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1S. Glycoprotein  profiling  methods 
Considering that in NMR the integrated surface (area) of the absorption signal is 

proportional to the number of nuclei that pass from the fundamental state to the excited state, 
integrating isolated signals is the classical approach to estimating the concentration of 
glycoprotein acetyls. Many authors use this method of integration to quantify the signal.[1–10] 
However, this approach is very sensitive to baseline distortions and it is not recommended for 
overlapping peaks. The results in many cases are expressed in ‘units of detected protons’ with 
one unit corresponding to the area of the proton NMR signal detected on 1 mmol/l formate in 1 
ml of serum.[2] 

Most of the studies reported in the literature, especially since 2015, use the following two 
methodologies to analyse the 1H-NMR of glycoproteins.  This information is reflected in in table 
1S. 

The method by Otvos et al. 

The experimental NMR spectroscopy used by Otvos et al. to quantify GlycA is exactly the 
same as the one used in the numerous clinical studies carried out to assay lipoprotein subclasses 
and lipids described above. Briefly, they performed a curve fitting method to quantify the particle 
concentration and mean particle size of various lipoprotein subclasses (LipoProfile®)[11] at 
Liposcience Inc (acquired by Labcorp in 2014). For glycoproteins, they acquired the serum spectra 
in the same way as NMR LipoProfile® test spectra but in a single block of 8 scans. The GlycA 
signal was quantified by non-negative linear least-squares deconvolution of the 1.86-2.07 spectral 
region using proprietary software and the same singular value decomposition computation used 
for NMR LipoProfile® analysis.[12,13] The deconvolution models include a library of allylic 
proton reference spectra from 57 isolated lipoprotein subclasses (20 HDL, 9 LDL, 28 
VLDL/chylomicron) that were obtained for use in the NMR LipoProfile® deconvolution model, 
sets of slightly offset narrow Lorentzian signals to model the chemical shift microheterogeneity 
of glycoprotein GlcNAc methyl signals centered at 2.00 ppm and also at other downfield locations 
(~2.02-2.05 ppm), a plasma protein reference spectrum background from amino acid residues on 
albumin and other plasma proteins.  Summing the derived amplitudes of the 10 Lorentzian 
components between 1.99 and 2.01 ppm gives the sample’s GlycA signal amplitude (US 
2013/0328561 A1 patent). They applied a correction factor of 17.8 µmol/l of glycoprotein N-acetyl 
methyl group concentration units.[14] They evaluated the contribution of the acute phase 
proteins 1-antitrypsin, haptoglobin, transferrin, fibrinogen, IgG1-acid glycoprotein, 1-
antichymotrypsin, and 2-macroglobulin. Their results indicated that from these proteins, IgG, 
fibrinogen and 2-macroglobulin gave rise to no detectable GlycA NMR signal, while the other 
five acute-phase glycoproteins appear to have mobile glycan chains that would produce GlycA 
signals in proportion to their glycan GlcNAc concentrations.[14] 

The method by Ala-Korpela et al. 

In 2014, the Finnish company Brainshake (known as Nightingale Health Ltd since 2017) 
became a serum NMR metabolomics platform that measures more than 200 metabolites, 
including glycoprotein acetyls, in a highly automated way.[15] The experimental protocols are 
based on the lipoprotein profile characterization developed by Ala-Korpela, P. Soininen and 
colleagues in which they set up a curve fitting model by using Lorentzian functions with an in-
house algorithm for deconvoluting the signals that mathematically optimized the half-line width, 
the resonance frequency and the intensity for each Lorentzian function.[16]  Their NMR 
metabolomics platform includes three molecular windows for analysing the NMR spectrum: the 
LIPO window, the LMWM window, and the LIPID window. The LIPO window uses a Bruker 
NOESY  solvent pre-saturation pulse sequence to analyse the largest molecules, and lineshape 
fitting and regression methods to quantify the number of particles in each lipoprotein subclass 
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and their content (mainly cholesterol and triglycerides). The LMWM window uses a Bruker 1D 
CPMG pulse sequence to analyse low molecular weight metabolites. And the LIPID window uses 
lipid extraction procedures to provide information about saturated and unsaturated fatty acid 
families, free and esterified cholesterol, sphingolipids and phosphoglycerides.[17] The peak of 
the glycoprotein acetyls is seen in the LIPO and LMWM window. For each metabolite a ridge 
regression model is applied for quantification to overcome the problems of heavily overlapping 
spectral data.[18] Low-molecular-weight metabolites and lipid extract measures are quantified in 
mmol/L using regression modelling calibrated against a set of manually fitted metabolite 
measures. The calibration data is quantified using iterative lineshape fitting analyses and PERCH 
NMR software (PERCH Solutions Ltd., Kuopio, Finland). Absolute quantification cannot be 
directly established for the lipid extract measures because of experimental variation in the lipid 
extraction protocol. [18] 

Other methodologies 

In 1987 Bell et al. were the first to assign the broad peaks centred at 2.04 ppm and 2.08 ppm 
to N-acetyl protons of N-acetylated carbohydrate side-chains associated with APP. They used a 
Bruker AM500 spectrometer operating at 500 MHz. To estimate the concentration of acute-phase 
glycoproteins in blood plasma by NMR, standard additions were made of a mixture of -acid 
glycoprotein, -antitrypsin, haptoglobin and transferrin. Peak intensities were compared by 
weighing paper traces. They suggested that the concentration of glycoproteins responsible for the 
two signals (I, 2.04 ppm and II, 2.08 ppm) was 13 mg/ml in the plasma of normal subjects.[19] 

De Meyer et al. implemented the adaptive intelligent (AI)-Binning algorithm.[20] Briefly, 
each point in the NMR spectral range of a specific bin is evaluated as a potential (candidate) new 
bin edge. This candidate bin edge virtually splits the current bin into two new bins, and the 
quality of the two new bins is compared with the quality of the current bin. In order to assess this 
bin quality, a measure known as bin value is defined. The detection of the -1 acid glycoprotein 
peaks was more straightforward with AI-Binning than with standard binning. No arbitrary 
parameters, reference spectra, a priori knowledge or data modifications are required for this 
protocol.[20] Correia G. et al. used the R package BATMAN (Bayesian AuTomated Metabolite 
Analyser for NMR spectra) for deconvolution and relative metabolite quantification in the 
spectra.[21] Lecuyer et al. used another integrative methodology, NMRPipe, to slice each 1D 
NMR spectrum into buckets of 0.001 ppm, containing NMR signals.[22] The intelligent buckets 
were scaled to the total summed integrals for each spectrum and then used as the final input for 
the multivariable models.[23]  

Finally, many authors use the entire normalized spectrum to make statistical analyses with 
SIMCA,[24–26] Orthogonal Projections to Latent Structures (O-PLS),[27–29] Partial Least 
Squares-discriminant Analysis (PLS-DA),[30,31] or Statistical Total Correlation Spectroscopy[32]  
(STOQSY).[33] 

It should be noted that most of the studies described in this review use the methodology of 
Otvos (LipoScience-Labcorp) and Ala-Korpela, Soininen et al. (Brainshake-Nightingale). Both 
methodologies provide the parameter GlycA as the absolute N-acetyl group concentration. As far 
as we know, no comparative study of the two methods has been published. However, to our 
knowledge, the first study in which GlycA data analysed with Vantera, a clinical NMR analyzer 
designed for clinical use, have been reported is the PREVENT study. A high correlation (a 
coefficient of 0.983) was reported between the Vantera analyser from LiposScience (Labcorp) and 
Brainshake (Nightingale Health Ltd) GlycA analysis methods.[34] The studies in which other 
methodologies are used are not comparable with these two methods. Therefore, the N-acetyl 
NMR information needs to be unified in a single inflammatory marker such as GlycA. It would 
also be interesting to perform a comparative study of the results of the methodologies mentioned 
to quantify the N-acetyl groups of glycoproteins so that the studies can be comparable between 
them. 
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Table 1S. Research articles related to the glycoprotein determination through 1H-NMR 
1S.1. Tumours and cancer      

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To characterize N-acetyl 
protons of highly mobile N-
acetylated carbohydrate side-
chains associated with ‘acute-
phase’ plasma glycoproteins. 

> 10 healthy adults, 6 
MG, 1 melanoma 
and 5 RA and > 10 
pairs from 
bothmother and cord 
at birth 

Bruker AM500 
spectrometer 
Standard 
additions of 
glycoproteins 
(spiking) 
Plasma samples 
-20ºC storage 

The intensities of peaks in the spectrum of 
maternal plasma are greater than those of 
the cord plasma. Peaks are also more 
intense in maternal plasma than in plasma 
from non-pregnant women. The intensities 
of peaks in the spectra of plasma from 
subjects with melanoma and RA are greater 
than those of normal plasma. 

