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The effects of SARS-CoV-2 infection on individuals with
immune-mediated glomerulonephritis, who are often
undergoing immunosuppressive treatments, are unknown.
Therefore, we created the International Registry of COVID
infection in glomerulonephritis (IRoc-GN) and identified 40
patients with glomerulonephritis and COVID-19 followed in
centers in North America and Europe. Detailed information
on glomerulonephritis diagnosis, kidney parameters, and
baseline immunosuppression prior to infection were
recorded, as well as clinical presentation, laboratory values,
treatment, complications, and outcomes of COVID-19. This
cohort was compared to 80 COVID-positive control cases
from the general population without glomerulonephritis
matched for the time of infection. The majority (70%) of the
patients with glomerulonephritis and all the controls were
hospitalized. Patients with glomerulonephritis had
significantly higher mortality (15% vs. 5%, respectively) and
acute kidney injury (39% vs. 14%) than controls, while the
need for kidney replacement therapy was not statistically
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different between the two groups. Receiving
immunosuppression or renin-angiotensin-aldosterone
system inhibitors at presentation did not increase the risk
of death or acute kidney injury in the glomerulonephritis
cohort. In the cohort with glomerulonephritis, lower serum
albumin at presentation and shorter duration of glomerular
disease were associated with greater risk of acute kidney
injury and need for kidney replacement therapy. No
differences in outcomes occurred between patients with
primary glomerulonephritis versus glomerulonephritis
associated with a systemic autoimmune disease (lupus or
vasculitis). Thus, due to the higher mortality and risk of
acute kidney injury than in the general population without
glomerulonephritis, patients with glomerulonephritis and
COVID-19 should be carefully monitored, especially when
they present with low serum albumin levels.
Kidney International (2021) 99, 227–237; https://doi.org/10.1016/
j.kint.2020.10.032
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S ince the emergence of the novel coronavirus disease
2019 (COVID-19) due to severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) in December 2019,

our understanding of the clinical consequences of COVID-19
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c l i n i ca l i nves t iga t i on M Waldman et al.: COVID-19 in glomerular disease
on the kidney and the implications of infection in patients
with kidney disease have grown. Urinary abnormalities and
acute kidney injury are common in patients with COVID-
19 from the general population.1–3 The susceptibility of indi-
viduals with kidney disease to SARS-CoV-2 is unclear, but
available evidence suggests that patients with chronic kidney
disease,4 renal transplantation,5–8 or on dialysis9 have higher
mortality from COVID-19 than the general population.

Nonetheless, there are no published data regarding the
outcomes of COVID-19 in adult patients with underlying
glomerular diseases.10,11 Although this is a heterogeneous
group of patients spanning a wide age range and encom-
passing diverse disease mechanisms, it is reasonable to believe
that these patients may represent a particularly vulnerable
group with a heightened risk of severe disease manifestations
due to an interplay of factors related to the immunosup-
pressive medications, underlying immune dysfunction, and
comorbidities.

Given the relative rarity of glomerular diseases, we created
an International Registry of COVID infection in glomerulo-
nephritis (IRoc-GN) to characterize the clinical course of
COVID-19, identify risk factors associated with severe com-
plications, and evaluate nonrenal and renal outcomes in
glomerulonephritis (GN) patients. We compared outcomes of
GN patients with those of a control cohort of COVID-19–
positive individuals from the general population without GN.

RESULTS
Patients
Among more than 5000 patients with GN actively followed at
the participating centers in 5 countries (Supplementary
Table S1), 48 cases with biopsy-proven GN and COVID-19
and 80 hospitalized controls without GN were entered into
the registry from 20 April 2020 to 20 August 2020. Eight GN
cases (2 on hemodialysis before COVID-19, 3 renal transplant
recipients, 1 with thrombotic microangiopathy, 2 duplicates)
were excluded from the analysis. Therefore, this study
included 120 patients: 40 patients with GN and 80 controls.

Age and sex were similar between GN patients and con-
trols (Table 1). GN patients had lower Hispanic/Latino rep-
resentation than controls (48% vs. 79%, P < 0.001).
Hypertension and diabetes were the most common comor-
bidities and were present with similar frequency in both
groups. There was a higher prevalence of obesity in the GN
group, but BMI was not statistically different from controls.

The most common GN diagnoses were lupus nephritis
(25%) and vasculitis (15%), followed by focal segmental
glomerulosclerosis, IgA nephropathy, and membranous ne-
phropathy (Table 1). More than one-third of patients suffered
from GN for more than 5 years. Before COVID-19, median
proteinuria was in the subnephrotic range (1.0 [0.33–3.20] g/
d), and hematuria was present in 43% of patients. Half of GN
patients were taking immunosuppressants at the time of
COVID-19 diagnosis (Table 2); the majority (65%) of pa-
tients on immunosuppression had a diagnosis of lupus
nephritis or vasculitis (Supplementary Table S2). One-third of
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GN patients were on oral corticosteroids (85% of whom were
on 5–10 mg/d), 18% were on mycophenolate mofetil, 5% on
calcineurin inhibitor, 5% on azathioprine, and 18% were on
hydroxychloroquine. Four (10%) patients had received rit-
uximab before COVID-19 diagnosis, and 3 of them received it
within 1 month of diagnosis.

Before COVID-19, GN patients had higher serum creati-
nine (1.41 [0.89–1.91] vs. 0.90 [0.79–1.01] mg/dl, respec-
tively, P ¼ 0.006), lower glomerular filtration rate (47.9
[30.6–80.2] vs. 83.4 [72.1–92.3] ml/min/1.73 m2, P < 0.001),
and lower serum albumin (3.54 � 0.62 vs. 3.92 � 0.55 g/dl,
P ¼ 0.018) than controls (Table 1). At the time of COVID-19
diagnosis, almost half of the GN patients compared with only
5% of controls were on renin–angiotensin–aldosterone in-
hibitors (RAASi) (P < 0.001).

COVID-19 clinical presentation and disease course
The most common presenting symptom of COVID-19 in
both cohorts was fever (Table 1). Fatigue, cough, myalgia,
anorexia, and nasal congestion were more common in GN
patients, whereas dyspnea was more common in controls.

