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Renal and urinary tract complications related to inflammatory bowel disease (IBD) have been relatively understudied in the literature compared 
with other extraintestinal manifestations. Presentation of these renal manifestations can be subtle, and their detection is complicated by a lack 
of clarity regarding the optimal screening and routine monitoring of renal function in IBD patients. Urolithiasis is the most common manifesta-
tion. Penetrating Crohn’s disease involving the genitourinary system as an extraintestinal complication is rare but associated with considerable 
morbidity. Some biologic agents used to treat IBD have been implicated in progressive renal impairment, although differentiating between 
drug-related side effects and deteriorating kidney function due to extraintestinal manifestations can be challenging. The most common findings 
on renal biopsy of IBD patients with renal injury are tubulointerstitial nephritis and IgA nephropathy, the former also being associated with drug-
induced nephrotoxicity related to IBD medication. Amyloidosis, albeit rare, must be diagnosed early to reduce the chance of progression to renal 
failure. In this review, we evaluate the key literature relating to renal and urological involvement in IBD and emphasize the high index of suspicion 
required for the prompt diagnosis and treatment of these manifestations and complications, considering the potential severity and implications 
of acute or chronic loss of renal function. We also provide suggestions for future research priorities.

Lay Summary 
Renal and urinary tract complications related to inflammatory bowel disease (IBD) are important but have been neglected in the literature. We 
emphasize the high index of suspicion required for the prompt diagnosis, treatment, and prevention of these manifestations and complications.
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Introduction
Besides the gastrointestinal tract, inflammatory bowel dis-
ease (IBD) can also manifest in extraintestinal organs, 
contributing significantly to morbidity and mortality.1,2 
These extraintestinal symptoms of IBD are divided 
into extraintestinal complications and extraintestinal 
manifestations (EIMs). Extraintestinal complications refer 
to manifestations that are direct or indirect sequelae of in-
testinal inflammation.1 In contradistinction, EIMs have 
been defined as “an inflammatory pathology in a patient 
with IBD that is located outside the gut and for which the 
pathogenesis is either dependent on extension/transloca-
tion of immune responses from the intestine, or is an in-
dependent inflammatory event perpetuated by IBD or that 
shares a common environmental or genetic predisposition 
with IBD.”3 They likely represent a composite of systemic in-
flammation, autoimmune susceptibility, and metabolic and 
nutritional derangement. Extraintestinal manifestations are 
due to an inflammatory process occurring outside the gut 
but are related to the underlying diagnosis of IBD; their clin-
ical spectrum varies from mild, transient disease to severe, 
disabling complications. The reported frequencies of EIMs 
in IBD range from 6% to 47%; the heterogeneity in reported 

prevalence is likely due to the variability in definitions used 
for EIMs and because patients can be affected by multiple 
EIMs.1 Almost any organ can be affected, but involvement of 
the joints, skin, eyes, liver, and biliary tract are the most com-
monly described EIMs.1 Renal complications in IBD (Table 1)  
have received much less attention despite early studies re-
porting kidney involvement in nearly 25% of IBD patients.4, 5  
In these early reports, nephrolithiasis, obstructive uropathy, 
and fistula formation between the bowel and urinary tract 
were the most common occurrences.

Renal parenchymal involvement in IBD has also been 
described in the form of glomerulonephritis, tubulointerstitial 
nephritis, and amyloidosis. However, its true prevalence is not 
clear because systematic analyses are lacking.6 In recent years, 
the use of more potent drugs for treating IBD has increased 
the potential for nephrotoxicity, further highlighting the im-
portance of this topic.7 Parenchymal renal involvement can 
affect any or all of the glomerular, tubular, or interstitial 
compartments. It is the purpose of this review to report and 
evaluate the key data in the literature on renal involvement 
in IBD. We emphasize the high index of suspicion required 
for the prompt diagnosis, treatment, and ideally prevention 
of these manifestations and complications; we also highlight 
some practical considerations in clinical practice.
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Nephrolithiasis
Renal stone development in the context of IBD is a long-
reported association dating back to the 1970s.5, 8–10 Historical 
series report more than 5 times the prevalence of nephrolithiasis 
in IBD patients compared with the general population.9, 11 It 
has been reported that up to 38% of IBD patients may develop 
asymptomatic nephrolithiasis.12 Recently, in a prospective co-
hort of 2323 IBD patients from Switzerland, Fagagnini et al 
reported a prevalence of 4.6% and 3% for nephrolithiasis on 
imaging in those with Crohn’s disease (CD) and ulcerative 
colitis (UC), respectively.13 Multivariate analysis revealed that 
male sex, disease activity, history of bowel surgery, NSAID 
intake, and a lack of physical activity were all associated with 
the development of renal stones. Similarly, in a cohort of 3104 
IBD patients from Mississippi, 6% and 6.7% of UC and CD 
patients developed urolithiasis, respectively.14 It is typical to 
find either visible or invisible hematuria in renal stone disease; 
however, not all such hematuria is reliably stone mediated, as 
both gross and microscopic hematuria can be a manifestation 
of other kidney and ureteric pathologies.15

The association between nephrolithiasis and bowel surgery 
in IBD patients is well established and may occur in patients 
following ileostomy formation.16 Torricelli et al evaluated 
the impact of extensive surgery (total proctocolectomy 
and either end-ileostomy or ileal pouch-anal anastomosis) 
on the urine profile, serum biochemistry, and stone com-
position in IBD patients.17 In their case-control study, low 
urinary volume and hypocitraturia were risk factors asso-
ciated with nephrolithiasis in IBD patients who underwent 
total proctocolectomy compared with kidney stone formers 
without IBD. Calcium oxalate and uric acid stones were most 
frequent. In the setting of fat malabsorption and subsequent 

steatorrhea caused by extensive active small bowel inflam-
mation or bowel resection, luminal calcium binds free fatty 
acids, thereby decreasing the calcium that is available to 
bind and excrete oxalate in the stool. The resulting increase 
in intestinal absorption of oxalate leads to so-called “enteric 
hyperoxaluria” and calcium oxalate stone formation in the 
kidneys.18

Other mechanisms may be involved in oxalate stone forma-
tion. Oxalobacter formigenes degrades dietary oxalate, and 
its decolonization in the gut may lead to the hyperabsorption 
of oxalate. Oral administration of Oxalobacter decreases 
urinary oxalate concentration.18 Low urinary levels of 
antilithogenic substances such as magnesium and citrate also 
play a role in renal calculi formation in IBD.10 Magnesium 
and citrate replacement should ideally aim to correct urinary 
rather than serum levels towards normal.10 Other preventa-
tive measures include a diet low in oxalate and fat, and pyr-
idoxine supplementation.19 Oral cholestyramine increases 
oxalate and decreases citrate excretion.20 The toxic effects 
of oxalate on renal epithelial and tubular cells cause oxa-
late nephropathy with persistent hyperoxaluria and, together 
with stone formation, constitute a major but rare contributor 
to the development of chronic kidney disease (CKD).19, 21

Uric acid supersaturation of the urine, which promotes uric 
acid stone formation, is aided by low urinary pH resulting 
from loss of alkali in diarrheal stool and diminished urine 
volumes (especially after colonic resection) in IBD.10, 18, 22, 23 
Preventative measures include reduction in dietary purine 
intake, a high fluid intake to maintain a urine output of 2 
to 3 litres, and alkalinization of the urine. Xanthine oxidase 
inhibitors such as allopurinol inhibit uric acid synthesis and 
uricosuria. Oral potassium citrate also helps prevent uric acid 
stone recurrence.24

Varda et al highlight the importance of prompt diag-
nosis to ensure appropriate treatment of IBD patients with 
renal stones.25 Using data from the Nationwide Emergency 
Department Sample (2006-2009), they studied a cohort 
of over 3.5 million patients seeking care for urolithiasis 
at emergency departments in the United States, of whom 
14 352 patients had concomitant IBD. Patients with IBD 
with urolithiasis were more likely to develop urinary tract 
infections, acute kidney injury, sepsis, end-organ failure, and 
to require hospital admission compared with those without 
IBD.

