THERAPEUTIC ADVANCES in
Musculoskeletal Disease

Original Research

Risk factors and prognosis of depression
in Takayasu arteritis patients

Yaxin Zhang, Anyuyang Fan, Juan Du
Lili Pan"=" and Taotao Li

Abstract

, Xuemei Shi, Shiyu Yang, Na Gao,

Background: Takayasu arteritis (TA) is associated with an increased risk of developing
complicated comorbidities, which can bring both psychological and physical burdens to the

patients.

Objective: TA is found to carry a high risk of developing depression. This research aimed to
investigate the risk factors and prognosis of depression in TA patients.

Design: A longitudinal observation cohort was conducted on TA patients with or without
depression to explore the clinical characteristics.

Methods: In this cohort study, 90 TA patients were split into two groups with or without
depression. Depression was evaluated by the Hospital Anxiety and Depression Scale (HADS)
in TA patients. TA patients with depression were followed up for at least 3 months. We used
multivariate logistic regression analysis to find the risk factors and Kaplan-Meier curve

analysis to determine the prognosis.

Results: We concluded 90 TA patients in this research, 29 of whom were in depression. Indian
Takayasu’s Arteritis Activity Score (ITAS2010) =2 (odds ratio (OR) (95% confidence interval,
Cl) 26.664 (2.004-354.741), p=0.013), interleukin-6 (IL-6) (OR (95% CI) 1.070 (1.022-1.121),
p=0.004), prednisone equivalents (OR (95% CI) 1.101 (1.030-1.177), p=0.005), and carotidynia
(OR (95% Cl) 5.829 (1.142-29.751), p=0.034) have been shown independent risk factors for
depression in TA patients. We also identified the association between disease remission with
the improvement of HADS-D score (Log-rank p=0.005, hazard ratio (HR) 0.25) and depression

(Log-rank p=0.043, HR 0.28).

Conclusion: Aggressive treatment to achieve remission can promote improvement of
depression in patients with TA. Screening for depression should also be performed in patients
with elevated disease activity, IL-6, glucocorticoid use, and carotidynia.
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Introduction

Takayasu arteritis (TA) is a rare autoimmune
chronic inflammatory disease, characterized by
granulomatous full-thickness arteritis that mainly
affects the aorta and branch vessels.! Inflammation
in the arteries can lead to severe vascular damage
and eventually to the involvement of several vital
organs.? TA is recognized to have a strong asso-
ciation with an increased risk of developing com-
plicated comorbidities, which can bring both
psychological and physical burdens to the

patients.> Most cases are young female patients
with an onset age of 10—40years.* It is vital to rec-
ognize the mental health impact of the disease as
early as possible.

Psychological disorders have been recognized as
important comorbidities of immune diseases for a
long time.> A cross-sectional study in Europe
involving 1800 patients with autoimmune dis-
ease, discovered that 45.9% of participants
tended to develop depression, based on the
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A total of 94 TA patients from Beijing Anzhen Hospital were enrolled

A 4

Patients with chronic or current infections, tumors, other autoimmune

diseases, and a history of psychiatric diseases (n = 4)

Clinical data of 90 TA patients were collected

29 TA patients with depression

61 TA patients without depression

A\ 4

Risk factors of depression in TA patients were analysed

v

Patients without follow-up data were excluded (n = 62)

Clinical data of 28 TA patients were analyzed for follow up

Figure 1. Flowchart of study participants.

Hospital Anxiety and Depression Scale (HADS).¢
Beurel et al.” recognized the immune system reg-
ulated mood and the potential causes of the dys-
regulated inflammatory responses in depressed
patients. The bidirectional relationship between
depression and rheumatic diseases is noteworthy.
Depression is putatively implicated in high levels
of pain, fatigue, disability, and higher suicide
attempts.®-10 Previous studies have identified that
depression could increase the likelihood of hospi-
talization and longer hospital stays of patients
with autoimmune diseases.!!:12

Yilmaz et al.? had proved that mental health
parameters were impaired in TA. However, there
was no definite association between patients with
depressive states and the evolution of TA.13-16
The emotional state generated by the TA should
not be ignored. Therefore, we collected the medi-
cal data and follow-up records of the TA patients
admitted to our hospital. The major idea of this
research was to explore the risk factors of

comorbid depressive state in patients with TA
and figure out the association of depression
improvement with remission of the disease.

