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Abstract

Background: CD14 is a membrane glycoprotein primarily expressed by myeloid cells that plays
a key role in inflammation. Soluble CD14 (sCD14) levels carry a poor prognosis in chronic heart
failure (HF), but whether elevations in SCD14 precede HF is unknown. We tested the hypothesis
that sCD14 is associated with HF incidence and its subtypes independent of major inflammatory
biomarkers among older adults.
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Methods and Results: We included participants in the Cardiovascular Health Study without
preexisting HF and available baseline sCD14. We evaluated the associations of SCD14, high-
sensitivity C-reactive protein (hsCRP), interleukin-6 (IL-6), and white blood cell count (WBC)
with incident HF and subtypes using Cox regression. Among 5217 participants, 1878 had incident
HF over 13.6 years (609 classifiable as preserved [HFpEF] and 419 as reduced ejection fraction
[HFrEF]). After adjusting for clinical and laboratory covariates, SCD14 was significantly
associated with incident HF (HR 1.56 per doubling, 95% CI 1.29-1.89), an association that was
numerically stronger than for hsCRP (HR per doubling 1.10, 95% CI 1.06-1.15), IL-6 (HR 1.18,
95% CI 1.10-1.25), and WBC (HR 1.24, 95% CI 1.09-1.42), and that remained significant after
adjustment for the other markers of inflammation. This association for sSCD14 was observed with
HFpEF (HR 1.50, 95% CI 1.07-2.10) but not HFrEF (HR 0.99, 95% CI 0.67-1.49).

Conclusions: Plasma sCD14 was associated with incident HF independently and numerically
more strongly than other major inflammatory markers. This association was only observed with
HFpEF in the subset with classifiable HF subtypes. Pending replication, these findings have
potentially important therapeutic implications.

Introduction

Inflammation has long been recognized as a risk factor for heart failure (HF).} Experimental
studies have shown a mechanistic role for monocyte activation and pro-inflammatory
cytokine secretion in the pathogenesis of myocardial dysfunction and adverse remodeling.!
Further, population-based studies have shown a relationship between various inflammatory
biomarkers and incident HF.2 Additionally, it has been observed that patients with immune
dysregulation and chronic inflammation, such as those with autoimmune diseases?, have
significantly increased risk of HF.

The lack of efficacy for anti-inflammatory agents in HF highlights the need to better
understand upstream mechanisms. One little-explored area concerning the inflammatory
determinants of HF is the potential contribution of reduced intestinal barrier function and
chronic low-grade endotoxemia. Such endotoxemia has been implicated in aging, obesity,
and glucose dysregulation,® but clinical studies are limited by challenges in measurement of
plasma endotoxin (lipopolysaccharide [LPS]).® Yet, LPS both binds and stimulates release
into the circulation of cluster of differentiation 14 (CD14), a pattern-recognition receptor
that promotes LPS engagement of toll-like receptors on myeloid and other cells to activate
secretion of pro-inflammatory cytokines.” Experimental studies have in fact implicated
CD14 in LPS-induced myocardial inflammation and dysfunction, a well-recognized
consequence of septicemia.® Detectable in plasma in a soluble form (sCD14) arising from
proteolytic cleavage of the membrane-bound molecule or direct cellular secretion,’ this
molecule therefore affords the opportunity to indirectly assess immune activation stemming
from microbial translocation and its potential impact on HF risk.

Previous studies have linked levels of sCD14 to atherosclerotic cardiovascular disease and
mortality in older adults,® in people living with human immunodeficiency virus infection1?
and in patients with chronic kidney disease.}! Small clinical studies have also shown sCD14
levels to be higher in patients with HF than healthy controls;12 to possibly relate to
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peripheral edema in this setting;13 and to associate with mortality.14 However, whether the
elevations in sCD14 precede HF and its subtypes remains unknown. Here, we parlayed
available measurement of sSCD14, as well as the inflammatory markers white blood cell
count (WBC), high-sensitivity C-reactive protein (hsCRP) and interleukin (IL)-6, in a
population-based study of older adults to test the hypothesis that higher sCD14 is associated
with incident HF and, secondarily, its subtypes (reduced [HFrEF] and preserved ejection
fraction [HFpEF]), and that such associations are independent of these other inflammatory
measures.

Study population

The design and rationale of the Cardiovascular Health Study (CHS) are detailed elsewhere.1®
Briefly, CHS is a prospective population-based cohort study of older Medicare-eligible
adults (65-100 years) recruited from 4 field centers in the United States: Forsyth County,
North Carolina; Sacramento County, California; Washington County, Maryland; and
Allegheny County, Pennsylvania. The main objective of the study is to evaluate traditional
risk factors and identify novel determinants of cardiovascular disease in older adults.

