
Long-Term Visit-to-Visit Blood Pressure Variability and Renal Function
Decline in Patients With Hypertension Over 15 Years
Yook Chin Chia, MBBS, FRCP; Hooi Min Lim, MBBS; Siew Mooi Ching, MD, MMed

Background-—Visit-to-visit variability of systolic blood pressure (SBP) has been shown to contribute to cardiovascular events and
all-cause mortality. However, little is known about its long-term effect on renal function. We aim to examine the relationship
between visit-to-visit blood pressure variability (BPV) and decline in renal function in patients with hypertension and to determine
the level of systolic BPV that is associated with significant renal function decline.

Methods and Results-—This is a 15-year retrospective cohort study of 825 hypertensive patients. Blood pressure readings every
3 months were retrieved from the 15 years of clinic visits. We used SD and coefficient of variation as a measure of systolic BPV.
Serum creatinine was captured and estimated glomerular filtration rate was calculated at baseline, 5, 10, and 15 years. The mean
SD of SBP was 14.2�3.1 mm Hg and coefficient of variation of SBP was 10.2�2%. Mean for estimated glomerular filtration rate
slope was �1.0�1.5 mL/min per 1.73 m2 per year. There was a significant relationship between BPV and slope of estimated
glomerular filtration rate (SD: r=�0.16, P<0.001; coefficient of variation: r=�0.14, P<0.001, Pearson’s correlation). BPV of SBP for
each individual was significantly associated with slope of estimated glomerular filtration rate after adjustment for mean SBP and
other confounders. The cutoff values estimated by the receiver operating characteristic curve for the onset of chronic kidney
disease for SD of SBP was 13.5 mm Hg and coefficient of variation of SBP was 9.74%.

Conclusions-—Long-term visit-to-visit variability of SBP is an independent determinant of renal deterioration in patients with
hypertension. Hence, every effort should be made to reduce BPV in order to slow down the decline of renal function. ( J Am Heart
Assoc. 2016;5:e003825 doi: 10.1161/JAHA.116.003825)
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C hronic kidney disease (CKD), which is estimated to affect
more than 10% of the population worldwide, poses a

threat to the current healthcare system in view of its
increased risk of cardiovascular morbidities and the necessity
for renal replacement therapy in end-stage renal disease.1

Hypertension is known to be a major factor contributing to

the rise in number of patients with CKD and end-stage renal
disease.2,3 Nephrosclerosis caused by systemic and glomeru-
lar hypertension is thought to be the factor in progression to
CKD.4 Glycemic control, hypoalbuminemia, and high mean
blood pressure (BP) are several other risk factors for CKD in
patients with diabetes mellitus (DM). Hypertensive patients
who are older, with underlying DM, hyperuricemia, and lower
baseline estimated glomerular filtration rate (eGFR) may be
more likely to develop CKD.5

Visit-to-visit blood pressure variability (BPV) has been
shown to be a determinant in contributing to cardiovascular
morbidity and mortality.6–8 Several studies have shown the
relationship between visit-to-visit BPV and further decline of
renal function in patients with established CKD.7,9 However,
little is known about visit-to-visit BPV and its effect on renal
function in patients with hypertension, particularly those with
normal kidney function. Hence, we aimed to determine the
relationship of long-term visit-to-visit BPV and decline in renal
function in patients with hypertension. In addition, we also
evaluated risk factors such as mean systolic blood pressure
(SBP), DM, cholesterol, and medications that can significantly
affect renal function in a population with hypertension.
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Methods
This is a 15-year retrospective cohort study of patients
attending a primary care clinic from 1998 until 2012. This
study was conducted at an outpatient primary care clinic at the
University Malaya Medical Centre, a teaching hospital in the
Klang Valley of Kuala Lumpur, Malaysia. All patients aged more
than 30 years at baseline (1998), without any cardiovascular
event at baseline, were eligible for the study.10 One thousand
four hundred sixty-four subjects were randomly selected from
patients registered with the clinic, using a computer-generated
number based on patients’ clinic registration number. We
selected patients based on the clinical characteristics at
baseline year 1998. Out of these 1464 patients, we identified a
total of 923 patients who had hypertension at baseline year
1998 (n=560, 60.7%) and had developed hypertension within
the 15-year period of follow-up (n=363, 39.3%). We excluded
17 patients who did not have the serial serum creatinine level
needed to calculate eGFR slope and 2 patients with less than 7
blood pressure readings in the 15-years of follow-up. We
further excluded 79 patients who had CKD stage 3A and above
at baseline (1998). Hence, a total of 825 patients with
hypertension were included in the analysis of this study. There
were 52 patients (6.3%) who were lost to follow-up at the end of
15 years. As this was a retrospective study based on patient
records, and as all data entry, analysis, and results output were
anonymized, no informed consent, verbal or written was
obtained. Ethics approval for this study was obtained from the
Ethics Committee of University Malaya Medical Centre
(University of Malaya Medical Centre Ethics Committee/IRB
Reference Number 691.1).

