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Introduction
Cardiovascular disease (CVD) is associated with 
rheumatoid arthritis (RA). Systemic inflamma-
tion is a key mediator in the pathogenesis of 
CVD, and there have been notable correlations 
between cumulative inflammatory burden and an 
increased risk of CVD events in RA.1–3 Reducing 
disease activity and inflammation – with the use 
of conventional synthetic disease modifying anti-
rheumatic drugs (csDMARD) and biologic 
DMARDs (bDMARDs) – has been a promising 

strategy to reduce endpoints such as myocardial 
infarction and even CVD-related death.4,5

Despite highly effective therapies, RA remains a 
disease of multimorbidity. Traditional CVD risk 
factors, including hypertension, diabetes, and 
dyslipidemia, are highly prevalent in RA.6 These 
CVD risk factors are more likely to be underdiag-
nosed and often do not reach recommended 
treatment targets.7 This gap in care is important 
because comorbidities reduce the success of 
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achieving therapeutic goals in RA.8–10 Multiple 
comorbidities may also complicate the choice of 
treatment, decrease medication adherence, and 
cause drug interactions from polypharmacy.8

Studies have focused on the association of total 
number of comorbidities or non-CVD comorbidi-
ties (e.g., depression, respiratory disease) on 
patient-reported outcomes.8,10 However, whether 
CVD risk factors specifically, in the absence of 
established CVD, impact RA disease activity or 
disability negatively has not been well studied. If 
associated, this information could facilitate greater 
attention to improve CVD risk factor control, not 
only to prevent CVD endpoints, but also to poten-
tially modify poor prognostic outcomes in RA.

The objective of this study was to examine the 
association between CVD risk factors on RA out-
comes. We hypothesized that the presence of 
CVD risk factors, even in the absence of a history 
of established CVD events, would be indepen-
dently associated with higher disease activity and 
disability.

Methods

Data source and participants
We conducted a cross-sectional study of patients 
enrolled in the Ontario Best Practices Research 
Initiative (OBRI) Rheumatoid Arthritis Registry. 
This is a multicenter, prospective registry across 
Ontario, Canada, collecting data from both rheu-
matologists and patients with RA. It incorporates 
rheumatologist assessments from approximately 
one-third of rheumatologists in the province of 
Ontario. Patients are eligible to be enrolled if they 
are ⩾16 years of age at the time of diagnosis, 
⩾18 years of age at enrolment, have a rheuma-
tologist confirmed RA diagnosis, and have at least 
one swollen joint. Treatment (standard of care) is 
left to the discretion of the rheumatologist, aim-
ing for remission or low disease activity.

For this study, we included the first visit (base-
line) for subjects enrolled in OBRI from January 
2008 to January 2017, with complete data includ-
ing comorbidity profile, medications, and RA dis-
ease outcome measures.

Ethics approval and consent
Ethics approval was obtained from the University 
Health Network (UHN) (REB# is 07-0729 AE) 

for investigators working at UHN and for the 
OBRI data management center. We also obtained 
approval from each of the individual research eth-
ics boards of all institutions before recruitment. 
Participants provided verbal and written informed 
consent for both the OBRI study participation 
and the reporting and publication of the aggre-
gated de-identified data.

Clinical assessments
The following data were obtained: patient global 
assessment (PtGA), physician global assessment 
(PhGA), 28-joint tender count (TCJ-28), 28-joint 
swollen count (SJC-28), 28-joint disease activity 
score (DAS28-ESR), clinical disease activity 
index (CDAI), erythrocyte sedimentation rate 
(ESR) level (mm/h), C-reactive protein (CRP) 
level (mg/l), health assessment questionnaire dis-
ability index (HAQ-DI), HAQ pain score (or 
VAS pain score), rheumatoid factor (RF), anti-
cyclic citrullinated peptide (anti-CCP), presence 
of joint erosions verified by radiographs, comor-
bidity profile recorded by physicians (including 
CVD events and individual CVD risk factors), 
and current medication use such as nonsteroidal 
anti-inflammatory drugs (NSAIDs), corticoster-
oids, csDMARD, and bDMARDs. Non-
rheumatic medication, including statin use, was 
obtained through patient self-report.

