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ABSTRACT

Background: The obesity epidemic is associated with the emergence of new kidney diseases
including obesity-related glomerulopathy (ORG) and metabolic syndrome-associated
disorders. However, the effects of obesity on prevalence and outcome of biopsy-proven
kidney disease are not well known.

Methods: We analyzed 14,492 kidney biopsies in 18 hospitals from 1979 to 2018 in Korea.
Obesity was defined as a body mass index value of > 30 kg/m?.

Results: The most common disease was IgA nephropathy (IgAN) in both obese and non-
obese participants (33.7% vs. 38.9%). Obesity was associated with a higher risk of focal
segmental glomerulosclerosis (FSGS) and hypertensive nephropathy (HT-N) (odds ratio
[OR], 1.72, 95% confidence interval [CI], 1.37-2.17; OR, 1.96, 95% CI, 1.21-3.19) and a lower
risk of IgAN (OR, 0.74, 95% CI, 0.62-0.88). During the median follow up 0f 93.1 + 88.7
months, obesity increased the risk of end-stage kidney disease (ESKD) in patients with IgAN
(relative risk [RR], 1.49, 95% CI, 1.01-2.20) and lupus nephritis (LN) (RR, 3.43, 95% CI,
1.36-8.67). Of 947 obese individuals, ORG was detected in 298 (31.5%), and 230 participants
had other kidney diseases, most commonly, IgAN (40.9%) followed by diabetic nephropathy
(15.2%). Participants with ORG, when combined with other renal diseases, showed higher
risks for developing ESKD compared to those with ORG alone (RR, 2.48, 95% CI, 1.09-5.64).
Conclusion: Obesity is associated with an increased risk of FSGS and HT-N, and also increase
the ESKD risk in IgAN and LN patients. ORG in obese participants may have favorable renal
outcomes if it occurs alone without any other renal disease.

Keywords: Chronic Kidney Disease; End Stage Kidney Disease; Glomerular Disease;
Kidney Biopsy; Obesity; Obesity-Related Glomerulopathy
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INTRODUCTION

The worldwide prevalence of obesity has increased threefold over the past 40 years. The
prevalence of obesity was only 3% among men and 6% among women in 1975.1 However, 39%
of adults were overweight (body mass index [BMI] > 25 kg/m?), and 13% were obese (BMI >

30 kg/m?) globally in 2016.2 National Health and Nutritional Examination Survey 2017-March
2020 prepandemic data revealed that the age-adjusted prevalence of obesity was 41.9% and
that of severe obesity (BMI > 40 kg/m?) was 9.2% among adults in the United States.3

The obesity epidemic has contributed to gradual kidney damage and functional
deterioration. An epidemiologic study including 630,677 participants showed that obesity
was associated with a higher risk of developing a low estimated glomerular filtration rate
(eGFR) and albuminuria in the general population.4 In contrast, individuals who underwent
bariatric surgery had a 57% lower risk of developing end-stage kidney disease (ESKD) or
doubling of serum creatinine levels over a median follow-up of 4.4 years compared to obese
individuals who never underwent bariatric surgery.5 Obesity causes kidney injury by various
mechanisms. First, obesity directly leads to glomerular hypertension (HTN), podocyte injury,
and increase in renal inflammation.® Second, obesity associated comorbidities, such as
diabetes, HTN, kidney stones, cardiovascular disease (CVD), and medication-related acute
kidney injury can also lead to kidney injury.6,7

However, the association of obesity with various immune complex-mediated
glomerulonephritis (GN) is not well known. Retrospective studies demonstrated that
obesity was an independent predictor of a 50% increase in serum creatinine levels8

and was associated with mesangial matrix expansion in patients with IgA nephropathy
(IgAN).9 However, few studies have used kidney biopsies for information on the effects of
obesity on various kidney diseases. A recent western study including 248 morbidly obese
individuals reported kidney biopsy findings. Pathological characteristics of obesity-related
glomerulopathy (ORG) comprise glomerulomegaly and focal segmental glomerulosclerosis
(FSGS), with a specific focus on the perihilar variant.6 However, given that the spectrum

of glomerular disease in Asia had features distinct from those in Western countries, the
association or impact of obesity on various glomerular diseases are still unknown.10 In this
study, we obtained 21,697 kidney biopsies from 1979 to 2018 in Korea and identified 969
obese participants. We investigated the effects of obesity on the prevalence and progression
of glomerular diseases. We also evaluated the features and prognosis of participants with
ORG alone or in combination with other renal diseases in obese participants.

