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Abstract 
    Background: Capillaroscopy is widely recognized for its role in evaluating microcirculation, particularly in patients with Raynaud’s 
phenomenon and scleroderma-spectrum diseases. The eye sign may provide complementary insights into microvascular assessment. 
This study primarily investigates whether the eye sign can differentiate patients with systemic sclerosis (SSc) and other connective tissue 
diseases (CTDs) presenting with Raynaud’s from healthy controls. Additionally, we explored correlations between eye sign scores and 
capillaroscopic changes within patient subgroups.  
   Methods: This cross-sectional study enrolled 117 individuals, divided into three groups: healthy controls (N=31), systemic sclerosis 
(SSc) (N=49), and other connective tissue diseases (CTDs) presenting with Raynaud's phenomenon (RP) (N=37). Clinical data, including 
lung involvement, pulmonary artery hypertension, and skin score, as well as laboratory results, capillaroscopy findings, and eye sign 
(assessed by naked-eye criteria), were collected from all participants. The primary analysis compared ocular symptom scores between 
patients and healthy controls. Subgroup analyses and correlation assessments were exploratory.  
   Results: Eye sign scores did not significantly differ between the combined patient group and healthy controls (P = 0.158). Subgroup 
comparisons also revealed no significant differences (P = 0.297 for SSc, P = 0.262 for other CTDs). Furthermore, no significant 
associations were observed between eye sign scores and capillaroscopy findings within the study groups. Additionally, no significant 
associations were found between eye sign scores and specific clinical manifestations. Confidence intervals were provided to reflect 
statistical uncertainty.  
   Conclusion: This study found no statistically significant differences in Eye sign scores between patients and healthy controls, nor any 
associations with capillaroscopic abnormalities. However, due to the limited sample size and the exploratory nature of the subgroup 
analyses, these findings should be interpreted with caution. 
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Introduction 
Capillaroscopy is a non-invasive, safe, and effective di-

agnostic technique utilized to evaluate microcirculation. It 
provides detailed images of capillary morphology, which is 
crucial for assessing various rheumatic conditions, includ-
ing patients with Raynaud's Phenomenon (RP) (1-3). This 

method is widely employed due to its accessibility and its 
ability to differentiate between primary and secondary 
forms of RP, which is essential for the early diagnosis and 
management of potential underlying connective tissue dis-
eases (CTDs) (4, 5). The most distal capillaries are directly 
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↑What is “already known” in this topic: 
Capillaroscopy is a noninvasive method used to evaluate microcirculation, 
particularly in patients with Raynaud’s phenomenon and scleroderma 
spectrum disorders. The eye sign was evaluated in only 20 patients with 
scleroderma as an additional method for assessing microcirculation.   
 
→What this article adds: 

We found no statistically significant difference in eye sign scores between 
the SSc and other CTDs groups when compared to healthy controls. 
Additionally, there was no significant association between eye sign scores 
and specific clinical manifestations in these patients. Furthermore, the eye 
sign and capillaroscopy changes did not correlate with one another.  
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exposed and positioned perpendicular to the nail bed, facil-
itating visualization with point-of-care tools in the clinic 
(6).  

In systemic sclerosis (SSc) and several other autoimmune 
rheumatic diseases, including dermatomyositis, antisynthe-
tase syndrome, antiphospholipid syndrome, mixed connec-
tive tissue disease (MCTD), systemic lupus erythematosus 
(SLE), and Sjögren syndrome, the phenomenon (RP) can 
be observed and is associated with structural alterations in 
the microvasculature. In fact, in SSc and other diseases 
within the scleroderma spectrum, microvascular injury or 
damage and endothelial cell dysfunction occur at an early 
stage of pathogenesis (7).  

Several regions of the human body allow for direct ob-
servation of systemic microcirculation, including the nail 
fold, bulbar conjunctiva, tongue, buccal mucosa, and lip (8, 
9). In 1968, it was reported that the bulbar conjunctiva 
could serve as an additional site for microcirculation eval-
uation (10). Compared to other regions, the bulbar conjunc-
tiva exhibits greater stability and is less influenced by tem-
perature variations. However, the complexity of its imple-
mentation has restricted its application in clinical practice.  

