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Chronotherapy with a Renin-angiotensin System Inhibitor
Ameliorates Renal Damage by Suppressing Intrarenal

Renin-angiotensin System Activation
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Taichi Sato 1, Tomoyuki Fujikura 1, Akihiko Kato 2, Hiroaki Miyajima 1 and Hideo Yasuda 1

Abstract:
Objective The intrarenal renin-angiotensin system (RAS) is activated in chronic kidney disease (CKD) pa-

tients and is not suppressed at night in CKD patients showing nocturnal hypertension, contributing to renal

damage. Furthermore, changes in RAS inhibitor administration from morning to evening, namely chronother-

apy, ameliorates renal damage at night. We attempted to clarify whether or not chronotherapy ameliorates re-

nal damage by suppressing the intrarenal RAS activity.

Methods We recruited 34 CKD patients with RAS inhibitors in the morning. We conducted ambulatory

blood pressure (BP) monitoring and urine collection and evaluated urinary albumin (Alb) and angiotensino-

gen (AGT), which are surrogate markers for intrarenal RAS activity during the day and at night, respectively.

The same experiments were conducted after changing the administration time. The ratio of values associated

with morning versus evening dosing was defined as the morning to evening (M/E) ratio.

Results The M/E ratio of urinary Alb had a significant and positive relationship with that of urinary AGT

during the day and at night in all CKD patients. However, no significant relationships were found between

the M/E ratios of urinary Alb and AGT using multiple linear regression analyses. Conversely, there was a sig-

nificant and positive relationship between the M/E ratios of urinary Alb and AGT at night but not during the

day in CKD patients whose estimated glomerular filtration rate was <45 mL/min/1.73 m2 and whose night-to-

day ratio of systolic BP was >0.90, even after adjustment.

Conclusion This study indicated that chronotherapy with RAS inhibitors improved the renal damage via in-

trarenal RAS suppression, especially in CKD patients with an impaired renal function and nocturnal hyper-

tension.
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Introduction

Hypertension as well as the disruption of the diurnal

blood pressure (BP) variations is a major risk factor for car-

diovascular disease (CVD), stroke, and end-stage renal dis-

ease (1-4). Circadian BP rhythms are classified as extreme

dipper, dipper, non-dipper, or riser patterns when the night-

to-day (N/D) ratio of systolic BP is <0.80, 0.80 to <0.90,

0.90-1.00, and >1.00, respectively (5). The BP circadian

rhythm of normal subjects generally shows a dipper pattern.

Conversely, chronic kidney disease (CKD) patients fre-

quently show non-dipper and riser patterns, which are asso-

ciated with a poor prognosis for CVD and stroke (5, 6).

The circulating renin-angiotensin system (RAS) is known

to play a critical role in the regulation of arterial pressure
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and sodium homeostasis (7). Furthermore, it has been shown

that intrarenal RAS is activated in some animal models and

patients with CKD or hypertension and that this activation

plays a critical role in the pathophysiology of renal damage,

independent of circulating RAS (8-12).

We investigated the circadian rhythm of urinary an-

giotensinogen (U-AGT), which reflects intrarenal RAS activ-

ity in CKD patients classified by circadian BP rhythms, and

clarified that U-AGT levels did not decrease at night versus

during the day in CKD patients, showing a riser pattern of

circadian BP. In addition, we showed that circadian fluctua-

tions of albuminuria and proteinuria occurred parallel to that

of U-AGT levels, that U-AGT levels were significantly and

positively correlated with BP levels, and that circadian fluc-

tuations of U-AGT were correlated with diurnal BP

changes (8).

The change in administration time of antihypertensive

drugs from morning to bedtime, namely chronotherapy, has

recently been recommended to decrease the BP throughout

the day, especially at night (13-15), and ameliorate

CVD (16, 17) and renal damage (18). However, whether or

not chronotherapy alters the intrarenal RAS activity and

whether or not these changes reflect the changes in renal

damage has not been clarified.

