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Background/Aims: Hypertension is considered a risk factor in immunoglobulin A nephropathy (IgAN). However, after
IgAN diagnosis, the relationship between early blood pressure control and renal prognosis remains unclear. This study
aimed to analyze the association between the prognosis of IgAN patients and a controlled status of hypertension within
the first year of IgAN diagnosis.

Methods: We retrospectively analyzed 2,945 patients diagnosed with IgAN by renal biopsy. The patients were divided into
‘normal,” ‘new-onset,” ‘well-controlled,” and ‘poorly-controlled’ groups using blood pressure data from two consecutive mea-
surements performed within a year. The Kaplan-Meier survival analysis and Cox proportional-hazards regression model were
used to survey the independent association between recovery from hypertension and the risk of IgAN progression. The pri-
mary endpoint was IgAN progression defined as the initiation of dialysis or kidney transplantation.

Results: Before IgAN diagnosis, 1,239 patients (42.1%) had been diagnosed with hypertension. In the fully adjusted Cox
proportional-hazards models, the risk of IgAN progression increased by approximately 1.7-fold for the prevalence of hyper-
tension. In the subgroup analyses, the ‘well-controlled’ group showed a statistically significant risk of IgAN progression (hazard
ratio [HR], 3.19; 95% confidence interval [CI], 1.103 to 9.245; p = 0.032). Moreover, the ‘new-onset’ and ‘poorly-controlled’
groups had an increased risk of IgAN progression compared to the ‘normal’ group (HR, 2.58; 95% Cl, 1.016 to 6.545; p =
0.046 and HR, 3.85;95% Cl, 1.541 to 9.603; p = 0.004, respectively).

Conclusions: Although hypertension was well-controlled in the first year after IgAN diagnosis, it remained a risk factor for

IgAN progression.
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INTRODUCTION

The prevalence of end-stage renal disease (ESRD) in Korea
is increasing, with glomerulonephritis accounting for 8% of
causes [1]. Immunoglobulin A (IgA) nephropathy, the com-
monest glomerulonephritis globally, is the most common
glomerulonephritis in Korea with a prevalence of approxi-
mately 30% [2]. Mesangial deposition of IgA is a histolog-
ical characteristic of IgA nephropathy (IgAN). This disease
has been recognized as an autoimmune disease due to the
significant interaction between galactose-deficient IgA1
and circulating anti-glycan antibodies [3]. The 30-year kid-
ney survival rate of IgAN is poor, approximately 50.3% [4].
Thus, many IgAN patients progress to ESRD, which creates a
heavy socioeconomic burden [5] and individual health prob-
lems, including mortality [6]. Therefore, early intervention
with correctable factors in IgAN patients may be beneficial
for prognosis and socioeconomics.

Various factors are associated with IgAN prognosis. Hy-
pertension [7,8] is a well-known risk factor for IgAN pro-
gression. In addition, it was suggested that the presence of
proteinuria [7,8], increased serum creatinine [7,8], smoking
[9], hematuria [8,10], elevated serum uric acid [11], hyper-
triglyceridemia [11], and genetic factors [12,13] were relat-
ed to IgAN prognosis. In addition, blood pressure control in
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IgAN remains a major concern because there is no evidence
from randomized controlled trials suggesting a target blood
pressure for IgAN. Moreover, the evidence grade of target
blood pressure in the Kidney Disease: Improving Global Out-
comes (KDIGO) guidelines is “not graded” [14].

Although hypertension is known to be related to IgAN
prognosis, no studies have been conducted to determine
how a controlled hypertension status after IgAN diagnosis
affects IgAN prognosis. In this study, we aimed to analyze
the effect of a controlled blood pressure on the renal out-
come of patients within the first year after IgAN diagnosis.

