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High Disease Activity Is Associated with Self-reported
Depression and Predicts Persistent Depression in Early
Rheumatoid Arthritis: Results from the Ontario Best
Practices Research Initiative
Bindee Kuriya, Raman Joshi, Mohammad Movahedi, Emmanouil Rampakakis, John S. Sampalis,
Claire Bombardier, and Ontario Best Practices Research Initiative Investigators

ABSTRACT. Objective. We sought to determine if initial high disease activity or changes in disease activity
contribute to persistent depression in early rheumatoid arthritis (ERA). We also determined if disease
activity and depression is modified by sex. 
Methods. Depression was ascertained by self-report among patients enrolled in the Ontario Best
Practices Research Initiative. The association between baseline disease activity, measured by the
Clinical Disease Activity Index (CDAI), and persistent depression was evaluated with multivariate
regression models, and effect modification by sex was tested. A general estimating equation assessed
the association between change in CDAI over time and risk of depression.
Results. The sample of 469 ERA subjects was predominantly female (73%). At baseline, the prevalence
of depression was 26%, and 23% reported persistent depression. After adjusting for potential confounders,
higher baseline CDAI was associated with both baseline and persistent depression (OR 1.03, 95% CI
1.01–1.05). Female sex was an effect modifier of this relationship (OR 1.04, 95% CI 1.01–1.06).
Maintaining a moderate or high CDAI score over 2 years also increased the risk of future depression. 
Conclusion. Depression in ERA is common and initial high disease activity is associated with the
probability of depression and its persistence. This risk seems particularly modified in women with
active disease and represents an area for targeted focus and screening. Future studies in ERA are
needed to determine if intervening during the “window of opportunity” to control disease activity has
the potential to mitigate the development and maintenance of adverse mental health outcomes,
including depression. (First Release May 15 2018; J Rheumatol 2018;45:1101–8; doi:10.3899/
jrheum.171195)

Key Indexing Terms: 
DISEASE ACTIVITY         DEPRESSION        RHEUMATOID ARTHRITIS              PROGNOSIS

From the Sinai Health System, University of Toronto; Toronto General
Hospital Research Institute, University Health Network, University of
Toronto, Toronto; Brampton Civic Hospital, William Osler Health System,
Brampton, Ontario; JSS Medical Research, St. Laurent; McGill University,
Montreal, Quebec, Canada.
Dr. Kuriya was the recipient of the Canadian Rheumatology Association/The
Arthritis Society Clinician Investigator Award. OBRI is funded by peer-
reviewed grants from the Canadian Institute for Health Research (CIHR),
Ontario Ministry of Health and Long-Term Care, Canadian Arthritis
Network and unrestricted grants from Abbvie, Amgen, Bristol Myers Squibb,
Pfizer, UCB, Janssen and Roche, Celgene, Fresenius Kabi.
B. Kuriya, MD, FRCPC, SM, Sinai Health System, University of Toronto;
R. Joshi, MD, Brampton Civic Hospital, William Osler Health System; 
M. Movahedi, MD, PhD, Toronto General Hospital Research Institute,
University Health Network, University of Toronto, and JSS Medical
Research; E. Rampakakis, PhD, JSS Medical Research, S. Sampalis, PhD,
JSS Medical Research, and McGill University; C. Bombardier, MD,
FRCPC, MSc, Sinai Health System, University of Toronto, and Toronto
General Hospital Research Institute, University Health Network,
University of Toronto. 
Address correspondence to Dr. B. Kuriya, Division of Rheumatology, Sinai
Health System, The Joseph and Wolf Lebovic Building, 60 Murray Street,
Room 2-008, Toronto, Ontario M5T 3L9, Canada. 
E-mail: bindee.kuriya@sinaihealthsystem.ca
Accepted for publication February 12, 2018.

