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ARTICLE INFO ABSTRACT
Keywords: Objective: Inflammatory markers are associated with cardiovascular disease (CVD); however, the ability to spe-
Inflammation cifically predict myocardial infarction (MI) as well as ischemic stroke remains unknown. There has not been a

Myocardial infarction

direct comparison of the associations between GlycA and hsCRP and MI and ischemic stroke in a multi-ethnic
Ischemic stroke

pooled cohort.

Risk Methods: Multi-center, multi-ethnic, population-based community prospective pooled cohort of the Dallas Heart
Study (DHS) and Multi-Ethnic Study of Atherosclerosis (MESA). 9,785 participants without baseline CVD
enrolled with median follow-up of 13.4 years. Fatal/nonfatal MI and fatal/nonfatal ischemic stroke were assessed
separately and then combined.

Results: GlycA was moderately associated with hsCRP (R=0.58 in DHS and R=0.55 in MESA). In adjusted Cox
proportional hazards models with competing risk adjusted for both inflammatory markers, GlycA was directly
associated with MI (HR Q4 vs. Q1 1.90, 95% CI 1.39 to 2.58), whereas hsCRP was not (HR Q4 vs. Q1 0.92, 95%
CI 0.70 to 1.21). Conversely, hsCRP was directly associated with ischemic stroke (HR Q4 vs. Q1 1.73, 95% CI
1.15 to 2.59), but GlycA was not (HR Q4 vs. Q1 1.21, 95% CI 0.77 to 1.90). GlycA improved net reclassification
for MI and hsCRP did so for ischemic stroke.

Conclusions: Although both GlycA and hsCRP were associated with incident CVD, GlycA more strongly predicted
incident MI, and hsCRP more strongly predicted ischemic stroke.

1. Introduction

Abbreviations List High-sensitivity C-reactive protein (hsCRP) is a marker of inflam-

MI myocardial infarction mation and is associated with atherosclerotic cardiovascular disease

hsCRP  high sensitivity C-reactive protein (ASCVD) events [1,2]. The 2018 American College of Cardiology

CvD cardiovascular disease cholesterol guidelines identify hsCRP as a risk enhancer that, if

DHS Dallas Heart Study measured, can help risk stratify borderline-risk individuals [3].

MESA  Multi-Ethnic Study of Atherosclerosis GlycA is a novel integrated marker of systemic inflammation

BMI body mass index assessed clinically by nuclear magnetic resonance (NMR) measurement

SBP systolic blood pressure of the N-acetyl methyl group signals of several abundant acute phase

HDL-C  high-density lipoprotein cholesterol proteins in serum. The main inflammatory contributions to the GlycA

HR hazard ratio
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signal are alphal-acid glycoprotein, haptoglobin, alphal-antitrypsin,
alphal-antichymotrypsin and transferrin. Strengths of GlycA include
its composite measurement of changes in both the complexity and
number of N-glycan side chains and low intraindividual variation
compared to hsCRP [4-6]. Further, while GlycA correlated with body
mass index (BMI), homeostatic model assessment for insulin resistance
(HOMA-IR), hsCRP, leptin and leptin/adiponectin ratio and inversely
with adiponectin, GlycA is not significantly affected by glucose toler-
ance due to the fact that GlycA reflects specifically enzymatic glyco-
sylation and not nonenzymatic glycation giving rise to, for example,
glycated hemoglobin (hemoglobin Alc) [7].

GlycA is moderately associated with hsCRP and is also associated
with incident ASCVD events [2,8-11]. In individuals with type 2 dia-
betes and peripheral artery disease, GlycA levels were higher. Further,
GlycA predicted all-cause mortality after multivariable adjustment for
traditional cardiovascular risk factors when measured by Nightingale
[12].

However, much is still to be learned about this relatively novel in-
flammatory marker. Although GlycA levels are not reduced by statins as
are levels of hsCRP, GlycA is reduced by anti-inflammatory therapies as
well as by exercise, lifestyle intervention and bariatric surgery [1,8,
13-17]. In particular for bariatric surgery patients, a recent study
showed that after bariatric surgery GlycA was significantly reduced to
levels similar to normal body weight controls despite the intervention
group maintaining BMI over 30 kg/m2. The reduction in GlycA was
related to increased high density lipoprotein particle size, which also
mediated weight reduction [17]. Although some prior studies have
assessed GlycA and hsCRP concurrently, they have not yet been directly
compared for cardiovascular risk prediction in a multi-ethnic pooled
cohort primary prevention population. Furthermore, associations be-
tween hsCRP and stroke have been inconsistent and limited by few
stroke events [18-20]. Whether GlycA and hsCRP consistently are
associated with both myocardial infarction (MI) and ischemic stroke is
unknown [21,22]. We sought to determine associations between GlycA
and hsCRP and incident MI and ischemic stroke separately as well as
directly compare these inflammatory markers as risk predictors for
ASCVD.

