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Background. Although glomerular diseases are the
third most frequent cause of end-stage kidney dis-
ease worldwide, little is known about their long-
term outcomes.

Methods. In patients with chronic kidney disease
(CKD) stage 3–5 enrolled in the Swedish Renal Reg-
istry, we compared risks of hospitalization, kidney
replacement therapy (KRT), major cardiovascular
events (MACE), and death of the four most frequent
primary glomerular diseases (IgA nephropathy
[IgAN], focal segmental glomerulosclerosis [FSGS],
minimal change disease [MCD], and membranous
nephropathy [MN]), and patients with CKD due
to the most common non-communicable diseases
(control-CKD).

Results.We identified 2396 patients with glomerular
disease (97% biopsy-proven, 69% men, 57 years,
eGFR 29 mL/min/1.73 m2, uACR 88 mg/mmol,
1524 with IgAN, 398 FSGS, 94 MCD, and 380
MN) and 37,697 controls (64% men, 74 years,
eGFR 25 mL/min/1.73 m2, uACR 23 mg/mmol),
mainly with diabetic nephropathy and nephroan-
giosclerosis. The median follow-up was 6.3 (3.3;
9.9) years. Compared with control-CKD, patients

with primary glomerular diseases generally had a
lower risk of hospitalization, MACE (adjusted haz-
ard ratios [HRs] ranging from 0.44 to 0.88 depend-
ing on the etiology) and death (HRs ranging 0.45–
0.76). Patients with IgAN and FSGS had a faster
eGFR decline and a higher rate of KRT (HRs 1.26
[95%CI: 1.15–1.37] and 1.34 [1.15–1.57], respec-
tively). Conversely, patients with MN and MCD had
a lower KRT rate and slower eGFR decline.

Conclusion. Despite having a lower relative risk of
hospitalization, cardiovascular events and mortal-
ity, patients with IgAN and FSGS are at higher risk
of CKD progression than the most common etiolo-
gies of CKD, emphasizing the need for more strin-
gent treatment strategies in these patients.
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Introduction

Primary glomerular diseases are the third most
frequent cause of kidney failure worldwide after
diabetes and hypertension [1, 2] and constitute the
leading cause of end-stage kidney disease in young
adults. Primary glomerular diseases are a diverse
group of diseases characterized by histologically
and clinically distinct entities/subtypes, with IgA
nephropathy (IgAN), focal segmental glomeru-
losclerosis (FSGS), membranous nephropathy
(MN), and minimal change disease (MCD) being
the most frequent etiologies. Although often
grouped together, these etiologies usually present
in different populations (e.g., younger versus older
adults) and have differing clinical presentations
(e.g., nephritic versus nephrotic syndrome). The
common denominator of these conditions is,
however, glomerular damage, albuminuria, and
sometimes also hematuria.

Existing evidence, as well as clinical guidelines,
stress that the underlying cause of chronic kidney
disease (CKD) differentially impacts the patient’s
risk of adverse health outcomes [3–6]. However,
the specific health trajectories of patients with
glomerular diseases have not been well described.
Some studies have associated glomerular diseases
with the risk of systemic infections [7], venous
thromboembolism [3, 8, 9], cardiovascular events
[3, 4, 10–12], acute kidney injury (AKI) [13–16], kid-
ney failure [3, 10, 17, 18], or death [3, 10, 17–21],
but they may be impacted by a lack or an inade-
quate choice of comparative populations [3, 4, 18].
For instance, a recent study [4] described a higher
rate of cardiovascular events in patients with pri-
mary glomerular diseases compared with healthy
individuals, which makes it difficult to ascertain
whether this excess cardiovascular risk is specific
to glomerular diseases or to the loss of kidney
function per se regardless of underlying etiology.
Other identified limitations include small sample
size [10, 20, 22], short follow-up [22], combining
all subtypes of glomerular diseases into a single
category [10, 22–24], or exploring outcome differ-
ences within specific conditions, such as nephrotic
syndrome [3, 25] or maintenance dialysis [5, 23].

Characterizing the long-term health trajectories
of primary glomerular diseases is important for
risk stratification, tailoring monitoring strategies,
and optimizing control for risk factors. In this
study, we used a nationwide registry of individuals
referred to nephrologist care to compare the rate

of adverse health events between patients with pri-
mary glomerular diseases and patients with CKD
from the other most common etiologies.