Rheumatoid arthritis (RA) is a systemic inflammatory disease
that has both physical and psychological manifestations and
affects up to 1% of the population worldwide. RA is recog-
nized as a disease of multimorbidity and is associated with
the development of other chronic medical conditions, many
of which may also be mediated by chronic immune dysregu-
lation1. Of these, depression has been cited as the most
frequent comorbidity in RA, with lifetime prevalence
estimates ranging from 14% to 48%, depending on the
outcome definition used2,3.
    Depression is a major health concern for individuals living
with RA, as well as for those who treat them, because of its
link with negative health outcomes, including higher pain,
worse disability, reduced medication adherence, reduced
therapeutic efficacy, greater health service use, and even risk
of death4,5.
    Depression is often episodic and may present across the
spectrum of RA disease duration. Of interest, studies have
demonstrated an elevated risk of depression during the
asymptomatic but immunologically active phase of disease

 www.jrheum.orgDownloaded on April 17, 2024 from 

http://www.jrheum.org/


(pre-RA), and a substantially higher risk during the initial
years of clinically apparent disease6,7,8. This raises the
question of whether systemic inflammatory pathways simul-
taneously cause the articular symptoms of RA and trigger
depression, or whether the response to inflammation (e.g.,
pain, coping, medications) is the key driver of psychological
manifestations. 
    There have been many attempts to identify which factors
may predict the development of depression in RA to facilitate
comprehensive treatment, and ideally, preventive approaches.
Studies have consistently identified low socioeconomic
status, female sex, age, ethnicity, pain, and functional
limitation to be associated with a greater risk of depression4. 
    The extent to which active disease contributes to or
maintains depression has not been well studied. Specifically,
few studies are available on this topic in early RA (ERA) and
have limitations. In a previous paper, Kekow, et al demon-
strated that clinical remission, according to the 28-joint count
Disease Activity Score (DAS28), significantly reduced
symptoms of depression/anxiety compared to those who did
not achieve remission over a 2-year period; these were data
from a clinical trial with patient characteristics not general-
izable to routine clinical practice9. Another study found no
association between disease activity and depression or
severity of depressive symptoms. This was primarily limited
by the cross-sectional design, preventing any conclusions
about the temporal relationship between disease activity and
depression10. Overman, et al attempted to study the prospec-
tive association between psychological distress and disease
activity in ERA11. They concluded that a higher level of
disease activity is a risk factor for increased psychological
distress; however, the outcome was only measured at baseline
and 6 months later11. In contrast, a longer study by
Bacconnier, et al noted a decreasing prevalence of psycho-
logical distress over 3 years among patients with very early
RA (symptom duration < 6 mos), but found no significant
association between sex, inflammatory variables, or
treatment options and risk of psychological symptoms12.
Increasing DAS28 values using C-reactive protein
(DAS28-CRP) were associated with self-reported distress at
3 years, but not consistently over followup12.
    Taken together, there are conflicting reports on whether
active disease, especially in ERA, represents a potential
modifiable risk factor to prevent or reduce the severity of
depression. Moreover, it is not known if initial high disease
activity (HDA; or which of its components) contributes to
persistent depressive symptoms. We attempted to fill these
knowledge gaps and test our hypothesis that initial HDA
would increase the risk for persistent depression. Since the
prevalence of depression in ERA is reported to be higher in
females, we additionally sought to determine if the effect of
disease activity on persistent depression differed between
males and females. Last, we evaluated how changes in
disease activity over time influence the future risk of

depression among individuals with ERA followed in routine
care.

