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Introduction
Diabetic nephropathy (DN) is one of the most 
common complications of type-2 diabetes (T2D) 
and the leading cause of end-stage renal disease 
(ESRD) worldwide.1,2 The extensive application 
of renal biopsy indicates that coincident chronic 
kidney disease (CKD) in patients with T2D can 
be DN, non-diabetic renal disease (NDRD), or 
DN mixed with NDRD.3 Clinical manifestation 

and management of CKD vary widely among dif-
ferent pathologic types. However, the results of 
existing studies on the prognosis of different path-
ologic types were inconsistent, possibly due to 
differences in study population, inclusion criteria, 
and sample size limitations.4–6

Of note, as an invasive diagnostic modality, renal 
biopsy is still infrequently performed in T2D 
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patients.7 Diagnostic renal biopsy is usually rec-
ommended in patients suspected to have NDRD, 
especially in those with the presence of large 
amount of proteinuria, rapid decline of renal 
function, absence of retinopathy and persistent 
glomerular hematuria.8 Most patients diagnosed 
as DN in previous clinical trials did not receive 
renal biopsy. However, the diagnosis only based 
on clinical features might increase the likelihood 
of misdiagnosing NDRD or the combination of 
NDRD and DN as “DN.” Therefore, it remains 
a challenge to evaluate the prognostic predictors 
beyond pathological classification in patients with 
T2D and atypical renal damage. Hence, we con-
ducted this prospective observational study to 
investigate the difference of clinical characteris-
tics and prognosis among biopsy-confirmed DN, 
NDRD, and DN mixed with NDRD and to iden-
tify the baseline risk factors for adverse renal 
outcomes.

Materials and methods

Research design and participants
Patients with T2D and CKD who underwent 
renal biopsy in the First Affiliated Hospital of 
Zhengzhou University between January 2014 
and December 2016 were recruited in this 
study. Inclusion criteria were as follows: (1) 
baseline age ⩾18 years; (2) clinically diagnosed 
as type-2 diabetes; (3) clinical manifestations 
and laboratory examination results suggested 
the presence of CKD; (4) the renal biopsy had 
already performed, and the pathological diag-
nosis was clear. Diagnostic criteria for T2D 
were based on the recommendations of the 
American Diabetes Association.9 CKD was 
defined as the elevated urinary albumin excre-
tion (albuminuria ⩾ 30 mg/24 h) and/or low 
estimated glomerular filtration rate (eGFR < 60 
mL/min/1.73 m2) sustained for at least 3 
months. The exclusion criteria included: (1) 
patients with type-1 diabetes or other special 
types of diabetes; (2) patients with incomplete 
clinical or pathological data; (3) patients who 
already had an ESRD prior to or near (less than 
30 days) renal biopsy; (4) patients with acute 
kidney injury, polysistic kidney disease, or kid-
ney transplantation; and (5) patients with auto-
immune system diseases, malignant tumors, or 
severe infectious diseases (a flowchart of the 
study was presented in Figure 1).

The study was complied with the Declaration of 
Helsinki and was approved by the ethics commit-
tee of the First Affiliated Hospital of Zhengzhou 
University (No. KY-2013-LW-1282). Written 
informed consent was obtained from each 
participant.

Calculation of sample size
We performed sample size calculations using 
PASS 15.0. No published data are available to 
contribute to estimate the needed sample size of 
MIX group. Based on previous literature and our 
experience, it was assumed that the proportion of 
the DN patients to NDRD patients will be 5:1. 
The 5-year event rate was assumed to be no more 
than 10% in the NDRD group and 40% in the 
DN group. A sample size of 133 patients (22 in 
NDRD and 111 in DN) provides a statistical 
power of more than 90% for a K–M analysis of 
comparison of event rates between DN and 
NDRD groups at 5% level of significance. A Cox 
proportional hazard regression-based analysis 
provides a statistical power of 90% for the noted 
comparison, assuming the overall event rate in 
the study is 30.0%.

Demographic and laboratory data collection
The baseline demographic data and laboratory 
parameters were collected at the time of renal 
biopsy, including age, gender, body mass index 
(BMI), duration of diabetes, family history of dia-
betes, presence of diabetic retinopathy (DR), 
presence of hypertension, blood pressure (systolic 
blood pressure and diastolic blood pressure), fast-
ing plasma glucose (FPG), hemoglobin A1c 
(HbA1c), hemoglobin (Hb), serum albumin, 
blood lipids (total cholesterol (TC), triglyceride 
(TG), high-density lipoprotein (HDL), and low-
density lipoprotein (LDL)), urinary red blood 
cell, blood urea nitrogen (BUN), blood uric acid, 
24-h urine protein, serum creatinine, and eGFR.