All sociodemographic data and clinical parameters such as
age, weight, presence of DM, dyslipidemia, and smoking were
captured from patient records at baseline and at 15 years.
Results of laboratory investigation including serum creatinine,
hemoglobin A1c (HbA1c), total cholesterol, and low-density
lipoprotein cholesterol level were captured as well. All blood
tests were performed by the chemical laboratory in the
hospital that is certified by the Royal College of Pathologists
of Australasia Standards. Use of antihypertensive agents,
diabetic medications, and statins were also captured. DM was
defined as documented by the attending doctor or the use of
hypoglycemic agents or both. Participants are defined as a
smoker if they were still smoking at time of blood pressure
examination. Nonsmokers were defined as those who never
smoke or who are currently not smoking.

Visit-to-Visit SBP Variability
Blood pressure was measured by the attending doctors using
mercury sphygmomanometers during routine clinical practice.
Hypertension is defined according to the JNC guideline.11

A blood pressure reading per visit for every 3 months (ie,

maximum 4 readings per year) were retrieved from the
15 years of clinic visits. We used SD and coefficient of
variation (CV) for each individual as a measure of BPV. SD of
SBP is a measure of dispersion of SBP readings from its mean
SBP. It was calculated as the square root of variance by
determining the variation between each SBP reading relative

to the mean, using the formula SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP

ðxi��xÞ2
n�1

q
, n is the

number of visits, xi is the individual’s BP at visit i, and �x is the
individual’s mean SBP. CV is the ratio of the SD to the mean,

comparing the degree of variation CV ¼ SD
�xi
.

To examine the association of BPV and eGFR decline with
mean SBP, patients were divided into low or high mean BP
using SBP of 140 mm Hg as the cutoff point because it is the
recommended target of control by guideline.11 Since there are
no data on the recommended target or “normal” visit-to-visit
BPV, we used the mean SD of SBP 14.2 mm Hg as a cutoff
point to define low versus high BPV.

Measurement of Renal Function Outcomes
Serum creatinine was captured at baseline, 5, 10, and 15
years, and eGFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration Equation (CKD-epi).12

Rate of renal function decline was estimated by fitting a linear
regression line through the eGFR measurements for each
individual patient and expressed as eGFR slope (mL/min per
1.73 m2 per year). This method has been used in other
studies as well because eGFR at a point of time may not truly
be reflective of change in kidney function due to its
variability.13–16 eGFR was categorized according to the KDIGO
2012 guideline (Table S1). Onset of CKD is defined as eGFR
<60 mL/min per 1.73 m2.17

Statistical Analysis
All statistical analysis was carried out using Statistical
Package for Social Sciences (IBM SPSS Statistics for
Windows, Version 21.0. Armonk, NY). All continuous data
are described as mean and SD. Relationship between SD, CV,
mean SBP, and slope of eGFR were analyzed using simple
linear regression since all the variables are normally dis-
tributed. Univariate correlations between slope of renal
decline and other continuous variables (age, weight, mean
SBP, SD of SBP, CV of SBP, HbA1c, total cholesterol, and low-
density lipoprotein cholesterol) were assessed using Pear-
son’s correlation. Comparisons of mean of eGFR slope
between categorical variables (sex, DM, treatment of hyper-
tension, angiotensin-converting enzyme inhibitor, angiotensin-
receptor blockers [ARB], b-blocker, calcium channel blockers,
diuretics, a-blocker, and lipid-lowering medication) were done
using independent t test. Comparisons of eGFR slope between

