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Key Points
� Kidney biopsy registries in the United States are lacking.
� We provide a multicenter, multistate kidney biopsy database in the United States and identified demographic

and clinical trends.
� Our study catalogs the spectrum of biopsy-proven kidney disease across the Cleveland Clinic enterprise and-

highlights the need for a standardized national kidney biopsy registry to bolster glomerular and kidney disease
research in the United States.

Abstract
Background The kidney biopsy is the gold standard for diagnosing glomerular diseases. Large-scale,
epidemiologic studies describing the prevalence of kidney diseases are lacking, especially in the United States.
We aimed to determine the spectrum of biopsy-proven kidney disease across the Cleveland Clinic enterprise.

Methods We identified all patients with a native kidney biopsy performed or reviewed at the Cleveland Clinic
from January 2015 to September 2021. Retrospective chart review was performed to obtain clinical and demographic
characteristics. Results were stratified by age, sex, race, and location to determine epidemiologic trends.

Results Of .9600 patients, we excluded transplant and donor biopsies and unavailable records, and included
4128 patients with native kidney biopsy data. The median age was 60 years, with 46% female patients. Self-
reported racial demographics included 73%White, 22% Black, 3% multiracial, and 2% Asian background, with
5% Hispanic. Common diagnoses were: FSGS (n5633, 15%), diabetic kidney disease (DKD) (n5602, 15%), IgA
nephropathy (n5319, 8%), lupus nephritis (LN) (n5289, 7%), pauci-immune glomerulonephritis (n5275, 7%),
membranous nephropathy (n5211, 5%), and amyloidosis (n5110, 3%). There were 3322 patients in Ohio, with
361 patients in Florida. Using multivariate analysis, those aged.70 years were more likely to have FSGS,
whereas those,45 years were more likely to have IgA nephropathy or LN. Males were more likely to have FSGS
or IgAN, and less likely to have LN. Black patients were more likely to have FSGS, DKD, or LN. Hispanic
patients were more likely to have DKD. Finally, patients in Florida were more likely to have LN. There was no
change in the disease spectrum before and during the COVID-19 pandemic.

Conclusion Our study catalogs the spectrum of biopsy-proven kidney disease across the Cleveland Clinic
enterprise. This lays the foundation for glomerular disease clinical trials, and highlights the need for a standardized
national kidney biopsy registry to bolster glomerular and kidney disease research in the United States.
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Introduction
The kidney biopsy is the gold standard for diagnosing
kidney diseases, particularly glomerular diseases (1). Glo-
merular diseases are associated with long-term morbidity
and progression to ESKD. Although United States Renal
Data System data are helpful, often times, the diagnoses
presented are not biopsy proven (2), as such the ability to
rely on these data for epidemiologic patterns is limited.
Epidemiologic studies help inform clinicians about

disease likelihood and trends, provide insights into risk
factors or pathogenesis, and help with public health pol-
icy and future studies. Despite this, large-scale, epidemio-
logic studies describing the prevalence of kidney diseases
are lacking in the United States. However, efforts to
catalog and maintain records of biopsy-proven kidney
disease are well established across the world (3).
In one meta-analysis of kidney biopsy registries,

16 major national kidney biopsy catalogs were
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identified worldwide (Europe, South America, Asia, Can-
ada), of which none are in the United States (3). The
United States has a few single-center registries (4,5), but
no national registry or multicenter database available. The
Cleveland Clinic is unique in that it has several locations
across the United States, which allows for greater spec-
trum and assessment of epidemiologic trends in kidney
disease. Furthermore, there are barriers that exist to com-
piling and maintaining kidney biopsy data, including the
ability to have standardized procedures for reporting of
kidney biopsy diagnoses and overall lack of time and
resources to maintain and carry out data collection (3).
Recently, the reporting of kidney biopsies has become
more standardized, allowing for easier classification into
specific disease diagnoses or patterns (1,6).
The Division of Renal Pathology at Cleveland Clinic Ohio

provides renal pathology services to several locations across
the United States, including Cleveland Clinic Ohio, Main
Campus, and its satellite hospitals in Ohio and Cleveland
Clinic Florida, which includes Weston, Florida and locations
along the treasure coast of Florida. Given the degree of
patient access provided at the Cleveland Clinic, with diverse
populations served across several locations within the
United States, we aimed to determine the spectrum and
prevalence of biopsy-proven kidney disease across the
Cleveland Clinic enterprise, with a focus on demographic
and geographic trends. Doing so would assist in identifying
disease groups that could benefit from clinical trial enroll-
ment and provide a foundation to advocate for a state-wide
or national kidney biopsy registry in the United States.

