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ORIGINAL ARTICLE

Assessment of Corneal and Tear Film Parameters in
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1,
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Rehabilitation, Cairo University, Cairo, Egypt

ABSTRACT

Purpose: To study the corneal changes in rheumatoid arthritis (RA) patients in vivo, using spectral domain
anterior segment optical coherence tomography (AS-OCT).
Methods: A case–control study was done on 43 RA patients and 40 controls. The disease activity score (DAS28-
ESR) was calculated and all participants had lower tear meniscus, corneal thickness, and epithelial thickness
evaluation using AS-OCT.
Results: The lower tear meniscus height (LTMH) and the lower tear meniscus area (LTMA) were significantly
lower in the RA patients than in controls (p < 0.001). RA patients also had a significantly thinner central corneal
thickness (p = 0.02) and their epithelium was found to be thinner in the superotemporal peripheral sector.
Conclusions: The LTMH and LTMA are significantly reduced in RA patients, despite the absence of clinical
diagnosis of dry eye. RA patients have thinner corneal thickness and epithelial thickness than controls, which did
not correlate with either disease duration or activity.

Keywords: AS-OCT, corneal epithelium thickness, dry eye, lower tear meniscus, rheumatoid arthritis

Rheumatoid arthritis (RA) is a chronic, multisystem,
autoimmune disease sustained by environmental and
genetic factors.1 Women are nearly three times more
likely to have the disease than men.2 The disease prin-
cipally affects the joints and is usually accompanied by
one or more extra-articular manifestations.3 The eye is
an important extra-articular target organ for this disease
and the ocular surface, in particular, is one of the most
frequently affected areas.3 The most common form of
ocular involvement is dry eye (DE), affecting most RA
patients.4 Dry eye may present either as keratoconjunc-
tivitis sicca (KCS) or secretory deficiency.5 According to
Fox et al.,6 KCS is an important clinical sign of second-
ary Sjogren syndrome (SSII), as well as primary Sjogren,
and approximately 20% of patients with RA have SSII.7

The type of collagen affected, the amount of corneal

hydration, and the involvement of the extracellular
matrix of the cornea may vary in different types of
autoimmune diseases with corneal involvement.8 This
may be reflected on different corneal parameters,
including pre-corneal tear film, corneal, and epithelial
thickness.

Conventionally, tear film is examined clinically using
Schirmer’s test and fluorescein breakup time test (FBUT).
However, subtle corneal changes usually require more
sophisticated techniques to detect in vivo.9–11 Today,
anterior segment (AS) spectral–domain optical coher-
ence tomography (SD-OCT) is used to image the tear
film;12 measure the lower tear film height and area;13,14

measure corneal thickness (pachymetry); as well as the
surface epithelial thickness using an in vivo, non-contact
technique.15–20 The aim of our study was to use the AS,
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SD-OCT to assess the ocular surface, including the lower
tear meniscus height (LTMH), lower tear meniscus area
(LTMA), corneal pachymetry, and epithelial thickness
maps in RA patients and compare those parameters
with normal subjects.

MATERIALS AND METHODS

This study was held in Kasr Al-Ainiy Hospital, Cairo
University, over the duration of 1 year, from October
2013 to September 2014. The study was approved by
the local ethics committee and the principles of the
Declaration of Helsinki were observed. Informed con-
sents were obtained from all subjects prior to conducting
the study.

A total of 43 eyes of female RA patients with definite
RAdiagnosed according to the 2010American College of
Rheumatology/The European League Against
Rheumatism (ACR/EULAR RA) classification criteria
for RA,21 were recruited from the rheumatology outpa-
tient clinic of the same university. The exclusion criteria
included subjects with glaucoma, allergic diseases, ocu-
lar trauma, history of ocular surgery, and history of
recent use of dry eye medications. Systemic work-up
was done by the rheumatology department, which
included: routine laboratory investigations, i.e. complete
blood count (CBC), erythrocyte sedimentation rate
(ESR), and the immune profile, including rheumatoid
factor (RF) and anti-cyclic citrullinated peptide (anti-
CCP) antibodies. All patients were regularly receiving
one or more of the disease modifying anti-rheumatic
drugs (DMARDs), with or without corticosteroids. The
disease activity score (DAS28-ESR) was calculated.22

In total, 40 female subjects were recruited from
those attending the ophthalmology outpatient clinic
of Cairo University during the same period, with
mild refractive errors and within normal ophthalmo-
logic examination. Patients with a history of chronic
systemic diseases, prolonged use of topical medica-
tions, previous ocular surgery, or contact lens wear
within 3 months before the study, were excluded.