METHODS

Study population

A total of 21,697 kidney biopsies were obtained from 18 hospitals from 1979 to 2018 in Korea.
We first identified 14,833 participants aged older than 18 years with BMI results. Three hundred
and forty-one participants with tumors such as renal cell carcinoma, transplantation, donor or
inadequate samples were excluded, and 14,492 participants were finally enrolled (Fig. 1). Kidney
tissue was acquired through ultrasonography-guided percutaneous gun biopsy, and the results
were evaluated by a renal pathologist in each hospital. Clinical, medication, and laboratory data
were acquired from the electronic medical records using the patient identification number and
renal biopsy date. The data were acquired by trained research nurses.
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Patient underwent kidney biopsy
between 1979-2018
(N =21,697)

No BMI results

(n=6,864)
Age > 18 BMI profile
n=14,833 -
( ) Exclusion (n = 341)
Cancer
Transplantation
Donor
Inadequate
| n =14,492 |
BMI < 30 BMI > 30
(n =13,523) (n=969)

Fig. 1. Selection of the study population.
BMI = body mass index.

Definitions

BMI was calculated using weight and height (kg/m?). Obesity was defined as a BMI of >

30 kg/m?. The eGFR was calculated using the Modification of Diet in Renal Disease Study
equation.!! Proteinuria was defined as a protein value of > 1+ on the urine dipstick. HTN
was defined as systolic blood pressure (SBP) > 140 mmHg, diastolic blood pressure (DBP) >
90 mmHg, or the use of antihypertensive medication. Diabetes mellitus (DM) was defined
as a fasting blood glucose level of > 126 mg/dL, a history of diabetes, or the use of an oral
hypoglycemic agent or insulin. Treatment with immunosuppressants was defined as the use
of medications within 30 days before or after a kidney biopsy. CVD was defined as myocardial
infarction, angina, or stroke. ESKD and death data were collected from the registry of the
Korean Society of Nephrology in April 2018, and the Statistics of Korea, and the electronic
medical records.12

Kidney pathology

The evaluation of kidney pathology was described previously.13 All biopsies were evaluated
by hematoxylin and eosin, Masson trichrome, periodic acid-Schiff, or periodic acid
methenamine silver staining for light microscopy; immunofluorescence staining using
antibodies against IgA, IgG, IgM, C3, Clq, and kappa and lambda light chains; and electron
microscopy. ORG was defined as 1) glomerulomegaly alone or 2) glomerulomegaly with
FSGS in obese participants.10,14 The group of ORG with other renal diseases was based

on the presence of glomerulomegaly alone or in combination with FSGS out of part of the
other underlying kidney disease. The pathologic diagnosis of kidney disease was made by
experienced kidney pathologists.

Statistical analysis

All analyses were performed using SPSS software (version 25.0; SPSS, Chicago, IL, USA).
The data are presented as the mean + standard deviations for continuous variables and

as percentages for categorical variables. Differences were analyzed using the y* test for
categorical variables and the #-test or analysis of variance for continuous variables with post
hoc Tukey’s test. For multivariate logistic regression analysis and Cox proportional hazards
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analysis, variables with P < 0.05 in univariate analysis, along with age and sex, were chosen. A
Pvalue of < 0.05 was considered significant. Missing data was documented as table legends.

