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Abstract 

Summary Cardiometabolic diseases are associated with low-grade inflammation early in life and persists into old 
age. The long latency period presents opportunities for early detection, lifestyle modification and intervention. 
However, the performance of conventional biomarker assays to detect low-grade inflammation has been variable, 
particularly for early-stage cardiometabolic disorder including prediabetes and subclinical atherosclerotic vascular 
inflammation. During the last decade, the application of nuclear magnetic resonance (NMR) spectroscopy for meta-
bolic profiling of biofluids in translational and epidemiological research has advanced to a stage approaching clinical 
application. Proton (1H)-NMR profiling induces no destructible physical changes to specimens, and generates quanti-
tative signals from deconvoluted spectra that are highly repeatable and reproducible. Apart from quantitative analysis 
of amino acids, lipids/lipoproteins, metabolic intermediates and small proteins, 1H-NMR technology is unique in being 
able to detect composite signals of acute-phase and low-grade inflammation indicated by glycosylated acetyls 
(GlycA) and N-acetylneuraminic acid (sialic acid) moieties (GlycB). Different from conventional immunoassays that tar-
get epitopes and are susceptible to conformational variation in protein structure and binding, GlycA and GlycB signals 
are stable over time, and maybe complementary as well as superior to high-sensitivity C-reactive protein and other 
inflammatory cytokines. Here we review the physicochemical principles behind 1H-NMR profiling of GlycA and GlycB, 
and the available evidence supporting their potential clinical application for the prediction of incident (pre)diabetes, 
cardiovascular disease, and adverse outcomes.
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Introduction
Recent estimates from the International Diabetes Federa-
tion indicate that approximately 1 in 10 individuals aged 
20–79 years are living with diabetes worldwide [1]. In older 
adults (65–99 years old), the proportion of the afflicted has 
doubled to 1 in 5 [2]. Importantly, cardiovascular disease 
(CVD) complications including acute myocardial infarc-
tion (MI), stroke and heart failure (HF) remain the lead-
ing causes of death in patients with diabetes [3–5]. With 
global aging and an epidemiological transition to increas-
ing incident diabetes in older adults, [2, 5] there is a grow-
ing impetus to shift CVD management from intervention 
of complications to early detection, lifestyle modification 
and treatment of cardiometabolic disorder.

Diabetic and atherosclerotic CVD are characterized by 
a long subclinical phase before manifestation of compli-
cations. This long latency period presents opportunities 
for detecting and modifying risks [6]. Recent studies have 
shown that an abnormal metabolome in childhood indi-
cated by inflammation and dyslipidemia was associated 
with increased risks of cardiometabolic disease in adult-
hood and old age [7]. While conventional multifactorial 
indicators including low-density lipoprotein (LDL) and 
high-density lipoprotein (HDL)-cholesterol, and C-reac-
tive protein (CRP) can provide useful estimates of future 
CVD risks, high-field proton (1H)-nuclear magnetic reso-
nance (NMR) spectroscopy has emerged as a powerful 
modality for quantitative profiling of endogenous bio-
chemical substances, lipids/cholesterol, small proteins 
and amino acids that are associated with cardiometabolic 
disease risks.

1H-NMR can provide reliable profiling of inflamma-
tion-modified glycoprotein levels as well as detailed 
characterization of lipid, cholesterol and lipoprotein 
concentrations, ratios and subfractions with high accu-
racy and repeatability (i.e. intra-assay percent coefficient 
of variation (%CV) < 5%). Each assay requires less than 
1 ml of blood plasma or serum to reveal tens to hundreds 
of target features in the specimen [8]. Within the scope 
of this review article, we 1) focus our discussion on the 
composite NMR signals of glycoprotein acetyls (GlycA) 
and N-acetylneuraminic acid (GlycB) as indicators of 
low-grade inflammation that may be superior to the well-
established biomarker, high-sensitivity C-reactive protein 
(CRP), and 2) appraise their capacity as independent pre-
dictors of cardiometabolic disorder, (pre)diabetes, CVD, 
and adverse clinical outcomes.

GlycA and GlycB: composite NMR biosignatures 
of low‑grade inflammation
Diabetes and CVD share pathophysiologic features that 
are linked via endothelial dysfunction, leukocyte acti-
vation, enhanced thrombosis and systemic vascular 

inflammation [9–15]. During acute and chronic inflam-
mation, acute-phase proteins are released by the liver and 
other tissues into the bloodstream to modulate immune 
responses (e.g. CRP binding to Fc receptors on immune 
cells) [16]. These protein structures are posttranslation-
ally modified by glycosylation and acetylation resulting 
in altered ligand-receptor binding, cell–cell signaling, 
and interaction with the tissue microenvironment [17]. 
Underscoring the importance of glycobiology in mainte-
nance of homoestasis, every cell in the body and an esti-
mated 70% of the human plasma proteome bears a glycan 
structure modifiable by acetylation and sialylation [18, 
19].

The quantification of altered functional moieties in 
glycoproteins is possible with recent advancements in 
NMR technology and pipeline. NMR is a nondestruc-
tive method to analyze specimens with high stability; 
typically, %CV of 1–5% on repeat measurements are 
observed between laboratories. The method can achieve 
high throughput and is able to acquire a spectrum under 
10 min per sample on a standard 600 MHz (11.4 Tesla) 
1H-NMR platform. Using proton (1H)-NMR to profile 
the systemic landscape for inflammation-modified pro-
tein structures, this approach has advantages over con-
ventional immunoassays that target a single protein and 
are affected by variability in epitope binding and signal 
detection via colorimetric, fluorescent or luminescent 
methods. Whereas profiling of an individual protein 
or cytokine can inform about disease mechanisms and 
pathways in a reductionist manner, holistic detection of 
low-grade inflammation in the circulation has the advan-
tage of leveraging wide distribution of modifiable protein 
structures as a sentinel network in the internal milieu.

It is noteworthy that different vendors or platforms 
may use different deconvolution methods and proto-
cols to derive quantitative information for data analysis. 
In principle, the final quantitative results are similar but 
the methodology may differ. For instance, Nightingale 
Health (Helsinki, Finland) uses a curve fitting model 
with Lorentzian functions and an in-house algorithm 
for deconvoluting the signals with optimized param-
eters [20]. Among three molecular windows (designated 
LIPO, LMWM, and LIPID) for analysis of NMR spec-
trum in that pipeline (including 500 MHz and 600 MHz 
instruments), [8] the first two windows are used for 
visualising the peaks of GlycA. Nightingale only pro-
vides GlycA in their reporting, whereas the Bruker IVDr 
pipeline (Bruker Biospin GmbH, Ettlingen, Germany) 
provides both GlycA and GlycB values calculated from 
integral signals by superimposition of terminal N-acetyl 
signals (δ 2.03) and branched-chain N-acetyl signals (δ 
2.07), respectively, determined by the DIffusional and 
Relaxation Editing (DIRE) spectra [21]. The Lifespin 
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Bloodscanner profiling system (Lifespin GmbH, Regens-
burg, Germany) also provides GlycA and GlycB data 
using proprietary deconvolution algorithms.  Most con-
temporary methods and quantitative profiling protocols 
are derived from 400–600 MHz NMR instruments. From 
our experience, the resolution can differ between the 
instruments; however, concentrations measured should 
be comparable given long enough recycle delay for con-
ducting the experiment.

