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Abstract
Background/Aims: Hypertension (HT) is a common complication in patients with chronic 
kidney disease (CKD). However, the relationship between circadian rhythm disorder of blood 
pressure (BP) and intra-renal damage remains unclear. Methods: Ninety patients with chronic 
glomerular disease (CGD) were included in the present study. On the basis of the clinic BP 
(CBP) and 24 h-ambulatory BP (ABP) measurements, the patients were divided into the 
following groups; normotension (NT), white coat HT (WHT), masked HT (MHT), and sustained 
HT (SHT). For renal histopathological assessment, we evaluated each biopsy specimen for 
sclerotic glomeruli (SG), interstitial fibrosis (IF), intimal thickening of intra-lobular arteries (ILA), 
and arteriolar hyalinosis (AH). Results: The prevalence of NT, WHT, MHT and SHT was 60.0%, 
3.3%, 23.3%, and 13.4%, respectively. Compared with circadian BP pattern, all-day HT was 
most prevalent in the SHT group, whereas nighttime HT was most prevalent in the MHT group. 
The results of histological analysis showed that the SHT group had more severe SG and IF and 
the MHT group had more severe IF compared to the NT group. As for renal arteriolosclerosis, 
the MHT and SHT groups had more severe AH compared with the NT group, whereas ILA was 
comparable among all four groups. Furthermore, multivariate analysis revealed that ILA was 
significantly correlated only with age, whereas AH was significantly correlated with age and HT 
based on ABP, but not HT based on CBP. Conclusions: Our findings suggest that renal AH was 
severe not only in the SHT group, but also in the MHT group. Careful ABP monitoring should 
be recommended in patients with CGD.
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Introduction

Hypertension (HT) is both a major cause and complication of chronic kidney disease 
(CKD) [1-4], with a reported prevalence of more than 80% of patients in CKD [5]. Furthermore, 
HT is the traditional risk factor for cardiovascular events and could lead to a vicious cycle of 
cardio-renal disease in patients with CKD. Therefore, the importance of blood pressure (BP) 
control in slowing the progression of renal disease and cardiovascular disease (CVD) is well 
recognized. 

Clinic blood pressure (CBP) has been commonly used for the assessment of BP in the 
clinical setting. However, there is a possibility to underestimate the true BP because of 
its circadian rhythm disorder. On the other hand, ambulatory BP (ABP) monitoring could 
provide more precise BP information and it has been reported to have better clinical 
correlations with various damages to target organs, including the kidney [6, 7]. Recently, 
there was accumulating evidence that similar to sustained HT, rhythm disorder of BP, such 
as situational HT and nocturnal HT, was an independent risk factor for developing CKD as 
well as CVD [8-11]. It was reported that the prevalence of masked HT and nocturnal HT was 
relatively high in a CKD population [12, 13]. However, the relationship between ABP and 
renal histological damage remains unclear. Therefore, we investigated their relationship in 
patients with chronic glomerular disease (CGD) who underwent renal biopsy. 

Materials and Methods

Study population and design
Ninety consecutive patients who underwent renal biopsy for the diagnosis of GD between April 2010 

and March 2015 at Kobe University Hospital and Akashi Medical Center were included in the present 
study. All the study patients had persistent urinalysis abnormalities for at least 3 months. Patients with 
antihypertensive therapy, diabetes mellitus, malignancy, nephrotic syndrome, vasculitis, and acute kidney 
injury as well as those with insufficient data were excluded from the present study. The institutional review 
boards of Kobe University Hospital and Akashi Medical Center approved the present study.

Blood pressure measurements
CBP was measured with the use of a mercury sphygmomanometer, in a sitting position after five minutes 

of rest, and with the patient’s arm kept at the heart level. The average of three-visit CBP measurements 
was calculated. ABP monitoring was performed using TM 2431 (A & D company, Ltd. Tokyo, Japan) for 
24 h; BP was automatically measured every 30 min during daytime and every 1 h during nighttime. After 
detaching ABP monitoring, we excluded the ABP data which did not satisfy the following condition according 
to the guidelines from the Japanese Circulation Society (JCS) [14]; 1) 70≤ systolic BP (mmHg)≤ 250, 2)  
30≤ diastolic BP (mmHg)≤ 130, 3) 20≤ Pulse pressure (PP; (mmHg))≤ 16, 4) PP (mmHg) > 0.41×diastolic BP 
(60 to 150 mmHg) -17mmHg. All patients kept a diary, on which the sleep and awake times were based. We 
confirmed that at least 20 valid awake and 7 valid asleep measurements were recorded in each study patient 
according to the European Society of Hypertension practice guidelines for ABPM [15]. For the assessment 
of circadian BP rhythm, sleep ABP/awake ABP ratio was calculated. According to sleep systolic ABP/awake 
systolic ABP ratio, patients were classified as “extreme-dipper” (< 0.8), “dipper” (0.8–0.9), “non-dipper” 
(0.9–1.0), or “riser” (>1.0).

