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ABSTRACT 

Background. The importance of albuminuria as opposed to proteinuria in predicting kidney outcomes in primary 
immunoglobulin A nephropathy ( IgAN) is not well established. 
Methods. From 2010 to 2012, 421 patients with biopsy-proven IgAN have been enrolled into the German Chronic Kidney 
Disease ( GCKD) cohort, a prospective observational cohort study ( N = 5217) . Adjudicated endpoints include a composite 
kidney endpoint ( CKE) consisting of eGFR decline > 40%, eGFR < 15 ml/min/1.73 m2 and initiation of kidney replacement 
therapy; the individual components of the CKE; and combined major adverse cardiac events ( MACE) , including non-fatal 
myocardial infarction, non-fatal stroke and all-cause mortality. The associations between the incidence of CKE and 
baseline factors, including demographics, laboratory values and comorbidities were analysed using the Cox proportional 
hazards regression model. 
Results. The mean age of IgAN patients at baseline was 51.6 years ( ± 13.6) and 67% were male. The patient-reported 
duration of disease at baseline was 5.9 ± 8.1 years. Baseline median urine albumin:creatinine ratio ( UACR) was 0.4 g/g 
[interquartile range ( IQR) 0.1–0.8] and mean eGFR was 52.5 ± 22.4 ml/min/1.73 m2 . Over a follow-up of 6.5 years, 64 
( 15.2%) patients experienced a > 40% eGFR decline, 3 ( 0.7%) reached eGFR < 15 ml/min/1.73 m2 , 53 ( 12.6%) initiated kidney 
replacement therapy and 28% of the patients experienced the CKE. Albuminuria, with reference to < 0.1 g/g, was most 
associated with CKE. Hazard ratios ( HRs) at UACRs of 0.1–0.6 g/g, 0.6–1.4 g/g, 1.4–2.2 g/g and > 2.2 g/g were 2.03 [95% 

confidence interval ( CI) 1.02–4.05], 3.8 ( 95% CI 1.92–7.5) , 5.64 ( 95% CI 2.58–12.33) and 5.02 ( 95% CI 2.29–11-03) , respectively. 
Regarding MACE, the presence of diabetes [HR 2.53 ( 95% CI 1.11–5.78) ] was the most strongly associated factor, whereas 
UACR and eGFR did not show significant associations. 
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Conclusion. In the GCKD IgAN subcohort, more than every fourth patient experienced a CKE event within 6.5 years. Our 
findings support the use of albuminuria as a surrogate to assess the risk of poor kidney outcomes. 

Keywords: albuminuria, CKD, glomerulonephritis, IgA nephropathy, proteinuria 

KEY LEARNING POINTS 

What was known: 

• Immunoglobulin A nephropathy ( IgAN) is the most common primary glomerulonephritis worldwide and poses a significant 
risk of kidney failure over a patient’s lifetime.

• Low-grade proteinuria ( < 1 g/day) has been recognized as prognostically relevant, with no benign course of IgAN in the 
presence of proteinuria.

• The urine albumin:creatinine ratio ( UACR) offers higher specificity and sensitivity to changes in glomerular permeability 
compared with traditional proteinuria measurements.

This study adds: 

• In the German Chronic Kidney Disease cohort, more than a quarter of patients with IgAN experienced a composite kidney 
endpoint event.

• Albuminuria was the strongest predictor of poor kidney outcomes.
• A substantial risk of kidney failure is already seen in patients with a UACR of 0.1–0.6 g/g.
• Relapse after partial or complete remission was relatively uncommon, occurring in only 3.1% of the cohort.