Eligible persons had to be non-institutionalized, be expected to remain in the area for the
next 3 years, and be able to provide informed consent without a proxy respondent.
Wheelchair-bound individuals, and those receiving hospice treatment, radiation therapy or
chemotherapy for cancer were excluded. The original cohort included 5201 participants that
were recruited in 1988-1989. A supplemental cohort of 687 black individuals was recruited
in 1992-1993 for a total of 5888 participants. After exclusion of participants with prevalent
HF, there were 5613 participants, of whom 5217 had available sSCD14 determinations
performed on retrospectively identified stored specimens, and were included in this study. At
enrollment, participants underwent a detailed evaluation, which included medical and social
histories, physical examination, medication use, and blood collection. Patients were
followed for cardiovascular events and death.

Measurement of circulating biomarkers

Blood was obtained from participants at enroliment via phlebotomy after an 8-hour fast and
specimens aliquoted for storage at —80°C in the CHS central blood laboratory, where the
assays were eventually performed. At the central laboratory, control specimens are added
routinely (three different controls per microtiter plate) and run with study specimens during
each analytical batch, allowing calculation of within-run and between-run coefficients of
variation (CVs), as well as adjustment for assay standardization drift over time. In addition,
control sets comprising specimens from n=20 subjects are run to maintain longitudinal
stability of the assays over longer measurements periods. The stability of peptides to long-
term storage under deep freezing has been previously documented. Soluble CD14 was
measured from baseline EDTA-plasma in two separate runs in 2010 and 2011 using ELISA
(R&D Systems, Minneapolis, MN). The interassay CVs were 5.3-12.4% at control
concentrations of 1170-1336 ng/ml. hsCRP was measured from EDTA-plasma specimens in
a single large batch in 1997-98 by use of a high-sensitivity enzyme-linked immunosorbent
assay developed at the CHS central blood laboratory.1® The interassay CVs have been
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reported at 5.5-6.8% at control concentrations 1.05-2.52 mg/I,16 and at 6.2% averaged
overall.1” IL-6 was measured in EDTA-plasma in three separate batches from 1999 to 2003
using commercial ELISA kits (Quantikine IL-6, R&D Systems, Minneapolis, MN, USA).
The interassay CVs were 4.1-35.8% at control values of 0.5-4.2 pg/ml, with an overall
average interassay CV of 12.1%. Complete blood counts (including white blood cell counts)
were measured at each of the participating clinical centers using the following instruments:
Coulter Stack S cell counter (Coulter, Inc., Hialeah, FL) (the University of Pittsburgh and
the University of California at Davis) and the Sysmex NE800O counter (Toa Electronics,
Inc., Chicago, Illinois) (Wake Forest University and the Johns Hopkins University).

Assessment and definition of covariates

The study assessments for CHS are described elsewhere.1> Age, race, smoking status,
educational level, and alcohol use were based on self-report collected at the time of
enrollment. Physical activity, weight, and height were assessed at enrollment. Blood
pressure were measured using standardized protocols. Glomerular filtration rate was
estimated from serum cystatin C as previously described.18 N-terminal pro-B-type
natriuretic peptide (NT-proBNP) and high-sensitivity cardiac troponin T (cTnT) were
measured in samples after long-term storage at —70 to —80°C using an Elecsys 2010 system
(Roche Diagnostics, Indianapolis, IN) as previously reported.19:20 Other laboratory
measures included serum creatinine, glucose and lipid panels, which were measured soon
after collection and shipment to the Core Laboratory in dry ice. Serum glucose and
creatinine were measured using Kodak Ektachem 700 analyzer with reagents (Eastman
Kodak, Rochester, NY). The Olympus Demand system (Olympus, Lake Success, NY) was
used for cholesterol, high-density lipoprotein (HDL)-cholesterol, and triglyceride
determinations.® Diabetes was defined as fasting glucose 126 mg/dL or higher, random
glucose 200 mg/dL or higher, or use of diabetes medication. Heavy alcohol use was defined
as =14 drinks/week for males and =7 for females. Left ventricular ejection fraction (LVEF)
was assessed qualitatively using 2-dimensional transthoracic echocardiography performed at
baseline in the original, but not the supplemental, cohort.2! LVEF was classified as normal
(>55%), borderline (45-54%), and impaired (<45%).21 Prevalent coronary heart disease
(CHD) was determined by patient report of physician diagnosis of angina, myocardial
infarction, coronary artery bypass graft surgery, or percutaneous coronary intervention prior
to enrollment.?2 This was validated by confirmatory evidence from the baseline
examination, including medication inventory; surveys of treating physicians; and review of
hospital records, including at follow-up.23 At follow-up, incident CHD, similarly defined,
was adjudicated by the CHS Events Committee.22 Prevalent stroke and transient ischemic
attack (T1A) was based on patient report of physician diagnosis for these conditions, and
validated as for CHD.23 Prevalent HF was assessed using self-report, confirmed by use of
HF medications, physician questionnaires and review of medical records.23 Prevalent atrial
fibrillation was based on a combination of ECG and inpatient or outpatient diagnosis codes.
24 The frailty score consisted of no frailty (score=0), pre-frailty (score=1) and frailty
(score=2), defined, respectively, by presence of none, one or two, or three or more of the
following: unintentional weight loss (=10 Ibs. in past year), self-reported exhaustion,
weakness (grip strength), slow walking speed, and low physical activity2>.
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Outcome—The primary outcome of this study was incident HF. Adjudication of events is
described in detail elsewhere.2122 Potential HF events were identified during semiannual
contacts with participants involving telephone interviews or in-person visits. Such HF events
were referred to the CHS Events Committee for final adjudication based on review of
hospital and outpatient medical records. Determination was based on a physician diagnosis
of HF, presence of confirmatory symptoms (dyspnea, fatigue, orthopnea, paroxysmal
nocturnal dyspnea) and signs (edema, rales, tachycardia, gallop, displaced left ventricular
impulse), medical treatment for HF, or supportive findings on diagnostic testing, such as
cardiomegaly and pulmonary edema on chest X-ray or reduced ventricular function by
echocardiography or ventriculography. Each case was presented by a field center
investigator, with adjudication made by consensus following review and discussion by the
whole committee. In addition, records were reviewed for assessment of left ventricular (LV)
function at the time of index HF presentation. Each index HF event was categorized as
HFrEF (LV ejection fraction [EF] 45%) or HFpEF (LVEF 45%), or unclassified (no LV
function assessment available). This was based on reported LVEF by echocardiography
(most commonly) or radionuclide or contrast ventriculography performed up to 30 days
from the index HF event. When LVVEF was not reported, but a qualitative description was
provided in the report, moderate or severely reduced LV function was classified as HFrEF
(taken as LVEF <45%), and normal or mildly reduced LV function was classified as HFpEF
(taken as LVEF 45%). In a secondary analysis, we examined associations with HFrEF
(LVEF<40%), HF with mid-range EF (HFmEF) (LVEF 40-49%), and HFpEF (LVEF 50%)
for events in which an LVEF value was available in the diagnostic test report.

