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Background: Diabetic nephropathy is a common complication in diabetic patients, with a high rate of
disability and mortality. This study aims to explore the changes in serum advanced glycation end products
(AGEs), matrix metalloprotein-2 (MMP-2), and urinary microalbuminuria (nALB) in diabetic nephropathy
and their predictive value for heart failure.

Methods: The 134 patients with diabetic nephropathy treated in our hospital from January 2014 to
December 2017 were enrolled and divided into two groups resulting in 64 cases in an observation group
with heart failure, and 70 cases without heart failure in a control group. In addition, 80 patients with simple
diabetes who were treated during the same period were selected as the simple diabetes group. Levels of
AGEs, MMP-2, and mALB between the groups were compared, risk factors affecting diabetic nephropathy
patients with heart failure were analyzed, and an ROC curve was drawn to evaluate the predictive value of
AGEs, MMP-2, and mALB for heart failure

Results: The levels of AGEs and mALB in the diabetic nephropathy group were significantly higher than
those in the simple diabetes group, and the levels of MMP-2 were significantly lower than those in the
simple diabetes group (P<0.05). The levels of AGEs and mALB in the observation group were significantly
higher than those in the control group, and the levels of MMP-2 were significantly lower than that in the
control group (P<0.05). Smoking history hypertension history, blood creatinine (abnormal increase), blood
uric acid (abnormal increase), AGEs (abnormal increase), MMP-2 (abnormal decrease), and mALB (abnormal
increase) were independent risk factors affecting diabetic nephropathy patients with heart failure. The area
under the ROC curve of AGEs, MMP-2, mALB, and their combined detection were: 0.821, 0.909, 0.897,
and 0.991, respectively, showing the area under the curve of combined detection to be the largest.
Conclusions: AGEs, MMP-2, and mALB have high predictive value for heart failure in patients with
diabetic nephropathy. Their sensitivity and specificity are high, indicating they may hold considerable clinical

value.
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Introduction

Diabetic nephropathy is one of the common complications
of diabetes mellitus, which is induced by the metabolic
abnormalities and the related damage to renal microvessels
that caused by hyperglycemia. With the progression of
the disease, diabetic nephropathy may develop to urinary
toxicity with a high disability and mortality rate (1).
Most diabetic patients are complicated with coronary
heart disease, cardiomyopathy and other cardiovascular
diseases. After kidney damage, cardiovascular disease
and other factors lead to the progression of the disease,
and the patients with excessive body fluid load may also
be complicated with heart failure. Related literature has
reported that the incidence of heart failure in diabetic
patients is about 22% (2). Diabetic nephropathy combined
with heart failure generally has a long course and progresses
slowly. Before the symptoms of proteinuria and heart failure
appear in patients, it is easy to be ignored. Therefore it
is of great significance to timely diagnose patients and
determine the treatment plan at the early stage to improve
the prognosis of patients. Previous studies have shown that
indexes such as urine protein, creatinine, and urea nitrogen
are poor diagnostic indicators of the disease (3). Therefore,
there is an urgent clinical need to find new and effective
biomarkers to improve the efficacy of early diagnosis of
patients with diabetic nephropathy.

Some scholars suggest that urine microalbuminuria
(mALB) is overexpressed in patients with diabetic
nephropathy and heart failure and may serve as useful
biomarkers in disease detection and as prognostic
indicators (4). Serum advanced glycation end products
(AGEs) is one of the indicators to detect a variety of
chronic diseases. High level of AGEs is an important
pathological basis for inducing diabetic nephropathy (5).
Other studies have also reported that the overexpression
of matrix metalloproteinases (MMPs) imbalances the
synthesis and degradation of the glomerular extracellular
matrix, leading to its accumulation which in turn leads
to renal fibrosis in patients with diabetic nephropathy.
Matrix metalloprotein-2 (MMP-2) may play an important
role in the occurrence and development of diabetic
nephropathy (6). However, the sensitivity and specificity
of combined detection of mALB, AGEs and MMPs in
patients with diabetic nephropathy complicated with heart
failure has not been clearly determined. This study aims
to explore the changes of mALB, AGEs, and MMP-2 in
patients with diabetic nephropathy, assess the predictive
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value of these three indicators in diabetic nephropathy
patients with heart failure, and provide a theoretical basis
for improving clinical diagnostic efficacy.

We present the following article in accordance with
the STARD reporting checklist (available at http://dx.doi.
org/10.21037/tau-21-35).