Methods

Study design and population selection

This study was conducted using data from
the Swedish Renal Registry (SRR), a nation-
wide registry of patients attending nephrology
specialist care in Sweden. The registry col-
lects information on CKD patients with an inci-
dent estimated glomerular filtration rate (eGFR)
<30 mL/min/1.73 m2 but also encourages the
enrollment of patients in earlier stages of CKD at
the time of their referral. Nearly all nephrology
clinics in Sweden (96%) report to the SRR, and it
has been estimated that 75%–96% of all eligible
patients in CKD stage 4–5 are enrolled [26]. During
the process of SRR’s data collection, nephrologists
are asked to report a large set of clinical and bio-
logical data, including eGFR and etiology of kid-
ney disease (classified according to the European
Renal Association [ERA] Registry [27]) and whether
the diagnosis was based upon a kidney biopsy
or not.

Via each citizen’s unique personal identification
number, the SRR was linked to other government-
run registries, including the National Patient
Registry that provides information on all out-
patient specialist consultations and hospitaliza-
tions occurring in Swedish healthcare from 1997
until the end of follow-up; the Prescribed Drug Reg-
istry [28] that records information on prescribed
drugs dispensed at any Swedish pharmacy; the
Death Registry [29] that provides information on
the date and causes of death. Government-run
registries are considered to have no or minimal
loss to follow-up. The study was approved by the
Regional Ethical Review Board in Stockholm and
the Swedish National Board of Health and Welfare.

For this analysis, we included non-transplanted
adults (≥18 years) with a primary glomerular dis-
ease (exposed) or with CKD attributed to a non-
inflammatory etiology (hereafter named “control-
CKD”) who were registered in SRR between Jan-
uary 1, 2005 and December 31, 2021. The index
date and start of the follow-up were defined as the
first visit recorded in the registry. The study design
and flowchart are presented in Figs. S1 and S2.

© 2024 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Primary glomerular disease diagnoses and control
population

The exposure was a recorded diagnosis of primary
glomerular disease, including IgAN, FSGS, MN,
and MCD, classified according to the ERA cod-
ing system [27]. Information on whether or not
the diagnosis was based on a kidney biopsy was
available after 2012 when ERA updated their cod-
ing classification. Before that, nephrologists were
asked to use the code for “unspecified glomeru-
lonephritis” if there was a clinical diagnosis and
no biopsy. Those patients were not included in our
study. Furthermore, all identified secondary forms
of glomerular disease—that is, occurring in the
setting of systemic autoimmune and inflammatory
diseases, infectious diseases, solid or hematologic
malignancies, or genetic disease—were excluded
(Figs. S1 and S2). We had information about
whether the diagnosis of primary glomerular dis-
ease was made on a kidney biopsy in 97% of the
included patients.

Controls were patients with a recorded diagno-
sis of CKD attributed to the most common non-
communicable etiologies (Table S1)—the latter con-
stituting a representative group of the most com-
mon causes of CKD in healthcare with a funda-
mentally different pathophysiology than primary
glomerulonephritis.

Covariates

Study covariates were derived at the index date
and included demographics, comorbidities, clinical
and biological parameters, ongoing medications,
and recent healthcare utilization (Table S2, Fig.
S1). Comorbidities included hypertension, diabetes
mellitus, history of myocardial infarction, ischemic
heart disease, heart failure, cerebrovascular dis-
ease, peripheral vascular disease, arrhythmia, and
history of AKI. Ongoing medications were defined
by a recorded dispensation from any pharmacy
in Sweden within the 6 months prior to the
index date and included renin–angiotensin system
inhibitors, beta-blockers, calcium channel block-
ers, diuretics, lipid-lowering drugs, immunosup-
pressive drugs, corticosteroids, and antiplatelet
therapy. Clinical parameters included systolic
(SBP) and diastolic (DBP) blood pressure, body
mass index and laboratory measurements (eGFR
using the CKD-EPI2009 equation, urinary albumin-
to-creatinine ratio [uACR], hemoglobin, C-reactive
protein, serum albumin, and serum phosphorus).
The numbers of all-cause and cardiovascular-

related hospitalizations in the year prior to the
index date were considered surrogate covariates for
the overall illness burden.

