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Short-Term Systolic Blood Pressure
Variability and Kidney Disease Progression
in Patients With Chronic Kidney Disease:
Results From C-STRIDE

Qin Wang, PhD; Yu Wang, MD, PhD; Jinwei Wang, PhD; Luxia Zhang, MD, MHD; Ming-Hui Zhao, MD, PhD;
C-STRIDE (Chinese Cohort Study of Chronic Kidney Disease)*

BACKGROUND: It is unclear whether short-term blood pressure variability is associated with renal outcomes in patients with
chronic kidney disease.

METHODS AND RESULTS: This study analyzed data from participants in the C-STRIDE (Chinese Cohort Study of Chronic Kidney
Disease) who had chronic kidney disease stages 1 to 4. Short-term blood pressure variability was measured by calculating the
weighted SD (w-SD) of systolic blood pressure (SBP). Renal outcomes were defined as dialysis initiation and/or transplanta-
tion. Risk factors associated with w-SD of SBP were evaluated by linear regression. Associations of short-term SBP variability
with renal outcomes were evaluated by Cox regression. In total, 1421 patients with chronic kidney disease were included in
this study (mean age, 49.4+13.6 years; 56.2% men; estimated glomerular filtration rate, 50.5+29.3 mL/min per 1.73 m?; pro-
teinuria, 0.9 [0.3-2.0] g/d). Mean w-SD of SBP was 12.6+4.4 mm Hg. w-SD of SBP was independently associated with older
age, 24-hour SBP, blood pressure circadian pattern, and angiotensin Il receptor blocker treatment. During a median follow-
up of 4.9 years, 237 patients developed renal outcomes (37.01 per 1000 patient-years). The incidence rate increased across
the quartiles of w-SD (log-rank P=0.005). w-SD of SBP was associated with an increased risk of renal outcomes, both as a
continuous variable (hazard ratio [HR], 1.47; 95% CI, 1.09-1.99) and as a categorical variable (quartile 4 versus quartile 1: HR,
1.60; 95% ClI, 1.08-2.36), independent of 24-hour SBP, daytime SBP, and nighttime SBP.

CONCLUSIONS: Short-term SBP was independently associated with the risk of dialysis initiation and/or transplantation in pa-
tients with chronic kidney disease.

Key Words: ambulatory blood pressure monitoring ® chronic kidney disease ® renal replacement therapy ® short-term blood pressure
variability

health burden worldwide.? Hypertension, both as
a common cause and comorbidity of CKD, is highly
prevalent in patients with CKD, resulting in the develop-
ment and progression of kidney disease. There is con-
siderable evidence that hypertension control is important
for the management of patients with CKD, although

Chronio kidney disease (CKD) is an important public

real-world management of these patients remains unsat-
isfactory.3-5 Ambulatory blood pressure (ABP) monitor-
ing (ABPM), an automated monitoring method to detect
blood pressure (BP) values during a daily cycle under
nonmedical conditions, performs better than traditional
clinic BP (CBP) measurement in the assessment of BP
control status and prediction of long-term prognosis.®”
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CLINICAL PERSPECTIVE
What Is New?

Our study demonstrated that short-term sys-
tolic blood pressure variability was associated
with higher risk of renal outcomes, irrespective
of the 24-hour, diurnal, and nocturnal systolic
blood pressure.

What Are the Clinical Implications?

e Qur study brings new evidence to the poten-
tial role of short-term blood pressure variability
in chronic kidney disease progression, which
might affect the evaluation and management
of hypertension in patients with chronic kidney
disease once verified in future studies.

Nonstandard Abbreviations and Acronyms

ABPM ambulatory blood pressure monitoring
BP blood pressure

BPV blood pressure variability

CBP clinic blood pressure

CKD chronic kidney disease

C-STRIDE Chinese Cohort Study of Chronic
Kidney Disease

CVD cardiovascular disease

eGFR estimated glomerular filtration rate

HR hazard ratio

SBP systolic blood pressure

w-SD weighted SD

The use of ABPM has led to increasing awareness
of short-term BP variability (BPV), which indicates the
intraindividual fluctuation in BP levels during a 24-hour
period. This component of BP adds a layer of com-
plexity in the evaluation and management of hyperten-
sion. Studies in general populations and patients with
primary hypertension have shown that short-term BPV
is associated with organ damage and cardiovascu-
lar events, independent of average 24-hour ABP and
CBP, respectively.®'? The results of cross-sectional
studies have suggested that short-term BPV is higher
in patients with CKD than in individuals without CKD; in
addition, BPV progressively increased with deteriora-
tion of renal function.'®'* Furthermore, short-term BPV
has been associated with organ damage in patients
with CKD, suggesting that it has a pathophysiologi-
cal role in CKD development. However, a recent pro-
spective cohort study from ltaly did not demonstrate
an association between short-term BPV and CKD
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progression.'®'® Therefore, it remains unclear whether
short-term BPV is useful for risk stratification in patients
with CKD.

To better understand associations of short-term
BPV with renal outcomes, we analyzed data from C-
STRIDE (Chinese Cohort Study of Chronic Kidney
Disease) to evaluate associations of short-term BPV
with dialysis initiation and/or transplantation and to
identify clinical determinants of short-term BPV in pa-
tients with CKD.

METHODS

The data that support the findings of this study are
available from the corresponding author upon reason-
able request.

Study Population

This was a multicenter, prospective cohort study of
patients with CKD stages 1 to 4 from C-STRIDE. The
design and methods of C-STRIDE have been de-
scribed in detail elsewhere.'”'® From November 2011 to
December 2016, a total of 3700 participants from 39
clinical centers in 22 provinces of China were enrolled in
C-STRIDE. The basic characteristics of the participants
in C-STRIDE are listed in Table S1. Among the enrolled
patients, 2114 had undergone ABPM; 693 were ex-
cluded because of missing data regarding SD values in
ABPM records. Finally, 1421 patients were included in
the present analysis (Figure 1). The patients included in
the current analysis had a distribution of baseline char-
acteristics comparable to those of patients who were
excluded (Table S1). The study protocol was approved
by the ethics committee of Peking University First
Hospital and was in compliance with the tenets of the
Declaration of Helsinki. All participants provided written
informed consent before enroliment in the study.

BP Measurements

CBP was measured with mercury sphygmomanome-
tersin patients in the sitting position, 3 times at 1-minute
intervals, by an experienced nurse. Participants were
advised to avoid ingestion of spicy foods or stimulant
drinks (eg, coffee or tea), to avoid smoking and stren-
uous exercise for at least 90 minutes before the BP
examination, and to rest for at least 5 minutes before
the BP examination. CBP values were recorded as the
mean of the 3 readings.

ABP was measured using equipment that be-
longed to each participating center. The type and
manufacturer of the equipment were not specified
before the study, but the equipment was required to
be approved for clinical use by the State Food and
Drug Administration of China. Diurnal and nocturnal
BPs were arbitrarily defined as 7 am to 10 pv and
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Figure 1. Flowchart of patient enroliment.

ABPM indicates ambulatory blood pressure monitoring; Q, quartile; w-SD, weighted SD of systolic blood

pressure.

10 Pm to 7 Awm, respectively. ABP was recorded at
15-minute intervals during the day and at 30-minute
intervals during the night. Diurnal BP was the mean
value of 15 hours (7 am—10 pm), while nocturnal BP
was the mean value of 9 hours (10 pPv—7 Awm). Valid
measurements were regarded as successful docu-
mentation of at least 70% of BP readings taken during
a 24-hour period. Both CBP and ABP measurements
were taken from the nondominant arm with an ap-
propriate cuff size based on arm circumference at
the time of enroliment.

