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OBJECTIVE

The inflammatory cytokine interleukin-6 (IL-6) is associated with cardiovascular
(CV) and kidney outcomes in various populations. However, data in patients with
type 2 diabetes are limited. We assessed the association of IL-6 with CV and kid-
ney outcomes in the Canagliflozin Cardiovascular Assessment Study (CANVAS)
and determined the effect of canagliflozin on IL-6.

RESEARCH DESIGN AND METHODS

Patients with type 2 diabetes at high CV risk were randomly assigned to canagli-
flozin or placebo. Plasma IL-6 was measured at baseline and years 1, 3, and 6. The
composite CV outcome was nonfatal myocardial infarction, nonfatal stroke, or CV
death; the composite kidney outcome was sustained ‡40% estimated glomerular
filtration rate decline, end-stage kidney disease, or kidney-related death. Multi-
variable-adjusted Cox proportional hazards regression was used to estimate the
associations between IL-6 and the outcomes. The effect of canagliflozin on IL-6
over time was assessed with a repeated-measures mixed-effects model.

RESULTS

The geometric mean IL-6 at baseline, available in 3,503 (80.2%) participants, was
1.7 pg/mL. Each doubling of baseline IL-6 was associated with 14% (95% CI 4, 24)
and 21% (95% CI 1, 45) increased risk of CV and kidney outcomes, respectively.
Over 6 years, IL-6 increased by 5.8% (95% CI 3.4, 8.3) in the placebo group. Cana-
gliflozin modestly attenuated the IL-6 increase (absolute percentage difference
vs. placebo 4.4% [95% CI 1.3, 9.9; P = 0.01]). At year 1, each 25% lower level of IL-6
compared with baseline was associated with 7% (95% CI 1, 22) and 14% (95% CI
5, 22) lower risks for the CV and kidney outcome, respectively.

CONCLUSIONS

In patients with type 2 diabetes at high CV risk, baseline IL-6 and its 1-year change
were associated with CV and kidney outcomes. The effect of IL-6–lowering therapy
on CV, kidney, and safety outcomes remains to be tested.

Systemic inflammation plays an important role in the development and progression
of cardiovascular (CV) disease and chronic kidney disease (CKD), especially in patients
with type 2 diabetes (1–8). The cytokine interleukin-6 (IL-6), which is commonly
elevated in patients with type 2 diabetes or CV disease, regulates inflammatory
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responses by binding to the IL-6 receptor
(9,10). The receptor can be found in its
soluble form in the systemic circulation
and also in a membrane-bound form on
specific cells including leukocytes and
kidney podocytes (10). Plasma levels of
IL-6 are associated with adverse CV out-
comes in patients at varying degrees of
CV risk (11–14). Circulating IL-6 levels are
also associated with kidney function de-
cline in patients with CKD without type 2
diabetes (15). Only a few studies have in-
cluded assessment of the associations
between IL-6 and CKD in patients with
type 2 diabetes. These studies were lim-
ited by their cross-sectional design (16),
small sample size, short follow-up, and
unclear end point definitions (17). Addi-
tional data in patients with type 2 dia-
betes on the association of IL-6 with CV
and kidney outcomes would help in the
development of a better understanding
of the role of IL-6 in the pathophysiol-
ogy of diabetes-related complications.
Sodium–glucose cotransporter 2 (SGLT2)

inhibitors reduce the risk of CV disease and
kidney failure in patients with type 2 diabe-
tes at high CV risk and established CKD
(18–20). Several studies have suggested
that SGLT2 inhibitors also reduce markers
of inflammation, indicating that they may
have anti-inflammatory properties (21–23).
However, the effect of SGLT2 inhibitors on
IL-6 has not been investigated in a large
cohort of patients with type 2 diabetes
with global representation.
In this post hoc analysis of the

Canagliflozin Cardiovascular Assessment
Study (CANVAS), we studied the associa-
tion of baseline plasma IL-6 with adverse
CV and kidney outcomes. We also as-
sessed the effect of the SGLT2 inhibitor
canagliflozin on plasma IL-6 and whether
changes in plasma IL-6 were associated
with CV and kidney outcomes.

