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Abstract

Rheumatoid arthritis is associated with reduced kidney function, possibly due to chronic 

inflammation or the use of nephrotoxic therapies. However, little is known about the effects of 

using the newer novel non-nephrotoxic biologic agents on the risk of incident chronic kidney 

disease (CKD). To study this we used a cohort of 20,757 United States veterans diagnosed with 

rheumatoid arthritiswith an estimated glomerular filtration rate (eGFR) of 60 mL/min/1.73m2 or 

more, recruited between October 2004 and September 2006, and followed through 2013. The 

associations of biologic use with incident CKD (eGFR under 60 with a decrease of at least 25% 

from baseline, and eGFR under 45 mL/min/1.73m2) and change in eGFR (<−3, −3 to <0 

[reference], and ≥0 mL/min/1.73m2/year) were examined in propensity-matched patients based on 

their likelihood to initiate biologic treatment, using Cox models and multinomial logistic 

regression models, respectively. Among 20,757 patients, 4,617 started biologic therapy. In the 
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propensity-matched cohort, patients treated (versus not treated) with biologic agents had a lower 

risk of incident CKD (hazard ratios 0.95, 95% confidence interval [0.82–1.10] and 0.71 [0.53–

0.94] for decrease in eGFR under 60 and under 45 mL/min/1.73m2, respectively) and progressive 

eGFR decline (multinomial odds ratios [95% CI] for eGFR slopes <−3 and ≥0 [versus −3 to <0] 

mL/min/1.73m2/year, 0.67 [0.58–0.79] and 0.76 [0.69–0.83], respectively). A significant 

deceleration of eGFR decline was also observed after biologic administration in patients treated 

with biologics (−1.0 versus −0.4 [mL/min/1.73m2/year] before and after biologic use). Thus, 

biologic agent administration was independently associated with lower risk of incident CKD and 

progressive eGFR decline.
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INTRODUCTION

Rheumatoid arthritis (RA) has been associated with a variety of kidney disorders, such as 

secondary amyloidosis, glomerulonephritis, and drug-induced nephropathy, principally 

through chronic inflammation and/or exposure to nephrotoxic agents, and the prevalence of 

chronic kidney disease (CKD) in patients with RA has been reported to be higher than that 

in the general population.1–3 A growing body of evidence has also shown the strong 

association between RA and higher risk of cardiovascular events.4–6 Since the systemic 

inflammation characteristic of RA plays a pivotal role in the development of atherosclerosis 

and subsequent cardiovascular disease, increasing attention has been paid to the 

management of cardiovascular risk factors in RA patients, with an enhanced focus on 

achieving remission early in the disease course with various anti-inflammatory therapeutic 

approaches using disease-modifying antirheumatic drugs (DMARDs) and biologic agents.7 

In addition, recent meta-analyses have identified the beneficial effect of tumor necrosis 

factor (TNF) inhibitors on cardiovascular risk in patients with RA,8, 9 which is also reflected 

in the current European League Against Rheumatism (EULAR) recommendations, 

suggesting that disease activity should be controlled optimally to lower cardiovascular risk 

in RA patients.10 Considering these data and the possible biological link between systemic 

inflammation and CKD progression in patients with RA,11 it is plausible that reducing their 

inflammatory burden with biologic treatment could also have favorable effects on renal 

function with the potential to slow kidney disease progression and to reduce subsequent risk 

of incident CKD and end-stage renal disease (ESRD).

In the present study, we therefore hypothesized that patients with RA and normal kidney 

function who are treated with biologic agents are at a lower risk of incident kidney disease 

and are less likely to experience progressive decline of kidney function than those not 

receiving biologic treatment. To test these hypotheses, we investigated the association of 

biologic treatment with incident CKD and change in estimated glomerular filtration rate 

(eGFR) using a large nationally representative cohort of US veterans with RA and eGFR of 

≥60 mL/min/1.73m2.
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RESULTS

Baseline characteristics overall and in patients categorized by biologic use are shown in 

Supplemental Table 1. The overall mean±standard deviation (SD) age at baseline was 

