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Abstract: Psychological stress has been shown to trigger systemic

lupus erythematosus (SLE). However, objective evidence of symptom

aggravation due to mental stress is difficult to identify. We aimed to

investigate the relationship between SLE disease activity and mental

stress, and the usefulness of saliva as an assessment index for stress in

patients with SLE.

We prospectively assessed the salivary stress hormone and disease-

related biomarkers, and questionnaire data regarding stress and depres-

sion in 100 patients with SLE and 49 sex- and age-matched normal

controls (NCs).

Patients with SLE had higher mean salivary a-amylase levels

(5.7� 4.6 U/mL vs 2.7� 2.5 U/mL, P< 0.001), anti-chromatin anti-

body levels (25.3� 22.9 U/mL vs 15.9� 10.9 U/mL, P< 0.001), and

Beck Depression Index (BDI) scores (11.1� 9.2 vs 5.3� 5.1,

P< 0.001) than NCs. However, salivary cortisol levels and Perceived

Stress Scale (PSS) scores did not differ between the groups. The BDI

scores correlated with the SLE disease activity index (SLEDAI) scores

(r¼ 0.253, P¼ 0.011) and erythrocyte sedimentation rates (r¼ 0.234,

P¼ 0.019). SLE patients with the highest-quartile PSS scores had

significantly increased SLEDAI scores compared to those with the

lowest-quartile PSS scores after 4 to 5 months’ follow-up. Moreover,

SLE patients with elevated SLEDAI scores had higher baseline PSS

scores.

Patients with SLE showed uncoupling of the sympathetic nervous

system and hypothalamic–pituitary–adrenal axis; higher salivary a-

amylase and no different cortisol levels compared with NCs. Also,

patients with SLE were more depressed, which correlated with disease

activity. Furthermore, perceived stress was not correlated with disease

activity; however, disease activity worsened several months later with

elevated perceived stress levels.

(Medicine 94(30):e1184)
-Ah Kim, MD, and Chang-Hee Suh, MD, PhD

ESR = erythrocyte sedimentation rate, HPA = hypothalamic–

pituitary–adrenal, IL = interleukin, MS = multiple sclerosis, NCs =

normal controls, PSS = Perceived Stress Scale, SLE = systemic

lupus erythematosus, SLEDAI = SLE disease activity index, TNF =

tumor necrosis factor.

INTRODUCTION

S ystemic lupus erythematosus (SLE) has undulating features
that ‘‘wax and wane.’’ Aggravating factors hamper remis-

sion or develop disease flare-up. Factors such as viral infection,
ultraviolet radiation, drugs, and hormones have been suggested
to trigger the onset of SLE.1 Mental distress also has been
known to provoke deterioration of disease course; this is a
common thought among clinicians and patients suffering for a
prolonged period.2 The theoretical background that supports
such association is psychoneuroimmunology, which covers the
key mechanistic evidence of the communications that connect
immune, central nervous (CNS), and endocrine systems. The
CNS, which is affected by mental distress, signals the immune
system via hormonal and neuronal pathways, and the immune
system affects the CNS through diverse cytokines. Immune
cells are known to possess receptors for several hormones such
as glucocorticoid, substance P, corticotrophin-releasing hor-
mone (CRH), and sex hormone including estrogen and pro-
gesterone.3–5 SLE is characterized by diverse dysfunctional
features of the immune system, including hyper-reactive
immune cells and imbalanced cytokines production; therefore,
signals from the neuroendocrine pathway might contribute to
worsening of such dysregulation of the immune system in SLE.

