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Abstract

Background—Monocyte chemoattractant protein-1 (MCP-1), a marker of inflammation and
monocyte recruitment to atherosclerotic plaques, is associated with cardiovascular outcomes in
patients with acute coronary syndrome. Although plasma levels are elevated in CKD, associations
with reduced kidney function or outcomes in CKD have not been explored.

Methods—In this population-based, probability-sampled, longitudinal cohort of 3,257
participants, including 286 (8.8%) with CKD, we studied the association of plasma MCP-1 with
eGFR, albuminuria, death, and intermediate and hard cardiovascular outcomes in CKD and non-
CKD individuals. Cox proportional hazards regression assessed associations of baseline MCP-1
with all-cause death and atherosclerotic events.

Results—MCP-1 was higher in CKD than non-CKD participants (£<0.001), and negatively
associated with eGFR (r=—0.23, A<0.0001) but not albuminuria in CKD. MCP-1 was associated
with pulse wave velocity and coronary artery calcification in non-CKD but not CKD individuals.
At 13.5 years, there were 230 (7.7%) deaths and 168 (6.4%) atherosclerotic events in the non-
CKD vs. 97 (34.0%) and 62 (27.9%) in the CKD group (#<0.001 for each). MCP-1 was associated
with death (hazard ratio 2.0 [1.4, 2.9] per log-unit increase) and atherosclerotic events (1.7 [1.0,
2.9]) in CKD individuals. The hazard ratio for death in CKD remained significant (1.6 [1.1, 2.3])
after adjusting for cardiovascular risk factors.
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Conclusions—Although plasma MCP-1 increased with decreased eGFR, it remained an
independent risk factor for death in CKD. MCP-1 did not correlate with intermediate CV
outcomes, implicating pathways other than atherosclerosis in the association of MCP-1 with death

in CKD.
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INTRODUCTION

Persons with chronic kidney disease (CKD) are at a disproportionately higher risk of
cardiovascular (CV) disease and death than non-CKD individuals, and are substantially
more likely to die, primarily of CV disease, than to reach dialysis-dependence [1,2].
Prognostic models based on traditional CV risk factors do not predict outcomes as
accurately in people with CKD vs. those without CKD [3,4]. This highlights the need to
identify non-traditional factors to improve risk prediction in the growing CKD population.

Monocyte chemoattractant protein-1 (MCP-1) is a chemokine produced by macrophages,
vascular smooth muscle cells, and endothelial cells in response to hypercholesterolemia and
other causes of arterial injury, that is thought to play a role in early monocyte recruitment to
atherosclerotic plaques and areas of inflammation [5,6]. Plasma MCP-1 levels are higher in
advanced CKD than in those with normal Kidney function [7]. It is unclear whether
increased levels are driven by lower renal clearance or upregulated MCP-1 production in the
setting of systemic inflammation associated with CKD [8-10]. Uremic toxins, such as p-
cresol and indoxyl sulfate, upregulate MCP-1 production by vascular smooth muscle and
endothelial cells /n vitro[11,12]. Corresponding correlations between these factors and
MCP-1 were shown in hemodialysis patients [13], indicating that decreased renal clearance
is likely not the only factor underlying MCP-1 elevation in CKD.

Elevated plasma MCP-1 is associated with CV mortality in overweight asymptomatic
outpatients and individuals with known coronary artery disease (CAD) or acute coronary
syndrome (ACS) [14-17]. However, the few studies that reported associations between
MCP-1 and CV outcomes in CKD or hemodialysis patients were limited by small samples,
too few events to allow for adjustment, inclusion of only those with ACS or CAD, or lack of
hard CV outcome events [8,18,19].

We sought to test the hypothesis that elevated plasma MCP-1 level is associated with death
and CV events using a large, multi-ethnic cohort where both intermediate and hard CV
outcomes were measured. The first aim was to investigate associations of plasma MCP-1
with lower estimated glomerular filtration rate (eGFR), increased albuminuria, and
intermediate CV outcomes, such as coronary artery calcification (CAC), left ventricular
hypertrophy (LVVH), and aortic pulse wave velocity (PWV), in order to explore mechanisms
by which MCP-1 may lead to poor outcomes. The second aim was to investigate whether
plasma MCP-1 was independently associated with all-cause death or atherosclerotic CV
disease (ASCVD) events and whether CKD presence would modify this association, after
controlling for traditional CV risk factors and eGFR.
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MATERIALS AND METHODS

