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Abstract
Objective
To assess whether tocilizumab treatment is associated with changes in depression symptoms in patients with
rheumatoid arthritis (RA) during routine daily care.

Methods
We retrospectively analysed data from a German non-interventional study (ARATA) of adult, tocilizumab-naive RA
patients who initiated subcutaneous tocilizumab and were followed for 52 weeks. The Beck Depression Inventory I1
(BDI-II) was used to assess symptoms of depression and create baseline subgroups of no (BDI-11<14), mild (14-19),
moderate (20-28), and severe (=29) depression. Other key outcomes included Disease Activity Score-28 joints (DAS2S8),
patient-reported outcomes (PROs), and adverse events. Mixed model repeated measures (MMRM) assessed the impact of
DAS28 on BDI-II over time, and Pearson correlation analyses evaluated associations between changes from baseline.

Results
Of 474/1155 ARATA patients who completed the BDI-II at baseline, 47.7% had evidence of depression: 18.4% mild,
17.7% moderate, and 11.6% severe. 229 patients (48.3%) completed the BDI-II at both baseline and week 52. Two-thirds
of patients with moderate or severe depression at baseline improved to a milder or no depression subgroup at week 52
(44165 [67.7%]). Improvements in disease activity and PROs were observed in all subgroups, but patients with depression
had lower response and higher adverse events rates. We observed an association between DAS28 and BDI-II over time
in MMRM analyses, but the Pearson correlation for change from baseline was weak (r=0.10).

Conclusion
Depression is common in patients receiving routine care for RA. Improvements in depressive symptoms in RA during
tocilizumab therapy appear to be distinct from changes in disease activity.
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Introduction

Symptoms of depression are common
in patients with rheumatoid arthritis
(RA) (1). In a recent study, more than
half of RA patients reported mild or
worse depression and 23% reported
moderate or worse depression (2).
Compared with matched cohorts with-
out RA, RA patients have an approxi-
mately 50% higher incidence of de-
pression (3). Despite changes in man-
agement, including the widespread use
of anti-tumour necrosis factor (TNF)
agents and treat-to-target strategies, the
risk of depression in patients with RA
remained fairly steady between 1989
and 2012 (1). It has been hypothesised
that higher rates of depression in RA
may be related to the increased inflam-
matory burden associated with this dis-
ease (4).

Interleukin-6 (IL-6) levels are in-
creased in patients with depression (5)
and several lines of evidence impli-
cate this cytokine in the pathogenesis
of depression (6). In a study involving
healthy volunteers, induction of sys-
temic inflammation by endotoxin ad-
ministration resulted in both depressive
symptoms and increased IL-6 in the
cerebrospinal fluid. IL-6 levels corre-
lated with dysthymia scores at all time
points (7). A meta-analysis of studies
of peripheral cytokine levels in major
depressive disorder found that treat-
ment with antidepressants significantly
reduced IL-6 levels (8).

Tocilizumab, a humanised monoclonal
antibody that inhibits the IL-6 signaling
pathway by binding to the IL-6 recep-
tor, is approved for the treatment of RA
throughout the world. Small studies (9)
and meta-analyses (10) have suggested
a decrease in depressive symptoms in
RA patients treated with tocilizumab.
The aim of the current study was to
assess whether tocilizumab was asso-
ciated with changes in symptoms of
depression during routine daily care of
patients with RA.

Patients and methods

Study design

This was a post-hoc analysis of data
from a prospective, multicentre, non-
interventional study of German pa-
tients with RA (the ARATA study;

NCTO02251860). Adult (=18 years)
tocilizumab-naive patients with active
RA based on clinician assessment who
initiated tocilizumab therapy during
routine clinical care were eligible for
study enrolment. No other inclusion
criteria were applied. All patients gave
informed consent. The study was con-
ducted in accordance with the Declara-
tion of Helsinki and the International
Conference on Harmonisation Good
Clinical Practice Guidelines. Ethics
approval was obtained from the Ethics
Commission of the Medical Depart-
ment of Goethe University, Frankfurt
am Main, Germany and the Ethics
Commission of the Medical Associa-
tion of Rheinland-Pfalz, Mainz, Ger-
many.

Data collection began at the baseline
visit (week 0) before initiation of to-
cilizumab treatment; the data reported
here are based on the first 52 weeks fol-
lowing study initiation (study visits at
weeks 4,12, 24,36, and 52). Data were
collected on an electronic case report
form, patient diaries, and question-
naires. The effectiveness set was de-
fined as all eligible patients with docu-
mented informed consent who received
a first dose of subcutaneous (SC) toci-
lizumab on or within four weeks after
the baseline visit and had at least one
post-baseline visit.

By German law, patients had the dis-
cretion to choose which self-report
questionnaires to complete. The evalu-
ations reported here focus on patients
who completed the Beck Depression
Inventory II (BDI-II) questionnaire at
baseline (BDI-II cohort).

Outcomes

Outcome data encompassed patient-
reported mental health, additional pa-
tient-reported outcomes (PROs), and
measures of disease activity.

Mental health outcomes were assessed
by the BDI-II and the State-Trait Anxi-
ety Inventory (STAI) form X. The
BDI-II is a self-report questionnaire
for depression screening that has been
validated in RA (11). It consists of 21
items representing typical signs of de-
pression scored on a scale ranging from
0 (best) to 3 (worst) for a total score of
0 to 63. For the analyses in this study,
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BDI-II scores <14 were classified as
“no depression,” scores of 14-19 were
considered “mild depression,” 20 to 28
“moderate depression,” and =29 “se-
vere depression” (12). BDI-II changes
of =-10 to <10 were considered no or
minimal change, changes >10 were
considered moderate to large deterio-
ration, and changes <-10 were consid-
ered large to moderate improvement
(13). Suicidal ideation was assessed by
BDI-II question 9; any answer other
than no (=0) was considered as “yes.”
The study physician was informed by
email about outcomes with BDI-11=14
or suicidal ideation.

