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ABSTRACT 

Background. Focal segmental glomerulosclerosis ( FSGS) can lead to kidney failure in adults. This study examines the 
progression of FSGS in the German Chronic Kidney Disease ( GCKD) cohort. 
Methods. The GCKD study ( N = 5217) , a prospective cohort, included 159 patients with biopsy-confirmed FSGS recruited 
from 2010 to 2012. Baseline was defined as the first study visit. Adjudicated endpoints included a composite kidney 
endpoint ( CKE) , including an estimated glomerular filtration rate ( eGFR) decrease > 40%, eGFR < 15 ml/min/1.73 m2 or 
initiation of kidney replacement therapy and combined major adverse cardiovascular events ( MACE) , including non-fatal 
myocardial infarction or stroke and all-cause mortality. Associations between baseline demographics, laboratory data, 
comorbidity and CKE and MACE were analysed using the Cox proportional hazards regression model. 
Results. The mean age at baseline was 52.1 ± 13.6 years, with a disease duration of 4.72 years ( quartile 1: 1; quartile 3: 6) 
before joining the study. The median urinary albumin:creatinine ratio ( UACR) at baseline was 0.7 g/g ( IQR 0.1;1.8) , while 
mean eGFR was 55.8 ± 23 ml/min/1.73 m2 . Based on clinical and pathological features, 69 ( 43.4%) patients were 
categorized as primary FSGS, 55 ( 34.6%) as secondary FSGS and 35 ( 22%) as indeterminate. Over a follow-up of 6.5 years, 
44 patients reached the composite kidney endpoint and 16 individuals had at least one MACE. UACR ≥0.7 g/g was 
strongly associated with both the composite kidney endpoint {hazard ratio [HR] 5.27 [95% confidence interval ( CI) 
2.4–11.5]} and MACE [HR 3.37 ( 95% CI 1.05–10.82) ] compared with < 0.7 g/g, whereas a higher eGFR at baseline ( per 
10 ml/min) was protective for both endpoints [HR 0.8 ( 95% CI 0.68–0.95) and HR 0.63 ( 95% CI 0.46–0.88) , respectively]. 
Patients with secondary FSGS experienced a greater rate of eGFR decline than patients with primary FSGS. 
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Conclusions. Lower eGFR and higher albuminuria are key risk factors for kidney disease progression and cardiovascular 
events in patients with FSGS. 

Keywords: albuminuria, focal segmental glomerulosclerosis ( FSGS) , GCKD, kidney failure, outcomes 
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KEY LEARNING POINTS 

What was known: 

• Classification based on clinicopathological criteria is esse
aetiology and appropriate therapy.

• Studies show an increasing incidence of FSGS globally, but
body mass index affect long-term outcomes.

This study adds: 

• This is the first study to examine the association of urin
and kidney disease progression using adjudicated endpo
associated with an increased risk of both a composite kid

• We report a higher primary:secondary FSGS ratio than pre
• We observed a more rapid estimated glomerular filtratio

FSGS.

Potential impact: 

• This study emphasizes the importance of UACR as a pred
in FSGS patients.

• The observation of a faster eGFR decline in secondary FS
aggressive management strategies for secondary FSGS to 

NTRODUCTION 

ocal segmental glomerulosclerosis ( FSGS) is not a specific dis- 
ase entity, but rather a histological pattern of glomerular injury.
he FSGS lesion has heterogeneous causes and can be subdi- 
ided into primary ( ‘idiopathic’) and secondary types. Secondary 
SGS includes virus- and drug-associated FSGS, FSGS lesions 
uperimposed on other glomerular diseases and maladaptive 
orms [1 ]. Maladaptive FSGS results from nephron loss or ab- 
ormal haemodynamic stress on a normal nephron population.
lassification based on clinicopathological criteria is essential 
or determining appropriate therapy [2 ]. 

