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Abstract

Background: The aim of this study was to evaluate the in vivo confocal microscopic morphology of corneal
subbasal nerves and its relationship with clinical parameters in patients with primary Sjögren’s syndrome in China.

Methods: This was a case control study of 22 dry eye disease (DED) patients with primary Sjögren’s syndrome (pSS)
and 20 control subjects with non-Sjögren dry eye disease (NSDE). Each patient underwent an evaluation of ocular
surface disease using the tear film break-up time (TBUT), noninvasive tear film break-up time (NIKBUT), noninvasive
tear meniscus height (NIKTMH), corneal staining (National Eye Institute scale, NEI), Schirmer I test, meibography, and
corneal subbasal nerve analysis with in vivo confocal microscopy (IVCM). The right eye of each subject was included
in this study.

Results: SS patients showed a shorter TBUT (P = 0.009) and Schirmer I test results (P = 0.028) than the NSDE group.
However, there was no significant difference in NIKBUT between the two groups (P = 0.393). The nerve density of
subbasal nerves, number of nerves and tortuosity of the SS group were significantly lower than those of the NSDE
group (P = 0.001, P < 0.001 and P = 0.039, respectively). In the SS group, the mean nerve length was correlated with
age and the Schirmer I test (r = − 0.519, P = 0.013 and r = 0.463, P = 0.035, respectively). Corneal staining was
correlated with nerve density and the number of nerves (r = − 0.534, P = 0.013 and r = − 0.487, P = 0.025,
respectively).

Conclusions: Sjögren syndrome dry eye (SSDE) patients have more severe clinical dry eye parameters than non-
Sjögren dry eye disease (NSDE) patients. Compared with NSDE patients, we found that SSDE patients showed
decreased corneal subbasal nerve density and numbers.
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Background
Sjögren’s syndrome (SS) is an autoimmune disorder with
external exocrine gland dysfunction and multiorgan in-
volvement [1]. Dry eye is its main clinical manifestation.
In primary SS (pSS), the presence of specific antibodies
and signs of mononuclear cell infiltration in the exocrine
glands accompany reduced tear secretion. These changes

can breakdown the homeostasis of the tear film and
cause ocular surface inflammation, damage and neuro-
sensory alterations [2–4]. A study has also confirmed
that Sjögren syndrome dry eye (SSDE) is not only an
aqueous-deficient dry eye but also a mixed type dry eye
disease (DED) with both aqueous-deficient dry eye and
evaporative dry eye [5].
In dry eye disease, reduced tear secretion leads to in-

flammation and peripheral nerve damage. Corneal
nerves contribute to the reflex control of basal tear pro-
duction and blinking and regulate corneal epithelial mi-
gration and proliferation [6, 7]. Impaired nerve function
may evoke a dryness sensation and pain and reduce
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epithelial recovery. Therefore, the corneal nerve plays a
critical role in the pathophysiology of DED [6].
In vivo confocal microscopy (IVCM), as a noninvasive

technique, has been widely utilized to evaluate the ocular
surface in dry eye disease at the cellular level, including
corneal and conjunctival epithelial cell density, conjunc-
tival squamous metaplasia, and corneal nerve morph-
ology [8–11]. In terms of corneal subbasal nerve
morphology, controversial results have been demon-
strated in several studies among different DED types
[12–15]. Previous study investigated the corneal nerve
morphology of SSDE concluded that SSDE has more
corneal nerve density and number than non-Sjögren dry
eye disease (NSDE) in China, which is contrary to stud-
ies in western populations [13, 15]. The purpose of this
study was therefore to investigate the morphology of
corneal subbasal nerves and its relationship with clinical
parameters in patients with primary SSDE and NSDE
based on a Chinese population.