Potential impact: 

• These findings support the use of albuminuria as a surrogate marker for assessing the risk of poor kidney outcomes in IgAN 

patients.
• The study emphasizes the importance of targeting albuminuria reduction in the clinical management of IgAN to improve 

long-term kidney outcomes.
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NTRODUCTION 

mmunoglobulin A nephropathy ( IgAN) , the most common pri- 
ary glomerulonephritis globally, presents a significant risk of 
idney failure over a patient’s lifetime [1 ]. The disease exhibits 
 remarkably heterogeneous course, ranging from mild forms 
ith potential spontaneous remission to rapidly progressive 

orms [2 , 3 ]. Overall, life expectancy is modestly reduced for pa- 
ients with IgAN but is highly dependent on whether the disease 
rogresses to kidney failure [4 ]. 
Prognostic assessment of IgAN currently mostly relies on the 

xtent of proteinuria, estimated glomerular filtration rate ( eGFR) 
nd blood pressure ( BP) control [5 –10 ]. Increasing proteinuria 
s associated with an increased risk of both kidney failure and 
ardiovascular risk [11 , 12 ]. There is now increasing evidence 
hat even low-grade proteinuria ( < 1 g/day) is prognostically 
elevant and that there is no ‘benign course’ of IgAN as long 
s there is proteinuria [8 , 13 ]. Recently, regulatory authorities 
ave acknowledged the reduction in proteinuria as a surro- 
ate endpoint for IgAN [14 ]. Traditionally, 24-h urine protein 
xcretion ( UPE) has been the standard for assessing proteinuria 
n randomized controlled trials ( RCTs) , but it is not without 
imitations [15 ]. Compared with proteinuria [either UPE or urine 
rotein:creatinine ratio ( UPCR) ], the urine albumin:creatinine 
atio ( UACR) offers higher specificity and increased sensitivity 
o changes in glomerular permeability [16 –19 ]. In two Chinese 
ohorts of patients with IgAN, UACR was found to better predict 
idney failure compared with UPE and UPCR [20 , 21 ]. 

In the present study, we analysed clinical data from patients 
ith IgAN enrolled into the German Chronic Kidney Disease 

 GCKD) cohort, a national non-interventional cohort study with 
ighly granular data and adjudicated endpoints. We sought to 
nvestigate their characteristics and outcomes and the associ- 
tion between albuminuria and the risk of cardiovascular and 
idney outcomes. 

ATERIALS AND METHODS 

tudy design and population 

etween 2010 and 2012, the GCKD study enrolled 5217 partici- 
ants of European ancestry ages 18–74 years under nephrolog- 
cal care with an eGFR of 30–60 ml/min/1.73 m2 ( corresponding 
o CKD stages G3, A1–3) or an eGFR ≥60 ml/min/1.73 m2 in the 
resence of increased albuminuria in a spot urine sample ( i.e.
ACR > 300 mg/g creatinine; corresponding to CKD stages G1–
, A3) . The main exclusion criteria were non-European ancestry,
ctive malignancy in the previous 2 years, previous transplanta- 
ion, or heart failure ( New York Heart Association class IV) . All 
21 participants with biopsy-proven IgAN as the leading cause 
f CKD were included in the analysis. It should be noted that the
eneral inclusion criteria and methodology of the GCKD study 
ere applicable to this specific IgAN cohort. The baseline date 
as defined as the first study visit. The median follow-up time 
fter baseline was 6.5 years. 

Every participant in the study gave written informed consent.
he ethics committees of all nine German regional centres par- 
icipating in the study approved the study. The study was carried 
ut in accordance with approved guidelines and the Declara- 
ion of Helsinki. The study was registered in the German Clinical 
rials Register ( www.drks.de; DRKS00003971) . The reporting 
uidelines of the Strengthening the Reporting of Observational 
tudies in Epidemiology were followed [22 ]. 

http://www.drks.de;
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Details of the study enrolment and follow-up procedures 
ave been described previously [23 ]. At baseline and follow-up
tudy visits, trained and certified personnel used standardized 
uestionnaires to obtain information about each patient’s 
edical history, sociodemographic and lifestyle factors and 
edication intake. Further information about medical history 
nd additional medical records were obtained from the treat- 
ng nephrologists. All clinical measurements were performed 
ccording to predefined standard operating procedures. 