The biomarkers used in the assessment of mental stress
include cortisol, which reflects hypothalamic–pituitary–adre-
nal (HPA) axis activity; a-amylase, which represents the func-
tion of the autonomic nervous system (ANS); and pro-
inflammatory cytokines, which are related to innate immunity.6

Increased psychological stress triggers activation of the HPA
axis and related hormones such as CRH, adrenocorticotropic
hormone, and cortisol. Especially salivary cortisol level was
revealed to be directly proportional to mental stress and has
been widely used in stress studies.7,8 In addition, the ANS
responds to stress, and then, noradrenergic neurons synthesize
and release catecholamines such as dopamine, norepinephrine,
and epinephrine. While these biomarkers are measured in blood,
a-amylase from acinar cells, which are innervated by sympath-
etic and parasympathetic branches of the ANS, can be detected
in saliva. Therefore, in recent years, salivary a-amylase con-
centration has been used as a reliable stress marker.9 Pro-
es such as interleukin (IL)-6, IL-1b,
ctor (TNF)-a, which are involved in
been suggested to respond to acute
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and chronic psychosocial stress.10 As their salivary concen-
trations are rapidly adjusted according to their blood concen-
trations, detecting their salivary concentrations is simple and
stress-free, making them noninvasive biomarkers of psycho-
logical stress or anxiety.11

Anti-chromatin antibody is a well-known biomarker for
diagnosis and disease activity of SLE. In our data from 100 SLE
and 60 incomplete lupus patients, and 48 normal controls (NCs),
significant correlation was found between the level of anti-
chromatin antibodies and each of anti-double strand DNA (anti-
dsDNA) antibody, leucopenia, complement, and SLE disease
activity index (SLEDAI) score.12 The change of anti-chromatin
antibody levels showed a positive correlation with the change in
SLEDAI score in serial samples. Such reliability has been
confirmed in many other studies.13,14 However, no data on
salivary anti-chromatin antibody levels have been obtained
from patients with SLE.

We investigated salivary cortisol, a-amylase, IL-1b, and
anti-chromatin antibody levels as stress and disease activity
biomarkers. We use 2 questionnaires to assess stress or depres-
sion among the patients with SLE and analyzed the results with
disease-related markers for SLE.

MATERIALS AND METHODS

Study Participants
In this prospective study, all 100 patients with SLE and 49

sex- and age-matched healthy NCs from the outpatient rheu-
matology clinic of Ajou University Hospital were enrolled from
August 2011 to August 2012. All of the patients with SLE met
the revised American College of Rheumatology classification
criteria.15 All of NCs had no history of autoimmune disease.
Any patient with SLE and NC with previous history of mental
disease or currently stressful condition was excluded. Full
medical history and clinical manifestations with medication
history were collected by conducting a chart review and inter-
views. Blood test results, including complete blood count,
erythrocyte sedimentation rate (ESR), anti-nuclear antibody,
complements (C3 and C4), and anti-dsDNA antibody levels,
were collected. All subjects provided informed consents, which
was regulated by the institutional review board of our hospital.

Saliva Sample Collection and Questionnaire
Survey

Salivary sample collection from the patients with SLE and
NCs was performed between 9:00 and 11:00 AM because
salivary proteins were known as having diurnal variations.16

To minimize the mixture of unwanted impurities in the samples,
all the subjects were required not to eat, drink, smoke, or
perform oral hygiene procedures for at least 1 h before the
sample collection.17 They rinsed the mouth with water and
collected their saliva for 5 min. In collection of saliva samples,
no agent that stimulates saliva secretion was used, and subjects
were asked to keep their mouth closed for a while and expec-
torate saliva into a tube once per minute.

At the same time of saliva sample collection, the subjects
were asked to answer 2 questionnaires, namely the Perceived
Stress Scale (PSS) and Beck Depression Index (BDI), which were
translated into Korean by using easy-to-understand words and then
validated.18,19 Among the 3 versions of PSS, the 10-item version,

Jung et al
which has shown good internal consistency and maximum
reliability, was used.18 Each question asks about current feelings
or status during the last month such as anger, disappointment, and

2 | www.md-journal.com
failure to control. Each answer has 1 to 5 points, with 1 point
representing ‘‘never’’ and 5 points representing ‘‘very often.’’ The
higher the total score, the higher the level of stress perceived by the
individual.18,20,21 The BDI consists of 21 items regarding diverse
emotions related with depression. It has been used widely as a self-
questionnaire to assess early depression.19,22

