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Abstract
Intrarenal renin–angiotensin system (RAS) activation plays an important role in the development of hypertension and renal
damage. However, the association between daytime and night-time intrarenal RAS activation and renal structural damage in
normotensive IgA nephropathy patients is unclear. We investigated the relationships between urinary angiotensinogen (U-
AGT) excretion, which reflects intrarenal RAS activity, and renal structural damage (i.e., endocapillary and mesangial cell
hypercellularity, arteriolar hyalinosis and arteriosclerosis levels, and global glomerulosclerosis and tubulointerstitial fibrosis
percentages) in 27 normotensive IgA nephropathy patients (age 39.2 ± 13.6 years, 10 men and 17 women, estimated
glomerular filtration rate (eGFR) 74.0 ± 17.3 ml/min/1.73 m2, urinary protein excretion 0.58 ± 0.50 g/day, and U-AGT
excretion 64.9 ± 100.6 μg/day). The arteriosclerosis level had a significant positive association with the daytime and night-
time U-AGT excretion levels. By contrast, the endocapillary and mesangial cell hypercellularity and arteriolar hyalinosis
levels and global glomerulosclerosis and tubulointerstitial fibrosis percentages did not correlate with the daytime and night-
time U-AGT excretion levels. The daytime and night-time U-AGT excretion levels were higher in patients with
arteriosclerotic changes than in patients without these changes. Multiple linear regression analysis revealed that the
arteriosclerosis levels had a significant positive association with the U-AGT excretion levels at night after adjusting for age,
sex, body mass index, and the eGFR. However, when diastolic BP was added as an independent variable, the relationship
between U-AGT excretion and arteriosclerosis at night disappeared. In normotensive IgA nephropathy patients, intrarenal
RAS activation at night due to nocturnal hypertension may be associated with arteriosclerosis.

Introduction

The circulating renin–angiotensin system (RAS) has a cir-
cadian rhythm and plays an important role in blood pressure
(BP) and sodium homeostasis [1, 2]. Moreover, activation
of intrarenal RAS plays a critical role in the pathophysiol-
ogy of renal damage in some animal models and in patients
with chronic kidney disease (CKD) or hypertension

independent of circulating RAS [3–11]. However, few
studies have investigated the pathological damages of all
components in the kidney, including the glomerulus, tubu-
lointerstitium and small arteries, at the same time in the
animal models. In addition, renal damage is evaluated using
urinary protein and/or albumin excretion as a surrogate
marker in most clinical studies to examine the relationship
between renal damage and intrarenal RAS activation [10,
11]. Even in the limited clinical studies that have evaluated
renal damage using renal pathological findings, all com-
ponents in the kidney have not been investigated similuta-
neously [12, 13].

Recently, we clarified that aggravation of intrarenal RAS
activation led to renal damage and hypertension at night
[14, 15]. However, the relationships between intrarenal
RAS activation in each phase (daytime or night-time) and
pathological damage of all components in the kidney are
unknown.

* Naro Ohashi
ohashi-n@hama-med.ac.jp

1 Internal Medicine 1, Hamamatsu University School of Medicine,
1-20-1 Handayama Higashi-ku, 431-3192 Hamamatsu, Japan

2 Blood Purification Unit, Hamamatsu University School of
Medicine, 1-20-1 Handayama Higashi-ku, 431-3192
Hamamatsu, Japan

12
34

56
78

90
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-018-0026-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-018-0026-4&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41440-018-0026-4&domain=pdf
mailto:ohashi-n@hama-med.ac.jp


IgA nephropathy is the most common type of chronic
and progressive glomerular disease and is most frequently
diagnosed by renal biopsy worldwide [16]. Intrarenal RAS
is activated in IgA nephropathy patients [12, 13]. Moreover,
Wu et al. [17] reported that IgA nephropathy patients with
intrarenal arteriosclerosis and arteriolar hyalinosis but not
patients without intrarenal arterial lesions were associated
with hypertension.

The association between intrarenal RAS activation at
each different time point and renal structural damages,
including damage to the glomerulus, tubulointerstitium and
small arteries, has not been clarified in clinically ill patients
without the influence of hypertension. Therefore, this study
aimed to clarify the associations in patients with normo-
tensive IgA nephropathy, which is one of the most common
chronic glomerular diseases.

