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Abstract

Introduction Many current guidelines on optimal target blood pressure (BP) for chronic kidney disease (CKD) patients
are largely based on studies in diabetic and hypertensive patients. However, there have been few studies in patients with
glomerular diseases.

Methods We retrospectively studied the longitudinal association between BP and CKD progression in 1,066 biopsy-proven
patients diagnosed with primary glomerular diseases, including IgA nephropathy, membranous nephropathy (MN), and focal
segmental glomerulosclerosis (FSGS), between 2005 and 2017. The main predictor was time-updated systolic blood pressure
(SBP) at every clinic visit. The primary outcome was a composite one including >50% decrease in estimated glomerular
filtration rate (eGFR) from the baseline, and end-stage kidney disease (ESKD).

Results During 5009 person-years of follow-up, the primary outcome occurred in 157 (14.7%) patients. In time-varying
Cox model, the adjusted hazard ratios (HRs) (95% confidence interval (CI)) for the primary outcome were 1.48 (0.96-2.29),
2.07 (1.22-3.52), and 2.53 (1.13-5.65) for SBP of 120-129, 130-139, and > 140 mmHg, respectively, compared with
SBP < 120 mmHg. This association was particularly evident in patients with elevated proteinuria. However, there was no
association between baseline SBP and adverse kidney outcomes. Finally, prediction models failed to show the improvement
of predictive performance of SBP compared with that of remission status. Moreover, patients with remission and less con-
trolled SBP had better kidney outcomes than those with non-remission and well-controlled SBP.

Conclusion Among patients with glomerular disease, higher time-updated SBP was significantly associated with higher risk
of CKD progression. However, the clinical significance of blood pressure was less powerful than remission status.
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SUMMARY AND CONCLUSION

Among patients with glomerular disease, higher time-updated SBP was significantly

ESKD associated with higher risk of CKD progression. However, the clinical significance of blood
pressure was less powerful than remission status.
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Introduction

The goal of blood pressure (BP) control in patients with
chronic kidney disease (CKD) is to not only reduce cardio-
vascular events and mortality but also to delay the progres-
sion of CKD. In general, target BP levels < 130/80 mmHg
and < 140/90 mmHg have been suggested in patients with
and without albuminuria, respectively [1], which are based
on the results of many clinical randomized controlled tri-
als. However, these studies did not exclusively examine the
effects of BP control in CKD patients, and excluded patients
with advanced CKD. Therefore, the optimal target BP level
is yet to be determined in these patients.

Diabetes and hypertension are the two main causes of
CKD. However, other diseases such as glomerular disease
and polycystic kidney disease also constitute a major part
of CKD. Interestingly, almost all studies have examined the
effects of BP control in patients with diabetes and hyperten-
sion, while there have been no relevant studies in patients
with other kidney diseases. A recent trial in autosomal poly-
cystic kidney disease patients aged between 15 and 49 years
with eGFR > 60 ml min~' 1.73 m~2 showed that a lower
target BP between 95/60 and 110/75 mmHg, in comparison
to the standard BP control of 120/70 to 130/80 mmHg, was
associated with a slow increase in kidney volume but no
overall change in glomerular filtration rate (GFR) [2]. From
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a mechanistic viewpoint, the glomerular disease is a unique
entity because some circulating factors could play a major
role in glomerular filtration barrier damage even in normo-
tensive patients. Thus, BP may contribute little to kidney
function decline in the early phase of glomerular disease. In
addition, in heavy proteinuric disease, reduction of proteinu-
ria and preservation of kidney function are largely affected
by the success of immunosuppression and the achievement
of complete or partial remission [3-6]. The prevalence of
hypertension varies widely between 9 and 80% in patients
with primary glomerular diseases [7—10]. However, the clin-
ical implication of hypertension is unknown and studies on
the association between BP levels and kidney outcomes are
scarce in these patients. Herein, we examine the association
between BP and kidney disease progression in patients with
three representative glomerular diseases—IgA nephropathy,
membranous nephropathy (MN), and focal segmental glo-
merulosclerosis (FSGS).

Materials and methods
Study population

We conducted an observational, retrospective study in 1323
patients who were diagnosed with biopsy-proven primary
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glomerular disease including IgA nephropathy, MN, FSGS,
or a combination of two glomerular diseases at the Yon-
sei University Health System (YUHS) between 2005 and
2017. We excluded patients with the following criteria: (i)
age < 18; (ii) history of dialysis or kidney transplantation;
(iii) patients with less than two follow-up visits after kid-
ney biopsy; (iv) less than BP two measurements; (v) history
of cancer, viral hepatitis, or autoimmune disease (Fig. S1).
None of the patients with diabetes in the analysis had evi-
dence of diabetic kidney disease and all had good glycemic
control.