Salivary Protein Analysis
After the saliva sample collection, the samples were immedi-

ately mixed with protease inhibitors to preserve the integrity of the
proteins and centrifuged at 3000 rpm for 5 min, resulting in a clear
supernatant. Then, the samples were stored at �208C. Salivary
cortisol, a-amylase, and IL-1b concentrations were measured by
using an enzyme-linked immunosorbent assay kit (Salimetrics,
State College, PA), according to the manufacturer’s instructions.
Salivary anti-chromatin antibody assay was conducted as pre-
viously described with modification.12 Chick chromatin (gener-
ous gift from Dr Philip L. Cohen, Temple University) at a
concentration of 2.5 mg/mL (100 mL) was added at 96-well
microplates (Corning, New York, NY) and then incubated at
48C for 12 h. The plates were washed 5 times with borate-buffered
saline (BBS; 0.5 M boric acid, 0.125 M sodium tetraborate dec-
ahydrate, 0.37 M sodium chloride). The plates were blocked with
200 mL of bovine serum albumin-buffered Triton (BBT; BBS
0.5% bovine serum albumin, 0.4% Tween 80) for 2 h at room
temperature and were washed with BBS 5 times. Standard whole
saliva samples (100 mL) that were twofold serially diluted from a
concentration of 1:100 to that of 1:6400 by BBT and saliva
samples (100 mL) from the patients or control subjects that were
diluted at a concentration of 1:100 were incubated overnight at
48C and washed 5 times with BBS. Biotinylated goat anti-human
immunoglobulin G (1:2000, 100 mL), followed by avidin–
alkaline phosphatase (1:4000, 100 mL; Sigma, St. Louis, MO),
was added into each well; incubated for 2 h at room temperature;
and washed 5 times with BBS. Then, 100 mL of 0.01 M dietha-
nolamine (pH 9.8; Sigma, Steinheim, Germany) mixed with 1 mg/
mL phosphatase substrate (Sigma, Steinheim, Germany) was
added into each plate. After 4 h, absorbance values were read
using an enzyme-linked immunosorbent assay reader at 405 nm.
The mean optical density (OD) for each set of duplicate was
determined. The reactivity in arbitrary units (AU) for each sample
was then calculated by using a standard curve of the mean OD in
the stepwise diluted standard serum (r2¼ 0.99). The intra- and
inter-assay variations were 2.9% and 4.6%, respectively.

Statistical Analysis
A 2-sample Wilcoxon rank-sum (Mann–Whitney) test was

conducted to check the statistical significance of the difference
between SLE and NCs. Differences in the salivary cortisol, a-
amylase, IL-1b, and anti-chromatin antibody levels, and ques-
tionnaire scores were compared using the Kruskal–Wallis test.
Correlations between each salivary molecules and manifes-
tations, and disease activity markers in the patients with SLE
were determined by using the Spearman’s rank correlation tech-
nique. These were performed by using the Statistical Package for
the Social Sciences version 22.0 (IBS Corp., Armonk, NY).

RESULTS

Clinical Characteristics of the Patients With SLE
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and NCs
The characteristics of the patients with SLE and NCs are

shown in Table 1. The mean age of the patients with SLE was

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Clinical Characteristics of the Patients With SLE and Normal Controls

SLE (n¼ 100)

Current Cumulative
NC

(n¼ 49)

Age, y 40.6� 10.3 41.6� 10.7
Sex, F:M 93:7 46:3
Manifestation

Oral ulcer, n 17 24
Malar rash, n 10 18
Alopecia, n 12 15
Arthritis, n 48 56
Renal disease, n 26 34
Hematologic disease, n 21 25

