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event rates: Analysis using coronary computed tomography 
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Introduction

Glycoprotein acetylation (GlycA), a complex, heteroge-
neous, nuclear magnetic resonance signal originating from 
mobile glycan residues on plasma glycoproteins, is a novel 
composite biomarker of systemic inflammation (1-3). Recent 
studies have demonstrated GlycA to be a strong predictor of in-
cident type 2 diabetes mellitus, long-term severe infection risk, 
and overall mortality (4). Moreover, GlycA has shown promise 
as a marker of disease activities, treatment response, and 
coronary artery disease (CAD) among patients with inflamma-
tory disorders, such as rheumatoid arthritis and systemic lupus 
erythematosus (5-7). 

Coronary computed tomography angiography (CCTA) has 
been utilized as a nontraumatic method to determine the exis-

tence, type, stage, and severity of CAD (8, 9). Many prognostic 
studies have demonstrated that the severity of coronary artery 
atherosclerosis revealed via CCTA effectively predicts later 
cardiac events in patients with a variety of conditions.

Inflammation plays a key role in the onset and develop-
ment of atherosclerosis, leading to cardiovascular disease 
(CVD) events (10, 11). The effect of these biological inflamma-
tory markers, such as GlycA, in terms of disease prediction 
has been observed in patients with existing CAD and in normal 
patients in the control group (12). Numerous studies have sup-
ported the impact of chronic inflammation in the development 
process of atherosclerosis (13, 14). Furthermore, some studies 
have shown that increasing GlycA or other inflammatory fac-
tors can predict a number of fatal chronic diseases in elderly 
patients and can trigger and maintain systemic inflammation 
(6, 15). To date, whether GlycA is an effective indicator of car-
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diac events in patients with no known CAD undergoing CCTA 
remains unclear. Therefore, this study aimed to investigate 
whether serum GlycA is an effective biological indicator in the 
prediction of future cardiovascular events in patients with no 
known CAD undergoing CCTA. 

Methods

Study population
A total of 489 observation patients were recruited to the 

study, and all patients underwent CCTA assessment. In the 
present study, only those patients with available serum GlycA 
records were enrolled. The patients who had CAD, malignancy, 
and inflammatory disease and those who lacked serum GlycA 
data were not included. Consequently, a total of 342 patients 
were enrolled. The reviewing committee approved the proce-
dure of experiments, and all enrolled patients provided writ-
ten informed consent. The patients were categorized into three 
groups based on their serum GlycA level (<359, 360-456, and 
>457 μmol/L). The demographic data and risk factors of CAD, 
e.g., the addiction to cigarettes, high blood pressure, diabe-
tes, blood lipid abnormality, and family medical history, were 
obtained before CCTA assessment via face-to-face interview 
with patients by a medical doctor with or without standardized 
onsite questionnaires. High blood pressure was determined 
via a self-statement, administration history of antihypertensive 
drugs, or a tested blood pressure of 140/90 mm Hg. Diabetes 
was determined as having a reading of hemoglobin A1c of 
>6.5%. The standard of blood lipid abnormality was measured 
as low-density lipoprotein cholesterol >140 mg/dL and high-
density lipoprotein cholesterol <40 mg/dL. 

Major adverse cardiac events assessment
Major adverse cardiac events (MACE) was the primary 

outcome, comprising target vascular reconstruction (TVR), all-
cause death, and acute coronary syndrome (ACS). Follow-ups 
were conducted via medical chart assessment, telephone con-
tact, direct interview, and mailed questionnaires. Data regard-
ing death were gathered from detailed medical records both 
from our hospital and others. Patients were then divided into 
two groups based on different causes of death, all-cause death 
or cardiovascular death (e.g., stroke, CAD, and sudden cardiac 
death). 