DOI: 10.1161/JAHA.116.003825 Journal of the American Heart Association 2

Blood Pressure Variability and Renal Function Chia et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



groups for mean SBP and SD of SBP and comparisons of eGFR
slope between CKD categories were done using 1-way
ANOVA. Multiple linear regression analyses on the slope of
eGFR were performed to adjust for the possible confounders
(age, sex, weight, SD, CV of SBP, mean SBP, treatment of
hypertension, total cholesterol, low-density lipoprotein choles-
terol, angiotensin-converting enzyme inhibitor, ARB, b-
blocker, calcium channel blockers, diuretics, a-blockers,
lipid-lowering medication, DM, and HbA1c). Receiver operat-
ing characteristics curve was used to examine how well the
visit-to-visit SBP variability can predict CKD. Youden index
was used to determine the cutoff values of SD and CV of
SBP.9

Results
Table 1 shows the changes in sociodemographic and clinical
characteristics for patients with hypertension from 1998 to
2012. The mean age at baseline was 55.5�9.4 years and
consisted of 67.8% females. The number of patients with DM
increased from 43.3% in 1998 to 65.3% in 2012. The use of
lipid-lowering medications was significantly increased from
8.2% in 1998 to 84.1% in 2012, which contributed to the
decrease in both total cholesterol and low-density lipoprotein
levels.18,19 In our study, the mean number of SBP readings
over the 15 years of follow-up was 46�7.6, ranging from 9 to
60 readings. There was improvement of both mean SBP and
diastolic blood pressure from 1998 to 2012. The reduction in
diastolic blood pressure is greater than SBP at the end of
15 years compared to baseline (3.5�23.2 mm Hg for SBP
and 8.6�13 mm Hg for diastolic blood pressure, P<0.001).
This could be the result of aging and treatment effect. The
mean SD of SBP was 14.2�3.1 mm Hg and CV of SBP was
10.2�2%. The mean eGFR slope for the study population was
�1.0 mL/min per 1.73 m2 per year. For those who were
missing on follow-up (n=52, 6.3%), there was no statistically
significant difference in age, visit-to-visit BPV, and eGFR
decline slope compared to the rest of subjects who completed
the 15-year follow-up in this cohort study. We hypothesize that
this may not contribute to significant changes to our findings.

Visit-to-Visit Variability, Mean SBP, and Slope of
eGFR
Figure 1 shows the relationships of the SD, CV, and mean of
SBP with the slope of eGFR in patients with hypertension over
15 years of follow-up. SD, CV, and mean SBP were associated
significantly with the slope of eGFR, although the associations
were weak (SD: r=�0.16, P<0.001, CV: r=�0.14, P=0.001;
mean SBP: r=�0.13, P<0.001). The mean SD of SBP was also
positively correlated with mean SBP (r=0.55, P<0.001).

Determinants of eGFR Decline
Table 2 shows the univariate relationship of clinical parameters
with the slope of eGFR. Being female, DM, higher HbA1c level,
and treatment of hypertension were significantly associated
with slope of eGFR. The majority of patients in this cohort study
(96.2%) were on more than 1 type of antihypertensive
medication. The use of ARB, diuretics, and a-blockers was
associated with greater renal function decline. There was no
significant difference in the rate of decline in renal function for
angiotensin-converting enzyme inhibitors, ß-blockers, and
calcium channel blockers. Higher renal function decline was
also seen among those on lipid-lowering medication.

Multiple regression analyses were carried out with the slope
of eGFR as the dependent variable to determine the association
of clinical parameters with slope of eGFR, as shown in Table 3.
After adjustment, BPV (SD and CV of SBP), DM, HbA1c, use of
ARB, diuretics, a-blocker, and lipid-lowering medication
remained significantly associated with slope of eGFR decline.
The effect of mean SBP on renal function decline was no longer
statistically significant after adjusting for BPV and other clinical
parameters. At the end of 15 years, 65.3% of patients in our
cohort study had DM. It is known that DM is a major factor
contributing to decline in renal function.20 We also noticed that
DM and HbA1c were the major determinants of renal function
decline in this cohort study. Hence, a sensitive analysis was
done by dividing the study population into DM and non-DM to
examine the determinants of eGFR decline. BPV still remained
significantly associated with renal function decline regardless
of the DM status. In patients with both hypertension and DM
(n=539), BPV was significantly associated with renal function
decline after adjusting for other confounding factors including
HbA1c. There is no evidence of association between HbA1c and
decline in renal function after adjustment.

