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ABSTRACT

Introduction: Diabetic Kidney Disease (DKD) is a chronic
complication in Type 2 diabetes. The Chronic Kidney Disease
(CKD273) peptide classifier has been found to predict development
of DKD even before microalbuminuria develops. Seventy four
percent of peptides in the CKD273 classifier are Collagen
degradation fragments. The Beta-CrossLaps (B-CTx) Enzyme
Llinked Immunosorbent Assay (ELISA) assay detects the
specific collagen degradation product, C terminal telopeptide of
Type 1 collagen. In light of the Capillary Electrophoresis/Mass
Spectrometry (CE-MS) findings, linking collagen degradation
fragments excretion to early detection of DKD, the significance of
urinary B-CTx levels as a DKD biomarker needs to be evaluated.

Aim: To study the urinary excretion of B-CTx in type 2 diabetes
patients and to evaluate its relation to microalbuminuria status and
estimated Glomerular Filtration Rate (€GFR) of the patients.

Materials and Methods: This descriptive cross-sectional study
was undertaken at a tertiary care hospital, with enrollment of 82
type 2 diabetes patients from the diabetes Out Patient Department
(OPD). Participants were divided into groups based on their
Urinary Albumin Creatinine Ratio (UACR) and eGFR levels. The
study participants were tested for Urinary 3-CTx level, UACR and
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eGFR. Mean or median was calculated for the parameters with
normal and non-normal distribution, respectively. All statistical
testing was performed on online calculators available at the site;
https://www.socscistatistics.com/.

Results: The median urinary B-CTx level observed was 100.6 ng/
mmol of creatinine. Among the 82 participants, 15 participants
had urinary B-CTx level 15 pg/mL, the sensitivity of the Kit.
Among the remaining 67 participants, the minimum Urinary Beta-
CrossLaps: Creatinine ratio observed was 2.6 ng/mmol and the
maximum value observed was 2071 ng/mmol (i.e., 2.1 pg/mmol).
The median urinary B-CTx level was highest (100.6 ng/mmol
creatinine) in the patient group with eGFR in the normal range.
The urinary B-CTx level was found to decline with decline in eGFR,
with median urinary 3-CTx 65.5 ng/mmol creatinine in the patient
group with mildly decreased eGFR and 7.2 ng/mmol creatinine in
the patient group with moderately decreased eGFR.

Conclusion: The Urinary -CTx concentration in type 2 Diabetes
patients is dispersed over a wide range. The Urinary B-CTx
concentration correlates with the eGFR of the patient and is not
influenced by age, gender or duration of diabetes. This parameter
is a potential early DKD biomarker.
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INTRODUCTION

The worldwide prevalence of diabetes is 8.8% (95% confidence
interval 7.2-11.3%) [1]. In India the prevalence of diabetes is 20%
in urban areas and 10% in rural areas [2]. DKD is a complication of
diabetes with prevalence of 20 to 40% among diabetes patients
and is responsible for 50% of End Stage Renal Disease (ESRD) [3].

The American Diabetes Association (ADA) guidelines [4], recommend
annual screening of diabetic patients for micro-albuminuria. The
dependence on albuminuria as a marker of nephropathy is being
debated now, due to observation of progressive deterioration of
renal function and progress of chronic DKD, in significant proportion
of diabetic patients in the absence of alouminuria [5,6].

The urinary proteome of diabetes patients has been assessed using
mass spectrometric analysis to identify new biomarkers of DKD.
The urinary proteome profile obtained is used to develop a classifier
which may clearly differentiate between diabetes patients at low risk
and high risk of progression to DKD [7-9].

Good DM et al., have described a 273 peptide classifier for prediction
of development of CKD, irrespective of underlying pathology [10].
This classifier was applied to a cohort of diabetes patients, in
whom it showed similar ability to predict development of DKD [8].
It resulted in early prediction of microalbuminuria by 3.4+2.1 years
and macroalbuminuria by 4.9+2.2 years. The CKD273 classifier was
identified by application of SVM methods on the urinary peptidome
data obtained from healthy subjects and subjects with different
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types of biopsy proven kidney diseases. There are 273 peptides
derived from 30 different proteins, in the CKD273 classifier. Of
these 273 peptides, the majority (196 peptides) were derived from
collagen type a 1(l), collagen type a 2(l) and collagen type o 1(lll)
[10]. The only other proteins contributing more than 10 peptides
to the classifier are Uromodulin and alpha-1 Antitrypsin. The CKD
classifier revealed that as kidney disease progresses the fragments of
serum proteins in urine increases whereas the collagen degradation
fragments decreased. Since the proportion of collagen fragments is
significantly higher in the CKD classifier than the other peptides, the
quantity of these collagen fragments in urine do contribute more to
the diagnostic ability of the classifier [10].

