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Abstract

Background: GlycA, a nuclear magnetic resonance composite marker of systemic inflammation,
reflects serum concentration and glycosylation state of main acute phase reactants. Prior studies
have shown plasma GlycA levels were associated with cardiovascular disease (CVD) even after
adjusting for other inflammatory markers. However, little is known about the association of GlycA
with the heart failure (HF) subtypes: preserved (HFpEF) or reduced (HFrEF) ejection fraction. We
examined the association of GlycA with incident HF and its subtypes in a multi-ethnic cohort.

Methods: We studied 6,507 MESA participants aged 45-84 without baseline CVD or HF who
had data on GlycA and incident hospitalized HF. We used multivariable-adjusted Cox hazards
models to evaluate the association of GlycA with incident total HF, HFpEF and HFrEF. Models
were adjusted for sociodemographics, CVD risk factors and inflammatory biomarkers.

Results: The mean (SD) for age was 62 (10) years and for GlycA was 375 (82) pmol/L; 53%
women. Over a median follow-up of 14.0 years, participants in the highest quartile of GlycA,
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compared to lowest, experienced increased risk of developing any HF [Hazard Ratio 1.48 (95% Cl
1.01-2.18)] in fully-adjusted models. However, this increased risk was only seen for HFpEF [2.18
(1.15-4.13)] and not HFrEF [1.06 (0.63-1.79)]. There was no significant interaction by sex, age or
race/ethnicity.

Conclusions: GlycA was associated with an increased risk of any HF, and in particular, HFpEF.
Future studies should examine mechanisms that might explain differential association of GlycA
with HF subtypes, and whether therapeutic lowering of GlycA can prevent HFpEF development.

Registration: URL: https://clinicaltrials.gov; Unique Identifier: NCT00005487

The global burden of heart failure (HF) is tremendous, affecting over 23 million people
worldwide.! The estimated prevalence of HF is expected to increase by 46% from 2012 to
2030, which translates to more than 8 million people in the U.S. alone, with a corresponding
increase in total healthcare cost from $21 billion in to $53 billion.2 Thus, prevention and
early detection of HF is imperative to improve clinical outcomes and reduce healthcare
costs. The American College of Cardiology (ACC)/American Heart Association (AHA)
guidelines have classified HF into two broad categories: HF with reduced ejection fraction
(HFrEF), and HF with preserved ejection fraction (HFpEF).3

Blood biomarkers may serve as prognostic and diagnostic tools to evaluate the risk of HF
development, detect the presence of HF, and guide therapy. To date, numerous biomarkers
have been studied and found associated with HF. Some examples are high-sensitivity C-
Reactive Protein (hsCRP), interleukin-6 (IL-6), and tumor necrosis factor (TNF)-a (e.g.,
inflammatory markers), procollagen type 111 aminopropeptide, and interleukin 33/ST2
(extracellular matrix remodeling marker), natriuretic peptides (wall strain markers), copeptin
(neurohormonal activation marker) and cardiac troponins (cardiomyocyte injury marker).*
The different types of biomarkers show the complexity of HF pathogenesis and progression.

Inflammatory activation has been shown to play a key role in HF pathogenesis. 6
Inflammatory cytokines levels are not only increased in HF patients, but also correlated with
the severity of the disease.” Cytokines like TNF-a can trigger electrolyte imbalance which
contributes to adverse cardiac remodeling leading to HF.8 Notably, inflammatory biomarkers
are elevated relatively early in the disease progress which makes them potentially useful in
predicting risk of HF development unlike other biomarkers representing neurohormonal
activation or wall strain which are elevated in more advanced disease states.? Although
inflammation can contribute to the whole spectrum of HF phenotypes, inflammation appears
to be more strongly associated with HFpEF than with HFrEF.6: 10. 11 \While several studies
have shown the prognostic value of the inflammatory biomarkers in HF,12-15 their
associations with incident HF have been inconsistent.1® Thus, there is interest in finding a
more reliable marker which may better predict inflammatory-mediated HF risk.

GlycA has the potential to be a more superior biomarker for measuring inflammation and
predicting cardiovascular disease (CVD) outcomes. GlycA is a novel biomarker for systemic
inflammation that reflects the integrated concentrations and glycosylation states of several
abundant acute-phase inflammatory proteins, including a1-acid glycoprotein, haptoglobin,
al-antitrypsin, al-antichymotrypsin and transferrin.1” Measured by nuclear magnetic
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resonance (NMR) spectroscopy, GlycA can serve as a reliable biomarker compared to other
common inflammatory markers, due to its low intra-individual variability and greater
analytic precision.” Prior studies from the Multi-Ethnic Study of Atherosclerosis (MESA)
and other cohorts have shown higher plasma GlycA levels were associated with increased
risk of CVD events, peripheral arterial disease, and mortality, even after adjusting for other
inflammatory markers.14: 18-22 GlycA is also closely linked to obesity and other metabolic
risk factors that predispose to cardiac remodeling.2% However, the association of GlycA with
HF subtypes has not been previously evaluated. Since HFpEF and HFrEF have different
etiologic profiles, comparing associations of GlycA with the different HF subtypes may lead
to a discovery of a better prediction marker or therapeutic target for HF.