The eye sign, a method for assessing bulbar conjunctiva 
microcirculation, was introduced into clinical practice in 
1988 (8). Measurements of vessel diameter and blood flow 
in healthy individuals have revealed a range of vessel di-
ameters from approximately 8.7 to 24.3 microns (11). In an 
article by Shi (2023), the eye sign score was discussed as a 
potential non-invasive assessment tool for microvascular 
involvement in rheumatologic diseases, such as neuropsy-
chiatric systemic lupus erythematosus. This method entails 
the direct observation of specific microvascular changes in 
the bulbar conjunctival microvasculature, including rami-
fied loops, microangiomas, and wound spots (12). The eye 
sign score may be emerging as a valuable tool for assessing 
microcirculation in patients with SSc, as suggested by Yu 
et al. Their findings demonstrated consistency between the 
eye sign score and NVC. Furthermore, they illustrated the 
ability of the eye sign score to effectively distinguish be-
tween different morphological changes associated with the 
early, active, and late phases of SSc, as well as to differen-
tiate between pulmonary involvements, such as pulmonary 
arterial hypertension (PAH) and interstitial lung diseases 
(13). The findings regarding the association between retinal 
changes in scleroderma and capillaroscopy have been in-
consistent; some studies have reported a significant corre-
lation, while others have found no such relationship (14, 
15).  

To address both diagnostic and pathophysiological ques-
tions, this study included three distinct groups: patients 
with SSc, patients with other CTDs, and healthy controls. 
SSc was selected as a prototypical autoimmune disease 
characterized by well-defined microvascular involvement, 
while other CTDs represent a spectrum of vascular pheno-
types. The inclusion of healthy individuals provided a base-
line reference for evaluating the diagnostic performance of 
the Eye sign. This design facilitated pooled analysis for di-
agnostic assessment and exploratory subgroup compari-
sons to investigate disease-specific vascular patterns.  

This study primarily aimed to assess whether eye symp-
toms could differentiate patients with connective tissue dis-
eases presenting with Raynaud's phenomenon from healthy 
individuals. Additionally, comparisons of subgroups across 
disease types and correlation analyses with capillaroscopy 
findings were conducted.  

 
Methods 
This cross-sectional study was designed primarily to as-

sess whether eye symptoms can distinguish patients with 
connective tissue diseases from healthy individuals. We 
evaluated patients with systemic sclerosis (SSc), derma-
tomyositis (DM), mixed connective tissue disease 
(MCTD), and undifferentiated connective tissue disease 
(UCTD) who presented with the RP (fulfilling the Interna-
tional Consensus Criteria for RP) (16). These patients met 
the 2013 American College of Rheumatology (ACR) and 
European League Against Rheumatism (EULAR) criteria 
for the diagnosis of SSc, the 2017 EULAR/ACR Classifi-
cation Criteria for Adult and Juvenile Idiopathic Inflamma-
tory Myopathies with definite dermatomyositis, and the 
MCTD classification criteria established by Alarcon-Sego-
via et al. (17-19).  

Sample size estimation was based on previous studies 
evaluating the Eye sign and nailfold capillaroscopy in 
CTDs (13), utilizing the formula for comparing two inde-
pendent means:  𝑛 ൌ 2𝜎ଶሺ𝑍ଵିఈ/ଶ ൅ 𝑍ଵିఉሻଶ𝛥ଶ  

Assuming σ ≈ 6 and Δ ≈ 3, the minimum required sample 
size per group was approximately 30. Our final sample, 
comprising 86 patients and 31 controls, exceeded this 
threshold, thereby supporting the adequacy of our design 
for exploratory analysis. Type I and II error thresholds were 
established at α = 0.05 and β = 0.20 (80% power). Although 
these parameters dictate our target sample size, the final co-
hort was recruited based on availability, thus constituting a 
convenience sample.  

If patients exhibited signs and symptoms suggestive of a 
CTD but did not meet the established classification criteria, 
they were classified as UCTD (20). All patients were re-
ferred to Hafez Hospital, affiliated with Shiraz University 
of Medical Sciences, for capillaroscopy. Participants were 
recruited between March 2022 and March 2024. For the 
primary analysis, patients with SSc and other CTDs were 
grouped and compared with healthy controls. Subgroup 
comparisons were conducted for SSc, UCTD, DM, and 
MCTD. Patients were seen in the rheumatology clinic of 
Hafez Hospital, where their clinical and laboratory infor-
mation was collected and recorded in a chart. Concurrently, 
capillaroscopy was performed, and all patients received 
both oral and written information and signed the informed 
consent form.  