GlycA and GlycB are two parts of the glycoprotein sig-
nal on the 1H-NMR spectrum that are from the same 
global biochemical process. Bell et al. were first to iden-
tify two broad resonance signals centered at δ2.04 and 
δ2.08 in 500  MHz 1H-NMR spectra associated with 
N-acetyl group, primarily N-acetylglucosamine and 
N-acetylneuraminic acid, respectively, that were com-
ponents of acute-phase glycoproteins in human blood 
plasma [22] (Fig.  1). The composite 1H-NMR signals of 
N-acetylglucosamine and N-acetylneuraminic acid were 
subsequently named GlycA and GlycB [23–26]. Specifi-
cally, the GlycA NMR signal comprises α1-acid glyco-
protein, galactosamine, haptoglobin, α1-antitrypsin and 
α1-antichymotrypsin, among others, whereas the GlycB 
signal is primarily contributed by the protons of the 
5-N-acetyl methyl groups of N-acetylneuraminic acid 
(sialic acid) in glycoproteins [23–27] (Fig.  1 & Supple-
mentary Figure  1); however, the latter is not well char-
acterized. Otvos et  al. have documented the identity of 
GlycB in a U.S. patent published in 2017 (Supplementary 
Figure  1) [26]. Recognizing GlycB as a distinct inflam-
matory signal, Fuertes-Martín et  al. have shown differ-
ent methods by which GlycB can be analyzed relative to 

GlycA [23, 24]. On a deeper level, the characterization 
and quantification of GlycA and GlycB will depend on 
the deconvolution models, protocols and methods, as 
well as the temperature of the test sample [26]. Recently, 
Noel et  al. found evidence linking the GlycA NMR sig-
nal to N-glycan branching, blood copper concentration, 
and a single nucleotide polymorphism (rs13107325) in 
SLC39A8 (a gene that encodes the cation/bicarbonate 
symporter protein ZIP8), [28] encouraging further stud-
ies to validate associations between NMR inflammatory 
signals and etiological and pathophysiological factors.

The association of GlycA with chronic inflammation 
and cytokine networks was first demonstrated by Ritchie 
et al. using three large-scale cohorts and data from mul-
tiple follow-up timepoints in the Cardiovascular Risk in 
Young Finns Study [29]. The investigators revealed that 
within-individual elevation of GlycA levels were stable 
for up to a decade and its elevation predicted long-term 
risks of hospitalization and death from infections [29]. 
In sterile inflammation, elevated GlycA has been asso-
ciated with increased levels of interleukin-6 (IL-6) [25] 
and TNF-α, [24, 30] among others [29]. Although very 
few studies have compared GlycA with erythrocyte sedi-
mentation rate, a moderate correlation (Spearman’s cor-
relation coefficient (rho) ~ 0.6–0.7) has been shown in 
patients with rheumatoid arthritis [31, 32].

GlycA levels are positively and moderately corre-
lated with those of high-sensitivity C-reactive protein 
(hsCRP), with a consistent correlation coefficient (r) of 
approximately 0.6 [25, 27, 33–35]. Analysis of inflam-
matory cytokines (e.g. IL-1β, IL-6, IL-10, IL-12, TNF-
α) following in  vitro stimulation of whole blood with 

Fig. 1 Typical NMR spectrum of glycoprotein region. Black line: NMR spectrum; red, blue and green lines: GlycB, GlycA and lipid peaks respectively 
generated by deconvolution. ppm, parts per million
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pathogen-associated molecular pattern molecules (e.g. 
lipopolysaccharide, peptidoglycan) showed a similar 
direction and pattern of association between inflam-
matory cytokines and GlycA or hsCRP [36]. Among 36 
serum cytokines and hsCRP analyzed in 2,200 partici-
pants of the Cardiovascular Risk in Young Finns Study, 
hsCRP was found to be most strongly associated with 
GlycA [29].

An advantage of 1H-NMR profiling of inflamma-
tion over immunoassaying of hsCRP concentration is 
the markedly lower %CV with the former. Otvos et  al. 
pointed out the relatively high intraindividual variability 
of assaying hsCRP, as shown in a study of healthy vol-
unteers assessed weekly for 5 weeks in whom %CV was 
29.2%, whereas the intra-individual, intra-assay and inter-
assay %CV values for GlycA were 4.3%, 1.9% and 2.6%, 
respectively [25]. This level of assay stability and repro-
ducibility is necessary for longitudinal monitoring and 
tracking of low-grade inflammation in prediabetes or 
subclinical vascular inflammation. Independent studies 
confirmed that intraindividual levels of GlycA were rela-
tively stable over a decade [29, 37].

In exploring the effects of food intake on the body’s 
inflammatory response, Mazidi et  al. found that GlycA 
levels could fluctuate and reflect what was termed meal-
induced inflammation [38]. It was noted that 6  h after 
food intake, GlycA and IL-6 levels increased by 11% 
and 190%, respectively, in 60% and 94% of study partici-
pants [38]. The study highlighted the varying impact of 
diet, nutrition and gut microbiota on the circulating 
metabolome, metabolic variability and immune response. 
Separate studies have shown that diet can impact cardio-
metabolic risks and be reflected in levels of GlycA, GlycB, 
trimethylamine N-oxide (e.g. from red meat and dairy 
products), proinflammatory cytokines and NMR lipopro-
tein subfractions [39–43]. Compared with GlycA, GlycB 
was less strongly correlated with CRP levels (typically, 
r = 0.4–0.5) [27]. GlycA and GlycB may differentially pro-
vide subphenotypic information on inflammation and 
adverse clinical outcomes associated with CVD [44].

Prediction of incident diabetes and prediabetes
GlycA has been shown to predict incident T2D in sev-
eral large-scale studies [45–47]. In addition to N-acetyl-
glucosamine, other acute-phase proteins identified from 
the NMR GlycA signal included α1-acid glycoprotein, 
α1-antitrypsin and transferrin that have been separately 
reported in T2D [48–52]. In an analysis of 26,508 appar-
ently healthy individuals in the Women’s Health Study 
who were free of diabetes at study entry and among 
whom 2,087 (7.8%) developed T2D during a median fol-
low-up of 17.2 years, elevated GlycA was strongly asso-
ciated with graded increases in the risk of incident T2D 

as for hsCRP [45]. However, in the PREVEND study, [46] 
GlycA but not hsCRP was an independent predictor of 
incident T2D (highest vs. lowest quartile of GlycA, haz-
ard ratio (HR) 1.77 [1.10–2.86]) [46]. Interestingly, the 
association of GlycA with incident T2D was significant 
even among individuals with baseline HbA1c < 5%, [45] 
suggesting that GlycA could be an early inflammatory 
biosignature prior to the development of prediabetes. In 
an analysis of circulating metabolome in childhood to 
predict cardiometabolic risks in adults, GlycA was con-
sistently selected by machine learning as a predictor [7]. 
In a separate study of obese adolescents with prediabetes 
who had undergone lifestyle intervention, GlycA levels 
decreased in parallel with body mass index (BMI), total 
cholesterol, and 2-h glucose tolerance test values [53].

In the Insulin Resistance Atherosclerosis Study (IRAS) 
of glycemia, insulin resistance, and insulin secretion 
involving 1,225 multiethnic participants with or without 
diabetes, positive correlations were observed between 
inflammatory markers — GlycA and GlycB (r = 0.74), 
GlycA and hsCRP (r = 0.60), and GlycB and hsCRP 
(r = 0.46) (all p < 0.001) — that differentially stratified 
more advanced disease (i.e. impaired glucose tolerance 
and T2D) from normal or a susceptible clinical pheno-
type (i.e. normal glucose response and isolated impaired 
fasting glucose) [27]. All three inflammatory markers 
were significantly associated with insulin sensitivity index 
and BMI, but not acute insulin response [27]. However, 
a separate study found that GlycA did not vary accord-
ing to the category of glucose tolerance but was instead 
associated with adiponectin and adipose tissue-related 
inflammation [54]. Moreover, GlycA was not signifi-
cantly associated with glucose or HbA1c at the time of 
hospital admission nor with glucose control. In the Meta-
bolic Syndrome in Men (METSIM) study including 5,401 
Finnish men with no history of T2D who were followed 
for a median of 6.8  years, GlycA was associated with 
impaired insulin secretion, hyperglycemia and incident 
T2D, whereas IL-1 receptor antagonist and hsCRP were 
associated with reduced insulin sensitivity and increased 
total mortality [55]. Collectively, GlycA has the capacity 
to indicate systemic inflammation linked to abnormal 
insulin biology even preceding early diabetes. Further 
studies are needed to characterize the mechanisms of 
disease evolution from the early stages of GlycA elevation 
to development of prediabetes and diabetes.