Unenhanced computed tomography of the kidneys, 
ureters, and bladder (CT KUB) is the diagnostic method 
of choice in the acute setting, benefitting from high sensi-
tivity and specificity while also being a quick and safe ex-
amination to perform.26 Low-dose CT conferring less than 
3 millisieverts (mSv) of diagnostic medical radiation is now 
used universally, affording a sensitivity and specificity of 
96% and 95%, respectively.27 There is increasing interest in 
adopting ultra-low radiation techniques that may be partic-
ularly suitable in following up patients with urolithiasis.28 
This is pertinent in IBD where the cumulative exposure to 
diagnostic medical radiation is high.29 Timely and accurate 
diagnosis is imperative to ensure that appropriate treatment 
is initiated. This may involve a conservative approach with 
lifestyle and dietary modifications, or extracorporeal shock 
wave lithotripsy (ESWL) and/or surgery for treating larger 
stones, where there is a heightened risk of significant uri-
nary tract obstruction. The overarching aims are to decrease 
the risk of stone formation and associated complications, 

Table 1. Renal and urological disorders associated with inflammatory 
bowel disease.

Nephrolithiasis 

 � Calcium oxalate

 � Uric acid 

Entero-vesical fistulae

Urinary tract malignancy

 � Kidney cancer

 � Urethral cancer

 � Bladder cancer

Drug-related nephrotoxicity

Glomerulonephritis

 � IgA nephropathy

 � Minimal change disease

 � IgM nephropathy

 � Membranous nephropathy

 � Membranoproliferative nephropathy

 � Focal and segmental glomerulosclerosis

 � Antiglomerular basement disease

 � Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis 
(AAV)

Tubulointerstitial disease
  Acute tubular injury

 � Tubulointerstitial nephritis 

Renal amyloidosis 
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thereby reducing patient morbidity and preserving renal 
function.

Practical Considerations
Nephrolithiasis, comprising mainly oxalate and uric acid 
stones, is associated with IBD; although the wide reported 
range of prevalence is due to the lack of a consistent and ro-
bust reference standard in these studies (Table 2). A thorough 
clinical history and examination, in conjunction with urinal-
ysis and a low threshold to perform imaging studies, should 

ensure that clinically relevant nephrolithiasis is diagnosed 
early (Figure 1). Low-dose unenhanced CT KUB is the mo-
dality of choice because of its excellent performance charac-
teristics and low radiation burden. A multidisciplinary team 
approach that includes a urologist and nephrologist (if there 
is evidence of CKD) is essential.

Penetrating Crohn’s Disease Involving the 
Renal Tract
Transmural inflammation in CD predisposes to bowel 
perforation and fistula formation, which occurs in about 
10% of patients during long-term follow-up.30 Adherence 
of inflamed intestine to the bladder wall may cause ero-
sion and fistulization in the form of colo- and entero-vesical 
fistulae in 2% to 4% of Crohn’s patients.31, 32 Fistula forma-
tion may be preceded by subacute small bowel obstruction 
if there is coexistent intestinal stricturing.33 Entero-vesical 
fistulae are often associated with intrapelvic abscess devel-
opment. Presenting clinical features may be pneumaturia, 
urinary tract infection, and fecaluria—or a combination 
thereof.34, 35

Comprehensive evaluation of suspected entero-vesical 
fistula typically requires the utilization of several imaging 
modalities to precisely define the fistulous connection, the 
presence of an abscess, and the exclusion of coexistent bowel 
stricturing. Historically, plain abdominal x-ray, barium 
enema, and intravenous urography were used, but these have 
been superseded by cross-sectional imaging.36, 37 Cystoscopy 
helps identify a possible fistulous tract, but the findings are 
often nonspecific, failing to identify a fistula in up to 65% 
of cases.36 Ultrasound, which is safe and well-tolerated, is 

Table 2. Unanswered clinical and research priorities to better understand 
the renal and urological complications and manifestations of IBD.

Determine the True Prevalence of Nephrolithiasis in IBD—Large 
Series or Population-Based Studies With Prolonged Follow-up and a 
Robust Reference Standard Are Needed 

Studies to determine if monitoring certain IBD patients for 
nephrolithiasis is worthwhile

Dedicated studies to establish the association between IBD and uro-
logical malignancy

Development of biomarkers for tubular and glomerular pathology 
(valuable in all situations where GFR is at risk)

Devise an evidence-based strategy for the monitoring of renal function 
for IBD patients 

Safety trials to understand the nephrotoxic effects of drugs used to 
treat IBD, focussing on biomarker or genetic clues to susceptibility

Standardised evidence-based approach for monitoring renal function 
in patients taking 5-ASAs

Figure 1. A proposed clinical strategy to consider the renal manifestations and complications related to IBD. Abbreviations: CKD, chronic kidney 
disease; CT KUB, computed tomography of kidneys, ureters and bladder; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; GN, 
glomerulonephritis, HTN, hypertension; MAU, microalbuminuria; SAA, secondary amyloidosis; TIN, tubulointerstitial nephritis
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useful in the diagnosis of colo-vesical fistulae,38 and its yield 
may be improved by the administration of oral contrast be-
fore performing the study.39–41 However, it is highly operator-
dependent and may not offer the anatomical detail afforded 
by other modalities.29 Computed tomography (CT) and mag-
netic resonance imaging (MRI), which are now considered 
the gold standard, benefit from providing a multiplanar 3D 
representation of the fistula. This is invaluable in planning 
appropriate management and offers a preoperative road map 
for surgical intervention.

Computed tomography findings of colo-vesical fistulae 
include intravesical air in the absence of recent instrumen-
tation (eg, urinary bladder catheterization), focal bladder 
wall thickening, and the presence of contrast in the uri-
nary bladder that was administered either orally or via the 
rectum (Figure 2). Contrast-enhanced CT is highly sensitive 
in detecting fistulae, is fast to perform, and is the first-line 
investigation in many centers. However, a major drawback 
is that it confers exposure to diagnostic medical radiation, 
an important consideration in patients with IBD who often 
present at a young age and require repeated abdomino-pelvic 
imaging over many years, exposing them to high cumulative 
levels of radiation.29

Magnetic resonance imaging allows the accurate depiction 
of fistulous tracts with the advantage of being radiation-free. 
It offers superior soft-tissue resolution compared with CT and 
has similarly high sensitivity and specificity.42 T2-weighted 
imaging demonstrates high signal fluid within the fistulous 
tract and detects associated fluid collections and inflamma-
tion within the bladder wall. T1-weighted imaging provides 

anatomical detail about the adjacent viscera that is useful 
when a surgical approach is contemplated. Some centers 
utilize MRI as their first-line investigation for colo-vesical 
fistulae, although its high cost and lack of widespread availa-
bility are limiting factors.31, 42 Endoscopy has a very low sensi-
tivity for detecting a fistulous tract but is used perioperatively 
if there is concern for a malignant etiology.

Where technically feasible, radiological intervention with 
percutaneous drainage is usually favored over surgery in 
the first instance to mitigate the requirement for stoma for-
mation when the definitive operation to repair the fistula is 
undertaken.32 In a retrospective cohort, a study of 97 CD 
patients with entero-vesical fistula reported that over a me-
dian follow-up time of almost 3 years, only antitumour 
necrosis factor alpha (anti-TNFα) agents were associated 
with remission without the subsequent requirement for sur-
gery.31 Overall, around 66% of IBD patients with an entero-
vesical fistula ultimately proceed to surgery despite medical 
therapy.32

Practical Considerations
Diagnosis of entero-vesical fistulae can be challenging, as the 
onset can be insidious and nonspecific. Therefore, having a 
high index of suspicion is important. Presentation may only be 
with fever and abdominal pain, without the classical features 
such as pneumaturia and fecaluria. Early multispeciality 
discussion involving a gastroenterologist, surgeon, radiolo-
gist, and pathologist is recommended to devise an optimal, 
individualized management plan. Multimodality imaging is 
often required, and management may necessitate both med-
ical and surgical approaches including anti-TNF treatment 
(Figure 2).

Cancer
Malignancy originating in the kidneys and urinary tract is 
over-represented in IBD patients, with a 5-fold increase in 
the relative risk compared with the general population.43,44 
A strong link has been established between cigarette 
smoking and urological malignancy in CD patients but not 
in those with UC.45 Interestingly, in a recent meta-analysis, 
IBD was not associated with an increased risk for bladder 
cancer; but in the CD subgroup, there was a trend towards 
an increased bladder cancer risk, indicating marginal sig-
nificance.46 In a study of nearly 19 500 patients with IBD, 
16 patients developed urological malignancy. In a multivar-
iate analysis, thiopurine use was associated with a 3-fold 
increased risk of urinary tract cancers.47 In a Chinese cohort 
of 1609 IBD patients, the risk of developing malignancy, 
including renal and urinary bladder carcinoma, was higher 
in patients suffering from elderly-onset IBD (60 years and 
older).48 This is an area where there remains many unan-
swered questions, and further research is needed to better 
understand the association between IBD and urinary tract 
malignancy (Table 2).