Statistical analysis—We described the cohort and compared baseline participant
characteristics across sCD14 quartiles using linear trend tests for continuous variables and
chi-square tests for categorical variables. A trend test for a continuous variable across
quartiles of biomarker is a linear regression test where the quartiles are used as the exposure,
not the actual values of the biomarker. Correlations between base-2 logarithmically
transformed biomarkers were assessed by computing Pearson coefficients. Time to event
was calculated as the interval in years from the baseline visit in 1989-90 or 1992-93 to the
date of first incident HF, death, loss to follow-up, or end of follow-up on June 30, 2014,
whichever was earliest (i.e., participants were censored at the time of death or loss to follow-
up if this preceded the incident HF event). Kaplan-Meier curves were generated to describe
the association between sCD14 quartiles and time to incident HF. Log-rank tests were used
to compare the curves across sCD14 quartiles. Incidence rates were computed per 100
persons-years by adding available time until the study endpoint, time of censoring or end of
follow-up for all participants. We used Cox proportional hazards models to estimate the
association between sCD14, WBC, hsCRP, IL-6 and incident HF. We computed hazard
ratios for doubling of biomarkers along with their 95% confidence intervals. The
proportional hazards assumption was examined using graphical and numerical methods
based on scaled Schoenfeld residuals. Models were adjusted according to variables selected
a priori based on known associations or biological plausibility. We first adjusted for age, sex,
and race (Model 1), and subsequently adjusted additionally for education, body mass index
(BMI), smoking, alcohol, physical activity score, systolic blood pressure, antihypertensive
use, diabetes, estrogen use, low-density lipoprotein (LDL), high-density lipoprotein (HDL),

J Card Fail. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Al-Kindi et al.