Outcomes

Primary study outcomes were kidney replace-
ment therapy (KRT) initiation, major cardiovascu-
lar events (MACE), death and healthcare resource
utilization. KRT was defined as the initiation of
maintenance dialysis or preemptive kidney trans-
plantation. MACE was defined as a composite of
cardiovascular death or hospitalization for myocar-
dial infarction or stroke. Healthcare use considered
the incidence rate of hospitalizations for any cause,
cardiovascular, AKI, and infection-related hospital-
izations. Secondary study outcomes were each sin-
gle component of MACE, hospitalization for heart
failure, AKI, and venous thromboembolic events.
Venous thromboembolic events considered periph-
eral venous thrombosis and pulmonary embolism
recorded in both in- and outpatient specialist care
(see detailed definitions in Table S2). Patients were
followed until the occurrence of event, death, or
end of follow-up (December 31, 2021).

Statistical analyses

Categorical variables are reported as frequencies
and percentages, and continuous variables are
reported as median (Q1–Q3: first and third quar-
tile). Crude incidence rates of hospitalizations were
calculated per 100 patient-years. Adjusted inci-
dence rate ratios (IRR) (i.e., relative risks) were
modeled using Poisson regression with repeated
events and robust estimators to account for clus-
tering in the same patient. Log-transformed time
was used as offset to account for different follow-
up durations between patients.

We graphically depicted adjusted cumulative inci-
dence curves by etiology, using the Aalen–
Johansen approach, with death treated as a com-
peting event. Cumulative incidence curves were
adjusted for the following covariates selected a
priori on the basis of the current knowledge
and by consensus amongst authors: baseline age,
sex, comorbidities (hypertension, diabetes mel-
litus, myocardial infarction, peripheral vascular
disease, cerebrovascular disease, heart failure,
atrial fibrillation, AKI), clinical and biological data
(SBP, DBP, eGFR, hemoglobin, C-reactive pro-
tein, serum albumin, serum phosphorus), ongoing
medications (use of RASi, mineralocorticoid recep-
tor antagonist, lipid-lowering drugs, corticosteroid,

24 © 2024 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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oral immunosuppressive therapy, antiplatelet),
and recent healthcare utilization as a surrogate
of illness (number of outpatient visits, hospitaliza-
tions for any cause in the previous year). Crude and
adjusted hazard ratios (HRs) for study outcomes
were estimated using cause-specific Cox propor-
tional hazards models. We explored all factors
selected a priori, which could potentially be a con-
founder and/or in the causal pathway and, there-
fore, might represent their relative importance
in explaining the relationship between exposure
and event. For this purpose, we performed nested
models, starting from the crude model (model 0)
and subsequently adding: baseline age, sex, eGFR
(model 1, which would represent the “total effect” of
the etiology); comorbidities, clinical and biological
parameters (diabetes mellitus, hypertension, car-
diovascular disease, hospitalization and number
of outpatient visits prior to index date, AKI, SBP,
DBP, hemoglobin, C-reactive protein, serum albu-
min, serum phosphorus) (model 2); and medica-
tions (RASi, mineralocorticoid receptor antagonist,
lipid-lowering drugs, antiplatelet, and immuno-
suppressive therapy) (model 3). As albuminuria is
a feature of glomerular diseases and could be con-
sidered a mediator of the risk observed, we also
performed an additional layer of adjustment for
albuminuria (log-transformed) (model 4). We then
performed stratified analyses and tested the inter-
action between our exposure and sex for the risk
of adverse outcomes. The proportional assump-
tion was checked using log(−log[S]) and Schoenfeld
residuals against time. In the presence of compet-
ing risk of death, the interpretation of these meth-
ods is as follows: the Aalen–Johansen approach
estimates the total effect (i.e., absolute risk) of the
exposure on the outcome, accounting for compet-
ing risk of death. Under assumptions, the cause-
specific hazard ratios can be interpreted as the
direct effect of the exposure on the outcome that
is not mediated by death, as death is considered a
censoring event [30–32].

eGFR slopes were analyzed using all subsequent
records of eGFR during follow-up and via lin-
ear mixed-effect regression models with random
intercept and slope. We used the same rationale
for adjustments in these analyses: intercept was
adjusted on the above-mentioned covariates, and
slope was subsequently adjusted for the following
baseline covariates: age, sex, and eGFR (model 1
which would represent the “total effect” of the eti-
ology); diabetes, history of AKI, and SBP (model
2); RASi and MRA (model 3); and uACR (log-

transformed) (model 4). Differences in eGFR slope
were expressed as eGFR slope of primary glomeru-
lar diseases minus that of the control-CKD group.

