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Background: The clinical manifestations and prognosis of IgA nephropathy (IgAN) are diverse. Some patients may
present with kidney dysfunction lasting shorter than 3 months and meet the acute kidney disease (AKD) criteria.
This study aimed to investigate the clinicopathological features, causes and prognosis of newly diagnosed cases
of IgAN with AKD.
Methods: 1320 IgAN patients diagnosed via kidney biopsy between January 2012 and June 2018 were included
in this retrospective study, with a median follow-up period of 35 months. We analyzed the clinicopathological,
etiological variables, as well as short-term and long-term prognosis. The main outcome was a composite event of
40% decline in eGFR, kidney failure or death.
Results: Incidence of AKD was 8.8% in the newly diagnosed IgAN patients, and was found to be an independent
risk factor affecting the short-term (HR, 7.1; 95% CI, 2.3–22.2; P = 0.001) and long-term (HR, 1.8; 95% CI,
1.2–2.6; P = 0.006) prognosis, respectively. The most common cause of AKD was malignant hypertension-related
AKD (MHT-AKD; 24.1%), followed by hematuria-related AKD (H-AKD; 12.9%), nephrotoxic–drug–exposurerelated AKD (NTDE-AKD; 12.1%) and crescents-related AKD (C-AKD; 11.2%). The patients in AKD group had
more severe clinicopathological characteristics and poor short-term and long-term prognosis than non-AKD
group. In subgroup analysis, the MHT-AKD had the worst 5 years survival rate, followed by NTDE-AKD and
C-AKD, whereas H-AKD had the best survival rate.
Conclusions: AKD is not rare among IgAN patients, and is an independent risk factor for short-term and long-term
prognosis. IgAN patients with AKD resulting from different causes have different prognosis.

1. Introduction

with abnormal kidney function, such as decrease in eGFR or increase in
serum creatine (Scr), and the duration less than 3 months. This condition
meets the AKD diagnostic criterion proposed by KDIGO [5–7].
The clinicopathological features and short-term and long-term
prognosis of IgAN patients with AKD versus those without AKD are
currently unclear. Additionally, the causes that can lead to IgAN patients
with AKD, and the differences in disease characteristics and prognosis
among cases with different causes are unclear. Thus, this study aimed to
identify IgAN patients with AKD and to provide new ideas for the
diagnosis, treatment and management of IgAN patients by addressing
the above-mentioned problems.

IgA nephropathy (IgAN) has been recognized as the most common
primary glomerular disease worldwide and a major cause of end-stage
renal disease (ESRD). Recent epidemiological studies have reported
that IgAN accounts for 40% of all primary glomerular disease diagnosed
by kidney biopsy in Asia, and this rate is approximately 45% in China
[1–3]. IgAN can occur at different ages, with various clinical manifes
tations, such as asymptomatic microscopic hematuria, persistent pro
teinuria, and kidney function decline [4]. The prognosis varies widely,
and 30–40% of IgAN patients will develop kidney failure within 20 years
[2].
In clinical practice, we found that some IgAN patients can present
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2. Methods

2.2. Data collection

2.1. Patients

All of the predictors were defined and collected using identical
methods. From the medical records, we obtained the following data
collected at admission: age, gender, symptoms, history of drug usage,
systolic and diastolic blood pressure, eGFR (according to the Chronic
Kidney Disease Epidemiology Collaboration equation [10]), and he
moglobin, blood urea nitrogen, Scr, uric acid (UA), serum albumin
(ALB), total cholesterol, triglyceride (TG), proteinuria and urine red
blood cell (RBC). When 24-h urinary protein excretion data were
missing, spot urine protein-creatinine ratio was used to estimated pro
teinuria level [11]. Each kidney biopsy specimen was independently
scored according to the Oxford classification of IgAN score [12] by two
experienced pathologists blinded to the clinical data. Presence of RBC
casts that occluded kidney tubules was recorded as yes or no according
to the presence of lesions.