2. Methods

The study sample included participants from the Dallas Heart Study
(DHS) and the Multi-Ethnic Study of Atherosclerosis (MESA). Both
population-based, multi-ethnic cohort studies included participants
without baseline CVD with ongoing data collection. DHS is a cohort of
Dallas County residents ages 18 to 65 years with an intentional over-
sampling of black persons to comprise 50% of the cohort. Individuals
enrolled between July 2000 to January 2002 with a total enrollment of
3,557 participants. Race/ethnicity groups included white, black, His-
panic and other [23]. MESA is a cohort of participants aged 45 to 84
years from six United States communities enrolling 6,814 individuals.
Participants enrolled over a 24-month period beginning in July 2000.
Race/ethnicity groups included white, black, Hispanic and Asian (of
Chinese descent) [24]. Individuals with missing inflammatory bio-
markers (DHS 185 excluded, MESA 65 excluded), follow-up (DHS 460
excluded, MESA 27 excluded), traditional cardiovascular risk factors
(DHS 115 excluded, MESA 36 excluded), history of CVD (DHS 196
excluded, MESA none excluded due to study design excluding this risk
factor), and glomerular filtration rate less than 15 (DHS 5 excluded,
MESA 3 excluded) were excluded. There were no other exclusions for
this study. The UT Southwestern Human Research Protection Program
reviewed this project and approved it as IRB exempt.

In DHS, data were obtained through two visits. Visit one consisted of
a household interview as well as blood pressure and weight measure-
ment by trained field interviewers. Visit two consisted of an in-home
phlebotomy collection in EDTA tubes, which were maintained at four
degrees Celsius for less than four hours. Samples were centrifuged and
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plasma was stored at -70 degrees Celsius [23]. Thawed samples using
the Roche/Hitachi 912 System, Tina-quant assay (Roche Diagnostics,
Indianapolis, IN) measured high-sensitivity C-reactive protein as previ-
ously described by Khera, et al. [25]. The precision of these methods has
been studied in the past. Over two-thirds of subjects were classified into
the same quartile by Roche and Dade systems and there was no variation
by more than one quartile [26].

In MESA, data were from the baseline visit. Blood samples were
stored at -70 degrees Celsius and analyzed at University of Vermont
laboratory (Burlington, Vermont). The Behring Nephelometer-2
measured high-sensitivity C-reactive protein (Dade Behring Inc., Deer-
field, Illinois) as previously described by Whelton, et al. [27].

For both DHS and MESA, GlycA was measured on serum or EDTA
plasma specimens by NMR LipoProfile® testing (LipoScience (now Lab-
Corp), Raleigh, NC, USA) using a 400 MHz NMR Profiler or Vantera
automated analyzer employing the LipoProfile-4 (LP4) deconvolution
algorithm. The GlycA NMR signal arises from N-acetyl methyl groups on
glycosylated serum proteins (mainly the acute phase proteins alphal-
acid glycoprotein, haptoglobin, alphal-antitrypsin, alphal-anti-
chymotrypsin and transferrin). GlycA concentrations are reported in
micromol/Liter units [4].

The primary endpoint is a combined outcome of fatal or nonfatal MI
and fatal or nonfatal ischemic stroke. The primary endpoint was divided
into 1) fatal and nonfatal MI and 2) fatal and nonfatal ischemic stroke.
All definite or probable hemorrhagic or embolic stroke events were
excluded. Secondary endpoint was defined as composite cardiovascular
disease (CVD) defined as ASCVD plus coronary artery bypass graft sur-
gery or percutaneous coronary intervention, peripheral artery disease
revascularization, and cardiovascular death.