Ethics statement

This study was approved by the Institutional Review Board (IRB) of Korea University Anam
Hospital (IRB approval No. K2023-0773-003), Kyungpook National University Hospital

IRB (IRB approval No. 2017-08-013), the IRB of Kyung Hee University Hospital at Gandong
(IRB approval No. 2012-01-130), Kangdong Sacred Heart Hospital IRB (IRB approval No.
KANGDONG 2016-06-008), IRB of Yonsei University Health System Clinical Trial Center
(IRB approval No. 3-2018-0031), IRB of Korea University Guro Hospital (IRB approval No.
2017GR0082), the IRB of Eulji University Hospital (IRB approval No. EMCS 2018-06-001),
the IRB of Seoul National University Boramae Medical Center (IRB approval No. 06-2011-
50/106), IRB of Seoul National University Bundang Hospital (IRB approval No. B-1707/408-
106), IRB, Seoul National University Hospital (IRB approval No. 1802-102-924), the IRB of
Yonsei University Health System Clinical Trial Center (IRB approval No. 4-2017-0646), Pusan
National University Yangsan Hospital IRB (IRB approval No. 05-2017171), The Catholic
University of Korea, Eunpyeong St. Mary’s Hospital IRB (IRB approval No. 3-116287-AB-N-01),
Ewha Womans University Mokdong Hospital (IRB approval No. 2017-09-054-004), The IRB
of National Health Insurance Service Ilsan Hospital Clinical Trial Center (IRB approval No.
NHIMC 201712-017), The IRB of Chonnam National University Hospital (IRB approval No.
CNUH-2018-038), Chonbuk National University Hospital IRB (IRB approval No. 2017-11-021),
Hallym University Sacred Heart Hospital IRB (IRB approval No. 2017-1136). The IRB waived the
requirement for obtaining informed consent due to the retrospective nature of the study.

RESULTS

Baseline characteristics

The baseline characteristics of the study population were obtained at the time of kidney biopsy
(Table 1). Of the obese participants, 57% were male. Obese participants had significantly
higher SBP, DBP, hemoglobin, glucose, cholesterol, and uric acid levels (P < 0.001). The
prevalence of DM and HTN was higher in obese participants compared to non-obese
participants, while that of cancer was significantly lower. Obese participants showed higher
proteinuria and albuminuria, and the prevalence of 1+ or more dipstick proteinuria was also
higher in obese participants (P < 0.05). The eGFR was not different at the time of kidney
biopsy between the non-obese and obese groups. Obese participants had significantly higher
C3 and C4 levels, and the prevalence of antineutrophil cytoplasmic antibody, hepatitis B
surface antigen, and cryoglobulin were lower compared to non-obese participants (Table 1).

Prevalence of obesity in participants undergoing kidney biopsies

The prevalence of obesity is continuously increasing among participants undergoing kidney
biopsies. The prevalence of obesity increased by 12.8-fold in 2009-2018 compared to 1979—
1988 (7.7% vs. 0.6%) (Fig. 2). The prevalence of overweight status also increased from 12.3%
in 1979-1988 to 36.4% in 2009-2018.

Association of obesity with biopsy-proven kidney disease

The biopsy findings differed significantly according to the obesity status (P < 0.001). The
most common kidney disease in both obese and non-obese participants was IgAN (33.7%
and 38.9%, respectively). In participants with obesity, FSGS was the second most common

https://doi.org/10.3346/jkms.2024.39.e12 4/1
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Table 1. Baseline characteristics of the participants undergoing kidney biopsies

