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Background: Renal tubules and interstitium are vulnerable to injury and play a central role in the
progression of various chronic kidney diseases (CKDs). However, high quality epidemiologic study on the
profiles of biopsy-proven tubulointerstitial lesions (TILs) is extremely limited.

Methods: We conducted a retrospective renal biopsy series including 62,569 native biopsies at 1,211
hospitals across China from 2015 to 2017. The TILs, including the shedding of tube epithelial, renal tubular
atrophy, renal interstitial fibrosis, edema and inflammatory infiltration, were identified from the pathological
report. We analyzed the severity and chronicity of TILs stratified by gender, age groups, biopsy indications,
and concurrent glomerular diseases. We also examined the correlation between TIL and glomerulosclerosis.
Results: Of 56,880 patients with biopsy-proven glomerular disease, 79.5% had TILs. Renal interstitial
inflammatory infiltration was the most common type of TIL (77.7%), followed by renal tubular atrophy
(56.0%) and renal interstitial fibrosis (32.8%). Severe and chronic TILs were more common in adults than in
children. The three glomerular diseases with the highest proportion of moderate-to-severe and chronic TIL
were diabetic nephropathy, immunoglobulin A (IgA) nephropathy and focal segmental glomerulosclerosis.
The severity of TILs was moderately correlated with glomerulosclerosis score (r=0.51). Moderate-to-severe
and chronic TIL were more common in southern China. After adjusting for age, sex, hospital level, region,
biopsy indication and type of concurrent glomerular diseases, adults with renal arteriole injury had a six-fold
higher risk of moderate-to-severe TIL [odds ratio (OR), 7.12; 95% confidence interval (CI), 6.42 to 7.91]
and a three-fold higher risk of chronic TIL (OR, 4.58; 95% CI, 4.37 to 4.79).

Conclusions: TILs were common in patients with biopsy-proven glomerular disease. The type and
severity of TILs varied with age, region and concurrent glomerular diseases. Renal arteriole injury and

glomerulosclerosis was associated with a significantly increased risk of TIL.
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Introduction

Renal tubules and interstitium are the major components
of kidney and susceptible to a variety of injures including
hypoxia, proteinuria, systemic disorders, and nephrotoxic
drugs. The glomerulus has long been thought the culprit
for the progression of chronic kidney disease (CKD),
while the renal tubules and interstitium are the victim
of injury (1). In recent years, increasing evidence has
demonstrated that renal function decline correlates better
with tubulointerstitial lesions (TILs) than glomerular
injury (2-4). It has been reported that tubular atrophy
and fibrosis are better predictors of CKD progression
than glomerular pathologic lesions. In patients with focal
segmental glomerulosclerosis, the best clinical marker
for disease progression is tubulointerstitial inflammation
(5,6). Similarly, in patients with immunoglobulin A (IgA)
nephropathy, only tubulointerstitial injury was associated
with the rate of estimated glomerular filtration rate (eGFR)
loss over a follow-up period extending to 35 years (7).
Crosstalk between tubulointerstitium and glomerulus may
play a pivotal role in the prognosis of patients with primary
glomerular lesions (8).

Most epidemiologic studies on renal biopsy have focused
on the spectrum of glomerular diseases (9,10). While a few
studies focused on isolated tubulointerstitial disease such as
acute or chronic tubulointerstitial nephritis (11-14), large
and high-quality studies on the profiles of biopsy-proven
TILs in patients with glomerular diseases are rather scarce.

In this study, we analyzed the profile of TILs in a renal
biopsy series including 62,569 patients from 1,211 hospitals
across China and evaluated their correlation with clinical
indications and concurrent glomerular diseases. We present
the following article in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
atm-20-1669).

Methods
Study population and data collection

We enrolled a total of 62,569 native renal biopsies from
1,211 hospitals across China from 2015 to 2017. All renal
histologic specimens were processed and diagnosed at
the Kingmed Pathology Center. The specimens were
regularly stained with hematoxylin-eosin, periodic acid-
Schiff, periodic acid-silver Metheramine and Masson,
and tested for IgA, IgG, IgM, C3, C4, Clq and k/A-light

chains by immunofluorescence assays. Electron microscopic
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examination was also performed in 86.7% of the samples.
The data collected included patients’ demographic
information, clinical syndrome or diagnosis at biopsy, date
and hospital performing the biopsy, histologic diagnosis,
detailed histological reports from light microscopy, electron
microscopy, and immunofluorescence assays. The Medical
Ethics Committee of Nanfang Hospital, Southern Medical
University approved the study protocol. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013). The study was approved by The Medical
Ethics Committee of Nanfang Hospital, Southern Medical
University (No.: NFEC-2015-073) and individual consent
for this retrospective analysis was waived.