Short-Term Systolic BPV Definition

Weighted SD (w-SD) was used in the present study
to assess short-term systolic BPV. w-SD was defined
as the mean SD of diurnal and nocturnal systolic BP
(SBP), weighted for the duration of the daytime and
nighttime interval, respectively.'® The w-SD was cal-
culated as the following formula: w-SD=(diurnal
SDx15 hours+nocturnal SDx9 hours)/24 hours. Diurnal
and nocturnal SDs of SBP were derived directly by
ABPM within each individual collection period and re-
corded as mean values.

Outcomes

Renal outcomes were defined as dialysis initiation and/
or transplantation. Patients were followed up at 3-
month intervals, either by phone calls or routine clini-
cal visits. Follow-up was terminated at the occurrence
of death, loss to follow-up, or a predefined end date
(December 31, 2017).

Covariate Definition

Smoking was defined as currently smoking or any
history of smoking. Diabetes mellitus was defined as
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fasting plasma glucose >7.0 mmol/L, a self-reported
history of diabetes mellitus, or current use of anti-
diabetes mellitus medication. Body mass index was
calculated by the following formula: body mass
index=weight (kg)/height? (m?). Anemia was defined
as hemoglobin level <100 g/L. Dyslipidemia was de-
fined as the presence of at least 1 of following ob-
servations: serum total cholesterol level >200 mg/
dL (5.2 mmol/L per L), triglycerides level >150 mg/dL
(1.7 mmol/L per L), low-density lipoprotein cholesterol
level >130 mg/dL (3.4 mmol/L per L), high-density li-
poprotein cholesterol level <40 mg/dL (1.0 mmol/L
per L), or current use of lipid-lowering drugs. Dipper
status was defined as the ratio of nighttime SBP/day-
time SBP <0.9. Cardiovascular disease (CVD) history
was defined as the past occurrence of myocardial
infarction, hospital admission for congestive heart
failure, or severe cardiac arrhythmia incidents (eg,
resuscitated cardiac arrest, ventricular fibrillation,
sustained ventricular tachycardia, paroxysmal ven-
tricular tachycardia, atrial fibrillation or flutter, severe
bradycardia, or heart block). The glomerular filtration
rate was estimated from serum creatinine measure-
ments and demographic characteristics, in accord-
ance with the Chronic Kidney Disease Epidemiology
Collaboration equation.?® Patients were classified
into 4 stages according to the estimated glomerular
filtration rate (eGFR): CKD stage 1 (=90 mL/min per
1.73 m?), CKD stage 2 (60-89 mL/min per 1.73 m?),
CKD stage 3 (30-59 mL/min per 1.73 m?), and CKD
stage 4 (15-29 mL/min per 1.73 m?).?!

Statistical Analysis

Continuous variables with normal Gaussian distri-
bution are expressed as means+SDs, while vari-
ables with non-normal distributions are expressed
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Table 1. Baseline Demographic and Clinical Characteristics of Patients Stratified by Quartiles of w-SD
Total Quartile 1 Quartile 2 Quartile 3 Quartile 4
(N=1421) (n=355) (n=348) (n=362) (n=356) P Value
Age, y 49.4+13.6 43.5+13.3 48.5+13.6 51.7+12.8 53.7+12.6 <0.001
Men, No. (%) 798 (56) 186 (52) 203 (58) 215 (59) 194 (55) 0.20
Smokers, No. (%) 473 (34) 104 (30) 121 (35) 124 (35) 124 (35) 0.32
DM, No. (%) 285 (25) 50 (18) 65 (25) 72 (24) 98 (31) 0.005
History of CVD, No. (%) 144 (10) 21 (6) 35 (10) 37 (10) 51 (14) 0.003
Causes of CKD, No. (%) <0.001
DKD 180 (12.9) 27 (7.7) 36 (10.6) 46 (13.0) 71 (20.1)
Glomerulonephritis 835 (59.6) 251 (71.5) 209 (61.3) 194 (54.6) 181 (51.2)
Other 385 (27.5) 73 (20.8) 96 (28.2) 115 (32.4) 101 (28.6)
BMI, kg/m? 24.7+3.9 23.8+3.9 24.8+3.9 25.2+3.8 24.8+3.8 <0.001
Serum albumin, g/L 39.3+7.0 38.9+7.4 39.3+6.8 38.9+7.3 39.9+6.4 0.26
FBG, mmol/L 5.08 (4.53-5.65) 4.95 (4.51-5.65) 4.96 (4.47-5.61) | 4.96 (4.46-5.53) 513 (4.71-5.81) 0.035
Hemoglobin, g/L 126.0+22.2 126.6+21.8 127.4+23.0 126.0+£22.5 123.9+21.5 0.19
Triglycerides, mmol/L 1.73 (1.20-2.38) 1.66 (1.09-2.18) 1.76 (1.21-2.46) 1.78 (1.17-2.43) 1.75 (1.24-2.31) 0.09
TC, mmol/L 4.68 (3.81-5.53) 4.64 (3.78-5.50) 4.49 (3.76-5.34) 4.71 (3.94-5.58) 4.74 (4.00-5.64) 0.21
HDL-C, mmol/L 1.09 (0.91-1.31) 1.05 (0.93-1.26) 1.05 (0.87-1.25) 1,09 (0.89-1.33) 1.12 (0.94-1.36) 0.01
LDL-C, mmol/L 2.60 (2.07-3.23) 2.62(1.99-3.23) | 2.52 (2.02-3.12) 2.68 (2.07-3.26) 2.59 (2.20-3.28) 0.29
24-h Proteinuria, g/d 0.87 (0.33-1.98) 0.73 (0.31-1.74) 0.86(0.33-2.06) | 0.87 (0.29-1.95) 0.77 (0.28-1.88) 0.21
Creatinine, mol/L 144.7 126.0 140.9 148.0 157.5 <0.001
(101.0-202.0) (84.0-182.8) (97.3-203.8) (108.0-205.5) (119.3-206.5)
eGFR, mL/min per 1.73 m? 50.5+29.3 59.6+32.9 511+29.4 48.6+27.7 42.8+24.2 <0.001
CKD stage, No. % <0.001
1 192 (13) 81 (22) 44 (13) 44 (12) 23 (7)
2 241 (17) 75 (21) 64 (18) 54 (15) 48 (14)
3 569 (40) 112 (32) 138 (40) 166 (43) 163 (46)
4 419 (30) 87 (25) 102 (29) 108 (30) 122 (34)

Values are expressed as mean+SD or 95% Cl unless otherwise indicated. Missing data: smokers 22, diabetes mellitus (DM) 270, history of cardiovascular
disease (CVD) 8, body mass index (BMI) 178, serum albumin 285, fasting blood glucose (FBG) 315, hemoglobin 60, triglycerides 341, total cholesterol (TC) 342,
high-density lipoprotein cholesterol (HDL-C) 372, low-density lipoprotein cholesterol (LDL-C) 372, and 24-hour proteinuria 65. CKD indicates chronic kidney
disease; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration rate; and w-SD, weighted SD of systolic blood pressure.

as medians and interquartile ranges. Categorical
variables are expressed as frequencies and propor-
tions. According to their distributions, 1-way ANOVA
or Kruskal-Wallis test were used to compare differ-
ences among groups for continuous variables, while
chi-square test and Fisher exact test were used to
compare differences among groups for categori-
cal variables. Univariate and multivariate linear re-
gression analyses were performed to analyze the
potential determinant(s) of w-SD. Variables with sig-
nificance in univariate analysis were included in mul-
tivariate analysis.