Prediction of incident CVD
The evidence base for GlycA as an indicator of athero-
sclerosis is not incontrovertible, depending on the lesion 
characteristics under study, the disease stage, and the 
patient population. A Dutch study did not find a signifi-
cant association between carotid artery intima medial 
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thickness and GlycA or hsCRP, [56] whereas a study on 
Spanish T1D patients not on lipid-lowering therapy 
found significant subclinical carotid atherosclerosis 
(intima-media thickness > 1.5  mm) and increased levels 
of GlycA and GlycB, but not hsCRP [57]. In a prospec-
tive study of patients with established T2D who were 
followed up for a median of 3.2 years, 49 of 145 (33.8%) 
patients developed microvascular complications (i.e. 
nephropathy, retinopathy, or neuropathy) [58]. Whereas 
hsCRP was not significantly associated with incident 
microvascular complications, GlycA was determined to 
be an independent predictor in multivariable Cox regres-
sion models [58]. For each standard deviation above the 
mean, the risk of incident microvascular complications 
was increased by 79% even after adjusting for hsCRP [58].

In patients with T2D and atherogenic dyslipidemia 
(defined as triglyceride > 150  mg/dL [> 1.69  mmol/L]; 
HDL cholesterol < 40  mg/dL [< 1.03  mmol/L] 
and < 50  mg/dL [< 1.29  mmol/L] in men and women, 
respectively), GlycA and GlycB levels significantly 
improved the discrimination between disease (either dys-
lipidemia or T2D) and non-disease when added to hsCRP 
in receiver operating characteristic (ROC) curve analy-
sis [59]. In high-risk T2D patients with coronary and 
peripheral artery disease, GlycA levels were significantly 
higher than in their counterparts without peripheral 
artery disease, and predicted long-term all-cause (but not 
cardiovascular) mortality [60]. Other prospective stud-
ies including T2D and non-T2D patients found elevated 
GlycA levels to be predictive of incident cardiovascular 
events [33, 61]. In one study, it was determined that each 
standard deviation increment in GlycA was associated 
with a 43% increase in the risk of cardiovascular mortal-
ity at 5 years [34].

Further insight into early prediction of cardiometabolic 
risks has been gleaned from longitudinal follow-up stud-
ies of the young and the aged. In a combined analysis of 
3,306 adolescents and young adults from the Avon Lon-
gitudinal Study of Parents and Children, and the Car-
diovascular Risk in Young Finns Study, increased GlycA 
level was found to be associated with multiple lifestyle-
related CVD risk factors, cardiometabolic risks, and vas-
cular dysfunction; whereas associations with hsCRP were 
driven by BMI with little relationship to cardiovascular 
risk factors or CVD phenotypes [62]. Although one study 
found neither GlycA nor CRP in childhood to be pre-
dictive of mid-life CVD, [63] a multi-cohort study using 
machine learning procedures have agnostically selected 
GlycA along with ApoB-to-ApoA ratio and large HDL-
phospholipids in the development of a multifactorial risk 
score for cardiometabolic risk prediction [7].

GlycA may also be informative for stratifying high-risk 
patients referred for angiography. Among 900 high-risk 

Finnish patients who underwent coronary angiography, 
GlycA in the fourth and fifth quintiles were associated 
with markedly elevated 12-year risk for incident mortal-
ity (HR 4.87 [95% CI, 2.45–9.65] and 5.00 [2.38–10.48], 
respectively) [64]. In another study of 2,996 patients 
undergoing coronary angiography, GlycA and hsCRP 
were independent and additive predictors of future car-
diovascular events [65].

Association with subclinical myocardial 
dysfunction and heart failure
The proinflammatory effects and nature of HF have long 
been recognized [66–71]. In HF with preserved ejection 
fraction (HFpEF), studies have shown that upwards of 
50% of patients may have elevated CRP [71–73]. A study 
comparing 460 patients with HFpEF against HF with 
reduced ejection fraction (HFrEF) found higher median 
hsCRP levels in the former (3.6 mg/L [interquartile range 
1.8, 7.0] vs. 2.1  mg/L [0.8, 4.7], multivariable adjusted 
p = 0.02), whereas IL-6 and TNF-alpha were not signifi-
cantly different [74].

Several lines of evidence point to GlycA and GlycB as 
useful markers for the classification and risk prediction 
of HF [44, 65, 75]. In an analysis of 6,507 individuals aged 
45–84  years in the multi-ethnic MESA study, elevated 
baseline GlycA level in highest quartile compared with 
the lowest quartile was associated with increased rates of 
incident HF during a median follow-up of 14 years [75]. 
Further analysis of HF subtypes revealed that elevated 
GlycA was a significant predictor of HFpEF (adjusted HR 
2.18 [95% CI, 1.15–4.13]) but not HFrEF (adjusted HR 
1.06 [0.63–1.79]) [75]. Those findings may help to link 
GlycA with aging-related inflammation (inflammaging), 
myocardial dysfunction, and HFpEF that are associated 
with old age, diabetes, obesity and multimorbidity [74, 
76–80].

A retrospective analysis of cardiac catheterization reg-
istry (n = 2,996 patients, mean age 63.6 years) suggested 
that GlycA and hsCRP were independent additive mark-
ers for prediction of HF hospitalization in a patient pop-
ulation that had a relatively high prevalence of ischemic 
heart disease and HF [65]. 65.2% of patients in the cohort 
had coronary artery disease with > 70% stenosis in at least 
one vessel, 58% of them had stable angina, 31.8% unsta-
ble angina, 10.2% MI and 16.3% HF. Individuals with the 
uppermost quartile of GlycA level had a 43% increased 
risk for future major adverse cardiovascular events 
(MACE) including death, MI, HF hospitalization, and 
stroke [65]. Among the five MACE endpoints analyzed, 
HF hospitalization occurred more frequently in patients 
with above-median than below-median levels of GlycA 
and hsCRP (HR 2.19, p < 0.0001) [65]. However, in a 
Spanish retrospective cohort (mean age 67.2 years) study, 
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GlycA and GlycB were associated with increased risk for 
the composite endpoint of all-cause death and HF read-
mission in non-ischemic but not ischemic HF [44]. Of 
note, in multivariable adjusted Cox models, GlycB rather 
than GlycA was more strongly and significantly associ-
ated with the risk of HF readmission (HR 2.25 [1.54–3.30] 
vs. HR 1.09 [0.95–1.25]), occurrence of the composite 
endpoint (HR 2.13 [1.46–3.13] vs. 1.19 [1.06–1.33]), and 
recurrent HF hospitalization (HR 1.33 [1.0–1.65] vs. 1.10 
[0.94–1.30]) [44].

In a Danish study of 304 T1D patients (median age 
62.1 years, duration of diabetes for 33 years, and HbA1c 
8.0%), 53.9% of patients were identified as having myo-
cardial dysfunction or subclinical HF [81]. Among them, 
94.8% had echocardiographic diastolic dysfunction and 
elevated N-terminal B-type natriuretic peptide levels. 
As part of a multi-dimensional predictive model, GlycA 
was among the most important variable associated with 
myocardial dysfunction [81]. Indicating impaired relaxa-
tion and reduced ventricular compliance (diastolic dys-
function) in patients with T1D, [81] GlycA and GlycB 
were also associated with increased arterial stiffness 
(aortic pulse wave velocity vs. GlycA [r = 0.55] or GlycB 
(r = 0.42), p = 0.001) [82]. Further studies are needed to 
prospectively determine robustness of their performance 
in identifying early vascular aging and subclinical HFpEF 
in patients with established T1D and no prior history of 
cardiovascular events [82].