Methods
Patient Population
The study was approved with exempt status by the

Cleveland Clinic Institutional Review Board. In this cross-
sectional, observational study, we identified all patients
who had a kidney biopsy performed or reviewed at the
Cleveland Clinic from January 2015 to September 2021. We
excluded patients who had a kidney allograft biopsy, those
without a Cleveland Clinic medical record number, or
those unable to be verified in the electronic medical record.

Kidney Biopsy Review
Across the enterprise, kidney biopsies were performed

for common indications, including unexplained kidney fail-
ure, nephritic syndrome, nephrotic syndrome, unexplained
non-nephrotic range proteinuria, or concern for glomerular
hematuria. Biopsies were classified into the following diag-
noses on the basis of the report provided by the interpret-
ing nephropathologist, and where descriptive or unclear,
subsequently clarified or confirmed by chart review of the
treating nephrologists’ notes.
Biopsy diagnoses were: FSGS, global glomerulosclerosis,

diabetic kidney disease (DKD), minimal change disease,
membranous nephropathy, amyloidosis, monoclonal im-
munoglobulin deposition disease, C3 glomerulonephritis,
dense deposit disease, immunotactoid glomerulonephritis,
light chain proximal tubulopathy, proliferative glomerulo-
nephritis with monoclonal immunoglobulin deposits, mye-
loma cast nephropathy, cryoglobulinemic glomerulonephritis,

fibrillary glomerulonephritis, infection related glomerulo-
nephritis, genetic kidney disease (Alport’s, Fabry’s), lupus
nephritis (LN), IgA nephropathy (IgAN), pauci-immune
glomerulonephritis/ANCA vasculitis, antiGBM nephritis,
acute interstitial nephritis (AIN), chronic interstitial nephritis,
thrombotic microangiopathy, oxalate nephropathy, or other.

When a diagnosis of an membranoproliferative glomer-
ulonephritis pattern was given, we tried to determine the
specific condition associated to better classify the lesion. If
the lesion was unable to be classified specifically, then a
diagnosis of membranoproliferative glomerulonephritis
was maintained. If a patient had multiple biopsies, or the
first biopsy was nondiagnostic, then the first diagnostic
kidney biopsy was used. If more than one diagnosis was
noted on biopsy, the one determined to be the clinical
cause of kidney dysfunction or affected management was
chosen. Retrospective chart review was performed to
obtain clinical and demographic characteristics including
age at biopsy, race and ethnicity (self-reported), sex, and
state or country of residence. Data were collected and
stored in REDCap.

Statistical Analysis
Diagnosis outcomes were summarized using univariate

analysis to illustrate their differences among states (Ohio,
Florida, and other), among evenly distributed age groups
(#45, .45 to #60, .60 to #70, and .70 years), among
races (White, Black, and other), between females and males,
and between Hispanic and non-Hispanic patients.

A separate analysis was conducted comparing Florida
and Ohio patients. Demographic factors and diagnosis out-
comes were summarized using univariate analysis to illus-
trate their differences between Ohio and Florida, in which
categorical factors were summarized using numbers and per-
centages, and the differences were tested using chi-squared
test or Fisher’s exact test, whereas continuous factors were
summarized using median and interquartile range, and the
difference was tested using Wilcoxon rank-sum test.

In addition, multivariable logistic regression analysis was
conducted to assess if there was any demographic factor
related to any diagnosis outcome. A multiplicity adjustment
for P value was not applied at the analysis. Finally, an analy-
sis was performed to assess if there were any differences in
the number of biopsies or biopsy diagnoses in the 12 months
before and the first 12 months of the coronavirus disease
2019 (COVID-19) pandemic. SAS version 9.4 was used to
process and analyze the data.

Results
A total of 9608 patients had a kidney biopsy performed

or reviewed at the Cleveland Clinic during the defined
time period. After excluding transplant or donor kidney
biopsies and unavailable records, we identified 4128 patients
with native kidney biopsy data. The median age at kidney
biopsy was 60 years old, with 46% female and 54% male
patients. Self-reported racial demographics were 73% White
(of which 5% Hispanic), 22% Black, 3% multiracial, and
2% Asian background.