In several regions of the world, the incidence of FSGS has 
isen in recent decades [3 ]. Previous retrospective cohort stud- 
es often lacked clear definitions for different FSGS forms and 
ielded variable results for factors influencing long-term kidney 
utcomes. Notably, associations between long-term kidney out- 
omes and factors such as sex, baseline proteinuria, serum cre- 
tinine level and body mass index ( BMI) at diagnosis remain in- 
onclusive [4 –9 ]. 

Observational studies and meta-analyses of randomized 
ontrolled trials ( RCTs) have consistently established robust as- 
ociations between albuminuria levels and the risk of kidney 
ailure [10 –13 ]. However, these studies encompass chronic kid- 
ey disease ( CKD) in a broader context and are not specific for 
SGS. Findings from FSGS cohorts suggest that proteinuria can 
e used as a surrogate for adverse outcome, as reductions in pro- 
einuria are consistently associated with lower rates of kidney 
isease progression and failure [14 –16 ]. However, there are no 
ata regarding the use of albuminuria as a surrogate for kidney 
utcomes in FSGS. 
 for determining focal segmental glomerulosclerosis ( FSGS) 

e is uncertainty about how much factors like proteinuria and 

albumin:creatinine ratio ( UACR; as opposed to proteinuria) 
n FSGS patients. We found that higher levels of UACR were 
ndpoint and a composite cardiovascular endpoint.
sly observed.
e ( eGFR) decline in secondary FSGS compared with primary 

 of kidney disease progression and cardiovascular outcomes 

ould prompt a review of therapeutic approaches and more 
disease progression.

The present study had two primary objectives. First, we 
imed to investigate the association between baseline and 
ime-dependent albuminuria and the risk of cardiovascular and 
idney outcomes in a population with highly granular data and 
djudicated endpoints by studying patients with an FSGS diag- 
osis enrolled in the German Chronic Kidney Disease ( GCKD) co- 
ort [17 , 18 ]. Our second aim was to separately analyse the clini-
al characteristics and outcomes of primary and secondary FSGS 
y categorizing patients based on clinicopathological criteria. 

ATERIALS AND METHODS 

tudy design and population 

etween 2010 and 2012, the GCKD study enrolled 5217 partic- 
pants of European ancestry 18–74 years of age with an eGFR 
f 30–60 ml/min/1.73 m2 or an eGFR ≥60 ml/min/1.73 m2 in 
he presence of increased albuminuria in a spot urine test [i.e.
rine albumin:creatinine ratio ( UACR) > 300 mg/g creatinine].
he main exclusion criteria were non-European ancestry, active 
alignancy in the previous 2 years, previous transplantations or 
ew York Heart Association class IV heart failure. A total of 159 
articipants with biopsy-proven FSGS were among study partic- 
pants and included in the current analysis. The baseline date 
as defined as the first study visit and the follow-up time was
.5 years. 

Every participant in the study provided written informed 
onsent. The ethics committees of all nine participating Ger- 
an institutions approved the study. The study was carried out 

n accordance with approved guidelines and the Declaration 
f Helsinki. The reporting guidelines of the Strengthening 
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Figure 1: Proposed diagnostic algorithm for patients with FSGS based on De Vriese et al. [2 ]. RAAS: renin–angiotensin–aldosterone system; FPE: foot process effacement; 
AKI: acute kidney injury. 
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he Reporting of Observational Studies in Epidemiology were 
ollowed. The study was registered at the German Clinical Trials
egister ( www.drks.de; ID DRKS00003971) . 

utcomes 

djudicated endpoints included a composite kidney end- 
oint ( CKE) consisting of an eGFR decrease > 40%, eGFR 
 15 ml/min/1.73 m2 or initiation of kidney replacement ther- 
py ( KRT) , as well as the individual components of the kidney
ndpoint and combined major adverse cardiac events ( MACE) ,
ncluding non-fatal myocardial infarction, stroke, cardiovascu- 
ar death and all-cause mortality ( death from a cardiovascular 
ause, cerebrovascular cause, peripheral vascular cause, infec- 
ion, other cause, unknown cause or renal disease) . 

