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The Clinical Association of the Blood Pressure Variability with the 
Target Organ Damage in Hypertensive Patients with Chronic 
Kidney Disease

It is known that blood pressure variability (BPV) can independently affect target organ 
damage (TOD), even with normal blood pressure. There have been few studieson chronic 
kidney disease (CKD) patients. We evaluated the relationship between BPV and TOD in a 
cross-sectional, multicenter study on hypertensive CKD patients. We evaluated 1,173 
patients using 24-hr ambulatory blood pressure monitoring. BPV was defined as the 
average real variability, with a mean value of the absolute differences between consecutive 
readings of systolic blood pressure. TOD was defined as left ventricular hypertrophy (LVH) 
(by the Romhilt-Estes score ≥ 4 in electrocardiography) and kidney injury (as determined 
from an estimated glomerular filtration rate [eGFR] < 30 mL/min/1.73 m2 and proteinuria).
The mean BPV of the subjects was 15.9 ± 4.63 mmHg. BPV displayed a positive 
relationship with LVH in a univariate analysis and after adjustment for multi-variables (odds 
ratio per 1 mmHg increase in BPV: 1.053, P = 0.006). In contrast, BPV had no relationship 
with kidney injury. These data suggest that BPV may be positively associated with LVH in 
hypertensive CKD patients.
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INTRODUCTION

The regulation of blood pressure (BP) is an important factor in the prevention of target 
organ damage (TOD). Independent of the blood pressure level, blood pressure vari-
ability (BPV) is as important as BP in TOD occurrence (1, 2). This effect of BPV might 
be important in chronic kidney disease (CKD) patients, who tend to be at high risk of 
mortality and morbidity. However, most studies about BPV and TOD have focused on 
the general population, whereas reports on CKD patients are rare. 
 There are several methods available for measuring BPV, from BP measurement when 
a patient visits in-office (visit-to-visit BPV); 24-hr ambulatory blood pressure (24-hr 
BPV) (2-4). Many studies have used visit-to-visit BPV, including some studies on CKD 
patients, for the association with cardiovascular mortality (5-8). The 24-hr BPV was 
also significantly associated with TOD in several studies; however, the effect of 24-hr 
BPV on complications in CKD patients has not been investigated (9-12).
 We previously performed a cross-sectional multicenter study on hypertensive CKD 
patients in Korea (the Assessment of blood Pressure control and target Organ Damage 
In patients with chronic kidney disease and hyperTEnsion [APrODiTe] study) (13). Us-
ing these data, we evaluated whether 24-hr BPV is associated with TOD, as indicated 
by left ventricular hypertrophy (LVH) and kidney injury in CKD patients. 

MATERIALS AND METHODS

Study design
The APrODiTe study assessed BP regulation and TOD in patients with hypertension 
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and CKD. This study was designed as a nationwide, prospective, 
cross-sectional study and included 21 centers. The study was 
conducted from October 2009 to May 2011. Here, we used data 
from the APrODiTe study that included demographic informa-
tion; office BP; 24-hr ambulatory BP (24-hr ABP); prescribed 
drugs; laboratory data including serum creatinine; estimated 
glomerular filtration rate (eGFR, calculated using the Modifica-
tion of Diet in Renal Disease equation [MDRD] with the Korean 
coefficient value), urine protein/creatinine ratio; and electro-
cardiography (ECG) (14, 15).

Study population
We included patients who met the following criteria: 1) provid-
ed informed consent, 2) aged 20 to 75 yr, 3) diagnosed with hy-
pertension for > 6 months (or in ≥ 3 clinic visits) prior to par-
ticipation and had taken anti-hypertensive drugs for > 3 months, 
4) had an eGFR level between 15 and 89 mL/min/1.73 m2, and 
5) displayed good medication compliance and no change in 
prescription in the 2 weeks prior to participation. Exclusion cri-
teria included the following: 1) prescription change according 
to 24-hr ABP, 2) acute kidney injury or hospitalization, 3) pro-
teinuria > 6 g/day (protein/creatinine ratio > 6.0), 4) end-stage 
of renal disease (ESRD) with dialysis or kidney transplantation, 
5) diseases such as uncontrolled arrhythmia, uncontrolled bron-
chial asthma/chronic obstructive pulmonary disease, and pri-
mary endocrine diseases except diabetes mellitus, 6) pregnan-
cy or lactation, 7) night-shift workers, 8) enrollment in other 
clinical studies within the previous two months, and 9) partici-
pation judged inappropriate by the study physicians. Added to 
these criteria, we excluded patients with missing BP data dur-
ing more than 3 consecutive time-points of 24-hr ABP monitor-
ing. Among the 1,317 patients, 1,173 were considered eligible to 
be evaluated for BPV. 

