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ABSTRACT

Introduction: The occurrence and progression of diabetic
nephropathy to end stage disease mandates an early detection
of kidney damage. Glycation and oxidation injury form an
essential element in the evolution of diabetic complications
both microvascular and macrovascular.

Aim: To study the trends in the N-Carboxymethyl lysine levels in
various stages of diabetic nephropathy and assess its efficacy
as a prognostic marker for diabetic nephropathy.

Materials and Methods: The study included 125 Type 2 diabetic
individuals- 45 patients with normoalbuminuria, 40 patients
having microalbuminuria and 40 with macroalbuminuria {based
on the Albumin-Creatinine Ratio (ACR)}. Forty five non-diabetic
healthy individuals were included as a control group. Serum
N-carboxymethyl lysine quantification was done for all the
study participants and compared and correlated with other
parameters across various groups.

Results: The fasting and postprandial sugar, glycosylated
haemoglobin, triglycerides, duration of diabetes, systolic and
diastolic blood pressure, Body Mass Index (BMI), all were strong
risk factors for Diabetic Kidney Disease (DKD) progression
which significantly correlated positively with microalbumin and
urine ACR (UACR) and negatively with Glomerular Filtration
Rate (GFR). The serum N-carboxymethyl lysine was observed
to be significantly increased as the ACR increased and in
comparison to the controls, respectively (p-value <0.001). The
GFR showed significant negative correlation with levels of
serum N-carboxymethyl lysine whereas positively correlated
with fasting and postprandial sugar, glycosylated haemoglobin,
triglyceride levels, duration of diabetes, systolic and diastolic
blood pressure, BMI, microalbumin and uACR.

Conclusion: N-carboxymethyl lysine in serum can serve as an
early marker for diabetic nephropathy and its progression and
severity.
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INTRODUCTION

Diabetic nephropathy is the leading cause of renal failure and a
common complication among the diabetic patients. Despite the
usage of reno-protective therapies, the diabetic patients are prone
to develop end stage renal disease [1].

Moreover, identifying the risk population for an early evaluation
of DKD with the currently available biomarkers is difficult. The
traditionally accepted concept held that microalbuminuria heralds
macroalbuminuria which in due course leads to gradual decline
in GFR leading to end stage renal disease in DKD [1-4]. Few
systematic longitudinal studies gave refinements to this traditional
concept. Microalbuminuria is a dynamic process which can revert
to normal albumin excretion and some individuals can have early
linear decline of GFR well ahead of macroalbuminuria onset and
structural lesions may be present within the kidney even in the
absence of clinical indicators of disease, which are available
currently [5-7]. This emphasises the need for early prognostic non-
invasive biomarkers of diabetic nephropathy that can identify new
onset of microalbuminuria and estimated GFR (eGFR) decline well
before the onset of irreversible structural changes.

The diabetic complications are mainly caused by persistent
hyperglycaemia and tight glycaemic control slows the development
and progression of both the microvascular complications and the
structural lesions associated with diabetic nephropathy [8-10].
Hyperglycaemia causes diabetic complications partly through
the non-enzymatic protein glycation and production of Advanced
Glycation End products (AGEs) and its related Oxidative End
Products (OPs) [11]. Both oxidation and glycation play significant
roles in the genesis of these adducts. Non-enzymatic glycation
of proteins (amino acids) by the reducing sugars and dicarbonyl

compounds produce AGEs. The glycoxidation adducts thus formed
are more chemically reactive and irreversibly cross-link proteins.
Diabetic patients have been found to have higher concentrations of
AGEs and glycoxidation adducts compared to healthy individuals.
They are considered to increase the oxidative stress by interaction
with their Receptor for Advanced Glycation Endproducts (RAGE)
and further promote microvascular complications [12-15].

AGEs are filtered through the glomerulus and reabsorbed in the
proximal tubules of the kidneys. Their reabsorption in tubules
and clearance are variable [16]. With the accumulation of AGE in
the glomeruli, there is an increased type IV collagen and laminin
expression in extracellular matrix leading to irreversible cross-
linking of proteins and premature cell senescence in the proximal
tubules [17,18]. AGEs serve as signal transducing ligands for the
transmembrane receptor RAGE, which by reactive oxygen species
production and pro-inflammatory and pro-fibrotic cascade induces
cellular injury [19]. Thus, aim of the study was to determine the
prognostic role of serum N-Carboxymethyl lysine, one of the AGE
products in the DKD.