This retrospective cohort study involved 1320 participants from The
First Affiliated Hospital of Zhengzhou University and covered the period
of January 2012 to June 2018. The patient records were collected from
the Hospital Information System (Fig. 1). We included patients who had
biopsy-proven primary IgAN and had follow-up data for > 6 months, or
had kidney failure or a permanent reduction in eGFR of > 40% or death
within 6 months [8]. Patients were excluded who were younger than 18
years old, had kidney failure at the time of kidney biopsy, had no
available MEST-C scores, had < 8 glomeruli in the biopsy, had > 50%
missing information, or had missing baseline eGFR or proteinuria.
According to the KDIGO criteria, AKD was defined as eGFR < 60 ml/
min/1.73 m2, decrease in eGFR ≥ 35% or increase in Scr ≥ 50%, but the
duration of abnormal kidney function < 3 months [5–7]. We assessed
whether IgAN patients met the diagnostic criteria based on the SCr and
eGFR levels [9]. Baseline kidney function was defined as the minimum
Scr or maximum eGFR value within 3 months before admission, if not
available, the lowest Scr or highest eGFR value during hospitalization
was taken. A total of 116 IgAN patients with AKD and 1204 without AKD
(that is, NAKD) were finally included in this study.
This study was approved by the medical ethics committee of The
First Affiliated Hospital of Zhengzhou University.

2.3. Definitions
For IgAN patients with AKD, baseline (and the beginning of followup) was defined as the time after the onset of AKD, if not available,
the time of hospitalization was taken instead. In IgAN patients without
AKD, baseline was defined as the time of kidney biopsy. The follow-up
period was defined as the interval between the baseline and the last
outpatient visit, death, or onset of kidney replacement therapy (KRT,
maintenance dialysis or kidney transplantation). A serum creatinine

Fig. 1. Flow chart of cohort selection.
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level ≤ 1.25 times the baseline creatinine level at the last follow-up was
considered to indicate recovery of kidney function [13]. The short-term
was defined as the first 6 months after the onset of AKD, while for IgAN
patients without AKD, it was defined as the first 6 months post kidney
biopsy. The long-term was defined as more than 6 months. The main
outcome was a composite event including either a permanent reduction
in eGFR of > 40% than baseline value, or kidney failure (eGFR <15
ml/min/1.73 m2 or KRT), or death.
Mean arterial pressure (MAP) was defined as diastolic blood pressure
plus one-third pulse pressure. Acute inflammatory cell infiltration was
defined as ≥ 50% kidney interstitial edema with substantial infiltration
of inflammatory cells, such as eosinophils and neutrophils, regardless of
any lesion. Administration of renin-angiotensin-aldosterone system
(RAAS) blockers and immunosuppressive agents was defined as any
exposure post kidney biopsy.
Malignant hypertension-related AKD (MHT-AKD) was used to
describe malignant hypertensive kidney damage found via biopsy, and
combined with a history of malignant hypertension, that is, diastolic
blood pressure ≥ 130 mmHg with or without grade III or IV fundus le
sions [14]. Nephrotoxic-drug-exposure-related AKD (NTDE-AKD) was
used to describe the conditions of the patients who had been using an
tibiotics (β-lactams, aminoglycosides, vancomycin, sulfonamides, etc.),
non-steroid anti-inflammatory drugs, contrast agents, or herbs con
taining aristolochic acid within 2 months before the hospitalization, and
kidney biopsy pathology showing acute interstitial nephritis and/or
acute tubular injury [15,16]. Crescentic-related AKD (C-AKD) [17] was
defined as the presence of crescents affecting ≥ 50% of the glomeruli.
Hematuria-related AKD (H-AKD) was defined as the clinical manifesta
tion of gross hematuria within 2 months before the hospitalization and
tubular necrosis associated with erythrocyte casts was the major lesions
identified via biopsy [17]. Surgery-related AKD (S-AKD) [16] was used
to describe the conditions within 2 months before kidney biopsy of the
patients who had a clear history of surgery, massive intraoperative blood
loss, or a rapid increase in creatinine level within a short period
immediately after surgery, and the changes in creatinine level meeting
the diagnostic criteria for AKD. The patients who did not meet any of the
above-mentioned grouping criteria were included in the "unknown
cause" group.

