
 

 

Introduction 
 
Presently hypertensive patients with CKD and 
diabetes are increasing in number, and cardio-
vascular complications are the most common 
cause of death in these hypertensive patients. 
Thus, it would be of considerable value to iden-
tify the mechanisms involved in the cardiovas-
cular events associated with hypertension com-
plicated by CKD and diabetes. Ambulatory blood 
pressure (BP) monitoring has allowed an easier 
and more accurate determination of the cir-
cadian rhythm of BP under different pathophysi-
ological conditions. The circadian pattern of BP 
in hypertensive patients with CKD and diabetes 
has been found to exhibit a blunted nocturnal 
decrease in BP, which is associated with auto-
nomic neuropathy and nephropathy in these 
hypertensive patients [1]. The loss of nocturnal 
BP dipping has been considered to be a risk 

factor for the progression of nephropathy and to 
be of prognostic value with respect to target 
organ damage and cardiovascular morbidity in 
these CKD patients [2-4]. 

 
Estimation of ambulatory short-term BP 
variability 
 
Ambulatory BP monitoring allows the acquisition 
of valuable information on not only the average 
24-h BP, but also the variations in the BP values 
that happen during the course of daily life. 
Among the information obtained by ambulatory 
BP monitoring, previous studies have shown 
that BP variability is a complex phenomenon 
that involves both short- and long-lasting 
changes [5]. Thus the 24-h BP varies not only 
because of a reduction in BP during nighttime 
sleep and increase in the morning, but also be-
cause of sudden, quick, and short-lasting 
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changes that occur both during the daytime 
and, to a lesser extent, at nighttime. This phe-
nomenon, short-term BP variability, has been 
shown to depend on sympathetic vascular 
modulation and on atherosclerotic vascular 
changes [6,7]. Several previous animal studies 
showed that exaggerated short-term BP variabil-
ity without significant changes in mean BP in-
duced chronic cardiovascular inflammation and 
remodeling [8,9]. Short-term BP variability is 
also suggested to be clinically relevant by the 
fact that hypertensive patients with similar 24-h 
mean BP values exhibit more severe organ 
damage when the short-term BP variability is 
greater [7,10-16]. 

 
Home-measured BP variability and CKD 
 
On the other hand, several clinical studies have 
provided epidemiological basis for supporting 
the greater accuracy of home BP monitoring 
compared with clinic pressures for prognosis of 
fatal and nonfatal cardiovascular disease in 
long-term follow-up surveys and in cross-
sectional studies. There is a general consensus 
that home BP monitoring is more convenient, 
available, and less costly than ambulatory BP 
monitoring, but the superiority of ambulatory BP 
monitoring for special clinical problems (i.e., 1) 
detection of non-dippers or need for sleep pres-
sures in chronic renal disease, autonomic neu-
ropathies, and sleep apnea; 2) estimation of 
short-term BP variability) is also clearly recog-
nized [17]. Surveys of both physicians and pa-
tients suggest that home BP monitoring is both 
appreciated and recognized as a valuable strat-
egy. Several experts in the field of hypertension 
research and care have published appeals to 
expand the use of home BP monitoring for rou-
tine care and to have it supported by health 
care systems.  
 
Concerning home-measured BP variability, a 
previous study showed that high day-by-day BP 
variability is associated with increases in total, 
cardiovascular, and stroke mortality, independ-
ently of BP value and other cardiovascular risk 
factors in the general population of Ohasama 
study [18]. In the state of type 2 diabetes, while 
high short-term BP variability on ambulatory BP 
monitoring is reported to be associated with 
atherosclerosis and proteinuria in hypertensive 
patients with type 2 diabetes [11,19,20], the 
recent study by Ushigome et al. adds further 
information on the clinical relevance of home-

measured BP variability in the pathophysiology 
of diabetic nephropathy [21]. Although the hy-
pothesis that home-measured BP variability 
favors the development of nephropathy in type 
2 diabetes is appealing, the cross-sectional na-
ture of this study makes it impossible to evalu-
ate the causal relationships between day-by-day 
BP variability and diabetic nephropathy. Further 
studies, such as outcome studies focusing on 
whether a therapeutic intervention reducing day
-by-day BP variability also carries additional 
prognostic benefit by a concomitant suppres-
sion of the development of diabetic nephropa-
thy, are warranted to confirm the prognostic 
value of home-measured BP variability. 
 
