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BACKGROUND: Differences in death rate and cardiovascular disease (CVD) between Black and White patients with chronic
kidney disease is attributed to sociocultural factors, comorbidities, genetics, and inflammation.

METHODS AND RESULTS: We examined the interaction of race, plasma IL-6 (interleukin-6), and TMPRSS6 genotype as deter-
minants of CVD and mortality in 3031 Chronic Renal Insufficiency Cohort study participants. The primary outcomes were all-
cause mortality and a composite of incident myocardial infarction, peripheral artery disease, stroke, and heart failure. During
the median follow-up of 10years, Black patients with chronic kidney disease experienced a significantly higher mortality (34%
versus 26%) and CVD composite (41% versus 28%) compared with White patients. After adjustment, TMPRSS6 genotype did
not associate with the outcomes. The adjusted hazard ratio for mortality (4.11 [2.48-6.80], P<0.001) and CVD composite (2.52
[1.96-3.24], P<0.001) were higher for the highest versus lowest IL-6 quintile. The adjusted hazards for death per 1-quintile
increase in IL-6 in White and Black individuals were 1.53 (1.42—1.64) versus 1.29 (1.20-1.38) (P<0.001), respectively. For CVD
composite they were 1.61 (1.50-1.74) versus 1.30 (1.22-1.39) (P<0.001), respectively. In Cox proportional hazard models that
included IL-6, there was no longer a racial disparity for death (1.01 [0.87-1.16], P=0.92), but significant unexplained mediation
remained for CVD (1.24 [1.07-1.43]; P=0.004). Path models that included IL-6, diabetes, and urine albumin to creatinine ratio
were able to identify variables responsible for racial disparity in mortality and CVD.

CONCLUSIONS: Racial differences in mortality and CVD among patients with chronic kidney disease could be explained by
good-fitting path models that include selected mediator variables including diabetes and plasma IL-6.
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strategies through optimizing blood pressure,
glycemic control, and lipid levels, many patients
continue to experience cardiovascular disease (CVD),
indicating the presence of residual risk factors.! Among
the general population, the burden of CVD remains the
primary driver of racial disparities in life expectancy.?

Despite intensive cardiovascular risk reduction

Among individuals with chronic kidney disease (CKD),
Black individuals have a survival advantage compared
with White patients with CKD.3# Several theories have
been proposed to explain this paradox, including
survival bias, genetics, and inflammation.® IL-6 (inter-
leukin-6) is a pleiotropic cytokine that plays a pivotal
role in mediating an integrated immune response.®
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CLINICAL PERSPECTIVE

What Is New?

e Path models examining the association of race
with mortality and cardiovascular events in pa-
tients with chronic kidney disease show that a
set of mediator variables that included plasma
IL-6 (interleukin-6) could explain the racial dis-
parity in mortality and cardiovascular events.

What Are the Clinical Implications?

e Despite Black patients with chronic kidney dis-
ease having higher levels of IL-6, the association
of IL.-6 with mortality and cardiovascular events
was stronger in White patients.

e The less robust association of inflammation
and outcomes for Black compared with White
patients may explain in part the survival advan-
tage among Black patients with chronic kidney
disease.

Nonstandard Abbreviations and Acronyms

CRIC Chronic Renal Insufficiency Cohort
MT-2 matriptase-2
SBP systolic blood pressure

STATS signal transducer and activator of
transcription 5

TMPRSS6 transmembrane serine protease 6
UACR urine albumin to creatinine ratio

Ziltivekimab, a fully human monoclonal antibody di-
rected against the IL-6 ligand is being explored as a
potential treatment for CVD risk reduction.’

A J-shaped association between biomarkers of iron
load with both cardiovascular and all-cause mortality
is reported.? The TMPRSS6 (transmembrane serine
protease 6) gene encodes MT-2 (matriptase-2), which
inhibits hepcidin transcription and facilitates iron ab-
sorption.?'® Mutations in TMPRSS6 can result in
overexpression of hepcidin, leading to iron refractory
anemia."" TMPRSS6 expression is downregulated by
IL-6 via STATS (signal transducer and activator of tran-
scription 5) signaling.'® Preliminary evidence suggests
that TMPRSS6 gene polymorphism (rs855791) could
modify the cellular responsiveness to IL-6."

In this study, we examine the independent and com-
bined association of IL.-6 and TMPRSS6 genotype on
all-cause mortality and CVD events among the Chronic
Renal Insufficiency Cohort (CRIC) study participants.
We further asses the interaction of race with I.-6 and
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TMPRSS6 genotype as a determinant of racial differ-
ences in clinical outcomes in patients with CKD.

METHODS

We used clinical and genome-wide association study
data from the CRIC study.""* Because of the ongoing
nature of the study, requests to access the data set
from qualified researchers trained in human subject
confidentiality protocols may be sent to the CRIC study
(http://www.cristudy.org). The CRIC study includes
3939 individuals with CKD, with approximately half of
all participants having diabetes.! The primary exclusion
criteria were cirrhosis, class Il or IV heart failure, HIV
infection, cancer, active or recent immunosuppression,
polycystic kidney disease, and pregnancy. The study
complies with the Declaration of Helsinki and is ap-
proved by the institutional review board at each partici-
pating site. All participants provided written informed
consent. The enroliment period was 2003 to 2007, and
follow-up was recorded through March 2013.