Discriminatory accuracy of GlycA or GlycB 
from ROC analysis
From the above discussed evidence, it can be appreciated 
that GlycA and GlycB are good markers for determining 
the presence or absence of an inflammatory condition. 
A ROC curve can provide graphical visualization of the 
discriminatory effectiveness of a given marker to predict 
or indicate binary outcomes. For patients with T2D and 
atherogenic dyslipidemia, the GlycA and GlycB vari-
ables greatly improved the discrimination between the 
diseased (either dyslipidemia or T2D) and non-diseased 
groups [59]. When GlycA and GlycB were added to CRP, 
the AUC value significantly increased for the classifica-
tion models between patients with and without dyslipi-
demia (from 0.54 to 0.79) and between patients with and 
without diabetes (from 0.55 to 0.76) [59]. Two studies 
have demonstrated the association of GlycA and GlycB 
concentrations in patients with rheumatoid arthritis, a 
disease associated with increased risks for cardiovascular 
morbidity and mortality. In the study of Fuertes-Martín 
et  al., GlycA in combination with GlycB improved the 
discriminant capacity of traditional inflammatory vari-
ables from AUC 0.70 to 0.79 [23]. In another study, the 
AUC value for GlycA’s ability to differentiate between 

patients with low versus moderate to high disease activity 
was 0.75 [33]. A series of additional studies are needed 
to broadly evaluate and validate the performance of 
GlycA and GlycB in different clinical contexts and across 
populations.

Impact of interventions on GlycA and GlycB levels
PCSK9 inhibitors (PCSK9i) can effectively reduce LDL-
cholesterol levels but biomarkers of inflammation have 
previously not been shown to change significantly [83]. 
Using 1H-NMR metabolic profiling, Rehues et al. showed 
that PCSK9i significantly reduced not only levels of 
total, LDL and non-HDL-cholesterol, and triglycerides 
but also GlycA, GlycB and apolipoprotein (apo)C-III, 
and increased apoA-I and HDL-cholesterol levels. Sta-
tin therapy has also been shown to lower GlycA levels in 
separate clinical studies but the magnitude of change was 
surprisingly modest [84, 85]. A randomized controlled 
trial on 10-month cardiac telerehabilitation demonstrated 
improved GlycA (from 840.7 to 758.2 umol/L, p = 0.007), 
GlycB (from 406.5 to 369.9 umol/L, p = 0.002) and lipo-
protein particle profile, [86] and superiority over center-
based cardiac rehabilitation. Further evidence of an 
intervention having significant impact on GlycA lowering 
has come from a study of obese patients undergoing bari-
atric surgery that showed an average of 22% reduction, 
and a strong association with HDL particle size (r = -0.49, 
p < 0.001) that explained 43% of body weight loss [87].

Limitations and strengths
Clearly, if GlycA and GlycB are to be used as clinical 
diagnostic tools, they must be thoroughly tested on large 
cohorts from different populations in a wide range of 
clinical settings, and meet in vitro diagnostic standards. 
Moreover, the use of serum versus plasma to establish 
reference ranges for GlycA and GlycB must be separately 
considered due to differences in the composition of the 
biofluids. As above discussed, the resources and facilities 
required for generating NMR signals of GlycA and GlycB 
may not be accessible to many clinicians and researchers 
worldwide. Recently, investigators have used benchtop 
NMR relaxometry to derive plasma and serum water  T2 
signal that correlates well with inflammatory markers in 
metabolic syndrome, [88, 89] and may present oppor-
tunities for affordable and practical (approaching point-
of-care) profiling of early metabolic disorder and risk 
profiling in the clinic.

In efforts towards maximizing 1H-NMR performance 
and repeatability, a study involving three different labo-
ratories across Europe (Denmark, Germany and The 
Netherlands) showed that an automated system consist-
ing of the 600 MHz NMR spectrometer, Bruker Avance 
III, and other associated components of the Bruker IVDr 
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pipeline can achieve very small inter-laboratory variation 
in profiling lipoprotein particles that even surpasses the 
acceptable intra-laboratory variation on quality control 
samples [90]. Comparing methylene and methyl peaks 
(1.4–0.6 ppm), the study showed that 97.99% of the vari-
ance was related to subject differences, whereas 1.62% 
and 0.39% variance were attributable to sample type 
(serum versus plasma) and laboratory, respectively.

Conclusions
Low-grade inflammation of cardiometabolic disease is 
associated with modification of serum or plasma gly-
coproteins that can be quantifiable by 1H-NMR spec-
troscopy accurately and reproducibly. Recent studies 
have provided moderately strong evidence that circu-
lating GlycA and GlycB can extrapolate to early or sub-
clinical cardiometabolic disease phenotypes and predict 
adverse clinical outcomes. GlycA has been shown to 
provide independent prediction of incident diabetes 
and even prediabetes. Its prediction of atherosclerotic 
cardiovascular disease complications may be superior 
to hsCRP, pending further prospective studies. Distinct 
from GlycA, GlycB may differentially inform about heart 
failure-associated adverse outcomes including rehospi-
talization that warrant further investigation. Establishing 
reference levels for GlycA and GlycB in healthy popula-
tions of different ages and ethnicity may inform predic-
tion of the onset of cardiometabolic disease, effectiveness 
of lifestyle intervention, and response to therapy.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12950- 023- 00358-7.

Additional file 1: Supplementary Figure 1. NMR spectra from the U.S. 
patent (no. 9792410) of Otvos et al. demonstrating signal peaks of GlycA 
and GlycB.

Acknowledgements
None.

Authors’ contributions
All authors contribted to the writing, reviewing and editing of the manuscript. 
Y.W. provided Fig. 1.

Funding
E.F. is supported by investigator-initiated research grants from the Research 
Grants Council of the University Grants Committee (GRF no. 14116421 and 
UGC no. 2141212) and the Food and Health Bureau (HMRF nos. 15162161 and 
07181036) of the Hong Kong SAR Government.

Availability of data and materials
Not applicable. Data used to generate Fig. 1 are available upon request.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
The authors declare no competing interests. 

Author details
1 Department of Medicine & Therapeutics, Laboratory for Heart Failure + 
Circulation Research, Li Ka Shing Institute of Health Sciences, and Centre 
for Cardiovascular Genomics & Medicine, Faculty of Medicine, The Chinese 
University of Hong Kong, Shatin, New Territories, Hong Kong SAR, China. 
2 Hong Kong Hub of Paediatric Excellence, The Chinese University of Hong 
Kong, Hong Kong Children’s Hospital, Kowloon Bay, Kowloon, Hong Kong 
SAR, China. 3 Neural, Vascular, and Metabolic Biology Programme, and Ministry 
of Education Laboratory for Regenerative Medicine, School of Biomedical 
Sciences, Faculty of Medicine, Lo Kwee-Seong Integrated Biomedical Sciences 
Building, Area 39, The Chinese University of Hong Kong, Shatin, New Ter-
ritories, Hong Kong SAR, China. 4 Department of Epidemiology & Biostatistics, 
School of Public Health, St Mary’s Campus, Imperial College London, London, 
UK. 5 School of Medicine, The Chinese University of Hong Kong, Shenzhen, 
China. 6 Prince of Wales Hospital, Room 124010, 10/F, LCWCSB, 30-32 Ngan 
Shing Street, Shatin, New Territories, Hong Kong SAR, China. 7 Singapore 
Phenome Centre, Lee Kong Chian School of Medicine, Nanyang Technological 
University, Singapore, Singapore. 

Received: 3 July 2023   Accepted: 18 September 2023

References
 1. International Diabetes Federation. Diabetes around the world: 2021. IDF 

Diabetes Atlas  10th Edition. https:// diabe tesat las. org/ idfawp/ resou rce- 
files/ 2021/ 11/ IDFDA 10- global- fact- sheet. pdf. Last accessed 19 Mar 2023.

 2. Sinclair A, Saeedi P, Kaundal A, Karuranga S, Malanda B, Williams R. Dia-
betes and global ageing among 65-99-year-old adults: findings from the 
international diabetes federation diabetes atlas, 9th edition. Diabetes Res 
Clin Pract. 2020;162:108078.