MATERIALS AND METHODS

A prospective case-control study was conducted over a period of
24 months from January 2018 to December 2019, in a Medical
College Hospital in Southern India. The study was approved by
the Institutional Ethics Committee with the reference number
GSLMC/RC:395-EC/395-12/2016 and IEC-NI/16/NOV/56/75.
The patients were enrolled in the study after obtaining an informed
written consent.

The study enrolled 170 individuals with 125 patients having
diabetes and 45 healthy controls. Among the diabetic patients,
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45 had normoalbuminuria, 40 had microalbuminuria and 40 were
macroalbuminuric.

Inclusion criteria: Patients diagnosed with Type 2 Diabetes Mellitus
(T2DM) as per the World Health Organisation (WHQO) criteria with
fasting blood glucose >126 mg/dL or oral glucose tolerance test
2 hour prandial glucose >200 mg/dL and above 18 years of age.

Exclusion criteria: Patients with systemic hypertension on treatment
with drugs which can interfere with proteinuria like angiotensin
converting enzyme inhibitor or angiotensin receptor blockers were
excluded. In addition to this, patients with urinary tract infections, any
acute febrile illness, cardiovascular diseases and malignancies were
also excluded as these conditions can confound the assessment
of proteinuria.

A detailed history, clinical characteristics, duration of the disease,
their baseline investigations, glycaemic control of the patients were
documented in a pre-structured proforma and correlated across
various stages of nephropathy. The diabetic patients were grouped
based on their uUACR. Based on the Joint Committee of Diabetic
Nephropathy Classification [20] the diabetic patients were grouped
into normoalbuminuria, microalbuminuria and macroalbuminuria
when their uUACR was less than 30 mg/g, 30-299 mg/g and more
than or equal to 300 mg/g, respectively.

The carboxymethyl lysine level was assessed using Enzyme Linked
Immunosorbent Assay (ELISA) method and compared between
the study groups and with other study parameters between cases
and controls.

STATISTICAL ANALYSIS

The data was analysed using Statistical Package for the Social
Sciences (SPSS) software version 18.0. The quantitative data was
represented as mean and Standard Deviation (SD). Comparison
between more than two groups of normally distributed quantitative
variables was done by using the Analysis of Variance (ANOVA) (F test)
followed by post-hoc analysis and to compare mean between two
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groups, the Student’s t-test was applied. Sensitivity and specificity
were used to assess the diagnostic performance of carboxymethyl
lysine and to assess the overall performance Area Under Curve
(AUC) was used.

RESULTS

Atotal of 125 patients with 45 normoalbuminuria, 40 microalbuminuria
and 40 macroalbuminuria and 45 healthy controls were included.
The cases had 65.88% males and 34.12% females with mean
age (SD) of 51.82 (11.94) years. The carboxymethyl lysine levels
across the various study groups were 1238.96+124.45 ng/L,
1713+145 ng/L, 2041.72+176.38 ng/L in the normoalbuminuric,
microalouminuric and the macroalbuminuric diabetic patients,
respectively and 1138.44+82 ng/L in the control group. [Table/Fig-
1,2] show the descriptive and comparative statistics of the clinical
and laboratory parameters among the various study groups.

[Table/Fig-3] correlates the N-carboxymethyl lysine with various
parameters in case and control groups. One hundred and five
patients had diabetes for 5-10 years with 20 patients having diabetes
for more than 10 years, but none with less than five years duration.
A statistically significant difference in the serum N-carboxymethyl
lysine levels between the disease groups as well as in comparison
to the control group (p<0.001) was observed, however it did not
correlate with the duration of diabetes.

Twenty-three patients were in stage 1 Chronic Kidney Disease (CKD)
(GFR =90 mL/min/1.73 sg.m), 58 patients in stage 2 (GFR 60-89
mL/min/1.73 sq.m), 28 patients in stage 3 (GFR 30-59 mL/min/1.73
sg.m) and 16 patients in stage 4 (GFR 15-29 mL/min/1.73 sq.m),
while none in stage 5 CKD (GFR <15 mL/min/1.73 sg.m). On
correlating the N-carboxymethyl lysine levels in patients with different
stages of CKD, it increased with progressing stage of CKD.