The STAI is a patient-reported ques-
tionnaire with two 20-item subscales
measuring how respondents feel “right
now” (state anxiety; STAIl-state) and
their overall inclination for anxi-
ety (trait anxiety; STAI-trait). Higher
scores indicate greater anxiety (14).
PROs were used to assess global dis-
ease activity, pain, fatigue, sleep, and
function. The patient global assessment
of health (PGA), pain (last 7 days), fa-
tigue (last 7 days), and sleep difficul-
ties (last 4 weeks) were assessed on
100-point visual analogue scales (VAS)
from 0 mm (best possible status) to 100
mm (worst possible status). The Health
Assessment  Questionnaire-Disability
Index (HAQ-DI), a measure of func-
tional ability, was assessed on a scale of
0 (best) to 3 (worst) (15). HAQ-DI <0.5
was considered functional remission.
We used the Disease Activity Score
based on 28 joints (DAS28) and
the Clinical Disease Activity Index
(CDAI) as assessments of disease ac-
tivity; higher scores indicate greater
disease activity for both. DAS28 was
calculated using erythrocyte sedimen-
tation rate (ESR) as the acute phase re-
actant (DAS28-ESR). Remission was
defined as <2.6 (16) and an individual
therapeutic response (DAS28-d_,) was
defined as a DAS28-ESR decrease
>1.8 from baseline (17). For the CDAI
(18), remission was defined as <2.8
(16). The physician global assessment
of health (PhGA) was assessed by the
clinician on a VAS from 0 (best) to 100
(worst) possible status.

Safety analyses were based on adverse
event reports obtained at each visit.
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Table I. Baseline characteristics of patients with completed BDI-II questionnaires by BDI-II

subgroup.
Characteristic No Mild Moderate Severe
depression depression depression depression
(BDI-II <14) (BDI-II 14-19) (BDI-II 20-28) (BDI-II =29)
n* 248 87 84 55
Age, mean (SD) 56.0 (12.7) 55.3 (11.6) 54.6 (12.5) 554 (13.5)
Female sex, 175 67 69 48
n (%) (70.6) (77.0) (82.1) (87.3)
RA disease duration, mean (SD) 11.2 (8.8) 10.3 (10.4) 9.9 (8.8) 9.8 (9.3)
[n evaluated] [246] [85] [83] [54]
Disease activity measures, mean (SD)
DAS28-ESR, mean (SD) 49(1.2) 5.0(1.2) 49 (1.3) 49 (1.3)
[n evaluated] [207] [73] [68] [47]
CDAI, mean (SD) 239 (10.2) 25.3 (10.6) 24.7 (10.7) 242(9.2)
[n, evaluated] [244] [84] [75] [53]
PhGA," mean (SD) 57.3 (21.6) 58.3(21.6) 58.7 (21.6) 58.5(21.0)
[n evaluated] [245] [85] [80] [54]
Patient-reported outcomes
BDI-II, mean (SD) 6.8 (4.4) 16.3 (1.6) 23.1(2.6) 37.2(8.9)
STAI-State, mean (SD) 38.6 (9.6) 44.1 (10.4) 49.2 (9.3) 56.7 (9.7)
[n evaluated] [223] [78] [72] [46]
STAI-Trait, mean (SD) 36.3 (8.5) 439 (8.8) 47.3 (9.0) 57.2(8.2)
[n evaluated] [219] [79] [75] [48]
Use of antidepressants,* n (%) 12 (4.8) 7(8.0) 4(4.8) 9(164)
Suicidal ideation, n (%) 5(2.0) 5(5.7) 11 (13.1) 29 (52.7)
[n evaluated] [248] [87] [84] [55]
PGA," mean (SD) 59.2(23.5) 62.7(22.2) 66.5 (17.8) 699 (21.4)
[n evaluated] [247] [86] [78] [54]
HAQ-DI, mean (SD) 0.9 (0.7) 1.3(0.7) 1.4 (0.6) 1.6 (0.7)
[n evaluated] [242] [87] [84] [54]
Fatigue,” mean (SD) 45.1 (28.6)\ 64.2 (25.8) 65.1 (22.1) 77.7 (18.0)
[n evaluated] [192] [67] [63] [40]
Pain,” mean (SD) 51.6 (27.8) 61.2 (23.6) 62.3 (24.8) 71.6 (21.4)
[n evaluated] [193] [66] [63] [40]
Sleep disturbance,” mean (SD)  35.0 (30.0) 50.7 (30.6) 59.2 (28.7) 67.2(28.2)
[n evaluated] [191] [66] [63] [40]
Prior therapy, n/N (%)
sDMARD only 95/248 (38.3) 28/87 (32.2) 30/84 (35.7)  22/55 (40.0)
bDMARD only 74/248 (29.8) 20/87 (23.0) 17/84 (20.2) 9/55 (16.4)
sDMARD and bDMARD 78/248 (31.5) 39/87 (44.8) 36/84 (42.9)  24/55 (43.6)
No information 1/248 (0.4) 0 1/84 (1.2) 0
Therapy at baseline, n/N (%)
SC TCZ therapy 248/248 (100) 87/87 (100) 84/84 (100) 55/55 (100)
TCZ + any sDMARD 91/248 (36.7) 36/87 (41.4) 22/84 (26.2) 16/55 (29.1)
TCZ without SDMARD 157/248 (63.3) 51/87 (58.6) 62/84 (73.8)  39/55(70.9)
Systemic glucocorticoids 151/248 (60.9) 57/87 (65.5) 58/84 (69.0)  33/55 (60.0)
Mean glucocorticoid dose in
mg/day (SD) 6.1 (3.6) 75(5.1) 7.8 (7.1) 7.1 (39)
[n evaluated] [151] [57] [58] [33]

*If not indicated otherwise, "Evaluated on a visual analogue scale from 0 (best) to 100 (worst)

‘Based on free text entry from patient self-report; antidepressant use was not included on the case
report form and past medical records were not evaluated

BDI-II: Beck Depression Inventory II; CDAI: Clinical Disease Activity Index; DAS28: Disease Activ-
ity Score based on 28 joint count; ESR: erythrocyte sedimentation rate; HAQ-DI: Health Assessment
Questionnaire-Disability Index; PGA: patient global assessment; PhGA: physician global assessment;
RA: rheumatoid arthritis; SC: subcutaneous; SD: standard deviation; SDMARD: synthetic disease-
modifying antirheumatic drug (methotrexate [oral or parental], leflunomide, cyclosporine A, gold, aza-
thioprine, tofacitinib, sulfasalazine); STAI: State-Trait Anxiety Index; TCZ: tocilizumab.

Statistical analyses

Statistical analyses were performed us-
ing SAS v. 94 (Cary, NC, USA). De-
scriptive statistics or frequencies were
computed for all data as appropriate.
Missing data were not imputed. Analy-

ses on change from baseline to week
52 were performed on patients in the
BDI-II cohort with data for the given
evaluation at both time points. Pearson
correlation analyses with 95% confi-
dence intervals (CIs) were used to ex-

553



Effect of tocilizumab on depression in RA / F. Behrens et al.

plore association between change from
baseline for specified pairs of variables;
CIs that crossed zero indicated that no
statistically significant correlation was
observed. As this was an observational
study, CIs should be considered descrip-
tive. Mixed models repeated measures
(MMRM) analyses were used to evalu-
ate the association of DAS28-ESR and
BDI-II over time, with DAS28-ESR
and BDI-II scores as continuous vari-
ables and time as visits from baseline
to week 52. An unstructured covariance
matrix was used. p-values <0.05 were
considered significant.