Cutoff Values for SD and CV as an Indicator for
the Onset of CKD
Figure 2 shows the receiver operating characteristics curve
for SD and CV of SBP as indicators for the onset of CKD. The
area under the curves for SD and CV of SBP were statistically
significant, with the area under the curves for SD being 0.62
and area under the curves for CV being 0.60, indicating
moderate discrimination. The cutoff value corresponding to
the maximum Youden index [(sensitivity+specificity)�1] for
SD of SBP was 13.5 mm Hg (sensitivity 69%, specificity 50%).
The cutoff value corresponding to the maximum Youden index
for CV of SBP was 9.74% (sensitivity 68%, specificity 48%). In
Figure 3, patients with low mean SBP have slower renal
function decline compared to those with high mean SBP. In
both the low and high mean SBP groups, there was higher
eGFR decline in those with higher BPV. However, for those
with high mean SBP but low BPV, the rate of renal function
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decline was similar to those with low mean SBP but high BPV
(descriptive statistics in Table S2).

CKD and BPV
Patients with CKD in this cohort study (n=226) had higher
BPV compared to those without CKD (n=599) (SD of SBP

15.0 mm Hg versus 13.9 mm Hg, P<0.001, respectively).
Figure 4 shows a significant difference in BPV and stages of
CKD. Higher BPV is related to the higher stages of CKD; 27.9%
(n=226) of patients in this study developed CKD at the end of
15 years with 3.3% (n=27) in stage 4 and 1.2% (n=10) in stage
5. To determine whether CKD affects BPV, we examined the
mean BPV before and after the onset of CKD for those who

Table 1. Comparison of Sociodemographic and Clinical Characteristics for Patients With Hypertension From 1998 to 2012
(n=825)

1998 2002 2007 2012

Age, y (mean�SD) 55.5�9.4 60.5�9.4 65.5�9.4 70.5�9.4

Female, n (%) 559 (67.8) 559 (67.8) 559 (67.8) 559 (67.8)

Race, n (%)

Malay 196 (23.8) 196 (23.8) 196 (23.8) 196 (23.8)

Chinese 370 (44.8) 370 (44.8) 370 (44.8) 370 (44.8)

Indian 248 (30.1) 248 (30.1) 248 (30.1) 248 (30.1)

Others 11 (1.3) 11 (1.3) 11 (1.3) 11 (1.3)

Weight, kg (mean�SD) 66.0�13.2 66.2�13 65.1�13.7 64.8�14.6

Systolic BP, mm Hg (mean�SD) 140.2�18.5 139.6�17 135�15.9 136.7�16.4

Diastolic BP, mm Hg (mean�SD) 85.1�10 83.3�8.3 79.1�8.0 76.5�9.2

Treatment of hypertension, n (%) 493 (59.8) 628 (76.1) 735 (89.1) 794 (96.2)

Types of antihypertensive agents used, n (%)

ACE-i 41 (5.5) 177 (21.9) 267 (32.4) 361 (43.8)

ARB 1 (0.1) 14 (1.7) 121 (14.7) 201 (24.4)

ß-Blocker 271 (32.8) 321 (38.9) 321 (38.9) 299 (36.2)

CCB 193 (23.4) 271 (33.1) 375 (45.5) 509 (61.7)

Diuretic 60 (7.2) 175 (21.2) 245 (29.7) 330 (40)

a-Blocker 34 (4.1) 28 (3.4) 26 (3.2) 50 (6.1)

SD of SBP, mm Hg (mean�SD) — — — 14.2�3.1

CV of SBP, % (mean�SD) — — — 10.2�2.0

Diabetes mellitus, n (%) 357 (43.3) 438 (53.1) 501 (60.7) 539 (65.3)

Hemoglobin A1c, % (mean�SD) 7.8�1.8 8.1�2.0 7.6�1.7 7.6�1.8

Types of diabetic medications used, n (%)

Metformin 190 (23) 309 (37.5) 390 (47.3) 420 (50.9)

Sulphonylurea 283 (34.3) 326 (39.5) 352 (42.7) 321 (38.9)