Therefore, we examined the association of GlycA with HF and its subtypes in a multi-ethnic
cohort free of baseline CVD. Given the stronger association of other inflammatory markers
with HFpEF than with HFrEF,8: 10. 11 we hypothesized that higher plasma GlycA levels will
similarly have a stronger association with HFpEF than HFrEF, and that the association of
GlycA with HFpEF will be independent of traditional CVD risk factors and other
inflammatory markers.

Material and Methods

Transparency and Openness

Requests for access to MESA data can be made through the NIH BioLincc Open program at:
https://biolincc.nhlbi.nih.gov/studies/mesa/

Study Sample

A detailed description of the MESA study design has been previously published.2* MESA is
a concurrent cohort study which enrolled ethnically diverse men and women free of known
CVD, including HF, at baseline from 6 different field centers in the United States to follow
the progression of CVD, study its risk factors and assess its characteristics. At study entry,
MESA recruited a total of 6,814 individuals from ages 45 to 84 years old, whose racial/
ethnic distribution was 38% White, 28% African, 22% Hispanic, and 12% Asian. Since the
initial visit between 2000 and 2002, there have been 5 subsequent visits, at which participant
demographics, medical history, and physical examination results were collected, and
continuous follow-up for clinical CVD events. Participants excluded from this study were
those missing incident HF follow-up data, GlycA measurement at baseline, or covariate data.
The primary analysis was comprised of 6,507 participants (Figure 1). The MESA study
received approval from the institutional review boards at each participating field center and
obtained informed consent from each study participant.

GlycA Assessment

GlycA was measured from EDTA plasma samples drawn after a 12-hour fast during the
MESA baseline visit (2000-2002) and stored at =70°C. The GlycA NMR signal was
quantified by NMR LipoProfile®testing as previously described.14: 25 This assay detects the
level of N-acetyl methyl group protons on the N-acetylglucosamine residues of the glycan
portion of several abundant acute phase serum proteins, which are elevated during
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inflammation.1” The intra-assay and inter-assay coefficients of variation for the GlycA assay
were 1.9% and 2.6%, respectively. Prior work from MESA found that the intraindividual
variability of GlycA, assessed weekly for 5 weeks in 23 healthy volunteers, was 4.3%, lower
than for hsCRP which was 29.2%.17 GlycA levels have previously been shown to be similar
regardless of the length of storage, type of samples, and fasting state.1’

Covariates of interest for this analysis were obtained at visit 1 and included demographics
(age, sex, race/ethnicity, and MESA site), behavioral factors (smoking status, pack-years of
smoking, and physical activity), socioeconomic factors (education, health insurance), Body
Mass Index (BMI), traditional CVD risk factors [systolic blood pressure (SBP), use of
antihypertensive medication, total cholesterol, HDL-cholesterol, use of lipid-lowering
medication, diabetes and estimated glomerular filtration rate (eGFR)], and laboratory
markers [N-terminal pro-B-type natriuretic peptide (NT-proBNP) and other inflammatory
markers (hsCRP, IL-6, fibrinogen)].

Level of education was categorized into 9 levels: no schooling, grades 1-8, grades 9-11,
completed high school/GED, some college but no degree, technical school certificate,
associate degree, bachelor’s degree, graduate or professional school. Height and weight were
measured according to the standard protocol, and BMI was calculated as weight divided by
squared height (kg/m?2). Total amount of moderate and vigorous physical activity was
estimated in metabolic equivalent minutes per week using a 28-item Typical Week Physical
Activity Questionnaire.2% Baseline systolic and diastolic blood pressure was measured in the
seated position with the Dinamap automated blood pressure device, and the average of the
last 2 out of 3 measurements were used in analyses. The chronic kidney disease
epidemiology collaboration formula was used to calculate the eGFR.27 A positive diabetes
status was determined by a fasting blood glucose level 2126 mg/dL, self-reported diagnosis
of diabetes, or use of diabetes medication, which was assess through a medication inventory
approach. Other inflammatory biomarkers, including hsCRP, IL-6, and fibrinogen were
measured from the stored plasma samples obtained at the baseline examination by methods
previously reported.28: 29 NT-proBNP was measured using the Elecsys proBNP
immunoassay (Roche Diagnostics Corporation, Indianapolis, IN).30

