
CLINICAL RESEARCH
Corre

Nephr

Avda.

gmail

Hospi

11600

or Fer

sion,

Roche

mayo

6FY an

Recei

Novem

Kidney
Kidney Diseases Associated

With Inflammatory Bowel Disease:

Impact of Chronic Histologic Damage,

Treatments, and Outcomes
Federico Yandian1,6, Fernando Caravaca-Fontán2,6, Loren P. Herrera Hernandez3,

Maria José Soler4, Sanjeev Sethi3 and Fernando C. Fervenza5

1Department of Nephrology, Hospital de Clínicas “Dr. Manuel Quintela”, Montevideo, Uruguay; 2Department of Nephrology,

Instituto de Investigación Hospital “12 de Octubre” (imas12), Madrid, Spain; 3Department of Laboratory Medicine and

Pathology, Mayo Clinic, Rochester, Minnesota, USA; 4Department of Nephrology, Vall d’Hebron University Hospital,

Universitat Autònoma de Barcelona, Barcelona, Spain; and 5Division of Nephrology and Hypertension, Mayo Clinic, Rochester,

Minnesota, USA
Introduction: Kidney disease is a well-known extraintestinal manifestation (EIM) associated with inflam-

matory bowel disease (IBD), with a variety of underlying etiologies. However, little is known about the

overall outcomes and predictors.

Methods: This is a retrospective, observational cohort study. Patients with IBD in whom a native kidney

biopsy was performed at Mayo Clinic (Rochester, MN) between 1994 and 2022, were included. De-

mographic, clinical, and histologic characteristics of prognostic interest were collected. The main out-

comes were kidney failure, disease remission, kidney function changes at last follow-up, and death.

Results: From a total cohort of 318 patients, we selected a study group of 111 patients followed-up with at

our institution (45 ulcerative colitis [UC] and 66 Crohn’s disease [CD]), with a mean age of 48 � 17 years

(40% females). IgA nephropathy (IgAN), chronic interstitial nephritis (CIN), and acute interstitial nephritis

(AIN) were the most common diagnoses (22%, 19%, 13%, respectively). Median estimated glomerular

filtration rate (eGFR) at presentation was 30 ml/min per 1.73 m2 (interquartile range [IQR]: 17–54) and

urinary protein-to-creatinine ratio [UPCR] 0.8 g/g (0.3–3.4), without differences between IBD types. During a

median follow-up of 59 months (12–109), 29 patients (26%) reached kidney failure. By multivariable

analysis, the main predictors of kidney failure were age (hazard ratio [HR]: 1.04; P ¼ 0.002), baseline eGFR

(HR: 0.94; P ¼ 0.003) and histologic chronicity score (HR: 4.01; P < 0.001). Therapeutic management varied

according to underlying etiology. Global survival (kidney failure þ death) was significantly better in pa-

tients who achieved complete or partial remission, or stabilization or improvement of kidney function.

Conclusion: One-fourth of patients with IBD with kidney disease may reach kidney failure, and the main

determinants of this outcome is age, baseline eGFR, and degree of chronicity in kidney biopsy.
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I
BD is a chronic inflammatory disorder of the gastro-
intestinal tract, and the main types are CD and UC.1-3

Although the exact underlying pathogenic mechanisms
remain largely unknown, evidence suggests that the
disease may be primarily due to dysregulation of in-
testinal T-cells in genetically susceptible individuals,
although idiosyncratic reactions to drugs, other envi-
ronmental factors, and gut microbiota dysbiosis may
also contribute to the disease.1,4-6

EIMs can occur in up to 5% to 50% of individuals
with IBD, potentially affecting any organ system,
including the musculoskeletal system, skin, kidneys,
liver, lungs, and eyes.7-9 EIMs can be classified into
383
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those reactive manifestations in the setting of inflam-
matory bowel activity (e.g., arthritis, erythema nodo-
sum, or uveitis), and those autoimmune diseases
independent of bowel activity (e.g., ankylosing spon-
dylitis, primary biliary cirrhosis, or autoimmune thy-
roid disease), which largely reflect an increased
susceptibility to immune system dysregulation.7-10

Kidney involvement has been described in 4% to
23% of patients with IBD and may be caused by several
factors, including the primary systemic disease itself,
secondary complications due to persistent chronic
inflammation, malnutrition, dehydration episodes
associated with intestinal losses, or drug-related side
effects.5,9,11,12 The most common causes of kidney
injury in patients with IBD include urolithiasis, fis-
tulas, and ureteral obstruction.12-14 However, the
spectrum of kidney diseases associated with IBD may
be broader, including glomerular or interstitial dis-
eases.11,12 The most common diagnosis described in a
previous case series of 83 consecutive patients with
IBD15 included, IgAN, tubulointerstitial nephritis,
arterio-nephrosclerosis, acute tubular necrosis, or
podocytopathies with minimal change or focal
segmental glomerulosclerosis lesions, among others.
Kidney disease associated with IBD has a significant
impact on patients’ quality of life and is associated with
increased patient morbidity and even mortality.5,9,11,15

Despite this, kidney outcomes of these patients and
their main predictors have scarcely been evaluated.

