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ABSTRACT
Objective: This study aims to determine whether the concurrent presence of tubulointerstitial inflammation (TII) and tubuloin-
terstitial damage (TID) predicts the progression of chronic kidney disease (CKD) in patients with lupus nephritis (LN).
Methods: Data from 175 LN patients, collected at the time of renal biopsy, were analyzed. Patients were stratified into two 
groups based on the presence or absence of coexisting TII/TID. Uni- and multivariable Cox proportional hazard regression mod-
els were utilized to identify independent risk factors for CKD in LN patients.
Results: Of 175 patients, 110 (62.9%) exhibited coexisting TII/TID, whereas 65 (37.1%) did not. Patients with coexisting TII/TID 
tended to be older and presented with higher levels of ESR and 24-h proteinuria, as well as lower levels of eGFR and hemoglobin 
compared to those without coexisting TII/TID. Over a mean follow-up period of 89.9 months, CKD and end-stage renal disease 
occurred more frequently in patients with coexisting TII/TID. Notably, the presence of coexisting TII/TID was associated with 
a higher risk of CKD progression, with adjusted hazard ratios of 2.667 (95% CI: 1.333, 5.335, p = 0.006) for all LN patients, 3.265 
(95% CI: 1.451, 7.345, p = 0.004) for those with class III, IV, and V LN, and 3.045 (95% CI: 1.289, 7.195, p = 0.011) for those with 
class III, IV, V LN, and eGFR ≥ 30 mL/min/1.73 m2.
Conclusions: LN patients with coexisting TII/TID are at a heightened risk of kidney function deterioration at LN onset and 
subsequent development of CKD over the long term.

1   |   Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease 
affecting multiple organs, including the joints, skin, cardiovas-
cular system, kidneys, gastrointestinal tract, lungs, nervous 
system, hematologic system, and eyes. Renal involvement, 
occurring in up to 50% of SLE patients, is a significant mani-
festation of the disease [1]. Approximately 20%–40% of lupus 
nephritis (LN) patients develop chronic kidney disease (CKD), 

with 10%–20% progressing to end-stage renal disease (ESRD) 
[2]. CKD resulting from LN significantly increases morbidity 
and mortality in SLE patients, serving as a risk factor for car-
diovascular diseases such as myocardial infarction, congestive 
heart failure, and stroke, further contributing to mortality [3].

Recognizing poor prognostic factors of LN is crucial for clini-
cians to initiate intensive immunosuppressive therapies when 
necessary. Factors such as race, pathology, proteinuria, mean 
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arterial pressure, and baseline serum creatinine are well-
established prognostic indicators [4, 5]. Histopathological find-
ings from kidney biopsies, especially those categorized by the 
2003 International Society of Nephrology/Renal Pathology 
Society (ISN/RPS) classification and assessed using activity 
and chronicity indexes, aid in predicting renal outcomes [6]. 
However, current classification systems primarily focus on glo-
merular lesions, potentially overlooking important tubulointer-
stitial changes.

Recent studies suggest that tubulointerstitial lesions may pro-
vide valuable prognostic insights into long-term renal outcomes 
in LN patients. Tubulointerstitial inflammation (TII) has 
emerged as a significant risk factor for the development of renal 
failure [7, 8], whereas moderate-to-severe tubulointerstitial 
damage (TID), but not TII, has been specifically linked to the 
progression to ESRD [9]. However, in other studies, neither TII 
nor TID alone was statistically associated with the development 
of CKD in patients with LN [10, 11]. These conflicting findings 
regarding the association between tubulointerstitial lesions and 
long-term LN outcomes may arise from the separate analysis of 
TII and TID, despite their frequent coexistence.

Considerable evidence indicates that TII may lead to chronic 
damage and subsequent CKD development, with TID and de-
clining kidney function exacerbating inflammatory processes. 
This interaction creates a feedback loop of kidney injury and 
functional loss [12]. To address discrepancies in previous stud-
ies and explore the combined prognostic value of TII/TID, we 
aimed to investigate whether coexisting tubulointerstitial le-
sions predict CKD progression in LN patients.