Results

Page 6

estimated glomerular filtration rate (eGFR), prevalent CHD, prevalent stroke, prevalent TIA,
and prevalent atrial fibrillation (Model 2). In separate sensitivity analyses, we additionally
adjusted for NT-proBNP, which was available for a subset of patients (n=4,013); for cTnT,
also available in a subset (n=4762), which was winsorized at the 99t percentile of its
concentration to remove the influence of outliers; for frailty score, likewise available in a
subset (n=4734) which may be partially on the causal pathway to HF; and for incident CHD
as a time-varying covariate. To check the functional form of sCD14 and the other
inflammatory markers in the regression we used generalized additive models with penalized
splines and found no meaningful departures from a linear fit. We also tested for interaction
of inflammatory biomarkers by age, sex, race and CHD in relation to incident HF. To assess
the association of each inflammatory biomarker independent of the others, we constructed
an additional model to include the 4 inflammatory markers (sCD14, hsCRP, IL-6, WBC) in
addition to clinical covariates in Model 2. We also explored interactions of inflammatory
biomarkers with age, sex, race, and prevalent CHD by including cross-product terms in the
models. To evaluate the associations between inflammatory biomarkers and HF subtypes, we
used cause-specific hazard models, censoring individuals at the time of the other type of
event. Cause-specific hazard models were chosen over sub-distribution hazard models
because adjudication of HF events in CHS is done only for first, and not for recurrent events.
The former approach is preferred in studies focused on potential causal relationships, rather
than risk prediction.28 As a sensitivity analysis, we evaluated whether associations differed
when an LVEF cutoff of 50% was used for HFpEF vs. HFrEF. Additional analyses included
categorization of HF by LVEF into 3 groups (<40%, 40-49%, =50%). All analyses were
done using R (R Development Core Team; http://www.r-project.org). All tests are two sided,
and P<0.05 was considered statistically significant. P values were not adjusted for multiple
testing.

Baseline characteristics

Association

The baseline characteristics of the study population and their relationship with quartiles of
sCD14 are shown in Table 1. Levels of sSCD14 were positively associated with age, smoking,
heavy alcohol consumption, hypertension, diabetes, prevalent CHD, prevalent stroke, frailty
score, LDL, NT-proBNP, and cTnT. sCD14 levels were inversely related to male sex, black
race, education, BMI, estrogen use, and eGFR. All three other inflammatory markers were
weakly correlated with SCD14. Pearson’s correlation coefficients with log,sCD14 were
r=0.18 (95% CI 0.15-0.20) for logsIL-6, r=0.24 (95% CI 0.21-0.26) for logohsCRP, and
r=0.12 (95% CI 0.10-0.15) for logoWBC.

of sCD14 and other inflammatory biomarkers with incident HF

Over a median follow-up of 13.6 (interquartile range 8.2—-19.8; range 0.01-25.0) years, 1878
participants had incident HF over 71,834 person-years of follow-up, with an incidence rate
of 2.9 (95% CI 2.7-3.2) per 100 person-years. During this period, 109 participants were lost
to follow-up. HF incidence rate increased across higher quartiles of sCD14, with event rates
per 100 person-years of 2.4 (95% CI 2.1-2.9) in the first quartile, 2.8 (95% CI 2.4-3.4) in
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the second, 3.0 (95% ClI 2.5-3.7) in third, and 3.5 (95% CI 2.9-4.4) in fourth. Figure 1
shows the Kaplan-Meier curves for HF-free survival by quartiles of sCD14.

The associations of sCD14 with incident HF after accounting for potential confounders are
presented in Table 2, as are those for the other inflammatory biomarkers. Generalized
additive model plots for all inflammatory biomarkers and incident HF were consistent with a
linear relationship. After adjusting for age, sex and race, sCD14 was associated with
significantly increased risk of HF, an association that was attenuated but remained
significant after additional adjustment for standard clinical and laboratory covariates (Model
2). For every doubling of sCD14 level, there was a 56% (95% CI 29-89%) higher hazard of
a HF event during follow-up. For descriptive purposes, corresponding risk estimates for
quartiles of sSCD14 in relation to incident HF are presented in Supplemental Table 1.
Sensitivity analyses did not show any meaningful change in the risk estimate after additional
adjustment for NT-proBNP, cTnT, frailty or incident CHD as a time-varying covariate
(Supplemental Table 2).

Similarly, levels of the inflammatory biomarkers IL-6, hsCRP, and WBC count were
significantly associated with increased HF incidence after minimal adjustment, and such
associations were attenuated but persisted after full adjustment for standard clinical and
laboratory covariates (Table 2). For each doubling in biomarker level, the hazard of HF
increased by 18% (95% CI 10-25%) for IL-6, 10% (95% CI 6-15%) for hsCRP, and 24%
(95% CI1 6-44%) for WBC after accounting for covariates in Model 2.

Table 2 also presents the risk estimates of HF for each inflammatory marker after all were
added simultaneously to Model 2. After such mutual adjustment, the associations were
further attenuated, but continued to be significant for sCD14, IL-6, and CRP. sCD14
exhibited the numerically highest risk estimate, with a 34% (95% CI 9-64%) hazard
increase per doubling, as compared with 12% (95% CI 4-20%) for IL-6 and 5% (95% CI 0-
10%) for hsCRP.

There was no interaction between age, sex, race or prevalent CHD with any of the
inflammatory biomarkers in relation to incident HF (all P>0.10), with three exceptions.
There was evidence of effect modification by age for sCD14 and WBC, wherein older age
was associated with smaller magnitudes of association with HF (age log,sCD14: HR 0.97,
95% CI 0.94-1.00, P=0.046; and age log,WBC: HR 0.98, 95% CI 0.96-1.00, P=0.041).
There was also evidence of interaction between race and hsCRP, such that the association
was weaker among black participants (black race logohsCRP: HR 0.89; 95% CI: 0.81-0.98,
P=0.014).

