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Background: Ocular pain is a prevalent symptom of dry eye disease (DED), which often accompanies potential psychological issues.
The study aimed to explore whether acupuncture could improve ocular pain, mental state, and dry eye parameters in patients with
DED.

Methods: The non-randomized pilot study included 48 patients divided into two groups: the acupuncture group (n=27) and the
0.3% sodium hyaluronate (SH) group (n=21). Participants in the acupuncture group underwent treatments on six bilateral
acupuncture points (BL1, BL2, ST1, LI 20, SI1 and SI3) 3 times per week for 4 weeks. Patients in the SH group received
0.3% SH 4 times per day for 4 weeks. Ocular pain was assessed using the numerical rating scale (NRS), and mental state was
evaluated through the self-rating anxiety scale (SAS) and self-rating depression scale (SDS). Ocular surface parameters,
concentrations of inflammatory cytokines, and corneal nerve morphological indicators were measured at baseline, the first
week, and the fourth week. Randomization procedures were not used in this study, and outcome assessors and statistical analysts
were blinded.

Results: Compared with baseline, both NRS scores (from 5.91 = 1.52 to 1.94 + 1.57) and ocular surface discomfort index (OSDI)
scores (from 49.75 + 14.92 to 29.64 + 18.79) were decreased after 1 and 4 weeks of treatment in both groups (all p < 0.05). At
4 weeks, the acupuncture group showed significant improvements, including increased tear break-up time (TBUT) and corneal
perception, decreased SAS and SDS scores, and reduced concentrations of interleukin (IL)-1p, IL-6, and tumor necrosis factor
(TNF)-o concentration in tears (all p < 0.05). These changes were not observed in the SH group (all p > 0.05).

Conclusion: Acupuncture treatment could improve ocular surface characteristics in patients with DED, and more importantly, it
alleviates their ocular pain and depressive state. The anti-inflammatory effect of acupuncture may be involved in this process. Future
research with larger, randomized controlled trials (RCTs) is necessary to confirm these findings and clarify the mechanisms
involved.
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Introduction

Dry eye disease (DED) is one of the most common eye diseases in clinic and affects millions of population worldwide.'
It is a multifactorial disorder that disrupts the homeostasis of the tear film and is accompanied by various ocular
symptoms, including pain, eye dryness, foreign body sensation, visual fatigue, and blurred vision. Factors contributing to
the development of DED include tear film instability, hyperosmolarity, ocular surface inflammation, damage, and
neurosensory abnormalities.” According to the Dry Eye Workshop (DEWS) II report, the prevalence of DED worldwide
ranges from 5 to 50%."

Although evaluated in less than 10% of existing studies, ocular pain was rated by patients with DED as one of the
most significant symptoms that need to be examined by researchers.’ Patients frequently report a variety of unpleasant
sensations, including irritation, burning, dryness, photosensitivity, aching, and so forth. Nowadays, the pathophysiolo-
gical mechanisms underlying ocular pain in DED remain largely unknown. Generally, pain disorders are divided into two
types, nociceptive and neuropathic pain, both of which may be involved in patients with DED.* Nociceptive pain
primarily arises from noxious stimulus or disruptions in the ocular surface anatomy, while neuropathic pain is caused by
abnormalities in the neurosensory apparatus of the ocular surface, including peripheral or central nerves.” In addition,
clinical data indicate that DED is often correlated with anxiety and depression syndromes.® The depressive state is linked
to the appearance or worsening of DED resulting from chronic eye pain.” Considering the complexity of pathophysio-
logical mechanisms and psychiatric comorbidities, managing and treating DED remains a frequent challenge for
clinicians, especially for patients suffering from ocular pain. The low rate of satisfaction underlines the need for further
investigation of effective therapies.

Acupuncture is widely accepted as a form of complementary and alternative medicine, which works by inserting fine
needles at specific points known as acupuncture points (acupoints). Numerous clinical trials have demonstrated that
acupuncture works for various ophthalmic disorders, such as acute conjunctivitis, cataracts, central retinitis, and
myopia.® Furthermore, several systematic reviews have shown that acupuncture is effective for DED by alleviating non-
painful symptoms like dryness, burning, etc.” Considering that high-quality trials from meta-analysis have shown that
acupuncture is effective in treating chronic pain, including chronic musculoskeletal, headache, and osteoarthritis pain, 10 we
hypothesize that acupuncture will significantly reduce ocular pain and improve the overall condition of patients with DED
compared to artificial tears. The study aims to evaluate the effectiveness of acupuncture compared to artificial tears in
alleviating DED-related ocular pain. Additionally, it examines the impact of acupuncture on overall DED symptoms and
signs, as well as mental health conditions at the end of the treatment (1 week and/or 4 weeks). Tear inflammatory factor
levels and Corneal subbasal nerve morphology were also measured before and after acupuncture and 0.3% sodium

hyaluronate (SH) therapy to investigate the mechanism of acupuncture in the treatment of ocular pain in patients with DED.