Methods
General information

The clinical data of diabetic nephropathy patients treated in
our inpatient department from January 2014 to December
2017 were collected and sorted. The following inclusion
criteria were used: (I) patients with diabetes symptoms such
as polyuria, polydipsia, weight loss caused by unknown
causes, blood glucose >7.0 mmol for 3 consecutive days,
and diagnosed with diabetes; (II) patients met the diagnostic
criteria for nephropathy according to the Chinese medical
association clinical diagnostic criteria for nephropathy (7);
(III) patients met the diagnostic criteria in “China Heart
Failure Diagnosis and Treatment Guidelines 2014”
formulated by Chinese Society of Cardiology of Chinese
Medical (8); (IV) patients aged under 80 years old; The
exclusion criteria were as follows: (I) patients who had
taken drugs for the control of blood glucose and serum
inflammatory factors before being included in the study;
(II) patients with concomitant malignant tumors or severe
diseases of the vital organs; (III) patients who were likely
to have poor treatment compliance; (IV) women during
pregnancy and lactation; and (V) patients with heart failure
caused by hyperthyroidism, rheumatic immune system
diseases, and other factors.

A total of 134 patients with diabetic nephropathy met the
above criteria, and these were then divided into two groups
according to the presence or absence of heart failure; an
observation group (64 cases, with heart failure) and a control
group (70 cases, without heart failure). All patients were in
accordance with the signs of cardiac function classification
where their left ventricular ejection fraction was less than
50% and left ventricular end-diastolic period was over
55 mm (9). There were 34 males and 30 females in the
observation group, aged 43-75 years old, with an average
age of (55.41+3.31) years, and an average disease course
of (7.01+1.33) years. In the control group, there were 36
males and 34 females, aged 45-76 years old, with an average
age of (55.48+3.35) years, and an average disease course
of (7.05+1.37) years. In addition, 80 patients with simple
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Table 1 Comparison of AGEs, MMP-2, and mALB levels in simple diabetes and diabetic nephropathy (x+s)

Group Case AGEs (ng/mL) MMP-2 (pg/mL) mALB (mg/L)
Simple diabetes 80 1.12+0.75 512.35+49.77 13.65+1.72

Diabetic nephropathy 134 2.75+1.20 450.15+42.65 38.65+12.54
T - 10.935 9.690 17.716

P - 0.001 0.001

AGEs, advanced glycation end products; MMP-2, matrix metalloprotein-2; mALB, microalbuminuria.

diabetes who were treated in the same hospital during the
same period were selected as the simple diabetes group which
was composed of 32 males and 28 females, aged between
47-78 years, with an average age of (55.57+3.39) years
old, and an average disease course of (6.88+1.29) years.
There was no statistically significant difference in baseline
data of patients in each group (P>0.05). This study was
approved by the People’s Hospital of Rongchang District
[No. 2021-(1)]. All procedures performed in this study
involving human participants were in accordance with the
Declaration of Helsinki (as revised in 2013). Informed
consent was taken from all the patients.

Detection method of AGEs and MMP-2 levels

A 3ml sample of venous blood was drawn from all subjects
on an empty stomach on the morning of each evaluation.
This was centrifuged for 10 minutes to separate serum
and plasma and the serum samples were stored at -20 °C
for further testing. The levels of AGEs and MMP-2 were
detected using the Enzyme-linked immunosorbent assay
(ELISA) purchased from Beijing Zhongshan Jingiao
Biotechnology (Beijing, China).

Detection method of mALB level

Morning urine (5 mL) was collected from the study
subjects, followed by centrifuging for 10 min. Then mALB
level in the supernatant was detected by the fully automatic
specific protein analyzer (A15) and its supporting kits (Bio-
Systems, Spain). The detection process was carried out in
strict accordance with the kit instructions.

Observation indicators

Firstly, the levels of AGEs, MMP-2, and mALB were
compared between patients with simple diabetes and
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diabetic nephropathy, then between the observation group
and the control group. Multiple logistic regression was
performed to analyze the related risk factors of diabetic
nephropathy patients. In addition, an ROC curve was
drawn to analyze the predictive value of AGEs, MMP-2,
and mALB levels.