Results

Patient population

Patients were enrolled from 108 clinical
centres throughout Germany between
23 May 2014 and 11 July 2018. The
effectiveness set encompassed 1155
patients of whom 856 (74.1%) were
female. The mean (standard deviation
[SD]) age was 57.4 (12.3) years and the
mean (SD) RA duration was 10.1 (9.1)
years (Supplementary Table S1).

A total of 474 patients (41.0%) in the ef-
fectiveness cohort completed the BDI-II
questionnaire at baseline (BDI-II cohort;
Table I). Of these patients, 256 had BDI-
IT data at week 24 and 229 had BDI-II
data at week 52 (Suppl. Fig. S1). Patients
who completed the BDI-II had similar
baseline characteristics to patients who
did not complete this questionnaire
(n=681; Suppl. Table S2), including
DAS28-ESR (mean [SD] of 4.9 [1.2] for
patients who completed the BDI-II vs.
4.9 [1.3] for those who did not) and PGA
(62.3 [22.4] vs. 64.3 [20.8]).

Almost half (226/474; 47.7%) the pa-
tients in the BDI-II cohort had evidence
of depression as indicated by BDI-II
scores =14. About 30% reported mod-
erate (84; 17.7%) or severe (55; 11.6%)
depression. Patients with more severe
depression showed differences in base-
line characteristics compared with pa-
tients with less severe depression (Table
I). Disease activity scores were gener-
ally comparable across depression sub-
groups, but patients with severe depres-
sion reported reduced functional ability
(HAQ-DI) and higher levels of anxiety,
fatigue, pain, and sleep disturbance.
PGA scores increased with increas-
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Table II. Changes in measures of depression and disease activity outcomes over 52 weeks

by baseline BDI-II subgroup.

Outcome No
depression
(BDI-II <14)

(BDI-II 14-19) (BDI-II 20-28)

Mild
depression

Severe
depression
(BDI-II =29)

Moderate
depression

n at baseline 248

Change from baseline to week 52, mean (SD)

BDI-II 1.1 (7.3)
[n evaluated] [125]
STAI-State -2.3(9.3)
[n evaluated] [143]
STAI-Trait -1.7 (8.1)
[n evaluated] [138]
DAS28-ESR 24(1.7)
[n evaluated] [138]
CDAI -16.0 (12.6)
[n evaluated] [204]
HAQ-DI -0.1 (0.6)
[n evaluated] [177]
PGA -32.6 (30.8)
[n evaluated] [208]
PhGA -37.6 (28.6)
[n evaluated] [206]
Fatigue -8.6 (32.3)
[n evaluated] [135]
Pain -16.6 (33.5)
[n evaluated] [138]
Sleep disturbance, -3.7(33.7)
[n evaluated] [136]

Week 52 response and remission rates, n/N (%)
DAS28-ESR-d,, (decrease =1.8) 92/138 (66.7)
DAS28-ESR remission (<2.6)  98/153 (64.1)
CDAI remission (<2.8) 68/207 (32.9)
HAQ-DI remission (<0.5) 89/211 (42.2)

Week 52 therapy, n/N (%)

SC TCZ therapy 189/230 (82.2)
TCZ + any sDMARD 62/230 (27.0)
TCZ without SDMARD 127/230 (55.2)
IV TCZ therapy 7/230 (3.0)
Other biologic therapy 22/230 (9.6)
sDMARD alone 7/230 (3.0)
Systemic glucocorticoids 103/230 (44 .8)
Mean glucocorticoid dose

in mg/day (SD) 5.3(3.8)
[n evaluated] [103]

87 84 55
-4.6(9.2) 879.3) -10.8 (10.6)
[39] [39] [26]
4.1(12.4) 270 (12.7) -4.6 (10.5)
[45] [43] [29]
-1.7(9.2) -4.3 (10.0) 7.1 (6.9)
[46] [46] [30]
2.4 (1.6) 2202.1) 2.1(1.6)
[47] [46] [29]
-17.2 (11.4) -15.6 (142) -12.9(9.7)
[64] [56] [37]
0.3 (0.5) 0.4 (0.7) 0.3 (0.5)
[61] [55] [36]
-38.1(25.6) 340 (332) -33.1(29.0)
[65] [59] [38]
393 (26.7) -36.6 (30.1) -30.9 (29.7)
[64] [61] [38]
-14.4 (31.5) -18.1 (32.6) -18.3 (26.8)
[47] [44] [26]
23.6(29.6) 26.2 (34.6) -34.7 (29.5)
[47] [43] [26]
-11.1 (26.0) 21.5(273) 9.7 (26.7)
[45] [44] [26]

32/47 (68.1) 27/46 (58.7) 15/29 (51.7)

29/48 (60.4)  30/53 (56.6) 13/29 (44.8)
18/64 (28.1)  19/63 (30.2) 5/38 (13.2)
17/67 (254)  21/66 (31.8) 4/39 (10.3)

51/73 (69.9) 52/71 (73.2) 29/46 (63.0)

22/73(30.1)  16/71 (22.5) 5/46 (10.9)
29/73(39.7)  36/71(50.7)  24/46 (52.2)
2/73 (2.7) 1/71 (1.4) 4/46 (8.7)
10/73 (13.7)  11/71 (15.5) 5/46 (10.9)
5/73 (6.8) 171 (1.4) 7/46 (15.2)
34/73 (46.6)  31/71(437)  18/46 (39.1)
6.0 (4.4) 6.6 (4.9) 53(24)
[34] [31] [18]

BDI-II: Beck Depression Inventory I1I; CDALI: Clinical Disease Activity Index; DAS28: Disease Ac-
tivity Score based on 28 joint count; dcrit: critical difference for change in DAS28; ESR: erythrocyte
sedimentation rate; HAQ-DI: Health Assessment Questionnaire-Disability Index; IV: intravenous;
PGA: patient global assessment; PhGA: physician global assessment; SC: subcutaneous; SD: standard
deviation; SDMARD: synthetic disease-modifying antirheumatic drug (methotrexate [oral or parental],
leflunomide, cyclosporine A, gold, azathioprine, tofacitinib, sulfasalazine); STAI: State-Trait Anxiety

Index; TCZ: tocilizumab.

ing depression, but PhGA scores were
similar. Patients with severe depres-
sion were more likely to be female than
patients with no depression (87.3% vs.
70.6%). A greater proportion of patients
with severe depression used antidepres-
sants, and over half (29/55; 52.7%)
reported suicidal ideation (Table I).
Statistical analyses of these differences
were not considered appropriate due to
the influence of confounding factors.

