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A B S T R A C T

Background: Diabetes mellitus (DM) is tightly associated with the increased prevalence of diabetic kidney disease 
(DKD). Nonetheless, severe renal function impairment and/or nephrotic range-proteinuria could also result from 
non-diabetic renal disease (non-DRD) among patients with DM. The ‘Gold standard’ for the differential diagnosis 
between DKD and non-DRD is kidney biopsy, although no real consensus exists. Thus, this study intends to 
associate the clinical and biochemical profile of patients with DM and renal disease with the histopathological 
data of kidney biopsy.In addition, we aimed to evaluate the role of kidney biopsy, especially when other causes, 
other than DM, are highly suspected among patients with DM and kidney disease.
Methods: Thirty two patients with T2DM and nephrotic range levels of proteinuria or with co-existing factors 
pointing towards a non-diabetic origin of kidney disease were studied, retrospectively. All 32 patients underwent 
kidney biopsy and were classified according to histopathological findings into 3 groups: a) isolated diabetic 
kidney disease (DKD), b) non-diabetic kidney disease (NDKD) and c) mixed kidney disease (MKD).
Results: Fifteen out of the 32 patients had findings of an isolated DKD, while 17 out of 32 patients suffered from 
NDKD (13 patients) or MKD (4 patients). DKD patients were younger (p = 0.016) and had a higher HbA1c value 
(p = 0.069, borderline statistical significance), while the NDKD patients had significantly shorter disease 
duration (p = 0.04). Furthermore, the incidence of diabetic retinopathy (DR) was lower among the NDKD pa
tients (p < 0.001), who had also significantly less interstitial fibrosis (p = 0.02). Finally, the presence of DR, 
higher levels of interstitial fibrosis and longer T2DM duration were recognized as factors, which were positively 
associated with DKD.
Conclusion: This study advocates the usefulness of kidney biopsy in patients with T2DM and nephrotic range 
levels of proteinuria, especially when DR is absent and shorter disease duration is observed.

1. Introduction

Type 2 diabetes mellitus (T2DM) is a complex metabolic disorder, 

characterized by increased insulin resistance and dysfunction of beta 
pancreatic cells [1–4]. Excess body weight is a significant risk factor for 
T2DM and cardiometabolic disorders, contributing also to the severity of 
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T2DM [5–13].The prevalence of T2DM has been increasing rapidly, 
especially during the last decades, affecting more than one tenth of the 
population [14]. T2DM has been associated with microvascular and 
macrovascular complications, such as cardiovascular disease (CVD), 
diabetic retinopathy (DR), and diabetic kidney disease (DKD) [15–17]. 
DKD is by far the most prevalent complication of T2DM and is linked to 
glomerular hyperfiltration, progressive albuminuria, decreased 
glomerular filtration rate and even end-stage renal disease (ESRD) [18]. 
Diagnosis of DKD is based on clinical ‘clues’, such as concomitance of 
other diabetic complications, absence of hematuria, gradual decline in 
renal function and is typically confirmed by the absence of other 
possible causes of chronic kidney disease (CKD) [19–23]. Diagnosis of 
DKD usually doesn’t require a kidney biopsy, while in other cases of 
nephropathy in T2DM, kidney biopsy is absolutely indicated. Thus, a 
kidney biopsy is not mandatory for diagnosing DKD [24,25]. In sharp 
contrast, kidney biopsy should be considered for patients with diabetes 
with rapidly declining renal function and high suspicion of non-diabetic 
renal disease (NDKD) [26]. Interestingly, a variety of factors besides DM 
can negatively affect renal function and cause irreparable kidney injury. 
These factors comprise arterial hypertension, glomerulonephritis, ge
netic syndromes, atherosclerosis, various systemic autoimmune diseases 
and acute kidney injury [27]. The value of early and accurate differ
entiation between DKD and NDKD is high and reflects on the fact that 
treatment strategies are completely different between these two patho
logic entities. In cases of NDKD and depending on the underlying cause, 
personalized treatment options are indicated to delay impairment of 
renal function, which may lead to irreparable damage to the kidneys 
[28]. Thus, kidney biopsy is of great importance regarding the diagnosis 
of NDKD and the subsequent treatment of patients [29]. Significant 
differences regarding the prognosis and overall survival exist among 
patients with DKD and NDKD [30]. Thus, kidney biopsy is unquestion
ably vital for the diagnosis of NDKD and will only be performed in case 
the suspicion of this pathologic entity is set.