Materials and methods

Patients

This study was approved by the ethics committee of
Hamamatsu University School of Medicine (No. 24-171)
and adhered to the principles of the Declaration of Helsinki.
We recruited 27 consecutive normotensive patients who
were admitted to our hospital for renal biopsies and diag-
nosed with IgA nephropathy from February 2012 to
November 2016. Written informed consent was obtained
from all patients. We excluded patients with factors asso-
ciated with renal structural damage (e.g., diabetes mellitus,
hypertension, or taking antihypertensives) [17, 18].

Study protocols

We collected urine during the daytime (6.00 a.m. to 9.00 p.m.)
and night-time (9.00 p.m. to 6.00 a.m.). Ambulatory BP
monitoring (ABPM) was conducted at 30-min intervals during
the day and night using an automatic device (TM-2431; A and
D, Tokyo, Japan). We divided the daytime and night-time data
for the 24-h ABPM using the sleeping and waking times
recorded in the patients’ behavior records. Blood samples
were also drawn at 9.00 p.m. and 6.00 a.m. the next day after
the patients rested in a supine position for at least 15min. The
blood samples drawn at 9.00 p.m. and 6.00 a.m. were con-
sidered the samples at the ends of the daytime and night-time
period, as described previously [14, 19–21].

Clinical data

The patients’ clinical data, including age, sex, and body
mass index (BMI), were recorded at the time of admission.
During the 24-h ABPM, the BP was measured

noninvasively every 30 min as described above. Daytime
BPs were calculated as the averages of the readings taken
during waking hours, whereas night-time BPs were the
averages of the remaining values. Circadian BP rhythms are
classified as either extreme dipper, dipper, nondipper, or
riser patterns when the night-to-day ratio of systolic BP is
<0.80, 0.80 to <0.90, 0.90–1.00, and >1.00, respectively
[22]. The serum creatinine and the urinary creatinine and
protein (U-Pro) concentrations were measured in the clinical
laboratory of the Hamamatsu University School of Medi-
cine, University Hospital. The urinary angiotensinogen (U-
AGT) level, which is a known surrogate marker of intrar-
enal RAS activity[10, 11], was measured using an enzyme-
linked immunosorbent assay (ELISA) as described pre-
viously[23]. The plasma angiotensin II (Ang II) level, which
is known to be an effector of circulating RAS activity, was
determined using radioimmunoassay without special pre-
treatments (SRL, Tokyo, Japan). The serum creatinine
concentrations were measured in blood drawn at 6:00 am,
and the estimated glomerular filtration rate (eGFR) was
calculated using the serum creatinine concentration with the
Japanese eGFR equation [24]. The excretion ratios of U-
Pro/creatinine (U-Pro/Cr) and U-AGT/creatinine (U-AGT/
Cr) were calculated during both the daytime and night-time.

Histopathological data

The degrees of mesangial cell hypercellularity were eval-
uated as follows: 0: <4 mesangial cells/mesangial area, 1:
4–5 mesangial cells/mesangial area, 2: 6–7 mesangial cells/
mesangial area, and 3: 8 or more mesangial cells/mesangial
area. The degrees in each glomerulus were averaged, and
scores that were not greater than 0.5 or were greater than 0.5
were assigned a value of 0 or 1, respectively. The existence
of endocapillary hypercellularity was scored (0: absent and
1: present). The arteriosclerosis levels (0: normal, 1: intima
thickness and less than media thickness, and 2: intima
thickness and more than media thickness) and arteriolar
hyalinosis (the proportion of affected arterioles; 0: absent, 1:
1–25%, 2: 26–50%, and 3: 51–100%) of the intrarenal
arteries were scored. These scores were evaluated using
sections stained with periodic acid-Schiff (PAS) and Elas-
tica van Gieson, respectively. The percentages of global
glomerulosclerosis and tubulointerstitial fibrosis were
evaluated through sections stained with PAS and Masson’s
trichrome stain, respectively. The histopathological data
were evaluated in accordance with our previous methods
and the Oxford classification of IgA nephropathy [25, 26].