Pregnanc
y,  
melanom
a and RA 

Bell 
1987[19] 

To study the variations in 
NAG and NANA 
glycosylated residues in three 
clinical situations: cancerous 
pathologies, acute 
inflammatory processes and 
autologous bone marrow 
transplantation (BMT). 

225 patients 
49 controls 

Bruker AM 400 
MHz 
spectrometer 
Plasma samples 
-20ºC 

i) The distribution of glycosylated residues 
varies with the origin of the cancerous 
tissue; 
ii) The level of these residues is a function 
of tumour development; 
iii) The concentrations in NAG and NANA 
are well correlated with the standard 
biological parameters of acute phase and 
leucocyte activation.  

Cancerou
s 
pathologi
es 

Kriat et 
al. 1991[1] 

An unassigned and 
prominent resonance in the 
region from d 2.0–2.1ppm has 
frequently been found in the 
in vivo MR spectra of cancer 
patients. 1H-NMRS on the 
aspirated cyst fluid (in vitro) 
of patients confirmed the 
observation. 

11 Ovarian tumour 
 patients 

Bruker DMX-
500 
spectrometer 
Cyst fluid stored 
at -70ºC 
COSY 

N-acetyl groups from glycoproteins and/or 
 glycolipids may contribute to the d 2.0–
2.1ppm  
resonance complex in ovarian cyst fluid. 

Ovarian 
tumour 

Kolwijck 
et al  
2009[4] 
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To examine the association of 
baseline GlycA concentration 
with total death, incident 
CVD, chronic inflammatory-
related non-CVD, ChrIRD 
events and total cancer, and to 
compare these associations 
with other commonly used 
clinical biomarkers of chronic 
inflammation (hsCRP, IL-6, 
and D-dimer). 

6523 men and 
women from MESA 
(healthy at baseline). 
Median follow-up 
12.1 y. 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Relative risk per SD of GlycA, IL-6, and D-
dimer 
for total death; for total CVD; and for 
ChrIRD. 
Only GlycA was predictive for total cancer. 
Women had 7% higher values of all 
inflammatory biomarkers than men and a 
significantly lower GlycA prediction 
coefficient than men in predicting total 
cancer. 

All-cause 
mortality 
(CVD,  
ChrIRD, 
cancer) 

Duprez et 
al.2016[35
] 

To reveal the changes in the 
metabolic profiles during BC 
progression. Detection of 
early stage and late stage 
altered metabolic pattern. 

72 early- and late-
stage BC patients 
50 healthy subjects 

Bruker Avance 
III 800 MHz  
NMR 
spectrometer 
CPMG pulse 
Plasma samples 

The levels of hydroxybutyrate, lysine, 
glutamate, glucose, NAG and lactate were 
highly distinguished in BC. 
ROC curve showed that glutamate, lactate 
and NAG levels of metabolic alterations 
separate EBC and LBC with an AUC value 
of 0.7 

Breast 
cancer: 
EBC and 
LBC 

Suman et 
al.2018[31
] 

To investigate whether 
metabolomic profiles, 
generated from a simple 
blood draw from healthy 
women, could help predict 
the risk of developing breast 
cancer in the 10–15 
subsequent years. 

206 breast cancer 
cases diagnosed 
during a 13-year 
follow-up 396 
matched controls 
SU.VI.MAX cohort 

Bruker 
AVANCE III 
500 MHz 
 NMR 
spectrometer 
NOESY1D and 
CPMG pulses 
Plasma samples 

Women characterized by higher fasting 
plasma levels of valine, lysine, arginine, 
glutamine, creatine, creatinine and glucose, 
and lower plasma levels of lipoproteins, 
lipids, glycoproteins, acetone, glycerol-
derived compounds and unsaturated lipids 
had a higher risk of developing breast 
cancer. 

Risk of 
breast 
cancer 
developm
ent 

Lecuyer 
et al. 
2018[23] 
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To investigate the metabolic  
signatures of a glioma in 
plasma in order to assess the 
diagnostic potential of this 
approach and gain novel 
insights into the metabolism 
of glioma and its systemic 
effects. 

70 glioma patients 
70 controls 

Varian Unity 
Inova  
600 
spectrometer 
CPMG pulse 
Plasma samples 

Patients with a glioma were associated with 
lower concentrations of isoleucine, leucine, 
valine, lactate, alanine, glycoprotein, 
glutamate, citrate, creatine, myo-inositol, 
choline, tyrosine, phenylalanine, 1-
methylhistidine, α-glucose, β-glucose, and 
higher concentrations of very low-density 
lipoprotein, low density lipoprotein (LDL), 
unsaturated lipids, and pyruvate. 

Glioma Kelimu et 
al.2016[36
] 

To examine the association 
between GlycA and incident 
CRC and mortality 

Discovery cohort: 
27,495 participants 
from the WHS study 
(median follow-up 
19 y.); Replication 
cohort: 6,784 
participants from the 
MESA study 
(median follow-up 
11 y.) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

In WHS, adjusted HRs per SD increment of 
GlycA for CRC incidence and mortality 
were 1.19 (1.06±1.35; p = 0.004) and 1.24 
(1.00±1.55; p = 0.05), respectively. 
Replicated findings in MESA showed that 
HRs per SD of GlycA for CRC incidence 
and mortality were 1.32 (1.06±1.65; p = 0.01) 
and 1.54 (1.06±2.23; p = 0.02), respectively, 
after 
adjusting for age, sex, and race. 

CRC Chandler 
et 
al.2016[37
] 

To investigate whether 
metabolic differences could 
be detected between HCC 
cases and matched controls 
from a prospective cohort 
study using serum samples 
collected prior to diagnosis. 

114 primary HCC 
cases  
222 controls 

Bruker Avance 
III 800 MHz 
spectrometer  
CPMG and 
NOESY pulses 
Serum samples 

Sixteen metabolites of either endogenous or 
exogenous origin including lower levels of 
N-acetyl glycoproteins were found to be 
significantly associated with HCC risk. 

Hepatocel
lular 
carcinoma 

Fages et 
al. 
2015[27] 
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1H NMR-based metabolomic 
analysis of serum samples 
from patients with UTUC. 

39 UTUC patients 
34 healthy controls  

Bruker AV 500 
MHz 
spectrometer 
CPMG pulse 
Serum samples 

Serum LDL, VLDL, valine and glycoprotein 
levels followed a decreasing trend, whereas 
serum PUFA and 3,7-dimethyluric acid 
levels showed an increasing trend in UTUC 
patients compared with healthy controls. 

UTUC Li et 
al.2015[9] 

To use 1H-NMR to 
distinguish between the 
metabolic fingerprints of 
COPD and lung cancer 
patients 

77 NSCLC 
22 COPD 

Bruker Avance 
II 600MHz 
CPMG 
Plasma samples  
stored at -80ºC 

Increased N-acetylated glycoproteins were 
observed in all lung cancer patients 
compared with the COPD group. These 
metabolite biomarkers may prove useful in 
distinguishing lung cancer states: 
isoleucine, acetoacetate, and creatine as 
well as the two NMR signals of N-
acetylated glycoproteins and glycerol. 

Lung 
cancer  
and 
COPD 

Deja et 
al.2014[25
] 

To investigate molecular 
processes that reflect acute 
radiation sequelae in HNSCC 
patients using NMR-based 
metabolomics of blood 
serum. 

45 patients with 
HNSCC:  
low ARS (26 
patients), high ARS 
(19 patients) 

Bruker 400.13 
MHz 
Avance III 
spectrometer 
NOESY, CPMG, 
DIFF, JRES 
pulses 
Serum samples 

The high ARS group was characterized by 
the increased signals arising from NAG 
and acetate as well as the decreased signals 
of branched amino acids, alanine, 
creatinine, choline containing compounds 
and carnitine. 
Serum glucose is low in the high ARS 
group. 
NAG is positively correlated with CRP, 
platelet count (PLT), ESR and absolute 
monocyte count and is also negatively 
correlated with albumin and mean platelet 
volume 

Acute 
radiation 
sequelae 
 in 
HNSCC 

Boguszew
icz et al. 
2016[10] 
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To carry out a 1H-NMR-based 
metabolic phenotyping study 
to identify coordinated 
metabolic serum changes 
associated with advanced 
metastatic breast cancer 
(MBC) in comparison to the 
localized early disease (EBC). 