Methods

Patients

A total of 90 patients aged 16—65 years with TA in
Beijing Anzhen Hospital between April 2021 and
December 2022 (Figure 1), who fulfilled the cri-
teria for classification of the American College of
Rheumatology in 2022!7 were included in this
study. The exclusion criteria were patients who
had chronic or current infections, tumors, other
autoimmune diseases, a history of psychiatric dis-
eases, and any anti-depressant use. At the time of
first admission, we assessed patients as treatment-
naive or treated, based on whether they had been
treated regularly with TA. According to the past
medical history and treatment, relapse was
defined as the recurrence of active disease, at least
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one of the following: (a) current activity on imag-
ing or biopsy, (b) ischemic complications attrib-
uted to TA, and (c) persistently elevated
inflammatory markers (after other causes have
been excluded).!® Refractory disease was defined
as inability to attain absence of all clinical signs
and symptoms attributable to active TA and nor-
malization of erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) despite the
use of standard care therapy.!® This study was
conducted in accordance with the ethical princi-
ples Helsinki Declaration and was approved by
the Ethics Committee of Beijing Anzhen Hospital
(Approval Number: 2022228X). The reporting
of this study conforms to the Strengthening the
Reporting of Observational Studies in Epide-
miology: explanation and elaboration.!?

Collection of sociodemographic characteristics,
clinical data, and laboratory parameters
Sociodemographic characteristics include age,
sex, duration of symptoms, marital status, educa-
tional time, and body mass index (BMI). We col-
lected the disease activity, clinical symptoms,
history, treatment paradigm, and Numano type
as clinical data at baseline. All patients have car-
ried the duplex ultrasound, magnetic resonance
angiography, and computed tomography angiog-
raphy to evaluate the involvement of vessels.20 We
used the National Institutes of Health (NITH) cri-
teria,?! the Indian Takayasu’s Arteritis Activity
Score (ITAS2010),22 and ITAS with acute-phase
reactants (ITAS.A)?3 to assess the disease activ-
ity. Clinical symptoms during the course of the
disease were recorded, such as chest pain, chest
tightness, dizziness, headache, fever, limb pain,
carotidynia, upper limb blood pressure asymme-
try, pulselessness, and intermittent claudication.
We also kept a detailed record of the medication
used by patients at the time of enrollment, includ-
ing glucocorticoids, conventional synthetic
disease-modifying antirheumatic drugs (csD-
MARDs), and biologic disease-modifying anti-
rheumatic drugs (bDMARDs). We documented
the glucocorticoid dosage and converted it to
prednisone equivalents. The dosages and meth-
ods of administration of DMARDs were
Methotrexate 15mg Qw (quaque week/every
week), Cyclophosphamide 100mg Qod (quaque
omni die/every other day), Mycophenolate mofetil
0.75 g Bid, Azathioprine 100mg Qd (quaque die/
every morning), Hydroxychloroquine Sulfate
0.2g Qd, Leflunomide 20mg Qd, Tocilizumab
8mg/kg Qm, Adalimumab 40mg Q2w. The

vascular type of TA was categorized by Hata and
Numano.?! We also recorded whether the
patients’ coronary, pulmonary, and intracranial
arteries were involved. Laboratory parameters
included complete blood count, ESR, CRP,
immunoglobulin, complement component,
cytokines (interleukin-6 (IL-6) and tumor necro-
sis factor-alpha), which were assessed at the time
of enrollment by the laboratory medicine of
Anzhen Hospital.

The evaluation of depression

After all imaging and blood tests and disease eval-
uation had been completed, the patients included
were all asked to fill in a HADS questionnaire?*
when they visited our department for the first
time. The HADS was used to assess the depres-
sive state.?5 The questionnaires contained 14 sub-
scales for anxiety and depression symptoms. Each
item is used on a four-point scale to make ratings,
ranging from 0 to 3 in total. The HADS depres-
sion score (HADS-D) of 0-7 points indicated no
or few depression symptoms, 8—10points indi-
cated mild depression, and =11 points indicated
severe depression. In our study, we defined
aHADS depression score =8 points as depressive
state.

Follow-up and outcome

All patients were followed for 3 months to assess
their disease remission status. Twenty-eight of
these patients with depression at baseline contin-
ued to be followed from the date of visits to
January 2023. One patient was lost to follow-up
and refused to continue participating in the study.
Three months after the first visit, we evaluated
the disease condition of each individual. We
defined TA disease remission according to 2018
EULAR recommendations for the management
of large vessel vasculitis,!® which met persistent
normal ESR or CRP, symptom stabilization,
NIH < 2, and the presence of a stable or improved
lesion on follow-up angiography at the same time.
Patients were split into remission group and non-
remission group. They were examined every
3 months until their depressive state improved, or
they were followed up for 15months. At follow-
up, we asked patients to complete the HADS
questionnaire again and defined the improvement
of depression as the HADS-D at follow-up of less
or equal to 7, while the improvement of HADS-D
score as the HADS-D at follow-up was less than
baseline. The follow-up data, including HADS-D,
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laboratory parameters, disease activity, clinical
presentation, imaging indicators, and medication,
were obtained by either re-hospitalization records
or telephone interviews.