Drug-related Nephrotoxicity
Tacrolimus, 5-aminosalicylate (5-ASA), and TNF-α inhibitor 
use have been implicated in progressive renal impairment. 
Although differentiating between drug-related side effects 

Figure 2. Portal venous sagittal computed tomography (CT) scan 
demonstrates a fistulous tract between the sigmoid colon and bladder 
wall (white arrow). There is a locule of intravesical air posteriorly, bladder 
wall thickening, and enhancement reflecting inflammation. Incidental, 
noninflamed sigmoid diverticular disease.

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/advance-article/doi/10.1093/ibd/izac140/6658535 by guest on 16 August 2022



Renal and Urological Disorders Associated With Inflammatory Bowel Disease 5

and deteriorating kidney function due to EIMs can be diffi-
cult (Table 3).

5-aminosalicylates
Often, 5-ASAs are used to treat active disease and help main-
tain remission in UC; even though there is a lack of evidence 
for their efficacy, they continue to be prescribed widely in 
CD.49 There has been considerable debate around the entity 
of 5-ASA nephrotoxicity, with many contradictory series in 
the literature.50–53 A recent retrospective cohort and nested 
case-control study using primary care data from the United 
Kingdom that included 35 601 patients with either UC or 
CD found that exposure to 5-ASAs was not associated with 
a risk of nephrotoxicity.54 Rather, the study found that active 
inflammatory disease, duration of disease, coexisting cardi-
ovascular disease, and the use of established nephrotoxic 
drugs were independently associated with the development 
of nephrotoxicity. Nephrotoxicity related to 5-ASA in IBD 
patients is rare and occurs in an idiosyncratic manner inde-
pendent of 5-ASA dose, making proof of causality difficult.51 
A large international study identified patients with likely 
5-ASA-induced nephrotoxicity from 89 centers.51 Five cases 
were categorized as definite 5-ASA-induced nephrotoxicity, 
having had a second episode of acute kidney injury when 
rechallenged with the drug. A further 146 probable cases 
were also identified following a rigorous case adjudication 
process. The authors performed a genome-wide association 
study that revealed a human leukocyte antigen (HLA) asso-
ciation, notably HLA-DRB1*03:01, was related to 5-ASA-
induced nephrotoxicity. They reported that 5-ASA-induced 
nephrotoxicity is more common in males and can present 
at any age; and the most common histological finding 
is chronic tubulointerstitial nephritis. Nephrotoxicity 
occurred after a median treatment duration of 3 years. Of 

particular concern, only 30% fully recovered renal function, 
with 10% requiring permanent renal replacement therapy. 
Although very rare, annual monitoring of renal function is 
recommended to detect 5-ASA related nephrotoxicity early.7

Practical Considerations
There is currently no evidence to support a specific kidney 
monitoring strategy to prevent 5-ASA-related nephro-
toxicity and no consensus within international guidelines  
(Table 4).7,55–58 There is a lack of clarity about the optimal 
approach to monitoring renal function, as this has not been 
addressed systematically in the literature. Until further data 
are available and there is agreement on an optimal monitoring 
strategy, we offer a suggested approach (Figure 3).

Tacrolimus and Ciclosporin
Tacrolimus and ciclosporin are calcineurin inhibitors that 
have many roles in medicine, especially in the prevention 
of solid-organ transplantation rejection episodes.59 Their 
use mandates careful attention to dosing and monitoring of 
trough serum concentrations of the drugs to avoid the risk of 
acute kidney injury. During prolonged use, careful attention 
is required to minimize the risk of chronic tubulointerstitial 
fibrosis, atrophy, and loss of kidney function.

These agents have an established role in treating acute se-
vere UC, but the evidence for their use in CD is less clear.60–63 
Multiple contradictory studies in the literature have raised 
the possibility of nephrotoxicity associated with tacrolimus, 
leading to safety concerns.64–66 However, a recent large series 
has provided some reassurance. In a retrospective 22-center 
study from Spain comprising 143 patients with CD or UC 
receiving tacrolimus, 7% developed acute kidney injury. In 

Table 3. Potential drug-associated nephrotoxic effects in IBD.

Drug Potential Nephrotoxic 
Manifestation  

Renal Manifestation 

5-ASA Tubulointerstitial nephritis •  Microscopic hematuria, microalbuminuria, sterile pyuria (± eosinophiluria)
•  Decrease in eGFR
•  Very rare e.g 0.3% per annum114

Calcineurin 
inhibitors

Acute kidney injury due to 
tubulointerstitial  
damage evident as electrolyte 
disturbances.
Chronic kidney disease due 
to vasoconstriction/ischaemia 
leads to interstitial fibrosis

• � Hyperkalemia, hypomagnesemia, hyperchloremic metabolic acidosis, hyperuricemia,  
hyperglycemia

•  Microalbuminuria
•  Hypertension
•  Decrease in eGFR
•  Increasing risk with continuous temporal exposure, especially over 5 or more years59

TNF-α 
inhibitors

Acute kidney injury
Glomerulonephritis

•  Microalbuminuria/proteinuria
•  New onset hypertension
•  Decrease in eGFR
•  Very rare (but vigilance is prudent)

Vedolizumab Acute interstitial nephritis •  Dipstick hematuria, microalbuminuria, sterile pyuria (± eosinophiluria)
•  Decrease in eGFR
•  Very rare (but vigilance is prudent)

Tofacitinib Acute kidney injury •  Decrease in eGFR
•  Very rare (but vigilance is prudent)

Filgotinib Increased drug concentration in 
renal impairment so reduce dose

•  Monitor eGFR looking for early evidence of loss of renal function 
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all these cases, reversibility was achieved after dose reduction 
(40%) or discontinuation of the drug (60%).60 In this patient 
cohort, the median serum creatinine during the tacrolimus 
treatment was 186 µmol/L (interquartile range, 159-230; 
maximum value, 451 µmol/L). It can be difficult to optimize 
the dose of tacrolimus and maintain safety; in attaining the 
target blood concentration to maximize efficacy, there can be 
large individual differences in dosage for a target range of 
10 to 15 ng/mL.67 Yamamoto et al found that the tacrolimus 
dose to maintain equivalent blood concentrations was lower 
in patients carrying the cytochrome (CYP) 3A5*3/*3 than in 
those carrying the CYP3A5*1 genotype, and the concentra-
tion/dose ratio was significantly higher in the latter.68

Ciclosporin is an option for treating acute severe UC, 
but it has a significant toxicity profile, with nephrotoxicity 
occurring in 6.3%.7, 69 Rat models have revealed that acute 
renal damage secondary to ciclosporin is due to vasoconstric-
tion of the afferent arterioles, leading to diminished renal 
blood flow and glomerular filtration, with a consequent rise 
in serum creatinine.70, 71 The histopathological changes seen 
in ciclosporin-induced chronic renal damage are interstitial 
fibrosis and arteriolar disruption.72

Practical Considerations
In the context of solid-organ transplantation, there is abun-
dant evidence of progressive kidney damage with chronic 
exposure to calcineurin inhibitors and the importance of 
adjusting drug dose in response to pharmacokinetic profiling 

of blood drug concentrations.73 At present, aside from 
recommendations for target drug concentrations, the inter-
national consensus guidelines do not offer specific advice 
on how frequently to monitor the renal function of patients 
taking calcineurin inhibitors; we offer a suggested approach 
in Figure 3.