Study participants

The Dallas Heart Study (DHS) is a community-based multi-ethnic longitudinal cohort study
of residents of Dallas County, Texas [20], approved by the University of Texas Southwestern
Institutional Review Board, and adherent to the Declaration of Helsinki. A total of 6,101
persons provided informed consent and completed a visit to collect health-related data. Of
those, 3,398 participants provided fasting blood and first-void urine samples, and 2,971
underwent advanced imaging studies for measurement of intermediate CV phenotypes. Our
primary analysis included 3,257 with measurement of plasma MCP-1 level, urinary albumin-
to-creatinine ratio (ACR), and information available for calculation of eGFR (Figure 1).
Participants were followed for a median of 13.5 years.

MCP-1 measurement

Fasting venous blood samples were stored in EDTA tubes for <4 hours at 4°C, then
centrifuged at 1,430 g for 15 minutes. Plasma was separated and frozen at —80°C until
assays were performed in duplicate at Biosite Inc. (now Alere, San Diego, CA) in 384-well
microtiter plates on a high-throughput robotic platform (TECAN Genesis RSP 200/8). The
binding of alkaline phosphatase-conjugated antibody quantified the plasma concentration of
MCP-1, with a reportable range of 40 to 2,000 pg/mL [14,19].

Urinary and kidney function measurements

Outcomes

Because the alkaline picrate assay was used to determine serum creatinine concentrations,
the 4-variable Madification of Diet in Renal Disease (MDRD) study formula was used to
calculate eGFR [21,22]. ACR was calculated in mg/g from spot urinary aloumin and
creatinine measured from a first-void urine sample. CKD was defined as either eGFR <60
mL/min/1.73m? or elevated ACR (=17 mg/g in men or =25 mg/g in women) [23,24]. CKD
was staged as follows: stage 1, elevated ACR with eGFR >90; stage 2, elevated ACR with
eGFR 60-89; stage 3, eGFR 30-59; stage 4, eGFR 15-29; and stage 5, eGFR <15 [23], not
receiving chronic dialysis.

The pre-specified primary outcome was all-cause death, ascertained using the National
Death Index. The pre-specified secondary outcome was ASCVD events, defined as the
composite of myocardial infarction, stroke, coronary revascularization, and CV death.
Tertiary outcomes were each component of the secondary outcome and intermediate CV
phenotypes, including CAC, LVH, and PWV. As intermediate CV outcomes were not
measured in all participants, these analyses were limited to individuals with available data
(N=2,608, including 2,396 non-CKD and 212 CKD participants, Figure 1). CV events were
captured by searching hospital records, queries, and final adjudication by DHS investigators.
Analyses of CV events included 2,831 individuals who had been adjudicated for CV
outcomes through 2012. Deaths were considered CV deaths if they were coded with
International Statistical Classification of Diseases 10 codes 100-199 [25].
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Intermediate CV phenotype measures

Analyses of intermediate CV phenotypes were conducted for the 2,608 participants who
underwent advanced imaging studies. A total of 2,549 participants underwent cardiac
Computed Tomography (CT), 2,575 cardiac Magnetic Resonance Imaging (MRI), and 2,077
aortic MRI. CAC was measured with electron-beam CT on a single scanner (Imatron 150
XP, Imatron, Inc., San Francisco, CA) at 80% of the R-R interval with 30 cm field of view,
512 matrix with sharp kernel reconstruction [26]. The final score was the mean of two
consecutive measurements or a single measurement when only one scan was performed [27].
CAC =100 Agatston units was pre-specified as clinically relevant, which corresponds to
moderate to high 10-year CV event risk [28].

MRI was performed with a Phillips Medical Systems (Best, The Netherlands) 1.5 Tesla
Intera magnet. Left ventricular (LV) mass was measured in g/m? indexed to body surface
area (BSA) [29]. LVH was defined as LV mass/BSA >97.5! sex-based percentile, which
was >89 g/m? in men and >112 g/m? in women in a healthy subpopulation of the DHS [29].
The ascending and descending thoracic aorta were imaged using prospective
electrocardiogram gating and a breath-hold, velocity-encoded, phase-contrast gradient echo
sequence as previously described [30,31]. Aortic PWV was calculated in meters/second
(m/s) by dividing arch distance by transit time, with higher velocity indicative of a stiffer
aorta. Transit time was calculated as the time difference between ascending and descending
upstroke velocities at half-maximum [30].