Reporting race and ethnicity in this study was man-
dated by the US National Institutes of Health, con-
sistent with the Inclusion of Women, Minorities, and
Children policy. Demographic characteristics and
medical history were recorded at baseline and up-
dated during follow-up visits. Race and ethnicity was
self-reported and categorized by the investigators as
Black, White, Hispanic/Latino, and Asian American/
Pacific Islander/American Indian, based on the US
Office of Management and Budget’s Revisions to the
Standards for the Classification of Federal Data on
Race and Ethnicity. Estimated glomerular filtration rate
(eGFR) was estimated using the Modification of Diet in
Renal Disease equation. Albuminuria was assessed by
urine albumin to creatinine ratio (UACR). Study partic-
ipants were queried twice annually during study vis-
its about possible CVD events and hospitalizations.
When the International Classification of Diseases, Ninth
Revision (ICD-9) discharge codes indicated myocardial
infraction, cerebrovascular accident, peripheral artery
disease, or death, medical records were reviewed
using event-specific guidelines by 2 physicians."®

A genome-wide association study was performed
using the lllumina HumanOmni 1-Quad Array Platform
in 3635 study participants, and 3527 samples passed
quality control metrics.' IL-6 was measured in baseline
blood samples using high-sensitivity ELISA (Quantikine
HS; R&D Systems, Minneapolis, MN).'6

Statistical Analysis

We examined the data from CRIC participants who
had nonmissing data for IL-6, rs855791 genotype,
outcomes, and relevant covariates. Missing UACR (89
cases) was imputed with multiple imputation using the
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fully conditional specification method in the SAS (Cary,
NC) multiple imputation procedure, using the mean
value from 25 imputed data sets with the following vari-
ables in the imputation model: pooled cohort equation
10-year CVD risk estimate, baseline eGFR, IL-6 quintile,
rs855791 genotype, level of education, death during
follow-up, CVD composite outcome, and hemoglobin
outcome. Multivariable analyses were adjusted for the
first 3 principal components of population stratification,
which were determined separately by race.

The primary clinical outcomes were all-cause mor-
tality and a composite of congestive heart failure, myo-
cardial infarction, peripheral artery disease, and stroke
(CVD composite). Secondary outcomes were CKD
progression, as measured by a 50% eGFR decline or
reaching end-stage renal disease, and a decline over
time in level of hemoglobin to below-normal levels
(<11.7 for women or <12.4 for men). We examined in-
cidence of these events during the 10-year follow-up
period, as well as time-to-event using survival analy-
sis methods. Death during follow-up was binary (yes/
no). In the original raw data, cardiovascular events had
possible values of 0 (no event), 1 (event), 2 (died be-
fore any event), or 9 (withdrew before event). Based
on the assumption that death could have been asso-
ciated with having a relevant condition, those partici-
pants who died before an event were coded missing
for this outcome, whereas those who withdrew without
an event were coded as no event.

For continuous biological measures, we examined
the distribution for nonnormality and outliers, and if
present, we either transformed the variable using natu-
ral log or coded into quintiles, which could then be used
as a continuous or categorical measure. For the single
nucleotide polymorphism of interest in the TMPRSS6
gene (rs855791), the associations with baseline pa-
tient variables and outcomes were examined using x?
or analysis of variance, based on an additive genetic
model. Univariable associations of IL-6 quintile with
outcomes were assessed using x°.

The multivariable model was tested for multicol-
linearity of relevant predictors (genotype, IL-6, pooled
cohort equation 10-year CVD probability,'” proteinuria,
baseline eGFR) by examining the variance inflation
factors as well as the collinearity diagnostic matrix. If
2 predictors loaded above 0.40 on the same compo-
nent, or if the variance inflation factors were >2, this
would indicate a problem. We also examined genotype
by race and IL-6 by race interactions in both univariable
and multivariable analyses.

We used Cox proportional hazard models (Cox
model) to examine the association of genotype and
IL-6 with time-to-event for death, CVD compos-
ite, CKD progression, and hemoglobin decline. This
adjusted for the possibility of differences in time at
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risk of participants attributable to differences in start
times or loss to follow-up. In these models, genotype
was coded as AA, AG, or GG, with GG as the ref-
erence group, and IL-6 was coded in quintiles (with
the lowest quintile as reference group). First, for each
outcome we tested a model including genotype and
IL-6 quintile as the only covariates, and examined the
cumulative hazard functions for genotype, adjusted
for IL-6, and for IL-6 adjusted for genotype. For test-
ing whether IL-6 was associated with outcomes dif-
ferently by the rs855791 genotype, we examined the
genotype by IL-6 interaction. We then tested these
models for violations of the proportionality assump-
tion, using the proportionality test option in the SAS
PHREG procedure, which examines the effects of co-
variate by time interactions. When these tests were
significant for either genotype or IL-6, we included a
predictorxtime interaction in the model. These mod-
els were then adjusted for the pooled cohort equation
10-year CVD probability estimate (which is calculated
from age, sex, race, total cholesterol, high-density
lipoprotein, systolic blood pressure, smoking, dia-
betes, antihypertensive medication),” UACR, base-
line eGFR, education, and population stratification.
Finally, genotype by race and IL-6 by race interactions
were tested in models using genotype, IL-6, race and
their interactions, along with all the other covariates.
If an interaction was significant, we tested Cox pro-
portional hazard models using genotype and IL-6 as
covariates, stratified by race.