46 EBC  
39 MBC 
Validation: 61 EBC 
and 51 MBC 

Bruker Avance 
III 
spectrometer 
800MHz 
Standard 1H 1D 
NMR pulse 
sequences, 
NOESY and 
CPMG 
Serum samples 

9 statistically significant differences 
between EBC and MBC patients: histidine, 
acetoacetate, glycerol, pyruvate, 
glycoproteins (NAC1 p<0.027 and NAC2 
p<0.007), mannose, glutamate and 
phenylalanine  

Breast 
cancer: 
EBC and 
MBC 

Jobard et  
al. 
2014[24] 

To find a possible correlation 
between the t biochemical 
serum contents of a1-GP, a1-
AT, Hp, CRP, IgA, IgM, IgG 
and Tf) and 
MRS data (NAG and NANA) 
in selected pathologies 

40 patients (cancer, 
inflammatory and 
infectious diseases, 
diabetes) 
10 controls 

Bruker AM 400-
WB 
spectrometer 
Serum samples 
 -80ºC storage 

High correlation between MRS data and the 
most abundant acute-phase glycoproteins 
a1-GP, a1-AT and Hp. No correlation with 
Ig levels. Biochemical and MRs variables 
are independently sensitive to the 
inflammatory status of the patient. 
However, the combination of the two sets 
of variables fails to provide additional 
sensitivity and specificity. 

Cancer, 
inflammat
ory 
 and 
infectious 
diseases, 
diabetes 

Torri 
1999[2] 

To use 1H NMR-based 
metabonomics to investigate 
esophageal cancer metabolic 
signatures in plasma and 
urine 

108 EC patients 
40 healthy subjects 

Varian Unity 
Inova 600MHz 
NMR 
spectrometer 
CPMG, COSY, 
TOCSY 
Plasma samples 

Compared to controls, EC plasma had 
higher levels of dimethylamine, a-glucose, 
b-glucose, citric acid, and lower levels of 
leucine, alanine, isoleucine, valine, 
glycoprotein, lactate, acetone, acetate, 
choline, isobutyrate, unsaturated lipids, 
VLDL, LDL, 1-methylhistidine 

EC Hasim et  
al. 2012[8] 
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To use 1H-NMR based 
metabonomics to characterize 
the metabolic profiles of 
cervical intraepithelial 
neoplasia (CIN) and cervical 
squamous cell carcinoma 
(CSCC). 

38 patients with CIN 
38 patients with 
CSCC 
38 healthy women 

Varian Inova 
600MHz 
spectrometer 
CPMG 
Plasma samples 
stored at -80˚C 

Compared with samples from patients with 
CIN, the plasma of CSCC patients had 
higher levels of acetate, formate, lactate, 
isoleucine, leucine, valine, alanine, 
glutamine, histidine, tyrosine, 
acetylcysteine, myo-inositol, glycoprotein, 
α-glucose and β-glucose, together with 
lower levels of acetone, unsaturated lipid 
and carnitine. 

Cervical 
carcinoma
: 
CIN/CSC
C 

Hasim et  
al. 2013[7] 

 

1S.2. Metabolic diseases       

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To examine changes in GlycA 
after lifestyle intervention 
among young, obese, 
prediabetic Latinos. 

27 obese, prediabetic 
young Latinos 
12-week lifestyle 
intervention 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA was significantly reduced (p<0.01) 
Additional improvements were observed in 
multiple cardiovascular risk factors, 
including BMI, total cholesterol and 2-hour 
glucose. 
Decreases in GlycA were associated with 
decreases in 2-hour glucose (p<0.008) and 
BMI (p<0.03). 

Obese, 
prediabeti
c 
adolescen
ts 

Olson et 
al. 
2018[38] 
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To explore the effect of 
bariatric surgery on GlycA in 
severely obese adults. 

23 obese non-diabetic 
women undergoing 
Roux-en-Y gastric 
bypass. 31 obese 
non-diabetic women 
with sleeve 
gastrectomy.  
14 non-obese 
controls. 
Baseline, 6- and 12-
month analysis 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Bariatric surgery significantly reduced 
GlycA by 6 months (451 ± 47 µmol/L vs. 383 
± 50 µmol/L; P < 0.001) with further 
reduction at 12 months (348 ± 41 µmol/L; P 
< 0.001) and no difference between 
procedures. Increased high density 
lipoprotein particle size was strongly 
associated with reduced GlycA. 
 

Bariatric 
surgery 
for  
severe 
obesity 

Manmad
han et al. 
2019[39] 

To contrast whether 
metabolic phenotyping can 
provide a better 
understanding of the unique 
set of regulatory 
perturbations that predispose 
to diabetes and its associated 
complications/ comorbidities. 

38 diabetes patients 
with good glycaemic 
control (DB). 
35 patients with 
diabetes 
complications with 
inadequate 
glycaemic control 
(DC). 
50 healthy controls. 

Bruker Biospin 
Avance-III  
800 MHz 
CPMG pulse 
Serum samples 

Residual signals of N-acetyl glycoproteins 
(NAG) were found to be decreased in 
patients with diabetes complications 
compared to diabetes patients and healthy 
controls. 

Diabetes 
and 
diabetes  
complicat
ions 

Rawat et 
al. 
2019[40] 

To study the relation between 
GlycA and type 2 diabetes 
and compare it with high-
sensitivity C-reactive protein. 

26,508 women with a 
follow-up of 17.2 y., 
2,087 T2DM cases 
(WHS study) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

The relative risk of GlycA with type 2 
diabetes was somewhat higher for 
individuals with baseline BMI < vs =25 kg. 
Both GlycA and hsCRP were significantly 
associated with the risk of incident type 2 
diabetes. 

T2DM Akinkuoli
e et al. 
2015[41] 
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To investigate whether 
intestinal microbiota 
composition and serum 
metabolic and inflammatory 
profiles differ and are 
interrelated in overweight 
and obese women during 
early pregnancy. 

52 overweight and 47 
obese pregnant 
women in early 
pregnancy 

GlycA- 
Brainshake LTD 
(now 
Nightingale 
Health LTD 
protocol)[15,17] 
Serum samples 

Low-grade inflammatory markers, GlycA 
and hsCRP, were statistically significantly 
higher in obese pregnant women than in 
overweight pregnant women. The 
correlation coefficients were also higher 
between GlycA and lipids than between 
hsCRP and lipids. GlycA and hsCRP 
correlated with the following 
concentrations; isoleucine, leucine and 
phenylalanine. GlycA also correlated with 
alanine. 

Overweig
ht and 
obese 
 pregnant 
women 

Houttu et 
al. 
2018[42] 

To investigate the 
associations of GlycA, 
interleukin-1 receptor 
antagonist (IL-1RA), and 
high-sensitivity C-reactive 
protein (hs-CRP) with insulin 
secretion, insulin sensitivity, 
incident type 2 diabetes, 
hypertension, CVD events, 
and total mortality in the 
prospective METSIM study. 

5401 men without 
diabetes at baseline 
or during the 
follow-up period (6.8  
years) 

Bruker 
AVANCE III 
500/600 MHz 
spectrometer 
Serum samples 

During the follow-up period GlycA was 
associated with impaired insulin secretion, 
hyperglycemia, incident type 2 diabetes 
and CVD. 

Insulin 
sensitivity 
and 
 secretion 

Filezova 
et al. 
2017[43] 



12 
 

To examine the relation of 
GlycA, GlycB, and CRP with 
direct measures of insulin 
sensitivity (insulin sensitivity 
index [SI]) and insulin 
secretion (acute insulin 
response [AIR]). 

1,225 participants 
(278 with T2DM and 
947 without diabetes) 
in the IRAS. 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

1) Adiposity and SI have independent 
relationships with CRP concentration and 
GlycA and GlycB NMR signals; 2) Both 
CRP and GlycA demonstrate a statistically 
independent relation to insulin SI, 
suggesting that GlycA may reflect an 
inflammatory pathway distinct from the 
pathway related to CRP: 3) All three 
inflammatory markers are more related to 
2-h glucose than to fasting glucose. 4) GlycB 
has weaker relationships with CRP and 
measures of insulin resistance and 
adiposity than GlycA. 

Insulin 
resistance 
and  
insulin 
secretion 

Lorenzo 
et al. 
2017[44] 

To investigate how obesity, 
insulin resistance and low-
grade inflammation link to 
circulating metabolites, and 
whether the connections are 
due to genetic or 
environmental factors. 