Table 1
Baseline clinicopathologic characteristics, treatment and outcomes of IgAN
patients.
Characteristic

Total
(n =
1320)

AKD
(N = 116)

NAKD
(n =
1204)

P Value

74 (63.8)

660
(54.8)
36±11.3
134±18.9

0.059

Age, yr
Systolic BP, mmHg

734
(55.6)
36±11.6
135±19.3

Diastolic BP, mmHg
Mean arterial BP, mmHg

88±14.4
104±15.0

88±14.1
103±14.5

0.046*
0.024*

Hypertension history, n (%)

497
(37.6)
97 (7.3)
116 (8.8)

453
(37.6)
78 (6.5)
90 (7.5)

0.948

115
±26.7
4.6 ± 0.9
8.8 (6.0,
13.4)
153 (90,
279)
41 (23,
83)
393(309,
458)
31±8.4
5.7 ± 2.2
2.4 ± 2.0
3.4 (1.4,
5.9)
42 (9,
246)

132±19.6

<0.001*

4.7 ± 0.8
5.8 (4.5,
7.7)
86 (67,
121)
89 (59,
111)
344 (275,
417)
37±8.5
5.5 ± 2.3
1.9 ± 1.5
1.6 (0.9,
3.1)
32 (7,
117)

0.332
<0.001*

244
(18.5)
331
(25.1)
835
(63.2)

36 (31.0)

208
(17.3)
286
(23.7)
759
(63.0)

0.001*

180
(13.6)
243
(18.4)
423
(32.0)

14 (12.1)

166
(13.8)
198
(16.4)
364
(30.2)

0.61

39 (33.6)

415
(34.4)
28 (2.3)
443
(36.8)
150
(12.5)
230
(19.1)

0.85

Acute inflammatory cell
infiltration, n (%)

454
(34.4)
45 (3.4)
499
(37.8)
179
(13.6)
301
(22.8)

Treatment
RAAS blocker treatment, n
(%)
Immunosuppression
treatment, n (%)

953
(72.2)
867
(65.7)

59 (50.9)

894
(74.2)
769
(63.8)

<0.001*

186
(14.1)
132
(10.0)
103 (7.8)
2 (0.2)

48 (41.4)

<0.001*

39 (33.6)

140
(11.6)
95 (7.9)

24 (20.7)
1 (0.9)

79 (6.6)
1 (0.08)

Demographics and clinical
History
Male, n (%)

Gross hematuria history, n (%)
Nephrotoxic drugs exposure
history, n (%)
Laboratory Results
Hemoglobin, g/L
Blood glucose, mmol/L
BUN, median (IQR), mmol/L
SCr, median (IQR), umol/L
eGFR, median (IQR), ml/min
per 1.73 m2
UA, median (IQR), umol/L
Serum Albumin, g/L
Total Cholesterol, mmol/L
Triglyceride, mmol/L
Proteinuria, median (IQR), g/
d
Urine erythrocyte, median
(IQR), /ul
Kidney Biopsy Results
M1, n (%)
E1, n (%)
S1, n (%)

2.4. Statistical analysis methods

T
T1, n (%)

Continuous variables were presented as mean and SD or median and
interquartile range (IQR). Differences between groups were analyzed
using independent-samples t- tests. ANOVA or Kruskal–Wallis tests were
used for continuous variables, and chi-squared tests were used for cat
egorical variables. Kaplan–Meier method and log-rank test were used to
compare the survival rates between groups. Univariate and multivariate
Cox regression models were used to analyze independent factors
affecting IgAN prognosis. The risk factors for the development of AKD in
IgAN patients were analyzed by multivariate logistic regression. All the
statistical analyses were performed using IBM SPSS 22.0 (IBM Corp.,
Armonk, NY) and Graphpad Prism 8.0 (Graphpad Software, San Diego,
CA, USA). P < 0.05 indicated a statistically significant difference.

