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Abstract

Background: Systemic inflammation has been implicated in several chronic diseases. GlycA is a new nuclear mass
resonance (NMR) spectroscopy-derived biomarker of systemic inflammation that reflects protein glycosylation. We
evaluated the association of GlycA with albuminuria and eGFR in the ELSA-Brasil Study.

Methods: The cross-sectional association between GlycA (automated NMR LipoProfile(®) test spectra, LabCorp,
Raleigh, NC), and overnight 12 h—albuminuria and CKD-EPI eGFR was evaluated among 5050 participants.

Results: GlycA was higher among older, women, smokers, alcohol abstemious, obese and in those with diabetes,
hypertension or dyslipidemia. In addition, both eGFR and albuminuria were associated to GlycA. In linear regression,
GlycA was independently associated with log albuminuria (B 0.03; 95%CI 0.02-0.04, P < 0.0001, per 1sd increase) and
inversely related to eGFR (B -0.53; 95%Cl -0.99 - -0.07, P < 0.02), even after adjustments including hsCRP. In logistic
regression, GlycA was independently related to the risk of A2 or A3 albuminuria (OR 1.42, 95%Cl 1.27-1.57, p < Q.
0001, per 1sd increase), of having an eGFR < 60 ml/min/1.73m? (OR 1.26, 95%Cl 1.12-141, p=0.0003, per 1 sd) or of
a combined diagnosis of both conditions (OR 1.35, 95%CI 1.23-1.46, p < 0.0001, per 1 sd). In the ROC curve, GlycA
had a higher AUC in comparison to hsCRP (AUC 0.67 vs. 0.62, p=0.06) for the association with albuminuria

A2 or A3.

Conclusions: The present study demonstrates that GlycA is associated with albuminuria and eGFR,
independently of major risk factors for CKD progression, including (and with a stronger association than)
hsCRP. GlycA should be further evaluated in CKD progression.
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Background

GlycA is a NMR spectrometry-derived novel biomarker
that reflects protein glycosylation. Although it potentially
reflects N-acetylglucosamine residues on any circulating
plasma protein, it has been shown that GlycA signal
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majorly reflects glycosylation of acute-phase proteins,
particularly of al-acid glycoprotein, haptoglobin, al-anti-
trypsin, al-antichymotrypsin, and transferrin [1]. Import-
ant changes both in the concentration of acute-phase
reaction proteins as well as in their glycosylation pattern
are known to occur in response to an inflammatory stim-
uli, being therefore important determinants of the GlycA
signal. For that reason, GlycA is currently being studied as
a new marker of systemic inflammation.

Recent studies have shown that GlycA is related to the
risk of severe infection [2, 3], as well as to disease activ-
ity in lupus [4] and rheumathoid arthritis [5, 6]. In
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addition, GlycA has also a role in metabolic diseases and
cardiovascular events and mortality. In prospective stud-
ies, GlycA has been related to overall, cardiovascular
and cancer-related mortality [7-10]. It has also been
related to the risk of incident diabetes [11], to insulin
resistance, leptin/adiponectin [12] and to sodium excre-
tion [13]. All the above mentioned associations of GlycA
have been shown to be independent of C reactive
protein (CRP), even though the use of the two biomarkers
may provide additive prognostic information, at least for
cardiovascular events [9].

Chronic kidney disease (CKD), as defined by reduced
estimated glomerular filtration rate (eGFR) and/or the
presence of albuminuria, is associated with low-grade in-
flammation, which was described as an important mech-
anism underlying CKD progression. However, studies
evaluating the role of inflammatory biomarkers on CKD,
including hsCRP, have yielded conflicting results [14—18].
Up to the present, GlycA has not been evaluated in the
context of CKD. The aim of this study was to investigate
the association of GlycA to albuminuria and eGFR in a
Brazilian cohort of middle-aged men and women.