SGS aetiology 

he categories of FSGS encompass four types: primary, sec- 
ndary ( including drug- or virus-induced and maladaptive) ,
enetic and of undetermined cause. With the exception of 
rimary FSGS, all others require supportive therapy rather than 
mmunosuppression. This category encompasses patients with 
ubnephrotic proteinuria and partial foot process effacement,
nd with no obvious FSGS cause. FSGS classification was based
n clinical and laboratory information extracted from medical
eports and kidney biopsy findings as well as a questionnaire
 Supplementary Fig. 1) a bout the patient’s medical histor y 
nd disease course, employing proposed clinicopathological 
riteria [2 ]. According to these criteria, we developed a diag-
ostic algorithm to categorize patients ( Fig. 1 ) . Secondary forms
ncluded mainly those with maladaptive responses and one
enetic case of FSGS requiring and treated with supportive
herapy. The classification was primarily based on electron
icroscopy ( EM) findings and further refined based on clinical 
resentation and laboratory data at baseline as well as response
o immunosuppression. This approach aimed to ensure the
ost accurate categorization possible given the constraints of

he data available in the GCKD cohort database. We assessed EM
ndings in our diagnostic process, with EM data being available
nd evaluated for 85 patients. Patients with insufficient clinical
r biopsy data were categorized as indeterminate. 
Complete renal biopsy and/or medical reports were avail-

ble for review in 153 ( 96.8%) patients with FSGS. The classifica-
ion was independently performed by two experienced nephrol-
gists. 

tatistical analysis 

ontinuous variables were expressed as mean and standard
eviation ( SD) in the case of normally distributed variables 

http://www.drks.de;
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae131#supplementary-data
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r median and interquartile range ( IQR) for non-normally 
istributed variables. Categorical variables were expressed 
s numbers with percentages. UACR was divided into two 
ategories ( < median and ≥median) based on the baseline 
easurement. 
All data were collected and managed using Askimed as a 

loud-based web platform ( https://www.askimed.com) . Data ex- 
raction from Askimed was performed in February 2021. The 
GFR slopes were evaluated in linear mixed effects models. Re- 
eated measurements of a participant were included by random 

ntercept and random slope term ( = random effects) . Here, the 
andom intercept allows a participant-specific eGFR at baseline 
nd the random slope reflects a participant-specific change in 
GFR over time. 

Time-to-first event outcomes were defined as follows: If pa- 
ients failed to complete the 6-year follow-up period, censoring 
as performed at the time of the last follow-up, e.g. when par- 
icipants were lost to follow-up or refused to further participate 
n the study. The Cox regression analyses for the specific out- 
omes ( composite kidney endpoint or MACE) were conducted 
ith a competing risks approach using cause-specific Cox re- 
ression. Confounding risk factors at baseline included age, sex,
MI, FSGS aetiology, eGFR [Chronic Kidney Disease Epidemiol- 
gy Collaboration ( CKD-EPI) equation] and as time-dependent 
ACR categories. Estimates are presented as hazard ratios ( HRs) 
ith 95% confidence intervals ( CIs) . Additionally, we created a 
orest plot depicting the HR per each FSGS aetiology in each 
odel. 
To identify relevant variables of eGFR levels, we used linear 

egression modelling, including the following baseline covari- 
tes in the model: age, gender, BMI at baseline, FSGS aetiology 
nd UACR as time dependent variables and presented the esti- 
ate ( β) with 95% CIs. 
Analyses were performed using SAS version 9.4 ( SAS Insti- 

ute, Cary, NC, USA) . 