We excluded cases in which basic initial complementary 
tests were not performed. Additionally, patients with smok-
ing habits, diabetes mellitus, or other relevant conditions 
were excluded from the study. All patients were assessed 
for sex, age, and symptom duration. The available serolog-
ical and laboratory tests, including ANA, RF, Anti-CCP, 
Anti-Scl-70, Anti-Ro, Anti-La, Anti-dsDNA, Anti-Sm, 
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Anti-RNP, Anti-Jo-1, and Anticentromere, as well as ESR 
and CRP, were recorded. On the same day, patients who 
met the inclusion criteria underwent capillaroscopy using 
the Euromex ST. 1740 stereomicroscope, manufactured in 
Holland, with ×250 magnification and a Cmex D.C.5000 
video camera (5 megapixels). Eight fingers from both 
hands, excluding the thumbs, were assessed. Fingers with 
infection, inflammation, signs of trauma or injury, deform-
ities, or poor accessibility were also excluded.  

The data were recorded in a format that included the 
shape of the capillaries (normal or abnormal), capillary di-
ameter—defined as the largest diameter of the apical side 
of the nailfold capillaries (if ≥20 µm, it was categorized as 
capillary dilatation, and if ≥50 µm, it was classified as a 
giant loop)—mean capillary density (with a mean capillary 
density of >9 capillaries/mm considered very good density, 
between 7-9 capillaries/mm regarded as good density, be-
tween 4-6 capillaries/mm identified as reduced (low) den-
sity, and <4 capillaries/mm classified as very low density); 
and the presence or absence of hemorrhage (total number) 
in the affected fingers, based on the international Delphi 
consensus for data reporting and the PANLAR capillaros-
copy study group consensus. The overall NFC findings 
were categorized as follows: normal, scleroderma pattern 
(further classified as early, active, and late scleroderma pat-
tern), or non-specific abnormalities (21, 22).  

Simultaneously, images of the sclera of both eyes of the 
patients were captured using a mobile camera, and the 
eight-eye sign score was assessed (for both eyes) based on 
visual criteria (Table 1) (13).  

In patients with SSc, clinical subsets (diffuse or limited) 
and skin scoring in scleroderma patients were conducted 
according to the definition provided by LeRoy et al. using 
the MRSS (Modified Rodnan Skin Score) (23).  

Pulmonary involvement, specifically interstitial lung dis-
ease, and pulmonary artery hypertension were evaluated 
using high-resolution computed tomography (HRCT) dur-
ing the initial screening and echocardiography as a funda-
mental clinical assessment, respectively. A pulmonary ar-
tery pressure exceeding 40 mmHg on echocardiography 
was classified as pulmonary artery hypertension (PAH) 
(24).  

Abnormalities in ocular symptoms were primarily com-
pared between patients and healthy subjects. Comparisons 

of subgroups and their relationships with capillaroscopic 
changes were conducted. Subgroup analyses across sys-
temic sclerosis (SSc), undifferentiated connective tissue 
disease (UCTD), dermatomyositis (DM), and mixed con-
nective tissue disease (MCTD) were performed in an ex-
ploratory framework due to limited sample sizes. Explora-
tory analyses were undertaken to assess the relationships 
between ocular symptoms and organ involvement (lung, 
heart, and skin scores) in patient subgroups. Assessments 
and analyses were conducted using SPSS-26 for Windows, 
employing variance analysis and the κ-square test. Results 
are presented as mean ± standard deviation, and a p-value 
of <0.05 was considered statistically significant.  

To evaluate the diagnostic performance of the Eye sign, 
we conducted receiver operating characteristic (ROC) 
curve analysis to compare patients and healthy subjects. 
Sensitivity, specificity, positive predictive value (PPV), 
and negative predictive value (NPV) were calculated using 
standard thresholds. The area under the curve (AUC) was 
employed to assess overall discrimination ability. To ac-
count for potential confounders, we performed an analysis 
of covariance (ANCOVA) with the Eye sign score as the 
dependent variable and group (patients vs. controls) as the 
fixed factor, adjusting for age, sex, and disease duration.  

 
Results 
A total of 117 individuals were studied. Among the par-

ticipants, 49 (41.9%) had SSc, 37 (31.6%) had other CTDs 
(5 had dermatomyositis, 5 had mixed connective tissue dis-
ease, and 23 had undifferentiated connective tissue dis-
ease), and 31 (26.5%) belonged to the normal population 
group. The study population was predominantly female 
(90.6%), with a mean age of 46.8 years (standard deviation: 
11.6 years). In all three studied groups, women constituted 
the majority (SSc: 99.3%, other CTDs: 94.6%, control: 
86%), and there was no significant difference in gender dis-
tribution among the three groups (P=0.671). The mean ages 
in the SSc group, other CTDs, and controls were 47.5, 47.4, 
and 45.2 years, respectively (P=0.082).  

