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Rheumatoid Arthritis and Mortality Among
Women During 36 Years of Prospective Follow-Up:
Results From the Nurses’ Health Study
JEFFREY A. SPARKS, SHUN-CHIAO CHANG, KATHERINE P. LIAO, BING LU, ALEXANDER R. FINE,
DANIEL H. SOLOMON, KAREN H. COSTENBADER, AND ELIZABETH W. KARLSON

Objective. To evaluate rheumatoid arthritis (RA) and mortality risk among women followed prospectively in the
Nurses’ Health Study (NHS).
Methods. We analyzed 119,209 women in the NHS who reported no connective tissue disease at enrollment in 1976.
Comorbidity and lifestyle data were collected through biennial questionnaires. Incident RA cases were validated by
medical records review. Cause of death was determined by death certificate and medical records review. Cox regres-
sion models estimated hazard ratios (HRs) and 95% confidence intervals (95% CIs) for all-cause, cardiovascular dis-
ease (CVD), cancer, and respiratory disease mortality for women with RA compared to those without RA.
Results. We validated 964 incident RA cases and identified 28,808 deaths during 36 years of prospective follow-up. Of
307 deaths among women with RA, 80 (26%) were from cancer, 70 (23%) were from CVD, and 44 (14%) were from
respiratory causes. Women with RA had increased total mortality (HR 1.40, 95% CI 1.25–1.57) compared to those
without RA, independent of mortality risk factors, including smoking. RA was associated with significantly increased
respiratory disease mortality (HR 2.06, 95% CI 1.51–2.80) and cardiovascular disease mortality (HR 1.45, 95% CI
1.14–1.83), but not cancer mortality (HR 0.93, 95% CI 0.74–1.15). For women with seropositive RA, respiratory disease
mortality was nearly 3-fold higher than among non-RA women (HR 2.67, 95% CI 1.89–3.77).
Conclusion. Women with RA had significantly increased mortality compared to those without RA. Respiratory disease
and cardiovascular disease mortality were both significantly elevated for women with RA. The nearly 3-fold increased
relative risk of respiratory disease mortality was observed only for those with seropositive RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a systemic autoimmune dis-

ease characterized by inflammatory polyarthritis, affecting

approximately 1% of the population and associated with

increased morbidity (1). Prior studies suggest that RA

patients may be at increased risk for cardiovascular dis-

ease, cancer, respiratory disease, and serious infections,

compared to the general population (2–5). Despite advan-

ces in RA treatment with disease-modifying antirheumatic
drugs (DMARDs), a mortality gap between RA patients

and the general population may persist (6–8).
Most previous studies investigating RA and mortality

were derived from RA-only cohorts and compared observed

RA mortality rates to age- and sex-standardized general
population estimates (6,9,10). However, mortality rates
vary based on factors such as temporal trends, geographic

location of cohort, and RA duration, perhaps explaining
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the variability of prior standardized mortality ratios (SMRs)
for RA (ranging from 0.87 to 2.03) (11,12). The use of age
standardization and sex standardization alone does not
account for unmeasured confounders such as body mass
index (BMI) and smoking, which may influence both RA
susceptibility and mortality (13–16). While excess cardio-
vascular disease has been demonstrated for RA, cause-
specific mortality has not been evaluated among cohorts
that include both RA and non-RA individuals (2,6,17). To
evaluate the association of RA with mortality, detailed
follow-up data on mortality risk factors are necessary. Tra-
ditional mortality risk factors assessed in the study cohort
(both RA and non-RA) should include sociodemographic
and clinical factors. We aimed to determine whether RA
was associated with increased mortality among women fol-
lowed prospectively during 36 years of follow-up in the
Nurses’ Health Study (NHS), with adjustment for time-
varying confounders.

SUBJECTS AND METHODS

Study population. In 1976, the NHS enrolled 121,700

female registered nurses in the US, ages 30–55 years.

Women in the NHS completed questionnaires at baseline

and every 2 years, providing data on sociodemographics,

anthropometrics, behaviors, medications, diet, and dis-

eases. Only 4.4% of person-years in the NHS have been

lost to follow-up (18). The study protocol was approved

by the Partners HealthCare Institutional Review Board.