Statistical analysis

The analysis was stratified into CKD and non-CKD groups to address the question of
whether CKD presence modifies the association of MCP-1 with intermediary and hard CV
outcomes. Clinical variables and outcome measures were compared between individuals
with no CKD, stages 1-2 CKD, and stages 3-5 CKD. Pvalues for trends were derived using
Cochran-Armitage tests for categorical and Jonckheere-Terpstra tests for continuous
variables. Correlations of MCP-1 with eGFR and ACR were tested using Spearman
correlations. Continuous variables with a non-Gaussian distribution (plasma MCP-1, eGFR,
ACR, aortic PWV, and LV mass/BSA) were log-transformed prior to comparisons.

Time to event was estimated using Kaplan-Meier survival analysis and compared among
quartiles of MCP-1 using log-rank tests. Associations of log-transformed MCP-1 with each
outcome were determined using Cox proportional hazards regression. Models controlled for
traditional CV risk factors: age, sex, race, diabetes mellitus, hypertension, current smoking,
total and HDL cholesterol. Additional models also controlled for eGFR to account for the
effect of renal clearance on plasma MCP-1 levels, and high sensitivity C-reactive protein
(hsCRP) to account for generalized inflammation. Effect modification of CKD was also
tested and considered statistically significant if the CKD x MCP-1 interaction Pvalue was
<0.1. Sensitivity analyses of those without prior CV disease (self-reported history of
myocardial infarction, revascularization, heart failure, or stroke) included 3,017 participants
(236 with CKD and 2,781 without CKD). Statistical analyses were performed with SAS 9.4
and SAS Enterprise Guide 7.1 (SAS Institute, Cary, NC).
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Baseline characteristics

There were no significant differences between participants that were excluded due to
missing MCP-1 values as compared to those that were included, except for a higher
proportion of smokers (Supplemental Table 1). Of the 3,257 participants included, 56% were
female, 52% Black, 29% Caucasian, 17% Hispanic, and 2% of other races. The total number
with CKD was 286 (8.8%). There were 217 participants with CKD stages 1-2 and 69 with
stages 3-5. There were significant trends in the prevalence of most traditional CV risk
factors across the three groups, including smoking, hypertension, diabetes, and prior CV
disease (Table 1), with a higher prevalence among those with CKD stages 1-2 than no CKD,
and among those with CKD stages 3-5 as compared with stages 1-2. Age also increased
across groups.

Correlations of plasma MCP-1 with kidney function and albuminuria

MCP-1 levels were higher in CKD than in non-CKD participants (median [IQR] 192.2
[143.6, 269.8] vs. 164.7 [120.3, 220.9] pg/mL, A<0.001), and increased with lower eGFR
and across advancing CKD stages, A<0.001 (Table 1, Figure 2). In both the CKD and non-
CKD groups, eGFR was lower across higher MCP-1 quartiles, but no association was seen
with ACR (Supplemental Tables 2-3). In the entire cohort, a similar relationship between
eGFR and MCP-1 quartiles was seen, and there was a difference in ACR between the first
quartile of MCP-1 and the third and fourth quartiles (Supplemental Tables 2-3). MCP-1
correlated negatively with eGFR, Spearman rho —0.12 in the entire cohort, —0.10 in non-
CKD, and -0.23 in CKD, which remained significant after adjusting for age (Supplemental
Table 4, P<0.001 for all correlations). There was also a modest but significant association
between albuminuria and MCP-1 in the entire cohort (rho =0.07, £<0.0001), but no
association was seen in those with CKD (CKD rho=-0.02, P=0.68, Supplemental Table 4).

Associations of MCP-1 with Intermediate CV Phenotypes

Association

Participants with CKD exhibited higher CAC, PWYV, LV mass/BSA, and LVH prevalence
compared to those without CKD (Table 2). PWV, LV mass/BSA, and the prevalence of CAC
=100 were higher with more advanced CKD stages, but there was no difference in the
proportion with LVH (Table 2). In the non-CKD group, the prevalence of CAC =100
increased from 4.8% in the first MCP-1 quartile to 10.9% in the fourth quartile (A<0.001 for
trend, Table 3). There were also associations between higher MCP-1 quartiles and higher
aortic PWV (P=0.001 for trend), but not with LV mass/BSA or LVH in the non-CKD group.
In the CKD group, no associations were observed between MCP-1 quartiles and
intermediate CV phenotypes (Table 3).

of MCP-1 with death and CV outcomes

There were 327 deaths and 230 ASCVD events over median (IQR) follow-up of 161.5
(157.9, 166.7) months. Events occurred with a higher frequency in CKD than non-CKD
individuals (P<0.001 for each event, Figure 3). Higher MCP-1 quartiles were associated with
a higher proportion of deaths (P for trend=0.001 in CKD, <0.001 in non-CKD), but no

Am J Nephrol. Author manuscript; available in PMC 2019 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gregg et al.