TNF-α Inhibitors
Anti-tumour necrosis factor (TNF)-α medications, including 
infliximab, adalimumab, certolizumab pegol, and golimumab, 
are increasingly used in the treatment of both CD and UC.74 
Infliximab, adalimumab, and etanercept have been associated 
with glomerulonephritis in systemic lupus erythematosus; al-
though causality remains unproven. Most cases have been 
reported in other autoimmune conditions such as rheuma-
toid arthritis and psoriasis rather than IBD.70, 75 A possible 
case of infliximab-induced focal segmental glomerulosclerosis 
presenting as a severe nephrotic syndrome in a patient with 
UC has been described,76 and a similar case in the setting of 
ankylosing spondylitis.77 More data related to the possible 
renal side effects of anti-TNF therapy are needed, but avail-
able data suggest that renal complications are uncommon.74

Emerging Therapies
An increasing number of novel agents are available to the cli-
nician for treating IBD, but their potential to adversely affect 
kidney function is poorly understood (Table 3). Vedolizumab, 
a biologic used to treat moderate to severe UC and CD, has 
been associated with acute tubulointerstitial nephritis in a 
case report, although this was reversed following the admin-
istration of glucocorticoids.78 Furthermore, it was successfully 
reintroduced without further kidney injury.78 Ustekinumab, 
an anti-interleukin (anti-IL)-23 biologic is another option 
for moderate to severe UC and CD, but may be associated 
with nephrotic syndrome secondary to focal segmental 
glomerulosclerosis.79 However, a recent real-world study 
was reassuring, with no renal complications described.80 
Tofacitinib was the first oral Janus kinase (JAK) inhibitor 
approved for the treatment of UC. It has been linked with 
rising serum creatinine, although the specific clinical rele-
vance of this remains undetermined.81 Other JAK inhibitors 
like upadacitinib do not appear to have any nephrotoxic 
effects.82 Filgotinib, another JAK inhibitor, is an emerging op-
tion currently licensed for the treatment of UC in the EU and 
UK, but not in the United States. Although there is limited 
clinical experience regarding filgotinib in patients with renal 
impairment, no specific complications have been reported to 
date. However in pharmacokinetic studies, an increased drug 
concentration was observed in patients with an estimated 
glomerular filtration rate (eGFR) <60 mL/min/1.73m²; thus 
dose reduction in these patients is suggested.83 More data 
pertaining to the effects on the kidneys of therapeutic agents 
used for managing IBD are needed (Table 2).

IBD-related Glomerulonephritis
Glomerular disease as an EIM of IBD was first proposed 4 
decades ago.84, 85 However, infrequent reports brought into 
question whether there was a causal link. Nevertheless in 
most cases, not only did the onset of glomerulonephritis co-
incide with acute exacerbation of intestinal inflammation 
but renal function improved in parallel with the treatment 

Table 4. Current Gastroenterology guidelines available and their 
suggested monitoring frequency interval of renal function for patients on 
5-ASA therapy. 

Guidelines (Ref.) Monitoring Regimen  

ACG (57) Every 3–6 months in the first year, 
annually thereafter

AGA (55) “Periodically”

AOCC/APAG (56) Not stated

BSG (7) Baseline evaluation, repeat at 2-3 
months and then annually 

ECCO (58) Every 3-6 months

Abbreviations: ACG, American College of Gastroenterology; AGA, 
American Gastroenterological Association; AOCC/APAG, Asian 
Organization for Crohn’s and Colitis/Asia Pacific Association of 
Gastroenterology; ECCO, European Crohn’s and Colitis Organization. 
Interested readers are directed towards nephrology guidance such as that 
provided by the UK Kidney Association.(126)

Figure 3. A suggested approach for monitoring kidney function in 
patients commencing 5-ASA or calcineurin inhibitor therapy.
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of the gastrointestinal disorder.86–88 Although not often prac-
ticed, repeat kidney biopsy has shown histological resolu-
tion of the inflammatory response following treatment of 
the acute flare.85 A wide spectrum of histological patterns 
of the glomerulonephritides has been described in patients 
with IBD, including IgA nephropathy,87,89–94 minimal change 
disease,92,94 Immunoglobulin M (IgM) nephropathy,93,95 
membranous nephropathy,88,92–94 membranoproliferative 
nephropathy,96 focal and segmental glomerulosclerosis,92–94 
and antibasement glomerular disease.97 Proving true causa-
tion (as opposed to association) can be difficult to establish 
with certainty, so aiming for close monitoring to ensure that 
there is a treatment-related change in the trajectory of renal 
functional decline is important. Seeking continued nephro-
logical input (more than “whether to biopsy”) is ideal in 
these cases.

A kidney biopsy series has established the association be-
tween IgA glomerulonephritis and IBD.92 IgA nephropathy 
was found in 24% of a total of 83 biopsies performed 
in IBD patients with acute and chronic kidney disease. 
Moreover, the prevalence of IgA nephropathy was signifi-
cantly higher in patients with IBD than in patients without 
IBD. This suggests a shared pathophysiology between intes-
tinal and kidney disease. Plasma cells in gut mucosa pro-
duce large quantities of IgA that plays an important role 
in regulating the composition of the gut microbiota and in 
defense against environmental and pathogenic bacterial an-
tigenic exposure.98 Mucosal inflammation promotes enteric 
permeability, which leads to loss of systemic antigenic ex-
clusion and stimulates abnormal IgA production. A frequent 
observation is of mucosal infection triggering episodes of 
IgA glomerulonephritis, alongside an increase in local mu-
cosal IgA generation.99 Furthermore, specific bacteria and 
proteins found at the interface between the intestinal mu-
cosa and lumen can be used to differentiate and classify IBD 
and healthy human subjects.100 Dysregulation of IgA pro-
duction results in increased serum levels of IgA and IgA-
containing immune complexes.101 The circulating level of 
immune complexes containing IgA correlates directly with 
clinical activity and extent of glomerular crescent forma-
tion.102 T cells are implicated in the pathogenesis of this dis-
order, but their precise role is unclear, as few T cells can be 
identified in the glomerular mesangium. Joher et al studied a 
case series of 24 patients with IBD-associated IgA glomeru-
lonephritis relative to a cohort of 134 patients with primary 
IgA nephropathy in the absence of IBD.103 They found that 
IBD-associated IgA glomerulonephritis has frequent inflam-
matory lesions at onset and variable long-term outcomes. 
They reported no association between IBD activity and IgA 
glomerulonephritis outcome. Larger series with longer fol-
low-up (such as in idiopathic IgA nephropathy, which has 
no specific therapy, and can take decades potentially to lead 
to severe loss of renal function) will help to better define the 
aetiopathological link between IBD and the development of 
IgA glomerulonephritis.

The link between a dysregulated gut-associated lym-
phoid tissue and IgA nephropathy was postulated in the 
1980s following the observation of the increased associa-
tion of IgA nephropathy with celiac disease.104 Data have 
demonstrated a role for alimentary antigens, particularly 
gliadin in developing IgA nephropathy in BALB/c mice. 
A reduction in IgA antigliadin antibodies and protein-
uria was reported after gluten free-diet in patients with 

IgA nephropathy.105 A genome-wide association study 
demonstrated that the majority of loci associated with IgA 
nephropathy are also associated with immune-mediated in-
flammatory bowel diseases, maintenance of the intestinal 
barrier, and response to gut pathogens.106 Transgenic mice 
that overexpress the B cell-activating factor develop IgA 
nephropathy modulated by alimentary components and 
intestinal microbiota. Mice expressing human IgA1 and 
a soluble form of the IgA receptor (sCD89) develop IgA 
nephropathy, which is regulated by dietary gluten. Recent 
data have established gut-associated lymphoid tissue hyper-
reactivity in IgA nephropathy patients with IgA against var-
ious alimentary components.107 The NEFIGAN randomised 
controlled trial utilised an enteric controlled-release for-
mulation of budesonide that was targeted specifically to 
Peyer’s patches.108 A reduction in proteinuria was seen after 
9 months of treatment, as well as normalising of renal func-
tion with few reported safety concerns. This promising ap-
proach is now being tested more rigorously in the NefIgArd 
trial.109,110 The gut-renal connection is an emerging and 
promising avenue for novel treatment approaches for 
patients with IgA nephropathy.107,109,110

Genome-wide association studies of IgA nephropathy have 
advanced the notion of genetic cross-susceptibility of IBD 
and glomerular disease.106 For instance, HLA-DR1 confers 
increased risk for IgA nephropathy and HLA-DR1/DQw5 for 
CD; this might explain why these 2 diseases co-occur more 
often than expected by chance.92 Conversely, HLA-Cw*1202-
B*5201-DRB1*1502 haplotype increases the risk for UC but 
reduces that for CD. Among non-HLA loci, an increasing 
number of IgA nephropathy loci are implicated with risk of 
IBD (eg, CARD9, HORMAD2) or encode proteins involved 
in maintaining the intestinal mucosal barrier or regulating 
mucosal immune response (eg, DEFA, TNFSF13, VAV3, 
ITGAM-ITGAX, PSMB8).106

Acute Tubular Injury and Tubulointerstitial 
Nephritis
Acute Tubular Injury
In nephrology, early diagnosis and prompt intervention 
for acute tubular injury, which has many causations, is 
encouraged. In the context of IBD, acute-on-chronic loss of 
circulating volume (salt and water depletion) and disease-
modifying drugs can both lead to acute—and even chronic—
loss of kidney function, which is not always reversible. A full 
exposition on this important topic is beyond the scope of this 
article, but interested readers are directed to a review article 
by Kellum et al.111

Tubulointerstitial Nephritis
Tubulointerstitial nephritis (TIN) has many potential etiolog-
ical associations. The diagnosis of TIN can be challenging and 
usually warrants a kidney biopsy as part of the diagnostic 
workup. Frequently, the urinalysis findings may be modest 
or minimal, but the diagnosis should always be considered 
in IBD patients for whom loss of kidney function, often but 
not invariably, takes place over time and without an obvious 
causative factor.112,113 Continued close follow-up with neph-
rological input is key.