BP measurement and BPV
All of the participants were asked to remain in a seated rest po-
sition for 5 min and to not drink coffee or smoke for at least 30 
min before the BP measurement. Experienced staff measured 
each patient’s BP using an OMRON IA-2 automatic BP device 
(IntelliSenseTM, Omron Corporation, Kyoto, Japan) in triplicate 
at intervals of 1 to 2 min and recorded the mean of the last 2 read-
ings. The ABP monitoring was performed on the first day of en-
rollment in this study using a TM-2430 (A&D Co., Ltd., Seoul, 
Korea) over the course of 24 hr. The device was programmed to 
measure BP every 30 min. The ABP readings were considered 
adequate if the monitor had been worn for 24 hr and if there 
were ≥ 16 acceptable readings between 8 a.m. and 10 p.m. (day-
time) and ≥ 12 acceptable readings between 10 p.m. and 8 a.m. 
(night-time), as based on the recommendation of Fagard et al. 
(16). 
 We used only systolic BPV for this study because it presents a 

more predictable value than diastolic BPV (9). In this study, 
BPV was defined as the average real variability weighted for the 
time interval between consecutive readings of 24-hr ABP re-
cordings: this BPV averages the absolute differences of consec-
utive measurements and accounts for the order in which the 
blood pressure measurements are obtained (4). The formula 
for the calculation of BPV is as follows:

BPV =            ∑ | SBP (i+1)-SBP (i)| 

Target organ evaluation
LVH was defined as 4 points or higher, using the Romhilt-Estes 
criteria based on ECG (17). Kidney injury included proteinuria 
and low eGFR; proteinuria was defined as 300 mg/g or higher 
for a spot urine protein/creatinine ratio and low eGFR was de-
fined as less than 30 mL/min/1.73 m2 (18, 19). 

Statistical methods
The 24-hr SBP and BPV were analyzed as continuous variables 
using Student’s t-test, correlation analysis, and linear regression. 
Because the protein/creatinine ratio was skewed, these values 
were log-transformed for all of the analyses. Categorical vari-
ables were examined using chi-square tests. All of the variables 
that could potentially affect LVH or renal parameters were ana-
lyzed individually using univariate regression and were adjust-
ed for in multivariable analysis. The patients were stratified into 
several subgroups for a more detailed analysis. In addition, we 
used P-interaction (P-int) for the evaluation of interactions in 
subgroups. If the P-int was not significant, it was interpreted as 
being attenuated for the analyzed difference in each subgroup. A 
two-sided P ≤ 0.05 was adopted to indicate statistical signifi-
cance. The statistical analysis was conducted using SPSS 19 (SPSS, 
Inc., Chicago, IL, USA) and R i386 version 3.0.0. 

Ethical statement
The protocol was approved by the institutional review board of 
the participating centers (IRB number: B-0909/084-401 of Seoul 
National University Bundang Hospital). A full verbal explana-
tion of the study was given to all participants, and the patients 
who consented to participate in this study on a voluntary basis 
were subjected. 
 

RESULTS

The characteristics of the 1,173 patients are listed in Table 1. The 
mean age was 56 ± 11.9 yr old. The proportion of males was 63%, 
and approximately 81% of the patients had LVH. The overall mean 
BPVs was 15.9 ± 4.60 mmHg in non-LVH group and 16.8 ± 5.07 
mmHg in the LVH group. The 24-hr mean SBP was 131 ± 16.3 
mmHg and the office mean SBP was 138 ± 19.0 mmHg. The to-

i = 0
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1
n-1
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tal mean eGFR was 48.9 ± 19.2 mL/min/1.73 m2 and approxi-
mately 56% of patients had proteinuria. 

The relationship between BPV and LVH
For LVH, BPV had a tendency toward a positive relationship in 
the univariate analysis. Fig. 1 shows the odds ratio (OR) for LVH 
with regard to BPV (P < 0.001). In addition to BPV, several fac-
tors were associated with LVH in the univariate analysis: male, 
24-hr mean SBP, current smoking, and current alcohol consump-
tion (Table 2). After adjustments for age and sex, BPV was posi-
tively associated with LVH (OR per 1 mmHg increase in BPV, 
1.061; 95% confidence interval [CI],1.025-1.099; P = 0.001). Then, 

after adjustment for all factors, BPV had a consistently positive 
relationship with LVH (OR per 1 mmHg increase in BPV, 1.053; 
95% CI, 1.0 15-1.093; P = 0.006).
 The patients were classified into subgroups by sex, diabetes, 
dipper phenomenon, proteinuria, eGFR (divided by 45 mL/min/ 
1.73 m2), angiotensin-converting enzyme inhibitor (ACEI)/an-
giotensin receptor blocker (ARB) usage, and degree of BP con-
trol (Fig. 2 and 3). BPV was positively associated with LVH in 
males and in the diabetes, dipper phenomenon, without pro-
teinuria, with eGFR ≥ 45 mL/min/1.73 m2, and with ACEI/ARB 
groups (Fig. 2). However, after the evaluation of interactions in 
subgroups, only the difference between the groups with eGFR 
≥ 45 mL/min/1.73 m2 and eGFR < 45 mL/min/1.73 m2, was 
statistically significant (P-int = 0.038). This difference indicated 
that the group with eGFR ≥ 45 mL/min/1.73 m2 exhibited a sta-
tistically positive relationship between BPV and LVH but the 
group with eGFR < 45 mL/min/1.73 m2 did not. In the subgroup 
of proteinuria, the difference between the groups with and with-
out proteinuria, was border line significant (P-int = 0.062). Four 
groups were classified according to the status of BP control: those 
that represented true controlled BP, white-coat effect, masked 
hypertension, and sustained hypertension (20). Patients in the 
true controlled BP, white-coat effect, and sustained hyperten-
sion groups displayed a tendency toward a positive relationship 
with LVH according to their higher BPV (Fig. 3). However, in the 
multivariate regression analysis, the relationship between BPV 
and LVH was only significant for the white-coat effect group 
(P = 0.006).