The N-carboxymethyl lysine levels were significantly higher among
the diabetic hypertensive patients than the diabetic non-hypertensive
patients (1720+356 ng/L vs 1384+273 ng/L) with a p-value less

[Table/Fig-1]: Demographic and clinico-laboratory characteristics of study population.

p-value in comparison
Cases p-value in between groups to control

Normoalbuminuric | Microalbuminuric | Macroalbuminuric Controls Overall
Characteristics (n=45) (n=40) (n=40) (n=45) P1 P2 P3 P4 P5 P6 p-value
Age (years) Mean+SD 50.95+12 52.83+£12 53.71£10.2 49.58+9.66 | 0.159 0.039 0.521 0.284 0.015 0.002 0.009
Male 29 28 25 30
Female 16 12 15 15 7 ) 7 7 7 7 7
BMI (kg/m?) Mean+SD 27.29+4.7 27.73+£3.8 31.31+4.65 24.73+£1.5 0.369 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001
Duration of DM (years) 8.13+2.86 8.85+3.24 8.8£3.37 | e 0.376 | 0.441 0.913 - - - <0.001
Systolic BP (mmHg) 140.2+4.7 147.4+5.8 152+8.12 136.2+6.58 | <0.001 | <0.001 | 0.021 0.027 | <0.001 | <0.001 | <0.001
Diastolic BP (mmHg) 86.58+6.2 92.74+5.4 96.42+4.27 82.46+3.16 | <0.001 | <0.001 | <0.001 | 0.004 | <0.001 | <0.001 | <0.001
FBS (mg/dL) 133.60+31 123.87+21 157.27+21 75.71£9 0.048 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001
PPBS (mg/dL) 195.86+46 181.37+30 2221237 113.64+13 | 0.052 0.001 <0.001 | <0.001 | <0.001 | <0.001 | <0.001
HbA1c (%) 6.99+1.85 7.03+1.96 8.45+1.54 5.16+0.6 <0.001 | <0.001 | <0.001 | 0.0795 | <0.001 | <0.001 | <0.001
Urea (mg/dL) 33.44+£10.5 28.03+7.48 45.32+13.5 37.57+7 0.005 | <0.001 | <0.001 | <0.010 | <0.001 | <0.001 | <0.001
Creatinine (mg/dL) 0.89+0.24 0.82+0.18 2.185+0.54 0.78+0.2 0.004 | <0.001 | <0.001 | <0.002 | <0.001 | <0.001 | <0.001
GFR (mL/min/1.73 m?) 86.62+27.5 75.6+21.48 31.32+12.3 107.56+18 0.001 <0.001 | <0.001 | <0.001 | <0.001 | <0.001 <0.001
Cholesterol (mg/dL) 183.91£34 175.10+£35.20 202+28.4 175.96+24 | 0.190 | 0.008 | <0.001 | 0.233 0.899 | <0.001 | <0.001
Triglyceride (mg/dL) 170.16+56 180.30+63 197.63+46 134.64x19 | 0.341 0.011 0.115 | <0.001 | <0.001 | <0.001 | <0.001
LDL (mg/dL) 109.15+£29.03 100.22+31.79 125.15x25 107.25x24 | 0.095 0.012 | <0.001 | <0.001 | <0.001 | <0.001 | <0.001
Urine albumin creatinine ratio 25.46+3.25 84.9+4.30 351.43+35 25.07+£3.27 | <0.001 | <0.001 | <0.001 | 0.947 | <0.001 | <0.001 | <0.001
Microalbumin (mg/dL) 24.88+3.23 84.7+£35.7 296+41.9 25.07+£3.27 | <0.001 | <0.001 | <0.001 | 0.973 | <0.001 | <0.001 | <0.001
Serum AGE (ng/L) 1238.95+124 1713+145 2041.72+176 1138.44+82 | <0.001 | <0.001 | <0.001 | 0.003 | <0.001 | <0.001 | <0.001