We examined the association of race with out-
comes in univariable Cox models. We then adjusted
for variables that might have acted as confounders or
mediators of the race-to-outcome relationship, includ-
ing age, sex, total cholesterol, high-density lipoprotein,
systolic blood pressure, smoking, diabetes, use of
angiotensin-converting enzyme inhibitors/angiotensin
receptor blockers or diuretics, baseline eGFR, base-
line UACR, and IL-6. If the association of race with out-
come remains significant in the fully adjusted model,
it suggests that either race has a direct (unmediated)
association with the outcome, the mediating variables
have not been measured, or there are complex rela-
tionships between mediators that are not accounted
for in regression models. The presence of unmeasured
confounders is also possible but less likely, given that
there are few if any variables that could have a causal
effect on race.

We used the SAS CALIS procedure to fit structural
equation models showing possible causal paths from
race through mediating variables to outcomes. Fit sta-
tistics included the adjusted goodness-of-fit index,
standardized mean residual, and probability of close
fit. SAS version 9.4 was used for all data analysis, with
P<0.05 considered significant.



RESULTS

Study participant characteristics stratified by race are
shown in Table 1. There were 3031 participants with
genotypes and covariate data available whose data
were included in the study. The median plasma IL-6
was 1.9 pg/mL (interquartile range, 1.1-3.1 pg/mL).
For the rs855791 single nucleotide polymorphism,
1569 (52%) were homozygous for the major allele (GG),
340 (11%) were homozygous for the minor allele (AA),
and 1122 (37%) were heterozygous (AG). The preva-
lence of the G allele was more frequent among Black
than White individuals. Baseline IL-6 was significantly
higher in Black compared with White individuals (2.1
[1.3-8.4 pg/mL] versus 1.6 pg/mL [1.0-2.8 pg/mL],
P<0.001). During the median follow-up of 10years
(interquartile range, 7-11years), 903 (30%) died, 891
(34%) had cardiovascular events, progression of CKD
was seen in 988 (33%), and hemoglobin decline over
time was noted in 1249 (41%) of the study participants.
At any given level of IL.-6, the incidence of the clinical

Table 1. Participant Baseline Variables, Stratified by Race
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outcomes was higher with the presence of the G allele
(Figure 1A through 1D).

Death and CVD Outcome

Baseline plasma IL-6 level was significantly and
monotonically associated with an increase in mortal-
ity and cardiovascular composite outcome (Table S1).
Cumulative hazard for death and CVD composite dur-
ing the 10-year follow-up, stratified by IL-6, is shown
in Figure S1A and S1B. A stepwise increase in the
hazard of death and CVD composite was seen with
higher quartiles of IL-6 quintile. The adjusted hazard
ratio (@HR) for death (4.11 [2.48-6.80], P<0.001) and
CVD composite (2.52 [1.96-3.24], P<0.001) were sig-
nificantly higher for the top IL-6 quintile compared with
the reference group (Table 2). In the Cox model ad-
justed for age, race, sex, genotype, and population
stratification, the aHR for mortality for each increasing
quintile of IL-6 was 1.40 (95% ClI, 1.33-1.47; P<0.001),
indicating that for each 1-quintile increase in the level

Patient variable All, n=3031 Black, n=1467 White, n=1564 P value
Age, y 58+11 5811 5911 0.003
Female sex 1375 (45%) 750 (51%) 625 (40%) <0.001
BMI, kg/m? 3218 338 317 <0.001
eGFR, mL/min per 1.73 m? 451+15 43.8+15 46.3+15 <0.001
UACR, ng/mg, median [IQR] 40 [8-342] 78 [12-523] 24 [6-211] <0.001
Hemoglobin, g/dL 12.7£1.7 12.2+1.7 13.2+1.6 <0.001
Baseline IL-6, pg/mL, median [IQR] 1.9 [11-31] 21 [1.3-3.4] 1.6 [1.0-2.8] <0.001
TMPRSS6 rs855791 genotype

GG 1569 (52%) 1070 (73%) 499 (32%) <0.001

GA 1122 (37%) 366 (25%) 756 (48%)