Within the entire cohort, the most common diagnoses
identified were: FSGS (n5633, 15%), DKD (n5602, 15%),
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IgAN (n5319, 8%), LN (n5289, 7%), ANCA vasculitis/
pauci-immune glomerulonephritis (n5275, 7%), acute tubular
necrosis (n5256, 6%), membranous nephropathy (n5211, 5%),
AIN (n5124, 3%), and amyloidosis (n5110, 3%) (Table 1).
Other biopsy diagnoses that were less prevalent are noted in
Supplemental Table 1. Across campuses, there were 3322
patients from Ohio, 361 patients from Florida (Table 1), and
445 patients originating from other states or locations
(Supplemental Table 2).

Univariate Analysis, Stratified by Sex, Ethnicity, Race,
and Location
Univariate analysis demonstrated that when stratified by

sex, FSGS (18% versus 12%, P,0.001), DKD (16% versus
13%, P50.03) and IgAN (9% versus 6%, P,0.001) were more
prevalent among males compared with females (Table 2).
Although lupus nephritis (12% versus 3%, P,0.001) and
ANCA vasculitis (8% versus 6%, P50.03) were more prevalent
among females compared with males (Table 2). By univariate

Table 1. Demographics and diagnosis results stratified by state (Ohio, Florida, and other)

Variable Overall (n54128) Ohio (n53322) Florida (n5361) Other (n5445) P Value

Age, median (IQR) 60.0 (45.0–70.0) 60.0 (45.0–70.0) 61.0 (49.0–72.0) 58.0 (40.0–69.0) 0.001
Age, n (%) 0.008
Age #45 1043 (25) 835 (25) 71 (20) 137 (31)
.45 to #60 1053 (26) 836 (25) 106 (29) 111 (25)
.60 to #70 1019 (25) 838 (25) 82 (23) 99 (22)
.70 1013 (25) 813 (25) 102 (28) 98 (22)

Race, n (%) ,0.001
White 2907 (73) 2321 (72) 253 (74) 333 (81)
Black 867 (22) 756 (23) 61 (18) 50 (12)
Othera 214 (5) 159 (5) 28 (8) 27 (7)

Ethnicity, n (%) ,0.001
Hispanic 193 (5) 113 (4) 66 (21) 14 (4)
Non-Hispanic 3592 (95) 2952 (96) 253 (79) 387 (97)

Sex, n (%) 0.45
F 1906 (46) 1522 (46) 166 (46) 218 (49)
M 2222 (54) 1800 (54) 195 (54) 227 (51)

FSGS, n (%) 633 (15) 524 (16) 66 (18) 43 (10) ,0.001
DKD, n (%) 602 (15) 517 (16) 56 (16) 29 (7) ,0.001
Global glomerulosclerosis, n (%) 341 (8) 273 (8) 28 (8) 40 (9) 0.80
IgA nephropathy, n (%) 319 (8) 249 (8) 28 (8) 42 (9) 0.35
Other, n (%) 296 (7) 248 (8) 12 (3) 36 (8) 0.01
Lupus nephropathy, n (%) 289 (7) 222 (7) 39 (11) 28 (6) 0.01
ANCA, n (%) 275 (7) 196 (6) 22 (6) 57 (13) ,0.001
Acute tubular necrosis, n (%) 256 (6) 203 (6) 30 (8) 23 (5) 0.16
Membranous nephropathy, n (%) 211 (5) 157 (5) 19 (5) 35 (8) 0.02
AIN, n (%) 124 (3) 96 (3) 7 (2) 21 (5) 0.05
Amyloidosis, n (%) 110 (3) 79 (2) 13 (4) 18 (4) 0.06

IQR, interquartile range; F, female; M, male; DKD, diabetic kidney disease; AIN, acute interstitial nephritis.
a3.1% multiracial, and 1.6% Asian, 0.7% not reported.

Table 2. Diagnosis results stratified by sex

Diagnosis Result, n (%) Female (n51906) Male (n52222) P Valuea

FSGS 237 (12) 396 (18) ,0.001
DKD 254 (13) 348 (18) 0.03
Global glomerulosclerosis 154 (8) 187 (8) 0.70
IgA nephropathy 119 (6) 200 (9) ,0.001
Other 153 (8) 143 (6) 0.05
Lupus nephropathy 225 (12) 64 (3) ,0.001
ANCA 144 (8) 131 (6) 0.03
Acute tubular necrosis 123 (6) 133 (6) 0.53
Membranous nephropathy 86 (5) 125 (6) 0.11
AIN 57 (3) 67 (3) 0.96
Amyloidosis 44 (2) 66 (3) 0.19