The incidence rates of renal outcomes were calcu-
lated as numbers of outcomes per 1000 patient-years.
Survival curves of individual quartiles of w-SD were
calculated by Kaplan—-Meier methods. Log-rank tests
were used to compare outcome rates among each
quartile.

A multivariable Cox proportional hazards regres-
sion model was used to investigate associations
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between w-SD and renal outcomes. Four models
were constructed. Model 1 was adjusted for age
(continuous) and sex (male versus female), body mass
index (continuous), smoking (yes versus no), history
of CVD (yes versus no), antihypertensive therapy (yes
versus no), diabetes mellitus (yes versus no), albu-
min level (continuous), anemia (yes versus no), dys-
lipidemia (yes versus no), log-transformed proteinuria
level (continuous), dipper status (yes versus no), and
eGFR (continuous). To further assess whether the as-
sociations were independent of BP value, w-SD was
additionally adjusted for 24-hour SBP in model 2,
daytime SBP in model 3, and nighttime SBP in model
4. Hazard ratios (HRs) and 95% Cls were reported.
For Cox regression analysis, in order to reduce the
loss of sample, missing values were filled with means
for continuous variables with normal distributions
and with medians for continuous variables with non-
normal distribution, while categorical variables were
filled with a separate category. The proportional
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hazards assumption was tested by assessing the
log-log plot of survival and using Schoenfeld resid-
uals. No violations were found for any of the covari-
ates. Sensitivity analyses were performed in patients
with complete data. Data were analyzed using SPSS
Statistics version 22.0 (IBM). A 2-sided P<0.05 was
considered statistically significant.

RESULTS

Baseline Characteristics

Table 1 shows the main demographic and clinical
features of the 1421 enrolled patients, stratified by
quartiles of w-SD. The mean age of the cohort was
49.4+13.6 years, with 56.2% men. Notably, 33.8% of
patients were smokers, while 24.8% of patients ex-
hibited diabetes mellitus and 12.7% had a history of
CVD. Of the patients, 13.5% were classified as having
stage 1 CKD, 17% were classified as having stage 2
CKD, 40% were classified as having stage 3 CKD, and
29.5% were classified as having stage 4 CKD. Patients
in the highest quartile of w-SD were older, with a higher
prevalence of diabetes mellitus and history of CVD and
lowest eGFR. No difference in terms of proteinuria was
detected across w-SD quartiles (P=0.21).

Short-Term BP Variability and ESRD

The overall w-SD of SBP was 12.6+4.4 mm Hg: di-
urnal SD of SBP was 13.4+5.4 mm Hg and nocturnal
SD of SBP was 11.4+4.6 mm Hg. Clinic and ambu-
latory 24-hour, diurnal, and nocturnal BP, as well as
diurnal and nocturnal SD of SBP, and the proportion of
dippers increased across quartiles of w-SD (Table 2).
Consistent with these findings, the proportions of pa-
tients with 24-hour, diurnal, and nocturnal BP at target
levels progressively decreased from the lowest quartile
to the highest quartile (Table 2). When compared with
nondipper patients, dipper patients had higher w-SD
(13.9+£4.9 versus 12.2+4.1 mm Hg, P<0.001) and higher
diurnal SD of SBP (15.3+6.3 versus 12.7+4.8 mm Hg,
P<0.001), whereas nocturnal SD of SBP did not signifi-
cantly differ (11.6+4.7 versus 11.3+4.6 mm Hg, P=0.23).

Factors Associated With w-SD

w-SD was positively associated with age, body mass
index, diabetes mellitus, history of CVD, 24-hour SBP,
dipper status, and antihypertensive therapy (ie, with
angiotensin Il receptor blocker, calcium antagonist, or
B-blocker medication), whereas it was negatively as-
sociated with cause of CKD (glomerulonephtritis versus
diabetic kidney disease) and eGFR in univariate analy-
sis. After multivariable adjustment, w-SD remained

Table 2. Clinic and Ambulatory BP Parameters of Patients Stratified by Quartiles of w-SD

Total Quartile 1 Quartile 2 Quartile 3 Quartile 4

(N=1421) (n=355) (n=348) (n=362) (n=356) P Value
Clinic SBP, mm Hg 129.2+17.3 1238.9+15.0 128.5+15.6 131.8+17.1 133.1+£20.1 <0.001
Clinic DBP, mm Hg 80.5+10.6 78.2+£10.4 80.5+9.5 81.3+11.1 821111 <0.001
CBP <140/90 mm Hg, 884 (76) 263 (87) 227 (77) 210 (71) 184 (70) <0.001
No. (%)
24-h SBP, mm Hg 128.7+17.3 120.7£15.4 125.5+15.1 131.0+16.0 137.2+18.3 <0.001
24-h DBP, mm Hg 78.9+10.8 76.3+10.6 78.3+10.2 80.0+11.4 81.1£10.4 <0.001
24-h BP 616 (44) 210 (60) 159 (46) 136 (38) 111 (31) <0.001
<130/80 mm Hg, No. (%)
Daytime SBP, mm Hg 130.6+17.3 122.0+15.4 127.4+14.8 132.8+15.7 140.0+18.0 <0.001
Daytime DBP, mm Hg 80.5+10.9 77.7£10.8 79.7+10.1 81.5+11.3 82.7+10.3 <0.001
Daytime BP 773 (55) 251 (71) 209 (60) 178 (49) 135 (38) <0.001
<135/85 mm Hg, No. (%)
Nighttime SBP, mm Hg 123.3+18.9 115.6+15.8 120.6+16.1 126.6+18.8 130.1+21.1 <0.001
Nighttime DBP, mm Hg 74.9+11.8 72.4+11.5 73.7+10.8 76.4+12.8 76.9+11.5 <0.001
Nighttime BP 400 (28) 133 (38) 101 (29) 94 (26) 72 (20) <0.001
<120/70 mm Hg, No. (%)
Dipper, No. (%) 372 (26) 70 (20) 76 (22) 89 (25) 137 (39) <0.001
w-SD, mm Hg 12.6+4.4 8.0+1.2 10.5+0.6 13.3+1.0 18.7+3.3 <0.001
Diurnal SD, mm Hg 13.4+5.4 8.3+1.8 10.9+1.5 13.9+2.2 20.4+4.9 <0.001
Nocturnal SD, mm Hg 11.4+4.6 7.5+2.3 10.0+2.6 12.2+3.3 16.9+4.8 <0.001
Antihypertensive 918 (65) 213 (61) 227 (65) 253 (70) 225 (63) <0.001
treatment, No. (%)

Values are expressed as mean+SD unless otherwise indicated. Missing counts: clinic systolic blood pressure (SBP) 262, clinic diastolic blood pressure (DBP)
261, 24-hour SBP 4, 24-hour average DPB 4, daytime SBP 3, daytime DBP 2, nighttime DBP 5, dipper 3, and antihypertensive treatment 244. BP indicates
blood pressure; CBP, clinic blood pressure; and w-SD, weighted SD of systolic blood pressure.
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significantly associated with age, 24-hour SBP, dipper
status, and angiotensin Il receptor blocker therapy; the
association with eGFR was lost (Table 3). Proteinuria
was not associated with w-SD in unadjusted or ad-
justed analysis.