AA 340 (11%) 31 (2%) 309 (20%)
Cholesterol, mg/dL 182.8+44.0 185.9+46.0 179.9+£41.9 <0.001
Current smoker 427 (14%) 279 (19%) 148 (9%) <0.001
College graduate 1003 (33%) 250 (17%) 753 (48%) <0.001
Hypertension 2599 (86%) 1364 (93%) 1235 (79%) <0.001
Diabetes 1383 (46%) 756 (52%) 627 (40%) <0.001
History of CVD 1055 (35%) 565 (39%) 490 (31%) <0.001
ACEI/ARB 2087 (69%) 1044 (71%) 1043 (67%) 0.009
Aspirin 1347 (45%) 627 (43%) 720 (46%) 0.08
Diuretic 1804 (60%) 1013 (69%) 791 (51%) <0.001
Outcomes

Death 903 (30%) 492 (34%) 411 (26%) <0.001

CVD composite 891 (34%) 507 (41%) 384 (28%) <0.001

CKD progression 988 (33%) 612 (42%) 376 (24%) <0.001

Hemoglobin decline 1249 (41%) 783 (53%) 466 (30%) <0.001

P values are based on x? for categorical variables or the Kruskal-Wallis test for continuous variables. ACEI/ARB indicates angiotensin-converting enzyme
inhibitor/angiotensin receptor blocker; BMI, body mass index; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration
rate; IL-6, interleukin-6; IQR, interquartile range; TMPRSS6, transmembrane serine protease 6 gene; and UACR, urine albumin to creatinine ratio.
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Figure 1. Association of IL-6 and rs855791 genotype with outcomes.
This shows the combined associations of IL-6 quintile (Q) and genotype on each of the 4 outcomes: (A) mortality, (B) CVD composite,
(C) CKD progression, and (D) hemoglobin (HB) decline. CKD indicates chronic kidney disease; CVD, cardiovascular disease; and IL-6,

interleukin-6.

of IL-6, the hazard for death increased by 40%. In the
model for the CVD composite outcome, the aHR for
continuous IL-6 quintile was 1.43 (95% CI, 1.36-1.51;
P<0.001), indicating that for each 1-quintile increase
in IL-6, the hazard for a CVD composite outcome in-
creased by 43%.

In univariable analysis, the rs855791 genotype
was significantly associated with both outcomes with
increase in incidence as the number of G alleles in-
creased (Table S2). The cumulative hazard for death
and CVD composite stratified by rs865781 genotype
is shown in Figure S2A and S2B. In fully adjusted Cox
models, the rs855791 genotype was not associated
with death or CVD composite (Table S3). We did not
find any significant IL-6 by genotype interactions, in-
dicating that the association of IL-6 with outcomes
did not vary by rs855791 genotype. Variance infla-
tion factors were all <1.3, indicating no problem with
multicollinearity.

CKD Progression and Hemoglobin
Decline

Baseline IL.-6 level was significantly associated with
CKD progression and hemoglobin decline (Table S1).
The cumulative hazards for CKD progression and
hemoglobin decline during follow-up for the quintiles of
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IL-6 are shown in Figure S1C and S1D. In Cox models,
IL-6 was significantly associated with both outcomes,
exhibiting progressive increase in hazard with higher
IL-6 quintiles (Table 2). The aHR for CKD progression
(1.42 [1.14-1.78], P=0.002) and hemoglobin decline
(2.95 [1.99-4.38], P<0.001) were higher for the top IL-6
quintile compared with the reference group.

Both CKD progression and hemoglobin decline
were most likely for participants with the GG geno-
type and least likely for those with the AA genotype
(Figure S2C and S2D). After adjusting for demograph-
ics, pooled cohort equation risk estimates, and educa-
tion, the only outcome for which genotype remained
significantly associated with was risk for CKD progres-
sion (Table S3). Compared with the GG genotype, both
AG (aHR, 0.85 [0.74-0.97], P=0.02) and AA (aHR, 0.69
[0.54-0.87], P=0.002) genotypes were associated with
reduced risk for CKD progression.

Association of Race With Outcomes

The incidence of death (34% versus 26%), CVD com-
posite (41% versus 28%), CKD progression (42% ver-
sus 24%), and hemoglobin drop (53% versus 30%)
were more frequent in Black compared with White pa-
tients with CKD (all P<0.001). In general, the IL-6 asso-
ciation with outcomes was stronger for White than for
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Table 2. Multivariable Cox Proportional Hazard Models for Outcomes