Statistical analysis

Statistical analysis was performed using SPSS22.0 software
(IBM, New York, USA). The count data was expressed as
n (%), and analyzed using 7 test, and measurement data
were described using mean + standard deviation (¥s)
and analyzed by chi-squared (y°) test. Multiple logistic
regression analysis was used to analyze the risk factors
influencing patients with diabetic nephropathy with heart
failure. The ROC curve was drawn and indicators such as
the area under the ROC curve were calculated to analyze
the predictive value of AGEs, MMP-2, and mALB levels.
Results with P<0.05 indicated significant difference.

Results

Comparison of AGEs, MMP-2, and mALB levels between
simple diabetes and diabetic nephropathy

The results showed that levels of AGEs and mALB in the
diabetic nephropathy group were significantly higher than
those in the simple diabetes group, and the level of MMP-
2 was significantly lower than that in the simple diabetes
group (P<0.05, Table 1).

Comparison of AGEs, MMP-2, and mALB levels in
diabetic nepbropathy patients with or without beart failure

The levels of AGEs and mALB in the observation group
(diabetic nephropathy patients with heart failure) were
significantly higher than those in the control group (diabetic
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Table 2 Comparison of AGEs, MMP-2, and mALB levels in patients with or without heart failure (x=s)

Group Case AGEs (ng/mL) MMP-2 (pg/mL) mALB (mg/L)
Observation group 64 3.35+1.39 418.32+30.71 37.65+10.65
Control group 70 2.88+1.27 443.18+35.21 20.14+8.14
t - 4.338 10.746
P - 0.001 0.001

AGEs, advanced glycation end products; MMP-2, matrix metalloprotein-2; mALB, microalbuminuria.

Table 3 Analysis of single and multiple factors affecting diabetic nephropathy patients with heart failure

Single factor analysis

Multiple-factor analysis

Factor

OR 95% Cl P OR 95% Cl P
Age (year) (=65 vs. <65) 1.139 0.713-1.513 0.569 - - -
Gender (male vs. female) 1.658 0.892-3.081 0.644 - - -
History of smoking (yes vs. no) 1.791 1.325-1.616 0.019 1.857 1.257-1.754 0.041
History of hypertension (yes vs. no) 1.716 1.236-1.497 0.010 1.598 1.364-1.885 0.023
Blood creatinine (abnormal increase vs. normal) 1.765 1.212-1.535 0.015 1.685 1.368-1.779 0.038
Blood uric acid (abnormal increase vs. normal) 1.831 1.644-1.972 0.016 1.6369 1.365-1.784 0.035
AGEs (abnormal vs. normal) 1.586 1.357-1.867 0.022 1.754 1.452-1.885 0.008
MMP-2 (abnormal decrease vs. normal)) 1.658 1.587-1.975 0.004 1.658 1.369-1.789 0.017
mALB (abnormal increase vs. normal) 1.654 1.352-1.884 0.011 1.623 1.265-1.596 0.026

OR, odds ratio; Cl, credibility interval; AGEs, advanced glycation end products; MMP-2, matrix metalloprotein-2; mALB, microalbuminuria.

nephropathy patients without heart failure), and the level of
MMP-2 in the observation group were significantly lower
than that in the control group (P<0.05, Table 2).

Analysis of single and multiple factors affecting diabetic
nephropathy patients with heart failure

Factors such as a smoking history, hypertension history,
blood creatinine (abnormal increase), blood uric acid
(abnormal increase), AGEs (abnormal increase), MMP-2
(abnormal decrease), and mALB (abnormal increase) were
independent risk factors affecting patients with diabetic
nephropathy and heart failure (Table 3).

The predictive value of AGEs, MMP-2, and mALB levels
in diabetic nephropathy patients with beart failure

The area under the ROC curve of AGEs, MMP-2, mALB,
and the three combined detection were 0.821, 0.909, 0.897,
and 0.991, respectively, indicating that the area under the
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curve was the largest in the combined detection of the three
indicators (1zble 4 and Figure I).

Discussion

Diabetic nephropathy is usually caused by metabolic
abnormalities and damage to small blood vessels in the
kidney, and is a common complication in diabetics (10).
Many patients suffer from high blood sugar, and when
not effectively controlled this can lead to vascular disease
and kidney damage. This can result in a decrease in left
ventricular ejection volume of the heart, accelerating
vasoconstriction, reducing blood flow in the kidneys,
inducing water and sodium retention, and eventuate in heart
failure. The combined effect of diabetes nephropathy and
heart failure imposes significant detrimental effects on the
lives of those affected and the identification of meaningful
biomarkers to assist in the early diagnosis and treatment of
patients is urgently required.