 3. Einarson TR, Acs A, Ludwig C, Panton UH. Prevalence of cardiovascular 
disease in type 2 diabetes: a systematic literature review of scientific 
evidence from across the world in 2007–2017. Cardiovasc Diabetol. 
2018;17:83.

 4. Rosenquist KJ, Fox CS. Mortality Trends in Type 2 Diabetes. In: Cowie CC, 
Casagrande SS, Menke A, Cissell MA, Eberhardt MS, Meigs JB, Gregg EW, 
Knowler WC, Barrett-Connor E, Becker DJ, Brancati FL, Boyko EJ, Herman 
WH, Howard BV, Narayan KMV, Rewers M, Fradkin JE, editors. Diabetes in 
America. 3rd ed. Bethesda (MD): National Institute of Diabetes and Diges-
tive and Kidney Diseases (US); 2018. Chapter 36.

 5. Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, 
Baker-Smith CM, Beaton AZ, Boehme AK, Buxton AE, Commodore-Men-
sah Y, Elkind MSV, Evenson KR, Eze-Nliam C, Fugar S, Generoso G, Heard 
DG, Hiremath S, Ho JE, Kalani R, Kazi DS, Ko D, Levine DA, Liu J, Ma J, 
Magnani JW, Michos ED, Mussolino ME, Navaneethan SD, Parikh NI, Pou-
del R, Rezk-Hanna M, Roth GA, Shah NS, St-Onge MP, Thacker EL, Virani 
SS, Voeks JH, Wang NY, Wong ND, Wong SS, Yaffe K, Martin SS, American 
Heart Association Council on Epidemiology and Prevention Statistics 
Committee and Stroke Statistics Subcommittee. Heart disease and stroke 
statistics-2023 update: a report from the American heart association. 
Circulation. 2023;147:e93–621 Erratum in: Circulation 2023;147:e622.

 6. Yusuf S, Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, McQueen M, 
Budaj A, Pais P, Varigos J, Lisheng L, INTERHEART Study Investigators. 
Effect of potentially modifiable risk factors associated with myocardial 
infarction in 52 countries (the INTERHEART study): case-control study. 
Lancet. 2004;364:937–52.

 7. Ojanen X, Cheng R, Törmäkangas T, Rappaport N, Wilmanski T, Wu N, 
Fung E, Nedelec R, Sebert S, Vlachopoulos D, Yan W, Price ND, Cheng S, 
Wiklund P. Towards early risk biomarkers: serum metabolic signature in 
childhood predicts cardio-metabolic risk in adulthood. EBioMedicine. 
2021;72:103611.

 8. Soininen P, Kangas AJ, Würtz P, Suna T, Ala-Korpela M. Quantitative serum 
nuclear magnetic resonance metabolomics in cardiovascular epidemiol-
ogy and genetics. Circ Cardiovasc Genet. 2015;8:192–206.

 9. Bornfeldt KE, Tabas I. Insulin resistance, hyperglycemia, and atherosclero-
sis. Cell Metab. 2011;14:575–85.

https://doi.org/10.1186/s12950-023-00358-7
https://doi.org/10.1186/s12950-023-00358-7
https://diabetesatlas.org/idfawp/resource-files/2021/11/IDFDA10-global-fact-sheet.pdf
https://diabetesatlas.org/idfawp/resource-files/2021/11/IDFDA10-global-fact-sheet.pdf


Page 8 of 10Fung et al. Journal of Inflammation           (2023) 20:32 

 10. Gimbrone MA Jr, García-Cardeña G. Endothelial cell dysfunction and the 
pathobiology of atherosclerosis. Circ Res. 2016;118:620–36.

 11. Soehnlein O, Libby P. Targeting inflammation in atherosclerosis - from 
experimental insights to the clinic. Nat Rev Drug Discov. 2021;20:589–610.

 12. Dunlay SM, Givertz MM, Aguilar D, Allen LA, Chan M, Desai AS, Deswal 
A, Dickson VV, Kosiborod MN, Lekavich CL, McCoy RG, Mentz RJ, Piña 
IL, American Heart Association Heart Failure and Transplantation Com-
mittee of the Council on Clinical Cardiology; Council on Cardiovascular 
and Stroke Nursing; and the Heart Failure Society of America. Type 
2 diabetes mellitus and heart failure: a scientific statement from the 
American heart association and the heart failure society of America: 
this statement does not represent an update of the 2017 ACC/AHA/
HFSA heart failure guideline update. Circulation. 2019;140:e294–324 
Erratum in: Circulation 2019;140:e692.

 13. Kenny HC, Abel ED. Heart failure in type 2 diabetes mellitus. Circ Res. 
2019;124:121–41.

 14. Ceriello A, Catrinoiu D, Chandramouli C, Cosentino F, Dombrowsky 
AC, Itzhak B, Lalic NM, Prattichizzo F, Schnell O, Seferović PM, Valensi P, 
Standl E, D&CVD EASD Study Group. Heart failure in type 2 diabetes: 
current perspectives on screening, diagnosis and management. Car-
diovasc Diabetol. 2021;20:218.

 15. Pop-Busui R, Januzzi JL, Bruemmer D, Butalia S, Green JB, Horton WB, 
Knight C, Levi M, Rasouli N, Richardson CR. Heart failure: an underap-
preciated complication of diabetes. A consensus report of the Ameri-
can diabetes association. Diabetes Care. 2022;45:1670–90.

 16. Gabay C, Kushner I. Acute-phase proteins and other systemic 
responses to inflammation. N Engl J Med. 1999;340:448–54 Erratum in: 
N Engl J Med 1999;340:1376.

 17. Madsen TD, Hansen LH, Hintze J, Ye Z, Jebari S, Andersen DB, Joshi 
HJ, Ju T, Goetze JP, Martin C, Rosenkilde MM, Holst JJ, Kuhre RE, Goth 
CK, Vakhrushev SY, Schjoldager KT. An atlas of O-linked glycosylation 
on peptide hormones reveals diverse biological roles. Nat Commun. 
2020;11:4033.

 18. Rabinovich GA, van Kooyk Y, Cobb BA. Glycobiology of immune 
responses. Ann N Y Acad Sci. 2012;1253:1–15.

 19. Smith BAH, Bertozzi CR. The clinical impact of glycobiology: target-
ing selectins, Siglecs and mammalian glycans. Nat Rev Drug Discov. 
2021;20:217–43 Erratum in: Nat Rev Drug Discov 2021;20:244.

 20. Ala-Korpela M. 1H NMR spectroscopy of human blood plasma. Prog 
Nucl Magn Reson Spectrosc. 1995;27:475–554.

 21. Holmes E, Wist J, Masuda R, Lodge S, Nitschke P, Kimhofer T, Loo RL, 
Begum S, Boughton B, Yang R, Morillon AC, Chin ST, Hall D, Ryan M, 
Bong SH, Gay M, Edgar DW, Lindon JC, Richards T, Yeap BB, Pettersson S, 
Spraul M, Schaefer H, Lawler NG, Gray N, Whiley L, Nicholson JK. Incom-
plete systemic recovery and metabolic phenoreversion in post-acute-
phase nonhospitalized COVID-19 patients: implications for assessment 
of post-acute COVID-19 syndrome. J Proteome Res. 2021;20:3315–29.

 22. Bell JD, Brown JC, Nicholson JK, Sadler PJ. Assignment of resonances 
for “acute-phase” glycoproteins in high resolution proton NMR spectra 
of human blood plasma. FEBS Lett. 1987;215:311–5.

 23. Fuertes-Martín R, Taverner D, Vallvé JC, Paredes S, Masana L, Correig 
Blanchar X, Amigó GN. Characterization of 1H NMR plasma glycopro-
teins as a new strategy to identify inflammatory patterns in rheuma-
toid arthritis. J Proteome Res. 2018;17:3730–9.

 24. Fuertes-Martín R, Correig X, Vallvé JC, Amigó N. Title: human serum/
plasma glycoprotein analysis by 1H-NMR, an emerging method of 
inflammatory assessment. J Clin Med. 2020;9:354.

