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Abstract

Background/Aims: Renal involvement was a common extra-
articular manifestation of ankylosing spondylitis (AS). Few
reports have investigated the pathological characteristics
and renal outcomes of AS patients with kidney disease. The
aim of this study was to investigate the pathological spec-
trums and the renal prognosis of AS patients with kidney
disease. Methods: This retrospective and observational
study was conducted working on 62 patients (47 males and
15 females) with a diagnosis of AS (ACR, 1984) and renal bi-
opsies between 2008 and 2017. The histopathological find-
ings and associated clinical manifestations were collected,
and the renal prognoses of patients with kidney disease
were evaluated too. Multivariate binary logistic regression
analysis was performed to identify risk factors for the occur-
rence of IgA nephropathy (IgAN). Results: Renal biopsy re-
vealed that IgAN accounted for a majority (74.2%) of the kid-
ney disease with AS, while membranous nephropathies,
minimal change disease, focal segmental glomerulosclero-

sis, and other lesions accounted for a small minority. Multi-
variate analysis revealed that serum immunoglobulin A
>3.45 g/L and immunoglobulin G >9.06 g/L were risk factors
for the occurrence of IgAN. With a median follow-up time of
24.3 months, 28 patients (50.9%) reached complete remis-
sion, 9 patients (16.4%) had partial remission, and 1 patient
had an eGFR decline >30%. No difference was found in prog-
nosis between IgAN and non-IgAN. Conclusion: IgAN oc-
curred in 76.4% of the kidney disease with AS, and higher
serum immunoglobulin A and G increased the risk for the
occurrence of IgAN. The renal prognosis of kidney disease in

AS was good. ©2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Ankylosing spondylitis (AS) is the major subtype and
a main outcome of an interrelated group of rheumatic
diseases, which is named spondyloarthritis now [1]. Re-
cent specialists believe AS is an advanced stage of axial
spondyloarthritis, which can be identified by a combina-
tion of clinical symptoms and established radiographic
changes [2, 3]. Inflammatory back pain is the principal
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clinical feature of AS, caused by sacroiliitis and inflam-
mation at other locations, including the axial skeleton,
peripheral arthritis, and extra-arthritis organs, for in-
stance, anterior uveitis, heart, and kidney [1, 4]. Renal
complication accounted for 8.1-21.7% in extra-arthritis
events [2, 5], it can lead to chronic or end-stage renal dis-
ease [6].

Recent studies investigated renal involvement in AS
primarily according to urinary analysis. Clinicians ob-
served that about 8.1-44.7% of AS patients were found
abnormality in urinalysis, and microscopic hematuria
was the most frequent finding in urinalysis for AS pa-
tients, but usually intermittent during follow-up, only in
10.5% patients were assumed glomerular hematuria [2,
7]. Therefore, abnormality in urinalysis has not always
been the truth. Acknowledged, renal biopsy was the gold-
en standard of diagnosis for the overwhelming majority
of renal parenchyma disease, including nephropathy rel-
evantto AS; meanwhile, it provided more information for
physicians to choose an appropriate therapy plan and es-
timate the individual prognosis. However, considerably
fewer reports have investigated the pathological charac-
teristics and renal outcomes of AS patients with renal im-
pairment. In addition, renal biopsy was performed in a
handful of patients, while the observations were conflict-
ing and controversial.

In the present study, we retrospectively analyzed 62
biopsy-proven kidney diseases with AS in our center. The
aim of this study was to provide a description of the clin-
ical features and histological spectrums of AS patients
with renal involvement and to explore risk factors for the
occurrence of IgA nephropathy (IgAN). The response to
treatment and renal outcomes were also evaluated.

