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Purposk. To measure autonomic nerve activity (ANA) in several eye conditions and verify
whether ANA modulation is regulated by peripheral or central control in short tear film
break-up time dry eye (sSBUTDE).

Mernops. This study included 23 eyes of 23 patients with sSBUTDE (mean age 55.2 £+
16.1 years; range 21-88 years) and 24 eyes of 24 age-matched non-dry eye (DE) controls.
An ANA measurement, personality questionnaire, and Ocular Surface Disease Index were
administered. ANA was continuously measured for 10 minutes under three conditions:
eyes closed, eyes open, and eyes open under ocular surface anesthesia.

Resurrs. The low-frequency (LF)/high-frequency (HF) ratio (LF/HF) with eyes closed was
significantly higher in the sBUTDE group than in the control group (P < 0.05). In the
sBUTDE group, HF increased and LF/HF decreased with eye opening compared with
those in the control group; HF with eyes open decreased with ocular surface anesthesia
and reached the same level as that in the control group. Among patients where HF
decreased or LF/HF increased with eye opening, 57.1% or 64.3% showed a tendency
to return to the ANA state with eyes closed by ocular surface anesthesia, respectively.
Factors associated with DE symptoms included break-up time, HF with eyes open, and
“openness” (P < 0.05).

Concrusions. ANA modulation can be caused by peripheral, central, or mixed
abnormalities in sSBUTDE. Furthermore, personality traits may play a role in symptom
induction. Understanding the pathogenesis of sSBUTDE may aid in the treatment of cases
that are refractory to conventional treatments.

Keywords: autonomic nerve activity, dry eye, parasympathetic nerve, personality,
symptom, tear film

D ry eye (DE) is defined by TFOS DEWS II as follows:
“Dry eye is a multifactorial disease of the ocular surface

ity>~® and hypoesthesia®1°; however, no conclusion has been
reached. Transient receptor potential V1, present in poly-

characterized by a loss of homeostasis of the tear film, and
accompanied by ocular symptoms, in which tear film insta-
bility and hyperosmolarity, ocular surface inflammation and
damage, and neurosensory abnormalities play etiological
roles.” This definition suggests the involvement of neuro-
logical abnormality in DE pathogenesis.!"> Neuropathies
include peripheral and central abnormalities. Galor et al.?
demonstrated a method to differentiate between peripheral
or central sensitization using topical anesthesia to observe
whether symptoms disappear.

Regarding peripheral neuropathy, three different recep-
tors present on the corneal surface have been discussed:
mechanoreceptors that respond to mechanical stimuli; poly-
modal nociceptors that respond to mechanical, chemical,
and thermal stimuli; and cold receptors that respond to cold
stimuli.* Concerning corneal sensitivity to mechanical stim-
ulation in DE disease, studies have reported hypersensitiv-
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modal nociceptors, is involved in “pain perception” and has
been suggested to contribute to discomfort and pain in DE
disease.'! Regarding sensitivity to cold stimuli, in DE disease,
TRPMS is activated even by small temperature changes that
do not normally cause dryness or pain, leading to dryness
and pain.!?

Functional magnetic resonance imaging suggests central
abnormalities in DE.'>-'7 Most studies have reported low
activity in brain areas such as the frontal gyrus and cere-
bellothalamocortical network. 417

We have studied the pathogenesis of short break-up time
of tear film DE (sBUTDE), which exhibits a discrepancy
between finding signs and symptoms, focusing on neuro-
logical abnormality. Our previous report suggested that in
sBUTDE, emotional sensations, rather than somatosensory
abnormalities, may be involved in the neural pathways of
perception.'® Furthermore, we discovered that fluctuations
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in the autonomic nervous balance are significantly related
to the intensity of DE symptoms in sBUTDE, suggesting
that modulation of autonomic nervous activity (ANA) may
be involved in symptom manifestation.!®=2# In this study, we
verified whether this modulation of ANA is due to peripheral
or central control.

