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ABSTRACT

IgA nephropathy (IgAN) is the most common primary glomerulonephritis world-
wide and was identified over half a century ago. Appearance of transient gross
haematuria during episodes of mucosal infections is the classical clinical presentation
of IgAN. The research of the role of the gut in IgAN goes back as far as the 1980s.
The emergence of corticosteroid therapies with promising efficacy for the survival
of the kidneys of IgAN patients in the 1990s probably delayed study activity around
the so-called gut-kidney axis for nearly two decades. Yet interest in this connection
has resurfaced in international IgAN research in recent years.

The dissertation project focused on connections between diseases and processes
of the intestine and kidney diseases. The prevalence of inflammatory bowel disease
(IBD) was first evaluated among patients referred to kidney biopsy due to clinical
indications. The focus was soon targeted to IgAN and phenomena in the intestines
of biopsy-verified IgAN patients. The prevalence of coeliac disease (CeD) and IBD
among IgAN patients was elucidated. Thereafter, presence of gastrointestinal
symptoms and serum levels of indirect biomarkers of intestinal damage were studied
in IgAN patients with no known diseases of the intestine. The dissertation consists
of four sub-studies.

Study I investigated the prevalence and phenotypes of IBD in patients referred
to kidney biopsy on a clinical basis from 2000 to 2012 at Tampere University
Hospital (TAUH). Altogether 35 out of the 819 kidney-biopsied patients had IBD
(4.3%). Crohn’s disease (CtD) and ulcerative colitis (UC) were equally common. The
prevalence of IBD was 13.3% in patients diagnosed with tubulointerstitial nephritis
and 4.6% in patients diagnosed with IgAN. In general population, prevalence of
diagnosed IBD in 2008 was 0.6%. IBD was not associated with any increased risk of
end-stage kidney disease during a median follow-up of neatly five years.

Study II evaluated the prevalence of diagnosed CeD, the prevalence of coeliac
autoimmunity detected by serum levels of transglutaminase 2 targeted antibodies and
the prevalence of IBD in 629 patients diagnosed with IgAN at TAUH from 1976 to
2012. The prevalence of CeD and coeliac autoimmunity decreased among IgAN
patients from 5.6% in the 1980s to 1.4% by the beginning of the 21st century,
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whereas the prevalence of IBD increased from 2.0% to 4.4% over the same period
of time.

Study III surveyed health-related quality of life and gastrointestinal (GI)
symptoms experienced by 104 IgAN patients living in the TAUH catchment area in
2019. Conventionally, GI symptoms have been acknowledged to present in end-
stage kidney disease. The questionnaires used were the self-administered, structured,
well-validated Gastrointestinal Symptom Rating Scale (GSRS) and the Psychological
General Well-Being Index. The results were compared with those of healthy people.
IgAN patients reported more GI symptoms than did healthy people. The GSRS total
score of the IgAN patients was about the same as in eatlier studies on dialysis
patients. Specifically, female patients and patients with preserved kidney function
experienced an excess of GI symptoms. Health-related quality of life was likewise
lower in IgAN patients than in healthy individuals.

Study IV used as its subjects 85 volunteer IgAN patients who had participated in
Study III. Subclinical CeD was excluded with negative serum coeliac autoantibody
tests from all participants and IBD with negative faecal calprotectin test from 57
volunteer patients. Thereafter, serum levels of three indirect biomarkers of intestinal
damage were measured in all 85 patients. Test results were compared with those of
healthy people and patients suffering from dyspepsia. Serum levels of a protein
released into the circulation from enterocytes upon cell damage, intestinal fatty-acid
binding protein, were higher in IgAN patients than in healthy people. Serum levels
of soluble cluster of differentiation molecule 14, a biomarker likely representing
increased intestinal permeability, did not differ between IgAN patients and healthy
controls, but were lower in dyspepsia controls. Serum levels of another possible
biomarker of intestinal permeability, lipopolysaccharide-binding protein, showed no
difference between the groups. In none of the three biomarkers did the serum levels
correlate with the GI symptoms measured by GSRS score.

In conclusion, IBD is present in a notable percentage of patients with clinical
signs of a kidney disease. IBD should be kept in mind, especially when the kidney
biopsy histology shows either tubulointerstitial nephritis or IgAN. The prevalence
of IBD and especially that of Crohn’s disease is increasing in IgAN. Conversely, the
prevalence of CeD in conjunction with IgAN is decreasing. IgAN patients and
especially female IgAN patients experience more GI complaints than do healthy
people. IgAN patients experience GI symptoms even without kidney failure. The
finding of elevated serum levels of an indirect biomarker of intestinal damage among
IgAN patients gives ground for further studies to explore gut phenomena in IgAN

in more detail.



TIIVISTELMA

IgA-nefropatia (IgAN) on maailman yleisin primddrinen munuaiskerdsten
tulehduksellinen sairaus, glomerulonefriitti. Limakalvojen infektion yhteydessi
ilmaantuva ohittuva nikyvi verivirtsaisuus on taudin klassinen ilmentymi. IgAN
tunnistettiin jo reilu puoli vuosisataa sitten. Suoliston ja IgAN:n yhteyden tutkimus
kdynnistyi jo 1980-luvulla. Glukokortikoidihoidon mahdollisesti munuaistaudin
ennustetta parantavan vaikutuksen osoittaminen IgAN-potilailla 1990-luvulla
todennikdisesti johti vihentyneeseen tutkimusaktiivisuuteen suoliston ja IgAN:n
yhteyksien selvittimiseksi lihes kahdeksi vuosikymmeneksi. Viime vuosina yhteys on
noussut uudelleen kansainvilisen IgAN-tutkimuksen ytimeen.

Viitoskirjaprojekti  keskittyi  suoliston — sairauksien ja  ilmididen  seki
munuaissairauksien yhteyksiin. Ensin selvitettiin tulehduksellisten
suolistosairauksien (inflammatory bowel disease, IBD) esiintyvyyttdi munuaisen
koepalan ottoon kliinisin syin ohjatuilla potilailla. Mielenkiinto kohdentui pian IgA-
nefropatiaan ja munuaisen koepalalla varmennettujen IgAN-potilaiden suoliston
ilmentymiin. Keliakian ja IBD:n esiintyvyys IgAN-potilailla selvitettiin neljin
vuosikymmenen ajalta. Seuraavaksi kartoitettiin potilaiden kokemia suoliston oireita
sekd mitattiin suolen vauriota epiasuorasti kuvaavien, verenkierrosta mairitettavissa
olevien merkkiaineiden pitoisuudet sellaisilta IgAN-potilailta, joilla ei ollut todettua
suoliston sairautta. Viitoskirja koostuu neljdstd osatutkimuksesta.

Osaty6ssi I tutkittiin IBD:n esiintyvyyttd ja taudinkuvia potilailla, joilta oli otettu
munuaisbiopsia kliinisin perustein vuosien 2000 ja 2012 wvililli Tampereen
yliopistollisessa sairaalassa (Tays). Kaikkiaan 819 munuaisbiopsiaan ohjatusta
potilaasta 35:11d (4,3 %) oli IBD. Crohnin tauti ja haavainen paksusuolentulehdus
olivat aineistossa yhti yleiset. IBD:n vallitsevuus oli 13,3 % potilailla, joilla todettiin
tubulointerstitiaalinen nefriitti ja 4,6 % niilld, joilla todettiin IgAN. Diagnosoidun
IBD:n vallitsevuus viestdssda vuonna 2008 oli 0,6 %. IBD ei yhdistynyt loppuvaiheen
munuaistaudin riskiin lihes viiden vuoden seurannassa.

Osaty6ssd 11 arvioitiin diagnosoidun keliakian, seerumista mitattavalla vasta-
ainetutkimuksella todetun keliakiaimmuniteetin ja IBD:n vallitsevuutta 629 IgAN-
diagnoosin Taysissa vuosien 1976 ja 2012 vililld saaneen potilaan joukossa. Keliakian
ja keliakiaimmuniteetin yhteen laskettu vallitsevuus laski 1980-luvun 5,6 prosentista
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1,4 prosenttiin 2000-luvulle tultaessa, kun taas IBD:n vallitsevuus kasvoi samana
ajanjaksona 2,0 prosentista 4,4 prosenttiin.

Osaty6ssi 111 kartoitettiin terveyteen liittyvaa eliminlaatua ja koettuja suoliston
oireita 104 IgAN-potilaalla, jotka asuivat Taysin piirissa syksylld 2019. Perinteisesti
suolen oireiden on katsottu esiintyvin vasta loppuvaiheen munuaistautia sairastavilla
potilailla. Kaytetyt kyselyt olivat henkilon itsensa tiyttimat, rakenteiset ja laajalti
validoidut Psychological Well-Being Index ja Gastrointestinal Symptom Rating Scale
(GSRS). Vastauksia verrattiin terveiden henkildiden vastauksiin. IgAN:aa sairastavat
kokivat terveitd henkil6itd enemmin suolioireita. Erityisesti oireita kokivat naiset ja
ne potilaat, joilla munuaisten toiminta oli sdilynyt hyvina. Terveyteen littyva
eliminlaatu oli huonompaa IgAN-potilailla terveisiin verrattuna.

Osaty6ssd IV mitattiin 85 osatydssd 111 mukana olleen vapaachtoisen IgAN-
potilaan kolmen episuorasti suolen vauriota mittaavan merkkiaineen pitoisuudet
seerumista. Oirecton keliakia poissuljettiin seerumista mitattavin keliakian vasta-
ainetestein  sekd 57 potilaalta IBD wulosteen kalprotektiinin - mairitykselld.
Merkkiaineiden pitoisuuksia verrattiin terveisiin henkil6ihin sekd henkil6ihin, joilla
oli todettu dyspepsia. Ohutsuolen soluista soluvaurion yhteydessi vapautuvan
rasvahappoa sitovan proteiinin pitoisuus seerumissa oli korkeampi IgAN-potilailla
kuin terveilld henkil6illd. Oletetusti suoliston lisddntynytta lapiisevyytta kuvaavien
liukoisen CD14-molekyylin (cluster of differentiation, CD) ja lipopolysakkaridia
sitovan proteiinin tasot seerumista mitattuina eivit eronneet IgAN-potilaiden ja
terveiden verrokkien vililld, mutta sCD14 oli dyspepsia-potilailla muita ryhmii
matalampi. Yhdenkdin tutkitun merkkiaineen pitoisuudet eivit korreloineet GSRS-
kyselyn pisteisiin.

Yhteenvetona voidaan todeta, etti IBD:a esiintyi merkittivilld osalla sellaisista
potilaista, joilla oli munuaissairauteen viittaavia oireita. Eritoten IBD tulisi muistaa
silloin, jos munuaisen koepalassa todetaan tubulointerstitiaalinen nefriitti tai IgAN.
IBD:n ja eritoten Crohnin taudin vallitsevuus IgAN:n yhteydessi lisddntyi seuranta-
aikana. Sen sijaan keliakian ja keliakia-autoimmuniteetin vallitsevuudet laskivat
vuosikymmenten saatossa. IgAN-potilaat ja heistd eritoten naiset kokivat terveitd
henkil6itd enemmain suolisto-oireita. Potilailla oli suoliston oireita hyvini siilyneesti
munuaistoiminnasta huolimatta. Havainto suoliston vauriota epdsuorasti mittaavan
merkkiaineen kohonneista tasoista IgAN-potilaiden seerumissa kannustaa jatkossa
tutkimaan IgAN:n yhteydessd havaittavia suoliston ilmentymid tarkemmin.
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1 INTRODUCTION

IgA nephropathy (IgAN) is the most common primary glomerulonephritis world-
wide and defined as an autoimmune disease (Knoppova et al., 2016; Rodrigues et al.,
2017). The pathogenesis of IgAN is assumed to follow four crucial steps, starting
from the production of the pathognomonic IgA-molecule (Suzuki H. et al., 2011).
Where exactly this IgA-molecule originates, is still unknown. Most likely it originates
in the mucosal tissues, especially those in the gut (Sanchez-Russo et al., 2022). The
gut-kidney axis has accordingly been a hot topic in the field of IgAN research in
recent years (Coppo, 2015; Monteiro & Berthelot, 2021). However, the impetus for
gastrointestinal study in IgAN came back in the 1980s and 1990s (Coppo et al., 1986,
1992; Pasternack et al., 1990; Rantala et al., 1999; Rostoker et al., 1993). Despite a
long history and now quickly accumulating knowledge about gastrointestinal
phenomena in IgAN, many questions remain unanswered.
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2 REVIEW OF THE LITERATURE

2.1 Chronic kidney disease

Nephrons are the approximately one million microscopic structures in each kidney
(Latin ren, Greek nephros), filtering blood to produce urine. A nephron consists of a
renal corpuscle (glomerulus) connected to a complex tubular system. Glomeruli are
tufts of specialized microscopic arterioles located in the outer layer (cortex) of the
kidney. The glomerulus is attached to the mesangium, which is established by the
mesangial cells and mesangial matrix. Both the glomerulus and the mesangium are
enclosed in a pouch-like extension of the tubule, the Bowman capsule. The major
part of a glomerular artery is located toward the urinary space, being covered by the
glomerular basement membrane and specialized cells, podocytes. This portion of the
arterial wall represents the filtration area (Fechally et al., 2019). The filtration barrier
entails a complex interplay between different types of cells, together forming a sieve
for blood purification (Haraldsson & Jeansson, 2009). The glomerular filtration rate
(GFR) cannot be measured directly in humans (Fechally et al., 2019).

Urinalysis is a mandatory diagnostic tool for evaluating kidney diseases. Presence
of erythrocytes (haematuria) and/or albumin (proteinuria) are hints of a glomerular
disease. Haemoglobin is detected by a dipstick test. Automated analysis of urine
sediment confirms the presence of erythrocytes. The albumin dipstick test has a
detection limit between 0.25-0.3 g/l. As the dipstick test provides only a
semiquantitative measurement, other methods are needed for accurate quantification
of albuminuria. The albumin-to-creatinine ratio measured in a random urine sample
is a practical alternative. The twenty-four-hour protein excretion is considered the
reference method to quantify proteinuria. Importantly, it quantifies urine total
proteins and not only albumin. Tubular or monoclonal proteins can be recognized
and quantified with specific tests (Feehally et al., 2019).

Urinary findings have traditionally been named according to the presence of
proteinuria and haematuria; e.g. haematuria with varying degrees of proteinuria is the
hallmark of the nephritic sediment, whereas nephrotic range proteinuria refers to
proteinuria exceeding 3.5 grams per day (Feehally et al., 2019; Wirta et al., 2008).
Percutaneous kidney biopsy is sometimes needed to set a specific diagnosis, to
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evaluate disease activity and to provide information for the decisions regarding
treatment (see in more detail Chapter 2.2.2). Generally accepted indications for
kidney biopsy are acute and progressive kidney injury, unexplained chronic kidney
disease (CKD) and persistent proteinutia greater than 1 g/24 h (Fechally et al., 2019).

Estimation of GFR is necessary for the detection, evaluation, and management
of kidney disease. GFR is the product of the average filtration rate of each nephron,
multiplied by the number of nephrons in both kidneys. GFR can be estimated
(eGFR) using serum levels of endogenous filtration markers, which are substances
generated in the body at a relatively constant rate and eliminated largely by
glomerular filtration. GFR can also be assessed from clearance measurements of
exogenous solutes that are mainly eliminated by glomerular filtration. The classic
method for GFR measurement is the urinary clearance of inulin, which is the
reference against which other clearance methods are evaluated (Fechally et al., 2019).

The most widely used endogenous filtration marker is creatinine, which is an end-
product of muscle catabolism and thus varies according e.g. to muscle mass and diet.
The advantages of creatinine are its ease of measurement, low cost and the
widespread availability of assays (Feehally et al., 2019). GFR can be estimated from
serum creatinine by equations such as the widely used Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) 2009 creatinine equation, which includes
age, ethnicity and sex in conjunction with serum creatinine (Levey et al., 2009). The
CKD-EPI (2021) equation has subsequently been updated to estimate GFR
regardless of ethnicity (Inker et al., 2021). The normal level for GFR is approximately
130 ml/min/1.73m?2 for men and 120 ml/min/1.73m?2 for women, yet declining
approximately 0.75 ml/min/year after 40 years of age (Fechally et al., 2019).

GFR less than 60 ml/min/1.73m? for three months or longer is the main criterion
for CKD (Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work
Group, 2013). GFR decline correlates with decline in other functions of the kidney
(Feehally et al., 2019). Examples of such functions are regulation of acid, fluid and
salt balance, removal of the waste products of metabolism, vitamin D metabolism
and production of erythropoietin (Kidney Disease: Improving Global Outcomes
(KDIGO) CKD Work Group, 2013). Deficiency in handling these functions is the
phenotype of CKD. CKD arises from multiple heterogenous diseases and
environmental factors which vary globally. Diabetes and hypertension are the main
causes of CKD in all high- and middle-income countries (Webster et al., 2017).

End-stage kidney disease (ESKD) is the final and the most advanced form of
CKD, requiring kidney replacement therapy by dialysis and/or kidney
transplantation (Kastarinen et al., 2010). CKD and ESKD are associated with
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systemic inflaimmation and acquited immunodeficiency, which promote
cardiovascular disease, body wasting and infections as leading causes of death
(Anders et al., 2013). Mortality rises as eGFR diminishes and increasing albuminuria
is also an independent risk factor for both all-cause mortality and cardiovascular
mortality (Matsushita, 2010). The global prevalence of CKD is steadily increasing
and the number of people receiving kidney replacement therapy has been predicted
to rise to over five million by 2030 (Coresh, 2017). Importantly, CKD is largely
preventable and treatable (Bikbov et al., 2020; Helve et al., 2018).

The Finnish Registry for Kidney Diseases has collected data on almost all kidney
replacement therapy patients in Finland since 1964. The registry has produced an
annual report for over 30 years. At the end of 2021, there were 1,903 dialysis patients
and 3,394 kidney transplantation patients in Finland, yielding a prevalence of 955 per
million inhabitants for kidney replacement therapy. The incidence of kidney
replacement therapy was 82 per million inhabitants in 2021 and the most common
CKD diagnosis of patients entering therapy was type 2 diabetes mellitus-associated
nephropathy, as it had been for the previous 20 years. Glomerulonephritis (GN) and
type 1 diabetes mellitus-associated nephropathy were the second most common
diagnoses (Finnish Registry for Kidney Diseases: Report 2021). GN are
inflammatory diseases of the glomeruli, of which IgA nephropathy (IgAN) is the

most common wotldwide (Kaartinen et al., 2019).

2.2 IgA nephropathy

2.2.1  Clinical presentation

Patients with IgAN may present with various clinical pictures, from asymptomatic
invisible (microscopic) haematuria to rapidly progressive glomerulonephritis (Lv et
al., 2013b). The relative frequency of the presentations depends in part upon
screening practices and the population being evaluated.

The characteristic presentation is transient gross (visible, macroscopic)
haematuria at the time of an infectious episode, most commonly an infection of the
upper respiratory tract (Berthoux et al., 2008; Suzuki Y, et al., 2021). From one fourth
to one third of biopsy-verified IgAN patients have a history of macroscopic
haematuria (Le et al., 2014; Suzuki Y et al., 2021). Macroscopic haematuria in IgAN
is extremely rare after the age of 40 (Knoppova et al., 2016).
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The two most common clinical presentations are asymptomatic microscopic
haematuria, with or without proteinuria, and slowly progressive kidney disease
(Pettersson et al., 1984; Rodrigues et al., 2017). Other typical phenomena are
proteinuria and hypertension (Knoppova et al.,, 2016). Nephrotic syndrome and
rapidly progressive glomerulonephritis are rare manifestations of IgAN (Cattran et
al., 2009; Wyatt & Julian, 2013).

Coinciding diseases are a common finding in IgAN, gastrointestinal (GI) and liver
disorders being the most common ones (Makdassy et al., 1984; Montenegro &
Monteiro, 1999; Mustonen, 1984; Saha et al., 2018; Tissandié et al., 2011; Tota et al.,
2023). Concomitant extrarenal diseases seem not to influence the course or
prognosis of IgAN (Mustonen et al.,, 1985). IgA vasculitis (formerly known as
Henoch-Schoénlein syndrome) possibly represents the same disease with cutaneous,
GI and articular involvement (Pillebout, 2021; Suzuki H et al., 2018). The term
secondary IgAN has occasionally been used to characterize cases in which IgAN
presents with another disease involving changes in immunoglobulin A (IgA) immune
regulation, e.g. alcoholic liver cirrhosis (Pouria & Barratt, 2008). The term primary
IgAN is sometimes used in cases in which no other condition known to be associated
with glomerular IgA deposition is present (Berthoux et al., 2008; Cassol et al., 2020).
Yet there is no generally accepted definition for secondary IgAN and no histologic
features differentiate primary from secondary IgAN (Cassol et al., 2020; Saha et al.,
2018).

2.2.2  Diagnosis

Kidney biopsy is the gold standard for the diagnostic evaluation of kidney diseases
(Rovin et al,, 2021). This is a percutaneous procedure performed under local
anaesthesia and ultrasound guidance with a disposable automated spring-loaded
biopsy needle (Fechally et al., 2019). The target is the cortical kidney tissue, to get
glomeruli on a sample. A kidney biopsy specimen is routinely divided into three
pieces, yielding a fresh sample for subsequent freezing for immunofluorescence
microscopy, a formalin preserved sample for light microscopy and a glutaraldehyde
preserved sample for electron microscopy (Feehally et al., 2019). The samples are
evaluated by a nephropathologist.

IgAN should be suspected in any patient presenting either with an episode or
episodes of gross haematuria (especially if accompanied by a mucosal infection), with
persistent microscopic haematuria (with or without proteinuria) or with slowly
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progressive kidney failure in the absence of other etiology (Petrou et al., 2023). The
diagnosis of IgAN can only be confirmed with a kidney biopsy (Berthoux et al.,
2008). However, in many countries, including Finland, kidney biopsies are not
routinely taken from all patients with a clinical picture indicative of IgAN, if
establishing the diagnosis would not alter the course of treatment for an individual
patient (Feehally et al., 2019; McQuarrie et al., 2009; Wirta et al., 2008).

Diagnosis of IgAN is based on immunohistology (Feehally & Cameron, 2011).
The presence of glomerular IgA deposits can be demonstrated by
immunofluorescence microscopy of frozen tissue sections or by immunoperoxidase
staining of paraffin embedded tissue sections (Roberts, 2014). The diagnostic
hallmark is the predominance of IgA deposits in the glomerular mesangium, either
alone or with immunoglobulin G, immunoglobulin M, or both (Mustonen et al.,
1985; Wyatt & Julian, 2013). Complement component 3 (C3) is frequently (in > 90%
of biopsy samples) co-deposited as a sign of the involvement of the alternative
pathway of the complement system (Mustonen et al., 1985; Roberts, 2014). Light
microscopy findings usually include mesangial hypercellularity and increased
mesangial matrix (Knoppova et al., 2016). Features of chronicity such as
glomerulosclerosis, tubulointerstitial inflammation and fibrosis are present in
advanced disease (Haas, 1997). Electron microscopy typically reveals electron-dense
deposits consistent with immune complexes in the mesangium, but deposits may
also occur in the subendothelial and subepithelial spaces (Knoppova et al., 2010).

The Oxford classification published in 2009 was created to improve interobserver
replicability of the kidney biopsy findings of IgAN (Roberts, 2014). In the original
classification four pathologic features independently associated with kidney
outcomes were evaluated (Cattran et al., 2009; Roberts et al., 2009). These were
mesangial hypercellularity (M), endocapillary hypercellularity (E), segmental
glomerulosclerosis (S), tubular atrophy and interstitial fibrosis (T), forming the
alternative name of the classification, the MEST score. The prognostic value of
crescents has been subsequently confirmed and recommended to be added to the
MEST score as C for crescents (Haas et al., 2017; Katafuchi et al,, 2011; Lv et al,,
2013a). Starting from 2017, biopsy reporting should include the Oxford classification
as a MEST-C score (Trimarchi et al., 2017). It is notable that immunostaining is not
included in the Oxford classification (Bellur et al., 2011). The importance of the
Oxford classification has been understood in recent years as enabling to better
predict the risk of progression of IgAN (Coppo, 2019; Rovin et al., 2021).
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2.2.3  Epidemiology

IgAN was described in 1968 by two French pathologists, Jean Berger and Nicole
Hinglais (Berger & Hinglais, 1968). It was previously also called Berget’s disease and
sometimes IgA glomerulonephritis (Berthoux et al., 2008; Kaartinen et al., 2019).

Prevalence of IgAN varies geographically, being more common in eastern parts
of the world, the prevalence being lowest in Africa (Kiryluk et al., 2012; Kiryluk &
Novak, 2014). IgAN is found in about 20% of all kidney biopsies performed in
Europe (Almroth et al., 2006). Incidence of biopsy-proven IgAN in European and
Australian studies varies between 0.8 to 10.5 per 100,000 (Wirta et al., 2008). In a
systematic review the incidence was at least 2.5 per 100,000 in adults (McGrogan et
al., 2011).

Biopsy registry data underestimate IgAN incidence as patients with mild disease
are not biopsied, and in countries lacking screening programmes the disease may not
be detected (Rodrigues et al., 2017). By contrast, in Japan, for example, about 75%
of IgAN patients are identified through screening programmes started in childhood
(Suzuki H, 2019; Suzuki Y et al., 2021). Interestingly, latent mesangial IgA deposits
were found in 16% of Japanese kidney allografts and in one fifth of those mesangial
C3 depositions and mild mesangial proliferation were also present, probably as a sign
of subclinical IgAN (Suzuki K et al., 2003). Also, a Finnish autopsy study showed
mesangial IgA deposition to be much more common compared to the prevalence of
IgAN itself. The authors concluded that the population prevalence of IgAN might
be as high as 1.3%, if all cases found with mesangial IgA together with morphological
or clinical findings suggestive of kidney disease were regarded as IgAN (Varis et al.,
1993). In a more recent study, incidental IgA deposits were present in up to 24.5%
of deceased donor kidneys at the first post-transplantation biopsy (Gaber et al.,
2020).

The onset of IgAN has traditionally been in the second and third decades of life
(Berthoux et al., 2008). The disease also affects children, even those as young as four
years of age (Knoppova et al., 2016). Interestingly, age at onset has risen over time
and may be attributable in part to decreased screening policies (Berthoux et al., 2008;
Gutiérrez et al.,, 2018). Among Europeans IgAN affects men more often than
women, the male-to-female ratio being 2-3:1 (Knoop et al., 2013, 2017; Mustonen et
al., 1985; Radford et al., 1997). IgAN has been shown to shorten life expectancy; by
as much as ten years in a single-centre study from the United States and by six years
according to a Swedish nationwide register study (Hastings et al., 2018; Jarrick et al.,
2019; Knoop et al., 2013).
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2.24  Pathogenesis

IgAN is defined as an autoimmune disease (Knoppova et al., 2016; Petrou et al.,
2023). Mesangial IgA deposition is an early event that subsequently leads to
glomerular inflammation and sclerosis, interstitial damage, and eventually ESKD in
a substantial proportion of affected individuals (Roos et al., 2006). The deposited
IgA molecule is of the subtype IgA1 (Hiki et al., 2001). The pathognomonic finding
of the IgA1 molecule in IgAN is an abnormal O-glycosylation of the hinge region of
the molecule (Hiki et al., 2001; Smith et al., 20006). This so-called galactose-deficient
IgA1 molecule (Gd-IgA1) acts as an autoantigen (Suzuki H et al., 2009). Other types
of IgA molecules have also been found in kidney biopsies from IgAN patients,
secretory IgA as an example in 15% of cases (Oortwijn et al, 2006b; Oortwijn et al.,
2007). It is not clear whether all patients with kidney findings interpreted as IgAN
share a common disease process (Boyd et al., 2012; Floege & Feehally, 2016; Saha et
al., 2018). For example, the N-glycosylation was also found to be modified in patients
with alcoholic liver cirrhosis and the IgA found in cirrhosis was not able to induce
mesangial cell proliferation (Tissandié et al., 2011). It has been debated whether the
glomerular IgA found in assumed secondary forms of IgAN is of the same type as
in primary IgAN (Cassol et al., 2020; Lee M et al., 2021; Suzuki H et al., 2018; Tang
et al,, 2023; Wang M et al., 2020).

The concept of a four-hit model puts together the four most crucial steps in the
pathogenetic process; formation of Gd-IgA1, synthesis of antibodies directed against
Gd-IgA1, binding of Gd-IgA1 molecule by antibodies to form immune complexes
and accumulation of the complexes into the glomerular mesangium initiating
glomerular injury (Suzuki H et al, 2011). A cascade of multiple inflammatory
cytokines and cells follows from the mesangial deposition of immune complexes,
leading e.g. to increased matrix formation, podocytopathy, tubulointerstitial injury
and ultimately kidney failure (Chan L.Y.Y. et al., 2005; Lai, 2012; Trimarchi &
Coppo, 2019). Also, metabolic factors like hypertriglyseridaemia, hyperuricaemia and
elevated plasma insulin levels have been shown to contribute to the development of
kidney injury and progression of IgAN (Kaartinen et al., 2007; Myllymaki et al., 2005;
Sytjanen et al., 2000).

The production of Gd-IgAl is a complex process consisting first of all factors
crucial in the class switching of B cells into IgA-secreting B cells like the B cell
activation factor and the proliferation-inducing ligand (APRIL), but also of the
altered expression of glycosyltransferases in IgAl-producing B cells, which in turn
are affected by various cytokines, especially interleukins (IL) 4 and 6, but also by the
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APRIL independently (Gale et al., 2017; Makita et al., 2020; Qin et al., 2005, 2008;
Sallustio et al., 2020; Suzuki H et al., 2008, 2014; Yamada et al., 2017). Higher plasma
APRIL levels were associated with elevated circulating levels of Gd-IgAl, higher
amount of proteinuria and lower eGFR in IgAN patients (Zhai et al., 2016). Elevated
Gd-IgAl levels were in turn independently associated with a greater risk of
deterioration in kidney function (Zhao et al., 2012). Elevated circulating Gd-IgA1
levels have been found in asymptomatic relatives of IgAN patients, but high serum
levels of Gd-IgA1 alone are not sufficient to produce IgAN (Gharavi et al., 2008;
Kiryluk & Novak, 2014).