HR (95% ClI) adjusted HR (95% ClI) adjusted
IL-6 quintile for IL-6 P value for all covariates* P value
Death
Qi Reference Reference
Q2 1.71 (1.29-2.26) <0.001 1.34 (0.99-1.83) 0.06
Q3 2.59 (1.99-3.37) <0.001 2.03 (1.42-2.91) <0.001
Q4 3.38 (2.61-4.37) <0.001 2.54 (1.65-3.92) <0.001
Q5 4.82 (3.76-6.18) <0.001 411 (2.48-6.80) <0.001
CVD composite
Ql Reference Reference
Q2 1.47 (1.11-1.94) 0.006 1.02 (0.77-1.34) 0.92
Q3 2.79 (2.17-3.59) <0.001 1.64 (1.26-2.12) <0.001
Q4 3.68 (2.87-4.72) <0.001 1.84 (1.42-2.38) <0.001
Q5 4.93 (3.87-6.29) <0.0001 2.52 (1.96-3.24) <0.001
CKD progression
Ql Reference Reference
Q2 1.54 (1.23-1.93) <0.001 1.05 (0.83-1.32) 0.69
Q3 1.96 (1.57-2.44) <0.001 1.07 (0.85-1.34) 0.57
Q4 2.43(1.96-3.02) <0.001 1.06 (0.84-1.33) 0.63
Q5 3.06 (2.47-3.79) <0.001 1.42 (114-1.78) 0.002
Hemoglobin decline
Qt Reference Reference
Q2 1.54 (1.25-1.90) <0.001 1.30 (1.03-1.64) 0.026
Q3 2.06 (1.68-2.53) <0.001 1.71 (1.30-2.26) <0.001
Q4 2.63 (2.16-3.22) <0.001 2.19 (1.56-3.07) <0.001
Q5 3.25 (2.67-3.95) <0.001 2.95 (1.99-4.38) <0.001

CKD indicates chronic kidney disease; CVD, cardiovascular disease; HR, hazard ratio; IL-6, interleukin-6; and Q, quintile.
*Adjusted for pooled cohort equation 10-year CVD risk, education, urine albumin to creatinine ratio, estimated glomerular filtration rate, population

stratification, and if necessary, for nonproportionality.

Black individuals (Figure 2). There were no significant
interactions for genotype with race, but the racexIL-6
interaction was significant for death, CVD composite,
and hemoglobin decline. This was true for death, CVD
composite, and the hemoglobin decline, but not for
CKD progression. The aHR for the highest versus low-
est IL-6 quintile was higher among White versus Black
individuals for death (3.09 [2.15-4.45] versus 2.01
[1.40-2.90]; P=0.02), CVD composite (3.14 [2.18—-4.52]
versus 2.00 [1.39-2.89], P=0.01), and hemoglobin de-
cline (213 [1.55-2.93] versus 1.59 [1.22-2.08], P=0.015)
(Table 3).

In a sensitivity analysis, after adjusting for genotype,
age, sex, and population stratification predicting mor-
tality, the interaction of racexIL-6 remained significant
when IL-6 quintile is coded as continuous. The associ-
ation of IL-6 with mortality was stronger in White than
Black individuals (aHR, 1.53 [1.42-1.64] in White versus
aHR, 1.29 [1.20-1.38] in Black participants; P<0.001).
In other words, the hazard for mortality increases by
53% for each 1-quintile increase in IL-6 in White ver-
sus an increase by 29% per 1-quintile increase of -6
in Black individuals. Using the same model to predict
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time to the composite CVD outcome, the racexIL-6 in-
teraction also remained significant, with the IL.-6 quintile
coded as continuous. The aHR for CVD is 1.30 [1.22-
1.39] in Black versus 1.61 [1.50-1.74] in White individ-
uals (P<0.001). For each 1-quintile increase in IL-6, the
hazard for CVD composite increased by 30% versus
61% in Black versus White individuals.

In the Cox models for outcomes by race, Black
participants had significantly higher hazard ratios for
all 4 outcomes than White participants in unadjusted
models (Table 4). When covariates were included,
there was no longer a significant association of race
with mortality (1.01 [0.87-1.16], P=0.92). However, the
association of race with CVD composite remained sig-
nificant after adjustment (1.25 [1.08-1.45]; P=0.002). To
better understand the relationship between the vari-
ables and these outcomes in the context of race, we
performed path analysis.'® We found that a good-fitting
path model showed that the association of race with
mortality could be explained by the mediator variables
that included diabetes, eGFR, albuminuria, and plasma
IL-6 (Figure 3A). A more complex model was needed to
explain how mediator variables led to the association
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Figure 2. Adjusted hazard ratio (aHR) for outcomes by IL-6 quintile, stratified by race.

Adjusted for sex, age, and population stratification. aHRs with 95% Cls. The numbers 5, 4, 3, and 2
refer to the IL-6 quintile. Quintile 1 is the reference group. A, The aHR per 1-quintile increase in IL-6 for
death in White and Black participants, respectively, were 1.53 (1.42-1.64) vs 1.29 (1.20-1.38) (P<0.001
for interaction). B, The aHR for CVD composite for White and Black participants, respectively, were 1.61
(1.50-1.74) vs 1.30 (1.22-1.39) (P<0.001 for interaction). C, The aHR for progression of CKD for White
and Black participants, respectively, were 1.38 (1.28-1.48) vs 1.23 (1/16-1.31) (P=0.02 for interaction).
D, The aHR for hemoglobin decline were, respectively, 1.37 (1/28-1.46), and 1.18 (1.12-1.24), (P<0.001
for interaction). BL indicates Black patients; CKD, chronic kidney disease; CVD, cardiovascular disease;
HGB, hemoglobin; IL-6, interleukin-6; and WH, White patients.

of race to the composite CVD outcome (Figure 3B). To
summarize, the primary association of race was with
UACR, which in turn associates with systolic blood
pressure, eGFR, and diabetes in predicting CVD com-
posite outcome. Race also associates with IL.-6, which
directly influences CVD. IL-6 also strongly influences
diabetes, which in turn impacts CVD.