Materials and Methods
Study Population

The nonrandomized pilot study was conducted in the ophthalmic clinic of Peking University Third Hospital from
December 2020 to March 2022. A total of 48 patients diagnosed with DED complaining of ocular pain were included in
the study. All participants were assigned to either the acupuncture group or the SH group for 4 weeks of therapy
(Figure 1). The inclusion criteria were as follows: patients with DED diagnosed according to the Tear Film and Ocular
Surface Society (TFOS) DEWS 1I criteria® and numerical rating scale (NRS) score > 1. Participants were 20—70 years old
and could be of either gender. The duration of ocular pain was not limited. The exclusion criteria were: 1) eye surgery
history within the past 2 years; 2) topical drug use other than artificial tears within the past month; 3) use of systemic
medications that could alter pain and mood status, including analgesics, antidepressants, and antiepileptics; 4) a history of
ocular diseases other than DED; 5) pregnant or lactating women. Prior to participants enrollment, the study was approved
by the Peking University Third Hospital Medical Science Research Ethics Committee (IRB00006761-M2020284) and
was registered at ClinicalTrial.gov (Registration number: NCT04668131). The study adhered to the Declaration of
Helsinki. Informed consent was obtained from all participants before the study commenced.
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60 Participants recruitment
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48 Eligibility assessment

27 Allocated to acupuncture group 21 Allocated to SH group

Acupuncture treatment Usage of sodium hyaluronate drop

3 times per week for 4 weeks for 4 weeks
Follow-up evaluation at 1t and 4t Follow-up evaluation at 1t and 4%
weeks weeks
Statistic analysis Statistic analysis

Figure | Flow diagram of the study.
Abbreviation: SH, sodium hyaluronate.

Intervention

Acupuncture group. Participants received acupuncture treatment, which lasted for 30 minutes each time, three times per
week (every other day) for 4 weeks. The acupuncture procedures were performed in accordance with the STRICTA
guidelines.'! Based on previous literatures and the textbook named Ophthalmology of Traditional Chinese Medicine
(TCM), acupuncture points were determined by a committee of experts specializing in acupuncture and TCM ophthal-
mology. Six acupoints (Figure 2), including Jingming (BL 1), Cuanzhu (BL 2), Chengqi (ST 1), Yingxiang (LI 20),
Shaoze (SI 1), and Houxi (SI 3), were located in accordance with WHO Standard Acupuncture Point Locations in the

Figure 2 Location of the acupoints in the study. BL |, Jingming acupoint. BL 2, Cuanzhu acupoint. ST |, Chenggi acupoint. LI 20, Yingxiang acupoint. Sl |, Shaoze acupoint. SI
3, Houxi acupoint.
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Western Pacific Region.'” All six acupoints have been used in the treatment of DED and chronic pain. Among them,
BLI, BL2, and STI are the most commonly used periocular points for alleviating symptoms of DED."* Guo et al'*
reported that the LI20 point is particularly effective in prolonging the tear break-up time (TBUT) and increasing tear
secretion. Additionally, SI1 and SI3 points are widely used to treat various painful conditions affecting multiple parts of
the body."> Acupuncture was performed by one skilled Chinese medicine physician (Z.H). with 20 years of experience in
acupuncture manipulation. He holds an M.D. degree and is a registered practitioner of traditional Chinese medicine
(TCM), specializing in TCM treatment of chronic pain and neurological diseases. Disposable acupuncture needles
(0.3x15mm; Suzhou Medical Appliance Factory, Suzhou, China) were inserted subcutaneously into the acupoints
quickly, and then slowly advanced 3—15mm. The needles were not lifted or twisted once inserted and were retained
for 30 minutes before removal. The deqi sensation (soreness, numbness, distension, and heaviness) was present in all
patients after needle insertion.

SH group. Patients were treated with 0.3% SH eye drops (Sodium Hyaluronate Eye Drops, Santen Hialid® mini 0.3,
Japan), 1 drop 4 times per day as needed for 4 weeks.

Participants were divided into either the acupuncture or control group according to their ability to complete 12
acupuncture treatments at Peking University Third Hospital. A stratified approach was used during the enrollment phase
to ensure a balance of age, sex, and ocular pain severity between the two groups. Blinding was not implemented for
clinicians and patients in this study because acupuncture and artificial tears treatments are easy to distinguish. In order to
control the risk of bias, outcome assessors and statistical analysts were blinded. According to a systematic review and
meta-analysis published in 2021, an acupuncture protocol of 21-30 days at a 2-3 times per week is optimal for treating
typical DED’. We chose the 1-week time point to observe the short-term efficacy and the 4-week time point as the final
data collection endpoint.