Unfortunately, no established guidelines exist regarding patients 
with T2DM and renal failure, who should undergo kidney biopsy on 
accounts of suspecting other causes of nephropathy. It is well known that 
the incidence of NDKD in patients with T2DM varies significantly [31]. 
Among the factors contributing to this variability, the absence of criteria 
for patients presenting with renal insufficiency, who would benefit from 
kidney biopsy, may be the most important one. Until now, only a small 
number of studies have aimed at further evaluating our understanding of 
these criteria [24,32–35]. The aim of our study was to associate the 
clinical and laboratory data of patients with T2DM and DKD, NDKD and 
MKD with the histopathological data. In addition, we aimed to evaluate 
the role of kidney biopsy, especially when other causes, other than DM, 
are highly suspected among patients with DM and kidney disease.

2. Materials and methods

2.1. Patients and data collection

We retrospectively reviewed the files of patients with T2DM, who 
were subject to kidney biopsy at Evangelismos General Hospital of 
Athens, in a tertiary-care endocrinology, diabetology and nephrology 
referral center in Greece, between 2011 and 2020. The review process 
was organized and conducted by a team of endocrinologists and ne
phrologists. The medical records of the patients were used for the 
collection of the demographic and clinical data, which included among 
others, age, gender, body mass index (BMI), duration of T2DM before 
biopsy, diabetic treatment, grade of CKD and presence of DR. Regarding 
the clinical and biochemical data, the levels of albuminuria/proteinuria, 
signs of DR in fundus examination by an ophthalmologist, presence of 
red blood cells in the urine (URBC), arterial pressure levels and the 
number/type of antihypertensive agents, glycated hemoglobin (HbA1c) 
and number/type of antidiabetic agents, serum albumin, lipid profile 
and eGFR (estimated glomerular filtration rate) using the CKD-EPI 

(Chronic Kidney Disease Epidemiology Collaboration) formula were 
recorded. Depending on the histopathological findings, patients were 
classified into 3 groups: a) patients with isolated DKD, b) patients with 
NDKD and c) patients with MKD. Regarding histological findings, the 
grade of DKD and the level of interstitial renal fibrosis (IRF) and neph
rosclerosis were estimated and related to treatment interventions. Kid
ney biopsy was performed in patients with DM and nephrotic range 
proteinuria as well as among patients with high clinical suspicion of 
non-diabetic origin of kidney dysfunction, such as co-existing hematuria 
and presence of red blood cells/urine sediment and/or rapidly declining 
renal function. All patients were followed up and overall survival, 
following kidney biopsy, was estimated. No complications were 
observed following kidney biopsy in our patients.Ethical approval was 
obtained by the Scientific and Ethics Committee of the hospital. All 
patients gave informed consentfor the performance of kidney biopsy.

2.2. Statistical analysis

Data were analyzed using SPSS for Windows, version 26.0 (IBM 
Corporation, Armonk, NY, USA). All binary variables were expressed in 
counts and percentages, as shown in tables. Continuous variables were 
described as mean ± standard deviation for normally distributed data. 
Student’s t-test or one-way analysis of variance (ANOVA) was used for 
normally distributed data analysis, and the Mann-Whitney U test or 
Kruskal-Wallis test was used for skewed data analysis. Results were re
ported as the odds ratio (OR) and 95 % confidence interval (CI).The 
Kaplan-Meier method was used for survival analysis, while the log rank 
test was employed for comparisons. All probabilities were two-tailed, 
and a P-value of less than 0.05 was considered to be statistically 
significant.