Incident RA cases. Women who self-reported a physi-

cian diagnosis of RA were mailed a validated questionnaire

(19). For those who screened positive, medical records were

obtained and independently reviewed by 2 rheumatologists

to confirm RA according to the 1987 American College of

Rheumatology classification criteria (20). In addition, the

date of RA diagnosis and serologic subtype (seropositive:

presence of rheumatoid factor [RF] and/or anti–cyclic citrul-

linated peptide) were obtained from medical records review.

For these analyses, participants who reported prevalent RA

or another connective tissue disease (CTD) prior to enroll-

ment in the NHS in 1976 were excluded. Women were fol-

lowed from cohort entry until death, censoring for loss to

follow-up or self-reported CTD that was not subsequently

validated as RA upon medical records review, or end of

follow-up (May 31, 2012). The final analysis consisted of

119,209 women who were followed from 1976 to 2012.

Identification and cause of death. Deaths were identi-

fied by systematic searches of the National Death Index and

state vital records, and supplemented by postal authority

and family reports, as previously described (21). This meth-

od ascertains .98% of deaths in the NHS (22). Death certif-

icates and medical records were reviewed by trained NHS

study physicians in order to classify into major categories

the primary cause of death in accordance with the 8th and

9th revisions of the International Classification of Diseases.

For each study participant, reviewers systematically deter-

mined a single cause of death as the underlying condition

that resulted in death. For example, the death of a patient

who developed sepsis and subsequently died and whose

death certificate listed respiratory failure as the primary

cause of death would be classified as death due to infection

by the NHS reviewers. A study investigator further re-

viewed medical records of women with RA classified as

having died from RA or respiratory causes, but the classifi-

cation by NHS reviewers was not changed.

Study covariates. Time-varying data on potential con-

founders were obtained from questionnaires mailed every

2 years beginning in 1976. We selected covariates based

on prior mortality studies in the NHS, as well as estab-

lished risk factors for RA or death (21,23–30).

Sociodemographic and lifestyle factors. Race, ethnic-
ity, and education level were self-reported. Median house-

hold income was based on home address and US Census

tract-level data. BMI was classified as underweight, normal,

overweight, or obese (31). Smoking pack-years were calcu-

lated as number of years smoked multiplied by number of

cigarette packs smoked per day (25). Physical activity was

measured with a validated survey and converted into

weekly hours of moderate to vigorous activity (32). Meno-

pausal status and postmenopausal hormone use were self-

reported. Dietary factors, including alcohol intake, were

assessed using semiquantitative food-frequency question-

naires and categorized according to the Alternate Healthy

Eating Index that classifies adherence to the US Department

of Agriculture’s Dietary Guidelines for Americans (33,34).

Clinical factors. Chronic conditions associated with
mortality were self-reported and included cancer, cardio-

vascular disease, hyperlipidemia, and diabetes mellitus.

Aspirin use and family history of cancer and diabetes mel-

litus in first-degree relatives, and parental myocardial

infarction at ,60 years of age were self-reported. The

Significance & Innovations
� Rheumatoid arthritis (RA) has been associated

with excess mortality in studies comparing mor-
tality rates in RA cohorts to standardized general
population estimates, but they were unable to
adjust for traditional mortality risk factors.

� We investigated RA and mortality among 119,209
women ages 30–55 years without RA or another con-
nective tissue disease at baseline who were followed
from 1976 until 2012 in the Nurses’ Health Study.

� Women with RA had significantly increased total
mortality (hazard ratio [HR] 1.40), respiratory
disease–related mortality (HR 2.06), and cardiovas-
cular disease–related mortality (HR 1.45) compared
to women without RA, independent of traditional
mortality risk factors, including smoking.

� Clinicians should be aware that patients with RA
are at increased risk for respiratory disease–related
and cardiovascular disease–related mortality, par-
ticularly those with seropositive RA.
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validity of self-report in the NHS compared to medical

records review has been demonstrated (35).

Statistical analysis. The primary analysis assessed the

association of RA diagnosis with total mortality. Second-

ary analyses investigated RA serologic subtypes and

cause-specific mortality. Person-years of follow-up

accrued from the return date of the baseline questionnaire

to the end of follow-up, date of death, or date of censor.