MATERIALS AND METHODS
Data source and patients. The Ontario Best Practices Research Initiative
(OBRI) is a provincial prospective registry of patients with RA that gathers
longterm information on clinical practice patterns of patients with RA
followed in routine care. It incorporates physician assessments and a unique
method of collecting data from the patients directly using telephone inter-
viewers. Patients are included if they are ≥ 18 years of age with a
physician-confirmed RA diagnosis and ≥ 1 swollen joint. Patients are
recruited at any stage of disease and are treated and followed at the discretion
of their rheumatologist.
      Between January 2008 and January 2016, 3020 eligible patients across
65 sites gave their consent to participate in physician evaluations, and 2942
agreed to patient interviews. 
      For our study, we restricted our population to patients with ERA
(symptom duration ≤ 1 yr) with at least 2 years of followup. To obtain the
most accurate information from patient interviews and from physician assess-
ments, we excluded patients with a gap ≥ 60 days between patient enrollment
and their first interview. We also applied a further exclusion criterion if
patients had < 4 interview visits over 2 years of followup (Figure 1). 
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Figure 1. OBRI participant flow diagram. OBRI: Ontario Best Practices
Research Initiative; RA: rheumatoid arthritis.
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      The University Health Network (UHN) ethics approval was obtained
(REB no. 07-0729 AE) for participating investigators working at UHN and
for the OBRI data management center, which is located at UHN. We also
obtained approval from each of the individual research ethics boards of all
institutions before recruitment: Institutional Review Board Services of
Mount Sinai Hospital, St. Joseph’s Healthcare Hamilton of University of
Western Ontario, St. Joseph’s Healthcare Toronto, Homewood (Headwaters
Health Care Centre), Sault Area Hospital (Group Health Centre), St.
Michael’s Hospital, Ottawa Hospital, William Osler Health System, and
Sunnybrook Health Sciences Centre.
Clinical assessments. The following clinical data were obtained at physician
visits: patient’s global assessment (PtGA), physician’s global assessment
(PGA), 28-joint tender joint count (TJC28), 28-joint swollen joint count
(SJC28), DAS28 using erythrocyte sedimentation rate (DAS28-ESR),
Clinical Disease Activity Index (CDAI), ESR (mm/h), C-reactive protein
(CRP, mg/l), Health Assessment Questionnaire–Disability Index (HAQ-DI),
rheumatoid factor (RF) status, presence of erosive disease, comorbidity
profile (heart disease, hypertension, lung disease, diabetes mellitus, gastroin-
testinal disease, kidney disease, blood disorders and anemia, depression,
cancer, osteoporosis, and back pain), and medication use such as disease
conventional synthetic disease-modifying antirheumatic drugs (csDMARD)
and biologic DMARD (bDMARD).
      CDAI score was the disease activity measure of interest. CDAI was
considered both on a continuous and categorical scale. CDAI categories were
defined as the following: remission (CDAI ≤ 2.8), low disease activity
(LDA; 2.8 < CDAI ≤ 10), moderate disease activity (MDA; 10 < CDAI 
≤ 22), or HDA (CDAI > 22). In addition, a binary variable of CDAI was
defined as remission and/or LDA versus MDA and/or HDA.
Depression definition. At each telephone interview, a standardized question-
naire asked patients to report any comorbidity, including depression, and
relevant treatment they may have received or are currently receiving.
Depression was defined as self-reported depression (yes/no) at enrollment
(herein referred to as baseline), and persistent depression was defined as
self-reported depression at baseline and ≥ 50% of visits over the first 2 years
of followup.
Covariates. The following sociodemographic variables were considered as
potential explanatory variables of symptomatic depression: age, sex, marital
status, education level, annual income, health insurance type, ethnicity,
residential area (urban vs rural), HAQ score, HAQ pain (0–10 cm on visual
analog score; VAS), fatigue (0–10 cm on VAS), RF status, ESR and CRP
values, and number of comorbidities other than depression. Treatment
variables were also considered: prior and current use of csDMARD and
bDMARD, administration route of bDMARD, and current use and dose of
oral corticosteroids. 
Statistical analysis. Patient characteristics, disease variables, and treatment
information at baseline were described using means (± SD) for continuous
variables, or n (%) for categorical variables.
      The primary analysis examined the association between disease activity
(CDAI as continuous variable) and persistent symptomatic depression using
univariate and multivariate logistic regression models. In the multivariate
analysis, the association between CDAI and persistent symptomatic
depression was adjusted for those explanatory covariates that were signifi-
cantly associated with persistent depression in the univariate analysis 
(p < 0.05). In addition, the association between HDA and persistent sympto-
matic depression was also assessed using CDAI as a categorical or binary
variable.
      A secondary analysis was conducted to determine which component of
the CDAI may drive any association between disease activity and persistent
depression. Here, each component of the CDAI (TJC28, SJC28, PtGA, and
PGA) at baseline was evaluated for an association with persistent sympto-
matic depression using multivariate logistic regression and backward
stepwise covariate selection (p < 0.05). In this analysis, the interaction
between CDAI components was also evaluated.
      For the multivariate models described above, the interaction between sex

and CDAI was evaluated and, if there was a significant effect modification
(p < 0.05), the results were also presented for each sex separately.
      The tertiary analysis examined the association between CDAI and
depression reported over time during the first 2 years of followup using
generalized estimating equation (GEE) models. In this analysis, clinical and
patient-reported outcomes, as well as treatments, were considered as
time-dependent variables. In the multivariate analysis, the association
between CDAI and symptomatic depression was adjusted for other
explanatory covariates showing a p value < 0.05 in the univariate analysis.
Sensitivity analysis. The association between baseline CDAI and sympto-
matic depression over the first 2 years of followup was also examined using
patient-reported treatment for depression as the outcome definition, instead
of patient-reported symptomatic depression.
      All statistical analyses were performed using SAS 9.4 (SAS Institute
Inc.).