Identification of TILs

Trained nephrologists reviewed the histological reports
to identify TILs including both renal tubular lesions and
renal interstitial lesions, as well as intrarenal arteriolar
lesions. Renal tubular injuries included shedding of tubular
epithelium and renal tubular atrophy. Renal interstitial
injuries included edema, fibrosis, and infiltration of
inflammatory cells. Intrarenal arteriolar lesions included
arteriolar hyaline, arterial fibrotic intimal thickening,
stenosis of the lumen and necrosis of intrarenal arterioles.

We categorized the severity of TILs based on the degree
of spread out of inflammation, fibrosis, and atrophy. We
defined focal or multifocal legion (<25% by area), flaky
(25-50%), and diffuse (>50%) lesions as mild, moderate,
and severe, respectively, with a corresponding score of 1 to 3.
Those without TILs were assigned a score of 0. We defined
chronic TILs as the existence of any tubular atrophy or
fibrosis.

Calculation of the glomerulosclerosis score

The glomerulosclerosis score was calculated according
to the percentage of glomeruli with global or segmental
glomerulosclerosis (15). Samples with <10%, 10-25%,
26-50%, and >50% of glomeruli with global or segmental
glomerulosclerosis were assigned a score from 0 to 3,
respectively.

Classification of biopsy indications

The indications for kidney biopsy were classified into one of
the following categories in order (from high to low) based
on the clinical diagnosis at biopsy: nephrotic syndrome
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(NS) with acute kidney injury (AKI), NS, AKI, progressive
CKD defined as CKD stage 3-5, proteinuria without NS
(PU), and isolated hematuria (HU). For cases that met the
definitions of multiple categories, they were assigned to the
class with the highest order.

Statistical analyses

We excluded the biopsy cases that had less than five
glomeruli under light microscope, without histological
diagnosis or glomerular disease, and the repeated biopsy
cases. We summarized continuous variables by means =
standard deviation (SD) or median (interquartile range) and
categorical variables by count (percentage). We calculated
the Spearman’s correlation coefficient between the severity
of TILs and the glomerulosclerosis score in the total
samples as well as stratified by major glomerulopathies.
We examined the association between the intrarenal
arteriolar lesions and the severity of TILs in children and
adults, respectively, using a logistic regression model with
adjustment for age, sex, hospital categories, geologic region,
biopsy indication and concurrent glomerular diseases. A
natural spline term was used for the adjustment of age in
the regression model.

A two-sided P value <0.05 was considered statistically
significant. All statistical analyses were performed using R
version 3.5.0 (16).

Results
Study population

We selected from biopsy series a total of 58,232
independent cases that had 5 or more glomeruli under the
microscope with definite pathological diagnosis, including
340 with a combination of two different glomerulopathies,
56,880 with a single glomerulopathy, and 1,012 with
isolated tubulointerstitial diseases. The profile of isolated
tubulointerstitial diseases was listed in Table SI. We
subsequently analyzed TILs in the cases that had a single
biopsy-proven glomerular disease (Figure I). Because the
profiles of glomerulopathy differed significantly between
children and adults, we analyzed TILs in children and
adults separately.

The demographic and clinical characteristics of the
biopsy cases analyzed, including 4,274 children and 52,606
adults, are presented in Table 1. The study population
was relatively young with an average age of 42 years and
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split equally in gender. Nearly 80% of the biopsy were
performed in the tertiary class A hospitals in China. NS
and proteinuria were the most common indications for
renal biopsy in both children and adults. The profiles of
glomerulopathy differed significantly between children and
adults. The most common glomerular diseases in children
were minimal change disease, Henoch-Schonlein purpura
nephritis and IgA nephropathy, compared to membranous
nephropathy, IgA nephropathy, and minimal change disease
in adults.

Profiles of TILs in patients with glomerular disease

In our study population, TILs were present in 45.9%
and 82.2% of the biopsy cases in children and adults,
respectively (Table 2). The three most common TILs in
children were interstitial inflammatory infiltration, shedding
of tubular epithelium, and tubular atrophy, respectively. In
adults, interstitial inflammatory infiltration, tubular atrophy
and interstitial fibrosis were the most prevalent. Most of
TILs were chronic lesions, and accompanied by intrarenal
arteriolar lesions that were present in13.3% of children
and 66% of adults. The prevalence of chronic TILs and
intrarenal arteriole lesions varied with biopsy indication
and type of glomerulopathy (Figure 2). These lesions were
much more common in adults than in children across the
whole spectrum of biopsy indications and glomerulopathies,
except for diabetic nephropathy, in which almost all cases
(>98%) have chronic TILs and intrarenal arteriole. Detailed
profiles of TILs stratified by type of glomerulopathy were
summarized in Table S2. Patients with AKI or progressive
CKD were more likely to have chronic TILs as well as
intrarenal arteriolar lesions in both children and adults.