Materials and Methods

Patients

This study was approved by the ethics committee of Ha-

mamatsu University School of Medicine and adhered to the

principles of the Declaration of Helsinki. We recruited 34

CKD patients who took RAS inhibitors: 31 took an an-

giotensin II (Ang II) receptor blocker (ARB) (valsartan in 4,

candesartan in 5, losartan in 6, telmisartan in 6, azilsartan in

3, irbesartan in 4, and olmesartan in 3), while 3 took an

angiotensin-converting enzyme inhibitor (ACE-I) (temocapril

in 1, enalapril in 2) in the morning and were admitted to

our hospital between March 2013 and January 2018.

Written informed consent was obtained from all patients.

We excluded those patients undergoing hemodialysis or peri-

toneal dialysis.

Study protocols

We started the experiment the day after admission while

continuing the RAS inhibitor dosage in the morning (8:00

am). We collected urine during the day (6:00 AM to 9:00

PM) and at night (9:00 PM to 6:00 AM). Ambulatory BP

monitoring (ABPM) was conducted at 30-minute intervals

during the day and at night using an automatic device (TM-

2431; A and D, Tokyo, Japan). We divided the 24-hour

ABPM into day and night segments using the sleep and

waking times recorded in the patients’ behavior records.

Blood samples were also drawn at 9:00 PM and 6:00 AM

the next day after the patients had rested in the supine posi-

tion for at least 15 minutes. The blood samples drawn at

9:00 PM and 6:00 AM were considered the samples ob-

tained at the end of the day and night periods, as described

previously (8, 19-21).

Blood samples were centrifuged at 3,000 rpm for 10 min-

utes at 4℃, and urinary samples were centrifuged at 1,500

rpm for 5 minutes at 4℃. Both samples were stored at

-80℃ until the assays were conducted. The same experi-

ments were conducted a mean 4.1±0.48 days after changing

the RAS inhibitor administration timing to the evening (7:00

PM). The patients took 2.3±1.4 antihypertension medications

upon admission, and their physicians were not permitted to

increase or decrease the number or dose of antihypertensive

drugs during the experiments. Patients consumed a hospital-

served diet containing 8 g salt/day (standard salt diet) (4 pa-

tients) or 6 g salt/day (low salt diet) (30 patients). Each pa-

tient’s diet was determined by their physicians.

Clinical data

The patients’ clinical data, such as their age, sex, and

body mass index (BMI), were recorded at the time of ad-

mission. During the 24-hour ABPM, the BP was measured

noninvasively every 30 minutes as described above. During

the day, BP values were calculated as the mean of the read-

ings during waking hours, whereas at night, BP values were

the mean of the remaining values. Circadian BP rhythms

were classified according to the N/D ratio of systolic BP, as

described previously (5). Serum and urinary creatinine con-

centrations were measured in the clinical laboratory of the

Hamamatsu University School of Medicine, University Hos-

pital. The levels of U-AGT, which is known to be a surro-

gate marker of intrarenal RAS activity (11, 12), were meas-

ured using an enzyme-linked immunosorbent assay, as de-

scribed previously (22). Urinary albumin (U-Alb) concentra-

tions were determined using a radioimmunoassay (SRL, To-

kyo, Japan). Serum creatinine concentrations were measured

in blood drawn at 9:00 PM and 6:00 AM, and the estimated

glomerular filtration rate (eGFR) was calculated using the

serum creatinine concentrations in the Japanese eGFR equa-

tion (23). The daytime and nighttime excretion ratios of U-

Alb/creatinine (U-Alb/Cr) and U-AGT/creatinine (U-AGT/

Cr) were calculated. Daily urinary sodium excretion was

collected, and the daily salt intake levels were determined

by dividing the daily urinary sodium excretion by 17. In ad-

dition, daily urinary urea nitrogen was collected, and the

daily protein intake level was calculated using the Maroni-

Mitch formula (24). The ratios of the clinical parameters as-

sociated with morning versus evening dosage were defined

as the morning to evening (M/E) ratios.