Therefore, the aim of this study was to compre-
hensively analyze the major etiologies of kidney dis-
ease, treatment strategies, and outcomes of a large
cohort of patients with IBD who underwent native
kidney biopsy during the past 28 years at Mayo Clinic,
as a referral center for IBD.
METHODS

Study Patients

Adult patients previously diagnosed with IBD who
underwent a native kidney biopsy at Mayo Clinic
(Rochester, Minnesota) between September 1994 and
September 2022, were enrolled. Diagnosis of IBD, either
UC or CD, was confirmed by the treating gastroenter-
ologists based on clinical, endoscopic, and histopatho-
logic findings of colorectal specimens, before kidney
disease diagnosis. Kidney transplant patients, those
with insufficient kidney tissue to establish an accurate
diagnosis, or those in which the kidney biopsy report
was unavailable, were excluded. For the evaluation of
outcomes, only patients with available follow-up were
included in the analysis.

Given the retrospective nature of the study and the
complete anonymization of all patient data, informed
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consent was waived for individual patients. The study
was conducted in accordance with the tenets of the
Declaration of Helsinki and approved by the Institu-
tional Review Board at Mayo Clinic.

Clinical, Laboratory, and Histopathologic Data

Baseline and follow-up data were compiled from med-
ical records, and the main demographic, clinical, and
biochemical parameters of prognostic interest were
collected at baseline and after 6, 12, 18, 24, 36, 48, 60
months and/or last follow-up. All biochemical param-
eters were analyzed using routine laboratory methods.

All kidney biopsy specimens were evaluated ac-
cording to a standardized protocol that included light
microscopy (hematoxylin and eosin, Jones’ silver
methenamine, Masson’s trichrome, and periodic acid-
Schiff), immunofluorescence staining (IgG, IgA, IgM,
C3, C1q, kappa, lambda, fibrinogen, and albumin), and
electron microscopy. The degree of disease chronicity
was assessed using a semiquantitative grading scale16

for glomerulosclerosis, tubular atrophy, interstitial
fibrosis (as <10%, 10%–25%, 26%–50%, or >50%),
and presence/absence of arteriosclerosis, extracted from
the original biopsy report. Total chronicity score in
kidney biopsy was then calculated for each patient as
the sum of individual chronicity scores.16 Grades of
chronic changes were as follows: minimal (score 0–1),
mild (score 2–4), moderate (score 5–7), or severe ($8).

Outcomes and Definitions

The main outcomes were the following: (i) kidney
failure, defined as eGFR <15 ml/min per 1.73 m2 by the
Chronic Kidney Disease – Epidemiology Collaboration
equation,17 maintenance dialysis or preemptive kidney
transplantation; (ii) disease remission in proteinuric
kidney diseases, and stabilization or improvement of
kidney function in those not characterized by the
presence of proteinuria; and (iii) composite outcome of
kidney failure or death.

For patients with an associated proteinuric glomer-
ular disease, complete remission was defined as
eGFR $60 ml/min per 1.73 m2 (or return to �15% of
baseline value if eGFR was <60), and UPCR <0.5 g/g.
Partial remission was defined as a reduction of pro-
teinuria >50% (or UPCR <3.5 g/g in those with
nephrotic range proteinuria), plus stabilization (�25%
of baseline eGFR) or improvement in kidney function.
For kidney diseases not associated with a glomerular
disease or proteinuria (e.g., acute tubular necrosis or
CIN), only the changes in kidney function over time
were evaluated (stabilization, improvement or decline
of eGFR over follow-up time).

Baseline was defined as the time at which the kidney
biopsy was performed, and follow-up period was
Kidney International Reports (2024) 9, 383–394
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defined as the interval of time elapsed between kidney
biopsy and last outpatient visit or kidney failure. He-
maturia was defined as $5 red blood cell per high-
power field. Leukocyturia was defined as leukocyte
esterase more than trace positive or higher on urinal-
ysis. IgA vasculitis was defined as a vasculitis with
IgA1-dominant immune deposits, affecting small ves-
sels (predominantly capillaries, venules, or arterioles),
with associated cutaneous, gastrointestinal, and/or
articular involvement.

Statistical Analyses

This is a retrospective, observational cohort study.
Descriptive statistics are presented as mean and SD, or
median and IQR for continuous variables; and fre-
quencies or percentages for categorical variables.

Comparisons of continuous variables between 2
groups were assessed by using the unpaired t test or
the Mann-Whitney U test, where appropriate. c2-
square test, or Fisher’s exact test were used for cate-
gorical variables.

Cox proportional hazards regression models were
used to analyze the main determinants of kidney fail-
ure, using a backward progressive conditional elimi-
nation process. Distributions of time to kidney failure
were depicted by survival curves using the Kaplan-
Meier method.

A P-value <0.05 was considered to be significant.
All P-values are reported 2-sided. Analyses were per-
formed using IBM SPSS Statistics 24.0 (IBM Corp.
Figure 1. Summary of main etiologies of kidney disease in the total cohort
(n ¼ 111).

Kidney International Reports (2024) 9, 383–394
Armonk, NY) and GraphPad Prism version 7.00
(GraphPad Software, La Jolla, CA).
RESULTS

Cohort Description

During the study period, data from 348 patients were
retrieved, of whom 27 cases were excluded due to
kidney transplantation, and 3 patients due to missing
kidney biopsy report, leaving 318 patients (median age
54 years, IQR: 38–68), 156 (49%) with UC and 162
(51%) with CD. Of these, complete clinical follow-up
data at Mayo were obtained in 111 patients
(Supplementary Figure S1).