Risk factors of moderate-to-severe TILs

In both children and adults, moderate-to-severe TILs were
present in about 4% and 15% of cases with and without
intrarenal arteriolar lesions, respectively (Tuable 3). After
adjusting for other covariates, intrarenal arteriolar lesions
were associated with a 7-fold higher odds of moderate-to-
severe TILs in both children [odds ratio (OR) 7.49; 95%
confidence interval (CI), 5.23 to 10.74] and adults (OR
7.08; 95% CI, 6.38 to 7.87). As expected, the prevalence
of moderate-to-severe TILs was much higher in patients
with AKT or progressive CKD than those with other biopsy
indications. Moderate-to-severe TILs was rare (<1%) in
patients with minimal change disease, but very common
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Figure 1 The flow chart of case selection.

(73.9%) in those with diabetic nephropathy. Demographic
risk factors of moderate-to-severe TILs included females
in children, and males and Southerners in adult. The
severity of TILs was also significantly correlated with
glomerulosclerosis (r=0.51; 95% CI, 0.50-0.52, Table S3),
and the highest correlation observed in patients with IgA
nephropathy (r=0.59, Table S4).

Risk factors of chronic TILs

Chronic TILs were present in 20.6% of children and
66% of adults, most frequently found in patients with IgA
nephropathy (82.3%) and diabetic nephropathy (98.3%). In
both adult and children, intrarenal arteriolar lesions, AKI,
and progressive CKD were associated with a significantly
increased risk of chronic TILs after adjusting for other
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covariates (Table 4).

Discussion

To the best of our knowledge, this is the first nationwide
study to describe the profiles of biopsy-proven TILs
among patients with glomerular disease. Although the
biopsy samples in our study came from 1,211 hospitals
across China, all the samples were processed and diagnosed
histologically at a single pathological laboratory using
unified criteria, which minimized the heterogeneity in
histological diagnosis. In our study, TILs were more
common in adults than in children. Patients with intrarenal
arteriolar lesions, glomerulosclerosis, AKI, progressive
CKD, or diabetic nephropathy had a significantly increased
risk of moderate-to-severe and chronic TILs.
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Table 1 Characteristics of the biopsy series in China

Characteristics All patients (n=56,880) Children (n=4,274) Adults (n=52,606)

Age, mean year (SD) 41.7 (16.3) 12.3 (4.0) 44.1 (14.5)
Gender, N (%)
Male 30,512 (53.6) 2,665 (62.4) 27,847 (52.9)
Female 26,368 (46.4) 1,609 (37.6) 24,759 (47.1)

Biopsy indication, N (%)

NS 26,366 (46.4) 1,836 (43.0) 24,530 (46.6)
Proteinuria 22,196 (39.0) 1,818 (42.5) 20,378 (38.7)
Progressive CKD® 3,354 (5.9) 62 (1.5) 3,292 (6.3)
Hematuria 616 (1.1) 225 (5.3) 391 (0.7)
AKI 468 (0.8) 42 (1.0) 426 (0.8)

NS + AKI 416 (0.7) 33(0.8) 383 (0.7)
Unknown 3,464 (6.1) 258 (6.0) 3,206 (6.1)

Hospital level, N (%)
Tertiary class A 44,505 (78.2) 3,762 (88.0) 40,743 (77.4)
Others 12,375 (21.8) 512 (12.0) 11,863 (22.6)
Region, N (%)

Central 5,728 (10.1) 363 (8.5) 5,365 (10.2)
East 18,975 (33.4) 834 (19.5) 18,141 (34.5)
North 9,519 (16.7) 323 (7.6) 9,196 (17.5)
South 11,071 (19.5) 1,010 (23.6) 10,061 (19.1)
West 11,587 (20.4) 1,744 (40.8) 9,843 (18.7)

Glomerular disease, N (%)

MN 19,337 (34.0) 233 (5.5) 19,104 (36.3)
IGAN 13,986 (24.6) 814 (19.0) 13,172 (25.0)
MCD 7,353 (12.9) 1,221 (28.6) 6,132 (11.7)
MsPGN 2,825 (5.0) 183 (4.3) 2,642 (5.0)
FSGS 2,526 (4.4) 199 (4.7) 2,327 (4.4)
LN 3,290 (5.8) 341 (8.0) 2,949 (5.6)
HSPN 1,931 (3.4) 922 (21.6) 1,009 (1.9)
DN 1,692 (3.0) 1 (0.0) 1,691 (3.2)
Others 3,940 (6.9) 360 (8.4) 3,580 (6.8)

2 define as CKD stage 3-5; °, according to the classification of Chinese hospitals. NS, nephrotic syndrome; CKD, chronic kidney disease;
AKI, acute kidney injury; MN, membranous nephropathy; IgAN, IgA nephropathy; MCD, minimal change disease; FSGS, focal segmental
glomerulosclerosis; MsPGN, mesangial proliferative glomerulonephritis; DN, diabetic nephropathy; LN, lupus Nephropathy; HSPN,
henoch-schonlein purpura nephritis.
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Various TILs

