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Abstract 

Recent studies suggest a possible association between dephosphorylated-uncarboxylated MGP(dp-

ucMGP) and glomerular filtration rate(GFR). This study aimed to establish normative data in an adult 

Caucasian population and explore the potential utility of dp-ucMGP in patients with diabetes 

mellitus(DM)with and without diabetic kidney disease(DKD). Healthy volunteers(HVs)(cross-sectional 

study) and participants with DM(prospective cohort study) were recruited. Plasma dp-ucMGP was 

measured using the IDS®-iSYS. Of the HVs recruited(n=208), 67(32.2%) were excluded leaving a 

reference population of 141(67.8%) metabolically healthy participants with normal kidney function. 

Plasma dp-ucMGP RIs were <300-532pmol/L. There were 100 eligible participants with DKD and 92 

with DM without DKD. For the identification of participants with DKD, the area under the receiver 

operating characteristic curve(AUC) for dp-ucMGP was 0.842(95%CI:0.799–0.880; p<0.001). Plasma 

dp-ucMGP demonstrated similar ability to urine albumin:creatinine ratio(uACR) to detect participants 

with DM with renal function decline. Among patients with DM, there was a negative correlation 

between natural log(LN) dp-ucMGP and eGFR(r=-0.7041; p<0.001) and rate of change in renal function 

[%change(r=-0.4509; p<0.001)] and a positive correlation between LN dp-ucMGP and LN 

uACR(r=0.3392; p<0.001). These results suggest the potential for plasma dp-ucMGP with well-defined 

RIs to identify adults at high risk for vascular disease in the context of progressive DKD.  
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Introduction: 

Matrix Gla-protein (MGP), a 10-kDA secreted protein 1, is a member of the family of vitamin K-

dependent proteins (Gla [γ-carboxyglutamate] proteins) 2. It is expressed by arterial medial vascular 

smooth muscle cells, fibroblasts, chondrocytes and endothelial cells 3 in a variety of tissues including 

the arterial wall, heart, lungs and kidneys 4. MGP is a potent inhibitor of vascular calcification 5. Mice 

that lack MGP develop to term but die within two months due to arterial calcification which leads to 

blood-vessel rupture 6. Keutel syndrome, a rare autosomal recessive disorder, is caused by a loss-of-

function mutation of MGP that results in abnormal calcification 7. Increased vascular calcification leads 

to increased MGP transcription and production of dephosphorylated-uncarboxylated MGP (dp-

ucMGP) 8. Post-translational modification of dp-ucMGP is necessary for it to acquire its full calcification 

inhibitory activity: dp-ucMGP (inactive) undergoes γ-glutamate carboxylation to form 

dephosphorylated-carboxylated MGP (dp-cMGP) (intermediate) followed by serine phosphorylation 

to form active phosphorylated-carboxylated MGP (p-cMGP). Vitamin K hydroquinone is an essential 

cofactor for the enzyme γ-glutamylcarboxylase that catalyses the conversion of dp-ucMGP to dp-

cMGP. Plasma concentration of dp-ucMGP is considered to be a better indicator of vascular vitamin K 

status than other components of the MGP system and correlates with vascular stiffness in the general 

population and in patients with chronic kidney disease (CKD) 3,9,10. 

Patients with diabetes mellitus (DM) have increased risk of cardiovascular morbidity and mortality 

11,12. Cardiovascular disease (CVD)  affects approximately 30% of all persons with type 2 DM (T2DM); 

reducing life expectancy by up to 10 years 12. DM is the leading cause of CKD worldwide (known as 

diabetic kidney disease (DKD)) 13 and in conjunction with kidney disease is highly associated with 

vascular calcification 14. In the population-based NHANES III study in those with T2DM, the subgroup 

with evidence of CKD accounted for most or all of the excess cardiovascular mortality risk compared 

to those without DM  15. Elevated plasma dp-ucMGP was associated with vascular calcification in 

patients with different degrees of kidney disease 10,16 and independently associated with lower renal 

function 9. Plasma dp-ucMGP was also independently associated with peripheral vascular calcification 

3, carotid femoral pulse wave velocity 17 and aortic pulse wave velocity 18. Aortic pulse wave velocity is 

an independent predictor of cardiovascular morbidity and mortality 19. Vitamin K supplementation 

(VKS) has been associated with a reduction in vascular calcification and plasma dp-ucMGP 

concentrations although further studies are needed 20. Thus, measurement of plasma dp-ucMGP has 

the potential to be a marker of effective VKS. Finally, vitamin K-dependent proteins such as dp-ucMGP 

are associated with the combined endpoint of CVD or mortality 20.  
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There is a significant unmet clinical need for the identification of biomarkers that serve as predictors 

of renal function decline 21 and/or identification of patients at risk of CVD with differing degrees of 

renal impairment. To identify the utility of a biomarker in a disease process, it is important firstly to 

understand how this biomarker behaves in a healthy population with no underlying disease processes. 

To our knowledge, this is the first report to establish robust reference intervals (RIs) for dp-ucMGP in 

metabolically healthy adults with normal kidney function. The primary aims of this study were to 

establish normative data for dp-ucMGP in an Irish Caucasian population and to explore the promise 

of dp-ucMGP as a new biomarker in patients with DKD. The secondary aim was to compare plasma 

dp-ucMGP and urine albumin:creatinine ratio (uACR) in the identification of individuals with rapid 

decline in renal function. 
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Methods: 

Ethical approval for this study was granted by the research ethics committees at Galway University 

Hospitals (GUH) and National University of Ireland Galway (NUIG) (Ref GUH: C.A. 1404; Ref NUIG: 16-

July-05). The ethical principles of this study are based on the recommendations as set out in the 

Declaration of Helsinki. Informed written consent was obtained from all participants. 

Study Design: 

A cross-sectional study was carried out between March 2016 and March 2018 at GUH/NUIG to recruit 

healthy volunteers (HVs). HVs were identified using posters displayed at GUH/NUIG. A prospective 

cohort study was designed to recruit participants with DM with and without DKD. Participants were 

recruited by convenience consecutive sampling at routine DM, nephrology and diabetic renal clinics 

22 at GUH.  

Reference population: 

Our reference population of metabolically healthy adults with normal kidney function has been 

previously described 23. In brief, the stringent inclusion criteria for establishing reference intervals in 

our population (Table 1) included: signed informed consent and Caucasian ethnicity. The exclusion 

criteria included: on prescribed or over-the-counter medications (not including contraceptives) in the  

week preceding recruitment, previous or new diagnosis of DM or prediabetes, known diagnosis of 

cardiac, thyroid, liver or kidney disease, anaemia or unwell in the previous 2-weeks, non-Caucasian, 

clinical or laboratory parameters outside defined ranges (Table 1) or insufficient sample. In addition 

to the previously described exclusion criteria [32], any participant suspected of having metabolic bone 

disease at the time of sampling (low 25-hydroxycholecalciferol(25(OH)D)<25ng/mL and/or high intact 

parathyroid hormone (iPTH) concentration≥65ng/L) was also excluded. 

Participants with DM and DKD: 

DKD was defined as a reduction in eGFR (<60mL/min/1.73m2), persistent albuminuria (uACR 

>2.5mg/mmol (males) or >3.5mg/mmol (females) on ≥2 of the last 3 uACR measurements) and/or 

renal hyperfiltration >150mL/min/1.73m2. Participants with DM were divided into groups based on 

the presence or absence of DKD.  The inclusion criteria were: known diagnosis of DM, age ≥18 years 

and signed informed consent. The exclusion criteria were: under active management for acute medical 

conditions (infection, cancer, acute cardiovascular event or haematological conditions) other than 

anaemia, haemoglobin <10g/dL in the 3 months prior to study enrolment, Vitamin K antagonist 

therapy, CKD 5, renal transplantation or dialysis therapy. 
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Data collection: 

All participants had baseline demographics and clinical characteristics recorded (Supplementary 

Methodology 1). The reference population completed a detailed questionnaire to identify any known 

medical conditions, medication use and/or illness in the previous two weeks. For participants with 

DM, the type and duration of DM (years), past medical history and current medications were noted. 

In addition, all serum creatinine values for the 10 years pre-enrolment and over the subsequent 2.5 

years post-enrolment (or until death, dialysis or transplantation) were collated. For these serial serum 

creatinine values, eGFR was calculated using the 4-parameter CKD-EPI formula 24. 

Laboratory Sampling Strategy: 

Blood (20mL) was drawn from each participant and collected in appropriate specimen tubes (BD 

Vacutainer® blood collection tubes): potassium ethylenediaminetetraacetic acid (EDTA) tubes for 

measurement of plasma glycated haemoglobin (HbA1c), full blood count and plasma dp-ucMGP and 

plain (clotting) tubes for measurement of serum C-reactive protein (CRP), sodium, potassium, 

chloride, urea, creatinine, calcium, phosphate, liver function tests, cholesterol, thyroid function tests, 

iPTH, 25(OH)D, high sensitivity troponin t (hsTnT) and N-terminal pro b-type natriuretic peptide (NT-

proBNP). A midstream urine sample was collected for measurement of uACR (Supplementary 

Methodology 2). 

For measurement of plasma dp-ucMGP, whole blood collected in EDTA tubes was processed 

(centrifugation at 3000xg for 10 minutes at 4°C and plasma separated from the cells within 1.5h of 

blood draw), divided into aliquots and stored at -80°C prior to batch analyses.  