Variables BMI < 30 kg/m? (n = 13,523) BMI > 30 kg/m? (n = 969) Total P
Age, yr 43.2+16.9 42.6 +15.8 43.1+16.8 0.357
Male 7,220 (53.4) 553 (57.1) 7,773 (53.6) 0.027
BMI, kg/m? 23.2+3.1 33.1+3.8 23.9+ 4.0 <0.001
SBP, mmHg 126.1+ 18.6 133.0+19.8 126.6 + 18.8 <0.001
DBP, mmHg 78.3+12.7 81.9+12.5 78.6 +12.7 <0.001
DM 1,864 (14.0) 216 (22.7) 2,080 (14.6) <0.001
HTN 7,260 (54.4) 715 (74.4) 7,975 (55.8) <0.001
cvD 377 (3.3) 26 (2.9) 403 (3.3) 0.448
Cancer 1,395 (10.7) 62 (6.7) 1,457 (10.4) <0.001
Hemoglobin, g/dL 12.5+ 2.3 13.4+2.3 12.6 £ 2.4 <0.001
BUN, mg/dL 21.8+16.4 21.0+ 14.1 21.7 +16.2 0.172
Creatinine, mg/dL 1.6+1.8 1.5+1.5 1.6+1.8 0.143
eGFR, (mL/min/1.73 m? 76.5+42.1 76.6 = 41.6 76.4+42.1 0.935
Glucose, mg/dL 107.8 + 38.3 116.1 + 48.5 108.5 = 39.2 <0.001
Protein, g/dL 6.2+1.1 6.2+1.3 6.2+1.2 0.533
Albumin, g/dL 3.4+0.9 3.4+1.0 3.4+0.9 0.761
Total cholesterol, mg/dL 217.8 + 96.4 233.3+104.1 218.2 + 97.0 <0.001
Uric acid, mg/dL 6.2+ 2.0 7.0+ 2.0 6.3+2.0 <0.001
C3, mg/dL 104.0+ 31.2 125.7 £ 29.7 105.4 = 31.5 <0.001
C4, mg/dL 28.0+13.3 31.1+11.3 28.2 £ 13.2 <0.001
ANA positivity? 1,752 (21.8) 103 (18.6) 1,855 (21.6) 0.077
ANCA positivity® 348 (4.7) 12 (2.0) 360 (4.5) 0.002
ds DNA, IU/mL® 34.0 £ 238.2 25.3 £ 304.1 33.4+243.3 0.524
1gG, mg/dL 1,087.0 + 556.4 1,014.4 + 454.3 1,081.5 + 550.4 0.001
IgA, mg/dL 294.7 + 140.8 293.5+136.9 294.4 + 140.5 0.825
IgM, mg/dL¢ 117.6 £ 111.7 111.3 £ 83.7 117.1+109.8 0.179
HBs Ag 560 (5.2) 28 (3.5) 588 (5.1) 0.037
HCV Ab 144 (1.6) 10 (1.4) 154 (1.6) 0.615
Cryoglobulin® 297 (5.7) 10 (2.4) 307 (5.5) 0.004
UA

SG 1.018 + 0.009 1.019 + 0.009 1.018 + 0.009 <0.001

Protein more than 1+ 7,676 (80.7) 535 (86.3) 8,211 (81.0) <0.001
UPCR, g/g 3.4+4.2 4.0+ 4.7 3.4+4.2 <0.001
UACR, g/gf 2.1+3.0 2.5+3.0 2.1+3.0 0.026

Values are presented as number (%) or mean + standard deviation.

BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, DM = diabetes mellitus, HTN = hypertension, CVD = cardiovascular
disease, BUN = blood urine nitrogen, eGFR = estimated glomerular filtration rate, C3 = complement 3, C4 = complement 4, ANA = antinuclear antibody, ANCA
= antineutrophil cytoplasmic antibody, dsDNA = double-stranded DNA, HBsAg = hepatitis B surface antigen, HCV Ab = hepatitis C virus antibody, UA = urine
analysis, SG = specific gravity, UPCR = urine protein creatinine ratio, UACR = urine albumin creatinine ratio.

2ANA was measured in 8,579 participants; "ANCA was measured in 7,955 participants; °dsDNA was measured in 4,976 participants; “lgM was measured in 7,734
participants; °Cryoglobulin was measured in 5,608 participants; ‘UACR was measured in 4,422 participants.

https://jkms.org

GN (13.3%), followed by minimal change disease (MCD) (10.8%), membranous nephropathy
(MN) (10.6%), diabetic nephropathy (DMN) (6.0%), lupus nephritis (LN) (2.7%), and
hypertensive nephropathy (HT-N) (2.6%). MN (10.2%), MCD (8.7%), FSGS (7.8%), LN
(6.3%), DMN (4.0%), and interstitial nephritis (2.9%) were the most common in participants
without obesity (Fig. 3).