Statistical analyses

The results are expressed as the means ± SD. The sig-
nificance of differences between daytime and night-time
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was determined using Student’s t-test for paired samples.
Because U-Pro/Cr and U-AGT/Cr did not show a normal
distribution, logarithmic transformation was applied for
these values prior to the Student’s t-test evaluation. The
correlations between U-AGT/Cr and renal structural
damage (hyalinosis, arteriosclerosis, mesangial cell hyper-
cellularity, endocapillary hypercellularity, global glomer-
ulosclerosis, and tubulointerstitial fibrosis) and the clinical
parameters were evaluated using Pearson’s product-moment
correlation test. The significance of the differences between
the patients with or without arteriosclerosis in relation to
their clinical data was determined using Student’s t-test for
unpaired samples or the Chi-square test for categorical
variables. Multiple linear regression analyses were con-
ducted to evaluate the relationships between arteriosclerosis
and U-AGT/Cr. Age, sex, BMI, the eGFR and the systolic
or diastolic BPs were selected as independent variables
because these parameters were common variables in mul-
tiple linear regression analyses. In addition, age and the
systolic or diastolic BPs were correlated with urinary AGT
excretion and age, the eGFR and the systolic or diastolic
BPs were significantly different between the patients with
and without arteriosclerosis. We considered a value of p <
0.05 significant. The statistical analyses were performed
using the IBM® SPSS® software, version 20 (IBM Cor-
poration, Armonk, NY, USA).

Results

Patient characteristics

Twenty-seven patients who underwent renal biopsy at our
hospital during the study period and were diagnosed with
IgA nephropathy were included in this study. The baseline
characteristics are presented in Table 1. Most patients were
young to middle age (39.2 ± 13.6 years), and their BPs were
well-controlled without antihypertensives (112.0 ± 11.8/
70.0 ± 9.5 mmHg). The circadian BP rhythms of the patients
were as follows: dipper: 8, nondipper: 16, and riser: 3. No
patients with the extreme dipper pattern were observed in
this study. The patients’ renal functions were within normal
limits (eGFR: 74.0 ± 17.3 ml/min/1.73 m2), and the daily
urinary protein excretion levels were low (0.58 ± 0.50 g/
day). The U-AGT excretion levels were 64.9 ± 100.6 μg/
day. The pathological damage to the glomerulus, tubu-
lointerstitium and small arteries was mild.

Changes in each parameter between daytime and
night-time

Table 2 shows the changes in each parameter between
daytime and night-time in normotensive IgA nephropathy

patients. The BPs and urinary protein excretion levels were
significantly higher during daytime than during night-time.
In addition, urinary AGT excretion showed the same cir-
cadian rhythm as urinary protein excretion. However, the
plasma Ang II levels were the same during daytime and

Table 1 Patient characteristics

Age, year 39.2 ± 13.6

Sex

Male 10

Female 17

Height (cm) 162.1 ± 10.1

Body weight (kg) 52.4 ± 13.8

Body mass index (kg/m2) 20.6 ± 2.1

Systolic BP (mmHg) 112.0 ± 11.8

Diastolic BP (mmHg) 70.0 ± 9.5

Heart rate (/min) 66.1 ± 6.1

Circadian BP rhythm

Dipper 8

Nondipper 16

Riser 3

sCr (mg/dl) 0.81 ± 0.17

eGFR (ml/min/1.73 m2) 74.0 ± 17.3

CKD stage

Stage 1 6

Stage 2 14

Stage 3 7

U-Pro/day (g/day) 0.58 ± 0.50

U-AGT/day (μg/day) 64.9 ± 100.6

Hyalinosis 0.78 ± 0.97

Arteriosclerosis 0.41 ± 0.64

Mesangial cell hypercellularity 0.56 ± 0.51

Endocapillary hypercellularity 0.63 ± 0.49

Global glomerulosclerosis (%) 12.4 ± 11.9

Tubulointerstitial fibrosis (%) 17.2 ± 13.8

BP blood pressure, CKD chronic kidney disease, eGFR estimated
glomerular filtration rate, sCr serum creatinine, U-AGT/day urinary
angiotensinogen/day, U-Pro/day urinary protein/day