The exact place of origin of Gd-IgA1 is unclear (Buck et al., 2008; Harper et al.,
1994; Sanchez-Russo et al., 2022). Mucosal plasma cells displaced to bone marrow
as the source of Gd-IgA1l is one option among others, though such is the case in
healthy people too (Harper et al., 1996). Most likely Gd-IgA1l originates from
mucosal tissues (Sanchez-Russo et al., 2022). This conclusion is further supported
by the depleting therapy of circulating B-cells having no effect on either serum Gd-
IgA1 levels or autoantibody levels to Gd-IgA1 (Lafayette et al., 2017).

Circulating immune complexes consist of Gd-IgA1 bound by autoantibodies
directed against the galactose residues in the hinge region of the molecules (Berthoux
et al., 2012; Suzuki H et al., 2009; Tomana et al., 1997, 1999). The Gd-IgA1-specific
antibodies are of both immunoglobulin A and G isotypes (Huang et al., 2016;
Yanagawa et al., 2014). Immunoglobulin G specific for Gd-IgA1 has been found in
kidney biopsy specimens — even among IgAN patients with negative
immunofluorescence microscopy on immunoglobulin G (Rizk et al, 2019b).
Immune deposits were shown to clear within weeks in a kidney from a donor with
subclinical IgAN after transplantation into a recipient with a non-IgAN kidney
disease (Knoppova et al., 2016). Failure in serum immune complex clearance may
play a role in the mesangial deposition of IgA (Grossetéte et al., 1998).

The cluster of differentiation molecule (CD) 71 (also known as transferrin
receptor) acts as a major IgA receptor on mesangial cells in IgAN (Haddad et al,,
2003; Moura et al., 2001). Mesangial expression of CD71 is not specific for IgAN,
yet it is not expressed in healthy glomeruli (Haddad et al., 2003). Molecular size and
glycosylation of IgA1l favours the interaction with CD71 and ensuing glomerular
deposition (Moura et al., 2004; Oortwijn et al., 2006a). CD71-dependent mesangial
cell proliferation auto-amplifies itself, leading to further mesangial deposition of IgA
and further mesangial proliferation (Moura et al., 2001, 2005; Novak et al., 2005).
The circulating immune complexes stimulate proliferation of mesangial cells 7 vitro,
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even more so when harvested from an IgAN patient’s serum during an episode of
macroscopic haematuria (Novak et al., 2005).

Other types of IgA receptors are also involved in IgAN (Kaneko et al., 2012;
Molyneux et al., 2017; Novak et al., 2002). For example CD89 is crucial in the
pathogenesis of IgAN (Grossetéte et al., 1998; Launay et al., 2000). Soluble CD89
participates in the formation of circulating IgA1 complexes, which are trapped by
CD71 on mesangial cells (Berthelot et al., 2012; Lechner et al., 2016). In a mouse
model, deposition of IgA1 involved a direct binding of soluble CD89 to CD71 and
the soluble CD89-CD71 interaction induced mesangial expression of
transglutaminase 2 (TG2), which in turn upregulated CD71 expression, creating a
pathogenic amplification loop (Berthelot et al., 2012). In an experimental model,
inhibition of TG2 reduced the development of fibrosis and scarring, thus also
preventing a decline in kidney function (Johnson et al., 2007).

The complement system is critical in the pathogenesis of IgAN (Medjeral-
Thomas et al., 2017; Tortajada et al, 2019). Without the activation of the
complement, no glomerular inflaimmation would occur, and the more intense the
activation in terms of mesangial deposition of C3 is, the worse is the prognosis of
IgAN (Kim et al.,, 2012; Nam et al.,, 2020; Park S et al., 2020; Zhu et al., 2015).
Immune complexes can activate complement via the alternative or the lectin pathway
of the complement system (Maillard et al., 2015; Zhang W & Lachmann, 1994). IgA
does not activate the classical pathway (Woof & Ken, 2006). Activation of the lectin
pathway is associated with more severe disease (Espinosa et al., 2014; Rizk et al,,
2019a; Roos et al., 2006). Complement activation probably occurs both systemically
in circulating immune complexes and locally in glomeruli (Czerkinsky et al., 1986;
Knoppova et al., 2016; Rizk et al., 20192). Complement factor H is a complement
control protein and a key regulator of the alternative pathway, playing an important
role in the progression of IgAN (Atkinson & Goodship, 2007; Medjeral-Thomas et
al., 2017). A genome-wide association study (GWAS) identified protective alleles
against IgAN in complement factor H and complement factor H-related genes plus
the genotype provenly affected the phenotype of IgAN (Gharavi et al., 2011; Jullien
et al., 2018; Zhu et al., 2015).

An Italian study reported higher risk of IgAN among first-degree than second-
degree relatives (Schena et al., 2002). GWAS in IgAN patients with different
ancestries have shown associations with genes at the human leukocyte antigen
(HLA) locus of the genome (Feehally et al., 2010; Gharavi et al., 2011; Kiryluk et al.,
2012; Li M et al,, 2020; Yu X.Q. et al., 2012). The geographical distribution of IgAN

may be linked to genetically driven functional modifications in the mucosal immune
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system and an interplay with the gut microbiome may be an important disease
modifier of IgAN (Floege & Fechally, 2016; Kiryluk & Novak, 2014). Nevertheless,
the genetic loci discovered to date explain less than 10% of the risk for IgAN
(Kiryluk & Novak, 2014; Lafayette & Kelepouris, 2018). Ultimately, the pathogenesis
of IgAN is a combination of genetic and environmental factors (Feehally et al., 2010;
Gharavi et al., 2011). Environmental factors are presented in more detail in Chapter

2.5.5.

2.2.5 Risk of progression

IgAN is generally asymptomatic and follows a slowly progressive course with
approximately 25 to 30% of patients suffering kidney failure within 20 to 25 years
from presentation (KDIGO Glomerular Diseases Work Group, 2021). The risk of
progressive disease forms the basis for decision-making regarding treatment
(Medjeral-Thomas et al., 2017). Individuals at highest risk of progression are those
with decreased GFR, more severe proteinuria and persistent hypertension (Barbour
& Reich, 2012; Bartosik et al., 2001).

Patients with normal kidney function, microscopic haematuria and minimal
proteinuria (< 0.5 g/day) at the time of diagnosis are believed to have excellent long-
term prognoses (Gutiefrez et al., 2012). Also, macroscopic haematuria is a favourable
prognostic sign (Le et al., 2014; Mustonen et al.,, 1985). Persistent microscopic
haematuria was, however, found to be independently associated with the risk of
progression in a Chinese study (Yu G et al., 2020). The prognosis is particularly poor
in crescentic IgAN (Boyd et al., 2012). The kidney survival rate was only 50% at one
year and 30% at five years among Chinese patients with crescents in more than 50%
of the glomeruli (Lv et al., 2013b). Crescents are more common among individuals
with Asian ethnicity (Barbour et al., 2019; Yu G et al., 2020).

The amount of proteinuria at the time of kidney biopsy predicts the future risk
of progressive kidney disease, as the risk of composite kidney outcome (50%
reduction in eGFR or ESKD) can vary from about 10% at 10 years for those with
proteinuria < 1 g/day to as high as 60% for those with proteinuria exceeding 3 g/day
(Barbour et al., 2016; Radford et al., 1997). Importantly, when treated to partial
remission in means of proteinuria (< 1 g/day), the disease course demonstrably
follows that of patients with naturally similar amounts of proteinuria (Reich et al.,
2007). Accordingly, an ongoing proteinuria exceeding 1 g/day is the most important
clinical risk factor for ESKD in IgAN, and the lesser the amount of proteinuria the
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better the prognosis is (Barbour et al., 2015; Le et al., 2012). Also, duration of
proteinuria remission affects the risk of future kidney failure (Canney et al., 2021).
Blood pressure over 140/90 mmHg at presentation has a strong association with
increased risk of decline in kidney function (Berthoux et al., 2011). Yet again, blood
pressure over time is a better predictor of prognosis than that measured at the time
of diagnosis (Bartosik et al., 2001; Reich et al., 2007).

The risk of disease progression can be assessed individually by combining the
clinical parameters and the kidney biopsy histology (Barbour et al., 2016; Cattran et
al., 2009; Coppo, 2019; D’Amico, 2000; Haas et al., 2017; Roberts et al., 2009). The
MEST score combined with clinical data at biopsy predicted the risk of progressive
disease better than the clinical data at biopsy alone; e.g. presence of mesangial
hypercellularity decreased the likelihood of kidney survival to < 80% at five years
compared to 90% in patients with similar clinical parameters at biopsy but without
mesangial hypercellularity (Barbour et al., 2016). On the other hand, the prognosis
was good in patients with a benign histology despite proteinuria between 1 and 1.5
g/day (Barbour et al., 2016). The importance of histology in baseline kidney biopsy
for predicting the progression risk has since been corroborated (Barbour et al., 2019;
Coppo, 2019; Coppo et al., 2020). For decades, there has been a lack of a patient-
specific risk stratification tool, but the situation changed recently with the
development of the International IgA Nephropathy Prediction Tool (Barbour et al.,
2019, Zhang J et al., 2020). An updated Prediction Tool was created to be used one
to two years after biopsy, whereas the original Prediction Tool should only be used
at the time of biopsy (Barbour et al., 2022).

Grading of complement deposition together with the Oxford classification could
improve risk prediction (Park S et al, 2020). Mesangial deposition of the
complement component 4d is a marker of activation of the lectin pathway of
complement and associated with more severe disease (Espinosa et al., 2009, 2014;
Segarra et al., 2018).

Various biomarkers have been studied with regard to either diagnosing IgAN or
to evaluating the risk of kidney failure (Krochmal et al., 2017; Moresco et al., 2015;
Neuhaus et al., 2018; Suzuki H et al., 2019; Yanagawa et al., 2014). The urinary
biomarkers studied have been, for example, IgA and immunoglobulin G containing
immune complexes (Matousovic et al., 2006), soluble CD71 (Delanghe et al., 2013),
TG2 and CD89 (Moresco et al., 20106), Gd-IgA1l (Suzuki H et al, 2016), and
calprotectin (Neuhaus et al., 2018). A combination of multiple urine peptides
probably predicts the risk of rapid kidney disease progression better than clinical
parameters alone (Rudnicki et al., 2021). Higher serum levels of Gd-IgA1 at the time
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of diagnosis have been shown to be associated with the rate of decline in kidney
function (Maixnerova et al., 2019). Circulating levels of the complement components
could serve as markers of disease activity (Medjeral-Thomas et al., 2018).

The risk of kidney failure also varies according to the treating centre (Geddes et
al., 2003; Radford et al., 1997). One obvious explanation for this is the difference in
the phase of IgAN in which it is detected (Ibels & Gy6ry, 1994; Roberts et al., 2009;
Szeto et al., 2001). In Helsinki the risk of ESKD was less than 10% in 10 years among
those diagnosed with IgAN between 1980 and 1995 (Geddes et al.,, 2003). The
impact of sex has been somewhat controversial, but male sex seems to carry a higher
risk for more rapid decline in kidney function (Cattran et al., 2008; Neugarten et al.,
2000).

2.26  Treatment

To date, there is no cure for IgAN and no specific treatment targeting its
pathogenesis (Coppo, 2017). Even clinical remission is possible, but that is the case
in less than one third of patients with biopsy-verified disease (Knoop et al., 2017).
Also, reversibility in the histological findings was seen in a substantial proportion of
Japanese patients in a single-centre study, yet no significant improvement in kidney
function was observed (Hotta et al., 2002). All patients diagnosed with IgAN should
be assessed for secondary causes (KDIGO Glomerular Diseases Work Group,
2021).

So-called supportive care including dietary advices and lifestyle modifications
forms the basis of treatment of IgAN (Floege et al., 2021). As in all glomerular
diseases, target blood pressure is set at low normal (< 120 mmHg) (Coppo, 2019;
KDIGO Glomerular Diseases Work Group, 2021). As the time to progression to
ESKD in IgAN is usually long, so-called surrogate end points are used as predictors
of the efficacy of treatment. Reduction in proteinuria is regarded as the most suitable
surrogate end-point in IgAN studies (Inker et al., 2016, Thompson et al., 2019).
Inhibition of the renin-angiotensin system with angiotensin-converting enzyme
inhibitors or angiotensin II type I receptor blockers forms the backbone of
antiproteinuric antihypertensive medication and has been proven to improve kidney
survival among IgAN patients with proteinuria (Li P.K.T. et al., 2006; Praga et al.,
2003). In addition to lowering blood pressure, proteinuria should be reduced to <1
g daily (Lv et al., 2017; Magistroni et al., 2015).
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Persistent proteinuria exceeding 1 g/day for over three to six months, despite
optimized supportive care, has traditionally justified the use of immunosuppressive
therapy (Coppo, 2019). Yet persistent proteinuria can equally be a marker of
progressive glomerular damage or scarring. Thus, based on the amount of
proteinuria only it would be difficult to predict who is likely to benefit from
immunosuppressive therapy (Medjeral-Thomas et al., 2017). If only the clinical
information at biopsy is utilized in decision-making, as many as every third patient
could be disqualified from the immunosuppressive therapy they would most likely
benefit from (Barbour et al., 2016, 2019). Thus, an individual patient’s risk of
progressive kidney disease should be assessed with the International IgA
Nephropathy Prediction Tool (Barbour et al., 2020; KDIGO Glomerular Diseases
Work Group, 2021).

Corticosteroids demonstrably reduce proteinuria in IgAN (Lv et al., 2017, 2022;
Manno et al., 2009; Mustonen et al., 1983; Pozzi et al., 1999; Zhou et al,, 2011). A
common problem with any immunosuppressive treatment is its toxicity (Coppo,
2013; Lv et al,, 2017; Rauen et al., 2015). A Cochrane review published in 2020
concluded that corticosteroids may prevent kidney failure, but regarded the risks of
serious infections as uncertain (Natale et al., 2020). The Therapeutic Evaluation of
Steroids in IgA Nephropathy Global Study published in 2022 is the largest
completed treatment trial in IgAN to date, showing benefit from corticosteroid
treatment. However, it has major limitations due to the geographically limited study
population (mostly Chinese) and the changes in the treatment paradigm of IgAN
after study enrollment (Campbell, 2022; Lv et al., 2022). The role of corticosteroids
in the long-run has also been challenged (Cheung & Barratt, 2020). The extended
follow-up of another big treatment study, the Supportive Versus
Immunosuppressive Therapy for the Treatment of Progressive IgA Nephropathy
trial, reported no benefit from the early aggressive therapy during a ten-year follow-
up (Rauen et al., 2020). The most recent international treatment guideline simply
recommends grading the patients on the basis of the amount of proteinuria after the
three-month period of optimized supportive care to either low-risk or high-risk
(proteinuria > 0.75-1 g/day) patients, and to generally treat the high-risk patients
with immunosuppressive therapy, namely corticosteroids (KDIGO Glomerular
Diseases Work Group, 2021). A reduced corticosteroid regimen with a cautious
policy on risk factors from corticosteroid therapy is advisable, including the use of
antibiotic prophylaxis for pneumocystis pneumonia (Lv et al., 2022).

Immunosuppressive monotherapy other than corticosteroids has been studied
with small patient samples (Natale et al., 2020). Treatment of variant forms of IgAN,
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such as nephrotic syndrome or rapidly progressive glomerulonephritis, follow their
own guidelines (KDIGO Glomerular Diseases Work Group, 2021). If histological
findings revealing severe and irreversible damage are found, the focus should be on
optimized supportive care instead of immunosuppression (Coppo, 2019). Multiple
studies from Japan have reported improved kidney survival following tonsillectomy
alone or with pulsed glucocorticoids (Coppo, 2013). Nevertheless, the most recent
KDIGO guideline does not recommend tonsillectomy as a treatment for IgAN in
Caucasian patients (KDIGO Glomerular Diseases Work Group, 2021).

IgAN recurs histologically in a substantial proportion of patients after kidney
transplantation (Ponticelli et al., 2001; Wang A.Y.M. et al., 2001). Despite histological
recurrence, the 10-year graft survival did not differ from that of patients who had
received a transplant due to other kidney diseases (Ponticelli et al., 2001). Also, a 15-
year European follow-up study showed a favourable long-term graft survival for
IgAN patients, as the 15-year risk of death-adjusted graft failure was 1.17 (95% CI
1.05-1.31) compared to autosomal polycystic kidney disease (Pippias et al., 2016). In
a retrospective study, the use of corticosteroids was shown to be associated with a
reduced risk of kidney transplant loss from recurrent IgAN (Clayton et al., 2011).
Altogether, the modern immunosuppressive therapy regimen seems to achieve
better posttransplant kidney survival (Moroni et al., 2013).

Despite optimal modern treatment, 2.3% of Chinese IgAN patients reached
ESKD each year at the beginning of the 21st century (Li X et al., 2014). Alternative
treatment options are thus urgently needed. As the first therapy targeted at the
supposed pathogenetic process of IgAN, enteric budesonide is proposed to act
locally on the mucosal lymphoid tissue in the distal ileum and proximal colon
(Smerud et al., 2011). Enteric budesonide additional to optimized supportive care
lowered the amount of albuminuria and stabilized eGFR during a nine-month
treatment (Fellstrom et al., 2017). Many studies targeting different steps in the
pathogenesis of IgAN are ongoing, yet no ground-breaking results have been
published to date (Floege et al., 2021). Although not targeted at the pathogenetic
process of IgAN;, inhibitors of sodium-glucose cotransporter-2 have been found
promising in lowering the amount of proteinuria in IgAN (Barratt & Floege, 2021;
Wheeler et al., 2021).
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2.3 Inflammatory bowel disease

2.3.1  Clinical presentation

Inflammatory bowel disease (IBD) comprises three closely related disease entities:
ulcerative colitis (UC), Crohn’s disease (CrD) and the form of colitis with no definite
histological or other evidence to favour either CrD or UC, called IBD unclassified
(Satsangi, 2000). The first recognized phenotypes of IBD were severe, causing a
transmural bowel inflammation, bloody diarrhoea, fever and frequently also death
(Malik, 2015). Diarrhoea in IBD is often nocturnal and postprandial (Baumgart &
Sandborn, 2007). Nowadays a majority of affected individuals progress to relapsing
and chronic disease, which is incurable but in which mortality is fairly low (Jussila et
al., 2014; Kaplan, 2015; Xavier & Podolsky, 2007).

IBD predominantly affects the GI tract, but is associated with many
extraintestinal manifestations (EIMs); chronic inflammatory diseases affecting other
organ systems (Rothfuss et al., 2000). A minority of patients may present with an
EIM before the diagnosis of IBD (Fumery et al., 2018). EIMs frequently affect the
joints, the hepatobiliary system, skin and eyes, but seldom the kidneys (Lakatos et
al., 2003). Eye complications and primary sclerosing cholangitis are more frequent
in UC, and joint and skin complications in CrD (Lakatos et al., 2003). EIMs are more
common among females than males (Lakatos et al., 2003). The pathogenesis of EIMs
is multifactorial, including genetic and environmental factors (Lakatos et al., 2003,
Rogler et al., 2021).

A number of EIMs run independently of the course of the intestinal disease
(Bernstein et al., 2001). The risk of EIMs is higher in extensive intestinal disease
(Fumery et al., 2018; Lakatos et al., 2003). EIMs seem to be more frequent in patients
with longer disease duration (Lakatos et al., 2003; Vavricka et al, 2015). The
prevalence of EIMs is difficult to define as no uniform definition of an EIM exists
(Bernstein et al., 2001; Lakatos et al., 2003; Rogler et al., 2021). The overall risk of
EIMs in UC has been estimated to be as high as 17% (Fumery et al., 2018). In CtD
an even higher prevalence of EIMs (36.6%) has been reported (Lakatos et al., 2003).
According to a Swiss study, multiple EIMs may be present in about 8% of patients
suffering from IBD (Vavricka et al., 2015).
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2.3.2  Diagnosis and epidemiology

IBD typically onsets during the second and third decades of life (Xavier & Podolsky,
2007). In Finland, the point prevalence among patients aged 35 to 54 years was nearly
1% in 2008 when at the same time the nationwide point prevalence was 0.6% (Jussila
et al., 2013). The incidence of UC in particular had increased to one of the highest
reported in the world and the increase was regarded as a true increase in disease
frequency (Jussila et al., 2012). The most recent data show a further increase in IBD
prevalence in Finland, the current nationwide prevalence being 1%. The increase has
been most notable among the elderly, aged over 70 (Kontola et al., 2023).

A considerable increase in IBD prevalence is a general phenomenon in
Westernized countries, but newly industrialized countries show a similar trend (Hein
et al., 2014; Kaplan & Ng, 2017). There is also a North-South gradient worldwide in
the geographical prevalence of IBD, higher incidence rates being found in Northern
countries, and also a gradient within certain countries Finland being one of them
(Jussila et al., 2013; Kontola et al., 2023; Shivananda et al., 1996).

The prevalence of UC is about 3-fold compared to that of CtD in Finland (Jussila
et al., 2012; Kontola et al., 2023; Manninen et al., 2010). Interestingly, in most of the
populations studied, the incidence of UC is higher than and often precedes by one
decade that of CtD (Ananthakrishnan, 2015). In Finland, the prevalence of UC is
higher among men, but no sex-based difference is seen in CrD (Jussila et al., 2012,
2013; Kontola et al., 2023).

Ileocolonoscopy with intubation of the ileum and biopsies from both affected
and unaffected areas of the mucous membrane are needed to confirm the diagnosis
of IBD, but its main drawbacks are invasiveness and expense (Langhorst et al., 2016).
If the terminal ileum is normal, further evaluation of the proximal GI tract is not
needed unless there are symptoms or findings suggesting a diagnosis of CtD rather
than of UC (Rubin et al., 2019). CtD is diagnosed on the basis of clinical, endoscopic,
histologic and radiographic criteria (Henriksen et al., 2007; Lichtenstein et al., 2018).

Calprotectin is a calcium-binding protein found in abundance in neutrophils, but
also in monocytes and macrophages (Lehmann et al., 2015). Faecal calprotectin is a
highly sensitive biomarker to detect inflammation in the GI tract (Abraham & Kane,
2012). Faecal calprotectin cannot distinguish CrD from UC nor from infectious
aetiology, but is good in differentiating IBD from irritable bowel syndrome (IBS)
(Abraham & Kane, 2012). The concentration of calprotectin in the stool is
proportional to the intensity of the neutrophilic infiltrate in the mucosa (Roseth et
al,, 1999). Faecal calprotectin can be utilized to differentiate patients with mucosal
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healing from those with endoscopic inflaimmation (Langhorst et al., 2016). On the
one hand, faecal calprotectin may be deceptively elevated in patients with other GI
diseases and with some medications, like commonly used proton pump inhibitors
and non-steroidal anti-inflammatory drugs (Lundgren et al., 2019). On the other
hand, calprotectin may be low in ileal CrD despite extensive ulcers (Mizoguchi et al.,
2021). IBD is possible in patients with faecal calprotectin below the test detection
level of 50 pg/g and a clinically relevant CtD cannot be ruled out with a cut-off level
of 100 ng/g (Mattila et al., 2022).

2.3.3  Pathogenesis

The evolution of IBD clearly follows the advancement of society (Kaplan, 2015).
The role of environmental factors is supported by studies showing a relatively low
concordance rate in identical twins and the way the incidence of UC increases in
second-generation immigrants from Asia to Europe (Bernstein & Shanahan, 2008;
Carr & Mayberry, 1999). The dietary factors increasing the risk for IBD are
consumption of meat and sucrose, whereas consumption of fruits, vegetables and
fibres is regarded as a protective factor (Piovani et al., 2019). Current smoking is a
risk-factor for CrD whereas it has been shown to protect against UC in non-Jewish
whites (Mahid et al., 2006; Piovani et al., 2019).

Convincing evidence from a variety of studies has shown the presence of gut
dysbiosis in IBD patients, suggesting a causative role for microbiome in gut
inflammation (Cerf-Bensussan & Gaboriau-Routhiau, 2010). In addition to the
environmental factors, the pathogenesis of IBD involves genetic factors and immune
response cells (Lee S.H. et al., 2018; Xavier & Podolsky, 2005). Interestingly, as many
as 70% of the genetic risk loci are shared with other immune-mediated diseases like
type 1 diabetes, coeliac disease (CeD) and many rheumatoid diseases (Zhernakova
et al., 2009). Much of the genetic risk lies in how the host interprets the microbial
environment (Ananthakrishnan, 2015; Baumgart & Carding, 2007; Jostins et al.,
2012, Xavier & Podolsky, 2007). The genetic loci implicated in IBD show several
crucial pathways for intestinal homeostasis, including e.g. intestinal barrier function,
microbial defence and regulation of adaptive immunity (Khor et al., 2011). Even
though UC and CrD have many similarities, they are separate entities with different
immunopathogenesis (Park J.H. et al., 2017).
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2.34  Special aspects of ulcerative colitis

UC was first described in a case report as early as in 1875 (Wilks & Moxon, 1875;
Kirsner, 2001). Key features of UC include diffuse mucosal inflammation with
extensive superficial mucosal, non-transmural ulceration that extends proximally
from the rectum and is restricted to the colon (Baumgart & Sandborn, 2007; Xavier
& Podolsky, 2007). Depending on the anatomic extent of involvement, patients can
be classified as having proctitis, left-sided colitis or pancolitis (Baumgart &
Sandborn, 2007). The disease naturally extends, but left-sided colitis is the most
frequent location both at the time of diagnosis and during follow-up (Fumery et al.,
2018). Histopathological features include the presence of neutrophils within the
lamina propria and the crypts, where they form micro-abscesses (Xavier & Podolsky,
2007).

The majority of patients suffering from UC have a mild to moderate disease
course, being most active at diagnosis and then with varying periods of remission or
mild activity (Fumery et al., 2018; Solberg et al., 2009). The most severe forms are
fulminant colitis and eventually toxic megacolon (Baumgart & Sandborn, 2007).
Aggressive medical therapy, including intravenous corticosteroids is the first line
treatment of the severe forms, but prompt surgical intervention is also often needed
(Berg et al., 2002). In contrast to emergent colectomy, elective proctocolectomy is
performed in case of lack of response to outpatient medical therapies or the
management of colonic cancer (Kaplan et al., 2012). The colectomy rate has been
declining since the beginning of the 21st century, especially as concerns elective
surgery (Kaplan et al., 2012). In a Norwegian study, the colectomy rate was 9.8%
during the first 10 years from diagnosis (diagnosis placed between 1990 and 1994),
and one half of colectomies were performed during the first two years (Solberg et
al., 2009).

Management of UC should consist of an assessment of an individual patient’s
risk of poor outcomes and initiation of effective and well-tolerated medical therapies
(Rubin et al., 2019). The treatment targets are clinical remission, mucosal healing,
normal health-related quality of life, and avoidance of surgery and colonic cancer
(Rubin et al., 2019; Turner et al., 2021). The basis of the medical treatment of UC is
5-aminosalicylic acid (5-ASA) preparations; rectally in mild activity of proctitis or
left-sided colitis and orally or combined according to increasing activity and extent
of the disease — both in induction and in maintenance of remission (Fumery et al.,
2018). In more active and extensive disease forms, the induction therapy may involve
systemic corticosteroids, immunomodulatory medication, small molecules such as
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inhibitors of the Janus kinase enzyme and biological treatments, like tumour necrosis
factor inhibitors and anti-integrins. Systemic corticosteroids should be avoided in
maintenance therapy (Rubin et al,, 2019). New therapies for UC are expected
(Sandborn et al., 2021).

2.3.5  Special aspects of Crohn’s disease

The clinical picture of CrD was described at the beginning of the 20t century, well
before the article by Dr Burrill Crohn et al. in 1932 (Crohn et al., 1932; Kirsner,
2001). In addition to the cardinal GI symptoms, fatigue is a prevalent symptom in
CrD (Lichtenstein et al., 2018). The extent of CtD can be divided into four; colonic,
ileocolonic, terminal ileum and upper GI-tract involvement (Lichtenstein et al.,
2018). Perianal disease may present in conjunction with any of these four forms. As
a sole manifestation perianal disease is rare (less than 5%) (Ingle & Loftus, 2007).
Only a minority of patients will experience a change in disease location over time
(Lichtenstein et al., 2018). The histopathological features of CrD are characterized
by aggregation of macrophages, sometimes forming non-caseating granulomas.
Intestinal inflammation in CrD is typically transmural (Xavier & Podolsky, 2007).
The disease course in early CtD is relapsing and remitting with intermittent
symptoms of abdominal pain and diarrhoea, whereas in the late form of CtD,
complications of chronic inflammation are frequently included; such as stricture,
fistula and abscess development (Peyrin-Biroulet et al., 2010; Sandborn, 2008).
Behaviour of CrD is divided into three categories according to the Vienna
classification: inflammatory, stricturing and penetrating disease (Gasche et al., 2000).
The penetrating form was present in nearly one half of the over 2000 CtD patients
in a French single-centre study (Cosnes et al., 2002). CtD can be described as a
progressive, destructive disease which in most patients leads to irreversible structural
damage of the bowel with frequent need for surgical operations (Peyrin-Biroulet et
al., 2010; Sandborn, 2008). Over long periods of observation, only 20 to 30% of CtD
patients will have a non-progressive or indolent course (Lichtenstein et al., 2018).
The treatment paradigm in CrD has in recent years shifted from symptom control
towards the reduction of long-term sequelae (Pariente et al., 2015; Turner et al.,
2021). The role of transmural inflammation and the need for appropriate imaging
modalities to assess GI tract damage is understood in the development of scoring
systems to evaluate disease progression and efficacy of treatment (Pariente et al.,
2015). Smoking cessation is strongly recommended in CrD (Lichtenstein et al.,
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2018). Traditionally, CtD has also been treated with 5-ASA preparations, but these
have subsequently been proven ineffective in CrD (Sandborn, 2008). Thiopurines
are effective and should be considered as the first-line steroid-sparing agents.
Biological therapies, like tumour necrosis factor inhibitors, anti-integrins and
interleukin 12/23-inhibitors are recommended in thiopurine resistant disease
(Lichtenstein et al., 2018). New treatment options for CtD, like inhibitors of Janus
kinase enzyme and interleukin 23-inhibitors are anticipated (Ferrante et al., 2022;
Loftus et al., 2023). In select cases even dual biological treatment can be considered,

but more data on the efficacy and safety of such therapy are needed (Eronen et al.,
2022).