3. Results

The number of patients with T2DM who underwent kidney biopsy 
was 32. Among them, 21 (65.6 %) were males and 11 (34.4 %) females 
(female to male ratio 0.52:1). All patients were subject to kidney biopsy 
for the first time in their life and no other kidney disease was known 
from their past medical history. Mean age of the patients was 61.8 ± 5 
years (range: 29–89) and the patients had DM for 10.5 ± 0.8 years 
(range: 3–20). The patients had a mean follow-up of 24.8 years (range: 
0–84). Mean HbA1c was 7.2 ± 1.6 % (range: 5–10.6). Mean values for 
serum albumin, serum creatinine, eGFR (CKD-EPI formula) and Total 
Protein in Urine (TPU) in urine were 3 ± 0.7 g/dl (range: 2–4.7), 2.5 ±
1.5 mg/dl (range: 0.6–6.2), 35.8 ± 23, mL/min/1.73 m2 (range: 6–109) 
and 7.5 ± 2.8 gr (range: 3.9–14.9). Twenty three out of 32 patients 
(71.2 %) presented with nephrotic syndrome. Regarding IRF, 13 patients 
presented with <25 % IRF, 18 patients had IRF between 25 % and 50 % 
and only 1 patient was detected with >50 % IRF. Ten patients had 
positive urine sediment, while most of the studied patients were diag
nosed with Grade III DKD (classification by Tervaert et al. [36]). 
Moreover, patients had a mean level of nephrosclerosis of 28.9 ± 17.4 % 
(0.1–62). Most patients (40 %) were being treated for T2DM with in
sulin, whereas 33 % were on oral antidiabetic therapy. Furthermore, 12 
patients (37.5 %) had documented DR. All patients had arterial hyper
tension, with most of them (85 %) receiving two or more antihyper
tensive medications. Demographic and biochemical findings are 
presented in Table 1.

Moreover, based on the results of kidney biopsy, patients were 
classified into 3 groups: DKD (n = 15), NDKD (n = 13) and MKD (n = 4). 
Patients’ characteristics and demographic data are presented in Table 2. 
Patients with DKD were significantly younger than the NDKD and MKD 
groups (54.1 vs 68.2 vs 70.5 years respectively, p = 0.016). The NDKD 
group of patients had a shorter duration of T2DM (8.4 vs 11.6 vs 13.3 
years, respectively, p = 0.04), but had a longer medical follow-up 
though not statistically significant (33.2 vs 17.4 vs 25 years respec
tively, p = 0.31) in comparison to the DKD and MKD groups, 
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respectively. DR was less frequent among the NDKD group (7.6 vs 60 vs 
75 %, p < 0.001), while the same observation applied for IRF (38.5 vs 50 
vs 73.3 %, p = 0.02). Regarding the levels of nephrosclerosis, no sta
tistically significant difference was observed between the 3 groups (27.1 
vs 30.6 vs 30 %, p = 0.87), while almost 1 out of 3 patients suffered from 
nephrosclerosis. HbA1c values were higher among the DKD, when 
compared to the NDKD and MKD groups (7.9 vs 6.5 vs 6.8 %, respec
tively, p = 0.069, of borderline statistical significance). eGFR levels did 
not differ significantly among the 3 groups (37.5 vs 38.4 vs 21.3, p =
0.42). The same observation applied for TPU levels, though patients 
from the NDKD group had higher levels than the DKD and MKD groups 
(8.7 vs 6.4 vs 7.9 respectively, p = 0.08, of borderline statistical 
significance).

Regarding the overall survival after kidney biopsy, 8/15 patients 
from the DKD group died during the follow-up, while 0/13 patients from 

the NDKD group and 3/4 patients from the MKD group were not alive at 
the end of the follow-up. Thus, the overall survival of the 3 groups was 
46.7 %, 100 % and 25 % for the DKD, NDKD and MKD groups, respec
tively (p = 0.001) (Fig. 1).

Table 3 depicts patients with NDKD and MKD according to their 
specific diagnoses (Table 3). Notably, all patients with NDKD and MKD 
received appropriate therapy based on their histological findings in 
kidney biopsy. In addition, the level of IRF together with the stage of DN 
in kidney biopsy was taken into account for choosing intensification of 
treatment among patients with T2DM.

