Uda et al. Advances in Rheumatology (2021) 61:65 Advances |n Rheumatology
https://doi.org/10.1186/542358-021-00223-2

RESEARCH Open Access

: : : ®
Factors associated with anxiety Gl

and depression in rheumatoid arthritis patients:
a cross-sectional study

Miyabi Uda'®, Motomu Hashimoto??, Ryuji Uozumi?, Mie Torii', Takao Fujii®, Masao Tanaka?, Moritoshi Furu?,
Hiromu Ito?, Chikashi Terao®”#?, Wataru Yamamoto'®, Genichi Sugihara'’, Yukako Nakagami'"'?,
Tsuneyo Mimori'>'* and Kazuko Nin'"

Abstract

Background: The management of anxiety and depression symptoms in rheumatoid arthritis (RA) patients is vital.
Previous study findings on this topic are conflicting, and the topic remains to be thoroughly investigated. This study
aimed to clarify the association of RA disease activity with anxiety and depression symptoms after controlling for
physical disability, pain, and medication.

Methods: We conducted a cross-sectional study of RA patients from the Kyoto University Rheumatoid Arthritis
Management Alliance cohort. We assessed patients using the Disease Activity Score (DAS28), Health Assessment
Questionnaire Disability Index (HAQ-DI), and Hospital Anxiety and Depression Scale (HADS). Anxiety and depression
symptoms were defined by a HADS score > 8. We analyzed the data using multivariable logistic regression analyses.

Results: Of 517 participants, 17.6% had anxiety symptoms and 27.7% had depression symptoms. The multivariable
logistic regression analysis demonstrated that DAS28 was not independently associated with anxiety symptoms
(odds ratio [OR] [95% confidence interval; Cl] 0.93 [0.48-1.78]; p =0.82) and depression symptoms (OR [95% Cl]
1.45[0.81-2.61]; p=0.22). However, DAS28 patient global assessment (PtGA) severity was associated with anxiety
symptoms (OR [95% CI] 1.15 [1.02-1.29]; p=0.03) and depression symptoms (OR [95% CI] 1.21 [1.09-1.35]; p<0.01).
Additionally, HAQ-DI scores > 0.5 were associated with anxiety symptoms (OR [95% CI] 3.51 [1.85-6.64]; p < 0.01) and
depression symptoms (OR [95% Cl] 2.65 [1.56-4.50]; p < 0.01). Patients using steroids were more likely to have depres-
sion than those not using steroids (OR [95% CI] 1.66 [1.03-2.67]; p=0.04).

Conclusions: No association was found between RA disease activity and anxiety and depression symptoms in the
multivariable logistic regression analysis. Patients with high PtGA scores or HAQ-DI-based non-remission were more
likely to experience anxiety and depression symptoms, irrespective of disease activity remission status. Rather than
focusing solely on controlling disease activity, treatment should focus on improving or preserving physical function
and the patient’s overall sense of well-being.
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depression symptoms [1]. RA patients with these condi-
tions have worse outcomes, including poor medication
adherence [3], worse response to treatment [3], higher
medical costs [4—6], high mortality [7, 8], and lower qual-
ity of life (QOL) [6, 9, 10]. Therefore, it is important to
examine the risk factors of anxiety and depression symp-
toms in RA patients and incorporate the management of
psychological factors into treatment.

Research has been conducted in this area to improve
RA prevention and treatment. However, it is difficult
for rheumatologists to observe anxiety and depression
symptoms in ambulatory care. In this study, self-report
questionnaires such as the Hospital Anxiety and Depres-
sion Scale (HADS) [11] were used to assess anxiety and
depression symptoms in RA patients. Because of the bur-
den on patients and the time required, it is difficult to
administer questionnaires in everyday medical settings.
Therefore, we focused on disease activity evaluation dur-
ing medical examinations. If disease activity and its com-
ponents correlate with anxiety and depression symptoms
in RA patients after excluding other factors that may
affect such symptoms, then anxiety and depression could
be assessed through disease activity. Thus, the results of
disease activity assessment could be used in daily medical
care as an index for anxiety and depression symptoms.

RA is an autoimmune inflammatory disease that causes
joint deformation and physical dysfunction [12]. Physical
disability [13—15] and pain [16—18] are known risk fac-
tors for anxiety and depression symptoms in RA patients.
Recent studies have demonstrated that these conditions
are associated with systemic inflammation caused by pro-
inflammatory cytokines such as tumor necrosis factor-a,
interleukin-1p, and interleukin-6 [19, 20]. Cytokines are
also believed to cause depression by hyperactivation of
the hypothalamic—pituitary—adrenal axis [21], and stud-
ies have reported that C-reactive protein (CRP) levels are
associated with anxiety and depression symptoms in RA
patients [22].