24 Coeliac disease

241 Clinical presentation

The first clinical description of CeD was presented by Samuel Gee in 1888 (Gee
1888, Bottaro et al., 1999). In the 1940s the link between exposure to wheat and CeD
was established (Dicke, 1950). The so-called classical phenotype is a severe disease
with malabsorption, diarrhoea, weight loss and growth retardation in children
(Ludvigsson et al., 2013). Nowadays, CeD is defined as a chronic small intestinal
immune-mediated enteropathy precipitated by exposure to dietary gluten in
genetically predisposed individuals (Ludvigsson et al., 2013).

Symptomatic CeD is characterized by GI, but in more than half of the cases also
extraintestinal manifestations — with or without GI symptoms (Jericho et al., 2017;
Leffler et al.,, 2015). Extraintestinal manifestations may affect almost any organ
(Laurikka et al, 2018). Some of the manifestations are regarded as direct
consequences of autoimmunity, such as the cutaneous form called dermatitis
herpetiformis (DH), whereas other are indirectly related to inflammation or
malabsorption such as anaemia and delayed puberty (Leffler et al., 2015). However,
even anaemia is most likely not just a matter of malabsorption in conjunction with
CeD, as it can present even before the development of enteropathy (Repo et al.,
2017).

DH occurs in up to 10% of CeD patients in Western countries, but the incidence
is decreasing (Reunala et al., 2021). The decrease in DH incidence is most likely due

to the increased recognition of subclinical CeD since the 1990s, when serological
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screening for CeD became widely available (Salmi et al., 2011). Three-fourths of
patients with DH have villous atrophy in the small bowel, and the rest have coeliac-
type minor enteropathy (Reunala et al, 2021). Given the occurrence of
extraintestinal manifestations, CeD should be regarded as a systemic disease
(Korponay-Szabé et al., 2004).

Almost one third of adult CeD patients have a concomitant disease, type 1
diabetes being the most common (Bottaro et al., 1999; Collin et al., 1994). Serological
screening has shown the risk of CeD to be as high as 10% in many autoimmune
diseases; e.g. type 1 diabetes, Sjogren’s syndrome and multiple autoimmune
syndromes (Collin et al., 2002a; Kaukinen et al., 2010). Of note, prevalence of CeD
can also be as high as 5 to 10% in Down’s syndrome (Kaukinen et al., 2010). Any
form of GN is more common (odds ratio 1.70, adjusted for diabetes) among CeD
patients compared to general population; likewise the risk of dialysis (odds ratio 2.24)
(Ludvigsson et al., 2000).

2.4.2  Diagnosis and epidemiology

CeD is known today to affect people worldwide (Lindfors et al, 2019). The
prevalence of diagnosed CeD in Finland is at least 0.7% (Ilus et al., 2014). According
to screening studies, the assumed prevalence of CeD in Finland had increased to as
high as 2% at the beginning of the 21st century, being higher than the European
mean prevalence of about 1% (Lohi et al, 2007; Mustalahti et al., 2010).
Nevertheless, in Finland, too, the disease is widely underrecognized (Mustalahti et
al., 2010). CeD is about twice as common among women as among men (Collin et
al., 1994; Virta et al., 2009). The disease can occur at any age (Lohi et al., 2007; Maki
et al., 2003; Vilppula et al., 2009).

The diagnostic pathway of CeD wusually starts from serological screening
(Ludvigsson et al., 2014). Screening may be initiated because the individual has any
of the broad symptoms associated with CeD, has a disease associated with CeD or
is a first-degree relative of a CeD patient (Kahaly et al., 2018; Lindfors et al., 2019;
Viljamaa et al., 2005). Active case finding is recommended rather than population-
based mass screening (Bibbins-Domingo et al., 2017). In select patients with high-
risk genetics, re-screening could be useful (Paavola et al., 2022).

Serological detection depends on the presence of specific endomysial antibodies
(EmA) and transglutaminase 2 antibodies (TG2Ab), referred to as coeliac
autoantibodies (Ludvigsson et al., 2014). Interestingly, coeliac autoantibodies have
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been found deposited in the small intestinal mucosa before being detectable in the
circulation (Korponay-Szab6 et al., 2004). EmAs and TG2Abs have excellent
sensitivity (90-100%) and close to 100% specificity for CeD (Lindfors et al., 2019).
Temporary elevations in antibody tests are seen e.g. in conjunction with infectious
diseases without CeD (Ferrara et al., 2009). Traditionally, a positive antibody test
would have led to a diagnostic small intestinal biopsy (Ludvigsson et al., 2014).

In 2012, a European guideline allowed diagnosis of CeD to be set in symptomatic
children and adolescents with high titres of TG2Ab (> 10 times the upper limit of
normal) and positive EmA without a duodenal biopsy (Husby et al., 2012). Since
2018, the same criteria have applied to Finnish patients, also adults, despite the
presence or absence of GI symptoms (Celiac Disease: Current Care Guidelines,
2018). If these conditions are not met, the diagnosis is confirmed by a small bowel
biopsy from duodenum when the patient is on a gluten-containing diet (Ludvigsson
et al., 2014). A duodenal biopsy should also be considered in seronegative patients
showing signs of malabsorption (Ludvigsson et al., 2014). To establish a definite
diagnosis of CeD, a histological finding of duodenal villous atrophy is required.
Other typical findings are crypt hyperplasia and increased infiltration of
intraepithelial lymphocytes (Ludvigsson et al., 2014). Yet villous atrophy is not just
a peculiarity of CeD as it may be caused by various other pathologies, including
autoimmune enteropathy, angiotensin blockers (especially olmesartan), Helicobacter
Pylori infection and human immunodeficiency virus infection (Lindfors et al., 2019,
Ludvigsson et al., 2014).

243  Pathogenesis

The term gluten refers in general to various water insoluble seed proteins (prolamins)
found in wheat (gliadins and glutenins). Other prolamins with similar immunogenic
properties are also found in rye (secalins) and batley (hordeins). Gluten is pootly
digested in the human intestine and gluten peptides cross intact into the submucosa
of the small intestine (Lindfors et al., 2019). Intact gliadin or peptides complexed
with IgA are transported from the apical to the basolateral side of intestinal epithelial
cells via CD71 (Lebreton et al., 2012; Mantis et al., 2011). TG2 deamidates gluten
peptides, generating an epitope that binds efficiently to HLA (Molberg et al., 1998).
The modified HLLA-bound gluten peptide is subsequently recognized by gluten-
specific T-cells in the intestinal lamina propria. This results in T-cell activation,
secretion of a legion of proinflaimmatory cytokines, production of gliadin- and TG2-
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targeted autoantibodies, all followed by extensive tissue remodeling (Korponay-
Szab6 etal., 2004; Lindfors et al., 2019). Expression of CD71 is increased in epithelial
cells in CeD, leading to progressive accumulation of toxic gliadin peptides in
subepithelial areas and tissue damage (Matysiak-Budnik et al., 2008).

Gut microbiome is thought to play an important role in the pathogenesis of CeD
(Cenit et al, 2015). Altered gene expression of toll-like receptors, destined to
recognize different bacterial molecular patterns and located in the intestinal epithelial
cells and the lamina propria were found in Finnish paediatric CeD patients
(Kalliomiki et al., 2012). Also, a high prevalence of CeD among first-degree relatives
of patients with CeD and a great concordance rate in monozygotic twins indicate a
strong genetic component in CeD (Ludvigsson et al., 2014; Paavola et al., 2021).
CeD is strongly associated with the HLA DQ2 and DQ8 haplotypes. More than 90%
of patients share the HLA DQ2 haplotype, and most of the remainder carry the
DQ8 haplotype (Kaukinen et al., 2002; Louka & Sollid, 2003). These two haplotypes
also predispose to various other autoimmune conditions (Collin et al., 2002b). As
DQ2 is a common HLA-type, there are also non-HLA associated risk factors for
CeD (Dubois et al., 2010).

244  Treatment

A lifelong and strict gluten-free diet (GFD) is the mainstay of safe and effective
treatment of CeD (Adriaanse et al., 2016). GFD usually refers to a diet free from
wheat, rye and barley (Ludvigsson et al., 2013). The goal of the treatment is to relieve
symptoms, achieve mucosal healing, avoid complications of CeD and promote a
good quality of life (Viljamaa et al., 2005). Patients should be encouraged to eat
naturally occurring gluten-free foods and alternative sources of carbohydrates (oat,
corn, rice, potatoes etc.). It is important that the patients learn not only to avoid
gluten but also to have sufficient intake of nutrients, vitamins, fibre and calcium
(Ludvigsson et al., 2014). Long-term regular follow-up of patients is recommended
in order to maintain good adherence to the diet (Lindfors et al., 2019; Tye-Din et al.,
2022). As maintaining a strict GFD is difficult in practice, novel therapies are being
studied (Ilihdeaho et al., 2019).
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2.5  The gut-kidney axis

2.5.1  Intestinal barrier and immunoglobulin A

The intestinal mucosa plays a decisive role as the site for the absorption of nutrients,
but at the same time it is a crucial barrier against exogenous antigens and pathogens
(Ramezani & Raj, 2014). The intestinal barrier includes surface mucus,
interconnected epithelial cells and a well-evolved immune system, immunoglobulin
A as a crucial part of it (Camilleri, 2019; Johansson et al., 2014). The mucosal immune
system must be able on the one hand to defend against pathogenic incursions, but
on the other hand to curtail the inflimmatory responses to maintain a
hyporesponsive state to commensal bacteria (Khor et al., 2011).

IgA influences the composition of the intestinal microbiome and promotes
transport of antigens across the intestinal epithelium to gut-associated lymphoid
tissue, which contains large numbers of IgA-producing cells (Kang et al., 2002;
Mantis et al, 2011). Peyer’s patches are regarded as the most significant
immunological components of the gut-associated lymphoid tissue and they are most
numerous in the terminal ileum (Barratt et al., 2020; Van Kruiningen et al., 2002).

IgA is the most abundantly produced immunoglobulin (about 65 mg/kg/day) in
humans (Montenegro & Monteiro, 1999). IgA mediates multiple functions through
interactions with specific receptors, which are expressed on a diverse range of cell
types (Woof & Ken, 2006). There are two subclasses of human IgA; IgA1 and IgA2
(Woof & Ken, 20006). The majority of IgA is produced on mucosal surfaces, in which
case both of the two subclasses are almost exclusively in a polymeric form (Zhang J
et al., 2007). Mucosal IgA production is induced both by T-cell-dependent and
independent mechanisms, in the latter case primarily stimulated by various
interleukins and other cytokines (Coppo, 2018). The ratio of plasma cells secreting
the two IgA subclasses changes throughout the GI tract, those secreting IgA1 being
more abundant in the small intestine (Barratt et al., 2020).

Mucosal polymeric IgA is transported across the epithelial barrier into external
secretions (Zhang | et al., 2007). Transport of polymeric IgA is mediated by the
polymeric receptor (Zhang J et al., 2007). Once bound, the receptor-IgA complex is
internalized and secreted at the luminal side of an epithelial cell. Secreted this way,
polymeric IgA retains a portion of the polymeric receptor, forming secretory IgA
that serves as the first line of defence against micro-organisms (Corthésy, 2007; Kerr,
1990; Zhang J et al., 2007).
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In serum, IgA is mostly (up to 90%) in monomeric form, which is mainly
produced by bone marrow plasma cells (Papista et al., 2011). Only little of the
polymeric IgA reaches the circulation (Papista et al., 2011). IgA is the second most
abundant immunoglobulin isotype in serum, after immunoglobulin G (Kerr, 1990).
The role of monomeric IgA is essential in controlling the immune system by
preventing the development of autoimmunity and inflammation (Jacob et al., 2008).

2.5.2  Indirect measurement of intestinal barrier damage

Intestinal inflammation leads to increased intestinal permeability with an elevated
risk of bacterial translocation and endotoxemia (Rojo et al, 2007).
Lipopolysaccharides (LPS) are the main component of the outer membrane of the
cell wall of Gram-negative bacteria (Raetz & Whitfield, 2002). The term endotoxin
refers to the hydrophobic anchor of LPS, lipid A, but is typically used synonymously
with LPS (Raetz & Whitfield, 2002; Rojo et al., 2007). Once in the circulation,
endotoxins form complexes with the lipopolysaccharide-binding protein (LBP),
leading to activation of the immune system (Rojo et al., 2007). Endotoxins are very
difficult to measure from blood samples, due in part to their short half-lives (1-3
hours) and low levels in the circulation (Hurley, 1995; Rojo et al., 2007). By contrast,
the LPS recognition proteins LBP and soluble CD14 (sCD14), have long half-lives
(24-48 hours), are measurable from blood samples and reflect long-term exposure
to endotoxins (Rojo et al., 2007).

LBP and sCD14 play decisive roles in promoting innate immunity to Gram-
negative bacteria, both by enhancing inflammation at local sites, and at the same time
by preventing potentially detrimental systemic responses to endotoxins (Kitchens
2005). Elevated serum levels of LBP have been found in IBD patients, correlating
with disease activity (Lakatos et al., 2011; Pasternak et al., 2010; Rojo et al., 2007).
Results with serum sCD14 have been somewhat inconsistent in IBD (Lakatos et al.,
2011; Pasternak et al., 2010; Rojo et al., 2007).

Intestinal fatty-acid binding proteins (I-FABP) are small cytosolic proteins
present in enterocytes, mainly in the jejunum (Derikx et al., 2009). In the event of
enterocyte damage I-FABP are released into the circulation and thus elevated serum
levels are found, for example, in untreated CeD (Adriaanse et al., 2013; Derikx et al.,
2009). Serum levels of I-FABP have been shown to correlate with the degree of
villous atrophy and coeliac autoantibody levels (Adriaanse et al., 2013; Vreugdenhil
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etal., 2011). Also, serum I-FABP levels were shown to increase during a short gluten
challenge in CeD patients (Adriaanse et al., 2010).

Although intestinal permeability can be assessed on tissue samples (i vitro), it has
most commonly been measured indirectly by the urinary excretion of orally ingested
probes (in vivo) that enter the bloodstream by crossing the intestinal epithelium via
the paracellular pathway (Camilleri, 2019). Radioactive chromium complexed with
ethylene diamine tetracetic acid (5!Ce-EDTA) as a probe molecule and two-sugar
assays (e.g. cellulose and mannitol) are the traditionally most often used study
methods (Seikrit et al., 2023). It should be noted that, for example, bacterial
breakdown of sugars may lead to false-negative results with sugar probe tests
(Camilleri, 2019; Rostoker et al., 1993). A multi-sugar analysis has been shown to
provide an accurate and site-specific analysis of intestinal permeability (Van Wijck et

al., 2013).

2.5.3 Intestinal barrier and gut microbiome in chronic kidney disease

Structural and functional alterations of the intestinal barrier are seen in ESKD,
including increased intestinal permeability (Magnusson et al., 1991; Vaziri et al,,
2016). Uremia has been shown to deplete the key proteins of intestinal epithelial
tight junctions throughout the GI tract in rats (Vaziri et al, 2012b, 2013b).
Incubation of tight junction-forming human enterocytes ex vivo in the pre-dialysis
plasma from ESKD patients led to marked reduction in the number of the tight
junction proteins compared with incubation in the post-dialysis plasma (Vaziri et al.,
2012a).

Disruption of intestinal barrier in CKD allows translocation of endotoxins and
bacterial metabolites into circulation, which is claimed to contribute to systemic
inflaimmation and further progression of CKD and cardiovascular disease (McIntyre
et al., 2011; Ramezani & Raj, 2014). Gut bacterial translocation has also been shown
to occur in ESKD, probably in conjunction with systemic inflammation (Wang F et
al., 2012). Systemic inflammation in turn is associated with elevated mortality among
CKD and ESKD patients (McIntyre et al., 2011; Zimmermann et al., 1999). Systemic
inflammation present in ESKD is multifactorial (Bossola et al., 2009).

The composition of the gut microbiome has been shown to differ between
healthy people and patients in ESKD (Vaziri et al., 2013a). There are multiple factors
potentially affecting the composition of the gut microbiome in ESKD, including
dietary restrictions, use of phosphate-binding agents, use of antibiotics, uremia itself
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etc. (Anders et al., 2013; Vaziri et al,, 2013a, 2016). Proliferation of dysbiotic
intestinal bacteria in uremic milieu, and the ensuing production of uremic toxins
capable of entering the circulation is a well-known phenomenon (Anders et al., 2013;
Lau et al,, 2015; Ramezani & Raj, 2014). To substantiate this, the plasma levels of
two well-known uremic solutes, p-cresol sulphate and indoxyl sulphate, did not differ
between dialysis patients who had previously undergone colectomy and healthy
controls, as opposed to dialysis patients with intact colons (Aronov et al., 2011).
Therapies to reduce colonic uremic retention molecules have been studied, but none
have passed into clinical use (Evenepoel et al., 2009).

2.54  Gastrointestinal symptoms in chronic kidney disease

GI symptoms occur in approximately 70% of patients with kidney failure (Shirazian
2010). GI problems present in CKD and ESKD are diverse and tend to increase
with progressive kidney failure (Costa-Moreira et al., 2020). Some kidney diseases
have clear organic reasons for GI symptoms, like pain associated with cysts and liver
problems in polycystic kidney disease (Hogan & Norby, 2010; Mikolajczyk et al.,
2017). GI symptoms are common especially among patients with ESKD (Cano et
al., 2007; Strid et al., 2002). Symptoms may be associated with uremia itself, but also
with many drugs, dietary changes or lifestyle restrictions as a result of the illness or
the dialysis treatment (Cano et al., 2007). Increased prevalence of GI symptoms has
also been seen well before ESKD, yet symptoms probably become more prevalent
below eGFR 45 ml/min (Zhang X et al., 2015).

Constipation is common among patients treated with peritoneal dialysis or
haemodialysis, but also in those with advanced CKD that has not yet progressed to
dialysis (Kosmadakis et al., 2018; Sumida et al., 2020; Yasuda et al., 2002). Abdominal
pain and IBS are more common among dialysis patients than among people with
preserved kidney function (Cano et al., 2007). A systematic review including over
5,000 dialysis patients found constipation, indigestion, abdominal pain and reflux to
be the most prevalent GI symptoms (Zuvela et al., 2018). Constipation is more
common among haemodialysis patients than among patients in peritoneal dialysis,
whereas patients in peritoneal dialysis suffer more from reflux and eating dysfunction
(Dong et al., 2014; Strid et al., 2002). GI symptoms correlate negatively with quality
of life in CKD patients (Ekberg et al., 2007; Ponticelli et al., 2010; Strid et al., 2002).

Presence of GI symptoms has also been evaluated also among kidney transplant
recipients and shown to be prevalent (Ekberg et al.,, 2007; Kleinman et al., 2000;
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Ponticelli et al., 2010). Even though GI symptoms are common among transplant
recipients, patients seldom report their symptoms to doctors (Ponticelli et al., 2010).
One of the three key components in particular in the modern immunosuppression
regime, mycophenolate mofetil, has GI side-effects that may necessitate dose

reductions and thus even lead to increased risk of rejection (Kleinman et al., 2000;
Shehata et al., 2009).

2.5.5 Intestinal mucosa in IgA nephropathy

An hypothesis of an exaggerated IgA antibody response to various antigenic stimuli
leading to increased production of IgA-containing immune complexes and their
deposition in glomerular mesangium was presented back in the 1980s (Coppo et al.,
1992; Pasternack et al., 19806). For example, serum antibody response to a previously
common enteric pathogen, Helicobacter pylori, was found to be exaggerated in IgAN
patients (Barratt et al., 1999). Also, serum antibodies to dietary antigens like gluten
have been found to be elevated in patients with IgAN (Nagy et al., 1988). Under
normal circumstances, ingested dietary proteins would not activate immunological
mechanisms (Coppo et al., 1992).

Oral vaccinations have also been shown to lead to enhanced antibody response
in IgAN (Leinikki et al., 1987) as have various vaccines injected subcutaneously
(Endoh et al., 1984; Fortune et al., 1992; Pasternack et al., 1986). Regardless of the
route of immunization, the antigen-specific IgA responses were seen predominantly
in polymeric forms, but in both IgAN patients and controls (Eijgenraam et al., 2008).
Recently, both IgAN patients and patients with other GN were shown to have
increased levels of circulating intestinal-activated B lymphocytes compared with
healthy controls (Sallustio et al., 2020). The finding was interpreted to support the
pathogenic role of hyperresponsive intestinal mucosa in IgAN, resulting in abnormal
production of Gd-IgAl.

It has been speculated that a mucosal infection could prime naive B cells to class-
switch to IgA-secreting plasma cells (Boyd et al., 2012). The majority of B cells in
the intestinal immune system undergo class-switch in Peyer’s patches and the
adjacent lamina propria (Barratt et al., 2020; Lycke & Bemark, 2012). Hence, the idea
in treating IgAN patients with enteric budesonide is that the target area of the
medicine, the terminal ileum, is the region of the GI tract with the highest density of
Peyer’s patches (Barratt et al., 2020).
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Intestinal permeability evaluated with 5!Cr-EDTA was found elevated in IgAN
patients with preserved kidney function and the increased permeability was
associated with increased proteinuria and haematuria. During a four-year follow-up
the deterioration of kidney function was greater in IgAN patients with increased
intestinal permeability (Kovacs et al., 1996). The same method showed an increased
intestinal permeability also to exist in other primary GN (Rostoker et al., 1993).
Conversely, another small study using mannitol and cellobiose found no signs of
increased intestinal permeability in 18 patients with IgAN, of whom almost all had
active urinary sediment in means of haematuria (Layward et al., 1990). As stated in
Chapter 2.5.2, methodological differences could explain the discrepancy found. Only
recently did German researchers find an elevated small intestinal permeability among
patients with variable glomerular diseases, including IgAN, and concluded that
elevated intestinal permeability was not specific to IgAN (Seikrit et al., 2023).
However, this was a single-centre study, in which fifteen out of the eighteen control
patients were receiving immunosuppressive therapy.

Hyperresponsitivity in IgAN could favour abnormal responses to gut
microbiome, lead to increased antigen absorption and activation of the immune
system, followed by subclinical intestinal inflammation (Coppo, 2015). Increased
numbers of intestinal intraepithelial inflammatory cells have been reported in many
studies on IgAN patients (Honkanen et al., 2005; Rantala et al., 1999; Rostoker et
al., 2001). The findings have correlated with the amount of proteinuria and
haematuria (Honkanen et al.; 2005, Rostoker et al., 2001). Increased numbers of
inflammatory cells were also found in the duodenal biopsies of IgAN patients with
elevated antigliadin antibody levels, without verified CeD (Almroth et al., 2000).
Thus, an ongoing subclinical small intestinal inflammation and stress with
microscopically normal epithelial architecture has been speculated to be present in
IgAN (Rantala et al., 1999).

Finally, in a mouse model of vasculitis, intestinal T lymphocytes were found to
be mobilized from the gut to the kidneys (Krebs et al., 2016). Interestingly, a subtype
of T lymphocytes (y5 T cells) mostly found at mucosal epithelial surfaces was found
in kidney biopsies of patients suffering from progressive IgAN (Falk et al., 1995).
Both diminished and elevated levels of y5 T cells have been found in the duodenal
mucosa of patients with IgAN (Olive et al., 1997; Rantala et al., 1999). Comparison
of these contrasting results is difficult because the two studies used different
methods. Convincingly, genetically manipulated mice which developed a
spontaneous T' cell-mediated intestinal inflammation had serum IgA levels up to 30-
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to 40-fold higher than wild type mice and increased glomerular depositions of IgA
and C3 (Wang et al., 2004).

256 Inflammatory bowel disease and kidneys

Kidney and urinary complications have been reported to occur in up to 23% of IBD
patients, but a majority of these are urological problems (Corica & Romano, 2015;
Pardi, 1998). Various forms of kidney disease in conjunction with IBD have been
reported, GN among others (Katsanos & Tsianos, 2002; Lakatos et al., 2003;
Thomas et al., 1990). Tubulointerstitial nephritis (TIN) is a well-known, yet an
uncommon EIM of IBD and traditionally attributed to 5-ASA therapy (Birketvedt
et al., 2000; Colvin et al., 2014; De Jong et al., 2005; Gisbert et al., 2007; Ransford &
Langman, 2002; Van Staa et al., 2004). Other medications used to treat IBD can also
cause kidney injury, cyclosporin A and tumour necrosis factor inhibitors being
among the most common ones (Corica & Romano, 2015). Kidney recovery may be
incomplete after withdrawal of 5-ASA (Heap et al., 20106).

The most common urological manifestations in IBD are urine stones
(urolithiasis), enterovesical fistulas and ureteral obstruction (Katsanos & Tsianos,
2002; Pardi, 1998). The prevalence of urolithiasis in IBD varies between 3.0% and
6.7% (Fagagnini et al., 2017; Herbert et al., 2022). The lifetime risk for urolithiasis in
IBD is estimated to be 9 to 18% (Van Hoeve & Hoffman, 2022). Asymptomatic
urine stones were found in 38% of surgery-naive IBD patients in a Brazilian single-
centre study (Cury et al., 2013). Various mechanisms lead to urine stone formation
of different origin; uric acid, calcium oxalate and calcium phosphate (Katsanos &
Tsianos, 2002; Parks et al., 2003). Uric acid stones form as a result of intestinal fluid
and bicarbonate losses leading to concentrated and acidic urine, especially after colon
resection (Parks et al., 2003). Calcium oxalate stones are related to increased urinary
oxalate excretion caused by increased intestinal oxalate absorption due to different
mechanisms (Corica & Romano, 2015; Katsanos & Tsianos, 2002).

Tubular injury has likewise frequently been seen in the absence of 5-ASA and
tubular proteinuria has been shown to depend on the disease activity in both CrD
and UC (Fraser et al., 2001; Hertlinger et al., 2001; Poulou et al., 2006; Schreiber et
al,, 1997; Van Staa et al., 2004). An older study concluded that IBD patients treated
with higher doses of 5-ASA suffered from an increased prevalence of tubular
proteinuria, but in fact tubular proteinuria may also have been merely associated with
the activity of IBD (Schreiber et al., 1997). In a small study with only six weeks of
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follow-up, patients treated with 5-ASA were found to have both lower IBD activity
indices and lower urinary excretion of a sensitive enzyme of tubular injury, 3-N-
acetyl-D-glucosaminidase (Dehmer et al., 2003). Interestingly, microalbuminuria has
also been detected in IBD patients, and it too has correlated with the severity of
colonic inflammation (Mahmud et al., 1994, 1996).

2.5.7  Inflammatory bowel disease and IgA nephropathy

IgAN was the most frequent kidney biopsy diagnosis among IBD patients in a large
American study, the prevalence being about 3-fold higher compared to that in all
other native kidney biopsies (Ambruzs et al., 2014). GWAS have identified shared
susceptibility loci for both IgAN and IBD (Gharavi et al., 2011; Kiryluk et al., 2014;
Shi et al.,, 2020). A Mendelian randomization study recently conducted on patients
with European ancestry showed a positive causal relationship of both CrD and UC
with IgAN (Xiao et al., 2022).

IBD patients with active intestinal inflammation have been shown to have
significantly increased numbers of IgA-producing cells in the gut. The finding was
found to be accompanied with more haematuria and elevated serum levels of IgA
(Wang et al., 2004). The activity of IBD, both UC and CtD, has been shown in many
case reports to affect the clinical course of concomitant IgAN (Choi et al., 2012;
Forshaw et al., 2005; Onime et al., 20006).

Various forms of GN have been reported in conjunction with IBD (Corica &
Romano, 2015; Doumas et al., 2023). The possible association with other GN and
IBD is less conclusive (Corica & Romano, 2015). There is probably a generalized
breakdown of intestinal tolerance in vatious primary GN (Rostoker et al., 2001).
Renal amyloidosis is a rare complication of IBD, usually associated with longlasting
disease and persistent inflaimmation (Corica & Romano, 2015). However, in an
Egyptian single-centre study, amyloidosis was surprisingly the most common kidney
biopsy finding, followed by IgAN (Elaziz & Fayed, 2016).

The risk of ESKD was found to be doubled in IgAN patients with IBD compared
to IgAN patients without IBD in a Swedish population-based register study.
Conversely, compared to IBD patients without IgAN, the risk of ESKD was about
30-fold in patients having both IBD and IgAN (Rehnberg et al., 2021). In a small
single-centre Japanese study comparing IgAN patients with and without CtD, the
kidney lesions were more advanced according to the Oxford classification in patients
with CtD (Akiyama et al., 2022). In a French study kidney survival was similar in
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IgAN patients with and without IBD in a mean follow-up of 82 months (Joher et
al,, 2021).

2.5.8 Coeliac disease and IgA nephropathy

According to a Swedish nationwide population study the risk of IgAN among
biopsy-verified CeD patients was 3-fold compared to that among reference
individuals (0.026% vs. 0.008%) (Welander et al., 2013). A meta-analysis of eight
studies showed increased risks of IgAN, diabetic nephropathy and ESKD in patients
suffering from CeD (Wijarnpreecha et al., 2016).

The prevalence of CeD in IgAN was found to be about 4-fold compared to that
in the general population of Finland (Collin et al., 2002b). Nevertheless, coeliac-type
HLA-DQ2/8 was not found to be increased in IgAN (Collin et al., 2002b). Nor has
IgAN been consistently linked to any other HLA-DQ allele among Caucasian
populations (Fennessy et al., 1996). Conversely, there is no evidence that IgAN is
particularly common among patients with CeD (Bottaro et al., 1999; Collin et al,,
1994; Moeller et al., 2014).

Despite the lack of irrefutable associations between IgAN and CeD, there are
many intriguing phenomena conjoining the two diseases. Significantly higher serum
levels of Gd-IgAl have been found in male CeD patients compared to healthy
individuals and the IgAl-type TG2Abs were also aberrantly glycosylated in CeD
patients (Lindfors et al., 2011). Glomerular mesangial IgA deposits have been found
in a substantial proportion of both CeD and DH patients (Pasternack et al., 1990;
Reunala et al.,, 1983). However, no clinically overt GN was induced, most likely
because of the lack of complement activation (Pasternack et al., 1990). A correlation
between glomerular TG2 staining and histological signs of advanced kidney disease
has been reported in IgAN patients (Ikee et al., 2007). It should nevertheless be born
in mind, that TG2 most likely plays an important role in scarring and fibrosis
formation in CKD in general (Johnson et al., 2003).