Few covariates had missing data and pertained
to laboratory/clinical parameters. Covariates, like
SBP, DBP, hemoglobin, serum albumin, and phos-
phorus, were missing in less than 10% of patients,
and uACR and CRP were missing in less than 30%
of patients. Because these clinical assessments are
part of the monitoring in routine clinical practice
in CKD, we assumed they were missing at random
due to a lack of reporting into the registry. Mul-
tiple imputations were then performed using the
chained equation algorithm (50 imputed datasets,
20 iterations). Results from the 50 Coxmodels were
pooled according to the Rubin’s rule.

As a sensitivity analysis, we re-ran the survival
models, restricting the control group to the two
most common specific kidney diseases, that is,
nephroangiosclerosis and diabetic kidney disease.
Complete case analyses were also performed.

The STROBE statement was followed for reporting
observational studies [33]. All statistical analyses
were conducted using R 3.6.3 software.

Results

Characteristics of the study population

After applying inclusion and exclusion criteria, we
identified 2396 patients with a primary glomerular
disease (69% men, median age 57 (Q1–Q3: 44; 69)
years, eGFR 29 (21; 46) mL/min/1.73 m2, uACR
88 (24; 214) mg/mmol), including 1524 patients
with IgAN, 398 with FSGS, 94 with MCD, and
380 with MN. We also identified 37,697 patients
with control-CKD (64% men, age 74 (66; 80) years,
eGFR 25 (18; 32) mL/min/1.73m2, uACR 23 (4;
111) mg/mmol) (Fig. S2, Table 1, Table S3), with
diabetic kidney disease (23.7%) and nephroan-
giosclerosis (39.5%) being the most common con-
trol etiologies (Table S1).

Compared with control-CKD, patients with a pri-
mary glomerular disease were younger, had a lower
prevalence of cardiovascular risk factors and car-
diovascular disease, a higher eGFR and uACR, and
a less frequent history of recent hospitalization
(Table S4). Among primary glomerular diseases,
patients with MN were older and had a higher
prevalence of cardiovascular disease and higher
uACR; patients with IgAN were more often men and

© 2024 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 297; 22–35
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Table 1. Baseline characteristics of the study population.

Control-CKD IgAN FSGS MCD MN
N = 37,697 N = 1524 N = 398 N = 94 N = 380

Demographics and clinical data
Gender, men 24,212 (64.2) 1119 (73.4) 238 (59.8) 49 (52.1) 257 (67.6)
Age, years 74 (66, 80) 53 (41, 66) 59 (44, 70) 65 (48, 73) 68 (55, 75)
Systolic BP, mmHg 140 (125, 151) 132 (120, 147) 130 (120, 145) 125 (115, 135) 130 (120, 142)
Diastolic BP, mmHg 77 (70.82) 80 (75, 89) 80 (70, 86) 76 (69, 80) 80 (70, 82)
Medical history
Hypertension 33,377 (88.5) 1213 (79.6) 309 (77.6) 65 (69.1) 293 (77.1)
Diabetes mellitus 17,684 (46.9) 208 (13.6) 99 (24.9) 24 (25.5) 97 (25.5)
Any cardiovascular
disease

15,007 (39.8) 167 (11.0) 62 (15.6) 14 (14.9) 83 (21.8)

Myocardial infarction 8393 (22.3) 68 (4.5) 25 (6.3) 6 (6.4) 50 (13.2)
Peripheral vascular
disease

4714 (12.5) 27 (1.8) 16 (4.0) 4 (4.3) 16 (4.2)

Cerebrovascular disease 6596 (17.5) 106 (7.0) 31 (7.8) 5 (5.3) 38 (10.0)
Heart failure 10,899 (28.9) 92 (6.0) 39 (9.8) 7 (7.4) 47 (12.4)
Arrhythmia 8508 (22.6) 115 (7.5) 40 (10.1) 11 (11.7) 44 (11.6)
Acute kidney injury 6456 (17.1) 194 (12.7) 36 (9.0) 14 (14.9) 36 (9.5)
Biological values
Hemoglobin, g/dL 12.2 (11.1, 13.3) 12.6 (11.5, 13.9) 12.7 (11.6, 13.9) 13.6 (12.0, 14.7) 12.4 (11.4, 13.8)
C-reactive protein,
mg/L