Data collection and measurements

From the Glomerular Disease Registry database of YUHS,
demographic, clinical, and biochemical data were retrieved.
These data, along with data obtained at the time of renal
biopsy, were considered baseline data. BP was measured
after a 5-min rest in the sitting position at the clinic office
by using an electronic sphygmomanometer. The mean of BP
readings was used as the BP value for each visit. Data on
BP were collected from the date of kidney biopsy up to the
date of an outcome event or the last follow-up. Demographic
and clinical data included age, sex, BP, body mass index
(BMI), prior history of hypertension, diabetes, cardiovascu-
lar disease, and smoking status. Laboratory measurements
included serum creatinine, hemoglobin, serum albumin,
serum calcium, serum phosphorus, total cholesterol, serum
bicarbonate, and random urine protein-to-creatinine ratio
(UPCR) levels. Serum creatinine was measured by the iso-
tope dilution mass spectrometry (IDMS) method after April
2011. Thus, non-IDMS creatinine was converted to IDMS
creatinine using the following equation for the serum creati-
nine values measured until April 2011; non-IDMS Cr (mg/
dl)=Cr — IDMS (mg/dl) x 1.065+0.067 [11, 12]. Based
on this, we determined the estimated glomerular filtration
rate (eGFR) by CKD-EPI equation [13]. During follow-up,
patients were treated with various immunosuppressive drugs
based on the KDIGO (Kidney Disease Improving Global
Outcomes) guideline and disease status. Immunosuppression
users were defined as individuals who had been adminis-
tered any immunosuppressive drugs for > 1 month. Complete
remission was defined as UPCR < 0.3 g/g and partial remis-
sion was defined as a reduction in proteinuria by > 50% from
the baseline with a UPCR between >0.3 g/g and <3.5 g/g,
irrespective of whether it was achieved due to treatment
drugs or spontaneously.

The main exposure of interest and primary outcome
The main predictor of this study was systolic BP (SBP),

which was analyzed as a continuous variable per 10 mmHg
increase and as a categorical variable with 10 mmHg

increments. SBP was categorized into four groups; < 120,
120-129, 130-139, and > 140 mmHg. For time-updated
SBP, we used averaged SBP determined by averaging the
mean of SBP readings at any given visit and those from
all prior visits. The primary outcome was CKD progres-
sion, which was a composite of a>50% decrease in eGFR
from the baseline, or the onset of end stage kidney disease
(ESKD). This endpoint was defined as a sustained decrease
of eGFR by >50% in at least two consecutive measure-
ments. The first of these consecutive measurements was
retrospectively designated as the study endpoint. EKSD was
defined as the initiation of maintenance dialysis or kidney
transplantation. The study observation closed on December
31st, 2018.

Statistical analysis

Continuous variables were presented as mean and standard
deviation for normally distributed variables or median with
interquartile ranges (IQRs) for skewed variables. Categorical
variables were expressed as count and percentage. Missing
values were imputed by the most recent values for all labo-
ratory measurements. To explore the association between
blood pressure and CKD progression, time-varying Cox
proportional-hazard model was used for primary analysis
since BP was not static but highly variable during follow-up.
In these analyses, all repeated measures such as SBP, total
cholesterol, phosphorus, serum concentrations of albumin,
and UPCR, and all drugs were treated as time-varying expo-
sures. We further used the conventional Cox proportional-
hazard regression model to analyze the baseline SBP and
other laboratory parameters. Model 1 represented unadjusted
hazard ratios (HRs). We also created model 2 after adjust-
ment of important factors that can affect kidney outcomes.
These includes age, sex, BMI, smoking status, comorbid
disease, glomerular disease type, laboratory measurements
(eGFR, UPCR, total cholesterol, phosphorus, and albumin),
medications (renin—angiotensin—aldosterone system (RAAS)
blockers, diuretics, statins, immunosuppressive drugs), and
remission status. The results from the hazard models are
presented as HR and 95% confidence interval (CI). The sur-
vival curves represent the cumulative survival function for
baseline SBPs and time-updated SBPs. The survival time
was defined as the time between kidney biopsy and the pri-
mary outcome or last recorded visit. Restricted cubic splines
were used to show any association between the cumulative
mean SBP as a continuous variable and the HR of kidney
outcomes. To explore effect modification on the relation-
ship between time-updated SBP and CKD progression,
subgroup analyses were performed after stratification by
age (<45 or >45 years old), sex, BMI (<25 or> 25 kg/m?),
eGFR (<45 or>45 ml min—'-1.73 m_z), proteinuria (< 1.0
or > 1.0 g/g), hypertension, diabetes, and primary disease.
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To compare the predictability of time-updated SBP, we
used the Harrell C-statistics [14] in the following models.
The base model included conventional factors such as age,
sex, BMI, smoking status, history of hypertension, and base-
line eGFR and UPCR. The remission model included remis-
sion status. Finally, the SBP model was constructed after
SBP was added to the base model. All statistical analyses
were performed using the R and Stata 15. P-values < 0.05
were considered statistically significant.