Imaging assessment
All scanning results from computed tomography (CT) scan-

ners (64 slices or above) were analyzed by two different radi-
ologists who were blinded to the clinical information. The deci-
sion to perform CCTA assessment was reached via consensus. 
An adjusted coronary tree model developed by the American 
Heart Association was applied for disease detection. Plaque 
characteristics on CCTA, including plaque site, severity, and 

features, were evaluated by level 3 equivalent readers accord-
ing to guidelines. Coronary artery plaques were recognized as 
a hyperdense or hypodense part that was different from the 
lumen with a size >1 mm2. The severity of CAD was categorized 
into three levels according to the extent of luminal stenosis: 
none (0%), nonobstructive (<50%), and obstructive (≥50%), 
which was then subcategorized as 1-vessel disease (VD), 2-VD, 
and 3-VD. To evaluate the progression of CAD, the segment 
involvement score (SIS) was used. This score measures the 
number of coronary artery segments with CAD, which reveals 
the extent of CAD; SIS was categorized into three groups: 0, 
1–5, and >5. According to characteristics, plaques were divid-
ed into the following groups: calcified plaques (CAP), noncalci-
fied plaques (NCAP), and mixed calcified plaques (MCAP). 

GlycA measurement
NMR spectra were obtained from ethylenediaminetet-

raacetic acid plasma samples for the NMR LipoProfile test 
at LipoScience. The NMR Profiler platform comprises a 9.4-T 
spectrometer with a frequency of 400 MHz 1H and a fluidic sam-
ple delivering system. The GlycA level signal was measured 
using deconvolution software that employed the linear least 
square method to align experimental signals with independent 
spectral parts, involving proteins, lipoproteins, and signals 
from the resonance of GlycA and NMR. The GlycA levels were 
measured with those spectra. 

Statistical analysis 
Normally distributed variables are presented as mean±SD, 

and the one-way ANOVA test was used for comparison of 
across teriles. Non-normally distributed variables are expressed 
as medians with interquartile range, and the Kruskal-Wallis test 
was used for comparison of the three groups. The correlation 
between GlycA and the endpoints of time to all-cause death or 
MACE was evaluated using adapted Cox’s proportional hazards 
models, which was adjusted in terms of age, sex, body mass in-
dex, CAD risk factors (high blood pressure, lipid disorder, diabe-
tes, smoking status, and family medical history), obstructive CAD 
existence, and SIS. The incident rates were analyzed using the 
log-rank test. MACE or survival curves across tertiles were pre-
pared using multivariate Cox’s proportional hazards models after 
adjusting variables in each GlycA level. Moreover, the severity 
of coronary stenosis in CAD, categorized as normal, obstructive, 
and nonobstructive, and the extent (SIS 0, 1–5, >5) were evaluat-
ed across tertile groups using Cox’s proportional hazard models 
with adjustments in terms of demographic characteristics, high 
blood pressure, lipid disorder, diabetes, and family medical his-
tory. Schoenfeld residuals were applied to validate underlying 
assumptions of Cox’s proportional hazards models. Both hazard 
ratio (HR) and 95% confidence interval (CI) were measured in 
the abovementioned models. P<0.05 indicated statistical signifi-
cance. All statistical evaluations were performed using Stata 12 
(StataCorp, College Station, TX, USA).
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Results

Baseline characteristics of patients
Among the 489 patients who were undergoing CCTA, 342 had 

GlycA data (Fig. 1). Table 1 shows procedural patient character-
istics according to GlycA tertile. Multiple variances were found 
across tertiles. Compared with patients with the lowest GlycA 
level (T1), those with the highest GlycA level (T3) were more of-
ten symptomatic. Furthermore, patients with high GlycA levels 
were more often smokers and had high levels of high-sensitivity 
C-reactive protein (hs-CRP) and low-density lipoprotein choles-
terol and low levels of high-density lipoprotein cholesterol. 

Status and severity of CAD
Table 2 presents the extent and severity of CAD. The se-

verity of CAD was determined via SIS. Compared with patients 

with the lowest GlycA level, those with the highest GlycA level 
had a significantly greater extent of coronary artery plaques. 
In terms of severity, patients with high GlycA levels had a con-
siderably higher prevalence of obstructive CAD than those with 
low GlycA levels. The types of CAD plaques varied among dif-
ferent cases, as shown in Table 3. In patients with low GlycA 
levels, the absence of plaques was common. Compared with 
patients with low GlycA levels, those with high GlycA levels 
more frequently had CAP, NCAP, and MCAP.

