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Incidence of Extraarticular Rheumatoid Arthritis in
Olmsted County, Minnesota, in 1995-2007 Versus 
1985-1994: A Population-based Study
ELENA MYASOEDOVA, CYNTHIA S. CROWSON, CARL TURESSON, SHERINE E. GABRIEL, 

and ERIC L. MATTESON

ABSTRACT. Objective. To assess incidence and mortality effects of extraarticular rheumatoid arthritis (ExRA) in

patients with incident RA in 1995-2007 compared to 1985-1994, in Olmsted County, Minnesota,

USA.

Methods. Data on incident ExRA were abstracted from medical records of patients with RA —

Olmsted County residents who first met the 1987 American College of Rheumatology criteria for

RA between January 1, 1995, and December 31, 2007. Patients were followed until death, migration

from Olmsted County, or December 31, 2008. ExRA were classified using the predefined criteria and

compared to the corresponding 1985-1994 inception RA cohort (n = 147).

Results. The 1995-2007 cohort included 463 patients with RA followed for a mean of 6.3 years;

mean age was 55.6 years, 69% were women, 67% were positive for rheumatoid factor (RF). The 10-

year cumulative incidence of any ExRA (50.1%) and severe ExRA (6.7%) in the 1995-2007 cohort

was similar to the 1985-1994 cohort (46.2% and 9.7%, respectively). The 10-year cumulative inci-

dence of vasculitis, but not other features of ExRA, was significantly lower in the 1995-2007 cohort

(0.6%) compared to the 1985-1994 cohort (3.6%). RF positivity, erosions/destructive changes, and

use of methotrexate, other disease-modifying antirheumatic drugs and systemic corticosteroids were

significantly associated with ExRA in the 1995-2007 cohort. ExRA was associated with mortality

risk (HR 2.1, 95% CI 1.2, 3.7) in the 1995-2007 cohort. The decrease in mortality following ExRA

in the 1995-2007 cohort versus the 1985-1994 cohort did not reach statistical significance (HR 0.6,

95% CI 0.3, 1.2, p = 0.16).

Conclusion. ExRA remains a common complication associated with increased mortality in RA. The

occurrence of vasculitis appears to be decreasing in recent years. (J Rheumatol First Release April 1

2011; doi:10.3899/jrheum.101133)
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Extraarticular manifestations of rheumatoid arthritis

(ExRA) occur in a substantial proportion of patients with

RA (~40%) and are associated with particularly severe and

disabling disease, frequent life-threatening comorbidities,

and poor outcomes1,2,3,4,5,6,7. Some reports suggest that in

recent years, RA may be becoming milder, with lower dis-

ease activity, less radiological progression, and lower rates

of functional disability, which to a substantial degree is like-

ly related to improved therapeutics8,9,10,11. Whether the epi-

demiological pattern of ExRA occurrence has changed in

recent years has not been examined in population-based

patient cohorts. To determine the recent trends in incidence

and mortality of ExRA and the risk factors associated with

occurrence of ExRA, we performed a longitudinal study on

a population-based inception cohort of Olmsted County,

Minnesota, residents first diagnosed with RA between

January 1, 1995, and December 31, 2007. This study

extended our previous observations of ExRA epidemiology

from earlier decades (1955-1994)7,12,13.

MATERIALS AND METHODS
Study setting. The population of Olmsted County, Minnesota, is geograph-

ically defined with the majority of the population (65%–70%, according to

the recent estimates) living in the city of Rochester. The availability of

comprehensive medical records for all residents seeking medical care

makes the population of Olmsted County an optimal resource for investi-

gation of longitudinal trends in RA epidemiology and associated ExRA.

The resources of the Rochester Epidemiology Project (REP) provide ready
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access to the medical records of all Olmsted County residents from all inpa-

tient and outpatient healthcare providers including the Mayo Clinic and its

affiliated hospitals for the past 65 years. This system ensures virtually com-

plete ascertainment of all clinically recognized cases of RA in patients

residing in Olmsted County. The unique features and potential of the REP

for population-based studies have been described14,15.