RESEARCH DESIGN AND METHODS

Participants and Study Design
The CANVAS Program consisted of two
multicenter, double-blinded, placebo-
controlled, randomized trials (CANVAS
and CANVAS-Renal [CANVAS-R]) carried
out to assess the effects of canagliflozin
on CV, kidney, and safety outcomes in
patients with type 2 diabetes who had
a history of CV disease or multiple CV
risk markers, as previously described (18).
Blood and urine samples for exploratory
biomarker research were stored during

CANVAS (but not CANVAS-R). In this study,
we therefore only included data from
CANVAS. CANVAS included 4,330 subjects,
who were followed for a median of
6.1 years. Eligible participants had type 2
diabetes with HbA1c $7.0% (58 mmol/mol)
and #10.5% (91 mmol/mol), esti-
mated glomerular filtration rate (eGFR)
>30 mL/min/1.73 m2, and either a history
of CV disease (58.9% of participants) or
multiple CV risk factors. Participants with
type 1 diabetes or a history of a severe
hypoglycemic episode within 6 months
prior to enrollment were excluded. Par-
ticipants randomly received 100 mg
or 300 mg canagliflozin or matching pla-
cebo in a 1:1:1 ratio. We combined the
100 mg and 300 mg arms in our main
analyses. Study participants, treating
teams, trial staff, and members of the
outcome adjudication committee were
blinded to treatment allocation. The
conduct of CANVAS followed the Decla-
ration of Helsinki principles (ClinicalTrials.
gov identifier NCT01032629) (18). The
protocol was approved by the inde-
pendent ethics committee of each par-
ticipating site. Written informed consent
was obtained from all participants. All
volunteers were also offered the opportu-
nity to take part in the exploratory bio-
marker initiative, and those who agreed
signed a separate optional informed
consent form.

IL-6 Measurements
Plasma samples for exploratory biomarker
measurements were collected at baseline
and 1, 3, and 6 years after randomization.
Collected samples were stored at �80�C
for future analyses. Plasma IL-6 was mea-
sured with a V-PLEX Human IL-6 immuno-
assay kit (Meso Scale Discovery, Rockville,
MD). Electrochemiluminescence was de-
tected with use of the MESO QuickPlex
SQ 120 platform. Each plate included a
negative control, a calibration curve, and
spiked pooled samples with predefined
IL-6 concentrations. Samples underwent
a maximum of three freeze-thawing cycles
prior to measurement. Consistent with a
prior study (24), we confirmed in our
laboratory that plasma IL-6 levels were
unchanged after at least five freeze-
thawing cycles. Of 8,358 samples,
381 (4.6%) were randomly selected for
duplicate assessment. For verification
of measurement quality and consis-
tency across plates, the values of the

pooled sample in the different plates
were entered into a Levey-Jennings
plot. With this plot, the 13s and the
22s rules of the Westgard rules were
applied to detect the plates that were
out of control range (25). The mean
intra- and interassay coefficients of
variation were 5.1% and 8.3%, respec-
tively. Measurements were carried out
between June 2020 and July 2021 at the
Department of Clinical Pharmacy and
Pharmacology, University Medical Center
Groningen.

Outcomes
The CV outcome was the prespecified
primary outcome of CANVAS, composed
of nonfatal myocardial infarction, non-
fatal stroke, or death due to CV dis-
ease. Other prespecified outcomes were
a composite of CV death or hospitaliza-
tion for heart failure (HHF), HHF alone,
and a composite kidney outcome defined
as a sustained $40% reduction from
baseline in eGFR, end-stage kidney disease
(defined as eGFR <15 mL/min/1.73 m2 or
the need for chronic dialysis or kidney
transplantation), or death due to kidney
failure. All outcomes were adjudicated
by a masked independent event adjudi-
cation committee.

Statistical Analysis
Descriptive analyses with categorical
variables are reported as percentages.
Continuous variables with normal distri-
butions or skewed distributions are
reported as mean (SD) or median (in-
terquartile range), respectively. Urinary
albumin-to-creatinine ratio (UACR) and
IL-6 were logarithmic transformed before
analyses to alleviate their skewness. Com-
parison of baseline IL-6 levels across pa-
tient groups defined by markers of kidney
function and medical history was per-
formed with use of a two-sided Student
t test or one-way ANOVA, followed by
Student t test with Bonferroni correc-
tion, as applicable.