Methods

The data used for the present investigation come from the
Brazilian Longitudinal Study of Adult Health (ELSA-Brasil),
a multicenter prospective cohort study designed primarily
to identify risk factors and the natural history of diabetes
and cardiovascular disease. The design and preliminary
findings of this study have been published elsewhere [19,
20]. Briefly, 15,105 civil servants aged 35 to 74 years from
six cities in Brazil were enrolled between August 2008 and
December 2010 for baseline examination. Approvals from
institutional review boards of all centers were granted, and
all individuals signed informed consent. Since GlycA was
measured only in the Sao Paulo sample, for the
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current analysis only data on the 5050 Sao Paulo
participants was used.

Interviews and examinations were carried out by
trained personnel with strict quality control [21].
Trained nurses measured patients’ weight, height, waist,
and hip circumferences. Body mass index (BMI) was cal-
culated by dividing the patients’ weight in kilograms by
height in meters squared. Blood pressure was measured
with the validated Omron HEM 705CPINT oscillometric
device (Omron Co, Kyoto, Japan) after a 5-minute rest
with the patient in a sitting position in a quiet,
temperature-controlled room (20-24 °C). Three measure-
ments were taken at 1-min intervals and the mean of
these measurements was calculated. Baseline laboratorial
measurements [22] were done after an overnight fast
(urine and blood) and biological fluids were collected and
frozen [23]. An oral glucose tolerance test (75 g) was
performed in non-diabetic participants [22].

Diabetes was defined as previous medical history of
diabetes, use of medication to treat diabetes, fasting
plasma glucose =126 mg/dl, 2-h plasma glucose
2200 mg/dl, or HbA1C = 6.5% Glomerular filtration rate
was calculated using the equations from the Chronic
Kidney Disease Epidemiology Collaboration without cor-
rection for race [24]. Albuminuria was measured via
nephelometry in a 12 h—overnight sample, and categor-
ies of albuminuria were defined according to KDIGO: al-
buminuria Al as albumin-to-creatinine ratio < 30 pg/mg,
albuminuria A2 as >30 ug/mg creatinine and albumin-
uria A3 as 2300 mg/g creatinine. GlycA was measured
by NMR spectrometry (NMR LipoProfile® test spectra,
LabCorp, Raleigh, NC') in plasma of the 5050 Sao Paulo
participants.

In the descriptive analyses, Jonckheere-Terpstra test for
ordered alternatives and chi-square test were used to test
differences among quartiles of GlycA for continuous and
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Fig. 1 Histogram of GlycA and scatterplot between GlycA and albuminuria among 5050 participants
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Table 1 Baseline clinical and laboratorial characteristics among 5050 participants according to quartiles of GlycA