Primary Outcome Measurement

The primary outcome was the change from baseline in the NRS score at week 4. Participants were asked to rate the
intensity of their average and worst eye pain over the past week using the NRS, which ranges from 0 to 10 [the most
intense eye pain imaginable]. NRS values of 0 corresponded to no pain, 1-3 corresponded to mild pain levels, NRS
values of 4-6 indicated moderate pain levels, and NRS values of >7 indicated severe pain levels.'® The 11-point NRS has

been validated to evaluate pain intensity in multiple populations'”'®

and was recommended as the primary outcome
indicator in clinical trials for chronic pain.'® All patients completed the NRS assessments before treatment, and at 1 and
4 weeks post-treatment. The pain relief effective rate of treatment for DED-related ocular pain was calculated according
to the NRS score. The decrease of pain level > 1, such as a decrease from moderate pain to mild pain, was considered
effective treatment and decrease of pain level < 1 indicating ineffective treatment. The effective rate of pain relief was
calculated as the number of patients effective to the treatment divided by the total number of patients treated. NRS scores

were collected at baseline, after 1st and 4th week of treatment.

Secondary Outcome Measurement
Ocular surface characteristics, including ocular surface discomfort index (OSDI), TBUT, corneal fluorescein staining
(CFS) score, tear meniscus height (TMH), and corneal sensitivity data were collected at baseline, after 1 week, and after
4 weeks of treatment. Note that the TMH data was collected only at baseline and at the fourth week. Subjective
symptoms of DED were assessed using the OSDI. Administering a moist fluorescein strip to the inferior fornix, TBUT
was measured by calculating the average of three consecutive break-up times and CFS was performed following the
National Eye Institute grading system,”® which reflects the tear film stability and ocular surface damage, respectively.
TMH, an important indicator of tear secretion, was measured using a Keratograph 5M noninvasive ocular surface
analyzer (Oculus, Germany). Corneal sensitivity was evaluated with a Cochet-Bonnet esthesiometer (Luneau
Ophtalmologie, Chartres, France), which assess the perception function of the corneal nerves.

Other secondary outcomes included the self-rating anxiety scale (SAS) score, self-rating depression scale (SDS)
score, tear inflammatory cytokine levels, and corneal nerve morphology parameters, which were assessed only at baseline
and 4 weeks after treatment. These parameters reflect the patient’s psychological state, tear inflammatory levels, and
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changes in corneal nerve morphology, making them valuable for evaluating the effectiveness of acupuncture in treating
ocular pain of patients with DED. Specific evaluation methods are detailed below.

Assessment of Psychological Conditions

Li et al found a correlation between OSDI scores and psychological states (SAS, SDS), indicating that the psychological
state of patients with DED is related to their perceived quality of life. Moreover, patients of DED with ocular pain often
experience psychological issues. Therefore, the SAS and SDS scales were chosen to assess patients’ anxiety and
depression, respectively, at baseline and after 4 weeks of treatment. Both the SAS and SDS composes 20-item and a four-
point Likert scale ranging from 1 (“little or none of the time”) to 4 (“most of the time”), with higher scores indicating
higher levels of anxiety or depression. The total score is multiplied by 1.25 and then converted into a standardized score
ranging from 25 to 100. Both scales have been validated and widely used to assess anxiety and depression associated
with a variety of diseases.

Tear Collection and Testing

5 puL minimally stimulated basal tears from each eye were collected by placing a microcapillary glass tube (Microcaps;
Drummond Scientific Co, Broomall, PA) over the temporal side of the lower lid. Tear samples were immediately placed
on ice and then stored at —80°C. Cytokines, including interleukin (IL)-1B, IL-6, tumor necrosis factor (TNF)-a, and
monocyte chemoattractant protein-1 (MCP-1) were measured by Luminex Assay (Luminex MAGPIX, Luminex Corp).
using associated kit (MILLIPLEX MAP® Human Adipokine Magnetic Bead Panel) following the manufacturer’s
instructions. The minimal detectable doses (picograms per milliliter, pg/mL) for IL-1B, IL-6, TNF-a, and MCP-1 were
0.4, 0.2, 0.3, and 1.2, respectively. All patients received tear sample collection before and after 4-week treatment.

Corneal Subbasal Nerve Analysis

In vivo confocal microscopy (IVCM) (Heidelberg Retina Tomograph 3/Rostock Cornea Module; Heidelberg Engineering
GmbH, Heidelberg, Germany) was conducted to obtain corneal subbasal nerve images. Operation procedures and image
acquisition were in accordance with our established protocol.?! Five non-overlapping images from the central corneal
subbasal nerve plexus were selected per eye for automated image analysis using ACCMetrics software (ACCMetrics; M.
A. Dabbah, Imaging Science and Biomedical Engineering, Manchester, UK). Corneal nerve fiber density (CNFD)
(number of major nerves per mm?), corneal nerve branch number (CNBD) (number of nerve branches per mm?), and
corneal nerve fiber length (CNFL) (total length of nerves in mm per mm?) were quantified. All subjects underwent IVCM
before and 4 weeks after treatment.