Multivariable Cox proportional haz-
ards regression models were used to as-
sess the hazard ratios (HRs) for clinical
outcomes associated with each doubling
in baseline IL-6 concentration. In an addi-
tional analysis, baseline IL-6 was stratified
into quartiles with the first quartile as a
common reference for the other three
quartiles to determine the HRs for clinical
outcomes in each quartile of the IL-6
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distribution. To explore the association of
baseline IL-6 with each clinical outcome,
we made four models with stepwise
adjustment for risk factors of CV and
kidney disease progression. Model 1
included adjustment for demographic
variables (age, sex, and race) and
treatment allocation (canagliflozin or
placebo). Model 2 additionally included
adjustment for the following medical his-
tory variables and clinical and laboratory
measurements: history of CV disease,
current smoking, BMI, systolic and dia-
stolic blood pressure (BP), HbA1c, and
LDL cholesterol. Baseline eGFR was added
in model 3, followed by the addition of
log-transformed baseline UACR in model
4. The associations between IL-6 as a con-
tinuous variable and clinical outcomes
were graphically presented in restricted
cubic splines with the fully adjusted
model (model 4). The association be-
tween baseline IL-6 and clinical out-
comes with stratification by baseline
eGFR and UACR categories was also as-
sessed with the fully adjusted model.
The Cox proportional hazards assump-
tion was confirmed by visual inspection
of the c-log-log plot.

The between-group difference in per-
centage changes in IL-6 levels over time
was calculated with a repeated-measures
mixed-effects model. We performed an
additional analysis to assess the effect of
the two canagliflozin doses (100 mg/day
and 300 mg/day) on IL-6 separately. Treat-
ment arm, study visit, and a term of inter-
action between treatment and visit were
included as factors. Baseline IL-6 was in-
cluded as a covariate. An unstructured co-
variance matrix was used in the model.
The same models were also used to as-
sess the effect of canagliflozin on IL-6
over time by baseline UACR and eGFR
subgroups. The change in IL-6 from base-
line to year 1 for each treatment arm
was plotted in a histogram and Kernel
density plot.

For the assessment of the association
between change in IL-6 from baseline
to year 1 and subsequent clinical out-
comes, multivariable-adjusted Cox pro-
portional hazards regression models
were performed with use of a landmark
approach. Only patients who had an IL-6
measurement at baseline and year 1 were
included. Participants who experienced
the outcome of interest during the first
year of follow-up were excluded from
analysis (Supplementary Fig. 1). A small

portion (<0.5%) of the participants had
missing covariate values at year 1;
these missing values were imputed as
means or medians, depending on
their distribution. The change in IL-6
at year 1 was analyzed as a categorical
or continuous variable. For the categori-
cal analysis, the first quartile was selected
as reference for the other three quar-
tiles. For the continuous analysis, we ex-
pressed the change in IL-6 per 25%
lower level since this value was close to
the upper threshold of the first quartile
of the 1-year change from baseline
(24%). Model 1 was adjusted for base-
line IL-6, demographic variables (age,
sex, and race), and treatment allocation.
Model 2 also included history of CV
disease, current smoking, systolic and di-
astolic BP, BMI, HbA1c, and LDL choles-
terol, as well as 1-year change in systolic
BP, BMI, HbA1c, and LDL cholesterol from
baseline. eGFR and its 1-year change from
baseline were added in model 3, with
the further addition of UACR and its
1-year change in model 4. The associa-
tion between the change in IL-6 as a
continuous variable and HR for each
clinical outcome was illustrated in re-
stricted cubic spline plots with the
fully adjusted model (model 4). Model
4 was also used for assessment of the
associations between IL-6 change and
the outcomes by treatment allocation.

The associations between baseline IL-6
and the treatment effect of canagliflozin
on the clinical outcomes were assessed
with a Cox proportional hazards re-
gression model with adjustment for ran-
domized treatment, baseline IL-6 (as
categorical or continuous variable), and
the interaction term between treatment
group and baseline IL-6.