Study population and data collection. The study population comprised a

retrospectively identified population-based incidence cohort of RA patients

who were Olmsted County residents > 18 years of age and who first met

the 1987 American College of Rheumatology (ACR) criteria for RA16

between January 1, 1995, and December 31, 2007. The incidence date for

RA was defined as the earliest date at which the patient fulfilled > 4 of the

1987 ACR criteria. The complete (inpatient and outpatient) medical records

of this incident 1995-2007 cohort of patients were reviewed by one author

(EM) using a structured protocol. ExRA were classified according to the

criteria used in our previous studies13 (Table 1). Manifestations of severe

ExRA were defined according to the Malmö criteria5 and included peri-

carditis, pleuritis, Felty’s syndrome, glomerulonephritis, vasculitis, periph-

eral neuropathy, scleritis, and episcleritis. All questionable cases were addi-

tionally reviewed by coinvestigators supervised by the principal investiga-

tor (ELM) and confirmation or rejection of the case-status was accom-

plished based on the predefined criteria5,13. The accuracy and completeness

of the data collection were confirmed by the principal investigator through

independent review of a subsample of 80 medical records, with consistent

results.

The patients were followed from the RA incidence date until death,

migration from Olmsted County, or December 31, 2008. The date of ExRA

incidence was recorded. The date of death was noted according to the death

certificate. Data on potential risk factors for ExRA were abstracted from the

medical records. The risk factors included age, sex, smoking status (current

and ever) at RA incidence, body mass index (BMI) at RA incidence, posi-

tivity for rheumatoid factor (RF) and/or antinuclear antibody (ANA) at any

time during the followup, erythrocyte sedimentation rate [ESR; highest

ESR during the first year of RA and repeatedly high ESR values (≥ 3 ESR

values of ≥ 60 mm/h with a minimum interval of 30 days between 2 meas-

urements)], joint erosions/destructive changes at any time during the fol-

lowup, and use of antirheumatic medications [methotrexate, hydroxy-

chloroquine, other disease-modifying antirheumatic drugs (DMARD), bio-

logic response modifiers, and corticosteroids].

Statistical methods. The cumulative incidence of ExRA, adjusted for com-

peting risk of death, was estimated at 10-year followup17,18. These methods

are similar to the Kaplan-Meier method, with censoring of patients who are

still alive at last followup. However, patients who die before experiencing

ExRA are appropriately accounted for to avoid overestimation of the rate of

2 The Journal of Rheumatology 2011; 38:6; doi:10.3899/jrheum.101133
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Table 1. Criteria for inclusion as extraarticular manifestations of rheumatoid arthritis. From: Extra-articular disease manifestations in rheumatoid arthritis:

incidence trends and risk factors over 46 years. Turesson C, O’Fallon WM, Crowson CS, Gabriel SE, Matteson EL. Ann Rheum Dis 2003;62:722-7, with per-

mission from BMJ Publishing Group Ltd.13

1. Pericarditis (A) Clinical judgment and exudation verified by echocardiography, if ultrasound not available 

(B) Clinical criteria (1 required): Typical pericardial pain, peripheral oedema, dyspnoea/orthopnoea, ascites, dysryth-

mia (heart rate > 140/min, atrial flutter/fibrillation, 2–3 degrees atrioventricular block, ventricular tachycardia)

Objective criteria compatible with pericarditis (1 required)

Physical examination

Cardiac catheterisation findings

Histological examination

Other causes improbable, such as tuberculosis or other infection, metastases, primary tumour, postoperative status or

other trauma

2. Pleuritis Clinical judgment and exudation verified by x-ray examination

Other causes improbable, such as tuberculosis or other infection, metastases, primary tumour, postoperative status or

other trauma

3. Felty’s syndrome Splenomegaly (clinically evident or measured by ultrasound) and neutropenia (< 1.8 ¥ 109/l) on two occasions

Other causes improbable, such as drug side effect or infection

4. Major cutaneous vasculitis Diagnostic biopsy or clinical judgment by dermatologist

5. Neuropathy Clinical judgement by doctor and signs of polyneuropathy/mononeuropathy at electromyography/electroneurography

