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Editorial

Rheumatoid Factor, Smoking, and Disease Severity:
Associations with Mortality in Rheumatoid Arthritis

The majority of mortality studies published over the last 15
years have identified excess mortality in rheumatoid arthri-
tis (RA) cohorts compared to that in the general population
(Table 11-17), and many have highlighted excess mortality
from cardiovascular causes. Methodology and study design
seem to affect the magnitude of the mortality rates, with
community-based and inception-cohort followup studies
being associated with smaller increases in standardized mor-
tality ratios (SMR) than studies of established prevalent RA
cohorts. In this issue of The Journal, Gonzalez, et al explore
mortality rates in a population-based cohort of RA patients
from Rochester, Minnesota, USA, stratified by rheumatoid
factor (RF) status17. They report modest increases in SMR
for RA patients who were RF-positive, but found that
patients with persistently RF-negative RA had mortality
rates similar to those in the general population. Other stud-
ies have reported similar findings, with excess mortality
being observed only in the RF-positive patients in both hos-
pital-based2 and community-based cohorts5,18,19.

Within RA cohorts, RF positivity early in the disease
course appears to be a strong predictor of mortality. Van
Schaardenburg, et al demonstrated, in an inception cohort of
130 RA patients followed for a mean of 5.6 years, that base-
line RF-positive RA was associated with a 6-fold increased
risk of mortality compared to those patients who were RF-
negative at baseline2. Conversely, RF-positive disease was
not associated with early mortality in a Norwegian cohort of
patients with RA20. However, many more studies have
identified RF as a predictor of mortality within RA
cohorts1,3,14,15,21.

Gonzalez, et al found that much of the excess mortality
in their RF-positive patients was due to respiratory and car-
diovascular causes17. Chronic obstructive pulmonary dis-
ease (COPD) was the most commonly identified respiratory
cause of death in the RF-positive patients. A 3-fold
increased mortality rate was observed in the RF-positive
subgroup compared to the general population [SMR 3.36

(95% CI 2.02, 5.24)]. SMR for ischemic heart disease
(IHD) including myocardial infarction were elevated [SMR
1.41 (95% CI 1.04, 1.88)] for RF-positive patients, but not
in those who were persistently RF-negative. This raises
questions about potential mechanisms that may promote
cardiovascular and respiratory mortality in RF-positive
patients. Is RF itself implicated in premature ageing? Is RF
a marker for another biological mediator of early death such
as the shared epitope or anti-cyclic citrullinated peptide
(anti-CCP) antibodies? Is RF simply a marker for more
severe RA, and it is the cumulative burden of inflammation
that shortens life? Or is RF a path variable for an environ-
mental risk factor such as smoking?

Smoking is known to be a risk factor for RF-positive
RA22,23. RA patients who smoke are more likely to be RF-
positive and to have higher titers of RF than nonsmokers
with RA24-26. Indeed, cigarette smoking is also associated
with the production of RF in people without RA5.
Heliovaara, et al used population data from the mini-
Finland questionnaire to examine whether RF positivity
was associated with mortality. They found that people who
were RF-positive and had arthritis had increased mortality
from all causes. This increased mortality risk persisted after
adjusting for age, gender, and smoking status. Interestingly,
members of the population who were RF-positive in the
absence of arthritis, “false-positive for RF,” had increased
cardiovascular mortality, which remained significant after
adjustment for age, gender, and smoking status.

It seems that the amount and duration of cigarette smok-
ing, but not other tobacco use, is important for the develop-
ment of RF-positive RA22 as well as for the development of
cardiovascular disease (CVD)27 and COPD28. So could the
excess mortality in RF-positive RA simply reflect increased
mortality from smoking-related diseases? Gonzalez, et al
found that RF-positive RA patients recruited after 1985
were less likely to report current smoking than patients with
onset of RA in earlier years, but remained more likely to be
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current smokers than population controls. However, a histo-
ry of prior cigarette smoking remains an important risk fac-
tor for the development of RA29, in addition to being asso-
ciated with increased rates of smoking-related disease for
many years after smoking cessation.