Hypertension was defined as either systolic BP ≥140 mmHg 
r diastolic BP ≥90 mmHg or use of antihypertensive medica-
ion. Diabetes mellitus was defined as haemoglobin A1c ≥6.5% 

r the use of antidiabetic medication. Complete and partial re-
ission were defined as UACR < 0.1 g/g and UACR ≥0.1–< 0.6 g/g,

espectively. Relapse was defined as a single albuminuria value 
0.6 g/g after any remission ( complete or partial) . Ever-smoker 
as defined as currently smoking or having smoked in the past.
t baseline and follow-up visits, biomaterials including serum,
lasma and urine were collected and transported frozen to a
entral biobank for future analyses following standard operat- 
ng procedures. Blood and urine specimens were analysed in a
entral certified laboratory. Serum creatinine was analysed us- 
ng an isotope dilution mass spectrometry traceable methodol- 
gy ( Creatinine Plus, Roche Diagnostics, Rotkreuz, Switzerland) .
easures of kidney function included eGFR calculated with the 
hronic Kidney Disease Epidemiology Collaboration ( CKD-EPI) 
ormula and UACR. 

utcomes 

ndpoints were continuously recorded based on hospital dis- 
harge letters and death certificates and were centrally adjudi- 
ated by experienced physicians. For this project, we included 
ndpoints occurring over the first 6.5 years of follow-up. Adju-
icated endpoints included a composite kidney endpoint ( CKE) 
onsisting of eGFR decline > 40%, eGFR < 15 ml/min/1.73 m2 

nd initiation of kidney replacement therapy, the individual 
omponents of the CKE and combined major adverse cardiac 
vents ( MACE) , including non-fatal myocardial infarction, non- 
atal stroke and all-cause mortality. All events until February 
022 ( data export) were taken into account for the analysis. 

tatistical analysis 

ontinuous variables were expressed as means and standard 
eviations ( SDs) in case of normally distributed variables or 
edians with interquartile ranges ( IQRs) for non-normally dis- 

ributed variables. Categorical variables were expressed as num- 
ers with percentages. The eGFR slopes were evaluated in 
inear mixed effects models. Repeated measurements of a 
articipant were included by random intercept and random 

lope term ( i.e. random effects) . The random intercept allows a 
articipant-specific eGFR at baseline and the random slope re- 
ects a participant-specific change in eGFR over time. All data
ere collected and managed using Askimed as a cloud-based 
eb platform ( https://www.askimed.com) . Data extraction from 

skimed was performed in February 2022. To identify deter- 
inants of eGFR levels, we used linear regression modelling,

ncluding the following baseline covariates: age, gender, body 
ass index ( BMI) , diabetes, systolic BP and UACR in categories 
s time dependent variables and presented the estimate ( β) with 
5% CIs. 
Time-to-event outcomes were defined as follows: If patients
ailed to complete the 6-year follow-up period, censoring was
erformed at the time of the last follow-up, e.g. when partic-
pants were lost to follow-up or refused to further participate
n the study. The Cox regression analyses for the specific out-
omes ( CKE and MACE) were conducted with a competing risks
pproach using cause-specific Cox regression. Confounding risk 
actors at baseline included age, sex, BMI, diabetes, systolic BP,
GFR ( using the CKD-EPI 2009 equation) and as time-dependent 
ACR in categories. Estimates are presented as HRs with 95% CIs.
nalyses were performed using SAS version 9.4 ( SAS Institute,
ary, NC, USA) . 