Disease presentations
Hematocrit, % 36.4� 4.2
Leukocyte, per mL 5460� 2008
Lymphocyte, per mL 1616� 637
Platelet, �103/mL 209.9� 67.5
ESR, mm/h 17.9� 15.3
Complement 3, mg/dL 94.3� 28.5
Complement 4, mg/dL 21.4� 10.1
Anti-dsDNA Ab, IU/mL 18.6� 27.5
Antinuclear antibody positive, n 98
Disease duration, y 6.8� 4.4
SLEDAI 4.3� 2.9
SLICC damage index 1.1� 0.3
Hydroxychloroquine use, n 95
Steroid use, n 73
Steroid current dose, mg/d 2.5� 2.1
Steroid cumulative dose, mg 7057.0� 6439.1
Immunosuppressive use, n 43

Results are shown as n or mean�SD. Ab¼ antibody; dsDNA¼ double strand deoxynucleic acid; ESR¼ erythrocyte sedimentation rate;
NC¼ normal control; SD¼ standards deviation; SLE¼ systemic erythematosus; SLEDAI¼ systemic lupus erythematosus disease activity index;
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40.6� 10.3 years, which was not different from that of the NCs
(41.6� 10.7 years, P¼ 0.42). Seven male patients were
included, and the male-to-female ratio did not differ between
the groups (P¼ 0.84). The most common manifestation was
arthritis (48/100 cases), followed by renal and hematologic
diseases (26/100 and 21/100 cases, respectively). The mean
SLEDAI score was 4.3� 2.9, and the mean Systemic Lupus
International Collaborating Clinics damage index was
1.1� 0.3. Ninety-five patients received hydroxychloroquine,
and 73 patients received steroids with a mean dosage of
2.5� 2.1 mg/d prednisolone equivalent. Moreover, 43 patients
received immunosuppressive drugs.

Salivary Biomarkers and Questionnaire Survey
Results

The mean salivary a-amylase level was higher in the
patients with SLE (5.7� 4.6 U/mL) than in the NCs
(2.7� 2.5 U/mL, P< 0.001). However, the mean salivary cor-
tisol and IL-1b levels did not significantly differ. The mean

SLICC¼ systemic lupus international collaborating clinic.
anti-chromatin antibody level was higher in the SLE group
(25.3� 22.9 AU) than in the NC group (15.18� 10.9 AU,
P< 0.001). The results of the questionnaire survey indicate

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
that the mean BDI score was higher (11.1� 9.2) in the SLE
group than in the NC group (5.3� 5.1, P< 0.001). However, the
PSS scores did not significantly differ between the groups
(Table 2). When salivary markers were analyzed with the
manifestations and disease activity markers of SLE, only sali-
vary IL-1b level correlated with disease duration. BDI score
correlated with SLEDAI score and ESR, but PSS score did not
correlate with any disease activity marker (Table 3).

Changes in Disease Activity According to the
Salivary Biomarkers and Questionnaire Survey
Results

In order to find out changes in disease activity according to
mental distress or depression status, patients were divided into
groups according to SLEDAI changes during 4 or 5 months’
follow-up. One group consisted of patients with increased
SLEDAI score, and the other group consisted of patients with
decreased or unchanged SLEDAI score. The SLE patients with
increased SLEDAI score had higher initial PSS scores

(18.9� 5.4) than those with decreased or unchanged SLEDAI
score (16.3� 4.7, P¼ 0.029; Table 4). The higher PSS scores at
baseline were associated with the increased SLEDAI score at
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TABLE 2. Questionnaire Scores and Salivary Hormones in Patients with SLE and NC

SLE NC P Value

Salivary a-amylase, U/mL 5.7� 4.6 2.7� 2.5 <0.001
Salivary cortisol, mg/dL 281.1� 339.4 245.3� 228.9 0.506
Salivary IL-1b, pg/mL 15.3� 17.6 13.5� 14.3 0.526
Salivary antichromatin Ab, AU 25.3� 22.9 15.18� 10.90 <0.001
Beck Depression Index 11.1� 9.2 5.3� 5.1 <0.001
Perceived Stress score 16.9� 5.0 16.5� 5.1 0.634

Ab¼ antibody; AU¼ arbitrary unit; IL-1b¼ interleukin-1b; NC¼ normal control; SLE¼ systemic lupus erythematosus.