DKD, diabetic kidney disease; AIN, acute interstitial nephritis.
aEach P value was derived from chi-square test or Fisher’s exact test.
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analysis when stratified by ethnicity, DKD (22% versus 14%,
P,0.001), IgAN (14% versus 8%, P50.002) and lupus nephritis
(12% versus 7%, P50.006) was more prevalent among His-
panic compared with non-Hispanic patients (Table 3). Notably,
the prevalence of membranous nephropathy, a disease that pri-
marily affects White patients, was similar between White and
Black patients in our cohort (5% versus 5%), (Table 4). Addi-
tionally, by univariate analysis, Florida had a higher prevalence
of Hispanic patients (21% versus 4%, P,0.001) and those with
LN (11% versus 7%, P50.004) (Table 5).

Multivariable Logistic Regression Analysis, Stratified by
Sex, Ethnicity, Race, and Location
Multivariable logistic regression analysis (Table 6) revealed

that patients age.70 years were more likely to have an FSGS
lesion on biopsy compared with those ,70 years old, odds
ratio (OR) 1.32 (95% confidence interval [95% CI], 1.02 to
1.70, P50.04). Patients with age .45 years were more likely
to have DKD (P,0.01), ANCA vasculitis (P,0.01), and
amyloidosis (P,0.01). Patients ,45 years old were more
likely to have IgA nephropathy (P,0.01) and LN (P,0.01).
From a sex perspective, males were more likely to have a

diagnosis of FSGS (OR, 1.56; 95% CI, 1.30 to 1.88, P,0.01)

and IgAN (OR, 1.53, 95% CI, 1.19 to 1.96, P,0.01), whereas
males were less likely to have a diagnosis of LN (OR, 0.23;
95% CI, 0.17 to 0.32, P,0.01) and ANCA vasculitis (OR,
0.72; 95% CI, 0.56 to 0.93, P50.01) (Table 6) with similar
results noted on univariate analysis in Table 4.

When comparing diagnoses among those who identify
as Black, White, or other race, Black patients were more
likely to have a biopsy diagnosis of FSGS (OR, 1.70; 95%
CI, 1.39 to 2.09, P,0.01), DKD (OR, 1.87; 95% CI, 1.51 to
2.32, P,0.01), or LN (OR, 3.37; 95% CI, 2.53 to 4.48, P,0.01)
and were less likely to have IgA nephropathy (OR, 0.18;
95% CI, 0.11 to 0.30, P,0.01), ANCA vasculitis (OR, 0.42;
95% CI, 0.28 to 0.64, P,0.01), or AIN (OR, 0.53; 95% CI,
0.30 to 0.92, P,0.01). Hispanic patients were more likely to
have a diagnosis of DKD, (OR, 1.67; 95% CI, 1.09 to 2.55,
P50.02) compared with non-Hispanic patients.

Geographically, when comparing patients in Ohio to
those in Florida or other locations, patients in Florida were
more likely to have LN (OR, 2.06; 95% CI, 1.33 to 3.19,
P,0.01). However, those collectively in other locations
were more likely to have ANCA vasculitis (OR, 2.17; 95 CI,
1.55 to 3.04, P,0.01) and membranous nephropathy (OR,
1.86; 95% CI, 1.24 to 2.77, P,0.01).

Table 3. Diagnosis results stratified by ethnicity

Diagnosis Result, n (%) Non-Hispanic (n53592) Hispanic (n5193) P Valuea

FSGS 556 (16) 22 (11) 0.12
DKD 492 (14) 43 (22) ,0.001
Global glomerulosclerosis 302 (8) 12 (6) 0.29
IgA nephropathy 268 (8) 26 (14) 0.002
Other 270 (8) 10 (5) 0.23
Lupus nephropathy 255 (7) 24 (12) 0.006
ANCA 246 (7) 12 (6) 0.73
Acute tubular necrosis 218 (6) 6 (3) 0.09
Membranous nephropathy 184 (5) 8 (4) 0.55
AIN 108 (3) 5 (3) 0.74
Amyloidosis 100 (3) 4 (2) 0.82

DKD, diabetic kidney disease; AIN, acute interstitial nephritis.
aEach P value was derived from chi-square test or Fisher’s exact test.