RP was observed in all patients in the SSc group as well 
as in the group with other CTDs. In the SSc group, the prev-
alence of dysphagia and telangiectasia was 26.5% and 27%, 
respectively. Among the 49 patients diagnosed with SSc, 
31 underwent evaluation for interstitial lung diseases, of 

 
Table 1. The eye sign scores  

Characteristics Capillary character/score 
Enlarged capillaries 3-6 

>6 
5 
10 

Twisted capillaries 
 
Helical capillaries 

3-6 
>6 

5 
10 
10 

The ratio of the deformity area of ramified loops to the total conjunctival area.  1/8-1/4 
>1/4 

5 
10 

Hemorrhages 
 
Microangioma 

1-3 
>3 

 

5 
10 
10 

Coloration of the vessels and skin surrounding the eyelid.  Mild 
Serious 

5 
10 

Wound spot 1-2 
>3 

5 
10 
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which 10 patients (32.3%) were found to have interstitial 
lung disease. Additionally, 7 patients were assessed for pul-
monary hypertension, and 6 of these patients (85.7%) were 
diagnosed with pulmonary hypertension. The mean skin 
score was 10.43 ± 6.50.  

The rates of various symptoms among patients with other 
CTDs were as follows: arthritis (8.3%), arthralgia (55.6%), 
periorbital edema (10.8%), morning stiffness (2.7%), dys-
phagia (10.8%), lip furrowing (6%), facial or palmar telan-
giectasia (27.0%), peringuinal erythema (13.5%), mechan-
ical hands (5.4%), puffy hands (31.4%), dry mouth 
(40.5%), dry eye (13.5%), heartburn (37.8%), and Gottron's 
sign (8.1%). This group of patients did not have available 
HRCT/S or echocardiography on the day of evaluation; 

therefore, data regarding pulmonary and cardiac involve-
ment were not accessible. However, none exhibited any 
symptoms of lung or cardiac involvement during history 
taking and examination.  

Eye sign scores were compared between the combined 
patient group (SSc and other CTDs) and healthy controls 
(Table 2). The mean Eye sign score was 20.87 ± 6.07 in 
patients and 19.00 ± 6.99 in controls, revealing no statisti-
cally significant difference (P = 0.158; Table 1). This indi-
cates limited diagnostic differentiation of Eye sign between 
patients and healthy individuals. After adjusting for age, 
sex, and disease duration using ANCOVA, the difference 
in Eye sign scores between patients and healthy controls 

Table 2. Primary comparison of eye sign sores between patients and healthy controls 
Group N 

M
ea

n 
Ey

e 
sig

n 
Sc

or
e 

± 
SD

 

95
%

 C
I 

P-value 

A
U

C 
(9

5%
 C

I)
 

Se
ns

iti
vi

ty
 (%

) 

Sp
ec

ifi
ci

ty
 (%

) 

PP
V

 (%
) 

N
PV

 (%
) Unadjusted  

P-value 
Adjusted  
P-value 

Patients 
(SSc+CTDs) 

86 20.87 ± 6.07  
[19.56–
22.18] 

0.158 0.174 0.61 
(0.51–
0.71) 

48.8 67.7 78.4 34.1 

Healthy 
Controls 

31 19.00 ± 6.99 [16.54– 
21.46] 

 

 
Table 3. Capillaroscopy and laboratory characteristics in patients with SSc, other CTDs, and the control group 

Variable SSc group 
(N=49) 

other CTDs 
(N=37) 

control group 
(N=31) 

P 

Frequency  
(Percentage) 

Frequency  
(Percentage 

Frequency  
(Percentage) 

Capillaroscopy 
pattern 

Normal 1 (2.1%) 1 (2.9%) 31 (100%) 0.002 
Nonspecific abnormalities 14 (29.8) 23 (67.6) 0 (0%) 
SSc pattern  Early  4 (8.5) 4 (11.8) 0 (0%) 

Late  0 (0%) 0 (0%) 0 (0%) 
Active  28 (59.6) 6 (17.6) 0 (0%) 
Total SSc pat-
tern 

32 (68.1) 10 (29.4) 0 (0%) 

Morphology abnormal 14 (28.6) 9 (24.3) - 0.744 
Morphology range <33% of total capillaries 7 (14.3) 6 (75) - 0.320 

33-66% of total capillaries 4 (8.2) 2 (25) - 
More than 66% of total capillaries 3 (6.1) 0 (0) - 

Dimension Dilation 20 (40.8) 23 (62.2) - 0.147 
Giant loop 1 (2) 10 (27) - 
Dilation and Giant Loop  24 (49) 0  (0) - 

Mean capillary den-
sity 

Good density (≥7) 22 (44.9) 27 (73) - 0.084 
Reduced density (4-7) 22 (44.9) 5 (13.5) - 
Very low density (<4) 2 (4.1) 2 (5.4) - 