RESULTS
Baseline characteristics. The final analytic sample included
469 OBRI participants with ERA. A detailed participant flow
diagram is presented as Figure 1. Patient characteristics at the
time of OBRI enrollment are summarized in Table 1. Mean
age (± SD) was 56.8 (± 13.6) years, the majority of patients
were female (73%), and mean disease duration was 0.4 
(± 0.5) years. Mean CDAI score reflected HDA of 22.9 
(± 14.1) and patients reported high disability according to
mean HAQ-DI score of 1.1 (± 0.74).
Prevalence of baseline depression and persistent sympto-
matic depression. At baseline, 120 (26%) patients
self-reported depression. Patients who reported depression
were more likely to be female (84% vs 69%, p < 0.001), and
have greater mean number of comorbidities than those who
did not report depression (4.1 vs 2.7, respectively, p < 0.0001;
Supplementary Table 1, available with the online version of
this article). Subjects with baseline depression also differed
significantly with higher disease activity scores, core compo-
nents (TJC28, PtGA), and disability scores (Supplementary
Table 1). Depression was substantially higher among patients
with initial moderate or high CDAI score (87%). Treatment
patterns seemed reflective of this among subjects reporting
depression compared to those with no reported depression,
with greater use of previous csDMARD (68% vs 51%,
respectively, p < 0.01) and current use of bDMARD (11% vs
5%, respectively, p < 0.02; Supplementary Table 1).
    Over the 2 years of followup, the proportion of the total
ERA cohort who reported persistent depression was 23% 
(n = 108). Persistent depression remained significantly higher
among patients with initial moderate CDAI (19.3%) or high
CDAI scores (29.2%) compared to those in CDAI remission
or LDA at baseline (14.3%, p = 0.02; data not shown).
Association between baseline disease activity and persistent
depression. Table 2 summarizes the results of the primary
analysis assessing the association between baseline CDAI
and persistent depression. There was a significant association
between high continuous CDAI and persistent depression in
univariate analysis (OR 1.03, 95% CI 1.01–1.04). After
adjusting for potential confounders, higher initial CDAI
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significantly increased the risk of persistent depression over
followup (OR 1.03, 95% CI 1.01–1.05). Female sex (OR
2.68, 95% CI 1.33–5.39) and greater number of comor-
bidities at baseline (OR 1.40, 95% CI 1.24–1.59) were also
positively associated with persistent depression (Table 2).
Patient-reported outcomes including pain, fatigue, and
disability were not associated with persistent depressive
symptoms. A positive trend between categorical CDAI,
defined as HDA, and persistent depression was also observed
(adjusted OR 2.43, 95% CI 1.00–5.99; Supplementary Table
2, available with the online version of this article). 
Association between CDAI components and persistent
depression. To determine which CDAI core components may

be driving the association with disease activity and persistent
depression, we conducted a multivariate regression analysis
that was adjusted for explanatory covariates found to be
significant in univariate analysis (sex, RF, prior use of
csDMARD and bDMARD, current use of bDMARD,
HAQ-DI, HAQ pain index, fatigue score, number of comor-
bidities). Higher SJC28 (OR 1.07, 95% CI 1.01–1.12) and
higher TJC28 (OR 1.14, 95% CI 1.01–1.28) remained signifi-
cant predictors of persistent depression, but not PGA or PtGA
(Table 3). 
Effect of sex on the association between disease activity and
persistent depression. A significant interaction between sex
and CDAI was observed in the multivariate analysis 
(p = 0.04, data not shown). Therefore, the association
between baseline CDAI and persistent depression was also
examined separately for males and females (Supplementary
Table 3, available with the online version of this article).
There was no observed association between increased
baseline CDAI and persistent depression in males. However,
this association was significant in females (OR 1.04, 95% CI
1.01–1.06), even after adjusting for potential confounders. In
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Table 1. Characteristics of OBRI participants at the time of enrolment. Values
are mean ± SD or n (%) unless otherwise specified.