IgA-class antigliadin antibodies (IgA-AGA) have been found to varying extents
in IgAN patients, ranging from 3% to up to 70% (Almroth et al., 2006; Fornasieri et
al., 1987; Laurent et al., 1987; Nagy et al., 1988; Ots et al., 1999; Sategna-Guidetti et
al., 1992). On the one hand, the discrepancy between the studies is most likely
attributable to different methods (Sategna-Guidetti et al., 1992). On the other hand,
IgA-AGA have been more elevated in IgAN patients with longer disease duration
(Ots et al., 1999). Even though elevated IgA-AGA levels are frequently present in
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IgAN, the more specific EmAs have been tested negative multiple times (Almroth
et al.,, 2006; Ots et al., 1999; Rostoker et al., 1988; Sategna-Guidetti et al., 1992). In
one study, EmAs were found in IgAN patients, yet in most cases this was seen when
tested for immunoglobulin G1-class autoantibodies instead of the widely used IgA-
class autoantibodies (Pierucci et al., 2002).

Gluten has been shown to be capable of exacerbating IgAN in humanized mice
(Papista et al., 2015). Gluten may act as a toxic lectin, increasing the permeability of
the intestinal mucosa in IgAN (Coppo, 1988). This hypothesis was supported by the
finding of decreased levels of antibodies against other alimentary components in
IgAN patients on GFD (Coppo, 2015). Interestingly, GFD has also been shown to
be associated with a decrease in IgA immune complex levels in IgAN patients
(Coppo et al., 1986, 1990) and further to reduce the amount of proteinuria and
haematuria in an uncontrolled trial of a minimum duration of six months (Coppo et
al., 1990). In a more recent study, rectal mucosal sensitivity to gluten was present in
one third of IgAN patients (Smerud et al., 2009). In a case seties, positive IgA-AGA
led to CeD diagnosis in two out of the three asymptomatic IgAN patients who
underwent gastroscopy (Fornasieri et al., 1987). On GFD, microscopic haematuria
and IgA-AGAs disappeared in these two patients (Fornasieri et al., 1987). A Finnish
case report confirmed total remission of IgAN on GFD (Koivuviita et al., 2009).
GFD, however, has not been studied in randomized studies, probably due to the
mounting interest in the benefits of corticosteroids in the eatly 1990s (Coppo, 2015).
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3 AIMS OF THE STUDY

The aims of this dissertation were to assess the prevalence of diagnosed

enteropathies among patients referred to kidney biopsy and to evaluate the presence

of diagnosed enteropathies and subclinical intestinal damage or inflammation among

IgAN patients according to the prevailing hypothesis of the pathogenesis of IgAN.

The specific aims were:

1.

To evaluate the prevalence of IBD and the phenotypes of IBD in patients
who have undergone kidney biopsies due to clinical indications. (Study I)
To elucidate whether IBD has an influence on kidney and patient outcomes
among patients with biopsy-verified kidney diseases. (Study I)

To examine the prevalence of IBD in IgAN over time. (Study II)

To examine the prevalence of CeD, including screen-detected coeliac
autoimmunity, in IgAN over time. (Study II)

To evaluate the prevalence of gastrointestinal symptoms and health-related
quality of life among IgAN patients with no known enteropathies. (Study III)
To evaluate the presence of subclinical IBD or CeD in IgAN patients with
faecal calprotectin and serum coeliac autoantibody tests. (Study IV)

To measure the serum levels of three indirect biomarkers of intestinal damage
in IgAN patients with no known enteropathies and to compare the results to
those of patients suffering from dyspepsia and to healthy people. (Study IV)
To evaluate the correlation between gastrointestinal symptoms and the serum
levels of the indirect biomarkers of intestinal damage in IgAN patients with
no known enteropathies. (Study IV)
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4 MATERIALS AND METHODS

4.1 Study populations

411 Patients

All studies were conducted at the Celiac Disease Research Center (CeliRes), Tampere
University and at the Department of Internal Medicine, Tampere University Hospital
(TAUH). All patients were diagnosed in TAUH. Study populations are presented in
Table 1.

Study I comprised 824 consecutive patients over 16 years of age who had
undergone a kidney biopsy due to clinical indications between January 2000 and
December 2012. Data was missing in five patients, yielding a study population of
819 patients. Follow-up was started from the time of kidney biopsy. Patients were
divided into two groups depending on whether or not they had been diagnosed with
IBD.

Study II comprised 629 patients over 16 years of age with a newly diagnosed
IgAN between January 1976 and December 2012. Patients were divided into four
groups according to the year when IgAN had been diagnosed (1976-1979, 1980-
1989, 1990-1999, 2000-2012). Patients were also subdivided into three groups
according to their enteropathy status: a) previously diagnosed CeD, b) screen-
detected coeliac autoimmunity and c) previously diagnosed IBD. Follow-up was
started from the time of kidney biopsy.

In Study III, 206 IgAN patients with no previous diagnosis of IBD or CeD and
who had preserved kidney function received the study questionnaires and the study
information by post. By replying to the questionnaires, 104 IgAN patients became
enrolled in the study. Originally, the clinical histories of 533 patients diagnosed with
IgAN from 1980 to 2018 were scrutinized. According to the predefined exclusion
criteria 327 patients were excluded as follows: death (n=51), progression to ESKD
(defined as eGFR < 15/ml/min/1.73m?2 initiation of maintenance dialysis or kidney
transplantation, n=064), age under 18 or over 80 at recruitment (n=78), known
chronic enteropathy (CeD or IBD, n=16), move to another hospital district (n=79),
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or other obvious reason for exclusion (major GI surgery performed, missing contact
information, short life-expectancy for any reason, or a labile mental disorder, n=39).

Eighty-five of the 104 IgAN patients in Study III volunteered to give biological
samples forming the study group for Study IV. Blood samples were taken from all
85 patients and faecal samples from 57 IgAN patient volunteers.

Table 1.  Brief overview of the study patients.

Study population Diagnostic Age at kidney biopsy, Time since kidney
kidney biopsy years, biopsy, years,
conducted median (min-max) median (min-max)

819 patients referred to kidney

Study | biopsy, including 151 IgA 2000-2012 59 (16-85) 5(0-15)
nephropathy patients
Study Il 629 IgA nephropathy patients 1976-2012 42 (16-80) 14 (0-37)

104 IgA nephropathy patients

Study Il 147 healthy controls*

1980-2018 38 (8-70) 11 (1-38)

85 IgA nephropathy patients
Study IV 14 dyspepsia controls* 1980-2018 41 (8-68) 11 (1-38)
15 healthy controls*

*kidney biopsy had not been conducted for controls

41.2 Controls

In Study I, comparisons were made between the two kidney disease patient groups,
those with IBD and those without. In Study 11, the prevalence rates of CeD, screen-
detected coeliac autoimmunity and IBD in IgAN patients were compared to those
of general Finnish population (Collin et al., 1997; Ilus et al., 2014; Jussila et al., 2013;
Lohi et al., 2007; Manninen et al., 2010).

The healthy controls in Study III were participants from an earlier study in
CeliRes (Laurikka et al., 2016). The control group of originally 160 people was
limited to those of the same age as the IgAN patients (18 to 80 years), leaving 147
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people as the healthy controls. The controls had no known intestinal diseases, nor
had they first-degree relatives with CeD. The controls were used for the comparison
of the questionnaires and no biological information except age and sex was available.

Dyspepsia controls and healthy controls in Study IV were participants from
eatlier studies in CeliRes (Kurppa et al., 2009; Laine et al., 2018). The dyspepsia
controls had undergone gastroscopies with normal findings, excluding CeD. The
healthy controls were relatives of CeD patients but had tested negative for CeD. No
other clinical information except age and sex was available on the controls.

4.2  Kidney biopsies

Kidney biopsies were taken and processed using standard methods. All specimens
were studied with light and immunofluorescence microscopy by two renal
pathologists. Both native kidney biopsies and biopsies from transplanted kidneys
were included. The diagnosis of IgAN was based on the presence of glomerular IgA
as the sole or predominant finding on immunofluorescence microscopy (Mustonen
et al., 1985).

Based on the histopathological findings, five kidney disease groups were
categorized in Study I: glomerular diseases, tubulointerstitial diseases, vascular
diseases, other findings (e.g. cystic and congenital diseases) and no glomeruli
(inadequate sample). If a patient had undergone multiple kidney biopsies during the
study period, the first diagnostic biopsy was included in both Studies I and II.

Prior to Study I, the kidney biopsy indications had been classified in hierarchical
order to seven as follows: 1) kidney insufficiency (elevated creatinine level), 2)
nephritic syndrome (haematuria and daily urinary excretion exceeding 1.5 g of
protein), 3) proteinuria and haematuria (haematuria and daily urinary excretion of
less than 1.5 g of protein), 4) nephrotic syndrome (daily urinary excretion of more
than 3.5 g of protein without haematuria), 5) proteinuria (daily urinary excretion of
protein 0.3-3.5 g without haematuria), 6) haematuria (daily urinary excretion of
protein less than 0.3 g), or 7) any other indication (Wirta et al., 2008). This
classification was used in Study II. In Study I, the biopsy indications were further
classified into three groups: 1) abnormal urinary findings: including nephritic
syndrome, nephrotic syndrome, proteinuria and haematuria; 2) kidney failure; and 3)

any other indication.
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4.3 Clinical data

431 General data

In Study I, the histories of all 819 patients were scrutinized from the medical records
of TAUH between 2014 and 2016. Information regarding other diagnosed diseases,
including IBD, was collected systematically. Detailed data on the activity of IBD,
medication used, location of IBD, GI surgery performed and possible EIMs were
collected. Location of IBD was determined by means of endoscopy or GI imaging
reports and grouped into five different categories as follows: proctitis, left-sided
colitis (including proctosigmoiditis), pancolitis or ileocolonic colitis, small intestinal
disease (no colonic affliction) and unknown. EIMs comprised diseases of organs
commonly accepted to be involved in IBD; diseases of the joints, eyes, skin, liver,
biliary tract and urinary tract.

In Study II, there was no access to the medical records of 77 IgAN patients
diagnosed in the 1970s, but data on IBD and CeD diagnosed before 1983 were
available from a previous report (Mustonen, 1984). For the remaining 552 IgAN
patients diagnosed from 1980 onwards, the clinical data were systematically collected
from the medical records with similar principles by two investigators from 2014 to
2018. Data on diagnosis of IBD and CeD as well as data on relevant comorbidities
including type 1 and 2 diabetes, hypertension and hypercholesterolemia were
collected.

In Study III, the medical histories of all available 533 IgAN patients were
selectively reviewed with regard to the predefined exclusion criteria in 2019. For the
participating 104 patients the medical histories were read in more detail and data on
relevant comorbidities, medications, abdominal surgery, outpatient and inpatient
visits to the nephrological unit and selected laboratory results were collected between
2019 and 2020. The 85 IgAN patients in Study IV were volunteer patients from

Study III and no new data from the medical records were collected.

4.3.2  Kidney function

In Study I, data on plasma creatinine concentration, quantitative 24-hour urinary
protein excretion and haematuria proven by dipstick test were gathered from the

medical records at the time of kidney biopsy and at the most recent follow-up. Data
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on chronic dialysis treatment or kidney transplantation during follow-up were
moreover recorded and collectively named as ESKD. Only patients followed up for
at least one year after the kidney biopsy and with no new kidney transplantation or
chronic dialysis initiated during follow-up were included in the kidney function
calculations at the most recent follow-up.

In Study II, data on plasma creatinine concentration, dipstick test proven
haematuria and proteinuria, and daily urinary protein excretion rate at the time of
the kidney biopsy were gathered from the medical records.

In Study III, data on plasma creatinine concentration, dipstick test proven
haematuria and proteinuria at the time of kidney biopsy and at the latest control (no
more than one year preceding study enrollment) were collected from the medical
records. Data were collected at the stable phase of kidney disease, excluding possible
acute situations. Current kidney function was evaluated from the latest plasma
creatinine measurement. The same data were utilized in Study IV.

The urine dipstick tests for haematuria and proteinuria were dichotomized as
negative (values 0 or +) or positive (++ or +++) similarly in all four studies. eGFR
was defined using the CKD-EPI 2009 equation (Levey et al., 2009). eGFR > 60
ml/min/1.73m? was categorized as preserved kidney function and eGFR < 60
ml/min/1.73m?2 as impaired kidney function in Studies IIT and IV.

Annual change in eGFR (Studies I and IV) was calculated by dividing the
difference between the latest eGFR and the eGFR at the kidney biopsy by the
number of years of follow-up.

4.4 Questionnaires

Both the IgAN patients and the healthy controls in Study III completed the
Gastrointestinal Symptom Rating Scale (GSRS) to systematically evaluate current GI
symptoms (Dimends et al., 1995, 1996; Svedlund et al., 1988). The questionnaire has
been translated into Finnish (Appendix 1) but not validated in a Finnish population.
The questionnaire evaluates five sub-dimensions of GI symptoms: indigestion,
diarrhoea, abdominal pain, reflux and constipation. It comprises altogether 15
separate items. The scoring goes from one to seven points, where one point signifies
no symptoms, and seven points signifies the most severe symptoms. The values for
each of the five sub-dimension scores were calculated as means of the respective

items and the total GSRS score as a mean of all 15 items.
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A person was deemed to suffer from ‘increased GI symptoms’ if the total GSRS
score exceeded plus 1 standard deviation (SD) of the mean of the total score in the
healthy controls. The same principle was applied to the GSRS sub-scores: ‘increased
symptoms’ were taken to be present if an individual’s score exceeded plus 1 SD of
the mean of the corresponding sub-score in the healthy controls (Laurikka et al.,
2016).

All participants also completed the Psychological General Well-Being (PGWB)
index to measure health-related quality of life. The questionnaire has been translated
into Finnish (Appendix 2) but not validated in a Finnish population. The
questionnaire consists of 22 separate items covering six different sub-dimensions:
anxiety, depression, wellbeing, self-control, general health and vitality. The scoring
goes from 1 to 6 points, higher score indicating better quality of life (Dimenis et al.,
1995). The sub-dimension scores are calculated as a sum of the items in each sub-
dimension and the total PGWB score as a sum of all 22 items (Dimenis et al., 1996).

If a patient failed to answer one or two items in the GSRS or PGWB
questionnaires, the missing answer was replaced by the mean value of the other
scores for the same subject. If more than two answers were missing, the
questionnaire was rejected.

IgAN patients’ diagnosed co-morbidities and current height and weight were
elicited with a short questionnaire created for Study III (Appendix 3). Self-reported
body mass index (BMI) was calculated according to numbers reported, by dividing
the weight (kilogrammes) by the square of height (metres). In this questionnaire,
smoking status and alcohol consumption were elicited with standardized tools: The
Fagerstrom Test for Nicotine Dependence (Fagerstrtém & Schneider, 1989;
Pomerleau et al, 1994) and the Alcohol Use Disorders Identification Test -
Consumption (Higgins-Biddle & Babor, 2018) questionnaire respectively.

The GSRS scores from Study III were reused for the IgAN patients in Study IV
as the scores were correlated with the indirect biomarkers of intestinal damage (see
in more detail Chapter 4.5).

45  Laboratory testing

Blood samples have been taken for study purposes from all volunteer patients
undergoing kidney biopsies in TAUH since 1980. These samples have been
centrifuged at 1,500 G for 10 minutes and subsequently frozen and stored at -80°C
until analysis. In Study II, 484 stored serum samples from the patients diagnosed
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from 1980 onwards were available for the analyses of TG2Ab levels. IgA class
TG2Ab was investigated by enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer’s instructions (Celikey®; Phadia, GmbH, Freiburg,
Germany). Values > 7.0 U/ml were defined as screen-detected CeD autoimmunity.

In Study IV, blood samples were taken from all 85 IgAN patients. Faecal samples
were taken from 57 IgAN patient volunteers. Blood samples were centrifuged and
serum stored frozen at -80°C until analysed. Fresh faecal samples were collected in
a sterile container and immediately stored at -80°C. Coeliac autoantibodies were
measured from the serum samples by measuring IgA class TG2Ab and EmA.
TG2Ab levels were determined according to manufacturers’ instructions with EIA
Celikey assay (ThermoFisher Scientific, Waltham, MA, USA, cut-off for positivity
7.0 U/ml). EmA was determined by an in-house indirect immunofluorescence
method using human umbilical cord as a substrate. A serum dilution of 1: = 5 was
considered positive. Faecal calprotectin was measured by ELISA kit (Calpro AS,
Oslo, Norway) following instructions provided by the manufacturers. The cut-off
value was 50 pg/g.

In Study IV, serum levels of I-FABP, sCD14 and LBP were determined with
commercially available kits following the instructions provided by the manufacturer.
For the I-FABP ELISA kit (Hycult Biotech, Uden, The Netherlands) the cut-off
limit was 47 pg/ml, for the sCD14 ELISA kit (Hycult Biotech, Uden, The
Netherlands) 1.56 ng/ml and for the LBP ELISA kit (Hycult Biotech, Uden, The
Netherlands) 4.4 ng/ml.

4.6 Statistical methods

The data are presented as medians and interquartile ranges (IQR) for most of the
continuous variables and as percentages for the categorical variables. Groups were
compared using the Chi-square test, the Kruskal-Wallis test, Fisher’s exact test, the
independent #test or the Mann-Whitney U-test as appropriate. All tests were two-
sided, and p-values less than 0.05 were considered statistically significant.

In Study I, survival (ESKD as event) was performed using Kaplan-Meier curves,
and differences between IBD (yes/no) were compared by logrank test. Univatiate
and multivariable analyses were performed using Cox proportional hazards

regression. Hazard ratios and their 95% confidence intervals (95% CI) are presented.
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In Study II1, binary logistic regression analysis was applied to identify factors for
increased GI symptoms. Three covariates were used to avoid overfitting the model.
The associations are presented as odds ratios with 95% CI.

In Study IV, Spearman’s correlation coefficient (rs) was used to evaluate
correlations between continuous variables.

All statistical testing was performed using SPSS versions 23.0, 25.0 or 27.0 (IBM
SPSS, NY, USA).

4.7 Ethical considerations

The study protocols were approved by the Ethics Committee of TAUH. All subjects
had given written informed consent at the time of the kidney biopsy and again at
enrollment in Studies III and IV.
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5 RESULTS

2.1 Patients and demographic data

In Study I, the median age at the time of the kidney biopsy was 49 years in those
having a past or future diagnosis of IBD and 59 years in those without IBD. Patients
with and also without IBD were more often males, 57% and 63% respectively
(»p=0.593). Information on both height and weight at the time of kidney biopsy was
available for 372 patients with IBD and for 17 patients without IBD. Patients
without IBD were more obese at the time of kidney biopsy (median BMI 27.4 vs.
23.5 kg/m?2, p=0.005). Two IBD patients had a transplanted kidney at the time of
kidney biopsy (5.7%), the corresponding percentage being 7.1% in those without
IBD. Median follow-up time was 59 months for IBD patients and 66 months for
those without IBD.

In Study 11, there was no access to the medical records of 77 patients diagnosed
with IgAN from 1976 to 1979. For 552 patients diagnosed with IgAN from 1980
onwards the median age was 42 years. Two thirds of the patients were males. Median
follow-up time was 14 years.

In Study III, median age of the IgAN patients at the time of study enrollment
was 55 years (IQR 42-68 years) and 54% of them were males. Median time from
kidney biopsy was 11 years (IQR 5-20 years). Female patients were younger (52 vs.
59 years, p<0.001) and their reported BMI was lower than that reported by male
patients (27 vs. 29 kg/m2, p=0.048). The healthy controls were predominantly
women (72%). Also, female controls were younger (median 49 years, IQR 40-62
years) than male controls (median 66 years, IQR 52-70 years). However there was
no age difference between healthy controls and IgAN patients.

In Study IV, median age of the IgAN patients was 55 years (IQR 46-68 years)
and 54% were males. Median time from kidney biopsy was 11 years (IQR 6-20 years).
The fourteen dyspepsia controls were on average 59 (34-67) years old and 21% of
them were males. The fifteen healthy controls were 57 (47-63) years old and 47% of
them were males. The three groups did not differ in age (p=0.861) or sex distribution
(»=0.075).
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5.2 Kidney function

In Study I, information on current kidney function was available in 70% of all
patients. At the latest follow-up, median eGFR among patients with IBD was 78
ml/min/1.73m? and 57 ml/min/1.73m? among those without IBD (p=0.118). At
the time of kidney biopsy, eGFR had been 44 ml/min/1.73m? and 51
ml/min/1.73m2 Two patients with IBD (5.7%) had progressed to ESKD during
follow-up and both had received a kidney transplant. Progression to ESKD occurred
in 18.1% of the patients without IBD. Annual lowering of eGFR was slow both in
patients without IBD (median -1 ml/min/1.73m?) and in patients with IBD (median
0 ml/min/1.73m?2).

In Study II, no data were gathered on current kidney function. Median eGFR at
kidney biopsy among IgAN patients biopsied from 1980 onwards was 78
ml/min/1.73m2. No change over decades was seen in eGFR at biopsy. The most
common indication for the diagnostic kidney biopsy of IgAN was proteinuria and
haematuria (42.2%) followed by nephritic syndrome (25.5%) (Table 1 in the original
publication). The indications for kidney biopsy changed over time. The patients
whose kidney biopsies were taken from 2000 to 2012 had more proteinuria at the
time of biopsy (1.2 g/day) compated to those whose biopsy had been taken in eatlier
decades (0.6 g/day in the 1980s and 0.7 g/day in the 1990s). Haematuria as the sole
indication for kidney biopsy became rarer over time; from 22% in the 1980s to 12%
in the 1990s and further to 9% in the 215t century.

In Study 111, data on kidney function from the year preceding study recruitment
were available on 79% of the IgAN patients. Median eGFR was 63 ml/min/1.73m?
and kidney function was regarded as being preserved in 56% of the patients on
whom the information was available. Female IgAN patients had better kidney
function than male patients (¢GFR 78 vs. 54 ml/min/1.73m2, p<0.001). No data on
kidney function were available for the healthy controls.

In Study IV, median time from the diagnostic kidney biopsy was 11 years IQR
6-20 years). Data on current kidney function were available for 80% of the IgAN
patients. Median eGFR was 63 ml/min/1.73m?2 and kidney function were deemed
preserved in 57% of the patients on whom the information was available. The
median of the annual change of eGFR was -0.7 ml/min/1.73m2 (IQR -2.1-4+0.5
ml/min/1.73m?). No data on kidney function were available for the controls.
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5.3  Inflammatory bowel disease in kidney diseases

5.3.1  Inflammatory bowel disease in patients referred to kidney biopsy
(Study 1)

Altogether 35 out of 819 (4.3%) kidney-biopsied patients had IBD, of whom 28
(3.4%) were known cases at the time of the kidney biopsy. An additional seven
patients were diagnosed with IBD during follow-up. Fourteen cases of both CtD
and UC were found, and seven patients had an unclassified IBD. Characteristics of
patients according to IBD types are presented in Table 2.

Table 2.  Characteristics of inflammatory bowel disease (IBD) in patients undergoing kidney
biopsy. Data is presented as medians (interquartile range) for continuous variables and as
percentages for categorical variables.

Crohn’s disease Ulcerative colitis IBD unclassified
n=14 n=14 n=7

Female 36 50 43
Age at kidney biopsy, years 49 (24-70) 41 (18-76) 64 (21-74)
Diagnosis of IBD before kidney 86 79 71
biopsy

Months since IBD diagnosis 69 (6-249) 106 (22-726) 68 (4-491)

Prior or ongoing 100 100 80

5-ASA medication

IBD relapse during the 25 27 20

preceding year
Extraintestinal manifestation of IBD 43 29 14
IBD-related surgery performed 36 29 14

Among the patients with a former diagnosis of IBD (diagnosed over one year before
the kidney biopsy, n=23), the diagnosis had been set a median of six years before
the kidney biopsy and the maximum preceding disease duration was 60 years.
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5.3.2  Kidney biopsy findings in inflammatory bowel disease and the
prevalence of inflammatory bowel disease in different kidney biopsy
findings (Study 1)

Glomerular diseases were the most common group of kidney diseases found in IBD
(Table 1 in the original publication). Seven patients (20.0%) had IgAN. Other
glomerular diseases were diverse (Table 2 in the original publication). Kidney biopsy
findings according to IBD types are presented in Table 3.

Table 3.  Kidney biopsy findings in inflammatory bowel disease (IBD) patients undergoing
kidney biopsy. Data presented as percentages.

Crohn’s disease Ulcerative colitis IBD unclassified
n=14 n=14 n=7
Kidney biopsy findings
Glomerular disease 57 50 29
IgA nephropathy* 29 21 0
Tubulointerstitial disease 21 36 29
Tubulointerstitial 21 29 14
nephritis*
Vascular diseases 7 0 0
Other findings 14 14 43

*percentage of all kidney biopsy findings in the corresponding IBD group

Tubulointerstitial diseases were the second most common (28.6%) group found in
IBD patients’ kidney biopsies. More specifically, acute (four patients) or chronic
(four patients) TIN represented together 22.9% of the kidney biopsy findings among
IBD patients. Eight patients (22.9%) had findings categorized as vascular diseases or
other findings.

There were no differences in the indications for biopsy between the patients with
and without IBD. Tubulointerstitial diseases were more common in IBD patients
(28.6%) than in patients without IBD (12.5%). The prevalence of IBD was highest
among patients diagnosed with TIN, 13.3%. In IgAN, the prevalence of IBD was
4.6% and 2.6% in patients with other GN.
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5.3.3  Phenotypes of inflammatory bowel disease in patients referred to
kidney biopsy (Study I)

Pancolitis or ileocolonic disease was the most common (54%) location of IBD,
irrespective of the kidney biopsy finding (Table 4). All patients diagnosed with TIN
had a previous diagnosis of IBD and all of them had used 5-ASA prior to kidney
biopsy. One quarter of the patients had had an IBD flare-up during the year
preceding the kidney biopsy. Immunomodulatory medication was used by 37% of
the IBD patients at the time of kidney biopsy.

Table 4. Characteristics of inflammatory bowel disease (IBD) according to kidney biopsy findings. Data
presented as medians (interquartile range) for continuous variables and as percentages for
categorical variables.

Tubulointerstitial IgA Glomerular Other kidney
nephritis nephropathy disease* biopsy findings
n=8 n=7 n=10 n=10
Female 88 29 10 50
Age at kidney biopsy, years 50 (26-76) 49 (18-69) 45 (20-70) 49 (24-67)
IBD diagnosed before kidney biopsy 100 86 70 70
Months since IBD diagnosis 58 (19-491) 64 (6-171) 68 (4-320) 121 (35-726)
Prior or ongoing 5-ASA 100 100 100 71
IBD relapse during the 25 33 2 14
preceding year
IBD type
Crohn’s disease 37 57 40 30
Ulcerative colitis 50 43 40 30
IBD unclassified 13 0 20 40
Location of IBD
Proctitis 0 0 14 22
Left-sided colitis 29 29 0 22
Pancolitis/ileocolonic 57 7 86 44
Small intestinal 14 0 0 1
Extraintestinal manifestation of IBD 13 7 20 30

*glomerular disease other than IgA nephropathy
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5.3.4  Kidney outcomes in inflammatory bowel disease (Study )

The median follow-up was 59 months in patients with IBD and 66 months in
patients without IBD. There was no difference between the groups in eGFR at the
time of kidney biopsy or at the most recent follow-up.

Patients with IBD had significantly less proteinuria at the time of kidney biopsy
than those without IBD (median 0.8 g/day, IQR 0.1-6.4 g/day vs. 1.5, 0.1-24.2
g/day, p=0.040). Nine out of the 26 IBD patients (34.6%) in whom the 24-hour
urinary protein excretion had been quantified were taking immunomodulatory
medication at the time of kidney biopsy. However, the amount of proteinuria did
not differ between those on immunomodulatory medication and those who were
not (median of the 24-hour excretion 0.8 and 0.9 g respectively).

During follow-up, two patients with IBD (5.7%) and 142 patients without IBD
(18.1%) progressed to ESKD. Male sex was found to be a strong and independent
predictor of ESKD, but IBD was not associated with the risk of ESKD (Table 4 in
the original publication).

54  Inflammatory bowel disease in patients with IgA
nephropathy (Studies I, [l and IV)

In Study I, seven patients with IgAN had been diagnosed with IBD: four with UC
and three with CtD (Table 4). In six of them IBD had been diagnosed before the
diagnosis of IgAN, a median of 64 months before. Two out of the six IgAN patients
with an earlier diagnosis of IBD had had a relapse of IBD during the year before the
diagnostic kidney biopsy. Five of the seven IBD patients with IgAN also had another
EIM.

Of the 629 IgAN patients in Study II, 15 (2.4%) had IBD; ten patients had
received the diagnosis of IBD before the diagnosis of IgAN and five afterwards.
IBD had not been diagnosed in any of the patients diagnosed with IgAN in the
1970s. From the 1980s to the 1990s to the 21st century the prevalence of IBD in
IgAN increased steadily from 2.0% to 2.7% to 4.4% accordingly (Table 2 in the
original publication). Altogether, nine patients had UC and six had CtD.

The four IBD patients diagnosed with IgAN in the 1980s all had UC, giving a
UC prevalence of 2.0% in IgAN in the 1980s and of 0% for that of CtD. Among
patients diagnosed with IgAN in the 1990s, two patients had CrD and two had UC,
yielding a prevalence of 1.4% for each. In the 21st century four out of the seven
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patients diagnosed with IgAN had CtD (2.5%) and the remaining three had UC
(1.9%).

One half of the CtD patients with IgAN were diagnosed after the diagnosis of
IgAN and the eatliest diagnosis of CtrD had been set in 1999. Twenty-two percent
of UC diagnoses had been set after that of IgAN. Four out of the six (67%) CtD
patients were diagnosed with CtD in the 215t century, compared with 22% of the UC
cases.

In Studies III and IV, diagnosed IBD had been excluded by thoroughly
scrutinizing the medical histories of all participants. Possible IBD diagnosis was also
surveyed in the questionnaire created for Study III, with no positive responses. All
57 IgAN patients voluntarily providing faecal samples in Study IV tested negative
for faecal calprotectin, further diminishing the possibility of subclinical IBD in
participants.

5.5  Coeliac autoimmunity in IgA nephropathy (Studies Il and IV)

In Study II, the prevalence of diaghosed CeD among IgAN patients decreased from
its highest level of 2.9% in the 1980s to 0.7% in the 1990s and further to 0.6% by
the 21st century (Table 2 in the original publication). Likewise, the prevalence of
screen-detected coeliac autoimmunity in IgAN patients decreased from 2.8% to
0.7% over time.