Hemorrhages Present 30 (61.2) 21 (56.8) - 0.751 
Lab Test  Total Tests Performed Frequency (%) / mean ± standard deviation 

SSc group 
(N=49) 

Other CTDs 
(N=37) 

Control group 
(N=31) 

ANA Positive 113 38 (79.2) 24 (68.6) 0 (0) 
dsDNA Positive 110 0 (0) 2 (6.1) 0 (0) 
RF positive 113 0 (0) 2 (5.7) 0 (0) 
ACA positive 108 0 (0) 1 (3.1) 0 (0) 
Anti-RO positive 110 1 (2.1) 9 (27.3) 0 (0) 
Anti-LA positive 109 0 (0) 3 (9.4) 0 (0) 
Anti-Jo positive 109 0 (0) 1 (3.1) 0 (0) 
Anti-RNP positive 110 0 (0) 7 (21.2) 0 (0) 
ESR (millimeters per hour) 102 14.91±7.30 20.34±21.33 7.61±3.69 

ANA: Antinuclear Antibody Positive; dsDNA: Double-Stranded DNA Antibody Positive; RF: Rheumatoid Factor Positive; ACA: Anti-cardiolipin Antibody Positive; 
Anti-RNP Positive: Anti-Ribonucleoprotein Antibody Positive; ESR: Erythrocyte Sedimentation Rate.  
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remained non-significant (adjusted P = 0.174). This sug-
gests that these covariates did not substantially influence 
the primary outcome.  

ROC analysis for the Eye sign yielded an AUC of 0.61 
(95% CI: 0.51–0.71), indicating limited discriminative 
ability between patients and healthy controls. At a thresh-
old of ≥22, sensitivity was 48.8%, specificity was 67.7%, 
PPV was 78.4%, and NPV was 34.1%. These findings sug-
gest that the Eye sign alone may not be sufficient for diag-
nostic differentiation.  

In the studied population, 62 participants (53%) tested 
positive for ANA. Additionally, 2 individuals (1.7%) were 
positive for dsDNA, with the same percentage (1.7%) ob-
served for RF. Thirteen participants (12%) tested positive 
for ACA. Furthermore, 10 individuals (8.5%) were positive 
for Anti-RO, and 3 (2.6%) tested positive for Anti-LA. One 
participant (0.9%) was positive for Anti-Jo, and 7 individ-
uals (6%) demonstrated Anti-RNP positivity. The average 
ESR was recorded at 14.15 ± 15.49 mm/hour (Table 3).  

In the capillaroscopy evaluation, the SSc group demon-
strated an SSc pattern in 68.1% of cases and nonspecific 
abnormalities in 29.8%. In contrast, the other CTDs group 
exhibited an SSc pattern in only 29.4% of cases, with non-
specific abnormalities observed in 67.6%. The study groups 
differed significantly regarding capillaroscopy patterns 
(P=0.002), with the SSc group showing the highest preva-
lence of the SSc pattern. Additionally, the SSc group dis-
played a higher occurrence of active scleroderma patterns 
compared to other CTDs; however, this difference was not 
statistically significant (P=0.053). No significant differ-
ences were noted in other elements of capillaroscopy (Ta-
ble 3).  

As shown in Table 4, none of the studied groups exhib-
ited a significant difference in any of the eye sign compared 
to the control group. Although the eye sign score was lower 
in the normal population than in the other two groups, the 
difference between these groups and the control group was 

not statistically significant (P>0.05). Subgroup compari-
sons of Eye sign scores across SSc, other CTDs, and con-
trols were exploratory in nature. Due to small sample sizes, 
these findings should be interpreted with caution. Where 
applicable, 95% confidence intervals were reported to re-
flect statistical uncertainty.  

As demonstrated in Table 5, no significant relationship 
was observed between the eye sign score and capillaros-
copy changes in patients with SSc and other CTDs.  

In patients with SSc, the analysis of the total eye score 
across various clinical manifestations revealed no signifi-
cant differences, as indicated by p-values exceeding 0.05. 
Participants with dysphagia had a mean total eye score of 
21.53 ± 7.18, compared to 20.13 ± 5.27 in those without 
dysphagia (P=0.900). For interstitial lung diseases, the 
mean scores were 20.50 ± 3.68 and 20.71 ± 5.76, respec-
tively (P=0.819). Regarding pulmonary hypertension, indi-
viduals with the condition had a mean score of 17.50 ± 5.24, 
while those without it scored 25.00 ± 0.00 (P=0.286). Fur-
thermore, facial or palmar telangiectasia exhibited mean 
scores of 19.68 ± 5.81 and 22.05 ± 5.60, respectively 
(P=0.175). The skin score showed no significant correla-
tion with the eye score (r = 0.212, P = 0.182) (Table 6).  