Page 6

difference was observed for ASCVD events (Table 3). In the CKD group, there was a
significant trend toward increased CV death across MCP-1 quartiles (Table 3). MCP-1, taken
continuously, was associated with time to all-cause death in the entire cohort and in the CKD
and non-CKD subgroups (Figure 3). Higher MCP-1 quartiles were associated with death in
both CKD (log-rank £=0.0004) and non-CKD (/<0.001) groups (Figure 4).

Adjusting for traditional CV risk factors attenuated the magnitude of these associations, but
MCP-1 remained independently associated with death in both groups (CKD group aHR=1.6,
95% CI 1.1, 2.3). Adjustments for eGFR and hsCRP further attenuated the association in the
CKD group, but MCP-1 remained associated with death in both groups (all CKD x MCP-1
interaction Pvalues >0.1) (Table 4). Sensitivity analyses including 3,017 individuals without
prior CV disease revealed similar results (Table 4).

In unadjusted models, MCP-1 was associated with ASCVD events in the entire cohort and
the CKD group, but not the non-CKD group (Figure 3). These associations became non-
significant after adjusting for CV risk factors (Table 4). There were no significant
CKDxMCP-1 interactions for ASCVD events. Sensitivity analysis in individuals without
prior CVD yielded similar results (Table 4).

DISCUSSION

To our knowledge, this is the first study that reports the association of plasma MCP-1 with
intermediate and hard CV outcomes using a large, multi-ethnic, longitudinal cohort based on
the presence of CKD. Importantly, we show that plasma MCP-1 levels 1) are higher with
lower eGFR and across higher CKD stages but do not correlate with albuminuria in CKD
patients; 2) independently associate with death after adjusting for traditional CV risk factors
in both CKD and non-CKD individuals; and 3) do not independently associate with
intermediate CV phenotypes or ASCVD events in CKD individuals. This suggests that the
association observed with death may be mediated through pathways other than
atherosclerosis. Given that many other known CV risk factors perform less well in CKD
than non-CKD individuals, it is notable that MCP-1 predicts death equally as well in CKD
as in non-CKD individuals.

Prior studies from the DHS reported that MCP-1 was highly correlated with age [19], which
is included in the calculation of eGFR. In our study, MCP-1 remained correlated with eGFR
after adjusting for age, suggesting an independent relationship between decreased kidney
function and MCP-1. The only other published study demonstrating an association between
MCP-1 and eGFR used data from the African American Diabetes Heart Study. Because
black individuals differ in patterns of both kidney and CV disease than non-blacks, it is
important that we demonstrated this finding in a large racially and ethnically diverse sample
[10]. Possible explanations include decreased renal clearance of MCP-1, generalized
inflammation associated with CKD, or upregulation of MCP-1 production in the setting of
uremia [9,32]. In this study, only 5% of the variability in MCP-1 was accounted for by
eGFR in those with CKD, suggesting that additional underlying processes in individuals
with CKD that either increase MCP-1 production or decrease its breakdown may lead to
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elevated levels. It is possible that generalized inflammation in CKD at least partially drives
increased plasma MCP-1 levels [6,9].

Although there was a modest but statistically significant association between MCP-1 and
albuminuria in the entire cohort, this association became non-significant when stratifying by
CKD presence. It is possible that an association between albuminuria and MCP-1 may not
have been apparent in our cohort comprised largely of individuals without CKD that had
very little if any albuminuria. One study reported that MCP-1 correlated with albumin
excretion rate in 15 type 1 diabetics [33]. However, analyses including larger samples from
the African American Diabetes Heart Study and the Framingham Offspring Cohort showed
no association between plasma MCP-1 and ACR [10,34], which we confirm using a multi-
ethnic cohort. This implies that higher levels of MCP-1 with advancing CKD stages may be
primarily driven by factors other than albuminuria.