Statistical analysis

Continuous variables were presented as
mean * SD for data of normal distribution and as
median (Q1, Q3) for non-normal distribution.
Categorical variables are presented in counts
(percentages). The discrepancy between meas-
ured parameters of non-normal distribution in
patients and controls was calculated by the
Mann—Whitney test. The %2 test was applied for
the assessment of qualitative parameters. To
quantitate the correlation between continuous
variables, Spearman’s approach was used. The
independent risk factors associated with depres-
sive state involvement were identified by multi-
variate logistic regression. Differences between
patient-measured parameters before and after
treatment were assessed by paired sample
Wilcoxon signed-rank test. Cumulative event
rates were determined by Kaplan—Meier curve
analysis. Statistical significance was defined as
p-values < 0.05 and all statistical tests were two-
tailed. All statistical analysis was operated with
SPSS software (version 26.0; IBM Corp.,
Armonk, NY, USA), and we used GraphPad
Prism 9 (GraphPad Software, San Diego, CA,
USA) to create the figures.

Results

Sociodemographic characteristics and clinical dif-
ferences in the depressed TA group versus the
non-depressed group.

The study included 90 TA patients, of whom 29
(32.2%) had comorbid depression, with a female/
male ratio of 11.86:1 (83/7). The median time
between the diagnosis of depression and the
diagnosis of TA was 14months (14.00 (0.00—
65.00) months). Patients with depression were
younger (34.00 (24.50-48.00) vs 45.00 (33.50-
49.00)years, p=0.026) than patients without
depression. There was also less married propor-
tion in patients with depression (18 (62.1)% vs
55 (90.2)%, p=0.001). No significant differ-
ences were found in education level, disease
duration, and BMI between the two groups.
Moreover, we found a higher proportion of
carotidynia in TA patients with depression than
those without depression (9 (31.0)% vs 4 (6.2)%,

$»=0.001). No heterogeneity was observed in the
frequency of other clinical presentations, histo-
ries, Numano types, and vascular damage
between the two groups (Table 1, Supplemental
Tables 1 and 2).

Regarding the medication of TA patients at their
first admission, 44 (48.9%) patients were treated
with glucocorticoids, 50 (55.6%) with csD-
MARDs, and 21 (23.3%) with biologic disease-
modifying antirheumatic drugs (bDMARD:S).
However, no difference was observed in the above
three drug comparisons between the two groups.
In a more detailed comparison of drug regimens,
we found that TA patients with depression were
used more prednisone equivalents (12.50 (0.00—
20.00) vs 0.00 (0.00-10.00), p=0.006) and less
commonly used MMF (1 (3.4)% vs 14 (23.0)%,
p»=0.016) (Table 1).

Laboratory parameters and disease activity
between two groups of TA patients

In the comparison of blood routines, we found
that the hemoglobin in the depression group was
lower (113.00 (101.00-127.00) vs 125.00
(113.50-132.50) g/L, p=0.016), while the White
blood cell, neutrophils count, monocyte count,
and platelet count were higher than those in the
non-depression group (8.16 (6.55-10.10) vs 6.38
(5.06-8.66) 10°/L, p=0.020; 5.72 (4.04-7.59) vs
4.23 (2.98-5.80) 10°/L, 0.023; 0.42 (0.31-0.62)
vs 0.35 (0.28-0.51)10%L, p=0.024; 280.00
(234.00-373.00) vs 234 (191.00-328.00) 10°/L,
p»=0.015) (Table 2).

Both ESR and CRP were found higher in the
depression group (19.00 (10.00-59.50) vs 10.00
(7.00-20.00) mm/h, p=0.008; 9.85 (0.91-27.71)
vs 1.61 (0.63-4.91) mg/L, p=0.002). In the com-
parison with the non-depression group, IL-6, a
classical inflammatory cytokine, showed a signifi-
cantly higher level in the depression group
(16.19 (5.97-38.42) vs 4.81 (2.40-8.92)pg/L,
$»<<0.001). C3 was observed relatively higher in
the patients with depression (1.31 (1.17-1.41) vs
1.18 (1.05-1.32) mg/L, p=0.018), while no dif-
ference was observed in C4 and immunoglobulin
between two groups. We also compared the dis-
ease activity with the depression in TA patients
and found NIH, ITAS.A, and ITAS2010 were
higher in the depressed group (2.00 (2.00-3.00)
vs 2.00 (0.50-2.00), p<<0.001; 9.00 (6.00-13.00)
vs 4.00 (1.00-8.00), p<<0.001; 7.00 (4.00-10.00)
vs 3.00 (0.00-6.00), p<0.001) (Figure 2).
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Table 1. Clinical features of TA patients with or without depression.