Outcomes Assessment

MESA study participants or their next of kin were contacted every 9 to 12 months after
enrollment and asked about interim hospitalizations. Hospitalized HF events were
adjudicated by a physician committee on the basis of the medical records using standardized
criteria.3133 We evaluated probable or definite HF events, with probable HF defined as a
physician diagnosis and medical treatment for HF, and definite HF requiring at least one
additional objective findings such as evidence of pulmonary congestion on chest X-ray,
reduced left ventricular EF by echocardiography or ventriculography, or evidence of left
ventricular diastolic dysfunction.31 HF events were censored in 2015, and dichotomized by
EF reported in the hospital record and defined as HFpEF if EF =50% and HFrEF if EF
<50%. There were not enough events to consider three categories of HF subtypes including
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HF with mid-range EF (40-49%). HF events with missing EF in the medical records were
omitted from the analysis (Figure 1).

Statistical Analysis

Results

We modeled plasma GlycA level in quartiles as well as continuously per one standard
deviation (SD) increment. Descriptive statistics were used to present baseline characteristics
by presence of HF or its subtypes, HFpEF or HFrEF. We presented continuous variables as
means (SD) or median (interquartile interval, 1QI), and categorical variables as frequency
(percent). Participants were followed from the first visit until the development of a study
endpoint, death, drop-out, or until December 31, 2015. Unadjusted HF incident rates were
calculated per 1000-person years. We tested and satisfied the proportional hazards
assumption using Schoenfeld residuals. Multivariable-adjusted Cox proportional hazard
regression models were used to estimate hazard ratios (HRs) and their 95% confidence
intervals (Cls) for the association of GlycA with incident total HF events and the subtypes of
HFpEF or HFrEF.

We evaluated 4 progressively adjusted models. For model 1, we adjusted for demographics
(age, sex, race/ethnicity, MESA site). In model 2, we adjusted for all model 1 covariates as
well as socioeconomic, behavioral, and adiposity measures (education, health insurance,
BMI, smoking status, pack-years of smoking, and physical activity). For model 3, we
adjusted for CVD risk factors (SBP, use of antihypertensive medication, total cholesterol,
HDL-cholesterol, use of lipid-lowering medication, diabetes and eGFR) in addition to all
covariates adjusted in model 2. In model 4 (our primary model), we further adjusted for
other commonly studied inflammatory markers: hsCRP, IL-6, and fibrinogen, which were
log-transformed for analysis. Finally, we performed a supplemental model (model 5) where
we adjusted for the CVD risk factors in model 3 plus NT-proBNP, a biomarker of wall strain
which may reflect subclinical HF.

We performed several additional analyses. First, we used restricted cubic splines adjusted for
the variables in Model 4 with knots placed at the 5th, 25th, 65th, 95t percentiles to allow a
more flexible distribution in characterizing the nonlinear association between GlycA
(continuous) levels with incident HF, HFpEF, and HFrEF, Second, we tested for
multiplicative effect modification of the association of GlycA with each HF subtype by age,
sex, and race/ethnicity, also using Model 4. Third, we performed a sensitivity analysis
examining the association of GlycA with HF and its subtypes after excluding individuals
who had interim ASCVD (fatal and non-fatal coronary heart disease and stroke events;
atherosclerotic CVD), using the same 4 primary models.

The analyses were performed using STATA version 15.0 (StataCorp LP, College Station,
TX). P values were two-sided, with significance level set at 0.05.

Baseline characteristics

The baseline characteristics of the 6,507 participants included in the analyses are shown in
Table 1 by HF status. Among the sample, the mean (SD) for age was 62 (10) years with 53%
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being women, 39% White, 27% Black, 22% Hispanic, and 12% Chinese. The mean (SD) for
plasma GlycA level was 375 (82) umol/L. Over a median (IQI) follow-up time of 14.0
(11.5-14.7) years, a total of 319 participants (5%) experienced HF. Among those who
experienced HF with available data on systolic function, we did not have data on the EF of
22 (7%) participants [i.e. HF with unknown subtype]. Of the remaining 297 participants, 135
(42%) people experienced HFpEF and 162 (51%) experienced HFrEF (Figure 1).

Those who developed incident total HF tended to be older, White, men, and have a higher
BMI, median pack-years of smoking, SBP, prevalence of diabetes mellitus, higher median
NT-proBNP, and higher median level of inflammatory biomarkers, such as GlycA, hsCRP,
IL-6, and fibrinogen. In addition, they had lower average eGFR, total cholesterol, and HDL-
C. Participants with any HF were also more likely to take medications for hypertension.
Among people who developed any HF, those with HFpEF tended to be older, women, white,
and have a higher median pack-years of smoking, and HDL-C than those with HFrEF.
Moreover, patients with HFpEF showed elevated levels of GlycA compared to those with
HFrEF. There was no significant difference in NT-proBNP levels between those with
incident HFpEF and HFrEF.