ESULTS 

aseline demographic data 

 total of 159 patients enrolled into the GCKD study had a di- 
gnosis of FSGS, of which 69 ( 43.4%) were designated primary 
SGS on clinicopathological criteria. The mean duration of the 
isease before enrolment was 2 years ( quartile 1: 1; quartile 
: 6) ( Supplementary Table 1) . At baseline, the mean age was 
2.1 ± 13.6 years, median albuminuria was 0.7 g/g ( quartile 1: 0.1; 
uartile 3: 1.8) and the mean eGFR was 55.8 ± 23 ml/min/1.73 m2 .
pproximately 33% of the patients were in CKD stage G1 
r G2 at baseline, about 50% in CKD stage G3 and 14% in 
KD stage G4. The majority [101 ( 63.5%) ] were male and 
early all of them had hypertension ( 99.4%) . At baseline, 34% 

f the patients received treatment with corticosteroids while 
3.3% were receiving immunosuppressive treatment other than 
teroids, with calcineurin inhibitors being the most common 
 Table 1 ) . 

idney endpoints 

uring a follow-up of 6.5 years, 44 ( 27.7%) individuals reached 
he composite kidney endpoint, which included 19 ( 12%) who 
nitiated KRT and an additional 25 ( 15.8%) who experienced 
 > 40% eGFR decrease without initiating KRT. The univari- 
te determinants of achieving the composite kidney endpoint 
ere a change in UACR category, younger age, lower eGFR 
nd prescription of a dihydropyridine calcium channel blocker 
 Supplementary Table 2) . Participants with a UACR ≥0.7 g/g had 
 mean annual eGFR slope of −2.01, versus −0.92 for patients 
ith a UACR < 0.7 g/g ( Fig. 3 B, Supplementary Table 5) . A m ulti-
ariable Cox regression analysis revealed that a UACR ≥0.7 g/g 
ompared with a lower UACR was associated with reaching the 
omposite kidney endpoint [HR 5.27 ( 95% CI 2.4–11.5) ]. In con- 
rast, each 10 ml/min higher eGFR at baseline was found to 
e protective, with an HR of 0.80 ( 95% CI 0.68–0.95) . Sex, age 
nd BMI at baseline were not associated with the compos- 
te kidney endpoint in the multivariable analysis ( Fig. 2 A and 
able 2 ) . 

A linear mixed model for eGFR was used to assess the re- 
ationships with renal outcomes ( Supplementary Table 3) . The 
ultivariable analysis revealed a negative association between 
ge, with each 10-year increment linked to a more pronounced 
ecline [estimate = −4.73 ( 95% CI −7.22 to −2.24) ]. Moreover,
SGS aetiology demonstrated effects, with secondary FSGS as- 
ociated with a more rapid decline in eGFR ( Table 3 ) . 

ardiovascular endpoints 

uring the follow-up period, 16 individuals experienced at least 
ne MACE. A UACR ≥0.7 g/g was associated with experiencing 
 MACE ( 8 patients with non-fatal cardiovascular events, 8 pa- 
ients with all-cause mortality) , with an HR of 3.37 ( 95% CI 1.05–
0.82) compared with < 0.7 g/g. A higher eGFR at baseline ( per 
0 ml/min) was linked to a reduced risk of MACE, with an HR 
f 0.63 ( 95% CI 0.46–0.88) . Additionally, a higher BMI at baseline 
 per 5 kg/m2 ) was also associated with an increased risk of MACE,
ith an HR of 2.43 ( 95% CI 1.34–4.39) . Female sex provided a pro- 
ective effect ( Fig. 2 B and Table 2 ) . 

utcomes per FSGS subtype 

n our cohort, 69 ( 43.4%) patients were classified as having pri- 
ary FSGS, 55 ( 34.6%) as having secondary FSGS and for 35 

 22%) the aetiology was uncertain ( Table 1 ) . There were no differ- 
nces in the baseline characteristics between the primary and 
econdary forms, except for immunosuppression, with nearly 
5% of primary FSGS patients receiving corticosteroids and 40% 

eceiving immunosuppression other than steroids at baseline,
ompared with 16.9% and 9%, respectively, for secondary FSGS 
 Table 1 ) . Moreover, at baseline, diabetes was more common in 
atients with primary FSGS. 
During a follow-up of 6.5 years, 15 ( 34.1%) individu- 

ls with primary, 17 ( 38.6%) with secondary and 12 ( 27.3%) 
ith indeterminate FSGS reached the composite kidney end- 
oint ( Supplementary Table 4) . Similarl y, no differ ence w as 
ound in the incidence of MACE among diagnostic groups 
 Supplementary Table 4) . 