In unadjusted analysis, obesity was positively related to FSGS, MCD, DMN, and HT-N (P
<0.021). After adjustments, FSGS and HT-N showed significant associations (odds ratio
[OR], 1.72, 95% confidence interval [CI], 1.37-2.17; OR, 1.96, 95% CI, 1.21-3.19). IgAN, LN,
and interstitial nephritis were negatively associated with obesity in unadjusted analysis (P <
0.038), and only IgAN was found to be significantly associated with obesity (OR, 0.74, 95%
CI, 0.62-0.88) after adjustment (Table 2).

https://doi.org/10.3346/jkms.2024.39.e12 5/M
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Fig. 2. Prevalence of obesity in participants undergoing kidney biopsies from 1979-1988 to 2009-2018.

IgAN P =0.001

FSGS P <0.001
MCD P=0.020
MN P=0.668
DMN P=0.002
LN P <0.001
HT-N P <0.001
MPGN, C3G P=0.167
Intersti*gigl P 0036
nephritis
Thin P=0.901
ATN P=0.707 H BMI<30 mBMI2>30
I T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45

Kidney biopsy findings in obese and non-obese patients, %

Fig. 3. Prevalence of kidney disease confirmed by pathology according to obesity.

BMI = body mass index, IgAN = IgA nephropathy, FSGS = focal segmental glomerulosclerosis, MCD = minimal
change disease, MN = membranous nephropathy, DMN = diabetic nephropathy, LN = lupus nephritis, HT-N
= hypertensive nephropathy, MPGN = membranoproliferative glomerulonephritis, C3G = complement 3
glomerulopathy, ATN = acute tubular necrosis.

Effects of obesity on ESKD progression and mortality in various kidney diseases
We assessed the risk of developing ESKD in participants undergoing kidney biopsies
according to the type of kidney diseases. ESKD was developed in 1,842 patients during 93.1

+ 88.7 months of mean follow-up. The risks of ESKD in obese participants were elevated in
those with MCD and LN in unadjusted analysis (P < 0.037). In multivariate analysis, obesity
demonstrated a 1.49-fold increase in ESKD development in patients with IgAN (95% CI,
1.01-2.20) and a 3.43-fold increase in LN patients (95% CI, 1.36-8.67) (Table 3).

https://jkms.org https://doi.org/10.3346/jkms.2024.39.e12 6/11
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Table 2. Association between obesity® and biopsy-proven kidney disease

Kidney disease Unadjusted Adjusted®
OR 95% CI P OR 95% ClI P

IgAN 0.80 0.70-0.92 0.001 0.74 0.62-0.88 0.001
FSGS 1.81 1.49-2.20 <0.001 1.72 1.37-2.17 <0.001
MCD 1.28 1.04-1.59 0.021 0.89 0.67-1.19 0.438
MN 1.05 0.85-1.29 0.668 1.05 0.79-1.38 0.756
DMN 1.53 1.16-2.03 0.003 1.41 0.99-2.02 0.060
LN 0.41 0.27-0.61 <0.001 0.61 0.36-1.05 0.072
HT-N 2.16 1.41-3.30 <0.001 1.96 1.21-3.19 0.007
MPGN 0.73 0.46-1.15 0.169 0.98 0.58-1.67 0.946
TIN 0.60 0.37-0.97 0.038 0.71 0.39-1.29 0.262
ATN 1.36 0.75-2.46 0.318 1.20 0.57-2.49 0.634

OR = odds ratio, CI = confidence interval, IgAN = IgA nephropathy, FSGS = focal segmental glomerulosclerosis, MCD = minimal change disease, MN =
membranous nephropathy, DMN = diabetic nephropathy, LN = lupus nephropathy, HT-N = hypertensive nephropathy, MPGN = membranoproliferative
glomerulonephritis, TIN = tubulointerstitial nephritis, ATN = acute tubular necrosis.

20besity was defined as body mass index > 30 kg/m?.

®The risks of kidney disease were adjusted by age, sex, systolic blood pressure, serum albumin, glucose, estimated glomerular filtration rate, hemoglobin, total
cholesterol, cancer, and cardiovascular disease.