Low positive TG2AD values ranging from 3.1 to 7.0 U/ml were found in 4.3%
of the total of 484 IgAN patients tested for TG2Ab between 1980 and 2012 in Study
IT (4.7% in 1980s, 0.8% in 1990s and 6.9% in 2000-2012). Low TG2Ab positivity,
screen-detected autoimmunity and diagnosed CeD combined gave a total prevalence
of 6.5% of coeliac autoimmunity among the 552 IgAN patients evaluated.

In Study IV, one IgAN patient had a bordetline elevation (7.1 U/ml) in TG2Ab,
which could be regarded as screen-detected CeD according to the criteria in Study
II. Median of TG2Ab was 1.3 U/ml (IQR 0.8-1.9) in IgAN patients (Figure 1). None
was EmA positive. Low positive TG2Ab values were found in eight patients.
Altogether, TG2Ab positivity, either as low positive values or as screen-detected
CeD was found in 10.6% of IgAN patients. Among the two control groups, two out
of 29 (6.9%) had a low positive TG2Ab. TG2Ab levels did not differ between IgAN
patients and dyspepsia controls (p=0.077) but were higher in IgAN patients than in
healthy controls (p<0.001).
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Figure 1. Transglutaminase 2 antibody (TG2Ab) levels (U/ml) in IgA nephropathy patients, healthy
controls and dyspepsia controls.

5.6  Gastrointestinal symptoms and health-related quality of life
in 1gA nephropathy (Study I11)

GSRS was rejected for one IgAN patient and two healthy controls due to incomplete
questionnaires. IgAN patients reported more GI symptoms than did healthy
controls. The median of the total GSRS score was 2.0 (IQR 1.5-2.7) in IgAN patients
and 1.7 (IQR 1.4-2.2) in healthy controls (p<0.001). Of the five GSRS sub-scores
IgAN patients scored higher on all but one (constipation) than did the healthy
controls (Table 2 in the original publication). When IgAN patients were evaluated
by sex, female patients had higher GSRS total scores and sub-scores for indigestion,
constipation and abdominal pain than did male patients (Table 3 in the original
publication).

The GSRS total scores did not differ between male patients and healthy males
(median 1.7, IQR 1.5-2.3 vs. 1.7, 1.3-2.3, accordingly, p=0.411), and only the sub-
score for diarrhoea was higher among male patients (1.7 vs. 1.3, p=0.025). In contrast
to males, female patients scored higher than healthy females on all sub-scores and
so also had higher overall scores. The GSRS scores and the PGWB scores for healthy
controls are presented in Table 5.
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Table 5.  The Gastrointestinal Symptom Rating Scale (GSRS) scores and the
Psychological General Well-Being Index (PGWB) scores in healthy controls. Values are
given as medians and interquartile ranges.

Female Male p-value
GSRS, n 104 41
Total score 7(14-2.2) 7(1.3-2.3) 0.763
Diarrhoea 2(1.0-1.7) 3(1.0-2.0) 0.631
Indigestion 3(1.8-2.8) 2.3(1.5-2.8) 0.462
Constipation 3 (1.0-2.0) 1.3(1.0-2.3) 0.697
Abdominal pain .7(1.1-2.0) 3(1.0-2.2) 0.468
Reflux .0(1.0-1.5) 0(1.0-2.0) 0.028
PGWB, n 104 38
Total score 109 (101-114) 113 (100-118) 0.144
Anxiety 5 (23-27) 25(23-28) 0473
Depression 7(16-18) 17 (15-18) 0.467
Wellbeing 7(16-19) 18 (16-20) 0.293
Self-control 16 (14-17) 16 (15-17) 0.111
General health 5(13-16) 14 (11-17) 0.987
Vitality 9 (17-20) 20 (18-21) 0.026

PGWB was excluded for one IgAN patient and five healthy controls due to
incomplete questionnaire. PGWB total score as well as general health and vitality
sub-scores were significantly lower in IgAN patients than in healthy controls (Table
2 in the original publication). More severe GI symptoms were more often present in
female than male IgAN patients (Table 6). However, no sex-based difference in
PGWB scores was seen in IgAN patients (Table 3 in the original publication).
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Table 6.  Prevalence (%) of increased gastrointestinal symptoms (defined as GSRS scores
> 1 SD compared to mean values of healthy controls) in IgA nephropathy patients.

Female Male p-value
n=47 n=56
Gastrointestinal Symptom Rating Scale

Total score 45 20 0.010
Diarrhoea 38 29 0.400
Indigestion 30 14 0.090
Constipation 38 7 <0.001
Abdominal pain 35 7 <0.001
Reflux 31 21 0.272

IgAN patients with preserved kidney function reported increased GI symptoms
more often than did IgAN patients with reduced kidney function in the GSRS sub-
scores for diarrhoea, constipation and reflux (Table 7). IgAN patients with preserved
kidney function were most often women (63%). In a multivariable logistic regression
analysis of risk factors for increased GI symptoms among IgAN patients, female sex
was positively and PGWB total score negatively associated with higher GSRS total
score (Table 4 in the original publication).

Table 7.  Prevalence (%) of increased gastrointestinal symptoms (defined as
Gastrointestinal Symptom Rating Scale scores > 1 SD compared to mean values of
healthy controls) in patients with IgA nephropathy, according to kidney function.

eGFR <60 eGFR > 60 p-value
n=35 n=46
Gastrointestinal Symptom Rating Scale

Total score 22 37 0.327
Diarrhoea 17 41 0.028
Indigestion 1 26 0.158
Constipation 8 28 0.046
Abdominal pain 14 26 0.272
Reflux 8 37 0.004
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5.7 Indirect biomarkers of intestinal damage in IgA nephropathy
(Study IV)

Median serum I-FABP level among IgAN patients was 830 pg/ml, 289 pg/ml in
healthy controls and 510 pg/ml in dyspepsia controls (Table 8). Also, sCD14 was
lower in dyspepsia controls than in IgAN patients and healthy controls. LBP did not
differ between the three groups.

Serum I-FABP was higher in IgAN patients with impaired kidney function than
in patients with preserved kidney function (median 1100 pg/ml, IQR 868-1949
pg/ml vs. 650, IQR 419-880, p<0.001). Thus, IgAN patients with preserved kidney
function also had higher I-FABP levels than healthy controls (p<0.001). Serum I-
FABP level correlated inversely with current eGFR (15=-0.598, »<0.001) but did not
correlate with the annual change in eGFR (15=0.095, p=0.454).

Table 8. Test results of the indirect markers for intestinal damage, presented as medians
and interquartile range.

IgA nephropathy Dyspepsia controls Healthy controls
patients
n=85 n=14 n=15
I-FABP, pg/mi 830 (475 - 1378) 510 (380 — 724) 289 (199 — 568)"
sCD14, pg/ml 29(24-3.6) 1.6 (1.0-2.3) 28(25-3.7)
LBP, pug/mi 11.7 (8.2 -18.3) 15.1 (10.5-25.2) 14.8 (7.6 —21.4)

* p <0.05 compared to IgA nephropathy patients

Soluble CD14 was higher in IgAN patients with impaired kidney function than in
those with preserved kidney function (3.4 pg/ml, IQR 2.6-3.9 pg/ml vs. 2.7 pg/ml,
IQR 2.3-3.4 pg/ml, p=0.003). Also, sCD14 correlated inversely with current eGFR
(5=-0.332, p=0.000), but not with the annual change in eGFR (5=-0.029, p=0.822).
There was no difference in serum LBP levels between IgAN patients with reduced
versus preserved kidney function (median 13.7 ug/ml, IQR 10.6-19.5 pg/ml vs. 11.0
ug/ml, IQR 7.1-18.7 ug/ml, p=0.165).
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As faecal calprotectin had not been tested in 28 IgAN patients, the levels of the
three biomarkers were compared among IgAN patients based on performed
calprotectin test (Table 9). I-FABP and sCD14 levels did not differ between those
IgAN patients who had been tested and those who had not been tested with faecal
calprotectin. On the contrary, LBP was higher among those IgAN patients who had
not been tested with calprotectin.

Table 9.  Test results of the indirect markers for intestinal damage in IgA nephropathy patients,
based on tested faecal calprotectin. Results are presented as medians and interquartile range.

Calprotectin tested Calprotectin not tested p-value

n=57 n=28
I-FABP, pg/ml 830 (468 — 1157) 835 (541 - 1876) 0.443
sCD14, ng/ml 28(24-338) 3.0(23-34) 0.540
LBP, ng/ml 10.5(7.2-14.9) 17.5(11.7-21.8) <0.001

5.8  Correlation of gastrointestinal symptoms with indirect
biomarkers of intestinal damage (Study V)

Serum I-FABP levels did not correlate with total GSRS score in IgAN patients (r5=-
0.106, p=0.393). Nor did I-FABP correlate with any of the subscores of GSRS:
diarrhoea (15=-0.143, p=0.194), indigestion (r5=0.002, p=0.985), constipation (r5=-
0.034, p=0.758), abdominal pain (15=-0.100, »p=0.365) and reflux (15=-0.084,
$=0.445). The same was also found for both LBP and sCD14 serum levels and the
GSRS scores.
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6 DISCUSSION

6.1 Inflammatory bowel disease in kidney diseases

Before Study I, IBD was regarded as a rare finding in conjunction with kidney
diseases, especially with glomerular diseases including IgAN (Floege & Feehally,
2016; Katsanos & Tsianos, 2002; Shaer et al., 2003). Urological complications on the
other hand were well known and regarded as significant EIMs of IBD (Corica &
Romano, 2015; Katsanos & Tsianos, 2002; Pardi, 1998).

IBD prevalence as high as 3.4% in patients undergoing clinically indicated kidney
biopsies was a new finding in Study I, yielding about 5-fold higher prevalence for
IBD in kidney patients compared to contemporary general population (Jussila et al.,
2013). During the follow-up the prevalence of diagnosed IBD in these patients was
further elevated to 4.3%. A large biopsy register-based study from the United States
had been published before Study I. It had been conducted with kidney biopsies
performed between 2001 and 2012, and showed an IBD prevalence of 0.2% at the
time of kidney biopsy (Ambruzs et al., 2014). The patient data in the study by
Ambruzs et al. were provided at the time kidney biopsy was requested, probably
explaining the small number of IBD cases. The incidence of IBD does not differ
between the United States and Finland on a population level (Keyashian et al., 2019;
Kontola et al., 2023).

Prevalence of IBD in different kidney biopsy findings varied in Study I. The
prevalence was highest in TIN (13.3%) and also significant in IgAN (4.6%) and other
GN (2.6%). Prevalence of IBD in patients with biopsy-confirmed TIN has not been
published before or after Study I. The prevalence of IBD in IgAN is discussed in
more detail in the next chapter. IBD was most often located in pancolitis or
ileocolonic forms, irrespective of the kidney biopsy findings in Study I. One case
with TIN had a CrD restricted in a small intestinal form. None of the patients with
IgAN or other glomerular diseases had such a form of IBD. Two patients diagnosed
with IgAN had a left-sided colitis and the rest had the more extensive form.

Whether TIN was related to 5-ASA usage could not be determined in Study I as
all the patients diagnosed with TIN were either actively using or had used 5-ASA
preparations before kidney biopsy. The association between TIN and 5-ASA has
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long been contested. Tubular injury also occurs in IBD without 5-ASA (Fraser et al.,
2001; Herrlinger et al., 2001; Izzedine et al., 2002). Treatment with 5-ASA may even
alleviate tubular inflammation (Dehmer et al., 2003). The risk of nephrotoxicity of
5-ASA in general is deemed low and most likely idiosyncratic (Gisbert et al., 2007;
Van Staa et al.,, 2004). Since Study I, the low risk of nephrotoxicity has been
corroborated and other clinical factors like IBD flare-ups emphasized as more
important risk factors for kidney injury (Jairath et al., 2019; Menon & Bressler, 2019).

According to eatlier case reports, a detrimental coexistence between IBD and
kidney diseases seemed possible, or even likely (Kogak et al., 2010; Shaer et al., 2003;
Tokuyama et al., 2010). On the other hand, previously published studies and case
reports had created an impression of active IBD leading to kidney injury, which
would in many cases be at least partly reversible if properly treated and if remission
in IBD were achieved (Choi et al., 2012; Forshaw et al., 2005; Lewis et al., 2013;
Onime et al., 20006). The behaviour of IBD among the patients in Study I most likely
represented average course of the disease, as less than half of the patients had had
an IBD flare-up during the preceding year or had been taking immunomodulatory
medication at the time of the kidney biopsy. Historically about half of patients with
UC will be in remission at any given time (Langholz et al., 1994).

The disease activity of IBD seems to subside with longer disease duration and
also the remission rate increases (Langholz et al., 1994). In Study I, median disease
duration of IBD before the kidney biopsy was six years in those with earlier diagnosis
of IBD. As the median follow-up time was five years beginning from the kidney
biopsy, the duration of IBD in most cases was not particularly long. In any case, IBD
was not related to an elevated risk of ESKD in Study I. Since then, a nationwide
population study from South Korea has been published concluding that IBD may
be associated with a minor elevation in risk of ESKD, especially in case of CtD (Park
S et al., 2018). The risk of CKD also seems elevated, especially among younger IBD
patients (Vajravelu et al., 2020). Thus, a yearly follow-up of kidney function is
recommended in general, and some experts recommend even more vigilant follow-
up in cases where 5-ASA is used (Guillo et al., 2022; Kumar et al., 2022).

Only recently a large Swedish register study was published in which an association
between reduced eGFR and the risk of developing IBD, especially CrD), was shown
to exist and the association was stronger, yet modest, with more reduced eGFR
(Yang et al, 2023). The authors speculated with the possibility of intestinal
permeability and small-bowel inflaimmation of CKD being linked to the
pathogenesis of IBD. As the authors concluded, an observational analysis cannot

determine whether a kidney disease is a risk factor for IBD as such, or whether the
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two diseases have genetic risk factors in common, or whether there is a yet unknown
environmental factor or a condition that predisposes to both diseases.

In conclusion, IBD was present in a notable percentage of patients with clinical
signs of kidney disease. Kidney biopsy findings did not differ in different phenotypes
of IBD, but the small study population limits this interpretation. IBD should be kept
in mind especially when the kidney biopsy shows TIN or IgAN. IBD was not
associated with an increased risk of ESKD.

6.2  Inflammatory bowel disease in IgA nephropathy

Before Study I, published prevalence of IBD in IgAN was 0.6% to 0.7% (Ambruzs
et al., 2014; Makdassy et al., 1984). A Swedish population-based register study has
subsequently reported an IBD prevalence of 2.5% in IgAN at kidney biopsy, and an
overall prevalence of 7.4% after median follow-up of 12.6 years (Rehnberg et al.,
2021). In Study 11, the prevalence of IBD in IgAN at the time of kidney biopsy was
1.8%. The overall prevalence of IBD in IgAN was 2.4%, 2.7% if only patients
diagnosed after 1980 were included and 4.4% in those biopsied in the 21st century.

Clinical indications for kidney biopsy have changed over time and accordingly the
annual incidence of biopsy-verified IgAN has decreased since the 1980s (Wirta et al.,
2008). As the amount of proteinuria in Study I was lower in patients with IBD
compared to those without IBD, it seems unlikely that the increase seen in the
prevalence of IBD in IgAN in Study II would only be associated with different
biopsy criteria. One explanation for the increasing IBD prevalence in IgAN could
be the cumulative incidence of IBD over a long follow-up time. The risk of future
IBD was found to be tripled in IgAN patients compared to controls in the
aforementioned Swedish study with a median follow-up of 12.6 years (Rehnberg et
al., 2021).

As Finns and Swedes do not differ markedly in ethnicity, nor in IBD prevalence
(Bisch et al., 2014; Jussila et al., 2013) and most likely the kidney biopsy practices
are also largely similar (Peters et al., 2020; Wirta et al., 2008) the increasing IBD
prevalence in IgAN is true and most likely reflects a rise in IBD incidence. A
Japanese retrospective single-centre study published in 2020 reported a biopsy-
verified IgAN in 1.6% of IBD patients enrolled, all of whom had CrD (Hayashi et
al., 2020). In a retrospective multicentre study, French colleagues examined 24 IgAN
patients with IBD, %4 of whom suffered from CtD (Joher et al, 2021). As the
diagnosed CrD cases doubled each decade in Study 11, the increasing prevalence of
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CtD seems to explain the increasing IBD prevalence found in IgAN. The prevalence
of UC in IgAN was at most stable. In the nationwide Swedish study, UC was more
common than CrD in conjunction with IgAN in patients having received a diagnosis
of CrD between 1974 and 2011 (Rehnberg et al., 2021). They found no similar
increase in the incidence of CtD in conjunction with IgAN over time as was found
in Study II. Increase in CrD prevalence reportedly follows that of UC by one decade
(Ananthakrishnan, 2015).

The rising prevalence of IBD has been explained, for example, by dietary habits,
use of antibiotics and diminishing parasite infections (Malik, 2015). In the
pathogenesis of IgAN, antigen processing and presentation, and regulation of
mucosal IgA production have likewise been implicated as potential pathways
(Magistroni et al., 2015). Also, direct genetic associations between IBD and IgAN
have been found (Kiryluk et al., 2014). Still, a recent finding of an association
between reduced kidney function and the risk of developing CrD (Yang et al., 2023)
must also be taken into account as a possible explanation for the rising prevalence
of CtD in IgAN.

The high percentage (71%) of IBD patients suffering an EIM in addition to IgAN
was an interesting finding of Study I. EIMs have been reported to be more common
in CrD than in UC with multiple EIMs found in less than 10% of IBD patients
(Fumery et al., 2018; Lakatos et al., 2003; Vavricka et al., 2015). Patient cases and a
small case series of multiple EIMs, including IgAN, have been published (De Moura
etal., 2000; Peeters et al., 1990; Vegh et al., 2017). Even though IgAN is not regarded
as a systemic disease or syndrome, concomitant diseases have been found in more
than 50% of IgAN cases (Mustonen, 1984). In the early 1980s IgAN was actually
classified as a GN of systemic diseases (Mustonen & Pasternack, 1987). Some
researchers regard IgAN in conjunction with IBD as a secondary form of IgAN
(Tota et al., 2023; Wang M et al., 2020).

In Study IV, none of the 57 IgAN patients volunteering to give faecal samples
had positivity in faecal calprotectin, interpreted as having had an undiagnosed IBD
excluded. Even though a low level of faecal calprotectin cannot totally exclude a
small bowel IBD, it yields an excellent sensitivity of over 95% (Mattila et al., 2022).

In conclusion, IBD was present in a notable percentage of IgAN patients and the
prevalence of IBD in IgAN increased over time. The rising co-prevalence of IgAN
and IBD is most likely linked to the genetic associations between the two diseases
and the true rising prevalence of IBD, especially that of CtD. A subclinical IBD in
IgAN seems unlikely, but it cannot be excluded.
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6.3  Coeliac disease and coeliac autoimmunity in IgA
nephropathy

The prevalence of CeD in IgAN was shown to be 4-fold that of general population
in Finland at the end of the 20t century (Collin et al., 2002b). Similarly, the risk of
IgAN in CeD was 3-fold compared that of general population in a Swedish
nationwide population-study (Welander et al., 2013). The incidence and prevalence
of CeD have constantly increased in Finland (Lohi et al.,, 2007; Maki et al., 2003;
Vilppula et al., 2009). Nevertheless, in Study II an opposite direction was found in
the prevalence of both diagnosed and screen-detected CeD in IgAN.

CeD has reportedly been associated with an elevated risk of kidney disease and
IgAN, but no elevated risk was seen in DH patients (Nurmi et al., 2022). It was
hypothesized that the finding might be linked to the less prevalent intestinal
inflammation seen in DH compared with CeD, but also to the Finnish DH patients’
strict adherence to GFD (Nurmi et al., 2022). GFD as a possible treatment for IgAN
has long been hypothesized, but not tested in a randomized controlled trial (Coppo
et al.,, 1986, 1990). Thus, the finding of decreasing prevalence of CeD in IgAN in
Study II could be partly associated with GFD, which could also alleviate IgAN. Still,
it remained unexplained, why also screen-detected coeliac autoimmunity in Study II
decreased over time as those patients most likely were not on GFD.

TG2 is regarded as one of the molecular links between IgAN and CeD (Abbad
2020). TG2-targeted IgA deposits have been found in kidney biopsies of gluten-
consuming IgAN patients (Nurmi et al., 2021). Binding of IgA to CD71 on
mesangial cells is facilitated and amplified by TG2 (Berthelot et al., 2012; Haddad et
al., 2003). In Study IV, serum TG2Ab levels were higher among IgAN patients than
among healthy people, yet the more specific EmAs were negative in all patients.
Elevated TG2Ab levels have also been reported in IgAN patients before (Collin et
al., 2002b; Nurmi et al., 2018).

In conclusion, the prevalence of CeD in IgAN was found to decrease over time
and finally come close to that of CeD in general Finnish population today. Levels of
TG2ADb were higher in IgAN patients than in healthy people, yet EmAs were
negative in all study participants. A subclinical CeD in IgAN seems unlikely despite

the many interesting connections between the two diseases.
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6.4  Gastrointestinal symptoms and health-related quality of life
in IgA nephropathy

Before Study III, GI symptoms in kidney diseases had only been reported in
advanced CKD, most often in patients with ESKD and dialysis treatment (Cano et
al., 2007; Costa-Moreira et al., 2020; Strid et al., 2002). Study I1I was the first to focus
on kidney patients with less advanced CKD, even those with preserved kidney
function (eGFR > 60 ml/min/1.73m?). IgAN patients with diagnosed enteropathies
had been excluded to avoid bias caused by symptoms associated with known
enteropathies.

In Study III, IgAN patients experienced more GI symptoms than did healthy
subjects in regard to GSRS total score and in regard to four out of the five sub-
scores of GSRS (diarrhoea, indigestion, abdominal pain and reflux). Noteworthy, the
GSRS total score of IgAN patients (median 2.0, IQR 1.5-2.7) were about the same
as those of Swedish patients undergoing either haemodialysis (median 1.9, IQR 1.4-
2.7) ot peritoneal dialysis (median 2.1, IQR 1.5-3.1)(Strid et al., 2002).

Female IgAN patients were more symptomatic than male patients. Female
patients also experienced increased GI symptoms more often than did healthy
women. Male patients also had more symptoms of diarrhoea than did healthy men.
The role of sex in experienced GI symptoms has been controversial in published
studies; some showing women having more symptoms (Chan S et al, 2021;
Kahvecioglu et al., 2005), others reporting no differences (Strid et al., 2002; Yi et al.,
2022). IBS may be more common in women and thus also in female IgAN patients
(Chang et al., 2006). The finding of increased symptoms of diarrhoea, constipation
and reflux among IgAN patients with preserved kidney function compared to those
with reduced kidney function was most likely associated with the preponderance of
females among patients with preserved kidney function.

Patients with IgAN experienced poorer health-related quality of life than did the
healthy controls in Study III, especially regarding general health and vitality.
Furthermore, poorer quality of life was associated with increased GI symptoms.
Interestingly, even though female patients had more GI symptoms than did male
patients, health-related quality of life did not differ between sexes.

In conclusion, IgAN patients and especially female IgAN patients experienced
more GI complaints than healthy people did. Also, IgAN patients with preserved
kidney function experienced notable numbers of GI symptoms. Paying attention to
these troubles would be desirable as a part of good patient care, especially as the GI
complaints were found to be associated with poorer health-related quality of life.
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6.5  Signs of intestinal damage in IgA nephropathy

The patients in Study IV had not progressed to ESKD, in which intestinal barrier
function would most likely be impaired due to uremia and alterations in the gut
microbiome (Vaziri et al., 2012a, 2016). Therefore, the results of Study IV can be
interpreted without the confounding interference caused by the presence of obvious
intestinal damage or increased intestinal permeability.

Serum I-FABP levels in untreated CeD patients (Adriaanse et al., 2013) were
essentially the same as they were among the IgAN patients in Study IV, also in
patients with preserved kidney function. As small-bowel mucosal damage with
villous atrophy and crypt hyperplasia are the characteristic features of CeD, the
finding of elevated I-FABP in IgAN patients possibly indicates the presence of
intestinal damage in IgAN. This was the first published study of serum I-FABP levels
in a well-defined kidney disease population.

LBP did not differ between the three groups studied. Soluble CD14 was lower in
dyspepsia patients than in IgAN patients, a finding which still lacks an explanation.
Neither I-FABP, nor LBP or sCD14 levels correlated with the GSRS total score or
sub-scores in IgAN patients. Thus, clinically apparent GI inflammation or damage
is unlikely in IgAN patients in whom the known enteropathies IBD and CeD have
been excluded.

The serum level of I-FABP rises with declining kidney function (Okada et al.,
2018). The finding of higher I-FABP levels in IgAN patients with kidney failure
compared to patients with preserved kidney function in Study IV was most likely
due to impaired kidney function. However, I-FABP levels did not correlate with the
annual change in eGFR. This could be interpreted to mean that the subclinical
intestinal damage present in IgAN, of which increased I-FABP would be a marker,
does not correlate with the rate of decline in kidney function. As I-FABP was not
solely linked to the level of kidney function, the possibility remains that increased I-
FABP in IgAN represents a phenomenon related to the pathogenesis of IgAN.

In a Chinese study, LBP and sCD14 were higher among 52 patients with IgAN
than among healthy controls (Zhong et al., 2020). Among paediatric patients with
generally inactive IBD, LBP was elevated compared with controls, whereas sCD14
levels did not differ between patients and controls (Pasternak et al., 2010). Among
adult patients with CrD, sCD14 levels were decreased while LBP levels were elevated
compared to controls (Lakatos et al., 2011). The finding of no significant increase in
sCD14 and LBP levels in IgAN patients compared to controls in Study IV may be a

sign of less prevalent intestinal permeability. Gut microbiome composition varies
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geographically (Gupta et al., 2017), thus one can hypothesize the role of microbiome
when the results of Chinese and Finnish patients are compared.

It is intriguing that there is a possible correlation between LPS exposure and
defective galactosylation of IgA (Qin et al., 2008). CD14 as the LPS binding receptor
is one of the major components of cellular LPS signalling in response to various
microbes (Coppo, 2015). Gene polymorphism of CD14 may be an important factor
in the risk of progression of IgAN (Yoon, 2003). The genetic modification of the
LPS receptor could logically modulate the level of inflammatory response (Coppo,
2015; Yoon, 2003).

It is possible that the increased permeability known to exist in [IgAN is not present
throughout the GI tract (Seikrit et al., 2023). Li and colleagues evaluated the presence
of intestinal permeability in IgAN patients with serum zonulin levels and found
higher levels in IgAN patients than in healthy people (Li Q et al., 2023). The major
problem with the interpretation of the results of Li et al. is the lack of consensus as
to exactly what the zonulin test measures (Ajamian et al., 2019; Meira de-Faria et al.,
2021).

In conclusion, the possibility of a subclinical intestinal damage in IgAN cannot
be excluded. The discrepancy in the levels of the three indirect biomarkers of
intestinal damage may be linked to the possibility that the intestinal inflammation
present in IgAN is limited to some parts of the GI tract only. Clinically relevant GI

symptoms did not correlate with the damage markers.

6.6  Strengths and limitations

In this study, it was possible to collect real-life data from large patient cohorts with
long follow-up times. The data in Study I were available for over 800 patients
referred to kidney biopsy due to a clinical indication and in Study II the follow-up
covered over 500 IgAN patients from four decades. Due to the retrospective nature
of the study, however, some of the information collected may be inaccurate or
insufficient. Even though the whole cohort in Study I was large, the number of IBD
patients was small, which limits the reliability of interpretations regarding e.g.
possible correlations in kidney biopsy findings and IBD phenotypes.

In Studies II, IIT and IV, well-defined and sizeable groups of patients with a
confirmed diagnosis of IgAN is one of the major strengths of this study. The kidney
biopsies had been taken at one centre and analysed by two renal pathologists,
providing both unified clinical indications for the kidney biopsies as well as

83



consistent interpretation of the kidney samples. Yet a study conducted in a single
centre limits the generalizability of the results.

The diagnostics of both IBD and CeD in Finland is good, as corroborated in the
rising prevalence of both diseases (Kontola et al., 2023; Vilppula et al., 2009). Thus,
it is unlikely that there would have been any notable percentage of undiagnosed CeD
or IBD patients in the study populations of any of the four substudies. The same
applies to the controls.

Another strength of the study is that the study group was familiar with the GSRS
and PGWB questionnaires from several earlier studies conducted in CeliRes. It is
possible that symptomatic patients may have been more eager to participate than
asymptomatic patients in Studies III and IV. Yet this seems unlikely as more than
half of the participating IgAN patients were males and their GSRS scores were
comparable to those of the male controls. Also, the patients in Studies IIT and IV
had IgAN diagnosed a median of 10 years before recruitment. It is thus possible that
these patients do not represent those IgAN patients with more aggressive phenotype
and the findings might have been different if the studies had been conducted with
IgAN patients suffering from an actively progressive kidney disease.

The most important limitation of Studies III and IV is the lack of control groups
with other primary GN. This leaves it uncertain whether the IgAN patients, for
example, experienced an excess of GI symptoms due to a kidney disease in general
or if the symptoms were related to IgAN. Likewise, the results of the indirect
biomarkers of intestinal damage might have been similarly elevated in other kidney
diseases too, especially as the findings of increased intestinal permeability are not
confined to IgAN (Rostoker et al., 1993; Seikrit et al., 2023).

The controls in Study I'V had not tested negative for IBD. The dyspepsia controls
had undergone gastroscopies and the healthy controls had tested negative with
coeliac serology, yet faecal calprotectin had not been tested. It is also important to
note that not all IgAN patients in Study IV had tested negative with faecal
calprotectin. However, the serum levels of the tested biomarkers did not differ
significantly between the groups. The difference found in the levels of LBP among
IgAN patients based on their test status with calprotectin is most likely mere
coincidence. Also, blood samples were taken separately from the questionnaires, a
fact that should be noted when interpreting the findings on the lack of correlation
between experienced GI symptoms and the serum levels of the three biomarkers of
intestinal damage.

