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Abstract
Background—Rheumatoid arthritis (RA) is associated with a variety of kidney disorders.
However, it is unclear whether the development of reduced kidney function (RKF) is higher in
patients with RA compared to the general population.

Study Design—Retrospective review.

Setting & Participants—Incident adult-onset RA cases (813) and a comparison cohort of non-
RA subjects (813) in Olmsted County, Minnesota, from 1980-2007.

Predictor—Baseline demographic and clinical variables.

Outcomes—RKF: 1) Estimated GFR (eGFR) <60 ml/min/1.73m2 and 2) eGFR <45 on two
consecutive occasions at least 90 days apart; cardiovascular disease (CVD);, and death.

Measurements—The cumulative incidence of RKF was estimated adjusting for the competing
risk of death.

Results—Of 813 RA patients and 813 non-RA subjects, mean age was 56±16 (SD) years, 68%
were female, and 9% had RKF at baseline. The 20-year cumulative incidence of RKF was higher
in RA patients compared to non-RA participants for eGFR <60 ml/min/1.73m2 (25% vs. 20%;
p=0.03) but not eGFR <45 ml/min/1.73m2 (9% vs. 10%; p=0.8). The presence of CVD at baseline
(HR, 1.77; 95% CI, 1.14-2.73; p=0.01) and elevated erythrocyte sedimentation rate in RA patients
(HR per 10-mm/h greater, 1.08; 95% CI, 1.00-1.16; p=0.04) was associated with increased risk of
eGFR <60 ml/min/1.73m2. An eGFR <60 ml/min/1.73m2 was not associated with an increased
risk of CVD development in RA patients (HR, 0.99; 95% CI, 0.63-1.57; p=0.9), however, a
greater reduction in GFR (eGFR <45 ml/min/1.73m2) was associated with an increased risk of
CVD (HR, 1.93; CI, 1.04-3.58; p=0.04).
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Limitations—RKF was defined by estimating equations for kidney function. We are limited to
deriving associations from our findings.

Conclusions—RA patients were more likely to develop RKF over time. CVD and associated
factors appear to play a role. The presence of RA in individuals with RKF may lead to an increase
in morbidity from CVD development, for which awareness may provide a means for optimizing
care.

Keywords
cardiovascular disease; glomerulonephritis; mortality; renal progression; kidney dysfunction; RA;
eGFR

Chronic kidney disease (CKD) affects more than 26 million adults in the United States1.
While diabetes mellitus and hypertension remain the two primary causes of kidney failure,
other conditions including autoimmune processes contribute to the burden of kidney disease.
The reported kidney disease prevalence in patients with rheumatoid arthritis (RA) ranges
from 5% to 50% based on studies of different designs2,3, and the true prevalence of kidney
disease remains unclear.

RA has been associated with a variety of kidney disorders due principally to chronic
inflammation and drug exposure or toxicity. The most commonly observed kidney diseases
in RA patients who have undergone kidney biopsy include mesangial proliferative
glomerulonephritis, membranous nephropathy, IgA nephropathy, minimal change disease,
pauci-immune glomerulonephritis, analgesic nephropathy, interstitial nephritis, and AA
amyloidosis4,5.

As treatment patterns for RA have changed over the years, the incidence of kidney disease
may be altered. Agents such as gold salts and d-penicillamine more commonly used in the
past were directly linked to proteinuria and kidney disease6,7. Cyclosporine therapy is
associated with a dose-related nephrotoxicity in patients with RA8,9. More recently, biologic
agents including tumor necrosis factor α inhibitors have emerged as effective treatment. A
variety of case reports suggesting a link to etanercept and glomerulonephritides indicate that
kidney disease continues to be a disease- and treatment-related feature of RA10. Finally,
long-term maintenance anti-inflammatory therapy with non-steroidal anti-inflammatory
drugs (NSAIDs) or cyclooxygenase 2 inhibitors is a well-recognized cause of kidney
injury11.

Patients with kidney disease face increased morbidity and mortality, most of which is
attributed to an increased burden of cardiovascular disease (CVD) 12-15. Historically,
patients with RA-associated renal amyloidosis had higher mortality rates relative to the
general population10. The occurrence of hematuria, proteinuria or CKD was associated with
a 3- to 4-fold increased risk of death16. Patients with RA have an excess burden of CVD for
which CV risk has been previously underestimated by standard risk scores17. Subclinical
decreased kidney function has been identified as an independent risk factor for CV events in
RA patients18.