ESULTS 

haracteristics of the study population 

he mean age at baseline was 51.6 ± 13.6 years and 67% ( n = 282)
ere men ( Table 1 ) . The mean patient reported duration of
he disease before enrolment was 5.9 ± 8.1 years. At baseline,
he median UACR was 0.4 ± 0.1 g/g and the mean eGFR was
2.5 ± 22.4 ml/min/1.73 m2 . Approximately 28% of the patients
ere in CKD stage 1 or 2 at baseline, 61.9% in CKD stage 3 and
0% in CKD stage 4 or 5. Regarding albuminuria, only 26.1% of
atients had a UACR < 0.1 g/g, while 60% had a UACR of 0.1–
.4 g/g and ≈13% had a UACR > 1.4 g/g. Among the patients,
3.5% had diabetes at baseline and nearly all had hypertension
 98%) . At baseline, 92% of the patients were on therapy with an
ngiotensin-converting enzyme inhibitor or angiotensin recep- 
or blocker and 15.6% were on dual treatment. A total of 15%
eceived corticosteroids, while 6% were receiving immunosup- 
ressive treatment other than steroids, with azathioprine being
he most common. Systolic BP was 134 ± 17.3 mmHg and dias-
olic BP was 81.3 ± 11.2 mmHg. 

idney outcomes 

ver a follow-up of 6.5 years, 64 ( 15.2%) patients experienced a
 40% eGFR decline, 3 ( 0.7%) reached an eGFR < 15 ml/min, 53

 12.6%) initiated kidney replacement therapy and 28% experi- 
nced a CKE ( Supplementary Table S1) . Relapse after partial or 
omplete remission was relatively uncommon, occurring in only
.1% of the cohort. 

Albuminuria, with reference to < 0.1 g/g was most strongly
ssociated with CKE. HRs at a UACR ≥0.1–0.6 g/g, ≥0.6–1.4 g/g,
1.4–2.2 g/g and ≥2.2 g/g were 2.03 ( 95% CI 1.02–4.05) , 3.8 ( 95%
I 1.92–7.5) , 5.64 ( 95% CI 2.58–12.33) and 5.02 ( 95% CI 2.29–11-03) ,
espectively ( Fig. 1 A and Table 2 ) . Each 10 ml/min higher eGFR at
aseline was found to be protective against CKE [HR 0.80 ( 95% CI
.71–0.89) ]. A history of diabetes was found to be associated with
n increased HR of 1.73 ( 95% CI 1.03–2.92) , while each 10 years
lder age was associated with a decreased risk of CKE [HR 0.82
 95% CI 0.69–0.97) ]. 

elationship between albuminuria, eGFR decline and 

idney failure 

he rate of eGFR decline was greater among patients
ith albuminuria > 1.4 g/g, with an average decrease of
.16 ml/min/1.73 m2 /year ( Fig. 2 and Supplementary Table S2) .
onversely, the lowest rate of decline was observed in pa-
ients with a UACR < 0.1 g/g, at 0.90 ml/min/1.73 m2 /year,
ndicating rather stable kidney function over time. Intermedi-
te rates of eGFR decline were noted in the UACR categories

https://www.askimed.com
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae230#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae230#supplementary-data
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Table 1: Demographics and clinical parameters at baseline. 

UACR categories ( baseline) 

Variable 
Total 

( N = 421) 
≥0–< 0.1 g/g 

[ n = 110 ( 26.1%) ] 
≥0.1–< 0.6 g/g 

[ n = 158 ( 37.5%) ] 
≥0.6–< 1.4 g/g 
[ n = 99 ( 23.5%) ] 

≥1.4 g/g 
[ n = 54 ( 12.9%) ] 

Sex, n ( %) 
Male 282 ( 67) 67 ( 61) 118 ( 75) 61 ( 62) 36 67) 
Female 139 ( 33) 43 ( 39) 40 ( 25) 38 ( 38) 18 ( 33) 