Outcome Analysis

During a median follow-up of 4.9 years (interquartile
range, 4.0-5.6 years), 237 patients initiated dialysis
and/or received transplantation, corresponding to an
outcome rate of 37.01 per 1000 patient-years. Cox
regression analysis showed that w-SD, when ex-
pressed as a continuous variable, was associated
with 47% greater risk of renal outcomes (HR, 1.47;
95% Cl, 1.09-1.99) for each 10-mm Hg increase after

Table 3. Univariate and Multivariate Liner Regression
Analysis of w-SD

Univariate Multivariate”
B P Value B P Value
Age 0.085 <0.001 0.06 <0.001
Sex (male vs female) 0.044 0.851
BMI 0.089 0.005 0.003 0.93
Smoking (yes vs no) 0.29 0.239
DM (yes vs no) 0.985 0.001 -0.48 0.21
CVD history (yes 1.582 <0.001 0.31 0.35
VS NO)
Causes of CKD -1.967 <0.001 -0.078 0.87
(glomerulonephritis
vs DKD)
Anemia (yes vs no) 0.052 0.888
Dyslipidemia (yes 0.255 0.549
VS NO)
eGFR -0.027 <0.001 -0.005 0.25
Log-transformed -0.29 0.168
24-h proteinuria
24-h SBP 0.089 <0.001 0.076 <0.001
Dipper 1.724 <0.001 1.92 <0.001
Antihypertensive therapy
ACEI (yes vs no) -0.432 0.12
ARB (yes vs no) 0.869 <0.001 0.658 0.002
CCB (yes vs no) 172 <0.001 0.129 0.599
a-Blocker (yes 0.723 0.254
VS NO)
B-blocker (yes 1.309 <0.001 0.312 0.233
VS No)
Diuretic (yes vs 1.029 0.023 -0.218 0.599
no)

ACEl indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin
Il receptor blocker; BMI, body mass index; CCB, calcium channel blocker;
CKD, chronic kidney disease; CVD, cardiovascular disease; DKD, diabetic
kidney disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration
rate; SBP, systolic blood pressure; and w-SD, weighted SD of systolic blood
pressure.

*Variables included in the multivariate analysis were those with significance
in univariate analysis.
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adjustment for demographic and traditional risk fac-
tors. The HR remained statistically significant after
further adjustments for 24-hour SBP, daytime SBP,
and nighttime SBP (Table 4). In addition, diurnal SD
of SBP was independently associated with renal
outcomes (HR, 1.36; 95% CI, 1.08-1.72), whereas
nocturnal SD of SBP was not (HR, 1.18; 95% ClI,
0.89-1.55) (Table S2).

The incidence rate increased across the quartiles
of w-SD (quartile 1, 27.74; quartile 2, 32.74; quartile 3,
37.30; quartile 4, 50.47 per 1000 patient-years, log-rank
P=0.005) (Figure 2). Multivariable Cox regression anal-
ysis showed that w-SD in categorical form was associ-
ated with an increased risk of renal outcomes (quartile
4 versus quartile 1: HR, 1.85; 95% ClI, 1.28-2.66 in
unadjusted model and HR, 1.60; 95% ClI, 1.08-2.36
in model 1). The findings remained largely unchanged
after further adjustments for 24-hour SBP, daytime
SBP, and nighttime SBP (Table 5). The sensitivity analy-
ses showed consistent results (Tables S3 and S4).

DISCUSSION

In the present study, we investigated associations be-
tween short-term systolic BPV and renal outcomes, as
well as clinical factors associated with BPV, in a large
prospective cohort of patients with CKD. Older age,
24-hour SBP, dipper status, and angiotensin Il recep-
tor blocker therapy were significantly associated with
short-term systolic BPV. Short-term systolic BPV was
independently associated with the risk of renal out-
comes, irrespective of 24-hour, diurnal, and nocturnal
SBP. This finding indicates a potential role for short-
term SBP fluctuation in the risk of end-stage renal dis-
ease in patients with CKD.

BP fluctuation during a 24-hour cycle is a com-
plex physiologic phenomenon, which is regarded
as short-term BPV. Many mechanisms have been
proposed to explain an increase in short-term BPV
(eg, emotional, environmental, behavioral, or neuro-
humoral factors, as well as increased arterial stiff-
ness); however, the specific mechanism remains
unknown.?? Notably, interactions of these mech-
anisms with BPV suggest a potential pathophys-
iologic association between short-term BPV and
target organ damage. For instance, Ozkayar et al®®
identified an association between local activation of
the renal renin—angiotensin system and an increase
in BPV in patients with hypertension. Aoki et al®
found that wide BPV aggravates preglomerular arte-
riolosclerosis through a local angiotensin-mediated
mechanism in spontaneously hypertensive rats.
In addition, sympathetic activation is a major con-
tributor to BPV. Overactivation of the sympathetic
nervous system is known to be involved in the de-
velopment and progression of CVD and CKD, either
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Table 4. Multivariate Cox Regression Analysis of the Association of Continuous w-SD With Renal Outcome

Unadjusted Model 1 Model 2 Model 3 Model 4

HR (95% CI) HR (95% CI) HR (95% ClI) HR (95% ClI) HR (95% ClI)
w-SD (per 10 mm Hg) 1.45 (1.11-1.88) 1.47 (1.09-1.99) 1.45 (1.04-2.02) 1.45 (1.04-2.02) 1.46 (1.05-2.03)
24-h SBP (per 10 mm Hg) 1.29 (1.22-1.38) 0.97 (0.89-1.06)
Daytime SBP (per 10 mm Hg) 1.29 (1.21-1.37) 1.01 (0.93-1.09)
Nighttime SBP (per 10 mm Hg) 1.27 (1.20-1.35) 1,01 (0.93-1.09)
Age 1.00 (0.99-1.01) 0.97 (0.96-0.98) 0.97 (0.96-0.98) 0.97 (0.96-0.98) 0.97 (0.96-0.98)
Sex (male vs female) 1.32 (1.01-1.71) 1.74 (1.21-2.51) 1.74 (1.20-2.50) 1.74 (1.20-2.50) 1.74 (1.20-2.51)
BMI 0.96 (0.93-1.00) 0.99 (0.95-1.02) 0.98 (0.95-1.02) 0.98 (0.95-1.02) 0.99 (0.95-1.02)
Smoker 1.45 (1.12-1.88) 1.08 (0.76-1.52 1.08 (0.76-1.52) 1.08 (0.76-1.52) 1.08 (0.76-1.52)
DM 1.98 (1.48-2.64) 1.28 (0.91-1.79) 1.27 (0.91-1.79) 1.27 (0.91-1.79) 1.27 (0.91-1.79)
History of CVD 117 (0.82-1.68) 0.98 (0.66-1.45) 0.98 (0.66-1.45) 0.98 (0.66-1.45) 0.98 (0.66-1.45)
Antihypertensive treatment 2.30 (1.50-3.51) 1.31 (0.84-2.05) 1.31 (0.84-2.04) 1.31 (0.84-2.04) 1.31 (0.84-2.04)
Dyslipidemia 1.02 (0.63-1.64) 0.95 (0.57-1.57) 0.94 (0.57-1.57) 0.94 (0.57-1.57) 0.94 (0.57-1.57)
Serum albumin 0.95 (0.94-0.97) 0.96 (0.94-0.99) 0.96 (0.94-0.99) 0.96 (0.94-0.99) 0.96 (0.94-0.99)
Anemia 3.84 (2.89-5.11) 1.92 (1.39-2.64) 1.92 (1.39-2.64) 1,92 (1.39-2.64) 1.92 (1.39-2.64)
Log-transformed 24-h proteinuria 4.43 (3.42-5.75) 2.11 (1.50-2.95) 2.10 (1.49-2.94) 2.10 (1.49-2.94) 2.10 (1.49-2.95)
eGFR 0.93 (0.92-0.94) 0.93 (0.92-0.94) 0.93 (0.92-0.94) 0.93 (0.92-0.94) 0.93 (0.92-0.94)
Dipper 0.71 (0.52-0.97) 0.91 (0.67-1.28) 0.91 (0.65-1.27) 0.91 (0.65-1.27) 0.92 (0.65-1.31)