In DHS, end points were adjudicated by two cardiologists blinded to
the exposure variables. International Classification of Diseases, 10
Revision, codes 100 to 199 defined cardiovascular causes of death in the
National Death Index. The Dallas-Fort Worth Hospital Council Data
Initiative database quarterly assessments provided data on nonfatal
cardiovascular events. Participant vital status is ongoing, but this data
analysis included status through December 31, 2013 [28]. In MESA, a
physician committee adjudicated cardiovascular events. Direct partici-
pant contact every 9 months identified participant deaths and hospi-
talizations for a median follow-up of 15.7 years, and deaths were
identified through the National Death Index in participants lost to
follow-up [29]. For the pooled cohort analysis median follow-up was
13.4 years (IQR 11.8 -16.1 years).

Variables from DHS and MESA were harmonized and synthesized
into one large cohort which was then analyzed by using individual pa-
tient level data. Cox proportional hazards models of baseline GlycA or
baseline hsCRP associated with the primary endpoint or composite CVD
(secondary endpoint) were analyzed for competing risk with the Fine-
and-Grey method. GlycA and hsCRP were analyzed primarily as sex-
and race-adjusted quartiles. For all Cox models, we adjusted for cohort
and used robust standard errors to account for the correlation of patients
belonging to a particular cohort. Proportional hazards assumptions were
satisfied by checking Schoenfeld residuals. Multivariable models
included cohort, age, sex, race/ethnicity, diabetes, systolic blood pres-
sure, anti-hypertensive medication, statin medication, current smoking,
body mass index (BMI), total and HDL cholesterol. Subsequently,
baseline GlycA and baseline hsCRP were combined in multivariable
models. Two-sided P values of 0.05 or less were considered statistically
significant. Statistical analysis was performed with SAS software version
9.4 (Raleigh, NC, USA). Analyses were not corrected for multiple
comparisons.

Risk prediction indices included calibration, category-less net
reclassification index (NRI), integrated discrimination improvement
(IDI) and C statistic. All models were well calibrated but the ones for
stroke without hsCRP were borderline calibrated (p=0.07). The indices
were adapted for the survival analysis setting with calibration assessed
via the modified Nam D’Agostino statistic, and the C statistic assessed
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via Harrell’s method. Models were further constructed to evaluate for
interactions of several risk factors for each outcome. Interactions for sex,
ethnicity, and diabetes were determined a priori.

3. Results

After exclusion criteria, the pooled cohort resulted in a total of 9,279
individuals for our analysis (2,596 individuals from DHS and 6,683 in-
dividuals from MESA, Table 1, Supplemental Table 1). The median age
of study participants was 57 years with 53.9% women and 33.4% blacks.

Across sex- and race-adjusted quartiles, higher quartiles of GlycA
were directly associated with older age, higher blood pressure, total
cholesterol, BMI, and hsCRP (p<0.001, Table 1). Higher quartiles of
hsCRP are not directly associated with age; however, higher quartiles of
hsCRP were directly associated with systolic blood pressure, BMI and
GlycA (p<0.001). Higher quartiles of both GlycA and hsCRP were
inversely associated with HDL-C (p<0.001).

Over a median of 13.4 years, there were 843 primary endpoint events
(554 fatal or nonfatal MIs and 289 fatal or nonfatal ischemic strokes).
There were 1212 secondary endpoint events (Supplemental Fig. 1).

With respect to the primary endpoint of combined MI and ischemic
stroke, in unadjusted analyses, GlycA and hsCRP were both directly
associated with the primary endpoint (GlycA: HR Q4 vs. Q1 2.24, 95%
CI 1.79 to 2.80; hsCRP: HR Q4 vs. Q1 1.58, 95% CI 1.31 to 1.91). Both
GlycA and hsCRP remained independently associated with the primary
endpoint in adjusted analyses (GlycA: HR Q4 vs. Q1 1.58, 95% CI 1.26 to
1.99; hsCRP: HR Q4 vs. Q1 1.29, 95% CI 1.05 to 1.59). In risk factor-
adjusted models that included both markers concurrently, only GlycA
remained directly associated with the primary endpoint (GlycA: HR Q4
vs. Q1 1.49,95% CI 1.16 to 1.89; hsCRP: HR Q4 vs. Q1 1.12,95% CI 0.89
to 1.40, Fig. 1). Since total cholesterol is the risk factor included in risk
prediction assessments, as in the pooled cohort equation and SCORE, we
included total cholesterol in our analysis [30,31]. We repeated analyses
to include LDL cholesterol and the results were very similar.