The relationship between BPV and kidney injury
There were no relationships between BPV and proteinuria in 
the univariate and multivariate analyses (OR, 0.999, P = 0.952; 
OR, 0.977, P = 0.147, respectively). In the univariate analysis, the 

Table 1. Baseline characteristics according to the presence of left ventricular hypertrophy (LVH) 

Variables* Total (n = 1,173) LVH (-) (n = 995) LVH (+) (n = 178) P value†

Age (yr) 56.6 ± 11.9 56.6 ± 11.9 56.9 ± 12.6 0.745
Male (%) 739 (63) 595 (59.8) 144 (80.9) < 0.001
Systolic blood pressure variability (mmHg) 15.9 ± 4.60 15.7 ± 4.50 16.8 ±  5.07 0.011
24-hour systolic blood pressure (mmHg) 131 ± 16.3 130 ± 15.8 136 ± 17.8 < 0.001
Office mean systolic blood pressure (mmHg) 138 ± 19.0 137 ± 18.8 141 ± 19.7 0.030
eGFR (mL/min/1.73 m2) 48.9 ± 19.2 48.8 ± 19.0 49.2 ± 20.2 0.074
Proteinuria (%) 663 (56.5) 567 (57.3) 96 (54.2) 0.453
Causes of chronic kidney disease

Hypertension (%)
Diabetes (%)
Others*(%)

437 (37.3)
273 (23.3)
463 (39.4)

356 (35.8)
237 (23.8)
402 (40.4)

81 (45.5)
36 (20.2)
61 (34.3)

0.018

Body mass index (kg/m2) 25.3 ± 3.40 25.3 ± 3.40 25.2 ± 3.30 0.785
Duration of hypertension (months) 99.0 ± 89.5 97.0 ± 88.8 110 ± 93.2 0.078
Current Smoking (%) 172 (14.7) 141 (14.2) 31 (17.4) 0.012
Current alcohol consumption (%) 410 (35.0) 335 (33.7) 75 (42.1) 0.015
ACEI/ARB (%) 1,042 (88.8) 889 (89.3) 153 (86.0) 0.186

*eGFR, estimated glomerular filtration rate calculated by MDRD; proteinuria, urine protein/creatinine ratio ( ≥ 300 mg/g); *others, chronic glomerulonephritis, polycystic kidney 
disease, lupus nephritis, and unknown origin; ACEI/ARB, patients using angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; †P value indicates a significant 
differences between the LVH and non-LVH groups by Student’s t-test.
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Fig. 1. Odds ratio for left ventricular hypertrophy (LVH) by systolic blood pressure  
variability (BPV). *Logarithm of odds ratio.
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Table 2. Relationship between systolic blood pressure variability (BPV) and left ventricular hypertrophy (LVH)

Variables*
Univariate† Age, gender-adjusted‡ All adjusted§

P value ORll (95% CI¶) P value OR (95% CI) P value OR (95% CI)

Age (1-yr increment) 0.745 1.002 (0.989-1.016) 0.788 0.998 (0.984-1.012) 0.372 0.993 (0.979-1.008)
Male (vs. female) < 0.001 2.847 (1.919-4.225) < 0.001 3.039 (2.039-4.53) < 0.001 2.859 (1.806-4.525)
BPV (1-mmHg increment) 0.006 1.048 (1.014-1.083) 0.001 1.061 (1.025-1.099) 0.006 1.053 (1.015-1.093)
24 hr mean SBP (1-mmHg increment) < 0.001 1.022 (1.012-1.032) < 0.001 1.020 (1.009-1.032)
Body mass index (1 kg/m2 increment) 0.785 0.994 (0.948-1.041) 0.554 0.985 (0.937-1.036)
Diabetes (yes vs. no) 0.063 1.367 (0.983-1.900) 0.023 1.492 (1.056-2.108)
Current smoking (yes vs. no) 0.021 1.473 (1.060-2.046) 0.639 0.913 (0.624-1.336)
Current Alcohol consumption (yes vs. no) 0.030 1.435 (1.036-1.986) 0.944 1.013 (0.704-1.457)
Regular exercise (yes vs. no) 0.118 0.77 (0.555-1.068) 0.167 0.783 (0.553-1.108)
ACEI/ARB (yes vs. no) 0.187 0.73 (0.457-1.166) 0.302 0.768 (0.466-1.267)
eGFR (1 mL/min/1.73 m2 increment) 0.786 1.001 (0.993-1.009) 0.939 1 (0.991-1.010)
Proteinuria (yes vs. no) 0.453 0.884 (0.641-1.219) 0.156 0.765 (0.528-1.108)