Associations of GlycA with HF subtypes

The incidence rates and HRs for the association of GlycA with HF subtypes are shown in
Table 2. Among our study participants, incidence rate (95% CI) per 1000 person-yrs for any
HF, HFpEF and HFrEF were 4.0 (3.6-4.5), 1.7 (1.4-2.0) and 2.0 (1.7-2.4) respectively.

After adjusting for demographics, such as age, sex, race/ethnicity, and MESA site (model 1),
compared to the lowest GlycA quartile, the adjusted HRs (95% CI) for incident total HF
were 1.30 (0.92-1.83), 1.46 (1.03-2.06), and 2.46 (1.76-3.43) for the 2"d, 37 and 4t
quartiles, respectively, showing statistically significant associations between any incident HF
and the top two quartiles of GlycA. The highest GlycA quartile remained significantly
positively associated with any HF after further adjustment for socioeconomic and behavioral
factors (model 2), CVD risk factors (model 3), and other biomarkers for inflammation
(model 4), but the association was attenuated.

The adjusted HRs (95% ClI) for HFpEF using model 1 were 1.67 (0.93-3.00), 2.03 (1.14-
3.60), and 3.30 (1.88-5.79) for the 2"d, 3rd and 4t quartiles of GlycA, compared to the 15t
quartile. Having a similar pattern with the overall HF analysis, the top two quartiles of
GlycA showed statistically significant association with HFpEF, and the highest quartile
remained positively associated with HFpEF in all models. Notably in the primary model 4
which was adjusted for CVD risk factors and other inflammatory markers, there was a 2-fold
increased risk of incident HFpEF for the highest quartile of GlycA compared to the lowest
[2.18 (1.15-4.13)].

The adjusted HRs (95% CI) for HFrEF using model 1 were 1.02 (0.65-1.60), 1.09 (0.69-
1.73), and 1.81 (1.16-2.82). Unlike for HFpEF, HFrEF was only significantly positively
associated with the highest GlycA quartile, and was no longer statistical significant upon
additional adjustments in models 2, 3, and 4.
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Of note, in our primary model 4, which adjusted for CVD risk factors and all of the
inflammatory markers in the same model, while GlycA was associated with any HF and
HFpEF risk, there was no independent association of hsCRP, IL-6, or fibrinogen with either
HF outcome in this mutually-adjusted model. Additionally in our exploratory model
adjusting for CVD risk factors plus NT-proBNP (model 5), GlycA remained still
significantly associated with any HF and with HFpEF

There were no significant interactions of GlycA with either HF subtypes by sex, age, or
race/ethnicity (p-values shown in footnote to Table 2). In restricted cubic spline models, the
association of GlycA with risk of any HF and its subtypes was generally linear for all
outcomes, but was stronger for HFpEF than HFrEF (Figure 2).

Given that GlycA has already been demonstrated to be associated with incident CVVD events,
we performed a sensitivity analysis to determine whether GlycA was still associated with
any HF and its subtypes among those who had not had an interim CVD event (Supplemental
Table 1). With exclusion of participants with interim CVVD events (n=893) after the baseline
visit, the model 1-adjusted HR (95% CI) per 1 SD higher GlycA was 1.45 (1.21-1.73), 1.41
(1.10-1.82), and 1.39 (1.06-1.82) for any HF, HFpEF, and HFrEF, respectively. After fully
adjusting for the respective covariates (in primary model 4), the highest GlycA quartile were
statistically significantly associated with any HF from model 1 to model 3, and the top two
GlycA quartiles with HFpEF in the first model. However, no association was observed for
the highest quartile of GlycA, compared to the lowest, for HFrEF in the initial model, and
for either HF subtypes in the fully adjusted model, although there were 202 fewer incident
HF events than in primary analysis.

Discussion

In this ethnically diverse community-based cohort free of clinical CVD at baseline, we have
found that a higher plasma level of the novel composite inflammatory biomarker GlycA was
independently associated with total incident hospitalized HF events and more particularly
with the subtype of HFpEF, over 14 years of follow-up. Notably, there was greater than a 2-
fold adjusted risk of HFpEF for the highest GlycA quartile compared to the lowest. These
findings were consistent even after adjusting for NT-proBNP, a biomarker of wall strain
which might reflect subclinical HF. Upon excluding individuals who developed ASCVD
after the baseline visit in the sensitivity analysis, we observed some attenuation of the
association in the context of fewer interim HF events; however, findings were generally
similar to the primary analysis. To our knowledge, this is the first study evaluating the
association of GlycA with HFpEF and HFrEF. Our findings suggest that GlycA may be an
important inflammatory biomarker of risk of HF, especially HFpEF, even after taking into
account other more commonly measured inflammatory biomarkers such as hsCRP.