Further dividing the primary outcome by vascular domain in
multivariable analyses, higher GlycA was directly associated with MIs
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(HR Q4 vs. Q1 1.89, 95% CI 1.41 to 2.53), but higher hsCRP was not
associated with MIs (HR Q4 vs. Q1 1.15, 95% CI 0.88 to 1.49). Addi-
tional adjustment for hsCRP did not attenuate the association between
GlycA and MIs (HR Q4 vs. Q1 1.90, 95% CI 1.39 to 2.58, Fig. 1).

In contrast, higher hsCRP was directly associated with ischemic
strokes in multivariable adjusted models (hsCRP: HR Q4 vs. Q1 1.81,
95% CI 1.24 to 2.63), but higher GlycA was not associated with ischemic
stroke (GlycA: HR Q4 vs. Q1 1.50, 95% CI 0.99 to 2.28, Fig. 1). When
including both inflammatory variables GlycA and hsCRP, higher hsCRP
remained associated with ischemic stroke (HR Q4 vs. Q1 1.73, 95% CI
1.15 to 2.59) whereas GlycA did not (HR Q4 vs. Q1 1.21, 95% CI 0.77 to
1.90, Fig. 1).

Both GlycA and hsCRP were associated with the secondary com-
posite endpoint in multivariable models, including adjustment for both
inflammatory markers concurrently (GlycA: HR Q4 vs. Q1 1.31, 95% CI
1.06 to 1.62; hsCRP: HR Q4 vs. Q1 1.21, 95% CI 1.00 to 1.46, Fig. 1).

With respect to discrimination, GlycA or hsCRP did not significantly
improve the C statistic for the primary endpoint, ischemic stroke or the
secondary endpoint. GlycA but not hsCRP improved the C statistic for MI
(Table 2). In terms of reclassification, adding GlycA to traditional car-
diovascular risk factors improved the IDI but not the NRI for the com-
bined MI and ischemic stroke endpoint (Table 3). In contrast, the
addition of hsCRP to traditional cardiovascular risk factors improved the
IDI and NRI for the primary outcome of combined MI and ischemic
stroke (Table 3).

The addition of GlycA improved the IDI and NRI for MI (Table 3).
Both GlycA and hsCRP improved the IDI and the NRI for the secondary
outcome.

Sex modified the associations of both GlycA and hsCRP and ischemic
stroke such that both markers were only associated with higher risk of
ischemic stroke among men but not women (p interactions = 0.003 and
0.002, respectively, Fig. 2). In addition, hsCRP was only associated with
higher risk of ischemic stroke among White but not Black participants (p
interaction=0.0003). Diabetes modified GlycA associations in a con-
trasting pattern based on vascular endpoint. GlycA was associated more
strongly with higher risk of MI among those with diabetes (p

Table 1
Cardiovascular Risk Factors by Quartiles of GlycA and hsCRP.

Variable GlycA hsCRP
- (pmol/L) (mg/L)
Quartile 01 Q2 03 04 01 Q2 03 04

N=2323 N=2321 N=2315 N=2320 N=2315 N=2323 N=2322 N=2319
GlycA 294 343 384 443 330 354 373 401
(pmol/L) * (274, 311) (331, 359) (368, 399) (420, 472) (296, 367) (317, 392) (333, 416) (359, 446)
hsCRP 1.10 1.70 2.40 4.25 0.51 1.50 3.20 8.62
(mg/L) * (0.52, 2.40) (0.81, 3.65) (1.08, 5.02) (2.00, 9.43) (0.32,0.77) (1.07, 2.09) (2.17, 4.49) (5.30, 13.40)
Male No. (%) 1074 (46) 1064 (46) 1069 (46) 1072 (46) 1063 (46) 1077 (46) 1069 (46) 1070 (46)
Black No. (%) 776 775 775 773 777 773 774 775

(33) (33) (33) (33) (34) (33) (33) (33)
White No. (%) 864 857 860 858 857 862 861 859

(37) 37) 37) (37) (37) 37) (37) 37)
Hispanic No. (%) 471 477 463 479 471 473 474 472

(20) (21) (20) (21) (20) (20) (20) (20)
Other No. (%) 212 212 217 210 210 215 213 213