5.0 (2.1, 10.0) 4.0 (1.1, 6.0) 5.0 (2.0, 9.0) 4.0 (1.8, 5.0) 4.0 (2.0, 5.0)

Albumin, g/L 37.0 (34.0, 40.0) 36.0 (34.0, 39.0) 36.0 (32.0, 39.0) 35.0 (28.0, 40.0) 33.0 (27.0, 37.0)
eGFR, mL/min/1.73 m2 25 (18-32) 28 (20-42) 28 (20-41) 56 (39–101) 32 (22–52)
uACR, mg/mmol 23 (4, 111) 76 (23, 170) 121 (49, 284) 23 (2, 127) 170 (35, 428)
Medications
RASi 24,185 (64.2) 1226 (80.4) 333 (83.7) 57 (60.6) 322 (84.7)
Calcium channel
blockers

21,173 (56.2) 795 (52.2) 185 (46.5) 30 (31.9) 182 (47.9)

Diuretics 24,234 (64.3) 661 (43.4) 217 (54.5) 55 (58.5) 258 (67.9)
Beta-blockers 24,430 (64.8) 654 (42.9) 182 (45.7) 34 (36.2) 185 (48.7)
Corticosteroids 5244 (13.9) 277 (18.2) 112 (28.1) 56 (59.6) 107 (28.2)
Oral
immunosuppressive
therapy

1093 (2.9) 67 (4.4) 61 (15.3) 21 (22.3) 64 (16.8)

Antiplatelets 15,330 (40.7) 186 (12.2) 76 (19.1) 9 (9.6) 107 (28.2)
Lipid-lowering drugs 20,944 (55.6) 672 (44.1) 223 (56.0) 58 (61.7) 255 (67.1)
Healthcare utilization
Any hospitalization 18,217 (48.3) 563 (36.9) 174 (43.7) 49 (52.1) 190 (50.0)
No. of hospitalizations 0 (0, 2) 0 (0, 1) 0 (0, 1) 1 (0, 2) 1 (0, 2)
Any cardiovascular
hospitalization

5379 (14.3) 44 (2.9) 18 (4.5) 6 (6.4) 30 (7.9)

No. of outpatient visits 3 (1, 6) 2 (1, 4) 3 (2, 6) 4 (2, 6) 3 (2, 6)

Note: Categorical variables are reported as frequencies (and percentages), and continuous variables are reported as
median (Q1–Q3: first and third quartile).
Abbreviations: FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy; MCD, minimal change disease; MN,
membranous nephropathy; RASi, renin angiotensin system inhibitors; uACR, urinary albumin-to-creatinine ratio.

26 © 2024 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 297; 22–35
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Fig. 1 Adjusted incidence rate ratios of all-cause and cause-specific hospitalizations associated with primary glomeru-
lar diseases versus control-CKD. Poisson models were adjusted for baseline age, sex, hypertension, diabetes mellitus,
myocardial infarction, peripheral vascular disease, cerebrovascular disease, heart failure, atrial fibrillation, acute kidney
injury, systolic and diastolic blood pressure, estimated glomerular filtration rate, hemoglobin, serum albumin, phosphate,
renin–angiotensin system inhibitors, mineralocorticoid receptor antagonist, lipid-lowering drugs, corticosteroid, oral immuno-
suppressive therapy, antiplatelet, number of outpatient visits, hospitalizations for any cause. AKI, acute kidney injury; CV,
cardiovascular; FSGS, focal segmental glomerulosclerosis; IgAN, IgA nephropathy; MCD, minimal change disease; MN, mem-
branous nephropathy.

had a lower prevalence of diabetes and cardiovas-
cular disease; and patients with MCD had higher
eGFR (Table 1).

All-cause and cause-specific hospitalizations during
follow-up

Over a median follow-up of 6.3 (3.3; 9.9) years,
there were median 3.0 (1.0; 7.0) hospitaliza-
tions per patient. Compared with control-CKD,
patients with primary glomerular disease, regard-
less of etiology, had a lower rate of all-cause
and cardiovascular-related hospitalizations (Fig. 1,
Table S4). Patients with IgAN and MN—but not
FSGS—had a lower rate of infection-related hos-
pitalizations than those with control-CKD (Fig. 1,
Table S4).