2   |   Methods

2.1   |   Population and Study Design

We assessed 202 patients with available clinical data at the time 
of renal biopsy from the KORean lupus NETwork (KORNET) 
registry. KORNET is a nationwide, multi-institutional, hospital-
based registry used to evaluate the clinical characteristics of 
SLE and the outcomes of Korean patients. Study enrollment was 
restricted to patients with LN who visited Chonnam National 
University Hospital within 6 months of diagnosis, because of 
data availability regarding long-term outcomes. All patients 
met the 1997 revised criteria for the classification of SLE [13]. 
Inclusion criteria required a minimum 1-year follow-up period, 

while patients were excluded if biopsy specimens were inade-
quate or biopsy findings were inconsistent with LN. Patients 
with uncertain medical records or follow-up periods of less than 
12 months were also excluded. Ultimately, 175 patients were 
enrolled in this study (Figure 1). All patients were followed up 
at 1- to 3-month intervals, from the time of renal biopsy until 
at least 1 year later, via the KORNET database. We divided the 
enrolled patients into two groups: those with coexisting TII/
TID and those without, and compared demographic, clini-
cal, histological, and laboratory findings, as well as long-term 
prognosis. The development of the electronic case report form 
and data management for this study were conducted using the 
internet-based Clinical Research and Trial management sys-
tem (iCReaT; http://​icreat.​nih.​go.​kr). This system is established 
by the Centers for Disease Control and Prevention, Ministry 
of Health and Welfare, Republic of Korea (iCReaT Study No. 
C140018). The Institutional Review Board of Chonnam National 
University Hospital approved this study (CNUN-2014-239), and 
informed consent was obtained from all participants before reg-
istry enrollment.

2.2   |   Patient Data Collection

Baseline characteristics were examined at the time of renal 
biopsy, encompassing demographic data such as age at LN 
onset, gender, duration of SLE at LN onset, education level, 
smoking history, and the presence of hypertension and diabe-
tes mellitus. Hypertension was defined as systolic blood pres-
sure ≥ 140 mmHg and/or diastolic blood pressure ≥ 90 mmHg on 
two or more occasions, and/or self-reported use of antihyper-
tensive medications. Diabetes mellitus was defined as a fasting 
glucose level ≥ 126 mg/dL or the use of insulin or hypoglycemic 
agents. The SLE Disease Activity Index (SLEDAI)-2000 was also 
calculated at the time of biopsy [14].

Laboratory data obtained included white blood cell count, lym-
phocyte count, hemoglobin level, platelet level, erythrocyte 
sedimentation rate (ESR), C-reactive protein (CRP), serum 
albumin level, serum creatinine level, urinalysis results, and 
urinary protein excretion (g/day) at the time of renal biopsy. 
The estimated glomerular filtration rate (eGFR) was calcu-
lated using the Modification of Diet in Renal Disease (MDRD) 
study equation: eGFR (mL/min/1.73 m2) = 186 × (SCr [mg/dL]
)−1154 × (age)–0.203 × (0.742 if female). Serological markers, in-
cluding anti-nuclear antibody, complement (C3, C4), and var-
ious autoantibodies (Smith, ribonucleoprotein, Ro/SS-A, La/

FIGURE 1    |    Flow diagram for enrolled patients.
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SS-B, nucleosome, histone, and ribosomal-P), were assessed 
by enzyme-linked immunosorbent assays (ELISA) using a 
commercial kit (Alegria; ORGENTEC Diagnostika, Mainz, 
Germany). Anti-dsDNA antibody was determined by radioim-
munoassay using a commercial kit from Trinity Biotech PLC 
(Wicklow, Ireland). The presence of antiphospholipid antibody 
(aPL), including lupus anticoagulant (LAC), anti-cardiolipin 
(aCL), and anti-beta2-glycoprotein I (β2GPI), was also de-
termined. LAC was measured using the modified Russell's 
viper venom time test, with confirmation by mixing studies. 
IgG/M aCL and IgG/M anti-β2GPI antibodies were analyzed by 
ELISA (Alegria; ORGENTEC Diagnostika, Mainz, Germany), 
and positivity was determined if the titer was medium to high. 
Patients were considered aPL-positive if they tested positive for 
at least one of these autoantibodies.