Methods
Study population
This study was conducted at the Peking University Peo-
ple’s Hospital ophthalmology department with the ap-
proval of the Medical Ethics Committee of Peking
University People’s Hospital. All patients were informed
of the aims of the study, and their consent was obtained
according to the principles of the Declaration of
Helsinki. In this study, data were collected from 22 pa-
tients (22 women) with a mean age of 52.36 ± 10.18 years
(ranging from 26 to 65 years) affected by SSDE. Patients
with pSS were referred to the Peking University People’s
Hospital Rheumatology Department. The patients were
diagnosed with primary Sjögren’s syndrome according to
the American-European Consensus Group (AECG) and
American College of Rheumatology (ACR) criteria [16].
A total of 20 patients with DED without Sjögren syn-
drome (20 women) with a mean age of 38.20 ± 13.37
years (ranging from 25 to 61 years) were recruited as the
control group. Non-Sjögren dry eye disease (NSDE) was
defined as a tear film break-up time (TBUT) less than 5
s, accompanied by complaints of ocular irritation in the
absence of other ocular or systemic diseases [2]. Exclu-
sion criteria for both groups were: aged under 18 years
and over 70 years; sarcoidosis, diabetes mellitus, corneal
dystrophies and inflammations (infectious keratitis,
interstitial keratitis and immunological disorder of cor-
nea (corneal disease in rheumatoid disease, corneal dis-
ease with nonrheumatoid collagen-vascular disease,
phlyctenular keratoconjunctivitis and Mooren ulcer),
systemic therapy with drugs having corneal toxicity,
glaucoma, recent use of drugs with anticholinergic prop-
erties, use of contact lenses (within 1month from enroll-
ment) and history of ocular surgery.

Methods/procedures
All patients underwent a complete examination of the
ocular surface of both eyes as follows by a masked oper-
ator: tear film break-up time (TBUT), noninvasive tear
film break-up time (NIKBUT), noninvasive tear menis-
cus height (NIKTMH), Schirmer I test, meibography and
IVCM analysis of the central cornea subbasal nerves.
NIKTMH, NIKBUT and meibography were performed
with Oculus Keratograph 5M (Oculus Keratograph,
Oculus, Wetzlar, Germany). Partial or complete loss of
meibomian glands was scored using the grades described
by Reiko [17]: 0, no loss of meibomian glands; 1, the loss
of area was 1/3 of the total meibomian gland area; 2, the
loss of area was between 1/3 and 2/3; and 3, the loss of
area was more than 2/3. Scores for the upper and lower
eyelids were analyzed using ImageJ (ImageJ; National In-
stitutes of Health, Bethesda, MD) and summed to obtain
a score for each eye (0–6). TBUT was measured by in-
stilling fluorescein into the inferior cul-de-sac and calcu-
lating the average of two consecutive break-up times.
Corneal staining was evaluated using the National Eye
Institute (NEI) scale after the instillation of fluorescein.
Schirmer I test was conducted by inserting Schirmer
strips (Jingming Co., Ltd., Tianjing, China) into the
lower conjunctival sac at the junction of the lateral and
middle thirds without anesthesia for 5 min and wetting
of the strips was recorded in millimeters.

In vivo confocal microscopy
In vivo laser scanning confocal microscopy was per-
formed using confocal microscopy (Rostock Cornea
Module of the Heidelberg Retina Tomograph [HRT/
RCM]; Heidelberg Engineering GmbH, Heidelberg,
Germany). Images of subbasal nerves of the central cor-
nea were acquired using sequence mode by focusing the
microscope beneath the basal epithelium. Approximately
200 corneal subbasal nerve layer images were acquired
in the central cornea for each eye. Five images of most
subbasal nerve fibers without repeated presence of the
same region were selected for quantitative analysis. As
described previously, images of corneal subbasal nerves
were analyzed retrospectively using NeuronJ (Biomedical
Imaging Group, Lausanne, Switzerland) by a single re-
searcher, who was unaware of the patient’s condition
and the results of the ocular surface investigations (Fig. 1)
[18]. The different parameters used for evaluating the
corneal subbasal nerves were: the nerve density (total
length of the nerves visible within a frame); the mean
nerve length (mean length of nerves and nerve frag-
ments within a frame), maximum length of the corneal
nerves (length of the longest nerve or nerve fragment
observed within a frame), the number of corneal nerves
(sum of the long nerve fiber bundles observed within a
frame) and tortuosity (graded 0–4 following the
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Oliveira-Soto scale) [19]. For each eye and each param-
eter, the results were the mean of the analysis of five
images.