TABLE 3. Correlations With Manifestations and Disease Activity Markers of SLE and PSS, BDI, and Salivary Hormones

Correlation Coefficient, r (P Value)

Manifestations and
Disease Activity Markers

Salivary
Cortisol

Salivary
a-Amylase

Salivary
IL-1b

Salivary
Antichromatin Ab BDI PSS

Oral ulcer �0.124 (0.221) �0.171 (0.089) 0.022 (0.831) �0.067 (0.505) �0.162 (0.108) 0.041 (0.684)
Arthritis 0.072 (0.476) �0.18 (0.073) 0.005 (0.961) 0.021 (0.837) �0.217 (0.03) �0.237 (0.017)
Renal involvement 0.151 (0.133) �0.123 (0.222) 0.099 (0.328) 0.096 (0.341) �0.132 (0.189) �0.061 (0.549)
SLEDAI �0.006 (0.956) 0.152 (0.13) �0.177 (0.079) �0.048 (0.634) 0.253 (0.011) 0.112 (0.269)
Leukocyte �0.04 (0.693) 0.073 (0.471) 0.133 (0.187) �0.043 (0.674) 0.064 (0.526) 0.015 (0.88)
ESR 0.001 (0.991) 0.207 (0.039) �0.033 (0.742) 0.021 (0.836) 0.234 (0.019) 0.105 (0.299)
Anti-dsDNA Ab 0.01 (0.924) 0.103 (0.306) �0.034 (0.736) 0.018 (0.858) 0.145 (0.149) 0.025 (0.806)
Complement 3 0.051 (0.617) 0.097 (0.339) 0.043 (0.669) 0.046 (0.647) 0.179 (0.075) 0.165 (0.101)
Complement 4 �0.015 (0.879) 0.152 (0.131) 0.01 (0.922) �0.119 (0.237) 0.147 (0.143) 0.062 (0.54)
Duration �0.029 (0.772) 0.017 (0.867) 0.237 (0.018) �0.001 (0.996) �0.036 (0.721) 0.086 (0.393)

eox
SLE
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4 or 5 months’ follow-up (r¼ 0.212, P¼ 0.034; Figure 1).
Moreover, SLEDAI scores and SLEDAI changes were analyzed
between the patient groups that were divided according to
quartile of salivary markers and questionnaire scores. Although
disease activity and disease activity changes did not differ
between the lowest- and highest-quartile groups of salivary
markers, SLEDAI scores were significantly higher in the
patients with the highest BDI scores than in the patients with
the lowest BDI scores (5.6� 3.1 vs 3.2� 2.4, P¼ 0.006).

Ab¼ antibody; BDI¼Beck Depression Index; dsDNA¼ double strand d
1b; PSS¼Perceived Stress score; SLE¼ systemic lupus erythematosus;
SLEDAI changes increased significantly in the patients with
the highest PSS scores than in the patients with the lowest PSS
scores (0.7� 1.6 vs �0.9� 2.4, P¼ 0.014; Table 5).

TABLE 4. Comparison With Groups Divided by SLEDAI Changes

SLED

(þ)

Salivary a-amylase, U/mL 6.6� 5.0
Salivary cortisol, mg/dL 249.6� 125.6
Salivary IL-1b, pg/mL 11.7� 10.1
Salivary antichromatin Ab, AU 117.6� 70.0
Beck Depression Index 12.9� 10.1
Perceived Stress score 18.9� 5.4

Ab¼ antibody; AU¼ arbitrary unit; IL-1b¼ interleukin-1b; SD¼ standards
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DISCUSSION
In this study, salivary a-amylase and anti-chromatin anti-

body levels were elevated in the patients with SLE than in the
NCs. However, salivary cortisol and IL-1b levels did not differ.
The mean BDI score was higher in the SLE group than in the NC
group. The SLE patients with high disease activity had high BDI
scores. The PSS scores were similar in both groups. In the
comparison between the 2 groups divided according to SLEDAI
changes during several months, the PSS scores were higher in

ynucleic acid; ESR¼ erythrocyte sedimentation rate; IL-1b¼ interleukin-
DAI¼ systemic lupus erythematosus disease activity index.
the SLE patients with increased disease activity than in those
with unchanged or decreased disease activity. In addition, the
SLE patients with the highest-quartile PSS scores had increased