Inflammatory activation plays a key role in the progression of HF,> by impacting the
pathogenesis of HF, and its underlying comorbidities including atherosclerosis, diabetes, and
obesity.34-36 Increased concentrations of inflammatory cytokines like I1L-6, TNF-a, and
IL-1 have been reported in HF patients.” The levels of inflammatory biomarkers have been
shown to provide prognostic information in HF patients.12 37 Previous studies have found a
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stronger association of other inflammatory markers with HFpEF than with HFrEF,5: 10, 11
and we now confirm a similar relationship with GlycA.

Prior work in MESA has found that GlycA is modestly to moderately correlated with other
markers of inflammation [with Pearson correlation coefficient for GlycA with d-dimer
(0.09), IL-6 (0.29), hsCRP (0.47), and fibrinogen (0.49)].23 Nevertheless, previous studies
have shown that plasma GlycA levels were associated with CVD events and all-cause
mortality even after adjusting for other inflammatory markers such as hsCRP, d-dimer, and
IL-6.14 18-22 |n our analysis when all of the inflammatory markers were mutually adjusted
for each other, we found only GlycA to be associated with any HF and HFpEF, whereas the
other inflammatory markers were not independently associated with HF (any HF, HFpEF or
HFrEF) outcomes. GlycA is also linked to subclinical atherosclerosis and its
progression38-40 and with reduced cardiovascular health by the AHA’s Life Simple 7
metrics.23 Among patients with established HFpEF (n=248) who underwent cardiac
catheterization at a single center, higher GlycA levels were associated with increased risk of
death or major adverse cardiovascular events, suggesting GlycA might help identify
subgroups of HFpEF patients at greatest risk for adverse events.*!

However, whether GlycA levels can predict incident HFpEF among a community-based
cohort free of HF at baseline had not been well-established before this study. In a prior
analysis from MESA, 4 Duprez, et al. examined the associations between GlycA and CVD
events, coronary heart disease, stroke, and overall HF and showed that GlycA was predictive
of any CVD, including HF. However, that analysis did not examine the association of GlycA
with the specific HF subtypes of HFpEF and HFrEF, which we newly demonstrate here.

Differences in clinical characteristics and patients outcomes for HFpEF and HFrEF have
been well established.42: 43 Patients with HFrEF have a younger median age with greater
prevalence of previous myocardial infarction, contributing to ischemic cardiomyopathy.#4
Patients with HFpEF have an older median age and show a higher likelihood of with non-
cardiac comorbidities such as diabetes mellitus, chronic obstructive pulmonary disease,
hypertension, and obesity.** All these comorbidities have the potential to induce systemic
inflammation.#® The high prevalence of comorbidities in patients with HFpEF can be
translated to differential association of inflammation with HFpEF compared to HFrEF, as
suggested by our analyses

So far, attempts to utilize therapies that have been proven to work in HFrEF patients (such as
angiotensin receptor blockers, ACE inhibitors, angiotensin receptor-neprilysin inhibitors) to
reduce mortality and hospitalizations have so far been largely unsuccessful in patients with
HFpEF.46-49 The lack of effective therapy for patients with HFpEF delineates the
importance of preventing the development of HFpEF, which could be aided by the
identification of a stable inflammatory biomarker. Besides providing biological insights, our
findings showing differing associations of GlycA with new onset HFpEF and HFrEF implies
that prevention strategies might need to be different for HFpEF and HFrEF.

GlycA is currently already a commercially available lab test in the United States through
LabCorp. However, for successful use of GlycA as a biomarker for HF risk predictor or
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therapeutic target, we must next study whether therapeutic lowering of GlycA either by
lifestyle adjustments or pharmacotherapy can slow or prevent HFpEF. Prior study has shown
that while statin therapy decreased CVD events, statins only minimally decreased GlycA
levels.19 Interestingly, immunomodulatory treatments targeting TNF in patients with
psoriasis have been shown to reduce GlycA levels and vascular inflammation.4® Such
therapies could be potentially used clinically to lower GlycA levels if confirmed in other
studies of patients at risk of inflammatory disease.