Exposures
Patients were divided into mutually exclusive 
groups by CVD status as reported by physicians: 
(1) no history of established CVD and no CVD 
risk factors; (2) CVD-risk factors only (yes/no), 
including ⩾1 of hypertension, dyslipidemia, dia-
betes or current smoking; and (3) established 
CVD (with or without documented traditional 
CVD risk factors), including coronary artery dis-
ease (including prior myocardial infarction and 
coronary interventions), transient ischemic attack 
(TIA)/stroke, or peripheral arterial disease When 
there was uncertainty, patient-reported CVD sta-
tus along with their medication profile was 
reviewed to arrive at consensus.

Outcomes
Our co-primary outcomes of interest were disease 
activity and disability. We evaluated both the 
DAS28-ESR and CDAI as continuous disease 
activity measures. The HAQ-DI was used to 
measure disability. Our secondary outcome 
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examined the influence of CVD status on cate-
gorical disease activity: DAS28-ESR and CDAI 
remission (DAS28-ESR < 2.6, or CDAI ⩽ 2.8), 
or low disease activity (LDA, 2.6 ⩽ DAS28-
ESR < 3.2, or 2.8 < CDAI < 10).

Covariates
We considered the following explanatory varia-
bles: age, sex, body mass index (BMI), education, 
RA duration, CRP, and non-CVD comorbidities 
(depression, respiratory disease, gastrointestinal 
or liver disease, malignancy, and osteoarthritis). 
Treatment variables were also considered: use of 
statin, csDMARDs, bDMARDs, oral corticoster-
oids, and nonsteroidal anti-inflammatory drugs 
(NSAIDs).

Statistical analysis
Data were described using means and standard 
deviation (SD) for continuous variables or counts 
and proportions for categorical variables. 
Comparison of variables by CVD status was made 
by the analysis of variance (ANOVA) or Kruskal–
Wallis test (continuous variables) or the chi-
square or Fisher’s exact test (categorical variables) 
as appropriate.

We performed separate unadjusted and adjusted 
linear or logistic regression analyses to determine 
the independent effect of CVD status on disease 
outcomes. A priori, we included all clinically 
important confounders felt to potentially modify 
the association between CVD status and out-
come (see below). We also analyzed for any pos-
sible dose effect of CVD risk factors on outcomes 
by categorizing them to none, 1 or >1 CVD risk 
factor.

We conducted a sensitivity analysis by separating 
our exposure of interest to individual CVD risk 
factors (hypertension, dyslipidemia, diabetes or 
current smoking) to determine their association 
with continuous measures of disease activity and 
disability outcome.

Missing data for covariates were imputed with the 
Markov Chain Monte Carlo methods. A total of 
20 datasets were imputed and results were com-
bined using Rubin’s rules.11 A total of 625 sub-
jects needed data imputation. All statistical 
analyses were performed using SAS 9.4 (SAS 
Institute Inc. ; Cary, NC, USA).

Results
The analytic sample included 2033 subjects. 
Almost half of the subjects (917, 45%) had no 
established CVD and no CVD risk factors, 1006 
(50%) had CVD-risk factors only, and 110 
(5.3%) had established CVD, with a prior history 
of myocardial infarction/coronary artery disease 
(4.7%), followed by TIA/stroke (0.5%), and 
peripheral arterial disease (0.1%). Not all patients 
with established CVD had documented CVD risk 
factors. In descending order of frequency, CVD 
risk factors in the risk-factor-only group included 
hypertension (66%), smoking (32.4%), dyslipi-
demia (31.3%), and diabetes (14.5%) (Table 1). 
The majority (68.3%) had only one risk factor, 
which was most commonly a diagnosis of hyper-
tension (49%).