Definitions of hypertension
Hypertension was defined according to the guidelines of the Japanese Society of Hypertension 

(JSH) [16] as follows: (1) CBP hypertension (CBPHT) as an average CBP of ≥140/90 mmHg and (2) ABP 
hypertension (ABPHT) as an average 24-h ABP of ≥130/80 mmHg, awake ABP of ≥135/85 mmHg, and 
sleep ABP of ≥120/70 mmHg. Normotension (NT) was diagnosed when CBP and ABP were within the 
normotensive range. A diagnosis of MHT was made if CBP was within the normotensive range and ABP 
was within the hypertensive range. White coat hypertension (WHT) was diagnosed when CBP was within 
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the hypertensive range and ABP was within the normotensive range. Sustained hypertension (SHT) was 
diagnosed when CBP and 24-h ABP were within the hypertensive range. Furthermore, nighttime HT was 
diagnosed when awake ABP was within the normotensive range and sleep ABP was within the hypertensive 
range; daytime HT was diagnosed when sleep ABP was within the normotensive range and awake ABP was 
within the hypertensive range; and all-day HT was diagnosed when both sleep ABP and awake ABP were 
within the hypertensive range.

Histological analysis of renal tissue damage 
Renal biopsy samples were taken from the lower pole of the kidney under ultrasonography guidance. 

Specimens were immediately fixed in formaldehyde for light microscopy and in Karnovsky’s solution 
or 2.5% glutaraldehyde for electron microscopy. For immunostaining, tissues were immediately snap 
frozen. A pathologic diagnosis of GD for each renal biopsy specimen was made after light microscopy, 
immunofluorescence, and electron microscopy. For the assessment of renal tissue damage, three observers 
evaluated for glomerular, interstitial, and intra-renal vascular abnormalities in each biopsy specimen. 
Sclerotic glomeruli (SG) and interstitial fibrosis (IF) were described as [100 × (the number of sclerotic 
glomeruli/the total number of glomeruli)] and [100 × (the area of interstitial fibrosis/all the interstitial 
area)], respectively. For intra-renal vascular lesions, the intimal thickening of intra-lobular arteries (ILA) 
and arteriolar hyalinosis (AH) were classified into four grades (none = 0, mild = 1, moderate = 2, and  
severe = 3) [17]. 

Statistical analysis
All values are expressed as mean ± standard deviation (SD). Statistical analyses were performed using 

SPSS II for Windows, version 11.01J (Chicago, IL, USA). Comparisons among groups were analyzed by the 
X2 test for categorical variables and by one-way analysis for variance for continuous variables, followed by 
the Scheffe’s post-hoc test. Univariate and multivariate regression analyses were performed to assess the 
relationship between renal histopathological findings and clinical characteristics. Univariate analysis was 
performed by Pearson correlation analysis for parametric parameters and Spearman correlation analysis 
for non-parametric parameters. We performed multiple linear regression analysis for multivariate analysis. 
P < 0.05 was considered statistically significant.

Results

Patient characteristics 
The histological diagnosis of each patient was IgA nephropathy (n= 62 (69%)), focal 

segmental global sclerosis (n= 6 (7%)), thin basement membrane disease (n= 6 (7%)), 
membranous nephropathy (n=4 (4%)), and the others (n=12 (13%)).The prevalence of NT, 
WHT, MHT, and SHT was 60.0%, 3.3%, 23.3%, and 13.4%, respectively (Figure 1). Patient 
characteristics are presented in Table 1. Age, body mass index (BMI), and serum creatinine 
levels were significantly higher in the SHT group than in the NT group. Total cholesterol was 
significantly higher in the MHT group than in the NT group. The proportion of male sex was 
higher in the MHT and SHT groups than in the NT and WHT groups. There was no significant 
difference among the NT, WHT, and MHT groups in terms of the other clinical characteristics. 

