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Evaluation of renal biopsy analysis as a Prognostic Tool in diabetic nephropathy
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Abstract
Background: Diabetic nephropathy is diagnosed and staged clinically using estimated glomerular filtration rate and albuminuria, but two patients with identical clinical staging can diverge sharply in renal outcome, raising the question of whether renal biopsy findings carry independent prognostic value.
Objective: To evaluate renal biopsy analysis, using the pathologic classification of diabetic nephropathy together with interstitial and vascular lesion scores, as a prognostic tool for renal outcome in patients with biopsy-proven diabetic nephropathy.
Methods: In a retrospective cohort of biopsy-proven diabetic nephropathy, glomerular class, interstitial fibrosis/tubular atrophy score and vascular lesion score were assigned by two blinded reviewers and tested for association with a composite outcome of doubling of creatinine, end-stage renal disease or renal/cardiovascular death, using Kaplan-Meier and multivariable Cox analysis.
Results: Renal event-free survival declined progressively across glomerular class, and interstitial and vascular scores were independently associated with the composite outcome and with a faster annualized rate of eGFR decline after adjustment for baseline eGFR, proteinuria, HbA1c and renin-angiotensin blockade; a model including histological grading discriminated outcome better than clinical variables alone.
Conclusions: Renal biopsy analysis, interpreted through structured histological grading, adds meaningful prognostic information beyond routine clinical staging in diabetic nephropathy and supports its use as a prognostic, not merely diagnostic, tool.
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1. Introduction

Diabetic nephropathy is the leading cause of end-stage renal disease (ESRD) in most high- and middle-income countries, and its prevalence continues to climb as the global burden of type 2 diabetes grows [1,2]. Clinically, the disease is usually diagnosed and staged using estimated glomerular filtration rate (eGFR) and the urinary albumin-to-creatinine ratio, without direct histological confirmation, because the classic clinical course of rising albuminuria followed by progressive GFR loss was assumed to be sufficiently characteristic on its own [3]. That assumption has been challenged by a large body of biopsy-based work showing that clinical staging alone is a coarse predictor of individual renal outcome: two patients with an identical eGFR and albuminuria level at presentation can carry very different burdens of glomerular, tubulointerstitial and vascular injury, and can diverge sharply in the following years [4,5].

The morphological lesions of diabetic nephropathy were described in detail long before a standardized reporting system existed. Osterby's foundational electron-microscopic studies established that glomerular basement membrane thickening and mesangial expansion begin years before clinically detectable proteinuria [6], and subsequent structural-functional correlation studies confirmed that the severity of these early lesions tracks with eventual loss of renal function even in normoalbuminuric patients [5,7]. Despite this rich descriptive literature, renal biopsy was for decades used in diabetic patients mainly to exclude a non-diabetic cause of renal disease rather than to grade diabetic nephropathy itself, in part because no widely adopted grading system existed to make biopsy findings actionable for prognosis [8].

This gap was addressed by the Renal Pathology Society's 2010 consensus classification, which separates glomerular lesions into four classes (mesangial expansion, nodular sclerosis, and advanced diffuse glomerulosclerosis building on an isolated basement-membrane-thickening class) and scores interstitial fibrosis and tubular atrophy (IFTA), interstitial inflammation, and vascular lesions separately [9]. Multiple subsequent cohorts have tested whether this classification, and the associated interstitial and vascular scores, actually predict renal outcome, generally finding that IFTA and vascular scores add prognostic information beyond glomerular class alone [10,11,12,13]. Parallel classification systems developed in Japan have produced concordant findings [14,15].

A separate but related question is how often a renal biopsy in a diabetic patient reveals a non-diabetic or superimposed renal disease rather than, or in addition to, diabetic nephropathy itself, since this changes both prognosis and treatment [16,17,18,19,20,21,22]. A pooled analysis of biopsy series found that a substantial minority of biopsied diabetic patients carry a non-diabetic diagnosis, particularly when biopsy is triggered by atypical clinical features such as an abrupt rise in creatinine, absence of diabetic retinopathy, or heavy proteinuria with a short duration of diabetes [23]. Autopsy data further suggest that diabetic nephropathy itself is substantially underdiagnosed when biopsy is reserved only for atypical presentations [24].

Against this background, the present study evaluates renal biopsy analysis, applying the pathologic classification of diabetic nephropathy together with semiquantitative interstitial, inflammatory and vascular scores, as a prognostic tool for renal outcome in a cohort of patients with biopsy-proven diabetic nephropathy, and asks whether biopsy-derived scores improve prognostic discrimination beyond routinely available clinical variables [25,26,27].

2. Materials and Methods

Study design and population

We conducted a retrospective cohort study of adult patients with type 2 diabetes who underwent a native kidney biopsy for clinical suspicion of diabetic nephropathy, with or without atypical features, and who had a histological diagnosis of diabetic nephropathy confirmed on light microscopy, immunofluorescence and electron microscopy review by two nephropathologists working independently and blinded to clinical outcome. Patients with a biopsy showing a non-diabetic glomerular disease as the sole diagnosis were excluded from the outcome analysis but were retained for description of the differential-diagnosis yield of biopsy in this population [22,8].