The objective of this study was to determine the rate of and associated factors related to the
development of reduced kidney function (RKF) in patients with RA.
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Methods
Study Population

An inception cohort of all cases of RA first diagnosed between January 1, 1980 and
December 31, 2007 (n=813) among Olmsted County, Minnesota, residents aged18 years or
older was assembled as previously described19. The incidence date was defined as the
earliest date at which the patient fulfilled at least 4 of the 7 American College of
Rheumatology 1987 classification criteria for RA20. A comparison cohort of subjects
without RA with similar age, sex and calendar year was also assembled. All patients in both
cohorts were followed up longitudinally through their entire medical records until death,
migration from Olmsted County, or December 31, 2008.

All clinically obtained creatinine values were collected. The serum creatinine assay was
standardized 21 in October 2006, and we adjusted previous serum creatinine levels by
subtracting 0.14 mg/dL, the mean change in serum creatinine levels after standardization22.
RKF was classified by glomerular filtration rate (GFR). RKF was defined as two
consecutive estimated GFRs (eGFRs) <60 mL/min/1.73 m2 at least 90 days apart using the
CKD-EPI (CKD Epidemiology Collaboration) creatinine equation23.

The date the patient was considered to have RKF is the second date of eGFR <60 mL/min/
1.73 m2. Similarly, more advanced RKF was defined as two consecutive eGFRs <45 mL/
min/1.73 m2 at least 90 days apart, and the date the patient had the second eGFR <45 mL/
min/1.73 m2 was the date of this classification. If more than 2 creatinine tests were
performed in a 90-day period, all tests in a 90-day period had to be below the cutoff to
satisfy the definition. RKF at index date was defined using the closest creatinine
measurement to the index date within ±90 days. CVD includes myocardial infarction (MI;
hospitalized or silent), revascularization procedures, angina, and heart failure as previously
described17.

Statistical Methods
The cumulative incidence of RKF adjusted for the competing risk of death was estimated24.
These methods are similar to Kaplan-Meier method with censoring of patients who are still
alive at last follow-up. However, patients who die before having RKF are appropriately
accounted for to avoid the overestimation of the rate of occurrence of RKF, which can occur
if such subjects are simply censored. Patients diagnosed with RKF prior to the diagnosis of
RA, or prior to the index date for the non-RA comparison cohort, were excluded from the
analysis of cumulative incidence. Cumulative incidence comparisons between the cohorts
were performed using methods by Gray25.

Cox proportional hazards models were used to compare the rate of development of RKF
between patients with RA and the non-RA comparison cohort. In addition, Cox proportional
hazards models were used to assess the association of risk factors with the development of
RKF among patients with RA.

Cox models were also used to assess the impact of RKF on the development of CVD or
mortality among the RA and non-RA cohorts. Age was used as the time scale for these
models to provide optimal adjustment for age, under the assumption that age is likely the
most important time determinate of CVD. Subjects entered the model at the age they met
criteria for RA and remained in the model until the age of each CVD event. Subjects without
events were censored at death or last follow-up. The models were stratified by sex.

Traditional CVD risk factors were included in these models as adjustors. Time-dependent
covariates were used to model risk factors that developed over time. These time-dependent
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covariates allowed patients to be modeled as unexposed to the risk factor during the follow-
up time prior to development of the risk factor, then change to exposed following
development of the risk factor. Interactions between cohort and RKF were examined.

Results
Study Participants

The study population included 813 RA patients and 813 non-RA subjects. The 2 cohorts had
similar characteristics (Table 1). The average age at RA incidence (index date for the non-
RA cohort) was 56±16 (standard deviation) years and 556 (68%) were female. There was a
statistically significant difference between smoking status in RA patients (45% never
smokers) compared to in individuals in the non-RA cohort (54%). There was no difference
in the presence of RKF at RA incidence/ index date (p=0.9), but the mean eGFR was higher
among the RA cohort compared to the non-RA cohort (86±20 vs 83±20 ml/min/1.73m2;
p=0.008). There were no end-stage renal disease events.