Age ( years) , mean ± SD 51.6 ± 13.6 57.0 ± 11.9 51.8 ± 13.2 48.2 ± 14.4 45.9 ± 12.9 
Duration of onset ( years) , mean ± SD 5.9 ± 8.1 8.8 ± 10.7 5.4 ± 7.0 4.7 ± 6.3 7.7 ± 2.3 
BMI ( kg/m2 ) , mean ± SD 28 ± 5.2 28.9 ± 5.8 27.4 ± 4.5 27.9 ± 5.3 27.9 ± 5.6 
Systolic BP ( mmHg) , mean ± SD 134.4 ± 17.3 131.2 ± 17.3 133.4 ± 16.4 135.2 ± 17.3 142.3 ± 17.6 
Diastolic BP ( mmHg) , mean ± SD 81.3 ± 11.2 77.8 ± 10.9 80.6 ± 11.1 83.2 ± 10.7 87.2 ± 10.0 
Smoking, n ( %) 
Non-smoker 177 ( 42.2) 46 ( 42.2) 73 ( 46.2) 41 ( 41.4) 17 ( 32.1) 
Former smoker 156 ( 37.2) 46 ( 42.2) 54 ( 34.2) 36 ( 36.4) 20 ( 37.7) 
Current smoker 86 ( 20.5) 17 ( 15.6) 31 ( 19.6) 22 ( 22.2) 16 ( 30.2) 

eGFR ( CKD-EPI) ( ml/min/1.73 m2 ) , mean ± SD 52.5 ± 22.4 48.1 ± 14.8 53.5 ± 22.9 56.8 ± 28.2 50.4 ± 20.1 
eGFR category, n ( %) 
G1: CKD-EPI ≥90 38 ( 9) 1 ( 0.9) 17 ( 10.8) 17 ( 17.2) 3 ( 5.6) 
G2: CKD-EPI ≥60–< 90 80 ( 19) 26 ( 23.6) 28 ( 17.8) 14 ( 14.1) 12 ( 22.2) 
G3a: CKD-EPI ≥45–< 60 103 ( 24.5) 26 ( 23.6) 40 ( 25.5) 22 ( 22.2) 15 ( 27.8) 
G3b: CKD-EPI ≥30–< 45 157 ( 37.4) 49 ( 44.5) 55( 35.0) 36 ( 36.4) 17 ( 31.5) 
G4: CKD-EPI ≥15–< 30 41 ( 9.8) 8 ( 7.3) 17 ( 10.8) 9 ( 9.1) 7 ( 13.0) 
G5: CKD-EPI < 15 1 ( 0.2) 0 0 1 ( 1.0) 0 

Diabetes mellitus, n ( %) 57 ( 13.5) 18 ( 31.6) 23 ( 40.3) 9 ( 15.8) 7 ( 12.4) 
Hypertension, n ( %) 413 ( 98.1) 106 ( 25.7) 157 ( 38.0) 97 ( 23.5) 53 ( 12.8) 
CHD, n ( %) 29 ( 6.9) 9 ( 31.0) 12 ( 41.4) 4 ( 13.8) 4 ( 13.8) 
Antihypertensive therapy, n ( %) 402 ( 96.4) 104 ( 25.9) 155 ( 38.6) 91 ( 22.5) 52 ( 12.9) 
ACEi, n ( %) 246 ( 59) 63 ( 25.6) 91 ( 37.0) 56 ( 22.8) 36 ( 14.6) 
ARB, n ( %) 205 ( 49.2) 47 ( 22.9) 88 ( 42.9) 47 ( 22.9) 23 ( 11.2) 
Dihydropyridines ( nifedipine-type) , n ( %) 149 ( 35.7) 44 ( 29.5) 50 ( 33.6) 29 ( 19.5) 26 ( 17.4) 
Diuretics, n ( %) 203 ( 48.7) 57 ( 28.1) 82 ( 40.4) 44 ( 21.7) 20 ( 9.6) 
Thiazides, n ( %) 103 ( 24.7) 24 ( 23.3) 45 ( 43.7) 26 ( 25.2) 8 ( 7.8) 
Loop diuretics, n ( %) 96 ( 23) 33 ( 34.4) 33 ( 34.4) 19 ( 19.8) 11 ( 11.4) 
Aldosterone antagonists, n ( %) 14 ( 3.4) 5 ( 35.7) 6 ( 42.9) 1 ( 7.1) 2 ( 14.3) 
Statins, n ( %) 186 ( 44.6) 43 ( 23.1) 74 ( 39.8) 39 ( 21.0) 30 ( 16.1) 
Immunosuppressives, n ( %) 25 ( 6) 7 ( 28.0) 9 ( 36.1) 5 ( 20.0) 4 ( 16.0) 
Glucocorticoids, n ( %) 63 ( 15.1) 18 ( 28.6) 14 ( 22.2) 18 ( 28.6) 13 ( 20.6) 
Proton pump inhibitors, n ( %) 87 ( 20.9) 30 ( 34.5) 24 ( 27.6) 21 ( 24.1) 12 ( 13.8) 