MACE and all-cause risk of death
At a mean follow-up of 3.9±1.9 years, 41 patients had MACE, 

accounting for 12.0% of all patients. MACE was observed more 
often in patients with high GlycA levels than in those with low 
GlycA levels. We found one patient with TVR and four with ACS 
in the T1 group, three patients with TVR and seven with ACS 
in the T2 group, and six patients with TVR and 15 with ACS in 
the T3 group. In addition, we observed one patient with colon 
cancer (still alive) and one with non-small cell lung cancer 
(dead) diagnosed in the T1 group, one patient with pancreatic 
cancer (dead) diagnosed in the T2 group, and one patient with 
nasopharyngeal carcinoma and one with colon cancer (both 
still alive) diagnosed in the T3 group during follow-up. In the 
unmodulated Cox’s model, the incidence rate of MACE and all-
cause death correspondingly increased with the GlycA level 
(p<0.001). In a multivariate Cox’s proportional hazards model 
that modulated for age, sex, high blood pressure, blood lipid ab-
normality, diabetes, family medical history, smoking habit, coro-
nary artery stenosis severity, and SIS, patients with high GlycA 

Table 1. Characteristics of study population

 Total Low GlycA (T1) Intermediate GlycA (T2) High GlycA (T3) P

 (n=342) (n=114) (n=114) (n=114)

GlycA (μmol/L)  ≤359 360-456 ≥457 <0.001

Male gender  175 (51.2) 58 (50.9) 58 (50.9) 59 (51.8) 0.55

Age (year) 58.3 (10.23) 57.2 (10.55) 58.1 (9.82) 58.9 (10.61) 0.19

Hypertension 180 (52.6) 58 (50.9) 61 (53.5) 61 (53.8) 0.12

Diabetes 62 (18.1) 20 (17.5) 21 (17.5) 21 (18.4) 0.34

Dyslipidemia 212 (62.0) 63 (55.3) 70 (61.4) 79 (69.3) <0.001

Family history 87 (25.4) 28 (24.6) 29 (25.4) 30 (26.3) 0.28

Current smoker 95 (27.8) 27 (23.7) 30 (26.3) 38 (33.3) <0.001

BMI (kg/m2) 25.02 (1.31) 24.99 (1.28) 25.01 (1.14) 25.03 (1.30) 0.32

LDL-C (mg/dL) 127.7 (29.7) 122.8 (28.9) 128.2 (30.2) 134.3 (32.3) <0.001

HDL-C (mg/dL) 42.8 (11.2) 45.5 (11.7) 42.1 (10.62) 39.2 (9.2) <0.001

HbA1c (%) 6.56 (1.23) 6.532 (1.17) 6.55 (1.24) 6.58 (1.28) 0.06

hs-CRP (mg/dL) 0.15 (0.03) 0.07 (0.01) 0.16 (0.02) 0.23 (0.02) <0.001

Values are expressed as n (%) or mean (SD).
BMI - body mass index; GlycA - glycoprotein acetylation; HbA1c - hemoglobin A1c; HDL-C - high-density lipoprotein cholesterol; hs-CRP - high-sensitivity C-creative protein;  
SD – standard deviation; LDL-C - low-density lipoprotein cholesterol

489 patients 
underwent CCTA

342 individuals 
with GlycA values

Low GlycA <359 
μmol/L

Intermediate GlycA 
360-456 μmol/L

High GlycA >457 
μmol/L

147 patients with malignancies 
and inflammatory disease and 

without data on GlycA

Figure 1. Study flow chart
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levels experienced a greater risk of MACE than those with low 
GlycA levels. Modulated HR improved with rising GlycA levels, 
even after adjusting for these variables (p<0.001). Moreover, high 
GlycA levels were associated with all-cause death, as shown in 
Table 4. The survival rate of MACE clearly increased in tertiles 
with greater GlycA levels (p<0.001; Fig. 2).

