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Abstract. Objective: Epidemiologic 
studies have suggested a link between chron-
ic systemic inflammation and chronic kidney 
disease-mineral and bone disorder (CKD-
MBD). Additionally, declining renal func-
tion is associated with worsening physical 
and cognitive function, which may poten-
tially be explained by systemic inflamma-
tion, CKD-MBD, or both. We hypothesized 
that inhibiting inflammation with an inter-
leukin-1 (IL-1) trap would improve markers 
of CKD-MBD as well as physical/cognitive 
function in patients with moderate-to-severe 
CKD. Methods: In a two-site, double-blind 
trial, 39 patients with stage 3 – 4 CKD com-
pleted a randomized trial receiving either the 
IL-1 trap rilonacept (160 mg/week) or place-
bo for 12 weeks. The following CKD-MBD 
markers were assessed in serum before and 
after the intervention: calcium, phosphorus, 
25-hydroxyvitamin D, 1,25-dihydroxyvi-
tamin D, 24,25-dihydroxyvitamin D, intact 
parathyroid hormone (iPTH), and fibroblast 
growth factor 23 (FGF23). A battery of tests 
was also administered in a subgroup (n = 
23) to assess multiple domains of physical 
function (endurance, locomotion, dexter-
ity, balance, strength, and fatigue) and cog-
nitive function. Results: Participants were 
65 ± 10 years of age, 23% female, and had 
a mean estimated glomerular filtration rate 
of 38 ± 13 mL/min/1.73m2. There were no 
changes in serum calcium, phosphorus, any 
vitamin D metabolite, iPTH, or FGF23 lev-
els (p ≥ 0.28) with IL-1 inhibition. Similarly, 
rilonacept did not alter locomotion, dexter-
ity, balance, strength, fatigue, or cognitive 
function (p ≥ 0.13). However, endurance 
(400-m walk time) tended to improve in the 
rilonacept (–31 s) vs. placebo group (–2 s; 
p = 0.07). Conclusions: In conclusion, 12 
weeks of IL-1 inhibition did not improve 
markers of CKD-MBD or physical function.

Introduction

Chronic kidney disease-mineral and bone 
disorder (CKD-MBD) is a common compli-
cation of CKD, occurring early in the dis-
ease and persisting across all stages [1]. It is 
characterized by progressive disturbances in 
serum concentrations of calcium, phospho-
rus, vitamin D metabolites, intact parathy-
roid hormone (iPTH), and fibroblast growth 
factor 23 (FGF23). Chronic inflammation, 
driven in part by high circulating levels of in-
terleukin-1 (IL-1) and its naturally-occurring 
receptor antagonist [2, 3], is an additional 
distinguishing feature of CKD.

Numerous epidemiologic studies have 
demonstrated an independent association 
between chronic inflammation and disturbed 
markers of mineral metabolism [4, 5, 6, 7]. 
Additionally, in vitro and in vivo studies 
suggest direct regulation of both FGF23 
[8, 9, 10, 11] and 1,25-dihydroxyvitamin D 
(1,25(OH)2D) [12] production by inflamma-
tion. However, whether directly inhibiting 
inflammation in humans improves CKD-
MBD abnormalities is unknown.

Even in early stages of CKD, declining 
renal function is independently associated 
with worsening physical function across var-
ious domains [13, 14], which may potential-
ly be explained by systemic inflammation, 
CKD-MBD, or both. Elevated levels of in-
flammatory markers (i.e., C-reactive protein 
(CRP), interleukin-6, IL-1 receptor antago-
nist) are associated with reduced physical 
performance [15, 16] as well as cognitive 
decline in older adults [17, 18]. Furthermore, 
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IL-1 inhibition improves physical function 
in patients with rheumatoid arthritis, another 
disease process characterized by chronic in-
flammation [19, 20]. Thus, IL-1 inhibition 
may improve physical and/or cognitive func-
tion in patients with CKD.