Statistical analysis
For each patient, the right eye was chosen for statistical
analysis. Descriptive statistics were used to analyze the
characteristics of the patients using the mean and stand-
ard deviation or frequency and percentages. A linear
model with heterogeneous variance was used to compare
group differences, controlling for age. In addition, to
identify relationships between different variables, correl-
ation coefficients (Pearson or Spearman) and age-
adjusted partial correlation coefficients (Pearson or
Spearman) were calculated. For all tests, the level of sig-
nificance was set at P < 0.05. All analyses were per-
formed using SAS 9.4 (SAS Institute, Inc., Cary, NC).

Results
There was no difference in terms of sex (P = 1.000) be-
tween the SS group and NSDE group. The patients with
SSDE were significantly older than those in the NSDE
group (P = 0.001). Concerning ocular surface clinical
evaluation, SS patients had a significantly lower TBUT
(P = 0.009), lower Schirmer I test results (P = 0.028) and
a higher NEI score (P = 0.001) compared with the NSDE

group. However, there was no significant difference in
NIKBUT between the two groups (P = 0.392). SS patients
had more meibomian gland dropouts than the NSDE pa-
tients, but the difference was not significant (P = 0.649).
The results of the clinical data are presented in Table 1.
In relation to subbasal nerves, the results of the ana-

lysis were as follows: SS patients showed significantly
lower nerve density (P = 0.001). In the comparison of the

Fig. 1 IVCM images of corneal subbasal nerves in the NSDE group a and in the SSDE group c. Images b and d are their respective subbasal
nerve tracings using NeuronJ software

Table 1 Demographic and Clinical Test Results

Parameters NSDE Group SSDE Group P Value

Patients, n 20 22

Sex 1.000

Female, n (%) 20 22

Male, n (%) 0 0

Age, y 38.20 ± 13.37 52.36 ± 10.82 0.001*

NIKTMH, mm 0.16 ± 0.03 0.12 ± 0.05 0.022*

NIKBUT, s 4.91 ± 2.04 5.27 ± 2.57 0.392

TBUT, s 4.15 ± 2.01 1.55 ± 1.95 0.009*

Corneal Staining (NEI Scale) 1.15 ± 1.50 4.14 ± 3.23 0.001*

Schirmer test, mm 10.40 ± 8.29 3.00 ± 4.80 0.028*

Meibography 3.10 ± 1.48 3.73 ± 1.28 0.649
* P < 0.05
Statistics methods: A linear model with heterogeneous variance was used to
compare group differences, controlling for age
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number of nerves, the SS group was significantly lower than
the NSDE group (P < 0.001). In addition, greater nerve tortu-
osity was observed in SSDE (P= 0.039). Nevertheless, there
were no significant differences in mean length (P= 0.057) or
maximum length (P= 0.229). The IVCM analysis of the sub-
basal corneal nerves is presented in Table 2.
In SS patients, a correlation was found between age and

TBUT (r = − 0.647, P = 0.001). However, no correlation
was found between TBUT and NIKBUT (r = 0.047, P =
0.840). NIKBUT was correlated with NIKTMH (r = 0.547,
P = 0.007). The meibomian gland dropout rate was not
correlated with either TBUT or NIKBUT (r = − 0.212, P =
0.357 and r = − 0.521, P = 0.272, respectively). The results
of the correlation between dry eye clinical tests of the SS
group are presented in Table 3. Within the NSDE group,
we found Schirmer test to be significantly related to NIK-
BUT (r = − 0.585, P = 0.009), TBUT (r = − 0.458, P = 0.049)
and corneal staining (r = − 0.508, P = 0.026). NIKBUT was
correlated with TBUT (r = 0.567, P = 0.011). No statistical
correlations were found between the meibomian gland
dropout rate and either TBUT or NIKBUT (r = 0.339, P =
0.091 and r = 0.408, P = 0.083, respectively). The correla-
tions of the clinical data are shown in Table 4.
In the SSDE group, the mean nerve length was corre-

lated with age (r = − 0.534, P = 0.013). We found a rela-
tionship between mean nerve length and the Schirmer test
(r = 0.463, P = 0.035). Corneal staining was correlated with
both mean nerve length (r = − 0.534, P = 0.013) and the
number of nerves (r = − 0.487, P = 0.025). In the NSDE
group, NIKBUT was correlated with nerve density (r = −
0.459, P = 0.048), mean nerve length (r = 0.529, P = 0.020)
and the number of nerves (r = − 0.668, P = 0.002). We also
observed a significant relationship between the number of
nerves and corneal staining (r = − 0.462, P = 0.046). The
statistical results of the correlation between dry eye and
IVCM subbasal parameters in the SS and NSDE groups
are presented in Tables 5 and 6, respectively.