Statistical analyses

The results are expressed as the mean ± standard devia-

tion. The significance of differences between dosing in the

morning versus evening was determined using Student’s t-
test for paired samples. Because the U-Alb/Cr and U-AGT/

Cr values were not normally distributed, logarithmic trans-

formation was applied to them. Thereafter, Student’s t-test
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Table　1.　Patient Characteristics.

Age (year) 60.2±19.4

Sex Male 22 / Female 12

Height (cm) 163.3±9.4

Body weight (kg) 62.9±10.2

Body mass index (kg/m2) 23.6±3.6

Causes of CKD DKD: 7 / CGN: 21 / NS: 5 / 

Other 1

Comorbidity DM: Present: 9 / Absent: 25

HT: Present: 32 / Absent: 2

eGFR (mL/min/1.73m2) 34.8±30.8

CKD stage Stage G1: 2 / Stage G2: 5 / 

Stage G3a: 7/ Stage G3b: 2 / 

Stage G4: 3 / Stage G5: 15

Circadian BP rhythm Extreme dipper: 0 / Dipper: 7 / 

Non-dipper: 15 / Riser: 10

Hypertension treatment

Number of medications 2.3±1.4

1 medication (%) 32.4

2 medications (%) 38.2

≥ 3 medications (%) 29.5

ARB (%) 91.2

ACE-I (%) 8.8

CCB (%) 61.8

α-blocker (%) 14.7

β-blocker (%) 5.9

Diuretic (%) 23.5

CKD: chronic kidney disease, DKD: diabetic kidney disease, CGN: 

chronic glomerulonephritis, NS: nephrosclerosis, DM: diabetes melli-

tus, HT: hypertension, eGFR: estimated glomerular filtration rate, 

BP: blood pressure, ARB: angiotensin II receptor blocker, ACE-I: an-

giotensin converting enzyme inhibitor, CCB: calcium channel blocker

was performed. The correlations between the M/E ratio of

U-Alb/Cr and M/E ratios of U-AGT/Cr, systolic BP, or other

clinical parameters were evaluated using Pearson’s product-

moment correlation test. Multiple linear regression analyses

were conducted to evaluate the relationships between the M/

E ratio of U-Alb/Cr and the M/E ratio of U-AGT/Cr. The

age, sex, BMI, eGFR, and systolic BP were selected as in-

dependent variables since they are commonly included in

multiple linear regression analyses. We considered values of

p<0.05 as statistically significant. Statistical analyses were

performed using IBMⓇ SPSSⓇ software version 25 (IBM

Corporation, Armonk, USA).

Results

Patient characteristics

Thirty-four CKD patients who took RAS inhibitors in the

morning and were admitted to our hospital during the study

duration were included in this study. Their baseline charac-

teristics are presented in Table 1. Most patients were of mid-

dle to advanced age (60.2±19.4 years). The patients’ renal

function had deteriorated moderately to severely (eGFR,

34.8±30.8 mL/min/1.73 m2). Twenty-four-hour ABPM could

not be performed in two patients.

The comparison of each parameter with morning

versus evening dosage of RAS inhibitors in all pa-

tients

Table 2 shows the changes in each parameter between

morning and evening dosage of RAS inhibitors in all pa-

tients. The BP levels and U-Alb and U-AGT excretion were

significantly decreased during the day and at night by chro-

notherapy. In contrast, the intake of both salt and protein

was similar regardless of dosage timing.

Relationships between the M/E ratios of U-Alb excre-

tion and clinical parameters during the day and at

night

We investigated the correlations between the M/E ratios

of the day and nighttime U-Alb excretion and clinical pa-

rameters, such as the U-AGT excretion, and systolic and

diastolic BP (Table 3). We used the M/E ratio to evaluate

the effectiveness of chronotherapy. The M/E ratio of the U-

Alb excretion was significantly and positively correlated

with the M/E ratio of the day and nighttime U-AGT excre-

tion (during the day, r=0.38, p=0.041; at night, r=0.55, p<

0.01). Conversely, there were no significant relationships be-

tween the M/E ratios of the day and nighttime U-Alb excre-

tion and those of BPs and heart rates.