We recently completed a randomized, pla-
cebo-controlled trial that demonstrated that 
IL-1 inhibition is efficacious for improving 
vascular endothelial function as well as reduc-
ing systemic inflammation (high-sensitivity 
CRP (hsCRP)) in patients with stage 3  –  4 
CKD [21]. As a secondary analysis in this tri-
al, we evaluated changes in circulating mark-
ers of CKD-MBD in response to IL-1 inhibi-
tion as compared to placebo. Additionally, as 
a pilot study, we evaluated changes in physi-
cal as well as cognitive function in a subgroup 
of participants from the parent study. We pres-
ent here the first direct evidence in humans 
regarding the effect of inhibiting IL-1 upon 
markers of mineral metabolism, as well as on 
physical and cognitive function.

Materials and methods

Study design

Additional details of the study design and 
other methods are provided in the online-on-
ly data supplement. The details of the parent 
study and primary outcomes have been pub-
lished previously [21]. Briefly, a 12-week, 
randomized, placebo-controlled (1  :  1 allo-
cation), parallel-group, double-blind study 
was conducted at two sites (the University of 
Colorado Denver Anschutz Medical Campus 
and the Tennessee Valley Healthcare System/
Vanderbilt University Medical Center) be-
tween September 2012 and September 2014. 
Secondary outcomes, determined a priori, 
that were evaluated in the present analysis 
were changes in serum markers of CKD-
MBD and physical/cognitive function.

Study participants

Detailed inclusion and exclusion criteria 
have been published previously and are de-
scribed in the supplement [21]. All partici-
pants who completed the parent study were 
included in the analysis of markers of CKD-

MBD (n = 19 rilonacept and n = 20 placebo). 
Three participants in the rilonacept group 
and 2 participants in the placebo group did 
not complete the parent study. A subgroup of 
participants from the Denver site addition-
ally completed a battery of tests to evaluate 
various domains of cognitive and physical 
function (n = 12 rilonacept and n = 11 pla-
cebo). All procedures were approved by the 
Institutional Review Board of the University 
of Colorado Denver, the Tennessee Valley 
Healthcare System, and Vanderbilt Universi-
ty Medical Center. The nature, benefits, and 
risks of the study were explained to the vol-
unteers, and their written informed consent 
was obtained prior to participation.

Procedures

Rilonacept and weekly visits

These details have been published previ-
ously [21]. Briefly, rilonacept, a soluble IL-1 
decoy receptor, or placebo was injected sub-
cutaneously (320-mg loading dose followed 
by 160 mg/week) for 12 weeks.

Markers of CKD-MBD

Serum samples were stored at –80◦C until 
time of analysis at the University of Washing-
ton (2015). Serum concentrations of 25-hy-
droxyvitamin D (25(OH)D, 1,25(OH)2D), 
24,25-dihydroxyvitamin D (24,25(OH)2D3), 
intact FGF23, iPTH, calcium, and phosphorus 
were measured, as detailed in the supplement.

Physical and cognitive function

These measurements were performed at 
the Health and Wellness Center at the Uni-
versity of Colorado Anschutz Medical Cam-
pus. Endurance, mobility, muscle strength, 
grip strength, balance, dexterity, cognitive 
function, and self-reported perception of 
fatigue were measured, as detailed in the 
supplement.

Statistics

Differences in baseline variables be-
tween treatment groups were assessed us-
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ing t-tests, rank-based tests, or χ2-tests. 
The changes in markers of CKD-MBD and 
physical/cognitive function in response 
to treatment were analyzed by comparing 
change from baseline for each outcome be-
tween study groups using a two-sample t-
test. Skewed variables were log-transformed 
prior to analyses. No adjustment was made 
for multiple comparisons as all outcomes 
in this secondary analysis were considered 
exploratory. The evaluation of physical and 
cognitive function was performed as a pilot 
study in a subgroup of participants. All data 
are reported as mean ± SD or medians (inter-
quartile range). SAS software (version 9.4) 
was used for all analyses.

Results

Enrollment and baseline clinical 
characteristics

All participants who completed the par-
ent study were included in the analysis of 
serum markers of CKD-MBD (n = 19 in the 
rilonacept group and n = 20 placebo in the 
placebo group). Similar to the parent study, 
which included all consented patients, partic-
ipants in each arm (rilonacept and placebo) 
did not differ significantly in terms of base-
line characteristics including: gender, race/
ethnicity, etiology of CKD, medications, 
smoking status, eGFR, urine protein/creati-

Table 1.  Baseline characteristics of study participants according to study group.