Variable All (n=90) Depression (n=29) Non-depression p-Value
(n=61)
Treatment-naive, n (%) 31 (34.4) 10 (34.5) 21 (34.4) 0.588
Refractory, n (%) 22 (24.4) 12 (41.4) 10 (16.4) 0.011*
Relapse, n (%) 41 (45.6) 17 (58.6) 24(39.3) 0.068
Basic characteristics
Age, years 42.00 (30.75-49.00) 34.00 (24.50-48.00) 45.00 (33.50-49.00) 0.026*
Female, n (%) 83(92.2) 28 (96.6) 55(90.2) 0.274
Being married, n (%) 73 (81.1) 18 (62.1) 55 (90.2) 0.002**
Symptoms duration (months) 72.00 (33.00-132.00)  48.00 (24.00-120.00)  84.00 (42.00-132.00) 0.126
Educational time (months) 15.00 (9.00-19.00) 15.00 (10.50-19.00) 12.00 (9.00-15.00) 0.055
BMI (kg/m?) 22.71 (20.55-26.68) 22.19 (20.62-25.48) 22.77 (20.55-26.98) 0.509
Clinical symptoms, n (%]
Chest pain 20(22.2) 7 (24.1) 13 (21.3) 0.481
Chest tightness 29 (32.2) 8 (27.6) 21 (34.4) 0.345
Dizziness 39 (43.3) 11(37.9) 28 (45.9) 0.315
Headache 17 (18.9) 7 (24.1) 10 (16.4) 0.274
Stroke 4 (4.5) 2(6.9) 2(3.3) 0.394
Syncope 1(1.1) 1(3.4) 0(0.0) 0.322
Vision loss 4 (4.4) 1(3.4) 3(4.9) 0.613
Fever 10 (11.1) 6(20.7) 4 (6.6) 0.055
Limb pain 8(8.9) 4(13.8) 4 (6.6) 0.228
Carotidynia 13 (14.4) 9 (31.0) 4 (6.6) 0.004**
Upper limb blood pressure 31 (34.4) 11(37.9) 20 (32.8) 0.401
asymmetry
Pulselessness 11(12.4) 4(13.8) 7(11.7) 0.510
Intermittent claudication 37 (41.1) 14 (48.3) 23 (37.7) 0.234
History, n (%)
Hypertension 36 (40.0) 11 (37.9) 25 (41.0) 0.484
Diabetes mellitus 9 (10.0) 2(6.9] 7(11.5) 0.396
Coronary artery disease 15 (16.7) 3(10.3) 12 (19.7) 0.213
Cerebrovascular disease 9(10.0) 3(10.3) 6(9.8) 0.604
Hyperlipidemia 23 (25.6) 4(13.8) 19 (31.1) 0.063
Surgery 34 (37.8) 9 (31.0) 25 (41.0) 0.251

(Continued)
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Table 1. (Continued)

Variable All (n=90) Depression (n=29) Non-depression p-Value
(n=61)

Treatment paradigm, n (%)
Glucocorticoids 44 (48.9) 18 (62.1) 26 (42.6) 0.067
Prednisone equivalents (mg) 0.00 (0.00-13.13) 12.50 (0.00-20.00) 0.00 (0.00-10.00) 0.006**
cDMARDs 50 (55.6) 17 (58.6) 33 (54.1) 0.431
MTX 29 (32.2) 13 (44.8) 16 (26.2) 0.065
CTX 5 (5.6) 1(3.4) 4 (6.6) 0.480
MMF 15 (16.7) 1(3.4) 14.(23.0) 0.016*
AZA 4 (4.4) 0(0.0) 4 (6.6) 0.204
HCQ 6(6.7) 3(10.3) 3(4.9) 0.293
LEF 2(2.2) 1(3.4) 1(1.6) 0.543
bDMARDs 21(23.3) 9(31.0) 12 (19.7) 0.177
TCZ 18 (20.0) 7 (24.1) 11 (18.0) 0.341
ADA 3(3.3) 2(6.9) 1(1.6) 0.242

Numano, n (%)
| 5 (5.6) 1(3.4) 4(6.6) 0.480
Ila 2(2.2) 0(0.0) 2(3.3) 0.457
I1b 21(23.3) 7 (24.1) 14 (23.0) 0.550
11 2(2.2) 0(0.0) 2(3.3) 0.457
I\ 2(2.2) 1(3.4) 1(1.6) 0.543
\% 56 (62.2) 18 (62.1) 38(62.3) 0.581
Pulmonary artery 25 (27.8) 10 (34.5) 15 (24.6) 0.232
Coronary artery 30(33.3) 8 (27.6) 22 (36.1) 0.291
Intracranial artery 35(38.9) 9 (31.0) 26 (42.6) 0.206

Type is divided according to Hata and Numano’s criteria.

