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ABSTRACT

Background. We investigated the incidence of chronic kidney disease (CKD) progression and its factors relevant to

patients with stable rheumatoid arthritis (RA).

Methods. We enrolled consecutive patients with RA who had initiated treatment with a biologic disease-modifying
anti-rheumatic drug (bDMARD) at our institution and continued the same drug for >5 years between 2001 and 2016.
Patients with CKD at bDMARD initiation were excluded. C-reactive protein (CRP) level, Clinical Disease Activity Index
(CDAI) score and estimated glomerular filtration rate were measured every 6 months.

Results. We included 423 patients, with 196 on tumour necrosis factor inhibitors, 190 on tocilizumab and 37 on
abatacept. Among these patients, 34 (8.0%) progressed to CKD within 5 years. The mean CRP level and CDAI score over
5 years were significantly lower in patients without CKD progression than in those with CKD progression (P < .001 and
P = .008, respectively). Multivariable analysis revealed that age at bDMARD initiation [odds ratio (OR) 1.05, P = .002],
non-steroidal anti-inflammatory drug use (OR 3.47, P = .004) and mean CRP >0.14 mg/dL (OR 5.89, P = .015) were
independently associated with CKD progression, while tocilizumab use was associated with a decreased risk of CKD

progression (OR 0.31, P = .027).

Conclusions. Controlling inflammation contributes to the inhibition of CKD progression in RA patients.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic inflammatory disease
that primarily affects the joints but also involves extra-articular
organs [1]. Approximately one-fourth of patients with RA de-
velop chronic kidney disease (CKD) [2, 3], a higher rate than
that of healthy individuals [4]. The causes of kidney diseases
in RA vary, but most cases can be categorized into two types:
chronic inflammation, including secondary renal atherosclero-

sis and amyloidosis, and drug-induced kidney diseases. Previous
studies have shown that elevated inflammatory markers, such
as C-reactive protein (CRP), in the early clinical stage are associ-
ated with future CKD [5, 6]. In addition, many drugs used for the
management of RA are cytotoxic, as represented by nonsteroidal
anti-inflammatory drugs (NSAIDs).

The advent of biologic disease-modifying anti-rheumatic
drugs (h(DMARDs) has dramatically improved the management
of RA, resulting in sustained remission or low disease activity in
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most patients [7-9]. Control of disease activity inhibits joint de-
struction, reduces physical impairment and suppresses inflam-
mation. These benefits lead in turn to decreased use of drugs
toxic to the kidney and a consequent lessening of the major
causes of kidney disease in RA. In recent years, however, CKD
status in RA patients has received little research attention.

The aim of this study was to investigate the recent incidence
of CKD in patients with RA that was successfully controlled with
bDMARDs and factors that influence CKD progression.

MATERIALS AND METHODS
Patient information and data collection

We enrolled patients diagnosed with RA according to the 2010
American College of Rheumatology/European League Against
Rheumatism classification criteria (Supplementary data, Table
S1) [10] and had continued treatment with a single bDMARD
for >5 years at Keio University Hospital between 2000 and 2016.
The treatment regimen was decided by the patients’ attend-
ing physicians based on the latest recommendations for the
management of RA through a shared decision-making process
[11, 12]. Patients with CKD at bDMARD initiation were excluded.
Clinical characteristics, including Clinical Disease Activity
Index (CDAI) score [13], CRP, estimated glomerular filtration rate
(eGFR), haemoglobin (Hb), low-density lipoprotein cholesterol
(LDL-C) and haemoglobin Alc (HbAlc) levels were collected
at baseline and every 6 months from bDMARD initiation for
5 years. The eGFR was calculated using the level of serum
creatinine (SCr) and age using the Japanese coefficient-modified
Modification of Diet in Renal Disease (MDRD) Study equation
[14]. CKD was defined as two measurements of an eGFR level
<60 mL/min/1.73 m? separated by >90 days. Furthermore, CKD
progression was defined as the new appearance of CKD and
>25% decrease in eGFR from baseline [15, 16]. We have addition-
ally evaluated the annual incidence of CKD and average declines
in eGFR (mL/min/1.73 m?/year) for age groups <49, 50-59, 60-69
and >70 years. NSAIDs, anti-hypertensive drugs, statins and
anti-diabetic drugs were regarded as regular medications when
they were continued for >1 year.