Model 1: adjusted for age and sex, smoking, body mass index (BMI), diabetes mellitus (DM), history of cardiovascular disease (CVD), antihypertensive
treatment, serum albumin, anemia, dyslipidemia, dipper, log-transformed 24-hour proteinuria, and estimated glomerular filtration rate (eGFR). Model 2: model
1+24-hour systolic blood pressure (SBP). Model 3: model 1+daytime SBP. Model 4: model 1+nighttime SBP. HR indicates hazard ratio; and w-SD, weighted

SD of systolic blood pressure.

directly or through interactions with the angiotensin
system.?526 Therefore, short-term BPV has emerged
as a potential clinical index with pathophysiological
relevance.
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Figure 2. Kaplan-Meier hazard curve for renal outcomes
by patients with quartiles of weighted SD of systolic blood
pressure (w-SD).

Q1 indicates patients with w-SD <9.6 mm Hg; Q2, patients with
w-SD >9.6 mm Hg and w-SD <11.9 mm Hg; Q3, patients with w-
SD >11.9 mm Hg and w-SD <15.1 mm Hg; and Q4, patients with
w-SD >15.1 mm Hg.
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There is growing evidence that short-term BPV
is associated with an increased risk of target organ
damage and cardiovascular events in the general
population and patients with hypertension in a man-
ner independent of mean BP values, which supports
its role as a potential cardiovascular risk factor, rather
than a limited physiologic response.-2 With respect to
kidney function, the Jackson Heart Study showed that
short-term BPV was significantly higher in patients with
CKD than in patients without CKD."® A larger study of
16 546 participants from the Spanish ABPM Registry
database' confirmed that short-term BPV was higher
in patients with hypertension with CKD than in pa-
tients with hypertension without CKD. In addition,
that study revealed a tendency for higher short-term
BPV with progression of CKD. In the present study,
we observed that eGFR decreased as w-SD increased
from quartile 1 to quartile 4. Furthermore, short-term
BPV alone has been associated with left ventricular
hypertrophy and renal arteriolar hyalinosis in patients
with CKD.?” The results from the present study and
the prior cross-sectional studies suggest that short-
term BPV might have potential pathophysiological rel-
evance with respect to CKD progression. However, to
the best of our knowledge, there have been minimal
longitudinal cohort data regarding the relationship be-
tween short-term BPV and renal outcome. Recently,
one study from ltaly, which enrolled 465 nondialysis
patients with CKD, showed that short-term BPV did
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Table 5. Multivariate Cox Regression Analysis of the Association of Categorized w-SD With Renal Outcome

Unadjusted Model 1 Model 2 Model 3 Model 4
HR (95% ClI) HR (95% ClI) HR (95% CI) HR (95% CI) HR (95% ClI)
w-SD
Quartile 1 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Quartile 2 119 (0.80-1.78) 1.26 (0.84-1.89) 1.26 (0.84-1.90) 1.25(0.83-1.88) 1.25(0.83-1.88)
Quartile 3 1.33 (0.90-1.96) 116 (0.78-1.73) 118 (0.79-1.77) 113 (0.75-1.70) 113 (0.75-1.71)
Quartile 4 1.85 (1.28-2.66) 1.60 (1.08-2.36) 1.64 (1.10-2.45) 1.55 (1.03-2.33) 1.56 (1.04-2.33)
24-h SBP (per 1.29 (1.22-1.38) 0.98 (0.90-1.07)
10 mm Hg)
Daytime SBP (per 1.29 (1.21-1.37) 1.02 (0.94-1.10)
10 mm Hg)
Nighttime SBP (per 1.27 (1.20-1.35) 1.02 (0.94-1.10)
10 mm Hg)
Age 1.00 (0.99-1.01) 0.97 (0.96-0.99) 0.97 (0.96-0.98) 0.97 (0.96-0.99) 0.97 (0.96-0.99)
Sex (male vs female) 1.32 (1.01-1.71) 1.74 (1.21-2.50) 1.75 (1.21-2.53) 1.73 (1.20-2.49) 1.73 (1.20-2.50)
BMI 0.96 (0.93-1.00) 0.99 (0.95-1.02) 0.97 (0.95-1.02) 0.98 (0.95-1.02) 0.98 (0.95-1.02)
Smoker 1.45 (1.12-1.88) 1.07 (0.76-1.51) 1.07 (0.77-1.52) 1.07 (0.75-1.51) 1,07 (0.75-1.51)
DM 1.98 (1.48-2.64) 1.32 (0.94-1.85) 1.33 (0.95-1.87) 1.31 (0.94-1.84) 1.30 (0.93-1.83)
History of CVD 117 (0.82-1.68) 0.97 (0.66-1.44) 0.97 (0.66-1.44) 0.97 (0.65-1.44) 0.97 (0.65-1.43)
Antihypertensive 2.30 (1.50-3.51) 1.32 (0.85-2.06) 1.33(0.85-2.07) 1.32 (0.85-2.06) 1.32 (0.84-2.05)
treatment
Dyslipidemia 1.02 (0.63-1.64) 0.92 (0.56-1.54) 0.98 (0.56-1.55) 0.92 (0.55-1.53) 0.92 (0.55-1.53)
Serum albumin 0.95 (0.94-0.97) 0.96 (0.94-0.99) 0.96 (0.94-0.99) 0.97 (0.94-0.99) 0.97 (0.94-0.99)
Anemia 3.84 (2.89-5.11) 1.94 (1.41-2.68) 1.94 (1.41-2.67) 1.94 (1.41-2.67) 1.94 (1.41-2.67)
Log-transformed 24-h 4.43 (3.42-5.75) 210 (1.49-2.94) 211 (1.50-2.96) 2.08 (1.48-2.92) 2.08 (1.48-2.92)
proteinuria
eGFR 0.93 (0.92-0.94) 0.93 (0.92-0.94) 0.93 (0.92-0.94) 0.93 (0.92-0.94) 0.93 (0.92-0.94)
Dipper 0.71(0.52-0.97) 0.92 (0.67-1.28) 0.91 (0.66-1.27) 0.91 (0.65-1.27) 0.94 (0.66-1.33)