Multiple linear regression analyses between the M/E

ratios of U-Alb excretion and urinary AGT excretion

during the day and at night

We performed multiple linear regression analyses to

evaluate the relationships between the M/E ratios of U-Alb

and U-AGT excretion during the day and at night (Table 4).

No significant relationship was found between the M/E ratio

of U-Alb and urinary AGT excretion during the day or at

night after adjusting for the age, sex, BMI, eGFR, and sys-

tolic BP, as the multiple regression equation was not ac-

cepted during the day (r=0.59, p=0.18) or at night (r=0.64,

p=0.11).

The comparison of parameters concerning morning

vs. evening dosage in 20 CKD patients with an

eGFR <45 mL/min/1.73 m2

The patients in this study were a heterogeneous popula-

tion with a varied renal function. Therefore, we performed

subgroup analyses in the 20 patients with moderate to severe

renal impairment (eGFR <45 mL/min/1.73 m2). Supplemen-

tary material 1 shows the changes in each parameter before

and after chronotherapy of RAS inhibitors during the day, at

night, and all day. The BP and U-Alb excretion were signifi-

cantly decreased by chronotherapy in this subgroup during

the day and at night. There was also a significant decrease

in the U-AGT excretion at night. However, the U-AGT ex-

cretion during the day tended to be decreased by chrono-

therapy. Therefore, we conducted additional analyses focus-

ing on the nighttime period as the main therapeutic target of
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Table　2.　Comparison of Each Parameter in Morning Versus Evening Dos-
age of Renin-angiotensin System Inhibitors in All Patients.

Morning dosage Evening dosage p value

N/D ratio of SBP 0.96±0.066 0.94±0.072 0.19

SBP (mmHg) (all day) 129.8±18.1 124.3±15.6 <0.01

DBP (mmHg) (all day) 74.7±9.9 71.9±8.4 <0.01

Heart rate (/min) (all day) 68.5±5.4 67.8±5.7 0.41

SBP (mmHg) (daytime) 131.4±18.4 126.4±15.9 <0.01

DBP (mmHg) (daytime) 76.3±9.7 73.5±8.9 <0.01

Heart rate (/min) (daytime) 70.3±6.2 69.6±7.0  0.45

SBP (mmHg) (nighttime) 125.1±18.5 118.4±16.0 <0.01

DBP (mmHg) (nighttime) 72.5±9.5 68.2±9.0 <0.01

Heart rate (/min) (nighttime) 63.2±8.5 62.8±7.3 0.60

Log U-Alb/Cr (mg/gCr) (daytime) 3.02±0.49 2.94±0.47 0.018

Log U-AGT/Cr (μg/gCr) (daytime) 2.51±0.82 2.42±0.82 0.044

Log U-Alb/Cr (mg/gCr) (nighttime) 2.88±0.55 2.82±0.52 0.031

Log U-AGT/Cr (μg/gCr) (nighttime) 2.37±0.90 2.27±0.88 0.021

Salt intake (g/day) 5.92±2.30 5.56±2.80 0.55

Protein intake (g/day) 51.0±15.1 52.6±23.7 0.62

N/D ratio: night-to-day ratio, SBP: systolic blood pressure, DBP: diastolic blood pressure, Cr: 

creatinine, U-Alb: urinary albumin, U-AGT: urinary angiotensinogen

Table　3.　Relationships between Morning-to-evening (M/E) Ratios of 
Urinary Albumin Excretion Levels and Clinical Parameters during 
Daytime and Nighttime.

Daytime Nighttime

r p r p

M/E ratio of Log U-AGT/Cr (daytime) 0.38 0.041

M/E ratio of Log U-AGT/Cr (nighttime) 0.55 <0.01

M/E ratio of SBP (daytime) 0.36 0.054

M/E ratio of SBP (nighttime) 0.27 0.18

M/E ratio of DBP (daytime) 0.25 0.19

M/E ratio of DBP (nighttime) -0.024 0.91

M/E ratio of heart rate (daytime) -0.090 0.65

M/E ratio of heart rate (nighttime) 0.18 0.36

U-AGT: urinary angiotensinogen, Cr: creatinine, SBP: systolic blood pressure, DBP: dia-

stolic blood pressure

chronotherapy.