Primary study outcomes

During follow-up, 9216 KRT events, 11,242 MACE,
and 20,292 deaths occurred. The adjusted 5-year
absolute risks for these events were in general,

high across all patient groups. However, compared
with control-CKD, the adjusted 5-year absolute
risks of death and MACE were lower in patients
with primary glomerular diseases, with the excep-
tion of a similar absolute risk of MACE in patients
with FSGS. In contrast, the absolute risks of KRT
differed by etiology: the proportion of patients
requiring KRT within 5 years was higher among
those with IgAN and FSGS compared with controls
and lower for patients with MN and MCD (Table 2,
Fig. 2).

In time-to-event analyses, primary glomerular
diseases were associated with a lower rate of death
and MACE than control-CKD, although some
95% of CIs overlapped. In contrast, the adjusted
relative rate of KRT differed between etiologies:
relative risks were lower in patients with MCD (HR:
0.06 [95%CI: 0.01–0.42]) and MN (HR: 0.65 [0.51–
0.82]), but they were 26% higher in patients with
IgAN (HR: 1.26 [1.15–1.37]), and 34% higher in
patients with FSGS (HR: 1.34 [1.15–1.57]) (Table 2,

© 2024 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 297; 22–35
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Outcomes of primary glomerular diseases / A. L. Faucon et al.

Fig. 2 Adjusted cumulative incidence curves for primary study outcomes. Cumulative incidence curves were modeled using
the Aalen–Johansen method and were adjusted for baseline age, sex, hypertension, diabetes mellitus, myocardial infarc-
tion, peripheral vascular disease, cerebrovascular disease, heart failure, atrial fibrillation, acute kidney injury, systolic and
diastolic blood pressure, estimated glomerular filtration rate, hemoglobin, serum albumin, phosphate, renin–angiotensin
system inhibitors, mineralocorticoid receptor antagonist, lipid-lowering drugs, corticosteroid, oral immunosuppressive ther-
apy, antiplatelet, number of outpatient visits, hospitalizations for any cause. FSGS, focal segmental glomerulosclerosis;
IgAN, IgA nephropathy; MCD, minimal change disease; MN, membranous nephropathy.

Fig. S3). After adjustment for albuminuria, risk
magnitudes were moderately reduced and resulted
in the loss of statistical significance for patients
with FSGS (Table 2, Table S5). In general, there
was no interaction between the exposure and sex
for the risks of death, MACE, and KRT (Table S6).
Similar trends were observed when the control
group was restricted to single specific kidney
disease—nephroangiosclerosis and diabetic kid-
ney disease (Table S7)—and in complete cases
analysis (Table S8).

Secondary study outcomes

Compared with control-CKD, all glomerular dis-
ease etiologies showed lower relative risks of car-
diovascular death and heart failure hospitalization,
although small sample sizes in some cases yielded
broad confidence intervals and non-statistical sig-
nificance. The adjusted risk for myocardial infarc-
tion and stroke was lower for IgAN and MN,
whereas patients with FSGS had a similar risk as
patients with control-CKD. Compared with control-
CKD, the risk of heart failure was lower in IgAN,
MCD, MN, but not different in FSGS. The risks of
AKI and thromboembolic events were not different
(Fig. S4).

eGFR slopes

The overall crude eGFR slope was −1.79 (95%CI:
−1.84; −1.74) mL/min/1.73 m2/year. Compared

with patients with control-CKD (−1.74 [−1.78;
−1.69] mL/min/1.73 m2/year), the rate of eGFR
decline was faster in patients with IgAN (−2.71
(−2.91; −2.51) mL/min/1.73 m2/year), and FSGS
(−3.55 [−3.96; −3.15] mL/min/1.73 m2/year),
slower in patients with MN (−1.18 [−1.58;
−0.77] mL/min/1.73 m2/year) and stable
in patients with MCD (0.61 [−0.36; 1.57]
mL/min/1.73 m2/year) (Table 3, Fig. 3).

In multivariable analyses and compared with
control-CKD, patients with IgAN exhibited a faster
eGFR decline (mean difference in eGFR slope:
−0.57 [−0.80; −0.33] mL/min/1.73 m2/year).
This difference was abrogated after adjustment
for albuminuria. Patients with FSGS also had
a faster eGFR decline than control patients
(mean difference in eGFR slope −1.69 [−2.13;
−1.24] mL/min/1.73 m2/year), but albuminuria
adjustment did not fully abrogate the association.
Patients with MN and MCD had a slower eGFR
decline than controls (Table 3).