Table 4. Diagnosis results stratified by race

Diagnosis Result, n (%) White (n52907) Black (n5867) Other (n5214) P Valuea

FSGS 398 (14) 188 (22) 31 (15) ,0.001
DKD 367 (13) 171 (20) 39 (18) ,0.001
Global glomerulosclerosis 250 (9) 76 (9) 8 (4) 0.04
IgA nephropathy 255 (9) 17 (2) 33 (15) ,0.001
Other 237 (8) 44 (5) 10 (5) 0.003
Lupus nephropathy 123 (4) 130 (15) 30 (14) ,0.001
ANCA 233 (8) 26 (3) 7 (3) ,0.001
Acute tubular necrosis 200 (7) 41 (5) 4 (2) 0.001
Membranous nephropathy 147 (5) 45 (5) 10 (5) 0.95
AIN 101 (4) 15 (2) 3 (1) 0.01
Amyloidosis 90 (3) 14 (7) 3 (1) 0.03

DKD, diabetic kidney disease; AIN, acute interstitial nephritis.
aEach P value was derived from chi-square test or Fisher’s exact test.
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Effect of the COVID-19 Pandemic
We compared changes in kidney biopsy numbers and

diagnoses before and during the COVID-19 pandemic. The
difference in the biopsy amount in the 12 months before
COVID-19 (March 2019 to February 2020) and the first
12 months during COVID-19 (March 2020 to February 2021)
was significant (696, 53% versus 624, 47%, P50.05); whereas
the difference in the proportion of any disease diagnosed
before COVID-19 (March 2019 to February 2020) and dur-
ing COVID-19 (March 2020 to February 2021) was not sig-
nificant (Table 7).

Discussion
This study is an epidemiologic catalog of all patients who

had a native kidney biopsy performed or reviewed within
the Cleveland Clinic enterprise across a 7-year period from
2015 to 2021. We identify several epidemiologic trends with
regards to age, race, sex, and location.
We compared the demographics in our study to that of

2020 US Census data (7). The median age in the United
States is younger at 38 years, compared with 60 years old in
our study, with 16% of the US population being .65 years
old, whereas in our study 25% of patients were .70 years
old. Sex distribution was similar in our study compared
with the US population (51% female, 50% male). There was
a higher percentage of Black patients in our study (22%)
compared with 14% across the United States. A possible rea-
son for this is in Ohio, there was a larger percentage of Black

patients with biopsy proven kidney disease (23%) compared
with 14% of the Ohio population being Black. The higher
percentage of Hispanics in the Florida cohort (21%) is similar
to the 2020 US Census, which reported in Florida 27% of
persons identified as Hispanic or Latino, whereas 19% of the
total US population identified as such (7).
In our study, the most common biopsy diagnoses were

FSGS and DKD, which goes along with the fact that diabetes
and hypertension, alone or in combination, are the top two
causes of ESKD in the United States (8). Immune complex
kidney disease in the form of IgAN and LN were the sec-
ond most common diagnoses and more prevalent among
those aged ,45 years old, consistent with the current epi-
demiology of these disease processes (9). However, those
aged .70 years old were more likely to have FSGS on
biopsy, supporting our current understanding of the aging
kidney (10).
A few ongoing trends hold true: Black patients were

more likely to have FSGS lesions, likely due to the known
association with APOL1 risk alleles (11). Females were
more likely to have lupus nephritis, a disease that dispro-
portionately affects Black and Hispanic patients (12), thus
explaining why Florida had a higher OR for LN. Hispanic
and Black patients were more likely to have DKD, similar
to the increased prevalence of diabetes in these populations,
and consistent with United States Renal Data System data (2).
Notably, although membranous nephropathy is a condition
that more commonly affects White patients (9,13), in our
study, the percentages of membranous nephropathy were

Table 5. Demographics and diagnosis results stratified by state for subgroup (Ohio and Florida only)

Variable Ohio (n53322) Florida (n5361) P Value

Age, median (IQR) 60.0 (45.0–70.0) 61.0 (49.0–72.0) 0.02
Age, n (%) 0.03
Age #45 835 (25) 71 (20)
.45 to #60 836 (25) 106 (29)
.60 to #70 838 (25) 82 (23)
.70 813 (25) 102 (28)

Race, n (%) ,0.001
White 2321 (72) 253 (74)
Black 756 (23) 61 (18)
Othera 159 (5) 28 (8)

Ethnicity, n (%) ,0.001
Hispanic 113 (4) 66 (21)
Non-Hispanic 2952 (96) 253 (79)

Sex, n (%) 0.95
F 1522 (46) 166 (46)
M 1800 (54) 195 (54)