Relationships between the M/E ratio of the U-Alb ex-

cretion vs. clinical parameters, including the night-

time U-AGT excretion, in 20 CKD patients with an

eGFR <45 mL/min/1.73 m2

The M/E ratio of U-Alb excretion was significantly posi-

tively correlated with the M/E ratios of the nighttime U-

AGT excretion (r=0.69, p<0.01) (Fig. 1) and nighttime sys-

tolic BP (r=0.48, p=0.049) in 20 CKD patients with an

eGFR <45 mL/min/1.73 m2. In contrast, there were no sig-

nificant relationships between the M/E ratio of the nighttime

U-Alb excretion and that of diastolic BP (r=−0.034, p=0.90)

and heart rate (r=0.34, p=0.16).

Multiple linear regression analyses between the M/E

ratio of the nighttime U-Alb excretion and nighttime

U-AGT excretion in 20 CKD patients with an eGFR <

45 mL/min/1.73 m2

We performed multiple linear regression analyses to

evaluate the relationships between the M/E ratios of the

nighttime U-Alb excretion and the nighttime U-AGT excre-

tion (Table 5). A significant positive relationship between

the M/E ratio of the nighttime U-Alb excretion and the

nighttime U-AGT excretion was maintained even after ad-

justing for the age, sex, BMI, eGFR, and M/E ratio of sys-

tolic BP (β=0.73, p<0.01).
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Figure　1.　Relationships between the morning-to-evening 
(M/E) ratio of the urinary albumin (U-Alb) and urinary angio-
tensinogen (U-AGT) excretion at night in 20 chronic kidney 
disease patients with an estimated glomerular filtration rate 
<45 mL/min/1.73 m2. Cr: creatinine

Table　4.　Multiple Linear Regression Analyses between Morning-to-
evening (M/E) Ratio of Urinary Albumin Excretion Levels and Uri-
nary Angiotensinogen (U-AGT) Excretion Levels during Daytime and 
Nighttime.

Daytime Nighttime

r=0.59, p=0.18 r=0.64, p=0.11

β p β p

Age (year) 0.34  0.23 0.22 0.51

Sex 0.27 0.21 -0.15 0.45

Body mass index (kg/m2) 0.23 0.27 0.18 0.36

eGFR (mL/min/1.73m2) (daytime) 0.013 0.96

eGFR (mL/min/1.73m2) (nighttime) 0.060 0.85

M/E ratio of SBP (daytime) 0.012 0.96

M/E ratio of SBP (nighttime) 0.17 0.40

M/E ratio of Log U-AGT/Cr (daytime) 0.51 0.058

M/E ratio of Log U-AGT/Cr (night-

time)

0.51 0.016

eGFR: estimated glomerular filtration rate, M/E ratio: morning-to-evening ratio, SBP: 

systolic blood pressure, Cr: creatinine

Table　5.　Multiple Linear Regression Analyses between 
Morning-to-evening (M/E) Ratio of Nighttime Urinary 
Albumin Excretion Levels and Nighttime Urinary An-
giotensinogen (U-AGT) Excretion Levels in 20 Chronic 
Kidney Disease Patients with an Estimated Glomerular 
Filtration Rate (eGFR) Less than 45 mL/min/1.73m2.

Nighttime

r=0.87, p=0.039

β p

Age (year) -0.15 0.45

Sex 0.16 0.43

Body mass index (kg/m2) 0.041 0.84

eGFR (mL/min/1.73m2) (nighttime) 0.11 0.60

M/E ratio of SBP (nighttime) 0.31 0.15

M/E ratio of Log U-AGT/Cr (nighttime) 0.73 <0.01

SBP: systolic blood pressure, Cr: creatinine

The comparison of each parameter for morning ver-

sus evening dosage in 25 CKD patients with non-

dipper and riser BP patterns

Next, we performed subgroup analyses for 25 CKD pa-

tients with nocturnal hypertension, namely those with non-

dipper and riser BP patterns. The relationship between the

subgroup of 20 CKD patients with an eGFR <45 mL/min/

1.73 m2 and the subgroup of 25 CKD patients with non-

dipper and riser BP patterns is shown in Supplementary ma-

terial 2. More than half of the cases overlapped between the

two groups, as the proportions of non-dipper and riser pa-

tients increased with the decreasing renal function (25). In

contrast, there were 10 patients who showed nocturnal hy-

pertension despite relatively mild renal impairment.