*p< 0.05. **p < 0.010.

ADA, adalimumab; AZA, azathioprine; bDMARDs, biologic disease-modifying antirheumatic drugs; BMI, body mass index; csDMARD, conventional
synthetic disease-modifying antirheumatic drugs; CTX, cyclophosphamide; HCQ, hydroxychloroquine sulfate; LEF, leflunomide; MMF,

mycophenolate mofetil; MTX, methotrexate; TA, Takayasu arteritis; TCZ, tocilizumab.

Risk factors of depression in TA patients

We used univariate logistic analysis to identify the
meaningful factors for depression in TA patients.
We found age (odds ratio (OR) (95% confidence
interval, CI) 0.955 (0.919-0.993), p=0.022) and
MMF (OR (95% CI) 0.120 (0.015-0.962),
p=0.046) were protective factors for depression

in TA patients, while carotidynia (OR (95% CI)
6.412 (1.777-23.138), p=0.005), NIH=2 (OR
95% CI) 8.171 (1.775-37.615), p=0.007),
ITAS.A=5 (OR (95% CI) 5.160 (1.839-
14.481), p=0.002), ITAS2010=2 (OR (95%
CI) 9.375 (2.042-43.048), p=0.004), ESR (OR
(95% CI) 1.025 (1.006-1.045), p=0.011), CRP
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Table 2. Laboratory parameters of TA patients with or without depression.

Variable All (n=90) Depression (n=29) Non-depression (n=61) p-Value
WBC (10%/L) 7.02 (5.29-9.18) 8.16 (6.55-10.10) 6.38 (5.06-8.66) 0.020*
NEUT (%) 66.95 (58.08-72.05) 69.00 (61.55-73.45) 63.80 (57.90-71.00) 0.146
LYM (%) 25.55(21.38-32.25) 24.40 (20.90-29.20) 26.50 (22.05-33.05) 0.139
MONO (%) 5.60 (4.55-7.00) 5.00 (3.85-6.95) 5.70 (4.80-7.00) 0.412
NEUT count (107/L) 4.71(3.24-6.33) 5.72 (4.04-7.59) 4.23(2.98-5.80) 0.023*
LYM count (10%/L) 1.82(1.31-2.18) 1.90 (1.26-2.51) 1.74 (1.34-2.17) 0.419
MONO count (107/L) 0.38(0.29-0.53) 0.42(0.31-0.62) 0.35(0.28-0.51) 0.024*
Hb (g/L) 121.00 (109.75-130.25) 113.00 (101.00-127.00) 125.00 (113.50-132.50) 0.016*
PLT (10%/L) 240.00 (209.75-334.00) 282.00 (235.00-360.50) 234.00 (184.50-323.00) 0.015*
ALT (U/L) 12.00 (7.00-16.00) 12.00 (7.00-15.50) 12.00 (7.50-16.50) 0.772
Cr (umol/L) 56.55 (51.45-66.03) 56.20 (52.25-64.30) 57.90 (50.00-66.35) 0.976
ESR (mm/h) 13.00 (7.00-26.50) 19.00 (10.00-59.50) 10.00 (7.00-20.00) 0.008**
CRP (mg/L) 2.06 (0.72-9.84) 9.85(0.91-27.71) 1.61(0.63-4.91) 0.002**
Complement 3 (g/L) 1.21(1.09-1.37) 1.31(1.17-1.41) 1.18 (1.05-1.32) 0.018*
Complement 4 (g/L) 0.27 (0.23-0.33) 0.27 (0.24-0.37) 0.26 (0.22-0.31) 0.247
IgA 2.54 (1.47-3.35) 2.83 (2.00-3.85) 2.44 (1.45-3.33) 0.110
lgG 11.47 (9.76-14.18) 13.04 (8.86-15.54) 11.21 (10.13-13.81) 0.433
IgM 1.25 (0.90-1.60) 1.19 (0.85-1.65) 1.26 (0.94-1.51) 0.764
IL-6 (pg/mL]} 6.82 (2.68-14.06) 16.19 (5.97-38.42) 4.81(2.40-8.92) <0.0071***
TNF-a (pg/mL]} 1.64 (0.94-2.70) 1.61(0.87-2.27) 1.71 (0.99-2.99) 0.580

*p < 0.05. **p<0.010. ***p < 0.001.