Quartile 1 Quartile 2 Quartile 3 Quartile 4 p**
GlycA <368 GlycA 2369 - <410 GlycA 2411 - <456 GlycA 2457
n=1262 n=1259 n=1266 n=1263
Age (years; mean/std) 52 9 51 9 51 9 52 9 0.09
Sex (male; n / %) 702 056 602 048 548 043 472 037 <0.001
Smoking status <0.001
Never (n/%) 752 060 672 0.53 665 0.53 574 045
Former (n/%) 383 030 390 0.31 374 0.30 419 033
Current (n/%) 127 0.10 197 0.16 227 0.18 270 021
Alcohol < 0.001
Never (n/%) 120 0.10 130 0.10 164 0.13 189 015
Former (n/%) 242 019 224 018 268 021 288 023
Current (n/%) 899 071 904 0.72 834 0.66 786 062
Diabetes mellitus (n/%) 173 0.14 215 0.17 263 0.21 401 0.32 <0.001
Self-reported myocardial infarction (n/%) 20 0.02 21 0.02 17 0.01 38 0.03 0.01
Self-reported CVD (n/%) 73 0.06 75 0.06 59 0.05 108 0.09 0.001
Self-reported stroke (n/%) 15 0.01 14 0.01 8 0.01 25 0.02 0.02
Body-mass index (kg/mz; mean/std) 255 43 269 43 279 46 293 55 <0.001
Waist-to-hip ratio (mean/std) 87 09 89 09 90 08 91 09 <0.001
Systolic blood pressure (mmHg; mean/std) 1164 15.1 1192 168 1204 160 1233 177 <0.001
Diastolic blood pressure (mmHg; mean/std) 724 102 74.6 109 759 10.2 779 111 <0.001
Leptin (ng/mL) 964 54-166 1223 62-214 1443 7.0-268 1519 87-282 <0.001
Hemoglobin (g/dL; mean/std) 145 14 144 14 14.3 1.3 141 14 <0.001
Hematocrit (%; mean/std) 432 39 430 40 428 37 422 40 <0.001
Glucose (mg/dL; mean/std) 106 18 109 25 112 28 120 43 <0.001
Glucose among non-diabetics (mg/dL; mean/std) 102 8 103 9 104 8 105 8 <0.001
HbA1C (%; mean/std) 52 07 54 09 55 09 58 13 <0.001
Postload glucose 2 h (among non-diabetic, mg/dL; mean/std) 124 36 129 39 137 42 145 51 <0.001
HOMA index* (median/IQR) 1.3 065-223 16 0.90-264 20 1.14-324 24 142-387 <0.001
HOMA index among non-diabetics (median/IQR) 113 061-189 146  083-243 169  1.06-281 204 127-3.10 <0001
Total cholesterol (mg/dL; mean/std) 205 40 209 39 216 41 221 45 <0.001
Triglycerides (mg/dL; median/IQR) 108 73 123 63 142 85 179 146 <0.001
HDL-cholesterol (mg/dL; mean/std) 59 15 57 14 55 13 53 13 <0.001
LDL-cholesterol (mg/dL; mean/std) 124 32 128 33 133 35 134 36 <0.001
Uric acid (mg/dL; mean/std) 54 14 56 15 57 15 59 16 <0.001
Aspartate Transaminase (AST) (U/L; mean/std) 25 12 26 12 26 17 25 10 <0.001
Alanine Transaminase (ALT) (U/L; mean/std) 27 18 29 19 29 26 28 15 0.01
Gamma-Glutamy! Transferase (U/L, mean/std) 31 34 35 39 40 54 48 71 <0.001
Liver right lobe (post_ant diameter) (cm; mean/std) 103 11 105 12 105 11 106 12 <0.001
Potassio - Sangue (mEg/L) 45 03 46 04 46 03 46 04 <0.001
Albumine-to-Creatinine ratio (ug/mg; median/IQR) 6 5-8 7 5-8 7 5-8 7 5-9 <0.001
Estimated GFR CKD-EPI (ml/min/1.73 m?; mean/std) 831 143 829 152 830 153 815 174 0.12
hs-C Reactive Protein (mg/L; mean/std) 10 12 18 19 2.8 30 6.0 73 <0.001

“excluding insulin-users
Jonckheere-Terpstra or chi-square tests
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categorical variables, respectively. Uni and multivariate
linear regression models were built using albumin-to-
creatinine ratio (log-transformed) and eGFR as the
dependent variables. For the logistic regression models,
the dependent variable was defined as albuminuria A2 or
A3, eGFR <60 ml/min/1.73m? or both (albuminuria A2
or A3 and/or eGFR<60 ml/min/1.73m?). Lastly, ROC
curves were built on the diagnosis of albuminuria
(albuminuria A2 or A3) and of eGFR < 60 ml/min/1.73m?
and the performances of hsCRP and GlycA were
compared using c statistics (http://www.vassarstats.net/).