There were several limitations in our study that should be noted. First, our study was
observational, and we cannot infer causality about GlycA and HF risk. Despite our attempt
to include all covariates that likely are to influence the development of HF in the statistical
models, residual confounding remains a possibility. Second, only baseline GlycA levels
were available, and thus we were unable to account for changes in GlycA levels over time.
Previous work has shown that a single baseline measure could accurately capture the short-
term inflammatory status for a 6 month period.>° However, whether the same accuracy holds
for longer periods of time is not clear. Third, there were few individuals with HF who had a
mid-range LVEF of 40-<50% (n=31), so due to reduced statistical power we were unable to
use the 3 classification system proposed by the European Society of Cardiology and
therefore focused our analysis on HFpEF and HFrEF, dichotomized at LVEF of 50%.

Strengths of this study include a large sample size, long duration of follow-up of 14.0 years,
and ethnic and racial diversity. To our knowledge, our study was the first to examine the
association of GlycA with both HF subtypes, HFpEF and HFrEF, separately; however,
further external validation of our findings in other cohorts is warranted.

In sum, we found that higher plasma GlycA levels were associated with total incident HF,
and in particular the subtype of HFpEF but not HFrEF, independently of traditional CVD
risk factors and other inflammatory markers. Our findings lend support to the current
understanding of the different pathophysiology of HFpEF and HFrEF, and suggest that
inflammatory markers may offer different prognostic information based on HF subtype.
Future study is warranted to examine mechanisms that might explain differential association
of GlycA with HFpEF vs HFrEF, and whether therapeutic lowering of GlycA can prevent
HFpEF development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Clinical Perspective
What is new?

. Higher GlycA has been shown to be associated with cardiovascular diseases
and may be a more reliable prognostic marker of HF; however its relation
with HF subtypes, specifically, was unknown.

. We found in a multi-ethnic cohort followed for a median of 14 years, higher
plasma GlycA levels were associated with HF with preserved (HFpEF) but
not reduced (HFrEF) ejection fraction, independently of traditional CVD risk
factors and other inflammatory markers

. Whereas the other inflammatory markers (high sensitivity C-reactive protein,
interleukin-6, and fibrinogen) were not independently associated with either
HF type in mutually-adjusted models including GlycA.

What are the Clinical Implications?

. Our findings lend support to the current understanding of the different
pathophysiology of HFpEF and HFrEF, and suggest that inflammatory
markers may offer different prognostic information based on HF subtype.

. Our findings provides rationale for further study of GlycA as a biomarker to
improve HF risk prediction or to direct therapy.

. Future studies should examine mechanisms that might explain differential
association of GlycA with HFpEF vs HFrEF, and whether therapeutic
lowering of GlycA can prevent HFpEF development.
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GlycA and Heart failure

Total MESA Cohort
N=6,814

Exclusion criteria:

1. Missing GlycA, n=30

S| 2. Missing HF, n=30

4. Missing covariates, n=247

v

Analytical Sample

N=6,507
Heart failure No heart failure
n=319 n=6,188
HFpEF HFrEF Unknown EF class
n=135 n=162 n=22

Figure 1.
Flow diagram illustrating study sample inclusion and exclusion criteria.
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Figure 2.

Adjusted* restricted cubic spline models showing the association of GlycA levels with
hazard ratio of (A) HF, (B) HFpEF, (C) HFrEF.
*Spline models adjusted for age, sex, and race/ethnicity, MESA site, education, health
insurance, BMI, smoking status, pack-years of smoking, physical activity, systolic blood
pressure, use of antihypertensive medication, total cholesterol, HDL- cholesterol, use of
lipid-lowering medications, diabetes, eGFR, In(CRP), In(IL-6) and In(Fibrinogen).

The 4 knots are at 5, 25t 65t and 95! percentiles. Black curves represent the HR for the
type of HF by proportion of population with the respective GlycA concentration. The 95%
Cl is represented by the gray shadow.
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Baseline Characteristics of Participants by Heart Failure, Multi-Ethnic Study of Atherosclerosis (2002-2015)

