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Urinary angiotensinogen (AGT) is potentially a specific biomarker for the status of the
intrarenal renin-angiotensin system (RAS) in patients with diabetes mellitus. We explored
whether changes in urinary AGT excretion levels were associated with the deterioration of
kidney function in type 2 diabetes patients with preserved kidney function. Urinary
baseline AGT levels were measured in 118 type 2 diabetic patients who were not taking RAS
blockers and who had estimated glomerular filtration rates (eGFRs) = 60 mL/min/1.73 m?.
A total of 91 patients were followed-up for 52 months. Changes in urinary levels of AGT
(AAGT) were calculated by subtracting urinary AGT/creatinine (Cr) at baseline from urinary
AGT/Cr after 1 year. AAGT was significantly inversely correlated with annual eGFR change
(B=-0.29, P=10.006; B = -0.37, P=0.001 after adjusting for clinical factors). RAS
blockers were prescribed in 36.3% of patients (n = 33) during follow-up. The AAGT values
were lower in the RAS blockers users than in the non-RAS blockers users, but the
differences were not statistically significant (7.37 + 75.88 vs. 22.55 + 57.45 ug/g Cr,
P=0.081). The AAGT values remained significantly correlated with the annual rate of
eGFR change (8 = —0.41, P=0.001) in the patients who did not use RAS blockers, but no
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such correlation was evident in the patients who did. AAGT is inversely correlated with
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annual changes in eGFR in type 2 diabetes patients with preserved kidney function,
particularly in RAS blocker-naive patients.
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INTRODUCTION

Diabetic kidney disease (DKD) develops in 20%-40% of all pa-
tients with diabetes and is the major cause of end-stage renal
disease (ESRD) (1). It is also associated with increased risk for
cardiovascular disease and all-cause mortality in patients with
diabetes (2). Therefore, preventing the development and pro-
gression of DKD is important when treating diabetes. It is also
essential to identify markers that can predict its development
and progression.

Many studies have revealed the important pathophysiologi-
cal effects of hypertension and organ injury caused by the local
renin-angiotensin system (RAS) on the brain (3), heart (4), ad-
renal glands (5), vasculature (6), and kidneys (7). The intrarenal
RAS plays a significant role in the pathogenesis of DKD (7,8).
Earlier, quantitative relationships have been established between
urinary levels of angiotensinogen (AGT), intrarenal AGT levels,
and angiotensin II production (9). Therefore, urinary levels of
AGT could serve as a specific index for intrarenal RAS activity.
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We previously showed that urinary levels of AGT were associat-
ed with albuminuria and were correlated with urinary tubular
marker levels in patients with type 2 diabetes (10). In addition,
high levels of urinary AGT were associated with a decrease in
renal function in such patients and may serve as an early bio-
marker of DKD (11). As expected, angiotensin II type 1 receptor
blocker (ARB) treatment reduces urinary AGT levels and the
higher excretion of urinary AGT before treatment with ARB cor-
relates with the greater ARB-induced reduction in urinary albu-
min-to-creatinine ratio (ACR) (12). However, previous studies
have not investigated whether changes in urinary AGT excre-
tion are associated with a decline in kidney function in type 2
diabetes patients. In this study we evaluated whether changes
in urinary AGT levels had clinical impacts on deterioration of
DKD by assessing the annual change in estimated glomerular
filtration rate (eGFR) and whether the use of RAS inhibitors af-
fect change in urinary AGT levels, particularly in type 2 diabetes
patients with preserved kidney function.
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MATERIALS AND METHODS

Patients

A total of 118 patients with type 2 diabetes were consecutively
enrolled in the outpatient department of Pusan National Uni-
versity Hospital between February 2010 and January 2011, as
described previously (10). The subjects were participating in
the DKDs; we assessed the utilities of early DKD biomarkers.
Briefly, type 2 diabetes patients with eGFR > 60 mL/min/1.73
m”* who were not taking RAS blockers were enrolled at baseline.
Patients with active urinary tract infections and any history of
other acute and/or chronic disorders affecting the urinary sys-
tem were excluded.