Materials and Methods

Patients

This is a retrospective and observational study that was per-
formed at National Clinical Research Center of Kidney Diseases,
Jinling Medical College of Nanjing Medical University (JMC-
NMU). A total of 275 hospitalized patients were diagnosed with
AS in JMC-NMU from January 2008 to December 2017, according
to the AS classification standard established by the American Col-
lege of Rheumatology (ACR) in 1984, and 66 of them were hospi-
talized in the nephropathy department [8]. Renal biopsy was per-
formed in patients with glomerular hematuria and/or proteinuria
over 0.5 g/day and/or renal insufficiency. Sixty-two patients with
renal biopsies were included. Demographic and clinical informa-
tion was obtained through reviewing of medical records and labo-
ratory tests. Renal histological examinations including light mi-
croscopy as well as immunofluorescence and follow-up data were
thoroughly investigated.
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Renal Histopathology

The tissue for light microscopy was serially sectioned, using
hematoxylin and eosin, periodic acid-Schiff, methenamine-silver,
and Masson trichrome stains. Cryosections were stained with flu-
orescein isothiocyanate-conjugated rabbit anti-human immuno-
globulin G (IgG), IgA, IgM, complement 3 (C3), and C1q. Paraffin
sections stained fibrinogen. Tissue for electron microscopy was
processed according to standard protocols. All biopsy slides were
re-reviewed by 2 pathologists.

To explore the unique properties of immunoglobulin A ne-
phropathy secondary to ankylosing spondylitis (IgAN-AS), the au-
thors compared the pathologic characteristics of IgAN-AS with
those of primary immunoglobulin A nephropathy (pIgAN) in the
literature, such as pIgAN in the multicenter adult Chinese (MCAC)
cohort conducted by Zeng et al. [9] and the pooled cohort by Bar-
bour et al. [10]. Pathology findings of SIgAN-AS were defined ac-
cording to the Oxford classification for pIgAN: M0/M1 as <50%
of glomeruli with <4 mesangial cells/mesangial area or >50% of
glomeruli with >4 mesangial cells/mesangial area; E0/E1 as the ab-
sence or presence of endocapillary hypercellularity; S0/S1 as the
absence or presence of segmental sclerosis or tuft adhesions; T0/
T1/T2 as the degree of tubular atrophy or interstitial fibrosis (<25,
25-50, >50%, respectively) [11, 12]. Crescent lesions were de-
scribed as follows: CO (no crescents), C1 (crescents in more than
zero but less than one-fourth of glomeruli), and C2 (crescents in
one-fourth or more of glomeruli) [13, 14].

Treatment Protocol

Patients were addressed in a flexible strategy after biopsy de-
pending on clinical and pathological manifestations, mainly
through immunosuppressants combined with small-dose oral glu-
cocorticoids such as prednisone/methylprednisolone or not.
Leflunomide was the most used immunosuppressant, followed by
mycophenolate mofetil (MMEF), cyclophosphamide (CTX), and
tacrolimus. Oral glucocorticoids alone or aldosterone receptor an-
tagonists (ARBs) or angiotensin-converting enzyme inhibitors
(ACEISs) alone were employed in a small minority.

Renal Outcomes

The assessment of renal outcomes was based on the evolution
of urinary proteinuria and estimated glomerular filtration rate
(eGFR) during follow-up, and eGFR was calculated using the
chronic kidney disease epidemiology collaboration (CKD-EPI)
formula. The following outcomes were evaluated: (1) complete re-
mission was identified as urinary protein <0.4 g/day, and the eGFR
decreased <10%. (2) Partial remission was defined as urinary pro-
tein decreased >50% baseline and <3.5 g/day, and the eGFR de-
creased <10%. (3) Treatment failure was defined as an increase in
proteinuria, or a reduction in proteinuria but not to the extent of
complete or partial remission. (4) ESRD was identified as an eGFR
<15 mL/min/1.73 m? initiation of dialysis, or transplantation for
over 3 months.

Clinical and Laboratory Data

The data included gender, age at onset and biopsy, duration,
family history, renal involvement, extra-renal manifestations,
blood pressure, 24-h urinary protein excretion, routine urinary
analysis, blood test, and blood biochemical examination. IgG, IgA,
IgM, C3, and C4 were likewise recorded. Renal function was esti-
mated by assessing serum creatinine concentration and creati-
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Table 1. Demographic and clinical features of AS patients with kidney disease (n = 62)