eGFR <60 mL/min/1.73 m2

During follow-up (in the non-prevalent with eGFR <60 mL/min/1.73 m2), 111 and 88
people in the RA and non-RA cohorts, respectively, developed eGFR<60 mL/min/1.73 m2.
The cumulative incidence of eGFR <60 mL/min/1.73 m2 was higher in RA patients
compared to the non-RA cohort (25% ± 2.5% vs. 20% ± 2.3% at 20 years in RA and non-
RA cohorts, respectively; p=0.03; Table 2). As illustrated in Figure 1, patients with RA were
more likely to develop eGFR <60 mL/min/1.73 m2 during follow-up (hazard ratio [HR],
1.63; 95% confidence interval [CI], 1.23-2.16; analysis adjusted for age, sex and calendar
year). This difference between RA and non-RA cohorts persisted following adjustment for
smoking and baseline eGFR (HR, 1.95; 95% CI, 1.45-2.62).

The rate of creatinine testing was higher during follow-up in the RA cohort (20363 tests/
7827.7 person-years = 2.6 tests per patient per year) than in the non-RA cohort (13887 tests /
8886.3 person-years = 1.6 per patient per year). To examine the possibility that the
differences in testing rate influenced the results, a sensitivity analysis was performed. More
frequent testing among the RA patients may have led to earlier dates of meeting RKF
definitions. The time between consecutive abnormal tests at least 90 days apart was
compared and was found to be shorter in the RA cohort compared to the non-RA cohort
(mean, 255 ± 183 vs 322 ± 223 days; p=0.01). In sensitivity analyses the date of RKF was
defined to be exactly 90 days after the first abnormal creatinine test instead of the actual date
of the second abnormal test, and the results comparing cumulative incidence of RKF in the
RA vs non-RA cohort did not change. Patients with RA remained more likely to develop
eGFR <60 mL/min/1.73 m2 during follow-up after adjustment for number of serum
creatinine measures (HR, 1.53; 95% CI, 1.14-2.05).

eGFR <45 mL/min/1.73 m2

There was no difference in the development of eGFR <45 mL/min/1.73 m2 between the RA
cohort and non-RA cohort (HR, 1.13; 95% CI, 0.76-1.70; p=0.6; analysis adjusted for age,
sex and calendar year). The cumulative incidence of eGFR <45 mL/min/1.73 m2 at 20 years
of follow up was not different in the RA compared to the non-RA group (9% ± 1.6% vs.
10% ± 1.6%; p=0.8).

Risk Factors for RKF in RA
The potential association of both RA disease characteristics and CV risk factors with the
development of RKF in patients with RA was also examined (Table 3). An elevation in the
inflammatory marker erythrocyte sedimentation rate (highest value in the first year after RA
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diagnosis) was associated with eGFR <60 mL/min/1.73 m2 (HR per 10-mm/h greater, 1.08;
95% CI, 1.00-1.16; p=0.05). The presence of CVD was associated with a nearly 2-fold
increased risk of eGFR <60 mL/min/1.73 m2 (HR, 1.77; 95% CI, 1.14-2.73; p=0.01).
Patients with obesity (body mass index ≥30 kg/m2) and dyslipidemia were also more likely
to develop eGFR <60 mL/min/1.73 m2. Erythrocyte sedimentation rate (highest value in the
first year), CVD, severe extra-articular manifestations, and use of corticosteroids were each
associated with the development of eGFR <45 mL/min/1.73 m2 in RA patients.

Some characteristics were “protective” for the development of RKF, including body mass
index <20 kg/m2 and use of NSAIDs. NSAID use was common in RA patients over the
study period. Nearly all RA patients took NSAIDs with 588 of 813 (72%) taking them at the
time of RA diagnosis and another 149 (18%) using NSAIDs during follow-up. Additionally,
we found no association between NSAID exposure and the development of CVD,
hypertension or diabetes mellitus during follow-up (p=0.9 for all). Given the extensive
NSAID use, there was no difference in eGFR at baseline between RA patients who did and
did not use NSAIDs at baseline (mean, 85.5 ± 19.6 vs 86.4 ± 20.1; p=0.5).