Patient characteristics were significantly different 
among the groups stratified by CVD status. 
Patients with established CVD or CVD risk fac-
tors were older, male, had less post-secondary 
education, and lower household income (Table 1). 
The established CVD and CVD risk factor only 
groups had a higher prevalence of non-cardiac 
comorbidities. The frequency or types of current 
RA therapies did not differ according to baseline 
CVD status. As expected, statin use was higher 
for the established CVD and CVD risk factor only 
groups (Table 1).

In univariable analyses, disease activity and disa-
bility scores were significantly higher in the estab-
lished CVD and CVD risk-factor-only groups, 
compared with the group with no established 
CVD and no CVD risk factors.

After multivariable adjustment for clinically 
important confounders, the association between 
CVD risk factors and higher disease activity and 
disability persisted. The presence of at least one 
CVD risk factor was associated independently 
with higher baseline CDAI (β coefficient 1.59, 
95% CI 0.29–2.90, p = 0.02), DAS28-ESR (β 
coefficient 0.20, 95% CI 0.06–0.34, p = 0.01) 
and HAQ-DI scores (β coefficient 0.15, 95% CI 
0.08–0.22, p < 0.0001) (Table 2).

The number of CVD risk factors also demon-
strated a dose-response relationship. Having one 
CVD risk factor was associated with a 1.61 
increase in CDAI (95% CI 0.28–2.95, p = 0.02), 
whereas having >1 CVD risk factor was associ-
ated with a 2.48 increase in baseline CDAI score 
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Table 1. Characteristics of the OBRI cohort (n = 2033) according to CVD status.

Characteristics No established CVD and no 
CVD risk factors (n = 917)

CVD risk factors 
only (n = 1006)

Established CVD 
(n = 110)

p value

Sociodemographics

Age (years), mean (SD) 53.0 (12.7) 60.8 (10.9) 66.6 (9.4) <0.0001

Female 770 (84) 763 (75.8) 66 (60) <0.0001

Post-secondary education 581 (63.4) 492 (48.9) 44 (40) <0.0001

Clinical characteristics

RA duration (years), mean (SD) 7.6 (8.8) 8.4 (9.8) 10.0 (11.5) 0.45

RF positive (n = 1908) 643 (70.1) 700 (69.6) 76 (69.1) 0.87

ACPA positive (n = 699) 210 (63.3%) 207 (60.7) 15 (57.5%)  

Radiographic erosions, (n = 1607) 350 (38.2) 382 (38.0) 51 (46.4) 0.30

CRP (mg/l), mean (SD) (n = 1621) 12.6 (21.4) 13.4 (21.5) 14.2 (20.5) 0.24

SJC-28, mean (SD) 5.4 (4.9) 5.9 (5.3) 5.7 (5.0) 0.40

TJC-28, mean (SD) 5.9 (6.1) 6.6 (6.5) 6.5 (6.4) 0.08

PhGA, (0–10 cm), mean (SD) 4.2 (2.5) 4.1 (2.5) 4.5 (2.6) 0.07

PtGA, (0–10 cm), mean (SD) 4.5 (2.8) 5.0 (3.1) 4.9 (2.7) 0.01

DAS28-ESR, mean (SD) 4.2 (1.6) 4.4 (1.5) 4.6 (1.6) 0.0004

DAS28-ESR REM/LDA 243 (26.5) 236 (23.5) 20 (18.2) 0.43

CDAI score, mean (SD) 19.9 (13.5) 21.4 (13.8) 22.0 (14.5) 0.04

CDAI REM/LDA 255 (27.8) 252 (25.1) 27 (24.6) 0.36

HAQ score, mean (SD) 1.0 (0.8) 1.2 (0.7) 1.2 (0.8) <0.0001

CVD risk factors

Hypertension − 664 (66.0) 6 (5.5) <0.0001

Dyslipidemia − 315 (31.3) 86 (78.2) <0.0001

Current smoker − 326 (32.4) 20 (18.2) 0.002

Diabetes mellitus − 146 (14.5) 19 (17.3) 0.44

0 CVD risk factor − 0 (0) 17 (15.5) <0.0001

1 CVD risk factor − 687 (68.3) 59 (53.6)

2 CVD risk factors − 208 (20.7) 30 (27.3)

⩾3 CVD risk factors − 111 (11.0) 4 (3.6)

Comorbidities

Depression 230 (25.1) 313 (31.1) 40 (36.4) 0.003

(Continued)
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(95%CI 0.38–4.58, p = 0.02). Similarly, the mag-
nitude of association was significantly larger for 
>1 CVD risk factor and DAS28-ESR and 
HAQ-DI scores (Table 3).