Results

Among the 5050 participants, GlycA had a mean value
of 416 +67 pmol/L (Fig. 1). In Table 1, descriptive
clinical and laboratorial characteristics are shown ac-
cording to the quartiles of GlycA. GlycA was positively
related to several variables, including age, female sex,
smoking, BMI, diabetes and insulin resistance biomarkers,
blood pressure, albuminuria, hsCRP and lipids. It was also
inversely related to alcohol consumption, eGFR and HDL-
cholesterol. Figure 1 also shows the scatter plot between
albuminuria and GlycA.
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In Table 2, the linear regression models for albumin-
uria and eGFR as the dependent variables are shown. In
the univariable model (model 1), GlycA shows a signifi-
cantly positive relation to albuminuria and an inverse as-
sociation to eGFR. In the subsequent models, the
significant relation remains even after adjustments for
potential confounding variables. In the last model
(model 5), it is shown that the association of GlycA to
albuminuria is independent of eGFR and vice-versa.

In Table 3, uni and multivariate models on the diagnosis
of albuminuria (albuminuria A2 or A3 versus Al), low
eGFR (<60 ml/min/1.73m? versus >60 ml/min/1.73m?)
and both (albuminuria A2 or A3 and/or eGFR <60 ml/
min/1.73m?) are shown. In these models, GlycA remains
significantly and independently related to albuminuria
and/or eGFR.

Lastly, Fig. 2 depicts the ROC curves for the diagnosis
of albuminuria (albuminuria A2 or A3), for the diagnosis
of eGFR < 60 ml/min/1.73m? and for both. GlycA showed
a nearly significant higher area under curve in comparison
to hsCRP for albuminuria and for the combined diagnosis
of albuminuria eGFR <60 ml/min/1.73m? (c statistics p
value of 0.06 and 0.08, respectively), but not for eGFR <
60 ml/min/1.73m? alone (c statistics p value of 0.16).

Table 2 Unadjusted and adjusted linear regression models on albuminuria and eGFR among 5050 participants of ELSA-Brasil

B 95%C| B’

p value
Albuminuria (log)
Model 1: univariable
GlycA 05 04 06 < 0.0001
Model 2: sex and age adjusted
GlycA 04 03 05 < 0.0001
Model 3: sex, age, HbAlc, SBP and BMI adjusted
GlycA 03 02 04 <0.0001
Model 4: sex, age, HbA1c, SBP, BMI, smoking, alcohol, LDL, HDL and hsCRP
GlycA 03 02 04 < 0.0001
Model 5: same model 4 + CKDEPI eGFR
GlycA 03 02 04 < 0.0001
CKD-EPI eGFR

Model 1: univariable
GlycA -79 -1.22 -37 .0003
Model 2: sex and age adjusted
GlycA -81 -1.19 -43 <0.0001
Model 3: sex, age, HbA1c, SBP and BMI adjusted
GlycA -36 -75 04 .08
Model 4: sex, age, HbA1c, SBP, BMI, smoking, alcohol, LDL, HDL and hsCRP
GlycA -60 -1.05 -15 01
Model 5: same model 4 + albuminuria
GlycA -53 -99 -07 02

“per 1sd increase of GlycA
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Table 3 Unadjusted and adjusted logistic regression models on the diagnosis of albuminuria A2 or A3 (versus albuminuria A1), on
eGFR < 60 ml/min/1.73m? (versus eGFR > 60 ml/min/1.73m?) and on both (albuminuria or eGFR < 60 ml/min/1.73m?) among 5050

participants

OR 95%CI OR p value

Albuminuria A2 or A3 n =248 (versus albuminuria AT n=4590) Per 1 sd increase

Model 1: univariable

GlycA 1.60 149 1.72 < 0.0001

Model 2: sex and age adjusted

GlycA 1.64 1.52 1.76 < 0.0001

Model 3: sex, age, HbAlc, SBP and BMI adjusted

GlycA 143 130 1.56 <0.0001

Model 4: sex, age, HbA1c, SBP, BMI, smoking, alcohol, LDL, HDL and hsCRP

GlycA 1.46 1.31 1.61 < 0.0001

Model 5: same model 4 + CKDEPI eGFR

GlycA 142 1.27 157 < 0.0001
CKD EPI eGFR < 60 ml/min/1.73 m ? n=321 (versus > 60 ml/min/1.73 m2 n=4519) Per 1 sd increase