Relationship of sCD14 and Other Inflammatory Markers with HF Subtypes

Of the 1878 incident HF events, 609 had preserved EF (HFpEF), 419 had reduced EF
(HFrEF), and the remainder could not be classified. Among the 1000 incident HF cases with
a documented LVEF value (excluding 28 cases subclassified based on qualitative
descriptions of LV function), 145 (14.5%) had an LVEF<30%, 178 (17.8%) LVEF=30-39%,
95 (9.5%) LVEF=40-44%, 85 (8.5%) LVEF=45-49%, and the remainder an LVEF 50%. As
shown in Table 3, after full adjustment for standard clinical and laboratory covariates (Model
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2), sCD14 was significantly associated with increased risk of incident HFpEF, but not
HFrEF. The remaining three inflammatory markers were each significantly associated with
both HFpEF and HFrEF. After additional simultaneous adjustment for all inflammatory
biomarkers, the observed associations were negligibly to moderately attenuated with the
exception of the relationship of hsCRP with HFrEF, which was the only one to remain
statistically significant. The associations of SCD14 and WBC with HFpEF were modestly
attenuated in the model adjusting concurrently for all inflammatory markers, and became
non-significant. Findings were consistent when HFpEF was defined as LVEF 50% and
HFrEF as LVEF<50%. As shown in Supplemental Table 3, further subclassification into
HFpEF, HFmEF and HFrEF yielded similar biomarker associations for the HFpEF and
HFrEF subtypes, but no significant associations were observed with HFmEF, which had a
more modest number of events.

Discussion

In this study of community-dwelling older adults, we found that sCD14 was significantly
associated with an increased incidence of HF independent of clinical and laboratory
covariates, as well as the major inflammatory markers hsCRP, IL-6, and WBC. The
association for sCD14 was also numerically the strongest compared to the three other
markers examined, each of which was itself significantly associated with an increased risk of
HF after adjustment for clinical and laboratory covariates and, excepting WBC, in the model
simultaneously adjusting for all inflammatory markers. We also found that, after adjustment
for clinical and laboratory covariates, sCD14 was significantly associated with HFpEF but
not HFrEF, in contrast to the other inflammatory markers, which were significantly
associated with both HFpEF and HFrEF. This association of sCD14 with HFpEF was
modestly attenuated and became non-significant after simultaneous adjustment for the other
inflammatory markers, whose associations with HF subtypes were variably attenuated in this
model and also became non-significant, with the exception of hsCRP and HFrEF.

To our knowledge, this is the first study to evaluate the longitudinal association between
sCD14 and HF or its subtypes in a population-based sample. The present findings newly
document an association between plasma sCD14 and incident HF, and particularly HFpEF,
in a cohort of older adults, the segment of the population at highest risk of HF. That the
relationship of sCD14 with HF was independent of other major inflammatory markers
implicated previously227 and again here, and that it showed the numerically strongest risk
estimate suggest that sCD14 could be a particularly relevant measure, whether as a risk
factor for or mediator of pathways leading to HF in elders.

Laboratory studies have shown that, in addition to monocytes/macrophages, both animal and
human cardiomyocytes can express membrane-bound CD14,28:29 and that this co-receptor is
crucial for development of inflammation and myocardial depression in response to LPS in
animal models of sepsis-induced cardiac dysfunction.® It is plausible that a similar
mechanism might be involved in the context of metabolic endotoxemia, the chronic
translocation of microbial products that has been documented in preclinical and clinical
studies in the context of intestinal dysbiosis,? such as occurs in obesity® and aging-related
metabolic dysregulation30, as well as HIV infection.3! Indeed, higher sSCD14 levels were
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associated with older age, diabetes, lower physical activity score, and reduced eGFR,
suggesting greater age-related glucose dysregulation and potentially greater impairment to
intestinal barrier function. In our previous work in CHS, however, sCD14 showed
associations with insulin resistance that did not persist after adjustment for I1L-6, hsCRP and
WBC.32 Furthermore, unlike the latter inflammatory biomarkers, sCD14 did not show an
association with incident diabetes, albeit with a more moderate number of incident events.
The basis for these divergent findings for glucose dysregulation and HF awaits further study.

Notably, sSCD14 levels were associated with lower, and not higher, BMI in our cross-
sectional analyses. This may be consistent with lower BMI being a marker of poorer health
(e.g., wasting, sarcopenia) among elders, which would be accompanied by greater intestinal
barrier dysfunction in this age group.# Nevertheless, while sCD14 was cross-sectionally
associated with higher frailty, additional adjustment for frailty score did not meaningfully
affect the risk estimate for sSCD14 and HF. Furthermore, prevalent HF, which apart from
leading to wasting and lower BMI can also produce congestion of the intestinal mucosa, has
been linked to endotoxemia and immune activation.13 To assess whether unrecognized HF at
baseline may have influenced our findings, we undertook adjustment for NT-proBNP in the
subset with available measures, but its lack of appreciable influence on the findings argues
against this possibility.