Effects of Ang II type 1 receptor-specific block-
ers (ARB) on ambulatory short-term BP variabil-
ity in diabetic nephropathy patients 
 
Presently, inhibitors of renin-angiotensin system 
(RAS), such as ARB and angiotensin-converting 
enzyme inhibitors (ACEI) are recommended as 
the first-line anti-hypertensive medication to 
treat hypertensive patients with CKD, particu-
larly those with albuminuria. Inhibitors of RAS 
exerts the BP lowering effects through the sup-
pression of circulating and tissue RAS and the 
additional anti-proteinuric effect through the 
inhibition of intra-glomerular hypertension. With 
respect to effects of RAS inhibitors on ambula-
tory BP profile in hypertensive patients with 
CKD, we performed a series of clinical studies 
by administrating ARB to hypertensive CKD pa-
tients including those on dialysis therapy. 
 
We examined whether ARB would improve am-
bulatory short-term BP variability in hypertensive 
patients with diabetic nephropathy. A total of 30 
patients with type 2 diabetes along with hyper-
tension and overt nephropathy were enrolled in 
this randomized, two-period, crossover trial of 
12 weeks of treatment with losartan and telmis-
artan [11]. After 12 weeks of treatment, 24-h, 
daytime, and nighttime short-term BP variability, 
assessed on the basis of the coefficient of varia-
tion of ambulatory BP, was significantly de-
creased by telmisartan. Both of losartan and 
telmisartan reduced urinary protein excretion 
and baPWV. However, compared with losartan, 
telmisartan significantly decreased urinary pro-
tein excretion, baPWV, and low frequency (LF)-to
-high frequency (HF) ratio, an index of sym-
pathovagal balance. Multiple regression analy-
sis showed significant correlations between 
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urinary protein excretion and baPWV, 24-h LF-to
-HF ratio, nighttime systolic BP, and 24-h short-
term systolic BP variability. Although the results 
of AMADEO study showed that telmisartan was 
more effective than losartan in reducing protein-
uria in hypertensive patients with diabetic neph-
ropathy at levels of office BP that were not dif-
ferent between the telmisartan and losartan 
treatment groups, the possible mechanisms 
involved in this difference in antiproteinuric ef-
fect were not elucidated [22]. The results of this 
study suggest that ARB, particularly telmisartan, 
is effective in reducing proteinuria in hyperten-
sive patients with overt diabetic nephropathy, 
partly through inhibitory effects on ambulatory 
short-term BP variability and sympathetic nerve 
activity, in addition to its longer duration of ac-
tion on nighttime BP reduction.  
 
Accumulating evidence has shown that CKD 
patients with diabetes are increasing in number, 
and renal and cardiovascular complications are 
the most common cause of death in these pa-
tients. Thus, it is important to identify the 
mechanisms involved in the progression of re-
nal impairment and cardiovascular injury associ-
ated with diabetic nephropathy. Recent evi-
dence also indicated that multifactorial inter-
vention is able to reduce the risk of cardiovas-
cular disease and death among patients with 
diabetes and microalbuninuria [23]. Thus, in 
another study we examined the effects of inten-
sified multifactorial intervention, with tight glu-
cose regulation and the use of valsartan and 
fluvastatin, on ambulatory BP profile, estimated 
glomerular filtration rate (eGFR), and urinary 
albumin to creatinine ratio (UACR), in hyperten-
sive patients with type 2 diabetes mellitus and 
overt nephropathy [20]. In this study we showed  
that the intensified multifactorial intervention 
including the use of valsartan and fluvastatin is 
able to improve ambulatory BP profile, preserve 
renal function, and reduce urinary albumin ex-
cretion in type 2 diabetic hypertensive patients 
with overt nephropathy. 
 