Analytical methods: 

The IDS®-iSYS is an automated immunoassay analyzer based on chemiluminescent technology. The 

IDS®-iSYS Ina-Ktif (dp-ucMGP) is a sandwich assay employing two monoclonal murine antibodies, a 

magnetic particle, solid-phase capture dpMGP antibody and an acridinium-labelled tag ucMGP 

antibody. The quantity of light (expressed in relative light units) emitted by the acridinium label is 

directly proportional to the concentration of dp-ucMGP in the sample and measured by the system 

luminometer. All analyses were conducted in the Clinical Biochemistry Laboratory at GUH (accredited 

to ISO 15189:2012 standards for medical testing laboratories).  

Assessment of assay performance specifications: 
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Linearity, precision, bias, the effect of haemolysis, sample stability and the effect of repeated freeze-

thaw cycles on dp-ucMGP measurement were assessed (Supplementary Methodology 3). 

Statistical analyses: 

Microsoft® Excel 2016, GraphPad® Prism (Version 6.01) and R25 were used for data recording and 

statistical analyses. 

Establishing reference intervals for dp-ucMGP: 

The frequency distribution for plasma dp-ucMGP was established. Reference values within the IDS-

iSYS dp-ucMGP reportable ranges were used to establish the reference intervals. Plasma dp-ucMGP 

levels below the assay reportable range or limit of quantification (LoQ) (300pmol/L) were assigned the 

arbitrary figure of 299pmol/L for statistical analyses. Normality was evaluated using the Anderson-

Darling test. Outliers were assessed in accordance with the criteria of Dixon et al 26 and Reed et al 27 

(Supplementary Methodology 4). As the data was not normally distributed, the International 

Federation of Clinical Chemistry and Laboratory Medicine (IFCC) recommended non-parametric 

method was used to establish the reference intervals. Plasma dp-ucMGP lower and upper reference 

limits were estimated at the 2.5th and 97.5th percentiles, respectively. 

Diagnostic utility of dp-ucMGP in DKD: 

Continuous data were represented using means (standard deviations) where the data were normally 

distributed and median (min-max) for non-normally distributed data. For normally distributed data, 

comparison of means was made using ANOVA with Tukey’s post hoc multiple comparison test or 

Student’s T-test. For non-parametric data, Kruskal-Wallis multiple comparison test with Dunn’s post 

hoc multiple comparison test and Mann-Whitney U test were used. Categorical data were summarized 

with frequencies (percentages). Comparison of proportions were performed using the chi-squared 

test. Pearson’s correlation was used to explore the relationships between continuous variables and 

clinical/laboratory parameters among HVs. P-values ≤0.05 were considered statistically significant. 

Linear mixed-effects models (incorporating random within subject trajectories of eGFR over time) 

were used to generate individual specific eGFR slopes; both absolute change (mL/min/1.73m2/year) 

and percentage change (% change/year). The slopes represented the change in renal function over 

time for each participant incorporating all eGFR measurements (before, after and at time of 

recruitment). Progressive renal function decline among participants with DM (decliners) was defined 

as either an absolute reduction in eGFR of ≥3.5mL/min/1.73m2/year 28 or percentage eGFR loss of 

≥3.3%/year 29,30. In a general population, a 3.3% reduction in renal function per year corresponds to 
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the 2.5th percentile of the distribution of annual renal function loss 31. Participants whose rate of eGFR 

decline was <3.5mL/min/1.73m2/year or <3.3% per year were classified as non-decliners. 

Receiver operating characteristic (ROC) curve analyses were used to evaluate the diagnostic utility of 

plasma dp-ucMGP in distinguishing participants with DKD from participants with DM without DKD and 

HVs. The sample size required to identify an area under the receiver operating characteristic curve 

(AUC) of >0.75 with a null hypothesis AUC of 0.5, a ratio of sample sizes in negative/ positive groups 

of 3.34, α of 0.05 and β of 0.1 (power 90%) was determined to be 18 cases with DKD and 60 cases 

without. Further ROC curves were constructed to determine the utility of plasma dp-ucMGP in 

distinguishing participants with DKD from participants with DM without DKD and decliners from non-

decliners. The relationships between LN dp-ucMGP and eGFR, LN uACR and change in eGFR (absolute, 

percentage) were explored using linear regression models and represented using scatter plots. Box 

and whiskers plots were used to illustrate the differences in plasma dp-ucMGP between HVs, 

participants with DM with and without DKD and between decliners and non-decliners (absolute, 

percentage).   

Separate stepwise regression analyses were carried out on the HVs and the participants with DM, to 

determine which variables best explained the dp-ucMGP level. The variables listed in table 1 and 

gender (male/female) were included in the stepwise model for HVs and those with DM. 
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Results: 

In total, 208 HVs were recruited to the study (Figure 1). Of these, 67 (32.2%) were excluded based on 

our strict exclusion criteria, leaving a reference population of 141 metabolically healthy reference 

controls with normal kidney function (Table 1). Of these, 55 (39.0%) had plasma dp-ucMGP 

concentrations below the assay reportable range (300pmol/L). Baseline characteristics of the 

reference population and their correlations with LN plasma dp-ucMGP are outlined in Table 1. There 

was no statistically significant difference in plasma dp-ucMGP between smokers (n=13; 299 (299-472) 

pmol/L) and non-smokers (n=128; 299 (299-698)pmol/L) (p=0.264). However, there was a significant 

difference in plasma dp-ucMGP between males (n=59; 301 (299-518)pmol/L) and females (n=82; 365 

(299-698)pmol/L) (p=0.004). Among HVs, using a stepwise regression model, increasing BMI, CRP, 

GGT, TSH, haemoglobin and uACR and decreasing HbA1c were associated with increasing plasma dp-

ucMGP (Table 2). Interestingly, this model further suggested that males had a lower plasma dp-ucMGP 

than females (p<0.001). 

Analytical performance of dp-ucMGP assay: 

Linearity of the assay was verified to a dilution of 1:6 with a recovery of 100 ± 10% (Supplementary 

Figure 1, Supplementary Table 1). Intra-assay precision at mean dp-ucMGP concentrations of 

981pmol/L, 4397pmol/L and 7296pmol/L was 4.02%, 2.28% and 2.85%, respectively (Supplementary 

Tables 2a, b, c). Inter-assay precision at mean dp-ucMGP concentrations of 981pmol/L, 4397pmol/L 

and 7296pmol/L was 5.57%, 3.25% and 3.22%, respectively (Supplementary Tables 2a, b, c). Bias was 

6.7%, 9.0% and 6.1% at dp-ucMGP concentrations of 920pmol/L, 4033pmol/L and 6877pmol/L, 

respectively (Supplementary Table 3). Samples with a haemolytic index (HI) of 258 and 338 had 19% 

and 13% increases in recovery, respectively, and samples with a HI of 499 had a 9% decrease in 

recovery of dp-ucMGP compared to baseline (HI=7) (Supplementary Table 4). Plasma dp-ucMGP 

concentrations were stable when stored at -80°C over a 9-month period with a recovery of 100 ± 10% 

(Supplementary Table 5).  Plasma dp-ucMGP levels were stable for 1 warm-up cycle (24h) (recovery 

100 ± 10%) and for 2 freeze-thaw cycles (recovery 100 ± 10%) (Supplementary Table 6). 

Reference intervals for plasma dp-ucMGP: 

Plasma dp-ucMGP was not normally distributed among the reference population (non-Gaussian) 

(Figure 2). This in part was due to the proportion of HVs that had values below the LoQ of the assay 

(39.0%).  The D'Agostino-Pearson test rejected normality (p-value<0.001). Using the Dixon and Reed 

approach for detection of outliers, none were identified. Using the non-parametric method, the lower 

(2.5th percentile) and upper (97.5th percentile) reference limits for dp-ucMGP were 299 (90% CI 299–



12 
 

299)pmol/L and 532 (90% CI 509-698)pmol/L, respectively. As the LoQ is 300 pmol/L, the data below 

300pmol/L is truncated. Therefore, we recommend that the RI is quoted as <300pmol/L to 532pmol/L. 

Diagnostic performance of plasma dp-ucMGP in DKD: 

In addition to 141 HVs, 200 participants with DM with and without DKD were recruited (Figure 1). Of 

these, 8 (4%) were on Vitamin K antagonist therapy and were excluded from the study. Of the 

remaining 192 participants, 100 (52.1%) had DKD and 92 (47.9%) did not. Baseline biochemical, 

haematological and clinical parameters for the HVs, participants with DM with and without DKD are 

outlined in Tables 3,  4. There was a significant, stepwise increase in plasma dp-ucMGP from HVs 

(318(299-698) pmol/L) to participants with DM without DKD (434(299-1251)pmol/L)  to participants 

with DKD (729(299–4938) pmol/L) (p<0.001) (Figure 3A). A series of eGFR values, sufficient to calculate 

rate of change in eGFR were available for 191/192 participants with DM over a median of 7.4 (0.5–

11.6) years.  Based on absolute change in eGFR per year, 32(16.8%) were categorised as decliners. 

However, when based on % change in eGFR per year, 77 (40.3%) were categorised as decliners. 

Decliners had higher plasma dp-ucMGP than non-decliners (absolute (784(299–2611) v 499(299–

4938)pmol/L, p<0.001); percent (817(299-4938)pmol/L v 439(299-1385) pmol/L), p<0.001) (Figure 

3B). In patients with DM, there were significant strong negative linear associations between LN plasma 

dp-ucMGP and eGFR (r=-0.7041, p<0.001), absolute change in eGFR (r=-0.3078, p<0.001) and % 

change in eGFR (r=-0.4509, p<0.001) as well as a significant, moderate positive linear association 

between LN plasma dp-ucMGP and LN uACR (r=0.3392, p<0.001) (Figure 3C-F). 