Histological grading

Each biopsy was scored according to the glomerular classification described by Tervaert and colleagues (class I, isolated glomerular basement membrane thickening; class II, mesangial expansion, subdivided into mild and severe; class III, nodular sclerosis; class IV, advanced diabetic glomerulosclerosis), together with semiquantitative scores (0-2) for interstitial fibrosis and tubular atrophy, interstitial inflammation, and the presence of arteriolar hyalinosis and arteriosclerosis [9]. Discordant scores between the two reviewers were resolved by consensus after joint re-review of the slide.

Clinical and laboratory variables

Baseline clinical data collected at the time of biopsy included duration of known diabetes, presence of diabetic retinopathy, systolic blood pressure, use of renin-angiotensin system blockade, hemoglobin A1c, serum creatinine and eGFR by the CKD-EPI equation, and 24-hour urinary protein excretion. These variables were selected because they form the core of routine clinical staging used in the absence of biopsy [3,28,29].

Outcome definition and follow-up

The primary composite outcome was a sustained doubling of serum creatinine, progression to ESRD requiring renal replacement therapy, or death from a renal or cardiovascular cause, whichever occurred first, ascertained from the electronic medical record and regional dialysis registry. Patients were followed from the date of biopsy until the outcome, last clinical contact, or study closure. A secondary outcome was the annualized rate of eGFR decline, estimated by linear mixed-effects modeling of serial outpatient creatinine measurements for each patient [30].

Statistical analysis

Baseline characteristics are summarized as means with standard deviations or medians with interquartile ranges as appropriate, and as counts with percentages for categorical variables, and compared across glomerular class using analysis of variance or the Kruskal-Wallis test. Time to the composite outcome was analyzed by the Kaplan-Meier method and compared across glomerular class and IFTA score with the log-rank test. Cox proportional hazards models were built to estimate the association of glomerular class, IFTA score and vascular score with the composite outcome, first unadjusted and then adjusted for baseline eGFR, proteinuria, hemoglobin A1c and renin-angiotensin system blockade use, following the general approach used in comparable biopsy-outcome cohorts [12,13,10]. Discrimination of models with and without histological variables was compared using Harrell's concordance statistic. A two-sided p-value below 0.05 was considered statistically significant.

3. Results

Cohort characteristics and biopsy yield

Among diabetic patients referred for biopsy over the study period, the large majority had a histological diagnosis of diabetic nephropathy alone, a substantial minority had an isolated non-diabetic glomerular disease, and a smaller group had diabetic nephropathy superimposed on a second glomerular process, a distribution broadly consistent with prior biopsy series in comparable populations [18,19,20,21]. Patients confirmed to have diabetic nephropathy alone formed the analytic cohort for the prognostic analysis. Baseline characteristics stratified by glomerular class are summarized in Table 1; patients with more advanced glomerular class had a longer known duration of diabetes, lower baseline eGFR, higher 24-hour proteinuria and a higher prevalence of diabetic retinopathy, mirroring the pattern reported in earlier cohorts using the same classification [11,14].

Table 1: Baseline clinical and laboratory characteristics of the biopsy-proven diabetic nephropathy cohort, stratified by glomerular class [9,11,14]. Characteristic Class I/IIa Class IIb Class III Class IV[image: Table 1: Baseline clinical and laboratory characteristics of the biopsy-proven diabetic nephropathy cohort, stratified by glomerular class [9,11,14]. Characteristic Class I/IIa Class IIb Class III Class IV]
Renal event-free survival diverged clearly across glomerular class, with the most advanced class showing the steepest decline, consistent with earlier reports linking advanced glomerular class to a shorter time to the composite renal outcome [10,15]. Figure 1 summarizes the proportion of patients reaching the composite outcome within the follow-up period by glomerular class. Beyond the glomerular class itself, the IFTA score contributed materially to outcome discrimination: patients with a high IFTA score progressed substantially faster than those with a low score even within the same glomerular class, in keeping with the tubulointerstitial-injury literature in diabetic and non-diabetic proteinuric disease alike [26,12].

Vascular lesions and annualized eGFR decline

Arteriolar hyalinosis and arteriosclerosis scores were independently associated with a faster annualized rate of eGFR decline after adjustment for glomerular class and baseline eGFR, and patients with high vascular scores lost eGFR at a materially higher annual rate than those with low vascular scores, a gradient summarized in Figure 2 and broadly concordant with vascular-score findings in other biopsy cohorts [13,27]. Table 2 presents the multivariable Cox model results, showing that glomerular class, IFTA score and vascular score each retained independent prognostic value for the composite outcome after adjustment for baseline eGFR, proteinuria, hemoglobin A1c and renin-angiotensin blockade use.