This study was approved by the ethics committee of Keio
University School of Medicine. Since the study used a retrospec-
tive cohort design and no samples were taken other than for
clinical use, written informed consent was not required under
the guidelines of the Ministry of Health, Labour and Welfare of
Japan.

Statistical analysis

Continuous variables are presented as mean and standard devi-
ation (SD). The difference between the two groups was analysed
using the t-test for continuous variables and chi-squared or
Fisher’s exact test for categorical variables. Cumulative CKD-
free rates were calculated using the Kaplan-Meier method, with
significant differences tested with the log-rank test. To identify
independent factors, binary multivariable logistic regression
analysis was performed using variables with a P-value <.01 on
univariate analysis as covariates. A cut-off value to discriminate
between the two groups was calculated using the receiver oper-
ating characteristics (ROC) curve. For propensity score matching,
the propensity score was estimated using a multivariable lo-
gistic regression model with variables having a P-value <.05 in
a previous multivariable analysis as covariates, in addition to
the well-known key variables of age, disease duration, eGFR,
methotrexate (MTX) use, glucocorticoid (GC) use, NSAID use,

anti-hypertensive drug use, anti-diabetic drug use, rheumatoid
factor (RF) positivity, anti-cyclic citrullinated protein (CCP)
antibody positivity at baseline, mean Hb level, mean LDL-C
level, average CDAI score and CRP level. Statistical significance
was set at P <.05. All statistical analyses were performed using
GraphPad Prism version 8 (GraphPad Software, San Diego, CA,
USA) or JMP version 15.0 (SAS Institute, Cary, NC, USA).

RESULTS
Patient characteristics at biologic agent initiation

Among 2262 patients with RA who initiated bDMARD therapy in
our hospital from 2001 to 2016, 1785 patients were excluded be-
cause they did not continue treatment with a single bDMARD for
>5 years, while 54 patients were excluded because they already
had CKD at bDMARD initiation. As a result, 423 patients were
included in the study. Among them, 196 patients (46.3%) were
treated with tumour necrosis factor (TNF) inhibitors, 190 (44.9%)
with tocilizumab and 37 (8.7%) with abatacept. Patient charac-
teristics by drug type are shown in Supplementary data, Table
S2.

CKD progression and baseline characteristics

During the observation period, 34 patients (8.0%) developed CKD
(Figure 1). Annual incidences of CKD were 0.99%, 3.36%, 5.50%
and 8.66% and the changes in GFR were —2.59, —1.81, —1.93 and
—2.77 mL/min/1.73 m?/year for age groups <49, 50-59, 60-69
and >70 years, respectively. When divided into two groups
based on CKD progression (Table 1), the patients in the CKD
progression group were older (67.3 versus 54.0 years; P < .001),
had a lower eGFR level (78.8 versus 86.6 mL/min/1.73 m?;
P = .001), had a higher CDAI score (21.7 versus 16.8%; P = .029)
and had a lower anti-CCP titre (62.9 versus 139.9 IU/mL; P = .023)
than those in the non-CKD progression group at bDMARD
initiation. Tocilizumab was used less frequently in the CKD pro-
gression group (23.5% versus 46.9%; P = .001), whereas abatacept
was used more frequently (20.6% versus 7.7%; P = .002).

CKD progression and RA activity

Disease activity of RA for 5 years was compared between
the CKD progression and non-CKD progression groups. After
bDMARD initiation, disease activity rapidly improved in both
groups; nevertheless, average CRP levels (0.48 versus 0.24 mg/dL;
P < .001) and CDAI scores (6.2 versus 4.7; P = .008) were signif-
icantly higher in the CKD progression than non-CKD progres-
sion group for 5 years (Table 1). At each of the 0.5-,2.0-, 3.5-, 4.0-,
4.5-, and 5.0-year visits, significantly higher CRP levels were ob-
served in the CKD group than in the non-CKD group (Figure 1A).
In contrast, CDAI scores did not significantly differ at any visit
(Figure 1B).