Investigators often adjust for (rather than exploring)
baseline smoking when examining predictors of mortality
and CVD events in RA cohorts30. However, baseline smok-
ing was not identified as a predictor of CVD mortality in a
cohort of RF-positive RA patients6, and the association
between RF and mortality persisted after adjusting for base-
line smoking status in the population study of Heliovaara, et
al5. Previous investigation of the Rochester cohort of RA
patients revealed that, while baseline smoking history was
associated with subsequent CVD events in the RA patients,
the strength of the association was much lower than that
observed in population controls31. It would be interesting to
explore this same analysis stratified by RF status.

Smoking was associated with atherosclerotic plaque
observed on carotid Doppler imaging in a small cohort of
patients with seropositive RA32. Roman, et al observed that
there was a 9-fold increased prevalence of current smoking
in those RA patients with carotid plaque compared to those
without. However, RA patients with plaque were older and

subsequent analyses, adjusting for age, did not reveal any
significant association between smoking and carotid plaque
in RA patients33. Therefore smoking may be associated with
atherosclerosis in RA cohorts, although it does not seem to
confer the same relative risk of CVD events as that seen in
the general population. As cumulative dose of smoking and
duration of smoking cessation appear to be important in pre-
dicting CVD events and mortality27, it may be that pack-
years of smoking and duration since cessation should be
treated as time-varying covariates in analyses exploring mor-
tality and cardiovascular outcomes in RA. However, in epi-
demiological studies it is difficult to accurately measure
these smoking exposures over time. It is therefore difficult to
determine how much of the mortality association with RF-
positive RA is due to the atherosclerotic effects of smoking.

Severity of rheumatoid disease appears to be associated
with mortality. There is evidence of increased mortality rates
in those patients with higher joint counts34 and higher
inflammatory markers35,36. Cigarette smoking appears to be
associated with more severe rheumatoid disease as well as
with RF positivity37. Therefore one explanation for the
excess mortality in RF-positive patients is that they have
more severe RA than those who are RF-negative.

The impact of severe RA on mortality may be mediated
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Table 1. Mortality studies in RA cohorts published since 1993.

First Author, Country Year Size of Category Overall SMR SMR (95% CI) by RF Status
Series (95% CI) RF-Positive RF-Negative

Jacobsson, Pima Indians, USA1 1993 2979 Community 1.28 (1.01–1.62) 1.61 (1.02–2.55)
Van Schaardenburg, Netherlands2 1993 130 Clinic 1.69 2.78 0.45

(1.70, 4.14) (0.08, 1.13)
Wolfe, USA/Canada3 1994 3501 Clinic 2.26 (SEM 0.05) RR of 4 separate areas not combined
Myllykangas, Finland4 1995 1666 Clinic 1.37 NA
Heliovaara, Finland5 1995 7217 Community ERA 1.61 ERA 1.88

(1.03, 2.51) (0.89, 3.96)
Non-ERA 1.03

(0.72, 1.49)
Wallberg-Jonsson, Sweden6 1997 606 Clinic 1.57 1.57
Symmons, UK7 1998 448 Clinic 2.70 (2.40–3.10) NA
Kroot, Netherlands8 2000 622 Clinic 2.51

(conditional risk
ratio; p = 0.06)

Chehata, UK9 2001 309 Clinic 1.65 (1.34–1.98) NA
Bjornadal, Sweden10 2002 46,917 Clinic 2.03 (2.00–2.05) NA
Thomas, UK11 2003 9003 Clinic 2.07 (2.01–2.13) M NA

1.97 (1.93–2.01) F
Pincus, USA12 2004 1378 Clinic 1.60 NA
Sihvonen, Finland13 2004 604 Community 2.64 (2.63–2.68) NA
Goodson, UK14 2005 1010 Clinic 1.45 (1.22–1.71) M 1.71 0.83

(1.41, 2.05) (0.53, 1.24)
1.84 (1.64–2.05) F 2.03 1.41

(1.79, 2.29) (1.11, 1.75)
Young, UK15 2007 1429 Clinic 1.27 (1.04–1.46) OR 1.26

(1.1, 1.6)
Gonzalez, USA16 2007 822 Clinic 1.35 (1.23–1.49) NA

NA: no analysis by RF status; SMR: standardized mortality ratio; RR: relative risk; OR: odds ratio; ERA: erosive RA.
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via reduced physical activity that will compromise car-
diorespiratory fitness. This might contribute to higher CVD
mortality in RF-positive RA patients. Disability has been
shown to be a predictor of all-cause and CVD mortality in
early inflammatory polyarthritis38 and established RA39.