Results
Baseline characteristics

The baseline characteristics of all patients in relation to the
baseline SBP category are presented in Table 1. The median
age was 41.0 (IQR 32.0-52.0) years, and baseline eGFR
was 89.1+30.7 ml min~' 1.73 m~2. Seven hundred and
twenty-nine (68.4%) patients had a history of hypertension.
In total, 1,066 patients were diagnosed with at least one of
the following glomerular diseases; 761 (71.4%) patients with
IgA nephropathy, 128 (12.0%) with MN, 133 (12.5%) with
FSGS, and 44 (4.1%) with two of the above three glomerular
diseases. At baseline, patients with higher SBP were older,
more likely to be men, and had a higher BMI and more
comorbidities than patients with lower SBP. In addition,
eGFR was lower and RAAS blockers were more prescribed
in patients with higher SBP.

SBP and risk of CKD progression

During 5,009 person-years follow-up, the primary outcome
occurred in 157 (14.7%) patients with a corresponding inci-
dence rate of 31 (95% CI 27-37) per 1000 person-years.
The adverse kidney outcome rates were greater in patients
with higher baseline SBP than in those with lower SBP;
20 (15-28), 32 (23-43), 36 (26-50), and 50 (37-67) per
1000 person-years for SBP of <120, 120-129, 130-139,
and > 140 mmHg, respectively (Table 2).

We then analyzed the association between time-updated
SBP levels and risk of CKD progression using time-varying
Cox model (Table 3). In the unadjusted model, there was
a graded association between time-updated SBP and CKD
progression (model 1). Higher SBP levels were associated
with a significantly higher risk of the primary outcome.
After adjustment of demographic factors, comorbidities,
primary disease, laboratory parameters, medications and
remission status, the HRs (95% CI) for SBP of 120-129,
130-139, and > 140 mmHg were 1.48 (0.96-2.29), 2.07
(1.22-3.52), and 2.53 (1.13-5.65), respectively, as compared
with SBP of < 120 mmHg (model 2). Statistical significance
was observed only in SBP of 130-139 and > 140 mmHg,

@ Springer

while there was no significant difference in the risk of the
primary outcome in SBP categories < 130 mmHg. In con-
tinuous SBP modeling with the same adjustment level, a
10 mmHg increase in time-updated SBP was associated with
a 24% higher risk of the primary composite outcome (95%
CI 1.02-1.52). The cumulative probability of the primary
outcome was significantly higher in patients with SBP of
130-139 and > 140 mmHg than in patients with other SBPs
(Fig. 1b, Fig. S2B). The cubic spline curve analysis also
showed a graded association between cumulative SBP and
CKD progression (Fig. S3A). Besides SBP, the multivari-
able model revealed the history of cardiovascular disease,
eGFR at baseline, UPCR at baseline, albumin, phosphate,
remission status, RAAS blocker use, diuretics, and the num-
ber of anti-hypertensive agents as being significant determi-
nants for CKD progression. In contrast, the baseline SBP did
not associate with adverse kidney outcomes after adjustment
(Fig. 1a, Fig. S2A; Table S1). During the follow-up, only
four deaths occurred and no significant difference in death
rates was observed among the SBP groups (Table 2).

Subgroup analysis

In subgroup analysis, we found no effect modification in
pre-specified subgroups by age, sex, BMI, kidney function,
presence of hypertension and diabetes, and primary disease
(Fig. 2). However, there was significant interaction between
proteinuria and SBP group for developing the primary out-
come, and the association of higher SBP with adverse kidney
outcome was more pronounced in patients with high pro-
teinuria (UPCR > 1.0 g/g). Cubic spline curve analysis also
showed different association between SBP and the primary
outcome according to proteinuria level (Fig. S3B, S3C).