AGEs are a class of molecular glycosylation product
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Table 4 The predictive value of AGEs, MMP-2, and mALB levels in patients with diabetic nephropathy complicated with heart failure

Predictive indicator Optimal threshold Sensitivity (%) Specificity (%) AUC 95% ClI

AGEs 26.41 0.894 0.924 0.821 0.710-0.933
MMP-2 26.30 0.876 0.883 0.909 0.831-0.987
mALB 26.24 0.914 0895 0.897 0.808-0.987
Combination of the three 26.81 0.934 0.948 0.991 0.000-1.000
Predictive indicator model 1.711 0.875 0.889 0.895 0.7548-0.995

AGEs, advanced glycation end products; MMP-2, matrix metalloprotein-2; mALB, microalbuminuria; AUC, area under the curve; Cl,

credibility interval.

ROC curve
10 /,_/ Source of the curve
— AGEs
— MMP-2
08 mALBs
— Combination
Reference line
> 0.6}
=
:2;/)‘
c
[
? 04F
0.2+
00 1 1 1

0.0 0.2 0j4 Of6 0.8 1.0
1-Specificity

Figure 1 Predictive value of AGEs, MMP-2, and mALB levels

in patients with diabetic nephropathy combined with heart

failure. AGEs, advanced glycation end products; MMP-2, matrix

metalloprotein-2; mALB, microalbuminuria.

which are widely used as indicators for understanding of the
progression of chronic diseases (11). Previous studies have
shown (10,12) that the overexpression of AGEs can promote
the occurrence and progression of diabetic nephropathy
and damage the kidneys, by aggravating water and sodium
retention leading to heart failure. Scholars such as Yuan CM
have reported that AGEs are highly expressed in coronary
heart disease and other cardiovascular diseases (13). Urine
mALB is a sensitive and reliable diagnostic indicator for the
early detection of kidney damage in diabetic patients (14)
and has been used to monitor the occurrence of diabetic
nephropathy. This study found that levels of serum AGEs
and mALB in the diabetic nephropathy group were
significantly higher than those in the simple diabetes group;
and the serum AGEs and mALB levels in the diabetic
nephropathy group with heart failure were significantly
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higher than those in the diabetic nephropathy group
without heart failure. These results confirm the observation
that levels of serum AGEs and mALB are abnormally
increased in patients with heart failure and in diabetic
patients with kidney damage.

As a kind of collagenase with a degrading effect, MMP-
2 is widely expressed in glomerular mesangial cells and can
maintain the dynamic balance of extracellular matrix (15,16).
Ma et al. (17) have pointed out that changes in MMP-2
levels are negatively correlated with the urinary albumin
excretion rate, and its concentration will increase as renal
function weakens. In the present study the urine MMP-2
level in the diabetic nephropathy group with heart failure
was significantly lower than that of the diabetic nephropathy
group without heart failure; and the urine MMP-2 level of
the diabetic nephropathy group was significantly lower than
that of the simple diabetes group. The decrease of MMP-
2 levels in patients with diabetic nephropathy might be due
to severe damage to the vascular endothelium, the increase
of intercellular matrix components in the glomerular
mesangial area, and the augment of urinary albumin
excretion (18-20). Our results also showed that factors
such as a history of smoking (yes), history of hypertension
(yes), blood creatinine (abnormal increase), blood uric acid
(abnormal increase), AGEs (abnormal increase), MMP-2
(abnormal decrease), and mALB (abnormally increase) were
all independent risk factors affecting diabetic nephropathy
patients combined with heart failure. This suggests that the
occurrence of diabetic nephropathy combined with heart
failure is a complex process influenced by multiple factors,
including modifiable risk lifestyle risk factors which should
be a focus for intervention. By drawing the ROC curve of
AGEs, MMP-2, mALB, and the combined detection of the
three indicators, we found that the area under the ROC
curve was the largest by combined detection of the three.
This suggests that the combined detection of serum AGEs,
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MMP-2, and urine mALB levels in patients with diabetic
nephropathy can be used to predict the occurrence of heart
failure clinically.

In summary, AGEs, MMP-2, and mALB have high
predictive value for diabetic nephropathy patients with heart
failure. The sensitivity and specificity of the three indicators
are high, indicating their significant clinical value. However,
due to the small sample size of cases and short study time
in this study, the correlations in AGEs, MMP-2 and mALB
needs to be further studied.
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