Clinical characteristics All  
(n = 39)

Rilonacept 
(n = 19)

Placebo  
(n = 20)

p-value

Age, years (mean+SD) 65 ± 10 63 ± 12 68 ± 6 0.14
Race/Ethnicity, % (n) 0.87
  White non-Hispanic 18 (46%) 8 (42%) 10 (50%)
  Hispanic 11 (28%) 6 (32%) 5 (25%)
  African American 10 (26%) 5 (25%) 5 (25%)
Etiology of CKD, % (n)
  Hypertension 22 (56%) 12 (63%) 10 (50%) 0.41
  Type II diabetes 18 (46%) 9 (47%) 9 (45%) 0.88
  Type I diabetes 1 (3%) 0 (0%) 1 (5%) 0.32
  ADPKD 3 (8%) 1 (5%) 2 (10%) 0.58
  Renal vascular disease 3 (8%) 0 (0%) 3 (15%) 0.08
  FSGS 1 (3%) 1 (5%) 0 (0%) 0.30
Antihypertensive agent, % (n) 39 (100%) 19 (100%) 20 (100%) 1.00
  ACEi/ARB 26 (67%) 10 (53%) 16 (80%) 0.07
  Diuretic 23 (59%) 12 (63%) 11 (55%) 0.52
  Calcium channel blocker 20 (51%) 9 (47%) 11 (55%) 0.63
  Beta blocker 16 (41%) 7 (37%) 9 (45%) 0.60
Statin, % (n) 22 (56%) 10 (53%) 12 (60%) 0.64
Smoking status, % (n) 0.05
  Never 15 (39%) 8 (42%) 7 (35%)
  Current 4 (10%) 4 (21%) 0 (0%)
  Former 20 (51%) 7 (37%) 13 (65%)
MDRD eGFR, mL/min/1.73m2 (mean ± SD) 38 ± 13 39 ± 14 38 ± 12 0.84
Urine protein/creatinine ratio, mg/mmol  
(median [interquartile range])

0.27 [0.11, 0.49] 0.34 [0.09, 0.65] 0.21 [0.11, 0.39] 0.61

BMI, kg/m2 (mean ± SD) 31.7 ± 5.2 32.6 ± 5.7 30.9 ± 4.6 0.30
SBP, mm Hg (mean ± SD) 133 ± 18 129 ± 15 137 ± 20 0.18
DBP, mm Hg (mean ± SD) 79 ± 11 79 ± 9 79 ± 12 0.95
Serum albumin, g/dL (mean ± SD) 3.9 ± 0.3 3.9 ± 0.3 3.9 ± 0.3 0.37
hsCRP, mg/L (median [interquartile range]) 3.8 [1.6, 6.0] 4.7 [2.0, 8.5] 3.6 [1.3, 5.4] 0.09
Serum bicarbonate, mmol/L (mean ± SD) 24.2 ± 2.7 24.6 ± 2.8 25.5 ± 2.8 0.55

Data are n (%), mean ± SD, or median [interquartile range]. ADPKD = autosomal dominant polycystic kidney disease; CKD = chronic 
kidney disease; FSGS = focal segmental glomerular disease; ACEi = angiotensin converting enzyme inhibitor; ARB = angiotensin 
receptor blocker; MDRD = Modification of Diet in Renal Disease; eGFR = estimated glomerular filtration rate; BMI = body-mass index; 
SBP = systolic blood pressure; DBP = diastolic blood pressure. p-values are a comparison of rilonacept and placebo groups.
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nine ratio, body-mass index, blood pressure, 
and serum albumin (Table 1). A subgroup of 
participants from the Denver site addition-
ally completed a battery of tests to evaluate 
various domains of physical and cognitive 
function (n = 12 rilonacept and n = 11 place-
bo). The subgroup did not differ significantly 
from the entire cohort in any baseline clini-
cal characteristic (Supplemental Table 1). A 
comparison of baseline markers of CKD-
MBD and measures of physical function ac-
cording to study group is shown in Supple-
mental Table 2. Serum 24,25(OH)2D3 levels 
were higher in the placebo group compared 
to the rilonacept group at baseline (p < 0.01), 
but no other variables were significantly dif-
ferent between groups.