6. Scleritis, episcleritis or Clinical judgment by ophthalmologist

retinal vasculitis

7. Glomerulonephritis Clinical judgment by nephrologist and positive biopsy

8. Vasculitis affecting other organs Clinical judgment by organ specialist and biopsy compatible with vasculitis

9. Amyloidosis Clinical judgment and positive biopsy from affected organ

10. Keratoconjunctivitis sicca Clinical judgment

Positive Rose-Bengal staining or result of Schirmer’s test < 5 mm/min

11. Xerostomia Clinical judgment

Abnormal sialometry, sialography, salivary scintigraphy or salivary gland biopsy with lymphocytic infiltrate

12. Secondary Sjögren’s syndrome Two of three criteria: Keratoconjunctivitis sicca (see above); Xerostomia (see above); Serological evidence: rheuma-

toid factor, ANA, anti-Ro (SSA), anti-La (SSB) positive, or hypergammaglobulinaemia

13. Pulmonary fibrosis Clinical judgment and

Decreased vital capacity or carbon dioxide transfer factor by 15% from normal

14. Bronchiolitis obliterans Clinical judgment by pulmonologist

organising pneumonia

15. Cervical myelopathy Clinical judgment

Increased atlantoaxial movement — verified by x-ray examination

16. Subcutaneous rheumatoid nodules Clinical judgment

17. Rheumatoid nodules in other Positive biopsy

locations 
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occurrence of ExRA, which can occur if such subjects are simply censored.

Incidence and mortality rates, as well as RA disease characteristics, were

compared to those reported previously for the incident RA cases between

January 1, 1985, and December 31, 1994, from the smaller source popula-

tion (i.e., Rochester, Minnesota), followed through December 31, 200013.

RA disease characteristics were compared between the cohorts using chi-

square and rank-sum tests. Cumulative incidence rates for the 2 cohorts

(1995-2007 and 1985-1994) were compared using methods by Gray19.

Kaplan-Meier methods were used to estimate mortality following ExRA

occurrence and trends in occurrence of a second ExRA. Cox proportional

hazards models were used to assess the association of ExRA with mortali-

ty, as well as to assess the association between the risk factors and devel-

opment of ExRA, adjusting for age, sex, and calendar year of RA diagno-

sis. Time-dependent covariates were used to model risk factors that devel-

oped over time. Medication usage was coded as present on the day it was

started and returned to absent following the stopping date. In the analysis

of risk factors of second ExRA we included patients with a first ExRA, and

the date of the first ExRA was the index timepoint for the analyses.

RESULTS

Patient characteristics. The study included 463 patients

with incident RA in Olmsted County, Minnesota, in 1995-

2007 compared to 147 patients with incident RA in 1985-

1994. As expected, the mean (standard deviation) followup

time for the 1995-2007 cohort was shorter than for the 1985-

1994 cohort [6.3 (3.5) yrs; range 0–16 yrs vs 8.4 (3.8) yrs;

range 0–14 yrs, respectively). Table 2 compares the charac-

teristics of the 1995-2007 and the 1985-1994 incident RA

cohorts. Age and sex were similar in both cohorts. The pro-

portion of RF-positive patients was somewhat lower in the

1995-2007 cohort compared to the 1985-1994 cohort, but

this difference did not reach statistical significance (p =

0.12). The proportion of ANA-positive patients in the

1995-2007 cohort was significantly lower than in the

1985-1994 cohort (p < 0.001). This is likely an artifact due

to the changes in reference ranges and methods for the ANA

testing over time. The highest ESR estimates in the first year

after RA and the proportion of patients with repeatedly high

ESR values (≥ 3 values ≥ 60 mm/h) were significantly lower

in the 1995-2007 cohort compared to the 1985-1994 cohort

(p = 0.007 and p < 0.001, respectively; Table 2).