In the other CTDs group, the results indicated that partic-
ipants with arthritis had a mean score of 25.00 ± 5.00, com-
pared to 20.80 ± 6.72 for those without the condition (P = 
0.266), suggesting no significant difference. Similarly, ar-
thralgia (P = 0.290), Gottron sign, periorbital edema (P = 
0.421), peringuinal erythema (P = 0.928), mechanic's hands 
(P = 0.801), puffy hands (P = 0.822), morning stiffness (P 
= 0.571), dry mouth (P = 0.658), dry eye (P = 0.243), heart-
burn (P = 0.323), dysphagia (P = 0.900), and facial or pal-
mar telangiectasia (P = 0.905) also demonstrated no signif-
icant differences (Table 6).  

A sample of capillaroscopy and the eye signs of both eyes 
of two patients with systemic sclerosis are displayed in Fig-
ure 1.  

 

 
Table 4. Exploratory comparison of eye sign sores across SSc, other CTDs, and healthy controls 

Characteristics Condition SSc group 
(N=49) 

other CTDs group 
(N=37) 

control group 
(N=31) 

Enlarged capillaries 3-6 11 (22.4) 9 (24.3) 1 (3.2) 
>6 0 (0) 1 (2.7) 0 (0) 

P (comparison with control group) 0.112 0.093 - 
Twisted capillaries 
 

3-6 27 (55.1) 17 (45.9) 19 (61.3) 
>6 15 (30.6) 15 (40.5) 11 (35.5) 

P (comparison with control group) 0.562 0.497 - 
Helical capillaries 7 (14.3) 4 (10.8) 1 (3.2) 
P (comparison with control group) 0.093 0.068 - 
The ratio of the deformity area of ramified loops to 
the total conjunctival area.  

1/4-1/8 36 (73.5) 24 (64.9) 21 (67.7) 
<1/4 13 (26.5) 12 (32.4) 9 (29) 

P (comparison with control group) 0.880 0.911 - 
Hemorrhages 
 
 

1-3 25 (51) 15 (40.5) 12 (38.7) 
>3 0 (0) 0 (0) 1 (3.2) 

P (comparison with control group) 0.243 0.340 - 
Color tuning of the vessels and skin surrounding 
the eyelid.  

Mild 32 (65.3) 25 (67.6) 15 (48.4) 
serious 2 (4.1) 2 (5.4) 2 (6.5) 

P (comparison with control group) 0.223 0.190 - 
Total eye sign score  20.51±5.79 21.35±6.41 19.00±6.99 
95% CI [18.89 – 22.13] [19.28 – 23.42] [16.54 – 21.46] 
P (comparison with control group) 0.297 0.262 - 
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Discussion 
This study aimed to investigate the differences in ocular 

signs among patients with SSc, other CTDs, and the normal 
population, as well as to identify any associations between 
ocular signs and capillaroscopy changes in patients with 
scleroderma and other CTDs who presented with RP.  

While the original design included three distinct groups 
(SSc, other CTDs, and healthy controls), the primary objec-
tive was to determine whether the ocular symptom could 
differentiate patients from healthy individuals. Accord-
ingly, we performed a pooled analysis of all patients versus 
controls to directly address this diagnostic question. Sub-
group comparisons were conducted within an exploratory 
framework to investigate potential heterogeneity across 
disease types. This approach balances diagnostic clarity 
with hypothesis-generating insights and aligns with recent 
recommendations for biomarker evaluation in heterogene-
ous autoimmune populations.  

Our results did not demonstrate statistically significant 
differences in eye sign scores between individuals with SSc 
and other CTDs compared to healthy controls. However, 
given the limited sample size and the absence of a formal 
power calculation, these findings should be interpreted with 
caution. The lack of statistical significance does not con-
firm the absence of an association, and the possibility of a 
type II error cannot be excluded. This finding contrasts with 
previous research, such as the study by Yu et al. (2022), 
which reported that eye sign scores were higher in SSc pa-
tients compared to healthy controls, suggesting a signifi-
cant burden of ocular manifestations in systemic conditions 
like SSc. (25)  

Our results did not reveal statistically significant associ-
ations between the eye sign score and capillaroscopy vari-
ables in patients with SSc and other CTDs. A previous 
study examined the relationship between eye sign scores 
and capillaroscopy. In the study conducted by Yu et al., 60 