STATA, version 17.1 (StataCorp, College
Station, TX), was used for all data analy-
ses, with P < 0.05 considered to indicate
statistical significance. No correction for
multiple testing was performed.

RESULTS

Study Population and IL-6 Levels
In total, 3,503 (80.9%) of the 4,330 CANVAS
participants had available plasma IL-6
concentrations at baseline (Supplementary
Fig. 1). Baseline characteristics were well
balanced between treatment groups and
were comparable with the overall CANVAS
population (Supplementary Table 1). Mean
age at baseline was 62.8 years, 33% were

female, 59% had a history of CV disease,
13% had a history of heart failure (HF),
and the majority of patients had UACR
<30 mg/g (n = 2,525 [72%]) or eGFR
$60 mL/min/1.73 m2 (n = 3,007 [86%]).
The geometric mean IL-6 concentration
at baseline was 1.72 pg/mL (95% CI 1.68,
1.76). Higher IL-6 values were observed
in participants with UACR $30 mg/g or
eGFR <60 mL/min/1.73 m2 compared
with those with UACR <30 mg/g or eGFR
>60 mL/min/1.73 m2, respectively (both
P < 0.01) (Supplementary Fig. 2). The
highest IL-6 concentration was ob-
served in those with both UACR $30
mg/g and eGFR <60 mL/min/1.73 m2

(Supplementary Fig. 2). Participants
with a history of HF or a history of CV
disease had higher IL-6 values com-
pared with those without a history of
HF or CV disease, respectively (both
P < 0.01) (Supplementary Fig. 2). There
was no correlation between baseline IL-6
and other baseline participant character-
istics, except for a moderate correlation
between IL-6 and BMI (Pearson correla-
tion coefficient = 0.21) (Supplementary
Table 2).

Association Between Baseline IL-6
and CV and Kidney Outcomes
Participants were followed for a median
duration of 6.1 years (interquartile range
5.9–6.4). During follow-up, the CV out-
come, HHF or CV death, HHF outcome,
and kidney outcome occurred in 548
(15.6%), 359 (10.2%), 128 (3.7%), and
136 (3.9%) participants, respectively. In
a multivariable analysis with adjustment
for treatment assignment and patient
demographics, IL-6 levels were signifi-
cantly associated with all outcomes
(model 1) (Table 1). IL-6 remained in-
dependently associated with all out-
comes after stepwise adjustment for
medical history, vital signs, and labora-
tory values (model 2), eGFR (model 3),
and UACR (model 4). In the fully ad-
justed model, each doubling of IL-6 at
baseline was associated with a signifi-
cant 14% (95% CI 4, 24; P < 0.01) in-
creased risk for the CV outcome, 24%
(95% CI 13, 37; P < 0.01) for combined
CV death or HHF, 35% (95% CI 16, 57;
P < 0.01) for the HHF outcome, and
21% (95% CI 1, 45; P = 0.04) for the kid-
ney outcome (Fig. 1 and Table 1). The as-
sociations between IL-6 and individual
components of the CV outcome are
shown in Supplementary Table 3.
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The associations of baseline IL-6 with
the CV and kidney outcomes were gen-
erally consistent across eGFR and UACR
subgroups. The exception was the CV out-
come, for which there was some evi-
dence that the association may be
stronger for patients with baseline eGFR
<60 mL/min/1.73 m2 (Pinteraction = 0.02)
(Supplementary Fig. 3). Evidence for this
interaction was also present when base-
line eGFR was categorized into three
subgroups (<60, 60 to <90, and
$90 mL/min/1.73 m2; Pinteraction =
0.02), with the lowest eGFR subgroup
showing the strongest association between
baseline IL-6 and CV outcome (Fig. 2 and
Supplementary Table 4).

There was no evidence that the ef-
fect of canagliflozin compared with pla-
cebo in reducing the relative risk of all
assessed outcomes varied by baseline
IL-6 levels (Supplementary Table 5).