Incidence rate of coronary artery plaque and MACE
Table 5 showed the results of the risk-adjusted Cox propor-

tional-hazards model for MACE by SIS category in GlycA across 
tertiles. Compared with patients with the lowest GlycA levels 
with an SIS of 0, patients with the highest GlycA levels with 
an SIS of 0 (p<0.01, HR 1.5, 95% CI 0.8-2.6) had a greater risk 

Table 3. Coronary artery plaque type

Prevalence of any  Total Low GlycA (T1) Intermediate GlycA (T2) High GlycA (T3) P

plaque type (%) (n=342) (n=114) (n=114) (n=114)

NCAP 68 (19.9) 19 (16.7) 23 (20.2) 26 (22.8) <0.001

MCAP 79 (23.1) 20 (17.5) 27 (23.7) 32 (28.1) <0.001

CAP 92 (26.9) 24 (21.1) 32 (28.1) 36 (31.6) <0.001

Values are expressed as n (%).
GlycA - glycoprotein acetylation; CAP - calcified plaques; NCAP - non-calcified plaques; MCAP - mixed calcified plaques

Table 4. Cox’s proportional hazards model of major adverse cardiac events and all-cause death

 Low GlycA (T1) Intermediate GlycA (T2) High GlycA (T3) P 

 HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

Unadjusted Model

MACE 1.0 (Reference) 1.68 (1.03-2.12) 2.33 (1.82-3.28) <0.001

All-cause death 1.0 (Reference) 2.12 (1.69-2.87) 3.43 (2.55-4.69) <0.001

Adjusted Model

MACE 1.0 (Reference) 1.41 (0.98-1.93) 1.91 (1.34-2.78) <0.001

All-cause death 1.0 (Reference) 2.22 (1.53-3.09) 3.65 (2.62-5.09) <0.001

Variables adjusted for were age, body mass index, and diabetes. The covariates were added to this model only if statistically identified as predictors of MACE and all-cause death (P<0.05).
CI - confidence interval; GlycA - glycoprotein acetylation; HR - hazard ratio; MACE - major adverse cardiac events

Table 2. Extent and severity of coronary artery plaque

 Total Low GlycA (T1) Intermediate GlycA (T2) High GlycA (T3) P

 (n=342) (n=114) (n=114) (n=114)

Vessel disease      

Normal 139 (40.6) 53 (46.5) 47 (41.2) 39 (34.2) <0.001

Nonobstructive disease 113 (33.0) 42 (36.8) 39 (35.1) 32 (28.1) <0.001

Obstructive disease 90 (26.3) 19 (16.7) 28 (24.6) 43 (37.7) <0.001

1-VD 47 (13.7) 12 (10.5) 15 (13.2) 20 (17.5) <0.001

2-VD 25 (7.3) 4 (3.6) 7 (6.1) 14 (12.3) <0.001

3-VD 18 (5.3) 3 (2.6) 6 (5.3) 9 (7.9) <0.001

SIS (Mean±SD) 2.2 ± 2.1 1.8±2.0 2.3±2.1 2.6±2.8 <0.001

SIS 1–5 129 (37.7) 38 (33.3) 42 (36.8) 49 (43.0) <0.001

SIS >5 54 (15.8) 12 (10.5) 19 (16.7) 23 (20.2) <0.001

Values are expressed as n (%) or mean (SD). 
GlycA - glycoprotein acetylation; SD – standard deviation; SIS - segment involvement score; VD - vessel disease
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of MACE. In the group with an SIS of 1-5, the incidence rate of 
MACE was considerably greater than that in the group with an 
SIS of 0 in GlycA across tertiles. The risk in patients with the 
highest GlycA levels was significantly greater than that in pa-
tients with low GlycA levels (p<0.001, HR 3.3, 95% CI, 2.4-4.5). In 
the group with an SIS of >5, the incidence rate of MACE was 
even more elevated in all GlycA across tertiles. In the group with 
an SIS of 1-5, the incidence rate in patients with the highest Gly-
cA levels was considerably higher than that in patients with low-
est GlycA levels (p<0.001, HR 4.7, 95% CI, 3.4-6.5). Table 6 displays 