T2, n (%)
T1-T2, n (%)
C
C1, n (%)
C2, n (%)
C1-C2, n (%)
Tubules with RBC casts, n (%)

3. Results
3.1. Clinical and pathologic data
As shown in Fig. 1, there were 1320 patients with IgAN between
January 2012 and June 2018. Of them, 55.6% were male. The mean age
of all the patients was 36.0 ± 11.6 years, and the median follow-up
period was 35.0 (IQR, 24.0–49.0) months. A total of 116 (8.8%) newly
diagnosed IgAN patients developed AKD during hospitalization (Fig.
S1).
The clinical and pathologic characteristics are summarized in
Table 1. The AKD group had more patients with gross-hematuria

Outcome
Composite outcome, n (%)
40% decline in eGFR, n (%)
KRT, n (%)
Death before KRT, n (%)

48

130±20.9
4.7 ± 0.8
5.9 (4.6,
8.1)
89 (68,
131)
86 (55,
111)
348 (278,
423)
37±8.6
5.5 ± 2.3
2.0 ± 1.6
1.7 (0.9,
3.4)
34 (8,
121)

38±14.6
141
±24.3
91±16.9
107.2 ±
18.5
44 (37.9)
19 (16.4)
27 (23.3)

45 (38.8)
76 (65.5)

45 (38.8)
59 (50.9)

17 (14.7)
56 (48.3)
29 (25.0)
71 (61.2)

98 (84.5)

0.161
0.006*

<0.001*
<0.001*

<0.001*
<0.001*
<0.001*
<0.001*
0.273
0.013*
<0.001*
0.019*

0.003*
0.597

<0.001*
<0.001*

<0.001*
0.015*
<0.001*
<0.001*

<0.001*
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a

These rows denote statistical significances.
Abbreviation: IgAN, IgA nephropathy; AKD, acute kidney disease; NAKD, nonAKD; BP, blood pressure; BUN, blood urea nitrogen; SCr, serum creatinine;
UA, uric acid; IQR, interquartile range; M1, >50% of glomeruli show mesangial
hypercellularity; E1, any glomeruli show endocapillary hypercellularity; S1,
segmental glomerulosclerosis present in any glomeruli; T1, 26− 50% of cortical
area show tubular atrophy/interstitial fibrosis; T2, >50% of cortical area show
tubular atrophy/interstitial fibrosis; T1-T2, > 25% of cortical area show tubular
atrophy/interstitial fibrosis; C1, 0%− 25% of glomeruli show cellular/fibrocel
lular crescents; C2, ≥25% of glomeruli show cellular/fibrocellular crescents; C1C2, any glomeruli show cellular/fibrocellular crescents; RBC, red blood cell;
RAAS, renin-angiotensin-aldosterone system; KRT, kidney replacement therapy.

Table 2
AKD as a risk factor for the composite progression event in IgAN.
Hazard Ratio for Composite Outcomesa (95% Confidence Interval);
P
Unadjusted
Model 1
Model 2
Model 3
The short-term
progressionb
The long-term
progressionc

16.8
(6.9–41.1);
<0.001
4.4(3.2–6.2);
<0.001

10.3
(4.1–25.9);
<0.001
3.1(2.2–4.4);
<0.001

5.4
(2.0–14.7);
0.001
1.8(1.2–2.6);
0.003

7.1
(2.3–22.2);
0.001
1.8(1.2–2.6);
0.006

Note: Model 1 was adjusted for age, sex and Oxford classification (MEST-C
scores), sex was expressed as a dichotomous variable. Model 2 was adjusted for
covariates in model 1 plus mean arterial pressure, eGFR and proteinuria. Model
3 was adjusted for covariates in model 2 plus RAAS blockade, steroids and/or
other immunosuppressive agents.
Abbreviation: IgAN, IgA nephropathy; eGFR, estimated glomerular filtration
rate.
a
Composite outcomes defined as 40% decline in eGFR or kidney replacement
therapy or death before kidney replacement therapy.
b
The short-term prognosis was defined as the prognosis of the IgAN patients
in the first 6 months after the onset of AKD.
c
The long-term prognosis was defined as the prognosis of the IgAN patients
until the last follow-up.