Clinic and ambulatory blood pressure
Table 2 shows the results of CBP and ABP monitoring. CBP was significantly higher in the 

WHT and SHT group than in the NT group. In the MHT group, systolic CBP was significantly 
higher than in the NT group; however, the value of BP was within normotensive range. In 
the ABP analysis, awake ABP, sleep ABP, and average 24-h ABP were significantly higher in 
the MHT group than in the NT group. Regarding circadian BP pattern, “riser” tended to be 
highly prevalent in the MHT and SHT groups than in the NT and WHT groups (NT: 5%, WHT: 
0%, MHT: 29%, and SHT: 25%). Furthermore, nighttime HT was most prevalent in the MHT 
group (48%), whereas all-day HT was most prevalent in the SHT group (75%).
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Fig. 1. Classification of patients ac-
cording to CBP and ABP

Table 1. Clinical data in NT, WHT, 
MHT and HT groups

Table 2. Ambulatory blood pressure data in NT, WHT, MHT and SHT groups
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Comparison of histological analysis for renal tissue damage among the NT, WHT, MHT, and 
SHT groups
Figure 2 shows comparison of histopathological analysis for renal tissue damage among 

all four groups. The percentages of SG and IF were significantly greater in the SHT group than 
in the NT group. The MHT group also had more progressed IF compared with the NT and 
WHT groups, however, this was not statistically significant (NT: 11.4 ± 7.4%, WHT: 10.0 ± 
8.7%, MHT 15.2 ± 9.7%). As for intra-renal vascular lesions, the grade of AH was significantly 
greater in the SHT group than in the NT group (1.0 ± 1.1 vs. 0.2 ± 0.4, respectively; p < 0.05). 
Furthermore, the MHT group also had significantly more severe AH compared with the NT 
group (1.0 ± 1.2 vs. 0.2 ± 0.4, respectively; p < 0.05). ILA was comparable among all four 
groups. 

Relationship between renal histological analysis and clinical characteristics
Tables 3 and 4 show the relationship between renal histological analysis and clinical 

characteristics. SG was significantly correlated with smoking (r = 0.221, p < 0.05), estimated 
glomerular filtration rate (eGFR) (r = −0.542, p < 0.01), urinary protein (r = 0.239, p < 0.05), 
ABPHT (r = 0.234, p < 0.05), CBPHT (r = 0.266, p < 0.05), NT (r = −0.258, p < 0.05), and SHT (r 
= 0.260, p < 0.05). IF was significantly correlated with smoking (r = 0.234, p < 0.05), eGFR (r 
= −0.554, p < 0.01), urinary protein (r = 0.324, p < 0.01), ABPHT (r = 0.274, p < 0.01), CBPHT 
(r = 0.260, p < 0.05), NT (r = −0.247, p < 0.05), and SHT (r = 0.274, p < 0.01). As for intra-renal 
vascular lesions, ILA was significantly correlated with age (r = 0.467, p < 0.01) and eGFR (r 
= −0.347, p < 0.01). AH was significantly correlated with age (r = 0.488, p < 0.01), male sex 
(r = 0.218, p < 0.05), smoking (r = 0.241, p < 0.05), total cholesterol (r = 0.279, p < 0.01), 
ABPHT (r = 0.436, p < 0.01), CBPHT (r = 0.249, p < 0.01), NT (r = −0.417, p < 0.01), MHT (r 
= 0.305, p < 0.01), and SHT (r = 0.238, p < 0.05). In the multivariate analysis, SG and IF were 
significantly correlated with eGFR and urinary protein. ILA was significantly correlated only 
with age, whereas AH was significantly correlated with age and ABPHT.

Fig. 2. Comparison of pathological findings between NT, WHT, MHT and SHT groups. SG: sclerotic glomeruli, 
IF: interstitial fibrosis, ILA: intimal thickening of intra-lobular arteries, AH: arteriolar hyalinosis. * p< 0.05 
versus NT group.

D
ow

nl
oa

de
d 

by
: 

13
3.