Table 2 Changes in each parameter during daytime and night-time

Daytime Night-time p-value

Systolic BP (mmHg) 114.7 ± 12.4 107.0 ± 11.9 <0.01

Diastolic BP (mmHg) 72.8 ± 10.1 64.8 ± 9.4 <0.01

Heart rate (/min) 69.6 ± 6.8 58.3 ± 5.9 <0.01

Plasma Ang II (pg/ml) 12.0 ± 6.1 11.8 ± 3.7 0.79

Log U-Pro/Cr (mg/gCr) 2.68 ± 0.27 2.49 ± 0.29 <0.01

Log U-AGT/Cr (μg/gCr) 1.57 ± 0.51 1.32 ± 0.57 <0.01

Ang II angiotensin II, BP blood pressure, U-AGT/Cr urinary
angiotensinogen/creatinine, U-Pro/Cr urinary protein/creatinine
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night-time. These results coincided with our previous data
[14, 19].

Relationships between the urinary AGT excretion
levels and the clinical parameters and levels of
pathological damage

We investigated the correlations between urinary AGT
excretion during the daytime and night-time and the clinical
parameters and levels of pathological damage. The arter-
iosclerosis levels had a significant positive correlation with
the urinary AGT excretion levels during the daytime and
night-time (daytime; r= 0.41, p= 0.036, and night-time; r
= 0.46, p= 0.016). However, no significant relationships
were found among the hyalinosis, mesangial cell hyper-
cellularity and endocapillary hypercellularity levels, the
global glomerulosclerosis and tubulointerstitial fibrosis
percentages and the urinary AGT excretion levels during the
day and night. In addition, a significant positive relationship
was found between age and urinary AGT excretion at night.
The night-time systolic BPs had a significant positive cor-
relation with urinary AGT excretion at night, and the dia-
stolic BPs during the daytime and night-time had significant
positive correlations with urinary AGT excretion during the
daytime and night-time, respectively. Moreover, urinary
protein excretion during the daytime and night-time had
significant positive correlations with urinary AGT excretion
during these time period (Table 3).

Clinical characteristics in the presence and absence
of arteriosclerosis in the kidney

Because the arteriosclerosis levels seemed to be associated
with the urinary AGT excretion levels, we evaluated clinical
parameters, including the urinary AGT excretion levels, in
the presence and absence of arteriosclerosis. The patients
with arteriosclerosis were significantly older and had lower
eGFRs and higher systolic and diastolic BPs at night and
urinary protein and AGT excretion during the daytime and
night-time than those without arteriosclerosis. In contrast,
no significant differences were found between the patients
who did and did not have arteriosclerosis in relation to sex,
BMI, systolic and diastolic BP during the day, the circadian
BP rhythm, and the plasma Ang II level (Table 4).

Multiple linear regression analyses of
arteriosclerosis in the kidney and the clinical
parameters

We performed multiple linear regression analyses to eval-
uate the relationships between arteriosclerosis in the kidney
and the clinical parameters. The multiple linear regression
analyses revealed that the arteriosclerosis levels had a

significant positive correlation with the urinary AGT
excretion levels at night even after adjusting for age, sex,
BMI, and the eGFR (β= 0.39, p= 0.043; Model 4). In
addition, although no significant relationships were found
between the arteriosclerosis levels and the urinary AGT
excretion levels during the day, positive relationships
similar to those found at night were observed between these
variables after their adjustment during the daytime (β=
0.31, p= 0.092; Model 1). However, when systolic or
diastolic BPs were added in addition to these variables as an
independent variable, the relationship between the arterio-
sclerosis levels and urinary AGT excretion levels was not
observed during the daytime and night-time (Table 5).