The mean annual eGFR slope in primary FSGS was the small- 
st, at −0.96, followed by indeterminate at −1.73, and the sec- 
ndary FSGS patients at −1.88 ( Fig. 3 A, Supplementary Table 5) . 

ISCUSSION 

he present study aimed to investigate the clinical characteris- 
ics and outcomes of patients diagnosed with FSGS who were 
nrolled in the GCKD cohort. A unique feature of our approach 
s that we attempted to classify patients into primary and sec- 
ndary FSGS based on a clinicopathological approach and de- 
cribe potential differences not only at baseline, but also during 
ollow-up. 

https://www.askimed.com
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae131#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae131#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae131#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae131#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae131#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae131#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae131#supplementary-data
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Table 1: Demographics and clinical parameters at baseline stratified by FSGS aetiology. 

Variable 
Total 

( N = 159) 
Primary [ n = 69 

( 43.4%) ] 
Secondary 

[ n = 55 ( 34.6%) ] 
Indeterminate 
[ n = 35 ( 22%) ] 

Sex, n ( %) 
Male 101 ( 63.5) 42 ( 60.9) 38 ( 69.1) 21 ( 60) 
Female 58 ( 36.5) 27 ( 39.1) 17 ( 30.9) 14 ( 40) 

Age ( years) , mean ± SD 52.1 ± 13.6 52.8 ± 13.3 51.2 ± 13.3 52.1 ± 15.1 
BMI ( kg/m2 ) , mean ± SD 28.9 ± 5.6 29.2 ± 5.5 28.8 ± 5.4 28.4 ± 6.3 
Systolic blood pressure ( mmHg) , mean ± SD 135.9 ± 19.4 132.3 ± 18.3 138.4 ± 21 139.5 ± 18 
Diastolic blood pressure ( mmHg) , mean ± SD 80.4 ± 12.9 79.1 ± 11.3 81.6 ± 14.4 81.6 ± 13.6 
Smoking, n ( %) 

Non-smoker 67 ( 42.4) 31 ( 44.9) 23 ( 41.8) 13 ( 38.2) 
Former smoker 54 ( 34.2) 27 ( 39.1) 16 ( 29.1) 11 ( 32.4) 
Current smoker 37 ( 23.4) 11 ( 15.9) 16 ( 29.1) 10 ( 29.4) 
UACR ( g/g) 0.1;1.8 0.1;1.7 0.3;2.2 0.1;1.4 

UACR categories, n ( %) 
< 0.7 g/g 83 ( 52.2) 37 ( 53.6) 25 ( 45.5) 21 ( 60) 
≥0.7 g/g 76 ( 47.8) 32 ( 46.4) 30 ( 54.5) 14 ( 40) 

eGFR ( CKD-EPI) ( ml/min/1.73 m2 ) , mean ± SD 55.8 ± 23 60.4 ± 24.2 52.2 ± 21.9 52.2 ± 21.1 
eGFR categories, n ( %) 

G1: CKD-EPI ≥90 17 ( 10.8) 10 ( 14.7) 4 ( 7.3) 3 ( 8.8) 
G2: CKD-EPI ≥60–< 90 36 ( 22.9) 17 ( 25) 14 ( 25.5) 5 ( 14.7) 
G3a: CKD-EPI ≥45–< 60 50 ( 31.8) 23 ( 33.8) 14 ( 25.5) 13 ( 38.2) 
G3b: CKD-EPI ≥30–< 45 32 ( 20.4) 10 ( 14.7) 13 ( 23.6) 9 ( 26.5) 
G4: CKD-EPI ≥15–< 30 22 ( 14) 8 ( 11.8) 10 ( 18.2) 4 ( 11.8) 