Effects of ARB on ambulatory short-term BP 
variability in hemodialysis patients 
 
Although cardiovascular disease is the leading 
cause of mortality in CKD patients on dialysis 
therapy, ARB is reported be effective in reducing 
cardiovascular events in patients undergoing 
hemodialysis [24,25]. Thus, we examined 
whether ARB would improve ambulatory short-

term BP variability in hypertensive patients on 
hemodialysis [12]. In this study hypertensive 
patients on hemodialysis therapy were randomly 
assigned to the losartan treatment group or the 
control treatment group. After 6- and 12-months 
of treatment, nighttime short-term BP variability, 
assessed on the basis of the coefficient of varia-
tion of ambulatory BP, was significantly de-
creased in the losartan group, but remained 
unchanged in the control group. Compared with 
the control group, losartan significantly de-
creased left ventricular mass index (LVMI), 
baPWV, and the plasma levels of brain natri-
uretic peptide and advanced glycation end prod-
ucts (AGE). Furthermore, multiple regression 
analysis showed significant correlations be-
tween changes in LVMI and changes in night-
time short-term BP variability, as well as be-
tween changes in LVMI and changes in the 
plasma levels of AGE. These results suggest 
that ARB is beneficial for the suppression of 
pathological cardiovascular remodeling though 
its inhibitory effect on ambulatory short-term BP 
variability during nighttime. A recent study also 
shows that a direct renin inhibitor aliskiren was 
effective for BP control and may have cardiovas-
cular protective effects in hypertensive CKD 
patients on hemodialysis [26]. 
 
Effects of ARB on ambulatory short-term BP 
variability in peritoneal dialysis patients 
 
Among CKD patients on peritoneal dialysis, we 
examined whether addition of ARB, including 
high-dose ARB, to conventional anti-
hypertensive treatment could improve BP vari-
ability in hypertensive patients [15]. Hyperten-
sive patients on chronic peritoneal dialysis ther-
apy were randomly assigned to the ARB treat-
ment groups either by candesartan or valsartan, 
or the control group. After the 6-months treat-
ment, 24-h ambulatory BP values were similarly 
decreased in both the control group and ARB 
groups. However, short-term BP variability as-
sessed on the basis of the standard deviation of 
24-h ambulatory BP was significantly decreased 
in the ARB groups, but remained unchanged in 
the control group. Furthermore, parameters of 
cardiovascular remodeling assessed by natri-
uretic peptides, echocardiography, and baPWV 
were significantly improved in the ARB groups 
but not in the control group. These results indi-
cate that ARB treatment is beneficial for the 
suppression of pathological cardiovascular re-
modeling with a decrease in BP variability  in 
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hypertensive patients on peritoneal dialysis 
. 
RAS inhibitor-based combination therapy in CKD 
 
Although clinical guidelines specify that inhibi-
tors of RAS are the drugs of choice for the treat-
ment of hypertension in patients with CKD, the 
results of previous meta-analysis indicate that 
the benefits of RAS inhibitors on renal out-
comes in clinical trials mainly result from a BP-
lowering effect [27]. Thus, present guidelines 
also recommend RAS inhibitors-based combina-
tion therapy to achieve the target office BP 
level. The results of GUARD study showed that 
combination therapy with a RAS inhibitor and 
thiazide diuretic resulted in a greater reduction 
in albuminuria compared to that with a RAS 
inhibitor and calcium channel blocker (CCB) 
[28]. Previous studies showed that in CKD pa-
tients who have a sodium-sensitive type of hy-
pertension, BP failed to fall during the night, 

thereby exhibiting non-dipper or riser types of 
ambulatory BP profile which correspond to ab-
normality of circadian BP rhythm. Although the 
sodium sensitivity of BP with non-dipper or riser 
types of ambulatory BP profile contributes as an 
independent risk factor for cardiovascular mor-
bidity, both sodium restriction and thiazide diu-
retics are able to shift circadian BP rhythm from 
riser or non-dipper to dipper. Thus, RAS inhibi-
tors-based combination therapy with thiazide 
diuretics may have an additional therapeutic 
advantage to relieve the renal and cardiovascu-
lar risks by different ways: systemic BP reduc-
tion and normalization of circadian BP rhythm. 
 