ROC curve analyses were used to determine the ability of plasma dp-ucMGP to identify participants 

with DKD. First, participants with DKD were compared to participants with DM without DKD and HV 

(Figure 4A). This analysis produced an AUC of 0.842 (95% CI: 0.799 – 0.880; p<0.001) with a diagnostic 

sensitivity of 67.0% (95% CI 56.9 – 76.1), a diagnostic specificity of 91% (95% CI 86.1 – 94.0), positive 

likelihood ratio of 7.10 (95% CI 4.7 – 10.8) and a negative likelihood ratio of 0.36 (95% CI 0.3-0.5). The 

optimum cut-off for identifying participants with DKD was a plasma dp-ucMGP concentration 

>557pmol/L. Further ROC curve analysis compared participants with DKD to participants with DM 

without DKD. The AUC for dp-ucMGP was 0.747 (95% CI: 0.679 – 0.807; p<0.001) with a diagnostic 

sensitivity of 64.7% (95% CI 54.6 – 73.9), a diagnostic specificity of 80.0% (95% CI 70.2 – 87.7), a 

positive likelihood ratio of 3.24 (95% CI 2.1 – 5.0), a negative likelihood ratio of 0.44 (95% CI 0.3-0.6) 

and decision threshold of >570 pmol/L.  

ROC curve analyses were used to compare the ability of dp-ucMGP and uACR to distinguish 

participants with DM with and without decline in renal function. Plasma dp-ucMGP and uACR had 

moderate ability to distinguish decliners from non-decliners when absolute rate of change in eGFR (≥-
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3.5mL/min/1.73m2/year) was used (AUC of 0.696 (95% CI: 0.625 - 0.760, p<0.001) versus 0.689 (95% 

CI: 0.618 - 0.754, p<0.001) (p = 0.921); Figure 4C). Similar findings were observed using lower and 

higher thresholds to classify decliner status. Using a threshold of ≥-4.5mL/min/1.73m2, the predictive 

value of plasma dp-ucMGP was weaker and uACR stronger; but there was no significant difference 

between the two indices (AUC of 0.627 (95% CI: 0.554 - 0.696, p=0.131) versus 0.751 (95% CI: 0.683 - 

0.810, p<0.001) (p = 0.231)). Using a threshold of ≥-2.5mL/min/1.73m2, the predictive values of plasma 

dp-ucMGP and uACR were similar (AUC of 0.686 (95% CI: 0.615 - 0.751, p<0.001) and 0.690 (95% CI: 

0.619 - 0.755, p<0.001) (p = 0.948). 

However, when decliners were defined based on % change in eGFR (≥-3.3%/year), plasma dp-ucMGP 

and uACR had greater predictive values but there was no significant difference between the two 

indices (AUC of 0.800 (95% CI: 0.737 - 0.853, p<0.001) versus 0.723 (95% CI: 0.654 - 0.786, p<0.001), 

(p = 0.103) (Figure 4D). Similar findings were observed using lower and higher thresholds to classify 

decliner status. Using a threshold of ≥-4% decline in renal function per year, the predictive values of 

both plasma dp-ucMGP and uACR were similiar (AUC of 0.818 (95% CI: 0.755 - 0.870, p<0.001) and 

0.745 (95% CI: 0.677 - 0.805, p<0.001), (p = 0.150). Using a higher threshold of ≥-2% decline, the 

predictive values of both plasma dp-ucMGP and uACR were again similar (AUC of 0.756 (95% CI: 0.689 

- 0.816, p<0.001) versus 0.708 (95% CI: 0.638 - 0.772, p<0.001), (p=0.308) 

Similar to HVs, using a stepwise regression model (Table 2) in participants with DM, increasing BMI, 

CRP and GGT were associated with increasing dp-ucMGP. Interestingly, increasing HbA1c and 

decreasing haemoglobin were associated with increasing plasma dp-ucMGP – the converse was true 

for HVs. Other significant explanatory variables included SBP, DBP, sodium, eGFR, HDL-C, Free T4 and 

iPTH.   
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Discussion:  

The quality of RIs for a clinical laboratory assay are as important as the quality of the result itself. 

Reference intervals are the decision support tools used to guide clinicians in the correct interpretation 

of results, helping to discriminate between those with and those without disease. Prior to the 

introduction of a biomarker into routine clinical practice, it is essential to establish RIs in a healthy 

local population. This is the first study to define robust RIs for plasma dp-ucMGP using the IDS®-iSYS 

Ina Ktif (dp-ucMGP) assay in a metabolically healthy Caucasian population with normal kidney 

function. It provides novel insights on the utility of plasma dp-ucMGP as a biomarker of both DKD and 

renal function change in adults with DM. Our results demonstrated that plasma dp-ucMGP is higher 

in persons with DKD compared to those with DM without DKD and HV and in decliners compared to 

nondecliners. We also found that plasma dp-ucMGP was a measurable indicator of DKD and renal 

function decline. Significant negative linear relationships existed between LN plasma dp-ucMGP and 

eGFR as well as rate of change in renal function and a significant positive linear relationship existed 

between dp-ucMGP and uACR in participants with DM with and without DKD.  

In previous comparable studies, Cranenburg et al. reported reference values of 477±199 pmol/L in a 

healthy reference population (n=75) 32. In contrast to our study, the authors noted that as age 

increased plasma dp-ucMGP levels increased. Within this cohort, however, 20% and 9% had known 

diagnoses of hypertension and hypercholesterolaemia, respectively, with frequencies that increased 

with age. As vascular calcification is linked to hypertension and hypercholesterolaemia 33,34, the impact 

of these conditions on dp-ucMGP values is likely to be significant. We noted that plasma dp-ucMGP 

was higher in females than males while Cranenburg et al. found gender had no effect 32.  Both studies 

had different subject numbers and characteristics which could explain the gender differences, 

suggesting that additional studies are required to determine whether gender-specific RIs are 

necessary. It is of interest that, even in a reference population selected for metabolic health and BMI 

≤32.5kg/m2, we observed significant (albeit mild) correlations between LN plasma dp-ucMGP and BMI 

as well as LN CRP, eGFR and LN uACR. This suggests that vitamin K status and plasma dp-ucMGP have 

the potential to be important predictors of long-term vascular health among large populations. 

Notably, in the Longitudinal Aging Study Amsterdam (LASA), which evaluated community-dwelling 

older adults aged >55 years, free of CVD at baseline, vitamin K insufficiency as assessed by high plasma 

dp-ucMGP, was associated with increased risk of CVD independent of the classical risk factors 35.  In 

contrast, in the Health ABC (Health, Aging, and Body Composition) Study of community-dwelling 

adults aged 70-79 years without CVD, Shea et al. observed that low circulating phylloquinone but not 

dp-ucMGP was associated with higher CVD  risk in older adults treated for hypertension 36.   
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In keeping with results published by others 3,9,10, we observed that plasma dp-ucMGP increased as 

renal function deteriorated. Previous studies noted that plasma dp-ucMGP levels increased 

progressively from CKD 2/3 to CKD 4/5 to CKD 5 on dialysis 10 and from eGFR >90mL/min/1.73m2 to 

CKD 2 to CKD 3-5 9. Unsurprisingly, plasma dp-ucMGP is higher in patients on haemodialysis compared 

to age-matched controls with normal renal function 37. There are well established associations 

between plasma dp-ucMGP and concomitant levels of renal function across the CKD spectrum. In this 

study, we showed that there is also a relationship between plasma dp-ucMGP and rate of change in 

renal function (calculated using ≥2 values sampled over 7+ years) in adults with DM. Perhaps 

consistent with this, Wei at al. showed, in a general population after 8.9 years follow-up, that plasma 

dp-ucMGP increased by 23% while eGFR decreased by 4.05mL/min/1.73m2 38, also indicating a time-

dependent relationship. In that study, which included follow-up data from only a single time-point, 

baseline plasma dp-ucMGP predicted new onset microalbuminuria and eGFR <60mL/min/1.73m2. In 

our study, the strength of association between rate of change in renal function and LN dp-ucMGP was 

stronger and the proportion of participants classified as decliners greater, when % rather than 

absolute change in renal function was used. This finding indicated that small absolute changes in renal 

function at lower eGFRs have a greater impact on dp-ucMGP levels than similar magnitude changes at 

higher eGFRs. Use of % rather than absolute change may be a more sensitive method of identifying 

decliners, although further study is required. Thus, regardless of current eGFR, renal function decline 

appears to associate with increased plasma dp-ucMGP. Importantly, high plasma dp-ucMGP is 

associated with increased CVD risk among patients with T2DM, in particular those with peripheral 

artery disease and heart failure 39 and those with increasing severity of chronic heart failure 40.  High 

circulating levels of dp-ucMGP have also been shown to be associated with arterial stiffness after 

adjustment for common cardiovascular risk factors, renal function and age 41, suggesting that 

interventions targeting the mechanisms underlying high plasma dp-ucMGP may be of distinct clinical 

benefit. In this regard, it has been proposed that vitamin K therapy has potential to slow vascular 

calcification 20. In a trial of 17 haemodialysis patients, daily supplementation for 6 weeks with vitamin 

K2 resulted in a 27% reduction in plasma dp-ucMGP 37. A further study of 38 patients with CKD 4/5 

demonstrated a 10.7% reduction in plasma dp-ucMGP following supplementation with 90 µg of 

Vitamin K2 for 270±12 days 42. Additional trials are needed to evaluate the long-term impact of vitamin 

K therapy on dp-ucMGP, cardiovascular morbidity and mortality as renal function declines.  

