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Abstract: It was previously reported that intrarenal renin angiotensin system (RAS) plays a pivotal role in the onset
and progression of diabetic nephropathy (DN). Urinary angiotensinogen (UAGT) was employed as a special index of
the intrarenal RAS status and enhanced significantly at a very early stage of chronic kidney disease and type 1 diabetes. On the basis of these findings, the present study was performed to test the hypothesis that UAGT levels are increase even before the development of DN in type 2 diabetic patients without hypertension. 102 patients with type
2 diabetes mellitus (T2DM) and 18 healthy volunteers were studied cross-sectionally. Clinical data were collected
and morning spot urine samples were obtained from all participants. UAGT levels were detected by an enzyme-linked
immunosorbent assay (ELISA). As a result, UAGT to creatinine ratio (UAGT/Cr) was significantly enhanced in T2DM
patients before the appearance of urinary albumin (UALB) and further increased to a greater degree in albuminuric
patients. UAGT/Cr levels were positively correlated with Log (UALB to creatinine ratio) and diastolic blood pressure,
but negatively correlated with estimated glomerular filtration rate. These data indicate that elevated UAGT levels
precede the onset of albuminuria in normotensive T2DM patients. UAGT might potentially serve as an early marker
to determine intrarenal RAS activity and predict progressive kidney disease in T2DM patients without hypertension.
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Introduction
Diabetic nephropathy (DN) is a major cause of
end stage renal disease and associated with
increased risk of cardiovascular disease and
all-cause mortality [1, 2]. Microalbuminuria is
the most commonly used early marker of DN in
clinical settings. However, the presence of albuminuria always indicates a more advanced
stage of DN and implies a poor prognosis [2].
Therefore, it would be of great importance to
identify a more sensitive marker to predict the
progression of DN.
It has been reported that all of the components
necessary to generate angiotensin II (Ang II) are
present along the nephron, suggesting a functional renin angiotensin system (RAS) exist in
the kidney [3]. Emerging evidence has demonstrated that intrarenal RAS plays a pivotal role
in the onset and progression of renal disease
including DN [4, 5]. RAS inhibitors such as

angiotensin receptor blockers (ARB) and angiotensin converting enzyme inhibitors (ACEI) have been widely used to decrease proteinuria
and retard progression of renal insufficiency in
patients with DN.
Angiotensinogen (AGT) is the only known substance of renin. Circulating AGT is mainly produced by the liver and could not filter through
the glomerular basement membrane due to its
high molecular weight. Therefore, urinary AGT
(UAGT) is mainly derived from renal proximal
tubular cells [3]. UAGT excretion was highly
associated with kidney Ang II content but not
plasma Ang II level in Ang II-infused rats as well
as chronic kidney disease (CKD) patients, suggesting that UAGT could serve as a reliable
index of intrarenal Ang II activity [6, 7]. More
importantly, UAGT increased at an earlier time
point than urinary albumin (UALB) in experimental type 1 diabetic rats [8]. These data prompt
us to further investigate the role of UAGT in type
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Table 1. Characteristics of 102 patients with T2DM and 18 healthy controls
Patients with T2DM (n = 102)
Control group
Normoalbuminuria Microalbuminuria
Macroalbuminuria
(n = 18)
group (n = 32)
group (n = 48)
group (n = 22)
*
Age (years)
57.89 ± 12.65 62.38 ± 12.21
66.75 ± 13.21
53.73 ± 17.16#,Δ
Sex (M/F)
9/9
20/12
36/12
12/10
SBP (mmHg)
123.44 ± 6.17 124.63 ± 12.11 128.46 ± 12.05
128.73 ± 9.94
DBP (mmHg)
67.28 ± 4.38
69.50 ± 8.97
74.88 ± 8.37*
78.00 ± 8.92*,#
*
*
FBG (mmol/L)
5.04 ± 0.58
8.06 ± 2.22
7.56 ± 2.61
7.00 ± 2.41*
*
*
HbA1C (%)
5.37 ± 0.38
8.59 ± 2.25
8.40 ± 1.46
7.85 ± 2.14*
UALB/Cr (mg/g)
4.71 ± 3.34
4.92 ± 3.36
43.51 ± 18.31*,# 7436.18 ± 4427.59*,#,Δ
2
eGFR (ml/min/1.73 m ) 106.74 ± 18.38 89.11 ± 20.40 72.75 ± 23.41*,#
48.71 ± 32.11*,#,Δ
Variables

*

P value
0.002
0.204
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

P < 0.05 vs. healthy controls, #P < 0.05 vs. normoalbuminuria group, ΔP < 0.05 vs. microalbuminuria group.

Figure 1. UAGT/Cr levels in diabetic patients and
healthy controls. UAGT/Cr levels were significantly
higher in T2DM patients with normoalbuminuria
when compared to control group (42.91 ± 41.72
μg/g vs. 7.35 ± 5.18 μg/g), which further increased
to 93.50 ± 111.53 μg/g in microalbuminuric patients
and 217.64 ± 158.16 μg/g in macroalbuminuric patients. *P < 0.05 vs. healthy controls, #P < 0.05 vs.
normoalbuminuria group.