Discussion

In this study, we compared long-term outcomes
between patients with primary glomerular dis-
eases and those with the most common non-
communicable CKD etiologies. We observed that,
although absolute risks were high across all
patient groups, patients with primary glomerular

© 2024 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 297; 22–35
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Fig. 3 Crude eGFR decline in patients with primary
glomerular diseases and control-CKD. eGFR decline was
modeled using a linear mixed-effect regression model with
a random intercept and a random slope. FSGS, focal seg-
mental glomerulosclerosis; IgAN, IgA nephropathy; MCD,
minimal change disease; MN, membranous nephropathy.

diseases had a lower rate of hospitalization, cardio-
vascular events, and mortality than the high-risk
control-CKD group. The relative risk of KRT, how-
ever, differed across the four primary glomerular
diseases analyzed: specifically, while MCD and
MN exhibited a lower KRT risk than control-CKD,
patients with IgAN and FSGS were at higher
risk of KRT. This disparity was confirmed when
modeling the annual slope of eGFR. This study,
therefore, identifies patients with IgAN and FSGS
as a population that, despite a lower relative risk of
cardiovascular events and death, needs improved
pharmacological management and risk factor
control to reduce their heightened risk of KRT.

A novelty and a strength of our analysis are the
choice of common CKD etiologies (i.e., mainly
nephroangiosclerosis and diabetic kidney disease)
- with, in general, comparable kidney function - as
a control population, as it helps us understand and
contextualize the health problems specific to pri-
mary glomerular diseases. We observed that, com-
pared with these common CKD etiologies, relative
risks of hospitalizations, cardiovascular outcomes,
and death are, in general, lower for patients with

primary glomerular disease. Adjustment for age,
eGFR, diabetes, and cardiovascular comorbidities,
which were more common in the control group,
did not abrogate these differences. Despite lower
relative risks, we recognize however that adjusted
absolute risks were high in all groups. Previ-
ous studies are not directly comparable to ours
because they compared health outcomes against
the general population [3, 4, 18], which were placed
in specific settings like nephrotic syndrome or in
patients undergoingmaintenance dialysis [3, 5, 23,
25], and/or grouped together all glomerular dis-
eases [10, 22–24]. Other studies have compared
health outcomes within the etiologies that conform
to the family of glomerular diseases and generally
observed that taking patients with IgAN as the ref-
erent group, FSGS, and MN are associated with a
higher risk of mortality [4, 5, 10, 17, 18] and that
patients with IgAN and FSGS have a higher risk
of KRT than MN and MCD [10, 17, 18, 20, 34].
Our results agree with and expand this evidence.
Collectively, these findings support the hypothesis
that the cause of CKD adds value in risk stratifica-
tion over and above eGFR or albuminuria [10].

We observed that patients with IgAN and FSGS
have a faster CKD progression and are more likely
to initiate KRT than the control CKD population.
Our results were consistent with a previous study
conducted in adult patients with IgAN (baseline
mean eGFR 55 mL/min/1.73 m2, median uACR
1.5 mg/g), with a 5-year absolute risk of 29% (vs.
30.2% in the present analysis), despite a steeper
eGFR slope (−3.7 vs. −2.5 mL/min/1.73 m2 in our
study) [35]. Patient characteristics may explain,
in part, these observations. In our study, com-
pared with the control CKD population, patients
with primary glomerular diseases were younger,
had a higher prevalence of immunosuppressive
therapy, and had excess albuminuria. Albumin-
uria is a well-established risk factor for adverse
outcomes in CKD and is believed to be part of
the mechanism connecting glomerular diseases
with adverse health outcomes [36–38]. It has been
recently shown that in IgAN, even low-grade pro-
teinuria was strongly associated with poor kidney
outcomes [35, 37]. Our analysis also supports this
hypothesis as adjustment for albuminuria notably
attenuated risk estimates. Nevertheless, it did not
fully abrogate the association between underly-
ing nephropathy and kidney outcomes, suggesting
that the etiology per se might possibly explain this
difference.