Calculation of Sample Size and Statistical Analysis

We calculated sample size based on the primary outcome NRS score. There was no prior existing study on mean
difference of NRS score in dry eye related pain after intervention. Referring to the changes of NRS score after
acupuncture treatment for other chronic pain and our experience from two clinical experts, we think that the superiority
of the acupuncture group over the SH group can be demonstrated when the mean difference of NRS score between two
groups is reduced by more than 1.5, with standard deviation estimated to be 1.5.>> The number of subjects required for
each group was 16 (¢=0.05, p=0.2). Considering the 20% dropout rate, the final sample size was 20 per group. However,
a total of 24 participants per group were included in the study to ensure adequate power and to accommodate any
additional dropouts or data exclusions that might occur during the study.

Statistical analyses were performed using SPSS statistical software (version 22.0; SPSS, Chicago, IL). Data normality
was verified using the Kolmogorov—Smirnov test. Data were presented as the meantstandard deviation. Categorical
variables were described using composition ratios. An independent #-test and chi-square analysis were used to compare
the baseline values between the acupuncture group and the SH group. For within-group comparisons to baseline values,
paired samples ¢-tests was used. Analysis of covariance (ANCOVA) was used to explore between-group differences in
different time-points after treatments. The potential effects of variables, including age, sex, and NRS and baseline
parameters were corrected in the ANCOVA analysis. Chi-square test was used to compare the effective rate on pain relief
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between the two groups after treatment. For inflammatory factors and corneal neuromorphologic parameters, the
nonparametric Wilcoxon test and the Mann—Whitney U-test were used for pre- and post-treatment comparisons within
the same group and for between-group comparisons after 1 month of treatment in both groups, respectively. The
statistical significance level chosen was p < 0.05.

Results

The Baseline Characteristics

Forty-eight subjects were eligible for the study to receive treatment of acupuncture (acupuncture group, n=27) or artificial
tear (SH group, n=21). The demographic and baseline data are shown in Table 1, in which no significant differences
between the two groups were observed in age, sex, duration of pain, SAS score, SDS score (p = 0.931, 0.675, 0.444,
0.105, and 0.086, respectively) and dry eye parameters (all p > 0.05). The baseline values of NRS were statistically
different between the two groups (p =0.034; acupuncture vs SH group: 5.91 + 1.52 vs 4.90 £+ 1.65).

NRS

For the primary outcome (Figure 3A), the NRS score was significantly reduced (both p < 0.05) in the acupuncture group
after 1-week (3.98 + 1.63) and 4-week (1.94 £ 1.57) treatment when compared with baseline (5.91 £ 1.52). Similarly, the
NRS score was significantly reduced (both p < 0.05) in the SH group after 1-week (2.36 + 1.54) and 4-week (1.88 £ 1.77)
treatment when compared with baseline (4.90 + 1.65). As shown in Table 2, the decrease in the NRS score at week 1 was
greater in the SH group than in the acupuncture group, with a mean difference of 0.99 (95% CI, 0.19-1.79; p < 0.05).
However, the NRS scores were not significantly different between both groups at week 4, indicating that the long-term
benefits of acupuncture and artificial tears may be comparable. This suggests that while artificial tears might offer quicker
relief, acupuncture could potentially offer sustained benefits that contribute to long-term pain management.

Table | The Baseline Characteristics of the Subjects

Characteristics® Acupuncture Group SH Group p value
(Mean £ SD) (Mean £ SD)
Patients/eyes(n) 27127 21721 -
Age(year) 42.04 + 13.88 41.71 £ 10.94 0.931
Sex(M/F) 4(14.8%)/23(85.2%) 5(23.8%)/16(76.2%) 0.675
Duration of pain(month) 19.78 + 17.47 15.62 + 19.74 0.444
Pain feature
Stabbing pain 9(33.3%) 6(28.5%) -
Sore pain 14(51.9%) 13(61.9%) -
Gritty pain 4(14.8%) 1(4.8%) -
Tearing pain 0(0.0%) 1(4.8%) -
Headache 7(25.9%) 1(4.8%) -
Orbit pain 8(29.6%) 6(28.6%) -
NRS 591 £ 1.52 4.90 + 1.65 0.034*
SAS 43.09 £9.23 38.08 + 7.39 0.105
SDS 46.36 = 11.00 40.23 + 7.66 0.086
OsDI 49.75 + 1492 44.39 +20.13 0.295
TBUT 3.85 %233 438 +2.48 0.452
CFS 2.19 £248 229 +3.17 0.902
TMH 0.18 £ 0.05 0.19 £ 0.05 0.604
Corneal sensitivity 572 £ 0.47 5.71 £ 0.57 0.948

Notes: *Continuous variables are displayed as Mean + SD; categorical data are displayed as numbers. *p < 0.05

between groups.