In Figure 1a and Supplementary Table S1, we sum-
marize the major underlying etiologies of kidney dis-
ease. In the overall cohort (N ¼ 318), 60 patients (19%)
had IgAN, 53 (17%) had CIN, 32 (10%) had AIN, 26
patients (8%) with arteriosclerosis without significant
glomerular or interstitial damage, 25 (8%) had second-
ary focal segmental glomerulosclerosis, and 15 (8%) had
diabetic nephropathy. Of the 53 patients with CIN, 4
(8%) had granulomas; whereas of the 32 cases with AIN,
granulomas were present in 13 (40%). Other less com-
mon kidney diagnoses included immune complex-
mediated membranoproliferative glomerulonephritis
(IC-MPGN) (12 patients, 4%), AA amyloidosis (8 cases,
3%), antineutrophil cytoplasmic antibody vasculitis (7
cases, 2%), IgA vasculitis (7 patients, 2%), minimal
change disease (7 patients, 2%), and membranous
(N ¼ 138), and the cohort of patients with follow-up at our institution
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Table 1. Clinical characteristics of study population, and by type of inflammatory bowel disease
Characteristic Total (N [ 111) Ulcerative colitis (n [ 45) Crohn’s disease (n [ 66) P value

Baseline

Age, yr 48 � 17 47 � 16 48 � 18 0.84

Sex, female (%) 44 (40) 18 (40) 26 (39) 0.94

Hypertension, n (%) 46 (41) 18 (40) 28 (42) 0.79

Diabetes mellitus, n (%) 11 (10) 2 (4) 9 (14) 0.11

Previous treatments for IBD, n (%) 0.43

None 12 (11) 5 (11) 7 (11)

Corticosteroids 70 (63) 24 (53) 46 (70)

5–ASA 68 (61) 30 (67) 38 (58)

Azathioprine 36 (32) 9 (20) 27 (41)

Vedolizumab 5 (5) 1 (2) 4 (6)

Infliximab 33 (30) 6 (13) 27 (41)

Certolizumab 2 (2) 0 (0) 2 (3)

Adalimumab 20 (18) 3 (7) 17 (26)

Othera 2 (2) 1 (2) 1 (2)

Diagnosis of kidney disease

Systolic blood pressure, mm Hg 127 � 20 124 � 18 128 � 22 0.34

Diastolic blood pressure, mm Hg 76 � 11 76 � 9 77 � 13 0.59

Body mass index, kg/m2 27 � 6 26 � 6 26 � 6 0.21

Serum creatinine, mg/dl 2.3 (1.6–3.5) 2.2 (1.2–3.3) 2.4 (1.6–3.7) 0.54

eGFR, ml/min per 1.73 m2 30 (17–54) 32 (17–66) 29 (17–47) 0.48

Serum albumin, g/dl 3.9 (3.2–4.2) 3.8 (2.7–4.2) 4 (3.5–4.3) 0.09

Hemoglobin, g/dl 11.7 (10–13) 11.7 (10–13) 11.8 (10–13) 0.81

UPCR, g/g 0.8 (0.3–3.4) 1.1 (0.3–5.6) 0.7 (0.3–2.5) 0.37

Nephrotic syndrome, n (%) 25 (23) 13 (29) 12 (18) 0.19

Hematuriab, n (%) 55 (59) 28 (62) 27 (41) 0.16

Leukocyturiab, n (%) 27 (28) 9 (20) 18 (27) 0.22

5–ASA, 5-aminosalicylic acid; eGFR, estimated glomerular filtration rate; IBD, inflammatory bowel disease; UPCR: urinary protein-to-creatinine ratio.
aIncluding anakinra (n ¼ 1) and ustekinumab (n ¼ 1).
bAvailable in 95 (86%) patients.
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nephropathy (7 patients, 2%), among others. The pro-
portions were similar in the 111 patients with available
clinical follow-up data at our institution (Figure 1b).

In Table 1, we display the baseline clinical charac-
teristics of patients with available follow-up (n ¼ 111),
and according to type of IBD. Mean age was 48�17
years, and 44 (40%) were female. Eleven had concom-
itant type 2 diabetes mellitus (10%). Seventy patients
(63%) had been treated with corticosteroids for the
IBD, whereas 68 patients (61%) had received 5-
aminosalicylilate agents (5-ASA). Fifteen of the 21 pa-
tients (71%) with CIN had been treated with 5-ASA
agents, whereas 8 of the 14 with AIN (57%) had
received 5-ASA. On the other hand, 6 of the 17 (35%)
patients with granulomas had been treated with 5-
ASA. Other less frequent treatments included azathio-
prine in 36 patients (32%), infliximab in 33 (30%), and
adalimumab in 20 cases (18%). Three patients (21%)
with AIN and 7 (33%) with CIN had been treated with
azathioprine. Median eGFR at baseline was 30 ml/min
per 1.73 m2 (IQR: 17–54), and UPCR 0.8 g/g (IQR: 0.3–
3.4). Hematuria was a frequent finding, being present
in 55 patients (59%). No significant differences in
baseline comorbidities or clinical characteristics were
observed between patients with UC or CD.
386
Treatments After Kidney Disease Diagnosis