Items Values (n=62) Items Values (n = 62)
Male 47 (75.8) Renal impairment
Age of AS onset, years 30.2£10.6 Gross hematuria 17 (27.4)
Age at renal biopsy, years 35.1+10.7 Proteinuria and hematuria 21 (33.4)
AS duration, months 60.0 (21.8-120) Simple proteinuria 8(12.9)
Renal duration, months 4.0 (1.0-35.3) Simple hematuria 1(1.6)
AS family history positivity 8(12.9) Nephrotic syndrome 7 (11.3)
Renal family history positivity 9(14.5) Renal insufficiency 11(17.7)
Arthritis except AS family history 8 (12.9) Chronic renal failure 7 (11.3)
Onset order of nephropathy and arthritis Acute kidney injury 5(8.1)
Post-AS 45 (72.6) Hypertension 20 (28.6)
Concomitant with AS 11 (17.7) Emerged hypertension 14 (22.6)
Pre-AS 6(9.7) Edema 15 (24.2)
Comorbidities Immunological features
Obesity 4(6.5) Antinuclear antibodies (+) 9/62
Diabetes mellitus 3 (4.8) Anti-dsDNA (+) 1/62
Viral hepatitis 3(4.8) Anti-cardiolipin antibody (+) 4
Thyroid disorder 3 (4.8) Anti-SSA and SSB 1/42
SLE 2(3.2) Anti-endothelial antibody ~ 4/5
ANCA-associated vasculitis 2(3.2) Rheumatoid factor (+) 1/60
Psoriasis 1(1.6) Low C3 8/62
Uveitis 2(3.2) Low C4 1/62
Ulcerative colitis 1(1.6) Hyper serum IgG 8/62
HLA-B27 positivity 44/59 Hyper serum IgA 20/62

Values are n (%) unless otherwise specified. AS, ankylosing spondylitis; C3, complement C3; C4, complement
C4;IgG, immunoglobulin G; IgA, immunoglobulin A; SLE, systemic lupus erythematosus; ANCA, anti-neutrophil
cytoplasmic antibodies; HLA-B27, human leukocyte antigen B27. Low C3 was defined as C3 <0.8 g/L; low C4 was
defined as C4 <0.1 g/L; hyper serum IgG was defined as IgG >16 g/L; hyper serum IgA was defined as IgA >4 g/L.
(+): positive, for example, antinuclear antibodies (+) means antinuclear antibodies positive.

nine-based eGFR, using the CKD-EPI formula. Renal insufficien-
cy was defined as an eGFR <60 mL/min/1.73 m?, chronic kidney
disease (CKD) was defined by the presence of a renal dysfunction
for at least 3 months, and acute kidney injury (AKI) was defined
as an eGFR decrease of >25%, known or presumed to have oc-
curred within the prior 3-month period.

Hypertension was diagnosed according to the standards rec-
ommended by the World Health Organization Expert Committee.
Proteinuria was defined as proteinuria >0.4 g/day. Hematuria was
defined as >10 x 10*/mL. Macroscopic hematuria was defined as
>1,000 x 10*/mL or visible to the eye. Nephrotic syndrome was
defined as plasma albumin <35 g/L and proteinuria >3.5 g/day.
Hyper-IgG and hyper-IgA were defined as IgG >16 g/L and IgA >4
g/L. Low C3 was defined as serum C3 < 0.8 g/L, low C4 was defined
as serum C4 < 0.1 g/L.

Statistics

All analyses were performed using SPSS 24.0 software for Win-
dows (SPSS Inc., Chicago, IL, USA). Data were expressed as means
+ SD or median (interquartile ranges [IQRs]) for continuous vari-
ables and as number (percentage) for noncontinuous variables.
The x? test or Fisher’s test was used to assess categorical variables;
for continuous variables, Student’s ¢ test was used for those with
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characteristics of normality; and the nonparametric Mann-Whit-
ney test was used for those without such characteristics. The mul-
tivariate binary logistic regression model was utilized to explore
the risk factors for the occurrence of IgAN. The receiver operating
characteristic (ROC) curve was drawn for variables to determine
the optimal cutoff values to predict the occurrence of IgAN. All p
values were 2-tailed, and values <0.05 were considered statistically
significant.