Abbreviations: SH, sodium hyaluronate; SD, standard deviation; NRS, visual analog scale; OSDI, ocular surface
discomfort index; SAS, self-rating anxiety scale; SDS, self-rating depression scale; TBUT, tear break-up time; CFS,
corneal fluorescein staining; TMH, tear meniscus height.
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Figure 3 Changes in ocular pain, mental state and dry eye parameters of two groups during the treatment period. Mean changes in NRS score (A) of two groups during the
treatment. The number of patients with mild, moderate, and severe gradings of ocular pain in acupuncture group (B) and SH group (C) before treatment, | week and
4 weeks after treatment. Mean changes in NRS score (C), SAS score (D), SDS score (E), OSDI score (F), TBUT (G), CFS score (H), TMH (I) and corneal sensitivity (J) of
two groups during the treatment. Data are showed as mean+SEM. *statistically significant compared to pretreatment, p < 0.05. *statistically significant compared to SH
group, p < 0.05.

Abbreviations: SH, sodium hyaluronate; NRS, visual analog scale; SAS, self-rating anxiety scale; SDS, self-rating depression scale; OSDI, ocular surface discomfort index;
TBUT, tear break-up time; CFS, corneal fluorescein staining; TMH, tear meniscus height; SEM, standard error of the mean.

As presented in Figure 3B and C, the number of patients with ocular pain in the acupuncture group at baseline (1 mild

pain, 14 moderate pain, and 12 severe pain), 1-week follow-up (10 mild pain, 15 moderate pain, and 2 severe pain) and
4-week follow-up (22 mild pain, 5 moderate pain, and 0 severe pain). In the SH group, the number of patients with ocular
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Table 2 Changes in Ocular Pain, Mental State and Dry Eye Parameters in the Acupuncture Group and SH Group

Characteristics® Acupuncture Group SH Group Adjusted Difference® p value
(MeantSD) (MeantSD) Between-Group (95% CI)

NRS score

At week 0 591 + 1.52 4.90 £ |.65

At week | 398 + 1.63 2.36 £ 1.54 0.99(0.19,1.79) 0.016*

At week 4 1.94 £ 1.57 1.88 = .77 —0.28(—1.28,0.71) 0.569

SAS score

At week 0 43.09 £ 9.23 38.08 + 7.39

At week 4 37.86 + 5.95 37.54 £ 751 —2.60(—7.63,2.43) 0.300

SDS score

At week 0 46.36 + 11.00 40.23 £ 7.66

At week 4 40.64 £ 7.90 43.38 £ 9.49 —8.29(—13.24,-3.34) 0.002%*

OSDI score

At week 0 49.75 £ 14.92 44.39 + 20.13

At week | 37.74 £ 16.89 29.20 + 20.04 5.16(—5.06,15.38) 0.314

At week 4 29.64 + 18.79 25.82 + 18.09 0.85(—9.66,11.35) 0.872

TBUT

At week 0 3.85 +233 438 £ 248

At week | 4.82 + 3.08 5.14 £ 3.20 0.07(—1.06,1.21) 0.896

At week 4 5.63 + 3.58 5.10 + 3.00 0.90(—0.86,2.65) 0.310

CFS score

At week 0 2.19 £ 248 229 £ 3.17

At week | 1.67 £ 1.94 248 +2.71 —0.61(—1.64,0.42) 0.237

At week 4 1.63 £ 2.54 1.52 £ 1.72 0.42(-0.90,1.75) 0.521

TMH

At week 0 0.18 £ 0.05 0.19 £ 0.05

At week 4 0.19 £ 0.06 0.17 £ 0.04 0.03(—0.01,0.06) 0.120

Corneal sensitivity

At week 0 5.72 £ 047 571 £ 0.57

At week | 5.89 £ 0.26 572 £ 0.75 0.11(-0.11,0.33) 0.309

At week 4 591 +0.26 5.82 + 0.52 0.03(—1.15,0.20) 0.776

Notes: *Continuous variables are displayed as Mean + SD. "Analysis of Covariance (ANCOVA) was used to explore between-group differences in
symptoms and signs at post- treatment (Age, sex, NRS score and baseline data were corrected). All outcomes were adjusted for baseline values.
Negative values of the adjusted differences NRS, SAS, SDS, OSDI and CFS score (positive differences in TBUT, TMH and corneal sensitivity) favor
the acupuncture group. *p < 0.05 between groups.