ALT, alanine aminotransferase; C3, complement component 3; C4, complement component 4; Cr, creatinine; CRP, C-reactive protein; ESR,
erythrocyte sedimentation rate; Hb, hemoglobin; Ig, immunoglobulin; IL-6, interleukin-6; LYM, leukomonocyte; MONO, monocyte; NEUT,
neutrophils; PLT, platelet count; TNF-a, tumor necrosis factor alpha; WBC, white blood cell.

(OR (95% CI) 1.046 (1.009-1.084), p=0.013),
IL-6 (OR (95% CI) 1.073 (1.026-1.122),
»=0.002), prednisone equivalents (OR (95% CI)
1.065 (1.021-1.110), p=0.003), and refractory
(OR (95% CI) 3.600 (1.321-9.813), p=0.012)
were significantly associated with the depression
in TA patients (Table 3). We included the above
clinical variables in the multivariate logistic
regression analysis. Carotidynia (OR (95% CI)
5.829 (1.142-29.751), p=0.034), ITAS2010=2
(OR (95% CI) 26.664 (2.004-354.741),
»=0.013), IL-6 (OR (95% CI) 1.070 (1.022—
1.121), p=0.004), and prednisone equivalents
(OR (95% CI) 1.101 (1.030-1.177), p=0.005)

have been shown independent risk factors for
depression in TA patients (Table 3, Figure 3). To
ensure the accuracy of these results, we also
examined the comparison of disease activity, and
the involvement of blood vessels and medications
between the patients aged <40 and aged =40
groups. There were no significant differences
between the two groups (Supplemental Table 3).

Association between depression and TA disease
remission

Twenty-eight TA patients participated in the
follow-up. The median follow-up time was
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Figure 2. Comparison of disease activity between TA patients with depression and without depression. (a) The
values of NIH, ITAS.A, and ITAS2010 in the depressed group were significantly higher than those in the non-
depressed group. The proportion of NIH=2 (b), ITAS.A=5 (c), and ITAS2010 =2 (d) were significantly higher
than that in the non-depressed group.

ITAS.A, ITAS with acute-phase reactants; ITAS2010, Indian Takayasu’s Arteritis Activity Score; NIH, National Institutes of
Health.

Table 3. Logistics regression analysis of risk factors in TA patients with depression.

Univariable analysis

Multivariable analysis

0dds ratio (95% Cl) p-Value 0dds ratio (95% Cl) p-Value
Age 0.955 (0.919-0.993) 0.022*
Carotidynia 6.412(1.777-23.138) 0.005** 5.829 (1.142-29.751) 0.034*
NIH= 2 8.171 (1.775-37.615) 0.007**
ITAS.A=5 5.160 (1.839-14.481) 0.002**
ITAS2010= 2 9.375 (2.042-43.048) 0.004** 25.756 (1.668-397.730) 0.020*
ESR 1.025 (1.006-1.045) 0.011*
CRP 1.046 (1.009-1.084) 0.013*
IL-6 1.073 (1.026-1.122) 0.002** 1.071 (1.022-1.122) 0.004**
Prednisone equivalents 1.065 (1.021-1.110) 0.003** 1.104 (1.033-1.179) 0.004**
MMF 0.120(0.015-0.962) 0.046*
Refractory disease 3.600 (1.321-9.813) 0.012**

*p < 0.05. **p<0.010. ***p < 0.001.
Cl, confidence interval; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IL-6, interleukin-6; ITAS.A, ITAS with acute-phase reactants;
ITAS2010, Indian Takayasu's Arteritis Activity Score; MMF, mycophenolate mofetil; NIH, National Institutes of Health; TA, Takayasu arteritis.
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Figure 3. Independent risk factors for TA patients with depression. Multivariate logistic analysis showed that
IL-6, prednisone equivalent, ITAS2010, and carotidynia were independent risk factors for depression in TA

patients.

IL-6, interleukin-6; ITAS2010, Indian Takayasu's Arteritis Activity Score; TA, Takayasu arteritis.

10.25months in the depressed group. After
3-month treatments, 67.9% (19/28) of TA
patients with depression were assessed for remis-
sion. We used Kaplan—Meier curve analysis to
identify the association between the disease
remission with the improvement of HADS-D
score (Log-rank p=0.005, hazard ratio (HR)
0.25) (Figure 4(a)) and depression (Log-rank
p=0.043, hazard ratio (HR) 0.28) (Figure 4(b)).
To explore whether the improvement of caroti-
dynia would change the progression of depres-
sion, we further screened 10 patients in the
follow-up cohort with carotidynia at baseline and
grouped the patients according to the improve-
ment. However, there was no significant associa-
tion between the improvement of carotidynia and
the improvement of HADS-D score and depres-
sion (Supplemental Figure 1). Compared to the
baseline, NIH, ITAS.A, ITAS2010, and
HADS-D after treatment were found to meaning-
fully decrease by paired sample Wilcoxon signed-
rank test (2.50 (2.00-3.00) vs 0.00 (0.00-1.00),
$»<0.001; 10.00 (7.00-13.00) vs 0.00 (0.00—
2.50), p<<0.001; 7.50 (4.00-10.00) vs 0.00
(0.00-1.00), p<<0.001; 10.00 (9.00-10.00) vs
8.00 (7.00-9.00), p=0.003) (Figure 5).