ACEi: angiotensin-converting enzyme inhibitor; ARB: angiotensin II receptor blocker; CHD: coronary heart disease. 

o
−

y
a
a  

w
e

C

D
M
o
T
a
a
(
n
(
n  

O

s
a
1  

T

D

T
c
h
e
w  

s
c
s
l

w
d
o
i
o

f 0.6–< 1.4 g/g and 0.1–< 0.6 g/g, with slopes of −2.34 and 
1.49 ml/min/1.73 m2 /year, respectively. 
Albuminuria from baseline over the total follow-up was anal- 

sed as a categorical variable, with higher albuminuria associ- 
ted with worse kidney survival. Nearly 40% of individuals with 
 UACR of 0.6–1.4 g/g experienced CKE over the specified period,
hile notably 15% of individuals with a UACR of 0.1–0.6 experi- 
nced CKE ( Fig. 3 , Table 3 ) . 

ardiovascular outcomes 

uring the follow-up period, 35 individuals experienced a first 
ACE ( n = 19 patients with non-fatal myocardial infraction 
r stroke, n = 16 with all-cause mortality) ( Supplementary
able S3) . A statisticall y significant association between age 
nd MACE was found, where a 10-year increase in age was 
ssociated with a 1.65-fold higher hazard ( 95% CI 1.09–2.52) 
 Table 2 , Fig. 1 B) . Additionally, the presence of diabetes was sig- 
ificantly associated with a 2.53-fold higher hazard of MACE 
 95% CI 1.11–5.78) . Female gender was associated with a sig- 
ificantly lower hazard of MACE [HR 0.25 ( 95% CI 0.07–0.84) ].
ther variables such as BMI, UACR, BP and eGFR did not 
how statistically significant associations with MACE in the 
nalysis. Notably, ≈5% of individuals with a UACR of 0.6–
.4 g/g experienced MACE during the study period ( Fig. 3 ,
able 3 ) . 

ISCUSSION 

he present study explored the clinical characteristics and out- 
omes of patients diagnosed with IgAN within the GCKD co- 
ort. Over a 6.5-year follow-up period, 28% of patients with IgAN 

xperienced a CKE. Relapse after partial or complete remission 
as relatively uncommon, occurring in only 3.1% of the cohort,
uggesting that once remission is achieved, the risk of a signifi- 
ant increase in albuminuria remains low. Albuminuria was the 
trongest predictor of kidney failure, with higher levels corre- 
ated with increased risk. 

Regarding relative risks, our findings indicate that compared 
ith a UACR < 0.1 g/g, any higher UACR level was indepen- 
ently associated with a greater rate of CKE. Specifically, we 
bserved that patients with a UACR of 0.1–0.6 g/g had a 2.03-fold 
ncreased risk of experiencing a CKE. For those with a UACR 
f 0.6–1.4 g/g, the risk was 3.8 times higher, highlighting a 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae230#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae230#supplementary-data
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Figure 1: Forest plots of ( A) CKE and ( B) MACE showing HRs and 95% CIs. 

Table 2: Multivariate Cox model for predictors of CKE and MACE. 