63.2±11.4 years; 91.7% of patients were male; 12.1% were African American; and 23.0% 

were diabetic. The mean baseline eGFR was 83.4±14.8 mL/min/1.73m2. During the follow-

up period, 4,617 patients (22.2%) started biologic therapy. Compared with RA patients 

without biologic treatment, those receiving biologic treatment were younger and less likely 

to be male and African-American; had a higher baseline eGFR and per capita income and a 

lower prevalence of comorbidities except liver disease and human immunodeficiency virus 

(HIV)/acquired immunodeficiency syndrome (AIDS); and were more likely to be service 

connected. They were also more likely to have RA-related articular procedures and to use 

non-biologic DMARDs, nonsteroidal anti-inflammatory drugs (NSAIDs), and 

glucocorticoids, and less likely to use renin-angiotensin system inhibitors (RASi) and 

statins. Baseline characteristics were well balanced between those with and without biologic 

use in the propensity-matched cohort (Table 1).

Factors associated with initial biologic treatment

Among 4,617 RA patients treated with biologics in the overall cohort, 2,779 (60.2%) were 

treated with etanercept, followed by adalimumab (21.4%), infliximab (9.6%), abatacept 

(4.1%) and others (Supplemental Table 2). The timing of biologics initiation over time was 

depicted in a Kaplan-Meier curve (Supplemental Figure 1). Table 2 shows the association of 

various baseline characteristics with initiating biologic treatment during the follow-up period 

in a multivariable logistic regression model. Younger age, male gender, white race, fewer 

comorbid conditions, married status, and higher per capita income, housing stress, eGFR, 

body mass index (BMI), and number of articular procedures were significantly associated 

with higher odds of initiating biologic treatment. Medications associated with higher odds of 

biologic administration included non-biologic DMARDs except hydroxychloroquine, 

NSAIDs, and glucocorticoids. The predictive equation for the probability of biologic use is 

also shown in Supplemental Table 3.

Incident CKD

In the propensity-matched cohort, 700 (8.7%) and 199 (1.5%) patients experienced decrease 

in eGFR reaching <60 (with a decrease of at least 25% from baseline) and <45 mL/min/

1.73m2, respectively (corresponding crude incidence rate [95% confidence interval (CI)], 

24.4 [22.6–26.2] and 6.6 [5.7–7.6] per 1000 patient-years), during a median follow-up of 4.5 

years. Patients treated with (vs. without) biologics had a higher CKD-event free survival, 

with more evident separation for decrease in eGFR <45 mL/min/1.73m2 (97.7% vs. 96.7% 

at 4 years, log rank P = 0.018; Figure 1B) than for decrease in eGFR <60 mL/min/1.73m2 

(90.2% vs. 89.9% at 4 years, log rank P = 0.50; Figure 1A). Compared to patients without 

biologic treatment, those with biologic treatment showed lower risk of incident CKD, with 

significantly lower risk seen only for decrease in eGFR <45 mL/min/1.73m2 (hazard ratios 

[HRs] [95% CI], 0.95 [0.82–1.10] and 0.71 [0.53–0.94] for decrease in eGFR <60 and <45 

mL/min/1.73m2, respectively).
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In subgroup analyses, the trend of association was qualitatively similar across multiple 

subgroups (Figures 2A and 2B), with the exception of the decrease in eGFR to <45 mL/min/

1.73m2 in subgroups categorized by coronary heart disease (CHD) and articular procedures 

(Figure 2B). The association between biologic treatment and incident CKD was also robust 

in the overall analysis using time-dependent Cox models, with significantly lower risks seen 

in patients treated with (vs. without) biologics (adjusted HRs [95% CI], 0.83 [0.72–0.96] 

and 0.42 [0.32–0.56] for decrease in eGFR <60 and <45 mL/min/1.73m2, respectively; 

Supplemental Table 4).

