adverse impact on vision-related
quality of life [7, 22]. SSc is a systemic autoimmune disease
associated with high prevalence of DED [4, 5]. We sought to
evaluate the impact of symptoms of DED on vision-related
quality of life and its correlation with clinical findings in
patients with SSc. Although a few studies have assessed
DED in patients with SSc, assessments of symptoms have
been very limited [23–25]. Furthermore, this study is the
first to evaluate the impact of DED symptoms in vision-
related quality of life in SSc patients.

The prevalence of DED in this study (48.9% of the
patients) correlates well with previous studies that showed

Table 1 Ocular Surface
Disease Index (OSDI)
grading in patients with
systemic sclerosis

OSDI0Ocular Surface
Disease Index

OSDI overall score N %

Normal (0–12) 20 44.4

Mild (13–22) 2 4.4

Modarate (23–32) 7 15.6

Severe (33–100) 16 35.6

Table 2 Characteristic of
patients with systemic sclerosis:
with dry eye disease (DED)
versus without (non-DED)

DED0dry eye disease;
SD0standard deviation;
OSDI0Ocular Surface Disease
Index; RB0rose bengal

†0Mann–Whitney test;
§0Fisher’s exact test

*Statistically significant
difference

DED (n022) Non-DED (n023) P Total (n045)

Age, mean ± SD (years) 53.5±14.7 48.7±10.1 0.2 † 51±12.6

Sex 19/3 21/2 0.67§ 40/5

Female/male 86.4%/13.6% 91.3%/8.7% 88.9%/11.1%

TBUT (s) 3.3±2 5.5±3.6 0.03†* 4.4 ±3.1

Schirmer I (mm) 4±5 19±10.1 <0.01†* 11.7±10.9

RB staining, mean ± SD 1.6±1.7 0.3±0.6 <0.01†* 0.98±1.4

Blepharitis (+) 12(54.6%) 12(52.2%) 0.99§ 24(40%)

Punctate keratitis (+) 8(36.4%) 4(17.4%) 0.19§ 12(26.7%)

Pterygium (+) 4(18.2%) 3(13%) 0.7§ 7(15.6%)

Pinguecula (+) 16(72.7%) 21(91.3%) 0.13§ 37(82.2%)
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a prevalence ranging from 37–79% of patients [4, 26, 27]. In
this study, symptoms usually related to dry eye, such as
itching, burning, foreign body sensation, dryness, redness,
were reported by 29 patients (64.4%). Other studies showed
that 34.6–72% of patients with SSc have ocular symptoms
related to DES [23–25].

The Ocular Surface Disease Index (OSDI) is a 12-item
questionnaire designed to provide a rapid assessment of the
symptoms of ocular irritation consistent with DED and their
impact on vision-related functioning [14]. Systemic disease
factors could have their own additional impact on vision-
targeted health-related quality of life. Since OSDI is a dry-
eye-disease-specific instrument, it is expected to be less
influenced by additional factors [10]. We found that patients
with SSc had OSDI scores (mean 26.8) similar to those
previously published for moderate dry eye patients [14],
and lower than the ones reported for patients with Sjögren’s
syndrome. In previous studies, patients with Sjögren’s
syndrome were found to have a mean OSDI score ranging
from 30 to 58.6 [11, 12].

The pathophysiology of DED associated with SSc is
thought to be due to fibrosis of the conjunctiva and lacrimal
gland [4, 5]. On histology, there is fibrosis of the conjunctiva
associated with degranulating mast cell. There have been
parallels drawn between primary Sjögren’s syndrome
and DED from SSc, since both have primary ductal
involvement that suggests similar mechanisms. However,
lymphoid infiltrates are sparser in SSc. Conjunctival biopsy

is valuable for differentiating between SSc and primary
Sjögren’s syndrome [28]. The presence of fibrosis on
histology suggests SSc, whereas lymphocytic infiltration
is present in primary Sjögren’s syndrome [28].

In this study, the correlations of ocular surface parameters
with OSDI overall and subscale scores tended to be weak or
nonexistent, consistent with several other studies demon-
strating poor correlation between signs and symptoms of
dry eye [8–10].

Ozcura et al. have reported a significant inverse correlation
between the OSDI and TBUT test scores, but no correlation
between the Schirmer I test scores and OSDI [29]. In their
study, Schirmer I test was performed with opened eyes. Reflex
epiphora developed during the Schirmer I test was suggested
by the authors as the underlying cause of the absence of any
correlation between OSDI and Schirmer I scores. In support of
this, Singh Bhinder et al. reported that the Schirmer I results
change according to reflex epiphora when performed with
opened eyes [30]. Indeed, closing the eyes while the test is
performed has been recently found to increase its reliability,
successfully minimizing the influence of such factors [31].