1368 (531 
monozygotic (MZ) 
and 837 dizygotic 
(DZ)) twins of 
healthy young 
adults. 
FinnTwin16 and 
FinnTwin12 cohorts 

Bruker 
AVANCE 
III spectrometer 
operating at 500 
MHz 
Serum samples 

Fat, especially in the abdominal area, 
together with HOMA-IR and CRP 
correlated significantly with an atherogenic 
lipoprotein profile, higher levels of 
branched-chain and aromatic amino acids, 
higher levels of glycoprotein, and a more 
saturated fatty acid profile. 

Obesity, 
insulin 
resistance
, 
low-grade 
inflammat
ion 

Bogl et al. 
2016[45] 



13 
 

To evaluate how exercise-
based lifestyle or exercise 
plus diet interventions 
modulate GlycA in persons at 
risk of T2DM. 

169 sedentary adults 
with prediabetes. 
 6-month exercise-
based lifestyle 
interventions, 4 
intervention groups: 
(1) low 
amount/moderate 
intensity (2) high-
amount/moderate 
intensity (3) high-
amount/vigorous-
intensity (4) a 
Clinical Lifestyle 
(combined diet plus 
low-
amount/moderate-
intensity exercise) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

At baseline, women had significantly 
greater  
concentrations of GlycA. No significant 
differences between groups were detected. 
GlycA was reduced on average by 3% in 
the High-Vig group and on average by 4% 
in the Clinical Lifestyle intervention. The 
Low-Mod group reduced GlycA on average 
by 1% while the High-Mod group increased 
GlycA on average by 1%. 

Prediabet
es 
/exercise 
and  
diet-
based 
lifestyle 
interventi
ons 

Barlett et 
al. 
2017[46] 

To evaluate the analytical 
performance of the GlycA 
test, measured on the 
Vantera® Clinical Analyzer. 
To study the relationship of 
GlycA with the risk of T2DM. 

4524 individuals 
from the 
 PREVEND study 
(general population) 
Follow-up 8.5 years 

Reference: 
GlycA-
LipoScience 
protocol 
Comparator: 
Vantera® 
Clinical 
Analyzer, a 400 
MHz NMR 
spectrometer 
Plasma samples 

Participants with higher levels of GlycA 
were more likely to be older and tended to 
have higher BMI, blood pressure, glucose 
and hsCRP levels. GlycA predicted incident 
T2DM in models adjusted for age, sex, and 
for BMI, alcohol intake, smoking status, 
lipid lowering drugs, anti-hypertensive 
medication, systolic blood pressure, total 
cholesterol, HDL-C and TG. 

T2DM Connelly 
et al. 
2016[34] 
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To compare plasma GlycA 
and Lp-PLA2 mass between 
subjects without T2DM or 
MetS and subjects with 
T2DM and/or MetS 

58 subjects with 
T2DM and/or MetS 
(group 2) 
40 control subjects 
(group 1)  

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA and hsCRP were higher, whereas 
Lp-PLA2 was lower in group 2 vs group 1. 
GlycA was positively related to hsCRP in 
each group. 

T2DM 
and/or 
MetS 

Gruppen 
et al. 
2016[47] 

To investigate associations of 
circulating metabolites 
from high-throughput 
profiling 
separately for fasting and 2-h 
glucose cross-sectionally and 
prospectively in middle-aged 
Finnish men and women 

1873 individuals 
618 after 6.5 years 

Bruker 
AVANCE 
III spectrometer 
operating at 
500.36 MHz 
Serum samples 
stored at -80ºC 
(NMR 
Spectroscopy 
protocol by 
Soininen et al. 
2009)[15] 

A1-acid glycoprotein was prospectively  
associated with both fasting and 2h-glucose 
(p<0.05) 

Glycemia Würt et 
al. 
2012[48] 

(i) To determine whether 
plasma GlycA is elevated in 
subjects with MetS and (ii) to 
assess the relationship of 
GlycA with plasma LCAT 
activity 

58 MetS (46 subjects 
with T2DM) and 45 
controls 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA was found to be elevated in MetS, 
but not positively associated with the 
presence of T2DM. GlycA was correlated 
positively with systolic blood pressure, BMI 
and waist circumference as well as with 
plasma triglycerides, and inversely with 
HDL cholesterol. GlycA was related to 
higher plasma LCAT activity. 

MetS  Gruppen 
et al. 
2015[49] 
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To compare GlycA and other 
markers of inflammation 
among hospitalized, 
noncritically ill patients with 
type 2 diabetes 

121 T2DM patients: 
(71 CHF, 21 cardiac-
non-CHF, 18 
infectious diseases, 
and 11 in other 
categories)  

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA varied significantly across diagnostic 
categories and values were highest in 
patients with infectious disease. GlycA was 
associated with higher IL-6 and CRP and 
lower hemoglobin and estimated GFR; 
GlycA was not associated with HbA1c. 

T2DM 
and other 
noncritica
l illnesses 

Dungan 
et al. 
2015[50] 

To test whether plasma 
GlycA elevations are 
associated with lower 
bilirubin in MetS, and to 
assess the extent to which the 
association of GlycA with 
MetS is attenuated when 
taking account bilirubin 
levels. 

58 MetS (46 T2DM) 
63 without MetS (19 
T2DM) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA and hs-CRP were higher, coinciding 
with lower bilirubin in MetS (p<0.01 for 
each). GlycA was strongly correlatedwith 
hs-CRP. GlycA and hs-CRP were both 
associated positively with the presence of 
MetS. GlycA and hs-CRP were negatively 
related to bilirubin, regardless of MetS and 
diabetes status. 

MetS  Dullaart 
et al. 
2015[51] 

 

1S.3. Cardiovascular risk      

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

A new binning algorithm, 
Adaptive Intelligent Binning 
(AI-Binning), is presented to 
characterize hypertensive 
spectra  

40 hypertensive and 
40 matched 
normotensive 
subjects 

Bruker Avance 
II spectrometer 
700.13 MHz 
CMPG pulse 
Serum samples 

The binning algorithm enabled the relevant 
metabolites to be identified and suggested 
the involvement of a-1 acid glycoproteins 
and choline biochemistry in hypertension. 

HBP Tim De 
Meyer - 
2008[20] 
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To evaluate changes in key 
metabolites following 
congenital heart surgery and 
to examine the potential of 
metabolic profiling for 
stratifying patients in terms 
of expected clinical outcomes. 
 

28 children 
undergoing surgery 
for congenital heart 
disease (15 
underwent tight 
glycemic control 
postoperatively and 
13 were treated 
conventionally) 

Bruker 
AVANCE III 
spectrometer 
600 MHz 
CPMG pulse 
Plasma samples 
 
 

Acetate, acetoacetate, acetone, alanine, 
citrate, formate, glucose, 3-
hydroxybutyrate, isoleucine, leucine, N-
acetylated glycoprotein, threonine, and 
valine had significantly higher 
concentrations in the postoperative 
samples. 
 
 
 
 
 
 
 
 
 
 
 

Children 
with  
congenita
l heart 
disease 
 
 
 
 
 
 
 
 
 
 
 

Correia et 
al. 
2015[21] 

To investigate the 
associations of plasma 
metabolic markers with the 
risk of incident MI, IS and 
ICH. 

912 MI, 1146 IS, and 
1138 ICH cases 
1466 control subjects 

GlycA- 
Brainshake LTD 
(now 
Nightingale 
Health LTD 
protocol)[15,17] 
Serum samples 

Glycoprotein acetyls, ketone bodies, 
glucose, and docosahexaenoic acid were 
associated with all 3 diseases 

CVD 
prediction 

Holmes et 
al. 
2018[52] 

To determine if GlycA adds 
independent value to hsCRP 
for CV risk prediction. 

 2996 patients in the 
Intermountain 
 Heart Collaborative 
Study who 
underwent coronary 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 

GlycA and HS-CRP were moderately 
correlated. The interaction between GlycA 
and HS-CRP was statistically significant for 
the outcome of death. Baseline levels of 
both GlycA and HS-CRP were found to be 

CVD 
prediction 

Muhlestei
n et al. 
2018[53] 



17 
 

angiography. 
Median follow-up 7.9 
years 

LipoScience)[14] 
Plasma samples 

independent and additive markers of risk 
for future major adverse CV events, 
especially death and hospitalization. 

a) To define the role of GlycA 
as a potential biomarker of 
adverse events in patients 
undergoing cardiac 
catheterization; (b) to evaluate 
the independent and 
incremental predictive 
performance of GlycA and 
HDL subclasses; and (c) to 
understand a priori defined 
potential interactions 
between HDL subclasses and 
GlycA. 