Disease activity that reflects the above factors may
be associated with anxiety and depression symptoms
in RA patients. However, study findings on the correla-
tion between disease activity and anxiety and depression
are inconsistent. Some studies have suggested a posi-
tive association between RA disease activity and anxiety
and depression symptoms [23, 24], whereas others have
not identified an association [9]. A key reason for this is
that other factors associated with anxiety and depression
symptoms, such as physical disability, pain, and medica-
tion, have not been investigated [9, 23].

There are few comparisons of the prevalence of anxiety
and depression across diseases with similar progression
patterns, and findings are inconsistent. In an early (2009)
study, Arne et al. showed that patients with chronic

Page 2 of 10

obstructive pulmonary disease had a higher prevalence
of depression than patients with RA or diabetes mel-
litus [25]. A comparison of patients with rheumatic dis-
eases showed that depression was more prevalent in
patients with systemic lupus erythematosus and fibromy-
algia (34% and 39%, respectively) than in those with RA
(15%) [26]. Similarly, a recent study of the disease impact
of fibromyalgia, rheumatoid arthritis, spondyloarthri-
tis, and Sjogren’s syndrome found a higher prevalence
of depression and anxiety in fibromyalgia patients than
in RA patients [27]. In contrast, a case control study of
depression and insomnia in patients with RA and those
with osteoarthritis found that approximately 75% of
RA patients reported depression compared with 50% of
osteoarthritis patients, although the difference was not
significant. Both groups of patients also experienced
stress-related insomnia [28], suggesting that subjective
experiences of stress and well-being may have a greater
effect than inflammation on psychological status in RA
patients.

We hypothesized that disease activity and its compo-
nents are associated with anxiety and depression symp-
toms, even after excluding the effects of pain, disability,
and medication on anxiety and depression. Using a rigor-
ous cohort study, we aimed to identify the factors asso-
ciated with anxiety and depression symptoms in RA
patients by simultaneous evaluation of disease activity,
pain, physical disability, and medication.

Methods

Patients and setting

We performed a cross-sectional analysis of patients who
visited the outpatient RA center of Kyoto University Hos-
pital between May 1 and December 31, 2014, and whose
data were collected in the 2014 Kyoto University Rheu-
matoid Arthritis Management Alliance (KURAMA)
cohort [29]. All patients fulfilled the 1987 or 2010 Ameri-
can College of Rheumatology and the European League
against Rheumatism RA classification criteria [30]. We
excluded patients with psychiatric disorders, such as
bipolar disorder and schizophrenia. The presence of these
disorders was determined by one questionnaire item,
which asked patients if they were attending an outpatient
appointment in the psychiatry department or in the psy-
chosomatic medicine department; the medical records of
psychiatry outpatients were then checked to verify diag-
noses of psychiatric disorders. We also excluded patients
who did not complete a HADS questionnaire [11]. The
study protocol was approved by the Kyoto University
Graduate School and Faculty of Medicine, Ethics Com-
mittee, and all procedures were performed in accord-
ance with the 1964 Declaration of Helsinki and its later
amendments or comparable ethical standards.
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Clinical assessments and outcomes

RA disease activity was assessed using the Disease
Activity Score-CRP (DAS28-CRP), which is based on
a 28-joint assessment; 28 tender joint count (TJC), and
28 swollen joint count (SJC); CRP; and the patient global
assessment (PtGA) [31, 32] to determine each patient’s
total RA score. DAS28-CRP-based clinical remission/
non-remission and DAS4 variables (comprising TJC, SJC,
CRP, and PtGA) were also used. Clinical remission of dis-
ease activity was defined as a DAS28-CRP score<2.6 [31,
32].

The Health Assessment Questionnaire Disability Index
(HAQ-DI) [33] was used to assess physical disability. This
is an eight-category questionnaire with 20 subscales that
measure functional disability. Each item is scored on a
scale of 0-3 (0: without any difficulty; 1: with some dif-
ficulty; 2: with much difficulty; and 3: unable to do),
and the average value of the eight categories was cal-
culated. Functional remission was defined as HAQ-DI
scores <0.5. Pain was evaluated using either the Visual
Analogue Scale (VAS), on which items were scored from
0 (no pain) to 100 (maximum pain), or the TJC. Other
data, such as age, sex, duration of disease, medication
(biological disease-modifying anti-rheumatic drugs
[bDMARDs], methotrexate, and steroids), were collected
from the KURAMA cohort [29]. Confounding factors
included age, sex, pain, HAQ-DI score, and medication
use. Age and duration of disease were measured as total
scores, and binary sex and medication data were used for
the analysis.