The majority of GN patients (70%) and all controls were
hospitalized. At COVID-19 presentation, serum creatinine in
GN patients was higher [1.93 (1.09–4.36) vs. 0.83 (0.75–1.05)
mg/dl, P ¼ 0.022], whereas serum albumin (2.83 � 0.88 vs.
3.60 � 0.86 g/dl, P ¼ 0.019), hemoglobin (11.1 � 2.0 vs. 12.9
� 2.7 g/dl, respectively, P ¼ 0.009), and lymphocyte counts
(0.9 � 0.6 vs. 1.2 � 0.8 � 1000/ul, P ¼ 0.041) were signifi-
cantly lower than in controls (Table 1). C-reactive protein
values were higher in the control group. There were no dif-
ferences in other inflammatory markers, but the interpreta-
tion is limited by missing values.

Management
COVID-19–targeted therapies. The most frequently used

therapies for COVID-19 were hydroxychloroquine, antivirals,
and azithromycin (Table 3). There was more frequent use of
hydroxychloroquine and azithromycin in controls but similar
use of corticosteroids, interleukin-6 receptor antagonist
(tocilizumab), and antibiotics in both groups. Almost half of
GN and control patients received prophylactic
anticoagulation.

Management of immunosuppression in GN patients during
infection. Among 20 GN patients on immunosuppression at
the time of COVID-19 presentation, antimetabolites
(azathioprine or mycophenolate) were discontinued in most
(89%), and calcineurin inhibitors were discontinued in 1
patient. Steroids were maintained with the same dosage in
61%, increased in 31% (predominantly due to concerns of
adrenal insufficiency or flare of underlying GN), and dis-
continued in 8%. Patients on hydroxychloroquine before
infection were maintained on this treatment. RAASi were
discontinued in 7 GN patients (39%) due to the presence of
acute kidney injury (57%), hypotension (29%), hyperkalemia
(14%), and theoretical concerns about enhancing SARS-CoV-
2 viral entry (14%).
Kidney International (2021) 99, 227–237



Table 1 | Baseline characteristics of GN patients and controls with COVID-19

Characteristics GN (n [ 40)

Death

Controls (n [ 80)

Death

P valueYes (n [ 6) No (n [ 34) Yes (n [ 4) No (n [ 76)

Age (yr) 60.3 � 17.7 70.2 � 10.5 58.5 � 18.2 62.5 � 15.6 72.0 � 13.6 62.0 � 15.6 0.21
Sex, n (%)
Female 23 (57.5) 3 (50.0) 20 (58.8) 30 (37.5) 1 (25.0) 29 (38.2) 0.051
Male 17 (42.5) 3 (50.0) 14 (41.2) 50 (62.5) 3 (75.0) 47 (61.8)

Race 33 (82.5) 6 (100.0) 27 (79.4) 72 (90.0) 4 (100.0) 68 (89.5) 0.38
White 3 (7.5) 0 3 (8.8) 5 (6.3) 0 5 (6.6)
Black/AAm 3 (7.5) 0 3 (8.8) 3 (3.8) 0 3 (4.0)
Other 1 (2.5) 0 1 (2.9) 0 0 0

Ethnicity <0.001
Hispanic/Latino 19 (47.5) 4 (66.7) 15 (44.1) 63 (78.8) 4 (100.0) 56 (73.7)

BMI 27.7 � 6.3 (n ¼ 26) 32.0 � 7.2 (n ¼ 5) 26.7 � 5.8 (n ¼ 21) 32.0 � 16.9 (n ¼ 67) 42.1 � 6.3b 29.4 � 6.3 (n ¼ 63) 0.16
Glomerular disease
Lupus nephritis 10 (25.0) 2 (33.3) 8 (23.5)
Vasculitis 6 (15.0) 2 (33.3) 4 (11.8)
FSGS 5 (12.5) 0 5 (14.7)
IgA nephropathy 5 (12.5) 0 5 (14.7)
Membranous
nephropathy

4 (10.0) 0 4 (11.8) NA NA NA NA

Minimal change 3 (7.5) 0 3 (8.8)
Postinfectious 3 (7.5) 1 (16.7) 2 (5.9)
AA amyloidosis 2 (5.0) 1(16.7) 1 (2.9)
Membranoproliferative 2 (5.0) 0 2 (5.9)

Kidney parameters (pre-
COVID-19)
sCr (mg/dl) 1.41 (0.89–1.91) 1.72 (1.40–1.87) 1.29 (0.87–1.93) 0.90 (0.79–1.01)

(n ¼ 70)
0.90 (0.76–1.14) 0.90 (0.79–1.01)

(n ¼ 66)
0.006

eGFR (ml/min/1.73 m2) 47.9 (30.6–80.2) 32.6 (29.3–39.1) 49.1 (34.5–87.8) 83.4 (72.1–92.3)
(n ¼ 70)

79.2 (62.7–86.8) 83.4 (72.1–97.0)
(n ¼ 66)

<0.001

Serum albumin (g/dl) 3.54 � 0.62 (n ¼ 38) 3.47 � 0.43 3.56 � 0.66 (n ¼ 32) 3.92 � 0.55 (n ¼ 35) 3.23a (n ¼ 1) 3.94 � 0.54 (n ¼ 34) 0.018
Hematuria

No/negative 18 (47.4) (n ¼ 38) 2 (33.3) 16 (50.0) (n ¼ 32)
1þ 5 (13.2) 0 5 (15.6)
2þ 4 (10.5) 2 (33.3) 2 (6.3)
3þ 3 (7.9) 1 (16.7) 2 (6.3)

Comorbidities
Hypertension 22 (55.0) 4 (66.7) 18 (52.9) 42 (52.5) 4 (100.0) 38 (50.0) 0.78
Diabetes 8 (20.0) 2 (33.3) 6 (17.7) 21 (26.3) 1 (25.0) 20 (26.3) 0.51
Obesity 7 (17.5) 2 (33.3) 5 (14.7) 4 (5.0) 1 (25.0) 3 (4.0) 0.015
Cardiovascular disease 6 (15.0) 2 (33.3) 4 (11.8) 17 (21.3) 2 (50.0) 15 (19.7) 0.56
COPD 6 (15.0) 4 (66.7)c 2 (5.9) 3 (3.8) 0 3 (4.0) 0.081
Asthma 3 (7.5) 1 (16.7) 2 (5.9) 5 (6.3) 0 5 (6.6) 0.87
Other chronic lung
disease