More severe RA is also associated with a higher cumula-
tive inflammatory disease burden. Atherosclerosis is now
accepted to be an inflammatory condition, and elevation of
inflammatory markers including high-sensitivity C-reactive
protein (CRP) has been associated with the subsequent
development of CVD events in the general population40,41,
and histological study has identified the presence of inflam-
matory cells in atherosclerotic plaque in the general popula-
tion. If atherosclerosis is promoted by chronic low-grade
inflammation, as suggested by Ridker41, it is plausible that
atherosclerosis may be accelerated in chronic systemic
inflammatory conditions like RA42. A previous study of the
Rochester RA cohort demonstrated that cumulative inflam-
mation measured using the erythrocyte sedimentation rate
(ESR) was associated with subsequent CVD events35. In
addition, modest elevations in baseline CRP were associat-
ed with subsequent CVD mortality in patients with early
inflammatory polyarthritis who were registered with the
Norfolk Arthritis Register (NOAR)36. However, in the
NOAR cohort, a raised CRP was not associated with mor-
tality in the RF-negative subgroup. Effective drug therapy,
which reduces inflammation in RA, has been shown to
reduce all-cause and CVD mortality43,44, and responders to
anti-tumor necrosis factor-α therapies were found to have a
lower incidence of myocardial infarction than nonrespon-
ders45. Therefore RF-positive patients may have increased
ischemic heart disease mortality because they have
increased levels of chronic inflammation, and suppression
of this inflammation may lead to improved survival.

Other factors associated with RF status and severity of
RA include anti-CCP status and presence of the HLA-DRB1
shared epitope. High titers of anti-CCP predicted mortality
in a study of RA patients in Finland21. A recent study46

reported that, while RF status and anti-CCP status were each
associated with mortality in inflammatory polyarthritis, pos-
session of both markers did not confer a higher mortality
risk. However, the subgroup of patients who were current
smokers, were anti-CCP-positive, and possessed 2 copies of
the shared epitope had increased risk of all-cause mortality
[hazard ratio, HR 3.57 (95% CI 1.34, 9.50)] and in particu-
lar CVD mortality [HR 7.81 (95% CI 2.63, 23.22)]. In addi-
tion there was a significant interaction between these 3 vari-
ables in the models predicting mortality. Therefore mortali-
ty outcome in inflammatory arthritis appears to be associat-
ed with variables that promote more severe disease.

It has been hypothesized that circulating immune com-
plexes and RF might have a direct effect on endothelial cells
to promote atherosclerosis47. Dessein, et al reported that RF
and interleukin 6 were associated with biomarkers of

endothelial dysfunction in RA patients, even after adjusting
for traditional CVD risk factors48. Impaired nitrate-mediat-
ed vascular dilation was found to be associated with circu-
lating levels of immune complexes in RA49, and this has
been suggested to be one of the mechanisms by which ath-
erosclerosis is promoted in RA50. It is interesting to note
that B lymphocytes have been identified in atherosclerotic
plaques of RA patients51, while in atherosclerotic plaques of
non-rheumatoid patients T lymphocyte infiltration is
observed. Therefore there is some modest evidence that RF
may be involved in the pathogenesis of atherosclerosis in
RA.

Excess mortality in RA is largely confined to those who
are RF-positive. It is still unclear whether RF itself con-
tributes to the reduced life expectancy of patients with RA,
or whether it is simply a marker for more severe disease and
higher cigarette smoking exposure. Early use of disease
modifying antirheumatic drugs and use of biologic agents to
suppress inflammatory disease is likely to influence the life
expectancy of these patients, and it will be interesting to
explore whether CVD outcomes in patients treated with B
cell suppression are improved. However, it is likely that a
combined approach is required, with modification of
lifestyle factors, as well as suppression of the inflammatory
disease process, to improve the mortality outcome in RF-
positive subjects.
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