All patients, N=56,880 (%) Children, N=4,274 (%)

Adults, N=52,606 (%)

Renal tubular lesions 40,422 (71.1)

Shedding of tubular epithelial 12,489 (22.0)
Renal tubular atrophy 31,843 (56.0)
Renal interstitial lesions 44,237 (77.8)
Tubulointerstitial edema 9,399 (16.5)
Renal interstitial fibrosis 18,681 (32.8)
Inflammatory cell infiltration 44,203 (77.7)
Intrarenal arteriolar lesions 35,328 (62.1)
Arteriolar hyaline 2,384 (4.2)
Arterial fibrotic intimal thickening 34,666 (60.9)
Stenosis of the lumen 35,268 (62.0)

Necrosis of intrarenal arteriole 45 (0.1)

1,420 (33.2) 39,002 (74.1)
922 (21.6) 11,567 (22.0)
584 (13.7) 31,259 (59.4)
1,832 (42.9) 42,405 (80.6)
561 (13.1) 8,838 (16.8)
474 (11.9) 18,207 (34.6)
1,830 (42.8) 42,373 (80.5)
569 (13.3) 34,759 (66.1)
9(0.2) 2,375 (4.5)
526 (12.3) 34,140 (64.9)
566 (13.2) 34,702 (66.0)
1(0.0) 44 (0.1)

TILs, tubulointerstitial lesions.

In our study, male was associated with a slightly increased
risk of moderate-to-severe TILs in adults and a decreased
risk in children after adjusting for other covariates. The
exact mechanisms for these associations are not clear, and
it may be caused by unadjusted confounders. For example,
adult males are more likely to have hypertension and
diabetes and to be exposed to nephrotoxic drugs (17). Such
information was not available and hence not included in our
association analyses.

The intrarenal arteriolar lesion and glomerulosclerosis
are significant contributors of TILs in our study. A previous
study reported that the proportions of tubular atrophy,
interstitial cell infiltration, and interstitial fibrosis were
significantly higher in patients with intrarenal arteriolar
lesions than that in the patients without arteriolar lesions (18).
Since the peritubular capillaries represent the sole blood
supply to the tubules, glomerular scarring that damages
the upstream capillary bed could have downstream
consequences. Bohle ez /. (19) found a significant inverse
relationship between post-glomerular capillary area and
serum creatinine. Obliteration of the peritubular capillary
network could lead to reduce blood flow, which results in
tubule hypoxia and tubular epithelial cell death and tubular
atrophy (20-22). Meanwhile, tubulointerstitial and vessel
damage increases the vascular resistance, which leads to
drop in the glomerular filtration rate and eventually enters a
vicious circle (23). Consistent with previous reports (24-26),
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the grade of glomerulosclerosis was significantly associated
with the severity of TILs in our study, especially in patients
with IgA nephropathy.

In our study, the highest prevalence of moderate-
to-severe TIL was observed in patients with diabetic
nephropathy, followed by IgA nephropathy. It has been
reported that activation of renal local complement in
patients with diabetic nephropathy contributes to kidney
damage, especially tubular interstitial damage (27).
Meanwhile, the arterial lesion is common in patients with
diabetes which might contribute to the development of
TIL. For IgA nephropathy, our results slightly differ from
the findings of the previous work from China, in which
38.3% of patients with IgA nephropathy had moderate to
severe TTL (28).

It is noteworthy that patients from southern China,
mostly Guangdong province, had a 57% higher risk of
moderate-to-severe TILs than that from other regions.
According to the National Adverse Drug Reaction (ADR)
Monitoring System in China, 33.7% of ADR in Guangdong
province were potentially caused by inappropriate
medication (29), which was the highest among all provinces.
In Guangdong, use of Chinese herbal medicine is very
common, and the incidence of new or serious ADRs of
traditional Chinese herbal injections is significantly higher
than the national average (30). We speculate that higher
exposure to potentially nephrotoxic drugs may partly

Ann Transl Med 2020;8(17):1066 | http://dx.doi.org/10.21037/atm-20-1669



Page 7 of 11

Annals of Translational Medicine, Vol 8, No 17 September 2020

*(3y81r) suonesrput [earurpd pue (33]) Aypedonrswolsd JuaLmouod Aq paynens

SUOISI[ JeJoLIalIe [euatenur s sarsdorq jo uoniodoid o *(1y8Lr) suonesIpur [edrurd pue (119]) Aypedoynrsaword IUaLInouod Aq pagnens s oruoIyd Yim sarsdorq Jo
1S3] Te[ol I I pw satsdorq jo uor Y.L, () “(ySu) suonesrpur [edrurpd pue (3§97) Agaedoy I q payt 1L druoIyd i sarsdorq §

uonitodoid oy 1, (V) Aypedoniouro[s 1Juemouod pue SUONEIIPUI [EITUI[D AQ PIYNELIS SUOISI] JB[OLINIE [BUSIENUI puk ST |, o1uoIyd i sarsdoiq jo uontodoad oy 1, 7 2anSry