The primary study outcomes were anxiety and depres-
sion symptoms. The outcomes were evaluated using the
HADS [11], a 14-item questionnaire with seven sub-
scales for anxiety and depression symptoms. Each item is
scored on a scale of 0-3, the total score range for each
condition is 0—-21. Scores of 0-7 indicate no or few anxi-
ety or depression symptoms, 8—10 indicate mild anxi-
ety or depression, and>11 indicate severe anxiety or
depression. The HADS has been widely used in Japan to
screen patients with a variety of diseases, and has been
previously validated for use with the Japanese population
[34]. In this study, we defined anxiety and depression as a
HADS anxiety score > 8 and HADS depression score > 8,
respectively [11].

Statistical analysis

We followed Peduzzi [35, 36] in estimating the required
sample size. The logistic model required 10 events per
variables and the required sample size=(10 cases/vari-
able) x (number of variables) = probability of occurrence.
The mean probability of occurrence was estimated from
rates of anxiety (26—46%; mean: 36%) and depression
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(14.8-34.2%; mean: 24.5%) previously reported [1]. Using
this method, we calculated that the estimated required
sample size was 440.

Unless otherwise stated, the data are presented as the
mean and 95% confidence interval (CI) for normally dis-
tributed continuous data, the median and interquartile
range for non-normally distributed continuous data,
or as frequencies (%). First, we examined the associa-
tions between RA patient characteristics and anxiety and
depression symptoms using a univariable logistic regres-
sion and calculated the odds ratio (OR) and 95% confi-
dence interval (CI). We then conducted a multivariable
logistic regression to investigate the associations between
DAS28-CRP-based remission and anxiety and depression
symptoms. Based on clinician judgment and the univari-
able analysis results, explanatory variables were selected
and adjusted for age, HAQ-DI, pain, and medication use
(b DMARDs, methotrexate, and steroids). We also con-
ducted a multivariable logistic regression using DAS4
variables scores instead of DAS28-CRP-based remission
to determine which factors may separately contribute
to anxiety and depression symptoms in RA patients. All
analyses were performed using JMP 14.0 (SAS Institute
Inc., Cary, NC, USA).

Results

Patient characteristics

We assessed 542 RA patients and excluded 25 because
they had psychiatric disorders such as bipolar disor-
der and schizophrenia. Of the remaining 517 patients,
9 were excluded from the anxiety analyses because of
incomplete HADS anxiety questionnaires. Additionally,
10 were excluded from the depression analyses because
of incomplete HADS depression questionnaires. Finally,
508 patients were included in the final analyses of anxiety
symptoms, and 507 patients in the analyses of depression
symptoms (Fig. 1). Table 1 shows the patient character-
istics. The mean DAS28-CRP score was 1.91 (95% CI
1.83-1.98), and 360 (78.9%) patients achieved DAS28-
CRP-based remission. The mean HAQ-DI score was 0.75
(95% CI 0.68-0.82), and 252 (51.3%) patients achieved
HAQ-DI-based remission. The mean disease duration
was 160.9 (95% CI 148.8—173.1) months. Of all patients,
91 (17.6%) had anxiety symptoms, and 143 (27.7%)
had depression symptoms as measured by the HADS
(Table 1).

Association between clinical variables and anxiety
symptoms

First, we performed a univariable logistic regression.
DAS28-CRP-based non-remission, TJC, SJC, CRP,
PtGA severity, HAQ-DI-based non-remission, pain
severity, and steroid use were selected as possible
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Table 1 Characteristics of patients with rheumatoid arthritis

n = 508 patients were
included in analysis
for anxiety

n = 507 patients were
included in analysis
for depression

Fig. 1 Flowchart of patient selection. HADS Hospital Anxiety and
Depression Scale

factors associated with anxiety symptoms. We then
conducted a multivariable logistic regression (Table 2).
In Model 1, patients with DAS28-CRP-based non-
remission were no more likely to have anxiety symp-
toms (OR [95% CI] 0.93 [0.48-1.78]; p =0.82). Patients
with HAQ-DI-based non-remission were more likely
to have anxiety symptoms than those in remission
(OR [95% CI] 3.51 [1.85-6.64]; p<0.01). Addition-
ally, younger patients tended to have more anxiety
symptoms (OR [95% CI] 0.83 [0.68-1.01]; p=0.07).
In Model 2, pain VAS score was excluded from the