To gather pathological data, biopsy specimens were inde-
pendently reclassified by two renal pathologists according to the 
ISN/RPS classification, regardless of any previous World Health 
Organization (WHO) or ISN/RPS classification [15]. Both renal 
pathologists were blinded to the patients' previous renal biopsy 
findings and clinical conditions. Mixed-type cases according to 
the ISN/RPS classification were assigned to a predominant class 
based on agreement between the two pathologists: III + V cases 
were assigned to type III, and IV + V cases were assigned to type 
IV. Tubulointerstitial indices were defined according to the NIH 
scoring system for activity and chronicity indices [16]. TII was 
defined as the presence of > 25% tubular and/or interstitial in-
flammation. Similarly, TID was defined as the presence of > 25% 
tubular atrophy and/or interstitial fibrosis noted on the renal bi-
opsy report. In this study, patients with coexisting TII/TID refer 
specifically to those with both TII and TID.

2.3   |   Treatments and Patient Outcome

Treatment was determined at the discretion of the attending 
rheumatologist and typically involved glucocorticoids combined 
with either high-dose intravenous cyclophosphamide (CYC; 
500–1000 mg/m2 body surface area monthly, for 6 cycles) or 
glucocorticoids with an oral immunosuppressant such as my-
cophenolate mofetil (MMF; up to 3 g/day), azathioprine (AZA), 
cyclosporine (CsA), or tacrolimus (TAC), followed by quarterly 
intravenous CYC or oral immunosuppressant. Glucocorticoids 
were administered at a dose of 30–60 mg prednisolone per day, 
with or without intravenous methylprednisolone pulse therapy 
(500–1000 mg/day for 3 days). Patients with LN types I and II 
received low-to-moderate doses of prednisone (0.5 mg/kg/day), 
alone or combined with oral immunosuppressants if renal re-
sponse was inadequate. For induction therapy in patients with 
types III/IV ± V or type V LN, high-dose intravenous CYC or 
MMF was the preferred treatment. However, in cases where 
MMF and CYC were unavailable, patients were treated with 
AZA or CsA. Typically, induction treatment lasted for approxi-
mately 6 months, based on the clinical judgment of the treating 
rheumatologist.

Treatment responses after 12 months were assessed using the 
ACR 2006 clinical trial criteria [17]. A complete renal response 
(CR) was defined as an eGFR > 90 mL/min/1.73 m2, a urine 

protein-to-creatinine ratio < 0.2, and inactive urinary sediment. 
A partial response (PR) was characterized by a stable eGFR, 
urinary protein-to-creatinine ratio ranging from 0.2 to 2.0, and 
absence of urinary sediment. No response (NR) indicated failure 
to meet remission criteria. Renal relapse was defined as > 25% 
decline in eGFR, ≥ 50% increase in proteinuria, or appearance 
of urinary sediment in patients previously achieving CR or PR. 
CKD was defined as eGFR < 60 mL/min/1.73 m2 for ≥ 3 months. 
ESRD or renal failure was identified as either GFR < 15 mL/
min/1.73 m2 (typically accompanied by uremic symptoms) or 
the need for kidney replacement therapy such as dialysis or 
transplantation [18]. Additionally, besides renal response, occur-
rences of death from any cause were recorded during follow-up.

We also examined past and current medications utilized in 
induction and maintenance therapies, including hydroxychlo-
roquine (HCQ), CYC, MMF, and other immunosuppressive 
agents. Additionally, the use of angiotensin-converting enzyme 
inhibitors (ACEi) or angiotensin receptor blockers (ARB) to mit-
igate proteinuria was reviewed. In Korea, belimumab has been 
covered by insurance since February 2021, anifrolumab is not 
currently planned for launch in Korea, and rituximab lacks an 
indication for lupus nephritis and is therefore used off-label. As a 
result, data on these therapies were not included in our analysis. 
Additionally, to maintain consistency in treatment regimens, we 
excluded patients participating in clinical trials involving these 
biologics.