Results

General Conditions

Forty-seven were male and 15 were female, and the
mean age at AS onset and renal impairment was 30.2 +
10.6 and 35.1 + 10.7 years, respectively. The median AS
duration and renal duration were 60.0 months (IQR,
21.8-120.0 months) and 4.0 months (1.0-35.3 months),
respectively. 8 patients (12.9%) had an AS family history,
another 8 patients (12.9%) had a family history of arthri-
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Table 2. Histological findings of AS patients with kidney disease
(n=62)

Pathological type N %

IgAN 46 74
IgAN coexisted with other nephropathy 2 3.2
Idiopathic membranous nephropathy 2 3.2
Hypertensive nephropathy 2 3.2
Lupus nephropathy 2 3.2
MCD/FSGS 3 4.8
Proliferative glomerulonephritis 1 1.6
Amyloid A amyloidosis 1 1.6
Acute oxalate nephropathy 1 1.6
Glomerular minor lesion 1 1.6
Metabolic-related nephropathy 1 1.6

IgAN, IgA nephropathy; MCD/FSGS, minimal change disease
or focal segmental glomerulosclerosis.

tis other than AS, and 9 patients (14.5%) had a family his-
tory of kidney disease. There were 44/59 (74.6%) patients
with positive HLA-B27 (Table 1).

Clinical and Laboratory Characteristics at Biopsy

As shown in Table 1, hypertension occurred in 20 pa-
tients (28.6%), in which 14 did not have a history of hy-
pertension. Edema occurred in 15 patients (24.2%). Diag-
nosis of kidney disease was post-AS in most patients
(72.6%), concomitant with AS in 17.7%, and pre-AS in
9.7%. Among all patients, 17 (27.4%) presented macro-
scopic hematuria, 21 (37.1%) with asymptomatic pro-
teinuria and microscopic hematuria, 8 (12.9%) showed
simple proteinuria, 7 (11.3%) suffered from chronic renal
failure (CRF), 5 patients (8.1%) were suspected AKI, and
7 (11.3) showed nephrotic syndrome.

The excretion of urinary protein ranged from 0.10 to
19.39 g/day with an average of 2.38 + 3.26 g/day. Urinary
protein >1 g/day was seen in 23 patients (37.1%), and uri-
nary protein >3.5 g/day was seen in 12 patients (19.4).
Hematuria ranged from 0 to 4,750 x 10*/mL with an aver-
age of 220 £ 613 x 10*/mL. The serum levels of creatinine
and UA were 1.09 +0.93 mg/dL and 354 + 94 umol/L. The
mean eGFR was 100.49 + 34.06 mL/min/m?. Approxi-
mately one-third of cases showed hyper-IgA with an av-
erage of 3.59 + 1.27 g/L, and 12.9% of the cases presented
with hyper-IgG with an average of 11.95 + 3.91 g/L.

Autoantibodies were detected positive in several cases.
ANA was found positive in 9/62 patients, anti-dsDNA
was positive in 1/62 patient, and 2 patients were diag-
nosed with systemic lupus erythematosus (SLE), but the
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others were not. Moreover, 2 patients with serum anti-
neutrophil cytoplasmic antibodies positive (ANCA+)
were suspected as ANCA-associated systematic vasculitis
(AAV). Several of them had comorbidities, such as obe-
sity, diabetes mellitus, thyroid disorders, uveitis, and ul-
cerative colitis (Table 1).

Histopathological Findings

The pathological spectrums are shown in Table 2. IgAN
accounted for a majority (74.2%) of the pathological types.
Furthermore, 2 patients were proven to be IgAN com-
bined with other glomerulonephritis (one with ANCA
positive and the other with acute poststreptococcal glo-
merulonephritis), whereas membranous nephropathies
(MN) (2, 3.2%), minimal change disease (MCD), focal
segmental glomerulosclerosis (FSGS), hypertensive ne-
phropathy, AAV, and so on accounted for a small minor-
ity. In patients with MN, phospholipase A2 receptor was
identified in their serum, and IgG4 was the predominant
IgG subclass for them, as demonstrated by immunofluo-
rescence staining. Additionally, the 6 patients with ne-
phrotic syndrome did not belong to the IgAN subpopula-
tion, but proven to be 2 MNs, 2 lupus nephropathies, 1
amyloid A amyloidosis, and 1 proliferative glomerulone-
phritis with trace IgA. Interestingly, with regard to 20 pa-
tients with serum hyper-immunoglobulin A, IgAN ac-
counted for 90%, and idiopathic membranous nephropa-
thy and acute oxalate nephropathy each accounted for 5%.