METHODS

The study protocol was reviewed and approved by the
Ethics Committee of the Institutional Review Board of
Ito Clinic, Saitama, Japan. All procedures were performed
in accordance with the ethical standards of the respon-
sible committee on human experimentation (institutional
and national) and the Helsinki Declaration of 1964, as
revised in 2013. Informed consent was obtained from all
participants. This study was registered with the Univer-
sity Hospital Medical Information Network (Registry ID:
UMIN 000053808).

Participants

This prospective, cross-sectional, comparative clinical study
included 23 eyes of 23 patients with sSBUTDE (mean age
55.2 + 16.1 years; range 21-88 years), refractory to conven-
tional treatments, such as eye drops, anti-inflammatory ther-
apy, lacrimal punctal occlusion and/or intense pulsed light
therapy, and 24 eyes of 24 non-DE controls (mean age
54.4 £ 15.8 years; range 29-80 years) (Supplementary Table
S1). The sample size was determined based on a previ-
ous study.?®> SBUTDE was diagnosed based on the pres-
ence of DE symptoms, break-up time (BUT) <5 seconds,
and negative keratoconjunctival damage (keratoconjunctival
vital staining <3 out of 9 points). Non-DE was determined
based on the absence of DE symptoms and keratoconjuncti-
val vital staining <3 points. The Schirmer test value was not
considered when distinguishing between sBUTDE and non-
DE. The exclusion criteria were as follows: ocular surgery
and trauma within the last 12 months, permanent struc-
tural damage because of ocular trauma, receiving pressure-
lowering agents for glaucoma treatment, current contact lens
use, and systemic diseases, including metabolic, cardiovas-
cular, and pulmonary diseases that may affect heart rate,
other than hypertension. In addition, smokers and those
taking medications for colds and allergies to pollen were
also excluded. The eye with the more prominent symp-
toms in each patient was selected for evaluation. The right
eye was selected if the symptoms were equal in both
eyes.

DE Questionnaire

We administered the Japanese version of the Ocular Surface
Disease Index (J-OSDI).2! A J-OSDI score of 13 or higher
was defined as a positive presence of symptoms.

Personality Questionnaire

We administered the Japanese version of the 10-Item
Personality Inventory personality questionnaire. This short
questionnaire measures five key personality dimensions:
extraversion, agreeableness, conscientiousness, neuroticism,
and openness.?>*> The manual was used as a reference to
calculate the scores for these dimensions.?*
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Slit-Lamp Examinations

The patients underwent slit-lamp examinations for lid
margin abnormalities, including vascular engorgement,
plugging of the meibomian gland orifices, and properties
of the meibum. Vascular engorgement and plugging of the
meibomian gland orifices were assessed at the upper and
lower eyelid, and properties of the meibum were assessed
at the upper alone. On the basis of the Bron scale, the clini-
cal severity grading scores were determined as 0-3 points
for vascular engorgement and properties of the meibum
and as 0-2 points for the plugging of the meibomian gland
orifices.”

We performed DE examinations, including BUT measure-
ment, keratoconjunctival vital staining, and the Schirmer test.
BUT was measured after instilling 2 pL of preservative-free
1% sodium fluorescein into the conjunctival sac using a
micropipette. Keratoconjunctival epithelial staining and the
property of the meibum were evaluated after BUT measure-
ment. The overall epithelial damage was scored on a scale
of 0-9 points, as described previously.?° The Schirmer test
was performed last during eye surface evaluations.

ANA Measurement

The Fitbit device and Fitbit Charge 5 app (Fitbit, Inc., San
Francisco, CA, USA) were used for the ANA measurement.?’
Fitbit Charge 5 uses photoplethysmography and a method
to derive heart rate from photoplethysmography to calculate
heart rate variability.?® ANA was continuously measured in
the sitting position for 10 min. under each of three condi-
tions: eyes closed, eyes open with natural blinking, and eyes
open under ocular surface anesthesia with natural blinking,
at least 10 min after the Schirmer test to minimize the effect
of the Schirmer test on ANA. Benoxil ophthalmic solution
0.4% (Santen Pharmaceutical Co., Ltd.) was used for ocular
surface anesthesia and was applied bilaterally. Breathing
was measured naturally without any instruction to breathe
deeply or shallowly. The room temperature was main-
tained at 23 °C-26 °C with 50%-60% humidity during the
examinations.