(BMI: Body mass index; FBS: Fasting blood sugar; PPBS: Post prandial blood sugar; GFR: Glomerular filtration rate; LDL: Low density lipoprotein) (P1-between normoalbuminuric group and microalbuminuric

group; P2-between normoalbuminuric group and macroalbuminuric group; P3-between microalbuminuric group and macroalbuminuric group, P4-between control group and normalbuminuric group; P5-between

control group and microalbuminuric group; P6-between control group and macroalbuminuric group; Statistical analysis were done using student t-test and intergroup comparisons ~-ANOVA and post-hoc analysis)
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Serum CML (Carboxy-methyl lysine) (ng/L)
Cases Controls p-value
(case-
Characteristics n Mean+SD p-value n Mean+=SD p-value control)
<40 ---- - e -
41-50 49 1584.95+351.61 25 1144.92+89.45
Age (years) 0.081 0.831 0.008
51-60 62 1659.45+385.38 20 1138.44+80.86
>60 14 1813.78+283.26 | | - | e
<23 3 1497.33+262.8 4 11562.75+87.70
BMI (kg/m?) 23-25 14 1498.92+289.17 <0.001 27 1128.63+77.39 0.139 <0.001
>25 108 1670.97+373.96 14 1162.92+88.91
<56.0 - - - -
Duration of DM (years) 5-10 105 1652.28+369.14 0.326 T
>10 20 1622.60+35823 | | - | -
<120 - e N B
Systolic BP (mmHg) 121-140 32 1410.28+321.26 <0.001 37 1137.7+80.13 0.332 <0.001
>140 93 1729.17+£345.85 8 1139.88+90.65
<80 5 1197.6+£177.68 11 1134.8+87.32
Diastolic BP (mmHg) 80-90 53 1463.90+£315.75 <0.001 34 1139.61+81.70 0.043 <0.001
>90 67 1826.37+310.71 | | - | e
<110 22 1479.18+321.54 45 1138.44+82.12
FBS (mg/dL) 110-126 26 1523.92+247.65 <0.001 - e 0.605 0.001
>126 77 1737.37+£385.22 - -
<140 2 1251.50+19.09 45
PPBS (mg/dL) 140-200 72 1583.93+£331.04 0.002 - 1138.44+82.12 0.311 <0.001
>200 51 1749.61+£391.34 -
<7.0 8 1477.64+279.69 45
HbA1C (%) <0.001 1138.44+82.12 0.444 <0.001
>7.0 117 1753.44+375.20 -
<30 123 1640.79+365.20 45 1144.07+82.65
BUN (mg/dL) <0.001 0.054 0.052
>30 2 2062+65.05 - 1093.4+68.74
<150 38 1548.60+38.15 4 1138.44+82.12
S.Triglycerides (mg/dL) 0.231 0.810 <0.001
>150 87 1690.74+371.35 4 1138.44+82.12
<100 53 1578.83+334 33 1126.87+80
LDL (mg/dL) 0.263 0.020 <0.001
>100 72 1698.11+£382 12 1170.25+81
<1.2 81 1451.09+273.32
S.Creatinine (mg/dL) <0.001 45 1138.44+82.12 0.080 <0.001
>1.2 44 2009.15+202.83
<30 45 1238.95+£124.44 45 1138.44+82.12
UACR (mg/G) 30-300 40 1713+145.99 <0.001 - - 0.112 <0.001
>300 40 2041.72+176.38 - -
>90 23 1370.91+£285.17 45 1138.44+82.12
60-89 58 1490.5+£263.91 - -
45-59 5 1653.4+297.20 - -
eGFR (mL/min/1.73 m?) <0.001 0.201 <0.001
30-44 23 2077.30+154.85 - -
156-29 16 1994.81+202.79 - -
<15 - - - -

[Table/Fig-2]: Correlation between serum CML (carboxy-methyl lysine) levels and different parameters in each group.

FBS: Fasting blood sugar; PPBS: Post prandial blood sugar; GFR: Glomerular filtration rate; BUN: Blood urea nitrogen; LDL: Low density lipoprotein; uACR: Urinary albumin creatinine ratio; eGFR: Estimated

glomerular filtration rate (student t-test and ANOVA were used to assess the statistical significance)

than 0.001 and also expressed a significant positive correlation with
both systolic and diastolic blood pressure. A positive correlation
was also observed between the N-carboxymethyl lysine levels and
patients’ age, BMI, duration of diabetes, fasting and Post Prandial
Blood Sugars (PPBS), glycosylated haemoglobin (HbA1c), serum
triglycerides, uACR and negative correlation with eGFR.