To our knowledge, there are no published studies investigating associations of MCP-1 with
hard outcomes in CKD patients. Even in the general population, most studies showing
associations of plasma MCP-1 with death and CV outcomes have included only participants
with ACS, angina, or stable CAD [14-16,35]. Only two prior studies reported associations
with CV outcomes in persons without ACS [17,36]. However, neither eGFR nor CKD
presence were reported in these studies, so the effect of renal function on associations of
MCP-1 with outcomes was not investigated.

Even fewer data exist regarding associations of MCP-1 with CV disease in CKD samples.
Only one cross-sectional study reported that although plasma MCP-1 was elevated in 81
hemodialysis patients compared with controls, levels were not different in those with a
history of CV events [8]. However, only 25 participants had prior CV events, and the study
was likely underpowered to detect a difference. To our knowledge, no other published
studies investigated the association of plasma MCP-1 with outcomes in CKD participants,
despite evidence suggesting a role for MCP-1 in atherogenesis in the general population, and
data suggesting an association of MCP-1 with kidney function decline.

The correlation of MCP-1 with lower eGFR implies that decreased renal clearance may
account for some of the association of MCP-1 with outcomes. Indeed, adjusting for eGFR
slightly attenuated the association of MCP-1 with all-cause death. Another contributing
factor may be the presence of systemic inflammation in CKD, previously implicated in
oxidative stress, endothelial dysfunction, atherosclerosis, malnutrition, and CKD progression
[37-39], reflected by the attenuation of the association of MCP-1 with death when adjusting
for hsCRP. Monocyte chemotaxis mediated through MCP-1 may account for an important
element of the inflammation-associated mortality risk in CKD.

We also sought to characterize the mechanisms by which MCP-1 may lead to adverse
outcomes by exploring associations of MCP-1 with CV disease intermediaries. While higher
MCP-1 levels were associated with elevated CAC and PWV in non-CKD participants, no
such correlations were observed in CKD individuals. However, elevated CAC and PWV
were more prevalent in CKD vs. non-CKD participants, even in a sample heavily weighted
toward earlier CKD stages. These findings may suggest that although MCP-1 is involved in

Am J Nephrol. Author manuscript; available in PMC 2019 June 06.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gregg et al.

Page 8

the development of atherosclerosis in the general population, the worsening of these
intermediate CV phenotypes in CKD may depend on other pathogenic mechanisms. It is
known that individuals with CKD develop medial arterial calcification in addition to intimal
atherosclerotic calcified plaques as seen in the general population [40], which cannot be
distinguished using CAC. It is not clear whether this results from a more severe
manifestation of the same underlying processes, or whether CKD upregulates different
pathogenic pathways to cause this medial calcification [40]. The absence of association
between MCP-1 and elevated CAC in CKD participants could suggest that MCP-1 may lead
to death through mechanisms other than calcific atherosclerosis. Although there was a trend
seen toward increased CV deaths across MCP-1 quartiles in the CKD group, the number of
outcome events was too low to derive definitive conclusions. Alternatively, the association
seen between MCP-1 and death but not ASCVD events in adjusted models may implicate
traditional CV risk factors in the excess ASCVD risk, or that non-atherosclerotic disease
pathways, such as infection or cancer, link monocyte chemotaxis to all-cause death in CKD
individuals. We did not have non-CV causes of death available to further explore this
hypothesis.

Several limitations deserve mentioning. First, the effect of time-varying measures of plasma
MCP-1 on outcomes was not assessed. Given the separation in mortality between MCP-1
quartiles approximately 2—-3 years after baseline MCP-1 was measured, the predictive value
of repeated measures of MCP-1 deserves exploration. Second, since creatinine was
measured using the alkaline picrate assay, we were unable to use the CKD-EPI equation,
which estimates GFR more accurately than the MDRD equation for eGFR >60 [41].
However, a sensitivity analysis using the CKD-EPI equation showed that only 3 participants
were misclassified by using the MDRD equation. Third, the cohort had relatively few
persons with CKD stages 4-5, limiting generalizability to this segment of CKD. However,
about 75% of the cohort was comprised of early CKD stages with preserved eGFR, where
interventions would make the highest impact.