 25. Otvos JD, Shalaurova I, Wolak-Dinsmore J, Connelly MA, Mackey RH, 
Stein JH, Tracy RP. GlycA: a composite nuclear magnetic resonance 
biomarker of systemic inflammation. Clin Chem. 2015;61:714–23.

 26. Otvos JD, Shalaurova IY, Bennett DW, Wolak-Dinsmore JE, O’Connell 
TM, Mercier K. Multi-parameter Diabetes Risk Evaluations. Patent 
number 9792410. Published by U.S Patent Office (publication number 
20150149095) on Oct 17, 2017. https:// assig nment. uspto. gov/ patent/ 
index. html#/ patent/ search/ resul tAbst ract? id= 97924 10& type= patNum. 
Last accessed online on 6 Sep 2023.

 27. Lorenzo C, Festa A, Hanley AJ, Rewers MJ, Escalante A, Haffner SM. 
Novel protein glycan-derived markers of systemic inflammation and 
C-reactive protein in relation to glycemia, insulin resistance, and insulin 
secretion. Diabetes Care. 2017;40:375–82.

 28. Noel M, Chasman DI, Mora S, Otvos JD, Palmer CD, Parsons PJ, Smoller JW, 
Cummings RD, Mealer RG. The inflammation biomarker GlycA reflects 
plasma N-Glycan branching. Clin Chem. 2023;69:80–7.

 29. Ritchie SC, Würtz P, Nath AP, Abraham G, Havulinna AS, Fearnley LG, 
Sarin AP, Kangas AJ, Soininen P, Aalto K, Seppälä I, Raitoharju E, Salmi M, 
Maksimow M, Männistö S, Kähönen M, Juonala M, Ripatti S, Lehtimäki T, 
Jalkanen S, Perola M, Raitakari O, Salomaa V, Ala-Korpela M, Kettunen J, 
Inouye M. The biomarker GlycA is associated with chronic inflammation 
and predicts long-term risk of severe infection. Cell Syst. 2015;1:293–301.

 30. Dungan K, Binkley P, Osei K. GlycA is a novel marker of inflammation 
among non-critically Ill hospitalized patients with type 2 diabetes. Inflam-
mation. 2015;38:1357–63.

 31. Ormseth MJ, Chung CP, Oeser AM, Connelly MA, Sokka T, Raggi P, Solus 
JF, Otvos JD, Stein CM. Utility of a novel inflammatory marker, GlycA, for 
assessment of rheumatoid arthritis disease activity and coronary athero-
sclerosis. Arthritis Res Ther. 2015;17:117.

 32. Bartlett DB, Connelly MA, AbouAssi H, Bateman LA, Tune KN, Huebner JL, 
Kraus VB, Winegar DA, Otvos JD, Kraus WE, Huffman KM. A novel inflam-
matory biomarker, GlycA, associates with disease activity in rheumatoid 
arthritis and cardio-metabolic risk in BMI-matched controls. Arthritis Res 
Ther. 2016;18:86.

 33. Akinkuolie AO, Buring JE, Ridker PM, Mora S. A novel protein glycan 
biomarker and future cardiovascular disease events. J Am Heart Assoc. 
2014;3:e001221.

 34. Lawler PR, Akinkuolie AO, Chandler PD, Moorthy MV, Vandenburgh MJ, 
Schaumberg DA, Lee IM, Glynn RJ, Ridker PM, Buring JE, Mora S. Circulat-
ing N-linked glycoprotein acetyls and longitudinal mortality risk. Circ Res. 
2016;118:1106–15.

 35. Riggs KA, Joshi PH, Khera A, Singh K, Akinmolayemi O, Ayers CR, Rohatgi 
A. Impaired HDL metabolism links GlycA, a novel inflammatory marker, 
with incident cardiovascular events. J Clin Med. 2019;8:2137.

 36. Collier F, Chau C, Mansell T, Faye-Chauhan K, Vuillermin P, Ponsonby AL, 
Saffery R, Tang MLK, O’Hely M, Carlin J, Gray LEK, Bekkering S, Burgner D, 
Barwon Infant Study Investigator Group. Innate immune activation and 
circulating inflammatory markers in preschool children. Front Immunol. 
2022;12:830049.

 37. Connelly MA, Otvos JD, Zhang Q, Zhang S, Antalis CJ, Chang AM, Hoog-
werf BJ. Effects of hepato-preferential basal insulin peglispro on nuclear 
magnetic resonance biomarkers lipoprotein insulin resistance index and 
GlycA in patients with diabetes. Biomark Med. 2017;11:991–1001.

 38. Mazidi M, Valdes AM, Ordovas JM, Hall WL, Pujol JC, Wolf J, Hadjigeor-
giou G, Segata N, Sattar N, Koivula R, Spector TD, Franks PW, Berry SE. 
Meal-induced inflammation: postprandial insights from the Personalised 
REsponses to DIetary Composition Trial (PREDICT) study in 1000 partici-
pants. Am J Clin Nutr. 2021;114:1028–38.

 39. Vijay A, Astbury S, Panayiotis L, Marques FZ, Spector TD, Menni C, Valdes 
AM. Dietary interventions reduce traditional and novel cardiovascular 
risk markers by altering the gut microbiome and their metabolites. Front 
Cardiovasc Med. 2021;8:691564.

 40. Menni C, Louca P, Berry SE, Vijay A, Astbury S, Leeming ER, Gibson R, 
Asnicar F, Piccinno G, Wolf J, Davies R, Mangino M, Segata N, Spector TD, 
Valdes AM. High intake of vegetables is linked to lower white blood cell 
profile and the effect is mediated by the gut microbiome. BMC Med. 
2021;19:37.

 41. Moncayo S, Insenser M, Martínez-García MÁ, Fuertes-Martín R, Amigó-
Grau N, Álvarez-Blasco F, Luque-Ramírez M, Correig-Blanchar X, Escobar-
Morreale HF. Acute-phase glycoprotein profile responses to different oral 
macronutrient challenges: Influence of sex, functional hyperandrogenism 
and obesity. Clin Nutr. 2021;40:1241–6.

 42. Chiu THT, Kao YC, Wang LY, Chang HR, Lin CL. A dietitian-led vegan pro-
gram may improve GlycA, and other novel and traditional cardiometa-
bolic risk factors in patients with dyslipidemia: a pilot study. Front Nutr. 
2022;9:807810.

 43. Huffman KM, Parker DC, Bhapkar M, Racette SB, Martin CK, Redman 
LM, Das SK, Connelly MA, Pieper CF, Orenduff M, Ross LM, Ramaker ME, 
Dorling JL, Rosen CJ, Shalaurova I, Otvos JD, Kraus VB, Kraus WE, CALERIE™ 
Investigators. Calorie restriction improves lipid-related emerging cardio-
metabolic risk factors in healthy adults without obesity: distinct influ-
ences of BMI and sex from CALERIE™ a multicentre, phase 2, randomised 
controlled trial. EClinicalMedicine. 2022;43:101261.

https://assignment.uspto.gov/patent/index.html#/patent/search/resultAbstract?id=9792410&type=patNum
https://assignment.uspto.gov/patent/index.html#/patent/search/resultAbstract?id=9792410&type=patNum


Page 9 of 10Fung et al. Journal of Inflammation           (2023) 20:32  

 44. Cediel G, Teis A, Codina P, Julve J, Domingo M, Santiago-Vacas E, Castel-
blanco E, Amigó N, Lupón J, Mauricio D, Alonso N, Bayés-Genís A. GlycA 
and GlycB as inflammatory markers in chronic heart failure. Am J Cardiol. 
2022;181:79–86.

 45. Akinkuolie AO, Pradhan AD, Buring JE, Ridker PM, Mora S. Novel protein 
glycan side-chain biomarker and risk of incident type 2 diabetes mellitus. 
Arterioscler Thromb Vasc Biol. 2015;35:1544–50.