We defined the exposure as RA starting at date of diagno-

sis. Prior to RA diagnosis for RA cases, women contribut-

ed person-years to the non-RA reference group. Therefore,

person-time was assigned based on the presence or ab-

sence of RA at each 2-year follow-up point.
We used the Cox proportional hazards regression model

to estimate hazard ratios (HRs) and 95% confidence inter-

vals (95% CIs) for the association between RA and mortal-

ity, with non-RA as the reference. Analyses were also

performed for each RA serologic subtype, with non-RA as

the reference. Multivariable models controlled for age and

period (defined as each questionnaire cycle), as well as

time-varying sociodemographic, lifestyle, and clinical

confounders that were updated until death, end of study,

or censoring. Covariates remained in the final model if

their inclusion changed the age-adjusted HR by $5%. The

final model included age, cycle, education, household

income, cigarette smoking, BMI, physical activity, post-

menopausal status and hormone use, alcohol intake,

Alternate Healthy Eating Index quintile, aspirin use, and

diagnosis of cardiovascular disease.
In addition to total mortality, we evaluated the associa-

tions of RA with cause-specific mortality (cancer, car-

diovascular disease, and respiratory disease) in separate

models using similar methods as those previously des-

cribed. To check for violations of the proportional hazards

assumption, we compared nested models with and with-

out interaction terms of age by RA status using likelihood

ratio tests. Age and follow-up time are collinear, since all

Table 1. Baseline characteristics of participants in the Nurses’ Health Study in 1976 according to incident
RA diagnosis occurring during follow-up*

Characteristic
RA

(n 5 964)
No RA

(n 5 118,245)

Age, mean 6 SD years 42.8 6 6.8 42.4 6 7.2

Census-tract median family income, mean 6 SD thousands of dollars 64.2 6 24.3 64.4 6 25.9

Moderate to vigorous physical activity, mean 6 SD hours per week† 3.9 6 2.9 3.8 6 2.9

Body mass index, mean 6 SD kg/m2 23.7 6 3.8 23.8 6 4.1

Alternate Healthy Eating Index, mean 6 SD score (excluding alcohol)† 42.8 6 10.2 42.7 6 10.2

Alcohol intake, mean 6 SD gm/day‡ 5.8 6 9.4 6.4 6 10.6

White race 97.3 96.8

US region of residence

West 14.0 17.8

Midwest 20.0 18.3

Mid-Atlantic 46.2 47.2

New England 17.2 14.1

Southeast 2.6 2.7

Education level

Registered nurse 74.3 78.4

Bachelor’s degree 17.3 14.5

Master’s degree and above 8.4 7.0

Pack-years of cigarette smoking

Never to #10 52.7 63.2

.10–20 17.2 14.3

.20 27.7 21.0

Postmenopausal hormone use

Premenopausal 80.6 80.1

Postmenopausal, never hormone use 7.2 9.2

Postmenopausal, current hormone use 8.0 6.5

Postmenopausal, past hormone use 3.8 3.5

Cancer 1.8 2.7

Cardiovascular disease 1.8 1.3

Diabetes mellitus 1.0 1.8

Family history of cancer 13.7 11.9

Parental myocardial infarction ,60 years 19.0 18.7

Family history of diabetes mellitus 31.7 25.6

Aspirin use† 45.6 37.5

* Values are percentages unless otherwise indicated. Missing values are not reported. RA 5 rheumatoid arthritis.
† Category was first assessed in 1980.
‡ Category was first assessed in 1984.
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women entered the NHS in 1976. The proportional haz-
ards assumption was met in all analyses.

We plotted standardized mortality rates for women with
and without RA, as well as seropositive and seronegative
RA during follow-up in the NHS. We standardized mortal-
ity rates to the age-specific mortality rates of women using
US Census data for each period of observations. Curves
were created using cubic smoothing splines with 5 de-
grees of freedom. We chose this number of degrees of free-
dom to balance the smoothing and stability of mortality
rate curves. Since we only included incident RA occurring
after the NHS baseline, there were few deaths among
women with RA in the early years of the NHS follow-up.
After 16 years of follow-up in the NHS, there were suffi-
cient outcomes among women with RA to report stable
mortality rates.