Risk Factors for the Occurrence of IgAN in Patients

with AS

The clinical characteristics were compared between
patients with IgAN (IgAN-AS) and patients with non-
IgAN (non-IgAN-AS). Univariate analysis such as the x*
test or Fisher’s test or Student’s ¢ test was performed. Age,
systolic pressure, edema, AKI, asymptomatic proteinuria
and hematuria, nephrotic syndrome, urinary proteinuria,
serum creatinine, eGFR, cystatin C, albumin, globulin,
IgA, and IgG differed significantly between the 2 groups
(Table 3). The different features of IgAN-AS and non-
IgAN-AS are not the focus of this study and will not be
described in this paper.

Then, these parameters with p < 0.05 in the univariate
analysis and macroscopic hematuria were considered in
the multivariate binary logistic regression model. The
ROC curve was drawn to determine the optimal cutoft
values to predict the occurrence of IgAN. As shown in
Table 4, IgA >3.45 g/L (hazard rate [HR] 21.367, p =
0.013) and IgG >9.06 g/L (HR 27.461, p = 0.003) were in-
dependent risk factors for the occurrence of IgAN, while
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Table 3. Comparison of characteristics between patients with IgAN and patients with non-IgAN

IgAN Non-IgAN p value
(n=46) (n=16)

Demographic characteristics
Age, years 33.4+10.0 40.3+11.3 0.02
Age at onset of kidney disease, years 33.3+10.0 40.1+11.2 0.03
AS duration, months 50.5 (21.8-120) 120 (15.0-128) 0.27
Renal duration, months 6.5 (1.0-36.0) 2.0 (0.85-10.5) 0.17
Systolic pressure, mm Hg 126£15.7 136+16.2 0.045
AS family history positivity 8(17.4) 0 0.10
Renal history positivity 7 (15.2) 2 (12.5) >0.99

Clinical manifestations
Macroscopic hematuria 15 (32.6) 2 (12.5) 0.19
Edema 6 (13) 9 (56.3) 0.001
Acute kidney injury 1(2.2) 4(25) 0.01
Chronic renal failure 5(10.9) 2 (12.5) >0.99
Asymptomatic proteinuria and hematuria 22 (47.8) 1(6.3) 0.006
Nephrotic syndrome 0 6 (37.5) 0.001

Laboratory examination
Urinary protein, g/day 1.326+0.974 4.443+5201 <0.001
eGFR, mL/min/1.73 m? 108.0+28.1 78.9+41.0 0.003
Serum creatinine, mg/dL 0.884+0.332 1.694+1.637 0.002
Cystatin C, mg/dL 1.055+0.346 1.501+0.793 0.003
Albumin, g/L 42.0+4.7 36.9+£8.9 0.005
Uric acid 343+87.2 384+107 0.133
Hyperuricemia 6 (37.5) 9(19.6) 0.149
Globulin, g/L 28.3+6.0 23.4+4.4 0.004
Serum IgA, g/L 3.769+1.318 3.071£1.003 0.06
IgA >3.45 g/L 28 (62.2) 3(18.8) 0.004
Serum IgG, g/L 12.82+3.489 9.465+4.085 0.002
1gG >9.06 g/L 43 (93.5) 7 (43.8) <0.001
HLA-B27 positivity 35(76.1) 9(69.2) 0.51

Values are n (%) unless otherwise specified. Receiver operating characteristic curve was drawn for variables
to determine the optimal cutoff values to predict the occurrence of IgAN. Hyperuricemia was defined as 7 mg/
dL (417 umol/L)inmenandabove 6 mg/dL (357 umol/L) inwomen.IgAN, IgA nephropathy;IgA,immunoglobulin
A; IgG, immunoglobulin G; AS, ankylosing spondylitis; eGFR, estimated glomerular filtration rates; HLA-B27,

human leukocyte antigen B27.