Participated Characteristics Overall
n =542 N=517
Sex (female) 429 (83.0)
Age, years 62.5(61.4-63.6)
Excluded Disease duration, months 160.9 (148.8-173.1)
n=25 Stage
| 114.(22.1)
i:tai:gg I 125 (24)
with l 96 (18.6)
psychiatric \Y 180 (35.0)
iIInegs .and Disease activity
receiving
n =517 psychiatric DAS28-CRP o 1.91(1.83-1.98)
patients treatment DAS28-CRP remission 360 (78 9)
Low disease activity" 7(12.5)
Moderate disease activity' 7(8.1)
' High disease activity" ( 5)
TIC 0.82 (0.69-0.96)
i $ SIC 0.80 (0.67-0.93)
PtGA 1(27.0-312)
CRP 040 (0.33-047)
Excluded Excluded HAQ-DI 0.75(068-082)
n=9 n=10 HAQ-DI remission 252 (51.3)
X Pain VAS 27.6(25.4-29.9)
Reason: patients who Reason: patients who Treatment
did not complete HADS did not complete HADS
Anxiety questionnaire Depression questionnaire Biological DMARD 187 36.2)
Methotrexate 345 (66.7)
Steroid 159 (30.8)
\L J/ Anxiety and depression
Anxiety 91 (17.6)
Depression 143 (27.7)

Data are presented as mean (95% confidence interval) or number (%).
Remission: DAS28-CRP < 2.6; VAS range: 0 (no pain) to 100 (maximum pain);
Anxiety: HADS-A score > 8, Depression: HADS-D score > 8

DAS28 Disease Activity Score in 28 joints, TJC tender joint count, SJC swollen
joint count, PtGA patient global assessment, CRP C-reactive protein, HAQ-D/
Health Assessment Questionnaire Disability Index, HADS-A Hospital Anxiety and
Depression Scale-Anxiety subscale, HADS-D Hospital Anxiety and Depression
Scale-Depression subscale, DMARD disease-modifying anti-rheumatic drug, VAS
Visual Analogue Scale

¥ N =456 for DAS28-CRP remission owing to 61 missing responses

explanatory variables because of collinearity between
pain VAS scores and PtGA scores (correlation coef-
ficient, r=0.78) (Table 3). Furthermore, we used the
DAS4 component TJC as a pain variable instead of pain
VAS score. Consequently, patients with severe PtGA
scores had a notably greater likelihood of anxiety (OR
[95% CI] 1.15 [1.02-1.29]; p=0.03). Similar to Model
1, Model 2 showed that patients with HAQ-DI-based
non-remission were more likely to have anxiety symp-
toms than those with HAQ-DI-based remission (OR
[95% CI] 3.21 [1.69-6.08]; p < 0.01).
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Table 2 Multivariate analyses of association between clinical factors and anxiety in patients with rheumatoid arthritis (N =508)
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Univariable analysis

Multivariable analysis

Odds ratio (95% Cl) p value Model 1 Model 2

Odds ratio (95% ClI) p value Odds ratio (95% ClI) p value
Sex 0.99 (0.55, 1.89) 0.98 0.88(0.45,1.71) 0.71 0.83(0.43,1.63) 0.59
Age (10 years) 01 (0.84,1.29) 0.98 0.83(0.68,1.01) 0.07 0.83(0.68,1.01) 0.06
DAS28-CRP non-remission 1.99 (1.12,3.36) 0.01 0.93(048,1.78) 0.82
TIC 8(1.03,1.35) 0.02 1.02(0.85,1.22) 0.85
SJC 1.14(0.98,1.34) 0.08 0.97(0.79,1.19) 0.76
CRP 3(0.90, 1.65) 0.17 01 (0.70, 1.43) 0.98
PtGA (0-10) 1.29(1.18,1.42) <001 1. 15( 02,1 29) 0.03
HAQ-DI non-remission 432 (259, 748) <0.01 51(1.85,6.64) <0.01 3.21(1.69, 6.08) <0.01
Pain VAS (0-10) 1.24(1.14,1.35) <0.01 1. 10(098 23) 0.12
Biological DMARD 1.12(0.69, 1.77) 0.65 1.07 (0.63, 1. O) 0.81 1.05 (0.62,1.77) 0.85
Methotrexate 0.64 (0.40, 1.03) 0.06 0.67 (040, 1.13) 0.13 0.71 (042, 1.20) 0.20
Steroid 1.63 (1.01, 260) 0.04 1.12(0.66, 1.92) 067 1.14 (0.66, 1.96) 0.64