Discussion

This cohort study documented that 32.2% of TA
patients had comorbid depression. This article
focused on the clinical features of depression in
TA patients and found that the IL-6, prednisone
equivalent, ITAS2010 = 2, and carotidynia might
be risk factors for the depression of TA patients.
This study also followed up on the treatment and
prognosis of TA patients with depression and

identified that the improvement of depression
was associated with disease remission.

In the comparison of sociodemographic parame-
ters, we found that depressed TA patients were
younger and less married. A similar result on age
with negative emotion was also seen in a study on
quality of life, disability, and mental health in TA
patients.?> This might be related to the fact that
young people had to bear more social responsibil-
ity and work pressure, while the adverse effects of
TA on their work and life aggravated these bur-
dens, resulting in greater mental stress even
depression for patients.?6 We also found the
importance of being married for depression in TA
patients. A similar association could be seen in
previous research. A study conducted by Cairney
et al.?? found that single mothers, compared to
married mothers, were prone to suffer an episode
of depression and higher levels of chronic stress,
which could account for differences in exposure
to stress and social support.

In the comparison of clinical symptoms, the ratio
of carotidynia was much higher in the depression
of TA patients than non-depression and was
identified as the independent risk factor of depres-
sion. Carotidynia was recognized as a typical fea-
ture of vascular pain,?® which was reportedly
associated with a higher rate of relapsing and
active disease in the previous research. 2931 In our
results, we found the depression group had sig-
nificantly higher disease activity, and a higher
proportion of refractory and active disease, even
ITAS2010=2 was shown to be an independent
risk factor for depression in TA. Even though the
p-value was close to 0.05, we could see the same
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Figure 4. Association between the improvement of HADS-D score and depression with disease remission.
Kaplan-Meier curve analysis identified that (a) the improvement of HADS-D score was associated with disease
remission (Log-rank p=0.005, HR 0.25] and (b) the improvement of depression was associated with disease

remission (Log-rank p=0.040, HR 0.28).

HADS-D, Hospital Anxiety and Depression Scale depression score; HR, hazard ratio.

trend that relapsing disease accounted for a
greater proportion of depressed TA patients.
Erdal et al.32 also found, according to ITAS2010,
the active TA group had a significantly higher
HADS-D score. Although there were currently
no studies with similar results in autoimmune dis-
ease, refractory and relapsing TA also appeared
to have a greater impact on depression, which was
due to an individual’s perception of the conse-
quences of the disease.3> The instability of the
disease, which caused the patients to have a nega-
tive impact on the disease, is an important reason
for this outcome. In addition, the inflammation
brought about by the unstable phase of the dis-
ease was a predisposing factor for depression.

In the analysis of laboratory indicators, ESR,
CRP, C3, and IL-6, the markers of inflammation,

were higher in the depression of TA patients.
Previous studies have shown that controlling
inflammation may provide benefits in the treat-
ment of depression, whether inflammation was
secondary to early life trauma, acute stress
response, or other factors.” Moreover, IL-6 was
the independent risk factor for TA patients with
depression in our research. Another study we
conducted on the cytokines profile of treated TA
patients with depression, also found the same
trend of IL-6, although the p-value was greater
than 0.05, which should be related to the small
sample size.3* Increased release of IL-6 in depres-
sion has been found to be a factor associated with
the prognosis and therapeutic response and may
affect a wide range of depressive symptomatol-
ogy.’> Kelly et al.3¢ verified the relationship
between the IL-6 signaling pathway and
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Figure 5. Changes in NIH, ITAS.A, ITAS2010, and HADS-D before and after treatment. After treatment,

paired sample Wilcoxon signed-rank test identified that (a) NIH (p<0.001), (b) ITAS.A (p <0.001), (c]) ITAS2010
(p<0.001), and (d) HADS-D (p=0.003] were significantly lower than those before treatment.