2.4   |   Statistical Analysis

We conducted statistical analysis using SPSS software version 
20 (SPSS Inc., Chicago, IL, USA). Patients were categorized into 
two groups at the time of renal biopsy: those with and without 
coexisting TII/TID. Results are presented as means ± standard 
deviation for continuous variables and as percentages for cat-
egorical variables. Continuous variables were compared using 
Student's t-test, while categorical variables were compared using 
the Chi-squared test. Multivariable logistic regression analysis 
was performed to assess the association between coexisting TII/
TID and clinical variables. Additionally, multivariable Cox pro-
portional hazards regression analysis was conducted to identify 
predictors for developing CKD in patients with coexisting TII/
TID. Variables with a significance level of p < 0.05 in Student's 
t-test or Chi-square test, based on a comparison between LN pa-
tients with and without CKD progression (see Table  S1), were 
included in the multivariable analysis. The difference in the de-
velopment of CKD over time between patients with coexisting 
TII/TID and those without TII/TID was examined using the 
log-rank test. Statistical significance was defined as p-values 
< 0.05.

3   |   Results

3.1   |   Baseline Characteristics

The baseline characteristics of the two groups at the time 
of renal biopsy are presented in Table  1. The cohort had a 
mean age of 33.5 ± 14.7 years, with 153 (87.4%) patients being 
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women. The mean duration of SLE at the onset of LN was 
32.4 ± 53.3 months. Among the 175 patients identified in this 
study, 110 (62.9%) had LN with coexisting TII/TID, while 65 
(37.1%) did not. Patients with coexisting TII/TID were older 
than those without (p = 0.003). However, other characteris-
tics such as disease duration, percentage of women, education 
status, proportion of current smoking, hypertension, diabetes 
mellitus, and disease activity measured by SLEDAI-2000 at 
the onset of LN did not show statistically significant differ-
ences between the groups (all p > 0.05). In terms of laboratory 
findings, patients with coexisting TII/TID had lower hemo-
globin levels than those without (10.1 ± 1.90 vs. 10.9 ± 1.87, 
p = 0.008), higher ESR levels (49.0 ± 39.7 vs. 38.1 ± 26.0, 
p = 0.018), higher 24-h proteinuria (3.79 ± 3.50 vs. 2.65 ± 2.17, 
p = 0.009), and a higher proportion of eGFR (MDRD) < 60 mL/
min/1.72m2 (27.3% vs. 6.2%, p < 0.001) compared to those 
without coexisting TII/TID. When comparing baseline au-
toimmune markers between the groups, patients with coex-
isting TII/TID had lower frequencies of anti-Sm (31.8% vs. 
47.7%, p = 0.036) and ribosomal-P antibodies (27.9% vs. 46.0%,  
p = 0.017).

3.2   |   Renal Pathologic Findings

Table 2 shows the renal pathologic features, encompassing the 
ISN/RPS classification and NIH activity/chronicity index. A 
significant difference was observed in the distribution of ISN/
RPS classification between the two groups (p = 0.033). Patients 
with coexisting TII/TID exhibited a higher prevalence of pro-
liferative type LN compared to those without (77.3% vs. 63.1%, 
p = 0.043). Moreover, the proportion of chronicity scores > 4 
was greater among patients with coexisting TII/TID than those 
without (19.1% vs. 0%, p < 0.001). The presence of interstitial in-
flammation (100% vs. 49.2%, p < 0.001), tubular atrophy (85.5% 
vs. 10.8%, p < 0.001), and interstitial fibrosis (93.6% vs. 10.8%, 
p < 0.001) was significantly more frequent in patients with coex-
isting TII/TID compared to those without.

3.3   |   Treatments for LN and Renal Outcome

Table 3 illustrates the current and previous treatments for LN 
and the renal outcomes. MMF was the most commonly pre-
scribed immunosuppressive agent in both groups (43.6% in 
patients with coexisting TII/TID and 35.4% in those without). 
However, there was no significant difference in the immuno-
suppressive agents used for induction therapy between the two 
groups (p = 0.064). Furthermore, at the time of LN diagnosis, 87 
patients were taking HCQ and 32 patients were taking immu-
nosuppressives, but these medications were not associated with 
the presence of coexisting TII/TID (both p > 0.05). Additionally, 
the use of ACEi or ARB for the treatment of LN did not differ 
significantly between the two groups (p > 0.05). During a mean 
follow-up of 89.9 months, the incidence of CKD (45.5% vs. 18.5%, 
p < 0.001) and ESRD (14.5% vs. 3.1%, p = 0.012) was more preva-
lent in patients with coexisting TII/TID compared to those with-
out. However, the proportions of CR at 1 year after LN diagnosis, 
relapse during follow-up, and death due to any cause during fol-
low-up did not differ significantly between the two groups (all 
p > 0.05).
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3.4   |   Predictors of Coexisting TII/TID in Patients 
With LN