Table 3. Risk of obesity® in end-stage kidney disease progression in participants undergoing kidney biopsies

Kidney disease Unadjusted Adjusted®
RR 95% ClI P RR 95% CI P

IgAN 1.29 0.92-1.79 0.140 1.49 1.01-2.20 0.045
FSGS 0.91 0.56-1.51 0.254 1.47 0.81-2.68 0.203
MCD 2.25 1.06-4.78 0.035 1.92 0.79-4.67 0.147
MN 1.81 0.81-3.74 0.112 1.92 0.75-4.92 0.172
DMN 0.82 0.51-1.31 0.411 1.06 0.63-1.79 0.819
LN 2.61 1.06-6.43 0.037 3.43 1.36-8.67 0.009
HT-N 0.89 0.31-2.54 0.829 0.85 0.24-3.05 0.801
MPGN 1.88 0.82-4.32 0.134 1.79 0.60-5.33 0.293

RR = relative risk, Cl = confidence interval, IgAN = IgA nephropathy, FSGS = focal segmental glomerulosclerosis, MCD = minimal change disease, MN =
membranous nephropathy, DMN = diabetic nephropathy, LN = lupus nephropathy, HT-N = hypertensive nephropathy, MPGN = membranoproliferative

glomerulonephritis.

20besity was defined as body mass index > 30 kg/m2
®The risks of kidney disease were adjusted by age, sex, systolic blood pressure, serum albumin, glucose, estimated glomerular filtration rate, hemoglobin, total
cholesterol, cancer, and cardiovascular disease.

https://jkms.org

In contrast, obesity was not associated with higher mortality in any type of kidney diseases
(Supplementary Table 1).

Renal biopsy findings in obese participants

Of 947 obese participants, ORG was detected only in 298 (31.5%) participants and 649
(68.5%) participants showed no evidence of ORG. In addition, 77.8% of participants with
ORG (230 out of 298) were found to have combined other glomerular diseases such as IgAN
(40.9%), followed by DMN (15.2%), MN (13.5%), MCD (8.3%), and LN (3.9%). For further
analysis, we divided obese participants into 3 groups; Group 1 is only ORG, Group 2 is ORG
+ other glomerular diseases and Group 3 is no ORG. The most common type of glomerular
diseases in Group 3 was IgAN (34.4%), followed by MCD (13.3%), FSGS (11.2%), MN (10.8),
DMN (3.4), HT-N (2.6), and LN (2.3%).

Clinical manifestations of ORG

The participants in Group 2 were significantly older (P = 0.022). The proportion of males
was 63.2%, 49.6%, and 59.3% in Groups 1, 2, and 3, respectively (P= 0.021). A history

of DM was more prevalent in both Groups 1 and 2 than in Group 3 (30.9% vs. 30.9% vs.
18.7%, P < 0.001). Immunosuppressants, such as cyclosporine and mycophenolate mofetil,
were most frequently administered to participants in Group 3 (P < 0.005). Baseline eGFRs,
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Table 4. Risks of renal outcomes in participants with obesity-related glomerulopathy

Variables Unadjusted Age, sex adjusted Multivariate®
RR (95% CI) P RR (95% CI) P RR (95% CI) P
ESKD
ORG (Group 1) 0.018 0.021 0.044
ORG with other renal disease (Group 2) 2.34 (1.05-5.20) 0.037 2.35 (1.06-5.25) 0.037 2.48 (1.09-5.64) 0.030

Other renal disease (Group 3)
30 % decline in eGFR
ORG (Group 1)
ORG with other renal disease (Group 2)
Other renal disease (Group 3)

1.45(0.66-3.18) 0.351 1.47 (0.67-3.23) 0.339 1.71 (0.76-3.80) 0.192

0.149 0.104 0.122
1.70(0.97-2.97) 0.063 1.94 (1.05-3.57) 0.034 1.90 (1.03-3.51) 0.041
1.42 (0.83-2.44) 0.203 1.71 (0.94-3.10) 0.080 1.76 (0.97-3.21) 0.063