Discussion
In the present study, our study found that subbasal
nerve density was significantly lower in the SSDE group

than in the NSDE group. The mean length and max-
imum number of nerves were not significantly different
between the two groups. SSDE patients had fewer nerves
than NSDE patients. Therefore, we considered that this
apparent difference may be attributed to the smaller
numbers of nerves of SSDE but not the shorter length of
each nerve. Previous studies focusing on corneal subba-
sal nerves in patients with SSDE and NSDE have dem-
onstrated controversial results regarding nerve density.
Most of studies concluded there was a decrease in nerve
density in both SSDE and NSDE [18, 20, 21]. Neverthe-
less, Tuominen et al. [22] and Hosal et al. [23] reported
unchanged nerve density in DED patients. While Zhang
et al. reported increased corneal nerve density of SSDE
in a Chinese population which is contrary result to ours,
and they hypothesized that the increase in nerves was an
indication of nerve regeneration [14]. In our opinion, the
controversial finding might be caused by either different
stages or severity of the disease which might induce dif-
ferent degeneration/regeneration patterns of nerves,
levels of inflammation or levels of corneal hyperalgesia
and allodynia [6]. Our results showed that SSDE patients
suffered decreased corneal nerve density or were in a
nerve-damaging stage. Most patients in the SSDE group
had severe DED, so decreased corneal nerve density
might be a later period of SSDE after nerve regeneration
or serious inflammation of the ocular surface of SSDE
sabotaged nerve regeneration. Forty percent of primary
Sjögren’s syndrome patients experience chronic neuro-
pathic pain, and skin biopsies show either reduced epi-
dermal nerve fiber (ENF) density or abnormal
morphology [24–26]. Therefore, the reduction in the
corneal subbasal nerves might be primary damage due

Table 2 IVCM Analysis of Subbasal Nerve Parameters

Parameters NSDE Group SSDE Group P Value

Patients, n 20 22

Nerve density μm/frame 3355.71 ± 518.10 2500.10 ± 885.35 0.001*

Mean length μm/frame 211.91 ± 30.40 260.94 ± 148.12 0.057

Max length μm/frame 454.19 ± 45.17 443.49 ± 29.04 0.229

Number of nerves number/frame 16.50 ± 3.59 11.63 ± 5.02 0.000*

Tortuosity 1.63 ± 1.00 2.42 ± 0.98 0.039*

* P < 0.05
Statistics methods: A linear model with heterogeneous variance was used to compare group differences, controlling for age

Table 3 Statistically Significant Correlations Between Dry Eye
Clinical Tests in SSDE Group

Correlation P

NIKBUT - NIKTMH 0.574 0.007

TBUT - age − 0.647 0.001

Statistics methods: correlation coefficients (Pearson or Spearman) and age-
adjusted partial correlation coefficients (Pearson or Spearman) were calculated
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to pSS or a combined consequence of secondary damage
from dry eye disease and pSS.
The two techniques of tear break-up time should be

correlated, and the noninvasive technique (NIKBUT) is
about 2.0 s longer than TBUT [27, 28]. In our study,
NIKBUT of SSDE was not correlated with TBUT with a
mean difference of 3.5 s, while NIKBUT had a relation-
ship with TBUT and NIKBUT was 0.7 s longer than
TBUT in the NSDE group. A significant drawback of
TBUT is that the measurement of TBUT depends on
subjective assessment by the observer. The SSDE pa-
tients in our study had severe DED. TBUT observer’s as-
sessment may have been interfered with by a worse
fluorescein staining status. This might explain the tear
break-up time discrepancy of the two techniques. Future
studies should investigate the best way to evaluate the
tear break-up time of severely dry eye patients, especially
among those with Sjögren’s syndrome.
This study found that dry eye clinical parameters of