© 2024 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
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Beyond albuminuria, primary glomerular dis-
eases are characterized by an inflammatory
state, endothelial dysfunction, coagulation, and
lipid disorders, all of which may also explain
an elevated risk of CKD progression. In addi-
tion, intrinsic/etiology-specific pathophysiological
mechanisms may explain the observed difference
between primary glomerular diseases. Primary
FSGS and MCD share a common clinical presen-
tation and histopathological pattern (i.e., podocy-
topathy) [39, 40], and treatment mainly relies on
corticosteroid therapy [41]. Despite these simi-
larities, our study showed very differing associ-
ations with kidney outcomes. It is possible that
this differential risk pattern may be explained
by disparities in response to treatment, owing
to the better understanding of podocyte biol-
ogy, the discovery of genetic mutations [42], and
genetic susceptibility factors [43–45] that deter-
mine the response to immunosuppressive ther-
apy and clinical prognosis. This, together with
the identification of novel acquired immune mech-
anisms [42], including circulating anti-nephrin
autoantibodies in MCD [46], may allow classifying
these etiologies at a molecular level, differentiat-
ing immunological/non-immunological underlying
mechanisms and might help identify patients who
would benefit from tailored-targeted therapies [42].
On the other hand, IgAN and MN are autoimmune
diseases but with different immunopathogenesis
and immunophenotypes [39, 47, 48]. Our study
showed that the kidney prognosis of these two dis-
ease entities is very different. We speculate differ-
ences may be explained, at least in part, by the fact
that the onset of IgAN is more often insidious and
may be undetected for years, and while there are
effective first-line treatments for MN (PLA2R posi-
tive), mainly B-cell depletion with rituximab, there
has been, until recently, no approved specific ther-
apy to prevent kidney failure in IgAN.

Strengths of our study include a large sample size,
richness of information, and long-term follow-up.
Case ascertainment was precise, as most cases
(97%) had a kidney disease diagnosis based on a
kidney biopsy. The setting of the Swedish univer-
sal tax-funded healthcare may minimize selection
bias from disparate access to healthcare. Thanks
to data linkage with government-run registries, we
were able to examine a broad range of health events
with no or minimal loss to follow-up. Our study
has, however, limitations. First, even if 97% of pri-
mary glomerular disease diagnoses were biopsy-
proven (2.9% and 0.2% were classified as IgAN

and MCD, respectively without any kidney biopsy)
and all etiological diagnoses were ascertained by
a senior nephrologist, there may be patients mis-
classified as “primary” glomerular disease. Like-
wise, there may be control participants with under-
recognized primary glomerular disease or misin-
terpreted for another etiology. Second, we lacked
information on i.v. immunosuppressive therapy—
usually administrated to the sickest patients—as
well as on histological features that may affect kid-
ney outcomes. However, these could be regarded as
mediators (not as confounders) of the health out-
comes. Third, patients were included at the time
of their first registration in the registry, not neces-
sarily when they were referred to nephrologist care
and when their diagnosis was initially established.
As a result, this study is not completely reflective
of the natural history of the disease but rather
reflects the health outcomes of a selected popula-
tion that progresses to a state of chronic and irre-
versible kidney damage. Finally, our study repre-
sents patients with CKD stages 3–5 from Sweden,
and extrapolation of our findings to earlier stages
of CKD or to other countries and settings should
be done with caution.

Our findings have implications for clinical practice
and future research. First, because CKD etiologies
differentially impact the individual risk of adverse
clinical outcomes, our results, together with the
KDIGO guidelines and previous reports [3–6], high-
light the significance of the underlying cause of
nephropathy. In renal epidemiology, CKD is often
“reduced” to kidney function, but our results stress
that accounting for the underlying cause of CKD is
of importance for risk assessment, optimizing risk
factors, and analysis of health trajectories toward
precision medicine. Second, our study identifies
patients with IgAN and FSGS as a population that
has a high risk of KRT, where it is essential to
closely monitor disease activity and progression
and where there is a need for improved pharma-
cological management.

To conclude, we show that primary glomerular dis-
eases encompass a family of heterogeneous eti-
ologies with differing risks of adverse health out-
comes. Compared with other common CKD etiolo-
gies, these patients exhibited, in general, a lower
risk of hospitalization, cardiovascular events and
death. However, patients with IgAN and FSGS had
a faster eGFR decline and a higher risk of KRT than
MN, MCD, and the most common CKD etiologies.
Our findings thus highlight the need for improved

32 © 2024 The Author(s). Journal of Internal Medicine published by John Wiley & Sons Ltd on behalf of Association for Publication of The Journal of Internal Medicine.
Journal of Internal Medicine, 2025, 297; 22–35
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pharmacological management and risk factor con-
trol for patients with IgAN and FSGS to delay their
heightened risk of KRT.
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