Insulin 3 (0.4) 19 (2.3) 95 (11.5) 170 (20.6)

Use of lipid-lowering medication, n (%) 68 (8.2) 216 (26.2) 554 (67.2) 694 (84.1)

Total cholesterol, mmol/L (mean�SD) 6.0�1.1 5.5�0.9 4.8�1.0 4.5�1.0

LDL cholesterol, mmol/L (mean�SD) 3.7�1.1 3.4�0.9 2.9�0.8 2.5�0.8

CKD Stage 3A and above, n (%) 0 92 (11.2) 160 (19.4) 226 (27.4)

Serum creatinine, lmol/L (mean�SD) 74.6�17.7 80.7�23.3 78.9�30.1 92.5�64.8

eGFR by CKD-epi, mL/min per 1.73 m2 (mean�SD) 86.3�15.4 78.3�16.2 78.5�19.2 69.6�21.6

Slope of eGFR decline, mL/min per 1.73 m2 per year (mean�SD) — — — �1.0�1.5

ACE-i indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CKD, chronic kidney disease; CV, coefficient of variation; eGFR,
estimated glomerular filtration rate; LDL, low-density lipoprotein; SBP, systolic blood pressure.
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developed CKD at year 2002 (n=92) and at year 2007 (n=68).
We found that there was no statistical difference in their BPV
before and after onset of CKD (onset of CKD at year 2002:
14.4�4.1 mm Hg versus 14.5�3.5 mm Hg, P=0.77, respec-
tively; onset of CKD at year 2007: 14.5�2.9 mm Hg versus
14.3�4.6 mm Hg, P=0.78, respectively).

Discussion
In this study, the rate of the renal function decline in patients
with hypertension is �1.0 mL/min per 1.73 m2 per year. This
is a surprise finding as the rate of decline in patients with
hypertension in our cohort is not higher but similar to that of
renal function decline in the general population, which has

been reported to be 0.75 to 1.03 mL/min per 1.73 m2 per
year.21–23 We hypothesized that our finding of near normal
and not faster decline could be due to the better BP control
(mean SBP 136.7 mm Hg). Very few studies have been done
that examined visit-to-visit BPV, particularly in hypertensive
patients with normal renal function (eGFR >60 mL/min per
1.73 m2). In this present study, we found that the long-term
visit-to-visit BPV in patients with hypertension is 14.2 mm Hg
(SD for SBP) and 10.2% (CV for SBP). The visit-to-visit BPV in
our cohort is slightly higher than that reported in patients with
DM (mean SD 12.4 mm Hg)7 or in patients with CKD (mean
SD of 11 mm Hg).24,25

Our study shows that higher long-term visit-to-visit BPV is
significantly associated with greater decline in renal function
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Figure 1. Relationship between the slope of eGFR, SD, CV, and mean SBP. A, Correlation between slope of eGFR and SD of SBP. B, Correlation
between slope of eGFR with CV of SBP. C, Correlation between slope of eGFR with mean SBP. D, Correlation between SD of SBP and mean SBP
in patients with hypertension. CV indicates coefficient of variation; eGFR, estimated glomerular filtration rate; SBP, systolic blood pressure.
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in hypertensive patients without CKD. In a 3-year follow-up
study of a large cohort of a general population without DM
and CKD in Japan, higher long-term BPV was found to be
associated with risk of onset of CKD.26 Studies in patients
with CKD with or without DM also showed that visit-to-visit
BPV is an independent predictor for eGFR decline9 and
progression to end-stage renal disease.7 In our study, long-
term visit-to-visit BPV is significantly associated with eGFR
decline in patients with hypertension, although the correlation
is weak. This effect is consistent with a study done in diabetic
patients that showed a weak association of long-term BPV
and urinary albumin excretion (r=�0.21).27 The weak corre-
lation in our cohort could be because of good control of SBP
with mean SBP of 136.7 mm Hg. Of note is that despite mean
SBP being a strong determinant of renal function decline, in
our cohort where the mean SBP was well controlled, we were
still able to show the association of BPV in decline of renal
function. Mancia et al showed that long-term BPV does not
affect the serum creatinine in patients with mild-to-moderate
hypertension.28 Yokota et al failed to showed the relationship
between long-term BPV and renal function decline in DM
nephropathy patients because of small sample size (n=69).29