The collagen fragments observed in urine are the product of
degradation of collagen. The degradation of type 1 collagen results
in the generation of two important bone turnover biomarkers
CTX and NTX, representative of the C-terminal and N-terminal
telopeptides of Type | Collagen [11,12]. As part of normal bone
aging, the alpha form of aspartic acid in the C-terminal telopeptide
of Collagen undergoes isomerisation to beta form and gives rise
to B-CTx biomarker, also known as Beta-CrossLaps [13]. The
CKD273 classifier relies significantly on Type | collagen degradation
fragments, which are normally excreted in urine and the C-terminal
telopeptide (CTx) or Beta-CrosslLaps is one such fragment of
collagen degradation [11,12].

The use of Capillary Electrophoresis-Mass Spectrometry (CE-MS)
for predicting DKD in diabetics, in the routine clinical setting would
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be costly and would require new equipment, which are not routinely
available in clinical chemistry laboratories. Urinary B-CTx represents
the renal handling of collagen degradation fragments, which make
upto 74% of the peptides included in the CKD273 classifier [10]. So,
this study was planned to evaluate the potential of urinary B-CTx
as a DKD marker. Urinary B-CTx was chosen due to the ready
availability of ELISA kits for testing their level in urine.

MATERIALS AND METHODS

This was a descriptive cross-sectional study conducted from March
2019 to October 2019. The study participants were selected from
the patients attending the Diabetes OPD of Medicine Department,
at GMERS Medical College and General Hospital, Gotri, Vadodra,
India. The ethical approval for conducting the study was obtained
from the Institutional Human Ethics Committee (IHEC). (The IHEC
approval number is IHEC, 182/2017: Biochemistry 06/2017, dated
18/08/2017).

Inclusion criteria: The inclusion criterion was the patients diagnosed
with Type 2 Diabetes as per the ADA diagnostic criteria [14], without
any age or gender restriction.

Exclusion criteria: The exclusion criteria were existing advanced
DKD (eGFR <30 mlL/min), uncontrolled hypertension, history of
Myocardial Infarction, hematuria, malignancy and pre-existing renal,
liver and bone pathology. The reason for exclusion of patients with
these conditions was to keep the study population homogenous
and prevent presence of confounders and effect modifiers.

Study Procedure

The Type 2 diabetes patients attending the Diabetes OPD were
invited to participate in the study. The details of the study were
explained to them, including the samples which will be collected and
the tests which will be performed. Informed consent was obtained
from those willing to participate in the study.

This was the first instance of evaluation of Urinary Beta-CrosslLaps
in type 2 diabetes patients, so baseline data was unavailable to
perform sample size calculation. Since the standard Beta-CrossLaps
in ELISA kit contains 96 wells, it was decided to enroll patients on
first come first serve basis. Eighty-two Type 2 diabetes patients
were enrolled in the study. The demography variables of all study
participants were recorded in the case record form, with a unique
ID, to ensure patient confidentiality. The study participants were
examined in the OPD and their Systolic and Diastolic blood pressure
was recorded. The Mean Arterial Pressure (MAP) was calculated
from this data. The participants were then sent to the central
laboratory for collection of blood and urine samples. Two mL of
blood was collected in plain vacutainer (red cap) for serum creatinine
estimation. Wide mouth urine collection containers (volume=25 mL)
were given to the patient for urine collection (done in the premises).
The serum creatinine estimated was used to calculate eGFR value
of each patient using the CKD-EPI equation [15].

The patients’ urine samples were processed as described: An
aliquot of 5mL of urine sample was transferred from the primary
sample container into a labelled test tube (the enroliment serial
number was used as the identifier). After centrifugation of
the sample, urinary albumin estimation was performed using
Immunoturbidimetry method, kit manufactured by Erba Diagnostics
Ltd. Urine Beta-CrossLaps was estimated using ELISA method, kit
manufactured by Immunotag Diagnostics. All chemistry analyses
were performed in the clinical chemistry laboratory, on the Erba
XL360 fully automated analyser.