Diabetes, n ( %) 36 ( 22.6) 22 ( 31.9) 7 ( 12.7) 7 ( 20) 
Hypertension, n ( %) 158 ( 99.4) 69 ( 100) 54 ( 98.2) 35 ( 100) 
Coronary heart disease, n ( %) 17 ( 10.7) 9 ( 13) 4 ( 7.3) 4 ( 11.4) 
Antihypertensive medication, n ( %) 156 ( 98.1) 68 ( 98.6) 53 ( 96.4) 35 ( 100) 
ACEIs, n ( %) 90 ( 56.6) 41 ( 59.4) 30 ( 54.5) 19 ( 54.3) 
ARBs, n ( %) 102 ( 64.2) 44 ( 63.8) 34 ( 61.8) 24 ( 68.6) 
Diuretics, n ( %) 98 ( 61.6) 46 ( 66.7) 31 ( 56.4) 21 ( 60) 
Thiazides, n ( %) 41 ( 25.8) 19 ( 27.5) 14 ( 25.5) 8 ( 22.9) 
Loop diuretics, n ( %) 66 ( 41.5) 36 ( 52.2) 18 ( 32.7) 12 ( 34.3) 
Immunosuppressive treatment other than 
corticosteroids, n ( %) 

37 ( 23.3) 27 ( 39.1) 5 ( 9.1) 5 ( 14.3) 

Systemic corticosteroids, n ( %) 54 ( 34) 38 ( 55.1) 9 ( 16.4) 7 ( 20) 
Dihydropyridine ( nifedipine-type) , n ( %) 57 ( 35.8) 20 ( 29) 23 ( 41.8) 14 ( 40) 
Proton pump inhibitor, n ( %) 53 ( 33.3) 28 ( 40.6) 14 ( 25.5) 11 ( 31.4) 
Statin, n ( %) 83 ( 52.2) 42 ( 60.9) 24 ( 43.6) 17 ( 48.6) 
Acetylsalicylic acid, n ( %) 36 ( 22.6) 16 ( 23.2) 12 ( 21.8) 8 ( 22.9) 
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Traditionally, studies involving patients with FSGS have em- 
loyed proteinuria, rather than albuminuria, as a surrogate for 
isease progression [6 , 7 , 9 , 19 ]. To our knowledge, this study
s the first to examine the association of UACR and kidney dis-
ase progression in FSGS patients. We found that higher levels
f albuminuria were associated with an increased risk of both
 composite kidney and a composite cardiovascular endpoint. It 
s important to note that in our cohort, baseline does not rep-
esent the time of diagnosis, but the first visit after enrolment
n the GCKD study. The majority of our patients had been diag-
osed several years earlier and had already received treatment.
ccording to the recruitment strategy of the GCKD study, they
ere all under the care of a nephrologist. As all patients were on
enin–angiotensin–aldosterone system inhibitor treatment and 
ad reasonably well-controlled blood pressure, we can consider 
his FSGS subcohort as well-treated with respect to support- 
ve measures. Consequently, our analysis demonstrates that the 
resence of a UACR > 0.7 g/g is associated with an increased risk
f kidney endpoints and MACE at any time during the course
f the disease. Additionally, we confirm that a greater reduction
n eGFR at baseline was associated with worse kidney survival
ates [16 , 20 , 21 ]. 

Moreover, to the best of our knowledge, this is the first study
irectly comparing outcomes in patients with primary versus
econdary FSGS. This categorization was performed retrospec- 
ively in a standardized way by two independent experienced
ephrologists. Nevertheless, despite a rigorous definition of cri-
eria for the categorization, this potentially led to misclassifica-
ion. However, the higher frequency of immunosuppression at
aseline in the primary FSGS group implies a largely correct clas-
ification. Moreover, survival bias should be considered, as it is
ossible that patients with more severe forms of primary FSGS
ere not included in the study. Such survival bias could also par-
ially explain the slower rate of loss of eGFR in this cohort com-
ared with studies where data from the diagnosis were analysed
 e.g. the UK RaDaR FSGS cohort) . 