AI Change, Mean�SD

(�) or 0 P Value

5.4� 4.4 0.199
292.1� 387.7 0.888

16.6� 19.4 0.172
87.7� 93.9 0.063
10.5� 8.8 0.191
16.2� 4.7 0.029

deviation; SLEDAI¼ systemic lupus erythematosus disease activity index.
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FIGURE 1. Correlation between changes of disease activity and
the PSS scores in patients with SLE. It showed that changes of
SLEDAI levels were positively correlated with the PSS scores
(r¼0.212, P¼0.034). They were determined using the Spear-
man’s rank correlation technique. PSS ¼ Perceived Stress Scale;
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SLEDAI scores at 4 or 5 months’ follow-up, but those with the
lowest-quartile PSS scores had decreased SLEDAI scores.

This is the first time that salivary proteins were evaluated
in patients with SLE. Most molecules in the blood can transfer
to the saliva; thus, the salivary levels of specific molecules
represent their blood levels.17 Saliva has been increasingly used
as a good diagnostic or disease activity marker in many dis-
eases.23 Without any invasive and painful procedures, saliva
can be obtained easily without incurring adverse effects. For
this reason, saliva has been used widely in stress research.
Moreover, salivary disease-specific markers have been inves-
tigated in the field of oral cancer, Sjogren syndrome, asthma,
and diabetes.24–27

The elevated salivary a-amylase levels in the patients with
SLE compared with the NCs mean that the patients with SLE
might had a more-activated stress response than the NCs.
Although a large portion of the patients with SLE continuously

SLE¼ systemic lupus erythematosus; SLEDAI¼ SLE disease activity
index.
received small amounts of corticosteroids as treatment of SLE,
salivary cortisol levels did not differ significantly between the
patients with SLE and the NCs. Continued corticosteroid

TABLE 5. Disease Activity and Its Change Between the Lowest and

SLEDAI

Lowest Quartile Highest Quart

Salivary a-amylase, U/mL 4.7� 2.4 4.2� 3.3
Salivary cortisol, mg/dL 4.7� 2.6 5.4� 2.9
Salivary IL-1b, pg/mL 4.8� 2.7 5.4� 3.3
Salivary antichromatin Ab, AU 4.9� 3.2 5.1� 2.3
Beck Depression Index 3.2� 2.4 5.6� 3.1
Perceived Stress score 4.5� 2.9 5.5� 3.0

Ab¼ antibody; AU¼ arbitrary unit; IL-1b¼ interleukin-1b; SLEDAI¼

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
administration might interrupt increases in cortisol levels due
to psychological stimuli, and the results could not represent an
intact HPA axis. We found no correlation when we analyzed the
relationship between current or cumulative doses of steroids and
salivary cortisol levels in the patients with SLE. Pool et al28

reported reduced serum cortisol levels in patients with SLE after
exercise and van der Goes et al29 reported significantly different
salivary cortisol levels between high and low ESRs in patients
with SLE. The serum or salivary cortisol levels in the patients
with SLE had some confounding factors such as length of
administration, dose, and impairment of the HPA axis.

In addition, our finding of paradoxical salivary a-amylase
and cortisol levels in the patients with SLE could represent the
abnormal coupling of 2 major endogenous response axes. The
sympathetic nervous system (SNS) and HPA axis have been
known to cooperatively function in normal conditions, having
parallel up-regulations. In rheumatoid arthritis (RA) or lupus
mice, the uncoupling of the SNS and the HPA axis, in which
SNS tone increases with a defective HPA axis, was demon-
strated, and similar results were obtained from patients with RA
and SLE.30–32 This uncoupling of the SNS tone and HPA axis
supports the continuing inflammatory process.