PIUO m  HNPY

IMV+SN SN NH axo MV
pPIUO W HNPY

IMV+SN SN NH axo MV

Nd

nd

ot
0¢
0e
or
0s
09
0L
08
06
00}

00}

(9) sebejusolad

(%) sabejusoiad

NdSH
|

NdSH

N

a N1

Na N7

PIYO W WNPY

SOSd NOdSN adnw

PIUOM  HNPY

SOSd NOdSN adnw

VoI

VoI

NN

NN

ok
0¢
0g
oy
0S
09
0L
08
06
00t

(%) sebejussiad

o
'o)
(%) sebejussiad

Ann Transl Med 2020;8(17):1066 | http://dx.doi.org/10.21037/atm-20-1669

© Annals of Translational Medicine. All rights reserved.



Dong et al. The profiles of renal TILs

Page 8 of 11

*9]qB10918p 10U ‘N ‘[BAldlul 92UBPHUOD ‘|D ‘olel SpPOo ‘YO ‘siiuydau eindind uigjuoyos-yoouay
‘NdSH ‘Ayredoaydap sndn| ‘N7 ‘Ayiredoaydau onegelp ‘NQ ‘siuydauojniawo|b annelayljold [eibuesaw ‘NOHJSIA ‘SISolajosojniawolb [euswbas oo} ‘SHS ‘eseasip abueyd
lewiuiw ‘goIN ‘Auyredosydau B ‘NvB| ‘Ayredoiydau snoueiquisw ‘NI ‘elNlewaY pale|os] ‘NH ‘aseasip Asupnf d1uoJyd ‘aM0 ‘Ainful Asupiy 81noe ‘MY ‘ewoipuAs oiosydau
‘SN "sesess|p Jejnsewo|f jualinouod jo edA} pue uoneolpul Asdolq ‘uoibel ‘[eAe| [endsoy ‘xes ‘ebe Joj 1snlpe ‘, iSuoIse| [elHIsIBiuIoINgN} BI8ASS-0}-8eleopoW ML S-O-IA

(29'9-02°9) 68'S (rG'8-82'9) 192 (6'c2) 6¥72L 169°L anN an (coo L Na
(55°0-€€°0) €°0 (Lz'0-210) 220 (r'2) G2 600"k (99'0-¥1"0) 0€°0 (62°0-200) ¥1L'0 one 226 NdSH
(69°0-¥5°0) 190 (0g0-0t°0) G¥°0 €1 1ey 6v6'C (86'1-€9°0) '} (rL2-€80) €€t ('8) 62 (82 N7
(S9'0-15°0) 260 (#2'0-09°0) £9°0 (6'61) 29V 12€'C (18"1-¥%'0) 06°0 (Gge-0L0 92'L (09 ot 66} SHSA
(€2°0-210) 610 (r2'0-21"0) 020 (0°2) 81 2ro'e (00°2-2€°0) 98°0 (Lv"1-1€°0) 990 (rv) 8 €8l NOdSIN
(#0°0-20°0) €0°0 (€0°0-10°0) 20°0 (2°0) e zeL'e (uI-00°0) 00°0 (u1-00'0) 00°0 (c0o Lee't aow
(eL'0-0L0) LLO (0r'0-60000L0 (r'e) €99 v0L'6} (e5'1-2€°0) 020 (62'1-2€0) ¥9°0 €v) ot €ee NI
oouaseley oousseley (1'22) 995°¢ zLLel oouaseley oousIe)eY (G'9) €5 718 NvOI
osess|Ip JejnJawolL)
(L1'1-26'0) €0°L (Ss'1-L2 V) 'L (L1'g1) gsy't €v8'6 (€2'1-95°0) 860 (r0'e-v2'0) 0G°L (2'¢) v9 Ll 1SoM
(L2'1-20 ) vL°L (L2 1-2gv'1) 9g°L (5'91) s86'C L8l (91'2-0t"0) €6°0 (€8'2-190) ¢€'L (€€ L2 €8 ise3
(L1'1-98°0) 86°0 (61'1-96'0) 20°} (6'LL) 160"k 9616 (9€'2-6€°0) 16°0 (59°€-€9°0) 25°L (2e) el €ee YHoN
(G2 1-8€71) 6G°L (Lo'e-s9'1) e8'L (2'81) 088t 190°0} (ecev-18'0) 26'L (6v's-ee1) LLe (r'9) g9 0L0'k yinog
20ual8)oy 20uala)ay AN. L _.v 109 mom.m 2J0ual8)oy [SIIVSCTESIT ] Am.NV 6 €9¢ |esjua)
uoibay
(66'v-6L2) €L'E (L9'5-19'¢) ¢S'Y (2'82) oLl €8¢ (e2'8e-€0¥) 06t  (Lg'Ll2—29v)eT L) 122 €e IMV + SN
(ce'0-L10) 810 (52°0-22°0) S¥°0 (8'¢) 51 16€ (89'2-25°0) 81L°L (19°e-¥8°0) ¥2°L (ove Gee NH
(9z's-8zv) vy (L1'02-G0'2L) GS'8L  (€°29) LS0'C z6e'e (rLez-g8'g9) €9kl (L0'0L-€8°L2) 60°'6E (7'8v) 0 29 aMo
(cL'9-18¢) /8%  (22'02-89°€h) LG9l (9'69) v52 (eI (80°21-90°2) 66'1 (Le'1€-86'9) 08'1 | (¢92) L1 44 MV
(€8°0-12°0) £2°0 (€1'2-68°1) 002 (1's1) 980°¢ 8.€'02 (87°'1-65°0) 06°0 (ezz-101) 0G°L (G€) €9 818t eunuigiold
CRIEIE) SRlVIETEY (e'9) L00'C 0€5've @ouaseley eoualeleY (€2 e 9e8't SN
uoneolpul Asdoig
(6T 1-GL1) gz'L (G- 6Lt (e'91) s¥s'y 1v8'12 (68°0-€1"0) 29°0 (r9:0-6€°0) Lt"0 (0¢) 62 G992 ClE
oouaseley @ouaseley (L'y1) ver'e 6G.'ve oouaseley ooualeleY (1'9) 86 609"t olewad
Japusn
(28°21-8€9) 80°L (cozi-68'6) L60OL  (8'L2) €6G°L 6G.'vE (r201-€2°9) 617°L (ev'L1-zz6) L9°Ct (c61) 601 695 SOA
oouaJajel EIIIEYETE)] (52 ovvy v8' /21 oouaJsjel ELIVEIETEY] (81) 89 G0.‘S ON
SUOIS9| Jejolia)e [eualeliu|
QW_M_VOUM\NMM_VE y oA__ﬁwuﬁwVac n ..__HMV.M-_\,_ N ‘el (1D %S6) HO paisnipy Y OAMM%MWC n (%) N L S-01-N N ‘[eoL .