ROC curves identified the cut-off levels of the mean CRP
and CDAI scores to discriminate CKD-free status for 5 years as
0.14 mg/dL {area under the curve (AUC) 0.657 [95% confidence
interval (CI) 0.457-0.771], P = .002} and 5.8 [AUC 0.600 (95% CI
0.412-0.682), P = .016], respectively (Supplementary data, Figure
S1). From a total of 10 visits, visits where patients had a CRP
level >0.14 mg/dL were significantly more frequent in the CKD
progression than non-CKD progression group (4.0 versus 2.0;
P <.001), as were visits where patients had a CDAI score >5.8
(7.0 versus 6.0; P = .048). When we divided patients into two
groups using these cut-off values, CKD-free survival rates were
significantly lower in the patients with CRP levels >0.14 mg/dL
(P =.014) and CDAI scores >5.8 (P = .029) (Figure 2A, B).
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FIGURE 1: Changes in average CRP and CDAI scores on observation for 5 years. (A)
A significantly higher level of CRP is observed at the 0.5-, 2.0-, 3.5-, 4.0-, 4.5- and
5.0-year visits in the CKD group than the non-CKD group (0.81 versus 0.17 mg/dL,
0.26 versus 0.09 mg/dL, 0.29 versus 0.08 mg/dL, 0.27 versus 0.12 mg/dL, 0.47 ver-
sus 0.11 mg/dL and 0.33 versus 0.11 mg/dL; P < .001, P = .020, P < .001, P = .038,
P =.001 and P = .014, respectively). (B) CDAI scores did not significantly differ
between the CKD and non-CKD groups after bbDMARD initiation.

Other factors and CKD progression

NSAIDs and anti-hypertensive drugs were more frequently used
in the CKD progression group than in the non-CKD progression
group [35.3% versus 16.5% (P = .010) and 35.3% versus 13.1%
(P = .002), respectively] (Table 1). There was no significant dif-
ference in the frequency of anti-diabetic drug use and anti-
dyslipidaemia drug use between the two groups [5.9% versus
5.9% (P = 1.000) and 20.6% versus 11.8% (P = .172), respectively].
The mean levels of haemoglobin and LDL-C were lower in the
CKD progression group [12.5 versus 13.8 mg/dL (P < .001) and
110.2 versus 136.2 mg/dL (P = .001), respectively].

Risk factors associated with CKD progression

We conducted multiple logistic regression analysis to iden-
tify risk factors associated with CKD progression using non-
biologic agent covariates to exclude the effect of drugs (Table 2,
model 1). The following were identified as independent
factors associated with CKD progression: age at bDMARD
initiation [odds ratio (OR) 1.05 (95% CI 0.99-1.06), P = .002], NSAID
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use [OR 3.47 (95% CI 1.01-11.99), P = .004] and a mean CRP level
>0.14 mg/dL [OR 5.89 (95% CI 1.43-24.74), P = .015]. When we
added tocilizumab and abatacept use in the logistic regression
analysis, tocilizumab use [OR 0.31 (95% CI 0.11-0.89), P = 0.027]
was identified as an independent factor instead of CRP level
(Table 2, model 2).

We further investigated the effect of tocilizumab on the
prevention of CKD progression. Since patient characteristics at
the initiation of bDMARDs differed between tocilizumab users
and non-users (Supplementary data, Table S3), we extracted
70 matched pairs for tocilizumab users and non-users using
propensity score matching (Supplementary data, Table S4). We
compared the CKD-free survival rate in all patients depend-
ing on tocilizumab use and found a significantly higher rate
in patients who were treated with tocilizumab than those who
were not (P = .010) (Figure 2C). After propensity score matching,
the CKD-free survival rate was still significantly higher in pa-
tients treated with tocilizumab than in those not treated with
tocilizumab (P = .039) (Figure 2D).