The proportions of patients with radiographic joint ero-

sions/destructive changes detected at some time during the

followup period were similar in both cohorts. In the

1995-2007 cohort, 29% of patients had joint erosions/

destructive changes during the first year after RA compared

to 21% of patients in the 1985-1994 cohort (p = 0.06), which

is likely due to the improved use of diagnostic imaging in

recent years. The proportion of ever-smokers was lower in

the 1995-2007 cohort (p = 0.04), but there were no differ-

ences in the proportions of current smokers between the

cohorts. Obesity (BMI ≥ 30 kg/m2) was significantly more

common in the 1995-2007 versus the 1985-1994 cohort (p <

0.001; Table 2). Finally, the proportion of patients ever treat-

ed with methotrexate, hydroxychloroquine, and biologic

response modifiers was significantly higher, and the propor-

tion of patients on other DMARD was lower, in the

1995-2007 cohort versus the 1985-1994 cohort (Table 2).

The use of corticosteroids was 81% in 1995-2007 compared

to 74% in the 1985-1994 cohort (p = 0.06).

Incidence and mortality of ExRA. Among the 463 incident

RA patients identified in the 1995-2007 period, 184 patients

developed an incident ExRA (25 with severe ExRA) during

the followup (Table 3). In the comparison cohort of 147

patients with incident RA in the 1985-1994 period, there

were 64 patients with incident ExRA (13 with severe

ExRA). The cumulative incidence for any ExRA in the

1995-2007 cohort was similar to the 1985-1994 cohort (p =

0.88) with the 10-year cumulative incidence of 50.1% ver-

sus 46.2%, respectively. The incidence of severe ExRA was

also similar in the 1995-2007 cohort compared to the

1985-1994 cohort (p = 0.51), with 10-year cumulative inci-

dence of 6.7% and 9.7%. Analyzing individual ExRA, the

cumulative incidence of rheumatoid vasculitis (including

major cutaneous vasculitis and internal organ vasculitis)

was significantly lower in the 1995-2007 cohort versus

1985-1994 cohort (p = 0.011). In particular, the 10-year

cumulative incidence of rheumatoid vasculitis decreased

from 3.6% in the 1985-1994 cohort to 0.6% in the

3Myasoedova, et al: Incidence of extraarticular RA
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Table 2. Characteristics of patients with incident RA in the 1985–1994

cohort (Rochester, Minnesota residents) and 1995–2007 cohort (Olmsted

County, containing Rochester, Minnesota, residents).

Period of RA Incidence

Variable 1985–1994 1995–2007

(n = 147) (n = 463) p

Age, mean ± SD, yrs 57.8 ± 16.4 55.6 ± 15.6 0.14

Female, n (%) 101 (69) 320 (69) 0.93

RF-positive, ever, n (%) 108 (73) 306 (67) 0.12

% tested for RF, ever 100 99

ANA-positive, ever, n (%) 77 (60) 105 (26) < 0.001

% tested for ANA, ever 88 86

Highest ESR in the 1st year after 35.3 ± 25.1 30.0 ± 24.7 0.007

RA incidence, mean ± SD mm/h

ESR ≥ 3 values ≥ 60 mm/h, n (%) 23 (16) 28 (6) < 0.001

Joint erosions/destructive changes, n (%)

Ever 66 (45) 229 (49) 0.33

In 1st year after RA incidence 31 (21) 134 (29) 0.06

% radiographed, ever 89 97

Cigarette smoking, n (%)

Ever 88 (60) 233 (50) 0.04

Current 27 (18) 80 (17) 0.76

Obesity (BMI ≥ 30 kg/m2), n (%)

Ever 37 (25) 237 (51) < 0.001

In 1st year after RA incidence 32 (22) 218 (47) < 0.001

Drug exposure, ever, n (%)

Methotrexate 75 (51) 299 (65) 0.003

Hydroxychloroquine 72 (49) 295 (65) 0.002

Other DMARD 67 (46) 104 (23) < 0.001

Biologic response modifiers 3 (2) 96 (21) < 0.001

Corticosteroids 109 (74) 376 (81) 0.06

RA: rheumatoid arthritis; RF: rheumatoid factor; ANA: antinuclear anti-

body; ESR: erythrocyte sedimentation rate; BMI: body mass index;

DMARD: disease-modifying antirheumatic drugs.
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1995-2007 cohort, although the numbers of incident cases of

vasculitis were small in both cohorts. The 10-year cumula-

tive incidence of keratoconjunctivitis sicca in the 1995-2007

cohort was 20.4% compared to 12.2% in the 1985-1994

cohort (p = 0.12). There were no substantial changes in the

occurrence of other individual ExRA in the 1995-2007

cohort versus the 1985-1994 cohort.