METHODS

Data source and study population

Of 21,697 patients who underwent kidney biopsy between
January 1979 and October 2018 at eighteen university hos-
pitals in Korea (Kyungpook National University Hospital,
Kyung Hee University Hospital at Gangdong, Hallym Univer-
sity Kangdong Sacred Heart Hospital, Gangnam Severance
Hospital, Korea University Guro Hospital, Korea University
Anam Hospital, Eulji University Hospital, Seoul Metropolitan
Government Seoul National University Boramae Medical
Center, Seoul National University Bundang Hospital, Seoul

www.Kjim.org 147


www.kjim.org

KJIM™

Patients who underwent
kidney biopsy (1979-2018)
(n=21,697)

Excluded (n = 14,244)
Non-IgAN patients

Patients diagnosed with IgAN
(n=7453)

Excluded (n = 4,508)
Age < 18 yr (n=318)
Missing data on previous history of
hypertension (n = 3,509)
Unclear renal event (n = 681)

Patients included in the present study
(n=2945)

Figure 1. Flow diagram for patient’s enrollment. IgAN, immuno-
globulin A nephropathy.

National University Hospital, Severance Hospital, Pusan Na-
tional University Yangsan Hospital, Eunpyeong St. Mary's
Hospital, Ewha Womans University Mokdong Hospital,
National Health Insurance Service llsan Hospital, Chonnam
National University Hospital, Jeonbuk National Universi-
ty Hospital, and Hallym University Sacred Heart Hospital),
7,453 patients were diagnosed with IgAN. We excluded
318 patients under the age of 18 years and 3,509 patients
who had missing data on previous history of hypertension.
Further, 681 patients who were unsure about whether they
had previously experienced a renal event were excluded; fi-
nally, 2,945 patients were analyzed in this study (Fig. 1).

End point, definitions and measurement

The primary endpoint of this study was IgAN progression,
defined as the initiation of dialysis or kidney transplantation.
Anemia was defined as hemoglobin level below 13 mg/dL
for men and below 12 mg/dL for women [15]. Serum cre-
atinine was measured using traceable isotope dilution mass
spectrometry. Estimated glomerular filtration rate was calcu-
lated using the Modification of Diet in Renal Disease equa-
tion [16]. The entire study population was classified into four
subgroups based on a previous history of hypertension and
two examinations of blood pressure (at 6 and 12 months)
performed during the first year of follow-up. Patients who
did not have a history of hypertension and whose systolic
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and diastolic blood pressures were < 130 and < 80 mmHg,
respectively, in both blood pressure examinations were as-
signed to the ‘normal’ group. Patients who did not have a
history of hypertension but whose systolic or diastolic blood
pressure was > 130 or > 80 mmHg, respectively, in any of
the two blood pressure examinations were assigned to the
‘new-onset’ group. Patients who had a history of hyperten-
sion but whose systolic or diastolic blood pressure was >
130 or > 80 mmHg, respectively, in both blood pressure
examinations were assigned to the ‘well-controlled’ group.
Patients who had a history of hypertension and whose sys-
tolic or diastolic blood pressure was > 130 or > 80 mmHg,
respectively, in any of the two blood pressure examinations
were assigned to the ‘poorly-controlled’ group.