Characteristics                                                                          n = 469

Sociodemographic characteristics                                                  
Age, yrs                                                                             56.8 ± 13.6
Female                                                                                 342 (73)
White                                                                                   408 (87)
Married                                                                                337 (72)
Postsecondary education                                                     273 (58)
Household annual income, ≥ Can$50,000                          233 (50)
Private insurance                                                                 353 (75)
Urban residence                                                                   394 (84)

Disease characteristics                                                                    
Disease duration, yrs                                                          0.4 ± 0.5
SJC28, range 0–28, n = 452                                                5.9 ± 5.2
TJC28, range 0–28, n = 448                                                7.2 ± 6.7
PtGA, range 0–10, n = 418                                                 4.9 ± 2.7
PGA, range 0–10, n = 412                                                  4.7 ± 2.3
CDAI, range 0–76, n = 421                                              22.9 ± 14.1
HAQ-DI, range 0–3, n = 467                                             1.1 ± 0.74
HAQ pain index, range 0–3, n = 467                                 1.4 ± 0.85
Fatigue score, range 0–10, n = 467                                     4.7 ± 3.1
ESR, mm/h, n = 419                                                         25.8 ± 21.6
CRP, mg/l, n = 372                                                            14.8 ± 23.0
RF-positive                                                                          293 (63)
Presence of erosions                                                            179 (38)
No. comorbidities                                                                3.1 ± 2.2

Treatment profile                                                                            
Prior use of csDMARD                                                       260 (55)
Prior use of bDMARD                                                          25 (5)
Current csDMARD                                                             425 (91)
Current no. csDMARD                                                     2.0 ± 0.78
Current bDMARD                                                                30 (6)

Subcutaneous                                                                     24 (5)
Infusion                                                                               6 (1)

Current oral corticosteroid use                                            126 (27)
Current oral corticosteroid dose, mg/d                               7.1 ± 9.2

OBRI: Ontario Best Practices Research Initiative; SJC28: 28-joint swollen
joint count; TJC28: 28-joint tender joint count; PtGA: patient’s global
assessment; PGA: physician’s global assessment; CDAI: Clinical Disease
Activity Index; HAQ-DI: Health Assessment Questionnaire–Disability
Index; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; RF:
rheumatoid factor; csDMARD: conventional synthetic disease-modifying
antirheumatic drug; bDMARD: biologic DMARD.

Table 2. Association between baseline variables and persistent depression
over the first 2 years of followup.

Covariables                                       Unadjusted OR          Adjusted OR 
                                                               (95% CI)                  (95% CI)

Continuous CDAI score                  1.03 (1.01–1.04)       1.03 (1.01–1.05)
Age                                                   1.00 (0.99–1.02)                   –
Female sex                                       2.16 (1.24–3.76)       2.68 (1.33–5.39)
Married status                                  0.65 (0.41–1.03)                   –
White                                               0.51 (0.21–1.25)                   –
Postgraduate education                    0.96 (0.62–1.48)                   –
High annual household income, 

> Can$50,000                               0.93 (0.57–1.52)                   –
Private insurance                             1.13 (0.67–1.91)                   –
Rural residential area                       1.16 (0.66–2.06)                   –
Disease duration, yrs                        1.22 (0.79–1.89)                   –
Presence of erosions                         0.76 (0.48–1.20)                   –
ESR, mean                                       1.00 (0.98–1.01)                   –
CRP, mean                                        1.00 (0.99–1.01)                   –
HAQ-DI, mean                                 2.05 (1.51–2.79)       1.06 (0.63–1.76)
HAQ pain index, mean                    1.63 (1.24–2.10)       1.13 (0.71–1.80)
Fatigue score, mean                         1.18 (1.10–1.28)       1.08 (0.97–1.20)
No. comorbidities                             1.59 (1.42–1.78)       1.40 (1.24–1.59)
RF-positive                                       0.59 (0.37–0.92)       0.79 (0.46–1.37)
Prior use of csDMARD                   0.52 (0.33–0.81)       0.55 (0.31–0.98)
Prior use of bDMARD                    0.43 (0.19–0.98)       0.62 (0.19–2.10)
Current use of bDMARD                2.38 (1.11–5.12)       1.51 (0.53–4.29)
Current use of csDMARD               1.38 (0.62–3.08)                   –
Current oral glucocorticoid use       0.88 (0.54–1.44)                   –
Oral glucocorticoid dose, mean, 

mg/d                                              1.00 (0.96–1.04)                   –