The N/D ratio of SBP was significantly decreased by

chronotherapy (morning dosage, 0.98±0.052; evening dos-

age, 0.96±0.068; p=0.035). In addition, similar to the find-

ings in the patients with moderate to severe renal impair-

ment, the daytime and nighttime BP and U-Alb excretion

and the nighttime U-AGT excretion were significantly de-

creased by chronotherapy (Supplementary material 3).

Relationships between M/E ratio of U-Alb excretion

and clinical parameters including U-AGT excretion

at night in 25 CKD patients with non-dipper and

riser BP patterns

Fig. 2 shows the correlations between the M/E ratio of

the nighttime U-Alb and U-AGT excretion (r=0.80, p<0.01).

No significant relationships were found between the M/E ra-

tio of U-Alb excretion and that of the systolic BP (r=0.18,

p=0.43), diastolic BP (r=0.21, p=0.40), or heart rate (r=0.19,

p=0.41) at night.
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Figure　2.　Relationships between the morning-to-evening 
(M/E) ratio of the urinary albumin (U-Alb) and urinary angio-
tensinogen (U-AGT) excretion at night in 25 chronic kidney 
disease (CKD) patients with non-dipper and riser blood pres-
sure patterns. Cr: creatinine

Table　6.　Multiple Linear Regression Analyses be-
tween Morning-to-evening (M/E) Ratio of Urinary Al-
bumin Excretion Levels and Urinary Angiotensinogen 
(U-AGT) Excretion Levels during Nighttime in 25 
Chronic Kidney Disease (CKD) Patients with Non-dip-
per and Riser Blood Pressure Patterns.

Nighttime

r=0.86, p<0.01

β p

Age (year) -0.40 0.21

Sex 0.017 0.92

Body mass index (kg/m2) 0.049 0.77

eGFR (mL/min/1.73m2) (nighttime) -0.52 0.077

M/E ratio of SBP (nighttime) -0.17 0.34

M/E ratio of Log U-AGT/Cr (nighttime) 1.04 <0.01

eGFR: estimated glomerular filtration rate, SBP: systolic blood pres-

sure, Cr: creatinine

Multiple linear regression analyses between M/E ra-

tio of U-Alb excretion and U-AGT excretion at night

in 25 CKD patients with non-dipper and riser BP

patterns

We performed multiple linear regression analyses to

evaluate the relationships between the M/E ratio of the U-

Alb excretion and U-AGT excretion in 25 CKD patients

with nocturnal hypertension. A significant positive relation-

ship was found between the M/E ratios of the U-Alb excre-

tion and U-AGT excretion at night, even after adjusting for

the age, sex, BMI, eGFR, and M/E ratio of systolic BP (β=

1.04, p<0.01) (Table 6).

Discussion

This study indicated that chronotherapy with RAS inhibi-

tors reduced the U-Alb excretion during the day and at night

and that there was a significant and positive relationship be-

tween the M/E ratios of the U-Alb excretion and U-AGT

excretion at night, even after adjusting for the age, sex,

BMI, eGFR, and systolic BP, especially in CKD patients

with an impaired renal function and nocturnal hypertension.