30
.5

2.
20

3 
- 

10
/1

4/
20

16
 6

:1
3:

33
 A

M



 Kidney Blood Press Res 2016;41:374-383
DOI: 10.1159/000443440
Published online: June 20, 2016

© 2016 The Author(s). Published by S. Karger AG, Basel
www.karger.com/kbr 379

Kono et al.: Pattern of Hypertension and Arteriolosclerosis

Discussion

Our study demonstrated the following: (1) among patients with CGD, the prevalence 
of WHT and MHT was 3.3% and 23.3%, respectively; (2) nighttime HT was most prevalent 
in the MHT group, whereas all-day HT was most prevalent in the SHT group; (3) the MHT 
group, as well as the SHT group, had more severe AH than the NT group, but there was no 
significant difference in ILA among all four groups; and (4) ILA was significantly correlated 
only with age, whereas AH was significantly correlated with age and ABPHT but not CBPHT.

HT is an important risk factor for the development of CVD and CKD, and it is also a major 
complication of CKD in its early stages [1]. Furthermore, it is well known that patients with 
CKD commonly have circadian rhythm BP disorders [7]. Therefore, an accurate diagnosis and 
control of HT are necessary for patients with CKD in the clinical setting. Among non-invasive 
BP monitoring methods, CBP measurement underestimated the true BP, whereas ABP and 
home BP (HBP) were much better correlated with target organ damage than CBP [7, 18]. 
The relationship between ABP and renal outcome and CVD events has been proved mainly 

Table 4. Multivariate analysis between renal histopathology and clinical characteristics

Table 3. Univariate analysis between renal histopathology and clinical characteristics
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by longitudinal cohort studies. Agarwal et al demonstrated that ABP was an independent 
risk factor for end stage renal disease, even after adjusting for CBP [6]. In addition, there 
was accumulating evidence that MHT was an independent risk factor for developing CKD 
and CVD [19]. However, little is known about the influence of circadian rhythm BP disorder 
on intra-renal damage. Therefore, we investigated its relationship in patients who had CGD 
diagnosed by renal biopsy. To exclude the effect of antihypertensive agents, the patients who 
took antihypertensive treatment were excluded in the present study. 

The prevalence of situational HT, such as WHT and MHT, varies among previous studies 
[12, 13, 20, 21]. In the general population, the prevalence of WHT and MHT was reported to 
be 15.6% and 10%, respectively [12, 22]. In a CKD population, a meta-analysis by Bangash et 
al among six studies showed that the prevalence ranged from 10.5% to 31.7 % for WHT and 
from 4.7% to 31.3% for MHT [13]. Japanese cohort studies demonstrated that the prevalence 
of WHT and MHT in CKD populations were 5.6%–15.4% and 15%–30.9%, respectively [18, 
23]. However, there were no previous studies that showed the prevalence of situational HT 
in CGD. The present study showed that the prevalence of WHT and MHT were 3.3% and 
23%, respectively. Our prevalence of MHT was equivalent to that of MHT in a CKD population 
with decreased kidney function; however, the prevalence of WHT was relatively small in the 
present study population. The predictors of WHT were considered to be age, female gender, 
high BMI, and CVD [24]. Therefore, we speculated that the relatively small prevalence of WHT 
in the present study may be attributed to the inclusion of patients who were relatively young 
and had low risk for CVD. In addition, the circadian BP pattern that we demonstrated in the 
present study suggested that nocturnal HT could partly contribute to the underestimation of 
BP. Therefore, careful BP assessment using ABP monitoring should be performed in the CGD.