Table 2: Multivariable Cox proportional hazards model for the composite renal outcome, adjusted for baseline eGFR, proteinuria, HbA1c and renin-angiotensin system blockade [12,10,28].[image: Table 2: Multivariable Cox proportional hazards model for the composite renal outcome, adjusted for baseline eGFR, proteinuria, HbA1c and renin-angiotensin system blockade [12,10,28].]
[image: Figure 1: Proportion of patients reaching the composite renal outcome during follow-up, by Tervaert glomerular class [9,10,15].]Figure 1: Proportion of patients reaching the composite renal outcome during follow-up, by Tervaert glomerular class [9,10,15].
Figure 2: Annualized rate of eGFR decline by composite vascular lesion score (arteriolar hyalinosis and arteriosclerosis) [13,27,26].

Incremental prognostic value over clinical variables alone

A model containing only baseline clinical variables (eGFR, proteinuria, hemoglobin A1c, duration of diabetes and blood pressure) had a numerically lower concordance statistic for the composite outcome than the same model with the addition of glomerular class, IFTA score and vascular score, indicating that biopsy-derived histological grading added discriminative information beyond what routine clinical staging alone provided, an incremental benefit reported previously in cohorts applying the same classification framework [12,10,28].

4. Discussion

The central finding of this analysis is that renal biopsy, interpreted through the pathologic classification of diabetic nephropathy together with semiquantitative interstitial and vascular scores, carries prognostic information for renal outcome that goes beyond what routinely measured eGFR, proteinuria and glycemic control provide on their own. This is consistent with, and extends, a growing body of biopsy-outcome literature built on the same classification framework since its introduction [9,10,11,12,13,15]. The gradient in outcome across glomerular class mirrors the structural-functional relationships first described using electron-microscopic morphometry decades before a formal classification existed [6,5,7], and the independent contribution of IFTA and vascular scores is consistent with the broader nephropathology literature in which tubulointerstitial and vascular injury, rather than the glomerular lesion in isolation, often dominate the trajectory toward ESRD [26,31].

These findings have practical implications for when biopsy should be pursued in a diabetic patient with kidney disease. Biopsy is already recommended when clinical features are atypical for diabetic nephropathy, such as an absence of diabetic retinopathy, a rapid rise in creatinine, heavy proteinuria out of proportion to the duration of diabetes, or active urinary sediment findings, precisely because these features raise the probability of a non-diabetic or superimposed diagnosis with different treatment implications [16,17,22,8]. Our biopsy yield, with a meaningful minority of biopsies showing a non-diabetic or mixed diagnosis, is concordant with pooled estimates from multiple biopsy series and supports maintaining a relatively low threshold for biopsy in atypical presentations [23,18,19,20]. The additional finding that histological grading itself adds prognostic value, even once a diabetic-nephropathy diagnosis is secure, extends the rationale for biopsy from a purely diagnostic one to a genuinely prognostic one, particularly in patients being considered for early, aggressive intervention or for enrollment in clinical trials of novel nephroprotective agents.

The results should be interpreted in light of the epidemiological context. Diabetic kidney disease has become more common as the prevalence of type 2 diabetes has risen worldwide, and its trajectory once established remains a major driver of cardiovascular mortality and ESRD incidence [1,2]. Because biopsy in diabetic patients is invasive and not without procedural risk, its added prognostic value needs to be weighed against that risk on a case-by-case basis; our data suggest that this trade-off favors biopsy at least in patients whose clinical trajectory or presentation is ambiguous, consistent with current practice guidance [32,25]. Autopsy-based evidence that diabetic nephropathy is under-recognized when biopsy is reserved only for overtly atypical cases suggests the true diagnostic yield of a more liberal biopsy policy could be even higher than clinical series alone suggest [24].

Several limitations warrant emphasis. This was a retrospective, single-cohort analysis without external validation, and biopsy referral itself is subject to selection bias, since only patients thought clinically to warrant a biopsy were included; this is a limitation shared by essentially all biopsy-outcome cohorts in this literature [12,10,13]. Interobserver variability in histological scoring, although mitigated here by dual-reader consensus scoring as recommended in the original classification description, remains a source of measurement noise in any biopsy-grading study [9]. Regression of early lesions and of albuminuria itself has been documented in longitudinal diabetic cohorts, meaning that a single biopsy timepoint may not fully capture a dynamic disease process, particularly early in its course [30,7]. Finally, follow-up, while adequate to capture the composite outcome in most patients, may still underestimate long-run risk differences between glomerular classes that could take longer than the observed follow-up period to fully diverge, as suggested by very long-term follow-up data from other biopsy cohorts [12].

5. Conclusion

In this cohort of biopsy-proven diabetic nephropathy, histological grading by the pathologic classification of diabetic nephropathy, together with interstitial fibrosis/tubular atrophy and vascular lesion scores, was independently associated with progression to the composite renal outcome and improved prognostic discrimination beyond routinely available clinical variables alone. These findings support renal biopsy analysis as a genuine prognostic tool in diabetic nephropathy, not merely a means of excluding non-diabetic renal disease, and argue for wider, structured use of histological grading when the individual patient's future renal trajectory needs to be estimated with more precision than eGFR and proteinuria alone can provide.
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