Values in bold face are statistically significant. CDAI: Clinical Disease
Activity Index; ESR: erythrocyte sedimentation rate; CRP: C-reactive
protein; HAQ-DI: Health Assessment Questionnaire–Disability Index; RF:
rheumatoid factor; csDMARD: conventional synthetic disease-modifying
antirheumatic drug; bDMARD: biologic DMARD.
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both males and females, a higher number of comorbidities
was significantly associated with increased odds of persistent
depression, whereas prior use of csDMARD was associated
with lower odds of persistent depression (Supplementary
Table 3).
Association between CDAI and risk of depression at any time
over 2 years of followup. Using a GEE model, there was a
trend between increased CDAI over time and risk of
depression in univariate analysis (OR 1.01, 95% CI
1.00–1.01; Table 4). After adjusting for potential con-
founders, the association remained marginally significant
(OR 1.01, 95% CI 1.00-1.01). In multivariate analysis,
categorical CDAI was significantly associated with depres-
sion, and both MDA (OR 1.14, 95% CI 1.04–1.26) and HDA
(OR 1.26, 95% CI 1.12–1.42) increased self-reported depres-
sion compared to patients in remission or LDA. This associ-
ation was also significant when patients were dichotomized
into MDA or HDA status (OR 1.22, 95% CI 1.10–1.35)
compared to patients in remission/low disease activity status
(Table 4, Model 2). In this analysis, female sex, greater
number of baseline comorbidities, higher fatigue score over
time, and use of a subcutaneous bDMARD were also signifi-
cantly associated with increased odds of depression over 2
years (Table 4).
Association between CDAI and self-reported treatment for
depression (sensitivity analysis). We conducted a sensitivity
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Table 3. Multivariable analysis evaluating the association between CDAI
components at baseline and persistent depression, controlling for other signifi-
cant baseline variables. 

CDAI Components at                Unadjusted OR                 Adjusted OR 
Enrolment                                        (95% CI)                         (95% CI)

SJC28                                        1.03 (0.99–1.07)             1.07 (1.01–1.12)
TJC28                                        1.06 (1.03–1.09)             1.14 (1.01–1.28)
PtGA                                          1.19 (1.09–1.31)                          –
PGA                                           1.11 (1.00–1.22)                          –
Female sex                                 2.16 (1.24–3.76)             3.67 (1.78–7.60)
HAQ-DI                                     2.05 (1.51–2.79)                          –
HAQ pain index                        1.63 (1.24–2.10)                          – 
Fatigue score                             1.18 (1.10–1.28)                          –
No. comorbidities                     1.59 (1.42–1.78)             1.41 (1.25–1.60)
RF-positive                               0.59 (0.37–0.92)                          – 
Prior use of csDMARD            0.52 (0.33–0.81)             0.41 (0.23–0.72)
Prior use of bDMARD              0.43 (0.19–0.98)                          – 
Current use of bDMARD          2.38 (1.11–5.12)                          – 
Fatigue score                             1.18 (1.10–1.28)                          – 

Values in bold face are statistically significant. CDAI: Clinical Disease
Activity Index; SJC28: 28-joint swollen joint count; TJC28: 28-joint tender
joint count; PtGA: patient’s global assessment; PGA: physician’s global
assessment; HAQ-DI: Health Assessment Questionnaire–Disability 
Index; RF: rheumatoid factor; csDMARD: conventional synthetic
disease-modifying antirheumatic drug; bDMARD: biologic DMARD.

Table 4. Association between CDAI change over time and self-reported depression over 2 years of followup using
general estimating equation. 