Similar to the 1985-1994 cohort, the most common

ExRA in the 1995-2007 cohort were subcutaneous nodules,

keratoconjunctivitis sicca, and Sjögren’s syndrome (Table

3). There were no cases of scleritis, retinal vasculitis,

glomerulonephritis, or amyloidosis in either 1995-2007

cohort or 1985-1994 cohort. Occurrence of a second ExRA

appeared to be similar in the 2 cohorts, with 10-year cumu-

lative incidence of 37.5% in the 1995-2007 cohort and

36.6% in the 1985-1994 cohort. Trends in occurrence of a

second ExRA subsequent to the first ExRA were similar in

both cohorts (data not shown).

In the 1995-2007 cohort, ExRA was a significant predic-

tor of premature mortality (HR 2.1, 95% CI 1.2, 3.7) adjust-

ing for age, sex, and calendar year. Neither severe ExRA nor

the development of a second ExRA conferred a greater mor-

tality risk than occurrence of any one ExRA (HR 2.2, 95%

CI 0.8, 6.2 and HR 0.5, 95% CI 0.2, 1.5, respectively).

During the followup, 53 deaths occurred per 2956

person-years of observation in the 1995-2007 cohort. Figure

1 shows mortality trends after occurrence of any ExRA in

1995-2007 versus 1985-1994 cohorts. Survival curves

diverged during the first year after occurrence of ExRA and

remained separated during the following years. However,

the difference in mortality following ExRA in the

1995-2007 cohort versus 1985-1994 cohort did not reach

statistical significance (HR 0.6, 95% CI 0.3, 1.2, p = 0.16).

Although the mortality risk after the occurrence of severe

ExRA was nearly halved in the 1995-2007 cohort compared

with the 1985-1994 cohort, this difference was not statisti-

cally significant (HR 0.5, 95% CI 0.1, 1.7, p = 0.25).

Risk factors associated with occurrence of ExRA. To deter-

mine the effects of occurrence of ExRA in recent years, we

analyzed the associations of potential risk factors with inci-

dence of ExRA in the 1995-2007 cohort (Table 4). RF posi-

tivity, joint erosions/destructive changes, and use of

methotrexate, other DMARD and systemic corticosteroids

were found to be significantly associated with the occur-

rence of any ExRA. Use of biologic response modifiers and

systemic corticosteroids was significantly associated with

severe ExRA. Male sex, current smoking, RF positivity,

joint erosions/destructive changes, and use of methotrexate,

4 The Journal of Rheumatology 2011; 38:6; doi:10.3899/jrheum.101133
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Table 3. Cumulative incidence of extraarticular rheumatoid arthritis (ExRA) at 10-year followup after RA inci-

dence in the 1985–1994 cohort (Rochester, Minnesota residents) and 1995–2007 cohort (Olmsted County, con-

taining Rochester, Minnesota, residents).

Period of RA Incidence

1985–1994 (n = 147) 1995–2007 (n = 463)

Extraarticular Number of 10-year Cumulative Number of 10-year Cumulative

Manifestation Events* Incidence (%) Events* Incidence (%)