Predictive performance of SBP

In glomerular disease, remission status is generally con-
sidered more important in determining future kidney
outcomes than BP. During follow-up, the proportion and
number of remissions increased up to one year (Fig. S4). In
multivariable Cox model with the same adjustment level as
that of the above model 4, the HR for the primary outcome
was remarkably lower in patients with complete remission
(HR, 0.13; 95% CI 0.06-0.30) than in patients with par-
tial remission (HR, 0.35; 95% CI 0.21-0.57) (Table S2).
To examine the association of SBP and remission status
together with adverse kidney outcomes, we classified
patients into 4 groups according to remission status (com-
plete or partial) and the degree of BP control (well-con-
trolled < 130 mmHg; less controlled > 130 mmHg). The
results showed that risk of adverse kidney outcome was
lowest in patients with remission and well-controlled SBP.
Interestingly, patients with remission and less controlled
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Table 1 Baseline characteristics of 1066 patients with glomerular disease

Total

(N=1066)

Systolic blood pressure at baseline, mmHg

<120
(N=373)

120-129
(N=253)

130-139
(N=221)

> 140
(N=219)

Age, median [IQR], year
Male, n (%)
BMI, mean (SD), kg/m2
BMI > 25 kg/m?, n (%)
SBP, mean (SD), mmHg
DBP, mean (SD), mmHg
Type of GN, n (%)
FSGS
IgA nephropathy
MN
IgA nephropathy + MCD
IgA nephropathy + MN
MN +FSGS
Smoking history, n (%)
Never smoker
Ex-smoker
Current smoker
Previous disease history, n (%)
Diabetes
Hypertension
Cardiovascular disease
Hemoglobin, mean (SD), g/dl
Albumin, median [IQR], g/dl
Calcium, mean (SD), mg/dl
Phosphorus, mean (SD), mg/dl

Total cholesterol, median [IQR],

mg/dl
tCO,, mean (SD), mmol/l
UPCR, median [IQR], g/g

eGFR, mean (SD),
ml min~' 1.73 m™2

41.0 [32.0-52.0]
516 (48.4)
23.6+3.5

329 (30.9)
125.3+15.6
79.6+11.9

133 (12.5)
761 (71.4)
128 (12.0)
6 (0.6)
1(0.1)

37 (3.5)

779 (73.1)
147 (13.8)
140 (13.1)

118 (11.1)

729 (68.4)

62 (5.8)

129+1.8

4.0 [3.5-4.3]
8.9+0.6

3.8+06

194.0 [165.0-225.0]

25.1+32
1.0 [0.5-2.5]
89.1+£30.7

eGFR, category, ml min~' 1.73 m™2, n (%)

>90

60-90

30-59

15-29

< 15 (non-dialysis)
Statin use, n (%)

591 (55.4)
266 (25.0)
155 (14.5)
42 (3.9)
12(1.1)
227 (21.3)

Anti-hypertensive medication at baseline

Number of classes, mean (SD)
RAAS blocker, n (%)
Diuretics, n (%)

Beta blocker, n (%)
CCB, n (%)
AB, n (%)

Immunosuppressive agent use
during follow-up, n (%)

Steroids, n (%)

0.7+0.9
492 (46.2)
201 (18.9)
71 (6.7)
200 (18.8)
7(0.7)
300 (28.1)

301 (28.2)

38.0[29.0-48.0]
125 (33.5)
22.6+3.6

83 (22.3)
108.9+6.3
70.0+8.5

39 (10.5)
284 (76.1)
42 (11.3)
3(0.8)

0 (0.0)
5(1.3)

301 (80.7)
39 (10.5)
33(8.8)

32 (8.6)

212 (56.8)

18 (4.8)

12.6+1.6
4.0[3.6-4.3]
8.9+0.6

3.8+0.5

189.0 [161.0-218.0]

253+3.1
0.9 [0.4-2.0]
96.1+28.0

240 (64.3)
86 (23.1)
36 (9.7)

8 (2.1
3(0.8)

64 (17.2)

0.5+0.7
144 (38.6)
48 (12.9)
16 (4.3)
33(8.8)
1(0.3)

98 (26.3)

99 (26.5)

41.0 [31.0-52.0]
125 (49.4)
23.8+3.3

84 (33.2)
123.4+3.1
80.0+8.6

31(12.3)
187 (73.9)
29 (11.5)
1(0.4)

0 (0.0)
5(2.0)