Statistical analysis

Continuous variables were tested for normality using Sha-
piro-Wilk test, and normally distributed data are described
using means + standard deviations. Skewed data are ex-
pressed using medians and interquartile ranges (IQR). Stu-
dent’s t test was applied for normally distributed data, and
the Mann-Whitney U test was applied for skewed data, to
assess differences and clinical characteristics between the
control and hypertension groups. Categorical variables are
expressed as percentages, and the chi-square test was ap-
plied to compare the control and hypertension groups. The
Cochran-Armitage trend test was conducted for categorical
variables that had more than two categories. With the ex-
ception of urine protein/creatinine ratio (UPCR) (13.9%), the
percentages of missing data in all variables were less than
10%. We used the multiple imputation method for missing
data with the mice package [17] in R because missing val-
ues in clinical epidemiological data are generally the missing
at random type [18] and Madley-Dowd et al. [19] showed
that the multiple imputation method might reduce bias in
data which is missing at random. To establish the effect of
a controlled status of hypertension on IgAN progression, we
applied the Kaplan-Meier survival curve with log-rank test
and a univariate Cox proportional-hazards model. Addition-
ally, in adjusted Cox proportional-hazards models, we used
covariates that are clinically known to be related to IgAN
progression and which showed significant results in the
univariate analyses. Test for collinearity was performed to
assess the mutual influence between variables. Proportional
hazards assumption of the Cox proportional-hazards models
was verified by Schoenfeld residuals. Serum albumin violat-
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ed the proportional hazards assumption, and stratified Cox
proportional-hazards model with hypoalbuminemia (no vs.
yes) was applied. In the stratified Cox proportional-hazards
model analysis, interaction analyses between hypoalbumin-
emia and hypertension and between hypoalbuminemia and
a controlled status of hypertension were performed. Hazard
ratio (HR) and 95% confidence interval (Cl) were calculated
to compare the risk of IgAN progression. Data were ana-
lyzed and plotted using R language version 3.6.1 (R Foun-
dation for Statistical Computing, Vienna, Austria) [20]. All
statistical tests were two-tailed, and p values < 0.05 were
considered statistically significant.

Ethics approval and consent to participate

This study adhered to the tenets of the Declaration of Hel-
sinki. Because the database used in this study did not in-
clude personal identifiers and the study is retrospective and
observational in design, the need for informed consent
was waived. Ethical approval was received from the Chon-
nam National University Hospital Institutional Review Board
(CNUH-EXP-2020-034).

RESULTS

Clinical characteristics of the study popula-
tion

A total of 2,945 patients were analyzed. The median (IQR)
follow-up period was 6.42 years (3.82 to 9.27). The mean
+ SD age of all patients was 40.3 + 13.9 years and 47.5%
of patients were men. A total of 207 (7.0%) patients had
diabetes mellitus, and the mean + SD eGFR was 76.1 +
31.3 mU/min/1.73 m2. At renal biopsy, 1,239 of the 2,945
patients had hypertension. The hypertension and control
groups showed statistically significant differences in clinical
characteristics, excluding sex, serum albumin, and total cho-
lesterol. Compared to the control group, the hypertension
group were older and had a higher proportion of women
and a higher prevalence of diabetes mellitus. In the laborato-
ry findings at renal biopsy, the hypertension group showed
higher serum uric acid levels, lower hemoglobin levels, high-
er serum creatinine levels, and more severe proteinuria. We
have summarized the differences in clinical characteristics
between the control and hypertension groups in Table 1.
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Association between hypertension and IgAN
progression

IgAN progression occurred in 213 of the 2,945 patients
during the follow-up duration. By group, 135 (10.9%) pa-
tients in the hypertension group and 78 (4.6%) patients in
the control group experienced IgAN progression. The preva-
lence of hypertension was associated with IgAN progression
in the Cox proportional-hazards model (Table 2). In models
2 and 3 of the stratified Cox proportional-hazards model
analysis, interaction analyses showed that there were no
statistically significant interactions between hypoalbumin-
emia and hypertension (p for interaction, 0.963 in model
2 and 0.070 in model 3). As with the crude analysis, in the
fully adjusted Cox analyses, hypertension was consistently
an independent risk factor for IgAN progression (HR, 1.700;
95% Cl, 1.174 t0 2.461; p = 0.005).