Discussion

Herein, we report that the arteriosclerosis level had a sig-
nificant positive correlation with intrarenal RAS activation
and that the hyalinosis, mesangial cell hypercellularity and
endocapillary hypercellularity levels and global glomer-
ulosclerosis and tubulointerstitial fibrosis percentages were
not associated with intrarenal RAS activation. In addition,
the patients with arteriosclerosis had significantly higher
systolic and diastolic BPs at night but not during the day

Table 3 Relationships between urinary AGT excretion during daytime
and night-time and clinical parameters as well as the levels of
pathological damages

Daytime Night-time

r p-value r p-value

Age 0.30 0.13 0.39 0.043

Height (cm) −0.027 0.90 −0.11 0.59

Body weight (kg) −0.030 0.88 −0.17 0.41

Body mass index (kg/m2) −0.047 0.82 −0.18 0.39

Systolic BP (mmHg) 0.34 0.10 0.56 <0.01

Diastolic BP (mmHg) 0.54 <0.01 0.66 <0.01

Heart Rate (/min) 0.21 0.29 0.29 0.14

sCr mg/dl) 0.090 0.66 −0.018 0.93

eGFR (ml/min/1.73 m2) −0.28 0.17 −0.31 0.12

Plasma Ang II (pg/ml) −0.24 0.22 −0.30 0.14

Log U-Pro/Cr (mg/gCr) 0.72 <0.01 0.76 <0.01

Hyalinosis 0.22 0.28 0.21 0.29

Arteriosclerosis 0.41 0.036 0.46 0.016

Mesangail cell hypercellularity 0.082 0.68 −0.013 0.95

Endocapillary hypercellularity −0.18 0.37 −0.11 0.59

Global glomerulosclerosis (%) 0.074 0.71 0.17 0.40

Tubulointerstitial fibrosis (%) 0.058 0.77 0.14 0.48

Ang II angiotensin II, BP blood pressure, eGFR estimated glomerular
filtration rate, sCr serum creatinine, U-Pro/Cr urinary protein/
creatinine
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than the patients without arteriosclerosis. Moreover, when
systolic or diastolic BP was added as an independent vari-
able in addition to age, sex, BMI and the eGFR, the rela-
tionship between arteriosclerosis and the urinary AGT
excretion level was not observed during the daytime and
night-time. These results indicate that intrarenal RAS acti-
vation at night due to nocturnal hypertension may be
associated with renal arteriosclerosis in normotensive IgA
nephropathy patients and may support the evidence that
nocturnal BP treatment improves hypertension and reduces
cardiovascular and stroke risks [27].

Some confounding factors may affect the arteriosclerosis
and intrarenal RAS activation levels. In fact, a positive
relationship was obtained between age and the urinary AGT
excretion levels at night, and significant differences in age
and the eGFR were observed between the patients with and
without arteriosclerosis. A population-based autopsy study
showed that the prevalence of arteriosclerosis increased

with increasing age [28]. However, the relationships
between the arteriosclerosis and urinary AGT excretion
levels at night were maintained after adjusting for age, sex,
BMI and the eGFR. These data suggested that age and the
eGFR did not affect the arteriosclerosis and intrarenal RAS
activation levels in this study.

Kimura et al. [29] reported that nocturnal hypertension
was induced by an impaired renal capacity to excrete
sodium due to a reduced ultrafiltration capacity and
enhanced tubular sodium reabsorption [29]. A reduced
ultrafiltration capacity is indicative of renal dysfunction, and
a reduction in renal function is associated with intrarenal
RAS activation [11]. In addition, enhanced tubular reab-
sorption correlates with intrarenal RAS activation [30].
These findings indicate that nocturnal hypertension is
induced by intrarenal RAS activation due to renal damage.
Many factors are associated with intrarenal RAS activation
due to renal damage, among which reactive oxygen species
and inflammation due to interleukin 6 are the main con-
tributors [5–7, 31]. In fact, abnormalities in circadian BP
patterns (nondipper and riser) were found in more than 70%
of patients despite normal BP levels. We also showed that
the urinary AGT levels were not decreased at night com-
pared with the levels measured during the day in CKD
patients showing the circadian BP riser pattern, that circa-
dian fluctuations in proteinuria occurred parallel to fluc-
tuations in the urinary AGT levels and that circadian
fluctuations in the urinary AGT levels were correlated with
diurnal BP changes [14, 15]. Moreover, Matsusaka et al.
reported that AGT produced in the liver and filtered through
the glomerular basement membrane was the primary source
of intrarenal RAS activation. Therefore, glomerular per-
meability augmented in the setting of glomerular injury and
glomerular hypertension increases the AGT excretion levels
into the tubular lumen and activates intrarenal RAS at night
when systemic or glomerular hypertension is induced,
eventually resulting in renal damage. These concepts coin-
cided with our results showing that although a significant
positive relationship was not found between the arterio-
sclerosis and urinary AGT excretion levels during the day, a
significant positive relationship was maintained after
adjusting for age, sex, BMI, and the eGFR. Furthermore, a
positive relationship between the arteriosclerosis and urin-
ary AGT excretion levels was not observed during the
night-time when systolic or diastolic BP was considered as
an independent variable.