In Table 2, we display immunosuppressive manage-
ment and kidney outcomes, by type of kidney disease.
Of note, 6 patients (25%) with IgAN were treated with
corticosteroids, 2 (8%) with combination of cortico-
steroids plus mycophenolate mofetil, whereas 16
(67%) received nonimmunosuppressive therapy (one
of which was under treatment with budesonide for the
IBD). The majority of patients with CIN (n ¼ 11, 52%)
and AIN (n ¼ 6, 43%) were treated with corticoste-
roids alone or combined with mycophenolate mofetil.
As expected, none of the patients with arteriosclerosis
without specific changes, severe glomerulosclerosis,
secondary focal segmental glomerulosclerosis, or dia-
betic nephropathy received immunosuppression.
Conversely, of the 6 patients with membranous ne-
phropathy, 2 (33%) were treated with calcineurin
inhibitors, 3 (50%) with rituximab, and 1 (17%) was
not treated with immunosuppression. Of the 7 patients
with IC-MPGN or C3 glomerulopathy, 2 (29%) were
treated with corticosteroids, 1 (14%) with corticoste-
roids plus mycophenolate mofetil, 1 (14%) with rit-
uximab, 1 (14%) with azathioprine, whereas the rest
received conservative non-immunosuppressive
treatments.
Kidney International Reports (2024) 9, 383–394



Table 2. Major kidney disease etiologies, and detailed information on baseline characteristics, treatments, and outcomes

Kidney disease N eGFR UPCR Chronicity Score IS treatment

IBD treatment
modification after

kidney disease diagnosis
Kidney
failure Remission or changes in KF

IgAN 24 (22) 37 (24–81) 0.7 (0.4–1.4) 3 (2–3) None: 16 (67)
CS: 6 (25)

CS þ MMF: 2 (8)

None: 18 (75)
Ustekinumab: 3 (13)
Infliximab: 2 (8)

Adalimumab: 2 (8)

5 (21) No remission: 14 (58)
Partial: 3 (13)

Complete: 7 (29)

IgA vasculitis 5 (5) 47 (34-104) 1.3 (0.9-2.3) 1 (1–2) None: 1 (20)
CS: 2 (40)

CS þ MMF: 2 (40)

None: 4 (80)
Vedolizumab: 1 (20)

0 (0) No remission: 2 (40)
Partial: 1 (20)

Complete: 2 (40)

CIN 21 (19) 26 (15–33) 0.7 (0.2–0.7) 3 (3–4) None: 9 (43)
CS: 11 (52)

CSþMMF: 1 (5)

None: 16 (75)
Azathioprine: 2 (10)
Adalimumab: 1 (5)
Vedolizumab: 1 (5)
Budesonide: 1 (5)

8 (38) Decline of KF: 15 (71)
Stabilization of KF: 4 (19)
Improvement of KF: 2 (10)

AIN 14 (13) 21 (13–32) 0.4 (0.1–1.5) 2 (1–2) None: 5 (36)
CS: 6 (43)

CSþMMF: 3 (21)

None: 6 (44)
Ustekinumab: 3 (21)
Vedolizumab: 1 (7)
Budesonide: 1 (7)
Azathioprine: 1 (7)
Infliximab: 2 (14)

2 (14) Decline of KF: 7 (50)
Stabilization of KF: 3 (21)
Improvement of KF: 4 (29)

ATN 4 (4) 10 (7–13) 0.7 (0.2–1.9) 2 (1–2) None: 3 (75)
CS: 1 (25)

Adalimumab: 3 (75)
Azathioprine: 1 (25)

0 (0) Stabilization of KF: 2 (50)
Improvement of KF: 2 (50)

Arteriosclerosis without
specific changes and
severe glomerulosclerosis

9 (8) 22 (17–42) 0.3 (0.2–1.6) 3 (3–4) None: 9 (100) None: 7 (78)
Adalimumab: 2 (22)

5 (56) Decline of: 8 (89)
Stabilization of KF: 1 (11)

Secondary FSGS 4 54 (27–86) 1 (0.6–2.9) 3 (2–3) None: 4 (100) Vedolizumab: 1 (25) 1 (25) No remission: 4 (100)

Diabetic nephropathy 3 30 (29–48) 9 (7–11) 3 (2–3) None: 3 (100) None: 3 (100) 2 (67) Decline of KF: 3 (100)

IC-MPGN and C3G 7 30 (14–55) 1.3 (0.7–8) 2 (2–4) None: 2 (29)
CS: 2 (29)

CSþMMF: 1 (14)
RTX: 1 (14)
Aza: 1 (14)

None: 6 (86)
Infliximab: 1 (14)

2 (29) No remission: 4 (57)
Partial remission: 3 (43)

AA amyloidosis 4 29 (13–50) 1.2 (0.9–4.4) 3 (2–4) None: 4 (100) Budesonide: 1 (25)
Adalimumab: 2 (50)
Infliximab: 1 (25)

1 (25) No remission: 3 (75)
Complete remission: 1 (25)