The influence of CVD status on disease activity 
state (remission or LDA) was explored as a sec-
ondary outcome. A history of established CVD or 
CVD risk factors alone (without established 

Characteristics No established CVD and no 
CVD risk factors (n = 917)

CVD risk factors 
only (n = 1006)

Established CVD 
(n = 110)

p value

Respiratory disease 141 (15.4) 216 (21.5) 33 (30.0) <0.0001

Gastrointestinal disease 173 (18.9) 265 (26.3) 35 (31.8) <0.0001

Malignancy 103 (11.2) 152 (15.1) 29 (26.4) <0.0001

Osteoarthritis 339 (37.0) 468 (46.5) 52 (47.3) <0.0001

Current treatment

bDMARDs 136 (14.8) 129 (12.8) 16 (14.5) 0.43

csDMARDs 563 (61.4) 630 (62.6) 68 (61.8) 0.86

Corticosteroid 178 (19.4) 200 (19.9) 22 (20.0) 0.96

NSAIDs 31 (3.4) 3 (2.7) 30 (3.0) 0.85

Statins 0 (0) 269 (26.7) 80 (72.7) <0.0001

Numbers are presented as n and (%), unless indicated otherwise.
Numbers (n) in brackets represent the number of patients out of the total 2033 with data available for analysis.
ACPA, anti-citrullinated peptide antibody; bDMARDs, biologic disease-modifying antirheumatic drugs; CDAI, clinical disease activity index; CRP, 
C-reactive protein; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; CVD, cardiovascular disease; DAS28-ESR, Disease 
Activity Score 28-erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire-Disability Index; LDA, low disease activity; NSAID, non-
steroidal anti-inflammatory drug; PhGA, physician global assessment; PtGA, patient global assessment; RA, rheumatoid arthritis; REM, remission; 
RF, rheumatoid factor; SD, standard deviation; SJC-28, swollen joint count 28 joints; TJC-28, tender joint count 28 joints.

Table 1. (Continued)

Table 2. Association between CVD status and RA disease activity (CDAI or DAS28-ESR) and disability (HAQ-DI).