Association between controlled status of
hypertension and IgAN progression

We performed Kaplan-Meier survival analysis with log-rank
tests on subgroups of the entire cohort according to a con-
trolled status of hypertension (Fig. 2). ‘poorly-controlled,’
‘well-controlled,” ‘new-onset,” and ‘Normal’ groups showed
poor prognosis in descending order. Interaction analyses be-
tween hypoalbuminemia and controlled status of hyperten-
sion were performed in the stratified Cox proportional-haz-
ards models (models 2 and 3) and no statistical significance
was detected (new-onset, p = 0.589; well-controlled, p =
0.555; poorly-controlled, p = 0.140 in model 2 and new-on-
set, p = 0.634; well-controlled, p = 0.563; poorly-controlled,
p = 0.177 in model 3). compared to the ‘normal’ group,
in the crude analysis of the Cox proportional-hazards mod-
el, the risk of IgAN progression was increased by approxi-
mately 2.9 times in the ‘new-onset’ group, 4.1 times in the
‘well-controlled” group, and 6.5 times in the ‘poorly-con-
trolled’ group (Table 3). In the fully adjusted Cox proportion-
al-hazards model, the ‘new-onset,” ‘well-controlled,” and
"poorly-controlled’ groups showed statistical significance
with HR of 2.579 (95% Cl, 1.016 to 6.545), 3.193 (95%
Cl, 1.103 to 9.245), and 3.847 (95% Cl, 1.541 to 9.603),
respectively. Notably, although hypertension was well con-
trolled in the first year after diagnosis in the ‘well-controlled’
group, the risk of IgAN progression increased, compared to
the ‘normal’ group.
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Table 1. Clinical characteristics of the patients using the multiple imputation method
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Characteristic All subjects Normal New-onset Well-controlled Poor-controlled DElE
(n=2,945) (n=543) (n=1,163) (n=237) (n=1,002)
Age, yr 40.3 £ 13.9 36.8+12.8 36.5+134 436 + 135 457 £ 13.3 < 0.001
Male sex, % 1,400 (47.5) 207 (38.1) 613 (52.7) 96 (40.5) 484 (48.3) < 0.001
Height, cm 164.5+9.3 163.6+9.2 166.1 £9.0 162.0+9.8 163.8+9.2 <0.001
Weight, kg 65.0 + 13.1 61.2 £ 12.1 65.8 +13.0 63.2+12.6 66.4 £ 13.2 < 0.001
Body mass index, kg/m? 23941 22.8+4.0 237 +3.8 24145 247 £4.0 <0.001
Diabetes mellitus, % 207 (7.0) 18 (3.3) 38(3.3) 26 (11.0) 125 (12.5) <0.001
Smoking 0.006
Non-smoker 2,339 (79.4) 453 (83.4) 926 (79.6) 194 (81.9) 765 (76.4)
Ex-smoker 266 (9.0) 42 (7.7) 90(7.7) 21(8.9) 115 (11.5)
Current smoker 340 (11.5) 48 (8.8) 147 (12.6) 22 (9.3) 122 (12.2)
SBP, mmHg 1251 +£16.3 119.5 + 14.1 124.2 +£15.3 123.4+14.8 129.5+17.6 <0.001
DBP, mmHg 77.6 £ 11.2 73.4+10.4 77.0+10.8 776 +10.5 80.8 £ 11.2 < 0.001
Serum uric acid, mg/dL 6.0+17 55x1.7 5917 6.0+17 6.4+18 <0.001
Hemoglobin, g/dL 13.0+1.9 12.8 1.7 13.3+19 126 £ 1.8 129+ 1.9 <0.001
Serum albumin, mg/dL 3.84+£0.63 3.82£0.71 3.87 £0.63 3.84 £0.59 3.81+£0.59 0.144
Creatinine, mg/dL 1.00 0.88 0.96 0.97 1.12 < 0.001
(0.80-1.30) (0.70-1.10) (0.79-1.20) (0.80-1.31) (0.87-1.50)
eGFR, mL/min/1.73 m? 76.1 £31.4 86.6 = 31.3 81.7+309 74.6 + 351 64.3+269 < 0.001
Total cholesterol, mg/dL 186.0 186.0 183.0 189.0 189.0 0.028
(159.0-217.0) (163.0-216.0) (156.0-212.0) (160.0-218.0) (161.0-217.0)
Urine protein creatinine 1.01 0.95 0.89 1.29 1.23 < 0.001
ratio, g/g creatinine (0.48-2.03) (0.38-1.71) (0.41-1.77) (0.68-2.23) (0.59-2.42)
Follow-up duration, yr 6.42 6.41 6.67 6.17 6.09 0.002
(3.82-9.27) (3.99-8.73) (3.97-9.79) (3.33-8.96) (3.73-8.88)

Values are presented as mean = SD, number (%), or median (interquartile range).
SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate.