[Table/Fig-4] shows the correlation between serum carboxymethyl
lysine levels and other diabetic complications. It is interesting to
note that the serum levels of N-carboxymethyl lysine correlated

positively and significantly with both retinopathy and left ventricular
dysfunction apart from progressive stages of renal disease among
the diabetic patients, which favours its correlation with diabetic
vasculopathy.

The Receiver Operating Characteristics (ROC) curve analysis of the
study results is illustrated in the [Table/Fig-5], which demonstrates the
diagnostic performance of N-carboxymethyl lysine in predicting the
presence of diabetic nephropathy in patients with normoalbuminuria.
The diagnostic performance of urinary podocin showed 97.5%
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Serum CML (Carboxy-methyl lysine) (ng/L)
Cases Control

Parameters r-value | p-value | r-value | p-value
Age (years) 0.157 0.081 -0.033 0.831
BMI (Kg/m?) 0.438 <0.001 0.224 0.139
Duration of DM (years) 0.089 0326 | - | -
Systolic BP (mmHg) 0.550 <0.001 0.148 0.332
Diastolic BP (mmHg) 0.641 <0.001 -0.304 0.043
Fasting blood glucose (mg/dL) 0.287 0.001 -0.079 0.605
Post prandial blood glucose (mg/dL) 0.269 0.002 -0.154 0.311
HbA1c% 0.585 <0.001 0.007 0.444
BUN (mg/dL) 0.296 0.001 -0.081 0.598
Serum cholesterol (mg/dL) 0.093 0.302 -0.289 0.054
Serum triglycerides (mg/dL) 0.108 0.231 -0.637 0.810
ACR (mg/g) 0.794 <0.001 -0.240 0.112
eGFR (mL/min/1.73 m?) -0.711 <0.001 0.194 0.201

[Table/Fig-3]: Correlation between serum CML (Carboxy-Methyl Lysine) (ng/L) and
different parameters in each group.

BMI: Body mass index; BUN: Blood urea nitrogen; ACR: Albumin creatinine ratio; eGFR: Estimated
glomerular filtration rate (statistical significance was assessed by t test and inter group comparisons
was done by ANOVA and post hoc analysis)

Serum CML (Carboxy-methyl lysine) (ng/L)

Characteristics n Mean+SD p-value (Chi-square test)

Present 45 1857+352.44
Retinopathy 0.005

Absent 80 1529+319.41

Present 62 1712+381.24
LV dysfunction 0.019

Absent 63 1694+347.26

[Table/Fig-4]: Correlation between serum CML (carboxy-methyl lysine) levels and

other diabetic complications.
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[Table/Fig-5]: Receiver Operating Characteristics (ROC) curve analysis with Area

Under Curve (AUC) 0.997 at a cut-off value of 1455 ng/L.

sensitivity and 97.8% specificity with 97.5% positive predictive
value and 97.7% negative predictive value with an area under curve
at 0.997 at a cut-off value of 1455 ng/L.

DISCUSSION

AGE products can be formed endogenously in the body or can be
acquired from environment exogenously. Over the past century,
studies have shown detrimental effects of these glycoproteins
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when accumulated in excess which includes diabetes, chronic
pulmonary diseases, rheumatological and neurodegenerative
diseases [21-24]. In diabetes the metabolism of excess glucose
leads to glycolytic intermediates which increase the reactive
aldehydes which further increases AGE products. Also, AGEs
accumulation independent of hyperglycemia is well-established
[25]. Oxidative stress among diabetic nephropathy patients
further contributes to the formation of AGE [26]. Regardless of
the sources, glycotoxins such as N-carboxymethyl lysine, methyl
glyoxal derivatives and pentosidine have been shown to be
significantly associated with the CKD progression.

The present study highlights the demographic clinical and
laboratory characteristics, and identifies the risk factors involved
in the progression of diabetic nephropathy. The present study
establishes N-carboxymethyl lysine as an early non-invasive
prognostic biomarker for DKD. In addition to this, older age,
male sex, elevated blood pressure both systolic and diastolic
were also found to be associated with progression from
normoalbuminuria to macroalbuminuria among the diastolic
patients [27].