CDAI DAS28-ESR HAQ-DI

 Unadjusted β Adjusted* β Unadjusted β Adjusteda β Unadjusted β Adjusteda β

No established 
CVD and no CVD 
risk factors

Ref Ref Ref Ref Ref Ref

Established 
CVD

2.15 (–0.56, 4.87), 
0.12

2.52 (–0.40, 5.44), 
0.09

0.44 (0.13, 0.75), 
0.005

0.39 (0.07, 0.71), 
0.02

0.20 (0.05, 0.35), 
0.01

0.14 (–0.02, 0.29), 
0.08

CVD risk factors 
only

1.48 (0.25, 2.71), 
0.02

1.59 (0.29, 2.90), 
0.02

0.25 (0.11, 0.39), 
0.001

0.20 (0.06, 0.34), 
0.01

0.21 (0.14, 0.28), 
<0.0001

0.15 (0.08, 0.22), 
<0.0001

Numbers presented as β coefficient (95% CI) and p value.
aMultiple imputation analysis was performed for 1408 out of 2033 patients with imputation for missing RF, ACPA, erosions and CRP values. 
Multivariate analysis was adjusted for: age, sex, BMI, CRP, disease duration, education, comorbidities (depression, gastroenterology disease, 
osteoarthritis, respiratory/lung disease, malignancy), and current treatment (csDMARDs, bDMARDs, corticosteroids, NSAIDs, and statin use).
ACPA, anti-citrullinated peptide antibody; bDMARDs, biologic disease-modifying antirheumatic drugs; BMI, body mass index; CDAI, clinical disease 
activity index; CI, confidence interval; CRP, C-reactive protein; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; CVD, 
cardiovascular disease; DAS28 ESR, Disease Activity Score 28-erythrocyte sedimentation rate; HAQ-DI, health assessment questionnaire disability 
index; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis; Ref, reference group; RF, rheumatoid factor.
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CVD) was associated with lower odds of DAS28-
ESR remission or LDA but was not associated 
with CDAI-defined remission or LDA (Table 4).

We also explored the association between indi-
vidual CVD risk factors and outcomes. Current 
smoking was associated with higher CDAI (β 
coefficient 2.08, 95% CI 0.54–3.61, p = 0.01), 
higher DAS28-ESR (β coefficient 0.20, 95% CI 
0.03–0.37, p = 0.02), and higher HAQ-DI scores 

(β coefficient 0.13, 95% CI 0.05–0.21, p = 0.002, 
Table 5). Dyslipidemia was associated with higher 
disease activity (CDAI β coefficient 5.69, 95% CI 
2.06–9.32, p = 0.002) and DAS28-ESR, (β coef-
ficient 0.47, 95% CI 0.07–0.88, p = 0.02) but not 
with disability (β coefficient 0.13, 95% CI −0.06–
0.32, p = 0.19). Diabetes was associated with 
higher DAS28-ESR (β coefficient 0.3, 95% CI 
0.05–0.55, p = 0.02) and HAQ-DI (β coefficient 
0.16, 95% CI 0.04–0.28, p = 0.01), while the 

Table 3. Association between the number of CVD risk factors and RA disease activity (CDAI or DAS28-ESR) and disability (HAQ-DI).

CDAI DAS28-ESR HAQ-DI

 Unadjusted Adjusteda Unadjusted Adjusteda Unadjusted Adjusteda

No established CVD 
and no CVD risk 
factors

Ref Ref Ref Ref Ref Ref

1 CVD risk factor 1.40 (0.08, 2.72), 
0.04

1.61 (0.28, 2.95), 
0.02

0.22 (0.07, 0.37), 
0.005

0.19 (0.04, 0.34), 
0.01

0.16 (0.09, 0.24), 
<0.0001

0.12 (0.05, 0.19), 
0.001

>1 CVD risk factor 1.89 (0.21, 3.57), 
0.03

2.48 (0.38, 4.58), 
0.02

0.34 (0.15, 0.53), 
0.001

0.33 (0.09, 0.56), 
0.01

0.28 (0.19, 0.37), 
<0.0001

0.25 (0.14, 0.36), 
<0.0001

aMultiple imputation analysis was performed for 1408 out of 2033 patients with imputation for missing RF, ACPA, erosions and CRP values. 
Multivariate analysis was adjusted for: age, sex, BMI, CRP, disease duration, education, comorbidities (depression, gastroenterology disease, 
osteoarthritis, respiratory/lung disease, malignancy) and current treatment (csDMARDs, bDMARDs, corticosteroids, NSAIDs and statin use).
ACPA, anti-citrullinated peptide antibody; bDMARDs, biologic disease-modifying antirheumatic drugs; BMI, body mass index; CDAI, clinical disease 
activity index; CRP, C-reactive protein; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; CVD, cardiovascular disease; 
DAS28-ESR, Disease Activity Score 28-erythrocyte sedimentation rate; HAQ-DI, health assessment questionnaire disability index; NSAID, non-
steroidal anti-inflammatory drug; RA, rheumatoid arthritis; Ref, reference group; RF, rheumatoid factor.

Table 4. Association between CVD risk factor status and disease activity state (remission or low disease activity).