RR = relative risk, Cl = confidence interval, ESKD = end-stage kidney disease, ORG = obesity-related glomerulopathy, eGFR = estimated glomerular filtration rate.
*Multivariate analysis was adjusted by age, sex, eGFR, body mass index, serum albumin, hypertension and diabetes mellitus.

https://jkms.org

hemoglobin, and serum albumin levels were significantly lower in Group 2 than in Groups
1or3 (P<0.020). IgA levels were significantly lower in Group 1 compared to Groups 2 and

3 (Supplementary Table 2). We performed a subgroup analysis of baseline eGFRs in each
renal disease. The baseline eGFR of participants with DMN, IgAN, and LN was significantly
lower in Group 2 than in Group 3 (P < 0.05). Multivariate logistic analysis revealed that higher
serum albumin levels, lower IgA levels, and a history of DM were significantly related to ORG
without other renal diseases (Group 1) (Supplementary Table 3).

Renal outcomes for participants with ORG

During 93.1 + 88.7 months of follow-up, 7 patients (10.3%) in Group 1 progressed to ESKD,
while 20.9% in Group 2 and 11.1% in Group 3 progressed, showing the significantly different
risk according to groups. Group 2 showed a 2.48-fold risk of developing ESKD compared to
Group 1 in multivariate analysis (RR, 2.48, 95% CI, 1.09-5.64). Similarly, the risk of a 30%
decline in the eGFR was also significantly higher in Group 2 than in Group 1 (RR, 1.90, 95%
CI, 1.03-3.51) (Table 4). Group 2 had a significantly increased risk of ESKD (RR, 1.52, 95%
CI, 1.02-2.27) compared to Group 3 in multivariate analysis. Neither the risk of ESKD nor the
30% decline in the eGFR was significantly different between Groups 1 and 3.

DISCUSSION

In this study, we have demonstrated the followings. First, the most common kidney biopsy
finding in obese participants who underwent a kidney biopsy in Korea was IgAN (33.7%)
although the prevalence of IgAN was significantly lower in obese participants than in non-
obese participants. Second, although obesity independently increased the risk for FSGS and
HT-N, it did not increase the risk of ESKD in these participants. However, obesity significantly
increased the risk of ESKD in patients with IgAN and LN during the 93.1 months of follow-up.
Third, 31 percent of the obese participants undergoing kidney biopsy had ORG. Among them,
only 22.8% of the participants had ORG alone while 77.2% had combined other glomerular
diseases. Higher serum albumin levels, lower IgA levels, and a history of DM were significantly
related to ORG without other renal diseases. ORG participants without other renal diseases
showed more favorable renal outcomes. The risks of ESKD and renal function decline were
significantly increased in participants with ORG accompanied by another renal diseases.

In Korea, the prevalence of overweight status increased from 26.2% in 1998 to 46.3% in 2021

among men and from 25.1% to 26.9% among women.!5 The obesity epidemic has resulted
in an increased number of kidney biopsy cases in obese participants. However, the true
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incidence of obesity-related kidney diseases is still unknown!6 because only few reports have
studied the incidence according to kidney biopsy results.10,14

The histology of ORG includes glomerulomegaly and FSGS.6:10,14,17 A previous study
identifying 128 ORG participants from 6,818 native kidney biopsies found that the mean
glomerular diameter in participants with ORG was 1.3-fold larger than that of age and
sex-matched normal controls.4 The dominance of perihilar segmental sclerosis might
manifest greater ultrafiltration pressure at the afferent vascular pole than at the efferent
vascular pole.6 ORG showed increases in the diameter of the afferent arteriole and decreases
in podocyte density.%14:17 These features are caused by increases in renal plasma flow,

GFR, filtration fraction, and tubular sodium reabsorption.3 Obesity is a major factor in
metabolic syndrome and is associated with the incidence of HTN, DM, hyperuricemia,

and dyslipidemia.”10 Among kidney biopsies, including 239 morbid obese participants