DISCUSSION

Consistent with the literature, this study demonstrates that
the prevalence of hypertension is a risk factor for ESRD.
In addition, although blood pressure was well controlled
during the first year after IgAN diagnosis, hypertension re-
mained an independent risk factor for IgAN progression.
The prevalence of hypertension in IgAN patients has been
reported to vary from 31% to 58% [21-24]. In this study,
the prevalence of hypertension was found to be 42.1%,
which is similar to the values reported in previous studies.
Thus, hypertension is a commonly encountered comorbidity
in IgAN patients and its management is important because
of its association with the prognosis of these patients, in-
cluding mortality [25] and renal outcome [26]. In the KDIGO
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guidelines, target blood pressures of < 130/80 mmHg in
IgAN patients with proteinuria of < 1 g/day, and < 125/75
mmHg in those with proteinuria of > 1 g/day are recom-
mended [14]. However, the target blood pressure for IgAN
patients has not been established because of limited data.
The Modification of Diet in Renal Disease study showed in-
consistent results in subgroup and interaction analyses [27].
Recently, Zheng et al. [28] reported the benefits of inten-
sive treatment of blood pressure < 130/80 mmHg for IgAN
patients with proteinuria of > 1 g/day in the Prevalence,
Awareness and Treatment Rates in Chronic Kidney Disease
Patients with Hypertension in China (PATRIOTIC) study.
Based on the results of these studies, we defined the target
blood pressure as < 130/80 mmHg.

Renal damage due to uncomplicated primary hyperten-
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Table 2. Hazard ratio of hypertension for the progression of IgA
nephropathy with Cox proportional-hazards models

Total subject HR (95% Cl) p value
Crude 2.618 (1.980-3.461) <0.001
Model 1 2.475 (1.844-3.321) < 0.001
Model 2 1.777 (1.229-2.570) 0.002
Model 3 1.700 (1.174-2.461) 0.005

Model 1: crude + age, sex; Model 2: Model 1 + body mass
index, C-reactive protein, diabetes mellitus, estimated glomerular
filtration rate, hemoglobin, smoking, total cholesterol and strati-
fied with hypoalbuminemia; Model 3: Model 2 + serum uric acid,
urine protein creatinine ratio.

HR, hazard ratio; Cl, confidence interval.

1.00
=
Z 075
=)
8
g 0.50 -+ Normal
5 7 New-onset
2 -+ Well-controlled
2 -+ Poor-controlled
0259 p< 00001
0
T T T T
2 4 8 10 12 14
Time (yr)
No. at risk
f— 543 406 297 159 85 16 2
1,163 867 649 440 265 109 3
— 237 162 123 67 35 4 1
| 1,002 718 514 329 151 39 4
2 4 6 8 10 12 14

Figure 2. Kaplan-Meier survival curve with log-rank test to deter-
mine the association between the progression of immunoglobulin
A nephropathy and a controlled status of hypertension within the
first year.

KJIM™

sion is conceptually divided into two types: benign and ma-
lignant [29]. Benign nephrosclerosis is a non-specific vascu-
lar lesion observed in a majority of patients with primary
hypertension, and hyaline arteriosclerosis develops slowly. In
severe hypertension, malignant nephrosclerosis is observed
and is characterized by rapid vascular and glomerular dam-
age. The mechanisms by which hypertension induces renal
damage include burdening of systolic blood pressure, buff-
ering of the vascular bed of the kidneys, and local tissue
susceptibility to barotrauma [30]. Sustained elevated blood
pressure dysregulates renal autoregulation and causes a vi-
cious cycle of poorly controlled blood pressure [31]. Even-
tually, this leads to loss of kidney function through loss of
nephrons and increasing glomerular capillary pressure.
Notably, we found that IgAN patients with preexisting hy-
pertension had poor renal outcomes although blood pres-
sure was well controlled in the first year. However, because
only a few randomized and controlled trials have analyzed
the effects of hypertension control on renal survival, we
could support our results with pre-existing evidence to draw
conclusions [32]. Although we cannot explain the precise
mechanism of this phenomenon, we believe the following
factors may be implicated. First, Konishi et al. [33] report-
ed that IgAN patients developed sodium sensitivity before
blood pressure increased, and this was associated with
histological damage to the kidneys. In normotensive IgAN
patients, increased sodium sensitivity results in histological
damage to the kidneys which may be associated with a poor
renal prognosis. Second, patients in the ‘well-controlled’
group were older than those in the ‘normal’ and ‘new-on-
set’ groups (mean age, 44 years old vs. 37 years old and 36
years old). Due to data limitations, we were unable to deter-
mine the age of the patients who were initially diagnosed