Ophthalmologic Examination

The data was collected from subjects (43 RA patients
and 40 controls). Full ophthalmologic evaluation was
performed on each subject by two examiners in the
following order: best-corrected visual acuity (BCVA),
FBUT, corneal fluorescein staining, Schirmer’s test
under topical anesthesia, and fundus examination.

We evaluated tear film stability with FBUT, aqueous
tear productionwith Schirmer’s test,with topical anesthe-
sia (STA). We recorded the time interval between a com-
plete blink and the first appearance of a dry spot in the
precorneal tear film after fluorescein instillation with the
slit-lamp microscope using standard settings. Finally,

STA was performed by instilling one drop of propara-
caine 0.5% anesthetic. After 5 min, the STA results were
recorded. The wet portion of the paper was measured in
millimeters (mm/5min). The clinical diagnosis of dry eye
was considered in the presence of quantitative or quali-
tative disturbance of the tear film (Schirmer’s test <5 mm
or FBUT <5 s). Accordingly, RA patients and controls
were divided into two subgroups: Dry Eye subgroup
(RA-DE and Normal-DE), and No-Dry Eye (RA-No DE
and Normal-No DE).

Anterior Segment OCT

Being a non-contact technique, OCT was performed
before the ophthalmologic examination to minimize
potential artifacts. Fourier-domain OCT (RTVue RT-
100 with algorithm version 6.11.0.12; Optovue Inc.,
Fremont, CA) with a scan rate of 26 000 axial scans/
second, axial resolution of 5 μm, transverse resolution
of 15 μm, and an add-on lens of the corneal adaptor
module (CAM-L mode: 6.0–2.0 mm) was used in the
current study. All OCT observations were done by one
examiner (MK).

Pachymetry Maps
A pachymetry scan pattern, with 6-mm scan diameter
and eight radials, was chosen to map the cornea. The
pachymetry map of total corneal thickness and corneal
epithelial thickness was provided by the RTVue corneal
adaptor module software, automatically. To confirm
thickness measurement reproducibility, two scans were
taken for each case with deviation no more than 3 μm in
central corneal thickness. If deviation was found as >3
μm, the scan was repeated for a third time. Data output
included full corneal and epithelium thickness maps
over the 6-mm-diameter scan area. Both of the corneal
and epithelial thickness maps were divided into three
zones on the basis of diameters: central 2 mm, paracen-
tral 2–5 mm, and pericentral 5–6 mm. The paracentral
and pericentral zones were further divided into eight
sectors each (Figure 1A, B).

Tear Meniscus Height and Area
The lower tear meniscus in each eye is imaged by a
vertical scan centered on the inferior cornea and the
lower eyelid. The scans are taken a few seconds after a
blink. The lower tear meniscus height and area were
measured with the manufacturer’s software calipers
(Figure 1C, D).

Outcome Measures

Primary Outcome Measures
To compare the mean LTMH, LTMA, corneal thick-
ness, and epithelial thickness in different corneal
regions in the RA patients and normal controls.
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Secondary Outcome Measures
To compare the same parameters in the different dry
eye subgroups.

Statistical Analysis

All analyses were done using IBM SPSS v.20.0 statis-
tical software (IBM Corporation, NY). The left eye of
each subject was used in the analysis. Descriptive sta-
tistics was calculated, and the data was summarized as
mean ± SD for numerical data and frequencies for
categorical data. Associations between categorical
data were analyzed by χ2-test; or Fisher’s exact test in
presence of cells with values less than expected.
Comparison between continuous variables from the
two groups was done by independent samples t-test.
Correlations between the OCT measurements and the
age and disease activity parameters of the RA patients
were made using Pearson’s correlation coefficient (r).