2 (5.0) 1 (16.7) 1 (2.9) 2 (2.5) 0 2 (2.6) 0.41

Liver disease 3 (7.5) 2 (33.3) 1 (2.9) 3 (3.8) 0 3 (4.0) 0.38
Stroke 3 (7.5) 0 3 (8.8) 0 0 0 0.032
Cancer 2 (5.0) 1 (16.7) 1 (2.9) 1 (1.3) 0 1 (1.3) 0.41

(Continued on following page)
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Table 1 | (Continued) Baseline characteristics of GN patients and controls with COVID-19

Characteristics GN (n [ 40)

Death

Controls (n [ 80)

Death

P valueYes (n [ 6) No (n [ 34) Yes (n [ 4) No (n [ 76)

HIV/AIDS 1 (2.5) 0 1 (2.9) 0 0 0 0.086
Current smoker 1 (2.5) 1 (16.7) 0 4 (5.0) 0 4 (5.3) 0.12
Ex-smoker 7 (17.5) 1 (16.7) 6 (17.7) 0 0 0 <0.001

Clinical presentation
Fever 31 (77.5) 6 (100.0) 25 (73.5) 61 (76.3) 3 (75.0) 58 (76.3) 0.46
Cough 25 (62.5) 4 (66.7) 21 (61.8) 21 (26.3) 1 (25.0) 20 (26.3) <0.001
Dyspnea 16 (40.0) 5 (83.3)c 11 (32.4) 53 (66.3) 3 (75.0) 50 (65.8) 0.016
Fatigue 14 (35.0) 3 (50.0) 11 (32.4) 4 (5.0) 0 4 (5.3) <0.001
Myalgia 13 (32.5) 3 (50.0) 10 (29.4) 6 (7.5) 0 6 (7.9) <0.001
GI symptoms 11 (27.5) 1 (16.7) 10 (29.4) 24 (30.0) 0 24 (31.6) 0.92
Anorexia 8 (20.0) 1 (16.7) 7 (20.6) 2 (2.5) 0

0
2 (2.6) 0.006

Chills 4 (10.0) 1 (16.7) 3 (8.8) 4 (5.0) 0 4 (5.3) 0.14
Nasal congestion 3 (7.5) 1 (16.7) 2 (5.9) 0 1 (25.0) 0 0.010
Sore throat 3 (7.5) 0 3 (8.8) 3 (3.8) 0 2 (2.6) 0.38
Anosmia 2 (5.0) 0 1 (2.9) 13 (16.3) 0 13 (17.1) 0.18
Neurologic symptoms 1 (2.5) 0 2 (5.9) 0 0 0.086

Use of RAASi at diagnosis 18 (45.0) 1 (16.7) 17 (50.0) 4 (5.0) 1 (25.0) 3 (4.0) <0.001
Laboratory values at
presentation
sCR, mg/dl 1.93 (1.09–4.36)

(n ¼ 27)
3.67 (2.30–5.04)

(n ¼ 2)
1.93 (1.09–3.81)

(n ¼ 25)
0.83 (0.75–1.06)

(n ¼ 77)
1.03 (0.89–1.73) 0.83 (0.75–1.05)

(n ¼ 73)
0.022

Serum albumin, g/dl 2.83 � 0.88 (n ¼ 22) 2.75 � 0.78 (n ¼ 2) 2.83 � 0.90 (n ¼ 20) 3.60 � 0.86 (n ¼ 62) 2.67 (n ¼ 1) 3.61 � 0.86 (n ¼ 61) 0.019
Lymphocytes (�1000/ul) 0.9 � 0.6 (n ¼ 30) 0.8 � 0.4 (n ¼ 5) 0.9 � 0.6 (n ¼ 25) 1.2 � 0.8 (n ¼ 78) 0.7 � 0.2c 1.3 � 0.8 (n ¼ 74) 0.041
Neutrophils (�1000/ul) 6.4 � 3.6 (n ¼ 30) 7.4 � 3.1 (n ¼ 5) 6.2 � 379 (n ¼ 25) 6.2 � 2.5 (n ¼ 28) 4.44 (n ¼ 1) 6.3 � 2.5 (n ¼ 27) 0.86
Hemoglobin (g/dl) 11.1 � 2.0 (n ¼ 30) 11.0 � 1.7 (n ¼ 5) 11.2 � 2.1 (n ¼ 25) 12.9 � 2.7 (n ¼ 30) 14.6 (n ¼ 1) 12.9 � 2.8 (n ¼ 29) 0.009
Platelets (�109/l) 242.6 � 108.1 (n ¼ 30) 230.2 � 107.5 (n ¼ 5) 245.1 � 110.3 (n ¼ 25) 246.2 � 130.5 (n ¼ 31) 140.0 (n ¼ 1) 249.7 � 131.2 (n ¼ 30) 0.96
Ferritin (ng/ml) 694 (455–1637)

(n ¼ 19)
694 (506–1708)

(n ¼ 3)
720 (338–1564)

(n ¼ 16)
544.5 (220.5–1015.5)

(n ¼ 60)
364.7 (n ¼ 1) 555.0 (201.0–1042.0)

(n ¼ 59)
0.88

CRP (mg/L) 23.1 (6.1–72.6)
(n ¼ 27)

19.8 (2.7–40.5)
(n ¼ 4)

23.1 (6.3–94.0)
(n ¼ 23)

82.5 (24.9–141.1)
(n ¼ 76)

320.0 (170.7–396.0) 77.5 (24.9–136.5)
(n ¼ 72)

0.014

D-dimer (ng/ml) 1170.0 (440.0–
2916.5)
(n ¼ 20)

2200.0 (1460.0–
2733.0)
(n ¼ 3)

649.0 (409.0–3080.0)
(n ¼ 17)

751.0 (377.0–1207.0)
(n ¼ 70)

1294.0 (592.0–1445.0)
(n ¼ 3)

739.0 (375.0–1109.0)
(n ¼ 67)