Change in eGFR

Among 8,082 patients in the propensity-matched cohort, 729 (9.0%) and 4,356 (53.9%) 

experienced a decline in eGFR of <−3 and −3 to <0 mL/min/1.73m2/year, respectively; 

whereas 2,997 patients (37.1%) had a stable or increasing eGFR (≥0 mL/min/1.73m2/year). 

Patients treated with (vs. without) biologics were at a lower risk of experiencing faster eGFR 

decline, and a similar association was also present for increasing eGFR (multinomial odds 

ratios [95% CI] of eGFR slope <−3 and ≥0 [vs. −3 to <0] mL/min/1.73m2/year, 0.67 [0.58–

0.79] and 0.76 [0.69–0.83], respectively).

In subgroup analyses, the pattern of association between biologic treatment and change in 

eGFR was qualitatively similar across subgroups, with a greater contribution of biologic 

treatment to progressive eGFR decline among patients who had received articular 

procedures at baseline (Figure 3). The association between biologic treatment and faster 

eGFR decline was similar in the overall cohort (Supplemental Table 5). When comparing the 

eGFR slopes estimated by unadjusted mixed-effects models between pre- and post-biologic 

administration among patients treated with biologics in the overall cohort, a significant 

deceleration of eGFR decline was seen after the biologic administration, with a mean 

improvement in crude eGFR slope of 0.6±3.0 (−1.0±1.9 vs. −0.4±2.2 [mL/min/1.73m2/year] 

before and after biologic administration, respectively, P <0.001; Supplemental Figure 2). 

The improvement in eGFR slope was similarly observed even after using eGFR slopes 

estimated by multivariable-adjusted mixed-effects models (Supplemental Figure 2). The 

changes in eGFR slope were similar between patients treated with TNF inhibitors and with 

non-TNF biologics (Supplemental Figure 3).

DISCUSSION

In this large cohort of US veterans with RA and eGFR ≥60 mL/min/1.73m2, we found that 

administration of biologic agents was associated with lower risk of incident CKD, 

particularly for advanced stages of CKD (i.e., eGFR <45 mL/min/1.73m2), and progressive 

eGFR decline, after accounting for confounding by indication in the propensity-matched 

cohort. Furthermore, we also found a significant deceleration of eGFR decline after biologic 

administration in patients treated with biologics, irrespective of the type of agent used (TNF 

inhibitor or other). Findings were similarly observed in selected subgroups and were largely 

robust after accounting for time-dependent confounders in the overall cohort.

These results are similar to some aspects of a few previous studies that reported a beneficial 

association of the use of TNF inhibitors with CKD progression.12–14 In a retrospective 
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cohort of 70 patients with RA and CKD, Kim et al.14 demonstrated that administration of 

anti-TNF-α drugs stabilized renal function, showing a significant difference of change in 

eGFR slope between patients treated with and without anti-TNF-α drugs during a mean 

follow-up of 2.9 years. In these studies, however, the change in eGFR was calculated using a 

single first and single last measurement during a relatively short follow-up period, which 

may be subject to potentially substantial intra-individual variability of eGFR over time,15, 16 

and thus may not be precise. Most importantly, these previous studies included only RA 

patients with CKD, and hence, they are unable to determine whether administration of anti-

TNF-α is associated with the development of de novo kidney disease in RA patients with 

preserved kidney function. We therefore estimated eGFR slopes using a more sophisticated 

modeling technique and extended the observation to a large nationwide cohort of US 

veterans with RA and normal kidney function, and for the first time demonstrated the 

independent association of biologic treatment with incident CKD and change in eGFR.

Although our observational study cannot conclude a causal relationship, there are several 

plausible explanations for the association of biologic use with lower risk of renal events. The 

chronic inflammatory state in RA plays a contributory role in the development and 

progression of atherosclerosis and adverse atherosclerotic cardiac events.4–6, 17 In line with 

these findings, a recent observational study has revealed an independent association between 

persistently high C-reactive protein level and higher risk of incident CKD in patients with 