The RIs in our study were established in a healthy Northern European Caucasian population which 

may limit their generalisability to other populations. Our observation of higher plamsa dp-ucMGP in 

metabolically healthy females compared to males will require definitive confirmation and partitioning 

of the reference range according to sex. As 39.0% of the reference population had values <LoQ, more 
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sensitive assays are necessary to determine the clinical relevance of reporting values <300pmol/L. GFR 

was estimated using the CKD-EPI equation; it was not measured using a reference method. 

Unfortunately, data regarding vascular calcification were not collated as part of the study protocol, 

however, associations between MGP and vascular calcification are elucidated in the literature 3,17-

20,35,41. With a molecular mass of 10kDa, the increase in dp-ucMGP as eGFR declines (both in HVs and 

participants with DM) could be attributed wholly or in part to reduced excretion 37 rather than being 

induced by specific pathophysiological effects of DKD. Miyata et al. have shown that baseline eGFR 

negatively correlated with glomerular and tubulointerstitial MGP mRNA levels among patients 

recruited to the Nephrotic Syndrome Study Network (NEPTUNE). Furthermore, independently of eGFR 

tubulointerstitial MGP was strongly associated with interstitial fibrosis, tubular atrophy, acute tubular 

injury and interstitial inflammation43. This together with the further association we observed between 

plasma dp-ucMGP and rate of loss of renal function, provides evidence that plasma dp-ucMGP among 

adults with DM is dictated by more than simple filtration. Nonetheless, as our study is observational 

in nature, conclusions regarding causality cannot be drawn. 
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Conclusion: 

RIs for plasma dp-ucMGP in a metabolically healthy Caucasian population with normal kidney function 

were established using the IDS-iSYS platform. Plasma dp-ucMGP was found to distinguish HVs and 

patients with DM without DKD from those with DKD with a good level of accuracy, a finding that may 

reflect the increased risk of vascular calcification that occurs as renal function declines. Plasma dp-

ucMGP was also shown to be associated with rate of change in renal function among adults with DM 

with a wide range of current eGFR values. Interestingly, this association was stronger when change in 

eGFR was expressed in terms of % change per year rather than absolute change per year 

(ml/min/1.73m2/year). Accurate definition of RIs and of the relationships between plasma dp-ucMGP 

concentrations and indices that reflect the severity of CKD in the setting of DM provide an important 

platform for integrating this robust biomarker into future studies on the role of vitamin K status and 

supplementation in cardiovascular health and on the role of the MGP system in renal function decline 

at a molecular level. 
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Figure Legends: 

Figure 1: Recruitment schematic to establish normative data for dp-ucMGP in an Irish Caucasian 

population and to determine its clinical utility in DKD. 

DKD: Diabetic kidney disease; BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic 

blood pressure; HbA1c: glycated haemoglobin; CRP: C-reactive protein; eGFR: estimated glomerular 

filtration rate (CKD-EPI); ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; T4: Thyroxine; 

TSH: thyroid stimulating hormone; iPTH: intact parathyroid hormone; 25 (OH)D: 25-

hydroxycholecalciferol; WCC: White cell count. 

*Healthy volunteers were excluded sequentially based on a single criterion. 

 

Figure 2: A) plasma dp-ucMGP reference population histogram; B) plasma dp-ucMGP reference 

population box and whiskers plot. 

 

The distribution of data in the histogram and box and whiskers plots clearly indicates that the values 

are not normally distributed. The box portion of the box and whiskers plot represents 50% of the data, 

the lower quartile, median and upper quartile. The whiskers extend to the minimum and maximum 

values for dp-ucMGP in the reference population. The cross represents the mean value of dp-ucMGP.  

 

Figure 3:  

A) Box and whiskers plot illustrating the levels of dp-ucMGP in HVs, participants with DM without DKD 

and participants with DKD. There was a stepwise increase in the level of dp-ucMGP from HVs to 

participants with DM without DKD to participants with DKD. Comparison between the groups is made 

using Kruskal Wallis with Dunn’s post-hoc for multiple comparisons.  

B) Box and whiskers plot illustrating the levels of dp-ucMGP in decliners v non-decliners (absolute and 

percentage change in eGFR). Decliners had a higher level of dp-ucMGP compared to non-decliners. 

Comparison between decliners and non-decliners is made using Mann-Whitney U test. 

C) Scatter plot: LN dp-ucMGP v eGFR (fitted linear regression line) for participants with DM with and 

without DKD. 

D) Scatter plot: LN dp-ucMGP v LN uACR (fitted linear regression line) for participants with DM with 

and without DKD. 

E) Scatter plot: LN dp-ucMGP v Change in eGFR (absolute) (fitted linear regression line) for participants 

with DM with and without DKD. 

F) Scatter plot: LN dp-ucMGP v Change in eGFR (%) (fitted linear regression line) for participants with 

DM with and without DKD. 

 

*** p<0.001 
****p<0.0001 
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Figure 4:  

A) ROC curve for dp-ucMGP: DKD (n=100) versus DM without DKD (n=92) and HV (n=144). The 

AUC for dp-ucMGP was 0.842 (95% CI: 0.799 – 0.880; p<0.001) with a diagnostic sensitivity of 

67.0% (95% CI 56.9 – 76.1), a diagnostic specificity of 91% (95% CI 86.1 – 94.0), positive likelihood 

ratio of 7.10 (95% CI 4.7 – 10.8), a negative likelihood ratio of 0.36 (95% CI 0.3-0.5) and decision 

threshold of >557 pmol/L. 

B) ROC curve for dp-ucMGP: DKD (n=100) versus DM without DKD (n=92). The AUC for dp-ucMGP 

was 0.747 (95% CI: 0.679 – 0.807; p<0.001) with a diagnostic sensitivity of 64.7% (95% CI 54.6 – 

73.9), a diagnostic specificity of 80.0% (95% CI 70.2 – 87.7), positive likelihood ratio of 3.24 (95% 

CI 2.1 – 5.0), a negative likelihood ratio of 0.44 (95% CI 0.3-0.6) and decision threshold of >570 

pmol/L. 

C) ROC curve for dp-ucMGP v uACR: decliners (n=32) and non-decliners (n=159) (absolute change 

in renal function). The AUC for dp-ucMGP was 0.696 (95% CI: 0.625 - 0.760, p<0.001) compared 

to an AUC for uACR of 0.689 (95% CI: 0.618 - 0.754, p<0.001) (p = 0.921). 

D) ROC curve for dp-ucMGP v uACR: decliners (n=77) and non-decliners (n=114) (% change in 

renal function). The AUC for dp-ucMGP was 0.800 (95% CI: 0.737 - 0.853, p<0.001) compared to 

an AUC for uACR of 0.723 (95% CI: 0.654 - 0.786, p<0.001) (p = 0.103). 

The area under the ROC curve (AUC) is used to assess test accuracy. A ROC curve is constructed from 

sensitivity compared to 1-specificity. An AUC >0.9 is indicative of a very accurate test.   
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Parameter 
Inclusion  

Median (Range) 
Correlation 

P-Value 
Criteria Coefficient* 

Age (years) ≥18 30.0 (18.1 - 62.2)  0.109 0.198 

BMI (kg/m2) ≤32.5 24.0 (16.7 - 32.4) 0.305 <0.001 

Pulse (beats per min) N/A 68 (22 - 108) 0.123 0.145 

SBP (mmHg) <146 123 (93 - 145) 0.143 0.091 

DBP (mmHg) <89 75 (49 - 88) 0.165 0.051 

HbA1c (mmol/mol) 20-42≠ 32 (21-39) -0.014 0.876 

CRP (mg/L)^ <10 0.7 (0.5 - 8.9) 0.33 <0.001 

Sodium (mmol/L) 134-146≠ 141 (134-145) -0.041 0.63 

Potassium (mmol/L) 3.5-5.2≠ 4.3 (3.6 - 5.0) -0.062 0.463 

Chloride (mmol/L) N/A 101 (94 - 105) 0.034 0.686 

Urea (mmol/L) N/A 5.0 (2.5 - 9.3) -0.111 0.191 

Creatinine (µmol/L) 45-110≠ 76 (47 - 110) -0.038 0.651 

eGFR (ml/min/1.73m2) ≥60 99 (65 - 133) -0.198 0.019 

Adj. Calcium (mmol/L) 2.15-2.51≠ 2.31 (2.17 - 2.45) 0.078 0.361 

Phosphate (mmol/L) 0.7-1.5 1.14 (0.71 - 1.46) -0.064 0.454 

Total Bilirubin (µmol/L) ≤23 8 (2 - 23) -0.094 0.267 

ALP (U/L) <130 59 (29 -111) -0.001 0.986 

ALT (U/L) <1.5x URL (40) or <60 18 (7 - 48) 0.044 0.605 

GGT (U/L)^ <3x URL (35) or <105 16 (6 - 83) 0.133 0.117 

Cholesterol (mmol/L) N/A 4.6 (2.9 - 7.0) 0.125 0.139 

Triglycerides (mmol/L)^ N/A 0.9 (0.3 - 4.7) 0.056 0.509 

HDL-C (mmol/L) N/A 1.6 (0.7 - 3.1) -0.004 0.959 

LDL-C (mmol/L) N/A 2.3 (1.1 - 4.2) 0.132 0.119 

Free T4 (pmol/L) 10.5-24≠ 16.1 (11.3 - 24.0) -0.075 0.374 

TSH (mIU/L) 0.27-4.78≠ 1.92 (0.28 - 4.71) 0.159 0.06 

iPTH (ng/L)^ <65 30.7 (8.1 - 62.3) -0.07 0.406 

25-hydroxyvitamin D (ng/mL)^ ≥25 52 (25 - 118) -0.145 0.086 

hsTnT (ng/L)^ <14 4 (4 - 10) -0.089 0.297 

NT-proBNP (ng/L)^ ≤150 23.7 (9 - 150) 0.158 0.062 

uACR (mg/mmol)^ N/A 0.63 (0.05 - 19.5) 0.196 0.02 

WCC (10*9/L) 3-12≠ 6.3 (3.1 - 11.6) 0.181 0.033 

Haemoglobin (g/dL) M >13; F >11 13.7 (11.3 - 16.8) -0.044 0.608 

Platelet Count (10*9/L) 128-450≠ 248 (129 - 421) 0.172 0.043 

Table 1: Baseline characteristics and inclusion criteria for reference population (n=141): correlation 

of characteristics with LN dp-ucMGP. 