*SBP, systolic blood pressure; ACEI/ARB; patients using angiotensin-converting enzyme inhibitor or angiotensin receptor blocker; eGFR, estimated glomerular filtration rate cal-
culated by MDRD; proteinuria, spot urine protein/creatinine ratio ( ≥ 300 mg/g). †Univariate logistic regression; ‡Logistic regression: adjusted for age, sex; §Multivariable logistic 
regression: adjusted for age, sex, smoking, anti-hypertension medication use, 24-hr mean systolic blood pressure, diabetes, exercise, eGFR, and proteinuria (urine protein/cre-
atinine ratio [ ≥ 300 mg/g]); llOdds ratio; ¶95% confidence interval.

Parameters
Odds ratio*

(95% confidence 
interval)

P value P int†

Total patients 1.053 (1.015-1.093) 0.006

Gender
Female
Male

1.052 (0.974-1.136)
1.055 (1.011-1.102)

0.198
0.015

0.892

Diabetes
Yes
No

1.040 (0.972-1.111) 
1.058 (1.011-1.107)

0.255
0.016

0.761

Dipper
Yes
No

1.097 (1.039-1.158)
1.015 (0.961-1.072)

0.001
0.587

0.171

Proteinuria
Yes
No

1.025 (0.972-1.080)
1.088 (1.030-1.150)

0.36
0.002

0.062

eGFR (mL/min/1.73 m2)
≥ 45
< 45

1.062 (1.018-1.108)
1.013 (0.931-1.102)

0.005
0.769

0.038

ACEI/ARB
Yes
No

1.063 (1.022-1.105)
0.964 (0.839-1.107)

0.002
0.604

0.273

Lower risk for LVH Higher risk for LVH

Fig. 2. The association* of blood pressure variability (BPV) and left ventricular hyper-
trophy (LVH) by subgroup. †ACEI/ARB, patients receiving an angiotensin-converting 
enzyme inhibitor or angiotensin receptor blocker. *Logistic regression analysis: ad-
justed for age, sex, smoking, anti-hypertension medication use, 24-hr mean systolic 
blood pressure, diabetes, exercise, eGFR, and proteinuria (spot urine protein/creat-
inineratio [≥ 300 mg/g]). ‡Odds ratio; §95% confidence interval; llP value for the inter-
action between corresponding subgroups, as determined by logistic regression in the 
multivariable analysis.

factors associated with proteinuria were age, male, 24-hr mean 
SBP, diabetes, current smoking, current alcohol consumption, 
and eGFR; however, BPV was not associated with proteinuria. 
With regard to the relationship with low eGFR (< 30 mL/min/ 
1.73 m2), BPV displayed no relationships in the univariate and 
multivariate analyses (OR, 0.979, P = 0.177; OR, 0.995, P = 0.792, 

respectively). There was no relationship between BPV and com-
posite outcome (proteinuria and low eGFR) (data not shown). 