Total HF No HF P value HFpEF HFrEF P value
N 6,507 319 (5%) 6,188 (95%) 135 (42%) ¥ 162 (51%) *
7 Age, years 62 (10) 68 (9) 62 (10) <0.001 69 (9) 67 (9) 0.03
< 65 years 3,667 (56%) 95 (30%) 3,572 (58%) | <0.001 34 (25%) 57 (35%) 0.06
> 65 years 2,840 (44%) 224 (70%) 2,616 (42%) 101 (75%) 105 (65%)
Sex
Men 3,065 (47%) 191 (60%) 2,874 (46%) | <0.001 66 (49%) 112 (69%) <0.001
Women 3,442 (53%) 128 (40%) 3,314 (54%) 69 (51%) 50 (31%)
Race/ethnicity
White 2,532 (39%) 130 (41%) 2,402 (39%) 0.04 59 (44%) 62 (38%) 0.007
Chinese American 787 (12%) 23 (7%) 764 (12%) 14 (10%) 4 (2%)
Black 1,757 (27%) 96 (30%) 1,661 (27%) 33 (24%) 61 (38%)
Hispanic 1,431 (22%) 70 (22%) 1,361 (22%) 29 (21%) 35 (22%)
Education
>bachelor’s degree 2,304 (35%) 96 (30%) 2,208 (36%) 0.04 42 (31%) 47 (29%) 0.69
< bachelor’s degree 4,203 (65%) 223 (70%) 3,980 (64%) 93 (69%) 115 (71%)
7BMI, kg/m? 28 (5) 30 (6) 28 (5) <0.001 30 (6) 29 (5) 0.14
Current smoker 832 (13%) 45 (14%) 787 (13%) 0.007 16 (12%) 27 (17%) 0.50
Former smoker 2,390 (37%) 140(44%) 2,250 (36%) 62 (46%) 70 (43%)
Never smoker 3,285 (50%) 134 (42%) 3,151 (51%) 57 (42%) 65 (40%)
# Pack-years of smoking if | 17 (6-33) 20 (7-38) 16 (6-32) 0.01 21 (7-46) 18 (7-31) 0.03
>0, median (1QI)
#physical activity MET- | 4028(1,985- | 3540 (1680~ | 4,050 (1995- | 0.7 | 3,255(2100- | 3,966 (1,680~ | 0.23
minutes/week 7,530) 6,480) 7576) 5,330) 7,943)
7 systolic blood pressure, 126 (22) 138 (23) 126 (21) <0.001 139 (23) 137 (23) 0.54
mmHg
7 eGFR, mi/min per 78 (16) 72 (19) 78 (16) <0.001 73 (18) 71(19) 0.48
1.73m?
" Total cholesterol, mg/dL 194 (35) 190 (35) 194 (35) 0.05 189 (35) 190 (37) 0.88
7 HDL-C, mg/dL 51 (15) 48 (14) 51 (15) 0.001 50 (14) 47 (13) 0.04
Diabetes mellitus 810 (12%) 91 (29%) 719 (12%) <0.001 36 (27%) 45 (28%) 0.97
Antihypertensive 2,405 (37%) 188 (59%) 2,217 (36%) | <0.001 80 (59%) 93 (57%) 0.75
medication
Lipid-lowering medication | 1,065 (16%) 61 (19%) 1,004 (16%) 0.17 23 (17%) 34 (21%) 0.39
# NT-proBNP 53 (24, 107) 117 (59, 251) 51(23,102) | <0.001 | 117(61,232) | 125 (59, 269) 0.28
#GlycA, umol/L 375 (337- 389 (352-438) 374 (337- | <0.001 | 393 (361-447) [ 381 (345- 0.01
419) 419) 427)
#hsCRP, mg/L 1.9 (0.8-4.2) 2.5 (1.1-5.0) 1.9(0.8-4.1) | o0.003 25(1.1-56) | 2.4(1.2-46) 0.13
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Total HF No HF P value HFpEF HFrEF P value
fl1L-6 pg/mL 1.2 (0.8-1.9) 1.5(1.1-2.5) 1.2 (0.8-1.9) <0.001 1.6 (1.1-2.7) 1.5(1.0-2.3) 0.15
7 Fibrinogen, mg/dL 33; ég;)S— 352 (314-406) 33;) g?4— <0.001 | 349 (319-408) 3531 (%)3— 0.38

Abbreviations: HF, heart failure; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; BMI, body mass index;

MET, metabolic equivalent of task; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; hsCRP, high-
sensitivity C-reactive protein; IL-6, interleukin-6.

*
n=22 (7%) of HF cases were unknown subtype.
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Data are presented as mean (standard deviation) for continuous variables and as count (percentages) for categorical variables, unless otherwise

specified

fData are presented as median (1QI)
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The Association of GlycA with Total HF and its subtypes of HFpEF and HFrEF: The Multi-Ethnic Study of

Atherosclerosis (2000 to 2015)*

GlycA in pmol/L
[Median (1Q1)]

Quartile 1
[314 (294-327)]

Quartile 2
[358 (348-367)]

Quartile 3
[396 (386-406)]

Quartile 4
[451 (434-477)]

Per 1 SD (61 pmol/L) increment

Incidence rates (95% CI) and Hazard ratios (95% CI) of total

HF events (n=319) b

y GlycA: N=6,507 &

N 1,647 1,608 1,631 1,621 6,507
Cases 58 74 78 109 319
Incidence rate’ 2.8(2.2-3.6) 3.7 (2.9-4.6) 3.9(3.1-4.9) 5.7 (4.7-6.9) 40 (3.6-4.5)

Hazard Ratio?