Variables 
CKE ( n = 120/421) , 

HR ( 95% CI) 
MACE ( n = 35/421) , 

HR ( 95% CI) 

Age per 10-year increase ( baseline) 0.82 ( 0.69–0.97) 1.65 ( 1.09–2.52) 
Sex 

Female 0.87 ( 0.55–1.35) 0.25 ( 0.07–0.84) 
Male Reference Reference 

BMI per 5 kg/m2 ( baseline) increase 1.18 ( 0.99–1.41) 1.30 ( 0.90–1.87) 
UACR categories, g/g 

≥1.4 4.61 ( 2.25–9.43) 1.12 ( 0.24–5.33) 
> 0.6–< 1.4 3.50 ( 1.77–6.93) 1.15 ( 0.39–3.42) 
≥0.1–< 0.6 1.91 ( 0.95–3.81) 1.15 ( 0.49–2.71) 
≥0–< 0.1 Reference Reference 

eGFR per 10 ml/min/1.73 m2 ( baseline) increase 0.80 ( 0.71–0.89) 0.82 ( 0.64–1.06) 
Diabetes mellitus 

Yes 1.73 ( 1.03–2.92) 2.53 ( 1.11–5.78) 
No Reference Reference 

Systolic BP ( per 10 mmHg) increase 1.10 ( 0.98–1.23) 1.06 ( 0.85–1.32) 
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ignificant linear association between elevated UACR levels and 
orse kidney outcomes. These findings are aligned with findings 

n 2 Chinese cohorts and a recently published Swedish cohort
8 , 13 , 24 ]. The recent Swedish study found a strong and
ncremental association between UACR and the risk of ad- 
erse kidney events. Conversely, as expected, higher baseline 
GFR was protective. An eGFR decline was observed across 
ll albuminuria categories, yet patients with < 0.1 g/g of albu-
inuria demonstrated a more stable disease course, with a 

physiological’ decline of < 0.9 ml/min/1.73 m2 /year.
Current phase 2 and 3 RCTs for IgAN use proteinuria as a

urrogate endpoint, usually enrolling patients with baseline pro- 
einuria > 1 g/day ( approximately equivalent to a UPCR of 0.88 g/g
r a UACR of 0.6 g/g) . Recently it was shown that ≈20% of pa-
ients with a time-averaged UPCR < 0.44 g/g and 30% with a time-
veraged UPCR of 0.44–< 0.88 g/g progressed to kidney failure
ithin 10 years of diagnosis [8 ]. Correspondingly, in our study,
5% of individuals with a UACR in the range of 0.1–0.6 g/g expe-
ienced CKE within < 10 years of follow-up.

Regarding cardiovascular events and mortality, our analysis 
id not find any association between elevated UACR or lower
GFR. Research on the connection between proteinuria and car-
iovascular events in IgAN is limited. A Canadian study reported
 10-year risk of 7.4%, with both proteinuria and lower eGFR
inked to a higher incidence of cardiovascular events, though not
pecific to IgAN [25 ]. A recent US cohort study also found ele-
ated proteinuria associated with higher cardiovascular disease 
isk and mortality [26 ]. One explanation could be our study’s
mall sample size and the relatively short follow-up period of
.5 years. 

Currently, numerous new RCTs are investigating how to halt
he progression of IgAN. This surge of RCTs is largely based on
he recognition that a reduction of proteinuria in so-called high-
isk patients is associated with improved outcomes and a slower
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Figure 2: eGFR slopes according to UACR levels. Patients with higher baseline UACR levels ( ≥1.4 g/g) show a significantly steeper decline in eGFR over the 6-year 
follow-up period, indicating a greater risk of kidney function deterioration compared with those with lower UACR levels. 