2 diabetic patients. Here, we tested the hypothesis that UAGT levels are enhanced prior to the
onset of albuminuria and correlated with clinical parameters in type 2 diabetic patients without hypertension, and UAGT might be a potential early marker for diabetic nephropathy.
Methods
Study design and sample collections
The study protocol was approved by the Peking University Biomedical Ethics Committee
(Beijing, China). A total of 122 patients with
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type 2 diabetes mellitus (T2DM) hospitalized in
Peking university third hospital from September
2013 to November 2013 were recruited. All
patients were normotensive and had never
received ACEI or ARB. Patients with primary glomerulonephritis, those with renal artery stenosis, and those with eGFR below 30 ml/min or
undergoing dialysis were excluded. Consequently, 102 patients and 18 healthy volunteers
were eligible for the study. To further evaluate
the different distribution of UAGT levels in
patients with or without albuminuria, diabetic
patients were divided into three groups according to the levels of UALB to creatinine ratio (UALB/Cr): T2DM with normoalbuminuria
(UALB/Cr < 20 mg/g), T2DM with microalbuminuria (20 mg/g < UALB/Cr < 300 mg/g), and
T2DM with macroalbuminuria (UALB/Cr > 300
mg/g). Morning spot urine samples were obtained from all participants. Systolic blood pressure (SBP) and diastolic blood pressure (DBP)
were recorded on the same day.
Measurements
Urinary concentrations of AGT were measured
with human AGT ELISA kits (IBL, Japan) following the manufacturer’s instructions. Briefly,
urine samples were centrifuged at 3000 rpm
for 10 min at 4°C. 100 μl of urine sample (1:8
dilution with ELISA buffer) was added to each
well of the plates and incubated at 37°C for 1 h.
Then the plates were washed seven times and
incubated with horseradish peroxides-labeled
monoclonal antibody against human angiotensinogen at 37°C for 30 min. After washing, 100
μl of TMB solution was added to each well and
incubated in dark at room temperature for 30
min. Finally, the reaction was stopped with sul-
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Figure 2. Univariate correlation analyses between UAGT/Cr and clinical
data. UAGT/Cr levels were significantly correlated positively with Log
(UALB/Cr) (r = 0.534, P < 0.001)
and DBP (r = 0.396, P < 0.001), but
correlated negatively with eGFR (r =
-0.288, P = 0.003).