Effect of Canagliflozin on IL-6
Over Time
IL-6 concentrations in the placebo arm
increased by 3.3% (95% CI 0.5, 6.1),
6.0% (95% CI 1.8, 10.5), and 14.5%
(95% CI 7.3, 22.3) compared with base-
line at years 1, 3, and 6, respectively.
Canagliflozin treatment significantly at-
tenuated this increase compared with
placebo (Fig. 3). Over the duration of
the study, the least squares mean differ-
ence between the pooled canagliflozin
and placebo groups was 4.4% (95% CI
1.3, 9.9; P = 0.01). This between-group
difference was observed as early as
year 1 and reached 9.1% (95% CI 1.8,
15.9) at year 6. When analyzed sepa-
rately, each canagliflozin dose signifi-
cantly attenuated IL-6 levels over time
compared with placebo (least squares
mean difference 4.2% [95% CI 1.1,
7.5] and 5.1% [95% CI 1.9, 8.2] for

canagliflozin 100 mg and 300 mg, re-
spectively; both P < 0.01), with no sig-
nificant difference between the two
canagliflozin doses (P = 0.67) (Supple-
mentary Table 6 and Supplementary
Fig. 4). There was no evidence that the
effect of canagliflozin compared with pla-
cebo was different in patients with eGFR
above or below 60 mL/min/1.73 m2 and
UACR above or below 30 mg/g (Pinteraction =
0.15 and 0.08 for UACR and eGFR cate-
gories, respectively) (Supplementary
Fig. 5).

Associations Between First-Year
Changes in IL-6 and Subsequent
Outcomes
Of the participants with baseline IL-6 mea-
surement, 80.7% (n = 2,826) had plasma
IL-6 also measured at year 1 (Supple-
mentary Fig. 1). Overall, one-quarter of
the participants had a reduction in IL-6

IL-6 IL-6

IL-6 IL-6

A B

C D

P P < 0.01

P = 0.04P < 0.01

Figure 1—The associations between baseline plasma IL-6 and the risk for CV and kidney outcomes in the fully adjusted model. CV outcomes were
as follows: a composite of nonfatal myocardial infarction, nonfatal stroke, and CV death (A); composite of CV death or HHF (B); or HHF (C). D: Kidney
outcome was a composite of sustained $40% reduction from baseline eGFR, end-stage kidney disease, or kidney-related death. The restricted cubic
splines were adjusted for the following covariates: age, sex, race, randomized treatment, history of CV disease, current smoking, systolic and diastolic BP,
HbA1c, BMI, LDL cholesterol, eGFR, and log-transformed UACR.The median IL-6 value, 1.6 pg/mL, was used as reference value in the model.
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of $23.7% (Supplementary Fig. 6). The
change in IL-6 at year 1 did not correlate
with other CV risk markers or their
change during the first year, except for
baseline IL-6 value (Supplementary Table 7).
A lower IL-6 at 1 year was associated
with subsequent lower risk for all outcomes
after accounting for baseline charac-
teristics and their change during the
first year (Supplementary Table 8).
Specifically, each 25% lower level of

IL-6 was independently associated with
a 7% lower risk of the CV outcome
(95% CI 1, 12; P = 0.01), an 11%
lower risk of CV death or HHF (95% CI
4, 16; P < 0.01), a 15% lower risk of HHF
(95% CI 6, 23; P < 0.01), and a 14%
lower risk of the composite kidney out-
come (95% CI 5, 22; P < 0.01) (Fig. 4
and Supplementary Table 8). No signifi-
cant interaction was observed between
the change in IL-6 at year 1 and

treatment assignment for each out-
come (Supplementary Fig. 7).

CONCLUSIONS

We observed that in individuals with
type 2 diabetes at high CV risk enrolled
in CANVAS, higher baseline IL-6 was inde-
pendently associated with a higher risk of
CV and kidney outcomes. Canagliflozin
treatment significantly attenuated the
increase in plasma IL-6 over time ob-
served in the placebo group. A lower
level of IL-6 at year 1 compared with
baseline was associated with a lower risk
of subsequent CV and kidney outcomes.
These results support the prognostic role
of IL-6 for CV and kidney outcomes in
patients with type 2 diabetes.