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; HbA1c: glycated 

haemoglobin; CRP: C-reactive protein; eGFR: estimated glomerular filtration rate (CKD-EPI); Adj. 

Calcium: adjusted calcium, ALP: alkaline phosphatase; ALT: alanine aminotransferase; GGT: Gamma-

glutamyl transferase; HDL-C: High-density lipoprotein cholesterol; LDL-C: low-density lipoprotein 

cholesterol; T4: Thyroxine; TSH: thyroid stimulating hormone; iPTH: intact parathyroid hormone; 

25(OH)D: 25 hydroxycholecalciferol; hsTnT: high-sensitivity troponin T; NT-proBNP: N-terminal pro b-

type natriuretic peptide; WCC: White cell count; uACR: urine albumin:creatinine ratio. ~ Data is 

represented as median (range) to indicate the spread of results. *Pearson’s correlation. Significant p-

values are highlighted in bold. ^ correlation between LN of the variable and LN dp-ucMGP. ≠ includes 

both the minimum and maximum value 
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Variable 
Healthy Volunteers (n=141) Diabetes Mellitus (n=192) 

Coefficient 95% CI P-Value Coefficient 95% CI P-Value 

Constant 48 (-208, 303) 0.713 -2797 (-6098, 503) 0.096 

BMI 4.17 (0.49, 7.86) 0.027 14.76 (4.20, 25.33) 0.006 

Pulse  

  

-3.37 (-7.66, 0.93) 0.124 

SBP -6.27 (-10.29, -2.25) 0.002 

DBP 10.28 (3.36, 17.20) 0.004 

HbA1c -4.89 (-9.62, -0.16) 0.043 3.39 (-0.10, 6.87) 0.057 

CRP 8.45 (0.78, 16.12) 0.031 8.95 (1.06, 16.84) 0.027 

Sodium 
  

25.8 (3.8, 47.7) 0.022 

eGFR -8.22 (-10.65, -5.80) <0.001 

GGT 1.133 (0.050, 2.216) 0.04 1.479 (0.640, 2.319) 0.001 

HDL-C  
  

194.2 (58.3, 330.0) 0.005 

Free T4 18.7 (-1.4, 38.8) 0.069 

TSH 12.05 (0.13, 23.97) 0.048    

iPTH  3.479 (1.815, 5.143) <0.001 

Haemoglobin 23.25 (7.95, 38.56) 0.003 -47.5 (-90.2, -4.9) 0.029 

uACR 9.66 (4.45, 14.87) <0.001  

Male gender -60.5 (-93.5, -27.6) <0.001 -116.5 (-253.0, 20.0) 0.094 

Table 2: Stepwise regression to determine which variables were associated with dp-ucMGP among 

healthy volunteers and participants with DM with and without DKD, 

All variables detailed in table 1 and gender were included in the model. BMI: Body mass index; SBP: 

Systolic blood pressure; DBP: Diastolic blood pressure; HbA1c: glycated haemoglobin; CRP: C-reactive 

protein; eGFR: estimated glomerular filtration rate (CKD-EPI); GGT: Gamma-glutamyl transferase; 

HDL-C: High-density lipoprotein cholesterol; T4: Thyroxine; TSH: thyroid stimulating hormone; iPTH: 

intact parathyroid hormone; uACR: urine albumin:creatinine ratio. 
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Parameter  

HV No DKD DKD p-value 

n=141 n=92 n=100 

HV  HV  
No 

DKD 
Overall¥ 

vs  vs vs 

No DKD≠ DKD≠ DKD≠ 

Age (years)* 34.14 (12.0) 54.2 (16.8) 67.0 (13.3) <0.001 <0.001 <0.001 <0.001 

Male no. (%)∞ 59 (41.8) 63  (68.4) 70 (70.0) <0.001 <0.001 0.819 <0.001 

BMI (kg/m2)* 24.2 (3.5) 28.9 (5.8) 30.8 (6.0) <0.001 <0.001 0.026 <0.001 

Pulse (beats per min)* 70 (13) 79 (13) 79 (14) <0.001 <0.001 0.938 <0.001 

SBP (mmHg)* 122 (10) 129 (12) 137 (17) <0.001 <0.001 <0.001 <0.001 

DBP (mmHg)* 74 (7) 75 (9) 72 (11) 0.892 0.093 0.055 0.042 

Smoker no. (%)∞ 13 (9.2) 9 (9.8) 9 (9.0) 0.422 0.95 0.457 0.646 

Duration of DM (years)° 0.0 (0.0 -0.0) 10.0 (0.2 - 59.0) 15.0 (2.0 - 49.0) <0.001 <0.001 0.066 <0.001 

Type of Diabetes Mellitus∂ 

  Type 1 DM no. (%) 0 (0) 31 (33.7) 13 (13.0) N/A N/A 0.002 N/A 

  Type 2 DM no. (%) 0 (0) 55 (59.8) 85 (85.0) N/A N/A <0.001 N/A 

  Other DM no. (%) 0 (0) 6 (6.5) 2 (2.0) N/A N/A 0.117 N/A 

Table 3: Comparison of baseline clinical demographics: reference population, participants with DM 

and no DKD and participants with DKD. 

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; DM: Diabetes 

Mellitus. * Mean (standard deviation); ~ Number (percentage); ^ Median (minimum to maximum). ¥ 

p-values represent significance levels for multiple comparisons between the three groups – Kruskal 

Wallis for non-parametric data; ANOVA for parametric data. ≠ Multiplicitiy adjusted p-values are 

reported for non-parametric (Dunns multiple comparison) and parametric data (Tukeys multiple 

comparison). ∂ Chi-squared to determine if there was a difference in the proportion of participants 

with Type 1 DM, Type 2 DM and Other DM in the DM without DKD group compared to the DKD group.
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Parameter  

HV No DKD DKD p-value 

n=141 n=92 n=100 

HV  HV  
No 

DKD 

Overall¥ 

vs  vs vs 

No 
DKD≠ DKD≠ DKD≠ 

dp-ucMGP (pmol/L)^ 
318 (299 - 

698) 
434 (299 - 

1251) 729 (299 - 4938) <0.001 <0.001 <0.001 <0.001 

HbA1c (mmol/mol)* 32 (3) 62 (16) 64 (17) <0.001 <0.001 0.478 <0.001 

CRP (mg/L)^ 
0.7 (0.5 - 8.9) 

1.8 (0.5 - 
46.6) 2.4 (0.5 - 47.3) <0.001 <0.001 >0.999 <0.001 

Sodium (mmol/L)* 140 (2) 139 (2) 139 (3) 0.003 0.003 0.996 <0.001 

Potassium (mmol/L)* 4.3 (0.3) 4.4 (0.3) 4.7 (0.5) 0.156 <0.001 <0.001 <0.001 

Chloride (mmol/L)* 101 (2) 99 (3) 100 (3) <0.001 0.004 0.145 <0.001 

Urea (mmol/L)* 5.0 (1.3) 5.5 (1.8) 10.3 (4.9) 0.509 <0.001 <0.001 <0.001 

Creatinine (µmol/L) 76 (13) 74 (16) 136 (60) 0.87 <0.001 <0.001 <0.001 

eGFR (ml/min/1.73m2)* 100 (15) 95 (20) 53 (27) 0.129 <0.001 <0.001 <0.001 

Adj. Calcium (mmol/L)* 2.31 (0.06) 2.35 (0.09) 2.35 (0.08) 0.002 0.001 0.998 <0.001 

Phosphate (mmol/L)* 1.12 (0.17) 1.00 (0.18) 1.08 (0.19) <0.001 0.217 0.008 <0.001 

Total Bilirubin (µmol/L)* 8.8 (3.9) 8.5 (4.9) 7.4 (6.3) 0.909 0.078 0.258 0.085 

ALP (U/L)* 61 (16) 82 (22) 88 (30) <0.001 <0.001 0.12 <0.001 

ALT (U/L)* 20 (8) 26 (16) 24 (13) 0.001 0.052 0.459 0.001 

GGT (U/L)* 16 (6 - 83) 24 (8 - 279) 26 (9 - 782) <0.001 <0.001 0.345 <0.001 

Cholesterol (mmol/L)* 4.6 (0.8) 4.1 (0.9) 4.0 (1.1) <0.001 <0.001 0.933 <0.001 

Triglycerides (mmol/L)^ 0.9 (0.3 - 4.7) 1.3 (0.3 - 6.9) 1.8 (0.6 - 8.2) <0.001 <0.001 0.003 <0.001 