Tubulointerstitial nephritis has been reported in patients 
with IBD, but it is often difficult to determine whether this 
should be considered as an EIM or as an extraintestinal 
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complication secondary to medical treatment from drugs such 
as 5-ASA, ciclosporin, and TNF-α inhibitors (Figure 4).93,114,115 
For example, in a Finnish series of 819 patients undergoing 
kidney biopsy, 35 patients (4.3%) proved to have IBD but in 
those with TIN, the prevalence of IBD was 13.3%.93 In this co-
hort, all patients with TIN had an ongoing or previous history 
of 5-ASA exposure, so the authors were unable to conclude 
whether this observation was an EIM or medication-related. 
Nevertheless, multiple studies have demonstrated a link be-
tween tubulointerstitial damage and IBD activity by assessing 
the levels of various proteins excreted in the urine, which are 
considered to be specific markers of tubular damage in both 
adult 116,117 and pediatric patients.118 In health, low molecular 
weight proteins such as alpha-1-microglobulin (α-1-MG) and 
cystatin C are filtered by the glomerulus and reabsorbed in the 
proximal tubule.119 Their presence in the urine implies dimin-
ished reabsorption and are considered sensitive markers of tu-
bular damage. In some cases, the presence of a predominantly 
lymphocytic infiltrate with non-necrotising granulomata has 
been observed on renal biopsy, lending further support that 
the diagnosis of TIN is an EIM rather than secondary to med-
ication.118,120–123 Once again, continued close follow-up with 
nephrological input is key.

Renal Amyloidosis
Serum amyloid A protein (SAA) amyloidosis, also known 
as secondary amyloidosis, involves the extracellular dep-
osition of insoluble amyloid fibrils in any organ, derived 
from the acute-phase reactant; SAA and its production 
occurs in some chronic inflammatory states such as IBD. 
A systematic review comprising nearly 10 000 patients 
found that IBD-related amyloidosis is a rare entity with an 
estimated overall prevalence of 0.53%. Crohn’s disease is 
complicated by amyloidosis in 1.05% of cases compared 
with just 0.08% in UC.124 The most common presentation 
of SAA amyloidosis is renal involvement presenting with 

renal impairment in the setting of nephrotic syndrome. 
In about 15% of cases, neither proteinuria nor elevated 
serum creatinine is found, and so a high index of suspicion 
is required to make the diagnosis.124 The diagnostic gold 
standard is a biopsy of the target organ (Figure 1). Serum 
amyloid A protein is associated with an increased incidence 
of acute tubular necrosis and faster progression to ad-
vanced chronic kidney disease and end-stage renal disease; 
thus, it is likely to be associated with amyloid- and kidney-
related pathologies leading to reduced patient survival.125 
Treatment is targeted at the underlying IBD disease activity 
to reduce the new formation and deposition of SAA pro-
tein and address renal amyloidosis. Curative therapies for 
renal amyloidosis are not yet available, but one approach 
to contain the disease is a combination of anti-TNF agents 
and colchicine.124

Conclusions
The presentation of renal and urinary complications re-
lated to IBD can be subtle and requires continued vigilance 
to ensure prompt diagnosis and treatment. Involvement of 
a multidisciplinary approach (urology, nephrology) seems 
both prudent and valuable. We have identified a number 
of clinical and research priorities in this field (Table 2) that 
highlight the compelling need for detailed combined phe-
notypic and genotypic characterization of large cohorts 
followed for at least 10, preferably 20 years. The detection 
of early renal impairment (loss of excretory function) is 
of paramount importance because once significant renal 
functional loss has occurred, this may be both irreversible 
and progressive (eg, recurrent episodes of acute kidney in-
jury or overexposure to potential disease-modifying drugs 
with their own toxicities). The management of all aspects 
of IBD is considerably more complex if patients become 
dialysis-dependent, so avoiding this degree of loss of renal 
function is of paramount importance. The cornerstone of 
preventive nephrology still depends on repeated measure-
ment of plasma creatinine concentrations over time that 
are then converted to an estimated GFR.126 As repeated 
episodes of acute kidney injury are linked to progressive 
loss of kidney function, patients should receive appro-
priate monitoring of eGFR at their follow-up visits, fol-
lowing nationally approved and endorsed standards of 
care. Control of blood pressure using renin-angiotensin-
aldosterone system inhibitors (RAASi) and, increasingly, 
sodium/glucose co-transporter-2 inhibitors (SGLT-2i) are 
cornerstone management tools to arrest progressive loss 
of renal function, although SGLT-2i have not been much 
studied in the context of IBD. Timely referral for nephro-
logical advice around diagnosis and management is also 
important.126

Until dedicated, high-quality clinical and investigational 
studies with large cohorts and long-term follow-up are 
undertaken to discover the true nature of the relationships 
between IBD and chronic kidney disease. The most effective 
strategy for prevention of kidney and urological involvement 
in IBD is to achieve rapid diagnosis, treatment, and remission 
of the primary bowel pathology. Increased awareness of the 
renal manifestations and complications associated with IBD 
should reduce the risk of both acute and chronic kidney in-
jury, leading to better patient outcomes.

Figure 4. A high-power (100x magnification) haematoxylin and eosin 
(H&E) stain, derived from a biopsy of the interstitial compartment of 
the renal parenchyma from a patient with Crohn’s disease. There is an 
intense eosinophil-rich interstitial infiltrate (example encircled in red) 
comprising polymorphonuclear leucocytes and lymphocytes, in some 
places exhibiting “tubilitis” (infiltration and blockage of the renal tubular 
lumina by cells) (See online version for color figure).

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/advance-article/doi/10.1093/ibd/izac140/6658535 by guest on 16 August 2022



Renal and Urological Disorders Associated With Inflammatory Bowel Disease 9

Conflicts of Interest
S.K. is supported by the National Institute for Health Research 
(NIHR) Academic Clinical Fellowship. All other authors re-
port no financial disclosures or conflicts of interest.

References
1.	 Rogler G, Singh A, Kavanaugh A, et al. Extraintestinal 

Manifestations of Inflammatory Bowel Disease: Current Concepts, 
Treatment, and Implications for Disease Management. Gastroen-
terology. 2021;161(4):1118-1132.

2.	 Rothfuss KS, Stange EF, Herrlinger KR. Extraintestinal 
manifestations and complications in inflammatory bowel diseases. 
World J Gastroenterol. 2006;12(30):4819-4831.

3.	 Hedin CRH, Vavricka SR, Stagg AJ, et al. The pathogenesis of 
extraintestinal manifestations: implications for IBD research, diag-
nosis, and therapy. J Crohns Colitis. 2019;13(5):541-554.

4.	 Shield DE, Lytton B, Weiss RM, et al. Urologic complications of 
inflammatory bowel disease. J Urol. 1976;115(6):701-706.

5.	 Greenstein AJ, Janowitz HD, Sachar DB. The extra-intestinal 
complications of Crohn’s disease and ulcerative colitis: a study of 
700 patients. Medicine (Baltim). 1976;55(5):401-412.

6.	 Angeletti A, Arrigo S, Madeo A, et al. Different renal manifestations 
associated with very early onset pediatric inflammatory bowel disease: 
case report and review of literature. BMC Nephrol. 2021;22(1):146.

7.	 Lamb CA, Kennedy NA, Raine T, et al. British Society of Gastroen-
terology consensus guidelines on the management of inflammatory 
bowel disease in adults. Gut. 2019;68(Suppl 3):s1-s106.

8.	 Andersson H, Bosaeus I, Fasth S, et al. Cholelithiasis and uroli-
thiasis in Crohn’s disease. Scand J Gastroenterol. 1987;22(2): 
253-256.

9.	 Nightingale JM, Lennard-Jones JE, Gertner DJ, et al. Colonic pres-
ervation reduces need for parenteral therapy, increases incidence of 
renal stones, but does not change high prevalence of gall stones in 
patients with a short bowel. Gut. 1992;33(11):1493-1497.

10.	McConnell N, Campbell S, Gillanders I, et al. Risk factors for 
developing renal stones in inflammatory bowel disease. BJU Int. 
2002;89(9):835-841.