symptoms or history of nephrotoxic-drug exposure, and had higher
MAP, BUN, Scr, UA, TG, urinary protein and urine RBC levels, and lower
hemoglobin, eGFR and ALB level compared with the NAKD group.
Additionally, compared with NAKD group, AKD group showed higher
prevalence of M1, E1, T1-2, C1-2 lesions, and more severe kidney tu
bules occluded with RBC casts or acute inflammatory cell infiltration
lesions. There was no significant difference in S lesions incidence,
assessed using the Oxford classification.
3.2. Treatment and outcome

factor for the long-term composite progression event of IgAN as well
(HR, 1.8; 95%CI, 1.2–2.6; P = 0.006) (Table 2).
In a multivariable logistic regression model, we identified that
complicated with malignant hypertension history (OR 38.91; 95%CI,
16.51–91.71; P < 0.001), gross hematuria history (OR 3.51; 95%CI,
1.68–7.36; P = 0.001), nephrotoxic-drug exposure history (OR 3.8, 95%
CI, 2.02–7.13; P < 0.001), C2 lesions (OR 2.57; 95%CI, 1.11–5.98; P =
0.03) and acute inflammatory cell infiltration lesions (OR 6.4; 95%CI,
3.24–12.65;
P < 0.001) were significant independent risk factors of the devel
opment of AKD in patients with IgAN (Table 3).
Multivariate Cox proportional hazard regression analysis showed
that high baseline MAP (HR, 1.01; 95% CI, 1.002–1.022; P = 0.015), UA
(HR, 1.002; 95% CI, 1.001–1.004; P = 0.005) level, T2 lesions on kidney
biopsy (HR, 4.35; 95% CI, 2.27–8.36; P < 0.001) and low eGFR (HR,
0.97; 95% CI, 0.96–0.98; P < 0.001), ALB (HR, 0.97; 95% CI, 0.94–0.99;
P = 0.007) level were risk factors for the long-term prognosis of IgAN,
and IgAN patients who had tubules with RBC casts (HR, 0.36; 95% CI,
0.20–0.67; P = 0.001) on kidney biopsy pathology appeared to have a
better long-term prognosis than that of patients without these lesions.
Meanwhile, high baseline MAP (HR, 1.03; 95% CI, 1.01–1.05; P = 0.02)
and C2 lesions on kidney biopsy (HR, 3.41; 95% CI, 1.05–11.15; P =
0.04) were risk factors for the short-term prognosis of IgAN. In addition,

Regarding treatment, 59 patients (50.9%) in AKD group received
RAAS inhibitors, and 98 patients (84.5%) received immunosuppressive
therapy throughout the follow-up period, whereas in NAKD group, 894
patients (74.2%) received RAAS inhibitors, and 769 patients (63.8%)
received immunosuppressive therapy (Table 1).
Median follow-up period was 28.5 months (IQR, 11.3–43.5) and 36.0
months (IQR, 24.0–50.0), with composite endpoints of 48 events
(41.4%) and 140 (11.6%) events, in AKD and NAKD groups, respec
tively. Kaplan-Meier curve analysis showed that survival rates of the
IgAN patients in AKD group were 82.1%, 61.1% and 48.2% at 1, 3 and 5
years, respectively. The short-term (log-rank, χ2=70.6, P < 0.001) and
long-term prognosis (log-rank, χ2=101.7, P < 0.001) in AKD group were
worse than those in NAKD group (Fig. 2).
3.3. Risk factors for progression of IgAN
As shown in Table 2, in cause-specific hazards model 3, after
adjustment for age, sex, MAP, eGFR, proteinuria, Oxford classification
and RAAS blockers and immunosuppression agents, AKD was found to
be an independent risk factor for the short-term composite progression
event of IgAN (HR, 7.1; 95%CI, 2.3–22.2; P = 0.001). Results remained
consistent in the long-term, indicating that AKD was an independent risk