Wu et al. reported that the prevalence of arterial lesions
was more prominent in IgA nephropathy patients than in
non-IgA nephropathy and membranous nephropathy
patients, although the IgA nephropathy patients were
younger when the renal biopsies were performed [17]. In
addition, intrarenal RAS activation is more enhanced in IgA
nephropathy patients than in patients with minor glomerular

Table 4 Clinical characteristics in the presence and absence of
arteriosclerosis in the kidney

Present Absent p-value

Number (%) 9 (33.3) 18 (66.7)

Age, years 47.1 ± 15.9 35.2 ± 10.7 0.029

Sex

Male 4 6 0.68

Female 5 12

Body mass index (kg/m2) 20.1 ± 2.2 20.8 ± 2.0 0.43

eGFR (ml/min/1.73 m2) 63.2 ± 9.8 79.4 ± 17.8 0.018

Systolic BP (mmHg)

Daytime 113.5 ± 11.8 111.5 ± 7.0 0.66

Night-time 110.9 ± 9.0 102.4 ± 6.0 <0.01

Diastolic BP (mmHg)

Daytime 75.2 ± 10.1 69.6 ± 5.9 0.086

Night-time 68.7 ± 8.2 60.8 ± 4.6 0.023

Circadian BP rhythm

Dipper 2 6 0.41

Nondipper 5 11

Riser 2 1

Ang II (pg/ml)

Daytime 14.1 ± 9.6 11.3 ± 3.3 0.27

Night-time 10.4 ± 4.6 12.4 ± 3.1 0.21

Log U-Pro/Cr (mg/gCr)

Daytime 2.83 ± 0.32 2.60 ± 0.21 0.040

Night-time 2.67 ± 0.32 2.40 ± 0.22 0.016

Log U-AGT/Cr (μg/gCr)

Daytime 1.87 ± 0.54 1.42 ± 0.43 0.028

Night-time 1.71 ± 0.54 1.13 ± 0.49 0.010

Ang II angiotensin II, BP blood pressure, eGFR estimated glomerular
filtration rate, U-AGT/Cr urinary angiotensinogen/creatinine, U-Pro/
Cr urinary protein/creatinine.
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abnormalities [32]. These previous data and our data from
this study suggest that the intrarenal RAS activation levels
vary in accordance with each kidney disease and that the
differences in intrarenal RAS activation influence the
arteriosclerosis levels. In the future, we intend to examine
this association between intrarenal RAS activation and the
arteriosclerosis levels for each kidney disease.

Activation of intrarenal RAS plays a critical role in the
pathophysiology of renal damage in some animal models
and patients [3–11]. Moreover, activated intrarenal RAS is
associated with renal structural damage in IgA nephropathy
model animals and patients [5, 6, 13, 32], and the increase
in the afferent arteriolar thickness is caused by intrarenal
RAS activation but not BP elevation in spontaneous
hypertension rat models [8]. However, to the best of our
knowledge, this report is the first to clarify the association
between intrarenal RAS activation and the arteriosclerosis
levels in normotensive IgA nephropathy patients.