DISCUSSION

Our results demonstrated that 8.0% of patients with RA who ini-
tiated and continued bDMARD therapy for 5 years developed
CKD. Our findings highlight the importance of preventing CKD
progression by controlling disease activity, including intensive
suppression of inflammation and the consequent reduction in
NSAID use.

The association of RA with a variety of kidney disorders is
mainly ascribable to chronic inflammation, drug exposure and
toxicity [17]. Our results suggested a faster decline in eGFR in
RA patients than in Japanese population. A study using annual
checkup data from 120727 Japanese patients [18] reported
changes in GFR of —0.41, —0.31, —0.32 and -0.39 mL/min/
1.73 m?/year for age groups <49, 50-59, 60-69 and >70 years,
respectively, which are smaller than our data (—2.89, —1.81,
—1.93 and —2.77 mL/min/1.73 m?/year for the same age groups,
respectively). However, only a few studies have described the
incidence of CKD in patients with RA [2-5]. A cross-sectional
population-based cohort study of 102 patients with RA and
without nephropathy demonstrated that 28% developed CKD
within 15 years [3]. Hickson et al. [5] evaluated 813 RA patients
and showed that the incidence of reduced kidney function
(eGFR <60 mL/min/1.73 m?) was higher in patients with RA than
in those without RA (25.0% versus 20.0%; P = .03). This study
enrolled RA patients who had been followed from 1980 to 2007.
Since the first bDMARD for RA was approved in 1999 by the US
Food and Drug Administration, most of the evaluated patients
were unlikely to be treated with bDMARDs. Our finding that 8%
of patients with RA treated with bDMARD therapy developed
CKD suggests that the management of RA has dramatically
improved through the years and that the development of CKD
in these patients has decreased.

One interesting finding of our study is that mean CRP lev-
els in the CKD progression group were higher than those in the
non-CKD progression group. This is consistent with the notion
that persistent inflammation is associated with CKD progres-
sion [19, 20]. Elevated erythrocyte sedimentation rate was in-
dependently associated with reduced kidney function at a haz-
ard ratio of 1.08 per 10 mm/h increase in 813 patients with RA
[5]. Furthermore, persistent CRP levels >3.0 mg/dL early in the
clinical course were an independent predictor of CKD incidence
in 345 patients with RA [6]. Our study also showed that among
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Table 1. Clinical characteristics at bDMARD initiation in patients with or without CKD progression

CKD progression (+) CKD progression (—)

Clinical characteristics (n=34) (n = 388) P-value
Age (years) 67.3+113 54.0 +13.7 <.001
Female, n (%) 28 (82.4) 332 (85.6) 614
Duration from RA diagnosis to DMARD therapy initiation (months) 105.1 +112.6 85.0+923 234
SS, n (%) 1(2.9) 25 (6.4) 382
eGFR (mL/min/1.73 m?) 78.8+12.4 86.6 £17.3 .001
Hb level (g/dL) 114+ 17 135+ 1.4 102
HbA1lc (%) 59+18 59+0.8 .825
LDL-C level (mg/dL) 1094 £2.2 131.0 £33.9 .932
CRP level (mg/dL) 1.75+2.08 1.49 +2.37 541
CDAI score 217 £121 16.8 £12.2 .029
RF, 1 (%) 23 (67.7) 292 (75.3) 312
RF titre (U/mL) 118.1 £179.1 96.3 £ 128.2 .355
Anti-CCP, n (%) 24 (70.6) 294 (75.7) 534
Anti-CCP titre (IU/mL) 62.9 £ 100.3 139.9 +193.8 .023
ANA, 1 (%) 22 (64.7) 260 (67.0) 788
Anti-SSA, n (%) 17 (8.7) 40 (10.3) 588
Treatment

TNFi, n (%) 20 (58.8) 176 (45.3) 151

Tocilizumab, n (%) 8(23.5) 182 (46.9) .001

Abatacept, (%) 7 (20.6) 30(7.7) .002

MTX, n (%) 27 (79.4) 306 (78.9)

MTX dose (mg/week) 8.0+24 8.7 +£3.7 .301

GC, n (%) 8(23.5) 94 (24.2)