Patients were followed-up in the outpatient clinic until De-
cember 2015. Urine samples for AGT measurement were ob-
tained at baseline and 1 year later (12 + 1 months). Serum lev-
els of creatinine (Cr) (which allowed eGFRs to be estimated)
were measured at intervals of 6 + 1 months during the follow-
up period. Twenty-seven patients were excluded during follow-
up: 18 did not provide 1-year urine samples; 2 died from other
causes; 4 were hospitalized with active infections; and 3 were
diagnosed with malignancies. Finally, 91 patients were enrolled
and their data were analyzed.

Measurement of urinary AGT levels

Random spot urine and blood samples were obtained from each
subject at each outpatient visit. The urine samples were stored
at —-80°C prior to analysis. Urine samples were centrifuged for
10 minutes at 3,000 rpm to remove particulate matter and stored
at —70°C. Urinary levels of AGT were measured using a com-
mercial enzyme-linked immunosorbent assay (ELISA) (Angio-
tensinogen ELISA JP27412 Kit; Immuno-Biological Laborato-
ries Co., Ltd., Gunma, Japan) as reported previously (13). The
inter- and intra-assay coefficients of variation were 4.3%-7.0%
and 4.4%-5.5%, respectively. The detection limit of the AGT as-
say was 0.03 ng/mL. Values below this level were recorded as a
mean of zero and the lower limit of the cut-off, but only when
the number of samples under the cut-off was < 5% of the total.
Urinary levels of AGT were normalized to the urinary levels of
Cr and expressed in pg/g Cr.

Definitions
Changes in urinary levels of AGT (AAGT) were calculated by
subtracting urinary AGT/Cr at baseline from urinary AGT/Cr
after 1 year. eGFR levels were calculated using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI) equation
(14):
eGFR = 141 x min (serum Cr/kappa, 1)**"* x max (serum
Cr/kappa, 1) x 0.993% x 1.018 (if female) x 1.159
(if black)
For females, the following values were used: alpha = -0.329
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and kappa = 0.7. For males, the following values were used: al-
pha = -0.411 and kappa = 0.9. The annual rate of eGFR change
(mL/min/1.73 m?/year) was determined from the slope calcu-
lated by linear regression analysis of all eGFR measurements
for each individual during follow-up.

Statistical analysis

All statistical analyses were performed using SPSS software, ver-
sion 18.0 (SPSS Inc., Chicago, IL, USA). Continuous variables
are presented as means + standard deviations (SDs) or as me-
dians with interquartile ranges (IQRs); categorical variables are
presented as numbers with percentages. Pearson’s correlation
coefficient was used to test the correlations between individual
variables. We conducted multivariate regression analyses with
annual rates of eGFR change as the dependent variable and uri-
nary AGT at baseline and change in urinary AGT as indepen-
dent variables, respectively. Several models were gradually built
to adjust for confounding factors. Continuous variables that were
not normally distributed (skewness and kurtosis) were log-trans-
formed prior to analysis. A Pvalue < 0.05 derived using the 2-tailed
t-test was considered to indicate statistical significance.

Ethics statement

This study was approved by the Institutional Review Board of
Pusan National University Hospital (Registry No. 20100024) and
written informed consent was obtained from all participants.

Table 1. Baseline characteristics of participants

Characteristics Variables (n = 91)
Age, yr 56.03 £+ 10.80
Sex, male/female (%) 35 (38.5)/56 (61.5)
BMI, kg/m? 23.67 + 3.58
DM duration, yr 7.09 £+ 6.11
SBP, mmHg 126.78 £ 13.33
DBP, mmHg 78.92 + 8.42
HbA1c, % 7.62 £ 1.61
HbA1c, mmol/mol 59.8 £ 17.5
eGFR, mL/min/1.73m? 90.79 + 15.26

Total cholesterol, mg/dL
LDL cholesterol, mg/dL
HDL cholesterol, mg/dL
Triglyceride, mg/dL
CRP, mg/dL

Urine ACR, mg/g Cr
Urine AGT/Cr, ng/g Cr

178.92 + 38.98
105.63 + 34.57
49.57 + 13.41
142.5 (94.0-204.5)
0.05 (0.03-0.13)
23.45 (8.73-87.55)
12.48 (6.74-31.39)

Lipid lowering agent, No. (%) 49 (53.8)
Diabetic reinopathy, No. (%) 31(34.1)

Data are expressed as mean £+ SD and median (IQR) for continuous variables and
frequencies (%) for categorical variables.