Autonomic nerve function was assessed by frequency
analysis of the cardiac beat movements (fluctuations in
heart rate intervals) and quantification of sympathetic and
parasympathetic activity.?*3° This technique partitions the
total variance (“power”) of a continuous series of beats into
its frequency components, typically identifying two main
peaks: component of low frequency (LF; 0.04-0.15 Hz)
and high frequency (HF; 0.15-0.4 Hz).’!"** The HF peak
reflects the cardiac parasympathetic nerve activity, whereas
LF reflects cardiac sympathetic and parasympathetic nerve
activity.?=3 The LF/HF ratio is proposed to quantify the
degree of sympathovagal balance and used as an index of
sympathetic nerve function.??:39:34-37 Coefficient of compo-
nent variance of LF (ccvLF) and HF (ccvHF) reflect the vari-
ation of LF and HF, respectively.”® The values of ccvLF and
ccvHF were calculated using the following formulas: ccvLF
= /LF average (RR) x 100; ccvHF = +/HF/average (RR) X
100. The heart rate variability metrics assessed in this study
were LF, HF, LF/HF ratio, ccvLF, and ccvHFE.

Statistical Analyses

Data are presented as the mean =+ standard deviation, wher-
ever applicable. The scores of J-OSDI and the personal-
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ity questionnaire and the DE and ANA parameters were
compared between the sBUTDE and control groups using
the Student #test. ANA in the eyes open, eyes closed,
and eyes open under ocular surface anesthesia condi-
tions were compared within each group by using one-way
ANOVA. Further analysis was performed using Dunnett’s
test. The differences in ANA levels between eyes open
and eyes closed conditions, as well as between eyes open
and eyes open under ocular surface anesthesia condi-
tions, were compared between the groups. In the sBUTDE
and control groups, the proportion of cases in which
ANA increased or decreased because of eye opening and
ocular surface anesthesia was examined using the x2
test.

To determine the factors associated with the presence and
absence of DE symptoms overall, multiple regression analy-
sis was performed. An ANCOVA test was performed to adjust
for age and sex as covariates on ANA under closed eyes (the
baseline) and to adjust for ANA under closed eyes as covari-
ates on ANA under other eye conditions (the baselines). The
proportion of patients showing fluctuating patterns of HF
and LF/HF according to eye conditions was analyzed using
the x? test.

All statistical analyses were performed using SPSS
statistical software (version 17.0 J for Windows; IBM,
Armonk, NY, USA). Statistical significance was set at
P < 0.05.

REsuLTS
Demographics of the Study Population

Table 1 presents the demographic characteristics of the
patients in the sBUTDE and control groups. No significant
differences were observed in the grading scores relating to
DE parameters and lid abnormalities (P > 0.05) except for
BUT value, J-OSDI scores and vascular engorgement of lid
margin at the lower lid (P < 0.05).

Tasre 1. Demographics of the Study Population

sBUTDE Group N = 23
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Personality Questionnaire

The personality test showed a tendency to be higher in
“neuroticism” (P = 0.07) and significantly lower in “open-
ness” (P < 0.05) in the sBUTDE group (Table 2).

ANA

The heart rate was 72.2 + 9.4 beats/min with eyes closed,
72.0 £ 9.5 beats/min with eyes open, and 72.2 + 9.4
beats/min with eyes open under topical anesthesia in the
sBUTDE group whereas it was 76.3 £ 10.0 beats/min, 76.6
4 10.1 beats/min, and 76.4 & 9.6 beats/min in the non-DE
group.