Fourth, not all participants underwent imaging for intermediate CV outcomes, slightly
decreasing the sample size for these analyses. Finally, power may have limited the finding of
an independent association between MCP-1 and ASCVD events in CKD participants.
However, the fact that a similar association was not found in the larger non-CKD group
comprised of about 3,000 individuals makes the lack of power a less likely explanation.

In conclusion, plasma MCP-1 was associated with decreased eGFR in this multi-ethnic
community-based cohort. Despite this, MCP-1 was independently associated with death in
both CKD and non-CKD participants, even after controlling for traditional CV risk factors.
MCP-1 may mediate mortality through pathways involving inflammation. MCP-1 was also
associated with ASCVD events in unadjusted models, suggesting that atherosclerotic events
likely contribute to but do not fully account for the association of MCP-1 with mortality.
Despite worse CV outcomes in those with CKD, associations between MCP-1 and CV
disease intermediaries were non-significant in CKD individuals, further implicating
pathways other than atherosclerosis in the association of MCP-1 with death in CKD. Future
studies should investigate whether pathways that activate MCP-1 are altered in the uremic
milieu and identify other circulating biomarkers that may clarify the pathogenesis of CV
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disease in CKD. The clinical utility of plasma MCP-1 for mortality prognostication should
be validated in larger cohorts with advanced CKD.
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3,398 Provided fasting blood and
first-void urine samples

2,608 With advanced imaging
available for intermediate
CV outcomes

2,971 Completed advanced 141 Excluded
imaging studies 95 Missing laboratory
values for calculation of
eGFR or ACR
3,257 Included in the final analysis 46 Missing MCP-1 values

/\

2,971 Non-CKD
2,396 with advanced imaging

286 CKD
212 with advanced imaging

Figure 1. Flow chart of the study population
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b. Median (IQR) MCP-1 by eGFR

P value <0.0001 for trend

11

5 854

1 1 +
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Figure 2. Relationship between plasma MCP-1 and kidney function
(a) Distribution of stages of CKD by quartile of plasma MCP-1. (b) Median plasma MCP-1

levels by eGFR. Boxes represent the median values and interquartile ranges (IQR). Error
bars represent the 5! and 95t percentiles. CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate; MCP-1, monocyte chemoattractant protein-1.
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Figure 3. Associations of log transformed MCP-1 with outcomes by CKD status
Forest plot depicts the unadjusted hazard ratios and 95% confidence intervals for outcomes

stratified by CKD status. ASCVD, atherosclerotic cardiovascular disease; CKD, chronic
kidney disease; CV, cardiovascular; MCP-1, monocyte chemoattractant protein-1.
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Figure 4. Association of MCP-1 quartiles with all-cause death by CKD status
Kaplan-Meier curves depict the association of quartiles of MCP-1 with all-cause death in (a)

non-CKD and (b) CKD groups. CKD, chronic kidney disease, MCP-1, monocyte
chemoattractant protein-1.
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Table 1

Baseline characteristics of the cohort by CKD status

Variable Non-CKD CKD stages 1-2 CKD stages 3-5 P value
N=2,971 N=217 N=69 for trend

Age, years, median (IQR) 43.0 (36.0, 51.0) 47.0 (38.0, 54.0) 53.0 (47.0, 58.0) <0.0001
Female sex, N (%) 1684 (56.7) 100 (46.1) 39 (56.5) 0.05
Race, N (%)

Black 1503 (50.6) 151 (69.6) 44 (63.7)

White 889 (29.9) 28 (12.9) 19 (27.5)

Hispanic 516 (17.4) 36 (16.6) 3(4.4)

Other 63 (2.1) 2(0.9) 3(4.4)
Current smoker, N (%) 1323 (44.6) 112 (51.6) 50 (58.0) 0.004
Hypertension, N (%) 985 (33.2) 134 (61.8) 56 (81.2) <0.0001
Diabetes mellitus, N (%) 283 (9.5) 84 (38.7) 22 (31.9) <0.0001
Hyperlipidemia, N (%) 376 (12.7) 30 (13.9) 15 (21.7) 0.05
Prior CV disease, N (%6)7 190 (6.4) 30 (13.8) 20 (29.0) <0.0001
Blood pressure, mmHg

Systolic, median (IQR) 123.6 (114.3,134.2) 1359 (124.3,153.1) 133.9 (120.0, 154.7)  <0.0001