7617 individuals in 
the CATHGEN  
cardiac 
catheterization 
biorepository 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA was associated with the presence 
and extent of coronary artery disease and 
with all-cause mortality, cardiovascular 
mortality and noncardiovascular mortality 
in models adjusted for 10 cardiovascular 
risk factors. 
GlycA and smaller HDL subclasses had 
independent but opposite effects on 
mortality risk prediction, with smaller HDL 
subclasses being protective. Individuals 
without diabetes who had the greatest 
quartile of GlycA concentration actually 
had a greater risk than patients with 
diabetes who had a lower concentration of 
GlycA  

CVD 
prediction 

McGarrah 
et al. 
2017[54] 
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To evaluate the association 
and 
 interaction between various 
HDL sub-particles, the 
inflammatory marker GlycA, 
and future cardiovascular 
risk. 

2,848 patients from 
the angiography 
registry of the 
Intermountain Heart 
Study  
 
 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

 GlycA, small HDL-P and medium HDL-P 
were significantly associated with cardiac 
death, but large HDL-P was not after 
adjustment for CV risk factors and 
medications. Only small HDL-P had a 
significant interaction with GlycA. 

CVD 
prediction 

Muhlestei
n et al. 
2016[55] 
 
 
 
 
 
 
 
 
 
 
  

To test if GlycA is associated 
with incident CVE and can 
improve CV risk prediction 
with traditional risk factors. 

6,939 individuals NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA was strongly associated with 
incident CVE after adjustment for clinical 
risk factors. 
Consideration of GlycA in addition to 
traditional risk factors improves CV risk 
prediction in a high-risk population. 

CVE McGarrah 
et al. 
2015[56] 

To study the association of 
GlycA and GlycB with CVD. 

2,996 patients who 
underwent coronary 
angiography for 
CAD 
determination/follow
-up 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

No significant association was found 
between GlycA or GlycB and CAD. The 
incidence of major adverse CV events was 
significantly higher in patients with higher 
levels of GlycA and GlycB. 

CVD 
prediction 

Mulhestei
n et al. 
2014[57] 
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To examine the association of 
baseline GlycA concentration 
with incident CVD events. 
To assess whether GlycA 
provided additional clinical 
utility for the risk of future 
cardiovascular events beyond 
the information conveyed by 
hsCRP 

27,491 initially 
healthy women. 
Follow-up 17.2 years 
for CVD events 
(JUPITER trial) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

At baseline, increasing quartiles of GlycA 
were associated with a higher prevalence of 
traditional CVD risk factors and higher 
concentrations of hsCRP. GlycA and hsCRP 
were moderately correlated. The 
association of GlycA with CVD was 
attenuated after adjusting for hsCRP 

CVD Akinkuoli
e et al. 
2014[58] 

To identify biomarkers for 
all-cause mortality and 
enhance risk prediction. A 
high-throughput profiling of 
106 plasma sample 
biomarkers are quantified by 
NMR 

17,345 individuals (NMR 
spectroscopy 
protocol by 
Soininen et al. 
2009)[15] 
Plasma and 
serum 
samples 

Alpha-1-acid glycoprotein, albumin, VLDL 
size, and citrate biomarkers were predictive 
of cardiovascular mortality, death from 
cancer and other nonvascular diseases. 
Alpha-1-acid glycoprotein was the 
strongest multivariate predictor of the risk 
of death from all causes 

All-cause 
mortality 

Fischer et 
 al. 
2014[59] 

To determine differences in 
life expectancy in men and 
women from the PREVEND 
cohort with higher vs. lower 
levels of GlycA and hsCRP 

5526 subjects from 
PREVEND study 
Median follow up 8.5 
years 

Vantera® 
Clinical 
Analyzer, a 400 
MHz NMR 
spectrometer 
Plasma samples 

Life expectancy in men and women at the 
end of follow up was lower in the highest 
vs the lower three quartiles of GlycA (P < 
.001). For hsCRP, this was only observed in 
men (P < .001) but not in women (P=0.67). 

Life 
expectanc
y 

Gruppen 
et 
al.2019[60
] 

To examine the effects of 
ERN treatment on lipoprotein 
particles and GlycA and their 
relations with incident CVD 
events including mortality in 

3,414 AIM-HIGH 
participants 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Compared to placebo, ERN treatment 
lowered VLDL and LDL and increased 
HDL particle concentrations, increased LDL 
and HDL particle sizes, but did not affect 
GlycA. Baseline and in-trial GlycA levels 
were associated with increased risk of CVD 

CVD 
prediction 

Otvos et 
al. 
2018[61] 
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a substudy analysis of the 
AIM-HIGH trial 

events. None of the lipoprotein particle 
classes or subclasses were associated with 
incident CVD. All-cause mortality was 
significantly associated with both GlycA 
and low levels of small HDL particles. 

To determine whether GlycA 
levels were associated with 
CV health as defined by the 
LS7 score and with each of its 
individual seven health 
metrics 

6,479 MESA 
participants without  
CVD 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

After multivariable adjustment, GlycA 
remained independently and inversely 
associated with CV health categories. For 
each of the individual LS7 metrics (Blood 
Pressure, Blood Glucose, Total Cholesterol, 
Smoking, Diet, Physical Activity, and BMI), 
there was an inverse significant relation 
with GlycA levels. 

CV 
Health 

Benson et 
al. 
2018[62] 

To decompose the spectral 
GlycA biomarker by 
developing imputation 
models for GlycA's 
constituent glycoproteins, and 
use these imputed molecular 
phenotypes to investigate 
associations with disease risk. 

11,861 adults across 
two population-
based cohorts 
(DILGOM07 and 
FINRISK) 
Median 8 years 
follow-up 

GlycA- 
Brainshake LTD 
(now 
Nightingale 
Health LTD 
protocol)[15,17] 
+ immunoassays 
for AAT, AGP, 
HP, and TF + 
imputation 
models 
(Machine 
learning) 
 
Serum samples 

Imputed AAT was significantly associated 
with risk of hospitalisation or death for 
substantially more outcomes (including 
liver diseases, heart failure and COPD). In 
contrast, imputed AGP was significantly 
associated with increased risk from only 
two outcomes: heart failure and chronic 
lower respiratory diseases. HP was the 
strongest predictor of chronic lower 
respiratory diseases, inflammatory 
polyarthropathies and atherosclerosis. 
Multiple individual glycoproteins 
independently and weakly predict each 
disease, with the GlycA NMR signal 
capturing this risk in aggregate. 

Morbidity 
and 
mortality 

Ritchie et 
al. 
2018[63] 
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To examine the longitudinal 
 association between GlycA 
and mortality among initially-
healthy individuals. 

27,524 participants in 
the WHS follow-up 
Replicate in 12,527 
individuals JUPITER 
trial 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA for all-cause mortality was 
significantly increased at 5 years. Similar 
risk for all-cause mortality was observed in 
the replication cohort. Risk of CVD and 
cancer mortality was increased at 5 years  

All-cause 
mortality 

Lawler et 
al. 
2016[64] 

 

1S.4. HIV infection 
     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To examine the associations 
between GlycA and 
subclinical coronary plaque 
among HIV-infected and 
HIV-uninfected men 
participating in MACS. 

935 men from MACS 
(63% HIV-infected 
individuals) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

1) Higher quartiles of plasma GlycA were 
significantly positively associated with 
HCV infection, HIV infection, levels of 
hsCRP, IL-6, fibrinogen, sCD163, sCD14, 
CCL2 and CAC. 
2) GlycA levels were higher in HIV-infected 
men than in HIV-uninfected men (397±68 
vs 380±60 µmol/L, p=0.0001), and higher for 
men with detectable vs. undetectable viral 
load (413±79 vs 393±65 µmol/L, p=0.004). 
3) Plasma GlycA levels positively 
correlated with smoking pack-years and 

CVD in 
HIV-
infection 

Tibuakuu 
et al. 
2018[65] 
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HCV infection status and inversely 
correlated with HDL cholesterol levels and 
physical activity level among HIV-infected 
participants. 
4) After adjusting for HIV serostatus, 
demographic and CVD risk factors, GlycA 
level was associated with a higher 
prevalence of CAC and coronary stenosis. 
5) Among men with plaque, GlycA was 
positively associated with the extent of 
CAC and total plaque. 