Variables                                                  Unadjusted OR                         Adjusted OR                  Adjusted OR 
                                                                     (95% CI)                                (95% CI),                       (95% CI), 
                                                                                                                     Model 1*                       Model 2**

CDAI over time                                      1.01 (1.00–1.01)                     1.01 (1.00–1.01)                         –
CDAI category over time                                                                                                                            
    Remission or LDA                                        Ref                                            –                                    Ref
    MDA                                                  1.14 (1.06–1.22)                                  –                          1.14 (1.04–1.26)
    HDA                                                   1.26 (1.13–1.41)                                  –                          1.26 (1.12–1.42)
CDAI binary over time                                                                                                                               
    Remission or LDA                                        Ref                                            –                                    Ref
    MDA or HDA                                     1.18 (1.10–1.27)                                  –                          1.22 (1.10–1.35)
Covariates                                                                                                                                                    
    Female sex                                          1.88 (1.15–3.08)                     1.93 (1.15–3.25)                         –
    No. comorbidities                               1.53 (1.39–1.70)                     1.32 (1.19–1.47)                         –
    Positive RF                                         0.60 (0.39–0.92)                     0.79 (0.50–1.26)                         –
    Fatigue score (0-10)                            1.19 (1.11–1.28)                     1.14 (1.05–1.24)                          
    Prior use of csDMARD                      0.52 (0.34–0.80)                     0.74 (0.46–1.19)                          
    Prior use of bDMARD                       0.43 (0.19–0.95)                     0.53 (0.19–1.49)                         –
Current use and route of bDMARD                                                                                                          –
    Infusion                                               1.01 (1.00–1.03)                     0.95 (0.76–1.19)                         –
    Subcutaneous                                      1.10 (0.97–1.25)                     1.31 (1.06–1.63)                          

Values in bold face are statistically significant. * Model 1: adjusted for sex, positive RF, prior use of csDMARD
and bDMARD, current bDMARD administration route, total number of bDMARD, number of comorbidities, and
fatigue score. ** Model 2: CDAI category and binary variables adjusted for the relevant covariates (OR for these
covariates are not shown in the table). CDAI: clinical disease activity index; LDA: low disease activity; MDA:
medium disease activity; HDA: high disease activity; RF: rheumatoid factor; csDMARD: conventional synthetic
disease-modifying antirheumatic drug; bDMARD: biologic DMARD.
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analysis using self-reported treatment for depression as an
alternative outcome definition. An association between
higher baseline CDAI and risk of persistent depression using
this outcome was found and was similar in magnitude to the
primary analysis (OR 1.03, 95% CI 1.01–1.06; data not
shown).

DISCUSSION 
In this large sample of patients with ERA managed in routine
clinical practice, self-reported depression was highly
prevalent at baseline (26%). Despite the frequent episodic
features of mood disorders, persistent depression was
reported in 90% of subjects and was associated with HDA at
baseline. The effect of high CDAI and persistent mood
symptoms was particularly evident among females.
    Depression and RA studies have predominantly evaluated
the negative effect of depression on RA treatment response.
Our results add to the literature, suggesting that a bidirec-
tional relationship between mood symptoms and disease can
exist13. Our results validate our hypothesis that initial HDA
affects concurrent depressive symptoms but has prognostic
value for persistent depression. These findings are important
because there are limited reports confirming this in a strictly
ERA population. It may be additional support to treat ERA
to a low disease state, or preferably remission, for the
potential to avoid the development of chronic comor-
bidity9,11,12,14,15. Our results also indicate that changes in
CDAI over time, particularly to moderate or high disease
states, increases the risk of depression over the first 2 years
of followup. This suggests that the identification and
management of depressive symptoms should occur as soon
as possible. Future studies are needed to clarify whether
depression can be modified or prevented by aggressive
disease control during the early treatment “window of 
opportunity”.
    The prevalence of self-reported depressive symptoms in
our study of 26% is lower than reports in other ERA studies,
with baseline prevalence ranging from 35% to 47% and that
likely relates to the heterogeneous outcome measures 
used to define depression11,12,15. We show that persistent
self-reported depression was the common pattern (90%
reporting initial depression remained depressed). Stable rates
of depression have also been verified by Smedstad, et al,
while another study found that ERA subjects actually became
more depressed longitudinally16,17. This contrasts with other
reports of a decline in psychological distress over time in
ERA subjects, particularly beyond the third year of
disease11,12,15,18. Our results may have differed if we
extended the period of followup, since it has been suggested
that emotional adaptation and coping mechanisms that
influence mood may take several years and only become
apparent once disease is more established15. 
    To our knowledge, our study is the first to investigate
which components of CDAI may be most predictive of