(909'25=N) sHnpy

(P22'v=N) uaIpIyd

STIL.1, 919A95-03-91BIOPOUI JO SI1030%] JSLI 9Y ], € J[qE],

Ann Transl Med 2020;8(17):1066 | http://dx.doi.org/10.21037/atm-20-1669

© Annals of Translational Medicine. All rights reserved.



Annals of Translational Medicine, Vol 8, No 17 September 2020 Page 9 of 11

Table 4 The risk factors of chronic TILs
Children (N=4,274)

Adults (N=52,606)

Variable

Total. N Chronic TIL®, Unadjusted OR  Adjusted OR Total N Chronic TIL, Unadjusted OR Adjusted OR®
’ N (%) (95% ClI) (95% ClI) ’ N (%) (95% ClI) (95% ClI)
Intrarenal arteriolar lesions
No 3,705 562 (15.2) Reference Reference 17,847 7021 (39.3) Reference Reference
Yes 569 318 (55.9) 7.09 (5.87-8.55) 4.67 (3.81-5.75) 34,759 27,689 (79.7) 6.04 (5.80-6.28) 4.58 (4.37-4.79)
Gender
Female 1,609 359 (22.3) Reference Reference 24,759 15,870 (64.1) Reference Reference
Male 2,665 521 (19.5) 0.85 (0.73-0.98) 1.11 (0.62-2.28) 27,847 18,840 (67.7) 1.17 (1.13-1.21) 1.34 (1.28-1.40)
Biopsy indication
NS 1,836 313 (17.0) Reference Reference 24,530 13,624 (55.5) Reference Reference
Proteinuria 1,818 390 (21.5)  1.33(1.13-1.57) 0.97 (0.75-1.25) 20,378 15,075 (74.0) 2.28 (2.19-2.37) 1.30(1.22-1.37)
AKI 42 26 (61.9) 7.91(4.19-14.91) 4.40 (2.14-9.05) 426 353 (82.9) 3.87 (3.00-4.99) 1.48 (1.12-1.96)
CKD 62 45 (72.6) 12.88 (7.28- 5.63(2.96-10.71) 3,292 3,095 (94.0) 12.58 (10.87-  3.28 (2.80-3.84)
22.80) 14.56)
HU 225 42 (18.7) 1.12 (0.78-1.60) 0.81 (0.53-1.23) 391 241 (61.6) 1.29(1.05-1.60) 0.67 (0.54-0.85)
NS+AKI 33 18 (54.5) 5.84 (2.91-11.71) 5.99 (2.71-13.27) 383 231(60.3) 1.22(0.99-1.50) 0.93(0.73-1.19)
Region
Central 363 59 (16.3) Reference Reference 5,365 3,337 (62.2) Reference Reference
South 1,010 248 (24.6) 1.68(1.23-2.29) 1.72(1.21-2.46) 10,061 6,871 (68.3) 1.31(1.22-1.40) 1.24 (1.15-1.35)
North 323 88 (27.2) 1.93 (1.33-2.80) 1.51 (0.99-2.29) 9,196 5,624 (61.2) 0.96 (0.89-1.03) 0.89 (0.82-0.96)
East 834 151 (18.1)  1.14(0.82-1.58) 1.17 (0.81-1.69) 18,141 12,630 (69.6) 1.39 (1.31-1.48) 1.14 (1.06-1.22)
West 1,744 334 (19.2) 1.22(0.90-1.65) 1.20 (0.85-1.68) 9,843 6,248 (63.5) 1.06(0.99-1.13) 0.93 (0.86-1.01)
Glomerular disease
IgAN 814 261 (32.1) Reference Reference 13,172 11,252 (85.4) Reference Reference
MN 233 61 (26.2) 0.75(0.54-1.04) 0.50(0.34-0.74) 19,104 10,756 (56.3) 0.22 (0.21-0.23) 0.20 (0.19-0.22)
MCD 1,221 97 (7.9) 0.18 (0.14-0.24) 0.17 (0.12-0.24) 6,132 2,138 (34.9) 0.09 (0.09-0.10) 0.15 (0.14-0.16)
MsPGN 183 32 (17.5) 0.45 (0.30-0.68) 0.46 (0.28-0.70) 2,642 1,931 (73.1) 0.46 (0.42-0.51) 0.38 (0.34-0.43)
FSGS 199 77 (38.7) 1.34 (0.97-1.84) 0.85 (0.58-1.26) 2,327 1,773 (76.2) 0.55(0.49-0.61) 0.47 (0.42-0.53)