Comorbidities were common in the
BDI-II patient cohort (Suppl. Table S2).
Depression was identified as a baseline
comorbidity based on review of medi-
cal records in 35/472 (7.4%) of patients
(no comorbidity data were available for
2 patients). Almost half of patients with
severe depression reported arterial hy-
pertension (27/55 [49.1%]) compared
with 32.5% to 38.1% in subgroups with
no or milder depression. Hepatic disease

Clinical and Experimental Rheumatology 2022



in RA / F. Behrens et al.

and fibromyalgia were also more com-
mon in patients with severe depression.

Changes in symptoms of depression
The majority of patients with base-
line BDI-II data remained in the study
throughout the 52-week period (414/474
[87.3%]) (Suppl. Fig. S1). Of the pa-
tients remaining in the BDI-II cohort,
48 (11.6%) had switched to another bio-
logic disease-modifying anti-rheumatic
drug (DMARD) at week 52, 20 (4.8%)
were on a synthetic DMARD alone, and
14 (3.4%) were treated with intravenous
(IV) tocilizumab. Compared with pa-
tients with no or mild depression, higher
proportions of patients with severe de-
pression switched to IV tocilizumab or
to a synthetic DMARD alone (Table II).
Actotal of 229 of the 474 patients (48.3%)
in the BDI-II cohort completed the BDI-
IT at both baseline and week 52. In this
subgroup of patients with data at both
time points, increases were observed in
the proportion of patients with no depres-
sion and mild depression, while decreas-
es occurred in the proportions of patients
with moderate or severe depression (Fig.
1). Of the 39 patients with moderate de-
pression at baseline, almost three-quar-
ters improved to no depression (18/39
[462%]) or mild depression (11/39
[28.2%]) at week 52; moderate depres-
sion remained unchanged in 8 patients
(20.5%) and worsened to severe depres-
sion in 2 (5.1%). The 26 patients with
severe depression at baseline were some-
what more resistant to improvements in
symptoms, with 11 (42.3%) continuing
to report severe depression, but the ma-
jority showed improvements in depres-
sive symptoms. Overall, 44/65 (67.7%)
patients with moderate or severe depres-
sion at baseline improved to a milder or
no depression subgroup at week 52.
Shifts in BDI-II categories over 52
weeks were accompanied by decreases
(improvements) in mean BDI-II scores
from baseline in subgroups with base-
line depression (Table II). Despite these
improvements, patients with more se-
vere depression at baseline continued
to report higher mean BDI-II values at
week 52 (mean [SD] of 27.0 [12.9] for
patients with severe depression com-
pared with 7.6 [7.2] for patients with no
depression; Suppl. Table S3).
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Baseline
(Week 0)

200+

1501

100+

Number of patients

504

0

Depression category

[ Severe depression (BDI-II 229)

[C] Moderate depression (BDI-II 20-28)
[ Mild depression (BDI-II 14-19)

B No depression (BDI-II <14)

Fig. 1. Change in the number of patients in each BDI-II category between baseline and 52 weeks.

BDI-II: Beck Depression Inventory II.

I Moderate to large improvement
>10 points

[CNo to minimal change
up to <10 points

B Moderate to large deterioration
>10 points

100

80

£ 60
Q
-
]
a
k)

) 40

20

0

No Mild
depression depression
(n=125) (n=39)

Moderate Severe
depression depression
(n=39) (n=26)

Fig. 2. Change (improvement or deterioration) in BDI-II scores over 52 weeks by BDI-II subgroup at
baseline. BDI-II: Beck Depression Inventory II.
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Fig. 3. Change in BDI-II scores between baseline and week 52 in patients with or without DAS28-
ESR remission at week 52. Analysis was conducted in patients with both DAS28-ESR and BDI-II data
at week 52. BDI-II: Beck Depression Inventory II; DAS28: Disease Activity Score based on 28 joints;
ESR: erythrocyte sedimentation rate.
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Table III. Pearson correlation coefficients (r values) for change from baseline to week 52.

Variable BDI-II Pain Fatigue Sleep difficulty PGA PhGA STAI-State STAI-Trait
BDI-II 1.0 (NA) 0.36 (0.23-048) 027 (0.13-040) 0.31(0.17-044) 028 (0.15-040) 0.13(0.00-0.26) 044 (0.32-0.55) 0.53 (042-0.62)
n 474 181 181 180 220 219 195 196
DAS28-ESR  0.10 (-006-0.25) 045 (0.36-0.53) 0.30(0.20-039)  0.29(0.19-0.38) ND ND ND ND

n 153 370 365 365

CDAI 0.05(-0.08-0.18)  0.35(0.27-042) 0.25(0.17-0.33)  0.22(0.14-0.30) ND ND ND ND

n 215 529 523 521

Variable data are presented as r values (95% CI).

BDI-II: Beck Depression Inventory II; CDAI: Clinical Disease Activity Index; CI: confidence interval; DAS28: Disease Activity Score based on 28 joint
count; NA: not applicable; ND: not determined; PhGA: physician global assessment; PGA, patient global assessment.

We also evaluated the magnitude of
changes in BDI-II scores over 52 weeks
in patients with BDI-II data at base-
line and week 52. About one-third of
patients in the mild to severe depres-
sion subgroups had moderate to large
improvements (decreases >10 points)
in BDI-II scores and none experienced
a moderate to large deterioration (in-
creases >10 points) (Fig. 2).

Changes in additional outcomes

over 52 weeks

Improvements in disease activity and
PROs were observed in patients during
the 52-week observation period (Table
IT; Suppl. Table S3). Patients with severe
depression reported greater improve-
ments in pain and fatigue than patients
with no or milder depression (Table II).
Changes in disease activity were gen-
erally comparable among the different
depression subgroups, but the frequen-
cy of individual therapeutic responses
(DAS28-ESR-d,,;,) and remission rates
decreased with more severe baseline
depression. For instance, the DAS28-
ESR-d,,, response rate was 66.7% in the
no depression subgroup compared with
51.7% in the severe depression sub-
group, and CDAI remission rates were
32.9% and 13.2% for the no and severe
depression subgroups, respectively.

Association between disease activity
assessments, PROs, and BDI-1I

At week 52, 166 patients had both
DAS28-ESR and BDI-II data avail-
able. We analysed changes in BDI-II
scores between baseline and week 52
in subgroups of these patients who
did (n=99) or did not (n=67) achieve
DAS28-ESR remission at week 52
(Fig. 3). The subgroup that did not
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Table IV. Adverse events by baseline BDI-1I subgroup.