Figure 3: Cumulative incidence of ( A) CKE and ( B) MACE according to baseline UACR levels. The sudden increases in CKE incidence at 2 years ( and subsequent smaller 
steps) are likely due to the fact that changes in eGFR were assessed for the first time at 2 years and then subsequently at 4 and 6 years. 
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ate of kidney function loss [14 ]. New drugs such as targeted re- 
ease budesonide, sparsentan and potentially inhibitors target- 
ng the APRIL ( a proliferation-inducing ligand) /BAFF ( B cell ac- 
ivating factor from the TNF family) signalling pathway, as well 
s complement activation, are undergoing evaluation, particu- 
arly in patients with high proteinuria [3 , 27 , 28 ]. However, there 
s a notable absence of IgAN patients with lower proteinuria lev- 
ls in current RCTs. Based on our data, which suggest that renal 
isk continuously decreases with decreasing UACR, it will be im- 
ortant to study whether drugs that reduce high levels of pro- 
einuria are also effective at reducing lower levels and if these 
ffects translate to better kidney outcomes. 

A limitation of our study is that patients were recruited into 
he study during their natural disease course and that data be- 
ween recruitment into the cohort and disease diagnosis were 
ot available. Second, despite the large size of the GCKD co- 
ort, our sample size was relatively small, which may influence 
he statistical power of our results. Our analysis also did not 
nclude other clinical or histological parameters known to in- 
uence the progression of IgAN, such as the MEST-C score or 
he presence/absence of haematuria [29 –31 ]. Additionally, given 
he fact that the pathophysiology of IgAN seems to be differ- 
nt between Asian and Caucasian populations, the fact that our 
tudy was limited to people with European ancestry may af- 
ect the generalizability of our findings. The participants were 
nrolled in Germany on the basis of prevalent non-dialysis- 
ependent CKD, thus there is a selection bias of participants 
wing to this defined study cohort. Further larger-scale studies 
ith longer follow-up periods are warranted to validate our find- 

ngs and further elucidate the factors influencing the prognosis 
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Table 3: Cumulative incidence of CKE and MACE according to UACR categories. 

CKE, % MACE, % 

UACR categories BSL ≥0–< 0 .1 g/g ≥0.1–< 0.6 g/g ≥0.6–< 1.4 g/g ≥1.4 g/g ≥0–< 0.1 g/g ≥0.1–< 0.6 g/g ≥0.6–< 1.4 g/g ≥1.4 g/g 

FU2 4 .77 10.10 17.93 26.64 2.12 2.42 2.35 1.78 
FU4 9 .65 19.83 33.66 47.44 5.04 5.72 5.57 4.23 
FU6 11 .25 22.89 38.29 53.07 5.04 5.72 5.57 4.23 

BSL: baseline; FU2: follow-up at 2 years; FU4: follow-up at 4 years; FU6: follow-up at 6 years. 
The percentages indicate the proportion of patients within each UACR category who experienced CKE or MACE during the specified follow-up periods. 
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f patients with IgAN. Third, we did not measure urine protein
oncentrations at baseline, which precludes a comparison with 
ACR. 
The strengths of our analysis include that this cohort con-

ists exclusively of patients treated by nephrologists, ensuring 
elatively standardized care. This minimizes potential cofound- 
ng variables arising from variations in medical management 
nd highlights the clinical relevance of our results. Addition- 
lly, the GCKD cohort provides uniquely granular data related to
atient demographics, medical history, treatment regimens and 
utcomes. Systematic endpoint adjudication further enhances 
utcome data accuracy and reduces bias. The use of standard-
zed questionnaires to evaluate participants’ characteristics, in- 
erson study visits conducted by trained study nurses, along 
ith continuous evaluation of outcomes by experienced physi- 
ians following predefined criteria further enhances the reliabil- 
ty of our findings. 

In summary, our study further supports the significant dis- 
ase burden of IgAN. We confirm in a purely Caucasian popula-
ion the critical importance of albuminuria as a modifiable risk
actor in the management of IgAN. The need for targeted inter-
ention in patients with elevated albuminuria is clear, as is the
otential benefit of aggressive treatment strategies to maintain 
r improve renal function. 

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .
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