RKF Outcomes
During follow-up, a total of 392 patients (RA, 229; non-RA, 163) died. eGFR <60 mL/min/
1.73 m2 was associated with an increased risk of mortality among the non-RA (HR, 1.59;
95% CI, 1.13-2.24) and RA (HR, 1.25; 95% CI, 0.92-1.68) cohorts, but the effect of eGFR
<60 mL/min/1.73 m2 on mortality was significantly less among patients with RA compared
to non-RA individuals (HR for interaction, 0.66; 95% CI, 0.43-0.97; p=0.04). Results were
similar for eGFR <45 mL/min/1.73 m2 (HRs of 2.06 [95% CI, 1.41-2.99] and 1.62 [95% CI,
1.15-2.28] for RA and non-RA cohorts, respectively [HR for interaction, 0.66; 95% CI,
0.41-1.06; p=0.09]).

During followup, a total of 245 patients (RA, 137; non-RA, 108) developed CVD. eGFR
<60 mL/min/1.73 m2 was not significantly associated with an increased risk of CVD among
the non-RA (HR, 1.37; 95% CI, 0.83-2.24; p=0.2) or RA (HR, 0.99; 95% CI, 0.63-1.57;
p=0.9) cohorts, and the effect of eGFR <60 mL/min/1.73 m2 on mortality was not different
among the RA compared to non-RA cohorts (HR for interaction, 0.71; 95% CI, 0.39-1.29;
p=0.3). Among patients with RA, eGFR <45 mL/min/1.73 m2 was associated with an
increased risk of CVD development (HR, 1.93; 95% CI, 1.04-3.58; p=0.04). Results were
similar, but not statistically significant, for the non-RA cohort (HR, 1.41; 95% CI,
0.67-2.98; p=0.4 [HR for interaction, 1.25; 95% CI, 0.50-3.16; p=0.6]).

Discussion
Patients with RA are more likely to develop RKF than persons without RA. In our study, at
baseline, the prevalence of eGFR <60 ml/min/1.73 m2 among cohort groups was
approximately 9%. Over time, the cumulative incidence of eGFR <60 mL/min/1.73 m2 in
RA patients reached 15% at 10 years and 25% at 20 years of follow up, which was close to
5% more than in the non-RA cohort at these time points. The rate of development of more
advanced kidney disease, eGFR <45 ml/min/1.73m2, was similar between groups. Several
factors in patients with RA were associated with RKF development. Many of these were
related to CVD and associated risk factors.

Historically, there are only a few studies which describe the occurrence of RKF in patients
with RA. A cross-sectional population-based cohort study of 604 Finnish patients with RA
yielded evidence of nephropathy (defined as hematuria, proteinuria or kidney failure) in
17%26. Of 604 patients, 54 had isolated hematuria, 27 had isolated proteinuria, and 7 had
both hematuria and proteinuria. Chronic kidney failure defined by sex-based serum
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creatinine cutoffs was found in a total of 29 of which 15 had neither hematuria nor
proteinuria.

In a long term 15-year follow up study of Finnish patients with RA and nephropathy
(n=103), the endpoints of death and kidney failure requiring dialysis were reached in 56%
and 10%, respectively16. In a subset of patients (n=102) with RA from the original cohort
who did not have nephropathy, 28% developed CKD, 49% died, and only two patients
required dialysis therapy by study end. Kidney disease appeared in patients with RA most
often during the first 10-15 years of RA disease; however, a significant percentage of
patients with RA without baseline nephropathy progressed to CKD over time16.

In our study, eGFR <60 mL/min/1.73 m2 was prevalent in 9% of patients at baseline, and we
observed a 10-year cumulative incidence rate of eGFR <60 mL/min/1.73 m2 among patients
without prevalent eGFR <60 of 15%, which further increased to 25% by 20 years. Given the
comparison cohort observed, we can now appreciate that these rates are higher than those
found in the general population of similar individuals. This insight should alert providers to
the increased burden of disease experienced by patients with RA.