the results of the risk-adjusted Cox’s model for MACE divided by 
CAD types (regular, obstructive, and nonobstructive). In patients 
with nonobstructive CAD with the lowest GlycA levels, the risk of 
MACE was greater than that of those with normal CCTA (p<0.01, 
HR 1.5, 95% CI 0.8–2.4). The risk of MACE was considerably greater 
among patients with the highest GlycA levels (p<0.001, HR 3.7, 95% 
CI 2.9-4.8). Patients who had obstructive CAD experienced higher 
MACE ratescompared with lowest GlycA patients with with nor-
mal CCTA regardless of GlycA levels (lowest GlycA, p<0.001, HR 
3.1, 95% CI 1.7-4.4; highest GlycA, p<0.001, HR 5.0, 95% CI 3.3-6.9).

Figure 2. (a) Free survival curves of major adverse cardiac events. (b) Free survival curves of all-cause death
MACE - major adverse cardiac events; GlycA - glycoprotein acetylation
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Table 5. Hazard ratio of major adverse cardiac events by coronary artery disease extent 

 Low GlycA (T1) Intermediate GlycA (T2) High GlycA (T3)

 HR (95% CI) HR (95% CI) HR (95% CI)

 (n=114) (n=114) (n=114)

SIS 0 Reference 1.0 (0.4-1.9) 1.5 (0.8-2.6)

SIS 1–5 1.5 (1.0-2.8) 2.2 (1.5-3.2) 3.3 (2.4-4.5)

SIS >5 2.6 (1.7-3.5) 3.2 (2.2-4.3) 4.7 (3.4-6.5)

CI - confidence interval; GlycA - glycoprotein acetylation; HR - hazard ratio; SIS: segment involvement score

Table 6. Hazard ratio of major adverse cardiac events by coronary artery disease severity

 Low GlycA (T1) Intermediate GlycA (T2) High GlycA (T3)

 HR (95% CI) HR (95% CI) HR (95% CI)

 (n=114) (n=114) (n=114)

Normal Reference 1.0 (0.3-1.8) 1.8 (0.8-2.7)

Nonobstructive 1.5 (0.8-2.4) 2.3 (1.5-2.9) 3.2 (1.9-4.5)

Obstructive 3.1 (1.7-4.4) 3.7 (2.9-4.8) 5.0 (3.3-6.9)

CI - confidence interval; GlycA - glycoprotein acetylation; HR - hazard ratio
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Discussion

In recent years, the inflammatory hypothesis of atherosclero-
sis has generated interest in several potential inflammatory bio-
markers for CAD (16). These include cytokines (e.g., IL-6, TNF-α, 
interferon-γ, and monocyte chemoattractant protein-1), endothe-
lial activation mediators (e.g., E-selectin, vascular cell adhesion 
molecule-1, and intercellular adhesion molecule-1), and acute-
phase reactants (e.g., hs-CRP and GlycA) (17, 18). GlycA, a mark-
er of systemic inflammation, is a promising candidate because 
it is a validated prognostic biomarker of CAD (6, 7, 19). However, 
recent evidence has demonstrated that GlycA may not accu-
rately predict CAD in patients with inflammatory conditions (20). 
GlycA has been detected from the NMR signal that dominantly 
represents glycosylated acute-phase proteins (21). Glycosylation 
is the enzymatic chemical modification process where carbohy-
drate groups are attached to proteins to produce glycoproteins, 
which is different from the simple binding process of glucose 
and hemoglobin in patients with diabetes (15, 22). This process 
plays a significant role in protein folding and stabilization, antigen 
recognition, cellular signaling, and cell adherence. In the acute-
phase reaction, the level of acute-phase glycoproteins changes; 
in addition, the structures of glycan are altered by glycosidase 
and glycosyltransferases in circulation. Hence, the assessment 
of protein glycans through NMR GlycA involves changes in pro-
tein and glycan concentrations in inflammatory reactions (5, 23).