furic acid and the absorbance values were
measured at 450 nm.
Serum creatinine, Fasting blood glucose (FBG)
and hemoglobin A1c (HbA1C) were measured
by standard methods in our clinical laboratory
in Peking university third hospital. The eGFR
was calculated using the Modification of Diet in
Renal Disease Formula: eGFR = 175 × [serum
creatinine (mg/dl)]-1.154 × age -0.203 × 0.741 (×
0.742 if female). Urinary concentrations of albumin and creatinine were measured by an automated machine with reagent kits. UAGT and
Urinary albumin excretion were adjusted with
same sample creatinine and expressed as
UAGT/Cr or UALB/Cr.
Statistical analysis
Data are presented as the means ± standard
deviation and analyzed using SPSS 15.0 for
Windows. Student’s t-tests and one-way ANOVA
were used to compare group means. Pearson
correlation analyses were used for parametric
data. Multivariate regression analysis was performed to identify the association of UAGT/Cr
and clinical parameters. Statistical significance
was considered as P < 0.05.
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Results
Patient characteristics and laboratory data
The demographics and clinical data of the participants are summarized in Table 1.
UAGT levels in diabetic patients and healthy
volunteers
Figure 1 exhibits UAGT/Cr levels in patients
with T2DM and healthy controls. UAGT/Cr levels
were significantly higher in diabetic patients
with normoalbuminuria compared with healthy
subjects (42.91 ± 41.72 μg/g vs. 7.35 ± 5.18
μg/g, P < 0.001), indicating that intrarenal RAS
in diabetic patients is activated early in the premicroalbuminuric phase. As expected, UAGT/Cr
levels were even higher in albuminuric T2DM
patients when compared with their normoalbuminuric counterparts.
Univariate correlation analyses
Figure 2 shows the univariate correlation analyses between UAGT/Cr and other clinical data in
all subjects. UAGT/Cr levels were not correlated
with age, gender, SBP, FBG, HbA1C. However,
Int J Clin Exp Pathol 2015;8(9):11464-11469
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enhanced in diabetic patients, indicating no changes in circulating RAS [9].
Correlation
Regression
The focus of interest on RAS in diabetic
r
p
B
p
patients has recently shifted towards
DBP (mmHg)
0.396 0.000** 3.319 0.007*
the role of intrarenal RAS. It has been
eGFR (ml/min/1.73 m2) -0.288 0.003* -0.031 0.946
previously reported that intrarenal AGT
UALB/Cr (mg/g. cr)
0.521 0.000** 0.013 0.000**
mRNA and protein expression were significantly higher in patients with diabeUAGT/Cr levels were significantly correlated
tes than in control subjects and paralleled renal
positively with Log (UALB/Cr) (r = 0.534, P <
dysfunction [10]. In addition, AGT and Ang II
0.001) and DBP (r = 0.396, P < 0.001), and corproduction was increased in cultured glomerurelated negatively with eGFR (r = -0.288, P =
lar mesangial cells under high glucose condi0.003).
tions [11]. Consistent with these studies, our
results indicate that the intrarenal RAS is actiMultivariate regression analysis
vated in T2DM patients with or without albuminuria, as evidenced by a significant increase
To further identify the explanatory variables for
in UAGT/Cr levels. Importantly, UAGT/Cr levels
UAGT/Cr, a backward elimination multivariate
are significantly higher in normoalbuminuric
linear regression analysis was performed. The
T2DM patients compared with healthy subjects
original model included UALB/Cr, DBP and
while the UALB/Cr levels are comparable. In a
eGFR. As a result, UAGT/Cr was independently
previous study, Saito and colleagues showed
predicted by UALB/Cr (β = 0.013, P < 0.001)
that UAGT increased in patients with type 1 diaand DBP (β = 3.319, P = 0.007) but not eGFR (β
betes even before diagnosis of proteinuria or
= -0.031, P = 0.946; Table 2).
microalbuminuria. Taken together, it is suggested that in patients with diabetes, the increase
Discussion
in UAGT levels precedes the onset of albuminuria. UAGT might function as an early marker for
In the present study, we examined the UAGT
diabetic nephropathy.
levels in normotensive T2DM patients with or
without albuminuria and three major findings
A particular concern is whether urinary AGT is
were obtained. First, UAGT/Cr levels were siga nonspecific consequence of proteinuria. AGT
nificantly increased in diabetic patients with
is a protein and UAGT levels were positively cornormoalbuminuria compared with healthy volrelated with proteinuria in several previous
unteers. Secondly, UAGT/Cr levels were even
studies as well as in ours. Therefore, it is poshigher in albuminuric patients. Thirdly, UAGT/Cr
sible that augmented UAGT in diabetes is a
levels were significantly correlated with UALB/
nonspecific result of proteinuria. However,
Cr, DBP and eGFR. These data suggest that
Nakano et al has reported that after intraveUAGT might be employed as an early index of
nously infused with human AGT, there is only a
intrarenal RAS status in T2DM patients without
very slight increase of urinary human AGT in
hypertension.
rats with advanced kidney disease [9]. Also,
UAGT/Cr levels were similar in patients with
Although plasma AGT is mainly produced and
minimal change nephropathy and control subsecreted by the liver, the kidneys also synthejects, even though patients with minimal chsize AGT. Due to its high molecular weight, little
ange nephropathy had severe proteinuria [12].
plasma AGT is expected to filter through the gloOn the other hand, we observed in this study
merular basement membrane. Consequently,
that UAGT/Cr levels were significantly higher in
UAGT is regarded to reflect locally formed AGT
normoalbuminuric T2DM patients compared
that is produced by proximal tubular cells of the
with healthy volunteers. Collectively, these data
kidney [3]. Accumulated evidence has implicatindicate that UAGT is not simply a nonspecific
ed that UAGT excretion is highly correlated with
consequence of proteinuria.
intrarenal angiotensin II (Ang II) activity and
could serve as a reliable biomarker for monitorAnother important finding of our study was that
ing intrarenal RAS status [6, 7].
UAGT/Cr levels were significantly correlated
It is reported that plasma rennin and angiotenpositively with Log (UALB/Cr) and DBP, but negsin converting enzyme activities are not
atively with eGFR. It has been suggested that
Table 2. Multivariate regression analysis for UAGT/Cr
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UAGT concentration reflects the activity of intrarenal angiotensin II, which is a central mediator resulting in renal injury including albuminuria and renal insufficiency. Thus, it can be
speculated with caution that urinary protein
excretion and the decline of eGFR in T2DM
patients could be a consequence of the intrarenal RAS activation. Previous evidence demonstrated that in patients with CKD, UAGT excretion was associated with the risk for deterioration of renal function, the severity of
renal histopathology, as well as the therapeutic
effect of RAS inhibitor [7, 13, 14]. These data
together with our present study suggest that
UAGT might potentially be a noninvasive tool to
predict the severity and progression of diabetic
nephropathy.
Our investigation has some limitations. Firstly,
we did not measure plasma AGT levels. However, several clinical and experimental studies
have revealed that plasma AGT levels were similar between patients with CKD and healthy
subjects [14-16]. Secondly, because of its
cross-sectional design and small sample size,
we failed to identify the dynamic change of
UAGT and its relationship with long term outcomes in patients with T2DM. Therefore, prospective studies with a larger number of patients and a longer observation period are warranted.
In conclusion, we have demonstrated that UAGT levels increased significantly even before
the onset of microalbuminuria in T2DM patients, indicating activated intrarenal RAS in
the early phase of diabetes. The observation
suggests that UAGT might be a novel early
marker for diabetic nephropathy.
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