In our analysis a variety of characteristics and CV risk factors were associated with the
development of RKF in patients with RA including dyslipidemia, CVD, body mass index,
and use of NSAIDs. As expected, patients with CVD had a nearly 2-fold increased risk of
developing eGFR <60 mL/min/1.73 m2. Daoussis et al found that female sex, advanced age,
increased serum uric acid levels, the presence of extra-articular disease, and increased
cholesterol levels were independently associated with decreased kidney function in a cross-
sectional, single-center study of 400 consecutive patients with RA27. An increased
erythrocyte sedimentation rate in their study was not strongly associated with CKD, and in
our study the relationship reached marginal significance (HR, 1.08 per 10-mm/h increase in
erythrocyte sedimentation rate during first year; 95% CI, 1.00-1.16; p=0.05). This
relationship is relatively surprising given that in the past, chronic inflammation in patients
with RA led to prevalent kidney disease; however, this was primarily due to AA
amyloidosis. Immonen et al recently reported the findings of a marked decline in incidence
of renal replacement therapy for amyloidosis associated with inflammatory rheumatic
disease between 1995 and 200828. Taken together, we may speculate that in the modern
treatment era, the rate of amyloidosis associated with RA has decreased, which is consistent
with the dampened association of sedimentation rate with CKD in recent studies.

Similar to the Daoussis group27, we were able to detect an association between anti-
inflammatory drugs and RKF development in patients with RA. Interestingly, they found a
higher GFR in NSAID users compared to non-users (eGFR, 88.6±23.9 vs 80.2±20.2 mL/
min/1.73 m2; p=0.002). We observed that the use of NSAIDs was “protective” (HR, 0.59;
95% CI, 0.35-0.98; p=0.04) for the development of CKD. One might infer that NSAIDs
were prescribed or taken by individuals with fewer comorbidities or better kidney function
at baseline. We cannot exclude the possibility of residual confounding, which might explain
this finding. However, in our analysis, there was a high prevalence (>90%) of NSAID use at
baseline and over the study period which was not associated with GFR or other
comorbidities. In our study, only two factors, body mass index <20 kg/m2 and NSAID use,
were associated with a reduced risk of developing eGFR <60 mL/min/1.73 m2; however this
association did not extend to eGFR <45 mL/min/1.73 m2. Only the highest value of
erythrocyte sedimentation rate in the first year, CVD, severe extra-articular manifestations,
and corticosteroids were associated with an increased risk of eGFR <45 mL/min/1.73 m2.
These factors likely manifest an additive effect on small vessel disease contributing to
decreased kidney function in individuals with RA.
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The progression of CKD and its impact on mortality was described in a recent Department
of Veterans Affairs national database cohort study of over 4000 patients with RA with early
stage CKD (eGFR, 45-60 ml/min)29. Over a median of 2.6 years, 38% maintained stable
kidney function (eGFR decline of 0-1 ml/min) while 24% had severe progression of CKD
(eGFR decline > 4 ml/min per year). After a median of 5.7 years, patients with RA and
severe progression had an increased risk for mortality compared to patients with RA who
had mild CKD progression (HR, 1.54; 95% CI, 1.30-1.82)29. Similar to other studies, the
presence of concurrent kidney disease was associated with mortality in patients with RA in
the population based cohort study from Finland (HR, 1.78 [95% CI, 1.34-2.31] in those with
nephropathy compared to controls)16.

We examined the effect of RKF on mortality in patients with and without RA. eGFR <60
mL/min/1.73 m2 was associated with an increased risk of death among those in the non-RA
cohort (HR, 1.59; 95% CI, 1.13-2.24) and perhaps among RA patients (HR, 1.25; 95% CI,
0.92-1.68). However, the effect of eGFR <60 mL/min/1.73 m2 on mortality was
significantly less among the RA cohort compared to the non-RA cohort (HR for interaction,
0.66; 95% CI, 0.43-0.97; p=0.04). The presence of other factors that contribute to mortality
in RA but not in the absence of RA might result in this dilution effect making the relative
contribution of RKF seem smaller among RA patients.

It is well appreciated that individuals with RA have an increased burden of CVD30-32.
Inflammation is believed to play a pivotal role in the increased risk of CVD, in addition to
traditional risk factors, in patients with RA and has recently been proposed to be a primary
component for the underestimation of CVD risk prediction by standard CVD risk
assessment tools17. In our study, eGFR <60 mL/min/1.73 m2 was not significantly
associated with an increased risk of CVD development in either the RA or non-RA cohort.
However, a greater reduction in kidney function (eGFR <45 mL/min/1.73 m2) was
associated with an increased risk of CVD in RA patients (HR, 1.93; 95% CI, 1.04-3.58).
This relationship was similar in the non-RA cohort, but did not reach statistical significance.