DISCUSSION

Despite a higher prevalence of cardiovascular risk
factors, lower socioeconomic status, and barriers to
health care, Black individuals with CKD do not experi-
ence excess mortality or CVD compared with White
individuals.®'920 Although plasma IL-6 level was higher

in Black individuals in this study, the association of
IL-6 with mortality and CVD composite was stronger
in White patients with CKD. Fully adjusted Cox models
that included IL.-6 were able to entirely explain the ra-
cial disparity in mortality, but not the difference in CVD
outcome. This indicates either the presence of residual
unmeasured factors that are not included in the model,
or complex relationships among mediator variables
that are not accounted for by simple regression mod-
els. We show 2 separate plausible path models that
explain the links underlying the observed association
of race with mortality and race with CVD composite.
Reduced renal function is a harbinger for adverse
CVD outcomes.?"?? The cause for the increased risk of
CVD in CKD could be because of shared risk factors."?3
Shlipak et al reported that among the novel risk factors,
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Table 3. Interactions of IL-6 and Genotype With Race for All Outcomes
Significant

Outcome Interaction multivariable effects Interaction P* Interpretation aHR by race

Death IL.-6xrace Q5 vs Q1 0.02 Smaller effect in Black WH 3.09 (2.15-4.45), BL
participants 2.01 (1.40-2.90)

CVD composite IL-6xrace Q5 vs Q1 0.01 Smaller effect in Black WH 3.14 (2.18-4.52), BL
participants 2.00 (1.39-2.89)

CKD progression IL-6xrace None

Hemoglobin decline IL-6xrace Q5 vs Q1 0.015 Smaller effect in Black WH 213 (1.55-2.93), BL
participants 1.59 (1.22-2.08)

Death Genotypexrace None

CVD composite Genotypexrace None

CKD progression Genotypexrace None

Hemoglobin decline Genotypexrace None

Hemoglobin decline over time is measured using a binary indicator for having a below-normal final hemoglobin value (<11.7 g/dL for women or <12.4 g/dL for
men). CKD progression is the composite of either a 50% or larger drop in estimated glomerular filtration rate from baseline or reaching end-stage renal disease.
CVD composite is composite of myocardial infarction, stroke, peripheral artery disease, or congestive heart failure. aHR indicates adjusted hazard ratio; BL,

Black; CKD, chronic kidney disease; CVD, cardiovascular disease; IL-6, interleukin-6; Q, quintile; and WH, White.
*P is for the interaction in a Cox proportional hazards model adjusted for IL-6 or genotype, race, urine albumin to creatinine ratio, estimated glomerular
filtration rate, education, pooled cohort equation 10-year CVD risk, population stratification.

only C reactive protein and IL.-6 were associated with
cardiovascular mortality.?® In the present study, during
the 10-year follow-up, the cumulative hazard for CVD
composite increased by 43% per quintile increase in
IL-6. Evidence from laboratory investigations and ep-
idemiological studies associate IL.-6 with atheroscle-
rosis, left ventricular hypertrophy, heart failure, and
cardiovascular death.?*=?” A large collaborative meta-
analysis showed that IL-6 signaling is causally relevant
to coronary heart disease.?® Among individuals pre-
senting with unstable angina, early intervention bene-
fited only those with elevated IL-6, further affirming the
clinical significance of measuring IL-6.%" IL-6 inhibition
is emerging as a potential method for cardiovascular
protection in patients with CKD. Hence, findings from
this study are highly relevant for risk stratification.”'®
Among the US general population, Black individu-
als are 30% more likely to die from heart disease than
White individuals.??® However, analysis of pooled data
from the Multi-Ethnic Study of Atherosclerosis, Family

Heart Study, and Diabetes Heart Study reported that
coronary artery calcification was reduced in Black in-
dividuals compared with White individuals.®° In adult
participants of the Third National Health and Nutrition
Examination Survey, younger Black individuals in early
stages of CKD had higher all-cause and cardiovascu-
lar mortality.>' However, Black patients with end-stage
renal disease are reported to have lower prevalence of
CVD compared with White individuals.®? In a prospec-
tive, observational cohort study of 271102 patients
with incident dialysis, Black, Asian, and Hispanic indi-
viduals had lower rates of nonfatal and fatal myocardial
infarction compared with White individuals.® It is spec-
ulated that the cause for CKD-related racial disparities
could be because of survival bias, sociocultural fac-
tors, and underlying biological variation.® Differential
association of inflammation with outcomes has been
reported in patients with dialysis, with Black patients
exhibiting survival advantage over White patients,
especially in the presence of excess inflammation.3*