Table 4 presents the results of multivariable logistic regression 
analysis conducted to identify predictors of coexisting TII/TID 
in patients with LN. This analysis employed a stepwise inclusion 
methodology utilizing variables such as age, gender, disease du-
ration, and those significant at p < 0.05 in univariable analysis 
(hemoglobin, ESR, eGFR < 60 mL/min/1.73 m2, urinary protein 
excretion g/24 h, anti-Sm antibody, anti-ribosomal P antibody, 
and proliferative type LN). Among these variables, age at LN 
onset (odds ratio [OR] = 1.035, 95% confidence interval [CI]: 
1.007–1.064; p = 0.015), ESR (OR = 1.016, 95% CI [1.004–1.028]; 
p = 0.011), eGFR < 60 mL/min/1.73 m2 (OR = 3.851, 95% CI 
[1.191–12.453]; p = 0.024), proliferative type LN (OR = 2.837, 
95% CI [1.271–6.335]; p = 0.049), and anti-ribosomal P antibody 
(OR = 0.448, 95% CI [0.217–0.925]; p = 0.030) were found to be 
significantly associated with the presence of coexisting TII/TID 
in patients with LN.

3.5   |   Predictors of Developing CKD in Patients 
With LN

Table  5 presents the results of multivariable Cox-proportional 
regression analysis aimed at identifying hazard ratios (HR) 
for developing CKD in patients with LN. In the unadjusted 
analysis, patients with coexisting TII/TID exhibited a sub-
stantially higher risk of CKD progression (HR 3.590, 95% CI 
[1.853–6.955], p < 0.001). Furthermore, in the Cox proportional 
hazards model adjusted for age, gender, and disease duration 
at the time of renal biopsy, patients with coexisting TII/TID 

demonstrated an elevated risk of developing CKD (HR 2.706, 
95% CI [1.384–5.290], p = 0.004). In the multivariable Cox-
proportional regression analysis, conducted using a stepwise 
inclusion methodology with age, gender, disease duration, and 
variables significant at p < 0.05 in univariable analysis (includ-
ing education, diabetes mellitus, hypertension, eGFR < 60 mL/
min/1.73 m2, anti-phospholipid antibody, anti-ribosomal P an-
tibody, chronicity > 4, LN flare), the coexisting TII/TID group 
exhibited a higher risk of CKD progression (HR 2.667, 95% CI 
[1.333–5.335], p = 0.006). To validate the robustness of our find-
ings, additional analyses were conducted. Even after excluding 
patients with class I/II LN from the cohort, the coexisting TII/
TID group remained at a higher risk of developing CKD (HR 
3.265, 95% CI [1.451–7.345], p = 0.004). Moreover, excluding pa-
tients with both class I/II LN and eGFR < 30 mL/min/1.73 m2, 
the risk of progression to CKD remained significant (HR 3.045, 
95% CI [1.289–7.195], p = 0.011). Finally, Kaplan–Meier survival 
curves indicate a significantly elevated incidence of CKD in LN 
patients with coexisting TII/TID compared to those without 
(Figure 2, Log-rank p < 0.001).

4   |   Discussion

In this study, LN patients with concurrent TII/TID exhibited 
reduced renal function at the time of kidney biopsy and were at 
an elevated risk of developing CKD during long-term follow-up. 
Importantly, even after excluding patients with class I/II LN and 
an eGFR < 30 mL/min/1.73 m2 from the cohort, the presence of 
coexisting TII/TID remained a significant predictor of CKD de-
velopment. These findings underscore the crucial role of coex-
isting TII/TID in renal biopsies for predicting renal outcomes.