Higher plasma IL-6 concentrations have
been associated with adverse CV out-
comes in previous observational studies
in patients with established kidney or CV
disease of whom only few had type 2
diabetes (11,12). The current study con-
firms the prognostic value of IL-6 for CV
outcomes in a large global cohort of pa-
tients with type 2 diabetes. Subgroup
analyses suggested a stronger associ-
ation between baseline IL-6 and CV out-
comes in participants with worse kidney
function. We cannot rule out chance as
a factor due to multiple subgroup analy-
ses and because associations between
IL-6 and diabetes complications were
consistent by baseline eGFR for the
other outcomes. However, it is interest-
ing to note that in a recent study in pa-
tients with chronic coronary syndrome
investigators reported similar results with
a stronger association between IL-6 and
CV outcomes among those with base-
line eGFR <60 mL/min/1.73 m2 (11).

Associations between baseline IL-6
and kidney outcomes were previously
reported in patients with preserved kid-
ney function without known CV disease
(26) and in patients with CKD with and
without type 2 diabetes (15). A small
study of 70 patients with type 2 diabe-
tes and CKD demonstrated an associa-
tion between IL-6 and progression of
kidney disease (17). We confirm these ini-
tial findings and demonstrate higher IL-6
levels in participants with more severe
kidney disease—higher UACR or lower
eGFR—and show that IL-6 levels are as-
sociated with the development and pro-
gression of CKD in a broad population of

60 to <90:
P < 0.01)
P = 0.02)
P = 0.48)

Pinteraction = 0.02

Figure 2—Associations between baseline plasma IL-6 and risk for CV outcome in the fully ad-
justed model according to eGFR subgroups. CV outcome is a composite of nonfatal myocardial
infarction, nonfatal stroke, or CV death. The numbers of patients are 494, 1,902, and 1,105 in
the subgroups with eGFR <60, 60 to <90, and $90 mL/min/1.73 m2, respectively. The re-
stricted cubic spline model included adjustment for the following covariates: age, sex, race,
randomized treatment, history of CV disease, current smoking, systolic and diastolic BP, HbA1c,
BMI, LDL cholesterol, eGFR, and log-transformed UACR. The median IL-6 value, 1.6 pg/mL, was
used as reference value in the model.
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Figure 3—Percent change in plasma IL-6 levels over time in the canagliflozin and placebo
groups. The least squares mean (LSM) change in IL-6 in the placebo group was 5.8% (95% CI
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in a between-group difference of 4.4% (95% CI 1.3, 9.9; P = 0.01). *P < 0.01. The bars indicate
95% CI at each visit.
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patients with type 2 diabetes independent
of other risk markers of CKD progression.

Experimental studies support a strong
association between IL-6 and CV and
kidney outcomes in patients with type 2
diabetes. High glucose concentrations
have been shown to trigger IL-6 secre-
tion from a variety of cells including
cardiomyocytes, mesangial cells, and tu-
bular epithelial cells (1,3,8,10,27). In the
coronary and peripheral vasculature, IL-6
has been implicated in atherosclerotic
plaque development and instability through
its effect on leukocytes, smooth muscle
cells, and endothelial function (28,29).
In the kidney, IL-6 secretion activates a
cascade of effects, including migration
of macrophages, generation of reactive
oxygen species, and production of colla-
gen I, which can lead to tubulointerstitial
fibrosis (10).

Canagliflozin modestly attenuated the
increase in IL-6 observed in the placebo

group, suggesting that SGLT2 inhibitors
may exert some anti-inflammatory effects.
Similar findings were previously reported
in experimental and clinical studies. In a
mouse model of type 2 diabetes, SGLT2
inhibitors attenuated the increase in plasma
inflammatory markers, including IL-6 lev-
els (30). In a double-blinded clinical trial,
canagliflozin reduced IL-6 levels com-
pared with glimepiride over a 2-year pe-
riod despite similar levels of glycemic
control during follow-up (21). This obser-
vation suggests that any anti-inflam-
matory properties of canagliflozin are
not explained by improved glycemic
control, although additional studies
are required.