Effect of IL-1 inhibition  
on CKD-MBD

Twelve weeks of IL-1 inhibition with 
rilonacept did not significantly change any 
of the measured markers of CKD-MBD 
(serum calcium, phosphorus, 25(OH)D, 
1,25(OH)2D, 24,25(OH)2D3, intact parathy-
roid hormone (iPTH), and FGF23) as com-
pared to the placebo group (Table 2). FGF-
23 levels were not significantly reduced in 
both the rilonacept and placebo weeks after 
12 weeks (p = 0.69 and p = 0.33, respective-
ly). Of note, rilonacept significantly lowered 
hsCRP levels compared to placebo, as pub-
lished previously [21].

Effect of IL-1 inhibition on 
physical and cognitive function

There were no significant changes in 
measures of physical function (endurance 
(400-m walk time), mobility (timed up and 
go test), muscle strength (chair stands), grip 
strength (hand dynamometer), dexterity 
(pegboard time), balance (rapid step test)), 
cognitive function (trail making tests A and 
B), or perceived fatigue (fatigue severity 
score) in the rilonacept compared to placebo 
group. However, there were some trends to-
wards improvements, given that this was a 
hypothesis-generating pilot substudy with a 
small sample size. In particular, there was 
a nearly-significant trend towards reduced 
400-m walk time with rilonacept as com-
pared to placebo (Supplemental Figure 1).

Discussion

In the first clinical trial to examine the ef-
fect of direct inhibition of IL-1 upon mark-
ers of CKD-MBD, we found no change in 
any circulating markers of mineral metabo-
lism, including 25(OH)D, 1,25(OH)2D, and 
FGF23. These results are in contrast with 
epidemiologic evidence to date, which has 
suggested regulation of mineral metabolism 
by inflammation. A nonsignificant trend to-
wards improved endurance, as measured by 
400-m walk time, was observed in the rilona-
cept group in the substudy.

In patients with CKD, an independent 
association has been demonstrated between 

Table 2.  Markers of chronic kidney disease-mineral and bone disorder according to study group.

Markers of CKD-MBD Rilonacept (n = 19) Placebo (n = 20) p-value
Baseline 12 weeks Baseline 12 weeks

Calcium (mg/dL) 9.3 ± 0.4 9.2 ± 0.6 9.5 ± 0.4 9.4 ± 0.4 0.28
Phosphorus (mg/dL) 3.6 ± 0.6 3.6 ± 0.8 3.6 ± 0.5 3.4 ± 0.6 0.30
25(OH)D (ng/mL) 28.2 ± 12.7 28.4 ± 12.3 33.5 ± 13.9 36.0 ± 13.0 0.28
1,25(OH)2D (pg/mL) 29.8 [25.3, 42.7] 35.8 [29.3, 46.7] 31.3 [24.1, 37.7] 34.9 [24.5, 47.0] 0.76
24,25(OH)2D3 (ng/mL) 1.04 [0.32, 2.31] 1.09 [0.52, 3.01] 3.43 [1.46, 4.26] 3.23 [1.85, 4.29] 0.78
iPTH (pg/mL) 75.7 [48.9, 157.4] 90.2 [52.8, 139.9] 82.4 [55.5, 117.6] 103.7 [82.3, 52.4] 0.98
FGF23 (pg/mL) 92.8 [61.5, 121.9] 73.8 [54.4, 162.5] 97.1 [70.3, 112.7] 70.6 [58.4, 108.4] 0.70

Data are mean ± SD or median [interquartile range]. CKD-MBD = chronic kidney disease-mineral and bone disorder; 25(OH)D = 
25-hydroxyvitamin D; 1,25(OH)2D = 1,25-dihydroxyvitamin D; 24,25(OH)2D3 = 24,25-dihydroxyvitamin D3; iPTH = intact parathyroid 
hormone; FGF23 = fibroblast growth factor 23. p-values are for the comparison of change from baseline according to treatment arm 
using a two-sample t-test.