181 (71.5)
40 (15.8)
32 (12.6)

29 (11.5)

170 (67.2)

14 (5.5)

13.0+1.7

4.0 [3.6-4.4]
9.0+0.5

3.8+0.5

190.0 [157.0-219.0]

25.1+3.2
0.9[0.4-2.2]
91.0+30.8

144 (56.9)
60 (23.7)
36 (14.2)
13(5.1)
0(0.0)

45 (17.8)

0.6+0.8
108 (42.7)
40 (15.8)
13 (5.1)
41 (16.2)
0 (0.0)

64 (25.3)

63 (24.9)

42.0 [33.0-53.0]
130 (58.8)
23.9+3.4

73 (33.0)
132.7+2.9
83.8+£8.9

34 (15.4)
147 (66.5)
27 (12.2)
0 (0.0)
1(0.5)

12 (5.4)

143 (64.7)
34 (15.4)
44 (19.9)

25 (11.3)

163 (73.8)

16 (7.2)

132+1.9

4.0 [3.4-4.3]
8.9+0.6

3.8+0.6

199.0 [172.0-230.0]

25.1+£3.3
1.4 [0.5-3.2]
87.4+30.6

116 (52.5)
55 (24.9)
43 (19.5)
7(3.2)
0(0.0)

46 (20.8)

0.8+0.9
105 (47.5)
55(24.9)
20 (9.0)
55(24.9)
4(1.8)

68 (30.8)

67 (30.3)

48.0 [37.0-59.0]
136 (62.1)
24.7+3.4

89 (40.6)
148.1+7.8
91.0+10.0

29 (13.2)
143 (65.3)
30 (13.7)
2(0.9)
0(0.0)

15 (6.8)

154 (70.3)
34 (15.5)
31(14.2)

32 (14.6)

184 (84.0)

14 (6.4)

129+1.9
3.9[3.34.2]
8.8+0.6

3.7£0.7

206.0 [169.0-238.0]

2477+3.4
1.4 [0.7-3.5]
76.6+31.1

91 (41.6)
65 (29.7)
40 (18.3)
14 (6.4)
9(4.1)
72 (32.9)

1.1+0.9
135 (61.6)
58 (26.5)
22 (10.0)
71 (32.4)
2(0.9)

70 (32.0)

72 (32.9)
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Table 1 (continued)

Total Systolic blood pressure at baseline, mmHg
<120 120-129 130-139 >140
(N=1066) (N=373) (N=253) (N=221) (N=219)
Cyclophosphamide, n (%) 21 (2.0) 1(0.3) 4(1.6) 52.3) 11 (5.0)
CNL n (%) 148 (13.9) 45 (12.1) 32 (12.6) 36 (16.3) 35 (16.0)
Azathioprine, n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
MMF, n (%) 37(3.5) 11 (2.9) 7(2.8) 10 (4.5) 94.1)

AB alpha blocker, BMI body mass index, CCB calcium channel blocker, CNI calcineurin inhibitor, DBP diastolic blood pressure, eGFR esti-
mated glomerular filtration rate, /IGAN IgA nephropathy, /QR interquartile range, MCD minimal change disease, MMF mycophenolate mofetil,
MN membranous nephropathy, RAAS renin—angiotensin—aldosterone system, SBP systolic blood pressure, SD standard deviation, tCO, total

serum bicarbonate, UPCR urine protein-to-creatinine ratio

Table 2 Kidney outcomes according to systolic blood pressure at baseline

Overall Systolic blood pressure at baseline, mmHg
<120 120-129 130-139 >140

Composite kidney outcome

Person-year 5009 1920 1234 980 876

Events 157 39 39 35 44

Events per 1000 person-year (95% CI) 31 (27-37) 20 (15-28) 32(23-43) 36 (26-50) 50 (37-67)
>50% decline in eGFR

Person-year 5013 1922 1234 980 877

Events 150 38 38 34 40

Events per 1000 person-year (95% CI) 30 (25-35) 20 (14-27) 31 (22-42) 35 (25-49) 46 (33-62)
ESKD

Person-year 5080 1943 1252 998 887

Events 76 20 17 19 20

Events per 1000 person-year (95% CI) 15 (12-19) 10 (7-16) 14 (8-22) 19 (12-30) 23 (15-35)
All-cause mortality

Person-year 5012 1920 1236 980 877

Events 4 1 2 0 1

Events per 1000 person-year (95% CI) 0.8 (0.3-2.1) 0.5 (0.1-3.7) 1.6 (0.4-6.5) 0 1.1 (0.2-8.1)