Model adjusted for age (stratified in 10 decades), pain (VAS), HAQ-DI remission, and treatment type

VAS range: 0 (no pain) to 10 (maximum). Anxiety was measured using the HADS (HADS-A score > 8). DAS28 was used for clinical remission (DAS28 score of < 2.6). DAS4

variables comprise TJC, SJC, CRP, and PtGA

Cl confidence interval, DAS28 Disease Activity Score in 28 joints, TJC tender joint count, SJC swollen joint count, PtGA patient global assessment, VAS Visual Analogue
Scale, CRP C-reactive protein, HAQ-DI Health Assessment Questionnaire Disability Index, HADS Hospital Anxiety and Depression Scale, DMARD disease-modifying anti-

rheumatic drug

Association between clinical variables and symptoms

of depression

Similar analyses were conducted for depression symp-
toms. First, we performed a univariable logistic regres-
sion. DAS28-CRP-based non-remission, PtGA severity,
HAQ-DI-based non-remission, pain severity, and use
of methotrexate and steroids were factors identified
as potentially associated with depression symptoms.
We then conducted a multivariable logistic regression
(Table 4). In Model 1, patients with DAS28-CRP-based
non-remission were no more likely to have depression
symptoms (OR [95% CI] 1.45 [0.81-2.61]; p=0.22).
Patients with HAQ-DI-based non-remission were
more likely to have depression symptoms than those
with HAQ-DI-based remission (OR [95% CI] 2.65
[1.56—4.50]; p<0.01). In Model 2, pain VAS score was
excluded from the explanatory variables because of
collinearity. Furthermore, we used the DAS4 compo-
nent TJC as a pain variable instead of pain VAS score.
Patients with severe PtGA scores were more likely to
have depression symptoms (OR [95% CI] 1.21 [1.09-
1.35]; p<0.01). Similar to Model 1, Model 2 showed
that patients with HAQ-DI-based non-remission were
more likely to have depression than those with HAQ-
DI-based remission (OR [95% CI] 1.95 [1.15-3.31];
p=0.01). Patients taking steroids were more likely to
have depression than those not taking steroids (OR
[95% CI] 1.66 [1.03—2.67]; p=0.04).

Discussion

This was a large-scale cohort study using the KURAMA
cohort [29]. We investigated the association of RA dis-
ease activity with anxiety and depression symptoms after
adjusting for physical disability, pain, and medication
in RA patients. We used multiple models to investigate
these associations and obtained several notable find-
ings. First, the multivariable logistic regression analysis
identified no association between DAS28-based-non-
remission and anxiety and depression symptoms. Sec-
ond, the severity of PtGA, a component of the DAS28
composite measure, was strongly associated with anxi-
ety and depression symptoms, whereas other individual
elements of DAS28-CRP (TJC, SJC, and CRP) were not.
Third, HAQ-DI-based non-remission was independently
and significantly associated with anxiety and depression
symptoms. Fourth, patients taking steroids were more
likely to have depression symptoms than those not taking
steroids.

Findings of previous studies investigating the associa-
tion between disease activity and anxiety and depression
symptoms are inconsistent. Disease activity [23, 24],
physical disability [13—15], and pain severity [16—18] are
among the factors associated with anxiety and depres-
sion in RA patients. However, these studies have two key
limitations: (1) DAS28 and pain scores were simultane-
ously analyzed, but HAQ-DI scores and drug use were
not included as covariates [23] and (2) pain, HAQ-DI



Page 6 of 10

(2021) 61:65

(ured wnwixew) oL 03 (uted ou) g :96uel SYA '8 < 21035 SQYH :uoissaidag/A1vIxuy ‘(SQVH) 2]eds uoissaidag pue A1a1xuy [eudsoH ayl buisn painseaw a1am uoissaidap pue A1aixuy

sbnup cnewnays-nue bulkjipow-asessip ‘gqyyng ‘@|ess anbojeuy
1ensiA SyA ‘xapu| AHIgesiq 241eUU0IRSIND JUSWSSISSY Y3|eSH |J-OVH udwissasse [eqolb Juaned yoid Junod julof Us||oms DS Junod Julof 19puadl Dy ‘U1dloid 3A1IDR3I-D gy ‘SIUlOf 87 Ul 1035 ANANDY 3seasid 8ZSYd