Table 4. Hazard Ratios for Black Versus White Race From Cox Proportional Hazard Models

Unadjusted model Adjusted model*

HR (95% ClI) P value HR (95% CI) P value
Death 1.34 (117-1.52) <0.001 1.01 (0.87-1.16) 0.92
CVD composite 1.65 (1.44-1.88) <0.001 1.25 (1.08-1.45) 0.002
CKD progression 2.14 (1.88-2.43) <0.001 1.56 (1.36-1.79) <0.001
Hemoglobin decline 1.86 (1.66-2.09) <0.001 1.44 (1.27-1.64) <0.001

CKD progression is the composite of either a 50% or larger decrease in estimated glomerular filtration rate from baseline or reaching end-stage renal disease.
CVD composite is the composite of myocardial infarction, stroke, peripheral artery disease, or congestive heart failure. Hemoglobin decline is the hemoglobin
decline over time measured using a binary indicator for having a below-normal final hemoglobin value (<11.7 g/dL for women or <12.4g/dL for men). CKD
indicates chronic kidney disease; CVD, cardiovascular disease; and HR, hazard ratio.

*Adjusted for age, sex, education, total cholesterol, high-density lipoprotein, systolic blood pressure, smoking, diabetes, angiotensin-converting enzyme/
angiotensin receptor blocker, diuretic, estimated glomerular filtration rate, urine albumin to creatinine ratio, and interleukin-6.
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Figure 3. Good-fitting path model showing the association of race with mortality (A) and path
model showing association of race with CVD events through mediating variables (B).

Path coefficients are standardized. 2-headed arrows indicate bi-directional paths. Fit statistics: A)
Adjusted Goodness of Fit Index;=0.99, Standard mortality ratio =0.01, P(close fit)=0.85. B) AGFI 0.993,
SRMR 0.014, probability of close fit=1.00. BL indicates Black; CVD, cardiovascular disease; DM, diabetes;
eGFR, estimated glomerular filtration rate; IL-6, interleukin-6; SBP, systolic blood pressure; UACr, urine

albumin to creatinine ratio; and WH, White.

Polymorphisms in the IL-6 promoter region as well as
polymorphisms in the IL-6R gene are associated with
inflammation and increased disease risk.?®3%36 | -6
polymorphism —-174G/C is associated with CVD and
mortality in healthy European individuals and in White
patients with dialysis.3"%8 We did not find any significant
interaction between race and TMPRSS6 genotype in
determining the outcomes, but a significant interaction
was noted for IL-6 and race. In general, the association
of IL-6 with all outcomes was stronger in White com-
pared with Black patients with CKD. Findings from the
MESA (Multi-Ethnic Study of Atherosclerosis) showed
that persons of a lower socioeconomic position have

J Am Heart Assoc. 2022;11:025627. DOI: 10.1161/JAHA.122.025627

greater inflammatory burden than those of high socio-
economic position as a result of the cumulative effects
of multiple behavioral, psychosocial, and metabolic
characteristics.®® The less robust association of inflam-
mation and outcomes for Black patients compared
with White patients may be because of the potential
impact of racial inequalities on a range of biological
systems over time.40-42

A pooled analysis of community-based studies
noted that the presence of CKD is an independent risk
factor for both all-cause mortality and CVD in Black
individuals, but only for all-cause mortality in White in-
dividuals.*® Mehrotra et al reported a higher all-cause



and cardiovascular mortality for younger Black indi-
viduals with early-stage CKD.3!' Weiner et al attributed
the interaction between race and CKD to residual con-
founding, related to greater severity of hypertension
and/or diabetes in Black individuals.*® In our study, we
performed Cox models to test for interaction of race
with outcomes, and found that that the association of
race with mortality is fully explained by the variables in-
cluded in the model. The association of race with CVD
composite was not fully explained by the model, indi-
cating the existence of other unmeasured mediators
for CVD, or a more complex interplay between media-
tors that is not captured by simple regression models.

We performed path analysis to assess the fit of
structural equation models to the data. These models
illustrate potential mechanisms through which a set of
mediator variables may connect race to outcome via
multiple pathways. We show here that the association
of race with mortality could be explained by a set of
variables that included IL-6. On the other hand, elu-
cidating the association of race with CVD composite
outcome required a more complex path model that
showed that mediators of the association of race and
CVD outcome are albuminuria and IL-6.

Limitations

The purpose of this study was to identify the variables
driving racial disparity in clinical outcomes in patients
with CKD. IL-6 was chosen as a marker of inflammation
because it is believed to be a central regulator of the
inflammatory process. The circulating level and actions
of IL-6 are altered by IL-6 polymorphisms, which was
not addressed in this study. Path models are based on
correlations and cannot prove causation.** Social fac-
tors were not measured as part of this study, although
they are likely to be important exogenous variables
that affect the associations of race with other variables
used in this study.