For the subgroup analysis, the Kruskal–Wallis test was
done. The results were considered statistically signifi-
cant when there was a p value of <0.05, with a p value
of <0.0083 considered significant in the case of multi-
ple comparisons.

RESULTS

Our study group included 83 subjects; 43 RA
patients and 40 normal subjects (controls). The initial
data obtained from the patients are shown in
Table 1. No statistically significant difference was
observed between the two study groups regarding
age (p = 0.216). The presence of clinical dry eye
diagnosis was significantly more in the RA group
(p = 0.006). The Schirmer’s test results and the
FBUT were significantly lower in the RA group
than in the control group (Table 1; p = 0.046, 0.019,
respectively).

FIGURE 1. (A,B) Corneal pachymetry map (left) and epithelium thickness map (right) from the left eye of an RA patient (A) and a
normal patient (B). (C,D) Lower tear meniscus height (C) and cross-sectional area (D) measurements.
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SD-OCT Results

The tear film OCT parameters (LTMH and LTMA) were
lower in the RA group than the control group with high
significance (Figure 2; p < 0.001). As for the corneal

thickness (CT); the central corneal thickness (CCT) was
thinner in the RA group. The superior, the nasal, the
temporal, the superonasal, and the superotemporal para-
central thickness (2–5 mm from the center) were also
found to be thinner in the RA group (Figure 2; p < 0.05).

TABLE 1. Summary of the demographic, clinical, and laboratory data obtained from both study groups.

Parameter RA (n = 43) (mean ± SD) Normal (n = 40) (mean ± SD) p value

Age (years) 43.11 ± 13.25 39.67 ± 11.88 0.218
Dry eyea (yes/no) 20/23 7/33 0.006
FBUT 10.91 ± 3.43 13.15 ± 4.88 0.019
Schirmer’s test 10.21 ± 6.44 12.75 ± 4.89 0.046
BCVA (Snellen decimal) 0.95 ± 0.09 0.62 ± 0.31 <0.001
Disease duration (years) 7.83 ± 5.06 N/A –
Morning stiffness (min) 19.48 ± 34.41 N/A –
Disease activity score (DAS28-ESR) 3.54 ± 1.31 N/A –
RF (positive/negative) 34/9 N/A –
Anti-CCP a.bs (positive/negative) 43/0 N/A –
IPF (positive/negative) 2/41 N/A –
ESR (mm/1st h) 50.23 ± 28.54 N/A –
TLC (×103/mL) 8.08 ± 4.26 N/A –

ESR, erythrocyte sedimentation rate; IPF, interstitial pulmonary fibrosis; RA, rheumatoid arthritis; RF, Rheumatoid factor; Anti-CCP
a.bs, anti-cyclic citrullinated peptide antibodies; SD, standard deviation; FBUT, fluorescein break-up time; TLC, total leukocyte count;
N/A, not applicable.

FIGURE 2. Graphical representation for: (A) mean pachymetry map measurements for the normal subjects (left) and the RA patients
(right), showing thinner cornea in RA patients in all corneal regions, except the inferior and inferotemporal regions (green sectors). (B)
Mean epithelium thickness map for the normal subjects (left) and RA patients (right) showing thinner epithelium in the superior and
superotemporal corneal regions (blue sectors). (C) Mean LTMH and LTMA values in both study groups.

4 D. El-Fayoumi et al.

Ocular Immunology & Inflammation



The pericentral area (5–6 mm from the center) was found
to be thinner in the superior and nasal sectors in the RA
group than in the controls (Figure 2; p < 0.05). The inferior
and inferotemporal paracentral and pericentral areas
were not statistically different in either group (Figure 2,
p > 0.05). The corneal epithelium of the RA patients was
found to be thinner than in controls in the superior and
the superotemporal sectors (paracentral and pericentral
region) (Figure 2, p < 0.05). Otherwise, no significant
difference in the corneal epithelial thickness was detected
between the two study groups (p > 0.05). More detailed
data are in Supplementary Table 1.