A strong correlation was noted between BMI and AGE levels which
probably indicate the risk for metabolic syndrome, as noted by
Uribarri J et al., [28]. This stresses the importance of body weight in
progression of diabetic complications.

In the index study, serum carboxymethyl lysine levels were found
to be elevated in the normoalbuminuric patients and progressively
increased from normoalbuminuric to microalbuminuric and
further to the macroalbuminuric groups. Carboxymethyl lysine
levels were significantly positively correlated with urinary ACR
and creatinine while they displayed a significant negative
correlation with  GFR which suggest AGE elevation in early
diabetic nephropathy marking the progression of DKD. This was
slightly different from the observations noted by Wagner Z et
al., who found such relationship only among diabetic patients
with impaired renal function [29]. The inclusion of control group
in the index study demonstrated a gradual increment in the
carboxymethyl lysine levels across the study population as the
disease progressed.

There has been emerging data that AGEs could be a key factor in
the development of metabolic memory in diabetic complications
and as its level is directly proportional to the duration of diabetes
and degree of glycaemic control [30]. This is well-highlightened
by the strong positive correlation between the serum AGE levels
and glycosylated hemoglobin, fasting and post prandial glucose
concentration in the different patient groups. However, in this
study, serum AGE levels did not increase with increasing duration
of diabetes.

Atherosclerosis has been well known to be associated with
Diabetes Mellites, probably initiated by the human Low Density
Lipoprotein Cholesterol (LDL-C) oxidation [31-34]. In the index study
N-carboxymethyl lysine levels strongly positively correlated with total
cholesteral, triglycerides and LDL. This favours AGEs as a potential
marker for atherosclerosis [21] and atherosclerotic vasculopathy
[32,33] among the diabetic patients and their correlation gradually
increased with progressive nephropathy stage.

Earlier studies have demonstrated the association of elevated
AGEs like glucosepane, methylglyoxal hydroimidazolone with
many diabetic microvascular complications [35,36]. Semba RD et
al., showed association between higher circulating carboxymethyl
lysine levels and cardiovascular mortality [37] while Steine K et
al., Hartog JW et al., and Galderisi M demonstrated association
between elevated AGEs with both systolic and diastolic dysfunction



Kishore Kondapi et al., N-Carboxymethyl Lysine Trend in Diabetic Nephropathy

in patients with diabetes mellites [38-40]. The index study shows
a strong positive correlation between the AGE levels and left
ventricular dysfunction.

ROC curve analysis was used to assess the diagnostic performance
of serum N-carboxymethyl lysine. N-carboxymethyl lysine showed
97.5% sensitivity and 97.8% specificity to detect the nephropathy
in the normoalbuminuric diabetic patients at a cut-off level of
1455 ng/L. Thus, it makes N-carboxymethyl lysine not just an early
but a sensitive and specific biomarker for predicting the onset of
nephropathy among the normoalbuminuric diabetic patients. This
is in agreement with the observations of Hirata K and Kubo K
favouring N-carboxymethyl lysine as a highly sensitive and specific
marker to predict diabetic microangiopathy including nephropathy
and retinopathy [41]. This is in contradiction to the observations
made by Busch M et al., where they noted that N-carboxymethyl
lysine did not predict renal outcomes in diabetic population [42].
This could be because of the difference in inclusion criteria of both
the studies where patients on Angiotensin Converting Enzyme
Inhibitors/Angiotensin li Receptor Blockers (ACEI/ARB) were excluded
in the index study but in the study by Busch M et al., 455 patients
with T2DM and nephropathy from the cohort of Irbesartan in
diabetic nephropathy trial were followed-up [42].

Limitation(s)

The sample size was limited. Further evaluation of other AGE
products in serum as well as skin by auto fluorescence and their
correlation with the N-carboxymethyl lysine and comparison with
other biomarkers of glycation or oxidation injury would have thrown
more light on understanding the disease.

CONCLUSION(S)

N-carboxymethyl lysine seems to be a promising and early
predictor of diabetic nephropathy which is also helpful in
predicting the progression and severity of DKD among the type
2 DM population. Adequate glycaemic control, timely detection
and managing higher blood pressure and controlling other
metabolic complications will help in decreasing the progression of
nephropathy. Thus, it can serve as a marker of diabetic vascular
complications and can help in better management of the type 2
diabetes patients.
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