Table 4. Risk factors for the occurrence of IgAN

Items HR 95% CI p value
Edema 0.041 0.004-0.445 0.009
Systolic pressure 0.933 0.873-0.997 0.04
Serum IgA >3.45 g/L 21.367 1.896-240.775  0.013
Serum IgG >9.06 g/L 27.461 2.994-251.867  0.003

Parameters with p < 0.05 and macroscopic hematuria were
considered in multivariate binary logistic regression analysis. The
receiver operating characteristic curve was used to determine the
optimal cutoff values to predict the occurrence of IgAN. IgA,
immunoglobulin A; IgG, immunoglobulin G.
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Table 5. Renal outcomes of IgAN-AS patients (n = 44) and non-

IgAN-AS patients (n = 11)

Total IgAN Non-IgAN
(n=55) patients  patients
(n=44) (n=11)
Remission of urinary protein
Complete remission 28(50.9) 23(52.3) 5(45.5)
Partial remission 9(16.4) 7(15.9) 2(18.2)
Invalid 17 (30.9) 14 (31.8) 3(27.3)
eGFR decline >30% 1(1.8) 1(2.3) 0
CRF present 4(7.3) 2 (4.5) 2(18.2)

Values are n (%) unless otherwise specified. eGFR, estimated

glomerular filtration rates; CRF, chronic renal failure.
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Table 6. Comparison of pathological features of IgAN-AS and
pIgAN in the literature

IgAN-AS  pIgAN, multicenter pIgAN, pooled
(n=46) adult Chinese cohort cohort
(n =1,026) (n=901)
M1 19 (41.3) 441 (43) 383 (42.5)
El 3(6.5) 113 (11)* 163 (18.1)*
S1 31(67.4) 852 (83)* 676 (75)
Ti1-2 9(19.6) 280 (27.3) 199 (22.1)
Necrosis 5(10.9) 154 (15) -
Cl1-2 20 (43.5) 493 (48.1) 154 (17.1)*

Pathology findings are defined according to Oxford
classification: C1 in <25% and C2 in 225% of glomeruli. Data
presented as number (percentage) unless stated otherwise. IgAN-
AS, immunoglobulin A nephropathy secondary to ankylosing
spondylitis; pIgAN, primary immunoglobulin A nephropathy. * A
statistical difference between pIgAN and IgAN-AS.

edema was not usually associated with IgAN (HR 0.041,
p = 0.009). Systolic pressure was found statistically sig-
nificant in this multivariate binary logistic regression
model, but its HR was close to 1, indicating an ambiguous
predictive efficiency.

Renal Outcome Data of AS Patients with Kidney

Disease

As shown in online suppl. Table 1 (for all online suppl.
material, see www.karger.com/doi/10.1159/000509248),
ARB/ACEI was the most used drug, nearly one-half of the
patients were treated with oral glucocorticoid, 27 patients
(43.5%) were administered immunosuppressants, and 17
patients took immunosuppressants combined with oral
glucocorticoids. Leflunomide and tacrolimus were more
frequently used in patients with IgAN than in patients
with non-IgAN.

Fifty-two patients were followed up >1 month, with a
median follow-up of 24.3 months (IQR, 12.4-56.1 months).
Renal outcomes performed well, involved both clinical re-
mission and eGFR decline. The probabilities of complete
remission and partial remission were 50.9 and 16.4%. No
patients met ESRD or initiated dialysis, and eGFR declined
beyond 50% baseline level was not seen in our cohort. One
patient with IgAN had an eGFR decline >30% (Table 5).

Comparison of Pathological Characteristics between

IgAN-AS and pIgAN

We had described the clinicopathologic characteristics
of IgAN-AS in another paper [8]; here we compared the
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pathological features of IgAN-AS with those of pIgAN in
the literature to explore the unique properties of IgAN-
AS. As shown in Table 6, a few different pathological
characteristics were found between IgAN-AS and pIgAN.
The E1, S1, T1-2, and necrosis lesions were less frequent
in IgAN-AS than those in pIgAN in the multicenter adult
Chinese cohort and the pooled cohort by Cattran et al.
[11]. Significant differences were found in the E1 lesion
between patients with [IgAN-AS and those with pIgAN in
both the MCAC cohort and the pooled cohort. S1 lesions
differed statistically between IgAN-AS and pIgAN in the
MCAC cohort, but the difference of S1 lesions between
IgAN-AS and pIgAN in the pooled cohort did not reach
statistical significance. In addition, crescent lesions dif-
fered significantly between IgAN-AS and pIgAN in the
pooled cohort.