Figure 1 shows the ANA associated with the three ocular
conditions in the sBUTDE and control groups. LF/HF and
ccvHF with eyes closed were significantly higher and lower,
respectively, in the sSBUTDE group than in the controls (P
< 0.05). Regarding the difference between open and closed
eyes, AHF, AccvHF, and ALF/HF were greater in sBUTDE
than in non-DE (0.002 £ 0.005 vs. —0.0014 + 0.005, P <
0.05; 0.009 + 0.020 vs. —0.008 £ 0.020, P = 0.10; —1.916
+ 4.480 vs. 0.548 £+ 2.113, P < 0.05). No significant differ-
ences were observed in all parameters between the sBUTDE
and control groups for eyes open with and without topi-
cal anesthesia (—0.009 £ 0.04 vs.0.002 £+ 0.030, P = 0.33;
-0.005 £ 0.026 vs. —0.0004 + 0.017, P = 0.56; 0.427 + 2.441
vs. —0.383 + 2.3319, P = 0.31). In sBUTDE, HF increased
and LF/HF decreased with eye opening (P = 0.21 and P
= 0.05, respectively), and showed trends opposite to those
in the control; HF with eyes open decreased with ocular
surface anesthesia (P = 0.38) and reached the same level
as the controls. Figure 2 shows the individual trends in
LF, HF, and LF/HF, and Table 3 shows the proportions of
patients in the sSBUTDE and control groups with changes in
ANA in response to eye conditions. Regarding the changes
in HF and LF/HF with eye opening, HF increased in 14
of 23 eyes (60.9%), and LF/HF decreased in nine of these

Control Group N = 24

Age (years)
Age range
Gender
Male
Female
J-OSDI (pts)
Punctal occlusion
One
Both
DE findings
BUT (s)
VS score (pts)
Schirmer value (mm)
MGD findings
Vascular engorgement of lid margin (pts)
Upper
Lower
Plugging of the meibomian gland orifices (pts)
Upper
Lower
Meibum (pts), Upper

55.2 + 16.1 54.2 + 15.8
21-88 29-80

7 8

16 16
52.6 + 18.3" 25 + 3.0

2 0

0 0
3.7 £ 1.9 69 + 25
03 + 0.6 0.2 £ 05
9.9 £+ 10.9 12,5 + 11.1
0.7 £ 0.9 0.5 + 0.7
0.7 + 0.9 03 + 0.4
1.6 + 1.2 1.3 + 1.1
13 + 1.0 1.1 £ 09
08 + 1.1 05 + 0.8

MGD, Meibomian gland dysfunction.
"P < 0.05, Student #-test.
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TasLE 2. Personality Assessments of Patients in the sSBUTDE and Control Groups

Ten-Item Personality Inventory

sBUTDE Group N = 23

Control Group N = 24

Extraversion 9.1 + 2.4 83 + 3.3
Agreeableness 10.8 + 1.5 10.0 +£ 1.9
Conscientiousness 9.0 + 2.8 8.1 + 2.4
Neuroticism 93 + 2.1 8.1 + 2.0
Openness 7.1 + 2.5 8.7 + 22
“Student’s t-test.
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Ficure 1. Autonomic nerve activity in the sBUTDE and control groups. The black triangle indicates the average value. In the sSBUTDE
group, HF and ccvHF were higher (P = 0.05 and P < 0.05, respectively), and LF/HF was lower (P = 0.05) when the eyes were open than
when the eyes were closed, whereas there were no significant differences between eyes open and closed in each parameter in the control
group. Compared with controls, LF/HF of sBUTDEs when eyes were closed was significantly higher than that of controls. (P < 0.05), and
ccvHF of sBUTDEs when the eyes were closed was significantly lower than that of controls (P < 0.05).