L 950 Lo clo— 100— ¥C0 €0 €€0 €00 S00 Lo cco 600 600 00— uoissaidaQ
L L00 LI'0— L00— 8C0 LE0 e0 00 00 €lro Lc0 900 00— €00 Asixuy
l L10— 00— 710 o 9’0 €0 0c0 €Lro cco 0l'o €0 800— Sploia1s
L 100— oLro— /10— /10— 6l0— ¥00— SO00— 0Lo— 600— 0l0— ¢00— 91EXa0YISN
sadving
L 00— ¢00— S00— 900— €00— ¥00— 00— 600— 9l0— L0 |eoibojorg
(001-0)
L 750 8/0 S10 L€0 170 90 0c0 710 900— SVA Uled
L 850 ¥C0 9¢0 [440 950 [040] LEO0 900 |-OVH
L 610 GE0 1540 LL0 610 L1°0 €00 (001-0) VOId
l LC0 LC0 6£0 800 €ro vio— dyd
L €50 90 L1°0 710 100— ors
L 180 Lo 010 €00 orL
L o 0Cc0 100— dyD-8¢Svd
uon
L 8C0 910 -einp osessig
L oLo— aby
! IEN
sgyvwna (0o01-0) uoneinp

Uda et al. Advances in Rheumatology

uoissaidaq Kaixuy plosais aexanoyd [edibojolg SVAuUled |[QOVYH (00L-0)VDid  d¥d ors JrL ddd>-8Tsva aseasiq by x9S

$3|gBLIPA U99MI1SQ SUONE|RLI0D) € dlqeL



Uda et al. Advances in Rheumatology (2021) 61:65

Page 7 of 10

Table 4 Multivariable analyses of association between clinical factors and depression in rheumatoid arthritis patients (N =1507)

Univariable analysis

Multivariable analysis

Model 1 Model 2

Odds ratio (95% ClI) p value Odds ratio (95% ClI) p value Odds ratio (95% ClI) p value
Sex 0.80(0.49, 1.34) 0.39 0.70(0.40,1.22) 0.21 0.61(0.34,1.07) 0.09
Age (10 years) 1.18(1.01,1.38) 0.04 1.03(0.87,1.24) 0.70 1.04 (0.87,1.24) 0.68
DAS28-CRP-based non-remission 237 (147, 3. 82) <0.01 145(0.81,261) 022
TIC 1.10(0.97,1.25) 0.14 0.96 (0.81, 1.14) 0.63
SJC 1.06 (0.92, 1.21) 0.40 0.94(0.78,1.14) 0.55
CRP 01 (0.74, 0. 99) 0.96 1(0.50,1.01) 0.06
PtGA (0-10) 127(1.17,1.38) <0.01 1(1.09,1.35) <0.01
HAQ-DI non-remission 2.96 (1.96, 453) <0.01 2.65 (1.56,4.50) <0.01 1.95 (1 15,3.31) 0.01
Pain VAS (0-10) 1.13(1.05,1.22) <0.01 0.98 (0.88, 1.09) 0.77
Biological DMARDs 0.92(0.61,1.37) 0.68 0.84(0.53,1.33) 045 0.88(0.55, 1.40) 0.58
Methotrexate 0.60 (0.40, 0.90) 0.01 0.72 (045, 1.14) 0.16 0.76 (048, 1.22) 0.26
Steroid 87 (1.24,2.81) <001 48(0.93,2.34) 0.09 1.66 (1.03, 2.67) 0.04

Model adjusted for age (stratified in 10 decades), pain (VAS), HAQ-DI-based remission, and treatment type. DAS28 score was used to gauge clinical remission
(score < 2.6). DAS4 variables comprise TJC, SJC, CRP, and PtGA. VAS range: 0 (no pain) to 10 (maximum pain)