persistent depression in ERA. It is well established that mood
symptoms, even in early disease, lead to higher patient global
scores19,20. Given the subjectivity of mood symptoms, we
anticipated high baseline PtGA to be strongly associated with
persistent depression. Interestingly, PtGA was not a signifi-
cant mediator of the CDAI and persistent depression
relationship. Further, patient experiences frequently encom-
passed in the PtGA score (pain, fatigue, disability) were also
not significant in our analyses and contradicts findings that
HAQ disability and pain are significant predictors of future
mood disorders in most other ERA studies12,15,16. The only
core components associated with persistent depression in our
study were TJC and SJC. This implies that synovitis may
indeed have negative consequences beyond the physical
manifestations of RA. In keeping with this, previous
csDMARD use was protective against persistent depressive
symptoms, suggesting that early treatment may have an effect
on subsequent comorbidity. Bacconnier, et al also found that
higher TJC predicted psychological distress among ERA
subjects at Month 12, but in contrast to our results, no
treatment regimen was associated with depression or anxiety
at any timepoint over 3 years12. Other studies have indicated
that changes in psychological distress are not predicted by
disease-related variables or biological markers such as ESR
values12,14,17. Although not required to calculate our disease
activity measure of interest (CDAI), we also did not find
objective measures of systemic inflammation (ESR or CRP)
to predict persistent depression in our models.
    Our study demonstrated that female sex was independ-
ently associated with baseline and persistent depression. This
is in keeping with analyses that female sex is a general
population risk factor for depression and more severe
depression, which has also been replicated in studies of
RA6,18,21,22. However, we are not aware of other ERA cohorts
analyzing the effect modification of sex on disease activity
and persistent depression. We found that the relationship
between increasing CDAI and persistent depressive
symptoms was significantly modified by female but not male
sex. Higher baseline comorbidity profile was positively
associated with depression in both sexes. Similar to our
primary analysis, prior use of csDMARD (but not current
DMARD or biologic use) reduced the risk of persistent
depression. There are many postulated reasons for this differ-
ential risk, including true biological and immunological
differences. However, the small sample size of males in our
study limits us to draw firm conclusions. We also cannot
discern the effect of stress, gender roles, illness perception,
coping, or emotional expression that are known to affect
mood symptoms and may differ by sex23. For now, these
findings may alert clinicians to screen for depressive
symptoms, particularly among women with initial HDA and
in the presence of other health conditions. This subgroup
appears to have a multiplicative risk for persistent depression
and will warrant further investigation. 
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    The major strength of our study was its longitudinal
design and large sample of subjects with ERA who are repre-
sentative of real-world clinical practice. To our knowledge,
we are among the first to attempt to look at persistent
depression, although a unified definition is needed to allow
for cross-study comparisons. Our well-described cohort
allowed us to control for a large number of variables,
including sociodemographic, objective clinical variables,
patient-reported outcomes, and treatments as possible
confounders of the relationship between disease activity and
persistent depression. However, some limitations include the
lack of any specific diagnostic criteria for depression or
measure of depression severity. We opted to use a 1-item
question for self-reported depression because standard
composite screening tools for depression were not available
at the time of data collection. However, no single depression
instrument has been validated for use in RA and several tools
measure psychological symptoms more broadly (suffering,
anxiety, etc.), whereas the focus of our research question was
depressive symptoms. We took care to conduct a sensitivity
analysis, changing the outcome to “self-reported treatment
for depression” and this confirmed the certainty of our main
findings. Another limitation is that we were not able to
examine the role of social support, coping, sleep, and a
number lifestyle factors or specific comorbid conditions (e.g.,
fibromyalgia) that may have confounded our results. We were
also not able to assess intervisit depressive symptomatology
to determine if the prevalence of persistent depression
remains stable or is indeed more episodic over time. Finally,
given the observational characteristics of our study, even
though the association between HDA and symptomatic
depression was assessed, no causal inference can be made.
    Our study demonstrates that initial HDA, even in early
disease, may set the stage for persistent depressive symptoms.
This risk seems particularly modified in females with active
disease and among those with coexisting comorbidity and
represents an area for targeted focus, screening, and further
research. Our findings suggest that controlling disease
activity over time to the lowest possible state may have the
added benefit of limiting psychiatric comorbidity. Future
studies on the optimal evaluation and treatment of depression,
and how this may coincide or complement the management
of patients with ERA, is needed.
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