Fig. 2. The survival rate of the IgAN patients in AKD and NAKD groups at different follow-up periods. (A) In the first 6 months, the survival rate of the IgAN patients
in AKD and NAKD groups after the onset of AKD. Solid line indicates IgAN patients in AKD group. Dotted line indicates IgAN patients in NAKD group. (B) The survival
rate of the IgAN patients in AKD and NAKD groups until the last follow-up. Solid line indicates IgAN patients in AKD group. Dotted line indicates IgAN patients in
NAKD group.
Abbreviation: IgAN, IgA nephropathy; AKD, acute kidney disease; NAKD, non-acute kidney disease.
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survival curve analysis revealed that MHT-AKD and C-AKD groups
were significantly worse in short-term prognosis than the other groups
(Fig. 4A).
After the long-term follow-up, we found that the patients in H-AKD
group had the best recovery of kidney function (13/15, 86.7%)
compared with the patients in MHT-AKD (9/28, 32.1%) group, NTDEAKD (2/14, 14.3%) group, C-AKD (4/13, 30.8%) group or S-AKD (2/
6, 33.3%) group (Fig. 3B). Kaplan-Meier curve analysis showed that the
5 years survival rate for each group were 26.3% for MHT-AKD, 37.4%
for NTDE-AKD, 44.0% for C-AKD, and 58.5% for H-AKD groups,
respectively (Fig. 4B).
Noticeably, there were 5 females and 1 male in the S-AKD group, 2 of
the 5 women undergoing caesarian section, 3 undergoing abortion, and
1 man undergoing liver transplantation, all under general anesthesia,
with a total of 2 patients experiencing significant loss of blood during the
procedure. Only 1 patient’s kidney function recovered in the first 6
months after the onset of AKD, but none of the them had an endpoint
event. At the time of last follow-up, only 2 patients had normalized
kidney function, and 2 had endpoint events.

Table 3
Risk factors for the development of AKD in IgAN.
Variable

Unadjusted
Hazard Ratio
(95% CI)

P Value

Age, yr

1.01
(0.998–1.03)
1.45
(0.98–2.16)
34.51
(16.63–71.63)

0.08

2.83
(1.64–4.87)
3.76
(2.32–6.08)
1.003
(1.001–1.005)
0.94
(0.92–0.96)
1.17
(1.11–1.23)
2.16
(1.42–3.28)
2.03
(1.37–3.02)
1.11
(0.75–1.66)
2.39
(1.63–3.51)
0.86
(0.48–1.54)
3.22
(2.15–4.82)
1.60
(1.09–2.35)
0.96
(0.64–1.44)
1.21
(3.82–13.63)
2.34
(1.49–3.69)
6.68
(4.48–9.97)

Men
Malignant
hypertension
history
Gross hematuria
history
Nephrotoxic drugs
exposure history
UA, umol/L
Serum Albumin, g/
L
Proteinuria, g/d
M1
E1
S1
T1-T2
T1
T2
C1-C2
C1
C2
Tubules with RBC
casts
Acute inflammatory
cell infiltration

Adjusted
Hazard Ratio
(95% CI)

P Value

<0.001

38.91
(16.51–91.71)

<0.001a

<0.001

3.51
(1.68–7.36)
3.80
(2.02–7.13)
1.003
(1.001–1.005)
0.94
(0.91–0.97)