Inflammation is an important contributor to atherosclerosis. 
Elevated GlycA levels, a marker of inflammation, are obviously 
associated with adverse cardiovascular results. The mecha-
nisms by which this increased risk are associated with elevated 
plaque vulnerability. Besides the function of inducing immuniz-
ing power in plaques, studies have also suggested certain cor-
relations among GlycA, suppression of endothelial nitric oxide 
synthase, and damaged vascular reactivity. Several previous 
studies have reported associations between serum GlycA and 
death (3). Additionally, many previous studies have shown a cor-
relation between GlycA and incidence rate of CVD (6, 7). The re-
port on Women’s Health and Aging demonstrated that in women 
with predominant CVD, patients with a higher plasma GlycA level 
were four times more likely to die than those in the lowest tertile; 
however, the same correlation was not confirmed in patients with 
no known CVD (7, 20, 21). In contrast, serum GlycA levels were 
positively correlated with the risk of death in patients with CAD 
(20). GlycA was significantly better associated with all-cause 
and cardiovascular death than with CRP (2, 24). A recent study 
discovered that plasma GlycA levels can indicate short- and 
long-term death in patients with acute heart failure (25). Some 
other researchers have suggested that improved serum GlycA 
levels offer important input in the risk evaluation of long-term 
cardiovascular survival/death among patients with ST-elevation 
myocardial infarction and can serve as a promising predictive 
indicator of all-cause and cardiovascular death (20, 25). In ad-
dition, our findings also showed that patients with high GlycA 

levels have a higher incidence of MACE and all-cause death than 
those with low GlycA levels. 

Our study bears certain limitations. First, being an observation-
al study involving a small sample of patients, potential hidden fac-
tors could have influenced the results, despite the best efforts of 
statistical adjustments. The comparatively small number of cases 
could add to the insufficiency of the significant differences. Ac-
cordingly, further large-scale studies are required to verify the find-
ings of the present study. Second, in certain cases, a high GlycA 
level was associated with infection, but more detailed information 
about the infection and its causes was not obtained in the present 
study. Third, our research involved patients who were undergoing 
clinical CCTA, and whether our current findings can be applied to 
population-based samples is still unclear. Finally, we only consid-
ered diseases associated with inflammation and failed to consider 
other possible factors that may have an association with inflam-
mation, such as the patient’s diet. The primary findings of our study 
are summarized below: patients with high GlycA levels tended to 
show a higher incidence rate of MACE and all-cause death than 
those with low GlycA levels, and even after adjustments for criti-
cal covariables, a high GlycA level was considerably associated 
with elevated all-cause death and MACE among patients with no 
known CAD undergoing CCTA. To the best of our knowledge, this 
study is the first study to explore the relationship between the se-
verity of CAD using CCTA in asymptomatic individuals, GlycA, and 
the risk of subsequent MACE and all-cause death.

Conclusion

Serum GlycA is significantly associated with the long-term 
clinical results of patients with no known CAD undergoing CCTA. 
Moreover, the risks of death and experiencing MACE increase in 
patients with high GlycA levels.

Acknowledgments: We thank Xinhai Sun, Kewei Shi, and Jing Xun 
(Affiliated Hospital of Jining Medical University) for their helpful sug-
gestions.

Conflict of interest: None declared.

Peer-review: Externally peer-reviewed.

Authorship contributions: Concept – L.A., Q.L.; Design – L.A., Q.L., 
H.F.; Supervision – Z.Y., J.L.; Fundings – H.F., X.B., Y.D.,C.L., Z.Y.; Materials 
– H.F., X.B.; Data collection &/or processing – L.A., Q.L., J.L.; Analysis &/
or interpretation – L.A., Q.L., H.F., X.B.; Literature search – H.F., X.B., Y.D., 
C.L.; Writing – L.A., Q.L., J.L.; Critical review – H.F., X.B., Y.D., C.L., Z.Y.

References

1. Chung CP, Ormseth MJ, Connelly MA, Oeser A, Solus JF, Otvos JD, 
et al. GlycA, a novel marker of inflammation, is elevated in systemic 
lupus erythematosus. Lupus 2016; 25: 296-300.