Discussion/Conclusion

Although previous studies reported renal involvement
related to AS occurred at rates from 8.1 to 44.7%, most of
them were accessed by urinary analysis and fewer re-
searches included biopsy data in a small part of popula-
tions [2, 5]. The present study, which is the largest series
of biopsy-proven AS-related nephropathies published to
date, focused on the clinical and pathological presenta-
tion of this complication. Additionally, prognosis of
IgAN-AS was analyzed.

The clinical characteristics of the patients accessed in
this study did not differ from the previous literature. Most
patients were male and young adults. Positivity for HLA-
B27 was 74.6%. Renal involvement varied from simple
hematuria or proteinuria to renal insufficiency. Hematu-
ria was the most common manifestation. However, most
cases accompanied with proteinuria in our cohort, and
only 1 case presented with simple hematuria, which dif-
fered from previous studies. Wu et al. [5] reported that
renal abnormality occurred in 22.4% of AS patients, he-
maturia in 14.3% cases, and proteinuria in 4.9% cases.
Nephrotic syndrome was rare in patients with AS, and the
most reported type was amyloidosis [15]. In this study,
approximately one-tenth patients presented with ne-
phrotic syndrome, as it turned out 2 MNs, 2 lupus nephri-
tises, 1 amyloid A amyloidosis, and 1 proliferative glo-
merulonephritis with trace IgA. The 2 MNs in our cohort
were stained anti-PLA2R antibody-positive and IgG4 was
the predominant IgG subclass, indicating an idiopathic
origin. Few patients had AS combined with other system-
atic diseases such as SLE and AAV. Concerning the com-
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plication of AAV, Hara et al. [16] reported 1 female AS
patients with weakly positive perinuclear anti-neutrophil
cytoplasmic antibodies, who suffered from diffuse alveo-
lar hemorrhage but not renal damage. Moreover, one
study observed that the presence of pANCA was signifi-
cantly increased in AS patients who also have ulcerative
colitis and needed to perform endoscopy [17].

This study provided important insights into the renal
involvement during AS, and renal damage could occur at
any stage of AS. Kidney disease came to light after arthritis
in most patients, and concomitant with AS in 17.7% pa-
tients. Moreover, kidney disease preceded arthritis in 9.7%
patients. This phenomenon was in accordance with the
previous study conducted by Li et al. [18]. However, chron-
ic inflammation perhaps affected the sacroiliac joints and
entheses of axial spine unconsciously for a long time.

Renal biopsy was the gold standard for definitive diag-
nosis of renal parenchyma disease, including nephropathy
associated with AS. Our study provided the largest series
of biopsy-proven renal involvement in AS so far. One of
our most important discoveries was that IgAN dominated
the histological types, which was in accordance with pre-
vious studies [5, 7], but the incidence rate of IgAN was
much higher than that in the preceding studies. Interest-
ingly, 18 of the 20 patients with hyper-IgA proved to be
IgAN, and IgAN was not regarded in the 6 patients with
nephrotic syndrome. 27.4% patients presented with mac-
roscopic hematuria, and 88.2% of them showed character-
istics of [IgAN. Multivariate binary logistic regression re-
vealed that serum IgA >3.45 g/L and IgG >9.06 g/L were
risk factors for the occurrence of IgAN.

AS and IgAN shared some immunological features, for
example, elevated serum IgA and IgA-immune complex
levels. Abnormalities in IgA serum levels in AS patients
were initially described in the 1970s, and the elevated IgA
was mainly IgA1 subtype [19, 20]. Hyper-IgA levels were
presented in 37% IgAN-AS patients in our cohort. On the
one hand, investigators observed about 46.2-58.8% of pa-
tients with AS and psoriatic arthritis presented some de-
gree of subclinical gut inflammation demonstrated by
ileocolonoscopy [21, 22]. Bacterial antigen could attack
intestinal mucosa due to the increased intestinal perme-
ability [23] and then evoke an immune response in AS
patients, overproducing IgA antibodies to protect intesti-
nal from infection [24]. Furthermore, secretory IgA
(sIgA) increased in patients with spondyloarthritis [25].
On the other hand, impaired CD89 expression was re-
sponsible for the abnormality of serum IgA. CD89, a spe-
cific IgA Fc receptor (FcgR), is involved in the clearance
of IgA and maintenance of serum IgA homeostasis. CD89
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expression markedly downregulated in AS patients and
was inversely correlated with the IgA serum levels. In
conclusion, IgA was overproduced and was less cleared
or recycled more in AS patients, leading to hyper-IgA se-
rum levels.