Among the combined canagliflozin
and placebo groups, falls in IL-6 levels
from baseline to year 1 were associated
with lower subsequent risk for the CV
and kidney outcomes. The associations
remained significant after adjustment

for baseline characteristics, including
IL-6 levels and 1-year changes in other
CV and kidney risk markers, and were
consistent in the canagliflozin and pla-
cebo groups in separate analyses. Be-
cause of the observational nature of
these analyses, these findings cannot be
interpreted as indicating that lowering
IL-6 per se reduces CV or kidney disease.
This requires a prospective, randomized,
placebo-controlled trial.

The important role of IL-6 in inflam-
mation and its association with CV and
kidney disease has practical therapeutic
implications (31). Canakinumab, a mono-
clonal antibody targeting interleukin-1b,
improved CV outcomes in patients with
previous myocardial infarction and ele-
vated hs-CRP, with the greatest clinical
benefit observed among those with the
most robust IL-6 response (32,33). More-
over, canakinumab was particularly effec-
tive among those with evidence of

[95% CI 0.88, 0.99]

Cardiovascular outcome

Heart failure hospitalization

Cardiovascular death or
heart failure hospitalization

Kidney outcome

P = 0.01 P < 0.01

P < 0.01 P < 0.01

Figure 4—The associations between percent change in plasma IL-6 from baseline to year 1 and subsequent CV and kidney outcomes. CV outcomes
were as follows: a composite of nonfatal myocardial infarction, nonfatal stroke, or CV death (A); composite of CV death or HHF (B); and HHF (C).
D: Kidney outcome was a composite of sustained$40% reduction from baseline eGFR, end-stage kidney disease, or kidney-related death. The sta-
tistical model to describe restricted cubic splines included adjustment for the following covariates: IL-6 at baseline, age, sex, race, randomized
treatment, history of CV disease, current smoking, systolic and diastolic BP, BMI, HbA1c, LDL cholesterol, eGFR, UACR, and change in systolic BP,
BMI, HbA1c, LDL cholesterol, eGFR, and UACR from baseline to year 1. The reference value for 1-year percent change in IL-6 is 0%.
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impaired kidney function (34), although
active treatment did not reduce the inci-
dence of diabetes (35). Ziltivekimab, an
IL-6 ligand monoclonal antibody, was de-
veloped with the intention to provide CV
protection to patients with CV disease
and increased inflammation. In patients
with CKD with elevated inflammatory
markers randomized in the recent phase II
RESCUE trial, ziltivekimab reduced hs-CRP
levels by >90% and had directionally
beneficial effects on several other in-
flammatory biomarkers, including fibrino-
gen, serum amyloid A, and secretory
phospholipases A2 (36). In the ongoing
ZEUS trial (ClinicalTrials.gov identifier
NCT05021835) investigators are testing
the effect of ziltivekimab on CV, kidney,
and safety outcomes compared with
placebo in people with CV disease,
CKD, and hs-CRP $2 mg/L (6,37). The
results of this trial will address directly
whether IL-6 lowering can prevent CV
and kidney events in this population.
This study has limitations. First, be-

cause our study was a post hoc analysis,
we cannot exclude chance findings. Fur-
thermore, although our statistical analyses
were adjusted for various confounders, re-
sidual confounding cannot be excluded.
Second, most patients originally random-
ized into CANVAS had plasma IL-6 meas-
urements available at the baseline visit,
but fewer patients had blood samples
available for IL-6 measurements at sub-
sequent visits. This reduced the study’s
statistical power to assess the effect of
canagliflozin on IL-6 over time. Third, IL-6
physiologically acts through endocrine,
paracrine, and autocrine pathways (10).
We measured IL-6 in plasma but could
not determine IL-6 in target tissues,
which would have resulted in more bi-
ologically relevant information. Finally,
only a small portion of the participants
had kidney disease at baseline. Further
study is needed to assess the associa-
tion of canagliflozin, plasma IL-6, and
CV and kidney outcomes in patients
with type 2 diabetes and impaired kid-
ney function.
In conclusion, plasma IL-6 and its

changes over a 1-year period have prog-
nostic value for CV and kidney disease
progression in patients with type 2 dia-
betes at high CV risk. Canagliflozin miti-
gated the increase of IL-6 over time. These
results support attempts to evaluate
the CV-protective and kidney-protective

properties of anti-inflammatory and
specifically IL-6–lowering therapy.
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