FSGS, n (%) 524 (16) 66 (18) 0.22
DKD, n (%) 517 (16) 56 (16) 0.98
Global glomerulosclerosis, n (%) 273 (8) 28 (8) 0.76
IgA nephropathy, n (%) 249 (8) 28 (8) 0.86
Other, n (%) 248 (8) 12 (3) 0.004
Lupus nephropathy, n (%) 222 (7) 39 (11) 0.004
ANCA, n (%) 196 (6) 22 (6) 0.88
Acute tubular necrosis, n (%) 203 (6) 30 (8) 0.10
Membranous nephropathy, n (%) 157 (5) 19 (5) 0.65
AIN, n (%) 96 (3) 7 (2) 0.30
Amyloidosis, n (%) 79 (2) 13 (4) 0.16

IQR, interquartile range; F, female; M, male; DKD, diabetic kidney disease; AIN, acute interstitial nephritis.
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Table 6. Multivariable logistic regression analysis for the diagnosis results

Variable

FSGS Diabetic Kidney Disease IgA Nephropathy Lupus Nephritis ANCA

Odds Ratio
(95% Confidence

Interval) P Value

Odds Ratio
(95% Confidence

Interval) P Value

Odds Ratio
(95% Confidence

Interval) P Value

Odds Ratio
(95% Confidence

Interval) P Value

Odds Ratio
(95% Confidence

Interval) P Value

State
OH 1 1 1 1 1
FL 1.30 (0.96 to 1.77) 0.09 1.00 (0.72 to 1.40) 0.99 1.07 (0.69 to 1.67) 0.77 2.06 (1.33 to 3.19) ,0.01 0.86 (0.52 to 1.43) 0.56
Other 0.62 (0.43 to 0.88) 0.007 0.40 (0.26 to 0.62) ,0.01 1.02 (0.70 to 1.49) 0.91 0.93 (0.60 to 1.46) 0.76 2.17 (1.55 to 3.04) ,0.01

Age, yr
#45 1 1 1 1 1
.45 to #60 1.06 (0.82 to 1.37) 0.66 2.70 (2.03 to 3.59) ,0.01 0.61 (0.45 to 0.83) ,0.01 0.25 (0.18 to 0.35) ,0.01 2.31 (1.47 to 3.68) ,0.01
.60 to #70 0.91 (0.70 to 1.19) 0.48 2.58 (1.93 to 3.44) ,0.01 0.41 (0.29 to 0.57) ,0.01 0.19 (0.13 to 0.28) ,0.01 2.93 (1.87 to 4.58) ,0.01
.70 1.32 (1.02 to 1.70) 0.04 1.43 (1.04 to 1.98) 0.03 0.23 (0.15 to 0.34) ,0.01 0.09 (0.05 to 0.16) ,0.01 3.57 (2.29 to 5.57) ,0.01

Race
White 1 1 1 1 1
Black 1.70 (1.39 to 2.09) ,0.01 1.87 (1.51 to 2.32) ,0.01 0.18 (0.11 to 0.30) ,0.01 3.37 (2.53 to 4.48) ,0.01 0.42 (0.28 to 0.64) ,0.01
Other 1.11 (0.72 to 1.73) 0.64 1.55 (1.03 to 2.35) 0.04 1.35 (0.87 to 2.09) 0.18 2.43 (1.50 to 3.94) ,0.01 0.45 (0.20 to 1.00) 0.05

Ethnicity
Hispanic 0.79 (0.48 to 1.29) 0.34 1.67 (1.09 to 2.55) 0.02 1.19 (0.72 to 1.99) 0.50 1.34 (0.77 to 2.32) 0.31 1.40 (0.72 to 2.72) 0.32
Non-Hispanic 1 1 1 1 1

Sex
F 1 1 1 1 1
M 1.56 (1.30 to 1.88) ,0.01 1.17 (0.97 to 1.41) 0.11 1.53 (1.19 to 1.96) ,0.01 0.23 (0.17 to 0.32) ,0.01 0.72 (0.56 to 0.93) 0.01

Acute tubular
necrosis

Membranous
nephropathy AIN Amyloidosis

Global
Glomerulosclerosis

Variable

Odds Ratio
(95% Confidence

Interval) P Value

Odds Ratio
(95% Confidence

Interval) P Value

Odds Ratio
(95% Confidence

Interval) P Value

Odds Ratio
(95% Confidence

Interval) P Value

Odds Ratio
(95% Confidence

Interval) P Value

State
OH 1 1 1 1 1
FL 1.23 (0.76 to 1.97) 0.40 1.18 (0.70 to 2.00) 0.540 0.62 (0.26 to 1.47) 0.281 1.42 (0.75 to 2.70) 0.28 0.94 (0.60 to 1.46) 0.78
Other 0.83 (0.52 to 1.34) 0.44 1.86 (1.24 to 2.77) ,0.01 1.41 (0.83 to 2.41) 0.205 1.60 (0.90 to 2.82) 0.11 1.26 (0.88 to 1.81) 0.21