Finally, we conducted unadjusted regression statistical analysis of 
the risk for DN regarding long time duration since T2DM diagnosis (>10 
years), middle age (>45 years), moderate or poor glycemic control (7 
%< HbA1c ≤ 8 % vs HbA1c >8 %), presence of DR and/or IRF. The 
presence of DR (OR 4.88. % 95 CI: 1.06–22.38, p = 0.041), the presence 
of high extent of IRF (>25 %) (OR 5.71.% 95 CI:1.16–28.1, p = 0.032) 
and longer duration time since the diagnosis of T2DM (>10 years) (OR 
5.04. % 95 CI: 1.1–22.96, p = 0.036) were factors that were positively 
associated with DKD (Table 4).

4. Discussion

Despite the great improvement in the diagnostic procedures and 
treatment modalities for patients with T2DM, very often, impaired renal 
function in these patients is ‘labeled’ as diabetic nephropathy, although 
it is the result of other cause/illness, not related to DM. Thus, kidney 

Table 1 
Demographic and biochemical findings of all patients with T2DM included in the 
study (n = 32) that underwent kidney biopsy.

Characteristics All patients n = 32

Gender (male) (N) (%) 21/32 (65.6 %)
Age (years) 61.8 ± 5
Duration of diabetes (years) 10.5 ± 5
Mean follow-up (years) 24.8 ± 27.3
Diabetic retinopathy (N)(%) 12/32 (37.5)
Serum Creatinine (mg/dl) 2.53 ± 1.5
eGFR (mL/min/1.73m2) 35.8 ± 23.4
Nephrotic syndrome (N) (%) 23/32(71.2 %)
TPU (gr) 7.5 ± 2.8
Nephrosclerosis (%) 28.9 ± 17.4
HbA1c (%) 7.2 ± 1.6
Interstitial renal fibrosis (IRF) (N) (%)
IRF<25 % 13/32 (40.6 %)

25 % ≤ IRF <50 % 18/32 (56.3 %)
IRF ≥50 % 1/32 (3.1 %)

Red blood cells in urine (urine sediment) (N) (%) 10/32 (31.3 %)
Arterial hypertension (N) (%) 32/32 (100 %)
Antihypertensive therapy with more than 2 agents (N) (%) 26/32 (85 %)
Antidiabetic therapy with insulin (N) (%) 13/32 (41 %)
Antidiabetic therapy with oral agents (N) (%) 11/32 (34.3 %)

Table 2 
Patient characteristics and demographic data among the 3 groups of patients 
with T2DM.

Type of 
nephropathy

DKN n = 15 NDKD n = 13 MKD n = 4 P-value

Age (yrs) 54.1 ± 12.9 
(29–74)

68.2 ± 14.1 
(47–89)

70.5 ± 13.3 
(51–79)

0.016

Duration of 
diabetes (yrs)

11.6 ± 4.5 
(6–20)

8.4 ± 4 
(4–20)

13.3 ± 8.3 
(3–20)

0.04

Follow-up (ys) 17.4 33.2 25 0.31
DR (%) 9/15 (60 %) 1/13 (7.6 %) 3/4 (75 %) <0.001
Creatinine (mg/dl) 2.4 ± 1.2 

(0.9–5.2)
2.4 ± 1.62 
(0.6–2.3)

3.78 ± 1.9 
(1.4–6)

0.21

eGFR (mL/min/ 
1.73 m2)

37.5 ± 18.8 
(11–77)

38.4 ± 29.4 
(7–109)

21.3 ± 17.8 
(6–47)

0.42

TPU (gr) 6.4 ± 1.7 
(4–10)

8.7 ± 3 
(4.5–14.9)

7.9 ± 4.3 
(3.88–13)

0.08

IRF (%)
IRF <25 % 3/15 (20 %) 8/13 (61.5 %) 2/4 (50 %) 0.02
25 % ≤ IRF <50 
%

11/15 (73.3 
%)

5/13 (38.5 %) 2/4 (50 %) 0.02

IRF ≥50 % 1/15 (6.7 %) 0/13 (0 %) 0/4 (0 %) 0.018
Nephrosclerosis (%) 27.1 ± 17.6 