It is possible that the chosen biomarkers of intestinal damage do not represent

the kind of damage possibly present in IgAN. I-FABP for example originates in the
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small intestine and thus probably does not cover the whole of the intestine as a
damage marker (Okada et al., 2018). In this study, however, the finding of elevated
I-FABP in IgAN patients compared with healthy controls could point to a subclinical
intestinal damage in the small intestine in IgAN. LBP and sCD14 are mentioned as
endotoxin-related markers (Lakatos et al., 2011). Based on earlier studies showing
increased intestinal permeability in IgAN (Kovacs et al., 1996; Rostoker et al., 1993),
it would be logical to expect a rise in LBP and sCD14 levels. Yet again, the low levels
of LBP and sCD14 could be explained by the affected area of gut. In a study showing
elevation of LBP and sCD14 in active CrD, 85% of the patients had CrD either in
colonic or ileocolonic form (Lakatos et al., 2011). Moreover, there was a confusing
finding of lower levels of sCDD14 both in the active and inactive CrD when compared
with blood donor controls. Despite this, sCD14 was higher in active CtD than in
inactive CrD (Lakatos et al., 2011). An important finding in the study by Rojo et al.
was the higher LBP levels in CtD compared to those of UC (Rojo et al., 2007). As
the inflaimmation in CtD is in transmural form, this may suggest a need for more
extensive damage to cause a clear elevation in LBP and sCD14.

In Studies IIT and IV, kidney function was regarded as current although the
laboratory tests had in many cases been taken months before study participation,
and information was not available at all on one fifth of the IgAN patients. Taking
the generally slowly progressive or stable nature of IgAN into account, it is
nevertheless unlikely that a significant proportion of the study patients would have
had a rapidly progressive kidney disease.
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7 SUMMARY AND CONCLUSIONS

The main conclusions of this dissertation are as follows.

First, IBD was present in a notable percentage of patients referred to kidney
biopsy for any clinical reason. CrD and UC were equally common in these patients.
IBD was especially prevalent in kidney biopsy findings of tubulointerstitial nephritis
and IgAN. Before the start of this project, IBD was regarded as a rare disease in
conjunction with IgAN. The connection between TIN and IBD was well known and
mainly regarded to be explained by use of 5-ASA medication.

Second, IBD was not associated with an increased risk of ESKD in patients
referred to kidney biopsy. One should be cautious about generalizing this conclusion
as the study population was limited and selected. Bigger register studies have shown
an increased risk of ESKD with IBD and CrD (Park S et al., 2018; Rehnberg et al.,
2021).

Third, IBD will most likely become even more prevalent in IgAN if the rise in
the incidence of IBD, and especially that of CtD, continues.

Fourth, the prevalence of both diagnosed CeD and that of screen-detected
coeliac autoimmunity decreased in IgAN patients over time. Even though in normal
limits, TG2Ab levels in sera were higher in IgAN patients than in healthy individuals
in Study IV. Although a subclinical CeD in IgAN seems unlikely as a notable
phenomenon, the idea of connections between the two diseases gained further
support. The most recent data shows the combined prevalence of different
enteropathies in IgAN to be as high as 17% (Suzuki Y et al., 2021).

Fifth, patients with IgAN experienced more GI symptoms than did healthy
people. This finding was especially prevalent among female IgAN patients. Health-
related quality of life was lower in IgAN patients than in healthy people and in this
there was no difference between the sexes. Clinicians should actively elicit possible
GI complaints from IgAN patients to provide better patientcare.

Sixth, presence of subclinical IBD in IgAN was not directly supported by the
findings in this study. However, faecal calprotectin is good for finding inflammation
of the colon, but not equally good for finding inflaimmation present in ileal CrD
(Abraham & Kane, 2012).
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Seventh, based on the findings with the three biomarkers of intestinal damage,
the possibility cannot be excluded that IgAN patients had true intestinal
inflammation.

Eighth, there was no correlation between experienced GI symptoms and the
serum levels of the three biomarkers of intestinal damage. The reliability of this
finding is limited due to methodological limitations in this study. On the other hand,
subclinical inflammation would presumably be asymptomatic.
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8 FUTURE PERSPECTIVES

It is intriguing to hypothesize that the big picture in this dissertation could uniformly
point to the small intestine as the source of inflammation and as a crucial contributor
to the pathogenesis of IgAN. Future studies should be directed to study the small
intestines of IgAN patients in greater detail. The confirmatory methods to show the
presence of intestinal inflammation or damage in IgAN are so far invasive. Technical
advances will most likely also yield non-invasive tools for measuring intestinal
inflammation, positron-emission tomography being one example (Gelston et al.,
2021). Also, other available noninvasive intestine-related biomarkers should be
studied in IgAN patients (Lalande et al., 2020; Ok et al., 2020). It would be especially
interesting to study these phenomena in the early stages of IgAN and in progressive
kidney disease.

The obvious role of the gut microbiome in IgAN likewise calls for more studies
on the topic. Preliminary studies have shown differences in the composition of gut
microbiome between IgAN patients and healthy people (De Angelis et al., 2014; Tan
et al., 2022; Zhong et al., 2020). Associations between the gut microbiome and the
phenotype of IgAN may exist (Zhong et al., 2020). Some bacteria may confer a causal
link with IgAN (Wang F et al., 2023). Host genetics possibly affect the composition
of the gut microbiome in IgAN (He J.W. et al., 2021).

Gut bacteria have been shown to promote IgA class-switching and an abnormal
production of Gd-IgA1 was found to be associated with specific faecal microbiota
metabolites (He B et al., 2007; Sallustio et al., 2020). Gut-targeted therapies could
offer new options to treat kidney diseases (Lehto & Groop, 2018). Antibiotic
treatment targeted at the intestine has been shown to reduce the formation of
immune complexes and to prevent the development of glomerular inflaimmation in
a mouse model of IgAN (Chemouny et al., 2019). Also, probiotic treatment with
Bifidobacterium was shown to lead to a decreased glomerular density of IgA and to a
lesser amount of proteinuria in mice (Tan et al., 2022).

Ultimately, all research conducted on the topic should aim at inhibiting or
stopping the pathogenetic process of IgAN, which still today leads to ESKD and

human suffering in a substantial proportion of patients.
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APPENDIX 1: GSRS QUESTIONNAIRE

122



THE GASTROINTESTINAL SYMPTOM RATING SCALE
(GSRS)

Lue tdma ensin:
Tutkimus sisaltaa kysymyksia voinnistasi ja tilastasi kuluneen viikon aikana. Merkitse rastilla (X)

se vaihtoehto, joka sopii parhaiten sinuun ja tilaasi.

1. Onko Sinulla ollut VATSAKIPUJA kuluneen viikon aikana? (Vatsakivuilla tarkoitetaan
kaikenlaista kipua tai sarkya vatsassa.)
[ Ei mink&d&nlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O o oo ofg

Erittdin pahoja vaivoja

2. Onko Sinulla ollut NARASTYSTA kuluneen viikon aikana? (Narastyksell3 tarkoitetaan kirvelevaa
tai polttavaa pahanolontunnetta rintalastan takana.)
I Ei mink&danlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O 0o oo g o

Erittdin pahoja vaivoja
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3. Onko Sinulla ollut HAPPAMIA ROYHTAISYJA kuluneen viikon aikana? (Happamilla réyhtaisyilla
tarkoitetaan akillisia, hapanta vatsanestetta sisaltavia royhtaisyja.)
[ Ei mink&&nlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O O oo ofg

Erittdin pahoja vaivoja

4. Onko Sinua HIUKAISSUT kuluneen viikon aikana? (Hiukaisulla tarkoitetaan vatsassa olevaa
hiukovaa tunnetta, johon liittyy tarve sy6da aterioiden valilla.)

Ei minkaanlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O Ooooog ™

Erittdin pahoja vaivoja

5. Onko Sinulla ollut PAHOINVOINTIA kuluneen viikon aikana? (Pahoinvoinnilla tarkoitetaan
pahanolontunnetta, joka saattaa muuttua kuvotukseksi tai oksentamiseksi.)

Ei minkaanlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O O oooog ™

Erittdin pahoja vaivoja

© J. Svedlund, E. Dimenas, |. Wiklund 1995
GSRS (F)



6. Onko vatsasi KURISSUT kuluneen viikon aikana? (Kurinalla tarkoitetaan vatsassa tuntuvaa
varinaa tai “murinaa”.)
[ Ei mink&&nlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O O oo ofg

Erittdin pahoja vaivoja

7. Onko vatsaasi TURVOTTANUT kuluneen viikon aikana? (Turvotuksella tarkoitetaan vatsassa
tuntuvaa pingotusta, johon usein liittyy tuntemuksia ilmavaivoista.)
] Ei mink3anlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O Ooog oo

Erittdin pahoja vaivoja

8. Onko Sinua vaivannut ROYHTAILY kuluneen viikon aikana? (Réyhtailylla tarkoitetaan tarvetta
paastaa ilmaa suun kautta, minka yhteydessa vatsassa tuntuva pingotus usein helpottuu.)

Ei minkaanlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O O oooog ™

Erittdin pahoja vaivoja

© J. Svedlund, E. Dimenas, |. Wiklund 1995
GSRS (F)



9. Onko Sinulla ollut ILMAVAIVOIJA kuluneen viikon aikana? (limavaivoilla tarkoitetaan tassa
tarvetta paastaa ilmaa, jonka yhteydessa vatsassa tuntuva pingotus usein helpottuu.)
[ Ei mink&&nlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O O oo ofg

Erittdin pahoja vaivoja

10. Onko Sinua vaivannut UMMETUS kuluneen viikon aikana? (Ummetuksella tarkoitetaan
ulostuskertojen harventumista.)

Ei minkaanlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O Ooooog ™

Erittdin pahoja vaivoja

11. Onko Sinua vaivannut RIPULI kuluneen viikon aikana? (Ripulilla tarkoitetaan ulostuskertojen
lisddntymista.)
] Ei minkdanlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O O o oo g

Erittdin pahoja vaivoja
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12. Onko Sinua vaivannut LOYSA VATSA kuluneen viikon aikana? (Jos ulosteesi on valill3 ollut
kovaa ja valilla |6ysaa, ilmoita vain, missa madarin ulosteesi |6ysyys on Sinua vaivannut.)
[ Ei mink&&nlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O O oo ofg

Erittdin pahoja vaivoja

13. Onko Sinua vaivannut KOVA VATSA kuluneen viikon aikana? (Jos ulosteesi on valilld ollut kovaa

ja valilla 16ysaa, ilmoita vain, missd maarin ulosteesi kovuus on Sinua vaivannut.)
] Ei mink3anlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O Ooog oo

Erittdin pahoja vaivoja

14. Onko Sinua vaivannut kuluneen viikon aikana PAKOTTAVA ULOSTAMISEN TARVE? (Pakottavalla

ulostamisen tarpeella tarkoitetaan dkillista tarvetta kdyda WC:ssa. Siihen liittyy usein
puutteellisen pidattamiskyvyn tunne.)

Ei minkaanlaisia vaivoja

Vahapatoisia vaivoja

Lievia vaivoja

Kohtalaisia vaivoja

Melko pahoja vaivoja

Pahoja vaivoja

O Oooogoog ™

Erittdin pahoja vaivoja
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15. Onko Sinulla kuluneen viikon aikana ollut ULOSTAMISEN YHTEYDESSA TUNNE, ETTA SUOLI El

OLE TYHJENTYNYT KOKONAAN? (T&lla tarkoitetaan, ettd suoli ei ponnistuksista huolimatta

tunnu tyhjentyneen kunnolla.)

O

O O o oo™

Ei minkaanlaisia vaivoja
Vahapéatoisia vaivoja
Lievia vaivoja
Kohtalaisia vaivoja
Melko pahoja vaivoja
Pahoja vaivoja

Erittdin pahoja vaivoja

16. ONKO SINULLA VIIMEISEN KUUKAUDEN AIKANA ESIINTYNYT SEURAAVIA OIREITA

(rengasta sopivat vaihtoehdot)

a.

b.

kielikipuja
haavaumia suussa
luustokipuja
puutumista

muuta, mita

TARKISTAKAA, ETTA OLETTE VASTANNUT KAIKKIIN KYSYMYKSIIN.

KIITOS HYVASTA YHTEISTYOSTA.
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PGWB INDEX

Tutkimuksen tdma osa sisaltaa kysymyksia siitd, milta Teista tuntuu ja kuinka Teilld on mennyt
VIIMEKSI KULUNEEN VIIKON AIKANA. Jokaisen kysymyksen osalta rastittakaa (X) se vaihtoehto,

joka parhaiten sopii Teiddn kohdallenne.

1. Miltd Teistd on YLEISESTI ottaen TUNTUNUT viimeksi kuluneen viikon aikana?
[J Mielialani on ollut erinomainen

Mielialani on ollut oikein hyva

Mielialani on ollut enimmakseen hyva

Mielialani on vaihdellut paljon

Mielialani on ollut enimmakseen huono

O 0o oo -

Mielialani on ollut hyvin huono

2. Kuinka usein Teitd on VAIVANNUT JOKIN SAIRAUS, RUUMIILLINEN VAIVA, SARYT tai KIVUT
viimeksi kuluneen viikon aikana?

Joka paiva

Melkein joka paiva

Noin puolet ajasta

Silloin talléin, mutta vahemman kuin puolet ajasta

Harvoin

O 0o oo d o™

Ei koskaan
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3. Tunsitteko itsenne MASENTUNEEKSI viimeksi kuluneen viikon aikana?
I Kylld — niin paljon, ettd minusta tuntui siltd, ett3 ottaisin itseni hengilta
Kylld — niin paljon, etten valittanyt mistaan
Kylld — hyvin masentuneeksi melkein joka paiva
Kylld — melko masentuneeksi useita kertoja

Kylla — lievasti masentuneeksi silloin talloin

O o oo d

Ei — en ole kertaakaan tuntenut itseani lainkaan masentuneeksi

4. Oletteko pystynyt HALLITSEMAAN KAYTTAYTYMISTANNE, AJATUKSIANNE, MIELIALOJANNE tai
TUNTEITANNE viimeksi kuluneen viikon aikana?

Kylld, ehdottomasti

Kylld — useimmiten

Yleensa

En kovin hyvin

En, ja se hdiritsee minua jonkin verran

O Oood od

En, ja se hairitsee minua kovasti

5. Onko Teita vaivannut HERMOSTUNEISUUS tai LEVOTTOMUUS viimeksi kuluneen viikon aikana?
Erittdin paljon, jopa niin, etta en ole voinut tehda ty6ta tai huolehtia asioista

Hyvin paljon

Melko paljon

Jonkin verran, niin ettd se on vaivannut minua

Vahan

O O oogood

Ei lainkaan
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6. Kuinka paljon TARMOA, PIRTEYTTA tai ELINVOIMAA Teilld on ollut viimeksi kuluneen viikon
aikana?

Hyvin tdynna tarmoa — erittdin pirtea

Melko tarmokas suurimman osan ajasta

Tarmokkuuteni on vaihdellut melkoisesti

Yleensa vahan tarmoa tai pirteytta

Hyvin vahan elinvoimaa tai tarmoa suurimman osan ajasta

O o oo g o

Ei lainkaan tarmoa tai elinvoimaa — olen tuntenut itseni loppuun ajetuksi tai loppuun

kuluneeksi

7. Olen tuntenut itseni ALAKULOISEKSI JA SYNKKAMIELISEKSI viimeksi kuluneen viikon aikana?
[J En kertaakaan
[ V&héan tdna aikana
LI Jonkin verran tana aikana
[J Melkoisen osan tasta ajasta
[J Suurimman osan tasts ajasta

1 Koko ajan

8. Oletteko yleisesti ollut KIREA tai tuntenut itsenne JANNITTYNEEKSI viimeksi kuluneen viikon
aikana?
[ Kyllg, erittdin jannittyneeksi suurimman osan ajasta tai koko ajan
I Kyllg, hyvin jannittyneeksi suurimman osan ajasta
[J En ole ollut koko ajan kired, mutta olen tuntenut itseni melko jannittyneeksi useita kertoja
] Olen tuntenut itseni vdhan jannittyneeksi muutamia kertoja
[ En ole yleensa tuntenut itseani jannittyneeksi

] En ole lainkaan tuntenut itseéni jannittyneeksi
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9. Kuinka ONNELLINEN, TYYTYVAINEN tai MIELISSANNE olette ollut viimeksi kuluneen viikon
aikana?
I Erittdin onnellinen, en olisi voinut olla tyytyvaisempi tai enemman mielissani
[J Hyvin onnellinen suurimman osan ajasta
[ Yleens3 tyytyvdinen ja mielissani
[ Joskus melko onnellinen ja joskus melko onneton
[ Yleensd tyytymaton ja onneton

[J Hyvin tyytymaton tai onneton suurimman osan ajasta tai koko ajan

10. Oletteko tuntenut itsenne riittdvan TERVEEKSI tekemaén asioita, joita haluatte tehda tai
Teidan on ollut pakko tehda viimeksi kuluneen viikon aikana?
] Kyll3, ehdottomasti
[J Suurimman osan ajasta
[ Terveysongelmat ovat merkittavasti rajoittaneet minua
] Olen ollut vain niin terve, ettd olen voinut huolehtia itsestani
] Olen tarvinnut jonkin verran apua itseni huolehtimisessa
[ Olen tarvinnut toista henkil6d auttamaan itsedni useimmissa tai kaikissa asioissa, joita

minun on tdytynyt tehda

11. Oletteko tuntenut itsenne niin SURULLISEKSI, LANNISTUNEEKSI tai TOIVOTTOMAKSI, etta
olette miettinyt, onko milladn mitdan merkitysta viimeksi kuluneen viikon aikana?
(I Erittdin paljon — niin paljon, etta olen ollut valmis luovuttamaan
] Hyvin paljon
1 Melko lailla
[0 Jonkin verran — sen verran, ettd se on vaivannut minua
LJ Véhan

0 En lainkaan
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12. Oletteko herannyt PIRTEANA ja LEVANNEENA viimeksi kuluneen viikon aikana?
[ En kertaakaan

Muutaman harvan kerran

Joitakin kertoja

Aika monta kertaa

Useimmiten

O o oo d

Joka kerta

13. Oletteko ollut HUOLISSANNE tai LEVOTON TERVEYDESTANNE viimeksi kuluneen viikon aikana?
Erittdin paljon

Hyvin paljon

Melko paljon

Jonkin verran, mutta en kovin paljon

Kaytannollisesti katsoen en koskaan

O 0o oo g o

En lainkaan

14. Onko Teistd tuntunut siltd, ettd olisitte ”"MENETTAMASSA JARKENNE” tai KONTROLLINNE siit,
miten TOIMITTE, PUHUTTE, AJATTELETTE, TUNNETTE tai MITA MUISTATTE viimeksi kuluneen
viikon aikana?

Ei lainkaan

Vain vdhan

Jonkin verran, mutta ei niin paljon, etta olisin ollut huolissani tai levoton siita

Jonkin verran ja olen ollut vdhan huolissani

Jonkin verran ja olen ollut melko huolissani

O 0o oo oo

Kylla, hyvin paljon ja olen ollut hyvin huolissani
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15. P&ivittdinen eldmani on ollut TAYNNA minua KIINNOSTAVIA ASIOITA viimeksi kuluneen viikon
aikana?

Ei lainkaan tana aikana

Vain pienen osan tdsta ajasta

Joskus

Melkoisen osan tasta ajasta

Suurimman osan tasta ajasta

O o oo g o

Koko ajan

16. Oletteko tuntenut itsenne AKTIIVISEKSI/TARMOKKAAKSI tai TYLSAKSI/VELTOKSI viimeksi
kuluneen viikon aikana?
] Hyvin aktiiviseksi/tarmokkaaksi joka paiva

Enimmakseen aktiiviseksi/tarmokkaaksi — en koskaan tylsaksi/veltoksi

Melko aktiiviseksi/tarmokkaaksi — harvoin tylsaksi/veltoksi

Melko tylsaksi/veltoksi — harvoin aktiiviseksi/tarmokkaaksi

Enimmakseen tylsaksi/veltoksi — en koskaan aktiiviseksi/tarmokkaaksi

O o oo™

Hyvin tylsaksi/veltoksi joka paiva

17. Oletteko ollut HUOLESTUNUT, HARMISSANNE tai AHDISTUNUT viimeksi kuluneen viikon
aikana?
[ Erittdin paljon — niin paljon, etté olen tuntenut itseni melkein sairaaksi
huolestuneisuudesta
Hyvin paljon
Melko lailla
Jonkin verran — sen verran, ettd se on vaivannut minua

Vahan

O o oo ™

En lainkaan

@© I. Wiklund/E. Dimené&s 1989
PGWSB (F)



18. Olen tuntenut itseni TASAPAINOISEKSI ja VARMAKSI viimeksi kuluneen viikon aikana?
[ En lainkaan téna aikana

Pienen osan tasta ajasta

Joskus

Huomattavan osan tasta ajasta

Suurimman osan tasta ajasta

O o oo d

Koko ajan

19. Oletteko tuntenut itsenne LEVOLLISEKSI/HUOJENTUNEEKSI vai PINGOTTUNEEKSI/KIREAKSI

viimeksi kuluneen viikon aikana?

(] Olen tuntenut itseni levolliseksi ja huojentuneeksi koko viikon

] Olen tuntenut itseni levolliseksi ja huojentuneeksi suurimman osan ajasta

[J Yleensa olen tuntenut itseni levolliseksi, mutta ajoittain olen tuntenut itseni melko
pingottuneeksi

[] Yleensa olen tuntenut itseni pingottuneeksi, mutta ajoittain olen tuntenut itseni melko
levolliseksi

[ Olen tuntenut itseni pingottuneeksi/kiredksi suurimman osan ajasta

L] Olen tuntenut itseni hyvin pingottuneeksi/kiredksi koko ajan

20. Olen tuntenut itseni ILOISEKSI/HUOLETTOMAKSI viimeksi kuluneen viikon aikana?
[ En lainkaan téna aikana
[J Pienen osan tasta ajasta
U Joskus
[J Melkoisen osan tasta ajasta
[ Suurimman osan tasts ajasta

] Koko ajan
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21. Olen tuntenut itseni VASYNEEKSI ja LOPPUUN KULUNEEKSI viimeksi kuluneen viikon aikana?
[ En lainkaan téna aikana

Pienen osan tasta ajasta

Joskus

Melkoisen osan tasta ajasta

Suurimman osan tasta ajasta

O o oo d

Koko ajan

22. Oletteko tuntenut itsenne "STRESSAANTUNEEKSI”, RASITTUNEEKSI tai PAINEEN ALAISEKSI

viimeksi kuluneen viikon aikana?

1 Kylld, melkein enemmaén kuin voin sietda tai kestaa
] Kylla melko lailla

] Kyllg, jonkin verran —enemman kuin tavallisesti

I Kyll&, jonkin verran — kuten tavallisesti

] Kylla, vahan

[ En lainkaan

TARKISTAKAA, ETTA OLETTE VASTANNUT KAIKKIIN KYSYMYKSIIN.

KIITOS HYVASTA YHTEISTYOSTA.
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KYSELYKAAVAKE HENKILOLLE, JOLLA ON KROONINEN MUNUAISTAUTI

Tutkimuksen tama osa sisaltaa taustatietoja ja elintapoja selvittdvia kysymyksid. Jokaisen
kysymyksen osalta rastittakaa (X) se vaihtoehto, joka parhaiten sopii Teiddan kohdallenne tai

tayttakaa vastauksenne sille varatulle viivoitukselle.

1. Pituus (cm) ja paino (kg)

2. Tuorein mittaamanne verenpainelukema (ylapaine/alapaine)

(Jos Teilla on verenpainemittari helposti kaytettavissa.)

3. Ammatti tai tyotehtava

4. Teilld todetut muut sairaudet
[ verenpainetauti
[] sepelvaltimotauti
O] sydaninfarkti
[ aivohalvaus tai muu aivoverenkiertohairié
[] syddamen vajaatoiminta
O] rytmihairidsairaus
[ astma tai keuhkoahtaumatauti
[ diabetes
L] kilpirauhassairaus
[ haavainen paksusuolentulehdus (colitis ulcerosa)
1 Crohnin tauti
[] uniapnea
[ keliakia
[ reumasairaus
1 masennus
L] syopéa

muu, mika




5. Onko teille tehty suoliston alueen leikkausta?
d kylla
O ei
Jos vastasitte kylla, tarkentakaa mita on leikattu, koska (arvio vuodesta riittaa)

ja missa (esim. TAYS).

6. Oletteko viimeisen vuoden kuluessa kadyttaneet antibioottikuurin?
d kylla
[ ei
7. Tupakoitteko?
U kylla
[ ei
Jos vastasitte kylld, vastatkaa mydés kysymyksiin 8 ja 9, muuten voitte siirtyd kysymykseen 10.
8. Kuinka pian (minuuteissa) heradttydnne poltatte ensimmaisen savukkeen?
[alle6
[16-30
[131-60
[ yli 60
9. Kuinka monta savuketta poltatte paivittain?
[ 10 tai védhemman
[111-20
[J21-30
CIyli30
10. Kuinka usein juotte olutta, viiniad tai muita alkoholijuomia? Koettakaa ottaa mukaan myos ne
kerrat, jolloin nautitte vain pienia maarid, esim. pullon keskiolutta tai tilkan viinia.
L] ei koskaan
[ noin kerran kuussa tai harvemmin
(] 2-4 kertaa kuussa
L] 2-3 kertaa viikossa

[ 4 kertaa viikossa tai useammin



11. Kuinka monta annosta alkoholia yleensa olette ottanut niina paiving, jolloin kaytitte alkoholia?
(1 1-2 annosta
[ 3-4 annosta
[ 5-6 annosta
L1 7-9 annosta
[J 10 tai enemman
12. Kuinka usein olette juonut kerralla kuusi tai useampia annoksia?
[ en koskaan
I harvemmin kuin kerran kuussa
L] kerran kuussa
[ kerran viikossa
[ paivittdin tai Iahes paivittdin
13. Kuinka monta tuntia viikossa harrastatte liikuntaa vapaa-aikananne niin, ettd hengéastytte tai
hikoilette?
[ en yhtaan
1 noin puoli tuntia
L noin tunnin
[J noin 2-3 tuntia
[ noin 4-6 tuntia
L] seitsemén tuntia tai enemman
14. Minkalaiseksi koette terveytenne nykyaan?
[ erinomainen
[ erittdin hyva
L1 hyva
[ kohtalainen

] huono



15. Koetteko munuaistautinne haittaavan paivittdista elamaanne?
[ eilainkaan
] vahan
[J kohtalaisesti
] merkittavasti
I erittdin paljon
16. Saako teihin olla yhteydessa mahdollisten jatkotutkimusten osalta?
U kylla
[ ei

KIITOS VASTAUKSESTANNE JA HYVASTA YHTEISTYOSTA.
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ABSTRACT

Background. There are no good data in the literature on the prevalence of inflammatory bowel disease (IBD) in patients with
kidney disease and we do not know whether IBD affects the course of kidney disease or if the type of IBD is an influential
factor. The aim of this study was to evaluate the prevalence of IBD among patients who have undergone renal biopsies due
to clinical indications and to elucidate whether the presence of IBD influences renal and patient outcomes.

Methods. We collected retrospective data on concomitant diseases, especially IBD, from adult patients undergoing renal biopsy
for any clinical indication between 2000 and 2012 at Tampere University Hospital, Tampere, Finland. Information was
systematically collected on the activity of IBD, medication for IBD, surgery performed for IBD and markers of kidney function.

Results. Of the 819 patients biopsied, 35 (4.3%) had IBD. The prevalence of IBD was 13.3 and 4.6% in patients with
tubulointerstitial nephritis (TIN) and immunoglobulin A nephropathy (IgAN), respectively. In comparison, the prevalence of
IBD in the Finnish population is 0.6%. Ulcerative colitis and Crohn’s disease were equally represented. The presence of IBD
showed no impact on renal and patient outcomes.

Conclusions. IBD should not be overlooked in patients undergoing renal biopsies, especially those diagnosed with TIN or
IgAN. The renal findings did not associate with the activity of intestinal inflammation. Whether a concomitant IBD truly
affects the course of chronic kidney disease should be examined in further studies.
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INTRODUCTION

Many publications have raised our awareness of the relation-
ship between kidney diseases and increased intestinal perme-
ability. Chronic kidney disease (CKD), and especially uraemia,
alters the intestinal barrier and microbiome. The loss of the
ability to prevent the influx of microbial toxins and other harm-
ful products leads to local and systemic inflammation, which
can further promote deterioration in kidney function [1-3]. This
phenomenon probably promotes cardiovascular diseases as
well, which are one of the leading causes of death in patients
with end-stage renal disease (ESRD) [4]. Interestingly, intestinal
permeability seems to be already increased in the earlier stages
of CKD [5]. The linkage between the most common primary glo-
merulopathy [6], immunoglobulin A nephropathy (IgAN) and
the mucosa is well known [7, 8]. Genome-wide association stud-
ies (GWASs) in patients with IgAN have identified risk loci in
the genes involved in intestinal mucosa integrity and the im-
mune network [9]. In one recent study, patients with IgAN who
had persistent proteinuria were treated with targeted-release
enteric budesonide, which resulted in a significant reduction in
proteinuria [10].

Inflammatory bowel diseases (IBDs), including ulcerative co-
litis (UC) and Crohn’s disease (CD), are increasingly common
chronic inflammatory disorders of the gastrointestinal tract: the
prevalence of IBD is currently 0.2-0.7% in Western countries
[11-14]. Inflammation affects the large intestine and rectum in
UC [15], whereas inflammation and progressive bowel damage
can be present in any part of the intestine in CD [16]. A third en-
tity is unclassified IBD (IBDU), in which inflammation of the in-
testine with chronic colitis is present but no characteristic
histological signs of UC or CD are found [11]. IBD requires life-
long management. Renal damage in patients using 5-aminosali-
cylic acid (5-ASA) medication is a rare but well-documented
complication [17-20]. IBD is not restricted to the gastrointestinal
tract; 6-47% of sufferers also experience extraintestinal mani-
festations (EIMs) [21, 22]. The organs most commonly affected
include the skin, eyes, joints and biliary tract [21]. The preva-
lence of renal or urinary manifestations can be as high as 20%,
and they are largely explained by urological complications such
as nephrolithiasis [23, 24]. Renal diseases in conjunction with IBD
have been the subjects of primarily case reports [25, 26], and only
a few register-based case series have been published [27, 28].

The aims of this study were to evaluate the prevalence of
IBD among patients who have undergone renal biopsies due to
clinical indications and to elucidate whether the presence of
IBD has an influence on renal and patient outcomes.