0.001a

0.06

<0.001
<0.001
<0.001

<0.001a
0.012a
<0.001a

<0.001
<0.001

4. Discussion

<0.001

IgAN is the most prevalent primary glomerulonephritis worldwide
with different clinical manifestations. Some patients may experience a
rapid deterioration of kidney function in a short period, and AKI occurs
when this period is < 7 days. Previous studies have found that approx
imately 8.3–9.7% of IgAN patients develop AKI, and patients with AKI
have worse prognosis than those without AKI [18,19]. A proportion of
IgAN patients present with progressive kidney dysfunction, and the
duration period < 3 months, meeting the KDIGO criteria for AKD [5,6].
To date, most studies have mainly focused on the relationship between
IgAN and AKI and the short-term prognosis, while few studies on AKD
and the short-term and long-term prognosis of IgAN. There is still much
confusion as to why AKD occurs in IgAN patients and whether the kid
ney function can be restored after AKD occurs.
In our study, we found that the proportion of AKD among the newly
diagnosed IgAN patients was approximately 8.8%, and they had more
severe clinicopathological features and poorer short-term and long-term
prognosis. Because our study only considered Scr or eGFR variations
within 3 months before and after hospitalization for IgAN patients with
AKD, a few IgAN patients failed to detect the Scr peak or minimum eGFR
level in time, these patients failed to meet the diagnostic criterion for
AKD and were classified as NAKD group. Therefore, it is possible that the
actual prevalence of AKD in newly diagnosed IgAN patients is highly
than 8.8%.
We found that occurrence of AKD was an independent risk factor for
both the short-term and long-term prognosis of IgAN patients. Further
more, we found that high MAP levels and C2 lesions were risk factors for
the short-term prognosis of IgAN, while high MAP, UA levels, T2 lesions,
and low eGFR, Alb levels were risk factors for the long-term prognosis,
and patients with RBC casts in tubules seem to have a better prognosis
than those who did not. Fujii et al. have found that AKD patients asso
ciated with increased hospital mortality [20]. IgAN patients with AKD
are undergo constant kidney injury, causing incomplete repair charac
terized by permanent tubulointerstitial fibrosis, which may cause the
poor short-term and long-term prognosis of IgAN patients with AKD
[21].
AKI is a collection of syndromes, and its pathophysiology usually
varies depending on the state and conditions with its development. The
term AKD has been proposed to describe the course of the kidney disease
among patients with ongoing kidney pathophysiological processes post
AKI, which can also include the AKI process. Recent studies suggested
that the causes and pathophysiological mechanisms of AKI may be
related to a variety of factors, such as renal hypoperfusion, nephrotoxin
exposure, rapidly progressive glomerulonephritis, acute interstitial
nephritis, major surgery and so on [16]. Our findings suggest that IgAN

0.60
<0.001
0.61
<0.001
0.02

0.39
(0.18–0.83)

0.014a

2.57
(1.11–5.98)
1.89
(1.03–3.48)
6.40
(3.24–12.65)

0.03a

0.85
<0.001
<0.001
<0.001

0.04a
<0.001a

Abbreviation: IgAN, IgA nephropathy; AKD, acute kidney disease; 95% CI, 95%
confidence interval; UA, Uric acid; M, mesangial hypercellularity; E, endoca
pillary hypercellularity; S, segmental glomerulosclerosis; T, tubular atrophy/
interstitial fibrosis; C, cellular/fibrocellular crescents; RBC, red blood cell.
a
These rows denote statistical significances.

the short-term and long-term prognosis of the IgAN patients treated with
RAAS inhibitors were better than those who were not. (Table S1, Table
S2)
3.4. AKD subgroup analysis
Based on the Table 3 and the clinicopathologic characteristics of the
IgAN patients with AKD at admission, the possible causes of the AKD in
the IgAN patients were divided into the following six categories (Fig.
S2): MHT-AKD (28 cases, 24.1%), NTDE-AKD (14 cases, 12.1%), C-AKD
(13 cases, 11.2%), H-AKD (15 cases, 12.9%), S-AKD (6 cases, 5.2%) and
unknow cause (40 cases, 34.5%). The clinicopathologic characteristics
and treatment strategies in each group are shown in Table S3. Consid
ering the small number of cases in the S-AKD group, we mainly
compared the differences among the four groups of MHT-AKD, NTDEAKD, C-AKD and H-AKD. Overall, MHT-AKD and C-AKD groups showed
higher blood pressure, MEST-C scores, Scr and urinary protein levels
than the other groups.
After short-term follow-up, the patients in H-AKD group were found
to have better recovery of kidney function (12/15, 80.0%) than those in
MHT-AKD (7/28, 25.0%), NTDE-AKD (5/14, 35.7%), C-AKD (7/13,
53.8%), or S-AKD (1/6, 16.7%) group (Fig. 3A). The Kaplan-Meier
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Fig. 3. (A) The recovery of renal function with the
short-term period of the IgAN patients with AKD
resulting from different causes. (B) The recovery of
renal function with the long-term period of the IgAN
patients with AKD resulting from different causes.
IgAN, IgA nephropathy; AKD, acute kidney disease;
MHT-AKD, malignant hypertension-related AKD;
NTDE-AKD, nephrotoxic-drug-exposure-related AKD;
C-AKD, crescentic-related AKD; H-AKD, hematuriarelated AKD; S-AKD, surgery-related AKD.