We investigated survival after RA diagnosis using
Kaplan-Meier curves. For each woman with incident RA,
we chose up to 10 random controls without RA matched
on age and calendar year at the index date of RA diagno-
sis. A total of 964 incident RA cases were matched to
9,499 controls for these analyses. We plotted curves for all
RA, seropositive RA, and seronegative RA, and their
matched non-RA controls and tested for differences using
log rank tests.

Analyses were performed using SAS, version 9.3. For
all analyses, 2-sided P values less than 0.05 were consid-
ered statistically significant.

RESULTS

Among 119,209 women, we identified 964 incident RA

cases. The characteristics of the study population in 1976

(shown in Table 1) are presented according to whether a

subject developed RA during follow-up. At the inception

of the NHS, women who later developed RA had a mean 6

SD age of 42.8 6 6.8 years and a mean 6 SD BMI of

23.7 6 3.8 kg/m2. At baseline, women who developed RA

consumed less alcohol (5.8 6 9.4 gm/day) than women

who did not develop RA (6.4 6 10.6 gm/day). Women who

were subsequently diagnosed with RA were heavier smok-

ers at baseline (44.9% with .10 pack-years) than were

women who did not (35.3% with .10 pack-years).
There were 307 deaths during follow-up (31.8%) among

women with RA and 28,501 deaths among women with-

out RA (24.1%). Causes of death for women with and

without RA during the NHS follow-up as determined by

NHS study physicians are listed in Table 2. The most com-

mon cause of death was cancer (26.1% for women with

RA and 40.6% for women without RA). There were 70

cardiovascular disease–related deaths (22.8%) among

women with RA and 6,203 (21.8%) among women with-

out RA. Respiratory disease–related causes accounted for

14.3% of deaths in women with RA, compared to 7.2% of

deaths in women without RA.
SMRs during the NHS follow-up for women with and

without RA in the NHS are shown in Figure 1. These rates

Table 2. Total deaths and specific causes of death according to incident RA diagnosis
occurring during follow-up in the Nurses’ Health Study (1976–2012)*

RA
(n 5 964)

No RA
(n 5 118,245)

Total deaths, no. (%) 307 (31.8) 28,501 (24.1)

Cause of death, no. (% of total deaths)

Cancer 80 (26.1) 11,570 (40.6)

Cardiovascular disease† 70 (22.8) 6,203 (21.8)

Respiratory disease† 44 (14.3)‡ 2,050 (7.2)

RA 27 (8.8)§ 0 (0.0)

Dementia 15 (4.9) 1,998 (7.0)

Injury 11 (3.6) 1,120 (3.9)

Infection 4 (1.3) 405 (1.4)

Cirrhosis 4 (1.3) 278 (1.0)

Renal disease 4 (1.3) 346 (1.2)

Gastrointestinal disease 6 (2.0) 339 (1.2)

Diabetes mellitus 2 (0.7) 373 (1.3)

Parkinson’s disease 1 (0.3) 283 (1.0)

Other 26 (8.5) 2,430 (8.5)

Unable to classify by single diagnosis 13 (4.2) 1,106 (3.9)

* RA 5 rheumatoid arthritis.
† For cardiovascular disease–related mortality, International Classification of Diseases, Eighth Revision (ICD-8)
codes 390–458 were combined into a single category, which included coronary heart disease, stroke, aortic aneu-
rysm, valvular heart disease, cardiomyopathy, hypertensive heart disease, pericarditis, peripheral vascular dis-
ease, and pulmonary embolism. For respiratory disease–related mortality, ICD-8 codes 490–519 were combined
into a single category, which included chronic obstructive pulmonary disease (COPD), asthma, pleurisy, lung
abscess, bronchiectasis, and pulmonary fibrosis. This did not include lung cancer, pneumonia, influenza, or pul-
monary tuberculosis.
‡ Of 44 respiratory deaths in women with RA, 25 were due to COPD, 9 were due to pneumonia, 6 were due to
interstitial lung disease, 1 was due to asthma, and 3 were from other diseases of the respiratory system.
§ Of 27 deaths attributed to RA, 6 were due to RA-related factors, 6 were due to interstitial lung disease, 5 were
due to sepsis, 2 were from pulmonary embolism, 1 was from myocardial infarction, and 7 were due to other
causes.
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were standardized to US Census mortality rates for wom-