BMI = body mass index, DM = diabetes mellitus, SBP = systolic blood pressure, DBP
= diastolic blood pressure, HbA1c = hemoglobin Alc, eGFR = estimated glomerular
filtration rate, LDL = low-density lipoprotein, HDL = high-density lipoprotein, CRP =
C-reactive protein, ACR = albumin-to-creatinine ratio, AGT = angiotensinogen, Cr =
creatinine, SD = standard deviation, IQR = interquartile range.
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RESULTS

Baseline patient characteristics and parameters
correlated with annual change in eGFR
The baseline patient characteristics are shown in Table 1. A to-
tal of 35 males and 56 females were included, with a mean age
of 56 + 10 years and with a mean hemoglobin Alc (HbAlc) lev-
el of 7.62% + 1.61%. All patients had well-conserved renal func-
tion; the average eGFR was 90.79 + 15.26 mL/min/1.73 m®. The
median urine ACR was 23.45 (8.73-87.55) mg/g Cr. ACR values
were in the normal to mildly increased range for albuminuria
(< 30 mg/g Cr) in 49 patients, while 28 patients had moderately
increased albuminuria (30-299 mg/g Cr), and 14 patients had
severely increased albuminuria (> 300 mg/g Cr). The median
urinary level of AGT/Cr was 12.48 (6.74-31.39) ug/g Cr.

The median follow-up period was 52 months (range, 10.0-
69.0 months). During follow-up, the mean annual change in

Table 2. Parameters that correlated with annual eGFR change

Parameters r P
Age, yr -0.075 0.482
BMI, kg/m? 0.182 0.086
DM duration, yr -0.134 0.208
SBP, mmHg —0.098 0.355
DBP, mmHg 0.040 0.710
HbA1c, % —-0.275 0.008
eGFR, mL/min/1.73m? —-0.097 0.358
Total cholesterol, mg/dL -0.137 0.197
LDL cholesterol, mg/dL -0.047 0.658
HDL cholesterol, mg/dL 0.147 0.166
Triglyceride, mg/dL* -0.105 0.322
CRP, mg/dL* —0.026 0.807
Urine ACR, mg/g Cr* —-0.462 < 0.001
Urine AGT/Cr, ng/g Cr* —-0.240 0.022

eGFR = estimated glomerular filtration rate, BMI = body mass index, DM = diabetes
mellitus, SBP = systolic blood pressure, DBP = diastolic blood pressure, HbA1c¢ = he-
moglobin A1c, LDL = low-density lipoprotein, HDL = high-density lipoprotein, CRP =
C-reactive protein, ACR = albumin-to-creatinine ratio, AGT = angiotensinogen, Cr =
creatinine.

*Logarithm-transformed values were used for analysis.

eGFR was -2.13 + 6.88 mL/min/1.73 m’/year. HbAlc, urinary
ACR, and AGT/Cr levels at baseline were inversely correlated
with the annual change in eGFR (r = -0.275, P = 0.008; r = —0.462,
P <0.001; and r = -0.240, P = 0.022, respectively) (Table 2). How-
ever, the annual rate of eGFR change did not correlate with the
age, body mass index, diabetes duration, blood pressure, or the
lipid profile at baseline. In addition, the annual rates of eGFR
change were not different between sex, use of lipid lowering
agents or presence of diabetic retinopathy.

Associations of AAGT with change in eGFR during follow-up
In crude model, both urinary AGT/Cr at baseline and AAGT were
inversely correlated with the annual change in eGFR (B = -0.24,
P =0.022; B = -0.29, P = 0.006, respectively) (Table 3). The cor-
relations with annual rate of eGFR change are shown in Fig. 1.
In the fully adjusted model, both AAGT as continuous variables
and AAGT dichotomized as an increased AGT (yes/no) remained
significantly correlated with the annual eGFR change ( = -0.37,
P =0.001; B = -0.31, P = 0.005, respectively), but the correlation
disappeared for urinary AGT/Cr at baseline (p = -0.09, P = 0.401)
(Table 3).