ANCA vasculitis 2 27 0.7 2 CSþCyCþAza: 2 (100) None: 2 (100) 0 (0) Complete remission: 2 (100)

MCD 2 77 8 1 CSþCNI: 2 (100) None: 1 (50)
Vedolizumab: 1 (50)

0 (0) Partial remission: 1 (50)
Complete remission: 1 (50)

MN 6 45 (30–84) 6 (6–16) 2 (1–4) None: 1 (17)
CSþCNI: 2 (33)
RTX: 3 (50)

None: 5 (6) 3 (50) No remission: 4 (67)
Partial remission: 1 (17)

Complete remission: 1 (17)

TMA 1 14 3 3 PEX: 1 (100) None: 1 (100) 0 (0) Partial remission: 1 (100)

Fibrillary GN 1 35 8 3 None (100) None: 1 (100) 0 (0) No remission: 1 (100)

Lupus nephritis 1 107 5.3 1 CSþMMFþCNI None: 1 (100) 0 (0) Complete remission: 1 (100)

Thin basement membrane 2 43 0.04 1 None: 1 (100) None: 2 (100) 0 (0) Improvement of KF: 2 (100)

LCPT 1 81 5 1 Clone-targeted therapy None: 1 (100) 0 (0) Complete remission: 1 (100)

AIN, acute interstitial nephritis; ANCA, antineutrophil cytoplasmic antibody; ATN, acute tubular necrosis; Aza, azathioprine; C3G, C3 glomerulopathy; CIN, chronic interstitial nephritis;
CNI, calcineurin inhibitor; CS, corticosteroids; CyC, cyclophosphamide; eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; IC-MPGN, immune complex-mediated
membranoproliferative glomerulonephritis; IgAN, Immunoglobulin A nephropathy; IS, immunosuppressive; KF, kidney function; LCPT, light chain proximal tubulopathy; MCD, minimal
change disease; MMF, mycophenolate mofetil; MN, membranous nephropathy; RTX, rituximab; TMA, thrombotic microangiopathy; UPCR, urinary protein-to-creatinine ratio.
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Outcome: Kidney Failure

During a median follow-up time of 59 months (IQR: 12–
109), 29 patients (26%) progressed to kidney failure.
The clinical characteristics of patients and treatments
received according to this outcome are displayed in
Table 3 and Supplementary Table S2. Patients who
progressed to kidney failure were significantly older,
had lower baseline eGFR, nephrotic syndrome, and
lower hemoglobin levels. In addition, there was a
nonsignificant trend toward lower baseline serum al-
bumin, higher UPCR, and lower frequency of
hematuria.
Kidney International Reports (2024) 9, 383–394
No significant differences were observed in the eti-
ologies of kidney disease according to this outcome,
although a greater percentage of patients with CIN,
arteriosclerosis without specific changes, diabetic ne-
phropathy, severe glomerulosclerosis, and membranous
nephropathy, reached kidney failure (Table 3).
Regarding histologic findings, patients who progressed
to kidney failure had significantly greater degree of
glomerulosclerosis, interstitial fibrosis, tubular atrophy,
and arteriosclerosis (Table 3). Median total chronicity
score of patients who reached kidney failure was 4 (IQR:
3–5), compared to 2 (IQR: 1–3) in those who did not
387



Table 3. Histologic diagnosis, degree of disease chronicity, and treatments received, according to development of kidney failure at last
follow-up
Characteristic Total (N [ 111) Kidney failure (n [ 29) No kidney failure (n [ 82) P value

Kidney disease diagnosis 0.47

IgA nephropathy 24 (22) 5 (17) 19 (23)

Chronic interstitial nephritis 21 (19) 8 (28) 13 (16)

Acute interstitial nephritis 14 (13) 2 (7) 12 (15)

Acute tubular necrosis 4 (4) 0 (0) 4 (5)

Arteriosclerosis without specific changes 6 (5) 3 (10) 3 (4)

Secondary FSGS 4 (4) 1 (3) 3 (4)

Diabetic nephropathy 3 (3) 2 (7) 1 (1)

IC-MPGN 6 (5) 2 (7) 4 (5)

Severe glomerulosclerosis 3 (3) 2 (7) 1 (1)

AA amyloidosis 4 (4) 1 (3) 3 (4)

ANCA associated vasculitis 2 (2) 0 (0) 2 (2)

IgA vasculitis 5 (5) 0 (0) 5 (6)

Minimal change disease 2 (2) 0 (0) 2 (2)

Membranous nephropathy 6 (5) 3 (10) 3 (4)

C3 glomerulopathy 1 (1) 0 (0) 1 (1)

Thrombotic microangiopathy 1 (1) 0 (0) 1 (1)

Fibrillary glomerulonephritis 1 (1) 0 (0) 1 (1)

Lupus nephritis 1 (1) 0 (0) 1 (1)

Thin basement membrane 2 (2) 0 (0) 2 (2)

Light-chain proximal tubulopathy 1 (1) 0 (0) 1 (1)