patients are at significantly increased risk of AKD when combined with
malignant hypertension history, gross hematuria history, nephrotoxic
drugs exposure history, and C2 lesions, tubules with RBC casts and acute
inflammatory cell infiltration on kidney biopsy. Therefore, we further
subgrouped IgAN patients with AKD according to different causes,
mainly into MHT-AKD, NTDE-AKD, C-AKD, H-AKD, S-AKD groups.
Our study found that malignant hypertension (MHT) is the major
cause of AKD in IgAN patients, and the patients with MHT-AKD had
poorer recovery of kidney function and prognosis than the other groups
both short- and long-term follow-up. Previous studies have found that
55% of patients with MHT may develop kidney involvement [14], and
IgAN is one of the leading causes of MHT, accounting for one-third of all
causes in China [22]. When IgAN patients are complicated with MHT,
the rapidly elevated blood pressure can directly damage the vascular
wall and endothelial cells, leading to ischemic changes and fibrinoid
necrosis in the arterioles and excessive activation of the RAAS, and
finally accelerate the deterioration of kidney function [23,24].
We found that NTDE-AKD mainly affects the long-term prognosis of
IgAN patients, while C-AKD mainly affects the short-term prognosis.
Previous studies have suggested that some common drugs may lead to
kidney dysfunction and are associated with poor short- and long-term
prognosis [25–28]. High concentrations of medications and their me
tabolites may result in haemodynamic changes that affect the kidney
function and structure, and cause interstitial inflammatory cell infil
tration and thereby ultimately lead to interstitial fibrosis [29,30,16].
Some scholars found that the prognosis is significantly lower in IgAN
patients with crescents than those without crescents, and about 75% had
a composite endpoint event [31,32,17], which is consistent with our

results.
Hematuria is a typical presentation of IgAN [33], and macroscopic
glomerular hematuria has been proven to be associated with the
development of AKI. Acute tubular necrosis and intraluminal obstruc
tive RBC casts are the most notable histological features of AKI during
gross hematuria [34,35]. Our study found that gross hematuria history
was a risk factor for the development of AKD in patients with IgAN, but
compared with other subgroups, the patients in H-AKD group showed
the best short-term and long-term renal function recovery and prog
nosis. Our results were supported by previous literature. The presence or
intensity of hematuria associated with worse IgAN prognosis [36], but
IgAN patients with hematuria-associated AKI seems to have a better
outcome compared with other causes [35].
In addition to this, we found that 6 IgAN patients with AKD after
major surgery under general anesthesia. Preceding studies have sug
gested that acute kidney failure is independently associated with longterm mortality risk in patients undergoing major surgery [37,32,38,
16]. The pathophysiological mechanisms may be associated with fluid
depletion due to multiple factors and the systemic effects of the anes
thetics [32,38,16]. Further sample expansion is needed. Therefore, cli
nicians should be cautioned against the development of AKD and
promptly intervene when surgery must to be performed on IgAN
patients.
Our study has limitations due to the retrospective observational
design in a single center, and the relatively small number of patients
among the subgroups that led to the development of AKD in IgAN pa
tients. Larger samples are needed to confirm our findings.
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Supplementary materials
Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.ejim.2022.05.021.
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5. Conclusions
AKD is not rare in IgAN patients, and IgAN patients with AKD show
more severe clinicopathological features and poorer short- and longterm prognosis than IgAN patients without AKD. Additionally, AKD is
an independent risk factor for short- and long-term prognosis in IgAN.
For the management of IgAN patients, attention should be paid to
strictly managing blood pressure, avoiding nephrotoxic drugs applica
tions, and reducing the occurrence of kidney adverse events. For the
IgAN patients with AKD, attention should be paid to promptly diagnosis,
identification of the causes, and early aggressive management.
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