Nowak, Hung, Ikizler, et al.	 136

elevated FGF23 and increased inflamma-
tory markers, including IL-6, CRP, and tu-
mor necrosis factor-α (TNF-α) [4, 5]. Both 
acute and chronic inflammation also stimu-
late FGF23 production in animal models [8]; 
however, animal studies have shown that 
FGF23 proteolytic cleavage is decreased to a 
greater extent than FGF23 transcription dur-
ing chronic inflammation, ultimately leading 
to a slight increase in intact FGF23 [8]. In 
our study, in which we blocked important in-
flammatory pathways in a state of chronic in-
flammation, we did not observe any changes 
in intact FGF23.

Similarly, an independent association 
between high serum phosphate or calcium 
× phosphate product and increased systemic 
inflammatory markers has been observed 
both in nondialysis-dependent CKD [6] and 
chronic dialysis patients [22]. However, the 
effect, of directly inhibiting inflammatory 
pathways in chronic inflammation, on mark-
ers of mineral metabolism has never been 
evaluated previously in humans. A couple of 
small studies have considered the opposite 
scenario, examining the effect of targeting 
CKD-MBD on markers of inflammation. In 
a single-arm study of 36  chronic hemodi-
alysis patients, 24  weeks of treatment with 
sevelamer reduced serum phosphate and 
hsCRP, and the reduction in hsCRP corre-
lated with the decrease in serum phosphate 
level [23]. Similarly, 1 year of cholecalcifer-
ol supplementation lowered CRP in chronic 
hemodialysis patients [24]. Thus, abnormali-

ties of CKD-MBD appear to be proinflam-
matory; however, our results indicate that 
inhibiting chronic inflammation does not im-
prove these abnormalities.

There are several mechanisms that could 
potentially link markers of mineral metabo-
lism and inflammation. High phosphate may 
trigger phosphorylation-driven inflammatory 
cascades [6, 25], possibly via klotho, a regu-
lator of phosphate metabolism, through a 
nuclear factor κ B (NFκB)-dependent mech-
anism [26, 27]. Additionally, sevelamer has 
pleiotropic effects beyond phosphate low-
ering, including anti-inflammatory actions 
[28]. Recent in vitro and in vivo studies have 
suggested that chronic inflammation is a po-
tent regulator in FGF23 production. Proin-
flammatory cytokines, including IL-1β, can 
stimulate FGF23 production in osteocytes 
[29], cardiac fibroblasts [30], and mouse 
models of CKD [8]. Inflammation may 
stimulate FGF23 production via NFκB sig-
naling [10] or through a hypoxia-inducible 
factor 1-α (HIF-1α)-dependent mechanism 
[8]. High leptin may also mediate the asso-
ciation between FGF23 and inflammation as 
FGF23 is associated with high leptin [31], 
and leptin correlates with inflammation in 
patients with CKD [32]. Additionally, high-
circulating FGF23 levels may reduce circu-
lating levels of 1,25(OH)2D via inhibition of 
1-α-hydroxylase [33]. 1,25(OH)2D inhibits 
TNF-α-induced NFκB activation [34] as 
well as the production of other proinflam-
matory cytokines [35]. In turn, inflammation 

Table 3.  Measures of physical and cognitive function according to study group.

Physical and cognitive function tests Rilonacept (n = 12) Placebo (n = 11) p-value
Baseline 12 weeks Baseline 12 weeks