en in the US during each time period. After 16 years of

follow-up, women with RA, particularly seropositive RA,

had higher mortality rates than women without RA. Wom-

en with seronegative RA had similar mortality rates as

non-RA women throughout NHS follow-up.
Compared to women without RA, women with RA had

significantly increased total mortality, adjusting for age,

period, income, smoking pack-years, BMI, menopausal sta-

tus and hormone use, physical activity, Alternate Healthy

Eating Index, alcohol consumption, cardiovascular disease,

and aspirin use (HR 1.40, 95% CI 1.25–1.57) (Table 3).

Results were similar when adjusted for time-varying ever/

never smoking status (HR 1.43, 95% CI 1.27–1.60) or never/

past/current smoking status (HR 1.42, 95% CI 1.27–1.59)

other than cumulative smoking pack-years. Women with

seropositive RA had an HR for total mortality of 1.51 (95%

CI 1.31–1.74), while women with seronegative RA had no

significant association with total mortality (HR 1.15, 95%

CI 0.95–1.39), both compared to non-RA women.
Cause-specific mortality is shown in Table 4. The HR

for respiratory disease–related mortality for women with

RA was 2.06 (95% CI 1.51–2.80) compared to women

without RA. Women with seropositive RA had a nearly

3-fold increased risk of respiratory disease–related death

compared to those without RA (HR 2.67, 95% CI 1.89–

3.77), which remained significant after adjusting for con-

founders, including smoking. There was no association of

seronegative RA (HR 0.98, 95% CI 0.49–1.99) with respira-

tory disease–related mortality.
Women diagnosed with RA had a significantly in-

creased risk of cardiovascular disease–related mortality

(HR 1.45, 95% CI 1.14–1.83) compared to women without

RA. Seropositive RA (HR 1.41, 95% CI 1.03–1.93) signifi-

cantly increased the risk of cardiovascular disease–related

mortality, while seronegative RA trended toward statisti-

cal significance with a similar point estimate (HR 1.41,

95% CI 0.98–2.02) for cardiovascular disease–related mor-

tality. RA was not associated with a risk of cancer mortali-

ty (HR 0.93, 95% CI 0.74–1.15).
Kaplan-Meier curves showed significantly worse surviv-

al after the index date of RA diagnosis for all women with

RA (P , 0.001) and for seropositive RA (P , 0.001), but

not for seronegative RA (P 5 0.066), compared to age- and

period-matched controls without RA (Figure 2).

Figure 1. Standardized mortality rates during 36 years of follow-
up in the Nurses’ Health Study (NHS) for women with all rheuma-
toid arthritis (RA; all-RA), seropositive RA (sero1 RA), seronega-
tive RA (sero2 RA), and no RA (non-RA). Mortality rates were
standardized to the age-specific US female population mortality
rate by calendar year. There were too few deaths among women
with RA diagnosed in the first 16 years of NHS follow-up to pro-
vide stable estimates of mortality rates during this period. py 5
person-years.

Table 3. Hazard ratios for total mortality for women with RA by serologic phenotype compared to women
without RA in the Nurses’ Health Study (1976–2012)*

Deaths Person-years Mortality rate†
Age-adjusted
HR (95% CI)

Multivariable
HR (95% CI)‡

All RA

No RA 28,501 3,678,801 775 1.00 (reference) 1.00 (reference)

RA 307 17,983 1,707 1.45 (1.30–1.63) 1.40 (1.25–1.57)

Seropositive RA

No RA 28,492 3,425,924 832 1.00 (reference) 1.00 (reference)

RA 202 10,869 1,858 1.59 (1.38–1.82) 1.51 (1.31–1.74)

Seronegative RA

No RA 28,501 3,666,676 777 1.00 (reference) 1.00 (reference)

RA 105 7,113 1,476 1.18 (0.97–1.43) 1.15 (0.95–1.39)