HDL-C (mmol/L)* 1.7 (0.4) 1.4 (0.5) 1.2 (0.4) <0.001 <0.001 <0.001 <0.001 

LDL-C (mmol/L)* 2.4 (0.7) 2.0 (0.7) 2.0 (0.9) <0.001 <0.001 0.995 <0.001 

FT4 (pmol/L)* 16.2 (2.2) 16.5 (3.0) 16.4 (3.1) 0.743 0.703 0.339 0.372 

TSH (mIU/L)* 2.09 (0.99) 2.03 (1.13) 2.48 (1.63) 0.93 0.047 0.036 0.022 

iPTH (ng/L)^ 
30.7 (8.1 - 

62.3) 
26.9 (10.2 - 

90.8) 
41.7 (6.3 - 

311.1) 0.245 <0.001 <0.001 <0.001 

25 (OH) D (ng/mL) 52 (25 - 118) 55 (14 - 165) 52 (14 - 125) 0.562 0.833 0.903 0.583 

hsTnT (ng/L)* 4 (4 -10) 4 (6 -11) 21 (5 - 78) <0.001 <0.001 <0.001 <0.001 

NT-proBNP (ng/L)^ 
23.6 (9.0 - 

150.0) 
37.7 (9.0 - 

811.2) 
223.9 (9.0 - 

13509.0) 0.01 <0.001 <0.001 <0.001 

uACR (mg/mmol)^ 
0.63 (0.05 - 

19.5) 
0.7 (0.2 - 

15.3) 
10.0 (0.4 - 

484.7) 0.89 <0.001 <0.001 <0.001 

WCC (10*9/L)* 6.4 (1.6) 6.9 (1.9) 8.0 (2.4) 0.124 <0.001 <0.001 <0.001 

Haemoglobin (g/dL)* 13.9 (1.1) 13.9 (1.3) 13.0 (1.8) 0.984 <0.001 <0.001 <0.001 

Platelet Count (10*9/L)* 252 (51) 248 (68) 249 (85) 0.864 0.925 0.99 0.149 

Rate of Change in Renal Function 

Absolute Change 
(mL/min/1.73m2/year)* N/A 

-0.972 
(1.363) -2.496 (2.472) N/A N/A <0.001 N/A 

Percentage Change (% 
change/year)* N/A 

-1.179 
(2.059) -5.179 (5.478) N/A N/A <0.001 N/A 

Table 4: Comparison of baseline biochemical and haematological parameters of the reference 

population, participants with CKD 1/2 and participants with CKD 3/4. 

Dp-ucMGP: Dephosphorylated-uncarboxylated Matrix Gla-Protein; HbA1c: glycated haemoglobin; 

CRP: C-reactive protein; eGFR: estimated glomerular filtration rate (CKD-EPI); Adj. Calcium: adjusted 

calcium, ALP: alkaline phosphatase; ALT: alanine aminotransferase; GGT: Gamma-glutamyl 

transferase; HDL-C: High-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; 

T4: Thyroxine; TSH: thyroid stimulating hormone; iPTH: intact parathyroid hormone; 25 (OH) D: 25-

hydroxycholecalciferol; hsTnT: high-sensitivity troponin T; NT-proBNP: N-terminal pro b-type 

natriuretic peptide; WCC: White cell count; uACR: urine albumin:creatinine ratio. ^ Median (minimum 
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to maximum); * mean (standard deviation). ¥ p-values represent the significance levels for multiple 

comparisons between the three groups – Kruskal Wallis for non-parametric data; ANOVA for 

parametric data. Student’s t test was used to compare rate of change (absolute, percentage) between 

CKD 1/2 and CKD 3/4 ≠ Multiplicity adjusted p-values are reported for non-parametric (Dunn’s multiple 

comparison) and parametric data (Tukey’s multiple comparison). 
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Supplementary Methodology 1: 

Data collection: 

The reference population and participants with DM and CKD had baseline demographics (age, gender 

and smoking status) and clinical characteristics recorded. Weight was measured in kilograms using the 

Tanita® scale and height in metres using a Seca® wall-mounted stadiometer, in accordance with 

departmental standard operating procedures. Pulse rate was recorded at the radial artery in the 

dominant hand as beats per minute. 
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Supplementary Methodology 2: 

Laboratory Sampling Strategy: 

HbA1c was measured using high-performance liquid chromatography (Menarini® HA8160 auto-

analyzer). Serum creatinine was measured using the isotope dilution mass spectrometry (IDMS)-

traceable creatinase assay. Serum electrolytes and lipids were measured using conventional Roche 

Diagnostics assays. LDL-C was calculated using the Friedewald equation [1]. BN II nephelometer 

(Siemens Medical Solutions) was used to measure uACR. All assays were performed in the Clinical 

Biochemistry/Haematology/Immunology Departments, GUH. 
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Supplementary Methodology 3: 

Assessment of assay performance specifications: 

Linearity: 

A dilution study was performed to determine assay linearity. Samples were prepared by diluting a 

known high participant sample (7,187 pmol/L) with IDS-iSYS Diluent A (IS-10DA). The dp-ucMGP 

concentration in the IS-10DA was measured and found to be below the Lower Limit of Quantification 

(LLoQ) (<300pmol/L). Samples were run in duplicate, with the mean observed dp-ucMGP 

concentration and the % recovery calculated and expected values calculated. The observed versus the 

expected dp-ucMGP values were represented on a scatter plot. The relationship between both values 

was explored using a linear regression model. 

Precision and Bias: 

As no reference material for assessment of plasma dp-ucMGP was readily available during the study 

period, precision and bias were assessed using the Kit Controls (IS-4730). The manufacturer-assigned 

controls had the following concentrations: control 1: 920pmol/L (CTRL Lot- #3428); control 2: 4033 

pmol/L (CTRL Lot- #3429); control 3: 6877 pmol/L (CTRL Lot- #3430). For assessment of precision, dp-

ucMGP was measured on 5 consecutive days in quintuplicate at each control level. For assessment of 

bias, the mean of the quintuplicate measurements on the 5 consecutive days for each level of the 

control were compared [2]. 

Effect of haemolysis on plasma dp-ucMGP measurement: 

The effect of haemolysis was determined using whole blood from a single participant collected in two 

EDTA (plasma) specimen tubes. One specimen tube underwent vigorous vortexing to ensure red cell 

rupture and consequent haemolysis (haem). Plasma was separated from the second tube (neat) – as 

previously described. Samples were prepared for measurement using different ratios of haem to neat. 

Haemolytic index (HI) and plasma dp-ucMGP measurement were performed on each sample. The dp-

ucMGP values were compared between the haemolysed and non-haemolysed samples. 

Effect of sample stability on plasma dp-ucMGP measurement: 

Plasma dp-ucMGP was measured using samples from eight participants at two time points (9 months 

apart) from 2 separate aliquots. A range of concentrations (299pmol/L to 4773pmol/L) were assessed. 

Each aliquot, stored at -80°C, was thawed for the first time prior to dp-ucMGP measurement.  

Effect of repeated freeze-thaw cycles on plasma dp-ucMGP measurement: 
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The effects of warm-up and freeze-thaw cycles on plasma dp-ucMGP were evaluated using plasma 

samples from two separate HVs. In the case of both the warm-up and freeze-thaw cycles, plasma 

samples had dp-ucMGP measured at baseline. Samples were stored either in a fridge at 4°C (warm-up 

cycle) or in a -80°C freezer (freeze-thaw cycle). The respective samples were then removed from the 

fridge/freezer every 24 hours, placed on a roller to ensure adequate mixing and allowed to reach room 

temperature over 30 minutes. Plasma dp-ucMGP was measured and the samples returned to either 

the 4°C fridge or -80°C freezer. Dp-ucMGP concentration was measured every 24 hours for 4 days in 

both samples. Dp-ucMGP concentration was again measured after storage at -80°C for 9 months. 
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Supplementary Methodology 4: 

Statistical analyses: 

Outlier removal was based on the difference between the most extreme observation and the closest 

measured observation (D), divided by the range of all observations including the extreme (R) – D/R 

ratio. In accordance with the International Federation of Clinical Chemistry and Laboratory Medicine 

(IFCC) working group, an outlier was excluded when D was ≥one third R.  The IFCC working group [3] 

supports this approach to statistically significant outliers. 
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Supplementary Figure 1: Evaluation of Linearity of plasma dp-ucMGP 

 

Supplementary Table 1: Evaluation of Linearity of plasma dp-ucMGP 

Sample Preparation 
dp-ucMGP concentration (pmol/L) % 

Recovery Replicate 1 Replicate 2 Observed Expected 

Blank Diluent <300 <300 <300 <300 100 

Neat High Control 7357 7018 7187 7187 100 

3+1 300µl neat + 100µl dil 5407 5302 5355 5390 99 

1+1 200µl neat + 200µl dil 3596 3563 3579 3594 100 

1+2 250µl neat + 500µl dil 2430 2460 2445 2396 102 

1+4 100µl neat + 400µl dil 1489 1441 1465 1437 102 

1+6 100µl neat + 600µl dil 1074 1081 1078 1027 105 

1+9 100µl neat + 900µl dil 829 801 815 719 113 

1+19 100µl neat + 1900µl dil 466 431 448 359 125 

 

Samples were prepared by diluting a high sample (7,187 pmol/L) with IDS-iSYS Diluent A (IS-10DA). 