Cl confidence interval, DAS28 Disease Activity Score in 28 joints, CRP C-reactive protein, TJC tender joint count, SJC swollen joint count, PtGA patient global
assessment, HAQ-DI Health Assessment Questionnaire Disability Index, VAS Visual Analogue Scale, DMARDs biological disease-modifying anti-rheumatic drugs

scores, and drug use were not included as covariates [9,
24]. Therefore, the association between DAS28 score
and anxiety and depression symptoms was mainly evalu-
ated independently, and the effects of other factors may
not have been fully evaluated. In this study, we found
that when disease activity, disability, pain, and medica-
tion were adjusted for, DAS28-based non-remission was
not independently associated with anxiety and depres-
sion. The average DAS28-CRP score in this study was
1.91£0.82, which was lower than scores found in pre-
vious studies (DAS28-CRP scores 6.26—6.77). Addition-
ally, almost 80% of patients achieved remission of disease
activity (42.4-56.3% in previous studies), and disease
severity was low and controlled. Therefore, after adjust-
ment, the effects of other factors associated with anxiety
and depression symptoms may be more robust than dis-
ease activity.

We also found that PtGA (a component of the DAS28-
CRP composite measure) was notably associated with
anxiety and depression symptom, which is similar to
findings from a previous study [37]. Moreover, the mul-
tivariable analysis results suggested that inflammation
(CRP, TJC, and SJC) was not associated with anxiety and
depression. Previous studies have reported that systemic
inflammation is a potential cause of depression [19-21]
and that inflammatory markers correlate with depres-
sion [22], suggesting an association between inflamma-
tion and depression symptoms. In this study, we did not
correlate the two variables because of low CRP. However,
PtGA uses the VAS for overall patient self-assessment

and is the main tool for measuring patient-reported out-
comes [38]. The present results suggest that patient self-
assessment, and not inflammation, is associated with
anxiety and depression symptoms in RA patients.

PtGA reflects various factors; physical disability [39,
40], pain [18, 39], and catastrophizing pain [41] are
among the factors that exacerbate PtGA scores. Santos
et al. [42] excluded a priori testing for a direct association
between DAS28-CRP3 variables and depression symp-
toms and instead tested the effects of disease activity and
disease impact on patients. They found no direct asso-
ciation between DAS28-CRP3V and depression. They
also confirmed an indirect relationship between disease
activity and depression symptoms mediated by disease
impact, such as pain, physical well-being, functional dis-
ability, and coping. Thus, functional disability, pain, rec-
ognition, and self-evaluation of disease were reflected in
PtGA scores and related to anxiety and depression symp-
toms. This suggests that individual responses to stress
caused by chronic disease, coping mechanisms, and sub-
jective experiences of well-being are at least as important
as inflammatory factors in the association between RA
and psychological problems [28, 42].

In addition, there is a gap between doctor and patient
PtGA assessments [43]. Therefore, to understand
patients’ anxiety and depression symptoms, it is neces-
sary to pay attention to patients’ subjective experience
regardless of disease activity. Additionally, to reduce anx-
iety and depression symptoms in RA patients, it is impor-
tant to improve patient self-assessment and well-being.
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Cognitive behavioral therapy and mindfulness [44—46]
reduce the tendency to catastrophize and subsequently
reduce pain and distress; therefore, these approaches may
be effective interventions for RA patients.

We found that HAQ-DI score, which identifies physi-
cal disability, was associated with anxiety and depression
symptoms in a multivariable analysis. Previous studies
have found that HAQ-DI score [13-15] is related to anxi-
ety and depression. Regardless of acute disease activity
score, functional disability measured by the HAQ-DI is
associated with depression [22, 23, 47]. If disability per-
sists, the possibility of concurrent symptoms of anxiety
and depression increases, irrespective of disease activity
remission. Physical disability reportedly leads to reduced
ability to perform household chores and other activities
and increased job loss/professional loss [47]. Impairment
in the ability to perform daily life activities causes anxiety
and depression [14, 47].

The effects of bone or joint damage were not clear
because joint damage was not evaluated in this study.
However, the patients were older and had a longer dis-
ease duration, low disease activity, and low inflammation.
We suggest that anxiety and depression were caused by
loss of activity in daily life owing to prolonged limited
function rather than acute symptoms of disease activ-
ity. It is important to confirm the effects of the dis-
ease on daily life. In the “treat to target” approach, the
goal of treatment is to restore physical function so that
RA patients can participate in social activities again,
thereby maintaining long-term QOL [48]. Improving
QOL by supporting daily activities and possibly replac-
ing or recovering lost activities to maintain and improve
physical functions may relieve symptoms of anxiety and
depression.