Although elevated IgA and IgA-immune complex lev-
els were commonly observed in AS patients, the role of
IgA in AS was controversial. Pathogenesis of IgAN in AS
was unclear. However, combined with the fact that renal
impairment could happen at any stage of AS, there pos-
sibly were some circulating subjects in AS patients that
could cause both kidney disease and arthritis, and anti-
bodies or inflammatory factors were the most likely sus-
pects. Recently, a key character came to light to elucidate
the pathogenesis in pIgAN, that is, deposits of glycosyl-
ation-deficient IgA1 (Gd-IgA1l) and its immune complex
in the glomerular mesangium. Eventually, a research
team from Japan revealed antibodies against Gd-IgAl
were mainly IgG subtype in pIgAN [26, 27]. Gd-IgA1 and
its immune complex were observed in the serum and re-
nal tissue in patients with Henoch-Schonlein purpura ne-
phritis [28, 29]. Gd-IgAl and its antibodies possibly ex-
isted in the serum and deposited in the glomerular mes-
angium of IgAN-AS patients, participating in the
pathogenesis and development of IgAN-AS; however,
further studies are needed to verify and illustrate it.

Few studies reported renal outcomes of AS patients
with renal involvement. A recent study conducted by Bar-
bouch et al. [30] observed the renal outcomes of renal am-
yloidosis in AS, 6 patients (46.1%) reached ESRD when
they were diagnosed as renal amyloidosis, and 3 patients
(23.1%) progressed to ESRD at the end of follow-up. Lee
et al. [31] showed a patient with amyloid A amyloidosis
secondary to underlying AS achieved complete remission
of nephrotic syndrome; however, re-biopsy revealed there
was little change pathologically. The literature has rarely
mentioned the renal outcomes of secondary IgAN in AS.
Marocchi et al. [32] studied a patient with AS and second-
ary IgAN, which progressed to chronic renal disease and
required hemodialysis, in the course of treatment with in-
fliximab. In the present study, renal outcomes either clin-
ical remission or the eGFR change performed well in both
the IgAN and non-IgAN subpopulations. No patients
progressed to ESRD or eGFR declined >50%, and eventu-
ally only 1 patients had an eGFR decline >30%.

In this study, a few distinctive pathological features
were found between IgAN-AS and pIgAN. The patho-
logical characteristics of IgAN-AS were described in our
recently published work [8]. It was likely that patients
with IgAN-AS had less E1, S1, T1-2, and necrosis lesions
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than those with pIgAN in the MCAC cohort and the
pooled cohort. The M1 lesion occurred comparatively in
patients with IgAN-AS and those with pIgAN. In addi-
tion, the difference in the incidences of crescent lesions
fluctuated depending on the population being compared.
The lighter pathological manifestation in patients with
AS than pIgAN corrected with the better renal prognosis.
Longer follow-up time and multicenter study are needed
to re-analyze the renal prognosis and explore the risk fac-
tors for renal progression in IgAN-AS. Furthermore, re-
search studies are urgently needed to assess the applica-
bility of the Oxford classification for IgAN in patients
with IgAN-AS.

Our study naturally has a few limitations. First, an ob-
servational study cannot avoid bias in comparison with
randomized controlled trial design. Second, the follow-
up period was comparatively short, and the renal surviv-
al and associated risk factors were not analyzed, because
itis hard to select a convincing terminal event. Third, this
is a single experience of a large tertiary referral center.
Future well-designed prospective multicenter studies are
urgently needed to testify the risk factors confirmed in
our cohort and to explore the effect of conventional treat-
ment to improve the long-term prognosis of IgAN-AS.

In conclusion, our cohort provided a histological spec-
trum of kidney disease associated with AS, and IgAN was the
dominant pathological type (74.2%). Multivariate binary lo-
gistic regression analysis demonstrated that serum IgA
>3.45 g/L and IgG >9.06 g/L were risk factors for the occur-
rence of IgAN. A few different pathological features were
found between IgAN-AS and pIgAN. The renal prognosis
of kidney disease in AS was good, appropriately two-thirds
of the patients achieved complete remission or partial remis-
sion, and eGFR decline >30% happened in only 1 patient.
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