CI confidence interval, eGFR estimated glomerular filtration rate, HR hazard ratio, RAAS renin—angiotensin—aldosterone-system, SBP systolic

blood pressure

SBP had better kidney outcomes than those with non-
remission and well-controlled SBP (Fig. 3). In addition,
we examined whether SBP could affect remission status
time-varying model, where primary outcome was the first
achievement of complete or partial remission. The results
showed no significant association of SBP with the prob-
ability of achieving remission (Table S3). We then created
three prediction models (base, remission, and SBP models)
and used c-statistics to compare their predictive perfor-
mance for the primary outcome. The c-statistic of the base
model was 0.77 (0.73—-0.82). After adding remission status
to the base model, c-statistic significantly increased from
0.77 to 0.84. However, c-statistic of the time-updated SBP
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model was slightly greater and significantly lower than that
of base and remission models, respectively (Table S4).
These findings suggest that the predictive performance of
SBP was not greater than that of remission status, and that
attainment of remission is more important than SBP in
predicting adverse kidney outcomes.

DBP and risk of CKD progression

We further studied the association between diastolic blood
pressure (DBP) and the risk of CKD progression. However,
the association between DBP and the risk of CKD progres-
sion was not significant after adjustment (Table S5; Fig. S5).
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Table 3 Association between time-updated systolic blood pressure and kidney outcome in 1066 patients with glomerular disease

Systolic blood pressure, mmHg

Model 1

HR (95% CI)

p value for trend®

Model 2

HR (95% CI)

p value for trend®

Per 10 mmHg increase
<120

120 to 129

130 to 139

>140

1.69 (1.44-2.00)
1.00 (Reference)
1.74 (1.16-2.60)
3.59 (2.34-5.50)
5.90 (3.18-10.96)

<0.001

1.24 (1.02-1.52)
1.00 (Reference)
1.48 (0.96-2.29)
2.07 (1.22-3.52)
2.53 (1.13-5.65)

0.003

Model 1: unadjusted crude HR. Model 2: adjusted for age, sex, body mass index, baseline SBP, smoking status, comorbid disease (hypertension,
diabetes, cardiovascular disease, and cerebrovascular disease), pathology type at baseline, eGFR at baseline, total cholesterol level, serum albu-
min level, serum phosphorus level, random urinary protein-to-creatinine ratio, RAAS blocker, statin, diuretics, immunosuppressant agent usage,
and remission status based on urinary protein-to-creatinine ratio. The systolic blood pressure was considered as a time-dependent variable and
was the exposure of interest. Age, total cholesterol level, serum albumin level, serum phosphorus level, remission status, and all medication his-
tory were considered as time-dependent variables

p values for trend across categories of systolic blood pressure. p values for trend were calculated by treating categories as a continuous variable
in each model
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Fig.1 Adjusted cumulative probability of composite kidney out-
comes. a Was plotted according to baseline SBP categories, and b
was plotted according to time-updated SBP categories. a Adjusted for
age, sex, body mass index, smoking status, comorbid disease (hyper-
tension, diabetes, cardiovascular disease, and cerebrovascular dis-
ease), pathology type, eGFR, total cholesterol level, serum albumin
level, serum phosphorus level, random urinary potassium-to-creati-
nine ratio, RAAS blocker, statin, and diuretics usage. b Adjusted for
age, sex, body mass index, baseline SBP, smoking status, comorbid
disease (hypertension, diabetes, cardiovascular disease, and cerebro-

vascular disease), pathology type at baseline, eGFR at baseline, total
cholesterol level, serum albumin level, serum phosphorus level, ran-
dom urinary protein-to-creatinine ratio, RAAS blocker, statin, diuret-
ics, immunosuppressant agent usage, and remission status based on
the urinary protein-to-creatinine ratio. The systolic blood pressure
was considered as a time-dependent variable and was the exposure of
interest. Age, total cholesterol level, serum albumin level, remission
status, and all medication history were considered as time-dependent
variables. eGFR estimated glomerular filtration rate, RAAS renin—
angiotensin—aldosterone-system, SBP systolic blood pressure

Discussion SBP and adverse kidney outcomes was particularly evident

in patients with high proteinuria. However, the predictive
performance of SBP was not greater than that of the remis-
sion status. These findings suggest that SBP is a significant
predictor of loss of kidney function, but its clinical impact
on glomerular disease may not be as strong as its impact on
diabetic or hypertensive kidney diseases. Current guidelines