In our cohort free of prevalent HF, direct stimulation by circulating LPS of membrane-bound
CD14 on monocytes/macrophages, cardiomyocytes and other cells, including hepatocytes
and adipocytes, leading to increased shedding of sSCD14 extracellularly,” could account for
the association observed. Yet, gut-derived endotoxin can also bind sCD14, which can quench
endotoxin by transferring it to lipoprotein particles,33 but can also deposit on endothelial cell
membranes to stimulate pro-inflammatory pathways therein.34 Thus, both direct and indirect
stimulation of different cell types in the vasculature may drive LPS-induced atherosclerosis,
which could explain the relationship between sCD14 and incident atherosclerotic CVD
documented previously in CHS.? We did not find that adjustment for CHD as a time-varying
covariate had an impact on this relationship, however, arguing against atherosclerosis as a
mediating factor.

Indeed, the finding that sSCD14 was associated only with incident HFpEF is consistent with
potential underlying mechanisms being distinct from CHD-induced LV systolic dysfunction.
But sCD14 has also been linked to aortic stiffness, a clear determinant of HFpEF.3°
Moreover, the finding that the association only held for HFpEF suggests that the association
could substantially relate to sSCD14 effects on microvascular endothelial function.34 Such
microvascular effects foster cardiomyocyte stiffness and collagen deposition with expansion
of the extracellular matrix, and are deemed central to the pathogenesis of HFpEF.36 Still, the
extent to which these mechanisms explain the observed association cannot be determined
here. Indeed, CD14 is not entirely specific for LPS, and sCD14 levels have also been
determined to be an acute phase reactant,3” suggesting that other pathways or mechanisms
could also be involved.

If supported by further research, our findings could offer new therapeutic approaches for the
prevention of HF and, particularly, HFpEF, a subtype that lacks proven effective therapies. A
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monoclonal antibody for human CD14 is currently in phase 2 trial in acute respiratory
distress syndrome (clinicaltrials.gov NCT: NCT03017547), and could offer a testable
strategy for prevention and treatment of HF/HFpEF in individuals with high sCD14 levels in
the future. The sCD14-HFpEF association identified here is also notable because a recent
multi-cohort analysis documented that although various biomarkers, including the
inflammatory biomarker CRP (as seen here), were able to predict HFrEF, few predicted
HFpEF.38 Our findings therefore raise the possibility that SCD14 might be usefully
incorporated in risk-prediction schemes for this difficult-to-forecast disorder, but this will
require separate study. But the implications of our findings, if replicated, would be to shine a
light on CD14 and related pathways as potentially of pathophysiologic relevance to HF, and
especially HFpEF, onset, offering new targets for prevention of this disorder.

This study has limitations that need to be acknowledged. The sCD14 measure had an
interassay CV with a variability in the upper range that exceeded 10%. This suboptimal
assay precision may have led to an underestimation of the true magnitude of the associations
of interest. Likewise, measurement of sCD14, along with the other inflammatory
biomarkers, at a single point in time is also likely to have underestimated the association
observed with long-term HF risk. Although the present study did use the high-sensitivity
CRP assay, it did not employ the more recent high-sensitivity assay for IL-6. Hence, the
relative association of high-sensitivity IL-6 with incident HF will require further study. Next,
CHS did not systematically collect information on infectious or inflammatory diseases, and
cannot account for their potential contributions here. To the extent that this was a generally
healthy community-dwelling population, serious disorders of this type are unlikely. Further,
although the associations of interest were independent of a large panel of potential
confounders, the possibility of residual confounding cannot be excluded. In addition,
approximately half of the incident HF events did not have available LVVEF, such that the
analyses of HF subtypes must be interpreted with caution. Because this was an elderly
cohort, findings may not be generalizable to younger populations.

In conclusion, the present analyses show that higher sCD14 levels are associated with an
increased incidence of HF among older adults, an association that is both independent and
numerically stronger than that for other major inflammatory biomarkers also associated with
HF risk. This relationship was apparent for HFpEF, but not for HFrEF, raising the possibility
that CD14-mediated inflammation could be of particular importance for this HF subtype that
currently lacks interventions of proven benefit. Pending independent replication, these
findings have potentially important implications for both treatment and risk prediction of
this prominent aging-related disorder.
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Figure 1.

Kaplan-Meier plot of SCD14 quartiles and incident heart failure. Q = Quartile; yrs = years.