Although no patients were taking an RAS blocker when en-
rolled (baseline), RAS blockers were prescribed for 36.3% of pa-
tients (n = 33) during follow-up. As expected, baseline urinary
AGT/Cr and ACR levels were higher in the RAS blocker users
than in the non-RAS blocker users (22.07 [9.61-63.11] vs. 9.41
[3.73-39.10] pg/g Cr, P = 0.005; 119 [27.7-392.0] vs. 14 [6.53-39.10]
mg/g Cr, P < 0.001, respectively). Comparing AAGT, there was a
trend for decreased AAGT values in the RAS blockers users than
in the non-RAS blocker users, but this difference was not signif-
icant (7.37 + 75.88 vs. 22.55 + 57.45 ug/g Cr, P = 0.081) (Fig. 2).
In the subgroup analysis according to use of RAS blockers, AAGT
significantly correlated with annual change in eGFR among pa-
tients who did not use RAS blockers (B = —0.44, P < 0.001), but
not in those who took prescribed RAS blockers (B = -0.24, P =
0.184) (Table 3, Fig. 1). In the patients who did not use RAS block-
ers, the AAGT values remained significantly correlated with the

Table 3. Association of change in eGFR with change in urinary AGT or increased urinary AGT

Model 1 Model 2 Model 3
Parameters
B (95% CI)/B P B (95% CI)/p P B (95% CI)/p P

AGT/Cr —0.98 (-1.82, —-0.15)/-0.24 0.022 -1.00 (-1.84, -0.16)/-0.25 0.020 —-0.37 (-1.25, 0.51)/-0.09 0.401
AAGT* —-0.65 (-1.11, -0.19)/-0.29 0.006 —0.86 (—1.35, —0.38)/-0.38 0.001 —-0.84 (-1.30, —0.37)/-0.37 0.001

i) Non-RAS blocker user -0.92 (-1.42,-0.42)/-0.44 < 0.001 —-0.97 (-1.48, -0.46)/-0.47 < 0.001 —0.86 (—1.36, —0.35)/-0.41 0.001

ii) RAS blocker user —0.58 (—1.45, 0.29)/-0.24 0.184 -0.91 (-2.00, 0.18)/-0.37 0.098 —-0.86 (—2.00, 0.28)/-0.35 0.131
Increased AGT, yes/no —2.76 (-5.63, 0.12)/-0.20 0.060 —4.49 (-7.62, —1.36)/-0.32 0.006 —4.36 (—7.37, —1.35)/-0.31 0.005

Multivariate linear regression analysis. B means unstandardized coefficient and p means standardized coefficient. Model 1: crude; Model 2: adjusted for baseline age, SBP, HbA1c,
TG*, LDL cholesterol, HDL cholesterol, eGFR, AGT/Cr*; Model 3: adjusted for ACR* and use of lipid-lowering agent at baseline, use of RAS inhibitors during follow-up.

eGFR = estimated glomerular filtration rate, AGT = angiotensinogen, Cl = confidence interval, Cr = creatinine, AAGT = changes in urinary levels of AGT, RAS = renin-angio-
tensin system, SBP = systolic blood pressure, HbA1c = hemoglobin Alc, TG = triglyceride, LDL = low-density lipoprotein, HDL = high-density lipoprotein, ACR = albumin-to-

creatinine ratio.
*ACR, AGT/Cr, AAGT, and TG were logarithm-transformed.

784  http://jkms.org

https://doi.org/10.3346/jkms.2017.32.5.782



Lee MJ, et al. = Changes in Urinary Angiotensinogen Excretion

JKMS

20
S
i
SE Or
£
L
2%
8= -2
55
=
L]
40 L Y =-0.98X+0.23
! | | | | |
-4 -2 0 2 4 6 o
Log AGT/Cr
20

[ Non-RAS blockers

Change in eGFR
(mL/min/1.73 m%/year)
o

20 - Y=-092x+01 *
-4 2 0 2 4
Log AAGT (C)