The dp-ucMGP concentration in the IS-10DA was measured and found to be below the LoQ 

(<300pmol/L). Samples were run in duplicate, with the mean observed dp-ucMGP concentration and 

the % recovery calculated. The observed versus the expected dp-ucMGP were represented on a 

scatter plot. The relationship between the observed and expected dp-ucMGP was explored using a 

linear regression model. 
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Supplementary Table 2a: Assessment of precision of the IDS-iSYS InaKtif MGP (dp-ucMGP) – Low dp-ucMGP concentration 

 

Precision was assessed using Kit Controls (IS-4730). The manufacturer assigned the controls the following values: control 1: 920pmol/L (CTRL Lot- #3428); 

control 2: 4033 pmol/L (CTRL Lot- #3429); control 3: 6877 pmol/L (CTRL Lot- #3430).

  

Level 1 

Replicate 1 pmol/L Replicate 2 pmol/L Replicate 3 pmol/L Replicate 4 pmol/L Replicate 5 pmol/L Run Mean pmol/L Run SD (pmol/L) Variance pmol/L 

Day 1 902 917 950 948 994 942 35 1006 

Day 2 912 910 898 951 978 930 34 899 

Day 3 965 992 1105 1065 982 1022 60 2897 

Day 4 1003 1092 983 955 982 1003 53 2213 

Day 5 1001 1022 1021 988 1021 1011 15 190 

 N 25      

 Overall Mean (pmol/L) 981      

 Within run variance (Vr) (pmol/L) 1441      

 Within run SD (pmol/L) 39      

 Within run CV% 4.02      

 Between run SD (pmol/L) 42      

 Between run variance (Vb) (pmol/L) 1430      

 Ratio Vr/Vb 1.01      

 Total variance (pmol/L) 2871      

 Laboratory SD 55      

 Laboratory CV% 5.57      
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Supplementary Table 2b: Assessment of precision of the IDS-iSYS InaKtif MGP (dp-ucMGP) – Medium dp-ucMGP concentration 

  

Level 2 

Replicate 1 pmol/L Replicate 2 pmol/L Replicate 3 pmol/L Replicate 4 pmol/L Replicate 5 pmol/L Run Mean pmol/L Run SD (pmol/L) Variance pmol/L 

Day 1 4306 4513 4489 4656 4560 4505 128 13149 

Day 2 4121 4220 4211 4391 4293 4247 101 8151 

Day 3 4329 4331 4328 4421 4414 4365 48 1871 

Day 4 4440 4510 4406 4613 4660 4526 109 9515 

Day 5 4237 4287 4259 4504 4418 4341 115 10591 

 N 25      

 Overall Mean (pmol/L) 4397      

 Within run variance (Vr) (pmol/L) 8656      

 Within run SD (pmol/L) 100      

 Within run CV% 2.28      

 Between run SD (pmol/L) 117      

 Between run variance (Vb) (pmol/L) 10967      

 Ratio Vr/Vb 0.79      

 Total variance (pmol/L) 19623      

 Laboratory SD 143      

 Laboratory CV% 3.25      

 

Precision was assessed using Kit Controls (IS-4730). The manufacturer assigned the controls the following values: control 1: 920pmol/L (CTRL Lot- #3428); 

control 2: 4033 pmol/L (CTRL Lot- #3429); control 3: 6877 pmol/L (CTRL Lot- #3430). 
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Supplementary Table 2c: Assessment of precision of the IDS-iSYS InaKtif MGP (dp-ucMGP) – High dp-ucMGP concentration 

 

Precision was assessed using Kit Controls (IS-4730). The manufacturer assigned the controls the following values: control 1: 920pmol/L (CTRL Lot- #3428); 

control 2: 4033 pmol/L (CTRL Lot- #3429); control 3: 6877 pmol/L (CTRL Lot- #3430). 

Intra-assay precision for dp-ucMGP at mean concentrations of 981pmol/L, 4397pmol/L and 7296pmol/L were 4.02%, 2.28% and 2.85%, respectively. Inter-

assay precision at mean dp-ucMGP concentrations of 981pmol/L, 4397pmol/L and 7296pmol/L were 5.57%, 3.25% and 3.22%, respectively, and were in 

accord with the claims of the manufacturer (8.2%, 3.4%, 3.3%). 

  

  

Level 3 

Replicate 1 pmol/L Replicate 2 pmol/L Replicate 3 pmol/L Replicate 4 pmol/L Replicate 5 pmol/L Run Mean pmol/L Run SD (pmol/L) Variance pmol/L 

Day 1 6942 7233 7236 7210 7359 7196 154 18850 

Day 2 7130 7132 7169 7275 7217 7185 62 3043 

Day 3 6980 7174 7409 7549 7428 7308 228 41644 

Day 4 7420 6972 7421 7758 7830 7480 341 92986 

Day 5 6958 7234 7234 7555 7566 7309 255 52203 

 N 25      

 Overall Mean (pmol/L) 7296      

 Within run variance (Vr) (pmol/L) 41745      

 Within run SD (pmol/L) 208      

 Within run CV% 2.85      

 Between run SD (pmol/L) 119      

 Between run variance (Vb) (pmol/L) 11333      

 Ratio Vr/Vb 3.68      

 Total variance (pmol/L) 53078      

 Laboratory SD 235      

 Laboratory CV% 3.22      
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Supplementary Table 3: Assessment of bias of the IDS-iSYS InaKtif MGP (dp-ucMGP) 

Material Replicate 1 pmol/L Replicate 2 pmol/L Replicate 3 pmol/L Replicate 4 pmol/L Replicate 5 pmol/L Mean pmol/L Assigned pmol/L % Bias 

1 942 930 1022 1003 1011 982 920 6.7% 

2 4505 4247 4365 4526 4341 4397 4033 9.0% 

3 7196 7185 7308 7480 7309 7296 6877 6.1% 

 

Bias was assessed using Kit Controls (IS-4730). The manufacturer assigned the controls the following values: control 1: 920pmol/L (CTRL Lot- #3428); control 

2: 4033 pmol/L (CTRL Lot- #3429); control 3: 6877 pmol/L (CTRL Lot- #3430). Bias was 6.7%, 9.0% and 6.1% at 920pmol/L, 4033pmol/L and 6877pmol/L, 

respectively. 
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Supplementary Table 4: Effect of haemolysis on plasma dp-ucMGP concentrations 

Sample Preparation 
Haemolytic Index  dp-ucMGP (pmol/L) Recovery 

Plasma Dilutions 

0+1 0µl haem + 1000µl neat 7 416 100% 

1+1 500µl haem + 500µl neat 258 494 119% 

2+1 1000µl haem + 500µl neat 338 472 113% 

1+0 1000µl haem + 0µl neat 499 380 91% 

 

The effect of haemolysis was determined using whole blood from a single healthy volunteer collected 

in two EDTA (plasma) specimen tubes. One specimen tube underwent vigorous vortexing to ensure 

red cell rupture and consequent haemolysis (haem). Plasma was separated from the second tube. The 

EDTA vacutainer was centrifuged at 3000*g for 10 minutes at 4°C (neat). Samples were prepared for 

measurement using different ratios of haem to neat. Haemolytic index (HI) and dp-ucMGP 

measurements were performed. The effect of haemolysis on assay measurement of dp-ucMGP 

concentration was variable. Samples with a haemolytic index (HI) of 258 and 338 had a 19% and 13% 

increase in recovery, respectively, and samples with a HI of 499 had a 9% decrease in recovery of dp-

ucMGP compared to baseline (HI=7).  
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Supplementary Table 5: Plasma dp-ucMGP sample stability over time 

 

 

 

 

 

 

 

 

 

Dp-ucMGP was measured from eight participants at two different time points from 2 separate 

aliquots. Each aliquot was thawed for the first time prior to these measurements. The aliquots were 

stored at -80°C prior to analyses. Plasma dp-ucMGP concentrations were stable when stored at -80°C 

with a recovery of 100 ± 10%.  

  

Sample 
Time point 

% Difference between  
Time 0 and 9 month(s) 

0 month  
Result pmol/L 

9 months  
Result pmol/L 

A 299 299 0% 

B 455 413 9% 

C 555 567 2% 

D 458 446 3% 

E 799 839 5% 

F 1454 1499 3% 

G 3595 3705 3% 

H 4773 5652 18% 
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Supplementary Table 6: Effect of warm-up and freeze-thaw cycles on plasma dp-ucMGP 

 

 

 

 

 

 

 

 

The effect of warm-up and freeze-thaw cycles on plasma dp-ucMGP was evaluated using plasma 

samples from two separate HVs. In the case of both the warm-up and freeze-thaw cycles, plasma 

samples had dp-ucMGP measured at baseline. Samples were stored either in a fridge at 4°C (warm-up 

cycle) or in a -80°C freezer (freeze-thaw cycle), removed from the fridge/freezer every 24 hours, placed 

on a roller to ensure adequate mixing and allowed to reach room temperature over 30 minutes. Dp-

ucMGP was measured and the samples returned to either the 4°C fridge or -80°C freezer. Dp-ucMGP 

was measured every 24 hours for 4 days in both samples. Dp-ucMGP was again measured after 9 

months storage at -80°C. Following warm up cycles, dp-ucMGP levels were stable for 1 cycle (recovery 

100 ± 10%). Following freeze-thaw cycles, dp-ucMGP levels were stable for 2 cycles (recovery 100 ± 

10%). 