In this observational study, we found that higher SBP was
associated with a higher risk of CKD progression in patients
with primary glomerular disease. This association was more
prominent for time-updated SBP but not evident for base-
line SBP. The significant association between time-updated
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Subgroup Categories N Event (%) HR (95% CI)
Agex< 45 years 615 74 (12) 1.34 (0.94-1.91)
Age= 45 years 451 83 (18) 1.30 (0.99-1.70)
Male 516 83 (16) 1.49 (1.11-1.99)
Female 550 74 (13) 0.94 (0.69-1.28)
BMI< 25 kg/m2 737 116 (15) 1.14 (0.91-1.42)
BMI= 25 kg/m2 329 41 (12) 1.13 (0.59-2.16)
eGFR< 45 ml/min/1.73 m2 117 52 (44) 1.58 (0.94-2.67)
eGFR= 45 ml/min/1.73 m2 949 105 (12) 1.19 (0.94-1.52)
Proteinuria< 1.0 g/g 513 30 (6) 0.91 (0.51-1.61)
Proteinuria> 1.0 g/g 553 127 (23) 1.33 (1.05-1.68)
Non-HTN 337 23(7) 1.60 (0.89-2.89)
HTN 729 134 (18) 1.21 (0.97-1.51)
Non-DM 948 117 (12) 1.12 (0.87-1.44)
DM 118 40 (34) 1.63 (1.02-2.60)
IgAN 766 97 (13) 1.06 (0.76-1.46)
MN 128 19 (15) 2.10 (0.75-5.89)
FSGS 133 29 (22) 0.81 (0.38-1.73)
Overall 1066 157 (15) 1.24 (1.02-1.52)

Fig.2 Subgroup associations of SBP with CKD progression in
patients with glomerular disease. Hazard ratios (HRs; 95% confi-
dence intervals [95% Cls]) according to per 10-SBP (mmHg). HRs
were adjusted for age, sex, body mass index, baseline SBP, smok-
ing status, comorbid disease (hypertension, diabetes, cardiovascular
disease, and cerebrovascular disease), pathology type at baseline,
eGFR at baseline, total cholesterol level, serum albumin level, serum
phosphorus level, random urinary protein-to-creatinine ratio, RAAS
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Fig.3 Cumulative probability of composite kidney outcomes accord-
ing to the combination of remission status and the degree of BP con-
trol. a Unadjusted. b Adjusted for age, sex, body mass index, base-
line SBP, smoking status, comorbid disease (hypertension, diabetes,
cardiovascular disease, and cerebrovascular disease), pathology type
at baseline, eGFR at baseline, total cholesterol level, serum albumin
level, serum phosphorus level, random urinary protein-to-creatinine
ratio, RAAS blocker, statin, diuretics, and immunosuppressant agent
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blocker, statin, diuretics, immunosuppressant agent usage, and remis-
sion status based on the urinary protein-to-creatinine ratio. Systolic
blood pressure was considered as a time-dependent variable and was
the exposure of interest. Age, total cholesterol level, serum albumin
level, serum phosphorus level, remission status, and all medication
history were considered as time-dependent variables. eGFR estimated
glomerular filtration rate, HR hazard ratio, RAAS renin—angiotensin—
aldosterone-system, SBP systolic blood pressure
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usage. The systolic blood pressure and remission status based on the
urinary protein-to-creatinine ratio were considered as a time-depend-
ent variable and were the exposure of interest. Age, total cholesterol
level, serum albumin level, serum phosphorus level, remission status,
and all medication history were considered as time-dependent vari-
ables. BP blood pressure, eGFR estimated glomerular filtration rate,
RAAS renin—angiotensin—aldosterone-system, SBP systolic blood
pressure
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do not provide a solid recommendation on the optimal target
BP level to prevent loss of kidney function in CKD patients
and evidence levels of these relevant guidelines are low [15].
Nevertheless, the KDIGO guideline suggests target BP lev-
els <130/80 mmHg and < 140/90 mmHg in patients with
and without albuminuria, respectively [1]. However, there
is lack of evidence that this BP goal can also be applied
to patients with glomerular disease because most studies
regarding this issue have been conducted in patients with
diabetic and hypertensive kidney disease and there have
been no randomized controlled studies to examine the effect
of BP on kidney outcomes solely in primary glomerular
disease. Interestingly, hypertension is common in primary
proteinuric glomerulopathies [7-10, 16]. Possible causes for
the elevated BP include activation of the RAAS, sodium
retention, volume expansion, and the use of corticosteroids
and calcineurin inhibitors [17, 18]. It should be noted that
some circulating factors could play a more important role
in damaging the filtration barrier than systemic BP in pri-
mary glomerulopathies. Therefore, it would be interesting to
delineate the association between BP with CKD progression
in such unique kidney diseases.