Model 1 1 (reference) | 1.30(0.92-1.83) | 1.46 (1.03-2.06) " | 2.46 (1.76-3.43) ™ 1.43 (1.29-1.59) *
Model 2 1 (reference) 1.21(0.86-1.71) 1.26 (0.89-1.79) 2.03 (1.44-2.86) * 1.36 (1.21-1.52) *
Model 3 1 (reference) 1.12(0.79-1.59) | 1.13(0.79-1.61) | 1.69 (1.19-2.40) * 1.26 (1.13-1.42) *
Model 4 1 (reference) 1.09(0.77-1.55) | 1.06 (0.74-1.53) | 1.48(1.01-2.18) * 1.22 (1.07-1.39) *
Model 5 1 (reference) 1.17 (0.82,1.66) 1.13(0.79,1.61) 1.60 (1.12, 2.28) * 1.20 (1.07,1.35) *
Incidence rates (95% Cl) and Hazard ratios (95% CI) of HFpEF (n=135) by GlycA: N=6,507 §

N 1,647 1,608 1,631 1,621 6,507

Cases 18 30 36 51 135
Incidence rate” 0.9 (0.5-1.4) 1.5 (1.0-2.1) 1.8 (1.3-2.5) 2.7 (2.0-3.5) 1.7 (1.4-2.0)

Hazard Ratio®

Model 1 1 (reference) | 1.67(0.93-3.00) | 2,03 (1.14-3.60)" | 3.30 (1.88-5.79) " 1.56 (1.33-1.82) *
Model 2 1 (reference) 1.50 (0.83-2.71) | 1.65(0.92-2.96) | 2.57 (1.44-4.59) * 1.47 (1.24-1.74) *
Model 3 1 (reference) 1.42(0.78-2.57) | 1.60(0.88-2.88) | 2.38 (1.32-4.29) " 1.41(1.19-1.67) "
Model 4 1 (reference) 140 (0.77-2.54) | 1.55(0.85-2.84) | 2.18(1.15-4.13)" 141 (1.15-1.71) "
Model 5 1 (reference) 1.47 (0.81,2.67) 1.61 (0.89,2.91) 2.41 (1.33, 4,37)* 1.38 (1.17, 1.64)*
Incidence rates (95% ClI) and Hazard ratios (95% CI) of HFrEF (n=162) by GlycA: N=6,507 §

N 1,647 1,608 1,631 1,621 6,507

Cases 38 38 37 49 162
Incidence rate 1.8 (1.3-2.5) 1.9 (1.4-2.6) 1.9 (1.3-2.6) 2.6 (1.9-3.4) 2.0 (1.7-2.4)

Hazard Ratio?

Model 1 1 (reference) 1.02 (0.65-1.60) | 1.09 (0.69-1.73) | 1.81(1.16-2.82) * 1.28 (1.10-1.50) *
Model 2 1 (reference) 0.98 (0.62-1.55) 0.98 (0.61-1.56) 1.57 (0.99-2.48) 1.22 (1.04-1.45) *
Model 3 1 (reference) | 0.91(0.58-1.44) | 0.84 (0.53-1.35) | 1.24 (0.78-1.98) 1.12 (0.94-1.33)
Model 4 1 (reference) 0.88(0.55-1.39) | 0.78 (0.48-1.27) | 1.06 (0.63-1.79) 1.05 (0.86-1.28)
Model 5 1 (reference) 0.94(0.59,1.48) | 0.84(0.52,1.35) | 1.08(0.66,1.74) 1.03 (0.87,1.22)

Abbreviations: HF, heart failure; HFpEF, HF with preserved ejection fraction; HFrEF, HF with reduced ejection fraction; Cl, confidence interval
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*
Statistically significant results at P <0.05
flncidence rates reported are per 1000 person-years.

17tHazard ratios are adjusted as follows:
Model 1: adjusted for age, sex, and race/ethnicity, MESA site
Model 2: model 1 plus education, health insurance, BMI, smoking status, pack-years of smoking, and physical activity.

Model 3: model 2 plus systolic blood pressure, use of antihypertensive medication, total cholesterol, HDL- cholesterol, use of lipid-lowering
medications, diabetes and eGFR

Model 4: model 3 plus In(CRP), In(IL-6) and In(Fibrinogen)

Model 5: model 3 plus In(NT-ProBNP)

§Using GlycA quartiles, P = 0.47, 0.54 and 0.77 for interaction by sex for HF, HFpEF and HFrEF, respectively; P=0.82, 0.60 and 0.86 for
interaction by age for HF, HFpEF and HFrEF, respectively; P = 0.71, 0.18 and 0.60 for interaction by race for HF, HFpEF and HFrEF, respectively.
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