RA.11 Given the multiple beneficial properties of biologic agents on endothelial function,
18, 19 insulin resistance,20 and lipid metabolism,21 as well as their anti-inflammatory effects, 

it seems plausible that biologic treatment can directly (e.g., through attenuation of renal 

inflammation and endothelial dysfunction) or indirectly (e.g., through modified metabolic 

profiles and/or increased physical activity accompanied by improved joint function) 

contribute to attenuate the heightened risk of adverse renal outcomes in RA patients. Indeed, 

there are a few reports describing that TNF-α inhibitors were not only effective in the 

treatment of active arthritis, but also stabilized or improved renal function by reducing both 

acute-phase reactant and proteinuria in RA patients with renal dysfunction caused by 

secondary amyloidosis.12, 13, 22 In this context, it may be worthy of note that, despite the fact 

that patients with more severe RA (i.e., higher number of articular procedures and more use 

of anti-inflammatory drugs) at baseline had significantly higher odds of initiating biologic 

treatment, the biologic use remained associated with lower risk of renal events. Although 

still speculative, the lower risk of increasing eGFR seen in patients treated with biologics in 

the propensity-matched cohort might reflect loss of muscle mass associated with chronic 

inflammatory state among those without biologic treatment, which might be supported by 

the lack of such association in the overall cohort analysis which accounted for BMI as a 

time-dependent covariate. As another potential explanation, improved pain management 

associated with biologic treatment may help to reduce the need for potentially nephrotoxic 

anti-inflammatory agents such as NSAIDs and certain types of non-biologic DMARDs like 

D-penicillamine and cyclosporine,23–25 which could consequently reduce the risk of drug-

induced nephrotoxicity and thereby contribute to the lower risk of renal events. Unlike these 

potentially nephrotoxic non-biologic agents, the unique pharmacokinetic features of biologic 

agents that are primarily metabolized by the reticuloendothelial system without apparent 

nephrotoxicity,26–28 along with the fact that some biologic agents have been used to treat 
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established kidney diseases,29 may also support this hypothesis. In our study, however, the 

association of biologic use with favorable renal outcomes still remained statistically 

significant even after accounting for various medications that were modeled as time-

dependent covariates in our overall cohort, suggesting potential renoprotective benefits of 

biologic agents in patients with RA. At the same time, it may also be important for clinicians 

to acknowledge that case reports have suggested a possible pathogenic role of biologic 

agents in the development of glomerulonephritis.30–32 Therefore, the effects of therapeutic 

interventions and optimal control of inflammation using biologic agents toward improving 

renal outcomes in RA patients, as well as the variability of the effects between individual 

agents, may deserve further investigation, including clinical trials with a renal endpoint.

Our study results must be interpreted in light of several limitations. Most of our patients 

were male US veterans; hence, the results may not apply to women or patients from other 

geographical areas. Information about RA disease activity measures such as the Clinical 

Disease Activity Index and Disease Activity Score, as well as erythrocyte sedimentation rate 

and C-reactive protein values, were not available in this cohort. Instead, we included the 

number of various RA-related articular procedures as a measure of RA severity as reported 

previously.33–36 Finally, as with all observational studies, we cannot eliminate the possibility 

of unmeasured confounders. Specifically, albuminuria data were not sufficiently available to 

be accounted for in our analyses, which might affect the risk estimates for CKD progression.

In conclusion, in this large nationwide cohort of 20,757 patients with RA, biologic 

administration was associated with lower risk of incident CKD and progressive eGFR 

decline, independent of established kidney disease risk factors. Further studies are warranted 

to test whether active interventions with biologic agents can attenuate the heightened risk of 

development and progression of CKD associated with RA.