14 eyes (64.3%) with eye opening (P = 0.51) in the SBUTDE
group. In the control group, there was a tendency for LF/HF
to increase (11 of 14 eyes [78.6%]; P = 0.07) when HF
decreased (14 of 24 eyes [58.3%]; P = 0.07) (i.e., the two
moved in opposite directions), whereas no consistent trend
was observed in the sBUTDE group. Next, regarding the
changes in HF and LF/HF with eye opening and with subse-
quent ocular surface anesthesia, in the sSBUTDE group, HF
increased from closing to opening the eyes in 14 cases
(60.9%); in these, HF decreased with ocular surface anes-
thesia in eight cases (57.1%; P > 0.05). Similarly, LF/HF
decreased from closing to opening the eyes in 14 cases
(60.9%), and, of these, LF/HF increased with ocular surface
anesthesia in nine cases (64.3%; P > 0.05). In the control
group, HF decreased from closing to opening the eyes in
14 cases (58.3%), and, of these, HF increased with ocular
surface anesthesia in 11 cases (78.6%; P < 0.05). Similarly,
LF/HF decreased from closing to opening the eyes in 15

cases (62.5%), and, of these, LF/HF increased with ocular
surface anesthesia in 10 cases (66.5%; P > 0.05). In the
ANCOVA test, the covariates age and sex had P = 0.89 and
P = 0.45 for HF values with closed eyes, respectively, and
P = 0.24 and P = 0.33 for LF/HF values with closed eyes,
respectively. Furthermore, the covariates HF under closed
eyes had P = 0.25 on HF value under opened eyes and P =
0.86 on HF value under opened eyes with topical anesthesia;
the covariates LF/HF under closed eyes had P = 0.58 on HF
value under opened eyes and P = 0.76 on HF value under
opened eyes with topical anesthesia. Figure 3 illustrates the
typical sBUTDE and non-DE cases of ANA.

Factors Associated With HF Increase or LF/HF
Decrease With Eye Opening in the sBUTDE Group

Multivariate regression analyses, with the dependent vari-
ables of age, sex, personality trait “openness,” OSDI, and
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Ficure 2. Individual trends in LF, HF and LF/HFE. (A) LF; (B) HF; (C) LF/HF. The changes following eye opening and subsequent ocular
surface anesthesia were large in some cases in the sSBUTDE group compared with those in the control group.

TaBLE 3. Proportion of Patients in sSBUTDE and Control Groups Regarding Changes of Autonomic Nervous Activity in Response to Eye

Condition

sBUTDE Group Control Group

Decreased Increased Total Decreased Increased Total

Changes in HF and LF/HF with eye opening
Decreased
Increased

Total

P value

Changes in HF with eye opening and ocular surface anesthesia
Decreased
Increased

Total

P value

Changes in LF/HF with eye opening and ocular surface anesthesia
Decreased
Increased

Total

P value

5 4 9 3 11 14

9 5 14 6 4 10

14 9 23 9 15 24
0.51 0.07

5 4 9 4 10 14

8 6 14 8 2 10

13 10 23 12 12 24
0.64 0.02

5 9 14 3 6 9

5 4 9 10 5 15

10 13 23 13 11 24
0.31 0.12

Pearson’s x? test.

BUT, were performed to examine whether there were
specific characteristics in patients in whom HF increased and
in whom LF/HF decreased with eye opening.

No factors were significantly associated with HF increases
with eye opening (Age, P = 0.55; Sex, P = 0.50; Open-
ness, P = 0.17; OSDI, P = 0.78; BUT, P = 0.19). However,
low “openness” in the personality trait was associated
with LF/HF decreases with eye opening (Age, P = 0.21;
Sex, P = 0.55; Openness, P = 0.04, OSDI, P = 0.25;
BUT, P = 0.31).