Age, yr
#45 1 1 1 1 1
.45 to #60 1.23 (0.81 to 1.87) 0.33 1.23 (0.80 to 1.88) 0.35 1.01 (0.58 to 1.77) 0.97 13.12 (3.1 to 55.4) ,0.01 1.29 (0.89 to 1.86) 0.18
.60 to #70 1.28 (0.85 to 1.94) 0.24 1.16 (0.75 to 1.79) 0.52 1.16 (0.67 to 1.99) 0.60 18.27 (4.4 to 76.2) ,0.01 1.79 (1.26 to 2.54) ,0.01
.70 1.74 (1.17 to 2.59) ,0.01 1.39 (0.91 to 2.14) 0.13 1.22 (0.70 to 2.10) 0.49 18.88 (4.5 to 78.9) ,0.01 1.93 (1.36 to 2.75) ,0.01

Race
White 1 1 1 1 1
Black 0.73 (0.51 to 1.05) 0.09 1.10 (0.77 to 1.57) 0.62 0.53 (0.30 to 0.92) 0.02 0.65 (0.36 to 1.15) 0.14 1.19 (0.90 to 1.58) 0.21
Other 0.35 (0.13 to 0.97) 0.04 0.96 (0.46 to 1.98) 0.90 0.43 (0.13 to 1.44) 0.17 0.63 (0.19 to 2.12) 0.45 0.42 (0.19 to 0.93) 0.03

Ethnicity
Hispanic 0.67 (0.28 to 1.60) 0.37 0.80 (0.35 to 1.83) 0.60 1.05 (0.35 to 3.10) 0.93 0.98 (0.33 to 2.93) 0.98 1.18 (0.62 to 2.25) 0.62
Non-Hispanic 1 1 1 1 1

Sex
F 1 1 1 1 1
M 0.83 (0.64 to 1.10) 0.19 1.26 (0.93 to 1.70) 0.13 0.95 (0.65 to 1.39) 0.79 1.31 (0.87 to 1.97) 0.19 1.03 (0.82 to 1.31) 0.79

OH, Ohio; FL, Florida; F, female; M, male.
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equal among White and Black patients, making this a pop-
ulation of interest for further study as data on membra-
nous nephropathy are lacking in non-White patients.
In the United States, a great emphasis has been placed on

prospective enrollment of patients into clinical trials, and
multidisciplinary approaches to understanding glomerular
diseases such as that successfully carried out by the NEP-
TUNE consortium (14). Despite this, there remains a paucity
of organized kidney biopsy data within the United States
for ongoing study of glomerular diseases. A review of the
literature highlights two main US studies from the Univer-
sity of North Carolina and the Mayo Clinic, which offer suf-
ficient data for comparison with this study.
Firstly, the University of North Carolina provided tem-

poral trends in glomerular disease over a 30-year period.
In their cohort of 21,374 patients over a 30-year period, the
mean age at diagnosis was lower, at 48 years, similar by
sex (51% were male), but with a greater proportion of Black
patients (38%), which could be explained by the location of
this center in the southern United States. The frequency of
biopsy-proven kidney disease was similar, because in their
cohort they showed FSGS 25%, DKD 14%, membranous
nephropathy 13%, LN 13%, IgAN 10%, and ANCA vasculi-
tis 8% (5). The higher proportion of FSGS in their cohort
maybe due to other diagnoses being subsumed into that
diagnosis and a higher proportion of Black patients included
in that study.
Secondly, in 2006 the Mayo Clinic published the incidence

of nondiabetic glomerular diseases in Olmsted County,
Rochester, Minnesota from 1974 to 2003. A total of 195 kid-
ney biopsies were included, with a mean age of 44 years,
57% were male, and the population of the county at that
time was 96% White. The most common diagnoses were
IgAN (22%), FSGS (17%), and membranous nephropathy
(10%) (15). These two studies highlight the potential within
major academic centers across the United States to compile
renal pathology data in a standardized format, with an effort
to have larger sample size datasets for further research.
One problem, however, is the heterogeneity that may exist

between centers in coding and reporting of renal pathology
data. One systematic of review of coding practices in national