11.	Scales CD, Jr., Smith AC, Hanley JM, et al. Prevalence of kidney 
stones in the United States. Eur Urol. 2012;62(1):160-165.

12.	Cury DB, Moss AC, Schor N. Nephrolithiasis in patients with 
inflammatory bowel disease in the community. Int J Nephrol 
Renovasc Dis. 2013;6:139-142.

13.	Fagagnini S, Heinrich H, Rossel JB, et al. Risk factors for gallstones 
and kidney stones in a cohort of patients with inflammatory bowel 
diseases. PLoS One. 2017;12(10):e0185193.

14.	Herbert J, Teeter E, Burstiner LS, et al. Urinary manifestations 
in African American and Caucasian inflammatory bowel disease 
patients: a retrospective cohort study. BMC Urol. 2022;22(1):1.

15.	Peterson LM, Reed HS. Hematuria. Prim Care. 2019;46(2): 
265-273.

16.	Worcester EM. Stones from bowel disease. Endocrinol Metab Clin 
North Am. 2002;31(4):979-999.

17.	 Torricelli FC, Reichard C, Monga M. Urolithiasis in complicated in-
flammatory bowel disease: a comprehensive analysis of urine profile 
and stone composition. Int Urol Nephrol. 2021;53(2):205-209.

18.	Parmar MS. Kidney stones. BMJ. 2004;328(7453):1420-1424.
19.	Nazzal L, Puri S, Goldfarb DS. Enteric hyperoxaluria: an impor-

tant cause of end-stage kidney disease. Nephrol Dial Transplant. 
2016;31(3):375-382.

20.	Nordenvall B, Backman L, Burman P, et al. Low-oxalate, low-fat 
dietary regimen in hyperoxaluria following jejunoileal bypass. Acta 
Chir Scand. 1983;149(1):89-91.

21.	Kumar S, Bogle R, Banerjee D. Why do young people with chronic 
kidney disease die early? World J Nephrol. 2014;3(4):143-155.

22.	Parks JH, Worcester EM, O’Connor RC, et al. Urine stone risk 
factors in nephrolithiasis patients with and without bowel disease. 
Kidney Int. 2003;63(1):255-265.

23.	Singer AM, Bennett RC, Carter NG, et al. Blood and urinary 
changes in patients with ileostomies and ileorectal anastomoses. Br 
Med J. 1973;3(5872):141-143.

24.	Han H, Segal AM, Seifter JL, et al. Nutritional Management 
of Kidney Stones (Nephrolithiasis). Clin Nutr Res. 2015;4(3): 
137-152.

25.	Varda BK, McNabb-Baltar J, Sood A, et al. Urolithiasis and urinary 
tract infection among patients with inflammatory bowel disease: a 
review of US emergency department visits between 2006 and 2009. 
Urology. 2015;85(4):764-770.

26.	Turk C, Petrik A, Sarica K, et al. EAU Guidelines on Diag-
nosis and Conservative Management of Urolithiasis. Eur Urol. 
2016;69(3):468-474.

27.	Niemann T, Kollmann T, Bongartz G. Diagnostic performance of 
low-dose CT for the detection of urolithiasis: a meta-analysis. AJR 
Am J Roentgenol. 2008;191(2):396-401.

28.	Cheng RZ, Shkolyar E, Chang TC, et al. Ultra-low-dose CT: an ef-
fective follow-up imaging modality for ureterolithiasis. J Endourol. 
2020;34(2):139-144.

29.	Rao N, Kumar S, Taylor S, et al. Diagnostic pathways in Crohn’s 
disease. Clin Radiol. 2019;74(8):578-591.

30.	Levy C, Tremaine WJ. Management of internal fistulas in Crohn’s 
disease. Inflamm Bowel Dis. 2002;8(2):106-111.

31.	Taxonera C, Barreiro-de-Acosta M, Bastida G, et al. Outcomes of 
medical and surgical therapy for entero-urinary fistulas in Crohn’s 
disease. J Crohns Colitis. 2016;10(6):657-662.

32.	Tjandra D, Garg M, Behrenbruch C, et al. Review article: inves-
tigation and management of internal fistulae in Crohn’s disease. 
Aliment Pharmacol Ther. 2021;53(10):1064-1079.

33.	Keady C, Hechtl D, Joyce M. When the bowel meets the bladder: 
optimal management of colorectal pathology with urological in-
volvement. World J Gastrointest Surg. 2020;12(5):208-225.

34.	Gruner JS, Sehon JK, Johnson LW. Diagnosis and management of 
enterovesical fistulas in patients with Crohn’s disease. Am Surg. 
2002;68(8):714-719.

35.	Daniels IR, Bekdash B, Scott HJ, et al. Diagnostic lessons learnt  
from a series of enterovesical fistulae. Colorectal Dis. 2002;4(6): 
459-462.

36.	Golabek T, Szymanska A, Szopinski T, et al. Enterovesical fistulae: 
aetiology, imaging, and management. Gastroenterol Res Pract. 
2013;2013:617967.

37.	Kumar S, Parry T, Mallett S, et al. Diagnostic performance of mag-
netic resonance enterography disease activity indices compared 
with a histological reference standard for adult terminal ileal 
Crohn’s disease: experience from the METRIC trial. Journal of 
Crohn’s and Colitis. 2022.

38.	Maconi G, Sampietro GM, Parente F, et al. Contrast radiology, 
computed tomography and ultrasonography in detecting in-
ternal fistulas and intra-abdominal abscesses in Crohn’s disease: a  
prospective comparative study. Am J Gastroenterol. 2003;98(7): 
1545-1555.

39.	Kumar S, Hakim A, Alexakis C, et al. Small intestinal contrast 
ultrasonography for the detection of small bowel complications 
in Crohn’s disease: correlation with intraoperative findings and 
magnetic resonance enterography. J Gastroenterol Hepatol. 
2015;30(1):86-91.

40.	Hakim A, Alexakis C, Pilcher J, et al. Comparison of small intes-
tinal contrast ultrasound with magnetic resonance enterography in 
pediatric Crohn’s disease. JGH Open. 2020;4(2):126-131.

41.	Pallotta N, Vincoli G, Montesani C, et al. Small intestine con-
trast ultrasonography (SICUS) for the detection of small bowel 
complications in crohn’s disease: a prospective comparative study 
versus intraoperative findings. Inflamm Bowel Dis. 2012;18(1): 
74-84.

42.	Tang YZ, Booth TC, Swallow D, et al. Imaging features of 
colovesical fistulae on MRI. Br J Radiol. 2012;85(1018): 
1371-1375.

43.	Algaba A, Guerra I, Castano A, et al. Risk of cancer, with spe-
cial reference to extra-intestinal malignancies, in patients 

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/advance-article/doi/10.1093/ibd/izac140/6658535 by guest on 16 August 2022



10 Kumar et al

with inflammatory bowel disease. World J Gastroenterol. 
2013;19(48):9359-9365.

44.	Beaugerie L, Brousse N, Bouvier AM, et al. Lymphoproliferative 
disorders in patients receiving thiopurines for inflammatory 
bowel disease: a prospective observational cohort study. Lancet. 
2009;374(9701):1617-1625.

45.	Pedersen N, Duricova D, Elkjaer M, et al. Risk of extra-intestinal 
cancer in inflammatory bowel disease: meta-analysis of population-
based cohort studies. Am J Gastroenterol. 2010;105(7):1480-1487.

46.	Geng Z, Geng Q. Risk of urinary bladder cancer in patients 
with inflammatory bowel diseases: a meta-analysis. Front Surg. 
2021;8:636791.

47.	Greuter T, Vavricka S, Konig AO, et al. malignancies in inflamma-
tory bowel disease. Digestion. 2020;101(Suppl 1):136-145.

48.	Wang Z, Zhang H, Yang H, et al. The incidence rate and risk 
factors of malignancy in elderly-onset inflammatory bowel dis-
ease: a Chinese cohort study from 1998 to 2020. Front Oncol. 
2021;11:788980.

49.	Lim WC, Wang Y, MacDonald JK, et al. Aminosalicylates for in-
duction of remission or response in Crohn’s disease. Cochrane Da-
tabase Syst Rev. 2016;7:CD008870.

50.	Muller AF, Stevens PE, McIntyre AS, et al. Experience of 
5-aminosalicylate nephrotoxicity in the United Kingdom. Aliment 
Pharmacol Ther. 2005;21(10):1217-1224.