METHODS

Cohort Definition

Our study used data from a retrospective cohort study examining risk factors in patients with 

incident CKD (Racial and Cardiovascular Risk Anomalies in CKD [RCAV] study).37–39 We 

extracted all serum creatinine measurements obtained in clinical settings in all US 

Department of Veteran Affairs (VA) health care facilities between October 1, 2004 and 

September 30, 2006 (baseline period) from the national VA Corporate Data Warehouse 

LabChem data files.40 Overall, 4,447,691 veterans had at least 1 available serum creatinine 

measurement, representing ~94% of all veterans who received VA health care during this 

time period.41 The RCAV cohort included 3,582,478 patients with eGFR ≥60 mL/min/

1.73m2. eGFR was calculated using the Chronic Kidney Disease Epidemiology 

Collaboration (CKD-EPI) creatinine equation.42 We defined RA as either having at least 2 

diagnoses for RA, as identified by the International Classification of Diseases, Ninth 
Revision Clinical Modification (ICD-9-CM) (Supplemental Table 6), that were recorded ≥30 

days apart; or having a single RA diagnosis code plus ≥3-month supply of non-biologic 

DMARDs approved for use in RA during the two-year baseline period,43, 44 based on 

information obtained from VA Pharmacy dispensation records.45 Among the 3,582,478 

patients, 30,130 (0.8%) were identified as having RA. We defined de novo exposure to 

Sumida et al. Page 6

Kidney Int. Author manuscript; available in PMC 2019 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



biologics as initiation of biologics in RA patients who had not been exposed to any biologics 

for at least 6 months after the cohort entry, which was the date of the first eGFR ≥60 

mL/min/1.73m2 during the baseline period, but were subsequently exposed to any biologics 

until the end of follow-up. Therefore, RA patients exposed to any biologics within 6 months 

after the cohort entry were excluded (n = 992) due to the possibility that they may have 

received treatment prior to cohort entry. After further exclusion of patients with missing 

covariates (n = 8,377) and erroneous data (n = 4), 20,757 RA patients were included in our 

final cohort (Supplemental Figure 4). Compared with patients in the final cohort, those who 

were excluded from the source cohort were older (66.2 vs. 63.2 years) and were less likely 

to be African-American (8.0% vs. 12.1%). To minimize confounding by indication, we 

generated from the final cohort a propensity score-matched cohort of 8,082 patients (4,041 

exposed and 4,041 unexposed to biologics) for our primary analyses (Supplemental Figure 

4).

Data collection

Exposures and covariates—The primary exposure of interest was an exposure to any 

types of biologics during the follow-up period. Biologics included etanercept, adalimumab, 

infliximab, abatacept, certolizumab, golimumab, rituximab, tocilizumab, and anakinra. The 

administration of biologics was modeled using an intention-to-treat approach, in which 

patients with de novo biologic exposure were considered part of the treated group until the 

end of follow-up irrespective of subsequent discontinuation of biologics.

Sociodemographic characteristics, comorbid conditions, laboratory characteristics, and 

medication use were obtained as previously described.46, 47 Briefly, data on patients’ age, 

sex, race, marital status (married, single, divorced or widowed), BMI, blood pressure, 

comorbid conditions, medication use, mean per capita income, and service connectedness (a 

measure indicating whether one or more of a patient’s comorbidities were caused by military 

service, resulting in certain privileges such as preferential access to care and lower 

copayments) were collected from various national VA research data files.48 Medication use 

was defined as at least one dispensation of ≥30-day supply each. Prevalent comorbidities 

were defined as the presence of relevant ICD-9-CM and Current Procedural Terminology 
(CPT) codes recorded from October 1, 2004 to September 30, 2006 (Supplemental Table 6).
37 Data on the number of RA-related articular procedures was obtained from relevant CPT 

codes (Supplemental Table 6). In addition to the information derived from VA sources, we 

included select socioeconomic indicators using 2004 county topology codes (housing stress, 

low education, low employment, and persistent poverty; Supplemental Table 7).