DISCUSSION

This study revealed that BPV may be positively associated with 
LVH in hypertensive CKD patients. To date, studies about BPV 
and TOD in CKD patients have been rare. Even the studies on 
CKD patients by McMullan et al. and Di Iorio et al. suggesting a 
higher BPV associated with cardiovascular mortality did not 
demonstrated how that relationship changed according to sub-
groups such as sex, diabetes, dipper phenomenon, proteinuria, 
eGFR, and ACEI/ARB medication (7, 8). A strength of our study 
is that we show the relationship could vary with subgroups, espe-
cially in terms of eGFR value and proteinuria. Through our sub-
group analysis, we found that BPV tended to be more associat-
ed with LVH in patients with eGFR values higher than 45 mL/
min/1.73 m2, without proteinuria, and with relatively controlled 
BP. In addition, as this study recruited nationwide participants 
from 21 centers, our results could be generalized to Korean CKD 
patients.
 Although there are arguments that visit-to-visit BPV has more 
significance in prognosis, we used 24-hr BPV as the definition 
of BPV based on following studies: Parati et al. and Hansen et 
al. suggested that 24-hr BPV has a significant relationship with 
TOD and mortality, and several studies showed that 24-hr BPV 
can affect endothelial damage and arterial stiffness (6, 11, 12, 
21-25). Schillaci et al. (11) suggested that a higher 24-hr BPV 
showed a direct positive relationship with large artery stiffness, 
as assessed by pulse wave velocity in the carotid and femoral 
arteries. Diaz et al. compared the influence on endothelial func-
tion of visit-to-visit BPV and 24-hr BPV, by measuring changes 
in brachial artery diameter using vasodilator response in re-
sponse to hyperthermia and nitroglycerin, and showed that 24-
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Fig. 3. Odds ratio for left ventricular hypertrophy by systolic blood pressure variability (BPV) by the status of hypertension group. *Logarithm of odds ratio; †Hypertension groups 
by degree of controlled blood pressure (BP) (mmHg): True controlled group: Office BP (mmHg) < 140/80 and 24-hr BP < 135/85 (day) and 120/70 (night). White-coat effect 
group: Office BP (mmHg) ≥ 140/80 and 24-hr BP < 135/85 (day) and 120/70 (night). Masked hypertension group: Office BP (mmHg) < 140/80 and 24-hr BP ≥ 135/85 (day) 
or 120/70 (night). Sustained hypertension group: Office BP (mmHg) ≥ 140/80 and 24-hr BP ≥ 135/85 (day) and 120/70 (night). P value in each group: True controlled group, P 
= 0.055; White-coat effect group, P = 0.006; Masked hypertension group, P = 0.338; Sustained hypertension group, P = 0.077.
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hr BPV was more negatively associated with endothelial func-
tion than visit-to-visit BPV (12). Moreover, other studies have 
shown that 24-hr BPV is positively associated with higher inflam-
matory markers of vascular damage, such as C-reactive protein, 
soluble E-selectin, tumor necrotic factor alpha, and interleu-
kin-6 (24-26). These studies support our rationale for using 24-
hr BPV, and not visit-to-visit BPV, but they also could support 
our result that 24-hr BPV was positively associated with LVH. 
BPV can induce vascular inflammation and decrease endothe-
lial function, consequentially resulting in increases in pulse wave 
velocity, left-ventricular mass index, and plaque score (11, 21, 

27, 28). 
 We defined LVH with ECG as a score of 4 points using the 
Romhilt-Estes criteria (29). Essentially, a score of 4 points indi-
cates the possibility of LVH and a score of 5 points indicates a 
diagnosis of LVH using the Romhilt-Estes criteria (15). Howev-
er, Park et al. (17) suggested that 4 points is a good criterion for 
Koreans; thus, we used 4 points as the cut-off for the diagnosis 
of LVH. We did not evaluate LVH by echocardiography, and did 
not add other criteria, such as the Cornell Voltage criteria or the 
Sokolw Lyons voltage criteria. Thus, young patients with high 
ECG-voltage could not be evaluated as to whether they truly 
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had LVH. We recognize that this point could be a limitation in 
our study. Nonetheless, several studies indicated that ECG can 
be as good an indicator of left ventricular mass as echo, support-
ing our method (30, 31). Despite the support of these studies, 
further investigation using echocardiography to evaluate LVH 
is needed.
 The previous and present studies on CKD patients reveal that 
BPV is not associated with kidney injury. However, there are in-
dications that vascular damage due to BPV could also affect the 
kidneys. In rats, higher BPV with normal BP induced glomeru-
lar and vascular sclerosis (32). Additionally, some studies have 
shown that a higher BPV and pulse pressure were correlated 
with arterial stiffness and a higher resistive index through en-
dothelial dysfunction and that they could be predictive of the 
development of ESRD (33, 34). Despite this evidence that BPV 
has an effect on kidney injury through vascular inflammation, 
the present study found no relationship between BPV and kid-
ney injury. Based on our results, we postulate that kidney injury 
may not be the result of BPV. It is possible that BPV, proteinuria 
and a decline in eGFR are merely simultaneous phenomenon 
via the same process because they share common mechanisms, 
possibly endothelial dysfunction, arterial stiffness, and vascular 
inflammation (7). However, this study is cross-sectional design, 
which allowed us to assess the relationship between BPV and 
kidney injury; but not to clarify the cause-effect relationship. It 
would be expected that a well-conducted prospective cohort 
study on this relationship could reveal the true cause-effect re-
lationship.
 Through our subgroup analysis, we attempted to verify the 
relationship between BPV and LVH. Only the group with eGFR 
≥ 45 mL/min/1.73 m2 displayed statistically clear relationship 
between BPV and LVH after interaction adjustment. These re-
sults indicates that BPV in the group with eGFR < 45 mL/min/ 
1.73 m2 has no relationship with LVH. It is possible that these 
results were derived from the differences in age and sex between 
the subgroups. The patients in the eGFR ≥  45 mL/min/1.73 m2 
group were younger in age (55 ± 12.1 yr old vs. 58 ± 11.3; P <  
0.001) and more of them were; male (57.8% vs. 42.2%; P < 0.001) 
than in the other group. In the baseline characteristics, male pa-
tients already exhibited a significant association between BPV 
and LVH; thus, the greater proportion of males in the eGFR ≥ 45 
mL/ min/1.73 m2 group might have influenced the association. 
Due to lack of a relationship between BPV and LVH in the group 
with eGFR < 45 mL/min/1.73 m2 and proteinuria, we postulate 
that progressed kidney injury could be a confounding factor 
between BPV and LVH. From these results, it is possible that 
BPV could be a more significant influence on LVH in patients 
with less kidney injury.
 We established the cut-off for eGFR as 45 mL/min/1.73 m2 
because the value of 45 was the median value in the patients’ 
distribution. When the groups were classified around the eGFR 