Abbreviations: SH, sodium hyaluronate; SD, standard deviation; NRS, visual analog scale; SAS, self-rating anxiety scale; SDS, self-rating depression
scale; OSDI, ocular surface discomfort index; CFS, corneal fluorescein staining; TBUT, tear break-up time; TMH, tear meniscus height.

pain at baseline (2 mild pain, 14 moderate pain, and 5 severe pain), 1-week follow-up (13 mild pain, 8 moderate pain,
and 0 severe pain) and 4-week follow-up (16 mild pain, 4 moderate pain, and 1 severe pain). After treatment, the short-
term (1 week) pain relief effective rate of patients in the acupuncture group was 66.67%, while that in the SH group was
71.43%. The endpoint (4 weeks) pain relief effective rate of patients in the acupuncture group was 88.89%, while that in
the SH group was 71.43%. There was no significant difference in pain relief effective rate between the two groups at 1%
(P =0.724) and 4th (P = 0.124) (Supplementary Table).

Mental State

Table 2, Figure 3D and E demonstrated the results of mental state in both treatment groups. After 4 weeks of treatment,
the acupuncture group revealed a significant reduction in SAS scores compared to baseline (p < 0.05), while the SH
group showed no significant change. Although there was no statistically significant difference in the SAS score changes
between the two groups at week 4, the trend in the acupuncture group suggests potential benefits in reducing anxiety
symptoms. In the acupuncture group, the SDS score showed a decreasing tendency during the treatment period, while
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those in the SH group rather increased. This difference became statistically significant between the groups at week 4 (p <
0.05), indicating that acupuncture may be more effective in alleviating depressive symptoms in patients with DED.

Dry Eye Parameters

The parameters for DED were summarized in Figure 3F and Table 2. OSDI is a comprehensive measure of the severity of
dry eye symptoms and their impact on the patient’s quality of life. OSDI scores were significantly reduced in two groups
after treatment throughout the study period (p < 0.05). There were no significant differences in the change of OSDI
between both groups at week 1 and 4, indicating that while both treatments are beneficial, they may offer similar levels of
symptom relief.

TBUT measures the stability of the tear film and provides insight into tear quality. After 1 week and 4 weeks of
treatment, the acupuncture group revealed a significant reduction of TBUT compared to the baseline (p < 0.05), while the
SH group still maintain a poor outcome in TBUT (Figure 3G). These results highlighted the potential advantage of
acupuncture in enhancing tear film stability over artificial tears alone.

There was an overall decrease in CFS, assessing corneal damage, after 4 weeks of treatment in both groups, but the
changes were not statistically different. No significant differences were found in the change of CFS between the two
groups during the period of treatment (Figure 3H).

TMH is an indicator of tear production. Acupuncture led to a slight increase of TMH after 4 weeks treatment,
although no statistical difference was indicated. However, the opposite trend was observed in the SH group, with
a significant decrease in TMH after 4 weeks of treatment with artificial tears (p < 0.05). There were no significant
differences in the change in TMH between the two groups after treatment (Figure 31I).

Corneal sensitivity is important for detecting and managing ocular discomfort. The acupuncture group revealed
improvement at 1 week and 4 weeks of treatment (all p < 0.05) suggests a positive effect of acupuncture on nerve
function and pain perception. In contrast, the SH group showed no significant change at the 1°* and 4™ week. There were
no significant differences in the change of corneal sensitivity between both groups during treatment (Figure 3J).

Inflammatory Cytokines

As shown in Figure 4A-D, levels of IL-1p, IL-6, and TNF-a were decreased (p < 0.05) in the acupuncture group after
4-week treatment, compared to baseline. No changes were observed in the SH group after treatment. There were no
significant differences in the changes of MCP-1 levels in both groups after 4 weeks of treatment.

Corneal Nerve Morphological Parameters

The results of corneal nerve morphological parameters were shown in Figure 4E-G. Both groups showed no significant
changes in corneal nerve morphological parameters after treatment. No significant difference was found at 4-week
treatment for CNFD, CNBD, and CNFL values between the acupuncture group and the SH group.

Discussion

In this pilot study, we compared the effect of acupuncture and 0.3% sodium hyaluronate for the treatment of DED-related
ocular pain. Acupuncture led to greater improvements in tear film instability, corneal sensitivity, and mental state than
artificial tears after 4 weeks of treatment. Additionally, acupuncture significantly reduced the levels of inflammatory
cytokines IL-1p, IL-6, and TNF-a in the tears of DED patients post-treatment.

To the best of our knowledge, this is the first study to evaluate the effect of acupuncture on ocular pain and mental
state in patients with DED. Nowadays, the pathophysiological mechanisms underlying ocular pain in DED remain largely
unknown. Nociceptive pain and neuropathic pain, two types of disorders, may both be involved in the pathogenesis of
DED. Nociceptive pain is typically transient, caused by tissue damage and inflammation, whereas neuropathic pain arises
from a lesion or disease of the somatosensory nervous system. Neuropathic pain is manifested by an increased perception
of pain in response to non-painful stimuli, and is more likely to be chronic.?> Ocular neuropathic pain is an exclusionary
diagnosis, usually without visible abnormalities in objective exams, making it difficult to identify and often frequently
misdiagnosed as DED or comorbid with DED.** Although it is unclear whether the DED patients enrolled in our study
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Figure 4 Changes of tear inflammatory cytokines and corneal nerve morphological parameters in acupuncture group and SH group after treatment. IL-1B (A), IL-6 (B),
TNF-a (C) and MCP-1 (D) levels in tears of acupuncture group and SH group before and after 4 weeks treatment. CNFD (E), CNBD (F) and CNFL (G) changes of two
groups after treatment. Data are showed as mean+SEM. *statistically significant compared to pretreatment, p < 0.05.