20 -
g
g2
S E
sQ
o
23
= -20
SE
E
[ ]
40 b Y =-0.65X-1.74
L | | | | | |
-6 -4 -2 0 2 4 6 e
Log AAGT
20 1" RS blockers
g
o =
SE )
o | | | |
qE_) : O frremrremreaaenny & .... ...... IR ..-.-. ........
g = g " u L |
= -
S g " s "
E "on
= . .
oo L Y = -0.58X-4.48

Log AAGT (D]

Fig. 1. Correlations with the annual change in eGFR. (A) AGT/Cr, urinary angiotensinogen/Cr at baseline. (B) AAGT, subtracting urinary AGT/Cr at baseline from urinary AGT/Cr

after 1 year. (C) AAGT in non-RAS blockers users. (D) AAGT in RAS blockers users.

eGFR = estimated glomerular filtration rate, AGT = angiotensinogen, Cr = creatinine, AAGT = changes in urinary levels of AGT, RAS = renin-angiotensin system.
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Fig. 2. AAGT (mean+SEM) of non-RAS blockers users and RAS blockers users.
AAGT = changes in urinary levels of angiotensinogen, SEM = standard error of the
mean, RAS = renin-angiotensin system.

annual rate of eGFR change after adjusting for clinical variables
(B =-0.41, P = 0.001).

Associations of AACR with AAGT and change in eGFR
during follow-up

Urinary albumin levels were additionally investigated in 1-year
urine samples and AACR were defined by subtracting urinary
ACR at baseline from urinary ACR after 1 year, as AAGT were
calculated. AACR weakly correlated with AAGT (r = 0.224, P =
0.034). However, there was not shown any correlation between

https://doi.org/10.3346/jkms.2017.32.5.782

AACR and the annual eGFR change in the crude and fully ad-
justed model (§ = 0.084, P = 0.431; = 0.038, P = 0.715, respec-
tively). In the subgroup analysis according to use of RAS block-
ers, AACR did not correlate with the annual eGFR change wheth-
er the patients used RAS blockers or did not (§ = 0.161, P = 0.37
and § =-0.079, P =0.559; B = 0.384, P=0.154 and 3 = —0.003,
P =0.981, after adjusting for clinical factors).

DISCUSSION

In this study, we found an inverse correlation between AAGT
and the annual rate of eGFR change in type 2 diabetes patients
with preserved kidney function (eGFR = 60 mL/min/1.73 m?).
This study showed a trend for decreased AAGT values in the pa-
tients who used RAS blockers than those who did not use RAS
blockers. AAGT values were inversely significantly correlated
with change in eGFR among patients who did not use RAS block-
ers during the follow-up period, but not in those who used RAS
blockers.

The renal RAS can induce renal damage mediated by trans-
forming growth factor -1, the synthesis of which is induced by
angiotensin II. AGT, the rate-limiting enzyme of the RAS, is a
marker for RAS activity; upregulation of AGT elevates the an-
giotensin level (15,16). In the kidney, the nephrons of both the
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interstitial and intratubular compartments contain all RAS com-
ponents necessary to produce intrarenal angiotensin II (17). Al-
though the major source of circulating AGT is the liver, AGT is
also produced in the proximal tubule cells of the kidney and is
secreted directly into the tubular lumen (18). Urinary AGT orig-
inates from AGT synthesized and secreted by the proximal tu-
bules; it is rarely derived from plasma (19). Therefore, the uri-
nary excretion of AGT might provide a specific index of intrare-
nal angiotensin IT activity (9).

Previous studies have suggested that the urinary level of AGT
may reflect intrarenal RAS status, not only in patients with hy-
pertension but also in those with chronic kidney disease (CKD)
(20,21). Recently, urinary AGT has been identified to be a po-
tential biomarker specific for intrarenal RAS status in patients
with diabetes mellitus (22,23). We previously reported that uri-
nary levels of AGT were correlated with both the extent of albu-
minuria and the levels of several markers of urinary tubular dam-
age, including kidney injury molecule-1 (KIM-1) and neutrophil
gelatinase-associated lipocalin (NGAL), in patients with type 2
diabetes. This supports the notion that intrarenal RAS activation
promotes tubular damage during DKD development (10).