value of 45, the different directional nature in the relationship 
between BPV and LVH was apparent. As recent CKD stages in 
Kidney Disease Improving Global Outcomes guideline were sub-
divided according to the eGFR category, the value of 45 could 
be considered as a detailed CKD stage (35).
 In the hypertension groups, with the exception of the masked 
hypertension group, the groups tended to show borderline re-
lationships between BPV and LVH (the P-values were close to 
0.05), and the patients in the sustained and masked hyperten-
sion groups showed lesser significance for the relationship com-
pared to the true-controlled groups. Thus, we propose that the 
effect of BPV may be attenuated in patients with uncontrolled 
BP and could be strengthened in well-controlled patients. This 
proposition could also be extended to the concept that it would 
be important to check for and treat BPV in patients with well-
controlled BP compared to those with uncontrolled BP.
 This study has some limitations. It is a cross-sectional study, 
as mentioned earlier, and we used only ECG as an indicator of 
LVH. We also enrolled all hypertensive patients, even including 
those with secondary hypertension. But, this could be signifi-
cant that the effect of BPV itself for target organ was evaluated. 
And, we did not check the urine albumin/creatinine ratio. There 
is evidence that the protein/creatinine ratio could reveal similar 
information as the albumin/creatinine ratio for CKD patients, 
besides protein/creatinine ratio could be a better indicator than 
the albumin/creatinine ratio (36, 37). 
 In conclusion, we demonstrated that BPV is independently 
associated with LVH, in addition to the BP level, in hypertensive 
CKD patients. The association with LVH was particularly mani-
fested in patients with eGFR leves ≥ 45 mL/min/1.73 m2, with 
well-controlled BP, and without proteinuria. Further prospec-
tive studies are needed to assess the real predictive relationship 
between BPV and organ damage.

ACKNOWLEDGMENTS

A special acknowledgement is extended to the Medical Research 
Collaborating Center of Seoul National University Bundang Hos-
pital and APrODiTe study participants for their time and com-
mitment.

DISCLOSURE

The authors have no conflicts of interest to disclose.

ORCID

Jiwon Ryu http://orcid.org/0000-0003-0251-7858 
Ran-hui Cha http://orcid.org/0000-0003-2783-2600 
Dong Ki Kim http://orcid.org/0000-0002-5195-7852 
Ju Hyun Lee http://orcid.org/0000-0001-5743-6751 



Ryu J, et al. • The BP Variability in Hypertensive CKD Patients

http://jkms.org  963http://dx.doi.org/10.3346/jkms.2014.29.7.957

Sun Ae Yoon http://orcid.org/0000-0003-1175-8098 
Dong Ryeol Ryu http://orcid.org/0000-0002-5309-7606 
Ji Eun Oh http://orcid.org/0000-0001-9429-9602 
Sejoong Kim http://orcid.org/0000-0002-7238-9962 
Sang-Youb Han http://orcid.org/0000-0003-3312-0597 
Eun Young Lee http://orcid.org/0000-0002-4513-9888 
Yon Su Kim http://orcid.org/000-0003-3091-2388 

REFERENCES

1. Rothwell PM. Limitations of the usual blood-pressure hypothesis and 

importance of variability, instability, and episodic hypertension. Lancet 

2010; 375: 938-48.

2. Okada H, Fukui M, Tanaka M, Inada S, Mineoka Y, Nakanishi N, Sen-

maru T, Sakabe K, Ushigome E, Asano M, et al. Visit-to-visit variability 

in systolic blood pressure is correlated with diabetic nephropathy and 

atherosclerosis in patients with type 2 diabetes. Atherosclerosis 2012; 220: 

155-9.

3. Poortvliet RK, Ford I, Lloyd SM, Sattar N, Mooijaart SP, de Craen AJ, 

Westendorp RG, Jukema JW, Packard CJ, Gussekloo J, et al. Blood pres-

sure variability and cardiovascular risk in the PROspective Study of Pra-

vastatin in the Elderly at Risk (PROSPER). PLoS One 2012; 7: e52438.

4. Mena L, Pintos S, Queipo NV, Aizpúrua JA, Maestre G, Sulbarán T. A re-

liable index for the prognostic significance of blood pressure variability. J 

Hypertens 2005; 23: 505-11.

5. Muntner P, Shimbo D, Tonelli M, Reynolds K, Arnett DK, Oparil S. The 

relationship between visit-to-visit variability in systolic blood pressure 

and all-cause mortality in the general population: findings from NHA-

NES III, 1988 to 1994. Hypertension 2011; 57: 160-6.