(54–62)
30.6 ± 19 
(0.1–60)

30 ± 15.4 
(14–50)

0.87

HbA1c (%) 7.9 ± 1.7 
(5–10.6)

6.5 ± 1.4 
(5.2–10.1)

6.8 ± 1.1 
(5.6–8)

0.069

Abbreviations: DKD: Diabetic Kidney Disease; DR: Diabetic Retinopathy; eGFR: 
estimated Glomerular Filtration Rate; IRF: Interstitial Renal Fibrosis; MKD: 
Mixed Kidney Disease; NDKD: Non Diabetic Kidney Disease; TPU: Total Protein 
in Urine.

Fig. 1. Overall survival of patients from diagnosis of T2DM as well as following 
kidney biopsy, depending on cause of nephropathy.

E. Kardalas et al.                                                                                                                                                                                                                               Metabolism Open 23 (2024) 100313 

3 



dysfunction of non-diabetic origin goes under-diagnosed or mis
diagnosed, resulting in inadequate and inappropriate medical treat
ment. Therefore, it is of utmost importance to recognize and 
differentiate non-diabetic from diabetic nephropathy in its early stages 
in order to select and initiate suitable therapeutic measures.

In our study, 15 (46.9 %) patients were diagnosed with DKD, while 
13 (40.6 %) and 4 (12.5 %) patients suffered from NDKD and MKD, 
respectively, according to the histopathological data. In the past, the 
prevalence of DKD has been reported to be up to 94 %, reflecting 
perhaps the relative lack of performing renal biopsy among patients 
with T2DM [37]. However, Fiorentino et al., in their meta-analysis of 48 
studies in 2017, noted that the prevalence of DKD has been ranging from 
6.5 % to 94 % [38]. Interestingly, 94 % was the estimated prevalence in 
a study published in 1998, whereas 6.5 % was the prevalence reported 
from a study published in 2013 [37,39]. Despite these huge differences 
in the reported prevalence of DKD, after 2000, the reported prevalence 
of DKD ranges from 6.5 % to 73.85 %, which is still a wide range [37,
40]. We reported 46.9 % of our patients having DKD, while 40.6 % had 
NDKD and 12.5 % MKD. Nevertheless, we might have a selection bias, as 
we have performed kidney biopsy in selected patients with T2DM. 
Notably, the prevalence of NDKD among patients with T2DM observed 
in other studies markedly varied depending on numerous factors, such 
as the ethnic background of patients, disease duration and severity and 
co-existence of other diabetes complications, for example DR [41–48].

Therefore, regarding the potential indicators, which could be helpful 
towards the clinical differentiation between diabetic and non-diabetic 
kidney dysfunction, no consensus has been achieved yet. Regarding 
the role of DR as an indicator of diabetic nephropathy, the vast majority 
of studies support its role in predicting DKD versus NDKD [43,49–55]. It 
is noteworthy that Dong et al. reported that absence of DR had a 
sensitivity of 92.11 % and a specificity of 82.29 % in predicting NDKD 
[55]. However, in a recent meta-analysis, DR was not powerful enough 
to confirm the presence of DKD or exclude NDKD [56]. In our study, the 

presence of DR was associated with significantly increased risk for DKD 
rather than NDKD (OR 4.88; % 95 CI: 1.06–22.38, p = 0.041).

Furthermore, in our study, longer duration of T2DM (>10 years) was 
observed to be associated with increased risk for DKD, when compared 
to the non-diabetic origin CKD. Increased T2DM duration has been 
correlated with DKD versus NDKD in most studies, thus far [21,57–61]. 
In particular, Prakash et al. have reported that DKD is the predominant 
type of kidney dysfunction in patients with duration of T2DM > 10 
years, whereas NDKD is the most prominent form among patients with 
duration of T2DM < 5 years [62]. Nevertheless, this distinction in the 
duration of T2DM, although helpful, is not so accurate in predicting the 
diabetic versus the non-diabetic origin of kidney dysfunction.