CONCLUSIONS

Our findings demonstrate that plasma levels of IL-6
strongly associate with mortality and cardiovascular
events among patients with CKD. Despite Black in-
dividuals having higher levels of IL-6, the association
of IL-6 with mortality and cardiovascular events were
stronger in White patients with CKD. Path models link-
ing race to mortality and CVD show how mediator
variables that included plasma IL-6 could explain the
racial disparity in mortality and cardiovascular events.
In fully adjusted Cox models, rs855791 genotype was
not associated with death or CVD composite. Thus, ra-
cial disparity in mortality and CVD in patients with CKD
is because of a complex interplay of biological, social,
and cultural factors.
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SUPPLEMENTAL MATERIAL



Table S1. Univariable association of IL-6 quintile with outcomes. N and % of

cases with the outcome are shown.

IL-6 quintile
Outcome 1 2 3 4 5 p-value
(n=606) (n=606) (n=607) (n=606) (n=606)
Death 79 (13%) 128 (21%) 184 (30%) 219 (36%) 293 (48%) <0.001
CVD Composite 87 (15%) 117 (22%) 197 (37%) 227 (44%) 263 (55%) <0.001
CKD Progression 127 (21%) 177 (29%) 203 (33%) 229 (38%) 252 (42%) <0.001
HGB drop below 145 (24%) 223 (37%) 256 (42%) 291 (48%) 334 (55%) <0.001

normal

CVD Composite= Composite of MI, stroke, PAD, or CHF. CKD Progression= Composite of

either a 50% or larger drop in eGFR from baseline or reaching ESRD. HGB decline= HGB

decline over time measured using a binary indicator for having a below-normal final HGB value

(<11.7 g/dL for women or <12.4 g/dL for men).



Table S2. Univariable association of rs855791 genotype with outcomes.

rs855791 Genotype

Outcome 0 (GG) 1 (GA) 2 (AA) p-value
(n=1569) (n=1122) (n=340)

All-cause mortality 503 (32%) 314 (28%) 86 (25%) 0.01

CVD composite 489 (36%) 319 (32%) 83 (28%) 0.007

Renal composite 569 (36%) 337 (30%) 82 (24%) <0.001

HGB drop below 710 (45%) 426 (38%) 113 (33%) <0.001

normal

CVD composite= Composite of Ml, stroke, PAD, or CHF; Renal= Composite of either
a 50% or larger drop in eGFR from baseline or reaching ESRD. HGB decline= HGB
decline over time measured using a binary indicator for having a below-normal final
HGB value (<11.7 g/dL for women or <12.4 g/dL for men).



Table S3. Multivariable Cox proportional hazard model that adjusted for genotype

only and a model that adjusted for pooled cohort equation 10-year CVD risk,

education, UACR, eGFR, population stratification, and if necessary, for non-

proportionality.

Genotype HR (95% ClI) p-value HR (95% ClI) p-value
Adjusted for IL-6 Adjusted for alll
and genotype covariates

Death

GG Reference Reference

AG 0.90 (0.78-1.03) 0.12 1.03(0.89-1.19) 0.7

AA 0.83(0.66-1.04) 0.11 1.03 (0.81-1.30) 0.82
CVD Composite

GG Reference Reference

AG 0.88 (0.77-1.02) 0.08 1.01 (0.87-1.16) 0.92

AA 0.76 (0.60-0.96) 0.02 1.00 (0.79-1.27) 0.99
CKD Progression

GG Reference Reference

AG 0.79 (0.69-0.90) <0.001  0.85(0.74-0.97)  0.02

AA 0.62 (0.49-0.78) <0.001 0.69 (0.54-0.87) 0.002
HGB Decline

GG Reference Reference

AG 0.87 (0.77-0.98) 0.022 0.96 (0.85-1.08) 0.47

AA 0.79 (0.65-0.97) 0.023 0.95 (0.78-1.17) 0.64




Figure S1. Cumulative hazard functions for each outcome, stratified by IL-6. These are
unadjusted HRs. a) Mortality, b) CVD composite, ¢c) CKD progression, d) hemoglobin

decline

A. Mortality: HR 1.44 (1.37-1.52), p<0.001 per quintile increase

Cumulative Hazard

Years

B. CVD composite: HR 1.48 (1.41-1.56), p<0.001 per quintile increase
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C. CKD Progression: HR 1.29 (1.23-1.35), p<.0001, per quintile increase
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Figure S2. Cumulative hazard functions for each outcome, stratified by genotype only.

These are unadjusted HRs. a) Mortality, b) CVD composite, c) CKD progression, d)

hemoglobin decline

A. Mortality: AG vs GG HR 0.89 (0.78-1.03), p=0.12; AA vs GG HR 0.83 (0.66-1.04),

p=0.11
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C. CKD Progression: AG vs GG HR 0.79 (0.69-0.90), p<0.001; AA vs GG HR 0.62
(0.49-0.78), p<0.001

Cumulative Hazard
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D. HGB decline: AG vs GG HR 0.87 (0.77-0.98), p=0.022; AA vs GG HR 0.79 (0.65-
0.97), p=0.023

Cumulative Hazard
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