Serum Creatinine estimations were done with reagent based on Jaffe
kinetic principle, manufactured by Erba Diagnostics Ltd. The system
was standardised with Erba Multical, ensuring traceability of creatinine
estimations to Isotope Dilution-Mass Spectrometry (IDMS).

Urine creatinine concentrations were also estimated by Jaffe
kinetic principle, using a reagent kit from Erba Diagnostics Ltd. The
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manufacturer’s instructions were followed for the estimation process.
The UACR was calculated using the values of urine aloumin (mg/dL)
and urine creatinine (g/dL), to obtain ratio as mg/g creatinine.

Urinary B-CTx was estimated by ELISA method, using kit manufactured
by ImmunoTag Diagnostics. The process described in the kit insert
was followed for the ELISA process. The urinary B-CTx values were
adjusted for variable urine concentrations, by expression as urinary
B-CTx creatinine ratio.

The correlation of urinary B-CTx excretion with UACR was studied by
categorising the study population into three groups, Normoalbuminuric,
Microalbuminuric and Macroalbuminuric based on the UACR cut-
offs, <30 mg/g creatinine, 30 to 300 mg/g creatinine and >300 mg/g
creatinine respectively [4].

Subsequently, the correlation of urinary B-CTx excretion with
eGFR was studied by categorising the study population into three
groups, normal renal function, mildly decreased renal function
and moderately decreased renal function, based on eGFR cut-
offs, >90 mL/min/1.73 m?, 60-89 mL/min/1.73 m? and 30-59 mL/
min/1.73 m?, respectively [16].

STATISTICAL ANALYSIS

In case of parameters which showed normal distribution (age, MAP
and eGFR) the mean and Standard Deviation (SD) were calculated
and used as measure of central tendency and dispersion,
respectively. In case of parameters which showed non normal
distribution (Duration of diabetes and urinary Beta-CrossLaps) the
median and Interquartile Range (IQR) were calculated and used
as measure of central tendency and dispersion, respectively.
The urinary Beta-CrosslLaps: Creatinine ratio correlation with age
of individuals, duration of diabetes and MAP, was tested using
Spearman’s Rho coefficient calculator. It’s correlation with sex of
individual was tested using Point Biserial Correlation Calculator,
with urinary B-CTx as the continuous variable and the sex of the
patient as the dichotomous variable. After division of the study
population into sub-groups based on UACR and subsequently
eGFR levels, ANOVA, Kruskal Wallis test and chi-square tests were
used to determine significance of differences in mean, median and
proportion, respectively, between the study groups.

RESULTS
The demographic data of the 82 study participants is given in

[Table/Fig-1].

Sr. No. Demographic parameter Frequency (n=82)
Mean age (in years)
1. (SD) 51(6.9)
2. Gender distribution (M:F) 35:47
3 Mean duration of (diabetes (in years) 3(1-6)
’ median and IQR)

[Table/Fig-1]: Demographic data of study population.

SD: Standard deviation; IQR: Inter-quartile range; M: Male; F: Female

Among the 82 study participants, 15 patients had urinary Beta-
CrosslLaps levels less than 15 pg/mL. The remaining 67 participants
had Urinary Beta-CrosslLaps concentration spread over a wide
range, with minimum value of 19 pg/mL to the maximum observed
value of 26 ng/mL. The median observed was 991 pg/mL.

To overcome the limitations of using a random urinary sample to
estimate Beta-CrossLaps excretion, the Urinary Beta-CrossLaps
concentration was converted into Urinary Beta-CrossLaps Creatinine
ratio (hg/mmol). The minimum Urinary Beta-CrossLaps Creatinine ratio
observed was 2.6 ng/mmol and the maximum value observed was
2071 ng/mmoal (i.e., 2.1 pg/mmol). The median Urinary Beta-CrossLaps
Creatinine ratio observed in the study population was 100.6 ng/mmol.

Statistical analyses showed no correlation of urinary Beta-CrosslLaps
Creatinine ratio to age, gender, duration of diabetes and MAP.