LN 341 108 (31.7)  0.98 (0.75-1.29) 0.74 (0.53-1.03) 2,949 1,764 (59.8) 0.25(0.23-0.28) 0.29 (0.26-0.32)
HSPN 922 118 (12.8)  0.31(0.24-0.40) 0.46 (0.35-0.61) 1,009 596 (59.1) 0.25(0.22-0.28) 0.36 (0.31-0.42)
DN 1 1(100.0) ND ND 1,691 1,662 (98.3) 9.78 (6.75-14.16) 4.33 (2.99-6.29)

2 Chronic TIL: existence of any tubular atrophy or fibrosis; °, adjust for age, sex, hospital level, region, biopsy indication and type of
concurrent glomerular diseases. TILs, tubulointerstitial lesions; NS, nephrotic syndrome; AKI, acute kidney injury; CKD, chronic kidney
disease; HU, isolated hematuria; MN, membranous nephropathy; IgAN, IgA nephropathy; MCD, minimal change disease; FSGS, focal
segmental glomerulosclerosis; MsPGN, mesangial proliferative glomerulonephritis; DN, diabetic nephropathy; LN, lupus Nephropathy;
HSPN, henoch-schonlein purpura nephritis; OR, odds ratio; Cl, confidence interval; ND, not detectable.

© Annals of Translational Medicine. All rights reserved.
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contribute to the observed increased risk of moderate-to-
severe TIL in patients from southern China (31).

Our study has several limitations. First, we do not have
detailed clinical data of the patients such as laboratory
indices, comorbidities and medications which may confound
our association analyses of moderate-to-severe TILs.
However, biopsy indications such as NS, proteinuria and
hematuria may serve as a semi-quantitative surrogate for
the severity of disease. Second, because our study is cross-
sectional we are not able to evaluate the prognosis of TILs.
Third, like any association studies, we are not able to make
causal inference between TILs and the risk factors. Fourth,
the present study only included Chinese population.
Whether these results are generalizable to other ethnic
population is unknown.

In conclusion, TIL is very frequent in patients with
glomerular disease, and its profile varies greatly with age,
biopsy indication, and concurrent glomerular disease.
Renal arteriolar lesion is associated with a significantly
increased risk of TIL. Given the pivotal role of TIL in the
progression of kidney disease, more epidemiologic studies
are needed to establish the long-term prognostic value of
TIL in patients with glomerular disease.
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Supplementary

Table S1 The spectrum of isolated tubulointerstitial diseases

Disease Cases
Acute interstitial nephritis 395
Chronic interstitial nephritis 304
Acute tubular necrosis 182
Subacute interstitial nephritis 86
Multiple myeloma kidney injury 19
Sjogren’s syndrome kidney injury 9
Renal interstitial infiltration by tumor cells 6
IgG4-related nephropathy 6