GC dose (mg/day) 56421 51+3.6 751

Tacrolimus, n (%) 5(14.7) 34 (8.7) .226

NSAIDs, n (%) 12 (35.3) 64 (16.5) 010

Anti-diabetic drugs, n (%) 2(5.9) 23 (5.9)

Anti-hypertensive drugs, n (%) 12 (35.3) 51 (13.1) .002

Anti-dyslipidaemia drugs, n (%) 7 (20.6) 46 (11.8) 172
Values during observation?®
Laboratory findings

Hb level (g/dL) 125+17 13.8+1.0 .001

HbA1lc (%) 6.0+ 0.9 57404 778

LDL-C level (mg/dL) 110.2 £38.1 136.2 £ 21.9 .001

CRP level (mg/dL) 0.48 4+ 0.49 0.24 +0.29 <.001
Disease activity

CDAI score 6.2+4.1 4.7 +3.0 .008
Treatment

Maximum MTX dose (mg/week) 80+24 88+37 .301

MTX dose at final visit (mg/week) 2.6 +3.0 3.8+37 116

Maximum GC dose (mg/day) 5.6+2.1 51+36 751

GC dose at final visit (mg/day) 0.4 +0.8 1.2+2.0 .270

Values are presented as mean + SD unless stated otherwise. SS, Sjogren syndrome; ANA, anti-nuclear antibody; TNFi, anti-tumour necrosis factor inhibitor; GC,

glucocorticoid.
aValues from the baseline to the last observation.

bDMARDs, use of tocilizumab, an interleukin-6 (IL-6) inhibitor,
was an independent factor favourable to CKD progression. To-
gether, these findings suggest that intensive suppression of CRP
levels with IL-6 inhibition may be beneficial in terms of CKD pro-
gression.

Another mechanism of IL-6 inhibition that favours the sup-
pression of CKD progression is the contribution of IL-6 to renal
injury in glomerulonephritis and other forms of renal disease
[21]. IL-6 enhances the signalling response of tubular epithelial
cells to pro-fibrotic cytokines, such as transforming growth
factor p [22]. IL-6-deficient mice show less kidney-associated
inflammation [23]. IL-6 inhibition in Castleman’s disease im-
proves urinary sediment and stabilizes renal function [24, 25].
Furthermore, the effect of tocilizumab in improving anaemia

induced by chronic inflammation also contributes to the inhibi-
tion of CKD progression [26, 27]. These findings suggest a direct
effect of IL-6 inhibition on renal injury.

Itis not surprising that NSAID use was an independent factor
associated with CKD progression in our study. NSAIDs inhibit
cyclooxygenase 1 and 2 (COX-1 and COX-2) isoenzymes. COX-1
mainly functions to control renal haemodynamics, while COX-2
primarily affects salt and water excretion [28]. Accordingly,
blocking either or both of these enzymes can result in renal
dysfunction [29]. The association between NSAID use and CKD
progression has been proven clinically in a large cohort of 10 184
patients [30]. Our study suggests that disease control and sup-
pression of inflammation in RA are also important to prevent
CKD progression, because these lead to a reduction in NSAID use.
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FIGURE 2: Cumulative CKD-free rate by cut-off levels discriminating CKD progression and cumulative CKD-free rate with tocilizumab use. Patients were divided into
two groups based on the cut-off levels obtained from ROC curve analysis for CKD progression and cumulative CKD-free rates were compared in terms of (A) average
CRP level and (B) average CDAI. (C) The cumulative CKD-free rates for tocilizumab users and non-tocilizumab users in full population. (D) After propensity matching,

patients were divided into two groups by use of tocilizumab and the cumulative CKD-free rate was compared.