CDAI Remission CDAI LDA DAS28-ESR Remission DAS28-ESR LDA

 Unadjusted 
OR

Adjusteda 
OR

Unadjusted 
OR

Adjusteda 
OR

Unadjusted 
OR

Adjusteda 
OR

Unadjusted 
OR

Adjusteda 
OR

No established 
CVD and no CVD 
risk factors

Ref Ref Ref Ref Ref Ref Ref Ref

CVD 0.58  
(0.21, 1.63), 
0.30

0.56  
(0.17, 1.86), 
0.34

0.85  
(0.53, 1.34), 
0.47

0.78  
(0.45, 1.35), 
0.38

0.51  
(0.27, 0.98), 
0.04

0.38  
(0.18, 0.82), 
0.01

0.62  
(0.37, 1.02), 
0.06

0.51  
(0.28, 0.94), 
0.03

CVD risk factors 
only

0.65  
(0.43, 0.99), 
0.04

0.65  
(0.40, 1.06), 
0.09

0.87  
(0.71, 1.06), 
0.17

0.83  
(0.66, 1.06), 
0.14

0.71  
(0.55, 0.91), 
0.01

0.66  
(0.48, 0.90), 
0.01

0.85  
(0.69, 1.05), 
0.12

0.83  
(0.64, 1.06), 
0.14

Numbers presented as OR (corresponding 95% CI) and p value.
aMultiple imputation analysis was performed for 1408 out of 2033 patients with imputation for missing RF, ACPA, erosions, and CRP values. 
Multivariate analysis was adjusted for: age, sex, BMI, CRP, disease duration, education, comorbidities (depression, gastroenterology disease, 
osteoarthritis, respiratory/lung disease, malignancy), and current treatment (csDMARDs, bDMARDs, corticosteroids, NSAIDs, and statin use).
ACPA, anti-citrullinated peptide antibody; bDMARDs, biologic disease-modifying antirheumatic drugs; BMI, body mass index; CDAI, clinical disease 
activity index; CI, confidence interval; CRP, C-reactive protein; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; CVD, 
cardiovascular disease; DAS28 ESR, Disease Activity Score 28-erythrocyte sedimentation rate; HAQ-DI, health assessment questionnaire disability 
index; LDA, low disease activity; NSAID, non-steroidal anti-inflammatory drug; OR, odds ratio; Ref, reference group; RF, rheumatoid factor.
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most common comorbidity of hypertension was 
not associated with either disease activity or 
disability.

Discussion
In this large, real-world RA cohort, we evaluated 
the relationship between CVD comorbidity and 
clinically relevant RA outcomes. The presence of 
CVD risk factors alone, even in the absence of 
established CVD events, was associated with 
higher DAS28-ESR, CDAI, and HAQ-DI scores. 
Our study contributes to new knowledge as we 
also observed a significant dose–response rela-
tionship between the number of CVD risk factors 
and disease activity and disability in RA.

Overall, the absolute increases in disease out-
comes did not meet standard definitions for mini-
mum clinically important differences in 
DAS28-ESR, CDAI, or HAQ-DI.12 However, 
these small numerical increases, particularly for 
CDAI scores, could result in re-classification of a 
patient from remission to LDA and thus have the 
potential to alter treat-to-target approaches in 
routine clinical care.

Comorbid illnesses have been shown to impact 
other core components used to calculate compos-
ite indices. Diabetes and obesity have been asso-
ciated with higher joint counts, and correlate with 
worse PtGA.9 Depression, fibromyalgia, and 

osteoarthritis have been shown to skew RA 
response measures by affecting self-reported joint 
counts and pain scores.10 However, we found an 
independent association between CVD risk fac-
tors and RA outcomes even after adjusting for 
non-CVD comorbidities that may have impacted 
outcomes. In a recent study, high PtGA score 
prevented achievement of remission in patients, 
and this was influenced primarily by self-per-
ceived impact of pain and function.13 We did not 
explore the association of each CVD risk factor 
and individual DAS28-ESR or CDAI compo-
nents to determine what may be driving this asso-
ciation. Baseline pain, joint counts, and CRP 
level were similar among groups but PtGA was 
marginally higher in the CVD risk factor only 
group so differential patient perceptions by CVD 
status may be playing a role.