© 9 (©)] ©)] (C)] 9 ©)] (C)]
Age (yr) * 50 56 59 61 56 57 58 56

(40, 61) (48, 67) (50, 69) (52, 69) (47, 67) (48, 68) (49, 68) (48, 66)
Systolic Blood Pressure 118 122 125 127 119 122 125 126
(mmHg) = ' (108, 132) (111, 137) (112, 141) (115, 142) (108, 134) (111, 136) (113, 140) (115, 141)
Total Cholesterol 180 186 192 195 184 189 191 188
(mg/dL) * i (158, 203) (166, 210) (170, 216) (170, 219) (163, 208) (166, 213) (170, 215) (164, 213)
HDL-C 50 49 48 46 52 49 47 46
(mg/dL) * (41, 61) (41, 59) (40, 58) (39, 55) (43, 63) (41, 59) (39, 56) (39, 55)
BMI 26 27 28 29 25 27 29 30
(kg/mz) ol (23, 30) (24, 31) (25, 32) (26, 34) (23, 28) (25, 31) (26, 33) (26, 35)

median (95% confidence interval).

* p-value <0.0001 for variable by GlycA quartile.
T p-value <0.0001 for variable by hsCRP quartile. Body mass index (BMI), high-density lipoprotein cholesterol (HDL-G).
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HR for Q4 vs. Q1 (95% Cl)

GlycA —a— 1.58 (1.26, 1.99)
GlycA® —a— 1.49 (1.16, 1.89)
hsCRP —A— 1.29 (1.05, 1.59)
hsCRP' ——— 1.12 (0.89, 1.40)

Myocardial Infarction
GlycA —@— 1.89 (1.41, 2.53)
GlycA® F—— 1.90 (1.39, 2.58)
hsCRP ——o— 1.15(0.88,1.49) A combined Outcome
hsCRP* — 0.92 (0.70, 1.21)

Ischemic Stroke . Myocardial infarction
GlycA . I 1.50(0.99, 2.28) [l schemic stroke
GlycA” } | | 1.21 (0.77, 1.90)
hsCRP : - ; 1.81 (1.24, 2.63) 'Y Secondary Outcome
hsCRP' } 1 ] 1.73 (1.15, 2.59)

Secondary Endpoint

GlycA P
GlycA® P
hsCRP P
hsCRP" ——]

1.45 (1.19, 1.76)
1.31 (1.06, 1.62)
1.31 (1.09, 1.56)
1.21 (1.00, 1.46)

1 Hazard Ratio

3 5

Fig. 1. Adjusted Hazard Ratios of GlycA and hsCRP for Cardiovascular Outcomes. Risk factor adjustments: age, sex, race/ethnicity, diabetes, systolic blood pressure,
anti-hypertensive medication, statin medication, current smoking, body mass index (BMI), total and HDL cholesterol. *Additionally adjusted for hsCRP. "'Additionally

adjusted for GlycA.

Table 2
C-Statistic of GlycA and hsCRP for Cardiovascular Outcomes.

Table 3
IDI and NRI of GlycA and hsCRP for cardiovascular outcomes.

C-statistic (95% P-

Cch Value
Primary Endpoint Traditional Risk Factors 0.76 (0.74 to
(TRF) 0.77)
(MI + Ischemic TRF + GlycA 0.76 (0.74 to 0.13
Stroke) 0.77)
TRF + hsCRP 0.76 (0.74 to 0.30
0.77)
Myocardial Traditional Risk Factors 0.77 (0.73 to
Infarction (TRF) 0.81)
TRF + GlycA 0.77 (0.74 to 0.04
0.81)
TRF + hsCRP 0.77 (0.73 to 0.20
0.81)
Ischemic Stroke Traditional Risk Factors 0.76 (0.73 to
(TRF) 0.79)
TRF + GlycA 0.76 (0.73 to 0.90
0.79)
TRF + hsCRP 0.76 (0.73 to 0.92
0.79)
Secondary Endpoint Traditional Risk Factors 0.76 (0.73 to
(TRF) 0.80)
TRF + GlycA 0.76 (0.73 to 0.15
0.80)
TRF + hsCRP 0.76 (0.73 to 0.17
0.80)

Risk factor adjustments: age, sex, race/ethnicity, diabetes, systolic blood pres-
sure, anti-hypertensive medication, statin medication, current smoking, body
mass index (BMI), total and HDL cholesterol.

High-density lipoprotein (HDL), myocardial infarction (MI), traditional risk
factors (TRF).

interaction=0.007) while it was associated with higher risk of ischemic
stroke only among those without diabetes (p interaction=0.002, Fig. 2).
Interaction testing by cohort did not modify associations for GlycA nor
hsCRP with any cardiovascular endpoint.