On the other hand, the results of ACCOMPLISH 
study showed that combination therapy with a 
RAS inhibitor and CCB slows progression of 
nephropathy and inhibits cardiovascular death 
to a greater extent with a better preservation of 
eGFR, compared to combination therapy with a 

Figure 1. Schema showing the proposed strategy of RAS inhibitor-based combination therapy for hypertensive pa-
tients with CKD. ACEI, angiotensin-converting enzyme inhibitor; ARB, Ang II type 1 receptor-specific blocker; BP, blood 
pressure; CKD, chronic kidney disease; CCB, calcium channel blocker; DRI, direct renin inhibitor; RAS, renin-
angiotensin system.  
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RAS inhibitor and thiazide diuretic in high-risk 
hypertensive patients with CKD [29]. Although 
the detailed mechanistic basis for this differ-
ence in cardiorenal protection, in spite of similar 
mean 24-hour systolic and diastolic BP patterns 
by combination therapy [30], should be resolved 
by future studies, combination therapy with a 
RAS inhibitor and CCB is reported to effectively 
decrease central aortic pressure and ambula-
tory short-term BP variability with a preventive 
effect on the progression of arterial stiffness 
[31,32].  
 
The direct renin inhibitor aliskiren is available as 
alternative or complementary approaches to 
pharmacological RAS blockade. Direct renin 
inhibitors constitute a novel class of RAS an-
tagonists that block the conversion of angio-
tensinogen to angiotensin I. Aliskiren, the first 
approved compound of this class, reduces BP 
levels with similar potency as ACE inhibitor and 
ARB. Aliskiren as add-on treatment to standard 

therapy including the optimal dose of losartan, 
in the AVOID study, reduced albuminuria and 
slowed development of renal dysfunction more 
than placebo across different levels of eGFR in 
patients with type 2 diabetes, hypertension, and 
nephropathy [33-35]. The long-term nephropro-
tective potential of aliskiren-based therapy and 
its superiority over existing therapies as a possi-
ble first-line regimen remains to be elucidated. 

 
Chronotherapy as a possible another therapeu-
tic option in CKD 
 
Finally, given that nocturnal BP non-dipping is a 
potential independent risk factor for CKD pro-
gression and development of cardiorenal syn-
drome, the timing of administration of anti-
hypertensive drugs may be of relevance. Even 
compounds with recommended once-daily ad-
ministration based on their pharmacokinetic 
properties may reduce nocturnal BP level more 
efficiently when applied in the evening, thereby 

Figure 2. Increasing importance of clinical studies examining effects of various therapeutic intervention such as anti-
hypertensive medication and anti-dyslipidemia agent on altered ambulatory BP profile in hypertensive patients with 
CKD. BP, blood pressure; CKD, chronic kidney disease. 
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achieving partial restoration of the physiological 
nocturnal BP dipping pattern and exerting effi-
cient cardiovascular and renal protection [36]. 
Although antihypertensive “chronotherapy” has 
not been formally demonstrated to affect CKD 
progression, that the anti-proteinuric efficacy of 
the ARB valsartan or candesartan was associ-
ated with an increased day:night BP-level ratio 
on ambulatory or home BP monitoring induced 
by evening dosing is noteworthy [37,38]. 
 
The proposed strategy of anti-hypertensive ther-
apy in hypertensive patients with CKD is sum-
marized as schema (Figure 1). In conclusion, 
employing anti-hypertensive therapy based on 
ambulatory BP profile in the management of 
hypertensive patients with CKD may be effective 
to slow the progression of renal impairment and 
suppress the development of cardiovascular 
disease in these patients. Further clinical stud-
ies to confirm of the prognostic value of ambula-
tory BP profile, particularly ambulatory short-
term BP variability, would need to be provided 
by outcome studies focusing on whether a 
therapeutic intervention improving ambulatory 
BP profile such as reducing BP variability also 
carries additional prognostic benefit, by con-
comitantly reducing also the rate of renal dete-
rioration and cardiovascular events (Figure 2). 
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