Abbreviations: SH, sodium hyaluronate; IL-1, interleukin-1p; IL-6, interleukin-6; TNF-a, tumor necrosis factor-a; MCP-1, monocyte chemoattractant protein-1; CNFD,
Corneal nerve fiber density; CNBD, corneal nerve branch number; CNFL, corneal nerve fiber length; SEM, standard error of the mean.

experienced neuropathic ocular pain, both acupuncture and 0.3% SH were effective in alleviating their eye pain
symptoms. The substantial reduction in NRS scores in both groups reflects meaningful improvements in pain levels,
which are likely to enhance the patient’s overall quality of life and daily functioning.

We found the short-term effectiveness of acupuncture for DED-related ocular pain was 67%, increasing to 89% at the
study endpoint. In contrast, the effectiveness of artificial tears remained consistent at 71% for both short-term and
endpoint evaluations. These comparable outcomes highlight that while both treatments are effective, they may serve
different roles in managing DED. Artificial tears provide valuable immediate relief for acute symptoms, while acupunc-
ture may offer more sustained benefits by addressing underlying factors contributing to ocular pain in DED. Several
studies have explored the mechanisms of acupuncture analgesia, such as promoting neurotransmitter release, increasing
the local blood flow, and improving the muscle movement synergy.”> In our study, the acupuncture group showed
improved mental states and reduced inflammatory cytokine levels after treatment compared to the SH group, which may
be beneficial to alleviate ocular pain in DED. Currently, artificial tears remain the first-line eye drops of choice for
patients with DED-related pain due to their high efficacy among topical ophthalmic medications.”® A cross-sectional
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study by Galor et al reported artificial tears use to treat DED-associated ocular pain, 19% reported no improvement, 62%
reported partial improvement and 19% reported complete improvement.?” Similar results with 14% of patients who used
artificial tears reporting no improvement, 55% partial improvement, and 31% “a lot” of improvement in ocular pain with
artificial tears.”® Our study also showed a similar pain improvement effect of artificial tear.

Ocular pain in DED is closely associated with anxiety and depression. In 2017, a study from Florida assessed 181
patients with dry eye symptoms and categorized them based on the presence of corneal neuropathic pain symptoms (such
as burning, sensitivity to wind, light, and temperature extremes) into “high corneal neuropathic pain” and “low corneal
neuropathic pain” groups. The results indicated that patients with more severe corneal neuropathic pain symptoms often
experienced greater depression.”® Addressing anxiety and depression is crucial in managing pain, as these psychological
factors significantly affect the patient’s pain experience. Treating comorbid anxiety and depression can enhance the
effectiveness of pain-specific treatments.” Acupuncture’s efficacy in reducing anxiety has been well-documented.
A review by the British Acupuncture Council highlighted that acupuncture could improve anxiety symptoms.*
Similarly, a systematic review, including 32 clinical and preclinical studies, affirmed the significant impact of acupunc-
ture on anxiety.”' However, there are currently no clinical studies specifically reporting on the effects of acupuncture for
treating ocular pain and its associated anxiety and depression symptoms in patients with DED. Only a case study of a 53-
year-old male with DED and anxiety showed significant and sustained improvements in both DED and anxiety symptoms
following 3 weeks of acupuncture treatment and a 3-month follow-up, suggesting that acupuncture may be effective for
anxiety associated with DED.*

In our study, we observed that acupuncture improved anxiety and depression in patients with DED, potentially
contributing to relief from ocular pain. Mechanistically, research suggests that electroacupuncture may alleviate anxiety
related to neuropathic pain by reducing neurogenic inflammation in the amygdala and modulating the dopamine
system.*® Currently, the exact mechanisms through which acupuncture alleviates ocular pain and associated anxiety
and depression in DED patients remain unclear, and future research should explore these mechanisms from
a neurobiological perspective.