Meanwhile in an elderly population, Di Iorio et al showed that
long-term BPV is not related to progression of CKD.30 These
studies have a shorter duration of follow-up (3–4 years
duration), which may not be able to show the effect of BPV on
renal function decline. Other studies that examined short-
term 24-hour BPV also showed that BPV was associated with
decline in renal function, suggesting that both short- and long-
term BPV are important in determining the progression of
kidney function deterioration in patients with hyperten-
sion.31,32

We have found that use of ARBs, diuretics, and a-blockers
was associated with greater renal function decline. The
beneficial effect of ARB on eGFR decline may not be seen in
our present study because very few patients were on ARB at
baseline and even at the end of 10 years (n=1, 0.1% at year
1998; n=14, 1.7% at year 2007, respectively). Few patients
were on ARBs because ARBs could only be started when
patients developed proteinuria or deterioration of renal
function, as this was the practice in our clinical primary care
setting because of cost and limited access to these drugs.
Diuretics and a-blockers were usually the subsequent antihy-
pertensive medications added on after the use of calcium
channel blockers and angiotensin-converting enzyme inhibi-
tors in those with uncontrolled hypertension, who because of
their uncontrolled hypertension are at higher risk for greater
renal function decline. Studies have shown that statin therapy
reduces renal function deterioration.33–35 However, this
beneficial effect of statin on eGFR decline was not seen in
our study because very few patients were taking statin at
baseline (n=68, 8.1%) and most of the patients were started

Table 2. Univariate Relationship of Clinical Parameters With
the Slope of the Decline of eGFR

Continuous Variables r P Value

Age at baseline, y 0.002 0.96

Weight, kg �0.04 0.3

Mean SBP, mm Hg �0.13 <0.001

SD of SBP, mm Hg �0.16 <0.001

CV of SBP, % �0.14 <0.001

HbA1c, % �0.15 <0.001

Total cholesterol, mmol/L 0.03 0.41

LDL cholesterol, mmol/L 0.05 0.22

Categorical Variables
Mean of
eGFR Slope P Value

Sex

Male (n=266) �0.83 0.01

Female (n=559) �1.1

DM

Yes (n=539) �1.26 <0.001

No (n=285) �0.56

Treatment of hypertension

Yes (n=794) �0.46 0.04

No (n=31) �1.04

ACE-i

Yes (n=361) �1.0 0.59

No (n=464 �1.0

ARB

Yes (n=201) �1.36 <0.001

No (n=624) �0.91

b-Blocker

Yes (n=299) �1.03 0.83

No (n=526) �1.00

CCB

Yes (n=509 �1.03 0.76

No (n=316) �1.0

Diuretics

Yes (n=330) �1.25 0.001

No (n=495) 0.86

a-Blockers

Yes (n=50) �1.57 0.02

No (n=775) �0.98

Lipid-lowering medication

Yes (n=694) �1.08 0.008

No (n=131) �0.70

ACE-i indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; CCB, calcium channel blocker; CV, coefficient of variation; DM, diabetes
mellitus; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; LDL, low-
density lipoprotein; SBP, systolic blood pressure.

DOI: 10.1161/JAHA.116.003825 Journal of the American Heart Association 6

Blood Pressure Variability and Renal Function Chia et al
O
R
IG

IN
A
L
R
E
S
E
A
R
C
H



on statins later on. Hence, the full effect of statin was not
seen in our cohort study. However, we noticed that BPV is still
not well controlled in real-life clinical practice even in the
majority of our patients who are on treatment. Hence, more
effort should be made to raise the awareness of clinicians
regarding the importance of controlling BPV and to determine
the factors causing high BPV.