J Card Fail. Author manuscript; available in PMC 2021 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Al-Kindi et al. Page 16
Table 1:
Baseline Characteristics of the study population by quartile of sSCD14
Characteristic® Total (n=5217) | Quartile 1 Quartile 2 Quartile 3 Quartile 4 P Value
(n=1305) (n=1304) (n=1304) (n=1304)
sCD14, ng/ml 1636+357 1244+134 1498456 1703+64 2098+307
Age, years 72.745.5 72.245.3 72.345.31 72.845.5 73.6+6.0 <0.001
Male, n (%) 2200 (42.2) 692 (53) 615 (47.2) 477 (36.6) 416 (31.9) <0.001
Black race, n (%) 771 (14.8) 327 (25.1) 175 (13.4) 146 (11.2) 123 (9.4) <0.001
Education >12% grade, n (%) 2286 (43.9) 630 (48.5) 577 (44.4) 560 (43) 519 (40) <0.001
BMI, kg/m? 26.6+4.7 27.1+4.6 26.8+4.5 26.6+4.7 26.0+4.7 <0.001
Current smoking, n (%) 636 (12.2) 129 (9.9) 138 (10.6) 173 (13.3) 196 (15) <0.001
Heavy alcohol use, n (%) 554 (10.7) 108 (8.3) 145 (11.2) 157 (12.1) 144 (11.1) 0.011
Physical activity score, n (%) <0.001
0 1205 (23.5) 256 (19.9) 265 (20.6) 297 (23.2) 387 (30.3)
1 2689 (2.4) 688 (53.5) 691 (53.7) 657 (51.3) 653 (51.1)
2 237 (24.1) 343 (26.7) 331 (25.7) 326 (25.5) 237 (18.6)
Systolic blood pressure, 137422 135+21 137+21 137422 138422 0.001
mmHg
Ar(10t/it)1ypertensive medication, 2374 (46) 534 (41) 571(44) 607 (47) 662 (51) <0.001
n ("o,
Diabetes, n (%) 805 (15.5) 166 (12.8) 197 (15.1) 188 (14.5) 254 (19.5) <0.001
Estrogen, n (%) 371 (12.3) 140 (22.9) 88 (12.8) 83 (10) 60 (6.8) <0.001
Prevalent CHD, n (%) 896 (17.2) 219 (16.8) 224 (17.2) 212 (16.3) 241 (18.5) 0.479
E:];e)valent atrial fibrillation, n 128 (2.5) 35 (2.7) 30 (2.3) 40 (3.1) 23 (1.8) 0.168
0
Prevalent stroke, n (%) 197 (3.8) 33(2.5) 44 (3.4) 44 (3.4) 76 (5.8) <0.001
Prevalent TIA, n (%) 128 (2.5) 23 (1.8) 34 (2.6) 31(2.4) 40 (3.1) 0.186
Frailty score, n (%) <0.001
0 2265 (47.8) 596 (49.1) 604 (50.3) 593 (50.3) 472 (41.4)
1 2182 (46.1) 556 (45.8) 542 (45.1) 531 (45.0) 553 (48.5)
2 287 (6.1) 61 (5.0) 55 (4.6) 55 (4.7) 116 (10.2)
LDL, mg/dl 130 £36 126+33 130 £33 132 £36 133 £39 <0.001
HDL, mg/dl 54 £16 54+16 54+16 55+15 55+16 0.534
eGFR, ml/min/1.73 m2 78+20 85+18 82+18 77+18 70+21 <0.001
NT-proBNP, pg/ml 242+694 204+398 198+373 218+362 346+1206 <0.001
cTnT, pg/ml 8.16+7.58 7.60£6.77 7.67+6.78 7.84+7.14 9.56+9.2 <0.001
Interleukin-6, pg/ml 0.81+0.88 0.64 +0.84 0.74 +0.82 0.85+0.9 1.03 +0.93 <0.001
hsCRP, mg/I 1.35+1.48 0.96 +1.36 1.20 £1.35 1.43 £1.41 1.82 +1.64 <0.001
WBC, x1000/mm? 2.6 £0.4 2.53 £0.39 2.59+0.38 2.59 +0.39 2.67 £0.43 <0.001
LV ejection fraction” 0639
>5506 4244 (92.2) 960 (91.9) 1076 (92.0) 1106 (92.8) 1102 (92.1)
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Characteristic Total (n=5217) | Quartile 1 Quartile 2 Quartile 3 Quartile 4 P Value
(n=1305) (n=1304) (n=1304) (n=1304)
45-54% 236 (5.1) 57 (5.5) 61 (5.2) 62 (5.2) 56 (4.7)
<45% 123 (2.7) 28 (2.7) 32(2.7) 24.(2.0) 39 (3.3)

*
Continuous variables are presented as mean + SD.

fOnIy available for the original cohort (n=4,603).