4. Discussion

Our study revealed differential associations between two inflam-
matory markers, GlycA and hsCRP, and cardiovascular events by
vascular domain and directly compared GlycA and hsCRP for cardio-
vascular risk prediction. Accounting for each other, GlycA was

IDI (P-Value) NRI (P-Value)

Primary Endpoint GlycA 0.005 (0.0001) 0.17 (0.1)

(MI + Ischemic Stroke) hsCRP 0.002 (0.04) 0.13 (0.0002)

Myocardial Infarction GlycA 0.007 (0.00004) 0.20 (0.0001)
hsCRP 0.001 (0.17) 0.10 (0.02)

Ischemic Stroke GlycA 0.0006 (0.13) 0.07 (0.16)
hsCRP 0.001 (0.06) 0.12 (0.06)

Secondary Endpoint GlycA 0.005 (0.002) 0.10 (0.01)
hsCRP 0.002 (0.007) 0.06 (0.02)

Risk factor adjustments: age, sex, race/ethnicity, diabetes, systolic blood pres-
sure, anti-hypertensive medication, statin medication, current smoking, body
mass index (BMI), total and HDL cholesterol.

Integrated Discrimination Index (IDI), Net Reclassification Index (NRI), High-
density lipoprotein (HDL), myocardial infarction (MI).

associated with MI but not ischemic stroke, whereas hsCRP was asso-
ciated with ischemic stroke but not MI. In line with these associations,
GlycA improved indices of risk prediction for MI, and hsCRP improved
indices of risk prediction for ischemic stroke. Both biomarkers were
included in multivariable analysis consistent with prior studies and to
observe how the biomarkers jointly affect outcomes. Interaction ana-
lyses revealed that associations with ischemic stroke were restricted to
men, White participants, and those without diabetes. In addition, the
link between GlycA and MI was strongest among those with diabetes.
Although chronic inflammation is a well-described contributor to
atherosclerosis, recent trials demonstrating reduced CV events by
directly targeting inflammation (CANTOS and COLCOT) have increased
attention on the ability to detect those at highest inflammatory risk and
those most likely to benefit [32,33]. While hsCRP is an established in-
flammatory marker, GlycA is an emerging composite inflammatory
marker with consistent associations with both primary and recurrent CV
events [8-11,34]. Beyond capturing CV risk, higher GlycA has been
associated with mortality, chronic inflammatory-related severe hospi-
talization, cancer incidence, and incidence of type 2 diabetes, revealing
GlycA as a more global marker of cardiometabolic risk [2,35-37]. GlycA
is moderately correlated with hsCRP, a finding confirmed in our pooled,
multi-ethnic cohort, suggesting that GlycA imparts information distinct
from that provided by hsCRP. Indeed, we demonstrated that GlycA is
associated with the primary endpoint of combined MI and stroke as well
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hsCRP HRforQ4vs.Ql Interaction
Ischemic (95% CI) P-value
Stroke L ]
Men | L i 2.10 (1.26, 3.50)
I = ] 0.002
Women I 1 1.37(0.80, 2.37)
Black | | 1.13 (0.60, 2.16
! = ! {0.50,26) 0.0003
Nonblack | O 2.00(1.27, 3.15)
GlycA
Ischemic 2.00 (109, 3.65
Stroke Men : 1 : 00 (1.09, 3.65) 0.003
Women | = i 1.08 (0.61, 1.90)
Diabetic | = | 1.24(0.62, 2.46) 0.002
Nondiabetic I m 1.78 (1.07, 2.95)
Myocardial
Infarction \ . \
Diabetic 3.95 (2.24, 6.97,
! ! ¢ ) 0.007
Nondiabetic —e— 1.65 (1.18, 2.32)
L L LRI L) L) LELELELELA] II L) L] L B B ) . Ischemic stroke
3 Myocardial
Hazard Ratio .

infarction

Fig. 2. Interactions of Subgroups Association with Ischemic Stroke or Myocardial Infarction. Risk factor adjustments: age, sex, race/ethnicity, diabetes, systolic blood
pressure, anti-hypertensive medication, current smoking, body mass index (BMI), total and high-density lipoprotein cholesterol.

as a secondary composite endpoint including revascularization of both
coronary and peripheral arteries. When analyzed together, GlycA but
not hsCRP remained associated, suggesting that the risk information
provided by GlycA is not related to the inflammatory risk carried by
hsCRP. GlycA improved risk prediction indices for these combined
endpoints, suggesting clinical relevance. The magnitude of this
improvement was modest but similar to that of hsCRP’s improvement in
the same models and in the same pooled cohort.