Model 1: adjusted for age and sex, smoking, body mass index (BMI), diabetes mellitus (DM), history of cardiovascular disease (CVD), antihypertensive
treatment, serum albumin, anemia, dyslipidemia, dipper, log-transformed 24-hour proteinuria, and estimated glomerular filtration rate (€GFR). Model 2: model
1+24-hour systolic blood pressure (SBP). Model 3: model 1+daytime SBP. Model 4: model 1+nighttime SBP. HR indicates hazard ratio; quartile 1, patients with
weighted SD of SBP (w-SD) <9.6 mm Hg; quartile 2, patients with w-SD >9.6 mm Hg and w-SD<11.6 mm Hg; quartile 3, patients with w-SD >11.6 mm Hg and

w-SD <15.1 mm Hg; and quartile 4, patients with w-SD>15.1 mm Hg.

not predict the risk of rapid CKD progression, defined
as dialysis or transplantation or at least 50% decline in
eGFR." Considering these findings, we analyzed data
from our CKD cohort study with a follow-up design to
determine whether short-term BPV is implicated in the
progression of CKD. w-SD was selected as an indi-
cator for short-term BPV in the present study, based
on its ability to reduce the confounding effects of day-
night BP fluctuations.'® Renal outcomes were defined
as dialysis initiation and/or transplantation. We found
that w-SD, both as a continuous variable and as a cat-
egorical variable, was positively associated with renal
outcomes in the present study. The discrepant results
between the Italian study and the present study might
be related to different patient characteristics in each
cohort, such as participant ethnicity and baseline
characteristics (eg, age, eGFR, proteinuria, and history
of CVD), as well as causes of CKD. For instance, most
participants in the lItalian cohort exhibited hyperten-
sive nephropathy, while most of our patients exhibited

J Am Heart Assoc. 2020;9:e015359. DOI: 10.1161/JAHA.120.015359

chronic glomerulonephritis. However, because of its
large sample size and long follow-up period, we con-
sider our results to be strong support for the notion
that short-term BPV can serve as an independent
predictor of CKD progression. Meanwhile, the current
study is an observational cohort study. The causal re-
lationship still could not be fully derived based on the
nature of the current study, although important risk
factors for end-stage renal disease such as age and
eGFR have been adjusted. Further studies are needed
to validate the association and identify the underlying
mechanisms.

In this study, we also analyzed clinical factors that
were associated with short-term BPV. The observed
associations between dipper status and w-SD, as well
as between angiotensin Il receptor blocker treatment
and w-SD, were novel and potentially useful. The pro-
portion of dipper patients progressively increased with
the quartiles of w-SD in the present study. Increased
salt excretion during the night, overactivation of the
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sympathetic and renin—angiotensin systems during the
night, and sleeping disturbance are common symp-
toms in patients with CKD.?2° These factors, either
alone or in combination, reduce the occurrence of
nocturnal BP dipping, which might lead to reduction of
short-term BPV. In the present study, nondippers had
lower w-SD compared with dippers. This appears to be
paradoxical, because nondipper status was presumed
to be associated with renal progression in patients with
CKD. However, BP rhythm is not necessarily associ-
ated with BP values. We noticed that the hypertension
burden, in addition to the proportion of dipper patients,
also increased with the quartiles of w-SD in the pres-
ent study. Several recent studies have shown that the
hypertension burden, rather than the BP rhythm alone,
was implicated in renal outcomes in patients with
CKD.323With respect to antihypertensive drug therapy,
the unique pharmacokinetics and pharmacodynamics
of each drug class, as well as the timing of administra-
tion, may also contribute to BP fluctuation.®?

Our study had a few notable strengths. First, the
source of the data, C-STRIDE, was a large, multicenter,
prospective cohort study of participants with various
CKD causes and comorbidities, which was generally
representative of Chinese patients with CKD. Second,
individuals were followed up regularly to ascertain the
occurrence of end point events (ie, outcomes). However,
our analysis also had several limitations. First, some of
the participants were excluded from this analysis be-
cause of incomplete ABPM data necessary to calculate
w-SD, which may have contributed to selection bias.
However, the enrolled patients were younger, included a
low proportion of smokers, and had a high level of albu-
min, a low level of serum lipids, and low clinic SBP, com-
pared with patients who were excluded, which meant
lower risk of CKD progression. Second, although our
multivariable analyses included careful adjustment for
covariates, we could not exclude the possibility of re-
sidual confounding by other unrecorded covariates that
were not identified. Third, a single instance of ABPM
was performed for each enrolled patient without longi-
tudinal measurement. The differing sampling rates be-
tween diurnal and nocturnal with overall 70% successful
recordings may presumably allow for more unsuccess-
ful measurement during sleep. All of these might have
introduced bias into the calculation of w-SD. Finally, only
Chinese patients with CKD were included in the analy-
sis, which reduces the generalizability of our findings.
Because of these limitations, our findings should be
confirmed in additional independent studies.

CONCLUSIONS

Our findings suggest that short-term systolic BPV
was significantly associated with renal outcomes,
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independent of mean SBP level, in patients with CKD.
If these results are confirmed in future studies, evalu-
ations and interventions regarding short-term BPV
should be included in the management of patients with
CKD. Such changes may slow the progression of renal
disease in these patients.

APPENDIX

C-STRIDE Collaborators

Peking University First Hospital: Ming-Hui Zhao
and Luxia Zhang; the Affiliated Hospital of Hubei
Traditional Chinese Medical College: Xiaogin Wang
and Jun Yuan; the Xiangya Hospital of Central
South University: Qiaoling Zhou and Qiongjing Yuan;
General Hospital of Ningxia Medical University:
Menghua Chen and Xiaoling Zhou; the Second
Hospital of Hebei Medical University: Shuxia Fu and
Shaomei Li; Guizhou Provincial People’s Hospital:
Yan Zha and Rongsai Huang; the First Affiliated
Hospital of Zhengzhou University: Zhangsuo Liu and
Jun Zhang; Sichuan Academy of Medical Sciences
and Sichuan Provincial People’s Hospital: Li Wang
and Lei Pu; the First Affiliated Hospital of Xinjiang
University of Medicine: Jian Liu and Suhua Li; Peking
University Shenzhen Hospital: Zuying Xiong and
Wei Liang; Xingiao Hospital: Jinghong Zhao and
Jiao Mu; the Second Affiliated Hospital of Kunming
Medical College: Xiyan Lian and Yunjuan Liao; the
First Affiliated Hospital of Chongging University
of Medicine: Hua Gan and Liping Liao; Shandong
Provincial Hospital: Rong Wang and Zhimei Lyv;
the First Affiliated Hospital of Guangxi University
of Medicine: Yunhua Liao and Ling Pan; the First
Affiliated Hospital of the Medical College, Shihezi
University: Xiaoping Yang and Zhifeng Lin; Yuxi City
People’s Hospital: Zongwu Tong and Yun Zhu; Beilun
People’s Hospital in Ningbo: Qiang He and Fuquan
Wu; the Second Affiliated Hospital of Tianjin University
of Medicine: Rong Li and Kai Rong; the First Affiliated
Hospital of Baotou Medical College: Caili Wang and
Yanhui Zhang; Peking University Third Hospital: Yue
Wang and Wen Tang; Beijing Hospital of Ministry of
Health: Hua Wu and Ban Zhao; the Second Hospital
of Shanxi University of Medicine: Rongshan Li and
Lihua Wang; Shengjing Hospital of China Medical
University: Detian Li and Feng Du; the First Affiliated
Hospital of Anhui University of Medicine: Yonggui
Wu and Wei Zhang; Tianjin Medical University
General Hospital: Shan Lin and Pengcheng Xu;
the First Affiliated Hospital of Dalian University of
Medicine: Hongli Lin; Shandong University Qilu
Hospital: Zhao Hu and Fei Pei; the Affiliated Hospital
of Hebei University: Haisong Zhang and Yan Gao;
Dongzhimen Hospital Affiliated to Beijing University
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of Chinese Medicine: Luying Sun and Xia Li; Chifeng
Second Hospital: Wenke Wang and Fengling Ly;
the Second Affiliated Hospital of Anhui University
of Medicine: Deguang Wang and Xuerong Wang;
Qianfoshan Hospital: Dongmei Xu and Lijun Tang;
China Rehabilitation Research Center, Beijing Boai
Hospital: Yingchun Ma and Tingting Wang; West
China Hospital of Sichuan University: Ping Fu and
Tingli Wang; the First Affiliated Hospital with Nanjing
Medical University: Changying Xing and Chengning
Zhang; Minhang Central Hospital: Xudong Xu
and Haidong He; the Second Affiliated Hospital of
Chongging University of Medicine: Xiaohui Liao and
Shugin Xie; and the Affiliated Hospital of Chengde
Medical College: Guicai Hu and Lan Huang.
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SUPPLEMENTAL MATERIAL