 

 

1S.5. Chronic 
inflammatory diseases 
 
 

 
 
 

    

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To determine whether an H-
NMR spectroscopic metabolic 
phenotypin approach could 
be used to identify signatures 
reflective of the dynamic, 
pathological metabolic 
perturbations associated with 
fibrosis in CHC patients 

50 CHC patients  
63 CHC patients 
validation 

Bruker Avance 
(Avance III) 600 
MHz 
NMR 
spectrometer 
CPMG pulse 
Plasma samples 

Increased severity of fibrosis was associated 
with higher tyrosine, phenylalanine, 
methionine, citrate and, very-low-density 
lipoprotein (vLDL) and lower creatine, low-
density lipoprotein (LDL), 
phosphatidylcholine, and NAC 

CHC Sands et 
al. 
2015[28] 
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To investigate GlycA levels in 
a cohort of healthy 
individuals, patients with CD 
and patients with UC prior to 
and after therapeutic control 
of inflammation. 

37 Crohn’s disease 
patients and 21 
ulcerative colitis 
patients before and 
after biologic therapy 
(ADM, IFX, VDM, 
UST) 
10 healthy controls. 

GlycA- 
Brainshake LTD 
(now 
Nightingale 
Health LTD 
protocol)[15,17] 
Serum samples 

GlycA levels were significantly higher in 
patients with active IBD (CD and UC) than 
in healthy controls. GlycA levels from CD 
and UC patients dropped to control levels 
after mucosal healing. Only GlycA post-
treatment levels consistently showed a 
significant difference between responder 
and non-responder levels 

IBD (CD 
and UC) 

Dierckx et 
al. 
2018[66] 

To characterize the plasma 
glycoprotein profile of a 
cohort of patients with RA 
versus healthy individuals 
and to model the activity of 
RA to identify patterns 
indicating the severity of the 
disease 

210 RA patients 
203 healthy 
individuals 

Bruker Avance 
III  
600 
spectrometer 
NOESY, LED 
Plasma samples 

RA patients presented significantly higher 
GlycA area and H/W GlycA and GlycB 
ratios than the control population. GlycA 
and GlycB variables derived from 1H NMR, 
along with classic inflammatory 
parameters, help to improve the 
classification of individuals with high RA 
disease activity based on DAS28. 

RA Fuertes-
Martín et 
al. 
2018[67] 

To investigate if GlycA could 
be  
associated with lupus 
nephritis severity 

105 active SLE 
patients 
39 quiescent SLE 
patients 
21 non-lupus 
nephritis controls 
29 healthy controls 

GlycA- 
Brainshake LTD 
(now 
Nightingale 
Health LTD 
protocol)[15,17] 
Serum samples 

GlycA was correlated to C-reactive protein 
(CRP), neutrophil count, proteinuria and 
the SLE disease activity index. 
Patients with active SLE showed 
significantly higher GlycA concentration 
than healthy controls (p=0.009), non-lupus 
nephritic controls (p=0.04) and quiescent 
SLE patients (p<10-6). In patients with 
biopsy-proven active LN, GlycA was 
higher in proliferative than non-
proliferative lupus nephitis 

SLE and 
Lupus 
nephritis 

Dierckx et 
al. 
2018[68] 
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To conduct a plasma 
metabolomic analysis to 
determine the characteristics 
of patients with COPD with 
abnormal Savda syndrome 
using NMR spectroscopy 
technology 

103 COPD patients  
mild (n=15), 
moderate (n=38) and 
severe (n=50) 

Inova 600, 
Varian  
Medical 
Systems 
Spectrometer 
CPMG pulse 
Plasma samples 

The concentration of metabolites such as 
glycoprotein in the plasma of patients with 
COPD with abnormal Savda syndrome was 
lower than in the plasma of patients with 
COPD with non-abnormal Savda syndrome 
and the plasma of healthy subjects 

Savda 
syndrome  
in COPD 

Xu et al. 
2015[69] 

To investigate the association 
of GlycA with albuminuria 
and eGFR in a Brazilian 
cohort of middle-aged men 
and women. 

5050 participants 
from 
ELSA-Brasil Study 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA was higher in older women, 
smokers, teetotallers, the obese and those 
with diabetes, hypertension or 
dyslipidemia. GlycA was independently 
associated with log albuminuria and 
inversely related to eGFR.In the ROC curve, 
GlycA had a higher AUC than hsCRP 
(AUC 0.67 vs. 0.62, p = 0.06) for the 
association with albuminuria A2 or A3. 

CKD Titan et 
al. 
2017[70] 

To examine whether GlycA 
levels increased with active 
disease and to establish 
whether this could be a more 
useful biomarker for 
predicting cardiovascular 
events in lupus. 

52 patients 
229 follow-up visits 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Mean GlycA levels in this cohort were 
higher than those reported for a normal 
population. GlycA increased significantly 
with each point increase in SLEDAI- The 
African American population had lower 
VLDL, triglycerides and higher levels of 
GlycA than the other SLE groups. 

SLE Durcan et 
al. 
2016[71] 
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To investigate the 
relationships 
between GlycA and psoriasis, 
and between GlycA and 
subclinical CVD 

122 psoriasis patients 
109 controls 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Psoriasis patients had higher levels of 
hsCRP and GlycA which remained 
significant after adjustment for age, sex, 
BMI and traditional CV risk factors. GlycA 
is associated with vascular inflammation 
and coronary artery disease. Anti-TNF 
therapy decreases GlycA levels. 

Subclinica
l CVD in 
psoriasis 

Joshi et 
al.2016[72
] 

To explore the relationships 
of GlycA with inflammation 
and cardiometabolic risk in 
RA, and explore whether 
these relationships were 
similar to those of people 
without RA. 

50 mild-moderate 
RA patients 
39 controls 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA concentrations were significantly 
elevated in RA versus controls (P = 0.036). 
In RA, greater GlycA associated with 
disease activity and inflammation. In BMI-
matched controls, these inflammatory 
associations were absent or weaker. In RA, 
greater GlycA was associated with more 
total abdominal adiposity and less muscle 
density. In BMI-matched controls, GlycA 
was associated with more cardio-metabolic 
markers: BMI, waist circumference, 
adiposity measures and insulin resistance 

RA and 
CVD 

Barlett et 
al. 
2016[73] 

To test whether GlycA is a 
biomarker of disease activity 
and is associated with 
coronary artery 
atherosclerosis in patients 
with RA. 

166 RA patients 
90 control subjects 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA concentrations were higher in 
patients with RA than in control subjects. In 
RA, GlycA was strongly correlated with 
DAS28 based on erythrocyte sedimentation 
rate (DAS28-ESR) and DAS28 based on C-
reactive protein (DAS28-CRP) and their 
components, including tender and swollen 
joint counts, global health score, ESR and 
CRP. For each quartile increase in GlycA, 
the odds of having coronary artery calcium 
increased by 48 %.   

RA Ormseth 
et al. 
2015[74] 
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To test the hypothesis that 
GlycA concentrations are 
elevated in patients with SLE 
and associated with other 
markers of inflammation and 
coronary atherosclerosis. 

116 SLE patients 
84 control subjects 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Patients with SLE had higher 
concentrations of GlycA than control 
subjects. In patients with SLE, 
concentrations of GlycA were significantly 
associated with ESR, CRP, e-selectin, 
intracellular adhesion molecule-1, and 
triglycerides. 

SLE Chung et 
al.2016[75
] 

To characterize biological 
processes associated with 
GlycA by leveraging 
population-based omics data 
and health records from 
>10,000 individuals. 

11,825 individuals 
from 3 cohorts: 
DILGOM07 (300 
female), +FINRISK 
(7599 individuals) 
and + YFS (3596 
individuals follow-
up) 

Bruker 
AVANCE III, 
500 MHz 
spectrometer 
(the 3 cohorts) 
Serum samples 

In apparently healthy individuals, GlycA 
can be chronically elevated for periods of 
up to a decade. In individuals with high 
GlycA, modest elevation of numerous 
cytokines is suggestive of a prolonged low-
grade inflammatory state. 
High GlycA levels correlated with an 
increased risk of hospitalization and death 
from various infections (septicemia and 
pneumonia). GlycA levels persists for over 
a decade. 

Chronic 
inflammat
ion and 
long-term 
risks 

Ritchie et 
al. 
2015[76] 

1H NMR spectroscopy-based 
metabolic phenotyping was 
used to identify biomarkers 
in the plasma of patients with 
RA. 

47 RA patients 
51 healthy subjects 

Bruker Avance 
600 MHz 
spectrometer 
Plasma samples 
stored at or 
below -25 °C for 
a period of up to 
19 months 

Cholesterol, lactate, acetylated 
glycoprotein, and lipid signatures were 
found to be candidate biomarkers for 
disease severity. 