Adverse event No Mild Moderate Severe
depression depression depression depression
(BDI-II <14) (BDI-II 14-19) (BDI-1120-28) (BDI-II =29)
(n=248) (n=87) (n=84) (n=55)
AEs 102 (41.1%) 48 (55.2%) 47 (56.0%) 30 (54.5%)
[237] [114] [123] [55]
SAEs 21 (8.5%) 14 (16.1%) 9 (10.7%) 5(9.1%)
[41] [19] [9] [8]
SAEs related to TCZ SC 7 (2.8%) 5(5.7%) 3 (3.6%) 0 (0.0%)
[7] (51 [31] [0]
Severe infections 4 (1.6%) 1(1.1%) 0 (0.0%) 1(1.8%)
[9] (1] [0] [2]
AEs leading to therapy
discontinuation 28 (11.3%) 13 (14.9%) 17 (20.2%) 14 (25.5%)
[36] [14] [21] [15]

Data are presented as number of patients (%) [number of events].
AE: adverse event, BDI-II: Beck Depression Inventory II; SAE: serious adverse event; SC: subcutaneous;

TCZ: tocilizumab.

achieve remission had approximately
twice as many patients with a moder-
ate to large deterioration in BDI-II sub-
scores as the subgroup that achieved
remission (12.0% vs. 6.1%), but patient
numbers were small. In MMRM analy-
ses (Suppl. Table S4), an association
between DAS28-ESR and BDI-II was
observed over time (p=0.016); higher
values of DAS28-ESR (greater disease
activity) corresponded to higher values
of BDI-II (more severe depression). In
contrast, BDI-II did not affect DAS28-
ESR values over time (p=0.355).

In correlation analyses of change from
baseline to week 52, BDI-II changes
showed negligible correlations with
changes in DAS28-ESR and CDAI
(r=0.10 [95% CI -0.06-0.25] and 0.05
[95% CI -0.08-0.18], respectively; Ta-
ble III), while changes in pain, fatigue,
and sleep difficulty showed higher cor-
relations with changes in disease activi-
ty measures (r=0.22 to 0.45; lower 95%
CIs >0). Changes in BDI-II showed

moderate correlations with PROs (pain,
fatigue, sleep difficulty, STAI-State,
STAI-Trait, and PGA), but not with
PhGA (Table III). With the exception
of PGA (r=0.28), BDI-II changes had
minimal correlations with individual
components of DAS28-ESR or CDAI
(Suppl. Table S5 and Table III).

Safety evaluations

Patients with any severity of depres-
sion had more adverse events (125/226;
55.3%) than patients with no depres-
sion (102/248; 41.1%) and a higher
frequency of serious adverse events
(28/226 [12.4%] vs. 21/248 [8.5%])
(Table IV). However, the occurrence of
adverse events did not correspond to se-
verity of depression: the highest rate of
serious adverse events was observed in
patients with mild depression. In con-
trast, therapy discontinuation rates due
to adverse events increased with higher
levels of depression (from 11.3% in pa-
tients with no depression to 25.5% for
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severe depression) (Table IV). Adverse
event rates were generally comparable
in the BDI-II cohort compared with pa-
tients who did not complete the BDI-II
(Suppl. Table S6).

Discussion

Depression is a common comorbidity in
patients with RA and has the potential to
influence outcomes and management.
Patients with concomitant RA and de-
pression have reduced quality of life
(19), less improvement during biologic
therapy (20), and a 35% higher mortali-
ty risk than RA patients without depres-
sion (21). The effects of depression ex-
tend to economic outcomes and health
utilisation. RA patients with depression
are more likely to apply for work disa-
bility; depression is a stronger predictor
of early retirement for German patients
with RA than age, functional disability,
or disease activity (22). In a US study,
concomitant depression was associated
with more physician visits, emergency
room visits, hospitalisations, and hos-
pital days, resulting in an incremental
adjusted annual cost of $8488 (23).
The association between RA and depres-
sion is not well understood and may be
bidirectional. Depression can both cause
and be exacerbated by increased inflam-
mation (24). Although some studies have
found that depression is associated with
increased RA disease activity (19, 25),
others have been unable to identify a di-
rect association between disease activity
and depressive symptoms after control-
ling for other factors (26-29). However,
associations between depressive symp-
toms and PROs, including PGA and ill-
ness perceptions, have been consistently
observed (26, 28, 29). Other influences,
including personality type and socioeco-
nomic factors, may also affect the impact
of depressive symptoms in RA (27, 30).
Interpretation of studies of depression in
RA is complicated by the fact that there
are several different depression scales in
use and some analyses combine patients
with depression with those with anxiety
(25,26,31, 32).

Minimal data are available concerning
effective interventions for depression
in RA. A recent meta-analysis identi-
fied only eight randomised trials of de-
pression interventions in RA, and none
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had a high strength of evidence (33).
Pharmacologic antidepressants appear
to have some effect in reducing depres-
sive symptoms in this patient population
(33), but additional options are needed.
Given the potential connection between
inflammation and depression (4), the
impact of anti-inflammatory therapies
on depression has been the subject of
much speculation. However, the anti-
depressive effect of non-steroidal anti-
inflammatory drugs remains unclear
(34), while systemic glucocorticoids
are associated with initial euphoria but
can induce depressive symptoms during
long-term use (35). In a recent study of
9000 patients treated with systemic or
local (primarily inhaled/nasal) corticos-
teroids, regular corticosteroid use was
associated with a 26% increase in risk of
depressive symptoms or dysthymia (36).
Accordingly, anti-inflammatory effects
do not appear to be sufficient for im-
provements in depression, although they
may make some contribution. The pos-
sible utility of TNF inhibitors and other
immunomodulators in treating depres-
sion is suggested by some studies (10,
37, 38). However, infliximab did not
result in overall improvement in treat-
ment-resistant depression in non-RA
patients, although it was associated with
improved depressive symptoms in the
subgroup of patients with high baseline
levels of inflammation (39), suggesting
that effects on depression are mediated
in part through anti-inflammatory activ-
ity. IL-6 is another potential target for
anti-depressant therapies (38, 40), but a
randomised study of sirukumab in ma-
jor depressive disorder did not observe
significant improvements in depressive
symptoms in sirukumab-treated patients
compared with placebo (41). Pilot stud-
ies to examine the effect of tocilizumab
in patients with depression have been
initiated (42, 43). Tocilizumab could
potentially impact depressive symptoms
through inhibition of IL-6, anti-inflam-
matory effects, as yet undetermined
mechanisms of action, or a combination
of some or all of these activities.