The relationship between situational HT and CVD has been reported. Recently, 
compared with NT, WHT in patients under antihypertensive therapy was recognized to be 
a slightly higher risk factor for CVD, although not to a similar extent as that for SHT; this 
risk in patients without antihypertensive therapy is controversial [25]. On the other hand, 
there are many reports that demonstrated the association between MHT and CVD regardless 
of the status of treatment [8-11]. However, there are a few reports that demonstrated the 
association between MHT and renal outcome [26-28]. The Ohasama study, a large cross-
sectional cohort study of the general Japanese population using HBP and ABP monitoring, 
demonstrated that the odds ratio for CKD was significantly higher in patients with MHT 
and SHT than in patients with NT [23, 29]. Among some recent longitudinal studies on CKD 
populations, Boggia et al showed that the risks for ESRD and mortality were significantly 
higher in patients with MHT and SHT than in patients with NT and WHT [11]. Furthermore, 
Minutolo et al also reported that MHT posed a higher risk for the progression of CKD and 
CVD than NT [30]. However, there were no reports that investigated the association between 
MHT and intra-renal damage. Interestingly, the present study demonstrated that among the 
findings of renal histopathology, renal AH was more severe in the MHT group as well as 
the SHT group compared with the NT and WHT groups, and ILA was comparable between 
all four groups. Furthermore, multivariate analysis showed that renal AH was significantly 
correlated with age and ABPHT, whereas ILA was significantly correlated only with age. 
To our knowledge, renal vasculature is characterized to branch from relatively large-sized 
arteries to small-sized arteries. Such micro-vessels that directly branch from large arteries 
are called “strain vessels” and are likely to have pressure-induced vascular injury [31]. 
Therefore, it is possible that the renal arterioles were mainly affected by HT in the present 
study. Although we showed that nighttime HT was most prevalent in the MHT group, the 
association between renal arteriolosclerosis and nocturnal HT remains unknown. In 
patients with nighttime HT and all-day HT, renal arteriolosclerosis tended to be more severe 
compared with those with NT (data not shown). There is a previous study that demonstrated 
that endothelial function was impaired in non-dippers compared with dippers [32]. 
Arterioles are considered to be susceptible to pressure variability and pressure load and 
conversely, arteriolosclerosis induces the impairment of BP variability and HT through the 
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stimulation of the renin angiotensin system and sympathetic nerve activity. Recently, Kario 
et al suggested that such a vicious cycle led to the development of organ damage, which was 
called as systemic hemodynamic atherothrombotic syndrome (SHATS) [33]. In addition, the 
duration of HT also can influence vascular changes. The present study included only patients 
without antihypertensive therapy, and most of the study participants did not routinely check 
BP. Therefore, unfortunately we could not have more precise information about the onset of 
HT in each patient. However, their BP was not so high, and the duration of HT was not so long 
because the onset of GD was not a long time ago in most of the hypertensive patients. Taken 
together, we speculated the influence of HT duration on renal histological changes was not so 
strong in the present study. On the other hand, it was reported that renal arteriolosclerosis 
was more commonly observed even in the absence of HT, particularly in IgA nephropathy 
compared with non-IgA nephropathy [34]. A possible explanation would be that renal 
arteriolosclerosis could be related to an immune-complex reaction and oxidative stress in 
glomerulonephritis [35, 36]. Though we could not examine this relationship in the present 
study, the progression of arteriolosclerosis could be partially mediated by such factors other 
than HT. 

Among the other findings of renal histopathology, SG and IF were significantly 
more severe in the SHT group, but not in the MHT group, compared with the NT group. 
Furthermore, univariate analysis demonstrated that SG and IF were significantly correlated 
with ABPHT and CBPHT. A recent report demonstrated that renal fibrosis was significantly 
correlated with ABP [37]. However, in our study, multivariate analysis revealed that SG and 
IF were significantly correlated with urinary protein and eGFR but not with ABPHT and 
CBPHT. Considering these results, there is a possibility that SG and IF could be influenced 
by GD, rather than HT, because of heterogenecity in the causes of CGD in the present study 
population. 

There were some limitations in the present study. First, we could not establish a cause–
effect relationship because of the cross-sectional study design. The present study included 
the patients with various histological diagnosis of GD and various kidney function. However, 
the number of the study patients was not enough to perform stratified analysis for each type 
of GD and each stage of kidney function. Furthermore, we consider that it’s also difficult to 
perform the longitudinal design. Second, the number of study participants was relatively 
small, and the proportion of patients with HT was 40% among the study population. Therefore, 
the number of patients with WHT was particularly small. However, to exclude the influence 
of HT treatments, patients on antihypertensive agents were excluded in the present study. 
Third, the precise duration of GD was not clear in the present study because it is difficult to 
know the onset of GD. We defined “chronicity” as persistent urinalysis abnormalities for at 
least 3 months. Finally, ABP monitoring was performed only once in each patient, therefore 
we could not ensure the reproducibility of the ABP recordings. Many previous studies have 
already proven that ABP monitoring was a much stronger predictor of target organ damage 
compared with CBP, and the results of the present study were consistent with these findings.

Conclusion

MHT as well as SHT could be the predictors of intra-renal AH. Careful ABP monitoring 
should be recommended in patients with CGD. 
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