Dry Eye Subgroup Analysis

Table 2 summarizes the significant subgroup compar-
ison results. In comparisons between the four DE sub-
groups, the main subgroup difference affecting all OCT
parameters was between Group (I) Normal-No-DE sub-
group and Group (IV) RA-DE subgroup (Table 2).

Correlations

The age of the patient, disease duration, DAS28, and
ESR values were not found to correlate with any of the
tear film or corneal measurements in the RA group
patients (p > 0.05).

DISCUSSION

In the current study, we have found that RA patients
have significantly lower AS-OCT tear film parameters,
thinner corneas (in all regions except inferiorly), and
thinner epithelium (in the superior region) than the
Normal group. The corneal thinning in the central
and superior regions did not correlate with the age,
disease duration, or disease activity parameters mea-
sured in this study. Villani et al.23 found that corneas
of RA patients were significantly thinner than those of
normal subjects in their in vivo confocal study. Another

study was consistent with their results, using the
Pentacam technology in the assessment of the corneal
parameters; they found the corneal pachymetry and
volume measurements to be significantly thinner in
RA patients than those of controls.24,25 In our study,
we used the AS-OCT for acquiring a corneal pachyme-
try map. We noticed corneal thinning in the RA
patients from the Normal group, which matched the
results of these studies. Chronic degradation of the
type IV collagen by activated corneal Langhans cells
(LCs), rather than tear film insufficiency, is thought to
be the cause of corneal thinning in patients with
RA.24,25 These cells activate matrix metalloproteinase
(MMP) enzymes found in corneal epithelium and
stroma, mainly type 9, which are responsible for col-
lagen type IV destruction. The MMPs were found to be
activated in dry eye syndrome, as in primary Sjogren
syndrome, and are thought to be activated by more
than one mechanism, including secretion of proinflam-
matory cytokines.26

On dry eye subgroup analysis, the corneal and
epithelial thickness was found to be more affected in
the RA-DE group, along with affection of the LTMH
and LTMA; which suggests that the decrease in the
tear volume in RA adds to its effect on the thickness of
the epithelium and the stromal corneal thickness. In
RA, the tear film osmolality was found to be higher
than in controls, and was suggested as a more accurate
marker for DE in RA patients.27 Feng et al.28 suggested
that increased evaporation of the tear film in the morn-
ing reverses overnight swelling of the corneal epithe-
lium, which could be due to secondary increase in the
tonicity of the tear film.28 We also found that the
superior quadrants of the corneal epithelium were
affected more than the inferior quadrants. This finding
suggests that tear dynamics and flow is an important
factor in corneal health. The lower tear meniscus is
known to have larger values on OCT measurements
than the upper tear meniscus,13,29,30 with gravity as the
main factor drawing the tear towards the inferior cor-
nea and the lower tear meniscus.29

There was a significant difference between both
study groups regarding the distribution of dry eye

TABLE 2. The tear film, corneal pachymetry, and epithelial thickness subgroup comparison results (p value).

Parameter LTMH LTMA CCT Superior paracentral CT Superior pericentral ET Superotemporal pericentral ET

Kruskal–Wallis test <0.001* <0.001* 0.004* 0.020* 0.042* 0.016*
Subgroup I vs II 0.0076** 0.121 0.592 0.746 0.132 0.104
Subgroup I vs III <0.001** <0.001** 0.054 0.065 0.025 0.019
Subgroup I vs IV <0.001** <0.001** 0.001** 0.002* 0.003* 0.003*
Subgroup II vs III 0.240 0.075 0.296 0.410 0.648 0.718
Subgroup II vs IV 0.051 0.015 0.099 0.103 0.517 0.532
Subgroup III vs IV 0.192 0.256 0.165 0.271 0.904 0.738