Any ExRA 64 46.2 184 50.1

Severe ExRA* 13 9.7 25 6.7

Pericarditis 2 2.0 8 2.6

Pleuritis 3 2.1 6 1.9

Felty’s syndrome 0 0 2 0.5

Vasculitis** 5 3.6 2 0.6

Neuropathy 2 1.4 6 1.2

Mononeuropathy 0 0 2 0.2

Polyneuropathy 2 1.4 4 1.0

Scleritis 0 0 0 0

Episcleritis 1 0.7 3 0.7

Retinal vasculitis 0 0 0 0

Glomerulonephritis 0 0 0 0

Other ExRA 60 43.4 169 45.7

Amyloidosis 0 0 0 0

Keratoconjunctivitis sicca 16 12.2 74 20.4

Xerostomia 1 0.7 2 0.5

Sjögren’s syndrome 13 9.7 38 9.6

Pulmonary fibrosis 9 6.6 15 5.0

Bronchiolitis obliterans 0 0 2 0.7

Organizing pneumonia 1 0 2 0.4

Cervical myelopathy 3 2.2 2 0.7

Subcutaneous nodules 43 31.2 110 31.2

Other nodules 0 0 1 0.2

* Malmö criteria5. ** Includes major cutaneous and internal organ vasculitis.
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other DMARD and biologic response modifiers were signif-

icantly associated with the development of rheumatoid nod-

ules. Use of biologic response modifiers was significantly

associated with the occurrence of a second ExRA (HR 2.3,

95% CI 1.1, 4.9). None of the other risk factors, nor subcu-

taneous nodules as the first ExRA, was significantly associ-

ated with the occurrence of a second ExRA. Following addi-

tional adjustment for characteristics of RA activity and

severity (i.e., ≥ 3 ESR values of ≥ 60 mm/h, RF positivity,

and presence of erosions/destructive changes on radio -

graphs), the strength of some of these associations was

slightly weakened (Table 4).

DISCUSSION

Systemic disease has a major impact on morbidity and mor-

tality in RA. This retrospective population-based cohort

study reveals that the occurrence of ExRA overall (including

any ExRA and severe ExRA) in the 1995-2007 RA inci-

dence cohort was similar to that in the 1985-1994 RA inci-

dence cohort from the same population base. While not sig-

nificantly affecting the major trends in the incidence of

ExRA, the pattern of occurrence of some individual mani-

festations of ExRA (in particular, rheumatoid vasculitis and

perhaps keratoconjunctivitis sicca) appears to be changing.

Concordantly, the decline in the occurrence of rheumatoid

vasculitis after 1995 has been described in some clinic-

based studies20,21. The decline in prevalence of serious

ExRA including vasculitis from 1985 to 2006 among US

veterans also suggests evolving changes in epidemiology of

some ExRA22.

The use of more aggressive treatment strategies includ-

5Myasoedova, et al: Incidence of extraarticular RA
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Figure 1. Mortality after any extraarticular rheumatoid arthritis (ExRA)

manifestation in patients with incident RA in the 1985-1994 decade (bro-

ken line) compared to patients with incident RA in the 1995-2007 period

(solid line); p = 0.16, adjusted for age and sex.

Table 4. Risk factors associated with occurrence of extraarticular rheumatoid arthritis (ExRA) in patients with

incident RA in 1995–2007 period. Statistically significant associations (p < 0.05) are shown in bold type.

Variable Any ExRA Severe ExRA Rheumatoid Nodules

HR (95% CI) HR (95% CI) HR (95% CI)

Age (per 10-year increase) 1.0 (0.9, 1.1) 0.9 (0.7, 1.2) 1.0 (0.9, 1.1)

Male sex 1.2 (0.8, 1.6) 1.3 (0.5, 3.0) 1.5 (1.01, 2.2)

Cigarette smoking

Ever 0.9 (0.7, 1.3) 1.0 (0.4, 2.3) 1.2 (0.8, 1.8)

Current 1.2 (0.8, 1.8) 1.6 (0.6, 4.1) 1.6 (1.01, 2.4)

BMI (per 1kg/m2 increase) 1.0 (0.98, 1.03) 0.98 (0.9, 1.05) 1.02 (0.99, 1.05)

RF positivity 2.2 (1.5, 3.3) 0.8 (0.3, 2.0) 4.5 (2.4, 8.2)

ANA positivity 1.3 (0.9, 1.8) 1.7 (0.7, 4.2) 1.0 (0.6, 1.7)

ESR ≥ 3 values ≥ 60 mm/h 1.5 (0.6, 3.7) 3.2 (0.7, 14.9) 1.6 (0.6, 4.5)