The objective of the current post-hoc
analysis was to assess changes in symp-
toms of depression in tocilizumab-
treated patients with RA during routine
daily care. We found that depressive

symptoms were common: almost half
the patients (48%) who completed the
BDI-II at baseline had some evidence of
depression and 29% reported moderate
or severe depression. The prevalence of
depression documented here is higher
than the 28% based on BDI-II scores in
arecent cross-sectional study of RA pa-
tients in Germany (2). In both studies,
the reported rate of depression during
baseline comorbidity assessments was
approximately 7.5%, suggesting that
underdiagnosis and underrecognition of
depression is widespread. Other studies
have similarly noted underdiagnosis
and undertreatment of depression in the
RA patient population (44-46).

We found that baseline depression was
associated with higher (poorer) PGA,
HAQ-DI, fatigue, anxiety, and pain
scores, but similar disease activity
scores. This finding indicates that pa-
tients with similar disease activity levels
can experience a wide range of levels
of depression. PhGA scores were also
similar across the depression subgroups.
The discrepancy between PhGA and
PROs suggests that depressive patients
may have a different perception of their
disease severity compared with the cli-
nician’s assessment and objective meas-
ures of disease activity. Studies of dis-
cordance between PGA and PhGA have
found that depressive symptoms are as-
sociated with worse patient ratings com-
pared with physician ratings (47, 48).
Depressive symptoms improved sub-
stantially in the 52 weeks following
initiation of tocilizumab therapy. Two-
thirds of patients with moderate or se-
vere depression improved to a milder
depression or no depression subgroup,
and about one-third showed moderate
to large improvements (>10 points) in
BDI-II scores.

All of the subgroups showed improve-
ments in disease activity, but response
and remission rates varied markedly:
patients with no or milder depression
tended to achieve higher rates of re-
sponse and remission than patients with
severe depression, regardless of the as-
sessment used to evaluate outcomes.
Other studies have also observed lower
remission rates in RA patients with de-
pression or depression/anxiety (20, 25,
32, 49). These reduced response rates
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may be driven by underlying disease se-
verity or by patient illness perceptions.

Improvements in depressive symp-
toms were also accompanied by im-
provements in PROs. Changes in pain
corresponded closely to depression
subgroups, with the greatest improve-
ments observed in patients with severe
depression and the least improvement
in the no depression subgroup. This as-
sociation mirrors baseline pain scores,
which were higher in the severe depres-
sion subgroup. However, patterns of im-
provements in sleep disturbance, which
also had the highest baseline levels in
the severe depression subgroup, did not
correspond to depression subgroups;
the largest improvements were seen in
patients with moderate or mild depres-
sion, despite previous findings that sleep
quality is linked to pain and depression
in patients with RA (50, 51). These
varying patterns highlight the complex
interplay among PROs.

In analyses of the association between
change in disease activity and depres-
sive symptoms over time, we observed
that whereas DAS28-ESR had a signifi-
cant positive effect on BDI-II, BDI-II
did not show an effect on DAS28-ESR.
These analyses suggest that greater dis-
ease activity is associated with more se-
vere depression, but depressive symp-
toms do not have a corresponding in-
fluence on disease activity. Correlation
analyses found negligible correlations
between changes from baseline in BDI-
IT and changes in disease activity meas-
ures, providing further support for a
lack of association between depression
symptoms and disease activity. BDI-
IT changes showed higher correlations
with other PROs, particularly STAI
assessments (anxiety), but not with
PhGA, again suggesting that depres-
sive symptoms have a greater influence
on the patient’s perception of disease
activity than on the physician’s assess-
ment. Although these insights into pos-
sible associations between depression
and disease activity are tantalising, it
should be noted that this study was not
designed to investigate these associa-
tions and our analyses should be con-
sidered exploratory.

Patients with depression had more ad-
verse events than patients without de-
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pression, and therapy discontinuation
rates due to adverse events increased
with severity of depression. Other thera-
peutic areas, ranging from diabetes (52)
to epilepsy (53), have reported similar
observations concerning the impact of
depression on adverse event reports,
but to the best of our knowledge this
is the first report of this association in
RA. Further studies will be required to
evaluate whether this effect is related to
underlying disease severity, physiologic
changes related to depression, psy-
chobehavioural characteristics, or some
combination of these factors.
Limitations of this study include chal-
lenges faced by all observational stud-
ies, including the lack of a comparator
group. Although the subgroups were
well-balanced with respect to age and
disease activity, residual confounding
is possible due to unidentified variables.
Patient numbers were reduced because
not all patients chose to complete the
BDI-II questionnaire. Because patients
were allowed to choose which PROs
to complete, bias may potentially have
been introduced by patient self-selec-
tion, although baseline characteristics
of the two groups were comparable. Not
all patients remained on tocilizumab for
52 weeks, but we believe it is unlikely
that the small number who discontinued
the study or stopped tocilizumab treat-
ment significantly changed the results.
In conclusion, our data document a
high burden of depression in patients
receiving routine clinical care for RA
and clinically significant changes in
symptoms of depression during the 52
weeks following initiation of tocilizum-
ab therapy in tocilizumab-naive patients
with RA. Additional studies will be re-
quired to evaluate whether the impact of
tocilizumab on depression is associated
with or independent of improvement in
disease activity, as well as to compare
the effect of tocilizumab on depres-
sive symptoms with other synthetic or
biologic DMARDs used to treat RA. It
will also be interesting to see if the po-
tential association between tocilizumab
and depressive symptoms is retained in
treatment-naive patients with RA. The
effects of antirheumatic drugs on de-
pression are highly relevant due to the
increased prevalence and substantial

burden of depression in patients with
RA. We encourage rheumatologists and
other clinicians who treat RA to con-
sider the risk of depression during rou-
tine daily care and provide resources to
assist in the management of depressive
symptoms if appropriate.

Acknowledgements

The authors thank the patients, investiga-
tors, and nurses involved in the ARATA
study. We thank Rainer Probst (AMS
Advanced Medical Services GmbH,
Munich, Germany) for statistical support
and Prof. Harald Burkhardt (Goethe Uni-
versity, Frankfurt am Main, Germany)
for critically reviewing the manuscript.

References

1. MATCHAM F, RAYNER L, STEER S, HOTOPF
M: The prevalence of depression in rheuma-
toid arthritis: a systematic review and meta-
analysis. Rheumatology (Oxford) 2013; 52:
2136-48.