We also sought to describe associations for endpoints specific to
vascular domains, namely MI and ischemic stroke. Most prior studies
combine these endpoints but there were notable differences with respect
to traditional risk factor associations (hypertension), circulating bio-
markers (lipoproteins), and even effects of therapies [38]. Here, we
found that GlycA was predominantly associated with risk of MI whereas
hsCRP was predominantly associated with risk of ischemic stroke. These
novel differential associations by vascular domain may have direct
clinical relevance in identifying those at highest risk and those most
likely to benefit from anti-inflammation interventions. For example, in
the CANTOS trial which enrolled those with a history of MI and elevated
hsCRP levels, canakinumab, an IL-1 beta antagonist, reduced Il-1 beta
levels and hsCRP levels but only reduced MI and not stroke (N=264
stroke events). Unfortunately, analyses within CANTOS assessing re-
ductions in hsCRP with risk did not partition combined endpoints by
vascular domain [32]. In contrast, in the COLCOT trial enrolling those
with a MI within 30 days, colchicine was associated with a reduction in
stroke but not MI [33]. In this study and others, the effects of colchicine
on hsCRP are not consistent but support our findings linking hsCRP to
ischemic stroke risk. Lastly, within the CIRT trial which tested low dose
methotrexate in those with prior atherosclerotic CVD and either diabetes
or metabolic syndrome, baseline IL-6 levels were associated with MI but
not stroke and hsCRP was not associated with either MI or stroke when
adjusted for baseline lipids [39]. Taken together, GlycA levels may
represent a novel marker of MI risk and better identify those most likely
to benefit from therapies targeting inflammation, particularly to lower
myocardial infarction risk. Similarly, recently the Elastic Net Progres-
sion of Early Subclinical Atherosclerosis has identified young asymp-
tomatic individuals with increased cardiovascular risk who are likely to
benefit from interventions [40].

Further expanding on the novel association between GlycA and MI,
interaction testing revealed effect modification by diabetes status such
that the association between higher GlycA and MI risk was enhanced in
those with diabetes. This may explain a possible hypothesis for the
increased cardiovascular risk in those with diabetes and may also serve

to identify those with diabetes who may benefit most from adjunctive
therapies such as ezetimibe (IMPROVE-IT) and PCSK9 inhibitors
(FOURIER and ODYSSEY), which have been shown to have consistent or
enhanced benefits in those with diabetes [41-43].

Analyses of risk markers specifically for ischemic stroke have been
limited mostly due to small numbers in individual cohorts or trials
powered to show differences in composite endpoints. Thus, our pre-
specified analysis on ischemic stroke in a pooled multi-ethnic cohort
revealed several interesting and potentially clinically relevant findings.
First, though hsCRP did associate with a combined MI and ischemic
stroke endpoint, the association was restricted to ischemic stroke. It is
possible that while hsCRP may have value as a risk enhancer in primary
prevention, it may best be used to identify those at highest risk of
ischemic stroke and perhaps those most likely to benefit from therapies
that lower stroke risk such as pioglitazone (IRIS) and potentially
colchicine (COLCOT) [33,44]. Furthermore, we found that the associa-
tion between hsCRP and ischemic stroke in our pooled cohort was
restricted to men and White participants. More analyses regarding
hsCRP and risk of ischemic stroke within trials with sufficient numbers
of strokes will help clarify these intriguing findings, including the
ongoing CONVINCE trial (NCT02898610).

The limitations of our study include data from an observational,
cohort study with a single measurement of inflammatory markers
without repeat data measurements to re-evaluate risk. However, the
relationships and understanding of the individuals’ interactions signif-
icance with a single measurement of an inflammatory marker is
encouraging for risk prediction without the necessity of multiple mea-
surements. We were also unable to adjust for use of anti-inflammatory
medications if any. However, this was a diverse, primary prevention
cohort with over nine-thousand participants in the combined cohort.
The assay utilized in this study was the LabCorp clinical grade assay
which may have different performance characteristics than other
research grade assays [45].

Future directions to validate these findings among those with and
without cardiovascular disease and to test integrating GlycA into CVD
prediction models are warranted. Further evaluation into interventions
to reduce GlycA could prove effective therapies to reduce future car-
diovascular risk.
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