0.91

AA, amyloid A protein; AAm, African American; BMI, body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; COVID-19, coronavirus disease 2019; CRP, C-reactive protein; eGFR, estimated
glomerular filtration rate; FSGS, focal segmental glomerulosclerosis; GI, gastrointestinal; GN, glomerulonephritis; NA, not applicable; RA, rheumatoid arthritis; RAASi: renin–angiotensin–aldosterone system inhibitors; sCR, serum
creatinine; SLE, systemic lupus erythematosus.
aCannot be computed due to n ¼ 1 in 1 of the comparison groups (died n ¼ 1).
bP < 0.01 versus number of deaths in the same cohort.
cP < 0.05 versus number of deaths in the same cohort.
Data are mean � SD, or median (interquartile range); frequencies are n (%). Full age range is 18–90 vs. 32–90 for GN patients versus controls, respectively. Sample sizes are listed if they are fewer than the respective denominators
shown in the header row. Percentages may not add to 100 due to rounding or missing or not applicable responses. Pre-COVID refers to the latest values before infection. P values are for GN versus control subjects; comparisons
between GN and controls were adjusted for ethnicity. We did not report variables with <40% values available.
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Table 2 | Immunosuppression and use of RAAS inhibitors at time of COVID-19 diagnosis in all GN patients versus hospitalized
GN patients

All GN
(n [ 40)

Death

P value
Hospitalized
(n [ 28)

Death

P value
Yes

(n [ 6)
No

(n [ 34)
Yes

(n [ 5)
No

(n [ 23)

Immunosuppressiona 20 (50.0) 5 (83.3) 15 (44.1) 0.18 15 (53.6) 5 (100.0) 10 (43.5) 0.044
Steroids 13 (32.5) 4 (66.7) 9 (26.5) 0.075 11 (39.3) 4 (80.0) 7 (30.4) 0.062
Mycophenolate mofetil/mycophenolic acid 7 (17.5) 1 (16.7) 6 (17.7) 1.0 7 (25.0) 1 (20.0) 6 (26.1) 1.0
Hydroxychloroquine 7 (17.5) 1 (16.7) 6 (17.7) 1.0 5 (17.9) 1 (20.0) 4 (17.4) 1.0
Rituximab 4 (10.0) 2 (33.3) 2 (5.9) 0.10 4 (14.3) 2 (40.0) 2 (8.7) 0.14
Calcineurin inhibitor 2 (5.0) 0 2 (5.9) 1.0 1 (3.6) 0 1 (4.4) 1.0
Azathioprine 2 (5.0) 1 (16.7) 1 (2.9) 0.28 1 (3.6) 1 (20.0) 0 0.18
Methotrexate 2 (5.0) 0 2 (5.9) 1.0 1 (3.6) 0 1 (4.4) 1.0
Sulfasalazine 1 (2.5) 0 1 (2.9) 1.0 1 (3.6) 0 1 (4.4) 1.0
Use of RAASi at diagnosis
ARB 11 (27.5) 1 (16.7) 10 (29.4) 1.0 8 (28.6) 1 (20.0) 7 (30.4) 1.0
ACE inhibitors (n ¼ 39) 7 (18.0) 0 7 (21.2) 0.57 4 (14.8)

(n ¼ 27)
0 4 (18.2)

(n ¼ 22)
0.56

ACEI, angiotensin converting enzyme inhibitors; ARB, Angiotensin receptor blockers; COVID-19, coronavirus disease 2019; GN, glomerulonephritis; RAAS, renin–angiotensin–
aldosterone system; RAASi, renin–angiotensin–aldosterone system inhibitors.
aAt time of infection.
Data are n (%).

M Waldman et al.: COVID-19 in glomerular disease c l i n i ca l i nves t iga t ion
Death and nonrenal complications
More deaths occurred in GN patients compared with con-
trols (15 % vs. 5%, P ¼ 0.026) (Table 4). On the basis of
multivariable analyses, the odds ratio (OR) of death in GN
patients was 6.33 times higher than in controls (95% con-
fidence interval [CI]: 1.38–29.04, P ¼ 0.018) and older age
associated with death in the study cohort overall (OR ¼
1.05. 95% CI: 1.002–1.102 P ¼ 0.042). Among GN patients,
nonsurvivors were more likely to have chronic obstructive
pulmonary disease (67% vs. 6%, P ¼ 0.002) and dyspnea at
COVID-19 presentation (83% vs. 32%, P ¼ 0.029)
(Table 1). Among controls, nonsurvivors had higher BMI
(42.1 � 6.3 vs. 29.4 � 6.3, P ¼ 0.004) and lower lympho-
cytes (0.7 � 0.2 vs. 1.3 � 0.8 � 1000/ul, P ¼ 0.023) than
survivors. The use of RAASi was not associated with a sig-
nificant difference in mortality in GN cases (P ¼ 0.20) or in
controls (P ¼ 0.19).
Table 3 | COVID-19–related therapies among GN and control pa

GN patients (n [ 40)

Antivirals
Hydroxychloroquine 15 (37.5)
Azithromycin 10 (25.0)
Lopinavir 5 (12.5)
Ritonavir 3 (7.5)
Other antivirals 2 (5.0)
Darunavir 1 (2.5)

Antiinflammatory
Oral steroids 7 (17.5)
IV methylprednisolonea 5 (12.5)
Tocilizumab 2 (5.0)

Antibiotics 2 (5.0)
Anticoagulants 19 (48.7)

(n ¼ 39)

COVID-19, coronavirus disease 2019; GN, glomerulonephritis.
Data are n (%) and may not add up to 100 due to rounding or missing/not available re
shown in the header row. Comparisons between GN and controls were adjusted for et
aRange for total IV methylprednisolone dosage was 200 to 750 mg for GN patients and
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In GN patients, GN diagnosis, estimated glomerular
filtration rate, proteinuria, or serum albumin before COVID-
19 or at presentation did not significantly differ between
survivors and nonsurvivors (Table 1). There was no difference
in death between those on immunosuppression (including
use of steroids) at the time of COVID-19 versus those not on
immunosuppression (P ¼ 0.18) (Tables 2 and 5); however,
among 15 hospitalized GN patients, all 5 who died were on
immunosuppression (100% of 5 vs. 44% of 10, P ¼ 0.044)
(Table 2).