Gitelman syndrome

Chronic uric acid nephropathy
Subacute tubular necrosis
Renal cystic disease

Oxalate nephropathy

Table S2 The types of TILs stratified by glomerular disease

Pathologic changes DN, N=1,692 IgAN, N=13,986 FSGS, N=2,526 MN, N=19,337 MCD, N=7,353 MsPGN, N=2,825 LN, N=3,290 HSPN, N=1,931
Renal tubular lesions, n (%) 1,636 (96.7) 12,064 (86.3) 2,159 (85.5) 12,796 (66.2) 3,319 (45.1) 2,070 (73.3) 2,252 (68.4) 907 (47.0)
Shedding of tubular epithelial 76 (4.5) 2,178 (15.6) 739 (29.3) 4,344 (22.5) 1,847 (25.1) 318 (11.3) 1,202 (36.5) 348 (18.0)
Renal tubular atrophy 1,605 (94.9) 10,921 (78.1) 1,679 (66.5) 9,814 (50.8) 1,848 (25.1) 1,901 (67.3) 1,323 (40.2) 636 (32.9)
Renal interstitial lesions, n (%) 1,686 (99.6) 12,531 (89.6) 2,282 (90.3) 14,661 (75.8) 3,437 (46.7) 2,189 (77.5) 2800 (85.1) 1,098 (56.9)
Tubulointerstitial edema 116 (6.9) 2,081 (14.9) 511 (20.2) 2,964 (15.3) 850 (11.6) 207 (7.3) 1,032 (31.4) 238 (12.3)
Renal interstitial fibrosis 1,583 (93.6) 7,245 (51.8) 1,125 (44.5) 3,432 (17.7) 585 (8.0) 918 (32.5) 1,270 (38.6) 271 (14.0)
Inflammatory cell infiltration 1,685 (99.6) 12,525 (89.6) 2,281 (90.3) 14,645 (75.7) 3,430 (46.6) 2,189 (77.5) 2,799 (85.1) 1,098 (56.9)
Intrarenal arteriolar lesions, n (%) 1,688 (99.8) 9,576 (68.5) 1,839 (72.8) 12,817 (66.3) 2,191 (29.8) 1,896 (67.1) 1,869 (56.8) 435 (22.5)
Arteriolar hyaline 1,228 (72.6) 310 (2.2) 118 (4.7) 283 (1.5) 60 (0.8) 184 (6.5) 22 (0.7) 16 (0.8)
Arterial fibrotic intimal thickening 1,683 (99.5) 9,457 (67.6) 1,819 (72.0) 12,527 (64.8) 2,084 (28.3) 1,870 (66.2) 1,828 (55.6) 416 (21.5)
Stenosis of the lumen 1,685 (99.6) 9,563 (68.4) 1,835 (72.6) 12,802 (66.2) 2,177 (29.6) 1,894 (67.0) 1,868 (56.8) 433 (22.4)
Necrosis of intrarenal arteriole 0(0.0) 2 (0.0) 0(0.0) 0 (0.0) 0 (0.0) 0 (0.0) 5(0.2) 0 (0.0)

#, Chronic TIL: as presence of any tubular atrophy or fibrosis. DN, diabetic nephropathy; IgAN, IgA nephropathy.



Table S3 The TILs lesions stratified by glomerulosclerosis score

Severity of TlLs
Glomerulosclerosis score
None Mild Moderate-to-severe
0 9,674 (40.8) 13,120 (55.4) 897 (3.8)
1 2,539 (10.6) 18,887 (79.1) 2,441 (10.2)
2 75 (1.1) 3735 (57.3) 2,712 (41.6)
3 5(0.2) 629 (22.4) 2,166 (77.4)

TILs, tubulointerstitial lesions.

Table S4 The correlation between the severity of TILs and glomerulosclerosis stratified by glomerulopathy

Disease TIL severity® GS score” re 95% ClI

IgAN 1.16 (0.59) 1.21 (0.93) 0.59 0.58-0.60
MN 0.80 (0.48) 0.60 (0.64) 0.34 0.33-0.36
MCD 0.49 (0.51) 0.32 (0.49) 0.40 0.38-0.42
MsPGN 0.85 (0.51) 0.81 (0.80) 0.41 0.37-0.44
FSGS 1.10 (0.53) 1.47 (0.80) 0.42 0.38-0.45
LN 1.00 (0.54) 0.54 (0.70) 0.31 0.28-0.34
HSPN 0.62 (0.57) 0.44 (0.64) 0.43 0.38-0.46
DN 1.75 (0.48) 1.40 (0.83) 0.33 0.28-0.37

2 present as mean (SD); ®, glomerulosclerosis score present as mean (SD); °, Spearman correlation coefficient. TILs, tubulointerstitial
lesions; MN, membranous nephropathy; IgAN, IgA nephropathy; MCD, minimal change disease; FSGS, focal segmental
glomerulosclerosis; MsPGN, mesangial proliferative glomerulonephritis; DN, diabetic nephropathy; LN, lupus Nephropathy; HSPN,
henoch-schonlein purpura nephritis.



	1066-ATM-20-1669含附录
	1066-ATM-20-1669含附录 - 附录