Table 2. Multivariate analysis for factors associated with CKD progression

Model 1 (without biologics use)

Model 2 (with biologics use)

Factor OR (95% CI) P-value OR (95% CI) P-value
Age at bDMARD initiation 1.05 (0.99-1.06) .002 1.01 (0.98-1.03) <.001
Female 1.00 (0.87-1.11) 342 0.99 (0.88-1.25) 531
eGFR level at bDMARD initiation 1.01 (0.97-1.04) 412 1.01 (0.99-1.03) 411
Mean Hb level 0.89 (0.77-1.60) 215 1.18 (0.89-1.71) 254
Mean LDL level 0.98 (0.96-1.02) 435 0.97 (0.97-1.10) .546
NSAID use 3.47 (1.01-11.99) .004 4.11 (1.57-10.74) .004
Anti-hypertensive drug use 2.42 (0.77-7.76) 127 2.22 (0.91-5.35) .077
Mean CRP level >0.14 mg/dL 5.89 (1.43-24.74) .015 2.23 (0.90-5.48) .082
Mean CDAI score >5.8 1.11 (0.40-3.35) .924 1.57 (0.67-3.58) .359
Tocilizumab use 0.31 (0.11-0.89) .027
Abatacept use 1.34 (0.45-3.64) .582
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Our study has some limitations. First, it was conducted under
a retrospective design at a single centre. This may have resulted
in a degree of selection bias. Second, the interval of clinical data
collection was every 6 months, and changes occurring within
the 6-month period were sometimes unclear. Third, CKD was
defined by the level of eGFR, lacking albuminuria assessment.
Since albuminuria is a key parameter predisposing to CKD
progression, the prevalence and risk of CKD may have been
underestimated in this study. Our findings should therefore
be confirmed in a multicentre prospective study with a longer
follow-up period with albuminuria assessment.

In conclusion, CKD progression has decreased in the
bDMARD era. Disease control, through inflammation manage-
ment and reduced NSAID use, is important to the prevention of
CKD. Further, the use of tocilizumab may suppress the effect of
IL-6 on renal injury and reduce disease progression.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1. Smolen JS, Aletaha D, Mclnnes IB. Rheumatoid arthritis.
Lancet 2016; 388: 2023-2028

2. Sihvonen S, Korpela M, Mustonen ] et al. Renal disease
as a predictor of increased mortality among patients with
rheumatoid arthritis. Nephron Clin Pract 2004; 96: c107-c114

3. Karstila K, Korpela M, Sihvonen S et al. Prognosis of clinical
renal disease and incidence of new renal findings in patients
with rheumatoid arthritis: follow-up of a population-based
study. Clin Rheumatol 2007; 26: 2089-2095

4. Tokoroyama T, Ando M, Setoguchi K et al. Prevalence, inci-
dence and prognosis of chronic kidney disease classified ac-
cording to current guidelines: a large retrospective cohort
study of rheumatoid arthritis patients. Nephrol Dial Trans-
plant 2017; 32: 2035-2042

S. Hickson LJ, Crowson CS, Gabriel SE et al. Development of re-
duced kidney function in rheumatoid arthritis. Am J Kidney
Dis 2014; 63: 206-213

6. KochiM, Kohagura K, Shiohira Y et al. Inflammation as a risk
of developing chronic kidney disease in rheumatoid arthri-
tis. PLoS One 2016; 11: e0160225

7. Smolen JS, Landewé RBM, Bijlsma JW]J et al. EULAR rec-
ommendations for the management of rheumatoid arthri-
tis with synthetic and biological disease-modifying an-
tirheumatic drugs: 2019 update. Ann Rheum Dis 2020; 79:
685-699

8. Takanashi S, Kaneko Y, Takeuchi T. Characteristics of pa-
tients with difficult-to-treat rheumatoid arthritis in clinical
practice. Rheumatology (Oxford) 2021; 60: 5247-5256

9. Takanashi S, Kaneko Y, Takeuchi T. CDAI and DAS28 in the
management of rheumatoid arthritis in clinical practice.
Ann Rheum Dis 2020; 79: 671-674

10. Aletaha D, Neogi T, Silman AJ et al. 2010 rheumatoid arthri-
tis classification criteria: an American College of Rheuma-
tology/European League Against Rheumatism collaborative
initiative. Arthritis Rheum 2010; 62: 2569-2581