Factors Associated With the Presence or Absence
of DE Symptoms

In the multivariate analysis, “openness” among personal-
ity traits, BUT, vascular engorgement of lid margin (lower
lid), and HF and LF/HF with closed and opened eyes were
selected as dependent variables. The independent variables
were independent factors without associations with each
other; LF reflecting the activity of both sympathetic and
parasympathetic nerves, and ccvLF and ccvHEF, calculated
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Eye opened under topical anesthesia |
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Ficure 3. Typical cases in the sSBUTDE and control groups. (A) HF; (B) LF/HF. The sBUTDE case is a 52-year-old male patient with a J-OSDI
score of 45.8 points, BUT of 0 sec, VS score of 1 point, and Schirmer value of 1 mm. The non-DE case is a 57-year-old man with a J-OSDI
score of 0, BUT of 5.3 sec, VS score of 0 points, and Schirmer value of 9 mm. VAS, visual analog scale.

TABLE 4. Association Between ANA Parameters and Dry Eye Symptoms

Factor Standardization Coefficient t-Value P

(Constant) —0.018 0.986
Openness -0.291 —2.212 0.033
BUT —0.374 —2.932 0.006
Vascular engorgement of lid margin (Lower) 0.239 1.928 0.061
HF under closed eyes 0.239 1.782 0.083
LF/HF under closed eyes —-0.119 —-0.791 0.434
HF under opened eyes 0.370 2.790 0.008
LF/HF under opened eyes 0.116 0.893 0.377

Dependent variable: presence and absence of DE symptoms; Adjusted R = 0.68

using LF and HF parameters, were excluded from the inde-
pendent variables.

Table 4 presents the results of multiple regression analy-
sis to determine the factors associated with the overall pres-
ence or absence of DE symptoms. BUT, HF under opened
eyes, and “openness” were significantly associated with the
presence or absence of DE symptoms (P < 0.05).

DISCUSSION

This study clarified several interesting findings regarding
ANA modulation in sBUTDE: (1) When the eyes were
closed, sympathetic nerve activity was high, and parasym-
pathetic nerve activity was relatively low. Opening the eyes
decreased sympathetic nerve activity, whereas the trend was
the opposite in the control group. Patients whose sympa-
thetic nervous activity decreased with eye opening were

more likely to have low “openness” as a personality trait.
In addition, the ANA balance, in which parasympathetic
nervous activity decreased when sympathetic nervous activ-
ity increased and vice versa, was disrupted, and the amount
of change in ANA from eyes closed to eyes open was
large. These results suggest that ANA may be disrupted in
sBUTDE. (2) The presence and absence of DE symptoms was
significantly associated with the BUT value, the HF value
with eyes open, and the personality trait of “openness.”
The ANA results are consistent with our previous studies,
which revealed that ANA modulation, particularly parasym-
pathetic nerve activity, may be involved in the manifesta-
tion of sSBUTDE symptoms. (3) Furthermore, regarding the
peripheral receptor or central level control of ANA modu-
lation, which is the primary objective of this study, ocular
surface anesthesia had no statistically significant effect on
ANA in patients with sBUTDE overall. However, ocular
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surface anesthesia altered sympathetic and parasympathetic
nerve activity levels to the same level as that of non-DE.
Looking at the details, in approximately 60% of patients
in which sympathetic activity decreased or parasympathetic
activity increased with eye opening, ocular surface anesthe-
sia tended to return to the activity state when the eyes were
closed. This suggests that in sSBUTDE, ANA modulation can
be caused by peripheral, central, or mixed abnormalities.

Parasympathetic activity becomes dominant when the
eyes are closed (relaxed state),’® whereas sympathetic activ-
ity is dominant when the eyes are open. Opening the eyes
stimulates receptors in the Miiller muscle of the upper eyelid,
which is controlled by the sympathetic nervous system
and awakens the brain.*® However, contrary to the general
concept, in patients with sBUTDE, low HF and high LF/HF
were observed when the eyes were closed, and high HF
and low LF/HF were observed when the eyes were opened,
implying a predominance of sympathetic activity in closed
eyes and a predominance of parasympathetic nerve activity
in opened eyes.