Disease chronicity in kidney biopsy

Glomerulosclerosis 1 (0–2) 2 (2–3) 1 (0–2) <0.001

Interstitial fibrosis 1 (0–2) 2 (2–3) 1 (0–2) <0.001

Tubular atrophy 1 (0–2) 2 (2–3) 1 (0–2) <0.001

Arteriosclerosis 1 (0–1) 1 1 (0–1) 0.001

Total chronicity score 3 (2–3) 4 (3–5) 2 (1–3) <0.001

Total chronicity score, N (%) <0.001

Minimal (0–1) 27 (24) 0 (0) 27 (33)

Mild (2–4) 24 (22) 0 (0) 24 (29)

Moderate (5–7) 39 (35) 13 (45) 26 (32)

Severe ($8) 21 (19) 16 (55) 5 (6)

Immunosuppressive treatments received after kidney disease diagnosis 0.65

None 59 (53) 18 (62) 41 (50)

Corticosteroids 30 (27) 7 (24) 23 (28)

Corticosteroids þ MMF 10 (9) 2 (7) 8 (10)

Corticosteroids þ CNI 4 (4) 1 (3) 3 (4)

Rituximab 4 (4) 1 (3) 3 (4)

Other 4 (4) 0 (0) 4 (5)

Follow-up, months 59 (12–109) 13 (4–38) 87 (23–127) <0.001

AA, amyloid A; ANCA, antineutrophil cytoplasmic antibodies; CNI, calcineurin inhibitor; FSGS, focal segmental glomerulosclerosis; IC-MPGN, immune-complex membranoproliferative
glomerulonephritis; IgA, immunoglobulin A; MMF, mycophenolate mofetil.
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(P < 0.001). No significant differences were observed in
the outcomes of patients with AIN or CIN treated or not
with 5-ASA (Supplementary Table S3).

In Figure 2, we show the longitudinal evolution of
eGFR and UPCR over time, according to the develop-
ment of kidney failure. A progressive decline in eGFR
and trend toward an increase in UPCR was observed in
patients who progressed to kidney failure.

By multivariable Cox regression analysis (Table 4), the
main predictors of kidney failure were age (HR: 1.04;
95% confidence interval: 1.02–1.07; P¼ 0.002), baseline
eGFR (HR: 0.94; 95% confidence interval: 0.91–0.98; P¼
0.003) and histologic total chronicity score (HR: 4.01;
95% confidence interval: 2.21–7.29; P < 0.001).
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In Figure 3, we show Kaplan-Meier curves for kid-
ney survival according to chronicity grades in kidney
biopsy. Patients with severe disease chronicity score
had a significantly worse kidney survival.

Thirty-four patients (31%) underwent modifications
in the treatment of IBD after the diagnosis of kidney
diseases (Table 2) and showed a significantly better
kidney survival compared to those without treatment
adjustments (Figure 4).

Outcome: Disease Remission or Improvement

in Kidney Function

Overall, 61 patients (55%) had kidney diseases char-
acterized by the presence of proteinuria, of which 16
Kidney International Reports (2024) 9, 383–394



Figure 2. (a) Evolution of eGFR according to the development of
kidney failure at last follow-up; (b) Evolution of UPCR according to
the development of kidney failure. Data are presented as median
(interquartile range). eGFR, estimated glomerular filtration rate;
UPCR, urinary protein-to-creatinine ratio.
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(26%) achieved complete remission, 9 (15%) achieved
partial remission, and 36 (59%) had no remission
(Table 2). Notably, of the 24 patients with IgAN, 7
(29%) achieved complete remission whereas 3 (13%)
achieved partial remission after immunosuppression.
Likewise, of the 5 patients with IgA vasculitis, 2 (40%)
achieved complete remission, 1 (20%) achieved partial
Table 4. Cox proportional hazard regression analysis for association betw

Variable

Univariable Analysis

Hazard ratio (95% CI)

Age (per year increment) 1.03 (1.01–1.07)

Sex

Female 1.00 (reference)

Male 0.96 (0.46–2.03)

Type of IBD

Ulcerative colitis 1.00 (reference)

Crohn’s disease 1.25 (0.59–2.64)

Baseline eGFR (per ml/min increment) 0.94 (0.92–0.97)

Baseline UPCR (per 1 g/g increment) 1.13 (1.06–1.21)

Total chronicity score (per grade increment) 5.93 (3.24–10.85)

CI, confidence interval; eGFR, estimated glomerular filtration rate; IBD, inflammatory bowel dis
Number of events: 29.
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remission, and 2 (40%) had no remission. Of the 7
patients with IC-MPGN or C3 glomerulopathy, 3 (43%)
achieved partial remission, whereas 4 (57%) did not
achieve remission. Of the 6 patients with membranous
nephropathy, 4 had resistant disease despite immuno-
suppression, 1 (17%) achieved partial remission, and 1
(17%) achieved complete remission at last follow-up.
Of the 4 patients with AA amyloidosis, only 1 (25%)
achieved complete remission, whereas the rest did not
achieve remission.