Model 1: univariable

GlycA 1.30 1.19 141 < 0.0001

Model 2: sex and age adjusted

GlycA 133 122 145 <0.0001

Model 3: sex, age, HbA1c, SBP and BMI adjusted

GlycA 1.24 112 1.36 < 0.0001

Model 4: sex, age, HbA1c, SBP, BMI, smoking, alcohol, LDL, HDL and hsCRP

GlycA 1.32 1.18 146 <0.0001

Model 5: same model 4 + albuminuria

GlycA 126 1.12 141 .0003
Albuminuria and/or CKD-EPI eGFR < 60 ml/min/1.73 m 2 (n= 518 vs. 4433) Per 1 sd increase

Model 1: univariable

GlycA 138 1.36 145 <0.0001

Model 2: sex and age adjusted

GlycA 145 1.36 1.54 <0.0001

Model 3: sex, age, HbA1c, SBP and BMI adjusted

GlycA 1.28 1.19 1.38 < 0.0001

Model 4: sex, age, HbA1c, SBP, BMI, smoking, alcohol, LDL, HDL and hsCRP

GlycA 135 1.23 146 <0.0001
Discussion The current results have two major implications. First,

The results of the present study demonstrate that GlycA
was significantly and independently related to albumin-
uria and eGFR in a population of middle-aged men and
women. Importantly, this relationship was independent
of hsCRP, suggesting that measuring glycosylation could
provide additional information to the most widely used
inflammatory biomarker. These results are in accordance
with previous findings in the literature, which showed
that GlycA is related to inflammatory diseases, insulin
resistance and DM incidence, cardiovascular disease,
and mortality.

it hints that GlycA might contribute to CKD assessment
and for identification of those at higher risk of CKD pro-
gression. Prospective studies are necessary to confirm
this hypothesis by evaluating the performance of GlycA
to predict renal outcomes. These studies should also
evaluate if this new biomarker improves prediction of
events in comparison to models using the current estab-
lished markers of CKD progression.

Secondly, it raises questions on the role of glycosylation
on CKD. Protein glycosylation refers to the enzyme-
mediated posttranslational process of attachment of glycan
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Fig. 2 ROC curves on the diagnosis of albuminuria (a), eGFR <60 ml/min/1 73m? (b) and both (c) for GlycA and hs-CRP among 5050 participants

AUC 95%AUC  p value

GlycA 67 64 71 06
hsCRP 62 59 66

AUC 95%AUC  pvalue

GlycA 58 55 B2 16
hsCRP 55 52 58

AUC 95%AUC  pvalue

GlycA 62 59 64 08
hsCRP 58 56 61

chains. It is said to be an N-linkage when the glycan chain
is attached to the nitrogen of an asparagine residue or to be
O-linkage when the glycan is attached to the oxygen of a
serine or threonine residue. While O-linkage glycosylation
is more prominent intracellularly and is related to protein
signaling and trafficking within the cell, N-linkage is the
predominant pattern of glycosylation that occurs in
circulating plasma proteins, through the action of glycosyl-
transferases, glycosidases, and syaliltransferases [25].
Glycosylation patterns are wide, depending on the sub-
strate, enzymes, and monosaccharides available and num-
ber of branches being added. Glycosylation is known to
alter protein function and is involved in several biological
functions such as protein trafficking, protein signaling,

ligand-receptor recognition, immunity and distinction be-
tween self and non-self and inflammation. For example,
glycosylation seems to be important in enhancing adhesion
molecules signaling in endothelial cells and marginalization
and infiltration of leukocytes through the capillary wall
[26]. Glycosylation is a determinant of immunoglobulin
function and activation of the complement system [27-30].
Altering glycosylation might be a pathway cancer cells use
to escape immunity and avoid apoptosis [31, 32].