The primary strength of this study was the use of a population-based design with a large RA
cohort and equally large population-based non-RA comparison cohort. Furthermore, we
were able to perform a comprehensive review of all inpatient and outpatient medical records
from the community, which allowed for accurate assessment of RKF and CVD. Our study
has some potential limitations. We used serum creatinine and the CKD-EPI creatinine
equation to estimate kidney function. Some studies have suggested that use of estimating
equations such as the MDRD (Modification of Diet in Renal Disease) Study equation may
underestimate kidney function in patients with RA primarily because this and other
equations have not yet been validated in patients with RA or lupus nephritis 33-35.
Acknowledging this limitation, we utilized the CKD-EPI equation, which has been found in
a recent meta-analysis to more accurately estimate GFR than the MDRD Study equation 36

to improve our estimation of RKF prevalence. In addition, we did not utilize urine protein
excretion rates or report the prevalence of hematuria to aid in classification of RKF.
Therefore an understanding of the true prevalence and risk of CKD or RKF in RA patients
may not have been fully explored. Nonetheless, any underestimation of kidney disease and/
or its association with mortality was uniformly made in the comparison cohort. Given the
observational nature of this study, we are limited to deriving associations only from our
findings. More prospective studies are needed to gain more conclusive insight into the
relationship between RA and RKF. Finally, the majority of participants in the study were
white, thus limiting the generalization of the results to other ethnic and racial groups.
However, they are representative of patients with this disease and the general population37.
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In conclusion, RKF is common in patients with RA and increases in prevalence over time. A
combination of RA disease characteristics and CVD-associated factors appear to play a role
in RKF development. The presence of RA disease did not appear to affect survival among
those who developed RKF. The presence of RA disease in individuals with RKF may lead to
an increase in morbidity from CVD development, primarily in those with advanced kidney
disease. Based upon these findings, therapeutic strategies to modify non-traditional risk
factors for CVD and consistent kidney function monitoring where appropriate may be
employed to minimize the risk of RKF, and subsequent complications including CVD and
death in our RA population.
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Figure 1.
Cumulative incidence of eGFR<60 mL/min/1.73 m2 in rheumatoid arthritis (RA) vs. non-
RA. The solid line represents patients with RA and the dashed line those without RA
(p=0.03).
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Table 1

Characteristics of RA and Non-RA Cohorts.

Characteristic RA (n=813) Non-RA (n=813) p

At incidence/index

 Ageˆ (y) 55.9 ± 15.7 55.9 ± 15.7 0.9

 Female sex 556 (68%) 556 (68%) 0.9

 White race 761 (94%) 771(96%) 0.1

 BMI (kg/m2) 27.8 ± 6.0 27.7 ± 6.0 0.8

 Smoking status 0.002

  Never 364 (45%) 435 (54%)

  Current 178 (22%) 144 (18%)

  Former 271 (33%) 234 (29%)

 Diabetes Mellitus 79 (10%) 67 (8%) 0.3

 Hypertension 307 (38%) 275 (34%) 0.1

 CVD 87 (11%) 89 (11%) 0.9

 Heart failure 23 (3%) 23 (3%) 0.9

 eGFR 0.008

  Mean (mL/min/1.73 m2) 85.7 ± 19.7 83.1 ± 19.8

  Median (mL/min/1.73 m2) 87.1 [73.4-98.9] 83.5 [70.8-96.8]

 Presence of eGFR <60* 74 (9%) 74 (9%) 0.9

 Presence of eGFR <45** 19 (2%) 22 (3%) 0.8

Length of follow-up (y) 9.6 ± 6.9 10.9 ± 7.2 --

Note: Values for categorical variables are given as number (percentage); values for continuous variables are given as mean ± standard deviation or
median [interquartile range].

CVD: Cardiovascular disease; eGFR: estimated glomerular filtration rate; CKD: chronic kidney disease; BMI, body mass index; CKD-EPI,
Chronic Kidney Disease Epidemiology Collaboration; RA, rheumatoid arthritis

*
eGFR <60 was defined as two consecutive eGFRs <60 mL/min/1.73 m2 at least 90 days apart using the CKD-EPI creatinine equation.