6. Rothwell PM, Howard SC, Dolan E, O’Brien E, Dobson JE, Dahlöf B, 

Sever PS, Poulter NR. Prognostic significance of visit-to-visit variability, 

maximum systolic blood pressure, and episodic hypertension. Lancet 

2010; 375: 895-905.

7. McMullan CJ, Bakris GL, Phillips RA, Forman JP. Association of BP vari-

ability with mortality among African Americans with CKD. Clin J Am 

Soc Nephrol 2013; 8: 731-8.

8. Di Iorio B, Pota A, Sirico ML, Torraca S, Di Micco L, Rubino R, Guasta-

ferro P, Bellasi A. Blood pressure variability and outcomes in chronic 

kidney disease. Nephrol Dial Transplant 2012; 27: 4404-10.

9. Pringle E, Phillips C, Thijs L, Davidson C, Staessen JA, de Leeuw PW, 

Jaaskivi M, Nachev C, Parati G, O’Brien ET, et al. Systolic blood pressure 

variability as a risk factor for stroke and cardiovascular mortality in the 

elderly hypertensive population. J Hypertens 2003; 21: 2251-7.

10. Eguchi K, Hoshide S, Schwartz JE, Shimada K, Kario K. Visit-to-visit 

and ambulatory blood pressure variability as predictors of incident car-

diovascular events in patients with hypertension. Am J Hypertens 2012; 

25: 962-8.

11. Schillaci G, Bilo G, Pucci G, Laurent S, Macquin-Mavier I, Boutouyrie P, 

Battista F, Settimi L, Desamericq G, Dolbeau G, et al. Relationship be-

tween short-term blood pressure variability and large-artery stiffness in 

human hypertension: findings from 2 large databases. Hypertension 

2012; 60: 369-77.

12. Diaz KM, Veerabhadrappa P, Kashem MA, Thakkar SR, Feairheller DL, 

Sturgeon KM, Ling C, Williamson ST, Kretzschmar J, Lee H, et al. Visit-

to-visit and 24-h blood pressure variability: association with endothelial 

and smooth muscle function in African Americans. J Hum Hypertens 

2013; 27: 671-7.

13. Cha RH, Kim S, Ae Yoon S, Ryu DR, Eun Oh J, Han SY, Young Lee E, Ki 

Kim D, Kim YS. Association between blood pressure and target organ 

damage in patients with chronic kidney disease and hypertension: re-

sults of the APrODiTe study. Hypertens Res 2014; 37: 172-78.

14. Lee CS, Cha RH, Lim YH, Kim H, Song KH, Gu N, Yu KS, Lim CS, Han 

JS, Kim S, et al. Ethnic coefficients for glomerular filtration rate estima-

tion by the Modification of Diet in Renal Disease Study equations in the 

Korean population. J Korean Med Sci 2010; 25: 1616-25.

15. Romhilt DW, Estes EH Jr. A point-score system for the ECG diagnosis of 

left ventricular hypertrophy. Am Heart J 1968; 75: 752-8.

16. Fagard R, Brguljan J, Thijs L, Staessen J. Prediction of the actual awake 

and asleep blood pressures by various methods of 24 h pressure analysis. 

J Hypertens 1996; 14: 557-63.

17. Park SM, Ro YM, Ahn JC, Lim DS, Park CG, Kim YH, Seo HS, Shim WJ, 

Oh DJ. An appraisal of the electrocardiographic criteria for diagnosis of 

left ventricular hypertrophy in Koreans: comparison to echocardiograph-

ic measurement of left ventricular mass. Korean Circ J 2004; 34: 775-83.

18. Price CP, Newall RG, Boyd JC. Use of protein:creatinine ratio measure-

ments on random urine samples for prediction of significant proteinuria: 

a systematic review. Clin Chem 2005; 51: 1577-86.

19. Mancia G, Fagard R, Narkiewicz K, Redón J, Zanchetti A, Böhm M, Chris-

tiaens T, Cifkova R, De Backer G, Dominiczak A, et al. 2013 ESH/ESC 

guidelines for the management of arterial hypertension: the Task Force 

for the management of arterial hypertension of the European Society of 

Hypertension (ESH) and of the European Society of Cardiology (ESC). 

Eur Heart J 2013; 34: 2159-219.

20. Ohkubo T, Kikuya M, Metoki H, Asayama K, Obara T, Hashimoto J, Tot-

sune K, Hoshi H, Satoh H, Imai Y. Prognosis of “masked” hypertension 

and “white-coat” hypertension detected by 24-h ambulatory blood pres-

sure monitoring 10-year follow-up from the Ohasama study. J Am Coll 

Cardiol 2005; 46: 508-15.

21. Diaz KM, Veerabhadrappa P, Kashem MA, Feairheller DL, Sturgeon 

KM, Williamson ST, Crabbe DL, Brown MD. Relationship of visit-to-visit 

and ambulatory blood pressure variability to vascular function in Afri-

can Americans. Hypertens Res 2012; 35: 55-61.