(BMI > 40 kg/m?), 27.6% had DMN, and 19.2% had hypertensive nephrosclerosis.10 In our
study, we found that obesity was independently associated with an increased prevalence of
FSGS and HT-N. However, interestingly, it did not affect ESKD progression. In contrast,
obesity was associated with significantly higher risk of ESKD in patients with IgAN and

LN in our study indicating the differential effect of obesity according to different types of
glomerular diseases. The mechanism of renal injury in immune-mediated GN in obese
participants is not clear. Adipose tissue hypertrophy causes an increase in adipokines and
inflammatory mediators, such as tumor necrosis factor-o (TNF-a), interleukin-6 (IL-6),
leptin, adiponectin, and angiotensinogen, that could play crucial roles in kidney function
and BP.18,19 TNF-o and IL-6 were also shown to play a major role in the pathogenesis of
systemic lupus erythematosus (SLE).20,21 In addition to heightened inflammation, high
blood pressure (BP) in obese participants might also contribute to renal injury, which can
activate innate and adaptive immunity and immune cell infiltration in the kidneys.19 Elevated
BP is an independent risk factor for disease progression in patients with I[gAN and LN.22-24
The previous observation showing that higher prevalence not only HTN and proteinuria, but
also CKD, dialysis or death events in the overweight or obese IgAN compared to no obese
participants also support the negative effect of obesity in IgAN.24 In a study of 393 lupus
patients, obesity was independently associated with the incidence of newly developed LN and
cumulative organ damage.25 Obesity was related to significant negative effects on function
in patients with SLE.26 Given this possible impact of obesity on progression of IgAN and

LN, randomized studies testing the effect of weight reduction on outcome are warranted.
The prevalence of ORG, defined as FSGS with glomerulomegaly or glomerulomegaly alone,
has been reported as 29.4% in morbidly obese participants,10 and this is comparable to the
rate in our study (31.5%). However, the spectrum of kidney diseases accompanying ORG
was completely different; most kidney diseases were HT-N (56.8%), DMN (25.0%), and
acute tubular necrosis (18.2%) in the that study including predominantly white and black
races in the United States.10 In contrast, the most common kidney disease accompanying
ORG was IgAN (40.9%), followed by DMN (15.2%) and MN (13.5%) in our study. These
findings might reflect the regional/racial differences in glomerular disease frequencies.2’
We also found that the renal outcomes in participants with ORG accompanied by other renal
diseases were significantly worse than those of participants with ORG or other renal diseases
alone. This finding suggest that the kidney biopsy is important in predicting outcomes in
obese participants. We also found that baseline eGFRs in DMN, IgAN, and LN patients were
significantly lower in Group 2 than in Group 3, suggesting that superimposed ORG in these
diseases is an important factor in kidney disease progression. Favorable outcomes were
seen in participants with ORG alone. Higher serum albumin levels, lower IgA levels, and a
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history of DM might be considered predictive factors for ORG alone to guide treatment and
prognosis in clinical practice.

Obesity and Kidney Biopsy Findings

Despite several novel findings including long-term outcomes, our study had some
limitations. First, this study had a retrospective nature, and treatment data were limited.
Second, there were no patient BMI results for 31.6% of the total kidney biopsies, so bias could
exist in patient selection. Third, among the pathologic data, glomerulomegaly was assessed
in routine clinical practice by trained renal pathologists in the tertiary hospital. However, the
strength of our study was the large-scale study based on pathologic data. We gathered total
21,697 kidney biopsies from 18 tertiary hospitals in Korea and compared characteristics and
long-term outcomes of obese (n = 969) and nonobese (n =13,522) participants. We analyzed
the effect of obesity on risk and prognosis of various glomerular diseases. We also found that
many different types of glomerular diseases can be combined with ORG in these participants
and these participants might have worse renal outcome. In addition, types of glomerular
diseases frequently combined with ORG in obese participants are different according to a
different regions and ethnicity. Given that there have been only few reports on pathologic
data in severely obese participants in Asia, our study shows the heterogeneity of kidney
pathology and outcomes in obese participants and indicates the importance of a kidney
biopsy in both deciding the management and predicting outcomes.
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