Highest ESR in the 1st year of RA 1.0 (0.96, 1.1) 1.1 (0.9, 1.2) 1.0 (0.97, 1.1)

(per 10 mm/h increase)

Erosions/destructive changes on radiographs 2.2 (1.6, 3.0) 1.1 (0.5, 2.7) 2.8 (1.9, 4.2)

Medication usage

Methotrexate 1.5 (1.1, 2.2) 0.7 (0.3, 1.9) 1.9 (1.3, 2.9)

Hydroxychloroquine 1.3 (0.93, 1.8) 0.6 (0.2, 1.7) 1.2 (0.8, 1.9)

Other DMARD 2.6 (1.6, 4.3) 1.9 (0.5, 6.8) 2.5 (1.4, 4.6)

Biologic response modifiers 1.9 (0.99, 3.5) 4.0 (1.4, 11.5) 2.2 (1.1, 4.4)

Corticosteroids (systemic) 1.4 (1.03, 2.0) 3.8 (1.5, 10.0) 1.1 (0.8, 1.7)

Medication usage, adjusted*

Methotrexate 1.2 (0.9, 1.8) 0.6 (0.2, 1.7) 1.5 (0.98, 2.3)

Hydroxychloroquine 1.3 (0.94, 1.9) 0.8 (0.3, 2.3) 1.3 (0.8, 2.0)

Other DMARD 2.4 (1.4, 4.0) 1.5 (0.4, 5.5) 2.4 (1.3, 4.5)

Biologic response modifiers 1.6 (0.8, 3.1) 3.1 (1.04, 9.5) 1.8 (0.9, 3.7)

Corticosteroids (systemic) 1.3 (0.96, 1.9) 3.5 (1.3, 9.1) 1.1 (0.7, 1.6)

* Adjusted for ESR ≥ 3 values ≥ 60 mm/h, RF positivity, erosions/destructive changes on radiographs. 

BMI: body mass index; RF: rheumatoid factor; ANA: antinuclear antibody; ESR: erythrocyte sedimentation rate;

DMARD: disease-modifying antirheumatic drugs.
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ing increased usage of DMARD and biologic response mod-

ifiers in the 1995-2007 cohort versus the 1985-1994 cohort

may be one of the possible factors affecting the pattern of

occurrence of ExRA in recent years. While the use of

advanced therapeutic regimens could have an influence on

decrease in the occurrence of some ExRA (e.g., rheumatoid

vasculitis)23,24, these benefits could be counteracted by

increased risk of other ExRA events (e.g., rheumatoid lung

disease and rheumatoid nodules) associated with use of

antirheumatic medication25,26,27. Indeed, the use of some

antirheumatic medications was associated with increased

risk of occurrence of ExRA in our study, and these associa-

tions were only slightly attenuated after the adjustment for

available characteristics of RA activity and severity (i.e.,

repeatedly high ESR, RF positivity, and presence of ero-

sions/destructive changes). These potential risks of

antirheumatic therapies with respect to occurrence of ExRA

may therefore, to some extent, explain the lack of a signifi-

cant decrease in the occurrence of certain ExRA in the era of

improved therapeutics.

Non-treatment-related changes in RA disease patterns

toward milder disease in recent decades could also influence

the occurrence of ExRA, particularly the decrease in vas-

culitis5,8,9,10,11. Concordantly, we found significantly lower

ESR and marginally lower proportion of RF-positive

patients in 1995-2007 versus 1985-1994. However, despite

a suggested decrease in RA activity over time, the presence

of active and severe RA in our study (i.e., RF positivity and

joint erosions/destructive changes) continued to confer a

significantly increased risk for ExRA similar to that of the

earlier years28,29. This suggests that patients with advanced

RF-positive RA remain a high-risk group for the develop-

ment of ExRA, thus contributing to the sustained burden of

ExRA.