HADS-D, Hospital Anxiety and Depression Scale depression score; ITAS.A, ITAS with acute-phase reactants; ITAS2010, Indian
Takayasu's Arteritis Activity Score; NIH, National Institutes of Health.

depression symptoms. A large body of evidence
supports the entry of IL-6 into the central nerv-
ous system (CNS) via humoral and neural path-
ways.1> The humoral pathways included
circulating mediators activating the blood—brain
barrier endothelium?%37 and IL-6 entering the
CNS through the periventricular organs.3? So far,
IL-6 has been a key target for the treatment of
TA.38 In previous experiments, IL.-6 was directly
positive throughout the vascular wall in most
specimens in inflammatory sites of active TA
patients.?® Due to the important role of IL-6 in
TA and depression, future studies should focus
more on whether targeting IL.-6 would also be
beneficial in depressed TA.

The role of medication in depression of TA
patients should also be considered. We found TA
patients with depression used more glucocorti-
coids and less MMF. Prednisone equivalents
have also been shown to be an independent risk
factor for depression in TA. Glucocorticoids have
been implicated in the pathogenesis of depression
and their side effects can lead to negative emo-
tions. The increase in cortisol in the blood always
triggered a negatively regulated cycle that

restricted further release of adrenocorticotropin-
releasing hormone and adrenocorticotropin.
Under chronic stress caused by depression, the
negative feedback loop is disrupted, resulting in a
persistent increase in glucocorticoids in the
blood.#? The abnormality of hypothalamic—pitui-
tary—adrenal axis regulation and elevated blood
cortisol levels has been observed in patients with
depression.#!#2 In the association of MMF and
depression, Mazumder et al.43 conducted a study
and found depression-like behaviors had substan-
tially decreased in the MMF-treated epileptic
rats. In previous studies, MMF had shown neuro-
protective effects to inhibit the secretion of neuro-
toxic substances by microglia.** QOur article
provided direct evidence that MMF could be
considered more often, and glucocorticoids
should be reduced as soon as possible in the treat-
ment of TA patients with depression.

During follow-up, we found that disease remis-
sion helped the improvement of depression in TA
patients. After treatment, the changes of NIH,
ITAS.A, ITAS2010, and HADS-D were signifi-
cantly decreased. Abularrage et al.2® also identi-
fied the only factor to have a positive impact on
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the quality of physical and mental life is disease
remission. Like previous findings, which con-
firmed the association between depression in
rheumatoid arthritis and less frequency of remis-
sion, %46 our study also suggested that depression
in TA should be paid more attention. Although
inflammation was proved necessary for depres-
sion, there were a lot of mechanisms, such as the
neural, physiologic, molecular, and genomic
mechanisms, were also relevant for depression.4?
Sigmund Freud wrote in 1917 that “the complex
of melancholia behaves like an open wound.”48
We should devote to lightening both the physical
and mental burden of TA patients, which proved
to be associated with the disease outcomes.4°

Despite these findings, our study still had a few
limitations. First, the study used only one single-
center trial with a limited sample size. Additionally,
because of the pandemic, the follow-up patients
were in a tough medical environment, which led to
missing partial data, such as cytokine and immu-
noglobulin. In the future, we will design perspec-
tive studies to get more compelling findings.

Conclusion

In conclusion, this study presented that
ITAS2010= 2, IL-6, prednisone equivalents, and
carotidynia might be independent risk factors for
depression in TA patients. During follow-up, the
improvement of depression was associated with
disease remission. It is necessary to control the
disease activity and achieve disease remission in
TA to promote the improvement of depression.
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Appendix

List of abbreviations

ADA adalimumab

ALT alanine aminotransferase

AZA azathioprine

Bid bis in die/twice a day.
bDMARDs biologic disease-modifying anti-

rheumatic drugs

c¢sDMARDs conventional synthetic disease-

modifying antirheumatic drugs

CI confidence interval
Cr creatinine
CRP C-reactive protein
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C3

C4
CTX
ESR
HADS

Hb
HCQ
HR
Ig
IL-6
ITAS

ITAS.A
LEF
LYM

complement component 3
complement component 4
cyclophosphamide

erythrocyte sedimentation rate
Hospital Anxiety and Depression
Scale

hemoglobin

hydroxychloroquine sulfate
hazard ratio

immunoglobulin

interleukin-6

Indian Takayasu’s Arteritis
Activity Score

ITAS with acute-phase reactants
leflunomide

leukomonocyte

MMF
MONO
MTX
NEUT
NIH

OR

PLT

Qd

Qod
other day
Qw

TA

TCZ
TNF-a
WBC

mycophenolate mofetil
monocyte
methotrexate
neutrophils

National Institutes of Health

criteria

odds ratio

platelet count

quaque die/every morning
quaque omni die/every

quaque week/every week
Takayasu arteritis
tocilizumab

tumor necrosis factor alpha
white blood cell
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