 46. Connelly MA, Gruppen EG, Wolak-Dinsmore J, Matyus SP, Riphagen IJ, 
Shalaurova I, Bakker SJ, Otvos JD, Dullaart RP. GlycA, a marker of acute 
phase glycoproteins, and the risk of incident type 2 diabetes mellitus: 
PREVEND study. Clin Chim Acta. 2016;452:10–7.

 47. Connelly MA, Otvos JD, Shalaurova I, Playford MP, Mehta NN. GlycA, a 
novel biomarker of systemic inflammation and cardiovascular disease 
risk. J Transl Med. 2017;15:219.

 48. Schmidt MI, Duncan BB, Sharrett AR, Lindberg G, Savage PJ, Offenbacher 
S, Azambuja MI, Tracy RP, Heiss G. Markers of inflammation and prediction 
of diabetes mellitus in adults (Atherosclerosis Risk in Communities study): 
a cohort study. Lancet. 1999;353:1649–52.

 49. Higai K, Azuma Y, Aoki Y, Matsumoto K. Altered glycosylation of alpha1-
acid glycoprotein in patients with inflammation and diabetes mellitus. 
Clin Chim Acta. 2003;329:117–25.

 50. Fumeron F, Péan F, Driss F, Balkau B, Tichet J, Marre M, Grandchamp B, 
Insulin Resistance Syndrome (DESIR) Study Group. Ferritin and transferrin 
are both predictive of the onset of hyperglycemia in men and women 
over 3 years: the data from an epidemiological study on the Insulin 
Resistance Syndrome (DESIR) study. Diabetes Care. 2006;29:2090–4.

 51. Hashemi M, Naderi M, Rashidi H, Ghavami S. Impaired activity of 
serum alpha-1-antitrypsin in diabetes mellitus. Diabetes Res Clin Pract. 
2007;75:246–8.

 52. Sandström CS, Ohlsson B, Melander O, Westin U, Mahadeva R, Janciausk-
iene S. An association between Type 2 diabetes and alpha-antitrypsin 
deficiency. Diabet Med. 2008;25:1370–3.

 53. Olson ML, Rentería-Mexía A, Connelly MA, Vega-López S, Soltero EG, 
Konopken YP, Williams AN, Castro FG, Keller CS, Yang HP, Todd MW, Shaibi 
GQ. Decreased GlycA after lifestyle intervention among obese, predia-
betic adolescent Latinos. J Clin Lipidol. 2019;13:186–93.

 54. 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.

 55. Fizelova M, Jauhiainen R, Kangas AJ, Soininen P, Ala-Korpela M, Kuusisto J, 
Laakso M, Stancáková A. Differential associations of inflammatory markers 
with insulin sensitivity and secretion: the prospective METSIM study. J 
Clin Endocrinol Metab. 2017;102:3600–9.

 56. Christen T, Trompet S, Rensen PCN, van WillemsDijk K, Lamb HJ, Jukema 
JW, Rosendaal FR, le Cessie S, de Mutsert R. The role of inflammation in 
the association between overall and visceral adiposity and subclinical 
atherosclerosis. Nutr Metab Cardiovasc Dis. 2019;29:728–35.

 57. Serés-Noriega T, Giménez M, Perea V, Blanco J, Vinagre I, Pané A, Ruiz S, 
Cofán M, Mesa A, Esmatjes E, Conget I, Ortega E, Amor AJ. Quantification 
of glycoproteins by nuclear magnetic resonance associated with preclini-
cal carotid atherosclerosis in patients with type 1 diabetes. Nutr Metab 
Cardiovasc Dis. 2021;31:2099–108.

 58. Bourgonje AR, van der Vaart A, Gruppen EG, van Goor H, Bakker SJL, 
Connelly MA, van Dijk PR, Dullaart RPF. Plasma levels of GlycA, a pro-
inflammatory glycoprotein biomarker, associate with an increased risk of 
microvascular complications in patients with type 2 diabetes (Zodiac-62). 
Endocrine. 2023;80(2):312–6 Epub ahead of print.

 59. Amigó N, Fuertes-Martín R, Malo AI, Plana N, Ibarretxe D, Girona J, Correig 
X, Masana L. Glycoprotein profile measured by a 1H-nuclear magnetic 
resonance based on approach in patients with diabetes: a new robust 
method to assess inflammation. Life (Basel). 2021;11:1407.

 60. Zierfuss B, Höbaus C, Herz CT, Pesau G, Mrak D, Koppensteiner R, Schern-
thaner GH. GlycA for long-term outcome in T2DM secondary prevention. 
Diabetes Res Clin Pract. 2021;171:108583.

 61. Duprez DA, Otvos J, Sanchez OA, Mackey RH, Tracy R, Jacobs DR Jr. Com-
parison of the predictive value of GlycA and other biomarkers of inflam-
mation for total death, incident cardiovascular events, noncardiovascular 
and noncancer inflammatory-related events, and total cancer events. Clin 
Chem. 2016;62:1020–31.

 62. Chiesa ST, Charakida M, Georgiopoulos G, Roberts JD, Stafford SJ, Park 
C, Mykkänen J, Kähönen M, Lehtimäki T, Ala-Korpela M, Raitakari O, 
Pietiäinen M, Pussinen P, Muthurangu V, Hughes AD, Sattar N, Timpson 
NJ, Deanfield JE. Glycoprotein acetyls: a novel inflammatory biomarker of 
early cardiovascular risk in the young. J Am Heart Assoc. 2022;11:e024380.

 63. Davis A, Liu R, Kerr JA, Wake M, Grobler A, Juonala M, Liu M, Baur L, 
Burgner D, Lycett K. Inflammatory diet and preclinical cardiovascular 
phenotypes in 11–12 year-olds and mid-life adults: a cross-sectional 
population-based study. Atherosclerosis. 2019;285:93–101.

 64. Kettunen J, Ritchie SC, Anufrieva O, Lyytikäinen LP, Hernesniemi J, 
Karhunen PJ, Kuukasjärvi P, Laurikka J, Kähönen M, Lehtimäki T, Havulinna 
AS, Salomaa V, Männistö S, Ala-Korpela M, Perola M, Inouye M, Würtz 
P. Biomarker glycoprotein acetyls is associated with the risk of a wide 
spectrum of incident diseases and stratifies mortality risk in angiography 
patients. Circ Genom Precis Med. 2018;11:e002234.

 65. Muhlestein JB, May HT, Galenko O, Knowlton KU, Otvos JD, Connelly MA, 
Lappe DL, Anderson JL. GlycA and hsCRP are independent and additive 
predictors of future cardiovascular events among patients undergoing 
angiography: the intermountain heart collaborative study. Am Heart J. 
2018;202:27–32.

 66. Elster SK, Braunwald E, Wood HF. A study of C-reactive protein in 
the serum of patients with congestive heart failure. Am Heart J. 
1956;51:533–41.

 67. Levine B, Kalman J, Mayer L, Fillit HM, Packer M. Elevated circulating levels 
of tumor necrosis factor in severe chronic heart failure. N Engl J Med. 
1990;323:236–41.

 68. Anker SD, Chua TP, Ponikowski P, Harrington D, Swan JW, Kox WJ, Poole-
Wilson PA, Coats AJ. Hormonal changes and catabolic/anabolic imbal-
ance in chronic heart failure and their importance for cardiac cachexia. 
Circulation. 1997;96:526–34.

 69. Rauchhaus M, Doehner W, Francis DP, Davos C, Kemp M, Liebenthal 
C, Niebauer J, Hooper J, Volk HD, Coats AJ, Anker SD. Plasma cytokine 
parameters and mortality in patients with chronic heart failure. Circula-
tion. 2000;102:3060–7.

 70. Adamo L, Rocha-Resende C, Prabhu SD, Mann DL. Reappraising the role 
of inflammation in heart failure. Nat Rev Cardiol. 2020;17:269–85 Erratum 
in: Nat Rev Cardiol 2021;18:735.