Hermida et al. were the first to report a change in the ad-

ministration time of one antihypertensive drug from morning

to bedtime, namely chronotherapy, reduced the prevalence of

non-dipping hypertension (26). Furthermore, it has been

clarified that chronotherapy with several classes of antihy-

pertensive drugs ameliorates organ damage, such as CVD

and renal damage (16-18). Wang et al. also reported on

chronotherapy with a RAS inhibitor. They performed a clini-

cal study in 30 patients with a dipping BP pattern and 60

patients with a non-dipping BP pattern who were divided

into 2 groups and treated with doses of valsartan (80-320

mg) before bedtime or after waking up. Non-dipping BP pa-

tients treated with bedtime doses of valsartan showed a

greater reduction in 24-hour and bedtime proteinuria and a

greater delayed decline in the eGFR than patients with a

non-dipping BP pattern taking the same dose after waking

up (p<0.05) (27). The present study showed that chronother-

apy with RAS inhibitors ameliorates the levels of BP as

well as U-Alb excretion, especially at night, which is similar

to the findings in previous reports. In addition, we clarified

for the first time that the levels of U-AGT excretion at night

were significantly decreased by chronotherapy with an RAS

inhibitor. However, we were unable to not determine why

intrarenal RAS activation was suppressed by chronotherapy

with an RAS inhibitor at night because of the clinical obser-

vational nature of this study. In the near future, we will per-

form an animal study to clarify the effectiveness of chrono-

therapy.

Similar to the previous reports, chronotherapy with RAS

inhibitors showed a significant reduction in the U-Alb excre-

tion and BP not only at night but also during the day in our

study. In addition, we also noted that U-AGT excretion both

during the day and at night was significantly decreased by

chronotherapy in all CKD patients. However, multiple re-

gression analyses showed no significant correlations between

the M/E ratios of the daytime and nighttime U-Alb and U-

AGT excretion in all CKD patients. We consider this to be

because the renal function of the CKD patients in this study

ranged from mild to severe renal impairment. Farmer et al.

examined the ambulatory BP in 380 patients with essential

hypertension and showed that the prevalence of a non-

dipping pattern in the diurnal BP rhythm increased as the

plasma creatinine level increased, regardless of the number

of antihypertensives taken by the patients (25). In addition,

we have also clarified that urinary AGT levels did not de-

crease at night compared with those during the day in CKD

patients showing a riser pattern of circadian BP (8). These

results indicate that renal dysfunction causes nocturnal hy-

pertension and that nocturnal hypertension is associated with

intrarenal RAS activation at night. Accordingly, we also

evaluated 20 CKD patients whose eGFR was <45 mL/min/

1.73 m2 and 25 CKD patients who had non-dipper and riser
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patterns of BP and showed that chronotherapy with RAS in-

hibitors improved the renal damage via intrarenal RAS sup-

pression, even after adjusting for the age, sex, BMI, eGFR,

and systolic BP, especially at night.

In subgroup analyses, although no significant changes

were found in the daytime U-AGT excretion, the U-Alb ex-

cretion was significantly reduced. It is difficult to elucidate

the underlying mechanisms in this clinical study, and unde-

termined factors other than intrarenal RAS activity, such as

BP, sympathetic nerve activity, and physical activity, may in-

fluence the U-Alb excretion during the day.

In previous reports, chronotherapy of antihypertensive

drugs was performed to compare the effects by administra-

tion timing (waking and bedtime dosages) (13, 14, 16, 17,

26). However, we performed a chronotherapy study that

compared the effects between morning and evening dosages

(8:00 AM and 7:00 PM, respectively). It is difficult to com-

pare the effectiveness of chronotherapy between evening

(our study) and bedtime dosages (previous studies), as the

study designs are often different. For example, many studies

were performed to compare the administration timing of an-

tihypertensive drugs in different patients, and only a few

studies, including ours, have compared the effectiveness be-

fore and after a change in the administration timing of anti-

hypertensive drugs in the same patients. In addition, the

number of changes in antihypertensive drugs for chronother-

apy, follow-up period, and recruited patients differ among

studies.