Outcomes—The co-primary outcomes of interest were incident CKD and change in 

eGFR. Incident CKD was defined as two eGFR levels <60 mL/min/1.73m2 separated by ≥90 

days, and a >25% decrease from baseline eGFR.49 We also examined more advanced stages 

of CKD (i.e., two eGFR levels <45 mL/min/1.73m2 separated by ≥90 days) as the outcome 

of incident CKD. Change in eGFR (slope) was calculated in each patient from linear mixed-

effects models using all outpatient eGFR measurements available from the index date (vide 

infra) to October 13, 2012 (the last date of available serum creatinine measurement), and 
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stratified into 3 categories as follows: <−3, −3 to <0 (reference), and ≥0 mL/min/1.73m2/

year. Information about all-cause mortality was obtained from the VA Vital Status Files.50

Statistical analysis

Baseline patient characteristics were presented as number (percent) for categorical variables 

and mean±SD for continuous variables with normal distribution or median (interquartile 

interval) for those with skewed distribution. The timing of biologics initiation over time was 

depicted in a Kaplan-Meier curve, and factors independently associated with biologic 

initiation were identified by multivariable logistic regression. Based on a-priori knowledge 

and their availability in this study, the following explanatory variables were included: age, 

sex, race, prevalent comorbidities (diabetes mellitus, hypertension, CHD, congestive heart 

failure, cerebrovascular disease, peripheral vascular disease, chronic lung disease, liver 

disease, dementia, malignancy, depression, and HIV/AIDS), socioeconomic parameters 

(mean per capita income, marital status, service connectedness, housing stress, low 

education, low employment, and persistent poverty), eGFR, BMI, systolic blood pressure, 

serum albumin, number of articular procedures per year as a measure of RA severity,33–36 

and medications (statins, RASi, methotrexate, hydroxychloroquine, sulfasalazine, other non-

biologic DMARDs, NSAIDs, and glucocorticoids). In the overall cohort, the start of follow-

up was the date of cohort entry. Patients were followed up until the earliest date of incident 

CKD, death or the last date of VA contact for incident CKD analyses, and until death or the 

last date of VA contact for analyses of change in eGFR. In order to account for the 

confounding arising from the differences in clinical characteristics of patients treated with 

(vs. without) biologics, we performed a propensity score-matched analysis as our primary 

analysis. The characteristics at the time of biologic initiation among biologic users were 

matched to those at a corresponding time point among non-biologic users by redefining their 

index date as the date of cohort entry plus the median number of days from cohort entry to 

biologic initiation in biologic users (i.e., 3.0 years). Propensity scores for the likelihood of 

presence vs. absence of biologic treatment were calculated by logistic regression using all of 

the above-mentioned variables at the new baseline (i.e., the date of biologic initiation and the 

index date for biologic users and non-users, respectively). We then matched patients with 

biologic treatment to comparable patients without treatment using a 1:1 nearest-neighbor 

matching without replacement. Differences between variables were examined by calculating 

standardized differences, and values <0.1 were considered acceptable for the matching. The 

associations of biologic treatment with renal outcomes were assessed with the Kaplan-Meier 

method and using Cox proportional hazards models (for incident CKD) and multinomial 

logistic regression models (for change in eGFR). For the Cox models, the proportionality 

assumption was tested by scaled Schoenfeld residuals, which showed no violations.

We performed several sensitivity analyses to evaluate the robustness of our main findings. 

The associations of biologic treatment with outcomes were examined in relevant subgroups 

of patients. Potential interactions were formally tested by including interaction terms. 

Analyses were repeated in the overall cohort using the multivariable-adjusted Cox models 

(for incident CKD) by modeling biologic treatment as a time-dependent exposure, with the 

time between cohort entry and the start of biologic therapy allocated to the unexposed group,
51 in order to avoid immortal time bias arising from the relevant follow-up period among 
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patients treated with biologics. Along with biologic exposure, eGFR, BMI, SBP, serum 

albumin, number of articular procedures per year, and medications were also treated as time-

dependent covariates in the Cox models. Additionally, among patients treated with biologics 

in the overall cohort, we calculated eGFR slopes by both unadjusted and multivariable-

adjusted mixed-effects models separately for the pre- and post-biologic administration 

periods in each individual, and compared the changes in eGFR slopes for these two periods 

using paired t-tests in overall biologic users and in those stratified by two different types of 

biologic agents (i.e., TNF inhibitors vs. other biologics). The multivariable mixed-effects 

model was adjusted for the same covariates as above. The reported P values are two-sided 

and reported as significant at <0.05 for all analyses. All of the analyses were conducted 