* RA 5 rheumatoid arthritis; HR 5 hazard ratio; 95% CI 5 95% confidence interval.
† Per 100,000 person-years.
‡ Model adjusted for age, questionnaire cycle, census-tract family income (,$40,000 or $$40,000 per year), body mass index
(,18.5, 18.5–24.9, 25–29.9, or $30 kg/m2), cigarette smoking (never–10, 10.1–20, or .20 pack-years), postmenopausal hormone
use (premenopausal, postmenopausal: never postmenopausal hormone use, postmenopausal: past postmenopausal hormone
use, or postmenopausal: current postmenopausal hormone use), moderate to vigorous physical activity (0, 0.01–0.99, 1.00–3.49,
3.50–5.99, or $6 hours per week), cumulative average of Alternate Healthy Eating Index excluding alcohol component (quin-
tiles), alcohol consumption (0, 0.1–4.9, 5.0–14.9, or $15.0 gm/day), cardiovascular disease (yes/no), and aspirin use (yes/no).
Covariates were updated up to death, end of study period, censor, or loss to follow-up, whichever came first.
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DISCUSSION

For women diagnosed with RA during 36 years of prospec-
tive follow-up, there was a 40% increased total mortality
risk compared to women without RA. We observed a near-
ly 3-fold elevated risk of respiratory disease–related mor-
tality among women with seropositive RA. Cardiovascular
disease–related mortality was increased for women with
RA, but there was no association of RA with cancer mor-
tality. Mortality risk was highest for women with sero-
positive RA, and there was no association between
seronegative RA and mortality. Due to the relatively low
incidence of RA and the long follow-up required for death
outcomes, previous prospective cohorts have not been
able to evaluate RA mortality longitudinally from inci-
dence until death on a large scale while also including
individuals without RA. This study extends findings of
other RA cohorts to demonstrate the independent associa-
tion of RA with mortality after adjustment for time-
varying sociodemographic, lifestyle, and clinical con-
founders (36,37).

We found a nearly 3-fold increased risk of respiratory
disease–related mortality for women with seropositive RA
compared to women without RA, independent of smoking
throughout follow-up. There was no association of sero-
negative RA and respiratory disease–related mortality.
Similar findings of increased respiratory disease–related
mortality for seropositive RA have been reported (38,39).
In a prior study using an RA-only cohort, the SMR for
RF-positive RA was 3.49 (38). Since smoking is associated
with seropositive RA, excess smoking could have ex-
plained the increased respiratory disease–related mortali-
ty in that previous study, but smoking data for controls
were unavailable for adjustment (14). Similarly, a 3-fold
increased risk of respiratory disease–related deaths was
described for men with RA, but smoking data were

unavailable for controls, and cause of death was deter-

mined by the National Death Index (39). In this study, the

association of seropositive RA with respiratory disease–

related mortality persisted after adjustment for time-

varying smoking. This suggests that the excess respiratory

disease–related mortality may be due to other RA-related

factors, such as interstitial lung disease (ILD). A previous

study reported a 9-fold increased mortality rate for RA-

related ILD, compared to RA patients without ILD (5).

However, of 44 respiratory disease–related deaths in wom-

en with RA in this study, only 6 were identified as being

due to ILD, while most (25 of 44) were due to chronic

obstructive pulmonary disease (COPD). Some deaths due

to ILD may have been misclassified as COPD if subjects

were not diagnosed with ILD by their physician, if avail-

able medical records did not include advanced chest

imaging or pathology, or if ILD did not appear on the

death certificate. In this study, the cause of death could be

classified more accurately because medical records were

available, whereas previous studies used death certifi-

cates. This study indicates that respiratory disease–related

death may be an important contributor to the excess mor-

tality of RA. Since this finding was independent of ciga-

rette smoking, inflammation may specifically worsen

airway obstruction, leading to a worse disease course for

patients with COPD and RA. Since we observed a specific

association between seropositive RA and respiratory

disease–related mortality, specific factors related to sero-

positivity may also worsen respiratory disease. In particu-

lar, immune tolerance loss and production of RA-specific

autoantibodies may be initiated in the small airways (40).

Therefore, local altered anatomy and inflammation of

small airways involved in the pathogenesis of seropositive

RA may portend worsened respiratory disease–related

outcomes after diagnosis.