Table 5. Association between eye sign and capillaroscopy findings in SSc and other CTDs 
 SSc group 

(N=49) 
Other CTDs (N=37) 

Capillaroscopy changes Mean ±  SD of Total Eye 
Score 

P Mean ±  SD of Total 
Eye Score 

P 

Whole finding 
pattern 

Normal - 0.989 - 0.082 
Nonspecific abnormalities 20.35±4.58 20.43±6.01 
SSc pattern 20.31±6.34 25.00±6.42 
SSc pattern  Early  20.00±10.80 0.846 25.00±7.07 0.216 

Late  - - 
Active  20.35±5.76 25.00±6.32 

Morphology Normal 20.30±4.99 0.904 20.80±6.56 0.175 
Abnormal 20.35±7.45 23.88±5.46 

Morphology range <33% of total capillaries 23.57±7.48 0.128 23.33±6.05 0.726 
33-66% of total capillaries 20.00±7.07 25.00±7.07 
More than 66% of total capillaries 13.33±2.88 -  

Dimension Normal 20.00±0.00 0.637 - 0.082 
Dilation 20.75±4.94 20.43±6.01 
Giant loop - - 
Dilation and Giant Loop  19.79±6.67 25.00±6.23 

Mean capillary score Good density (≥7) 20.00±4.74 0.152 20.74±6.30 0.213 
Reduced density (4-7) 20.68±5.83 26.00±6.51 
Very low density (<4) 12.50±3.53 22.50±3.53 

Hemorrhages Absent 20.31±4.64 0.905 20.31±6.27 0.281 
Present 20.50±6.34 22.38±6.44 

 
Table 6. Association between the eye sign Score and clinical manifestations in SSc and other CTDs 

SSc group (N=49) 
Clinical manifestation Mean ± SD of total eye score P 
Dysphagia 21.53±7.18 0.900 
Interstitial Lung diseases 20.50±3.68 0.819 
Pulmonary hypertension 17.50±5.24 0.286 
Facial or palmar telangiectasia 19.68±5.81 0.175 
Skin score 0.212 0.182 
Other CTDs group (N=37) 
Clinical manifestation Mean ± SD of Total Eye Score P 
Arthritis 25.00±5.00 0.266 
Arthralgia 22.50±6.58 0.290 
Gottron sign 23.33±5.77 0.564 
Periorbital edema  18.75±8.53 0.421 
Periinguinal erythema  21.00±7.41 0.928 
Mechanic's Hands 20.00±7.07 0.801 
Puffy Hands 20.90±7.68 0.822 
Morning stiffness 24.00±0.00 0.571 
Dry mouth 21.25±5.27 0.658 
Dry Eye 18.00±2.73 0.243 
Heart burn 20.35±7.95 0.323 
Dysphagia 20.00±10.00 0.900 
Facial or palmar telangiectasia 21.50±5.79 0.905 
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SSc patients and 20 healthy individuals were enrolled. All 
subjects were assessed using methods of NVC and eye sign 
evaluation. The study found a positive linear correlation be-
tween eye sign scores and NVC severity in all patients with 
SSc (13). While our study included a larger overall sample 
of patients exhibiting a scleroderma pattern of capillaros-
copy, the smaller sample size within each disease subgroup 
(SSc and other CTDs) may have reduced our statistical 
power. To strengthen these findings, future studies should 
be conducted with larger subgroup sizes. Furthermore, this 
lack of association should be interpreted cautiously due to 
the limited sample size and potential confounding factors.  

As reported by Shi et al. (2023), the presence of eye sign 
in patients with neuropsychiatric lupus erythematosus has 
been associated with increased vascular damage (26). How-
ever, our findings did not support a similar association in 
patients with SSc and other CTDs.  

In justifying the results obtained in the present study, it is 
important to consider that conjunctival microcirculation, 
evaluated through eye sign scores and nailfold capillary 
networks assessed via capillaroscopy, is influenced by var-
ious physiological mechanisms. The conjunctiva is a highly 
vascularized tissue that plays a crucial role in ocular surface 
health, while nailfold capillaries are primarily involved in 
peripheral circulation and are often utilized as a proxy for 
systemic microvascular health (27). Studies by Deng 
(2016) and Jiang (2014) have suggested that microvascular 
responses in the conjunctiva can be significantly affected 
by local factors such as inflammation and environmental 
conditions, which may not be reflected in the systemic 
changes observed in nailfold capillaries (28, 29).  
Capillaroscopy typically focuses on the morphology and 
density of capillaries in the nailfold, which may not provide 