On the other hand, 50 patients (45%) had non-
proteinuric kidney diseases, of which 20 (40%)
showed stabilization or improvement of kidney func-
tion, whereas 30 (60%) showed progressive kidney
function decline (Table 2). Interestingly, of the 21
patients with CIN (19%), only 2 (10%) showed
improvement of kidney function, whereas in 4 (19%),
kidney function stabilized. Conversely, of the 14 with
AIN, 4 (29%) showed improvement of kidney func-
tion, 3 (21%) showed stabilization, and 7 (50%)
showed progressive decline of kidney function despite
treatment.
Composite Outcome: Kidney Failure or Death

At last follow-up, 13 patients (12%) died: 2 patients
(15%) with AA amyloidosis, 2 (15%) with AIN, 2
(15%) with CIN, 2 (15%) with diabetic nephropathy,
1 (8%) with fibrillary glomerulonephritis, 1 (8%)
with IC-MPGN, 1 (8%) with IgAN, 1 (8%) with
secondary focal segmental glomerulosclerosis, and 1
(8%) with arteriosclerosis without specific changes.
In Figure 5, we show Kaplan-Meier curves for global
survival (composite outcome) according to disease
remission (a) or stabilization or improvement of
kidney function (b). Patients who achieved partial or
complete remission of kidney disease or stabilization
or improvement of kidney function had a signifi-
cantly better survival.
een covariables and kidney failure

P

Multivariable Analysis

P valueHazard ratio (95% CI)

0.009 1.04 (1.02–1.07) 0.002

0.93

0.56

<0.001 0.94 (0.91–0.98) 0.003

<0.001

<0.001 4.01 (2.21–7.29) <0.001

ease; UPCR, urinary protein-to-creatinine ratio.
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Figure 3. Kaplan-Meier curves for kidney survival according to
grades of histologic total disease chronicity score in kidney biopsy.

Figure 5. (a) Kaplan-Meier curves for global survival (kidney
failure þ death) according to remission status (complete or partial
versus no remission); (b) Kaplan-Meier curves for global survival
(kidney failure þ death) according to changes in kidney function
(stabilization or improvement versus declining kidney function).
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DISCUSSION

Herein, we comprehensively evaluated the major eti-
ologies of kidney disease and outcomes of a large cohort
of patients with IBD. There are several major findings
in this study. First, our results confirm previous find-
ings that IgAN, CIN, and AIN are the most commonly
associated kidney diagnoses in patients with IBD,
although other glomerular or systemic autoimmune
diseases may also be associated. Second, despite
immunosuppressive therapy, up to 26% of patients
with IBD with kidney disease may develop kidney
failure. Third, higher age at kidney disease diagnosis
and higher degree of disease chronicity in kidney bi-
opsy are the most important predictors of kidney fail-
ure, whereas higher eGFR predicts a reduced risk of
kidney failure. Fourth, up to 41% of patients with
proteinuric kidney diseases associated with IBD may
achieve some degree of remission (partial or complete)
after treatments, and up to 40% of patients with
nonproteinuric kidney diseases may show stabilization
Figure 4. Kaplan-Meier curves for kidney survival according to IBD
treatment modifications after kidney disease (KD) diagnosis. IBD,
inflammatory bowel disease.
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or improvement of kidney function. Finally, those pa-
tients who achieve partial or complete remission of
kidney disease or stabilization or improvement of
kidney function had a significantly better overall
survival.

To our knowledge, this is the largest study to
evaluate the spectrum of kidney disease associated with
IBD and the predictors of kidney outcomes in this
patient population.

IgAN was the most frequent glomerular disease in
our cohort, and this is consistent with previous
studies.15,18-20 Patients with IgAN had a significant
kidney impairment at the time of diagnosis, along with
a high disease chronicity in kidney biopsy. Although
the association between IgAN and IBD may be coinci-
dental, emerging evidence suggests a potential common
underlying mechanism in disease pathogenesis.21,22

Recent studies have identified risk loci in genes
involved in intestinal mucosal integrity, and common
risk alleles for both IgAN and IBD.23,24 The gut-kidney
axis hypothesis supports a key role for imbalances
between immunity and microbiota in the development
Kidney International Reports (2024) 9, 383–394
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or exacerbation of IgAN.25,26 Gut microbiota can lead to
B cell activation via B cell activation factor, and this
overstimulation promotes a significant shift from IgA2
to IgA1 production.27,28 In addition, an aberrant O-
linked glycosylation of IgA is observed in patients with
CD.29 A Swedish population-based cohort study found
that patients with IgAN had an increased risk of IBD
both before and after the diagnosis of kidney disease.30

The cumulative incidence of kidney failure in this
population has been reported to be up to 50%,
although other studies have found no significant dif-
ference between IBD-related IgAN and primary IgAN
(17%).30,31 In our study, only 5 patients (21%) reached
kidney failure at last follow-up, although the median
follow-up was shorter compared to the former study,
which could partially explain this difference. Inter-
estingly, a previous study described a remarkably
higher percentage of glomerulosclerosis and a greater
extent of interstitial fibrosis and tubular atrophy in
IgAN associated with CD, together with a higher
macrophage infiltration, suggesting that these patients
may have a more aggressive clinical phenotype of
IgAN.32 Despite that, the optimal therapeutic approach
of these patients remains to be elucidated. Moreover,
although the novel targeted-release formulation of
budesonide appears to be a promising therapeutic
strategy for the management of both IBD and
IgAN,33,34 other generic forms of budesonide currently
available for the treatment of IBD should also be
compared in these patients.