I, Normal-No DE subgroup; II, Normal-DE subgroup; III, RA-No DE subgroup; IV, RA-DE subgroup.
LTMH, lower tear meniscus height; LTMA, lower tear meniscus area; CCT, central corneal thickness; CT, corneal thickness; ET,

epithelial thickness.
*Significant at the 0.05 level (Kruskal–Wallis test), **Significant at the 0.0083 level.
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disease diagnosis, FBUT, and Schirmer’s test results.
Most patients with RA are reported to have some
degree of dry eye disease. It is thought that the
reduced tear secretion results from lymphocytic infil-
tration of the lacrimal gland.4 The FBUT and
Schirmer’s tests are the clinical tests applied to diag-
nose dry eye, however there is an inconsistency in
their results between several studies and clinical trials
on their sensitivity and specificity.27 Many scoring
systems were developed and other laboratory modal-
ities were suggested for the definitive diagnosis of
DE.27,31 The problem with these techniques may be
that they are invasive and may not available in some
areas. Ibrahim et al.32 reported that the AS-OCT is a
reliable method for assessing the tear meniscus height
(TMH). The results of the AS-OCT, particularly the
LTMH and LTMA could supplement the clinical diag-
nosis of dry eye as a more objective test for assessment
of dry eye and tear film production.

On subgroup analysis for the corneal thickness and
epithelial thickness, no significant difference was
found between the RA-DE and RA-No DE groups.
Our result is supported by the study of Villani et al.23

who used in vivo confocal microscopy, as they found
similar corneal thickness values in RA patients with or
without DE. However, this is contradictory to Cingü
et al.24 who found that the RA subgroup with DE had
significantly thinner pachymetric measurements than
the RA subgroup, without DE using the Scheimpflug
camera. Also, Kanellopoulos and Asimellis33 used AS-
OCT to evaluate in vivo epithelial thickness in dry eye.
The study concluded that the epithelial thickness was
significantly increased in dry eye patients than in the
Normal group. These conflicting findings may be due
to the lack of a unified objective measure to determine
the diagnosis of dry eye. Additional tear film assess-
ment may be required to aid the clinical diagnosis of
dry eye in RA patients.

In our study, we used the DAS28-ESR score to
measure disease activity. It is a combined index for
the measurement of RA activity, based on a count of a
maximum of 28 swollen and tender joints. In this
study, we used the ESR-based DAS28 score, which
factors in the ESR level and has been extensively vali-
dated in clinical trials.27 Composite indices, such as the
DAS28-ESR have been shown to be better correlated
with rheumatoid disease activity than any single vari-
able, such as CRP.27 However, the age of the patient,
disease duration, and the DAS28-ESR index were not
found to correlate with any of the AS-OCT tear film or
corneal measurements in RA patients. This is in accor-
dance with the study of Fujita at al.,34 which could not
detect a correlation between the disease activity and
clinical tests for dry eye in their group of RA patients,
and concluded that dry eye should be suspected in any
patient with RA, regardless of the disease activity.
However, Cingü et al.24 found that the disease

duration correlates negatively with corneal thickness
measurements in the RA group, but they did not find
any similar correlation regarding the age of the
patient. Nevertheless, Cingü et al.’s study did not
include any disease activity parameter other than dis-
ease duration.24 All these factors offer support to the
results we obtained.

The study may have benefited from the integration
of other DE testing modalities, such as tear film osmol-
ality. Other imaging techniques could also have been
used to confirm the cornea and epithelial condition,
such as in vivo confocal microscopy.

In conclusion, it is well known that RA patients have
thinner corneas, but to our knowledge, none of the pre-
vious studies used AS-OCT to document this finding
through a pachymetry map and an epithelial thickness
map. These patients also show a significantly lower
LTMH and LTMA than in normal controls, which
reflects tear film insufficiency, which may supplement
the conventional dry eye diagnostic tests by a non-inva-
sive objective technique. RA patients also have signifi-
cantly thinner corneas, which cannot be explained solely
by dryness. The disease pathology, rather than disease
activity or duration, plays the major role in the corneal
thinning. They also have thinner surface epithelium in
the superior quadrant, which may be related to
decreased tear volume in these patients.

Finally, we recommend AS-OCT as a useful and
patient-friendly tool to document and examine the
corneal parameters in RA patients. This may be useful
in the early diagnosis and identification of patients at
high risk of developing RA-associated corneal melt-
ing. A longitudinal cohort study may be needed to
assess the temporal changes in tear film and ocular
surface in RA patients and its relation to disease
duration and activity.
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