Schiffman et al. have found poor correlation between
OSDI overall and subscale scores and traditional objective
clinical measures of dry eye (Schirmer I, TBUT, fluorescein
staining and lissamine green staining) when the results from
all patients were analyzed together. However, when the
analysis focused on only patients with Schirmer I scores
less than 10 mm, low to moderate statistically significant
correlations were detected for all subscales except vision-
related function. The authors concluded that among a
heterogeneous group of patients with DED, these measures
lack sufficient sensitivity to capture the full range of ocular
surface and tear abnormalities that produce typical dry eye
symptoms. However, in certain subsets of patients (such as
patients with tear deficiency), these clinical measures may
correlate more closely with patient perception of disease
severity [14].

Since the type of dry eye in Sjögren’s syndrome is more
likely to be severe, and Sjögren-related dry eye is the pro-
totype of tear-deficient dry eye, one should expect stronger
associations between signs and symptoms of DED in
patients with Sjögren’s syndrome. However, some studies
have reported poor correlation between OSDI scores and

Table 3 OSDI overall and subscale scores in patients with systemic
sclerosis: with dry eye disease (DED) versus without dry eye
(non-DED)

DED
(n022)

Non-DED
(n023)

P† Total
(n045)

OSDI score 24.1±21.6 29.5±29.6 0.93 26.8±25.8

Vision-related function 24.1±18.4 29.1±29.8 0.07 26.7±24.7

Ocular symptoms 20.5±33.9 26.9±37 0.45 23.8±35.8

Environmental triggers 30.3±35.1 29.5±33.9 0.94 29.9±34.1

DED0dry eye disease; OSDI0Ocular Surface Disease Index

†Mann–Whitney test

Results are expressed as mean ± standard deviation

Table 4 Correlation between
OSDI score and individual
clinical measures in the
worse eye

TBUT0tear break-up time ;
RB0rose bengal; OSDI0Ocular
Surface Disease Index

TBUT Schirmer I RB staining

ρ P value ρ P value ρ P value

OSDI total score −0.22 0.14 −0.11 0.48 0.07 0.65

Vision-related function −0.24 0.11 −0.09 0.54 0.10 0.51

Ocular symptoms 0.02 0.91 0.04 0.79 −0.06 0.72

Environmental triggers −0.24 0.11 −0.11 0.47 0.11 0.46
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clinical measures of dry eye in patients with Sjögren’s
syndrome [11, 12]

Wangkaew et al. have found weak or no correlation
between subjective symptoms of dry eye and the results of
Schirmer I test in patients with SSc and in patients with
rheumatoid arthritis. However, they found moderate statis-
tically significant correlation in patients with systemic lupus
erythematosus [32].

Decreased corneal sensation is a feature of severe dry eye
which might alter patient’s perception of symptoms of ocular
irritation, and might explain the lack of correlation in popula-
tions with high prevalence of severe DED [11, 12]. Reduced
corneal sensation could provide inadequate feedback through
ophthalmic nerve to the central nervous system, resulting in
less efferent stimulation to lacrimal gland, with reduced tear
production and promotion of a vicious cycle [11]. In addition,
blepharitis and other ocular surfaces disorders commonly
associated with DED may also influence patient’s perception
of symptoms [33–35].

In this study, there were no statistically significant differ-
ences between DED and non-DED patients with regard to
the presence of blepharitis, punctate keratitis, pterygium, or
pinguecula. However, despite the significant difference in
objective findings of all clinical diagnostic tests performed,
we found no statistically significant differences in OSDI
scores between DED and non-DED patients.

We believe that decreased corneal sensation is a possible
explanation for the lack of correlation between signs and
symptoms of DED in patients with SSc. Future studies
should be carried out to evaluate corneal sensation in SSc.
Given the fact that SSc is associated with peripheral
neuropathy [36, 37], decreased corneal sensation may be a
manifestation of the systemic disease itself, regardless of the
severity of dry eye.

It is noteworthy that the diagnosis and assessment of
DED are complicated by the considerable variation in the
disease’s symptoms and signs, and the lack of definitive
diagnostic tests. In this study, DED diagnosis was based
on TBUT, Schirmer I test, and rose bengal staining. These
are among the most common tests used in the clinical setting
[38]. However, in light of the evidence concerning the lack
of a relationship between symptoms and these dry eye
clinical tests, more studies are needed to confirm the rela-
tionship between symptoms and other more objective diag-
nostic tools, such as tear film osmolarity test [39] and the
double-pass scattering test [40]. In conclusion, symptoms of
DED have a moderate impact on vision–related quality of
life in patients with SSc, and do not correlate well with
clinical findings.
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