The specific ANA modulation observed in sBUTDE may
be related to the peculiarities of the eyes. It is gener-
ally accepted that the sympathetic nervous system is acti-
vated under stress, and the parasympathetic nervous system
is activated during relaxation. In the context of the eyes,
stress is associated with the eyes being open, and relax-
ation is associated with the eyes being closed. Opening
the eyes (a state of stress) induces pupillary and accom-
modative responses to visual stimulation.®® We previously
reported that accommodative microfluctuation is larger in
DE than in non-DE, ¥ consistent with this study’s find-
ings that parasympathetic nerve activity is greater in DE
when the eyes are opened. Furthermore, exposure of the
ocular surface by opening the eyes induces tear secretion,
a response predominantly controlled by the parasympathetic
nervous system. In modern society, where near-vision tasks
are common, the parasympathetic nervous system is likely to
become more dominant, causing stress. Therefore stress on
the eyes may be the opposite of general stress, representing
increased parasympathetic nerve activity.

The number of individuals with DE (particularly
sBUTDE) is increasing rapidly because of stressful lifestyle
changes associated with the recent increase in the use of
visual display terminals and the aging of the population 44
On the other hand, personality traits have been shown to be
related to stress.®® Given that stress affects ANA 204748 we
thought that investigating the relationship between person-
ality traits and ANA may lead to the elucidation of the etiol-
ogy of sBUTDE. Regarding the personality test, the sSBUTDE
group exhibited lower levels of “openness” and higher levels
of “neuroticism.” In particular, low openness was associated
with decreased sympathetic nerve activity with eye opening
and the presence of DE symptoms. Low openness is charac-
terized by a dislike for adventure, not expressing emotions,
a lack of interest in new ideas, reluctance to change the
current situation, and a high value on authority and tradi-
tion.* Additionally, “high neuroticism” is characterized by
being easily emotionally reactive, pessimistic, anxious, easily
hurt, and sensitive to other people’s opinions.”> Regard-
ing the relationship between stress and personality traits,
there is a negative relationship with “openness” and a
positive relationship with “neuroticism.”*® These suggest
that patients with sBUTDE have defensive physical reac-
tions in terms of emotions and feelings and a tendency to
seek fulfillment through perseverance, resulting in stress
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accumulation. Stress is known to cause various diseases.
Stress-related diseases include gastric and duodenal ulcers,”
bronchial asthma,’' back pain,”? cardiovascular disease,”?
atopic dermatitis®*; sSBUTDE may also be one of them. Sori-
ano et al.>®> demonstrated a relationship between personal-
ity traits and neuropathic pain: Patients with chronic neuro-
pathic pain exhibit high neuroticism, low extraversion, low
openness to experience and responsibility, and moderate
agreeableness. This finding suggests that personality traits
may be involved in sSBUTDE pathogenesis.

Our study has a few limitations. First, the sample size of
the study is small. A study with a larger population should
be conducted in the future. Second, we did not examine
confounding factors that could affect autonomic function,
such as body position, menopause, lifestyle, or presence of
other systemic diseases. Third, although a subject survey
evaluating five personality traits was used in this study,
more sophisticated personality evaluation should be recom-
mended because patient reporting may not be very reliable.
Moreover, we did not investigate the degree of subjective
symptoms under ocular surface anesthesia. Fourth, the Fitbit
system may underestimate heart rates.’® However, this study
focused on heart rate variability and not heart rate values.
It might be recommended to combine the data obtained by
the Fitbit system with medical-grade devices.

In conclusion, ANA modulation in sSBUTDE can be caused
by peripheral, central, or mixed abnormalities and exhibits
the following characteristics: high sympathetic nerve activity
at rest with eyes closed, high and unstable parasympathetic
nerve activity with eyes open, and large changes in ANA
when the eyes are opened and closed. In addition to ANA
modulation, the unique personality trait of SBUTDE patients,
namely, low “openness,” may be involved in the manifesta-
tion of DE symptoms. Understanding the pathogenesis of
sBUTDE may aid in treatment strategies for cases that are
refractory to conventional treatments.
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