MATERIALS AND METHODS
Patients and study design

The study cohort comprised 824 consecutive patients >16 years
of age who had undergone a renal biopsy due to clinical indica-
tions at the Division of Nephrology at Tampere University
Hospital (TAUH), Tampere, Finland, between January 2000 and
December 2012. The data were missing in five patients, giving
the study population of 819 patients. All patients included in
the study provided written informed consent. If the same pa-
tient was biopsied twice during the study period, then the first
diagnostic biopsy was included in the study. Renal biopsy speci-
mens were taken and processed using standard methods as de-
scribed earlier [29]. All specimens were studied with light and
immunofluorescence microscopy by two renal pathologists.

The indications for renal biopsies were classified into three
groups: (i) abnormal urinary finding, including focal nephritic
syndrome (haematuria and daily urinary protein excretion
<1.5¢g), diffuse nephritic syndrome (haematuria and daily uri-
nary protein excretion >1.5g), nephrotic syndrome (daily uri-
nary protein excretion >3.5g without haematuria), proteinuria
(daily urinary protein excretion 0.3-3.5 g without haematuria)
and haematuria (daily urinary protein excretion <0.3 g); (ii) renal
insufficiency (elevated creatinine level) and (iii) any other indi-
cation. Based on the histopathological findings of the renal bi-
opsy specimens, five groups were categorized: glomerular
diseases, tubulointerstitial diseases, vascular diseases, other
findings (e.g. cystic and congenital diseases) and no glomeruli
(inadequate sample) [30]. Patients were divided into two groups
based on whether they were diagnosed with IBD or not.

Clinical data on kidney disease

The histories of all 819 patients were retrospectively collected
from the medical records of TAUH between 2014 and 2016 [8].
Plasma creatinine concentration, quantitative 24-h urinary pro-
tein excretion and haematuria data were gathered from medical
records at the time of the renal biopsy and the most recent
follow-up. The urine dipstick test for haematuria was dichoto-
mized as negative (values 0 or +) or positive (++ or +++).
Estimated glomerular filtration rate (eGFR) was defined using the
Chronic Kidney Disease Epidemiology Collaboration equation
[30]. The annual change in eGFR was calculated by dividing the
difference between the final and baseline values of eGFR by the
number of years of follow-up. Only patients followed up for >1
year after the renal biopsy with preserved kidney function (no
transplantation or chronic dialysis started during follow-up)
were included in the calculations of kidney function at the most
recent follow-up. Furthermore, data on chronic dialysis treat-
ment or renal transplantation during follow-up were recorded
and collectively called ESRD. The follow-up for individual
patients was concluded at the last office visit or the last reliable
set of laboratory results, whichever was closer to the time of data
collection.

Clinical data on IBD

Information regarding other diagnosed diseases, including IBD,
was collected systematically. The EIMs comprised diseases of
organs commonly accepted to be involved in IBD—diseases of
the joints, eyes, skin, liver, biliary tract and urinary tract—as well
as thrombotic events. Detailed data on IBD activity, medication,
location, surgery and EIMs were collected. The immunomodula-
tory medications for IBD included azathioprine, methotrexate,
glucocorticoids or tumour necrosis factor (TNF) inhibitors. IBD
flare-up was defined as the need for systemic glucocorticoid
medication equivalent to >30mg of prednisolone. The site of IBD
was determined by means of endoscopy or gastrointestinal im-
aging (e.g. enteric magnetic resonance imaging) reports and
grouped into five different categories as follows: proctitis, left-
sided colitis (including proctosigmoiditis), pancolitis/ileocolonic,
small intestinal (no colonic affliction) and unknown. Abdominal
surgery denoted any surgical procedure to the intestine (includ-
ing appendectomy); operations on abdominal fistulas, strictures,
hernias or abscesses and cholecystectomy.

Statistical methods

The data are presented as medians and ranges for continuous
variables and numbers and percentages for categorical
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Table 1. Basic characteristics of patients undergoing renal biopsy, indications for renal biopsies and renal biopsy findings
Patients with IBD Patients without
(n=35) IBD (n=784)
P-value
n % n %
Male 20 57.1 491 62.6 0.593
Age, median (range), years 49 (18-76) 59 (16-85) 0.026
Weight, median (range), kg* 71 (46-112) 81 (23-150) 0.022
Height, median (range), cm® 172 (160-187) 173 (120-198)
Indications for renal biopsies 0.285
Abnormal urinary finding® 22 62.9 586 74.7
Renal insufficiency 12 34.3 185 23.6
Other causes 1 2.9 13 1.7
Renal biopsy findings 0.026
Glomerular diseases 17 48.6 556 70.9
Tubulointerstitial diseases 10 28.6 98 125
Vascular diseases 1 2.9 18 2.3
Other findings 7 20.0 98 125
Inadequate sample 0 0 14 1.8
Previous kidney transplantation 2 5.7 56 71 0.747
Number of subjects available: 2453, %639. “Focal nephritic syndrome, diffuse nephritic syndrome, nephrotic syndrome, proteinuria, haematuria.
variables. Groups were compared using the chi-square test, Table 2. Renal biopsy findings in 35 patients with IBD
Fisher’s exact test, independent t-test or Mann-Whitney U-test,
as appropriate. Survival (ESRD as event) was determined using Diagnosis n
Kaplan-Meier curves and differences between IBD (yes/no) were Glomerular diseases
compared by log-rank test. Univariate and multivariable analy- IgA GN 7
ses (adjusted for age, gender and presence of IBD) were per- Membranous GN 2
formed using Cox proportional hazards regression. Hazard IgM GN 2
ratios and their 95% confidence intervals are given. All tests Extracapillary GN 1
were two-sided and P < 0.05 was considered statistically signifi- Mesangial, proliferative GN 1
cant. All statistical testing was performed using SPSS version Mesangial, sclerosing GN 1
25.0 (IBM, Armonk, NY, USA). Focal segmental glomerulosclerosis 1
Glomerulosclerosis, NOS 1
Amyloid nephropathy 1
Ethical consideration Tubulointerstitial diseases
The study protocol was approved by the Ethics Committee of Acute TIN 4
. . . : . : Chronic TIN 4
Tampere University Hospital. All subjects gave written informed
. . Myeloma cast nephropathy 1
consent at the time of the renal biopsy. .
Acute tubular necrosis 1
Vascular diseases
Arteriosclerosis (hyalinic) 1
RESULTS Other findings
Patient characteristics, renal biopsy findings and the Normal finding 3
prevalence of IBD Morphologic description only 2
Chronic cellular graft rejection 2

Twenty-eight (3.4%) of 819 patients had IBD at the time of renal
biopsy and an additional 7 patients were diagnosed with IBD dur-
ing the follow-up. Therefore a total of 35 (4.3%) patients had IBD
(Table 1). The patients with IBD were younger than the patients
without IBD. There were no differences in indications for renal bi-
opsy between the patients with and without IBD (Table 1).

The most common renal biopsy finding in the patients with
IBD was acute (four patients) or chronic (four patients) tubuloin-
terstitial nephritis (TIN). Altogether, 22.9% of the patients with
IBD presented with TIN, while 7 patients (20.0%) had IgAN. Ten
patients had glomerular diseases other than IgAN, two patients
had tubulointerstitial diseases other than TIN and eight
patients had findings categorized as vascular diseases or other
renal findings (Table 2). Tubulointerstitial diseases were more
often found in the patients with IBD when compared with
patients without IBD (28.6 versus 12.5%; P=0.017) and glomeru-
lar diseases dominated in the patients without IBD when

NOS, not otherwise specified.

compared with patients with IBD (70.9 versus 48.6%; P =0.007).
Among the patients without IBD, TIN was diagnosed in 6.7%
and IgAN in 18.4% of patients. Overall, the prevalence of IBD in
the patients with TIN was 13.3%. Seven of 151 patients (4.6%)
with IgAN had IBD compared with 8 of 308 patients (2.6%) with a
glomerular disease other than IgAN (P =0.164).

Patients with IBD and TIN were almost exclusively women
(seven of eight patients), while no sex difference was found in
patients with TIN and with no IBD (female 50.0%). Patients with
a glomerular disease (including IgAN) and IBD were predomi-
nantly male [14/17 patients (82.4%)]. A preponderance of males
was also found in patients with glomerular disease and no IBD
[344/556 patients (61.9%)].
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Table 3. Renal function at the time of renal biopsy and at the latest follow-up

Patients with IBD (n=35), Patients without IBD (n=784), P-value
median (range) median (range)
Atrenal biopsy
Plasma creatinine (umol/L) 133 (56-671) 123 (17-1776) 0.921
eGFR® (mL/min/1.73 m? 44 (6-130) 51(2-172) 0.711
24-h urinary protein excretion (g/day)® 0.8 (0.1-6.4) 1.5(0.1-24.2) 0.040
Haematuria, n (%)° 12 (37.5) 346 (46.9) 0.366
At the latest follow-up
Duration of follow-up (months) 59 (0-178) 66 (0-183) 0.619
Plasma creatinine (umol/L)*¢ 90 (49-276) 104 (11-1013) 0.137
€GFR (mL/min/1.73 m?)d¢ 78 (19-117) 57 (4-197) 0.118
Annual change of eGFR (mL/min/1.73 m?%/year)®! 0 (~11-35) -1 (~84-70) 0.086

%eGFR was calculated by the Chronic Kidney Disease Epidemiology Collaboration equation. Number of subjects available:

b621;
769;

dexcluded if treated with dialysis, had received renal transplantation during the follow-up or the follow-up had lasted <12 months;

€567,
f552.

Renal outcomes

The median follow-up time was 59 months in patients with IBD
and 66 months in patients without IBD. There was no difference
between the groups in eGFR at the time of renal biopsy or at the
most recent follow-up. Patients with IBD had significantly lesser
amounts of proteinuria at the time of renal biopsy (Table 3). The
24-h urinary protein excretion was quantitated in 26 of 35
patients with IBD. Of these, nine (34.6%) were using immuno-
modulatory medication at the time of renal biopsy. Yet the
amount of proteinuria did not differ between those who were
on immunomodulatory medication and those who were not
(median of the 24-h excretion 0.8 and 0.9g, respectively;
P =0.833). Two patients with IBD (5.7%) and 142 patients without
IBD (18.1%) progressed to ESRD (P =0.068). In Figure 1, a Kaplan—
Meier curve shows the difference between patients with and
without IBD and the occurrence of ESRD. We also performed
Cox logistic regression analysis to determine the risk factors for
ESRD (Table 4). Male gender was found to be a strong and inde-
pendent predictor of ESRD, but the presence of IBD did not asso-
ciate with the risk for ESRD.

Phenotypes of IBD

Altogether, there were 14 cases of CD, 14 cases of UC and 7 cases
of IBDU. Neither CD nor UC seemed to dominate in the different
renal findings for TIN (three CD, four UC and one IBDU), IgAN
(four CD and three UC) or other GD (four CD, four UC and two
IBDU). All patients with TIN had a previous diagnosis of IBD and
all of them used or had prior use of 5-ASA medication at the
time of renal biopsy. Similarly, patients with glomerular dis-
eases who had a diagnosis of IBD at the time of renal biopsy (13
patients) all had a history of 5-ASA medication. Altogether,
37.1% of the patients with IBD were taking either steroid or
other immunomodulatory medication (azathioprine, metho-
trexate or TNF inhibitor) at the time of the renal biopsy. In terms
of inflammatory activity, one-quarter (7/28) of the patients with
previous IBD had a flare-up of IBD during the year preceding the
renal biopsy.

Diffuse intestinal inflammation (pancolitis or ileocolonic)
was the most common (54.2%) location of IBD, irrespective of
the renal finding. Nine of 35 (25.7%) patients had undergone ab-
dominal surgery. Most of the patients with IgAN and IBD had an
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No IBD 783 495 309 181 77 5

FIGURE 1: Kaplan-Meier survival curves for 35 patients with IBD and 783
patients with no IBD for progression to ESRD (log-rank P = 0.086).

EIM (71.4%), while just 12.5% of the patients with TIN and 20.0%
of the patients with other glomerular diseases had an EIM.

DISCUSSION

This study showed the prevalence of IBD among people under-
going renal biopsy to be as high as 3.4%; during the follow-up,
the prevalence of diagnosed IBD was further elevated to 4.3%.
As the pathogenesis of diseases can presumably take a variable
number of years before clinical symptoms arise and the spec-
trum of symptoms of both renal diseases and IBD is wide, a
clear determination cannot be made as to whether renal disease
or IBD preceded the other in individual patients.

The prevalence of IBD in our study was large compared with
that found (0.2%) in a previous study by Ambruzs et al. [27]. The
major difference in the prevalence of IBD in these two studies is
most likely explained by differences in study designs. Between
1986 and 2008, the prevalence of IBD has increased from 0.2 to
0.6% in Finland [11, 12]. There are few published prevalence



Table 4. Univariate and multivariable Cox regression analysis of risk
factors for ESRD among 819 patients who underwent renal biopsy
due to clinical indication

Univariate Multivariable
HR (95% CI)  P-value  HR (95% CI) P-value
Age 1.01(1.00-1.02) 0010  1.01 (1.00-1.02) 0.024
Male gender 1.71(1.19-2.47) 0.004  1.66 (1.15-2.40) 0.007
IBD 0.31(0.08-1.27) 0.104  0.34(0.08-1.36) 0.126

rates of IBD globally, but they seem to vary from 0.2 to 0.7% [11,
13, 14]. Thus the prevalence of IBD in the present cohort of
patients who had a clinical indication for the renal biopsy was
approximately 7-fold compared with that in the general
population.

The prevalences of IBD in patients with TIN and IgAN were as
high as 13.3 and 4.6%, respectively. This is about 20- and 8-fold
the IBD prevalence in the general population, respectively. In pre-
vious studies, the prevalence of IBD in IgAN patients has varied
from 0.7 to 1.6% [27, 31, 32]. To our knowledge, the prevalence of
IBD in patients with TIN has not been published before. There is
no way to differentiate patients in this cohort for whom TIN was
related to 5-ASA medication, as all the patients with TIN had an
ongoing or previous history of 5-ASA use. Thus the high preva-
lence of IBD in patients with TIN might have been related to 5-
ASA medication even though the correlation of 5-ASA to TIN has
remained controversial in the literature [18, 20, 33]. In general,
patients without IBD had greater amounts of proteinuria at the
time of renal biopsy, a finding that most likely is explained by
the dominance of glomerular diseases in patients without IBD.
The preponderance of the female gender in patients with IBD
and TIN was noteworthy, but the small number of patients with
both IBD and TIN might have influenced the results. The finding
of a male majority in patients with glomerulonephritis (GN) in
general has been noted in earlier publications [34, 35] and re-
cently in patients with IBD and GN as well [28]. Patient cases of
TIN and IBD have not shown female dominance [33, 36, 37].

The connection between IgAN and intestinal inflammation
is clearly recognized [7]. The HLA-DR1 allele for IgAN and the
HLA-DR1/DQwS5 allele for CD have led to a theory of a common
genetic basis for both diseases [24]. GWASs in patients with
IgAN have identified risk loci in genes involved in intestinal mu-
cosal integrity and the immune network. Some of the risk
alleles for IgAN are also associated with the risk for IBD [9]. The
number of inflammatory cells in the intestinal mucosa in-
creased in patients with GN [38-40]. However, no previous publi-
cation has shown such a high prevalence of IBD in patients with
IgAN.

Previously, more than half of the patients with IgAN have
presented with various other parallel diseases [31, 32]. No pub-
lished data exist on the incidence of IBD and IgAN in association
with a third disease entity, but patient cases of such triads have
been published [41-43], as has one recent case series [28]. In our
cohort, 71% of patients with IBD and IgAN had another EIM.

Male gender presented as a risk factor for ESRD. This finding
is in line with previous publications [44, 45]. IBD was not related
to an elevated risk for ESRD. The impression that the activity of
IBD affects renal disease can arise when reading published pa-
tient cases [46-48]. Defining the activity of the disease in a retro-
spective manner is rather inaccurate. We can assume, based on
the data shown, that the patients in the present study did not
represent particularly difficult cases of colitis. Fewer than half
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of the patients with a previous diagnosis of IBD either had a
flare-up during the preceding year before the kidney biopsy or
were on an immunomodulatory medication at the time of the
renal biopsy. Nevertheless, more than half had no clinical sign
of active intestinal inflammation, and when the total popula-
tion of 35 patients with IBD was evaluated, about one-third of
the patients with IBD had intestinal inflammatory activity at
the time of the renal biopsy. A quarter of the patients with IBD
had undergone abdominal surgery at any given time point, ei-
ther before or after the kidney biopsy. No clear difference was
noticed in the concomitance of renal disease and IBD, as CD and
UC were equally represented. In a recent letter published by
Hungarian researchers, the few cases of GN found in patients
with IBD were more often in conjunction with CD [28].

The renal biopsies in this study were taken at one centre and
analysed by two renal pathologists. The unifying indications for
renal biopsies as well as the interpretation of the renal samples
are the strengths in the present study. Patients with renal dis-
eases in our university hospital district are mostly followed up
and treated in the nephrology unit of the university hospital. In
a similar way, most of the patients with active IBD are followed-
up by the university hospital. Thus we have been able to collect
real-life data with long follow-up times. Due to the retrospective
nature of the study, some of the information collected may be
inaccurate or insufficient. Another obvious limitation is that
some of the patients with no diagnosed IBD might have had
clinically silent IBD, but the number of such patients presum-
ably would be low and would not affect the results of the study.

To conclude, our study showed a remarkable prevalence of
IBD in patients undergoing renal biopsy for any clinical indica-
tion. IBD should be kept in mind when the renal biopsy finding is
either TIN or IgAN. A lack of obvious gastrointestinal symptoms
does not necessarily indicate the absence of IBD, as more than
half of the patients biopsied were asymptomatic at the time of bi-
opsy. We do not yet know whether the coexistence of IBD and
CKD results in one influencing the other. This cohort was too
small to show either the benefit or disadvantage of IBD for CKD
even though patients with IBD did well when compared with
patients without IBD. Thus further studies are needed to exam-
ine the significance of concomitant IBD in patients with CKD.
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Abstract

Introduction: IgA nephropathy (IgAN) has been connected
with increased intestinal permeability and subclinical intes-
tinal mucosal inflammation as well as with inflammatory
bowel disease (IBD) and celiac disease — nevertheless, the
results are controversial. The prevalence of bowel diseases
has increased over time in Western populations. Whether
similar trend is seen among IgAN patients remains obscure.
Our aim was to study the prevalence of IBD and celiac dis-
ease in IgAN patients over time. Methods: The study cohort
consisted of altogether 629 patients with newly diagnosed
IgAN during years 1976-2012. Data on diagnosis of IBD and
celiac disease were retrospectively collected from medical
records. Further, to detect unrecognized celiac disease, IgA-
class tissue transglutaminase antibodies (tTGA) were mea-
sured from serum samples taken at the time of kidney bi-
opsy during years 1980-2012 (defined as screen-detected
celiac disease autoimmunity). Results: The prevalence of IBD
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among IgAN patients increased over time from 0 to 4.4%,
while the prevalence of clinically diagnosed celiac disease
decreased from 2.6 to 0.6%. Moreover, the number of screen-
detected tTGA-positive cases decreased from the 1980s to
the 21st century (2.8-0.7%). Conclusion: The prevalence of
IBD increased over time in IgAN patients, which exceeds the
prevalence of 0.6% in Finnish general population. In parallel,
the prevalence of celiac disease and screen-detected celiac
disease autoimmunity decreased over time. The coexistence
of IBD and IgAN is not negligible. Whether this finding is
caused by the increase in the prevalence of IBD in the popu-
lation or shared pathophysiology between IgAN and IBD re-
mains a matter of further studies. ©2020 S. Karger AG, Basel

Introduction

IgA nephropathy (IgAN) is the most common pri-
mary chronic glomerular disease in the world. It is de-
fined by the predominance of galactose-deficient IgAl
deposits in the mesangium of the glomeruli [1]. Abnor-
malities of the gastrointestinal mucosa have been sug-
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gested to play a role in the pathogenesis of IgAN [2, 3].
According to the literature, IgAN is associated with sub-
clinical small bowel mucosal inflammation and intesti-
nal hyperpermeability [4, 5]. This kind of hyperperme-
ability might lead to increased exposure to immunogen-
icdietary antigens and abreakdown of immune tolerance
[2]. Current data suggest systemic response to an anti-
gen challenge and dysregulation of IgA immune re-
sponses, which result in the appearance of pathogenic
IgAl in the serum and the formation of mesangial de-
posits in IgAN [2, 3, 6].

Some studies have suggested that IgAN could be con-
nected with bowel diseases, including Crohn’s disease, ul-
cerative colitis, and celiac disease — nevertheless, there is
still a great deal of controversy in this field [2, 6, 7].
Crohn’s disease and ulcerative colitis, defined as inflam-
matory bowel disease (IBD), are characterized by an im-
mune-mediated inflammatory response in genetically
predisposed individuals [8]. The incidence and preva-
lence of IBD have been increasing over time, and the cur-
rent prevalence of IBD has been reported to be 0.6% in
Finland [9, 10]. The studies concerning the association
between IgAN and IBD have been mainly case reports
and case series [11-14]. When IBD is associated with re-
nal problems and a kidney biopsy is needed, surprisingly
high proportion of patients with IBD are found to have
concomitant IgAN [15]. Interestingly, some studies have
also shown improvement of renal function after remis-
sion of bowel disease [11, 12].

Celiac disease is a chronic enteropathy in the small in-
testine which develops from an autoimmune response to
dietary gluten in genetically predisposed individuals [16].
On exposure to gluten, small bowel plasma cells produce
IgA-class antibodies for the tissue transglutaminase
(tTGA) which are currently a hallmark of celiac disease
[16, 17]. Application of these highly specific serological
tests has led to increased recognition of celiac disease and
enabled the estimation of the true prevalence of the dis-
order [18, 19]. According to screening studies, the true
prevalence of celiac disease is around 1-2% in Europe,
whereas the prevalence of clinically diagnosed cases re-
mains around 0.7% at the most [18-20]. The incidence of
celiac disease is increasing, as in IBD, due to the more ef-
fective detection of the disease and a true rise in preva-
lence [9, 19, 21]. Previous studies suggest that celiac dis-
ease is overrepresented in patients with IgAN even though
the results have been inconclusive [22-25]. Of note, some
of the reports have suggested that IgAN might improve
on gluten-free diet, which is the gold standard treatment
for celiac disease [17, 26, 27].
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The increasing prevalence of IBD and celiac disease in
the general population over time has been recognized [10,
19]. However it is not known whether a similar trend is
seen in patients with IgAN. Therefore, we determined in
a well-defined cohort whether the prevalence of clinically
diagnosed IBD and celiac disease, as well as screen-de-
tected celiac disease autoimmunity, has changed over the
last decades in patients with IgAN.

Materials and Methods

Patients and Study Design

The study cohort consisted of 629 patients with a new diag-
nosis of IgAN during the years 1976-2012. The study population
was divided into groups according to the decade of the diagnosis
of IgAN (years 1976-1979, 1980-1989, 1990-1999, and 2000-
2012). There was no access to the medical records of 77 patients
diagnosed from 1976 to 1979. However, the data on the diagnosis
of IBD and celiac disease among these patients were available
from our previous report [28]. Altogether 552 patients (age 216
years) were diagnosed between 1980 and 2012, the data of whom
were collected systematically at Tampere University Hospital,
Finland. Serum samples of the patients diagnosed from 1980 on-
wards were available for the analyses of the tTGA levels. Serum
was separated by centrifugation at 1,500 g for 10 min and subse-
quently frozen and stored at —80°C until analyzed for tTGA. Pos-
itivity for tTGA was defined as having screen-detected celiac dis-
ease autoimmunity. Clinically detected celiac disease patients
were not included in the group of patients with celiac disease
autoimmunity.

The kidney biopsy specimens were taken and processed by
standard methods, as earlier described [29]. The consent for the
study and blood samples were taken at the time of kidney biopsy.
If the same patient was biopsied twice during the study period,
the 1st diagnostic biopsy was included in the study. Data on pre-
vious diagnoses of IBD and celiac disease were collected, and the
prevalence rates of IBD, celiac disease, and screen-detected celiac
disease autoimmunity in patients with IgAN were calculated and
presented separately for each decade and compared to the gen-
eral prevalence rates of bowel diseases in Finland [10, 19, 20].

Clinical Data

The clinical data of 552 IgAN patients diagnosed from 1980
to 2012 were systemically collected and analyzed from medical
records with the same principles by 2 investigators during years
2014-2018 at Tampere University Hospital. Plasma creatinine,
daily urinary protein excretion, and data on hematuria and pro-
teinuria were gathered from patient records at the time of biopsy.
Estimated glomerular filtration rate was defined using the Chron-
ic Kidney Disease Epidemiology Collaboration equation [30].
Additionally, data on comorbidities including type 1 and 2 dia-
betes mellitus, hypertension, and hypercholesterolemia were col-
lected.

The referral letters and the pathology reports of the kidney
samples were reread and structurally categorized [25]. The indi-
cations for kidney biopsy were classified in a hierarchical order
(1>2>3>4>5>6) as follows: (1) renal insufficiency: the pres-
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Table 1. Main clinical characteristics of 552 patients with IgAN from 1980 to 2012 at the time of kidney biopsy

All, n =552 1980-1989, n =241 1990-1999, n =150 2000-2012,n =161 p value

Indications for biopsy,*n (%) <0.001

Renal insufficiency 23 (4.2) 5(2.1) 7 (4.7) 11 (6.8)

Nephritic syndrome 141 (25.5) 34 (14.1) 52 (34.7) 55 (34.2)

Proteinuria and hematuria 233 (42.2) 108 (44.8) 59 (39.3) 66 (41.0)

Nephrotic syndrome 21(3.8) 10 (4.1) 6 (4.0) 5(3.1)

Proteinuria 46 (8.3) 28 (11.6) 8(5.3) 10 (6.2)

Hematuria alone 86 (15.6) 54 (22.4) 18 (12.0) 14 (8.7)

Other causes 2(0.4) 2(0.8) 0(0) 0(0)
Female, n (%) 186 (33.7) 84 (34.9) 51 (34.0) 51 (31.7) 0.801
Age, median (range), years 42 (16-80) 41 (16-77) 41 (17-79) 45 (16-80) 0.060
P-creatinine, median (range), pmol/L 97 (19-1,541) 96 (62-880) 94 (43-898) 101 (19-1,541) 0.916
eGFR, median (range), mL/min/1.73 m? 78 (3-138) 79 (5-131) 78 (3-133) 73 (3-138) 0.424
Urinary protein excretion rate, median (range), g/day 0.75 (0.02-18.0) 0.59 (0.02-11.0) 0.73 (0.05-18.0) 1.2 (0.07-12.9) <0.001
Proteinuria, n (%) <0.001

0/+ 191 (61.0) 59 (76.6) 57 (66.3) 75 (50.0)

++/+++ 122 (39.0) 18 (23.4) 29 (33.7) 75 (50.0)
Hematuria, n (%) <0.001

0/+ 89 (29.6) 44 (57.9) 16 (21.3) 29 (19.3)

PRy 212 (70.4) 32 (42.1) 59 (78.7) 121 (80.7)
Duration of follow-up, median (range), years 14 (0-37) 24 (0-37) 17 (0-27) 8 (0-15) <0.001

Variables from the available data. IgAN, IgA nephropathy. ® More details in methods and in reference [29].

ence of renal insufficiency stated by the clinician as the cause of
a biopsy irrespective of renal findings, (2) nephritic syndrome:
proteinuria >1.5 g/24 h or dipstick urinary albumin ++/+++ and
either red cell casts or urinary erythrocytes (dipstick ++ or +++),
(3) proteinuria and hematuria: proteinuria <1.5 g/24 h or dip-
stick urinary albumin + and either red cell casts or urinary eryth-
rocytes (dipstick +), (4) nephrotic syndrome: proteinuria >3.5
¢/24 h or dipstick urinary albumin +++ and no hematuria, (5)
proteinuria: proteinuria <3.5 g/24 h or dipstick urinary albumin
+/++ and no hematuria, (6) hematuria alone: urinary erythro-
cytes either by dipstick test (+, ++, and +++) or microscopy.

Defining Screen-Detected Celiac Disease Autoimmunity

Available 484 stored serum samples were investigated for se-
rum IgA-class tTGA by ELISA according to the manufacturer’s
instructions (Celikey®; Phadia, GmbH, Freiburg, Germany). All
analyses were carried out blinded to the knowledge of the clinical
information in an SFS-EN ISO 1589:2013 accredited clinical
chemistry laboratory. Values >7.0 U were defined as screen-de-
tected celiac disease autoimmunity. tTGA values from 3.1 to 7.0
U were regarded as low positive [31].

Statistical Methods

Quantitative data were expressed as medians and ranges. Sta-
tistical differences were evaluated by using the Kruskal-Wallis
test and the x? test. A p value <0.05 was considered statistically
significant. All statistical testing was performed using SPSS ver-
sion 23.0 (IBM Corp. Released 2013. IBM SPSS Statistics for Win-
dows, Version 23.0. Armonk, NY, USA).
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Results

Of the 629 IgAN patients, clinical characteristics were
analyzed in altogether 552 patients who were biopsied in
1980 or after (34% female, median age 42 years, range
16-80 years) (Table 1). Additionally, type 1 and type 2
diabetes were reported in 0.4 and 17% of patients, respec-
tively. Altogether 64% of patients suffered from hyper-
tension and 33% from hyperlipidemia.

The most common indication for kidney biopsy was
proteinuria and hematuria (42%) (Table 1). The indica-
tions for kidney biopsy changed over time. Hematuria
alone was more often an indication for biopsy in the
1980s when compared with later decades (22.4, 12.0, and
8.7%, p < 0.001). The patients whose IgAN was diagnosed
during years 2000-2012 had more proteinuria at the time
of the kidney biopsy than the patients whose biopsy was
taken in the earlier decades (Table 1).