It has been suggested that treatment bias may 
explain the higher disease activity observed in the 
CVD risk factor only group. Ageing and comor-
bidity may cause “channeling” bias due to fear of 
adverse events or multiple drug interactions, lim-
iting the aggressive use of DMARDs.14 However, 
our results did not support this theory. Despite a 
greater number of non-CVD comorbidities, 
patients with established CVD and CVD risk fac-
tors were treated equally with corticosteroids, 
csDMARDs, and bDMARDs compared with the 
younger, no CVD/no CVD risk factor group. Of 
course, we were not able to assess if adherence 

Table 5. Association between individual CVD risk factors and RA disease activity (CDAI or DAS28-ESR) and disability (HAQ-DI).

CDAI DAS28-ESR HAQ-DI

 Unadjusted β Adjusted* β Unadjusted β Adjusted* β Unadjusted β Adjusted* β

Diabetes 1.09 (–1.10,3.27), 
0.33

0.69 (–1.56,2.95), 
0.55

0.35 (0.10–0.60), 
0.01

0.30 (0.05–0.55), 
0.02

0.26 (0.14–0.38), 
<0.0001

0.16 (0.04–0.28), 
0.01

Hypertension 0.32 (–0.95,1.59), 
0.62

0.02 (–1.33,1.36), 
0.98

0.16 (0.02, 0.31), 
0.03

−0.01 (–0.15,0.15), 
0.95

0.21 (0.14, 0.28), 
0.03

0.07 (–0.004, 0.14), 
0.06

Dyslipidemia 0.77 (–0.73,2.27), 
0.31

5.69 (2.06,9.32), 
0.002

0.15 (–0.02,0.32), 
0.09

0.47 (0.07, 0.88), 
0.02

0.11 (0.02,0.19), 
<0.0001

0.13 (–0.06,0.32), 
0.19

Current 
smoking

2.70 (1.11,4.28), 
0.001

2.08 (0.54,3.61), 
0.01

0.21 (0.03,0.39), 
0.03

0.20 (0.03,0.37), 
0.02

0.08 (–0.01,0.16), 
0.09

0.13 (0.05,0.21), 
0.002

Numbers presented as β coefficient (95% CI), and p value.
*Multiple imputation analysis was performed for 1408 out of 2033 patients with imputation for missing RF, ACPA, erosions and CRP values. 
Multivariate analysis was adjusted for: age, sex, BMI, CRP, disease duration, education, comorbidities (depression, gastroenterology disease, 
osteoarthritis, respiratory/lung disease, malignancy) and current treatment (csDMARDs, bDMARDs, corticosteroids, NSAIDs and statin use).
ACPA, anti-citrullinated peptide antibody; bDMARDs, biologic disease-modifying antirheumatic drugs; BMI, body mass index; CDAI, clinical disease 
activity index; CI, confidence interval; CRP, C-reactive protein; csDMARDs, conventional synthetic disease-modifying antirheumatic drugs; CVD, 
cardiovascular disease; DAS28-ESR, Disease Activity Score 28-erythrocyte sedimentation rate; HAQ-DI, health assessment questionnaire disability 
index; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis; Ref, reference group; RF, rheumatoid factor.
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may have differed by comorbidity profile. Future 
research is needed to understand how medication 
prescribing, adherence, and sustainability may 
vary by CVD status.

We also explored the contribution of individual 
CVD risk factors to disease outcomes. Current 
smoking was strongly and consistently associated 
with all disease outcomes measured. This aligns 
with evidence that smoking adversely affects RA 
disease severity, and supports the notion that 
smoking cessation can be a modifiable risk factor 
for disease activity and treatment response.15–17 It 
should be noted that we did not have information 
on pack-years of smoking to determine whether 
there was a dose response effect, or whether dura-
tion of smoking cessation was associated with 
poorer clinical outcomes.