using Stata/MP version 14 (Stata Corporation, College Station, TX). The study was 

approved by the institutional review boards at the Memphis and Long Beach VA medical 

centers, with exemption from informed consent.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Kaplan-Meier curve for incident CKD (decrease in eGFR [A] <60 and [B] <45 mL/min/
1.73m2) in the propensity-matched cohort
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Abbreviations: CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate.
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Figure 2. Association of biologic treatment with incident CKD (decrease in eGFR [A] <60 and 
[B] <45 mL/min/1.73m2) in predefined subgroups in the propensity-matched cohort
Abbreviations: BMI = body mass index; CHD = coronary heart disease; DM = diabetes 

mellitus; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; HTN 

= hypertension.
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Figure 3. Association of biologic treatment with change in eGFR in predefined subgroups in the 
propensity-matched cohort
Abbreviations: BMI = body mass index; CHD = coronary heart disease; DM = diabetes 

mellitus; eGFR = estimated glomerular filtration rate; HTN = hypertension.
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Table 1

Baseline patient characteristics by biologic use in the propensity-matched cohort

Characteristics

Biologic use

Standardized differenceNo Yes

(n = 4,041) (n = 4,041)

Mean age (SD), y 61.6 (10.5) 61.1 (9.8) −0.042

Mean eGFR (SD), mL/min/1.73m2 85.9 (14.4) 86.6 (14.4) 0.045

Past slope of eGFR, mL/min/1.73m2 per year −1.0 (2.4) −1.0 (2.3) 0.050

Male, n (%) 3,625 (89.7) 3,597 (89.0) −0.023

African American, n (%) 467 (11.6) 453 (11.2) −0.011

Hypertension, n (%) 2,326 (57.6) 2,250 (55.7) −0.038

Diabetes mellitus, n (%) 770 (19.1) 751 (18.6) −0.012

Coronary heart disease, n (%) 434 (10.7) 414 (10.2) −0.016

Congestive heart failure, n (%) 137 (3.4) 124 (3.1) −0.018

Cerebrovascular disease, n (%) 186 (4.6) 176 (4.4) −0.012

Peripheral arterial disease, n (%) 202 (5.0) 197 (4.9) −0.006

Chronic lung disease, n (%) 905 (22.4) 875 (21.7) −0.018

Dementia, n (%) 5 (0.001) 7 (0.002) 0.013

Liver disease, n (%) 46 (1.1) 40 (1.0) −0.015

Malignancies, n (%) 284 (7.0) 281 (7.0) −0.003

HIV/AIDS, n (%) 2 (0.0005) 5 (0.001) 0.025

Depression, n (%) 417 (10.3) 408 (10.1) −0.007

Married, n (%) 1,655 (41.0) 1,650 (40.8) −0.003

Service connected, n (%) 1,940 (48.0) 1,997 (49.4) 0.028

Median per capita income (IQR), $ 23,765 (12,718−33,864) 24,708 (13,155−33,910) 0.0004

Living in area with high housing stress, n (%) 1,341 (33.2) 1,327 (32.8) −0.007

Living in area with low education, n (%) 477 (11.8) 461 (11.4) −0.012

Living in area with low employment, n (%) 414 (10.2) 398 (9.8) −0.013

Living in area of persistent poverty, n (%) 225 (5.6) 219 (5.4) −0.013

Mean BMI (SD), kg/m2 29.0 (5.6) 29.1 (5.5) 0.013

Mean systolic BP (SD), mmHg 133 (18) 133 (18) 0.001

Mean serum albumin (SD), g/dL 4.0 (0.4) 4.0 (0.4) 0.002

Mean articular procedures (SD), n (per year) 0.2 (0.5) 0.2 (0.4) 0.050

RASi use, n (%) 1,688 (41.8) 1,691 (41.8) 0.002

Statin use, n (%) 1,536 (38.0) 1,536 (38.0) 0.0001

Methotrexate use, n (%) 2,256 (55.8) 2,291 (56.7) 0.018

Hydroxychloroquine use, n (%) 1,363 (33.7) 1,357 (33.6) −0.003

Sulfasalazine use, n (%) 928 (23.0) 987 (24.4) 0.034

Leflunomide use, n (%) 350 (8.7) 452 (11.2) 0.085

Other non-biologic DMARD use, n (%) 197 (4.9) 202 (5.0) 0.085

NSAID use, n (%) 2,711 (67.1) 2,740 (67.8) 0.015
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Characteristics