**
eGFR <45 was defined as two consecutive eGFRs <45 mL/min/1.73 m2 at least 90 days apart using the CKD-EPI creatinine equation.
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Table 3
Association between RA disease characteristics and reduced kidney function in patients
with RA

eGFR <60* eGFR <45**

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

RA characteristic

 ESR at index (per 10-mm/h greater) 1.05 (0.96, 1.15) 0.3 1.07 (0.93, 1.25) 0.4

 Highest ESR in 1st y (per 10-mm/h greater) 1.08 (1.00, 1.16) 0.05 1.14 (1.02, 1.26) 0.02

 RF positiveˆ 0.80 (0.55, 1.16) 0.2 0.95 (0.52, 1.74) 0.9

 Current smokerˆˆ 1.13 (0.71, 1.79) 0.6 1.70 (0.86, 3.39) 0.1

 Former smokerˆˆ 1.05 (0.70, 1.57) 0.8 0.74 (0.37, 1.50) 0.4

Time-dependent characteristic#

 Hypertension 2.05 (0.81, 5.17) 0.1 3.12 (0.41, 23.78) 0.3

 Diabetes Mellitus 1.51 (0.97, 2.36) 0.07 1.59 (0.82, 3.09) 0.2

 Dyslipidemia 1.99 (1.17, 3.37) 0.01 1.74 (0.76, 3.99) 0.2

 CVD 1.77 (1.14, 2.73) 0.01 3.62 (1.92, 6.82) <0.001

 BMI Category

  ≥30 kg/m2 1.87 (1.28, 2.73) 0.001 1.75 (0.96, 3.17) 0.07

  <20 kg/m2 0.51 (0.29, 0.90) 0.02 0.77 (0.35, 1.70) 0.5

 Nodules 1.06 (0.69, 1.64) 0.8 1.16 (0.60, 2.24) 0.7

 Erosions/destructive changes on radiographs 0.94 (0.64, 1.36) 0.7 1.53 (0.84, 2.80) 0.2

 Severe extra-articular manifestations 1.06 (0.55, 2.04) 0.9 2.25 (1.06, 4.77) 0.04

 Large joint swelling 1.06 (0.69, 1.65) 0.8 1.67 (0.74, 3.79) 0.2

 Joint surgery 0.93 (0.61, 1.43) 0.7 1.46 (0.78, 2.71) 0.2

 MTX 1.22 (0.82, 1.79) 0.3 1.13 (0.60, 2.14) 0.7

 HCQ 0.82 (0.56, 1.21) 0.3 1.03 (0.56, 1.89) 0.9

 Other DMARD 1.01 (0.64, 1.57) 0.9 0.91 (0.45, 1.86) 0.8

 Biologic 0.46 (0.14, 1.45) 0.2 1.82 (0.53, 6.25) 0.3

 Steroids 1.49 (0.96, 2.31) 0.08 2.49 (1.18, 5.23) 0.02

 NSAID 0.59 (0.35, 0.98) 0.04 1.84 (0.56, 6.10) 0.3

 COX-2 0.92 (0.60, 1.41) 0.7 0.78 (0.38, 1.59) 0.5

Note: Systemic glucocorticoids included either oral or intravenous forms (e.g., prednisone, methylprednisolone, hydrocortisone, dexamethasone).
Other DMARDs included sulfasalazine, leflunomide, and azathioprine. Biologic included tumor necrosis factor inhibitors, anakinra, abatacept, and
rituximab.

ESR: erythrocyte sedimentation rate; RF: rheumatoid factor; CVD: cardiovascular disease; BMI: body mass index; MTX: methotrexate; HCQ:
hydroxychloroquine; DMARD: disease-modifying antirheumatic drugs; NSAID: nonsteroidal anti-inflammatory drugs; COX-2: cyclooxygenase 2
inhibitor. eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; RA, rheumatoid arthritis

*
eGFR <60 was defined as two consecutive eGFR <60 mL/min/1.73 m2 at least 90 days apart using the CKD-EPI creatinine equation.

**
eGFR <45 was defined as two consecutive eGFR <45 mL/min/1.73 m2 at least 90 days apart using the CKD-EPI creatinine equation.

ˆ
Reference: RF negative
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ˆˆ
Reference: nonsmokers

#
Reference: patients without each characteristic
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