2. ENGLBRECHT M, ALTEN R, ARINGER M et
al.: New insights into the prevalence of de-
pressive symptoms and depression in rheu-
matoid arthritis — implications from the pro-
spective multicenter VADERA II study. PLoS
One 2019; 14: e0217412.

3. MARRIE RA, HITCHON CA, WALLD R et al.:
Increased burden of psychiatric disorders
in rheumatoid arthritis. Arthritis Care Res
(Hoboken) 2018; 70: 970-8.

4. NERURKAR L, SIEBERT S, MCINNES IB, CA-
VANAUGH J: Rheumatoid arthritis and de-
pression: an inflammatory perspective. Lan-
cet Psychiatry 2019; 6: 167-73.

5. AL-HAKEIM HK, AL-RAMMAHI DA, AL-DU-
JAILI AH: IL-6, IL-18, sIL-2R, and TNF-a
proinflammatory markers in depression and
schizophrenia patients who are free of overt in-
flammation. J Affect Disord 2015; 182: 106-14.

6. CHOY EHS, CALABRESE LH: Neuroendo-
crine and neurophysiological effects of inter-
leukin 6 in rheumatoid arthritis. Rheumatol-
0gy 2018; 57: 1885-95.

7. ENGLER H, BRENDT P, WISCHERMANN 1J et
al.: Selective increase of cerebrospinal IL-6
during experimental systemic inflammation
in humans: association with depressive symp-
toms. Mol Psychiatry 2017; 22: 1448-54.

8. KOHLER CA, FREITAS TH, STUBBS B et
al.: Peripheral alterations in cytokine and
chemokine levels after antidepressant drug
treatment for major depressive disorder: sys-
tematic review and meta-analysis. Mol Neu-
robiol 2018; 55: 4195-206.

9. FIGUEIREDO-BRAGA M, CORNABY C, COR-
TEZ A et al.: Influence of biological thera-
peutics, cytokines, and disease activity on
depression in rheumatoid arthritis. J Immunol
Res 2018; 2018: 5954897.

10. KAPPELMANN N, LEWIS G, DANTZER R,
JONES PB, KHANDAKER GM: Antidepressant
activity of anti-cytokine treatment: a system-
atic review and meta-analysis of clinical tri-

Clinical and Experimental Rheumatology 2022



12.

13.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

als of chronic inflammatory conditions. Mol
Psychiatry 2018; 23: 335-43.

. ENGLBRECHT M, ALTEN R, ARINGER M et al.:

Validation of standardized questionnaires eval-
uating symptoms of depression in rheumatoid
arthritis patients: approaches to screening for
a frequent yet underrated challenge. Arthritis
Care Res (Hoboken) 2017; 69: 58-66.
SMARR KL, KEEFER AL: Measures of depres-
sion and depressive symptoms. Arthritis Care
Res (Hoboken) 2011; 63(S11): S454-66.
HIROE T, KOJIMA M, YAMAMOTO 1 et al.:
Gradations of clinical severity and sensitivity
to change assessed with the Beck Depression
Inventory-II in Japanese patients with de-
pression. Psychiatry Res 2005; 135: 229-35.

. JULIAN LJ: Measures of anxiety. State-Trait

Anxiety Inventory (STAI), Beck Anxiety Inven-
tory (BAI), and Hospital Anxiety and Depres-
sion Scale-Anxiety (HADS-A). Arthritis Care
Res (Hoboken) 2011; 63 (Suppl. 11): S467-72.

. BRUCE B, FRIES JF: The Health Assessment

Questionnaire (HAQ). Clin Exp Rheumatol
2005; 23 (Suppl. 39): S14-18.

FELSON DT, SMOLEN JS, WELLS G et al.
American College of Rheumatology/European
League against Rheumatism provisional defi-
nition of remission in rheumatoid arthritis for
clinical trials. Ann Rheum Dis 2011; 70: 404-13.
BEHRENS F, TONY HP, ALTEN R et al.: Devel-
opment and validation of a new disease activ-
ity score in 28 joints-based treatment response
criterion for rheumatoid arthritis. Arthritis
Care Res (Hoboken) 2013; 65: 1608-16.
ALETAHA D, NELL VP, STAMM T et al.:
Acute phase reactants add little to composite
disease activity indices for rheumatoid ar-
thritis: validation of a clinical activity score.
Arthritis Res Ther 2005; 7: R796.

ZHANG L, CAI P, ZHU W: Depression has an
impact on disease activity and health-relat-
ed quality of life in rheumatoid arthritis: a
systematic review and meta-analysis. Int J
Rheum Dis 2020; 23: 285-93.

MATCHAM F, DAVIES R, HOTOPF M, HYRICH
KL, NORTON S, STEER S, GALLOWAY J: The
relationship between depression and biologic
treatment response in rheumatoid arthritis:
an analysis of the British Society for Rheu-
matology Biologics Register. Rheumatology
(Oxford) 2018; 57: 835-43.

VAN DEN HOEK J, BOSHUIZEN HC, ROORDA
LD, TIJHUIS GH, NURMOHAMED MT, DEKKER
J, VAN DEN BOS GAM: Association of somatic
comorbidities and comorbid depression with
mortality in patients with theumatoid arthritis:
a 14-year prospective cohort study. Arthritis
Care Res (Hoboken) 2016; 68: 1055-60.
CALHOFF J,ALBRECHT K, SCHETT G, ZINK A,
WESTHOFF G: Depression is a stronger pre-
dictor of the risk to consider work disability in
early arthritis than disease activity or response
to therapy. RMD Open 2015; 1: €000020.

LI N, CHAN E, PETERSON S: The economic
burden of depression among adults with rheu-
matoid arthritis in the United States. J Med
Econ 2019; 22: 372-8.

KIECOLT-GLASER JK, DERRY HM, FAGUN-
DES CP: Inflammation: depression fans the
flames and feasts on the heat. Am J Psychia-
try 2015; 172: 1075-91.

MATCHAM F, NORTON S, SCOTT DL, STEER

Clinical and Experimental Rheumatology 2022

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Effect of tocilizumab on depression in RA / F. Behrens et al.

S, HOTOPF M: Symptoms of depression and
anxiety predict treatment response and long-
term physical health outcomes in rheumatoid
arthritis: secondary analysis of a randomized
controlled trial. Rheumatology (Oxford)
2016; 55: 268-78.

MATCHAM F, ALI S, IRVING K, HOTOPF M,
CHALDER T: Are depression and anxiety as-
sociated with disease activity in rheumatoid
arthritis? A prospective study. BMC Muscu-
loskelet Disord 2016; 17: 155.