Biologic use

Standardized differenceNo Yes

(n = 4,041) (n = 4,041)

Glucocorticoid use, n (%) 2,325 (57.5) 2,381 (58.9) 0.028

Note: Data are presented as number (percentage), mean (standard deviation), or median (interquartile interval).

Abbreviations: AIDS = acquired immunodeficiency syndrome; BMI = body mass index; BP = blood pressure; DMARD = disease-modifying anti-
rheumatic drug; eGFR = estimated glomerular filtration rate; HIV = human immunodeficiency virus; NSAID = nonsteroidal anti-inflammatory 
drug; RASi = renin-angiotensin system inhibitor; SD = standard deviation.
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Table 2

Baseline patient characteristics associated with biologic initiation during the follow-up period in the overall 

cohort (n = 4,617)

Odds ratio 95% CI P value

Age (1 year higher) 0.95 0.94–0.95 <0.001

Sex (Female vs. Male) 0.83 0.73–0.95 0.006

Race (African American vs. white) 0.55 0.48–0.62 <0.001

Hypertension 0.89 0.82–0.98 0.013

Diabetes mellitus 0.84 0.76–0.92 <0.001

Coronary heart disease 0.86 0.77–0.97 0.014

Congestive heart failure 0.58 0.48–0.71 <0.001

Cerebrovascular disease 0.84 0.72–0.99 0.043

Peripheral arterial disease 0.77 0.66–0.89 0.001

Chronic lung disease 0.77 0.71–0.84 <0.001

Dementia 0.33 0.14–0.76 0.009

Liver disease 0.79 0.56–1.11 0.18

Malignancies 0.68 0.60–0.78 <0.001

HIV/AIDS 0.52 0.19–1.42 0.20

Depression 0.80 0.71–0.91 0.001

Marital status (unmarried vs. married) 0.92 0.85–1.00 0.048

Service connected 1.06 0.98–1.14 0.16

Per capita income (1 log-unit [$] higher) 1.05 1.01–1.10 0.013

Living in area with high housing stress 1.17 1.08–1.27 <0.001

Living in area with low education 1.03 0.90–1.18 0.67

Living in area with low employment 0.91 0.79–1.05 0.21

Living in area of persistent poverty 0.92 0.76–1.11 0.37

eGFR (10 mL/min/1.73m2 higher) 1.01 1.00–1.01 <0.001

BMI (1 kg/m2 higher) 1.02 1.01–1.02 <0.001

Systolic BP (1 mmHg higher) 1.00 1.00–1.00 0.10

Serum albumin (1 g/dL higher) 1.01 0.93–1.11 0.80

Articular procedures per year (1 count higher) 1.29 1.19–1.40 <0.001

RASi use 0.99 0.91–1.09 0.88

Statin use 0.93 0.86–1.02 0.11

Methotrexate use 1.84 1.70–1.98 <0.001

Hydroxychloroquine use 0.85 0.78–0.92 <0.001

Sulfasalazine use 1.40 1.27–1.54 <0.001

Other non-biologic DMARD use 1.52 1.24–1.85 <0.001

NSAID use 1.08 1.00–1.17 0.038

Glucocorticoid use 1.61 1.49–1.74 <0.001

Estimates are from multivariable logistic regression model.

Abbreviations: AIDS = acquired immunodeficiency syndrome; BMI = body mass index; BP = blood pressure; DMARD = disease-modifying anti-
rheumatic drug; eGFR = estimated glomerular filtration rate; HIV = human immunodeficiency virus; NSAID = nonsteroidal anti-inflammatory 
drug; RASi = renin-angiotensin system inhibitor.
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