Table 4. Hazard ratios for cause-specific mortality for women with incident RA by serologic phenotype compared to women
without RA in the Nurses’ Health Study (1976–2012)*

Cancer mortality Cardiovascular mortality Respiratory mortality

Age-adjusted
HR (95% CI)

Multivariable
HR (95% CI)†

Age-adjusted
HR (95% CI)

Multivariable
HR (95% CI)†

Age-adjusted
HR (95% CI)

Multivariable
HR (95% CI)†

All RA

No RA 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

RA 1.00 (0.80–1.25) 0.93 (0.74–1.15) 1.49 (1.18–1.89) 1.45 (1.14–1.83) 2.57 (1.91–3.48) 2.06 (1.51–2.80)

Seropositive RA

No RA 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

RA 0.95 (0.71–1.26) 0.86 (0.65–1.15) 1.39 (1.02–1.90) 1.41 (1.03–1.93) 3.55 (2.55–4.95) 2.67 (1.89–3.77)

Seronegative RA

No RA 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)

RA 1.01 (0.72–1.42) 0.96 (0.68–1.35) 1.55 (1.08–2.21) 1.41 (0.98–2.02) 1.09 (0.54–2.19) 0.98 (0.49–1.99)

* RA 5 rheumatoid arthritis; HR 5 hazard ratio; 95% CI 5 95% confidence interval.
† Model adjusted for age, questionnaire cycle, census-tract family income (,$40,000 or $$40,000 per year), body mass index (,18.5, 18.5–24.9,
25–29.9, or $30 kg/m2), cigarette smoking (never–10, 10.1–20, or .20 pack-years), postmenopausal hormone use (premenopausal, postmenopausal:
never postmenopausal hormone use, postmenopausal: past postmenopausal hormone use, or postmenopausal: current postmenopausal hormone
use), moderate to vigorous physical activity (0, 0.01–0.99, 1.00–3.49, 3.50–5.99, or $6 hours per week), cumulative average of Alternate Healthy
Eating Index excluding alcohol component (quintiles), alcohol consumption (0, 0.1–4.9, 5.0–14.9, or $15.0 gm/day), cardiovascular disease (yes/
no), and aspirin use (yes/no). Covariates were updated up to death, end of study period, censor, or loss to follow-up, whichever came first.
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In this study, women with RA, particularly seropositive
RA, had an excess risk of mortality compared to women
without RA. Other studies reported increased mortality
when comparing RA-only cohorts to general population
estimates (10,12,17). Past studies consisting of early RA
cohorts have reported modestly increased mortality rates
for RA, perhaps due to shorter follow-up (9,41). The lack
of data on clinical, behavioral, and lifestyle factors for
comparison groups in these studies, limited follow-up
duration, and design differences (prevalent versus inci-
dent RA cohorts) may account for varying mortality esti-
mates in previous studies. A meta-analysis of 11 previous
studies reported an SMR of 1.47 for RA, similar to the
finding that we report (HR 1.40) (11). There is a suggestion
that SMRs for women with and without RA were both
decreasing in later years of follow-up (Figure 1).

Previous studies examined mortality prospectively by
directly comparing individuals with and without RA in the
same population (42–44). In the Iowa Women’s Health

Study, women with validated incident RA had increased
mortality compared to women without RA; however, covari-
ates were only available for adjustment at baseline, and
cause-specific mortality could not be investigated due to
limited sample size (43). Among a subset of postmenopausal
women in the Women’s Health Initiative who self-reported
RA, those identified with RA had excess all-cause mortality
compared to women with self-reported RA who were not
confirmed to have RA (42). Among patients in the UK, RA
cases matched to controls had a significantly increased risk
of death compared to controls, adjusted for age and sex, but
not for other confounders such as smoking (44). This study
is unique in that it provides a long duration of prospective
follow-up in a large population of women with and without
RA, time-varying repeated measures of confounders, and
detailed assessment of cause-specific mortality.