Table S1. Comparison of baseline characteristics between included and excluded participants in

the current study.

Total Excluded cases Included cases

(N=3700) (N=2279) (N=1421) "
Age, years 49.94+14.30 50.3+14.7 49.3+£13.6 0.04
Male, n(%) 2154(58.22%)  1356(59.5%) 798(56.2%) 0.05
Smokers, n(%) 1230(37.79%) 757(40.8%) 473(33.8%) <0.001
DM, n(%) 772(24.07%) 487(23.7%) 285(24.7%) 0.52
CVD history, n(%) 345(9.32%) 201(8.8%) 144(10.1%) 0.18
Causes of CKD 0.08

DKD 457(13.97%)  277(14.8%) 180(12.9%)

GN 1973(60.30%)  1138(60.8%) 835(59.7%)

Others 842(25.73%)  457(24.5%) 385(27.4%)
BMI, kg/m? 24.56+3.62 24.5+3.5 24.7+3.9 0.35
ALB, g/L 38.77.3 38.4%7.5 39.37.0 0.001
FBG, mmol/L 5.0(4.5, 5.7) 5.0(4.5, 5.8) 5.0(4.5,5.7) 0.94
HGB, g/L 126.7+22.9 127.3+23.3 126.0422.2 0.12
TG, mmol/L 1.8(1.2, 2.5) 1.8(1.2, 2.6) 1.7(1.2, 2.4) 0.02
TC, mmol/L 4.7(3.9,5.7) 4.8(4.0,5.9) 4.7(3.8,5.5) 0.002
HDLC, mmol/L 1.1(0.9, 1.3) 1.1(0.9, 1.3) 1.1(0.9, 1.3) 0.30
LDLC, mmol/L 2.6(2.1,3.3) 2.6(2.1,3.3) 2.6(2.1,3.2) 0.31
eGFR, mL/min/L.73m?  49.84+30.26 49.4+30.8 50.5+29.3 0.26
CKD stages 0.54

1 494(13.35%)  302(13.29%) 192(13%)



» 595(16.08%)  352(15.4%) 241(17.1%)

3 1491(40.29%)  924(40.5%) 569(39.9%)

4 1120(30.27%)  702(30.8%) 419(30%)
Clinic SBP 130.4+17.9 131+18.2 129.2+17.3 0.04
Clinic DBP 80.6210.9 80.6211.1 80.5+10.6 0.84

DM: diabetes mellitus, CVD: cardiovascular disease, CKD: chronic kidney disease, DKD: diabetic
Kidney Disease, GN: glomerulonephritis, BMI: Body mass index, ALB: serum albumin, FBG: fasting
blood glucose, HGB: hemoglobin, TG: triglyceride, TC: total cholesterol, HDLC: high-density
lipoprotein cholesterol, LDLC: low-density lipoprotein cholesterol, eGFR: estimated glomerular

filtration rate.

Missing counts: Smoking 445, BMI 807, ALB 490, HGB 395, TG 732, TC 730, HDLC 835, LDLC

833, FBG-571, Diabetes 493, Causes of CKD 428, clinic SBP 558, clinic DBP 558.



Table S2. Multivariate Cox regression analysis of the association of diurnal and nocturnal SD with renal outcome

unadjusted HR (95% CI)

Model 1HR (95%Cl)

Model 2 HR (95%Cl)

Model 3 HR (95%Cl)

Model 4 HR (95%ClI)

diurnal SD (per 10 mm Hg)

24h-SBP (per 10 mm Hg)

D-SBP (per 10 mm Hg)

N-SBP (per 10 mm Hg)

nocturnal SD (per 10 mm Hg)

24h-SBP (per 10 mm Hg)

D-SBP (per 10 mm Hg)

N-SBP (per 10 mm Hg)

1.32(1.07, 1.63)

1.29(1.22, 1.38)

1.29(1.21, 1.37)

1.27(1.20, 1.35)

1.29(1.00, 1.68)

1.29(1.22, 1.38)

1.29(1.21, 1.37)

1.27(1.20, 1.35)

1.36(1.08, 1.72)

1.18(0.89, 1.55)

1.41(1.10, 1.81)

0.97(0.89, 1.06)

1.18(0.89, 1.56)

1.00(0.92, 1.08)

1.34(1.04, 1.73)

1.01(0.94, 1.10)

1.14(0.85, 1.51)

1.04(0.96, 1.12)

1.36(1.05, 1.74)

1.01(0.93, 1.09)

1.15(0.86, 1.52)

1.03(0.96, 1.11)

Model 1: adjusted for age and gender, smoker, BMI, DM, history of CVD, anti-hypertensive treatment, ALB, anemia, dyslipidemia, dipper, IlgUpro and eGFR

Model 2: model 1+ 24-h SBP



Model 3: model 1+ D-SBP

Model 4: model 1+ N-SBP

Table S3. Multivariate Cox regression analysis of the association of continuous w-SD with renal outcome in patients with complete data.



unadjusted

HR(95%Cl)

Model 1

HR(95%Cl)

Model 2

HR(95%Cl)

Model 3

HR(95%Cl)

Model 4

HR(95%Cl)

w-SD (per 10 mm Hg)
24h-SBP(per 10 mm Hg)

D-SBP(per 10 mm Hg)
N-SBP(per 10 mm Hg)
Age

Gender(M vs W)

BMI

Smoker

DM

CVD history
Antihypertension Treatment
Dyslipidemia

ALB

Anemia

IgUpro

1.66(1.17, 2.35)
1.28(1.18, 1.39)

1.29(1.19, 1.40)
1.24(1.16, 1.34)
1.01(0.99, 1.02)
1.15(0.82, 1.61)
0.97(0.92, 1.01)
1.38(0.99, 1.94)
1.78(1.26, 2.52)
1.27(0.82, 1.97)
1.98(1.18, 3.33)
1.12(0.66, 1.91)
0.95(0.93, 0.97)
3.40(2.29, 5.04)

1.49(1.28, 1.72)

1.56(1.07, 2.29)

0.97(0.96, 0.99)
1.38(0.84, 2.28)
1.02(0.97, 1.06)
1.42(0.89, 2.25)
1.21(0.81, 1.82)
0.97(0.60, 1.57)
1.24(0.72, 2.14)
1.39(0.77, 2.50)
0.93(0.91, 0.96)
1.38(0.88, 2.15)