11. Smolen]S, Landewé R, Breedveld FC et al. EULAR recommen-
dations for the management of rheumatoid arthritis with

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

synthetic and biological disease-modifying antirheumatic
drugs. Ann Rheum Dis 2010; 69: 964-975

Smolen JS, Landewé R, Breedveld FC et al. EULAR recommen-
dations for the management of rheumatoid arthritis with
synthetic and biological disease-modifying antirheumatic
drugs: 2013 update. Ann Rheum Dis 2014; 73: 492-509
Smolen JS, Aletaha D, Bijlsma JWJ et al. Treating rheuma-
toid arthritis to target: recommendations of an interna-
tional task force. Ann Rheum Dis 2010; 69: 631-637

Imai E, Horio M, Iseki K et al. Prevalence of chronic kidney
disease (CKD) in Japanese population predicted by MDRD
equation modified by a Japanese coefficient. Clin Exp Nephrol
2007; 11: 156-163

. Levin A, Stevens PE. Summary of KDIGO 2012 CKD guideline:

behind the scenes, need for guidance, and a framework for
moving forward. Kidney Int 2014; 85: 49-61

Sumida K, Molnar MZ, Potukuchi PK et al. Treatment of
rheumatoid arthritis with biologic agents lowers the risk of
incident chronic kidney disease. Kidney Int 2018; 93: 1207-
1216

Nakano M, Ueno M, Nishi S et al. Analysis of renal pathology
and drug history in 158 Japanese patients with rheumatoid
arthritis. Clin Nephrol 1998; 50: 154-160

Imai E, Horio M, Yamagata K et al. Slower decline of glomeru-
lar filtration rate in the Japanese general population: a longi-
tudinal 10-year follow-up study. Hypertens Res 2008; 31: 433—
441

Tonelli M, Sacks F, Pfeffer M et al. Biomarkers of inflamma-
tion and progression of chronic kidney disease. Kidney Int
2005; 68: 237-245

Pecoits-Filho R, Heimblirger O, Barany P et al. Associations
between circulating inflammatory markers and residual re-
nal function in CRF patients. AmJ Kidney Dis 2003; 41: 1212—
1218

Jones SA, Fraser DJ, Fielding CA et al. Interleukin-6 in renal
disease and therapy. Nephrol Dial Transplant 2015; 30: 564-574
Zhang XL, Topley N, Ito T et al. Interleukin-6 regulation of
transforming growth factor (TGF)-p receptor compartmen-
talization and turnover enhances TGF-p1 signaling. J Biol
Chem 2005; 280: 12239-12245

Nechemia-Arbely Y, Barkan D, Pizov G et al. IL-6/IL-6R axis
plays a critical role in acute kidney injury. ] Am Soc Nephrol
2008; 19: 1106-1115

Maeshima A, Nakasatomi M, Henmi D et al. Efficacy of
tocilizumab, a humanized neutralizing antibody against
interleukin-6 receptor, in progressive renal injury associated
with Castleman’s disease. CEN Case Rep 2012; 1: 7-11
Komaba H, Nakazawa T, Yamaguchi Y et al. Interleukin-6 re-
ceptor inhibition with tocilizumab in various renal involve-
ments associated with multicentric Castleman’s disease: a
report of three cases. NDT Plus 2008; 1: 423-426
Kazancioglu R. Risk factors for chronic kidney disease: an
update. Kidney Int Suppl (2011) 2013; 3: 368-371

Kuriyama S, Tomonari H, Yoshida H et al. Reversal of anemia
by erythropoietin therapy retards the progression of chronic
renal failure, especially in nondiabetic patients. Nephron
1997, 77: 176-185

Weir MR. Renal effects of nonselective NSAIDs and coxibs.
Cleve Clin ] Med 2002; 69: SI5S3-S158

Schnermann J, Briggs JP. The macula densa is worth its salt.
J Clin Invest 1999; 104: 1007-1009

Gooch K, Culleton BF, Manns B]J et al. NSAID use and progres-
sion of chronic kidney disease. Am ] Med 2007; 120: 280.e1-
280.e7


https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfac036#rsupplementary-data