Systolic BP is a known major determinant affecting decline
in renal function, especially among patients with established
CKD.36–38 Studies on the general population also show that
high SBP is associated with the development of end-stage
renal disease.2,39 We also found this relationship in our study.
We also found that BPV increases proportionally to mean SBP.
However, the significance of BPV on renal function decline
remained after adjusting for mean SBP, suggesting that BPV is
an independent predictor for renal function decline. Further-
more, we have shown that patients with high mean SBP and
low BPV have the same rate of renal function decline as those
with low mean SBP but high BPV, suggesting that BPV may

have a greater impact on decline in renal function. Higher BPV
is related to higher average BP, microalbuminuria,40,41 renal
vascular resistance,42 and increased arterial stiffness.43

Persistent BPV fluctuations with increasing hemodynamic
load and urinary albumin excretion cause glomerulosclerosis
and other renal pathology, leading to significant renal function
decline over the long term.44 Increasing BPV may be an
important factor in addition to the conventional risk factors in
predicting renal dysfunction. Hence, guidelines have recom-
mended that while SBP be the target of BP control, attention
should also be paid to BPV. The mechanisms of visit-to-visit
variability are different from other forms of variability (for
example, 24-hour BP variability). While 24-hour BPV is due
more to influences of sympathetic drive, arterial compliance,
effects of humoral and behavioral influences (sleep, physical
activity, and postural changes), visit-to-visit variability is more
associated with adherence to therapy and perhaps to the
antihypertensive used.45 Furthermore, while there are no
outcome trials to prove that reduction of BPV will improve

Table 3. Multiple Linear Regression Analyses on the Slope of the Decline of eGFR in Patients With Hypertension Over 15 Years

Independent Variables

All Subjects (n=825)*
Subjects Without Diabetes
Mellitus (n=285)†

Subjects With Diabetes
Mellitus (n=539)‡

b P Value b P Value Β P Value

Age, y 0.01 0.79 �0.11 0.14 0.08 0.97

Sex �0.07 0.13 0.03 0.70 �0.08 0.13

Weight, kg �0.01 0.88 0.01 0.89 �0.01 0.86

SD of SBP, mm Hg �0.10 0.03 �0.21 0.001 �0.13 0.01

CV of SBP, % �0.09 0.03 �0.17 0.005 �0.12 0.01

Mean SBP, mm Hg 0.01 0.97 0.01 0.98 0.03 0.60

Diabetes mellitus �0.11 0.01 — — — —

HbA1c, % �0.10 0.04 — — �0.04 0.40

Treatment of hypertension �0.02 0.62 �0.02 0.79 �0.04 0.46

Total cholesterol, mmol/L 0.16 0.08 0.38 0.70 0.12 0.24

LDL cholesterol, mmol/L �0.04 0.67 �0.04 0.79 �0.06 0.55

ACE-i �0.03 0.62 �0.09 0.21 �0.01 0.91

ARB �1.0 0.02 �0.17 0.01 �0.07 0.25

b-Blocker �0.2 0.74 �0.01 0.91 �0.02 0.71

CCB �0.01 0.97 �0.08 0.26 0.04 0.40

Diuretics �1.0 0.02 �0.03 0.67 �0.13 0.01

a-Blockers �0.8 0.07 0.05 0.40 �0.12 0.01

Lipid-lowering medication �0.11 0.01 �0.08 0.22 �0.12 0.01

ACE-i indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; CV, coefficient of variation; DM, diabetes mellitus; eGFR,
estimated glomerular filtration rate; HbA1c, hemoglobin A1c; LDL, low-density lipoprotein; SBP, systolic blood pressure.
*Adjusted for age, sex, weight, SD, CV of SBP, mean SBP, treatment of hypertension, total cholesterol, LDL cholesterol, ACE-i, ARB, b-blocker, CCB, diuretics, a-blockers, lipid-lowering
medication+diabetes and HbA1c.
†Adjusted for age, sex, weight, SD, CV of SBP, mean SBP, treatment of hypertension, total cholesterol, LDL cholesterol, ACE-i, ARB, b-blocker, CCB, diuretics, a-blockers, lipid-lowering
medication.
‡Adjusted for age, sex, weight, SD, CV of SBP, mean SBP, treatment of hypertension, total cholesterol, LDL cholesterol, ACE-i, ARB, b-blocker, CCB, diuretics, a-blockers, lipid-lowering
medication+HbA1c.
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cardiovascular disease outcome or renal function decline, we
suggest that reduction of BPV in particular visit-to-visit
variability can be achieved by controlling the mean SBP more
tightly.