The kidneys have an autoregulatory vasoconstrictor
response, and an increase in the systemic BP does not
directly influence the intraglomerular pressure [33]. There-
fore, pressure-associated arteriolar injury is thought to occur
before glomerular injury. When renal injury progresses and
the number of nephrons decreases, the intraglomerular
pressure increases, causing global glomerulosclerosis.
Thereafter, the increase in glomerular permeability due to
glomerular hypertension causes an increased filtered protein
load in tubular cells. Hence, excessive reabsorption and
catabolism of filtered proteins, increased nuclear signaling

for gene expression, and activation of complement, the
inflammasome and autophagy are induced in tubular cells,
causing fibroblast proliferation and accumulation of extra-
cellular matrix in tubulointerstitial lesions. Finally, tubular
atrophy and interstitial fibrosis are induced [34]. In this
study, the amount of urinary protein was small, and the
renal function was almost within normal limits. Hence,
intrarenal RAS activation is probably correlated with the
arteriosclerosis levels but not with the global glomerulo-
sclerosis or tubulointerstitial fibrosis levels.

This study has some limitations. First, because the BP
values were obtained at 30-min intervals, even one missing
value might have a significant effect on the results. How-
ever, because the rates of the time points when the BPs
could be measured were 99.2% in this study and the fre-
quency of missing values was very low (data not shown),
we dealt with the data that could be measured. In addition,
many researchers, including ourselves, measure BP values
at 30-min intervals for clinical studies [14, 19–21]. Second,
a low-salt diet was not given to some patients in this study
(salt intake: 10 g/day to 11 patients (40.7%) and 6 g/day to
16 patients [59.3%]) because the renal function levels and
BPs were within their normal limits, and the protein
excretion levels in the urine were low. The difference in salt
intake may have influenced the results of this study. How-
ever, because the renal biopsy was performed immediately
after admission, whether the difference in salt intake after
admission influenced pathological damage could not be
determined. Moreover, the amounts of salt included in the

Table 5 Multiple linear regression analyses of the levels of arteriosclerosis in the kidney and the clinical parameters

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

r= 0.66 p=
0.031

r= 0.73 p=
0.029

r= 0.73 p=
0.020

r= 0.69 p=
0.018

r= 0.77 p < 0.01 r= 0.76 p < 0.01

β p β p β p β p β p β p

Age 0.17 0.45 0.30 0.22 0.15 0.51 0.13 0.56 0.061 0.78 −0.059 0.81

Sex 0.20 0.24 0.091 0.65 0.078 0.70 0.27 0.13 0.12 0.50 −0.006 0.98

Body mass index
(kg/m2)

−0.18 0.32 −0.33 0.078 −0.17 0.33 −0.13 0.46 −0.17 0.31 −0.22 0.22

eGFR (ml/min/1.73
m2)

−0.29 0.20 −0.27 0.26 −0.32 0.15 -0.27 0.21 −0.26 0.21 −0.36 0.11

Systolic BP (mmHg)

Daytime 0.10 0.63

Night-time 0.43 0.060

Diastolic BP (mmHg)

Daytime 0.36 0.13

Night-time 0.60 0.074

Log U-AGT/Cr (mg/gCr)

Daytime 0.31 0.092 0.13 0.50 0.12 0.58

Night-time 0.39 0.043 0.15 0.47 −0.015 0.96

BP blood pressure, eGFR estimated glomerular filtration rate, U-AGT/Cr urinary angiotensinogen/creatinine
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normal and low-salt diets in our hospital are 10 and 6 g/day,
respectively, indicating a small difference in salt intake
between the diets. Third, several analyses did not show
significant results, possibly due to the small number of
patients included. However, we confirmed the relationships
between intrarenal RAS activation at night due to nocturnal
hypertension and renal arteriosclerosis. Finally, the urinary
AGT excretion levels may not reflect RAS activation in the
kidney. However, this method of collecting urinary AGT
during the daytime and night-time has been used for eva-
luation of intrarenal RAS activation at day and night,
respectively, in previous studies [14, 19]. In addition, when
we collected and measured the urinary AGT excretion
levels and the AGT and Ang II expression levels in the
kidneys of anti-thymocyte serum nephritis rats every 6 h,
the fluctuations in the values were parallel [9]. Therefore,
we consider that the temporal accuracy of urinary collection
is not a major limitation.

In conclusion, intrarenal RAS activation at night due to
nocturnal hypertension may be associated with renal arter-
iosclerosis in normotensive IgA nephropathy patients.
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