Increased awareness of ExRA and improved diagnostic

techniques could be another potential explanation for the

lack of decline in the occurrence of some ExRA and the sug-

gested marginal increase in keratoconjunctivitis sicca in

1995-2007 versus 1985-1994. The influence of some other

factors, including environmental factors (e.g., smoking,

obesity) cannot be excluded. There was a significant

decrease in the obesity rates in the 1995-2007 versus the

1985-1994 cohort, but BMI did not appear to have a sub-

stantial influence on the occurrence of ExRA in our study.

The effects of smoking may be greater on the occurrence of

some manifestations (e.g., rheumatoid nodules) than on

other subsets of ExRA. Similar to previous decades, during

the 1995-2007 period, ExRA conferred a significant mortal-

ity risk4. However, in contrast to our previous findings7, the

mortality risk associated with severe ExRA and second

ExRA manifestations was not greater than that of any

ExRA. The decrease in the occurrence of vasculitis, previ-

ously shown to have a major influence on mortality, and bet-

ter control of RA activity in recent years may be a possible

explanation7,30. While not achieving statistical significance,

an estimated 40% decrease in mortality risk after any ExRA

and 50% decrease in mortality risk after severe ExRA in the

1995-2007 cohort versus the 1985-1994 cohort may be a

promising sign for improvement in survival following

ExRA in the future. However, this requires further study.

The major strengths of this study include its community-

based longitudinal design, use of a comprehensive medical

records linkage system, with complete medical information

for each patient, and the use of the same classification for

ExRA as in our previous studies. The comparative analysis

of characteristics of successive RA incidence cohorts from

the same underlying population further strengthens the

results.

Our study has several potential limitations. The retro-

spective design necessarily means that only information

available from medical records was considered and that only

those events that came to medical attention were included

for analysis. However, availability of complete medical

records from all healthcare providers in the area is likely to

minimize this weakness, as these REP records include the

majority of clinically important ExRA events. Inherent to

retrospective data is the possibility of misclassification of

ExRA manifestations. However, independent review of the

cases by several investigators-rheumatologists based on the

uniform case definition and a structured protocol consistent-

ly used in other studies we have performed with this

resource likely reduced misinterpretation of the data.

The mean followup was 6.3 years in the 1995-2007

cohort compared to 8.4 years in the 1985-1994 cohort. This

difference is unlikely to have affected the analysis because

our methods appropriately account for the length of fol-

lowup. There was a possibility of limited power due to the

small number of some specific ExRA events and limited

number of deaths. The number of RA patients in the

1995-2007 cohort was significantly higher than in the

1985-1994 cohort. The reason for this is that, in contrast to

previous studies enrolling residents of the city of Rochester,

this study involved RA patients from a larger geographical

area (Olmsted County), which includes the city of

Rochester. In fact, there have been no dramatic changes in

RA incidence in Olmsted County during the study period.

Rather, there was a modest increase in RA incidence among

women recently31, which is unlikely to affect the results of

this study. In an observational study of this kind it is diffi-

cult to draw firm conclusions about any causal relationships

between potential risk factors (particularly antirheumatic

treatment) and occurrence of ExRA. Thus, further efforts

including prospective controlled studies are needed to inves-

tigate associations between drug exposure and ExRA.

Finally, we cannot exclude the possibility that more atten-

tion was paid to recording ExRA in the clinic in recent

years, but we have no data to support this.

In the 1995-2007 RA incidence cohort, ExRA were com-
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mon and the incidence of ExRA remained similar to that of

the 1985-1994 RA incidence cohort. However, there was a

significant decrease in the incidence of vasculitis, suggest-

ing that the pattern of occurrence of some individual ExRA

manifestations may be changing in recent years. Markers of

RA severity and drug exposure were significantly associat-

ed with ExRA development recently. ExRA manifestations

remain a significant predictor of mortality. Improved control

of RA and milder disease currently may contribute to the

decrease in the incidence of vasculitis, while some other fac-

tors, including some disease and treatment-related effects,

may counteract these beneficial changes, contributing to the

lack of improvement in the overall occurrence and mortali-

ty of ExRA. Given the possibility of confounding by indica-

tion in this observational study, assessment of the full effects

of treatment on disease expression is a matter of ongoing

research.
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