Journal of Clinical and Diagnostic Research. 2021 Jul, Vol-15(7): BC05-BC08



www.jcdr.net

The association of urinary Beta-CrosslLaps: Creatinine ratio with
UACR was studied by categorising the patients into three groups
based on the UACR levels. The results of this comparison are
tabulated in [Table/Fig-2].

Normo- Micro- Macro-

albuminurics albuminurics albuminuric
Parameter (n=48) (n=28) (n=6) p-value
Age (in years)
Mean (SD) 52 (6.6) 49.4 (6.7) 51 (10.1) 0.28
M:F 18:30 15:13 2:4 0.35
Duration of diabetes
(in years) 3(5.7) 3(4) 5.5(14.25) 0.19
Median (IQR)
Mean arterial pressure
(mm of Hg) 100.9 (5.5) 100.3 (5.4) 98.3(5.9) 0.54
Mean (SD)
eGFR (CKD-EPI)
Mean (SD) 80.7 (17.3) 87.1(17.8) 65.9 (24.9) 0.03
Urine B-CTx (ng/mmol
creatinine) 60.3 (166.9) 65.9 (205) 44 (125.6) 0.5
Median (IQR)

[Table/Fig-2]: Comparison of demographic parameters, eGFR and urine -CTx
values between Normoalbuminuria, Microalbuminuria and Macroalbuminuria patients.

SD: Standard deviation; IQR: Interquartile range
p-value less than or equal to 0.05 was considered statistically significant

The association of urinary beta-cross laps: Creatinine ratio with eGFR
was studied by categorising the patients into three categories based
on the eGFR levels. Individuals with eGFR >90 mL/min/1.73 m?,
were categorised as normal kidney function group (group 1), eGFR
between 60-89 mL/min/1.73 m? were categorised as mild loss of
kidney function (group 2) and individuals with eGFR between 30-
59 mL/min/1.73 m? were categorised as moderate loss of kidney
function (Group 3). There were no participants in our study with
eGFR <30 mL/min/1.73 m?, as it was an exclusion criteria. The
urinary Beta CrosslLaps: Creatinine ratio was compared between
the three groups. The results of this comparison are tabulated in
[Table/Fig-3].

Group 1 Group 2 Mild | Group 3 Moderate

normal decrease in | decrease in GFR
Parameter eGFR (n=32) | GFR (n=42) (n=8) p-value
Age (in years)
Mean (SD) 46.8 (7.2) 53.9 (5.0 51.6 (6.4) 0.00002
M: F 12:20 14:28 1:7 0.4
Duration of diabetes
(in years) 2 (4) 3.5 (5) 3(5) 0.16
Median (Range)
Mean arterial
pressure (mm of HG) | 100.8 (5.3) 100.2 (6.7) 100.8 (5.7) 0.88
Mean (SD)
Urine B-CTx (ng/ 1012
mmol creatinine) (267l1) 65.5 (119.8) 7.2 (568.8) 0.04
Median (IQR) '

[Table/Fig-3]: Comparison of demographic parameters and urine -CTx values
between patients with normal renal function, mildly decreased renal function and

moderately reduced renal function.
SD: Standard deviation; IQR: Interquartile range; p-value less than or equal to 0.05 was considered
statistically significant

Age, MAP and eGFR were compared between the groups using
ANOVA. The gender ratio between the groups was compared by Chi-
square test. The duration of diabetes and Urine B-CTx concentration
was compared using Kruskal-Wallis test. Age and MAP was compared
between the groups using ANOVA. The gender ratio between the
groups was compared by Chi-square test. The duration of diabetes and
Urine B-CTx concentration was compared using Kruskal-Wallis Test.

The correlation between the eGFR values and urine B-CTx
concentration was also evaluated considering both the parameters
as continuous variables, using Spearman’s Rho Correlation calculator.
The rs value of 0.25 with p=0.025, indicates weak but statistically
significant correlation between eGFR and urine 3-CTx concentration.
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DISCUSSION

The clinical management of DKD is still beset with the problems of late
diagnosis and non-availability of definitive drugs for treatment [17].
The identification of new biomarkers is not only essential for detection
or prediction of DKD development earlier than microalbuminuria, but
also for evaluation of effectiveness of new drugs treatments [17]. The
CKD273 profile has helped DKD research in both the above fields.
It helps early prediction of DKD development, approximately four
years before onset of microalbuminuria [18]. It has also been found
to be useful in evaluating effectiveness of new treatment protocols,
as in the Priority trial, in which an expand, randomized control rial
was embedded to evaluate efficacy of Spironolactone, in delaying
development of microalbuminuria [19]. However, it will take a few
years or even decades before CE-MS equipment become more
widely available and before urinary peptidome estimation protocols
by CE-MS can be used in routine practice for Diabetes patients.