An et al.
GlycA as a biomarker of the risk of cardiac events

Anatol J Cardiol 2018; 20: 152-8
DOI:10.14744/AnatolJCardiol.2018.01058158

2. Gruppen EG, Connelly MA, Vart P, Otvos JD, Bakker SJ, Dullaart RP.
GlycA, a novel proinflammatory glycoprotein biomarker, and high-
sensitivity C-reactive protein are inversely associated with sodium
intake after controlling for adiposity: the Prevention of Renal and
Vascular End-Stage Disease study. Am J Clin Nutr 2016; 104: 415-22.

3. Ritchie SC, Würtz P, Nath AP, Abraham G, Havulinna AS, Fearnley
LG, et al. The Biomarker GlycA Is Associated with Chronic Inflam-
mation and Predicts Long-Term Risk of Severe Infection. Cell Syst
2015; 1: 293-301. [CrossRef]

4. Bartlett DB, Slentz CA, Connelly MA, Piner LW, Willis LH, Bateman
LA, et al. Association of the Composite Inflammatory Biomarker
GlycA, with Exercise-Induced Changes in Body Habitus in Men
and Women with Prediabetes. Oxid Med Cell Longev 2017; 2017:
5608287. [CrossRef]

5. Bartlett DB, Connelly MA, AbouAssi H, Bateman LA, Tune KN, Hueb-
ner JL, et al. A novel inflammatory biomarker, GlycA, associates
with disease activity in rheumatoid arthritis and cardio-metabolic
risk in BMI-matched controls. Arthritis Res Ther 2016; 18: 86.

6. Duprez DA, Otvos J, Sanchez OA, Mackey RH, Tracy R, Jacobs DR
Jr. Comparison of the Predictive Value of GlycA and Other Biomark-
ers of Inflammation for Total Death, Incident Cardiovascular Events, 
Noncardiovascular and Noncancer Inflammatory-Related Events,
and Total Cancer Events. Clin Chem 2016; 62: 1020-31. [CrossRef]

7. Joshi AA, Lerman JB, Aberra TM, Afshar M, Teague HL, Rodante
JA, et al. GlycA Is a Novel Biomarker of Inflammation and Subclini-
cal Cardiovascular Disease in Psoriasis. Circ Res 2016; 119: 1242-53.

8. Zhao L, Wang X, Yang Y. Association between interleukin-6 and the
risk of cardiac events measured by coronary computed tomography 
angiography. Int J Cardiovasc Imaging 2017; 33: 1237-44. [CrossRef]

9. Yang Y, Li C, Zhao L. Association of B-type natriuretic peptide with
coronary plaque subtypes detected by coronary computed tomog-
raphy angiography in patients with stable chest pain. Int J Cardio-
vasc Imaging 2017; 33: 1599-606. [CrossRef]

10. Ruparelia N, Chai JT, Fisher EA, Choudhury RP. Inflammatory pro-
cesses in cardiovascular disease: a route to targeted therapies. Nat 
Rev Cardiol 2017; 14: 314. [CrossRef]

11. Libby P. Inflammation and cardiovascular disease mechanisms. Am
J Clin Nutr 2006; 83: 456S-60S. [CrossRef]

12. Roifman I, Beck PL, Anderson TJ, Eisenberg MJ, Genest J. Chronic
inflammatory diseases and cardiovascular risk: a systematic re-
view. Can J Cardiol 2011; 27: 174-82. [CrossRef]

13. Maskrey BH, Megson IL, Whitfield PD, Rossi AG. Mechanisms of
resolution of inflammation: a focus on cardiovascular disease. Ar-
terioscler Thromb Vasc Biol 2011; 31: 1001-6. [CrossRef]

14. Sacks FM, Campos H. Polyunsaturated fatty acids, inflammation,
and cardiovascular disease: time to widen our view of the mecha-
nisms. J Clin Endocrinol Metab 2006; 91: 398-400. [CrossRef]

15. Connelly MA, Gruppen EG, Wolak-Dinsmore J, Matyus SP, Riphagen 
IJ, Shalaurova I, et al. GlycA, a marker of acute phase glycopro-
teins, and the risk of incident type 2 diabetes mellitus: PREVEND
study. Clin Chim Acta 2016; 452: 10-7. [CrossRef]

16. Uydu HA, Bostan M, Yilmaz A, Demir A, Atak M, Satiroglu Ö, et al.
Comparision of inflammatory biomarkers for detection of coronary
stenosis in patients with stable coronary artery disease. Eur Rev
Med Pharmacol Sci 2013; 17: 112-8.