Another major group of etiologies of kidney disease
associated with IBD were CIN and AIN, representing
19% and 13% of study patients, respectively, with
frequencies similar to those reported in other co-
horts.15,35 Although the underlying pathogenic mech-
anisms of the association between interstitial kidney
disease and IBD have not been elucidated, it has been
suggested that interstitial damage may be the result of
prolonged exposure to certain drugs, repeated episodes
of acute kidney injury in the setting of IBD activity, or
a specific form of EIM in patients with IBD.35-37

Although some studies have suggested that the inci-
dence of 5-ASA-associated nephrotoxicity is excep-
tional,38-40 5-ASA represents the most commonly
associated culprit drug in adult patients with IBD and
interstitial kidney disease.39,41,42 The underlying
pathogenesis is not fully understood, although it may
represent an idiosyncratic delayed-type hypersensi-
tivity reaction.39,43 In fact, the molecular structure of 5-
ASA is very similar to that of acetylsalicylic acid or
phenacetin, which have also been implicated in the
occurrence of nonsteroidal antiinflammatory drug-
induced nephropathy.39,44-46 In our study, the major-
ity of patients with CIN had been treated with 5-ASA,
Kidney International Reports (2024) 9, 383–394
strongly suggesting the involvement of this drug in the
development of kidney disease. However, the retro-
spective design of our study prevents us from estab-
lishing definitive causal conclusions. In addition, it
should be noted that patients with IBD may experience
AIN unrelated to 5-ASA, which poses a significant
diagnostic challenge.20 Interestingly, in our study up
to two-thirds of patients had granulomatous interstitial
kidney disease unrelated to 5-ASA exposure, support-
ing the idea that this histologic feature may represent a
genuine EIM.47 Another immunosuppressive agent that
has been associated with the development of AIN and
CIN is azathioprine,48,49 although in our study, only a
small subset of cases had received this treatment for
IBD.

Early identification and withdrawal of the potential
offending drug represents a mainstay in the manage-
ment of drug-induced AIN.50 However, this can be
particularly problematic in patients taking multiple
medications,50 such as those with IBD. Although the
evidence for the use of immunosuppression in AIN is
primarily based on observational studies, treatment
with corticosteroids has been associated with better
recovery of kidney function.51-53 In our study, the
majority of patients with CIN and AIN were treated
with corticosteroids, or the combination of corticoste-
roids plus mycophenolate mofetil (as a corticosteroid-
sparing agent), at the discretion of the treating physi-
cian. As expected, AIN demonstrated a significantly
higher rate of kidney function recovery compared to
CIN, suggesting that only a subset of patients was
diagnosed early enough to prevent the progression of
irreversible interstitial fibrosis. However, it is impor-
tant to note that because our study used kidney biopsy
as the starting point for the evaluation of kidney out-
comes, the variable delay in diagnosis may have
contributed to the prognosis in some cases.

In addition to the aforementioned etiologies, our
study provides insight into several other potential
underlying diseases associated with IBD, such as IC-
MPGN, C3 glomerulopathy, membranous nephropa-
thy, podocytopathy with minimal change disease,
antineutrophil cytoplasmic antibody vasculitis, or AA
amyloidosis, previously described on the basis of single
case reports. Nonetheless, although the exact etiologic
link between IBD and these etiologies remains uncer-
tain, it is conceivable to speculate that patients with
IBD might possess genetic and immunologic charac-
teristics that render them more susceptible to these
processes.

The main determinants of kidney failure in the
entire cohort were advanced age at diagnosis, and the
extent of disease chronicity observed in kidney biopsy,
whereas higher eGFR predicted a lower risk of kidney
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failure. These findings are frequently encountered in
other kidney diseases and may suggest either a delayed
diagnosis of kidney disease, or a more aggressive pre-
sentation with limited response to conventional thera-
pies. These insights can help in guiding the adjustment
of immunosuppressive treatments, tailoring their in-
tensity accordingly. Conversely, patients who under-
went IBD treatment modifications after kidney disease
diagnosis exhibited better kidney survival compared to
those in whom no modifications were made, indicating
a potential kidney benefit linked to the management
and control of IBD.

Several limitations should be acknowledged. First,
because of the observational and retrospective nature
of the study, no causal relationships can be established.
Second, the diverse range of kidney diseases observed
in our study hindered a more detailed analysis of
outcomes specific to each individual disease. Third,
only variables known to be determinants of prognosis
were included in the basic clinical model, and there-
fore, we cannot rule out that other unmeasured con-
founders could have a prognostic influence. Fourth,
follow-up data was unavailable in 207 patients in the
overall cohort which could limit the generalizability of
some of the findings. Notwithstanding these limita-
tions, our study collected a large series of well-
characterized patients with IBD who underwent kid-
ney biopsy at out institution. This comprehensive
approach enabled us to thoroughly analyze the histo-
logic features and outcomes of this particular
population.

In conclusion, our study findings underscore the
critical importance of early detection and effective
management of kidney disease in patients with IBD.
Regular assessment and monitoring of kidney function,
together with a multidisciplinary approach and po-
tential interventions aimed at slowing disease pro-
gression, offer potential benefits for this patient
population. Given that kidney disease contributes to
heightened morbidity and mortality, and significantly
impacts patients’ quality of life, these findings
emphasize the need for proactive measures in this area.
Further research with larger, multicenter cohorts and
prospective study designs would be needed to confirm
and extend these findings.
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