Finally, in Model 1, younger RA patients tended to
experience anxiety symptoms. Younger RA patients
may be more anxious about the future regarding fac-
tors such as disease-related concerns, medication, preg-
nancy, household chores, education, and job-related/
professional work. In Model 2, patients taking steroids
were more likely to have depression symptoms. Depres-
sion side effects may be caused by the pharmacological
actions of steroids [49], so appropriate treatment strate-
gies are needed that consider this risk of side effects.

One of the strengths of this study is that it used a large
cohort to investigate the associations between disease
activity and anxiety and depression symptoms while
adjusting for factors that potentially affect these symp-
toms. Although a range of scales have been used to evalu-
ate anxiety and depression in RA patients, the HADS
was used in this study because scores are unaffected by
the physical symptoms associated with the development
of RA, such as fatigue and insomnia. Therefore, use of
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the HADS can help to avoid overestimating anxiety and
depression symptoms. The HADS assesses the preva-
lence of anxiety and depression more accurately than
other scales.

Despite our findings, this study had some limita-
tions. First, instead of a formal psychiatric diagnosis,
we used self-reported symptoms to determine anxiety
and depression levels. Additionally, although we only
considered the effects of currently used medication, we
could not exclude the effects of prior treatment and drug
amounts. Because this study was conducted at a single
university hospital, selection bias may also have occurred;
most patients had a lengthy disease duration and were in
remission or had low disease activity. We also did not col-
lect detailed demographic and socioeconomic data on
participants, and therefore the analysis is unable to take
such factors into account. Given these limitations, care
must be taken in generalizing our findings.

Conclusions

After adjusting for physical disability, pain, and medica-
tion, there was no association between DAS28 and anxi-
ety and depression symptoms. However, patients with
high PtGA scores or HAQ-DI-based non-remission were
more likely to experience anxiety and depression symp-
toms. Thus, functional disability, pain, recognition, and
self-evaluation of disease were reflected in PtGA and
indirectly related to anxiety and depression. To under-
stand anxiety and depression symptoms, it is necessary
to pay attention to improve or preserve physical function
and patients’ subjective experience regardless of disease
activity.
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Following publication of the original article [1], the
authors would like to correct several errors in the article
body.

In the Abstract, Methods section:

The first sentence should read: We conducted a cross-
sectional study of RA patients from the Kyoto University
Rheumatoid Arthritis Management Alliance cohort.

In the Abstract, Results:

The incorrect sentence reads:

Additionally, HAQ-DI scores < 0.5 were associated
with anxiety symptoms (OR [95% CI] 3.51 [1.85-6.64];
p < 0.01) and depression symptoms (OR [95% CI] 2.65
[1.56—4.50]; p < 0.01).

The sentence should read:

Additionally, HAQ-DI scores > 0.5 were associated
with anxiety symptoms (OR [95% CI] 3.51 [1.85-6.64];
p < 0.01) and depression symptoms (OR [95% CI] 2.65
[1.56—4.50]; p < 0.01).

The original article can be found online at https://doi.org/10.1186/542358-
021-00223-2.
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In the Abstract, Conclusions:

The incorrect sentence reads:

Patients with high PtGA scores or HAQ-DI scores <
0.5 were more likely to experience anxiety and depres-
sion symptoms, irrespective of disease activity remission
status.

The sentence should read:

Patients with high PtGA scores or HAQ-DI-based non-
remission were more likely to experience anxiety and
depression symptoms, irrespective of disease activity
remission status.

In the Methods section,
sub-section:

The first sentence should read: We performed a cross-
sectional analysis of patients who visited the outpatient
RA center of Kyoto University Hospital between May 1
and December 31, 2014, and whose data were collected
in the 2014 Kyoto University Rheumatoid Arthritis Man-
agement Alliance (KURAMA) cohort [29].

The last sentence should read: The study protocol was
approved by the Kyoto University Graduate School and
Faculty of Medicine, Ethics Committee, and all pro-
cedures were performed in accordance with the 1964
Declaration of Helsinki and its later amendments or
comparable ethical standards.

In the Funding section:

The sentence should read: The KURAMA cohort study
is supported by a grant from Daiichi Sankyo Co., Ltd.
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In the Ethics Approval and Consent to Participate
section:

The sentence should read: The study protocol was
approved by the Kyoto University Graduate School and
Faculty of Medicine, Ethics Committee, and all pro-
cedures were performed in accordance with the 1964
Declaration of Helsinki and its later amendments, or
comparable ethical standards.

The authors apologize the inconvenience caused.
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