17. Zakynthinos E, Pappa N. Inflammatory biomarkers in coronary ar-
tery disease. J Cardiol 2009; 53: 317-33. [CrossRef]

18. Voudris KV, Chanin J, Feldman DN, Charitakis K. Novel Inflammatory 
Biomarkers in Coronary Artery Disease: Potential Therapeutic Ap-
proaches. Curr Med Chem 2015; 22: 2680-9. [CrossRef]

19. Gruppen EG, Riphagen IJ, Connelly MA, Otvos JD, Bakker SJ, Dul-
laart RP. GlycA, a Pro-Inflammatory Glycoprotein Biomarker, and
Incident Cardiovascular Disease: Relationship with C-Reactive
Protein and Renal Function. PLoS One 2015; 10: e0139057. [CrossRef]

20. Connelly MA, Shimizu C, Winegar DA, Shalaurova I, Pourfarzib R,
Otvos JD, et al. Differences in GlycA and lipoprotein particle pa-
rameters may help distinguish acute kawasaki disease from other
febrile illnesses in children. BMC Pediatr 2016; 16: 151. [CrossRef]

21. Dullaart RP, Gruppen EG, Connelly MA, Otvos JD, Lefrandt JD. GlycA, 
a biomarker of inflammatory glycoproteins, is more closely related
to the leptin/adiponectin ratio than to glucose tolerance status. Clin 
Biochem 2015; 48: 811-4. [CrossRef]

22. Ormseth MJ, Chung CP, Oeser AM, Connelly MA, Sokka T, Raggi P, et 
al. Utility of a novel inflammatory marker, GlycA, for assessment of
rheumatoid arthritis disease activity and coronary atherosclerosis.
Arthritis Res Ther 2015; 17: 117. [CrossRef]

23. Pascual E, Drake P. Physiological and behavioral responses of the
mud snails Hydrobia glyca and Hydrobia ulvae to extreme water
temperatures and salinities: implications for their spatial distribu-
tion within a system of temperate lagoons. Physiol Biochem Zool
2008; 81: 594-604. [CrossRef]

24. Danesh J, Wheeler JG, Hirschfield GM, Eda S, Eiriksdottir G, Rumley 
A, et al. C-reactive protein and other circulating markers of inflam-
mation in the prediction of coronary heart disease. N Engl J Med
2004; 350: 1387-97. [CrossRef]

25. Dungan K, Binkley P, Osei K. GlycA is a Novel Marker of Inflamma-
tion Among Non-Critically Ill Hospitalized Patients with Type 2 Dia-
betes. Inflammation 2015; 38: 1357-63. [CrossRef]

https://doi.org/10.3945/ajcn.116.133744
https://doi.org/10.1016/j.cels.2015.09.007
https://doi.org/10.1155/2017/5608287
https://doi.org/10.1186/s13075-016-0982-5
https://doi.org/10.1373/clinchem.2016.255828
https://doi.org/10.1161/CIRCRESAHA.116.309637
https://doi.org/10.1007/s10554-017-1098-y
https://doi.org/10.1007/s10554-017-1132-0
https://doi.org/10.1038/nrcardio.2016.185
https://doi.org/10.1093/ajcn/83.2.456S
https://doi.org/10.1016/j.cjca.2010.12.040
https://doi.org/10.1161/ATVBAHA.110.213850
https://doi.org/10.1210/jc.2005-2459
https://doi.org/10.1016/j.cca.2015.11.001
https://doi.org/10.1016/j.jjcc.2008.12.007
https://doi.org/10.2174/0929867322666150420124427
https://doi.org/10.1371/journal.pone.0139057
https://doi.org/10.1186/s12887-016-0688-5
https://doi.org/10.1016/j.clinbiochem.2015.05.001
https://doi.org/10.1186/s13075-015-0646-x
https://doi.org/10.1086/588173
https://doi.org/10.1056/NEJMoa032804
https://doi.org/10.1007/s10753-014-0107-8