1.02(0.83, 1.25)

1.61(1.07, 2.42)

0.98(0.88, 1.09)

0.97(0.96, 0.99)
1.38(0.84, 2.29)
1.02(0.97, 1.06)
1.42(0.89, 2.25)
1.23(0.81, 1.86)
0.97(0.60, 1.57)
1.25(0.72, 2.17)
1.40(0.78, 2.50)
0.93(0.91, 0.96)
1.37(0.88, 2.14)

1.02(0.83, 1.25)

1.50(1.00, 2.26)

1.03(0.93, 1.13)
0.97(0.96, 0.99)
1.38(0.84, 2.28)
1.01(0.97, 1.06)
1.40(0.88, 2.24)
1.20(0.80, 1.81)
0.96(0.60, 1.56)
1.23(0.71, 2.12)
1.39(0.77, 2.51)
0.93(0.91, 0.96)
1.37(0.88, 2.14)

1.02(0.83, 1.25)

1.56(1.04, 2.36)

1.00(0.91, 1.10)
0.97(0.96, 0.99)
1.38(0.84, 2.28)
1.02(0.97, 1.06)
1.42(0.89, 2.25)
1.21(0.80, 1.83)
0.97(0.60, 1.57)
1.24(0.72, 2.14)
1.39(0.77, 2.50)
0.93(0.91, 0.96)
1.38(0.88, 2.15)

1.02(0.83, 1.25)



eGFR 0.93(0.91, 0.94) 0.92(0.91, 0.94) 0.92(0.91, 0.94) 0.92(0.91, 0.94) 0.92(0.91, 0.94)

Dipper 0.80(0.54, 1.20) 0.96(0.62, 1.49) 0.96(0.62, 1.48) 0.95(0.62, 1.47) 0.96(0.61, 1.51)

w-SD: weighted standard deviation of systolic BP, HR: hazard ratio, Cl: confidence interval, 24-h SBP: 24-hour systolic blood pressure, D-SBP: daytime
systolic blood pressure, N-SBP: nighttime systolic blood pressure, BMI: body-mass index DM: diabetes mellitus, CVD: cardiovascular disease, ALB: serum

albumin, IgUpro: logarithm transformed 24-hour proteinuria, eGFR: estimated glomerular filtration rate

Model 1: adjusted for age and gender, smoker, BMI, DM, history of CVD, anti-hypertensive treatment, ALB, anemia, dyslipidemia, dipper, IgUpro and eGFR

Model 2: model 1+ 24-h SBP

Model 3: model 1+ D-SBP

Model 4: model 1+ N-SBP

Table S4. Multivariate Cox regression analysis of the association of categorized w-SD with renal outcome in patients with complete data



unadjusted

HR(95%Cl)

Model 1

HR(95%Cl)

Model 2

HR(95%Cl)

Model 3

HR(95%Cl)

Model 4

HR(95%Cl)

w-SD
Q1
Q2
Q3
Q4
24h-SBP(per 10 mm Hg)
D-SBP(per 10 mm Hg)
N-SBP(per 10 mm Hg)
Age
Gender(M vs W)
BMI
Smoker
DM
CVD history

Antihypertension Treatment

1.00(ref)
1.29(0.75, 2.20)
1.44(0.85, 2.44)
2.10(1.29, 3.44)
1.28(1.18, 1.39)
1.29(1.19, 1.40)
1.24(1.16, 1.34)
1.01(0.99, 1.02)
1.15(0.82, 1.61)
0.97(0.92, 1.01)
1.38(0.99, 1.94)
1.78(1.26, 2.52)
1.27(0.82, 1.97)

1.98(1.18, 3.33)

1.00(ref)
1.47(0.84, 2.57)
1.39(0.81, 2.40)

1.95(1.14, 3.33)

0.97(0.96, 0.99)
1.41(0.85, 2.33)
1.01(0.97, 1.06)
1.38(0.87, 2.20)
1.25(0.83, 1.87)
0.95(0.58, 1.53)

1.22(0.71, 2.10)

1.00(ref)
1.47(0.84, 2.57)
1.40(0.81, 2.42)
1.96(1.14, 3.37)

1.00(0.90, 1.11)

0.97(0.96, 0.99)
1.41(0.85, 2.34)
1.01(0.97, 1.06)
1.38(0.87, 2.21)
1.25(0.83, 1.89)
0.95(0.58, 1.53)

1.22(0.70, 2.11)

1.00(ref)
1.46(0.84, 2.55)
1.33(0.77, 2.32)
1.86(1.08, 3.21)

1.04(0.95, 1.14)
0.97(0.96, 0.99)
1.42(0.86, 2.35)
1.01(0.97, 1.06)
1.36(0.86, 2.18)
1.22(0.81, 1.84)
0.94(0.58, 1.52)

1.19(0.69, 2.06)

1.00(ref)
1.47(0.84, 2.56)
1.37(0.79, 2.40)

1.92(1.11, 3.33)

1.01(0.92, 1.11)
0.97(0.96, 0.99)
1.41(0.85, 2.34)
1.01(0.97, 1.06)
1.38(0.87, 2.20)
1.24(0.82, 1.87)
0.94(0.58, 1.53)

1.21(0.70, 2.09)



Dyslipidemia 1.12(0.66, 1.91) 1.39(0.78, 2.51) 1.40(0.78, 2.51) 1.40(0.78, 2.52) 1.39(0.77, 2.51)
ALB 0.95(0.93, 0.97) 0.93(0.91, 0.96) 0.93(0.91, 0.96) 0.93(0.91, 0.96) 0.93(0.91, 0.96)
Anemia 3.40(2.29, 5.04) 1.40(0.89, 2.19) 1.40(0.89, 2.19) 1.38(0.88, 2.17) 1.39(0.89, 2.18)
lgUpro 1.49(1.28, 1.72) 1.02(0.84, 1.25) 1.02(0.84, 1.25) 1.02(0.83, 1.25) 1.02(0.83, 1.25)
eGFR 0.93(0.91, 0.94) 0.92(0.91, 0.94) 0.92(0.91, 0.94) 0.92(0.91, 0.94) 0.92(0.91, 0.94)
Dipper 0.80(0.54, 1.20) 0.94(0.61, 1.46) 0.94(0.61, 1.46) 0.91(0.59, 1.43) 0.95(0.61, 1.49)

w-SD: weighted standard deviation of systolic BP, Q1: patients with w-SD<9.6 mm Hg, Q2: patients with w-SD>9.6 mm Hg and w-SD<11.6 mm Hg, Q3:

patients with w-SD>11.6 mm Hg and w-SD<15.1 mm Hg, Q4: patients with w-SD>15.1 mm Hg, HR: hazard ratio, Cl: confidence interval, 24-h SBP: 24-hour

systolic blood pressure, D-SBP: daytime systolic blood pressure, N-SBP: nighttime systolic blood pressure, BMI: body-mass index DM: diabetes mellitus,

CVD: cardiovascular disease, ALB: serum albumin, IgUpro: logarithm transformed 24-hour proteinuria, eGFR: estimated glomerular filtration rate.

Model 1: adjusted for age and gender, smoker, BMI, DM, history of CVD, anti-hypertensive treatment, ALB, anemia, dyslipidemia, dipper, IgUpro and eGFR

Model 2: model 1+ 24-h SBP, Model 3: model 1+ D-SBP, Model 4: model 1+ N-SBP