TABLE 2    |    Comparison of renal pathologic findings of LN patients stratified by their TII/TID status.

All patients 
(N = 175)

Patients with coexisting 
TII/TID (N = 110)

Patients without coexisting 
TII/TID (N = 65) p

ISN/RPS classification (%) 0.033

I 13 (7.4) 8 (7.3) 5 (2.9)

II 17 (9.7) 10 (9.1) 7 (10.8)

III 45 (25.7) 26 (23.6) 20 (30.8)

IV 80 (45.7) 59 (53.6) 21 (32.7)

V 19 (10.9) 7 (6.4) 12 (18.5)

Proliferate type 126 (72.0) 85 (77.3) 41 (63.1) 0.043

Mix type 26 (14.9) 16 (14.5) 10 (15.4) 0.880

NIH activity/chronicity index (%)

Activity score (> 12) 73 (41.7) 51 (46.4) 22 (33.8) 0.105

Chronicity score (> 4) 21 (12.0) 121 (19.1) 0 (0.0) < 0.001

Tubulointerstitial lesions

Interstitial inflammation 142 (81.1) 110 (100) 32 (49.2) < 0.001

Tubular atrophy 101 (57.7) 94 (85.5) 7 (10.8) < 0.001

Interstitial fibrosis 110 (62.9) 103 (93.6) 7 (10.8) < 0.001

Abbreviations: ISN/RPS, International Society of Pathology/Renal Pathology Society; LN, lupus nephritis; NIH, National Institutes of Health; TID, tubulointerstitial 
damage; TII, tubulointerstitial inflammation.
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While current LN classification systems prioritize glomerular 
lesions, such as inflammation and scarring, studies indicate 
that these glomerular measures often fail to accurately predict 
the subsequent clinical course of LN [11, 19]. Instead, emerging 
evidence suggests that tubulointerstitial lesions are more closely 
correlated with diminished renal function and the risk of CKD 
in LN patients. Park et al. demonstrated that the severity of TII 
serves as a prognostic indicator for the progressive deterioration 
of renal function [20]. Similarly, Hill et al. identified TII as one 
of the critical histologic factors associated with renal outcomes 
[21], and in another study, they established that the tubulointer-
stitial activity index was predictive of kidney function decline 
in LN patients [22]. Furthermore, Esdaile et  al. emphasized 
that tubulointerstitial disease serves as a significant prognostic 

marker for progression to renal failure [23], while Kwon et al. 
underscored the importance of TID as a predictive factor for 
renal prognosis in LN patients [24]. However, conflicting find-
ings exist in the literature, as demonstrated by O'Dell et al., who 
found that the presence of tubulointerstitial activity or interstitial 
sclerosis did not provide additional predictive value beyond clin-
ical data or glomerular biopsy results [25]. Similarly, in cohort 
studies, both TII and TID were not statistically associated with 
the development of CKD in LN patients [10, 11]. Additionally, 
a retrospective study showed that none of the individual tubu-
lointerstitial factors reached statistical significance in predict-
ing ESRD in pediatric LN patients [26]. Notably, a recent study 
identified the extent of TII as an independent predictor of renal 
survival, whereas TID did not exhibit predictive value [27]. In 

TABLE 3    |    Comparison of treatments and outcomes of LN patients stratified by their TII/TID status.

All patients 
(N = 175)

Patients with coexisting 
TII/TID (N = 110)

Patients without coexisting 
TII/TID (N = 65) p

Treatment (%)a

Induction therapy 0.064

CYC 62 (35.4) 42 (38.2) 20 (30.8)

MMF 71 (40.6) 48 (43.6) 23 (35.4)

Others 42 (24.0) 20 (18.2) 22 (33.8)

HCQ at LN diagnosis 87 (49.7) 51 (46.4) 36 (55.4) 0.249

Immunosuppressantsb 32 (18.4) 22 (20.0) 10 (15.4) 0.445

ACEi or ARB 126 (72.0) 82 (74.5) 44 (67.7) 0.329

Outcomes (%)