Thirteen percent of GN patients and 10% of controls
required admission to the intensive care unit. Acute respira-
tory distress syndrome developed in 15% of GN patients and
in 38% of controls (Table 4). There were no differences in
percentages of patients intubated, requirement for vasopres-
sors, length of hospital stay, and nonrenal complications in
GN versus controls, except for arrhythmias, which were more
tients

Controls (n [ 80) P value

60 (75.0) <0.001
37 (46.3) 0.008
12 (15.0) 0.72
10 (12.5) 0.27
1 (1.3) 0.21
2 (2.5) 0.35

9 (11.3) 0.47
25 (31.3) 0.052
11 (13.8) 0.095
10 (12.5) 0.23
39 (48.8) 0.58

sponses. Sample sizes are listed if they are fewer than the respective denominators
hnicity.
300 to 1000 mg for controls.
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Table 4 | Nonrenal and renal complications and outcomes of GN and control patients during COVID-19 infection

GN patients (n [ 40) Controls (n [ 80) P value

Hospitalized 28 (70.0) 80 (100.0) <0.001
Description of illness

Pneumonia 21 (52.5) 41 (51.3) 0.66
ARDS, noninvasive ventilation 3 (7.5) 22 (27.5) 0.12
ARDS, intubated 3 (7.5) 8 (10.0) 0.27
Days of intubation 9.0 (4.0–14.0) (n ¼ 2) 16.0 (10.0–37.0) 0.99
Septic shock 2 (5.0) 3 (3.8) 0.86

Inotropes or other vasopressors 2 (7.1) (n ¼ 28) 6 (8.1) 0.55
Developed AKI 15 (38.5) (n ¼ 39) 11 (13.9) 0.047

Stage 1 3 (25.0) 2 (18.2) 0.82
Stage 2 3 (25.0) 2 (18.2)
Stage 3 6 (50.0) (n ¼ 12) 7 (63.6)

(n ¼ 11)
RRT new onset 7 (17.5) 5 (6.3) 0.40

Days of RRT 25.0 (15.0–33.0) (n ¼ 6)a 30.0 (26.0–30.0) 0.40
Discharged on RRT 4 (80.0) (n ¼ 5) 1 (20.0) 0.13

Nonrenal complications
Cardiac
MI 2 (5.6) 0 0.12
Arrhythmia 1 (2.8) 6 (7.9) 0.034

GI 3 (8.1) (n ¼ 36) 5 (6.6) (n ¼ 76) 0.76
CNS 1 (2.7) (n ¼ 36) 2 (2.6) (n ¼ 76) 0.44
Hematologic
PE 2 (5.0) 0 0.16
DVT 2 (5.0) 3 (5.0) 0.60

Superimposed bacterial infection 6 (15.8) (n ¼ 38) 8 (10.7) 0.91
Length of hospital stay 15.0 (8.0–21.0) (n ¼ 27) 7.0 (5.0–12.0) (n ¼ 77) 0.29
Death 6 (15.0) 4 (5.0) 0.026

AKI, acute kidney injury; ARDS, acute respiratory distress syndrome; CNS, central nervous system; COVID-19, coronavirus disease 2019; DVT, deep vein thrombosis; GI,
gastrointestinal; GN, glomerulonephritis; MI, myocardial infarction; PE, pulmonary embolism; RRT, renal replacement therapy.
aOne patient died while on RRT.
Data are n (%), or median (interquartile range). Sample sizes are listed if they are fewer than the respective denominators shown in the header row. Percentages may not add
to 100 due to rounding or missing/not available responses. Comparisons of GN versus controls adjust for ethnicity. All comparisons are adjusted for ethnicity.
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frequent in controls (3% vs. 8%, P ¼ 0.034). Five of six (83%)
controls who developed arrhythmias were receiving treatment
with hydroxychloroquine; arrhythmia in the GN patient was
not associated with antimalarial treatment. Four (10%) GN
patients had venous thromboembolic events, despite pro-
phylactic anticoagulation in 3. Serum albumin levels during
infection were lower in GN patients who experienced venous
thromboembolic events (1.67 � 0.38 vs. 2.94 � 0.83 g/dl, P ¼
0.048).

There were no significant difference in death between
patients with kidney-limited GN versus GN associated with
systemic diseases (lupus or vasculitis) (8% vs. 25%, respec-
tively, P ¼ 0.20), or in other non-renal complications
(Supplementary Table S3) despite the greater overall density
of immunosuppressive agents (81% vs. 29%, P ¼ 0.003), in
particular, steroids (63% vs. 13%, P ¼ 0.002) and myco-
phenolate mofetil (38% vs. 4%, P ¼ 0.011), in those with
systemic disease (Supplementary Table S2).

Acute kidney injury and renal replacement therapy
Acute kidney injury occurred more frequently in GN patients
than in controls (38% vs. 14%, P ¼ 0.047). The peak stages of
acute kidney injury (AKI) are shown in Table 4. There were
no significant differences in the need for renal replacement
therapy (RRT) between GN patients and controls (18% vs.
232
6%, P ¼ 0.40). Incidence of AKI was similar between those
treated versus not treated with RAASi among GN patients
(33% vs. 43%, respectively; P ¼ 0.74) or controls (25% vs.
13%, P ¼ 0.46).

Among GN patients, shorter duration of GN (<6
months) was associated with a higher frequency of AKI
(P ¼ 0.043) as well as RRT (P ¼ 0.023). The presence of
diabetes was also associated with a higher frequency of RRT
in GN patients (57% vs. 12%, P ¼ 0.020). All 5 GN pa-
tients treated with i.v. steroids for acute COVID manage-
ment developed AKI. However, the use of steroids for
baseline immunosuppression was not associated with a
significant difference in the occurrence of AKI (33% vs.
33%, P ¼ 1.0). Immunosuppression at presentation was
similar between those who developed AKI and those who
did not (32% vs. 45%, P ¼ 0.51) (Table 5). There was also
no difference in the incidence of AKI (38% vs. 40%, P ¼
1.0) and need for RRT (13% vs. 25%, P ¼ 0.41) between
patients with renal limited GN versus GN associated with
systemic diseases (lupus or vasculitis) (Supplementary
Table S3).