Furthermore, we report the relative disease frequencies of
rimary and secondary FSGS rather than reporting FSGS as a sin-
le disease entity. Within our cohort, we noted a substantial in-
rease in the frequency of primary FSGS compared with previous



6 E. Stamellou et al.

Figure 2: Forest plot of ( A) CKE and ( B) MACE. The forest plot shows HRs and 95% CIs of CKE and MACE. 

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

Variables 
CKE ( n = 44/159) , 

HR ( 95% CI) 

MACE 
( n = 16/159) , 
HR ( 95% CI) 

Age per 10 years ( BSL) 0.81 ( 0.63–1.04) 1.47 ( 0.84–2.58) 
Sex 
Female 0.98 ( 0.5–1.91) 0.21 ( 0.04–1) 
Male Reference Reference 

BMI per 5 kg/m2 ( BSL) 1.12 ( 0.81–1.55) 2.43 ( 1.34–4.39) 
UACR categories 

≥0.7 g/g 5.27 ( 2.4–11.55) 3.37 ( 1.05–10.82) 
< 0.7 g/g Reference Reference 

eGFR per 10 ml/min/1.73 m2 

( BSL) 
0.79 ( 0.66–0.93) 0.63 ( 0.46–0.88) 

FSGS aetiology 
Indeterminate 1.44 ( 0.63–3.28) 
Secondary 0.74 ( 0.35–1.57) 0.64 ( 0.19–2.08) 
Primary Reference Reference 

BSL: baseline. 
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Table 3: Multivariable linear mixed model analysis for baseline eGFR 
in a 6.5-year follow-up. 

Effect β SE 95% CI 

Age per 10 years ( BSL) −4.73 1.27 −7.22 to −2.24 
Sex 

Female −3.69 3.61 −10.77–3.39 
Male Reference 

BMI per 5 kg/m2 ( BSL) 1.13 1.54 −1.89–4.15 
UACR categories 

≥0.7 g/g 2.76 1.62 −0.41–5.94 
≥0–< 0.7 g/g Reference 

FSGS aetiology 
Indeterminate −7.88 4.53 −16.76–1.00 
Secondary −13.09 3.9 −20.73 to −5.45 
Primary Reference −7.22 to −2.24 

β: estimated coefficient; SE: standard error. 
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ndings [22 ]. However, it remains uncertain whether this repre- 
ents a true increase in disease incidence, improved and earlier 
atient identification [23 ] or selection bias during recruitment 
nto the GCKD cohort. Moreover, it can be argued that in a rel- 
tively high number of individuals, the form of FSGS could not 
e identified, potentially affecting the accuracy of reported inci- 
ence rates. Even if we assume that all these patients have a sec- 
ndary form of FSGS, the incidence of primary FSGS ( 43%) is still 
igh when compared with previous reports, in which primary 
SGS accounted for roughly 25% of FSGS cases. Notably, in our 
nalysis, patients with secondary FSGS did experience a more 
apid decline in eGFR compared with those with primary FSGS.
his could be attributed to the fact that we analysed the patients 
ar later than disease onset and primary FSGS patients may al- 
eady have received treatment. On the other hand, patients cat- 
gorized with primary FSGS had lower levels of proteinuria and 
igher eGFRs, suggesting that they may be in remission. 
Another interesting observation in our cohort is the higher 

requency of diabetes in patients classified as having primary 
SGS. This could be a side effect of long-term treatment pro- 
ocols with high-dose steroids in these patients and warrants 
urther investigation questioning the safety of the current treat- 
ent strategies. 
Exposure to dihydropyridine calcium channel blockers was 