400-m walk time (s) 312 ± 113 281 ± 72 275 ± 80 273 ± 77 0.07
TUG time (s) 9.0 ± 2.3 8.9 ± 1.8 8.8 ± 2.9 9.3 ± 5.0 0.48
Chair stands time (s) 14.3 ± 3.3 13.4 ± 2.8 15.3 ± 4.6 15.9 ± 6.8 0.35
Grip strength (dominant arm) (kg) 23.8 ± 8.3 25.3 ± 9.3 30.0 ± 12.6 29.7 ± 11.5 0.19
Rapid step time (s) 48.8 ± 16.7 60.0 ± 16.9 63.6 ± 50.1 63.0 ± 27.1 0.82
Rapid step errors (#) 7 ± 6 6 ± 6 4 ± 4 4 ± 4 0.58
Pegboard time (s) 110.9 ± 73.6 99.7 ± 58.2 89.7 ± 30.2 85.1 ± 27.7 0.35
Trail making A time (s) 44.2 ± 28.3 34.7 ± 14.4 44.8 ± 17.7 38.5 ± 22.0 0.66
Trail making A errors (#) 0.3 ± 0.7 0.1 ± 0.3 0.6 ± 0.7 0.2 ± 0.6 0.57
Trail making B time (s) 83.2 ± 28.2 64.4 ± 23.1 125.5 ± 81.6 128.3 ± 93.4 0.13
Trail making B errors (#) 0.9 ± 1.3 0.7 ± 1.3 1.3 ± 1.5 1.3 ± 1.3 0.79
Fatigue severity (score) 33.7 ± 11.7 32.8 ± 13.3 39.2 ± +12.4 39.0 ± 13.9 0.86

Data are mean ± SD. TUG = timed up-and-go test. p-values are for the comparison of change from baseline according to treatment 
arm using a two-sample t-test.
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may also downregulate the 1-α-hydroxylase 
promotor via NFκB [12]. However, contrary 
to these possibilities, our results indicate 
that directly inhibiting chronic inflamma-
tion does not improve circulating levels of 
1,25(OH)2D or any of the other abnormali-
ties of mineral metabolism common in pa-
tients with moderate-to-severe CKD.

Even in early stages of CKD, there is evi-
dence of worsening physical function [13, 
14] and cognitive decline [36, 37], which are 
associated with adverse outcomes including 
increased rate of hospitalization, mortality, 
and reduced quality of life [38, 39]. Chronic 
inflammation may contribute to a decline in 
physical function in patients with CKD via 
muscle catabolism [40]. In addition, inflam-
mation may mediate cognitive impairment 
via vascular dysfunction and cerebrovascular 
disease [41]. Thus, IL-1 inhibition may im-
prove physical and/or cognitive function in 
patients with CKD. While this study was not 
powered to detect changes in physical and 
cognitive function in response to IL-1 inhibi-
tion with rilonacept, and these measurements 
were only performed in a subgroup as a pilot 
study, the results suggest that this hypoth-
esis should be considered further in a larger 
population of CKD patients. In particular, 
there was a near-significant trend towards 
improved endurance, as measured by 400-m 
walk time, in the rilonacept compared to pla-
cebo group. However, these results should 
be interpreted cautiously given the nature of 
analyses of secondary outcomes and a small 
sample size, and it is possible the change in 
400-m walk time may represent a regres-
sion to the mean. Additionally, as the study 
was only 12 weeks in duration, it is possible 
that a longer duration of IL-1 inhibition, 
or perhaps treating patients with an earlier 
stage of CKD, may indeed alter markers of 
CKD-MBD and/or indices of physical and 
cognitive function. Finally, we measured in-
tact FGF23, and it is possible that additional 
assessment of C-terminal FGF23 fragments, 
which are presumed to be biologically inac-
tive, may have yielded different results [42].

The major strength of this study is that 
it is the first randomized controlled trial to 
evaluate changes in serum markers of CKD-
MBD in response to direct inhibition of IL-1. 
Additional novelty and hypothesis-generat-
ing data were provided by the assessment of 

physical and cognitive function in a subgroup 
of participants. The results are limited by the 
fact that these outcomes, while determined a 
priori, are secondary outcomes that the trial 
was not powered to evaluate, particularly for 
the pilot substudy of physical and cognitive 
function. Given the sample size required to 
power the primary outcomes in the parent 
study, the sample size in this analysis is also 
relatively small, limiting our potential not 
only to detect a small effect size, but also to 
perform multidimensional subgroup analysis 
that could allow for identification of specif-
ic subgroups of patients who may be more 
likely to have changes in markers of CKD-
MBD (e.g., the highly inflamed, those with 
the lowest bicarbonate levels).

In conclusion, direct inhibition of IL-1 
does not improve serum markers of min-
eral metabolism in patients with moderate-
to-severe-CKD. Future research with larger 
sample sizes should evaluate further whether 
IL-1 inhibition may improve physical or 
cognitive function in this population.
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