 71. Murphy SP, Kakkar R, McCarthy CP, Januzzi JL Jr. Inflammation in heart 
failure: JACC state-of-the-art review. J Am Coll Cardiol. 2020;75:1324–40.

 72. Redfield MM, Chen HH, Borlaug BA, Semigran MJ, Lee KL, Lewis G, LeWin-
ter MM, Rouleau JL, Bull DA, Mann DL, Deswal A, Stevenson LW, Givertz 
MM, Ofili EO, O’Connor CM, Felker GM, Goldsmith SR, Bart BA, McNulty SE, 
Ibarra JC, Lin G, Oh JK, Patel MR, Kim RJ, Tracy RP, Velazquez EJ, Anstrom 
KJ, Hernandez AF, Mascette AM, Braunwald E, RELAX Trial. Effect of 
phosphodiesterase-5 inhibition on exercise capacity and clinical status in 
heart failure with preserved ejection fraction: a randomized clinical trial. 
JAMA. 2013;309:1268–77.

 73. DuBrock HM, AbouEzzeddine OF, Redfield MM. High-sensitivity C-reactive 
protein in heart failure with preserved ejection fraction. PLoS ONE. 
2018;13:e0201836.

 74. Tromp J, Khan MA, Klip IT, Meyer S, de Boer RA, Jaarsma T, Hillege H, van 
Veldhuisen DJ, van der Meer P, Voors AA. Biomarker profiles in heart 
failure patients with preserved and reduced ejection fraction. J Am Heart 
Assoc. 2017;6:e003989.

 75. Jang S, Ogunmoroti O, Ndumele CE, Zhao D, Rao VN, Fashanu OE, 
Tibuakuu M, Otvos JD, Benson EM, Ouyang P, Michos ED. Association of 
the novel inflammatory marker GlycA and incident heart failure and its 
subtypes of preserved and reduced ejection fraction: the multi-ethnic 
study of atherosclerosis. Circ Heart Fail. 2020;13:e007067.

 76. Bhatia RS, Tu JV, Lee DS, Austin PC, Fang J, Haouzi A, Gong Y, Liu PP. Out-
come of heart failure with preserved ejection fraction in a population-
based study. N Engl J Med. 2006;355:260–9.

 77. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL, Redfield MM. 
Trends in prevalence and outcome of heart failure with preserved ejec-
tion fraction. N Engl J Med. 2006;355:251–9.

 78. Lee DS, Gona P, Vasan RS, Larson MG, Benjamin EJ, Wang TJ, Tu JV, Levy 
D. Relation of disease pathogenesis and risk factors to heart failure with 
preserved or reduced ejection fraction: insights from the Framingham 
Heart Study of the National Heart, Lung, and Blood institute. Circulation. 
2009;119:3070–7.



Page 10 of 10Fung et al. Journal of Inflammation           (2023) 20:32 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 79. Ather S, Chan W, Bozkurt B, Aguilar D, Ramasubbu K, Zachariah AA, 
Wehrens XH, Deswal A. Impact of noncardiac comorbidities on morbidity 
and mortality in a predominantly male population with heart failure 
and preserved versus reduced ejection fraction. J Am Coll Cardiol. 
2012;59:998–1005.

 80. Upadhya B, Taffet GE, Cheng CP, Kitzman DW. Heart failure with preserved 
ejection fraction in the elderly: scope of the problem. J Mol Cell Cardiol. 
2015;83:73–87.

 81. Puig-Jové C, Julve J, Castelblanco E, Julián MT, Amigó N, Andersen HU, 
Ahluwalia TS, Rossing P, Mauricio D, Jensen MT, Alonso N. The novel 
inflammatory biomarker GlycA and triglyceride-rich lipoproteins are 
associated with the presence of subclinical myocardial dysfunction in 
subjects with type 1 diabetes mellitus. Cardiovasc Diabetol. 2022;21:257.

 82. Llauradó G, Amigó N, Fuertes-Martín R, Romero A, Cano A, Albert L, 
Giménez-Palop O, Berlanga E, Fernández-Veledo S, Correig X, Vendrell 
J, González-Clemente JM. Measurement of serum N-Glycans in the 
assessment of early vascular aging (Arterial Stiffness) in adults with type 1 
diabetes. Diabetes Care. 2022;45:2430–8.

 83. Rehues P, Girona J, Guardiola M, Plana N, Scicali R, Piro S, Muñiz-Grijalvo 
O, Díaz-Díaz JL, Recasens L, Pinyol M, Rosales R, Esteban Y, Amigó N, 
Masana L, Ibarretxe D, Ribalta J. PCSK9 inhibitors have apolipoprotein 
C-III-related anti-inflammatory activity, assessed by 1H-NMR glycoprotein 
profile in subjects at high or very high cardiovascular risk. Int J Mol Sci. 
2023;24:2319.

 84. Akinkuolie AO, Glynn RJ, Padmanabhan L, Ridker PM, Mora S. Circulating 
N-linked glycoprotein side-chain biomarker, rosuvastatin therapy, and 
incident cardiovascular disease: an analysis from the JUPITER Trial. J Am 
Heart Assoc. 2016;5:e003822.

 85. Sliz E, Kettunen J, Holmes MV, Williams CO, Boachie C, Wang Q, Männikkö 
M, Sebert S, Walters R, Lin K, Millwood LY, Clarke R, Li L, Rankin N, Welsh 
P, Delles C, Jukema JW, Trompet S, Ford I, Perola M, Salomaa V, Järvelin 
MR, Chen Z, Lawlor DA, Ala-Korpela M, Danesh J, Smith GD, Sattar N, But-
terworth A, Würtz P. Metabolomic consequences of genetic inhibition of 
PCSK9 compared with statin treatment. Circulation. 2018;138:2499–512.

 86. Dalli-Peydró E, Gisbert-Criado R, Amigó N, Sanz-Sevilla N, Cosín-Sales J. 
Cardiac telerehabilitation with long-term follow-up reduces GlycA and 
improves lipoprotein particle profile: a randomised controlled trial. Int J 
Cardiol. 2022;369:60–4.

 87. Manmadhan A, Lin BX, Zhong J, Parikh M, Berger JS, Fisher EA, Heffron 
SP. Elevated GlycA in severe obesity is normalized by bariatric surgery. 
Diabetes Obes Metab. 2019;21:178–82.

 88. Robinson MD, Mishra I, Deodhar S, Patel V, Gordon KV, Vintimilla R, Brown 
K, Johnson L, O’Bryant S, Cistola DP. Water  T2 as an early, global and practi-
cal biomarker for metabolic syndrome: an observational cross-sectional 
study. J Transl Med. 2017;15:258.

 89. Patel V, Dwivedi AK, Deodhar S, Mishra I, Cistola DP. Aptamer-based 
search for correlates of plasma and serum water T2: implications for 
early metabolic dysregulation and metabolic syndrome. Biomark Res. 
2018;6:28.

 90. Monsonis Centelles S, Hoefsloot HCJ, Khakimov B, Ebrahimi P, Lind MV, 
Kristensen M, de Roo N, Jacobs DM, van Duynhoven J, Cannet C, Fang F, 
Humpfer E, Schäfer H, Spraul M, Engelsen SB, Smilde AK. Toward reliable 
lipoprotein particle predictions from NMR spectra of human blood: an 
interlaboratory ring test. Anal Chem. 2017;89:8004–12.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Towards clinical application of GlycA and GlycB for early detection of inflammation associated with (pre)diabetes and cardiovascular disease: recent evidence and updates
	Abstract 
	Summary 

	Introduction
	GlycA and GlycB: composite NMR biosignatures of low-grade inflammation
	Prediction of incident diabetes and prediabetes
	Prediction of incident CVD
	Association with subclinical myocardial dysfunction and heart failure
	Discriminatory accuracy of GlycA or GlycB from ROC analysis
	Impact of interventions on GlycA and GlycB levels
	Limitations and strengths
	Conclusions
	Anchor 13
	Acknowledgements
	References