Diastolic, median (IQR) 77.6 (72.3, 83.6) 83.1(76.8,91.7) 79.9 (74.9, 85.9) <0.0001
BMI, kg/m?2, median (IQR) 28.3(24.5,33.1) 30.7 (26.3, 35.0) 30.1 (25.4,35.7) <0.0001
Total cholesterol, mg/dL, median (IQR) 177.0 (154.0,203.0)  174.0 (150.0,202.0)  182.0 (157.0, 196.0) 0.60
HDL cholesterol, mg/dL, median (IQR) 47.0 (40.0, 57.0) 47.0 (39.0, 54.0) 47.0 (38.0, 59.0) 0.29
ACR, mg/g, median (IQR) 2.7 (1.8, 4.6) 48.7 (29.3, 107.8) 16.2 (3.2, 105.3) <0.0001
ACR, mg/g, mean (SD) 3.9 (3.6) 172.4 (426.1) 308.9 (993.4) <0.0001

1duosnuey Joyiny

1duosnuen Joyiny

Estimated GFR, mL/min/1.73 m?, median (IQR) 98.4 (85.8, 113.2) 99.8 (83.1, 117.5) 49.1(38.2, 55.9) <0.0001

MCP-1, pg/mL, median (IQR) 164.7 (120.2,221.0) 183.0 (138.9, 246.0) 233.8 (177.5,325.8)  <0.0001

ACR, urine albumin-to-creatinine ratio; BMI, body mass index; CKD, chronic kidney disease; CV, cardiovascular; GFR, glomerular filtration rate;
HDL, high density lipoprotein; IQR, interquartile range; MCP-1, monocyte chemoattractant protein-1

a_ . . . ] . . I . - .
Prior cardiovascular disease was defined as self-reported history of prior myocardial infarction, revascularization, heart failure, or stroke.
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Table 3

Outcomes by quartile of MCP-1 and CKD status

Non-CKD, N=2,971

Quiartile of MCP-1 (range, pg/mL)

Variable Q1(1.7- Q2 (120.3- Q3 (164.7- Q4 (221.0-
120.2) 164.6) 220.9) 2011.0)
N=743 N=742 N=743 N=743
Intermediate Outcomes
CAC 2100 Agatston units, N (%) 27 (4.8) 53 (8.8) 53 (9.1) 65 (10.9)2
LV mass/BSA, g/m? median (IQR)  79.0 (69.8,91.3)  79.8(69.8,92.2)  79.7(69.6,92.0)  79.7 (70.1,92.8)
LVH, N (%) 59 (10.2) 52 (8.8) 55 (9.3) 58 (9.6)
Aortic PWV, m/s, median (IQR) 41(3.3,54) 4.1(3.3,5.5) 4.2(3.3,5.6) 45 (3.4,5.9)2
Hard Outcomes
All-cause death, N (%) 33(5.1) 57 (8.4) 53(8.0) 87 (12.8)2
ASCVD events, N (%) 43 (6.7) 36 (5.5) 36 (5.7) 51 (7.9)
Myocardial infarction, N (%) 14 (2.2) 12 (1.8) 13 (2.0) 20(3.1)
Stroke, N (%) 14 (2.2) 8(1.2) 13 (2.0) 18 (2.8)
CV revascularization, N (%) 20(3.1) 21(3.2) 23(3.6) 27 (4.2)
CV death, N (%) 7(11) 9(1.4) 3(0.5) 14 (2.2)
CKD, N=286

Quartile of MCP-1 (range, pg/mL)

Variable Q1(48.9-142.9) Q2 (143.0-191.9) Q3 (192.0-270.9) Q4 (271.0-2004.0)
N=71 N=72 N=72 N=71
Intermediate Outcomes
CAC =100 Agatston units, N (%) 8 (14.8) 12 (25.5) 10 (17.9) 15 (29.4)
LV mass/BSA, g/m?, median (IQR)  96.0 (84.7,108.1) 87.8(77.6,106.6) 86.1(74.8,107.6)  93.4(83.7, 126.5)
LVH, N (%) 16 (32.0) 15 (28.3) 16 (28.6) 22 (43.1)
Aortic PWV, m/s, median (IQR) 5.4 (4.0, 6.7) 5.5 (3.9, 6.8) 5.1(3.6,7.0) 5.6 (4.5, 8.4)
Hard Outcomes
All-cause death, N (%) 15 (24.2) 24 (35.8) 23 (34.3) 35 (53.8)4
ASCVD events, N (%) 14 (25.5) 13 (22.8) 17 (29.3) 18 (35.3)
Myocardial infarction, N (%) 5(9.1) 2(3.5) 6(10.3) 4(7.8)
Stroke, N (%) 3(5.5) 4(7.0) 7(12.1) 4(7.8)
CV revascularization, N (%) 9(4.1) 4 (7.0) 5 (8.6) 6 (11.8)
CV death, N (%) 3(5.5) 5(8.8) 7(12.1) 9(17.7)2