While the determinants of glycosylation are not
fully understood, research on the area is expanding,
with a growing interest in glycomics. However, par-
ticularly in Nephrology, studies on glycosylation are
incipient. Specific abnormal glycosylation patterns are
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being investigated in auto-immune and inflammatory
diseases such as IgA nephropathy [33, 34] and mul-
tiple myeloma [35]. In the context of general CKD,
data on glycosylation is scarce. One recent study
showed that 14 traits of IgG glycosylation were re-
lated to renal function in CKD patients and in mono-
zygotic twin pairs discordant for renal function [36].
These analyses were centered in patterns of IgG
glycosylation.

As stated before, GlycA reflects increased glycosylation
in acute-phase reactant proteins, more specifically of
al-acid glycoprotein, haptoglobin, al-antitrypsin,
al-antichymotrypsin, and transferrin. Acute-phase reac-
tion is a systemic response to several conditions such as
infection, trauma, surgery, immunological and inflammatory
diseases. It is mediated by several cytokines, with a particular
emphasis on interleukin-6 as a major stimulator. It occurs in
acute and chronic inflammation and involves several phe-
nomena such as neuroendocrine, hematopoietic, metabolic
changes and hepatic changes [37]. The liver increases the
production of several proteins, such as CRP, amyloid-A,al-
acid glycoprotein, haptoglobin, complement fractions,
mannose-binding lectin, coagulation factors, among others
(positive acute-phase proteins), while decreasing the concen-
tration of proteins such as albumin, transthyretin and
thyroxine-binding globulin (negative acute-phase proteins).
In addition to the increase in the positive acute-phase pro-
tein concentration, it has been shown that the liver also
modifies post-translational processing of these proteins, with
an increase in the glycosylation, mediated by cytokines and
glucocorticoid [38, 39]. Studies suggest that both the change
in the concentration of acute-phase proteins, as the pattern
of glycosylation of these proteins might influence the in-
flammatory and immune-modulatory functions attributable
to these proteins [40—42], promoting and intensifying the
inflammatory response. Whether the relation between
GlycA and eGFR and albuminuria is being mediated by the
acute-phase response itself or by the increased glycosylation
in the acute-phase response is a question that remains to
be answered since in the current analysis these two condi-
tions were inseparable.

A better understanding of determinants and patterns
of glycosylation, as a more deep comprehension of how
and to what extent glycosylation impacts the biological
functions of glycoproteins on chronic inflammatory con-
ditions such as CKD is a promising and needed area of
research. Particularly of interest, the association between
GlycA and albuminuria, the best “dynamic” marker of
CKD risk we have so far, suggests that abnormal glycosi-
lation may be an underlying mechanism mediating in-
flammation in CKD. This hypothesis leads to questions
whether glycosylation could play a role not only in medi-
ating the effect of traditional risk factors for CKD, such
as diabetes, insulin resistance, and hypertension, but also
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be involved in inflammation signaling in primary and
secondary glomerulonephritis, diseases where immuno-
logical insults are pivotal.

Our study has some limitations. First and most import-
antly, it is a cross-sectional analysis, and the role of GlycA
regarding renal hard outcomes remains to be determined.
In addition, the population recruited is essentially a non-
CKD population. In order to confirm and better under-
stand the role of GlycA in CKD, the present findings need
to be confirmed in other studies, with an emphasis in
those addressing CKD incidence and progression. Further-
more, we could not perform other techniques of measur-
ing glycosylation, something that would be interesting to
explore and adjust in relation to the GlycA signal.

Conclusion

In conclusion, the results from this cross-sectional study
showed that GlycA is significantly and independently
associated with albuminuria and eGFR. These findings
support further exploration of the role of glycosylation
in CKD progression and risk assessment.
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