However, the remarkable finding of our study is that the

daytime BPs were significantly lower than those in previous

studies. For example, Hermida et al. assigned 661 CKD pa-

tients to either take all prescribed antihypertensive drugs

upon waking or at least one at bedtime. As a result, al-

though the nighttime BP was significantly different between

the waking and bedtime dosages (waking dosage: 122.6±

21.3 mmHg; bedtime dosage: 116.7±16.8 mmHg, p<0.001),

the daytime systolic BP values were not significantly differ-

ent between dosages (waking dosage: 128.3±17.7 mmHg;

bedtime dosage: 129.3±15.2 mmHg, p=0.419) (17). Based

on these results it is presumed that an evening dosage de-

creased the daytime BP between 7:00 PM and bedtime more

remarkably than a bedtime dosage. Further clinical studies

to compare the effectiveness between nighttime and bedtime

dosages are needed to clarify these findings.

Several limitations associated with the present study war-

rant mention. First, its sample size was relatively small, and

patients were recruited from a single center. Nevertheless,

we were able to determine that the M/E ratio of U-Alb ex-

cretion had a significant and positive relationship with the

M/E ratio of urinary AGT excretion at night after adjusting

for the age, sex, BMI, eGFR, and systolic BP in only CKD

patients with moderate to severe renal impairment and noc-

turnal hypertension. As the relatively small sample size may

have contributed to a bias in the results, a larger study is

needed in the future to confirm our results. Second, we re-

cruited all CKD patients taking RAS inhibitors in the morn-

ing, regardless of the type (ACE-Is or ARBs) or different

drugs of ARBs. Because the mechanisms of ACE-Is or

ARBs, antagonistic function and selectivity to Ang II type 1

receptor, and half-lives of each ARB differ, the antihyperten-

sive effects and organ protective effects of these drugs also

differ (28, 29). Therefore, it would be best to unify the RAS

inhibitors. However, it was difficult to do so because of the

real clinical practice setting and limited sample size. Indeed,

the few reports concerning chronotherapy available in the

literature are limited to a single kind of RAS inhibitor.

However, we were able to clarify that chronotherapy using

RAS inhibitors ameliorated renal damage through intrarenal

RAS suppression, even after adjusting for some clinical pa-

rameters in CKD patients. Finally, it is possible that a low-

salt diet affected the results. Salt loading elevates the BP

due to an increase in body fluid that is proportional to the

amount of sodium in the body, while the BP levels decrease

according to the degree of salt restriction (30). Furthermore,

salt restriction is known to reduce the urinary protein excre-

tion and suppress the progression of renal damage (31, 32).

Recent studies have also found that salt loading induces re-

nal damage independently of the increase in body flu-

ids (33, 34). It is also known that salt loading activates the

intrarenal RAS and induces renal damage in some kidney

disease models (7). Therefore, as a potential cause for why

the BP and U-Alb and U-AGT excretion were ameliorated

with the evening versus morning dosage, it is possible that

salt loading influenced the elevation of the BP and U-Alb

and U-AGT excretion with the morning dosage because of

the next day after admission and that a longer period of a

low salt diet in evening dosage (4.1±0.48 days) influenced

the amelioration of these parameters. However, no signifi-

cant differences in the salt intake were found between the

morning and evening dosages (5.92±2.30 g/day vs. 5.56±

2.80 g/day, respectively, p=0.55). In addition, there were no

significant differences in the protein intake between the

morning and evening dosages (51.0±15.1 g/day vs. 52.6±

23.7 g/day, respectively, p=0.62). These data suggest that the

diet before and after admission did not markedly influence

the study results. To clarify the actual effect of diet and

switching chronotherapy using RAS inhibitors from a morn-

ing to evening dosage, a future study with a longer period

of hospital diet intake and a study involving switching from

an evening to morning dosage will be required. However,

because the hospitalization duration is limited in our hospi-

tal, we were unable to extend the study period for our clini-

cal research.

In conclusion, we clarified that chronotherapy using RAS

inhibitors reduced the U-Alb excretion by suppressing the

intrarenal RAS in CKD patients, especially at night; this ef-

fect was more remarkable in patients with a highly impaired

renal function and nocturnal hypertension than in others. We

consider it very useful to be able to reduce the BP and ame-

liorate renal damage using the simple and cost-effective

method of changing the RAS inhibitor administration tim-

ing. Further studies are needed to validate our findings.
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