Most other studies of urinary proteome profiling have used Tandem
MS or LC-MS [20,21]. The proteome profile obtained from all these
studies is different. So, to reproduce the effectiveness of CKD273,
CE-MS use is mandatory. However, widespread availability of CE-
MS equipment and protocols is unlikely in the near future. In the
meantime, the peptides of the CKD273 profile may be studied
to understand the pathological process behind the profile and to
develop novel biomarkers. The peptides in CKD273 belong to
30 different proteins [22]. Of these the peptides corresponding
to collagen degradation are found to be decreased in the urine
of DKD patients [18,23]. As per Pontillo C et al., the reduction of
collagen fragments may indicate a decrease in the degradation of
collagen within the renal parenchyma, which may result in collagen
accumulation and fibrosis [24]. This hypothesis is supported by the
observation of fibrosis in CKD patients [25].

Since 74% of the peptides were from Collagen a-I, we evaluated the
Collagen C terminal peptide (B-CTx) in this study in the hope to gather
some information about its potential to be a surrogate marker for
early prediction of DKD. Serum Beta-CrosslLaps (3-CTx) is clinically
used as a bone turnover marker [13]. In the clinical laboratory, it
is used for monitoring postmenopausal osteoporosis patients on
anti-resorptive therapy [26,27]. Serum Beta-CrosslLaps levels have
been reported to be elevated in patients of Diabetic Nephropathy
and serve as a better indicator of osteoporosis than bone scan [28].
Urinary Beta-CrossLaps is predominantly a research tool and is not
used routinely in the clinical setting for patient management.

In pubmed, only one research publication of urinary Beta-CrosslLaps
in diabetes patient was found. The authors were evaluating the
potential of urine Beta-CrossLaps as a marker of osteoporosis. They
found statistically significant correlation of urine Beta-CrossLaps with
urine deoxypyridinoline (another bone collagen degradation marker).
However, the absolute levels of Beta-CrossLaps in urine were not
much different from the healthy population, hence discouraging its
use as a osteoporosis marker [29].

This study shows that urinary Beta-CrossLaps B-CTx excretion has
significant correlation with eGFR. This observation of progressive
decline in Beta-CrosslLaps excretion in urine, with decline in eGFR may
be interpreted as the dependence of excretion of collagen degradation
fragments on glomerular filtration. This hypothesis is supported by
the fact that Beta-CrossLaps are sufficiently small in size and their
excretion is only via renal filtration [12]. Further the CKD273 classifier
is also found to predict decline in eGFR [30]. The deterministic role
played by Type 1 collagen fragments in CKD [24] and DKD prediction
[283], as part of CKD273 proteomic profile, along with the observation
of this study, points to a novel role for urinary Beta-CrosslLaps, as a
marker for glomerular function and DKD progression.

Further prospective studies should be conducted to evaluate
whether it can be used as indicator of future microalbuminuria onset.
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Another avenue of investigation should be diagnostic value of B-CTx
in conjunction with the other proteins, whose peptides were found
in CKD273. This study gives proof of concept for the transferability
of findings of CE-MS and other proteomic studies, to other testing
methods for estimation of same or similar proteins.

Limitation(s)

Being a preliminary study, the sample size of this study was small.
This may be the reason why no correlation was observed between
urinary Beta-CrosslLaps excretion and age or gender of the patient.
Collagen degradation rate increases with age, and is higher in
postmenopausal women we need to further evaluate urinary
Beta-CrossLaps excretion in different age groups and specifically
postmenopausal women.

CONCLUSION(S)

Urinary Beta-CrosslLaps excretion correlates well with kidney
function (eGFR) in type 2 diabetes patients. The considerations
of cost, equipment and expertise required, to perform CE-MS,
to estimate CKD273 peptide profile, presently preclude its wide
application in type 2 diabetes patients. Under these circumstances,
it is useful to further explore the potential of alternate markers of
DKD, such as urinary Beta-CrosslLaps, which can be processed on
any immunoassay platform.
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