  

Time 
Point 

Storage Condition 

4°C -80°C 

dp-ucMGP 
(pmol/L) 

% 
Recovery 

dp-ucMGP 
(pmol/L) 

% 
Recovery 

Day 0 403 N/A 520 N/A 

Day 1 362 90% 472 91% 

Day 2 346 86% 497 96% 

Day 3 340 84% 455 88% 

Day 4 299 74% 428 82% 

Month 9 N/A N/A 443 85% 
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Parameter  

Absolute Change in Renal Function Percentage Change in Renal Function 

Decline No-Decline P-

Value¥ 

Decline No-Decline P-

Value¥ 
n=32 n=159 n=77 n=114 

Age (years)* 64.4 (15.2) 60.1 (16.6) 0.17 68.0 (12.8) 55.9 (16.8) <0.001 

Male no. (%)~ 24 (75.0) 108 (67.9) 0.429 53 (68.8) 79 (69.3) 0.945 

BMI (kg/m2)* 30.3 (6.2) 29.8 (5.9) 0.692 30.9 (5.7) 29.2 (6.1) 0.066 

Pulse (beats per min)* 80 (14) 79 (14) 0.588 77 (14) 81 (13) 0.069 

SBP (mmHg)* 135 (15) 133 (16) 0.358 135 (16) 132 (15) 0.275 

DBP (mmHg)* 72 (10) 73 (10) 0.425 70 (10) 75 (10) 0.002 

Smoker no. (%)~ 7 (21.9) 16 (10.1) 0.061 9 (11.7) 14 (12.3) 0.902 

Duration of DM (years)° 11.3 (2.0 - 40.0) 12.0 (0.2 - 59.0) 0.927 15.0 (1.0 - 41.0) 11.0 (0.2 - 59.0) 0.048 

CVD no. (%)~ 11 (34.4) 26 (16.4) 0.019 25 (32.5) 12 (10.5) <0.001 

Type of Diabetes Mellitus∂ 

  Type 1 DM no. (%) 8 (25.0) 36 (22.6) 0.773 11 (14.3) 33 (28.9) 0.018 

  Type 2 DM no. (%) 23 (71.9) 116 (73.0) 0.9 64 (83.1) 75 (65.8) 0.008 

  Other DM no. (%) 1 (3.1) 7 (4.4) 0.742 2 (2.6) 6 (5.3) 0.367 

Supplementary Table 7: Comparison of baseline clinical demographics: decliners versus non-decliners 

classified based on absolute decline (≤-3.5mL/min/1.73m2/year) or percentage decline (≤-3.3%/year) 

in renal function. 

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; DM: Diabetes 

Mellitus; CVD: Cardiovascular Disease. * Mean (standard deviation); ~ Number (percentage); ̂  Median 

(minimum to maximum). ¥ p-values represent significance levels for comparisons between decline and 

no-decline groups – students t-test for parametric data, Mann Whitney test for non-parametric data 

and Chi-squared for frequencies. ∂ Chi-squared was used to determine if there was a difference in the 

proportion of participants with Type 1 DM, Type 2 DM and Other DM in the decline versus no-decline 

groups.
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Parameter  

Absolute Change in Renal Function Percentage Change in Renal Function 

Decline No-Decline P-
Value 

Decline No-Decline P-
Value n=32 n=159 n=77 n=114 

dp-ucMGP (pmol/L)^ 
784 (299 - 2611) 

499 (299 - 
4938) <0.001 817 (299 - 4938) 

439 (299 - 
1385) <0.001 

HbA1c (mmol/mol)* 62.3 (20.6) 62.9 (15.9) 0.857 61.5 (16.9) 63.6 (16.6) 0.401 

CRP (mg/L)^ 2.2 (0.5 - 11.2) 2.0 (0.5 - 47.3) 0.893 2.7 (0.5 - 18.2) 1.9 (0.5 - 47.3) 0.499 

Sodium (mmol/L)* 140 (3) 139 (3) 0.281 140 (3) 139 (3) 0.25 

Potassium (mmol/L)* 4.7 (0.6) 4.5 (0.4) 0.015 4.8 (0.5) 4.4 (0.4) <0.001 

Chloride (mmol/L)* 101 (3) 99 (3) 0.007 100 (3) 99 (3) 0.004 

Urea (mmol/L)* 11.4 (5.1) 7.3 (4.0) <0.001 11.4 (4.9) 5.7 (2.0) <0.001 

Creatinine (µmol/L) 154 (67) 97 (46) <0.001 149 (59) 78 (23) <0.001 

eGFR (ml/min/1.73m2)* 46 (23) 78 (31) <0.001 46 (21) 91 (23) <0.001 

Adj. Calcium (mmol/L)* 2.32 (0.09) 2.35 (0.08) 0.051 2.35 (0.08) 2.35 (0.08) 0.655 

Phosphate (mmol/L)* 1.09 (0.23) 1.03 (0.18) 0.121 1.07 (0.20) 1.03 (0.18) 0.129 

Total Bilirubin (µmol/L)* 6.2 (2.7) 8.2 (6.1) 0.06 6.5 (2.4) 8.8 (7.0) 0.007 

ALP (U/L)* 92 (38) 84 (23) 0.11 92 (31) 81 (22) 0.007 

ALT (U/L)* 21 (12) 25 (15) 0.131 23 (11) 26 (17) 0.151 

GGT (U/L)* 25 (9- 145) 26 (8-782) 0.789 26 (9-782) 25 (8-279) 0.604 

Cholesterol (mmol/L)* 4.0 (1.0) 4.1 (1.0) 0.561 4.0 (1.1) 4.1 (1.0) 0.561 

Triglycerides (mmol/L)^ 1.6 (0.7-6.3) 1.5 (0.3-8.2) 0.322 1.8 (0.5 - 8.2) 1.4 (0.3 - 6.9) 0.004 

HDL-C (mmol/L)* 1.1 (0.3) 1.3 (0.5) 0.03 1.2 (0.4) 1.4 (0.5) 0.005 

LDL-C (mmol/L)* 2.0 (0.9) 2.0 (0.8) 0.64 1.9 (0.8) 2.0 (0.8) 0.583 

FT4 (pmol/L)* 17.3 (2.9) 16.2 (3.0) 0.062 16.5 (3.3) 16.4 (2.8) 0.866 

TSH (mIU/L)* 2.2 (1.3) 2.3 (1.5) 0.628 2.38 (1.35) 2.21 (1.48) 0.417 

iPTH (ng/L)^ 
49.1 (13.8-252.4) 

31.1 (6.3 - 
311.1) <0.001 

46.4 (11.6 - 
311.1) 

27.4 (6.3 - 
107.2) <0.001 

25 (OH) D (ng/mL)^ 39 (14 - 120) 55 (14 - 165) 0.018 50 (14 - 120) 55 (14 - 165) 0.6 

hsTnT (ng/L)* 18 (4 - 132) 8 (4 - 64) <0.001 17 (4 - 132) 6 (4 - 61) <0.001 

NT-proBNP (ng/L)^ 
157.4 (8.6 - 

9782.0) 
47.7 (5.0 - 

1628.0) <0.001 
175.7 (5.8 - 

9782.0) 
36.9 (5.0 - 

1628.0) <0.001 

uACR (mg/mmol)^ 
5.2 (0.4 - 484.7) 1.3 (0.2 - 373.7) <0.001 5.3 (0.3 - 484.7) 

0.95 (0.2 - 
129.1) <0.001 

WCC (10*9/L)* 7.7 (2.8) 7.4 (2.1) 0.602 8.0 (2.4) 7.1 (2.1) 0.008 

Haemoglobin (g/dL)* 12.1 (1.8) 13.7 (1.5) <0.001 12.8 (1.7) 13.8 (1.4) <0.001 

Platelet Count (10*9/L)* 262 (96) 246 (73) 0.0305 248 (86) 249 (72) 0.898 

Rate of Change in Renal Function 

Absolute Change 
(mL/min/1.73m2/year)* -4.959 (1.770) -1.128 (1.581) <0.001 -3.504 (1.739) -0.598 (1.531) <0.001 

Percentage Change (% 
change/year)* -9.817 (5.145) -1.956 (3.230) <0.001 -7.270 (4.217) -0.573 (2.593) <0.001 

Supplementary Table 8: Comparison of baseline biochemical and haematological parameters in 

decliners versus non-decliners classified based on absolute decline (≤-3.5mL/min/1.73m2/year) or 

percentage decline (≤-3.3%/year) in renal function. 

Dp-ucMGP: dephosphorylated-uncarboxylated Matrix Gla-Protein; HbA1c: glycated haemoglobin; CRP: 

C-reactive protein; eGFR: estimated glomerular filtration rate (CKD-EPI); adj. calcium: adjusted 

calcium, ALP: alkaline phosphatase; ALT: alanine aminotransferase; GGT: gamma-glutamyl 

transferase; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; 

T4: Thyroxine; TSH: thyroid stimulating hormone; iPTH: intact parathyroid hormone; 25 (OH) D: 25-

hydroxycholecalciferol; hsTnT: high-sensitivity troponin T; NT-proBNP: n-terminal pro b-type 

natriuretic peptide; WCC: white cell count; uACR: urine albumin:creatinine ratio. ^ Median (minimum 

to maximum); * mean (standard deviation). ¥ p-values represent significance levels for comparisons 
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between decline and no-decline groups – students t-test for parametric and Mann Whitney test for 

non-parametric data. 
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Supplementary Result: 

The manufacturer’s claims for time to first test result and throughput were verified. From successful 

calibration and assay initiation, the first result was released within 64 minutes and test throughput 

was confirmed at 80 reportable tests per hour. The minimum plasma volume required to perform the 

assay was 150μL. 
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