Numerous systematic reviews have demonstrated that acupuncture is effective for DED, especially in improving the
OSDI and TBUT.**** Unlike other studies that found the superiority of acupuncture in improving symptom scores,
TBUT, CFS and Schirmer test compared to artificial tears, our study demonstrated no significant difference between
acupuncture and artificial tears in improving OSDI and TBUT. Different acupuncture points and frequency and the
choice of the control group may be the main contributions to the difference. An acupuncture protocol for 21-30 days at
2-3 times per week is recommended as an optimal frequency to maximize the therapeutic effects.” The present study also
aligns with these recommendations. Numerous studies have suggested that acupuncture has obvious curative effects in
the treatment of DED, but the specific mechanism remains elusive. The proposed mechanisms include promoting tear
section,*® reducing pain and inflammation,’” increasing local blood flow*® and regulating the autonomic nervous and
immune systems.’® Additionally, the control group in the present study used 0.3% SH, whereas most previous studies
used 0.1% SH. A higher concentration of SH has more advantages in improving tear film stability and ocular surface
homeostasis,*® which may also be a reason why our results differ from the previous studies regarding dry eye parameters.

Inflammation is an important contributing factor to pain, and certain pro-inflammatory cytokines, including IL-18, IL-
6, TNF-a, and MCP-1, have been implicated in the process of pathological pain.*' A previous study demonstrated that
the expression of IL-1p protein in the cornea was decreased after electroacupuncture treatment in a rat model of DED.*
In the present study, the levels of inflammatory cytokines (IL-1p, IL-6, and TNF-a) in tears was found to significantly
decrease following acupuncture treatment. IL-1p has been well known as an important pain mediator which sensitizes or
directly activates the nociceptors.*’ In the eye, therapies that inhibit the production of IL-1p may help improve disease
outcomes.** Animal studies have shown that blocking IL-6 attenuates neuropathic pain.*> In addition, subcutaneous
injection of TNF-a in rats sensitized their injury receptors, reducing the threshold for 66.7% of nerve fibers to painful
stimuli and triggering persistent electrical activity in about 14% of injury receptors.*® Therefore, it is hypothesized that
the change of IL-1f, IL-6, and TNF-a may be involved in the mechanism of acupuncture efficacy in treating DED-related
pain, which constitutes an exciting direction for future studies.
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To our knowledge, there are no reports describing the effects of acupuncture on corneal nerve morphology and
function. In our study, no significant changes in corneal nerve morphological parameters were observed after acupuncture
or SH treatment. However, acupuncture treatment could improve the corneal perception of DED patient, which has never

1,*” electroacupuncture can alleviate

been reported in previous clinical study. According to the basic research of Shen et a
the damage of sensory neurons in dry eye model guinea pigs. We speculate that acupuncture may be beneficial to corneal
function by influencing corneal neuronal activity.

DED is a multifactorial disease often associated with psychological or neurological disorders, such as depression,
anxiety and neuropathic pain. While most studies on the association between DED and psychiatric or neurological
disorders are cross-sectional and fail to show causality, the tight binding between DED and various psychiatric or
neurological disorders suggests the existence of common pathophysiological mechanisms or interactions among them.*®
Sometimes, approaches for the treatment of ocular pain require collaboration across various fields, including neu-
roscience, neurology, and pain management, beyond just ophthalmology.*’ In such cases, integrated or alternative
therapies may offer greater benefits, and acupuncture represents a promising option. Additionally, considering the varied
acupuncture protocols and high heterogeneity in existing studies, there is an urgent need to establish a standardized and
optical method for the treatment of DED.” Combining acupuncture with 0.3% SH may be more effective than each alone
in alleviating the ocular pain of DED patients. The focus on future research will inevitably be to provide safer and more
effective treatments for DED-related eye pain.

The study has some limitations. Firstly, the present study design involves a nonrandomized intervention considering
patient compliance, ethical concerns, and the nature of a pilot study, which may induce selection bias and affect the
results of the findings. Consequently, ANCOVA was applied in the study to compare the difference in efficacy between
the two treatments after correcting for baseline characteristics (particularly differences in NRS scores between the
groups) and confounding factors. Stratified enrollment and matching are also solution to the nonrandomized research but
not suitable for our study. Secondly, participant and clinician blinding is lack in the study due to the specificity of
acupuncture treatment. However, we believe that the blinding of outcome assessors and statistical analysts, contribute to
the overall robustness of our study results. Thirdly, the present sample size of the pilot study was not that large given the
exploratory nature of the study, and further randomised controlled trials (RCTs) with larger sample sizes should be
performed to confirm our results and further explore the effects of acupuncture on DED and associated symptoms.
Additionally, the study was conducted in a specialized clinic with experienced acupuncture practitioners, which may not
represent outcomes in general clinical settings or areas with limited access to specialized care. Future studies should
include diverse clinical settings to improve generalizability.

Conclusion

Acupuncture significantly alleviates ocular pain, improves mental state, and enhances ocular surface parameters in
patients with DED. These effects are potentially mediated by reductions in inflammatory markers such as IL-1p, IL-6,
and TNF-a. The findings suggest that acupuncture may be a valuable complementary therapy for treating DED-related
ocular pain. Future research should focus on larger RCTs and long-term studies (> 4 weeks) to further validate these
results and explore the underlying mechanisms.
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