Among controls, AKI occurred more frequently in those
with chronic obstructive pulmonary disease (P ¼ 0.049), liver
disease (P ¼ 0.049), lower lymphocytes (P ¼ 0.035), and
higher D-dimer (P ¼ 0.006); those with higher neutrophil
Kidney International (2021) 99, 227–237



Table 5 | Duration of disease and immunosuppression in GN patients stratified by outcome

GN (n [ 40)

AKI any stage (n [ 39)a RRT requirement Death

Yes (n [ 15) No (n [ 24) Yes (n [ 7) No (n [ 33) Yes (n [ 6) No (n [ 34)

Duration of GN disease
<6 mo 11 (27.5) 7 (46.7)b 4 (16.7) 5 (71.4)b 6 (18.2) 3 (50.0) 8 (23.5)
6–12 mo 2 (5.0) 1 (6.7) 1 (4.2) 0 2 (6.1) 0 2 (5.9)
12–24 mo 6 (15.0) 2 (13.3) 4 (16.7) 0 6 (18.2) 2 (33.3) 4 (11.8)
2–5 yr 6 (15.0) 1 (6.7) 4 (16.7) 1 (14.3) 5 (15.2) 0 6 (17.7)
>5 yr 15 (37.5) 4 (26.7) 11 (45.8) 1 (14.3) 14 (42.4) 1 (16.7) 14 (41.2)

Immunosuppression at presentation 20 (50.0) 6 (40.0) 13 (54.2) 4 (57.1) 16 (48.5) 5 (83.3) 15 (44.1)
Steroids 13 (32.5) 5 (33.3) 8 (33.3) 2 (28.6) 11 (33.3) 4 (66.7) 9 (26.5)
Mycophenolate mofetil 7 (17.5) 4 (26.7) 3 (12.5) 1 (14.3) 6 (18.2) 1 (16.7) 6 (17.7)
Hydroxychloroquine 7 (17.5) 2 (13.3) 5 (20.8) 2 (28.6) 5 (15.2) 1 (16.7) 6 (17.7)
Rituximab 4 (10.0) 2 (13.3) 2 (8.3) 1 (14.3) 3 (9.1) 2 (33.3) 2 (5.9)
Calcineurin inhibitor 2 (5.0) 0 1 (4.2) 1 (14.3) 1 (3.0) 0 2 (5.9)
Azathioprine 2 (5.0) 0 2 (8.3) 0 2 (6.1) 1 (16.7) 1 (2.9)
Methotrexate 2 (5.0) 0 2 (8.3) 0 2 (6.1) 0 2 (5.9)
Sulfasalazine 1 (2.5) 0 1 (4.2) 0 1 (3.1) 0 1 (2.9)

On immunosuppression
Yes 20 (50.0) 6 (40.0) 13 (54.2) 4 (57.1) 16 (48.5) 5 (83.3) 15 (44.1)
No 20 (50.0) 9 (60.0) 11 (45.8) 3 (42.8) 17 (51.) 1 (16.7) 19 (55.9)

AKI, acute kidney injury; GN, glomerulonephritis; RRT, renal replacement therapy.
aOne patient died at home; therefore, no information for development of AKI was available.
bObserved differences in subsets: duration of GN disease was associated with AKI yes versus no (P ¼ 0.043) and RRT yes versus no (P ¼ 0.023).
Data are n (%). Sample sizes are listed if they are fewer than the respective denominators shown in the header row. Percentages may not add to 100 due to rounding or
missing/not available responses.
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counts were more likely to require RRT (P ¼ 0.012). The use
of i.v. steroids for COVID management was not associated
with increased risk of AKI in controls (16% vs. 84% for pa-
tients who did vs. did not use i.v. steroids, respectively; P ¼
0.74).

Among GN patients, those with AKI had higher serum
creatinine at presentation that those without AKI (2.57 [1.93–
5.04] vs. 1.23 [0.76–1.81] mg/dl, P ¼ 0.003) (Supplementary
Table S4). They also had significantly lower serum albumin at
presentation (2.29 � 0.86 vs. 3.44 � 0.44 g/dl, P ¼ 0.001) and
after COVID-19 (1.96 � 0.40 vs. 3.37 �0.57 g/dl, P < 0.001)
compared to those without AKI. In contrast, GN patients who
did not develop AKI had serum albumin levels consistently
>3 g/dl. Among controls, those with AKI had higher serum
creatinine pre-COVID (1.20 [0.80–1.30] vs. 0.89 [0.79–1.00]
mg/dl, P ¼ 0.024), and at presentation (2.00 [0.94–6.20] vs.
0.83 [0.74–0.98] mg/dl, P < 0.001) than patients without
AKI, but there were no differences in serum albumin.

Changes in renal parameters over time
In GN patients, serum creatinine significantly increased from
pre-COVID-19 levels to presentation (1.41 [0.89–1.91] vs.
1.93 [1.09–4.36] mg/dl, P ¼ 0.003), peaked at 2.58 [1.23–
7.03] mg/dl (P ¼ 0.001 vs. pre-COVID) after a median of 1.0
(0–6.0) days from diagnosis, and returned to pre-COVID
levels (1.50 [0.94–3.51] mg/dl, P ¼ 0.17) after median
follow-up of 17.0 (9.0–22.0) days (Figure 1a; Supplementary
Table S4). In contrast, in controls, there was no significant
increase in serum creatinine at presentation compared with
pre-COVID (P ¼ 0.54); serum creatinine peaked at 1.02
(0.77–3.00) mg/dl (P ¼ 0.001 vs. pre-COVID) and, at last
follow-up, was similar to pre-COVID levels (Figure 1b;
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Supplementary Table S4). At all time points, serum creatinine
was higher in GN patients than in controls (pre-COVID: P ¼
0.006, at presentation: P ¼ 0.022 and post-COVID: P ¼
0.014).

In GN patients, serum albumin significantly declined from
pre-COVID levels to presentation (3.54 � 0.62 vs. 2.83 � 0.88
g/dl, P < 0.001) and was significantly lower at the last follow-
up (2.51 � 0.86 g/dl, P < 0.001 vs. pre-COVID) (Figure 1C;
Supplementary Table S4). Similarly, in control patients,
serum albumin decreased from pre-COVID to presentation
(3.92 �0.55 vs. 3.60 � 0.86 g/dl, P ¼ 0.007) and persisted at
follow-up (3.61 � 0.51 g/dl, P ¼ 0.036 vs. pre-COVID)
(Figure 1D; Supplementary Table S4). However, at all time
points, serum albumin was lower in GN patients than in
controls (pre-COVID: P ¼ 0.018, at presentation: P ¼ 0.019,
post-COVID: P < 0.001)

We had limited repeated measurements of proteinuria in
GN patients during COVID-19 (n ¼ 6) and after recovery
(n ¼ 4). On the basis of available measurements, median
protein excretion appeared to increase from subnephrotic
levels (pre-COVID) to nephrotic range at presentation (3.82
[1.48–9.91] g/d, P ¼ 0.064) and appeared to improve after the
acute infection (2.08 [0.58–6.12] g/d, P ¼ 0.32)
(Supplementary Table S4). However, there was no statistical
evidence for these changes due to missing values in the ma-
jority. Proteinuria was not assessed in most control patients.