Recently, Chang et al showed the significance of visit-to-
visit BPV in predicting mortality and hemorrhagic stroke but
not progression to end-stage renal disease in a population of

110 000 with CKD.24 The question of whether BPV causes
CKD or CKD worsens BPV has been raised.46 The Jackson
Heart Study showed that patients with CKD had higher BPV
compared to those without CKD.47 Our study also showed
that those with CKD at the end of 15 years have higher BPV
compared to those without CKD. However, when comparing
the BPV before and after the onset of CKD in our cohort, there

Figure 2. Receiver operating characteristic (ROC) curves of visit-to-visit blood pressure variability as indicator for onset of chronic kidney
disease in patients with hypertension. A, ROC curve for SD of systolic blood pressure. B, ROC curve for coefficient of variation of systolic blood
pressure. AUC indicates area under the curve.
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was no significant difference in their BPV. Indeed, we have
excluded patients with CKD at baseline, and yet we managed
to show that higher BPV is associated with higher rate of
decline in renal function and development of CKD. This
suggests that visit-to-visit BPV is a determinant of decline in
renal function rather than CKD causing higher BPV.

Up to now, there has been a lack of studies to suggest the
cutoff value of visit-to-visit BPV that determines the increased
risk of CKD and cardiovascular disease events significantly.
From our study, we have identified SD of SBP of 13.5 mm Hg
and CV of SBP of 9.73% as the cutoff values for the onset of
CKD in hypertensive patients. Our finding is similar to
Yokota’s study where a reported cutoff value of 14.8 mm Hg
for SD of visit-to-visit SBP predicts renal end points among
nondiabetic patients with CKD.9 These cutoff values may be a
useful guide for clinicians who are managing patients with
hypertension, particularly in those with higher fluctuations of
BP.

Strengths and Limitations
First, our study has a relatively large sample size, consisting of
825 hypertensive patients, which is large enough to show the
relationship between BPV and renal function decline in
hypertensive patients. Second, our study was carried out in
a primary care setting where there were no CKD patients at
baseline. This population of primary care patients is suitable
to be studied as the majority of them have not reached CKD
yet and hence present the best opportunity for early primary
prevention of CKD. Third, we have a long duration of follow-up
of 15 years, which enables us to capture multiple BP readings
(as many as 60 readings) for more accurate BPV estimation.
We also have serum creatinine level every 5 years that
showed the trend of renal function decline over 15 years. The
long observation period in our study enables us to adequately
capture any significant renal function decline.

One of the limitations of our study is that we do not have
the time to onset of CKD in our cohort to ascertain timing of
the renal events end point. As this is a retrospective cohort
study, missing data are not unexpected. Of note is that the BP
of hypertensive patients in this study is well controlled, and it
may not reflect the rate of renal function decline in those with
uncontrolled blood pressure. However, we would like to stress
that the effect of visit-to-visit BPV on renal function decline
remained significant even in a population with well-controlled
BP.

Perspectives
This present study reported the significance of long-term visit-
to-visit BPV on renal function decline over 15 years in
patients with hypertension and normal renal function. Hence,

every effort should be made to reduce BPV in order to slow
down the decline of renal function in patients with hyperten-
sion. More studies are needed to evaluate the factors
affecting the visit-to-visit BPV.
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Table S1. eGFR categories in chronic kidney disease according to KDIGO 2012.  

eGFR category eGFR (ml/min/1.73m2) 

G1 ≥ 90 

G2 60-89 

G3a 45-59 
G3b 30-44 

G4 15-29 

G5 <15 
eGFR estimated glomerular filtration rate; KDIGO Kidney Disease Improving Global Outcomes.  

KDIGO 2012 Clinical practice guideline for the evaluation and management of chronic kidney disease. 

Kidney Inter Suppl 2013:1-150. 



Table S2. Descriptive statistics for groups of mean and standard deviation of systolic blood 

pressure.  

 Low SBP, low 

SD 

Low SBP, high 

SD 

High SBP, low 

SD 

High SBP, high 

SD 

Mean SBP 

(mmHg) 

132.2±5.2 135.3±3.5 144.4±4.7 146.4±4.6 

Mean SD of SBP 

(mmHg) 

11.7±1.6 16.1±2.0 12.7±1.3 17.2±2.3 

Mean eGFR 
decline slope 
(ml/min/1.73m2) 

-0.80 -0.94 -0.94 -1.42 

SBP systolic blood pressure; SD standard deviation.  

 

 

 

 