A few studies have explored this issue. Recently, Sethna
et al. [16] reported that the baseline hypertension status
(> 140/90 mmHg) was associated with poor clinical out-
comes in 433 participants in the NEPTUNE (Nephrotic Syn-
drome Study Network) study. In agreement with this finding,
we showed that higher SBP was significantly associated with
a higher risk of CKD progression. However, the NEPTUNE
study focused primarily on BP variability and did not take
time-dependent BP changes into account. Notably, in our
study, time-updated SBP was more strongly associated with
kidney outcomes than the baseline SBP. It is possible that
BP is elevated over time as kidney function declines, and its
clinical impact may not be clear in the early period after the
occurrence of disease. Therefore, time-updated SBP could
more robustly reveal the association of BP with adverse
kidney outcomes. Similar findings were also reported by
the Chronic Renal Insufficiency Cohort Study Investigators
[19]. Presumably, systemic hypertension can worsen glomer-
ular hemodynamics and hamper blood supply to nephrons
over time, resulting in the acceleration of kidney disease
progression.

In this study, the predictive performance of SBP was
much lower than that of the remission status. As mentioned
above, there are more important factors than SBP that could
determine kidney outcomes in primary glomerulopathies.
The potential circulating factors include under galactosylated
IgA immune complex in IgA nephropathy [20-22], soluble
urokinase receptor in FSGS [23], and anti-phospholipase

A2 receptor antibody in MN [24]. Although there has been
much debate on the role of these factors alone, they could
trigger the downstream cascade and correlate well with clini-
cal outcomes in each glomerulopathy. In particular, disap-
pearance or reappearance of the anti-phospholipase A2
receptor antibody in the circulation could precede the detec-
tion of proteinuria in patients with MN [25, 26]. Many stud-
ies have shown that both achieving remission and residual
proteinuria levels are very important factors in determining
prognostic outcomes [27-31]. Even attaining partial remis-
sion can greatly improve clinical outcomes [30, 31]. In this
study, we showed that the predictive performance of SBP
did not surpass the remission status. This finding suggests
that reducing proteinuria to the lowest possible level and
achieving remission are fundamental in improving clinical
outcomes, and target BP control is additionally required to
maximize the therapeutic effects in patients with primary
glomerulopathies.

The strengths of our study include the examination of
three representative glomerulopathies, which are com-
monly encountered in clinical practice, the use of an ana-
lytical approach to reflect time-dependent effects, rigorous
adjustment of many confounders, and detailed comparative
analyses between SBP and other factors. In particular, we
extensively analyzed the data and considered the relative
importance of remission over SBP.

Our study has some limitations. First, all BP readings
were obtained at the clinic office, which could not detect
diverse patterns including white coat hypertension, BP vari-
ability, and reverse dipping pattern [32]. Nevertheless, the
median number of BP measurements per patient was 11.0
(IQR 6.0-19.0) during the median 3.8 years of follow-up,
which enabled us to take changes in BP trend into account
for constructing the time-updated model. Second, our obser-
vational study cannot suggest an optimal target level of BP.
However, as discussed above, the role of SBP is uncertain
in primary glomerulopathy. A recent study involving 2047
Chinese patients with IgA nephropathy did not include BP as
an important factor in their prediction model for adverse kid-
ney outcomes [33]. In addition, in a Canadian cohort study
with late-stage CKD patients, only extremely elevated BP
was associated with risks of eGFR decline [34]. Therefore,
BP may not play an important role in early glomerular dis-
ease until kidney function considerably declines and this
issue should be further explored in future studies. Finally,
patterns of BP control [35] and biopsy policy substantially
differ among countries [36]. Indeed, there could be a wide
range of BP depending on the CKD stage at the time of
biopsy. Thus, our findings in only Korean patients cannot
be generalized to other populations.
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Conclusions

In patients with glomerular diseases, higher time-updated
SBP was significantly associated with a higher risk of
CKD progression. This association was more prominent in
patients with high proteinuria. However, remission status
predicted adverse kidney outcomes better than SBP. Our
findings not only highlight the relationship between SBP
and loss of kidney function, but also call for further studies
to clarify the role of elevated BP in patients with glomerular
diseases.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40620-020-00930-x.
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