DISCUSSION
To the best of our knowledge, this is the first report of the
impact of COVID-19 in patients with underlying GN. We
found that the overall mortality rate in the GN cohort was
significantly higher compared with controls, despite the fact
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Figure 1 | Changes in (a,b) serum creatinine and (c,d) serum albumin levels pre–coronavirus disease 2019 (COVID-19) infection, at
presentation, at peak during COVID-19 infection, and post-COVID-19 in glomerulonephritis patients and controls. Post-COVID is
defined by absence of, or marked improvement in, original COVID-19-related symptoms or signs. Data are median mean � 95% confidence
interval.

c l i n i ca l i nves t iga t i on M Waldman et al.: COVID-19 in glomerular disease
that all controls were hospitalized. GN and control patients
had similar major risk factors for COVID-19 mortality,
including older age, male sex, obesity, hypertension, diabetes,
cardiovascular disease, and chronic lung disease.12,13 Impor-
tantly, GN patients and controls were matched for the time of
infection, to account for the potentially improved patient
management over time in each center. Therefore, our data
support the mounting evidence that, in addition to the
aforementioned risk factors, preexisting kidney disease is
independently associated with severe COVID-19 and
mortality.2,13,14 Consistently, GN patients had lower hemo-
globin and serum albumin at presentation compared with
controls, findings partially attributable to the degree of
chronic kidney disease and proteinuria in GN patients,
respectively. Both anemia and hypoalbuminemia have been
234
associated with increased in-hospital mortality in other
populations.15–18

The higher rate of AKI in GN patients than in controls
may have contributed to the increased mortality. On the basis
of a recent meta-analysis of more than 13,000 COVID-19
patients, the prevalence of AKI is 17%,19 although there is
considerable heterogeneity across populations. Nevertheless,
the burden of AKI in our GN patients is in the higher range of
estimates. COVID-associated AKI portends a worse prog-
nosis20,21 and is associated with increased odds of death.20

Among GN patients, those who developed AKI had higher
serum creatinine at presentation compared with those
without AKI and were more likely to have received IV steroids
as part of the management of COVID-19. This latter finding,
also reported in other populations,2 may reflect the severity of
Kidney International (2021) 99, 227–237
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illness rather than a causal association. However, this trend
was not seen in controls in our study, and accruing data
suggest reduced mortality associated with corticosteroid
treatment for severe COVID-19.22 We also found that the
duration of GN diagnosis was shorter in those GN patients
that developed AKI. This provocative observation, with many
potential explanations, needs confirmation in larger studies.

The etiology of AKI in COVID-19 has not been fully
elucidated.23 It is unclear whether unique factors in GN
patients (or subgroups), beyond conventional risk factors,
increase susceptibility to AKI, particularly in light of the
association with shorter disease duration. Notably, our data
do not indicate a difference in outcomes between those with
systemic versus kidney-limited GN, and the levels of pro-
teinuria and hypoalbuminemia pre-COVID-19 were not
associated with increased risk of AKI. However, serum al-
bumin at presentation was significantly lower in GN patients
than controls. Moreover, among GN patients, serum albu-
min was lower in those who developed AKI, those who
required RRT, and those with venous thromboembolic
events. The extent to which the observed differences in
hypoalbuminemia in GN patients is driven by urinary pro-
tein excretion, which increased during COVID-19, versus
other nonrenal factors (e.g., critical illness, liver dysfunc-
tion) is difficult to determine given the limited dataset and
lack of characterization of proteinuria (tubular vs. albu-
minuria). Nevertheless, the presence of hypoalbuminemia
may further complicate fluid management in these tenuous
patients and may potentiate COVID-19 associated hyper-
coagulability, both of which could conceivably increase the
risk of AKI in GN patients.

Immunosuppressive treatment before COVID-19 was not
associated with greater mortality or AKI in GN patients.
Although the published data regarding risks of COVID-19
and immunosuppression are still limited,10 our finding is in
accordance with other reports of infected patients on
immunosuppressive medications for other autoimmune dis-
eases24–28 or underlying cancer.29 However, prednisone
dose $10mg/day was associated with higher odds of hospi-
talization in the COVID-19 Global Rheumatology Alliance.26

More data are needed to confirm our findings and to deter-
mine interactions between different immunosuppressive
regimens and COVID-19 severity. Of particular interest in
this regard is the effect of B-cell-depleting therapies in
COVID-19, given its wide application in GN patients.30 We
also found no relationship between the use of RAASi at dis-
ease presentation and death or AKI risk, a finding that has
been substantiated also in other populations.2,31–33 Therefore,
our data do not support the discontinuation of these medi-
cations in GN patients with COVID-19.

Perhaps the most unexpected finding was the small
number of cases of COVID-19 in GN patients, considering
that contributing centers were located in areas with high
prevalence of COVID-19 and treat large numbers of GN
patients. Given the numbers of GN patients treated at the
various contributing centers, the incidence of infection
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among GN patients during the study period varied widely
from 0.3% to 4.1%. However, the true rate of COVID-19 in
GN patients is difficult to ascertain for several reasons. Most
important, GN patients were not systematically tested for
COVID-19. The registry has been active for a short period,
dissemination of the surveys has not reached widespread
scale, and underreporting may occur as the health care sys-
tems are strained. Moreover, during this early period of the
pandemic, testing in the ambulatory setting was limited in
most countries, likely leading to underestimation of true rates
of infection in this population and by extension, the rates of
complications. Expanded, widespread SARS-CoV-2 RNA
testing of all GN patients and systematic antibody testing for
SARS-CoV-2 antibodies will help provide a better estimate of
infection rates and characterize the spectrum of the clinical
phenotype of infection. We can only speculate whether pa-
tients with GN practice better social distancing or if there is a
potential “protective” role of certain immunosuppressive
medications that prevents or limits the excessive immune
activation responsible for severe clinical manifesta-
tions.26,28,30,34 Thus far, there is no convincing evidence that
any agents protect against severe COVID-19 infection, but
these issues warrant further investigation.

To our knowledge, this is the first analysis of COVID-19 in
patients with GN with global representation and a diverse
population. Inclusion of a control group increased the validity
of our findings, and the definitions used for AKI are validated,
allowing for meaningful comparison across cohorts.