CR at 1 year 101 (57.7) 66 (60.0) 35 (53.8) 0.426

Relapse 71 (40.6) 43 (39.1) 28 (43.1) 0.604

CKD 62 (35.4) 50 (45.5) 12 (18.5) < 0.001

ESRD 18 (10.3) 16 (14.5) 2 (3.1) 0.012

Death due to any cause 5 (2.9) 5 (4.5) 0 (0.0) 0.095

Abbreviations: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CKD, chronic kidney disease; CR, complete remission; CYC, 
cyclophosphamide; ESRD, end-stage renal disease; HCQ, hydroxychloroquine; LN, lupus nephritis; MMF, mycophenolate mofetil; TII, tubulointerstitial inflammation; 
TID, tubulointerstitial damage.
aWhen a specific medication has been used in the preceding 6 months, it is defined as having been used.
bImmunosuppressants used at the time of renal biopsy, not as a part of induction therapy.

TABLE 4    |    Multivariable logistic regression analyses to identify predictors of coexisting TII/TID in LN patients.

Variables

Multivariable analysis

OR (95% CI) p

Age at LN onset 1.035 (1.007–1.064) 0.015

ESR 1.016 (1.004–1.028) 0.011

eGFR < 60 mL/min/1.73 m2 3.851 (1.191–12.453) 0.024

Proliferative type LN (Class III or IV) 2.837 (1.271–6.335) 0.049

Anti-ribosomal P antibody 0.448 (0.217–0.925) 0.030

Abbreviations: ESR, erythrocyte sedimentation rate; eGFR, estimated glomerular filtration rate; LN, lupus nephritis; OR, odds ratio; TID, tubulointerstitial damage; 
TII, tubulointerstitial inflammation.
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current studies exploring the prognostic roles of TII and TID 
in LN patients, these two factors have typically been analyzed 
separately, potentially contributing to inconsistencies in the re-
sults obtained. Tubulointerstitial injury initiates as an inflam-
matory process that, if unchecked, can progress to irreversible 
tubulointerstitial fibrosis and atrophy. Therefore, both TII and 
TID should be comprehensively considered to assess their asso-
ciation with renal outcomes. From this perspective, our study 
is significant as it examines the renal outcomes of patients with 
coexisting TII/TID.

In the present study, even after excluding LN patients with 
decreased kidney function at the time of diagnosis, the pres-
ence of TII/TID remained a significant predictor of developing 
CKD. As mentioned earlier, tubulointerstitial injury leads to 
the accumulation of inflammatory cells in the interstitium, ex-
acerbating hypoxia and causing further renal damage [12, 28]. 
Additionally, tubular damage reduces functional nephrons, ex-
posing the remaining nephrons to increased metabolic demand 
and making them more susceptible to disease. Tubular atrophy 
also contributes to a reduction in GFR and worsens glomeru-
losclerosis. Consequently, these events create a cycle of injury, 
cellular activation, and misguided repair, ultimately driving 
progression to CKD [12, 28]. Therefore, the link between coex-
isting TII/TID and CKD progression in LN may stem from this 
feed-forward loop of kidney injury and gradual loss of kidney 
function. Given its significance in early identification of indi-
viduals at risk of renal dysfunction, including CKD or ESRD, 
histologic classification considering tubulointerstitial lesions 
holds promise for predicting renal outcomes in LN.

In our study, we observed that LN patients with coexisting TII/
TID were more likely to exhibit severe renal disease activity and 
a higher proportion of proliferative type LN compared to those 
without such coexisting lesions. Specifically, in our analysis, el-
evated ESR, eGFR < 60 mL/min/1.73 m2, proliferative type LN, 
and higher levels of 24-h proteinuria were associated with the 
presence of coexisting TII/TID. This finding aligns with a prior 
study indicating that LN patients with coexisting tubulointersti-
tial lesions tended to have a higher prevalence of proliferative 
type LN compared to those without tubulointerstitial lesions. 
O'Dell et al. noted an intimate correlation between TII and dif-
fuse proliferative glomerulonephritis, accompanied by elevated 
serum creatinine levels at the time of renal biopsy and an in-
creased prevalence of proteinuria both at the initial biopsy and 
during follow-up [25]. Similarly, ter Borg et  al. suggested that 
severe tubular dysfunction frequently manifests in active pro-
liferative LN [29].