51.	Heap GA, So K, Weedon M, et al. Clinical features and HLA asso-
ciation of 5-aminosalicylate (5-ASA)-induced nephrotoxicity in in-
flammatory bowel disease. J Crohns Colitis. 2016;10(2):149-158.

52.	Patel H, Barr A, Jeejeebhoy KN. Renal effects of long-term treatment 
with 5-aminosalicylic acid. Can J Gastroenterol. 2009;23(3):170-
176.

53.	Van Staa TP, Travis S, Leufkens HG, et al. 5-aminosalicylic acids 
and the risk of renal disease: a large British epidemiologic study. 
Gastroenterology. 2004;126(7):1733-1739.

54.	 Jairath V, Hokkanen SRK, Guizzetti L, et al. No increased risk 
of nephrotoxicity associated with 5-aminosalicylic acid in IBD: a 
population-based cohort and nested case-control study. Aliment 
Pharmacol Ther. 2019;50(4):416-424.

55.	Ko CW, Singh S, Feuerstein JD, et al. AGA clinical practice 
guidelines on the management of mild-to-moderate ulcerative co-
litis. Gastroenterology. 2019;156(3):748-764.

56.	Ran Z, Wu K, Matsuoka K, et al. Asian Organization for Crohn’s 
and Colitis and Asia Pacific Association of Gastroenterology prac-
tice recommendations for medical management and monitoring 
of inflammatory bowel disease in Asia. J Gastroenterol Hepatol. 
2021;36(3):637-645.

57.	Kornbluth A, Sachar DB. Practice parameters Committee of the 
American College of G. Ulcerative colitis practice guidelines in 
adults: American College Of Gastroenterology, Practice Parameters 
Committee. Am J Gastroenterol. 2010;105(3):501-523; quiz 524.

58.	Travis SP, Stange EF, Lemann M, et al. European evidence-based 
consensus on the management of ulcerative colitis: current man-
agement. J Crohns Colitis. 2008;2(1):24-62.

59.	Naesens M, Kuypers DR, Sarwal M. Calcineurin inhibitor nephro-
toxicity. Clin J Am Soc Nephrol. 2009;4(2):481-508.

60.	Rodriguez-Lago I, Castro-Poceiro J, Fernandez-Clotet A, et al. 
Tacrolimus induces short-term but not long-term clinical re-
sponse in inflammatory bowel disease. Aliment Pharmacol Ther. 
2020;51(9):870-879.

61.	Wu B, Tong J, Ran Z. Tacrolimus therapy in steroid-refractory ul-
cerative colitis: a review. Inflamm Bowel Dis. 2020;26(1):24-32.

62.	Hoffmann P, Wehling C, Krisam J, et al. Performance of tacrolimus 
in hospitalized patients with steroid-refractory acute severe ulcera-
tive colitis. World J Gastroenterol. 2019;25(13):1603-1617.

63.	Lichtiger S, Present DH, Kornbluth A, et al. Cyclosporine in se-
vere ulcerative colitis refractory to steroid therapy. N Engl J Med. 
1994;330(26):1841-1845.

64.	Ogata H, Koiwa F, Ito H, et al. Therapeutic strategies for sec-
ondary hyperparathyroidism in dialysis patients. Ther Apher Dial. 
2006;10(4):355-363.

65.	Sandborn WJ, Present DH, Isaacs KL, et al. Tacrolimus for the treat-
ment of fistulas in patients with Crohn’s disease: a randomized, 
placebo-controlled trial. Gastroenterology. 2003;125(2):380-388.

66.	Baumgart DC, Wiedenmann B, Dignass AU. Rescue therapy with 
tacrolimus is effective in patients with severe and refractory inflam-
matory bowel disease. Aliment Pharmacol Ther. 2003;17(10):1273-
1281.

67.	Ogata H, Matsui T, Nakamura M, et al. A randomised dose finding 
study of oral tacrolimus (FK506) therapy in refractory ulcerative 
colitis. Gut. 2006;55(9):1255-1262.

68.	Yamamoto Y, Nakase H, Matsuura M, et al. CYP3A5 genotype as 
a potential pharmacodynamic biomarker for tacrolimus therapy in 
ulcerative colitis in Japanese patients. Int J Mol Sci. 2020;21(12).

69.	Van Assche G, D’Haens G, Noman M, et al. Randomized, dou-
ble-blind comparison of 4  mg/kg versus 2  mg/kg intravenous 
cyclosporine in severe ulcerative colitis. Gastroenterology. 
2003;125(4):1025-1031.

70.	Corica D, Romano C. Renal involvement in inflammatory bowel 
diseases. J Crohns Colitis. 2016;10(2):226-235.

71.	Ciarcia R, Damiano S, Florio A, et al. The protective effect of 
apocynin on cyclosporine a-induced hypertension and nephrotox-
icity in rats. J Cell Biochem. 2015;116(9):1848-1856.

72.	Burdmann EA, Andoh TF, Yu L, et al. Cyclosporine nephrotoxicity. 
Semin Nephrol. 2003;23(5):465-476.

73.	Staatz CE, Isbel NM, Bergmann TK, et al. Editorial: therapeutic 
drug monitoring in solid organ transplantation. Front Pharmacol. 
2021;12:815117.

74.	Vulliemoz M, Brand S, Juillerat P, et al. TNF-Alpha blockers in 
inflammatory bowel diseases: practical recommendations and a 
user’s guide: an update. Digestion. 2020;101(Suppl 1):16-26.

75.	Segawa Y, Ishida R, Kanehisa F, et al. IgA nephropathy in a pa-
tient receiving infliximab for generalized pustular psoriasis. BMC 
Nephrol. 2020;21(1):366.

76.	Dumitrescu G, Dahan K, Treton X, et al. Nephrotic syndrome 
after infliximab treatment in a patient with ulcerative colitis. J 
Gastrointestin Liver Dis. 2015;24(2):249-251.

77.	Yarkan Tugsal H, Zengin B, Kenar G, et al. Infliximab-associated 
focal segmental glomerulosclerosis in a patient with ankylosing 
spondylitis. Rheumatol Int 2019;39(3):561-567.

78.	Bailly E, Von Tokarski F, Beau-Salinas F, et al. Interstitial ne-
phritis secondary to vedolizumab treatment in Crohn disease and 
safe rechallenge using steroids: a case report. Am J Kidney Dis. 
2018;71(1):142-145.

79.	Perez Fernandez M, Piteiro Bermejo AB, Pena Esparragoza JK, et 
al. Nephrotic syndrome in relation to treatment with ustekinumab. 
Nefrologia (Engl Ed) 2019;39(1):100-102.

80.	Chaparro M, Baston-Rey I, Fernandez-Salgado E, et al. Long-term 
real-world effectiveness and safety of ustekinumab in Crohn’s dis-
ease patients: the SUSTAIN study. Inflamm Bowel Dis. 2022.

81.	Kremer JM, Kivitz AJ, Simon-Campos JA, et al. Evaluation of 
the effect of tofacitinib on measured glomerular filtration rate in 
patients with active rheumatoid arthritis: results from a randomised 
controlled trial. Arthritis Res Ther. 2015;17:95.

82.	Mohamed MF, Trueman S, Feng T, et al. Characterization of the ef-
fect of renal impairment on upadacitinib pharmacokinetics. J Clin 
Pharmacol. 2019;59(6):856-862.

83.	D’Amico F, Magro F, Peyrin-Biroulet L, et al. Positioning filgotinib 
in the treatment algorithm of moderate to severe ulcerative colitis. 
J Crohns Colitis 2021.

84.	Hellwege HH, Blaker F. Gebbers JO. Hypocomplementemic 
membranoproliferative glomerulonephritis in a child with ul-
cerative colitis (author’s transl). Monatsschr Kinderheilkd. 
1976;124(10):706-711.

85.	Hubert D, Beaufils M. Meyrier A. Immunoglobulin A glomerular 
nephropathy associated with inflammatory colitis. Apropos of 2 
cases. Presse Med. 1984;13(17):1083-1085.

86.	 Takemura T, Okada M, Yagi K, et al. An adolescent with IgA 
nephropathy and Crohn disease: pathogenetic implications. 
Pediatr Nephrol. 2002;17(10):863-866.

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/advance-article/doi/10.1093/ibd/izac140/6658535 by guest on 16 August 2022



Renal and Urological Disorders Associated With Inflammatory Bowel Disease 11

87.	 Forshaw MJ, Guirguis O, Hennigan TW. IgA nephropathy in as-
sociation with Crohn’s disease. Int J Colorectal Dis. 2005;20(5): 
463-465.