and regional renal biopsy registries illuminated two main
points. Firstly, in the US, there is no major kidney biopsy
data source. Secondly, coding among registries is inconsis-
tent. Dendooven et al. found 16 national/regional biopsy
registries in the literature (3). Ten were located in Europe,
which included the Czech Republic (16), Belgium (17), Italy
(18), Denmark (19), Norway (20), Poland (21), Scotland (22),
Netherlands (23), Spain (24), and Sweden (25). There were
four in Asia, which included Japan (26), Malaysia (3), Philip-
pines (3), and Taiwan (27). There was one in Canada (28) and
one in South America (29). There were no multicenter studies
noted in the United States and only a few studies shared con-
sistent nomenclature.
Of these studies, the recently published Flemish Collabo-

rative Glomerulonephritis Group registry cataloged .2000
native kidney biopsies from 26 centers across Flanders (Bel-
gium) between 2017 and 2019. The findings were similar to
that in our cohort with respect to age at biopsy, (median 61
years), but there were considerably more male (62%)
patients, and IgAN (17%), FSGS (9%), and DKD (%) were
the most common glomerular diseases biopsied (17). These
findings were similar to several other European cohorts but
different to ours, likely due to the demographic variations
between cohorts.
Our study includes biopsy data before and during the

COVID-19 pandemic, which allowed for a unique opportu-
nity to assess changes in biopsy and diagnosis trends. During
the 12 months before COVID-19, more biopsies were per-
formed than in the first 12 months of the pandemic. This is
an expected finding as during this period throughout the
health care system, there were safety protocols, including
additional testing and patient prioritization. However, we
noted that in our cohort, there was no change in the kidney
disease diagnosis spectrum before and during the pandemic.
There are several strengths to our study. We utilized data

from 2015 as it was around this time that a more methodical
and standardized approach in biopsy reporting was carried
out, enterprise wide. The Cleveland Clinic enterprise uses a
centralized pathology department at its main campus in Ohio,
allowing for the same processing techniques and reporting
of biopsies and eliminates inconsistencies that may occur

Table 7. Biopsy amount and disease diagnosed 12 months before and after March 2020 (coronavirus disease 2019 pandemic)

Diagnosis Result, n (%)
12 Months Before Coronavirus
Disease 2019 (3/2019–2/2020)

First 12 Months During
Coronavirus Disease 2019

(3/2020–2/2021)
P Value

(Chi-Square Test)

Biopsy 696 (52.73%) 624 (47.23%) 0.05
FSGS 110 (15.8%) 90 (14.42%) 0.48
DKD 108 (15.52%) 102 (16.35%) 0.68
Global glomerulosclerosis 73 (10.49%) 60 (9.62%) 0.60
IgA nephropathy 56 (8.05%) 41 (6.57%) 0.31
Other/non-diagnostic 47 (6.75%) 39 (6.25%) 0.71
Lupus nephropathy 41 (5.89%) 43 (6.89%) 0.46
ANCA 42 (6.03%) 42 (6.73%) 0.60
Acute tubular necrosis 44 (6.32%) 45 (7.21%) 0.52
Membranous nephropathy 33 (4.74%) 20 (3.21%) 0.16
AIN 21 (3.02%) 16 (2.56%) 0.62
Amyloidosis 14 (2.01%) 14 (2.24%) 0.77

DKD, diabetic kidney disease; AIN, acute interstitial nephritis.
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when different reporting agencies are used. Furthermore,
the Cleveland Clinic enterprise, being a tertiary and at times
quaternary referral center, with several satellite locations in
multiple states, allowed for a wider pool and demographic
distribution for the data obtained with patients from several
US states and countries worldwide being evaluated.
We acknowledge that our study has limitations. Although

our study data started from 2015, we maintained this strat-
egy to ensure a standardized approach to biopsy processing
and interpretation across campuses. Finally, this study only
captures biopsy-proven kidney disease. As such conditions
that under certain circumstances are diagnosed serologically
such as PLA2R-associated membranous nephropathy (30),
or clinically such as DKD (31), may be under-reported.
Our retrospective, observational cohort study essentially

catalogs the spectrum of biopsy proven kidney disease across
the US Cleveland Clinic enterprise. Key demographic and
geographical trends have been identified. Future studies
include an in-depth look at clinical outcomes for specific
forms of glomerular disease. This study lays the foundation
for identifying patient disease groups that would benefit
from glomerular disease clinical trials at both our Florida
and Ohio campuses and highlights the need for creation of a
standardized national kidney biopsy registry to bolster glo-
merular and kidney disease research in the United States.
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