We found that seropositive RA had excess all-cause
mortality and that there was no association between sero-
negative RA and mortality. The association of seropositive

Figure 2. Kaplan-Meier curves for survival after incident rheumatoid arthritis (RA) diagnosis and
age- and period-matched controls at index date of RA diagnosis for women in the Nurses’ Health
Study comparing (A) all RA and controls (P , 0.001 by log rank test), (B) seropositive RA and con-
trols (P , 0.001 by log rank test), and (C) seronegative RA and controls (P 5 0.066 by log rank test).
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RA with excess mortality has been reported in other stud-
ies (9,38,42,43). A lack of association of seronegative RA
with total mortality has also been reported (38,43,45).

This study found similar cardiovascular disease–related
mortality estimates for seropositive and seronegative RA
subtypes. Previous studies hypothesized that excess mor-
tality burden in seropositive RA might be due to accelerat-
ed cardiovascular disease from chronic inflammation and
autoimmunity (8,38,41,46). However, we found a 45%
increased risk for cardiovascular disease mortality regard-
less of RA serologic subtype, which may imply that
inflammation, even in the absence of autoantibodies, may
be related to cardiovascular disease–related mortality risk.
Despite cancer being the leading cause of death in women
with RA, there was no association between RA and cancer
mortality. Prior studies investigating RA and cancer mor-
tality have had conflicting results (3,38). Women with RA
in the NHS are more likely to receive cancer screening,
such as mammograms, compared to women without RA
(47). In addition to shorter follow-up, healthcare utiliza-
tion factors may explain prior reports of only slightly
increased mortality in early RA cohorts (9,41).

Given the sample size and length of follow-up of this
study, we were able to identify many incident RA cases
and deaths. The high follow-up rate in the NHS minimizes
bias. Since all women in these analyses were free of RA at
onset and were censored when RA or another CTD was
reported but not confirmed, we were able to consistently
compare women who developed RA to women free of RA
or other CTDs. Repeated measures for confounders were
available, including demographics, clinical factors, and
lifestyle factors, including smoking. In addition, we were
able to adjust for comorbid conditions, such as cardiovas-
cular disease, occurring before or after RA diagnosis. Pre-
vious RA mortality studies had limited or unavailable
data on mortality risk factors in the comparison group.
The NHS provided detailed data on the timing and
cause of mortality outcomes, determined systematically
by death certificate and medical records review. Since a
single underlying cause of death was determined for all
deaths, cause-specific mortality analyses may not fully
capture the complexity of concurrent disease processes
that ultimately led to death. However, reviewers in the
NHS classified deaths based on all available medical
records and did not rely solely on the primary cause of
death listed on death certificates. Therefore, these analy-
ses have advantages over prior studies in which medical
records were unavailable.

These findings may not be generalizable to other popu-
lations, since the NHS is composed mostly of US white
women who were healthy and working in advanced nurs-
ing professions at the inception of the study, when they
were ages 30–55 years. While detailed data were available
for many covariates, data on RA disease activity and
DMARDs were unavailable. Immunosuppressive medica-
tions may affect mortality in RA patients (48,49). Medical
records concerning RA were reviewed only around the
time of RA diagnosis, so we have limited information on
RA sequelae, such as ILD and infections. All participants
were in the same birth cohort and entered the NHS
in 1976, limiting our ability to directly compare RA-

associated mortality rates in different periods based on

long-term trends, such as biologic DMARD availability.

Data on biologic DMARD use were not available in this

study. Health care utilization resulting in preventive serv-

ices may have been different between women with and

without RA. However, a prior study in the NHS showed

more preventive care among RA cases, so health care utili-

zation differences are unlikely to explain worsened mortali-

ty for women with RA (47). Since all women were nurses at

enrollment, they may have more access to medical care dur-

ing follow-up, so these findings may not be representative

of health care for women in the general population.
In conclusion, this study demonstrates that RA is asso-

ciated with increased all-cause mortality independent of

traditional mortality risk factors. Seronegative RA was not

associated with total mortality, but both seropositive and

seronegative RA subtypes were associated with incre-

ased cardiovascular disease–related mortality. Respiratory

disease–related mortality was 3-fold higher for seroposi-

tive RA independent of smoking. Clinicians should be

aware of the increased mortality risk among RA patients,

particularly respiratory disease–related mortality in sero-

positive RA. Further research is warranted to determine

factors that may reduce the excess mortality in RA, partic-

ularly from cardiovascular and respiratory causes.
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