RA Lauridsen 
et 
 al. 
2010[5] 
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1S.6. Cognitive function 
and psychological health 

     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To present a new three-
molecular-window approach 
that gives specific molecular 
data on macromolecular 
lipid–protein aggregates such 
as lipoprotein particles, on 
various low-molecular-weight 
metabolites, and on 
individual lipid molecules 
together with their degree of 
(poly)(un)saturation. 

180 elderly people 
(54 related to MCI, 
with severely 
increased risk of 
AD). 

AVANCE 500 
DRX 
spectrometer 
1D CPMG pulse 
sequence 
Serum samples 

Positive association between MCI and the 
MetS. Low relative amount of n3 fatty acids 
appears more indicative of MCI than low 
serum n3 or polyunsaturated fatty acid 
concentration as such. Elevated circulating 
glycoproteins in the risk of AD. 

MCI and 
AD 

Tukiainen 
et al 
2008[77] 

To develop a biomarker panel 
to provide support for 
objective diagnostic 
laboratory tests for 
psychological suboptimal 
health. 

22 psychological 
suboptimal 
 health patients 
23 healthy controls 

Bruker 600 MHz 
AVANCE III 
NMR 
spectrometer 
CPMG 
Plasma samples 

A biomarker panel containing 
phenylalanine, glutamine, tyrosine, citrate, 
N-acetyl-glycoproteins and TMAO was 
identified and there was a high correlation 
with the state of psychological suboptimal 
health. 

Psycholog
ical 
suboptim
al  
health 

Tian et 
al.2016[29
] 

To examine the association of  
the inflammatory markers 
CRP, fibrinogen, WBC and 
GlycA, measured in young 

507 participants 
 (13 years follow up) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 

The highest quintile of GlycA change, but 
not the baseline inflammation measures, 
was inversely related to global cognition as 

Cognitive 
function 

Cohen-
Manheim  
et al. 
2015[78] 
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adulthood and of GlycA 
change over 13 years follow-
up with cognitive function in 
midlife 

LipoScience)[14] 
Plasma samples 

well as to information processing speed 
and memory domains.  

 

1S.7. Rare vascular 
diseases  

     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To confirm previous TA 
findings in a larger group of 
patients and to study their 
correlation with disease 
activity 

Total: 45 active TA 
patients and 53 
inactive TA patents 
57 TA patients 
(active and inactive) 
follow-up 3.1 months 
43 healthy controls 

Bruker Avance 
III 800 MHz 
NMR 
spectrometer 
CPMG pulse 
Serum samples 

The sera of TA patients were characterized 
by elevated levels of LDL, NAG, glucose, 
glutamate, phosphoglyceride, glycerol, 
glycerophophocholine, and decreased 
levels of glucogenic amino acids, lactate 
and creatine. The key metabolites with 
highest discriminatory potential in active 
TA were glutamate and N-acetyl 
glycoprotein (NAG), both elevated. 

TA Jain et al. 
2018[30] 

To determine the ability of 
GlycA concentrations and 
NMR lipoprotein particle 
measures to distinguish 
pediatric patients with acute 
KD from those with other 
febrile illnesses. 

75 acute KD  
36 post-treatment 
subacute KD  
63 convalescent KD 
48 febrile controls 
48 and age-similar 
healthy controls  

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

GlycA was higher in acute KD subjects than 
other groups. GlycA and NMR-measured 
lipoprotein particle parameters may be 
useful for distinguishing acute KD from 
bacterial or viral illnesses (ROC AUCs of 
0.910 and 0.909 for GlycA combined with 
either the LDL-P/HDL-P ratio or LDL-P, 
respectively). 

Kawasaki 
disease 

Connelly 
et al. 
2016[79] 

To investigate the metabolic 
profiles of sera derived from 
TA patients using NMR with 

29 TA patients 
30 controls 

Bruker Avance 
III 800 MHz 
NMR 

Compared to healthy controls, TA patients 
had (a) increased serum levels of choline 
metabolites, LDL cholesterol, NAGs, and 

TA Guleria et 
al. 
2015[80] 
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an aim to assess (a) whether 
NMR-based serum 
metabolomics would allow 
early identification of TA 
patients and (b) whether 
metabolic differences in TA 
patients are related to the risk 
of TA progression. 
 
 

spectrometer 
CPMG pulse 
Serum samples 

glucose and (b) decreased serum levels of 
lactate, lipids, HDL cholesterol, and 
glucogenic amino acids. 

 

1S.8. Pregnancy    
    

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To explore the effects of 
habitual diet and adherence 
to the recommended diet on 
gut microbiota, serum 
lipidomics and low-grade 
inflammation, and the 
relationship of gut microbiota 
composition to serum 
lipidomics and inflammatory 
markers in overweight and 
obese pregnant women. 

100 overweight 
women in  
early pregnancy 

GlycA- 
Brainshake LTD 
(now 
Nightingale 
Health LTD 
protocol) [15,17] 
Serum samples 

Multiple nutrients correlated with GlycA 
including fibre, LC-PUFA and n-3 LC-
PUFA and several vitamins and minerals 
but no correlations were detected between 
any of the nutrients and hs-CRP and LPS. 
Higher gut microbiota richness is 
negatively linked with low-grade 
inflammation marker GlycA, which was 
further related to intake of several nutrients 
including fibre and LC-PUFA. No similar 
relationship between hs-CRP and gut 
microbiota richness, suggesting that the 
inflammatory pathway of GlycA is 
different from that of CRP. 

Diet in 
overweig
ht 
pregnant 
women 

Röytiö et 
al. 
2017[81] 
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To investigate the extent to 
which intestinal permeability, 
measured by serum zonulin 
concentration, is related to 
metabolic endotoxemia and 
metabolic risk markers in 
overweight pregnant women. 

100 overweight 
women in  
early pregnancy 

GlycA- 
Brainshake LTD 
(now 
Nightingale 
Health LTD 
protocol) [15,17] 
Serum samples 

Both LPS and GlycA showed a positive 
relationship with insulin resistance, serum 
insulin, triglycerides, and total and LDL-
cholesterol, and a negative relationship 
with insulin sensitivity. Serum zonulin was 
found to associate positively with LPS, hs-
CRP, GlycA, insulin, HOMA2-IR, 
triglycerides, and total cholesterol. 

Intestinal 
permeabil
ity in  
overweig
ht 
pregnant 
women 

Mokkala 
et al. 
2017[82] 

To evaluate the metabolic 
adaptations reflected in 
plasma throughout healthy 
pregnancies  by carrying out 
an untargeted 1H NMR study 

20 non-pregnant 
women 
25 1st T 
30 2nd T 
12 3rd T 
7  post-delivery 

Bruker Avance 
DRX 500 
spectrometer 
Plasma samples 
Noesy, cpmg 
and led pulse 
sequences 

Gradually increase of N-acetyl 
glicoproteins. 
Direct link between LDL+VLDL and N-
acetyl-glycoproteins 

Pregnanc
y  

Pinto et 
al. 
2015[33] 

 

1S.9. Primary 
aldosteronism 

     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To determine the extent to 
which (apo)lipoproteins, 
lipoprotein particle 
concentrations, GlycA and 
BCAA, as determined by 
NMR spectroscopy, were 
altered in individuals with 
PA, compared to non-
hypertensive control subjects, 

20 primary 
aldosteronism 
patients 2,819* 
control subjects 
without 
hypertension 
501* subjects with 
untreated 
hypertension 

Vantera® 
Clinical 
Analyzer, a 400 
MHz NMR 
spectrometer 
Plasma samples 

GlycA was increased in PA vs the three 
groups (P < 0.016). 

Primary 
aldostero
nism 

Berends 
et al. 
2019[83] 
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subjects with untreated 
hypertension and subjects 
with medically treated 
hypertension. 

878* subjects with 
treated hypertension  
*From the PREVEND 
study 

 

1S.10. Sickle cell disease  
     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To evaluate plasma GlycA 
levels in a cross-sectional 
sample of patients with SCD 
and specifically test levels in 
patients experiencing an acute 
painful vaso-occlusive crisis. 

488 patient with SCD 
in “steady 
 state” including 52 
healthy controls and 
12 patients (from the 
same group) during 
an acute pain crisis. 

Vantera® 
Clinical 
Analyzer, a 400 
MHz NMR 
spectrometer 
Plasma samples 

The mean plasma GlycA level was lower in 
SCD than in healthy controls. 
Within the same patient, mean plasma 
GlycA during acute pain crisis was lower 
than in steady state, although the difference 
was not significant. 