the SSDE group were worse than those of the NSDE

group. SSDE patients had shorter TBUTs and lower
NIKTMH and Schirmer test results than the NSDE
group. Previous studies have shown that SSDE also man-
ifests evaporative dry eye [5] and has a higher frequency
of severe meibomian gland dysfunction (MGD) than
NSDE [8]. In our study, SSDE patients suffered more
meibomian dropouts accompanied by a lower TBUT,
suggesting that SSDE might have more severe MGD.
The SSDE group had more meibomian gland dropout
than the NSDE group, but the difference was not signifi-
cant. Meanwhile, the meibomian gland dropout rate was
not associated with the dry eye clinical parameters in ei-
ther group. The meibomian gland dropout rate is one of
the parameters used for evaluating the meibomian gland,
which may not represent meibomian gland function or
meibum quality [29]. Therefore, dropout ratio was not
associated with corneal staining, NIKBUT or any other
parameters in this study. This indicates that even though
SSDE is a combined dry eye, the meibomian gland struc-
tural variations is not the prime pathogenesis of SSDE.
The major limitation of these studies arises from the

inhomogeneous distribution of nerve fibers across the
area of the cornea [30]. A single IVCM image (typically
0.16 mm2) is insufficient for reliable morphometric
characterization of the subbasal nerve plexus. Three to
eight multiple nonoverlapping IVCM images are recom-
mended to effectively expand the examined corneal area
[31, 32], which have to be manually selected from a lar-
ger set of acquired images according to predefined qual-
ity criteria. However, several selected IVCM images may
not fully represent the subbasal nerve condition of the
patient, which will cause systemic error. Various

Table 4 Statistically Significant Correlations Between Dry Eye
Clinical Tests in NSDE Group

Correlation P

NIKBUT - TBUT 0.567 0.011

Corneal staining - age − 0.698 0.001

Schirmer test - NIKBUT − 0.585 0.009

Schirmer test - TBUT − 0.458 0.049

Schimer test - Corneal staining −0.508 0.026

Statistics methods: correlation coefficients (Pearson or Spearman) and age-
adjusted partial correlation coefficients (Pearson or Spearman) were calculated

Table 5 Statistical Results of Correlations Between Dry Eye Clinical Tests and IVCM Subbasal Parameters in SSDE group

Parameters age NIKTMH NIKBUT TBUT Corneal Staining Schirmer test Meibography

Nerve density

r 0.369 0.197 0.324 0.082 −0.534 − 0.203 0.144

P 0.091 0.392 0.152 0.724 0.013* 0.378 0.534

Mean length

r −0.519 −0.103 −0.279 0.116 0.316 0.463 −0.146

P 0.013* 0.656 0.221 0.616 0.163 0.035* 0.527

Max length

r 0.246 0.154 −0.143 −0.009 − 0.069 −0.285 − 0.115

P 0.269 0.506 0.536 0.969 0.767 0.211 0.620

Number of nerves

r 0.421 0.208 0.246 0.027 −0.487 −0.268 0.184

P 0.051 0.366 0.283 0.908 0.025* 0.241 0.424

Tortuosity

r −0.024 −0.343 0.034 −0.285 0.057 0.109 0.011

P 0.917 0.128 0.883 0.211 0.807 0.637 0.963
* P < 0.05
Statistics methods: correlation coefficients (Pearson or Spearman) and age-adjusted partial correlation coefficients (Pearson or Spearman) were calculated
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alternative approaches to increase the examined area
have been developed, such as the EyeGuidance system
[33]. Composite images covering larger areas or even the
whole cornea subbasal nerve will certainly provide more
reliable evaluations in the future. Another limitation of
our study is the relatively small sample size.

Conclusions
In our study, SSDE patients showed decreased corneal
subbasal nerve density and numbers of nerves compared
with the NSDE group. We conclude that corneal subba-
sal nerve decreases in SSDE, this difference may be at-
tributed to the fewer numbers of nerves of SSDE. And
decreased corneal nerve may contribute to the patho-
physiology of SSDE. Therefore, further corneal nerve in-
vestigations could improve our understanding and
treatment of SSDE.
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