TABLE 5    |    Multivariable Cox-proportional regression analysis to 
identify hazard ratios for developing CKD in LN patients with coexisting 
TII/TID.

Variables

Multivariable analysis

HR (95% CI) p

Unadjusted 3.590 
(1.853–6.955)

< 0.001

Age, gender, disease duration 
adjusted

2.706 
(1.384–5.290)

0.004

Full adjustmenta 2.667 
(1.333–5.335)

0.006

Full adjustment excluding 
class I/II LN

3.265 
(1.451–7.345)

0.004

Full adjustment excluding 
class I/II LN and eGFR 
< 30 mL/min/1.73 m2

3.045 
(1.289–7.195)

0.011

Abbreviations: CKD, chronic kidney disease; eGFR, estimated glomerular 
filtration rate; LN, lupus nephritis; TII, tubulointerstitial inflammation; TID, 
tubulointerstitial damage; HR, hazard ratio.
aAdjustments was made for age, gender, disease duration, and variables 
significant at p < 0.05 in univariable analysis (including education, diabetes 
mellitus, hypertension, eGFR < 60 mL/min/1.73 m2, anti-phospholipid antibody, 
anti-ribosomal P antibody, chronicity > 4, LN flare).

FIGURE 2    |    Kaplan–Meier survival curve was used to assess the disparity in chronic kidney disease development between LN patients with coex-
isting TII/TID and those without. LN, lupus nephritis; TII, tubulointerstitial inflammation; TID, tubulointerstitial damage.
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Our study has several limitations. First, because of its conduct 
within routine clinical practice, the treatment of LN could not 
be standardized. Second, as we included only patients with a 
minimum follow-up period of 1-year, non-responders to immu-
nosuppressive drugs were disproportionately excluded compared 
to responders. Third, patients in the coexisting TII/TID group ex-
hibited lower eGFR at baseline compared to those without TII/
TID, potentially influencing disparate renal outcomes, although 
adjustments were made. Fourth, we were unable to analyze data 
from the perspective of follow-up renal biopsies. Given the po-
tential reversibility of chronicity, a prospective study incorporat-
ing follow-up renal biopsies could offer more accurate insights 
into predicting renal response to immunosuppressive treatments 
in LN patients. Fifth, because of the sample size, we could not 
fully evaluate the clinical impact of TII/TID extent on renal 
outcomes in LN. While not shown in a table, we conducted a 
subgroup analysis categorizing patients into three groups: those 
with TII/TID ≥ 50%, those with TII/TID ≥ 25% but TII < 50% or 
TID < 50%, and those without coexisting TII/TID. This analysis 
suggested a higher HR in the TII/TID ≥ 50% group compared to 
the TII/TID ≥ 25%, but TII < 50% or TID < 50% group, though the 
difference was not statistically significant. This limitation, likely 
due to the small sample size (n = 5) in the TII/TID ≥ 50% group, 
highlights the need for larger studies to validate our findings 
and understand the impact of higher TII/TID levels on renal 
outcomes. Sixth, although not shown in a table, we found that 
TII alone was not a significant risk factor for CKD progression, 
whereas TID alone (with mild or no TII) was associated with in-
creased CKD risk. While the difference in HR between TID alone 
and coexisting TII/TID was modest, the slightly higher HR with 
coexisting TII/TID suggests potential added prognostic value of 
having both present. It is also notable that TID was prevalent 
among most patients in our cohort, aligning with findings from 
studies such as Feng Yu et al. [30] The high prevalence of TID 
may limit its role as a differentiator. Our study therefore focused 
on assessing whether coexisting TII and TID offered additional 
prognostic insights beyond TID alone. The frequent presence of 
TID may partly result from delayed LN diagnosis, leading to more 
advanced tubulointerstitial damage at biopsy and complicating 
the assessment of TID's independent prognostic significance. 
Finally, our study was conducted within a single, homogeneous 
population, necessitating further investigation in heterogeneous 
populations to validate our findings.

5   |   Conclusion

In conclusion, our study results suggest that LN patients with co-
existing TII/TID face an elevated risk of CKD progression. Hence, 
recognizing poor prognostic biopsy results and implementing in-
tensive treatment strategies for these patients is crucial.
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