ssociated with worse renal survival in the univariate analy- 
is, but these effects were not significant in a multivariable 
nalysis. The lack of attenuation of CKD progression by dihy- 
ropyridine calcium channel blockers may be due to their as- 
ociation with increased albuminuria, even in patients under 
ngiotensin-converting enzyme inhibitor ( ACEI) /angiotensin II 
eceptor blocker ( ARB) , possibly through dilation of the glomeru- 
ar afferent arteriole [21 ]. Potential explanations for not confirm- 
ng the effects of this medication in the multivariable model 
ay be that our analyses do not account for the duration and 

ntensity of therapy and the interaction with the severity of al- 
uminuria. Another possible explanation could be that patients 
reated with dihydropyridine calcium channel blockers in the 
ontext of more severe or poorly controlled hypertension were 
icker patients who required additional antihypertensive ther- 
py. This could explain why the significance of the association is 
ost in the multivariable analysis when adding cofounding vari- 
bles such as albuminuria, BMI and eGFR. 

A major limitation of our study is that follow-up data may 
e incomplete from disease onset or diagnosis. Second, despite 
he large size of the GCKD cohort, our sample size was relatively 
mall and limited to people of European ancestry, which may 
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Figure 3: eGFR slopes according to ( A) FSGS aetiology and ( B) baseline UACR ( g/g) over 6.5 years of follow-up. 
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nfluence the statistical power and generalizability of our re- 
ults. The homogeneous ethnic background of our study popula- 
ion diminishes the influence of genetic factors. The participants 
ere enrolled in Germany on the basis of prevalent non-dialysis-
ependent CKD, thus there is a selection bias of participants ow-
ng to this defined study cohort. Further larger-scale studies with
onger follow-up periods are warranted to validate our findings 
nd further elucidate the factors influencing the prognosis of 
SGS patients. In our study, serum albumin levels at the time of
isease diagnosis were not uniformly available for all patients.
here these data were accessible, they were incorporated into 
ur analysis and contributed to the classification of FSGS cases.
t is important to acknowledge that the absence of consistent
aseline serum albumin levels across the patient cohort repre- 
ents a limitation of our study. Despite this, the available albu-
in data provided valuable insights into the clinical status of the
atients at the time of diagnosis. Further limitations include the
ack of comprehensive genetic testing data, which could lead to
isclassification within the secondary and unknown categories 
f FSGS. The heterogeneity of these groups and the variable clin-
cal presentations of genetic FSGS underscore the need for cau-
ious interpretation of our findings. In analysing the outcomes 
f this cohort, we acknowledge that differences in treatment 
ay confound the interpretations. The range of interventions,

rom immunosuppressive regimens to supportive care, reflects 
he real-world complexity of managing FSGS but also poses a
hallenge in attributing outcomes to specific aetiologies or dis- 
ase stages. Finally, we acknowledge that pooling together cases 
f complete remission, partial remission, steroid-resistant and 
teroid-dependent FSGS complicates interpretation of our data. 

Strengths of our analysis include that the cohort exclusively 
onsists of patients treated by nephrologists, ensuring relatively 
tandardized care. This not only minimizes potential cofound- 
ng variables arising from variations in medical management,
ut also highlights the clinical relevance of our results. Second,
he GCKD is a cohort with uniquely granular data related to pa-
ient demographics, medical history, treatment regimens and 
utcomes. Systematic endpoint adjudication further enhanced 
utcome accuracy and reduced bias. Moreover, we used stan- 
ardized questionnaires to evaluate participants’ characteristics 
nd in-person study visits conducted by trained study nurses.
utcomes were continuously evaluated by experienced physi- 
ians according to predefined criteria in a standardized fashion 
ased on hospital discharge letters and death certificates. 
In summary, our study identifies low eGFR and, in particular,
 higher UACR as potent predictors of adverse kidney and cardio-
ascular outcomes. Patients with secondary FSGS experienced a
aster eGFR decline compared with primary FSGS, emphasizing
he impact of secondary FSGS on kidney outcomes and the need
or intensified supportive therapy in this subgroup. 

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .
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