Psychological effects on SLE disease activity have been
studied.33–35 Twenty-two patients with SLE were evaluated for
depression and anxiety status, and their effects on SLE disease
activity during 2 weeks. It was concluded that psychological
distress may change the assessments of disease activity in
patients, but have no effect on SLE disease activity itself.36

In a study of 92 patients with SLE underwent a stress reduction
program, the intervention showed improvement in pain,
psychological function, and perceived physical function at a
9-month follow-up assessment, but no change in SLEDAI score
and Systemic Lupus Activity Measure, Revised score.37 Similar
to our study in term of BDI scores obtained, an observation
study showed that patients with SLE had poorer in psychologi-
cal function, which is closely related with coping styles influ-
enced by stress, social support, and cognition than patients with
RA and NCs.33

Although other factors have shown to contribute to disease
deterioration, high stress scores in patients with SLE tended to
be associated with worse symptoms. In underlying mechanism,
stressors induce hormonal changes through brain stimulation,
and the hormones affect diverse immune cells. In detail, mental
stressors can stimulate the hypothalamus or pituitary gland, and
activate the sympathetic–adrenal–medullary axis and ANS.

Salivary Stress Hormones, Depression, Stress in SLE
Increased glucocorticoid, noradrenaline and adrenaline, prolac-
tin, and growth hormone levels affect T and B lymphocytes, NK
cells, and monocytes, resulting in the dysregulation of the

Highest Group of Salivary Hormones and Questionnaire Scores

SLEDAI Change

ile P Value Lowest Quartile Highest Quartile P Value

0.49 �0.1� 2.5 �0.6� 1.9 0.462
0.413 �0.4� 2.4 �0.1� 2.4 0.599
0.539 �0.1� 2.6 �0.4� 2.8 0.719
0.84 �0.3� 1.7 0.8� 3.0 0.116

0.006 �0.1� 1.6 0.3� 2.4 0.539
0.252 �0.9� 2.4 0.7� 1.6 0.014

systemic lupus erythematosus disease activity index.

www.md-journal.com | 5



production of cytokines such as interferon-g (IFN-g), IL-1, IL-
2, IL-6, and TNF-a.38,39 SLE occurs in genetically susceptible
individuals and can be caused by environmental factors, shows
diverse immune dysregulation, and results in tissue damage.40

Patients with SLE have been shown to have defective B-cell
tolerance, auto-antigen-responsive T-helper cells, functional and
biochemical changes in intrinsic T cells with overproduction of
auto-antibody, and abnormal cytokine concentrations.41,42

Therefore, hormonal changes may occur because of the effect
of mental stress on the already vulnerable immune system of
patients with SLE and may exacerbate immune system dysregu-
lation.4 Several cytokines that are known to have imbalanced
concentrations in stress conditions, such as IFN-g, IL-1, and
TNF-a, are also major players in the pathogenesis of SLE.
Similarly, immunologic deteriorations by stress have been
observed in multiple sclerosis (MS), a demyelinating disease
with autoimmune inflammation of the CNS.43 It has been found
that diverse types of stress are correlated closely with relapse of
MS from mice and human studies and activation of HPA axis,
microglia, and mast cells by stress are involved in the pathogen-
esis of MS.

Salivary anti-chromatin antibody levels were elevated in
the patients with SLE compared with the NCs. However, they
did not correlate with several disease activity markers, includ-
ing SLEDAI score. The amount of anti-chromatin antibody
secreted from blood might differ depending on age, sex, and
personal differences. Such confounding factors should be
clarified in order to improve the usefulness of salivary mol-
ecules as biomarkers.

The limitation of the study is relatively small patients in 1
center. However, SLE is a rare disease and the patient number is
enough to reveal the difference. Also, we included age- and sex-
matched NCs. There is a need of multicenter study with more
patents to generalize our results.

In conclusion, patients with SLE showed uncoupling
response of the SNS and HPA axis with higher salivary a-
amylase and no different cortisol levels compared with NCs.
Also, patients with SLE had more depressive symptoms which
correlated with disease activity. Furthermore, stress perceived
by patients could contribute to the aggravation of SLE several
months later.
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