22. Parati G, Pomidossi G, Albini F, Malaspina D, Mancia G. Relationship of 

24-hour blood pressure mean and variability to severity of target-organ 

damage in hypertension. J Hypertens 1987; 5: 93-8.

23. Hansen TW, Thijs L, Li Y, Boggia J, Kikuya M, Björklund-Bodegård K, 

Richart T, Ohkubo T, Jeppesen J, Torp-Pedersen C, et al. Prognostic val-

ue of reading-to-reading blood pressure variability over 24 hours in 8938 

subjects from 11 populations. Hypertension 2010; 55: 1049-57.

24. Tatasciore A, Zimarino M, Renda G, Zurro M, Soccio M, Prontera C, 

Emdin M, Flacco M, Schillaci G, DE Caterina R. Awake blood pressure 

variability, inflammatory markers and target organ damage in newly 

diagnosed hypertension. Hypertens Res 2008; 31: 2137-46.

25. Abramson JL, Lewis C, Murrah NV, Anderson GT, Vaccarino V. Relation 

of C-reactive protein and tumor necrosis factor-alpha to ambulatory 

blood pressure variability in healthy adults. Am J Cardiol 2006; 98: 649-

52.

26. Kim KI, Lee JH, Chang HJ, Cho YS, Youn TJ, Chung WY, Chae IH, Choi 

DJ, Park KU, Kim CH. Association between blood pressure variability and 



Ryu J, et al. • The BP Variability in Hypertensive CKD Patients

964  http://jkms.org http://dx.doi.org/10.3346/jkms.2014.29.7.957

inflammatory marker in hypertensive patients. Circ J 2008; 72: 293-8.

27. Veerabhadrappa P, Diaz KM, Feairheller DL, Sturgeon KM, Williamson 

S, Crabbe DL, Kashem A, Ahrensfield D, Brown MD. Enhanced blood 

pressure variability in a high cardiovascular risk group of African Amer-

icans: FIT4Life Study. J Am Soc Hypertens 2010; 4: 187-95.

28. Kawai T, Ohishi M, Ito N, Onishi M, Takeya Y, Yamamoto K, Kamide K, 

Rakugi H. Alteration of vascular function is an important factor in the 

correlation between visit-to-visit blood pressure variability and cardio-

vascular disease. J Hypertens 2013; 31: 1387-95.

29. Devereux RB, Casale PN, Eisenberg RR, Miller DH, Kligfield P. Electro-

cardiographic detection of left ventricular hypertrophy using echocar-

diographic determination of left ventricular mass as the reference stan-

dard: comparison of standard criteria, computer diagnosis and physi-

cian interpretation. J Am Coll Cardiol 1984; 3: 82-7.

30. Hameed W, Razi MS, Khan MA, Hussain MM, Aziz S, Habib S, Aslam M. 

Electrocardiographic diagnosis of left ventricular hypertrophy: compari-

son with echocardiography. Pak J Physiol 2005; 1: 35-8.

31. Jain A, Tandri H, Dalal D, Chahal H, Soliman EZ, Prineas RJ, Folsom 

AR, Lima JA, Bluemke DA. Diagnostic and prognostic utility of electro-

cardiography for left ventricular hypertrophy defined by magnetic reso-

nance imaging in relationship to ethnicity: the Multi-Ethnic Study of 

Atherosclerosis (MESA). Am Heart J 2010; 159: 652-8.

32. Miao CY, Xie HH, Zhan LS, Su DF. Blood pressure variability is more im-

portant than blood pressure level in determination of end-organ dam-

age in rats. J Hypertens 2006; 24: 1125-35.

33. Theilade S, Lajer M, Jorsal A, Tarnow L, Parving HH, Rossing P. Arterial 

stiffness and endothelial dysfunction independently and synergistically 

predict cardiovascular and renal outcome in patients with type 1 diabe-

tes. Diabet Med 2012; 29: 990-4.

34. Kawai T, Ohishi M, Kamide K, Nakama C, Onishi M, Ito N, Takami Y, 

Takeya Y, Rakugi H. Differences between daytime and nighttime blood 

pressure variability regarding systemic atherosclerotic change and renal 

function. Hypertens Res 2013; 36: 232-9.

35. KDIGO. KDIGO 2012 clinical practice guideline for the Evaluation and 

Management of Chronic Kidney Disease. Kidney Int Suppl 2013; 3: 1-150.

36. Fisher H, Hsu CY, Vittinghoff E, Lin F, Bansal N. Comparison of associa-

tions of urine protein-creatinine ratio versus albumin-creatinine ratio 

with complications of CKD: a cross-sectional analysis. Am J Kidney Dis 

2013; 62: 1102-8.

37. Atkins RC, Briganti EM, Zimmet PZ, Chadban SJ. Association between 

albuminuria and proteinuria in the general population: the AusDiab 

Study. Nephrol Dial Transplant 2003; 18: 2170-4.