In an earlier study that assessed annual eGFR decline during
amean follow-up period of 23 months, urinary AGT was a suit-
able predictor of the deterioration of renal function in patients
with CKD (20). Moreover, Sawaguchi et al. (23) found that uri-
nary levels of AGT and albumin were positively correlated in
patients with type 2 diabetes, and both were inversely correlat-
ed with the annual change in eGFR. However, we did not find a
correlation between baseline urinary levels of AGT and the an-
nual change in eGFR in the fully adjusted model. This disparity
may be due to differences in each study’s patient characteristics.
Our subjects were type 2 diabetes patients with eGFRs > 60 mL/
min/1.73 m* who were not taking RAS blockers at baseline, while
other studies included partly or entirely diabetic patients with
CKD or eGFRs < 60 mL/min/1.73 m? at baseline (20,23). In ad-
dition, in the present study, urinary levels of AGT (median 12.48
[6.74-31.39] pg/g Cr) were lower and narrower range than those
of other studies.

Instead, we found that AAGT was inversely correlated with
the annual change in eGFR. In the present study we investigat-
ed whether changes in urinary AGT levels predict deterioration
of DKD as indicated by annual decline in eGFR. The results con-
firm our hypothesis; the 2 variables significantly correlate after
adjusting for clinical factors. The strength of this study is that we
show that changes in urinary AGT levels within the same indi-
viduals were associated with DKD progression, independently
of other clinical factors including urinary ACR levels in type 2
diabetic patients with preserved eGFR.

Previous studies showed that RAS blockers reduced urinary
levels of AGT in 13 hypertensive patients with type 2 diabetes
mellitus and in 28 patients with CKD; this renoprotective effect
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was tentatively attributed to suppression of intrarenal AGT syn-
thesis (12,20). Similar to these studies, the present study showed
atrend for decreased AAGT values in the patients who used RAS
blockers than those who did not use RAS blockers although this
difference was not statistically significant. Because we did not
investigate the effects of RAS blockers on urinary AGT excretion
prospectively, the interpretation of these results is limited. In our
study, AAGT values remained inversely correlated with change
in eGFR among patients who did not use RAS blockers during
the follow-up period, but not in those who used RAS blockers.
It may be caused by fewer patients who used RAS blockers, only
33 patients. Another possibility is that change in urinary AGT
does not reflect well the renoprotective effect of RAS blockers
because of other clinical factors, e.g. urinary ACR and blood pres-
sure which are also influenced by RAS blockers.

In the additional analysis of AACR, AACR weakly correlated
with AAGT. However, AACR was not correlated with the annual
change in eGFR while AAGT was inversely correlated. Although
limitations of a small number of subjects and 1-year changes of
urinary AGT and ACR levels, these results suggest the possibili-
ty that AAGT is better and earlier index than AACR to predict de-
terioration of DKD. A large number of study subjects and chang-
es of long-term follow-up may be required for more convincing
results with sufficient statistical power.

This study had several limitations. First, the results were based
on a small number of study subjects and a short follow-up peri-
od. Second, the present study showed clinical impacts on dete-
rioration of DKD by only assessing the annual change in eGFR.
This study did not show about other renal outcomes including
dialysis, doubling of serum Cr or incident albuminuria. These
renal outcomes occurred in few patients and could not have
sufficient statistical power. Third, we did not examine time-up-
date covariates such as HbAlc or urinary ACR. Forth, although
a history of renovascular disease was not detected in the medi-
cal records of study subjects, we could not rule out the presence
of renovascular disease in enrollment of patients because of not
evaluating the kidney vasculature in all of the patients. Despite
these limitations, this study demonstrated change in urinary
AGT in the same individual was associated with annual change
in eGFR in type 2 diabetes with preserved kidney function.

In conclusion, AAGT was inversely correlated with the annu-
al change in eGFR in type 2 diabetes patients with preserved
kidney function (eGFR = 60 mL/min/1.73 m?), particularly in
RAS blocker-naive patients. In other words, the higher the in-
crease in AAGT, the faster the reduction in eGFR, independent
of baseline urinary levels of AGT. Noticing changes in urinary
AGT excretion in these patients could be helpful for predicting
the deterioration of kidney function. Moreover, it may be neces-
sary to be followed-up of urinary AGT levels, even when initial
eGFR s preserved and initial urinary levels of AGT are low.
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