None of the IgAN patients suffered from IBD in the
1970s (Table 2). The prevalence of IBD increased over
time from 2.0 to 4.4% between years 1980 and 2012. The
prevalence of IBD did not differ between the patients who
had proteinuria (dipstick urinary albumin ++/+++) at the
time of biopsy and who did not (data not shown). The
prevalence of clinically detected celiac disease did not
show significant changes during the decades 1970s and

Nurmi/Pohjonen/Metso/Porsti/Niemela/
Huhtala/Mustonen/Kaukinen/Mikeld



Table 2. The prevalence rates of the bowel diseases® in patients with IgAN

IgAN, IBD, n (%) Celiac disease, 1 (%) Screen-detected celiac disease
n autoimmunity, 7 (%)
prevalence prevalence prevalence prevalence prevalence prevalence
in IgAN in Finland® in IgAN in Finland® in IgAN in Finland®
1976-79® 77 0(0) No data 2(2.6) (0.03) No data (1.0)
1980-89 241 4/205 (2.0) (0.2) 6/208 (2.9) No data 6/215 (2.8) No data
1990-99 150 4/148 (2.7) (0.4) 1/148 (0.7) (0.3) 0/124 (0) No data
2000-12 161 7/160 (4.4) (0.6) 1/160 (0.6) (0.5-0.7) 1/145 (0.7) (1.5)

IgAN, IgA nephropathy; IBD, inflammatory bowel disease. * Bowel diseases include IBD, celiac disease, and screen-detected celiac
disease autoimmunity. b Ref. [28]. € Reference data from [10, 19, 20, 51, 52].

1980s (2.6 and 2.9%, respectively); however, in the 1990s
and afterward, the rates decreased to 0.6%. The preva-
lence of screen-detected celiac disease autoimmunity was
2.8% in the 1980s and decreased thereafter (0-0.7%) (Ta-
ble 2). For comparison, the prevalence rates of the bowel
diseases in the Finnish general population are presented
in Table 2. Low positive tTGA values ranging from 3.1 to
7.0 U were found in 10 patients (4.7%) in the 1980s, in 1
patient (0.8%) in the 1990s, and in 10 patients (6.9%) dur-
ing the years 2000-2012.

Among the 552 patients biopsied in 1980 or later, one
of the patients was diagnosed with celiac disease before
the kidney biopsy, 2 patients at the same episode of care,
and 3 patients after the kidney biopsy (2, 8, and 2 years).
The exact time of diagnosing celiac disease was not known
in 2 patients. Respectively, 10 patients had been diag-
nosed for IBD before the kidney biopsy and 5 patients
thereafter (10, 16, 17, 5, and 12 years).

Discussion

The prevalence of IBD is increasing with time in pop-
ulations of the Western countries [9]. The rising preva-
lence has been explained by modern lifestyle, dietary hab-
its, widespread use of antibiotics, diminishing parasite
infections, and improved diagnostics of IBD [32]. In the
present study, the prevalence of IBD in patients with
IgAN was 7-fold higher than that in the Finnish general
population and 5.5-fold when compared with British na-
tionwide rates [10, 33].

There were some changes over time in clinical prac-
tices regarding when to obtain a kidney biopsy: hematuria
alone was more often an indication for biopsy in the
1980s when compared with later decades [29]. The high-

IgA Nephropathy and Bowel Diseases

er urinary protein excretion rate during years 2000-2012
when compared with previous years reflects the same
shift in the biopsy indications. In the present study co-
hort, however, no difference in the prevalence of IBD was
found in patients who had proteinuria at the time of kid-
ney biopsy compared to patients without proteinuria.
Thus, the rising prevalence of IBD in patients with IgAN
over time cannot be explained by the changes in biopsy
indications.

The rising prevalence of IBD among IgAN patients can
be logically explained by biological terms. Currently, the
gut-kidney axis in IgAN is under active research. It seems
that gut microbiota, dysregulated intestinal mucosal im-
munity, genetics, and dietary factors have an influence on
inducing intestinal immune responses and favoring the
development of IgAN [34]. Previous genome-wide asso-
ciation studies have suggested a shared genetic back-
ground of IgAN and IBD while genetic risk loci involved
in IgAN have been shown to be associated with IBD [35].
Besides, a case-control association study by Shi et al. [36]
discovered a shared susceptibility gene between IgAN
and IBD, which may be linked with the predisposition to
IgAN. Some studies have suggested that human leukocyte
antigen (HLA)-DRI1, abnormal T-helper lymphocytes,
and cytokine IL-17 are common factors providing a link
between IBD and IgAN [37-41]. However, the patho-
physiological link between IBD and IgAN remains a mat-
ter of debate [37].

Like in the case of IBD, a real increase in the incidence
and prevalence of celiac disease has been shown in Fin-
land and globally [19, 42]. Surprisingly, in this study co-
hort, the prevalence of clinically detected celiac disease
and screen-detected celiac disease autoimmunity de-
creased among patients with IgAN during the last de-
cades. Intriguingly, the same phenomenon is seen in the

Nephron 2021;145:78-84 81
DOI: 10.1159/000511555



incidence and prevalence rates of dermatitis herpetifor-
mis, one of the most well-known extraintestinal pheno-
types of celiac disease [43, 44]. It has been hypothesized
that dermatitis herpetiformis might be a consequence of
undiagnosed and untreated celiac disease. Hence, screen-
ing and finding celiac disease earlier and starting the
treatment in the early stage might prevent the skin mani-
festation of celiac disease from developing [43, 44]. This
kind of theory might apply for the decreasing prevalence
of celiac disease among IgAN patients - it has been previ-
ously suggested that when possible celiac disease is al-
ready treated with gluten-free diet, the clinical progres-
sion of IgAN might slow down and hence the association
between these diseases could not be shown [26, 27].

Theoretically, the changing treatment protocols of
IgAN in the 1980s, such as corticosteroids, might have
had some effects on possible mucosal inflammation and
its increased permeability and consequently influenced
the condition of the bowel mucosa. However, this kind of
theory should not only apply for celiac disease but also for
IBD. As for the possible common mechanism between
celiac disease and IgAN, the connection between gluten,
transglutaminase 2, and transferrin receptor 1, dysfunc-
tion of the IgA system, and antibodies against gliadin
might have a possible role in this association [2, 45-49].

As in many previously published prevalence studies,
small bowel biopsy was not conducted to patients having
positive tTGA levels. However, previous studies suggest
that high positive tTGA values are connected with posi-
tive predictive value for celiac disease [50]. Further, posi-
tive serology has been used as a serological marker of ce-
liac disease in many epidemiological studies [18, 19]. In
addition, in the 1980s and in the beginning of the 21st
century, there was a remarkable amount of IgAN patients
with low positive tTGA values; nevertheless, the clinical
meaning of this finding is not known.

There are many strengths in this unique study. The
renal biopsies and serum samples were collected prospec-
tively. The kidney biopsies were conducted in 1 hospital
and interpreted by the same pathologists [25]. The fol-
low-up data were extensive covering over 500 patients
from 4 decades. The medical records were systematically
analyzed by 2 investigators with the same criteria. Never-
theless, the data concerning the follow-up were retro-
spective. Furthermore, the clinical data of patients under-
going kidney biopsies during 1976-1979 were not avail-
able. Medical records of 39 patients biopsied afterward
were lacking. Besides, we were not able to collect data on
gluten-free diet and hence there was no possibility to eval-
uate the effect of the diet for renal function.
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Several lines of evidence indicate that IBD and celiac
disease may be linked with IgAN, even though the exact
mechanisms remain unclear [2, 6, 11, 22-24]. Neverthe-
less, our data show that IBD is more common in patients
with IgAN than in the general population [10, 51]. As far
as we know, despite some suggested associations between
bowel diseases and IgAN, no clinical guidelines for the
systematic screening of bowel diseases in IgAN have been
introduced. According to our study, the possibility of a
coexisting IBD would be important to recognize when
treating patients with IgAN.
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Abstract

Background: Gastrointestinal (Gl) symptoms are common in end-stage kidney disease. Mounting evidence indicates
that the intestine plays an important role in the pathogenesis of IgA nephropathy (IgAN). However, no studies have
addressed the obvious question; do IgAN patients suffer from Gl symptoms?

Methods: Presence of Gl symptoms and health-related quality of life were evaluated using the validated Gastrointes-
tinal Symptom Rating Scale (GSRS) and Psychological General Well-Being (PGWB) questionnaires in 104 patients with
kidney biopsy-verified IgAN and in 147 healthy controls. A person was regarded to experience ‘increased Gl symptoms’
if the GSRS score exceeded plus 1 standard deviation of the mean of the corresponding score in the healthy controls.

Results: According to the GSRS total score, the IgAN patients had more Gl symptoms than the healthy controls
(2.0vs. 1.7, p<0.001). Female IgAN patients had higher GSRS total score than male patients (2.2 vs. 1.7, p=0.001).
More IgAN patients with preserved kidney function (€GFR >60ml/min/1.73m?) suffered from increased symptoms of
diarrhoea (76 vs. 25%, p=0.028), constipation (81 vs. 19%, p=0.046) and reflux (85 vs. 15%, p=0.004) than did IgAN
patients with reduced kidney function (eGFR <60ml/min/1 73m?).

Conclusions: IgAN patients and especially female IgAN patients experienced more Gl symptoms than healthy
controls. More prevalent Gl symptoms were already observed before kidney function was clearly reduced. System-
atic enquiry of GI symptoms might increase the standard of care among IgAN patients. Moreover, Gl symptoms may
provide clues for future studies that examine the pathophysiology of IgAN.

Keywords: Chronic kidney disease (CKD), Gastrointestinal Symptom Rating Scale (GSRS), IgA nephropathy (IgAN),
Psychological General Well-Being Index (PGWB)

Introduction

IgA nephropathy (IgAN) is the most common pri-
mary glomerulonephritis globally and a notable cause
of chronic kidney disease (CKD) and kidney failure [1].
Although the pathogenetic mechanisms of IgAN have
not been fully determined, there is mounting evidence
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K BMC

that abnormal mucosal immune responses, especially in
the intestine, play a role in the disease process [2, 3].

An increased intestinal permeability is present in IgAN
[4]. Subclinical small bowel mucosal inflammation has
been demonstrated in IgAN patients [5, 6]. The finding
of an abundance of intestinal intraepithelial T lympho-
cytes in IgAN has since been replicated [7]. Associations
between IgAN and coeliac disease (CD) are convincing
[8-12]. Kidney involvement in inflammatory bowel dis-
ease (IBD) is well documented [12-16]. Furthermore,
therapy with enteric budesonide targeted at the intestine
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has reportedly reduced the amount of albuminuria in
IgAN [17].

Gastrointestinal (GI) symptoms are common in
patients with renal insufficiency [18-20]. The prevalence
of GI symptoms has mostly been studied in patients with
end-stage kidney disease (ESKD) or after kidney trans-
plantation [21-27]. Only few studies have examined the
presence of GI symptoms in patients with less advanced
CKD [28, 29].

The aim of this study was to evaluate the presence of GI
symptoms in IgAN patients with no diagnosed enteropa-
thies and not progressed to ESKD, and to compare the
results to those of healthy controls. Health-related qual-
ity of life was surveyed simultaneously. We also aimed to
identify the predictors of the assumed GI complaints in
IgAN.

Materials and methods

Design and study population

A single-centre cross-sectional study was carried out at
the Tampere University Hospital (TAUH) and Tampere
University, Finland. The TAUH district is an area with
a high standard of living and a population of more than
500.000, nearly totally of Caucasian origin. About one
hundred kidney biopsies are taken in TAUH annually due
to clinical indications [30]. A total of 533 patients with
biopsy-proven IgAN diagnosed between 1980 to 2018
were included. The definition of IgAN was based on clini-
cal details and on the presence of glomerular IgA as the
sole or predominant immunofluorescence finding [31].

The clinical histories of the 533 IgAN patients were
collected from the medical records. Based on the fol-
lowing predefined exclusion criteria, 327 patients were
excluded: death (n=51), progression to ESKD (defined
as estimated glomerular filtration rate (eGFR)<15/ml/
min/1.73m? initiation of maintenance dialysis or kid-
ney transplantation, # =64), age under 18 or over 80 at
recruitment (n="78), known chronic enteropathy (CD
or IBD, n=16) [12], moving to another hospital district
(n=79), or other obvious reason for exclusion (major GI
surgery performed, missing contact information, short
life-expectancy for any reason, or a labile mental disor-
der, n=39). Study questionnaires were posted to the
remaining 206 patients in August 2019. The patients were
requested to return the questionnaires and the signed
informed consent forms within one month. For those
who did not return the forms, we verified the contact
information and posted the forms in a similar manner
once again.

The healthy controls were selected from a group origi-
nally comprising 160 people, who had participated in our
earlier study [32]. As we restricted them to the same age
(18 to 80) as the IgAN patients, the remaining number of
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available healthy controls was 147. The group was used
for the comparison of gastrointestinal symptoms and
quality of life. These subjects had no known intestinal
diseases at the time of participation, nor did they have
first-degree relatives with CD. No laboratory testing had
been performed, thus no information, for example on
actual kidney function, was available.

Study questionnaires

For the systematic evaluation of current GI symptoms, all
participants completed the self-administered, structured,
and well-validated Gastrointestinal Symptom Rating
Scale (GSRS) questionnaire [33-35]. The questionnaire
evaluates five sub-dimensions of gastrointestinal symp-
toms: indigestion, diarrhoea, abdominal pain, reflux, and
constipation. It comprises altogether 15 separate items.
The scoring goes from 1 to 7 points, where 1 point signi-
fies no symptoms, and 7 points signifies the most severe
symptoms. The values for each of the five sub-dimension
scores were calculated as a mean of the respective items
and the total GSRS score as a mean of all 15 items. A per-
son was deemed to suffer from ‘increased GI symptoms’
if the total GSRS score exceeded plus 1 standard devia-
tion (SD) of the mean of the total score in the healthy
controls [32]. The same principle was applied to the
GSRS sub-scores: ‘increased symptoms’ were taken to
be present if an individual’s score exceeded plus 1 SD of
the mean of the corresponding sub-score in the healthy
controls.

All participants also completed the self-administered,
validated questionnaire to measure health-related qual-
ity of life, the Psychological General Well-Being (PGWB)
questionnaire [36—38]. The survey consists of 22 sepa-
rate items covering six different sub-dimensions: anxiety,
depression, wellbeing, self-control, general health, and
vitality. The scoring goes from 1 to 6 points, higher score
indicating better quality of life. The sub-dimension scores
are calculated as a sum of the items in each sub-dimen-
sion and the total PGWB score as a sum of all 22 items.

For the IgAN patients, in addition, information
about co-morbidities, and current height and weight
was elicited. Tobacco and alcohol consumption were
evaluated with standardized tools: The Fagerstrom
Test for Nicotine Dependence and the Alcohol Use
Disorders Identification Test (AUDIT-C) question-
naire respectively [39, 40].

Clinical data

The clinical data for IgAN patients was collected retro-
spectively from the medical records between 2019 and
2020. We collected data on medications used during
the preceding year (antibiotics as courses of treatment),
information on possible abdominal surgery and visits and
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treatments at the nephrological outpatient clinic or ward.
Follow-up at the nephrological unit was deemed active if
a patient had made one visit during the preceding year
and a control visit had been planned. Laboratory test
results regarding kidney function were collected for no
later than one year preceding the study recruitment.

Kidney function was estimated using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-EPI)
creatinine equation [41]. eGER>60ml/min/1.73m? was
regarded as preserved kidney function. Body mass index
(BMI) was calculated according to numbers reported
in the study questionnaire, by dividing the weight (kilo-
grams) by the square of height (metres).

Statistical methods

The data are presented as medians and interquartile
ranges (IQR) for most of the continuous variables and
as percentages for the categorical variables. If a patient
failed to answer one or two items in the GSRS or PGWB
questionnaires, the missing answer was replaced by the
mean value of the other scores for the same subject. If
more than two answers were missing, the questionnaire
was rejected.

The groups were compared using the Chi-square
test, Fisher’s exact test or the Mann—Whitney U-test,
as appropriate. Binary logistic regression analysis was
applied to identify factors for increased GI symptoms.
Three covariates were used to avoid overfitting the
model. The associations are presented as odds ratios
(OR) with 95% confidence intervals (CI).

All tests were two-sided, and p-values less than 0.05
were considered statistically significant. All statistical
testing was performed using SPSS version 27.0 (IBM
SPSS, NY, USA).

Ethical considerations

The study protocol was approved by the Ethics Com-
mittee of the Tampere University Hospital (R18215). All
study participants provided written informed consent.

Results

Clinical characteristics

Altogether 104 IgAN patients participated in the study.
Median age was 55 years, 54% were males and median
BMI was 29. Median time from the kidney biopsy
was 11 years. Information about current kidney func-
tion was available from 82 patients and was preserved
(eGFR >60ml/min/1.73m?) in 56% of them. Sixty-three
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per cent of the patients with preserved kidney function
were females.

Female IgAN patients were younger, their BMI was
slightly lower, they had better kidney function, and they
more often reported concomitant thyroid diseases than
male patients. IgAN patients’ detailed characteristics
are presented sex-based in Table 1.

There was a clear female preponderance (72%) among
the healthy controls. The median age of the healthy
controls was 54 years (42-68), so the groups did not
differ in age (p=0.979). Women were younger than
men in the healthy controls, too (p <0.001).

Gastrointestinal symptoms and health-related quality

of life

Compared to healthy controls, patients with IgAN
reported more GI symptoms as determined by higher
GSRS total score (2.0 vs. 1.7, p<0.001). The GSRS sub-
scores for diarrhoea, indigestion, reflux, and abdominal
pain were also significantly higher among the patients
than in controls (Table 2). Female IgAN patients had
higher GSRS total score and sub-scores of indiges-
tion, constipation and abdominal pain than male
IgAN patients (Table 3). Total GSRS score did not dif-
fer between male IgAN patients and male controls
(1.7 vs. 1.7, p=0.411), but male IgAN patients had a
higher sub-score for diarrhoea (1.7 vs. 1.3, p=0.025).
GSRS questionnaires were rejected for two participants
among the healthy controls, and for one IgAN patient
due to insufficient completion of the questionnaire.

PGWB total score as well as general health and vital-
ity sub-scores were significantly inferior in patients
with IgAN than those in healthy controls (Table 2).
PGWB scores did not differ between female and male
IgAN patients (Table 3). PGWB questionnaires of five
participants among the healthy controls and one IgAN
patient were rejected due to incomplete response to the
questionnaire.

Prevalence of increased GI symptoms was more com-
mon in IgAN patients than among healthy controls
(Fig. 1) and significantly more so when female IgAN
patients were compared with healthy women (Fig. 2).
No differences were observed in the prevalence of
increased GI symptoms between male IgAN patients
and healthy males (data not shown). IgAN patients with
preserved kidney function reported increased GI symp-
toms more often than IgAN patients with reduced kid-
ney function in the GSRS sub-scores for diarrhoea (76
vs. 25%, p=0.028), constipation (81 vs. 19%, p =0.046)
and reflux (85 vs. 15%, p=0.004). In a multivariable
logistic regression analysis of risk factors for increased
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Table 1 Clinical characteristics of the 104 IgA nephropathy patients. Values are medians (interquartile range) unless otherwise

indicated
Patient characteristics Females Males p-value
Number of subjects 48 56
Current age, years 52 (37-58) 59 (51-70) <0.001
Current body mass index, kg/m? 27 (24-32) 29 (27-33) 0.048
Current smoker, % 19 7 0.135
Risky alcohol use?, % 23 29 0.654
Coexisting conditions, %
Hypertension 40 63 0.030
Diabetes 8 16 0373
Asthma or chronic obstructive pulmonary disease 17 14 0.790
Sleep apnoea 10 10 1.000
Rheumatic disease 13 7 0.507
Thyroid disease 21 4 0.011
Cancer; active or treated 6 2 0.333
Depression 10 5 0334
Medication during the year before the study, %
Blood pressure lowering 69 84 0.101
Lipid lowering 31 43 0310
Glucose lowering 9 13 0.750
Immunosuppressive 8 4 0.299
Antibiotics 50 43 0555
Proton pump inhibitor 23 23 1.000
Active follow-up at the nephrological unit, % 21 23 0816
Time since diagnostic kidney biopsy, years 10 (4-20) 11 (6-20) 0.150
Current kidney function, data available from 41 female and 41 male patients
Estimated glomerular filtration rate (eGFR), ml/min/1.73m? 78 (54-93) 54 (36-68) <0.001
eGFR< 60 ml/min/1.73m?, % 29 59 0014

2 For women 5 or more points, for men 6 or more points in the Alcohol Use Disorders Identification Test (AUDIT—C)

GI symptoms among IgAN patients, female sex was
positively and PGWB total score negatively associated
with the higher points in the GSRS total score (Table 4).

Discussion

IgAN patients had higher prevalence of GI symptoms
than did healthy subjects, and especially female patients
with IgAN were more symptomatic than males. An inter-
esting finding was female IgAN patients experiencing
increased GI symptoms more often compared to healthy
women. Even though male IgAN patients had the same
GSRS total score as healthy males, they had higher scores
regarding diarrhoea. Interestingly, ISAN patients with
preserved kidney function reported more often increased
symptoms of diarrhoea, constipation, and reflux than
patients with reduced kidney function. IgAN patients
experienced poorer health-related quality of life than
healthy controls, especially regarding general health and

vitality. Furthermore, poorer quality of life associated
with increased GI symptoms.

GI symptoms have not previously been evaluated in such
a well-defined kidney disease population as in the pre-
sent study. The fact that diagnosed intestinal diseases were
excluded from the current study diminishes the possibility
of the findings being biased by the presence of concomi-
tant IBD or CD. In an earlier study where variable diseases
had led to CKD stage 4 but dialysis was not yet required
(eGFR<25 ml/min/1.73m?), the median of the GSRS total
score was 1.84 and the median for the sub-scores were as
follows: diarrhoea 1.67, indigestion 2.12, constipation 1.67,
reflux 1.00 and abdominal pain 1.50 [21]. In the present
study, all sub-scores, and thus also the total score, were at
least as high among the IgAN patients. The GSRS total score
of 2.0 (1.5-2.7) in IgAN patients in our study was close to
the score of the peritoneal dialysis (PD) patients in the afore-
mentioned study (2.07, 1.48-3.08) [21]. PD patients are well
known to suffer from excess of GI symptoms [25, 26, 42].
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Table 2 Comparison of GSRS and PGWB scores (median and
interquartile range) between IgA nephropathy (IgAN) patients
and healthy controls

IgAN patients Healthy controls p-value

GSRS, number of subjects® 103 145
Total score 0(1.5-2.7) 7(14-22) <0.001
Diarrhoea 7(1.0-2.7) 3(1.0-2.0) <0.001
Indigestion 5(2.0-33) 3(1.6-2.8) 0.020
Constipation 17(1.0-23) 3(1.0- 20) 0.093
Reflux 5(1.0-25) 0(1.0-15) <0.001
Abdominal pain 7(13-23) 7(1.0- 20) 0.006

PGWB, number of 103 142

subjects®
Total score 104 (95-113) 109 (101-115) 0.015
Anxiety 25(22-27) 25(23-27) 0.292
Depression 7(16-18) 7(16-18) 0.656
Wellbeing 7(15-19) 8(16-19) 0.585
Self-control 6(15-17) 6(14-17) 0.243
General health 3(10-14) 5(13-16) <0.001
Vitality 7 (15-19) 9(17-21) <0.001

GSRS Gastrointestinal Symptom Rating Scale, PGWB Psychological General
Well—being Index

2 GSRS rejected for two healthy controls and one IgAN patient due to incomplete
questionnaire

b PGWB disqualified for five healthy controls and one IgAN patient due to
incomplete questionnaire

Table 3 Sex-based comparison of GSRS and PGWB scores
(median and interquartile range) in IgA nephropathy patients

Female Male p-value
GSRS, number of subjects® 47 56
Total score 2(1.8-29) (1.5-2.3) 0.001
Diarrhoea 7(1.0-3.7) (1.3-23) 0.767
Indigestion 30(2.3-35) 2.3(1.8-3.0) 0.005
Constipation 23(13-3.7) 1.3(1.0-2.0) <0.001
Reflux 8(1.0-3.0) (1.0-2.0) 0.178
Abdominal pain 2(1.7-2.7) (1.3-2.0) <0.001
PGWB, number of subjects® 48 55
Total score 103(90-112)  105(98-114) 0217
Anxiety 25(20-27) 25(22-27) 0.145
Depression 7(15-18) 7(16-18) 0.261
Wellbeing 8(14-19) 7(16-19) 0.576
Self-control 16 (14-17) 6(15-17) 0218
General health 3(10-15) 3(11-14) 0.223
Vitality 7 (15-20) 7(16-19) 0.632

GSRS Gastrointestinal Symptom Rating Scale, PGWB Psychological General
Well—Being Index

2 GSRS rejected for one IgAN patient due to incomplete questionnaire

b PGWB disqualified for one IgAN patient due to incomplete questionnaire
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Why did female IgAN patients suffer more often from
GI symptoms than male IgAN patients? In general, irri-
table bowel syndrome (IBS) is more common in women
than in men [43]. IBS was also more common among
Turkish female than male dialysis patients [44]. Yet, no
differences were found in the presence of GI symptoms
between sexes in two studies evaluating ESKD patients
[21, 42]. Among Australian kidney transplant patients,
women again experienced more GI symptoms [27].
Thirty-nine percent of those patients had glomerulone-
phritis as the primary kidney disease. The sex disparity
was speculated to be explained by e.g. hormonal levels,
composition of gastrointestinal microbiota, and the find-
ing of women reporting more GI symptoms to health
care professionals when compared with men [27]. One
explanation could be abdominal discomfort and pain
related to the menstrual cycle in fertile-aged women.
Still, despite any of the reasons speculated above, female
controls in the current study experienced significantly
less GI symptoms compared to female IgAN patients.

The present study was unique in focusing on patients
with fairly well preserved kidney function; over 50% of
the patients had eGFR above 60 ml/min/1.73m? Conven-
tionally, the presence of GI symptoms has been studied
in patients who have progressed to ESKD [25, 42]. To the
best of our knowledge, only one study has so far evalu-
ated the presence of GI symptoms with the GSRS ques-
tionnaire in CKD patients not on dialysis and before
transplantation [21]. The other two studies that evalu-
ated the presence of GI symptoms in patients who had
not progressed to ESKD used a self-administered patient
symptom form, which elicited GI symptoms originally
presented in the Modification of Diet in Renal Disease
(MDRD) study [28, 29] ‘Abdominal bloating or gas’ were
among the most commonly reported symptoms in the
MDRD study [28]. Moreover, the GI symptoms were
reported to emerge long before ESKD, but still only after
eGER had fallen below 45 ml/min/1.73m? [28]. In the lat-
ter study, GI symptoms became more common as kidney
function declined, the one exception being ‘abdominal
bloating or gas, which was equally common and fre-
quently experienced with preserved kidney function [29].
So, why did IgAN patients with better kidney function
report increased symptoms of diarrhoea, constipation,
and reflux more often than those with reduced kidney
function in our study? Etiology of GI symptoms is multi-
factorial, e.g. higher age diminishes the prevalence of IBS
symptoms whereas increased IP and mucosal inflamma-
tion likely activate visceral pain in some IBS patients [43,
45]. If GI tract plays a role in the pathogenesis of IgAN,
the possible mechanisms might differ between the early
and the advanced stages of the disease.
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Fig. 2 Prevalence of subjects with increased gastrointestinal symptoms in females

A well-defined and -sized group of patients with a
definite diagnosis of IgAN is the strength of the cur-
rent study. The male/female rate was similar as has been
previously reported in IgAN and other glomerular dis-
eases [30]. Exclusion of previously diagnosed intestinal
diseases enabled us to focus on the study hypothesis of
IgAN patients experiencing GI symptoms without clini-
cally evident enteropathies. Information about kidney
function was available in most cases and was most often

regarded as normal, making our study population unique
in abandoning the conventional idea of GI symptoms
becoming prevalent first in advanced CKD.

Our study has some limitations. There was no control
group with primary glomerulonephritides, which leaves
it uncertain whether the patients experienced an excess
of GI symptoms due to kidney disease in general or were
the symptoms related with IgAN. The study was carried
out in one centre, thus weakening the generalisability
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Table 4 Univariate and multivariable logistic regression analyses of risk factors for increased gastrointestinal symptoms among 103

IgA nephropathy patients
Univariate Multivariable

OR 95% Cl p-value OR 95% Cl p-value
Female sex 3.30 1.38-7.93 0.007 2.80 1.08-7.29 0.035
PGWB total score  0.96 0.93-0.99 0.008 0.96 0.93-1.00 0.026
Age 0.98 0.95-1.01 0.202 1.00 0.97-1.03 0.958
Antibiotic courses  2.25 0.96-5.26 0.063
Smoking 3.03 0.93-991 0.066
Risky alcohol use®  2.24 0.90-5.59 0.084
Thyroid disease 3.05 0.86-10.85 0.086
PPI medication 1.85 0.72-4.78 0.204
eGFR>60ml/ 1.80 0.67-4.87 0.247
min/1.73m?
Body massindex  0.97 0.90-1.04 0.359

PGWB Psychological General Well—being Index, eGFR estimated glomerular filtration rate, PP/ proton pump inhibitor

2 For women 5 or more points, for men 6 or more points in the Alcohol Use Disorders Identification Test (AUDIT—C)

of the results. The two study groups had answered the
questionnaires years apart. Yet, the results of the healthy
controls were consistent with the controls in previous
studies [21, 34]. The kidney function was regarded as cur-
rent, despite the laboratory tests had in many cases been
taken months before the study participation, and the
information was not available for one fifth of the IgAN
patients at all. Taking the most often slowly progressive
or stable nature of IgAN into account, it’s unlikely that a
significant proportion of the study patients would have
had a rapidly progressive disease. Symptomatic patients
might have participated more eagerly than asymptomatic
patients. This too seems unlikely, as more than one half of
the participating IgAN patients were men and their GSRS
total score was comparable to that in the healthy con-
trols. Female IgAN patients reported more often thyroid
diseases than males, which might explain some of the GI
symptoms experienced by females. Thyroid dysfunction
in general is more prevalent in women compared to men
[46]. Usually GI symptoms in thyroid diseases resolve
with treatment [47].

Conclusions

IgAN patients and especially female IgAN patients suf-
fered from excess GI symptoms even though kidney
function was well preserved, and no enteropathies had
been diagnosed. Male IgAN patients had also higher
scores regarding the presence of diarrhoea than male
controls. More prevalent GI symptoms were associated
with poorer quality of life, a finding consistent with previ-
ous studies [21, 23, 27]. The present findings suggest that

routine eliciting of IgAN patients’ GI symptoms would be
an appropriate clinical practice. Even though GI symp-
toms have multifactorial explanations and are not related
to IgAN only, perhaps symptoms like presence of loose
stools could guide future studies in revealing the complex
pathophysiology of IgAN.
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