Table 3. Multivariate Cox proportional-hazards models according to a controlled status of hypertension within the first

year
Variable Normal New-onset Well-controlled Poorly-controlled

HR (95% Cl) p value HR (95% Cl) p value HR (95% Cl) p value HR (95% Cl) p value
Crude 1 (reference) - 2.880(1.482-5.596) 0.001 4.138(1.895-9.038) < 0.001 6.500 (3.408-12.396) < 0.001
Model 1 1 (reference) - 2.759 (1.418-5.367)  0.003 3.948 (1.802-8.648) < 0.001 5.940(3.090-11.417) < 0.001
Model 2 1 (reference) - 2.695 (1.063-6.831)  0.037 3.245(1.122-9.385)  0.030 4.191(1.683-10.437)  0.002
Model 3 1 (reference) - 2.579(1.016-6.545) 0.046 3.193(1.103-9.245)  0.032 3.847 (1.541-9.603) 0.004

Model 1: crude + age, sex; Model 2: Model 1 + body mass index, C-reactive protein, diabetes mellitus, estimated glomerular filtration
rate, hemoglobin, smoking, total cholesterol and stratified with hypoalbuminemia; Model 3: Model 2 + serum uric acid, urine protein

creatinine ratio.
HR, hazard ratio; Cl, confidence interval.
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with hypertension. It seemed that the older the patient, the
more likely it was to have a longer duration of hyperten-
sion, which may have been related to the prognosis of the
patients. Third, blood pressure may not have been proper-
ly treated after the first year in the ‘well-controlled’ group.
Fourth, the factors involved in renal prognosis vary, and the
effects of intervention on other major risk factors were not
analyzed in this study. Fifth, the ‘well-controlled’ group may
have been evaluated as a high-risk group by the physicians
and may have received more active treatment, which may
have biased the results of this study.

Although our study has many strengths, including a large
study population and a long-term follow-up period, our
analyses have limitations. First, as in all observation stud-
ies, we could not evaluate causality between a controlled
status of hypertension and IgAN progression. However, ob-
servational studies are powerful tools for assessing epidemi-
ologic relationships and we utilized complimentary analytic
methods to robustly analyze the association between blood
pressure and IgAN progression [34]. Second, since this study
is retrospective, unintended bias related to over-/underdiag-
nosis or misclassification of patients may exist. For example,
in the ‘new-onset’ group, we were unable to clearly distin-
guish between those whose blood pressure was well con-
trolled and those who were not. Third, we could not deter-
mine all sources of bias and confounding factors including
variability in blood pressure measurement. Finally, we could
not analyze the pathologic classification of IgAN and the
effect of antihypertensive drugs and could not exclude the
secondary IgAN due to data limitations.

In conclusion, hypertension was a risk factor for the pro-
gression of IgAN. Even if blood pressure is well controlled,
more careful observation is needed in patients with pre-ex-
isting hypertension before IgAN diagnosis, which may be
beneficial to patients.

KEY MESSAGE

1. Patients with pre-existing hypertension before be-
ing diagnosed with immunoglobulin A nephropa-
thy (IgAN) have a poor prognosis when compared
to patients without hypertension, even if blood
pressure is well controlled later.

2. Well-controlled blood pressure prevents progres-
sion to end-stage renal disease in IgAN patients.
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