SCD Weisman 
et al. 
2018[84] 

 

1S.11. Human African 
Trypanosomiasis 

     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To characterize the metabolic 
effects of T. brucei 
rhodesiense infection in 
humans 

46 HAT patients 
21 controls 

Bruker Avance 
600 MHz 
CPMG 
Plasma samples 

Among other metabolites, NAG is 
significantly higher in disease (p<0.01) 

HAT Lamour 
et al. 
2015[85] 
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1S.12. Sodium intake 
     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To investigate the association 
of 24-h sodium excretion with 
the 2 inflammatory markers 
GlycA and hsCRP in a large 
population-based cohort of 
men and women. To assess 
the role of adiposity in the 
association between sodium 
intake and inflammatory 
markers 

3,935 subjects from a 
general population 
 (PREVEND study) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

The proinflammatory biomarkers GlycA 
and hsCRP are inversely related to higher 
24-h sodium excretion when taking into 
account the variation in adiposity. 

Sodium 
intake 

Gruppen 
et al. 
2016[86] 

 

1S.13. Tobacco smoking      

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To determine whether 
smoking is associated with 
systemic inflammation as 
measured by GlycA levels. 
We also sought to compare 
the strength of the association 
of smoking and GlycA versus 
the association of smoking 
and hsCRP. 

11,509 participants 
(6,774 from the 
MESA and 4,735 
from ELSA-Brasil) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Compared with people who had never 
smoked, former and current smokers had 
significantly higher adjusted means of 
GlycA levels. Each 5-unit increase in pack-
years of smoking was associated with 
higher GlycA levels among former and 
current smokers. Among former smokers, 
each 5-year increase in time since quitting 
smoking was associated with lower GlycA 
levels and each 10-unit increase in number 
of cigarettes/days was associated with 
higher GlycA among current smokers. 

Smoke Kianoush 
et al. 
2017[87] 
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Results were significant for the association 
between all measures of smoking 
behaviour and GlycA and hsCRP. 

 

1S.14. Effect of excercise      

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To study whether persistent 
physical activity compared 
with inactivity has a global 
effect on serum metabolome 
and leads to reduced 
cardiometabolic disease risk 

16 same-sex twin 
pairs >30-year 
discordance for 
physical activity and 
1,037 age-and sex-
matched pairs. 
Median follow-up 5 
years 

Bruker 
AVANCE III 
500 MHz 
spectrometer  
NOESY and 
CPMG pulses 
Serum samples 

Isoleucine, α1-acid glycoprotein, and 
glucose were lower in the physically active 
than in the inactive individuals (P<0.001 in 
meta-analysis) (findings persisted after 
adjustment for BMI). 

Exercise 
interventi
ons 

Kujala et 
al. 
2013[18] 

To examine the effects of 
regular exercise on the 
inflammatory marker GlycA 
across seven studies and 14 
exercise interventions 

1,568 individuals NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Regular exercise significantly reduced 
plasma GlycA even after adjustment for 
age, sex, race, baseline BMI, and baseline 
GlycA.  
Changes in GlycA were correlated with 
changes in traditional inflammatory 
markers, C-reactive protein, interleukin-6, 
and fibrinogen. However, these correlations 
were relatively weak (range r: 0.21e0.38, p < 
0.0001). 

Exercise 
interventi
ons 

Barber et 
al. 
2018[88] 
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1S.15. Effect of treatments  
     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To use 1H NMR and 
UPLC/MS to study  
type 2-DM in patients non-
treated and treated with 
metformin hydrochloride 

20 non treated type 
2-DM patients  
 
15 treated type 2-DM  

Bruker AV 600 
spectrometer 
CPMG pulse 
Serum samples 

NAC was lower in serum from metformin 
treated patients than in serum from 
untreated patients 

T2DM 
treatment 

Huo et al 
2009[3] 

To understand how markers 
of inflammation and immune 
activation change in response 
to successful ART 

328 HIV-1 infected 
(week 24 to week 92 
follow-up) 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

On average, a 10% decline but not 
significant in levels of GlycA was apparent 
over 48 weeks with all the studied 
treatment combinations. 

ART for 
HIV-1 

Kelesidis 
et al. 
2015[89] 

 

1S.16. Toxicity 
     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To evaluate the hepatotoxicity 
of valproate sodium 
(antiepileptic drug) through 
new 1H-NMR markers 

34 epileptic patients Bruker AV 600  
CPMG (64 
scans) 
Serum samples 

N-acetyl moieties of glycoprotein 
significantly increased (p<0.01) in valproate 
sodium induced hepatotoxicity, among 
other metabolites such as glucose, lactate, 
acetoacetate, VLDL/LDL, 
lysophosphatidylcholines, 
phosphatidylcholines, choline, creatine, 
amino acids, pyruvate and uric acid. 

Drug 
toxicity 

Huo et al. 
2014[26] 
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1S.17. Others 
     

Main objective Participants Key methods Main results related to glycoproteins Clinical 
topic  

Reference 

To determine potential 
relationships between GlycA 
and adiposity, insulin 
resistance, hs-CRP, leptin, 
adiponectin, and the 
leptin/adiponectin ratio, and 
to test whether GlycA is 
elevated in subjects with 
impaired fasting glucose and 
T2DM. 

103 fasting subjects 
(30 with 
 normal fasting 
glucose, 
 25 with IFG and 
48 with T2DM). 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

Plasma GlycA was correlated positively 
with BMI, HOMAir, hs-CRP, leptin and the 
leptin/adiponectin ratio, and inversely with 
adiponectin. GlycA did not significantly 
vary with the glucose tolerance category. 
GlycA was related positively to the 
leptin/adiponectin ratio, regardless of BMI 
and HOMAir. 

Potential 
relationsh
ips 
between 
GlycA 
and other 
biomarke
rs 

Dullaart 
et al. 
2015[90] 

a) To report on levels of 
GlycA and the change in 
GlycA as children move from 
6th to 8th grade; b) to examine 
whether BMI group is 
associated with GlycA in 
these children; c) to determine 
if fitness was associated with 
GlycA, LP-IR and traditional 
lipid panel variables; and d) 
to examine whether fitness 
and BMI are independently 
related to GlycA and/or LP-
IR. 

1,664 US adolescents 
from the HEALTHY 
study 

NMR-algorithm 
at 
LabCorp, Inc. 
(formerly 
LipoScience)[14] 
Plasma samples 

In the 8th grade the median GlycA values 
were 27  µmol/L higher for girls than boys. 
GlycA levels are 19% higher in obese girls 
than healthy weight girls. Strong evidence 
(p<0.001) that in all sub-groups (6th grade 
boys and girls, and 8th grade boys and 
girls) GlycA is higher in higher BMI 
groups. The lowest levels of GlycA are in 
the low BMI/high fitness group with the 
highest levels in the high BMI/low fitness 
group. 

Systemic 
inflammat
ion 
 in 
adolescen
ts 

Jago et al. 
2016[91] 
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To use 1H NMR to examine 
the metabolic profiles of 
plasma from FD patients 
before and after treatment by 
acupuncture. 

6 female FD patients 
6 female healthy 
subjects 

Varian INOVA 
600MHz NMR 
spectrometer 
CPMG/BBP-
LED 
Plasma samples 

Lower levels of lactate, leucine/isoleucine, 
NAC, and LDL/VLDL in FD patients than 
in healthy controls 

FD Wu et al. 
2010[6] 

Abbreviations: OC, Ovarian cancer; CSCC, Cervical squamous cell carcinoma;  BC, Breast cancer; LC, lung cancer; CRC, colorectal cancer; GlcNAc, N-Acetyl 
glucosamine;  TG, total triglycerides;  CRP, C-reactive protein; IL-6, interleukin-6;  T2DM, type 2 diabetes mellitus; MetS, metabolic syndrome; CVD, 
cardiovascular disease; CVE, cardiovascular event; COPD, chronic obstructive pulmonary disease; RA, rheumatoid arthritis; SLE, systemic lupus 
erythematosus; SELDAI, Systemic Lupus Erythematosus Disease Activity Index; IBD, Inflammatory bowel disease; CKD, chronic kidney disease; CHC, chronic 
hepatitis C; AD, Alzheimer disease; MCI, mild cognitive impairment; TA, Takayasu arteritis; KD, Kawasaki disease; PUFA, polyunsaturated fatty acids; PA, 
primary aldosterism; SCL, sickle cell disease.  
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