SANTOS EF, DUARTE CM, FERREIRA RO,
PINTO AM, GEENEN R, DA SILVA JP: Multi-
factorial explanatory model of depression in
patients with rheumatoid arthritis: a structural
equation approach. Clin Exp Rheumatol 2019;
37: 641-8.

CORDINGLEY L, PRAJAPATI R, PLANT D et
al.: Impact of psychological factors on sub-
jective disease activity in patients with se-
vere rtheumatoid arthritis. Arthritis Care Res
(Hoboken) 2014; 66: 861-8.

WOHLFAHRT A, BINGHAM CO 3RD, MARDER
W et al.: Responsiveness of patient-reported
outcomes measurement information system
measures in rheumatoid arthritis patients start-
ing or switching a disease-modifying anti-
rheumatic drug. Arthritis Care Res (Hoboken)
2019; 71: 521-9.

MARGARETTEN M, JULIAN L, KATZ P, YELIN
E: Depression in patients with rheumatoid ar-
thritis: description, causes, and mechanisms.
Int J Clin Rheumatol 2011; 6: 617-23.
PETERSON S, PIERCY J, BLACKBURN S, SUL-
LIVAN E, KARYEKAR CS, LI N: The multi-
faceted impact of anxiety and depression
on patients with rheumatoid arthritis. BMC
Rheumatol 2019; 3: 43.

MICHELSEN B, KRISTIANSLUND EK, SEX-
TON J et al.: Do depression and anxiety re-
duce the likelihood of remission in rheuma-
toid arthritis and psoriatic arthritis? Data from
the prospective multicentre NOR-DMARD
study. Ann Rheum Dis 2017; 76: 1906-10.
FIEST KM, HITCHON CA, BERNSTEIN CN
et al.: Systematic review and meta-analysis
of interventions for depression and anxiety
in persons with rheumatoid arthritis. J Clin
Rheumatol 2017; 23: 425-34.

EYRE HA, AIR T, PROCTOR S, ROSITANO S,
BAUNE BT: A critical review of the efficacy
of non-steroidal anti-inflammatory drugs in
depression. Prog Neuropsychopharmacol
Biol Psychiatry 2015; 57: 11-16.
WARRINGTON TP, BOSTWICK JM: Psychiat-
ric adverse effects of corticosteroids. Mayo
Clin Proc 2006; 81: 1361-7.

SAVAS M, VINKERS CH, ROSMALEN JGM et
al.: Systemic and local corticosteroid use is
associated with reduced executive cognition,
and mood and anxiety disorders. Neuroendo-
crinology 2020; 110: 282-91.

DEB A, DWIBEDI N, LEMASTERS T, HORNS-
BY JA, WEI W, SAMBAMOORTHI U: Tumor
necrosis factor inhibitor therapy and the risk
for depression among working-age adults
with rheumatoid arthritis. Am Health Drug
Benefits 2019; 12: 30-8.

WITTENBERG GM, STYLIANOU A, ZHANG Y
et al.: Effects of immunomodulatory drugs
on depressive symptoms: a mega-analysis of
randomized, placebo-controlled clinical tri-

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

als in inflammatory disorders. Mol Psychia-
try 2020; 25: 1275-85.

RAISON CL, RUTHERFORD RE, WOOLWINE
BJ et al.: A randomized controlled trial of the
tumor necrosis factor antagonist infliximab
for treatment-resistant depression. The role
of baseline inflammatory biomarkers. JAMA
Psychiatry 2013; 70: 31-41.

ZHOU AJ, LEE Y, SALVADORE G et al.: Siru-
kumab: a potential treatment for mood disor-
ders? Adv Ther 2017; 34: 78-90.
ClinicalTrials.gov. An efficacy and safety
study of sirukumab in participants with major
depressive disorder. Updated June 11, 2019.
https://clinicaltrials.gov/ct2/NCT02473289.
KANDAKER GM, OLTEAN BP,KASER M et al.:
Protocol for the Insight study: a randomised
controlled trial of single-dose tocilizumab in
patients with depression and low-grade in-
flammation. BMJ Open 2018; 8: e015333.
ClinicalTrials.gov. Tocilizumab augmenta-
tion in treatment-refractory major depressive
disorder. Updated August 5, 2019. https://
clinicaltrials.gov/ct2/show/NCT02660528.
ANYFANTI P, GAVRIILAKI E, PYRPASOPOU-
LOU A et al.: Depression, anxiety, and quality
of life in a large cohort of patients with rheu-
matic diseases: common, yet undertreated.
Clin Rheumatol 2016; 35: 733-9.

HIDER SL, TANVEER W, BROWNFIELD A,
MATTEY DL, PACKHAM JC: Depression in RA
patients treated with anti-TNF is common and
under-recognized in the rheumatology clinic.
Rheumatology (Oxford) 2009; 48: 1152-4.
SRUAMSIRI R, KANEKO Y, MAHLICH 1I:
The underrated prevalence of depression in
Japanese patients with rheumatoid arthritis —
evidence from a nationwide survey in Japan.
BMC Rheumatol 2017; 1: 5.

BARTON JL, IMBODEN J, GRAF J, GLIDDEN D,
YELIN EH, SCHLLINGER D: Patient-physician
discordance in assessments of global disease
severity in rheumatoid arthritis. Arthritis Care
Res (Hoboken) 2010; 62: 857-64.

CHALLA DN, KVRGIC Z, CHEVILLE AL et al..:
Patient-provider discordance between global
assessments of disease activity in rheumatoid
arthritis: a comprehensive clinical evalua-
tion. Arthritis Res Ther 2017; 19: 212.
BOER AC, HUIZINGA TWIJ, VAN DER HELM-VAN
MIL AHM: Depression and anxiety associate
with less remission after 1 year in rheumatoid
arthritis. Ann Rheum Dis 2019; 78: el.
GRABOVAC I, HAIDER S, BERNER C et al.:
Sleep quality in patients with rheumatoid
arthritis and associations with pain, disabil-
ity, disease duration, and activity. J Clin Med
2018; 7: 336.

SARIYILDIZ MA, BATMAZ 1, BOZKURT M et
al.: Sleep quality in rheumatoid arthritis: rela-
tionship between the disease severity, depres-
sion, functional status and the quality of life.
J Clin Med Res 2014; 6: 44-52.

BLACK SA, MARKIDES KS, RAY LA: Depres-
sion predicts increased incidence of adverse
health outcomes in older Mexican Americans
with type 2 diabetes. Diabetes Care 2003; 26:
2822-8.

KIM SK, PARK SP, KWON OY: Impact of
depression and anxiety on adverse event pro-
files in Korean people with epilepsy. Epilepsy
Behav 2015; 46: 185-91.

559