The effect of other traditional CVD risk factors was 
inconsistent across disease outcomes. Prior studies 
have found an association between higher CDAI, 
DAS28-ESR, and the presence of diabetes.9 It has 
been suggested that insulin resistance is correlated 
directly with higher swollen joint counts and CRP 
levels via shared metabolic pathways.18–20 In our 
study, diabetes was associated with a small increase 
in DAS28-ESR but not with CDAI or HAQ-DI. 
This difference may be explained partially by the 
inflammatory marker measurement essential to cal-
culate the DAS28, but not other composite scores. 
Dyslipidemia, even when adjusted for treatment 
with statins, was also an independent risk factor for 
worse disease activity. This is in contrast to findings 
that statins may exert potent anti-inflammatory 
effects to improve synovial inflammation and 
patient-reported pain and stiffness, possibly 
through inhibition of key cytokines interleukin 1 
and interleukin 6.21 It is plausible that dyslipidemia 
in our cohort was associated with some unmeas-
ured variables, for example patient adherence to 
medications, that impacted disease activity or treat-
ment non-response. This observed relationship 
may also reflect detection bias, whereby patients 
with more severe or active RA are also more likely 
to receive testing and treatment for dyslipidemia. 
Our findings need to be replicated in other cohorts 
and additional research is needed to explore 
whether a particular combination, or severity, of 
CVD risk factors, differentially affects RA disease 
activity or disability.

Our results were novel in showing the additive 
effect of traditional CVD risk factors on disease 
outcome in RA. A similar dose–response 

relationship between greater CVD risk factors 
and higher disease activity has been observed in 
psoriatic arthritis (PsA). In a recent study, PsA 
patients with >3 CVD risk factors had the highest 
adjusted disease activity compared with those 
with fewer or no CVD risk factors.22 
Cardiometabolic conditions are over-represented 
in PsA and the prevalence of CVD risk factors 
was 73% in this cohort, compared with 50% in 
our study. While the different populations and 
disease outcomes studied limit our ability to make 
direct comparisons, these findings underscore the 
influence that burden of CVD comorbidity may 
exert on inflammatory arthritis course and is wor-
thy of investigation in other RA and PsA cohorts.

Strengths of our study should be noted. We 
focused on CVD comorbidities in a large, hetero-
geneous sample of RA patients. The inclusion of 
“real-world” patients enhances generalizability to 
cohorts with similar patient characteristics and 
practice patterns. In addition, we adjusted analy-
ses for a range of clinically important and demo-
graphic variables that are known to impact disease 
activity and disability.

The cross-sectional nature of the study limits any 
causal inference between CVD risk factors and RA 
outcome. We did not have all possible CVD risk 
factors available to study, such as a family history 
of CVD, nor did we have information on impor-
tant lifestyle habits (e.g., alcohol, diet, exercise) 
that may have impacted our outcomes. Those who 
had an extensive past smoking history were not 
classified as smokers, potentially reducing the 
strength of the association. There may have been 
misclassification of CVD risk factors as our defini-
tions were not contingent on anthropometric or 
laboratory values. The sequence of CVD risk fac-
tor development and degree of control (e.g., sever-
ity of diabetes, dyslipidemia, or hypertension) was 
also unknown, so we cannot ascertain how this 
may have affected RA disease outcomes. Last, we 
had to contend with missing data for some varia-
bles that were imputed into multivariable models. 
However, we would expect these to be “missing at 
random” and not different among the exposure 
groups, and thus not lead to biased estimates.

In summary, we identified the presence of CVD 
risk factors to be associated with higher disease 
activity and disability. This knowledge can help 
practicing rheumatologists identify at-risk patients 
who may benefit from closer follow up or tailored 
therapeutic strategies, according to their CVD 
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status. This could facilitate prevention of CVD 
events by heightened attention to CVD risk factor 
control, and also help improve RA treatment tar-
gets. Further longitudinal studies are needed to 
confirm our findings and to evaluate specific bar-
riers and facilitators of RA response measures in 
the setting of CVD comorbidity.
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