88.	 Ridder RM, Kreth HW, Kiss E, et al. Membranous nephropathy 
associated with familial chronic ulcerative colitis in a 12-year-old 
girl. Pediatr Nephrol. 2005;20(9):1349-1351.

89.	 Peeters AJ, van den Wall Bake AW, Daha MR, et al. Inflammatory 
bowel disease and ankylosing spondylitis associated with cuta-
neous vasculitis, glomerulonephritis, and circulating IgA immune 
complexes. Ann Rheum Dis. 1990;49(8):638-640.

90.	 Filiopoulos V, Trompouki S, Hadjiyannakos D, et al. IgA 
nephropathy in association with Crohn’s disease: a case report 
and brief review of the literature. Ren Fail. 2010;32(4):523-527.

91.	 Ku E, Ananthapanyasut W, Campese VM. IgA nephropathy 
in a patient with ulcerative colitis, Graves’ disease and positive 
myeloperoxidase ANCA. Clin Nephrol. 2012;77(2):146-150.

92.	 Ambruzs JM, Walker PD, Larsen CP. The histopathologic spec-
trum of kidney biopsies in patients with inflammatory bowel dis-
ease. Clin J Am Soc Nephrol. 2014;9(2):265-270.

93.	 Pohjonen J, Nurmi R, Metso M, et al. Inflammatory bowel 
disease in patients undergoing renal biopsies. Clin Kidney J. 
2019;12(5):645-651.

94.	 Elaziz MMA, Fayed A. Patterns of renal involvement in a co-
hort of patients with inflammatory bowel disease in Egypt. Acta 
Gastroenterol Belg. 2018;81(3):381-385.

95.	 Li KJ, Yu CL, Lin WC, et al. Concomitant aseptic subcutaneous 
abscess and immunoglobulin m nephropathy--rare extraintestinal 
manifestations in ulcerative colitis. Dig Dis Sci. 2006;51(2):401-
405.

96.	 Ashman N, Sheaff M, Raftery MJ. Mesangiocapillary glomerulo-
nephritis associated with ulcerative colitis: a 6-year follow-up of 2 
cases. Clin Nephrol. 2003;60(2):146-148.

97.	 Plaisier E, Borradori L, Hellmark T, et al. Anti-glomerular base-
ment membrane nephritis and bullous pemphigoid caused by dis-
tinct anti-alpha 3(IV)NC1 and anti-BP180 antibodies in a patient 
with Crohn’s disease. Am J Kidney Dis. 2002;40(3):649-654.

98.	 Gommerman JL, Rojas OL, Fritz JH. Re-thinking the functions of 
IgA(+) plasma cells. Gut Microbes.2014;5(5):652-662.

99.	 Wyatt RJ, Julian BA. IgA nephropathy. N Engl J Med. 
2013;368(25):2402-2414.

100.	Presley LL, Ye J, Li X, et al. Host-microbe relationships in inflam-
matory bowel disease detected by bacterial and metaproteomic 
analysis of the mucosal-luminal interface. Inflamm Bowel Dis. 
2012;18(3):409-417.

101.	Harper SJ, Feehally J. The pathogenic role of immunoglob-
ulin A polymers in immunoglobulin A nephropathy. Nephron. 
1993;65(3):337-345.

102.	Coppo R, Basolo B, Martina G, et al. Circulating immune 
complexes containing IgA, IgG and IgM in patients with primary 
IgA nephropathy and with Henoch-Schoenlein nephritis. Corre-
lation with clinical and histologic signs of activity. Clin Nephrol. 
1982;18(5):230-239.

103.	Joher N, Gosset C, Guerrot D, et al. IgA nephropathy in associ-
ation with inflammatory bowel diseases: results from a national 
study and systematic literature review. Nephrol Dial Transplant. 
2021.

104.	Coppo R, Basolo B, Rollino C, et al. Dietary gluten and primary 
IgA nephropathy. N Engl J Med. 1986;315(18):1167-1168.

105.	Coppo R, Mazzucco G, Martina G, et al. Gluten-induced exper-
imental IgA glomerulopathy. Laboratory investigation; a journal 
of technical methods and pathology. 1989;60(4):499-506.

106.	Kiryluk K, Li Y, Scolari F, et al. Discovery of new risk loci for IgA 
nephropathy implicates genes involved in immunity against intes-
tinal pathogens. Nat Genet. 2014;46(11):1187-1196.

107.	Coppo R. The gut-renal connection in IgA nephropathy. Semin 
Nephrol. 2018;38(5):504-512.

108.	Fellstrom BC, Barratt J, Cook H, et al. Targeted-release budesonide 
versus placebo in patients with IgA nephropathy (NEFIGAN): a 
double-blind, randomised, placebo-controlled phase 2b trial. 
Lancet. 2017;389(10084):2117-2127.

109.	Floege J, Rauen T. Tang SCW. Current treatment of IgA 
nephropathy. Semin Immunopathol. 2021;43(5):717-728.

110.	Barratt J, Rovin BH, Cattran D, et al. Why target the gut to treat 
IgA nephropathy? Kidney Int Rep. 2020;5(10):1620-1624.

111.	Kellum JA, Romagnani P, Ashuntantang G, et al. Acute kidney 
injury. Nat Rev Dis Primers. 2021;7(1):52.

112.	Farris AB, Colvin RB. Renal interstitial fibrosis: mechanisms and 
evaluation. Curr Opin Nephrol Hypertens. 2012;21(3):289-300.

113.	Izzedine H. Drug nephrotoxicity. Nephrologie & therapeutique. 
2018;14(3):127-134.

114.	Gisbert JP, Gonzalez-Lama Y. Mate J. 5-Aminosalicylates and 
renal function in inflammatory bowel disease: a systematic review. 
Inflamm Bowel Dis. 2007;13(5):629-638.

115.	Vasanth P, Parmley M, Torrealba J, et al. Interstitialsnephritis in 
a patient with inflammatory bowel disease. Case Rep Nephrol. 
2016;2016:4260365.

116.	Herrlinger KR, Noftz MK, Fellermann K, et al. Minimal renal 
dysfunction in inflammatory bowel disease is related to dis-
ease activity but not to 5-ASA use. Aliment Pharmacol Ther. 
2001;15(3):363-369.

117.	Fraser JS, Muller AF, Smith DJ, et al. Renal tubular injury is 
present in acute inflammatory bowel disease prior to the introduc-
tion of drug therapy. Aliment Pharmacol Ther. 2001;15(8):1131-
1137.

118.	Marcus SB, Brown JB, Melin-Aldana H, et al. Tubulointerstitial 
nephritis: an extraintestinal manifestation of Crohn disease in 
children. J Pediatr Gastroenterol Nutr. 2008;46(3):338-341.

119.	Conti M, Moutereau S, Zater M, et al. Urinary cystatin C as a 
specific marker of tubular dysfunction. Clin Chem Lab Med. 
2006;44(3):288-291.

120.	Waters AM, Zachos M, Herzenberg AM, et al. Tubulointerstitial 
nephritis as an extraintestinal manifestation of Crohn’s disease. 
Nat Clin Pract Nephrol. 2008;4(12):693-697.

121.	Colvin RB, Traum AZ, Taheri D, et al. Granulomatous interstitial 
nephritis as a manifestation of Crohn disease. Arch Pathol Lab 
Med. 2014;138(1):125-127.

122.	Timmermans SA, Christiaans MH, Abdul-Hamid MA, et al. Gran-
ulomatous interstitial nephritis and Crohn’s disease. Clin Kidney 
J. 2016;9(4):556-559.

123.	Stanton B, Caza T, Huang D, et al. Tubulointerstitial nephritis as 
the initial presentation of Crohn’s disease and successful treat-
ment with infliximab. ACG Case Rep J. 2017;4:e24.

124.	Tosca Cuquerella J, Bosca-Watts MM, Anton Ausejo R, et al. Am-
yloidosis in inflammatory bowel disease: a systematic review of 
epidemiology, clinical features, and treatment. J Crohns Colitis. 
2016;10(10):1245-1253.

125.	Sharma P, Aguilar R, Siddiqui OA, et al. Secondary systemic am-
yloidosis in inflammatory bowel disease: a nationwide analysis. 
Ann Gastroenterol. 2017;30(5):504-511.

126.	Chronic kidney disease: assessment and management. National 
Institute for Health and Care Excellence guideline [NG203]
Published: 25 August 2021 Last updated: 24 November 2021.

D
ow

nloaded from
 https://academ

ic.oup.com
/ibdjournal/advance-article/doi/10.1093/ibd/izac140/6658535 by guest on 16 August 2022