The study has limitations. The sample size is relatively
small, although our network included centers following high
volumes of patients with GN. Most participating centers are
from Europe with a greater percentage of Spanish patients.
Therefore, the generalizability of our findings to other pop-
ulations may not apply, particularly in light of emerging data
regarding racial/ethnic disparities in COVID-19 incidence
and mortality.35 The timing of our study cohort deserves
consideration. The registry was launched early in the
pandemic, leading to selection bias toward more severe hos-
pitalized cases rather than the full spectrum of the disease
phenotype. Moreover, there was limited understanding of the
disease complications and few proven effective therapies,
which influenced the outcomes under investigation. Inflam-
matory markers were unavailable for many patients, and there
was an inconsistent collection of proteinuria and hematuria
during infection. Finally, small numbers on immunosup-
pression preclude meaningful association of each of the in-
dividual medications and outcomes.

In conclusion, our data indicate that GN patients have a
significant risk of mortality and renal impairment associated
with SARS-CoV2 infection. Further studies are required to
confirm our findings; improve our understanding of the
impact of COVID-19 on this unique population; and deter-
mine interactions among COVID-19, underlying GN, and
different immunosuppressive regimens, as well as the long-
term consequences of COVID-19 on glomerular disease ac-
tivity and serologic activity.
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METHODS
Study design and participants
This retrospective cohort study included patients with biopsy-proven
GN diagnosed with COVID-19 from centers participating in the
IRoc-GN registry. We included cases managed as inpatients or out-
patients. For each GN patient entered in the registry, reporters were
asked to enter at least 1 age- and sex-matched control patient who
was positive for COVID-19 but without GN and with estimated
glomerular filtration rate >60 ml/min/1.73 m2. Controls were hos-
pitalized within � 2 weeks of the case to account for changes in
treatment strategies over time that may influence outcomes. Patients
on maintenance hemodialysis before infection and kidney transplant
recipients were excluded.

Data were deidentified, and a computer-generated code was
assigned for each patient entry, allowing reporters to edit or modify
entries in the event of a change in patient status. For quality control,
erroneous or duplicate reports were identified based on matching
age, sex, and glomerular disease diagnosis; reviewed manually; and
removed after verification with a reporter.

Data collection
The registry was launched on 20 April 2020. Providers practicing in
centers with large numbers of GN patients in North America,
Europe, and Australia were sent a link to the secure public survey
(https://redcapsurvey.niddk.nih.gov/surveys/?s ¼ FPM87NK7T4)
and encouraged to voluntarily report cases of COVID-19 (confirmed
by polymerase chain reaction or highly suspected based on symp-
toms and lung imaging) occurring in adult patients with biopsy-
proven GN. We used REDCap (Research Electronic Data Cap-
ture),36,37 a secure web-based electronic data capture tool hosted by
the National Institute of Diabetes and Digestive Kidney Disease,
National Institutes of Health, to collect and manage study data.
Registry data elements include sociodemographic information,
comorbidities, GN diagnosis and duration, and use of RAASi and
immunosuppressive medications at the time of infection. We
collected data on COVID-19–related symptoms, therapies, man-
agement of immunosuppression during infection, outcomes, the
maximum level of care, nonrenal complications, AKI, need for RRT,
disposition at the time of report (i.e., recovery, death). Laboratory
parameters collected were serum creatinine, serum albumin, pro-
teinuria, hematuria, ferritin, complete blood count, interleukin-6
concentrations, D-dimer, lactate dehydrogenase, C-reactive protein,
erythrocyte sedimentation rate, and serologies if relevant. Renal
parameters were collected at various time points: (i) pre-COVID
(latest available before infection onset), (ii) at presentation, (iii)
peak, and (iv) post-COVID as defined by the absence of, or marked
improvement in, original COVID-related symptoms or signs. All
data were checked for quality by 2 physicians (PC and MW) and a
third researcher (NS).

Definitions
AKI is defined by Kidney Disease Improving Global Outcomes
(KDIGO) criteria as follows: stage 1, increase in baseline serum
creatinine by$0.3 mg/dl within 48 h or a 1.5 to 1.9 times increase in
serum creatinine from baseline within 7 days; stage 2, 2 to 2.9 times
increase in baseline serum creatinine within 7 days; stage 3,$3 times
increase in serum creatinine within 7 days or increase to$4 mg/dl or
the initiation of RRT. Patients were stratified according to the highest
AKI stage reached during their course. The estimated glomerular
filtration rate was calculated using the Chronic Kidney Disease
Epidemiology Collaboration creatinine equation.38
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Ethical considerations
The project was reviewed by the National Institutes of Health Office
of Institutional Review Board Operations (IRBO) and determined
that the storage and analysis of anonymous or deidentified data
collected by the registry did not qualify as human subjects research
defined under federal regulations (45 CFR 46.102) and did not
require institutional review board approval.

Statistical Analysis
Descriptive statistics summarized demographic and clinical char-
acteristics of the study population and are described as frequency
(percentage), mean (�SD) or median (interquartile range: 25th–
75th percentiles). The primary outcome was death and secondary
outcomes were AKI and/or need for RRT. To identify risk factors
associated with the development of death or AKI/RRT, a series of
statistical tests were performed in an exploratory manner. We
analyzed a variety of COVID-19 outcomes including hospitaliza-
tion, intensive care unit admission, ventilator requirement, and
COVID-19–related complications including cardiovascular and
thromboembolic events. Categorical data were compared between
groups within the GN and control subsets (e.g., patients with and
without the outcomes; GN subgroups) using Fisher’s exact test or,
if ordinal, Kruskal-Wallis tests. Continuous data were compared
using t tests or Wilcoxon rank-sum tests, as appropriate. Changes
in renal parameters before COVID-19 infection, at the time of
COVID-19 diagnosis, at peak values achieved during infection (if
applicable), and after recovery were assessed using repeated mea-
sures mixed models. Mixed models also controlled for potential
confounders (i.e., ethnicity) when comparing GN patients and
controls. Post hoc pairwise comparisons corrected for multiplicity
using the Stepdown Bonferroni method; otherwise, due to the
exploratory aspect of the risk factor identifications, P values were
uncorrected. Multivariable logistic regression models tested pre-
dictive relations of pertinent risk factors (age, sex, pre-COVID
serum creatinine and serum albumin, hemoglobin, and ethnicity)
when comparing the outcome of death between GN patients and
controls. Results from the regression analyses are reported as OR
and 95% CI. Data were analyzed using SAS v9.4 (SAS Institute, Inc,
Cary, NC).
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Table S4. Changes in kidney parameters in GN patients and controls
stratified according to main outcomes.
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