Finally, identification of enhanced IRF, as documented by an 
IRF>25 % in the histopathological findings among patients with T2DM 
was associated with increased odds of DKD (OR 5.71; % 95 
CI:1.16–28.1, p = 0.032). IRF is known to be tightly associated with DKD 
and its rapid progression, which often leads to ESRD [63,64]. Notably, 
IRF exhibits an additive value regarding prognosis of kidney dysfunction 
among patients with T2DM [64]. Other studies have also confirmed that 
increased IRF is observed in patients with diabetic nephropathy 
compared to those suffering from kidney disease of a non-diabetic origin 
[29,63–68]. It is noteworthy that Gonzalez et al. have reported that IRF 
may be present among patients with T2DM and eGFR >90 
mL/min/1.73 m2 [69]. Nonetheless, more studies are needed to further 
evaluate the potential predictive role of IRF in cases of DKD.

In conclusion, certain clinical factors, such as duration of DM and 
presence of DR seem to be positively associated with DKD among pa
tients with T2DM. Despite this observation, the discrimination between 
DKD and NDKD seems to be tempting and often discerned. Thus, in cases 
where there is significant doubt regarding the cause of CKD in patients 
with T2DM, kidney biopsy should be discussed and thoroughly sug
gested, based on an individualized approach for each patient.

This study has several limitations. The retrospective design of the 
study and its relatively small sample size do not allow for definite 
findings, which could be applied among patients with T2DM and kidney 
dysfunction. Due to the small sample size of patients, only unadjusted 
logistic regression analyses were performed.In addition, a selection bias 
is possible as we have not performed kidney biopsy in all patients with 
T2DM and co-existing nephropathy. Furthermore, this study was con
ducted exclusively in a single center in Athens, Greece and was not 
multi-ethnic.

5. Conclusion

This study highlights the usefulness of kidney biopsy and its findings 
in patients with T2DM presenting levels of albuminuria equivalent to 
that of nephrotic syndrome. Patients who have T2DM and suffer from 
NDKD can be differentiated from those with DKD and receive the 
appropriate therapy based on the underlying cause. In cases of DKD, 
intensification of medical treatment, especially in the era of SGLT-2 
inhibitors is needed in order to delay renal function impairment and 
prevent or reverse further kidney damage [70–73]. In conclusion, the 
detection of nephrotic syndrome-proteinuria in patients with T2DM 
should prompt the clinicians to perform kidney biopsy, in particular 
among patients who do not have DR, who have a shorter duration of 
T2DM or in patients who present with T2DM and a positive urinary 
sediment.
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Table 3 
Different histological types of nephropathy among patients with NDKD and MKD 
(n = 17).

Type of NDKD patients Number of 
patients

Membranous Glomerulonephritis 5
Glomerulosclerosis (+ Focal Segmental Glomerulosclerosis 

-FSGS)
3

Hypertensive Nephropathy (benign nephrosclerosis) 2
Membranoproliferative Glomerulonephritis 2
Minimal Change Disease 1
Type of MKD patients
DKD + Hypertensive Nephropathy 2
DKD + Diffuse Proliferative Glomerulonephritis (DPGN) 1
DKD + IgA Nephropathy 1

Table 4 
Unadjusted odds ratios for the logistic regression estimates for the relationship 
between isolated diabetic nephropathy and various risk factors.

Factors DKD NDKD 
and MKD

Odds 
Ratio 
(OR)

95 % Confidence 
Interval (CI)

P 
value

Population 15 17
Age >45 years 12 11 2.18 0.43–10 0.34
Disease duration 
>10 years

11 6 5.04 1.1–22.96 0.036

Diabetic 
retinopathy

9 4 4.88 1.06–22.38 0.041

7 %≤ HbA1c ≤ 8 % 3 2 1.87 0.27–13.1 0.52
HbA1c > 8 % 7 3 4.08 0.81–20.38 0.086
Interstitial renal 

fibrosis (IRF) 
(>25 %)

12 7 5.71 1.16–28.1 0.032
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performance of kidney biopsy. The study was conducted according to 
the guidelines of the Declaration of Helsinki and approved by the Sci
entific and Ethics Committee of Evangelismos Hospital.
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