BMI = Body mass index; cTnT = Cardiac troponin T; CHD = Coronary heart disease; eGFR = Estimated glomerular filtration rate; HDL = High-
density lipoprotein; hsCRP = High-sensitivity C-reactive protein; LDL = Low-density lipoprotein; LV = Left ventricular; NT-proBNP = N-terminal

pro-B-type natriuretic peptide. TIA = Transient ischemic attack; WBC = White blood cell count.
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Table 2:

Association between inflammatory markers and incident HF

Models HR (95% CI) of HF per doubling of biomarker, P value

sCD14 IL-6 hsCRP WBC
Model 1 | 1.95 (1.66-2.29) P<0.001 | 1.34 (1.27-1.41) P<0.00i 1.20 (1.16-1.24) P<0.001 | 1.75 (1.57-1.95) P<0.001
Model 2 | 1.56 (1.29-1.89) P<0.001 | 1.18 (1.10-1.25), P<0.001 | 1.10 (1.06-1.15), P<0.001 | 1.24 (1.09-1.42), P<0.001
Model 3 | 1.34 (1.09-1.64) P<0.001 | 1.12(1.04-1.20) P<0.001 | 1.05(1.00-1.10) P=0.040 | 1.12 (0.96-1.29) P=0.142

CI = Confidence interval; HF = Heart failure; HR = Hazard ratio.

Model 1. Adjusted for age, sex, and race. (Participants in analysis: SCD14, n=5217; I1L-6, n=4909; hsCRP, n=5192; WBC, n=5187.)

Model 2. Adjusted for covariates in Model 1 plus education, BMI, smoking, alcohol, physical activity score, systolic blood pressure,
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antihypertensive use, diabetes, estrogen use, LDL, HDL, eGFR, prevalent coronary heart disease, prevalent stroke, prevalent TIA, prevalent atrial
fibrillation. (Participants in analysis: SCD14, n=4413; IL-6, n=4151; CRP, n=4399; WBC, n=4397.)

Model 3. Adjusted for covariates in Model 2 plus all other inflammatory biomarkers. (Participants in analysis: n=4142.)
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Table 3:

Association between sCD14 and HF subtypes

Models n HR (95% CI) per doubling of biomarker, P value
HF with preserved EF HF with reduced EF
sCD14
Model 1 | 5217 | 1.70 (1.27-2.26), P<0.001 | 1.51 (1.07-2.11), P=0.018
Model 2 | 4413 | 1.50 (1.07-2.10), P=0.019 | 0.99 (0.67-1.49), P=0.978
Model 3 | 4142 | 1.37 (0.96-1.97), P=0.084 | 0.76 (0.50-1.17), P=0.215
IL-6
Model 1 | 4909 | 1.27 (1.16-1.40), P<0.001 | 1.35(1.21-1.51), P<0.001
Model 2 | 4151 | 1.13(1.01-1.27), P=0.038 | 1.18 (1.02-1.36), P=0.022
Model 3 | 4142 | 1.05(0.92-1.19), P=0.500 | 1.07 (0.90-1.25), P=0.451
hsCRP
Model 1 | 5192 | 1.15 (1.08-1.21), P<0.001 | 1.26 (1.18-1.35), P<0.001
Model 2 | 4399 | 1.09 (1.02-1.17), P=0.014 | 1.16 (1.07-1.26), P<0.001
Model 3 | 4142 | 1.05 (0.96-1.13), P=0.285 | 1.16 (1.04-1.28), P=0.006
WBC
Model 1 | 5187 | 1.78 (1.45-2.18), p<0.001 | 2.15 (1.72-2.70), P<0.001
Model 2 | 4397 | 1.37 (1.08-1.75), P=0.010 | 1.38 (1.05-1.82), P=0.023
Model 3 | 4142 | 1.27 (0.98-1.64), P=0.069 | 1.21 (0.89-1.64), P=0.234

ClI = Confidence interval; EF = Ejection fraction; HF = Heart failure; HR = Hazard ratio. Model 1. Adjusted for age, sex, and race.

Model 2. Adjusted for covariates in Model 1 plus education, BMI, smoking, alcohol, physical activity score, systolic blood pressure,
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antihypertensive use, diabetes, estrogen use, LDL, HDL, eGFR, prevalent coronary heart disease, prevalent stroke, prevalent TIA, prevalent atrial

fibrillation.

Model 3. Adjusted for covariates in Model 2 plus all other inflammatory biomarkers.

J Card Fail. Author manuscript; available in PMC 2021 May 01.



	Abstract
	Introduction
	Methods
	Study population
	Measurement of circulating biomarkers
	Assessment and definition of covariates
	Outcome
	Statistical analysis


	Results
	Baseline characteristics
	Association of sCD14 and other inflammatory biomarkers with incident HF
	Relationship of sCD14 and Other Inflammatory Markers with HF Subtypes

	Discussion
	References
	Figure 1.
	Table 1:
	Table 2:
	Table 3:



