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Abstract
Introduction: The non-neoplastic kidney parenchyma
from nephrectomies is often overlooked in routine ex-
aminations. We aimed to evaluate the associations be-
tween global glomerulosclerosis (GS), interstitial fibrosis
(IF), or arteriosclerosis (AS) and estimated glomerular
filtration rate (eGFR), dipstick proteinuria, and other
clinical factors. Methods: We performed a cross-sectional
analysis of 781 patients with nephrectomy. We used re-
gression models with and without interaction factors. The
tested exposures were GS, IF, or AS, and the outcome
measures were GFR and dipstick proteinuria. Results: In
multivariable analyses, increasing degrees of GS, IF, or AS
were significantly associated with lower eGFR and pro-
teinuria (p < 0.05 for each). Obesity and hypertension

(HTN) modified the association between eGFR and de-
grees of GS, whereas proteinuria and cardiovascular dis-
ease (CVD) modified the association between eGFR and
degrees of AS (p for interaction <0.05). Compared with
GS <10%, GS >50% was associated with lower eGFR in
patients with (−45 mL/min/1.73 m2) than without (−19 mL/
min/1.73 m2) obesity, and GS >50% was associated with
lower eGFR in patients with (−31 mL/min/1.73 m2) than
without (−16 mL/min/1.73 m2) HTN. Compared with
AS <26%, AS >50% was associated with lower eGFR in
patients with (−11 mL/min/1.73 m2) than without (−6 mL/
min/1.73 m2) proteinuria, and AS >50%was associated with
lower eGFR in patients with (−23 mL/min/1.73 m2) than
without (−7 mL/min/1.73 m2) CVD. Conclusion: Greater
degrees of each GS, IF, and AS are independently associ-
ated with proteinuria and lower eGFR. Obesity, HTN, pro-
teinuria, and CVD modify the relationship between eGFR
and specific histopathological features of nephrosclerosis.
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Introduction

Nephrosclerosis is a general term that entails chronic
histopathological fibrotic changes in one or more of the
compartments of the kidney including glomeruli, global
glomerulosclerosis (GS), tubule-interstitium, interstitial
fibrosis (IF), tubular atrophy (TA), vasculature, and ar-
teriosclerosis (AS). The extent of these chronic changes
varies with age and is highly prevalent (>50%) in older
individuals [1]. Nephrosclerosis is associated with lower
estimated glomerular filtration rates (eGFR) in patients
with suspected glomerular diseases undergoing kidney
biopsy [2] and in individuals from the general population
undergoing nephrectomy due to renal tumors who
usually do not have a suspected kidney disease and
frequently have comorbidities such as type 2 diabetes or
hypertension [3–5].

Chronic histopathological changes such as GS, IF, and
AS are also associated with proteinuria in living kidney
donors [1] and in patients undergoing native kidney
biopsy [2], but studies in tumor nephrectomy are scarce.
One study showed an unadjusted association between IF
and proteinuria [5], and a recent study showed an in-
dependent association between GS and proteinuria [6].
Whether all chronic histopathological changes (GS, IF,
AS) are associated with proteinuria independent of eGFR
and other clinical factors is unknown. Furthermore,
whether proteinuria mediates the relationship between
GS, IF, or AS and eGFR or whether proteinuria modifies
the relationship between chronic histopathological fea-
tures and eGFR is unknown.

In this study, we aimed to evaluate the association
of nephrosclerosis features with lower eGFR and
proteinuria and to determine whether the association
with lower eGFR varies by the presence of proteinuria
in nephrectomy patients. Additionally, we evaluated
the modifying effects of hypertension, obesity, and
cardiovascular disease (CVD) on the relationship
between chronic histopathological changes and
lower eGFR.

Materials and Methods

Study Population
A total of 813 patients that underwent nephrectomy were

evaluated from 2013 to 2017. We excluded 32 patients with end-
stage kidney disease (ESKD) on dialysis. We included 781 patients
with nephrectomies (42% partial and 58% radical) in this study.
Themost common reason for nephrectomy was malignancy in 627
(80%), followed by benign conditions in 142 (18%), and trauma in
12 (2%) patients.

Measures
Pathological Evaluation
In 2013, the surgical pathology grossing and reporting protocol

for nephrectomies in our institution was modified as follows: (a)
inclusion of additional sampling of non-tumoral renal paren-
chyma; (b) staining for Hematoxylin-eosin (H&E), periodic acid-
Schiff (PAS), trichrome, and silver of non-tumoral renal paren-
chyma; and (c) addition of the expanded checklist for reporting
from the Renal Pathology Society recommendations [7]. Stan-
dardized morphologic evaluation of non-neoplastic renal paren-
chyma was performed on two to three micron-thick slides from
paraffin-embedded tissue. In radical nephrectomy cases, pathology
residents or pathology assistants chose the non-neoplastic section
from regions grossly uninvolved by tumors, and in partial ne-
phrectomy cases, the genitourinary pathologist who signed out the
cases chose the slide containing as many glomeruli as possible and
as far away from the tumor. All samples were reviewed by one of
two trained nephropathologists (NPs) and reported as addendum.
GS, IF, TA, and AS were described in pathology reports in cat-
egories according to the Banff classification [8]. GS was also de-
scribed as the percentage of globally sclerosed glomeruli (GS%)
calculated using the number of GS divided by the total glomeruli
seen on light microscopy. When the number of glomeruli available
to review was too many to count, the GS% was estimated after
reviewing 100 glomeruli in a continuous section.

Primary exposures were the degrees of each chronic fibrotic
histopathological features including GS, IF, and AS. The reported
percentage of GS was reclassified using a semiquantitative ap-
proach [2, 9]: none to minimal (<10%), mild (10–25%), moderate
(26–50%), and severe (>50%) to align with proposed standardized
grading of chronic changes and to compare our results with similar
prior studies. We reported GS% without adjusting for age [10],
because our multivariable analyses included age in all the models.
AS categories based on the Banff’s criteria were reclassified only
into three groups: mild (0–25%), moderate (26–50%), and severe
(>50%), as previously proposed [9]. IF remained categorized as
none (0–5%), mild (5–25%), moderate (26–50%), and severe
(>50%). IF was not reported in 45 specimens. We only reported IF
because TA was not consistently described in biopsy reports. IF is
often associated with TA, and it is a surrogate measure of IFTA.
We also report categories of each chronic histopathological feature
according to the reasons for nephrectomy.

eGFR and Proteinuria
Primary clinical outcomes were pre-nephrectomy eGFR and

dipstick proteinuria. We estimated GFR by the CKD Epidemiology
Collaboration (CKD-EPI) 2009 equation [11], using the serum
creatinine closest to the day of nephrectomy (including the same
day but before nephrectomy) and up to 90 days before surgery. The
eGFR was categorized according to KDIGO CKD guideline as
follows: >90, 60–<90, 30–<60, 15–<30, and <15 mL/min/m2.
Proteinuria by dipstick (closest to the day of nephrectomy and up
to 90 days before surgery) was categorized as follows: 0 = negative
or <10 mg/dL, 1 = trace or 10 mg/dL, 2 = 1+ or 30 mg/dL, 3 = ≥2+
or 100 mg/dL. We defined proteinuria by dipstick as ≥ trace or
10 mg/dL. Subsequently, proteinuria by dipstick was converted to
urine albumin to creatinine ratio (UACR) using the equation
developed by Sumida et al. [12], and albuminuria was categorized
as follows: A1 = <30 mg/g, A2 = UACR of 30–299 mg/g, A3 =
UACR = ≥300 mg/g, as illustrated in Figure 1.
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Clinical Factors
Clinical, demographic, and pathological data were collected by

chart review. Baseline characteristics prior to nephrectomy in-
cluded demographics, history of hypertension, type 2 diabetes,
obesity, CVD, body mass index (BMI), smoking status, use of
angiotensin-converting enzyme inhibitors (ACEIs) or angiotensin
II receptor blockers (ARBs), the reason for nephrectomy, and
tumor size. CVD was defined as the history of coronary artery
disease (CAD), congestive heart failure (CHF), stroke, or pe-
ripheral vascular disease (PVD).

Statistical Analysis
Baseline continuous variables with normal distribution were

reported as mean (standard deviation [SD]); non-normally dis-
tributed variables were reported as median (interquartile range
[IQR]). Categorical variables were reported as frequencies and
proportions. To assess the association between chronic fibrotic
histopathological features and eGFR or proteinuria, we used linear
and logistic regression models, respectively. Histopathological
features were entered in these models in degrees, as stated above.
Models were adjusted for factors thought to be clinically associated
with eGFR and proteinuria, including age, gender, race (white vs.
non-white), ethnicity (Hispanic vs. non-Hispanic), type 2 diabetes,
hypertension, CVD, current or prior use of tobacco, obesity

(BMI ≥30 kg/m2), and use of ACEi or ARBs. To assess the
modifying effect of important clinical factors on the relationship
between chronic fibrotic histopathological features and eGFR,
additional models included interaction terms between the chronic
histopathological changes and obesity, hypertension, proteinuria,
or CVD. Only significant interactions were reported, and sub-
groups were illustrated in Figure 2. Sensitivity analyses excluded
nephrectomies with suboptimal specimens (non-neoplastic renal
parenchyma less than 5 mm from the tumor) that may affect
histological readings due to a tumor compression effect [13] and
nephrectomies due to urothelial carcinomas because of their as-
sociation with proteinuria [14]. Two-sided p values <0.05 were
considered to represent a statistically significant association. We
performed analyses using SAS software, version 9.4 (SAS Institute,
Cary, NC, USA). The study was approved by the institutional
review board at the University of Miami.

Results

Baseline characteristics of the 781 patients are pre-
sented in Table 1. The majority were male and white,
45% were Hispanics, and only 12% were self-identified as

c

Fig. 1.Degrees of histopathological features according to categories of eGFR and proteinuria. a Frequency of GS
by CKD stage and UACR. b Frequency of AS by CKD stage and UACR. c Frequency of IF by CKD stage and
UACR. CKD, chronic kidney disease; UACR, albumin to creatinine ratio; GS, glomerulosclerosis; IF, interstitial
fibrosis; AS, arteriosclerosis.
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non-white. Twenty-eight percent had an eGFR lower
than 60 mL/min/1.73 m2, and 26% had proteinuria. Fifty-
nine percent of patients had hypertension, 38% had
obesity, 24% had type 2 diabetes and had a history of
smoking, and 41% were on ACEi or ARBs. 301 (40%)
patients had ≥10% GS, 612 (83%) had >5% IF, and 486
(63%) had ≥25% AS. Online supplementary Table 1 (for
all online suppl. material, see https://doi.org/10.1159/
000534339) presents categories of GS, IF, and AS ac-
cording to the reasons for nephrectomy. The degrees of
chronic histopathological changes were, in general,
proportionally distributed among the different reasons

for nephrectomy. However, severe IF and AS were
present in about 50% of those with pyelonephritis.

Figure 1 shows the frequencies of histopathological
features according to the KDIGO classification of CKD by
eGFR and UACR. Greater severity of GS, IF, and AS was
present in association with higher levels of albuminuria
and lower eGFR. In higher risk KDIGO CKD stages
(G4–G5, A3), 37% of patients had moderate or severe GS,
whereas 65% and 82% had moderate or severe IF and AS,
respectively. In lower risk KDIGO CKD stages (G1–G2,
A1), 76%, 58%, and 35% had none or mild GS, IF, and AS,
respectively. However, some patients in earlier eGFR

a

b

c

d

Fig. 2.The effect modification of clinical factors on the relationship
of GS and AS with eGFR. a Effect of GS on eGFR in patient with
and without obesity. b Effect of GS on eGFR in patient with and
without hypertension. c Effect of AS on eGFR in patient with and
without proteinuria. d Effect of AS on eGFR in patient with and
without cardiovascular disease. Dashed-line corresponds to the
group without the clinical factor and solid-line corresponds to

group with the clinical factor present. Linear regression was used
for the outcome eGFR and primary exposure GS when stratified by
obesity (a), and hypertension (b). The model was adjusted by age,
gender, cardiovascular disease (CVD), and proteinuria. Linear
regression was used for the outcome eGFR and primary exposure
AS when stratified by proteinuria (c) and CVD (d). The model was
adjusted by age, gender, ethnicity, and hypertension.

224 Glomerular Dis 2023;3:220–229
DOI: 10.1159/000534339

Aponte Becerra et al.

https://doi.org/10.1159/000534339
https://doi.org/10.1159/000534339
https://doi.org/10.1159/000534339


stages but with severe proteinuria (G1–G2, A3) already
had moderate or severe GS (6%), IF (15%), and AS (47%).

In unadjusted and multivariable-adjusted linear re-
gression analyses, greater degrees of GS, IF, and AS were
significantly associated with lower eGFR. The results were
qualitatively unchanged when further adjusting for
proteinuria (Table 2, p < 0.05 for each). In univariable and
multivariable-adjusted logistic regression analyses,
greater degrees of GS, IF, and AS were significantly as-
sociated with proteinuria; the relationship remained
statistically significant in the model that was further
adjusted for eGFR (Table 2, p < 0.05 for each).

Older age, male gender, hypertension, CVD, and
proteinuria were consistently and independently associ-
ated with lower eGFR in separate multivariable-adjusted
linear regression analyses for severity of GS, IF, and AS
(online suppl. Table 2, p < 0.05 for each). Obesity was
independently associated with higher eGFR only in
models that included severity of GS, whereas Hispanic
ethnicity was associated with higher eGFR in models
including severity of AS (online suppl. Table 2, p < 0.05
for each).

Obesity and hypertension modified the relationship
between GS and lower eGFR (p for interaction <0.05 for
each, Fig. 2, panels a, b). Remarkably, compared with the
category of GS <10% as reference group, GS >50% was
associated with lower eGFR of −45.17 mL/min/1.73 m2

among patients with obesity versus −18.69 mL/min/
1.73 m2 in those without obesity. Likewise, compared
with the category of GS <10% as the reference group,
GGS >50% was associated with lower eGFR
of −31.28 mL/min/1.73 m2 among patients with hyper-
tension versus −16.04 mL/min/1.73 m2 in those without
hypertension. Patients with hypertension had lower
eGFR than patients without hypertension across all
categories of GS (online suppl. Table 3), whereas patients
with obesity had lower eGFR than patients without
obesity only in the category of severe GS (online suppl.
Table 3). The association between lower eGFR and GS did
not vary by CVD or proteinuria (p for interaction >0.05).
Proteinuria and CVD modified the relationship between
lower eGFR and AS (p for interaction <0.05 for each,
Fig. 2, panels c, d). Compared to AS ≤26%, AS >50% was
associated with lower eGFR of −11.47 mL/min/1.73 m2 in
patients with proteinuria versus −6.94mL/min/1.73m2 in
those without proteinuria. Likewise, compared with the
category of AS ≤26%, AS >50% was associated with lower
eGFR of −22.75 mL/min/1.73 m2 in patients with CVD
versus −6.51 mL/min/1.73 m2 in those without CVD.
Lower eGFR was noted in patients with CVD compared
to those without CVD and in patients with proteinuria

Table 1. Baseline characteristics

Characteristic N = 781

Age, years 60.3±14.3
Male 476 (61%)
Race

White 687 (88%)
Non-white 94 (12%)

Ethnicity: hispanic or latino 354 (45%)
Diabetes 186 (24%)
Hypertension 459 (59%)
Cardiovascular disease 102 (13%)
Tobacco use 186 (24%)
Body mass index 29.3±6.1
Obese (BMI ≥30) 294 (38%)
ACEi or ARB use 323 (41%)
Dipstick protein

<10 mg/dL 518 (74%)
Trace 39 (6%)
30 mg/dL 62 (9%)
>100 mg/dL 81 (11%)

eGFR, mL/min/1.73 m2 75±25
eGFR category

≥90 mL/min/1.73 m2 232 (30%)
60–89 mL/min/1.73 m2 327 (42%)
45–59 mL/min/1.73 m2 125 (16%)
30–44 mL/min/1.73 m2 67 (9%)
<30 mL/min/1.73 m2 27 (3%)

Radical nephrectomy 449 (58%)
Reason for nephrectomy

Renal cell carcinoma 513 (66%)
Urothelial carcinoma 97 (12%)
Other malignancy 17 (2%)
Benign pathology 142 (18%)
Trauma 12 (2%)

Tumor size
≥4 cm 296 (58%)
<4 cm 212 (42%)

Nephrosclerosis
GS, N 748

<10% 449 (60%)
10–25% 212 (28%)
26–50% 65 (9%)
>50% 22 (3%)

IF, N 736
<5 124 (17%)
5–25 407 (55%)
26–50 123 (17%)
>50 82 (11%)

AS, N 776
<26 290 (37%)
26–50 260 (34%)
>50 226 (29%)

Values for continuous variables given as means ± standard
deviation and for categorical variables as number (percentage).
BMI, body mass index; ACEi, angiotensin-converting enzyme
inhibitor; ARB, angiotensin II receptor blocker; eGFR, estimated
glomerular filtration rate.
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compared to those without proteinuria independently
from the severity of AS (online suppl. Table 3). The
association between lower eGFR and AS did not vary by
HTN or obesity (p for interaction >0.05). The association
between lower eGFR and IF did not vary by hypertension,
obesity, CVD, or proteinuria (p for interaction >0.05).

We performed additional sensitivity analyses exclud-
ing 97 patients with urothelial carcinoma and 146 with
suboptimal specimens (135 with partial and 11 with
radical nephrectomy), and the results were qualitatively
unchanged. Only AS was no longer associated with
proteinuria after excluding suboptimal specimens (online

suppl. Table 4, 5). This is probably due to a variation in
arterial size captured in the nephrectomy versus the
partial nephrectomy specimens.

Discussion

In this large and ethnically diverse cohort of patients
who underwent tumor nephrectomies, we found that
greater severity of GS, IF, and AS were associated with
lower eGFR and proteinuria, independent of demo-
graphics and clinical characteristics. Moreover, we found

Table 2. Univariate and multivariate regression analyses between the degrees of histological features as primary exposures with
eGFR and proteinuria as dependent variables, adjusted by demographic and clinical factors

Histopathological
feature

eGFR Proteinuria

univariate multivariate * multivariate +
proteinuria**

univariate multivariate multivariate +
eGFR***

β (CI) β (CI) β (CI) OR (CI) OR (CI) OR (CI)

GGS, % p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p = 0.02
<10 Ref. Ref. Ref. Ref. Ref. Ref.
10–25 −11.92

(−15.68–−8.16)
−5.57
(−9.13–−2.02)

−4.93
(−8.62–−1.25)

1.28
(0.86–1.93)

1.12
(0.71–1.76)

1.01
(0.64–1.61)

26–50 −22.83
(−15.68–−8.16)

−18.39
(−24.05–−12.73)

−16.23
(−22.11–−10.35)

4.12
(2.34–7.24)

3.64
(1.93–6.87)

2.67
(1.37–5.23)

>50 −31.69
(−41.53–−21.84)

−28.53
(−37.21–−19.84)

−27.03
(−36.02–−18.05)

3.04
(1.22–7.58)

3.06
(1.16–8.11)

1.87
(0.66–5.29)

IF, % p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01
<5 Ref. Ref. Ref. Ref. Ref. Ref.
5–25 −8.47

(−13.07–−3.88)
0.90
(−3.40–5.21)

0.04
(−4.41–4.49)

1.42
(0.79–2.57)

1.21
(0.62–2.36)

1.20
(0.61–2.35)

26–50 −21.39
(−27.08–−15.70)

−9.08
(−14.45–−3.71)

−8.59
(−14.24–−2.94)

3.52
(1.82–6.82)

2.70
(1.26–5.78)

2.39
(1.11–5.17)

>50 −29.03
(−35.39–−22.67)

−17.26
(−23.14–−11.39)

−16.14
(−22.28–−9.99)

6.46
(3.22–12.95)

5.93
(2.72–12.94)

4.77
(2.14–10.64)

AS, % p < 0.01 p < 0.01 p < 0.01 p < 0.01 p < 0.01 p = 0.04
<25 Ref. Ref. Ref. Ref. Ref. Ref.
26–50 −8.89

(−12.82–−4.96)
−2.43
(−6.32–1.47)

−1.96
(−5.94–−2.02)

1.28
(0.83–1.97)

1.15
(0.70–1.87)

1.11
(0.68–1.82)

>50 −20.69
(−24.76–−16.61)

−9.52
(−13.77–−5.27)

−8.81
(−13.34–−4.49)

2.65
(1.74–4.06)

2.17
(1.32–3.59)

1.83
(1.09–3.07)

Linear regression was used for the outcome eGFR, and the estimate coefficient (confidence interval) (β [CI]) represents the
association of independent variables with the outcome: either higher (positive) or lower (negative) eGFR in mL/min/1.73 m2.
Logistic regression was used for the outcome proteinuria, and the odds ratio (confidence interval) (OR [CI]) represents the as-
sociation of independent variables with the outcome, respectively. Proteinuria was dichotomized as negative or positive (≥ trace by
dipstick). eGFR, estimated glomerular filtration rate; GGS, global glomerulosclerosis; IF, interstitial fibrosis; AS, arteriosclerosis.
*Multivariate model included age, gender, race, ethnicity, hypertension, diabetes, cardiovascular disease, current or prior tobacco
use, obesity, and use of angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers. **Multivariate + proteinuria
model included all the variables in themultivariable model plus proteinuria. ***Multivariate + eGFRmodel included all the variables
as in the multivariate model plus eGFR.
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that obesity and hypertension modified the relationship
between lower eGFR and severity of GS, whereas pro-
teinuria and CVDmodified the association between lower
eGFR and AS. These results add further insight into
understanding the pathophysiological mechanisms
linking scarring in specific compartments of the kidney,
clinical factors, and kidney dysfunction.

Several cross-sectional studies have reported associa-
tions between chronic fibrotic histopathological changes
and kidney function [2, 3, 5, 6]. Previous studies have
shown an independent association between lower eGFR
and a higher percentage of GS (GS%) [6] and an un-
adjusted inverse correlation between eGFR and severity of
GS, IFTA, and AS [5]. More recently, a large study [3]
showed an independent association between greater
degrees of GS, IFTA, and AS and lower eGFR. The results
of our study using a cohort of highly prevalent Hispanic
patients are consistent with these observations on ne-
phrectomy patients, further supporting the association
between fibrotic/sclerotic processes in specific compart-
ments of the kidney and changes in eGFR.

Expanding to the current knowledge, we found that
proteinuria remained strongly associated with lower
eGFR, independent of other clinical factors and histo-
pathological features. Patients with severe proteinuria
and normal eGFR (KDIGO CKD stages G1–G2, A3)
already had moderate or severe GS, IF, and AS at the time
of the nephrectomy, and that greater severity of GS, IF,
and AS is associated with proteinuria independent of
eGFR and other clinical factors. Studies showing asso-
ciations between histopathological features and pro-
teinuria in patients undergoing nephrectomy are limited.
A human study [5] reported an unadjusted association
between proteinuria and IFTA, and a recent study
showed an independent association between GS and
proteinuria [6]. An autopsy-base population study [15]
found an association between proteinuria and AS and GS.
Progressive proteinuria and GS have also been described
as being associated with podocyte depletion in mice [16].
These results raise the hypothesis of a direct rather than
indirect effect of proteinuria on lower eGFR which
corresponds with the well-established clinical association
between proteinuria and kidney function decline [17, 18].
In contrast, a study of kidney biopsies in patients with
hypertension showed that proteinuria accounted only
minimally for the variability of GS [19]. Whether pro-
teinuria is mechanistically linked to degrees of histo-
pathological features in earlier stages of CKD remains
unknown. Further longitudinal studies looking at the
mechanisms of kidney function decline and the devel-
opment of proteinuria are warranted. Furthermore,

whether proteinuria plays a major role in the develop-
ment of fibrosis in renal diseases as previously proposed
[20] remains to be determined.

Our study showed that the associations between AS
and lower eGFR were stronger in patients with pro-
teinuria compared to those without proteinuria and that
patients with versus without proteinuria have lower eGFR
across different categories of AS. In line with our results, a
recent study on patients with diabetic kidney disease re-
ported a correlation between AS and proteinuria and that
AS >50% was an independent predictor of renal outcomes
[21]. Our study paves the way to further analyze the de-
velopment of proteinuria as an intermediate factor in the
progression of kidney disease associated to AS.

In contrast to prior tumor nephrectomy studies [3, 22],
we found an association between hypertension and lower
eGFR independent of histopathological features. Simi-
larly, prior studies in the general population have shown
an association between hypertension and lower eGFR,
independent of clinical factors [23–25]. Furthermore,
when the effect of hypertension and its interaction with
GS on eGFR was tested, we found that the effect of these
two factors depended on each other. These results concur
with the proposed ischemic theory for hypertension-
induced GS [26]. Whether GS is the consequence of
hypertension or other factors such as Apolipoprotein L1
gene variants [27, 28] remains unclear. Further studies are
needed to evaluate the underlying mechanisms of kidney
dysfunction with GS and hypertension.

We found that obesity was associated with higher eGFR
independent of GS and that obesity modified the rela-
tionship between GS and eGFR across different degrees of
GS such as the eGFR being higher in patients with versus
without obesity in the group with GS <10% but lower in
the group with GS >50%. Obesity is associated with hy-
perfiltration and glomerular hypertrophy and increases the
risk for CKD and its progression to ESRD [29, 30], and in
patients with obesity-related glomerulopathy [31], greater
degrees of GS are associated with decline in kidney
function. Whether GS is also part of a maladaptive process
seen in obesity that overtime can cause lower eGFR or
whether GS is a fibrotic process unrelated to obesity is
unknown. Future studies should evaluate the underlying
mechanisms of the joint effect of obesity and GS on eGFR.

We found that CVD is associated with lower eGFR,
independent of other clinical factors and histopathological
features, and that CVD modified the relationship between
lower eGFR and AS. CKD is a well-known risk factor for
CVD in the general population [32, 33], and in tumor
nephrectomy [34]. Endothelial dysfunction, inflammation,
oxidative stress, and atherosclerosis are some of the
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proposed mechanisms [35]. Our findings extend the
current knowledge by providing evidence of vascular
damage in the form of AS in the pathophysiology of CVD.

Hypertension, CVD, obesity, and proteinuria are all
modifiable risk factors for CKD progression; knowing
their relationships with histopathological features and
eGFR provides a better insight into understating the
pathophysiological mechanisms leading to scarring and
worsening kidney function. Future longitudinal studies
should evaluate the effect on progressive eGFR decline of
interventions modifying these clinical factors in patients
undergoing nephrectomies, with the final goal of pre-
venting progressive CKD.

Our study has the following limitations. (1) This is a
cross-sectional study; therefore, we cannot establish cau-
sality. However, a standardized morphological evaluation of
non-neoplastic renal parenchyma was systematically per-
formed according to the Renal Pathology Society recom-
mendations [7], allowing for the capture of information that
may contribute to better characterizing CKD in nephrec-
tomy patients [8]. (2) The evaluation of non-neoplastic
kidney tissue from partial nephrectomies may be less rep-
resentative of the status of the remaining kidney paren-
chyma and contralateral kidney. (3) We do not have data of
proteinuria based on measured UACR. However, we report
UACR predicted from urine dipstick protein that has been
shown to be useful for staging and prognosis. [12]. The
strengths of this study are as follows. (1)We included a large
and highly diverse population. (2) We accounted for many
important risk factors including type 2 diabetes, hyperten-
sion, CVD, obesity, proteinuria, and use of ACEi and ARBs.

In summary, we found that severity of GS, IF, and AS is
independently associated with lower eGFR and proteinuria
and that hypertension, obesity, CVD, and proteinuria
modify the relationship between certain histopathological
features and lower eGFR. Further longitudinal studies are
needed to evaluate the underlying mechanisms of kidney

function decline with histopathological features and the role
of interventions improving modifiable risk factors such as
hypertension, obesity, and proteinuria in slowing the pro-
gression of CKD in nephrectomies patients.
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