a comprehensive overview of conjunctival vascular 
dynamics (30). Studies have reported that the median apical 
diameter of nailfold capillaries in healthy subjects is 
approximately 17 µm (31), while the diameter of 
conjunctival capillaries ranges from approximately 8.7 to 
24.3 microns, with a mean value of around 15.5 microns in 
healthy individuals (11). Although the naked eye can only 
observe the blood vessels of the scleral conjunctiva that are 
larger than about 0.1 millimeters in diameter, larger vessels 
and those congested due to inflammation are more easily 

visible . 
Additionally, the pathophysiological processes underly-

ing microvascular changes in systemic conditions, such as 
SSc, may not uniformly affect both conjunctival and nail-
fold capillary networks. For instance, studies by Smith et 
al. (2016) and Niklas et al. (2022) have demonstrated that 
SSc is characterized by specific microvascular alterations 
primarily observed in the nailfold capillaries, including ca-
pillary loss and dilatation, which may not manifest simi-
larly in conjunctival vessels (32, 33). This indicates that 
while both systems are influenced by microvascular dys-
function, the nature and extent of these changes can differ 
significantly, resulting in a lack of correlation between con-
junctival microcirculation and capillaroscopic findings.  

In both groups of SSc and other CTDs, we did not ob-
serve statistically significant associations between any of 
the skin symptoms and the eye sign score. The conjunctiva, 
being a highly vascularized tissue, can exhibit changes due 
to local inflammatory processes or environmental factors 
that are independent of the systemic manifestations of SSc 
and other CTDs. For instance, inflammatory conditions 
such as episcleritis or conjunctivitis may occur in SSc pa-
tients but do not necessarily correlate with the severity or 

a b 

  
Case 1: A 41-year-old woman with a 2-year history of systemic scle-
rosis presented with Raynaud's phenomenon, sclerodactyly, telangiec-
tasia, positive ANA, and high titer anti-centromere antibodies. Capil-
laroscopy revealed an active scleroderma pattern characterized by low 
density (5 capillaries per mm), multiple giant loops, abnormally 
shaped capillaries, and multiple hemorrhages. The eye sign score in-
cluded helical capillaries (10 points), the ratio of the deformity area of 
ramified loops to the total conjunctival area (5 points), and hemor-
rhages (5 points), resulting in a total score of 20.  
 

Case-2: A 57-year-old woman with a 2-year history of systemic scle-
rosis presented with Raynaud’s phenomenon, telangiectasia, sclero-
dactyly, pitting scars, and reflux. She exhibited an active scleroderma 
pattern on capillaroscopy, characterized by low density (6 capillaries 
per mm), multiple giant loops, no abnormally shaped capillaries, and 
multiple microhemorrhages. The eye sign score was as follows: helical 
capillaries scored 10, and the ratio of the deformity area of ramified 
loops to the total conjunctival area scored 5, resulting in a total score 
of 15.  

 
Figure 1. Illustrates capillaroscopy and the eye sign in both eyes of two patients with systemic sclerosis  
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type of skin symptoms (34). This divergence in underlying 
mechanisms may explain why skin symptoms do not corre-
late with eye sign scores, as they may reflect different as-
pects of the disease process.  

This limitation indicates that some potentially meaning-
ful associations may have gone undetected, and the absence 
of statistically significant findings should be interpreted as 
inconclusive rather than confirmatory. Subgroup analyses 
were exploratory and constrained by small sample sizes, 
which further increased uncertainty and limited the reliabil-
ity of observed trends. Confidence intervals have been pro-
vided where relevant to reflect this limitation. Conducting 
a longitudinal study to evaluate changes in eye sign and 
capillaroscopy over time may potentially reveal dynamic 
associations. Future studies should incorporate formal 
power calculations and multivariable adjustments to better 
assess diagnostic utility and control for confounding.  

 
Conclusion 
The present study aimed to investigate the differences in 

eye signs between patients with SSc, other CTD, and the 
normal population, as well as to identify any association 
between Eye sign scores and capillaroscopy changes in pa-
tients with SSc and other CTDs presenting with Raynaud's 
phenomenon. Although the relationship between these two 
factors is biologically plausible, our study did not detect 
statistically significant associations. This suggests that 
while both eye sign and capillaroscopy changes may reflect 
underlying microvascular dysfunction, they do not neces-
sarily correlate with each other, as they may involve differ-
ent pathophysiologic mechanisms in these populations. 
However, given the limited sample size and the exploratory 
nature of subgroup analyses, these findings should be inter-
preted with caution, as the possibility of a type II error can-
not be excluded. Further research is warranted to elucidate 
the complex interplay between ocular manifestations and 
systemic microvascular abnormalities in CTDs.  
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