Page 19

ASCVD, atherosclerotic cardiovascular disease; BSA, body surface area; CAC, coronary artery calcification; CKD, chronic kidney disease; CV,
cardiovascular; IQR, interquartile range; LV, left ventricular; LVH, left ventricular hypertrophy; MCP-1, monocyte chemoattractant protein-1

aP<0.05 for trend
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Table 4

Associations of plasma MCP-1 with all-cause death and ASCVD events

Exposure Variable All Participants Non-CKD CKD
HR (95% Cl) HR (95% Cl) HR (95% ClI)

All-cause death

Total cohort N=3,257 N=2,971 N=286
Log MCP-1 unadjusted 1.9(15,2.2) 1.8(1.5,2.3) 1.9(1.3,2.8)
Log MCP-1 adjusted? 1.6(1.3,1.9) 1.6 (1.3, 2.0) 1.6 (1.1,2.3)

Log MCP-1 adjusted + eGFRY 1.6 (1.3,1.9) 1.6 (1.3, 2.0) 1.5(1.0,2.1)

Log MCP1 adjusted + hsCRP¢ 1.6 (1.3,1.9) 1.6 (1.3,2.0) 1.5(1.0,2.2)

Log MCP1 adjusted +ACRY 16(13,19)  16(13,20) 15(11,22)
No prior CVD N=3,017 N=2,781 N=236

Log MCP-1 unadjusted 20(16,25)  20(1625 21(13,32)

Log MCP-1 adjusted? 18(14,22)  18(14,23) 17(11,27)

Log MCP-1 adjusted + eGFRP ~ 1.8(14,22)  18(14,23)  16(1.0,25)
Log MCP1 adjusted + hsCRPC ~ 1.8(14,22)  18(14,23)  17(1.1,26)

Log MCP1 adjusted + ACRY ~ 18(15,22)  18(14,23)  17(11,17)

ASCVD events
Total cohort€ N=2,831 N=2,609 N=222
Log MCP-1 unadjusted 1.3(1.0,1.7) 1.2 (0.9, 1.6) 1.7 (1.0, 2.9)
Log MCP-1 adjusted? 1.0 (0.8,1.4) 1.0(0.8,1.4) 1.2 (0.7, 2.0)

Log MCP-1 adjusted + eGFRY 1.0 (0.8,1.3) 1.0(0.8,1.3) 1.0 (0.6,1.7)
Log MCP1 adjusted + hsCRP¢ 1.0(0.8,1.3) 1.0(0.7, 1.3) 1.2 (0.7, 2.0)

Log MCP1 adjusted + ACRY ~ 10(08,13)  10(0.7,13)  11(06,19)

No prior CVD N=2,605 N=2,420 N=185
Log MCP-1 unadjusted 1.2 (0.9, 1.6) 1.1(0.8,1.5) 1.5(0.8,2.8)
Log MCP-1 adjusteda 0.9(0.7,1.3) 0.9(0.7,1.3) 1.1(0.5,2.1)

Log MCP-1 adjusted + eGFRY 0.9(0.7,1.2) 0.9(0.7,1.3) 0.8(0.4,1.7)
Log MCP1 adjusted + hsCRP€ 0.9 (0.7,1.3) 0.9(0.7,1.3) 1.0(0.5, 2.1)

Log MCP1 adjusted + ACRY ~ 0.9(07,13)  09(06,12)  11(05,22)

ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; CVD, cardiovascular disease; eGFR, estimated glomerular filtration
rate; MCP-1, monocyte chemoattractant protein-1

aAdjusted for traditional CV risk factors (age, sex, race, smoking, diabetes, hypertension, total and HDL cholesterol)
bAdjusted for traditional CV risk factors and log transformed eGFR

cAdj usted for traditional CV risk factors and log transformed hsCRP

dAdjusted for traditional CV risk factors, log transformed log transformed ACR

elncludes 2,831 individuals in which adjudication for CV outcomes occurred through 2012.
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