BMI was calculated using the formula 
BMI = weight (kg)/height (m2). Hypertension was 
defined as systolic blood pressure ⩾140 mmHg, 
diastolic blood pressure ⩾90 mmHg, or the use 
of anti-hypertensive drugs. Other information 
such as age, gender, medical history, smoking, 
and alcohol consumption history were collected 
by self-administered questionnaires. DR was 
diagnosed by direct ophthalmoscopy performed 
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by an experienced ophthalmologist. Microscopic 
hematuria was defined as three or more red blood 
cells per high-power field in a centrifuged urine 
sample. The eGFR was calculated using the 
CKD-EPI formula.10

Renal biopsy and pathological classification
Informed consent was obtained from each patient 
when the renal biopsy was performed. In our 
center, renal biopsy was usually indicated in 
patients with diabetes under the suspicion of 
NDRD, and the indications mainly including 
rapid onset of proteinuria, absence of DR, pres-
ence of unexplained hematuria, active urinary 
sediment, and rapid decrease of renal function.

All biopsy specimens were obtained by percuta-
neous needle biopsy and were routinely processed 
for light microscopy, immunofluorescence, and 
electron microscopy. The specimens were evalu-
ated and reported by at least two experienced 
pathologists independently. DN was diagnosed 
based on the presence of mesangial expansion, 
diffuse capillary glomerulosclerosis, presence or 
absence of Kimmelstiel–Wilson nodules, diffuse 

thickening of the glomerular basement mem-
brane, and exudative lesions such as fibrin cap, 
capsular drop, or/and hyaline thrombi.11 
Pathological diagnosis of NDRDs was based on 
the basic glomerular changes described in the 
classification of glomerular diseases of the World 
Health Organization (WHO).

Follow-up and outcomes
After accurate diagnosis by renal biopsy, DN 
patients received therapies consisting of angioten-
sin-converting enzyme inhibitor (ACEI) or angio-
tensin receptor blocker (ARB) as well as blood 
glucose, blood pressure, and blood lipid manage-
ment. NDRD patients were given glucocorticoid 
and/or immunosuppressive agent therapies 
according to their pathological patterns. Patients 
in MIX group received comprehensive treat-
ments. Based on the previous literature, a 40% 
decline of eGFR is a valid and useful surrogate 
endpoint in clinical research.12 Therefore, pri-
mary endpoint was defined as ESRD (the com-
mencement of renal replacement therapy or 
eGFR <15mL/min/1.73m2 sustained for at least 
30 days), or a 40% decline of eGFR from baseline 

Figure 1. Flowchart depicting the study design.
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sustained for at least 30 days. Patients were fol-
lowed up until June 2020 and censored at the 
time of death (if before endpoint) or the last 
eGFR measurement before June 2020. 
Subsequent follow-up examinations were per-
formed in outpatient clinics at 1, 3, and 6 months 
after renal biopsy and every 6 months thereafter 
or in the event of symptoms. The FPG, albumi-
nuria, and serum creatinine were measured. For 
patients in remote area, phone interviews were 
conducted and the results of examination in local 
clinics were recorded. Patients with NDRD 
superimposed on DN received comprehensive 
treatments. All patients were followed up for at 
least 6 months.

Statistical analysis
Normality was tested using the Kolmogorov–
Smirnov test. Continuous variables were 
described as means with standard deviations if 
normally distributed or medians with interquar-
tile ranges if not. Categorical variables were 
expressed as numbers with proportions. 
Differences between groups at baseline were 
compared using one-way analysis of variance 
(ANOVA) or Kruskal–Wallis H-test as appropri-
ate for continuous variables, and chi-square test 
or Fisher exact probability test as appropriate for 
categorical variables. The overall survival was 
analyzed using the Kaplan–Meier method fol-
lowed by the log-rank test. Cox regression analy-
sis was used to evaluate the adjusted prognostic 
difference among three groups and to evaluate 
the effect of baseline clinical parameters on the 
renal outcome. Clinical risk factors for predicting 
adverse renal outcomes were first determined by 
univariate Cox analysis, age gender, and variables 
with p < 0.1 were presented for multivariate Cox 
regression analysis. All analyses were performed 
with SPSS 24.0 and GraphPad Prism 9.0 
Software. Two-sided p < 0.05 was considered sta-
tistically significant.

Results

Demographic and clinical characteristics of 
study cohorts
A total of 440 patients were eligible for enroll-
ment, but 137 patients met the exclusion criteria 
and 11 patients were lost to follow-up. Finally, a 
total of 292 patients were considered to be eligi-
ble and enrolled in our final study cohort, 

including 153 (52.4%) in DN group, 109 (37.3%) 
in MIX group, and 30 (10.3%) in NDRD group. 
The mean age was 51.6 years and 111 of the 
patients were female. Median duration of diabe-
tes was 84 months. The mean eGFR was 67.4 
mL/min/1.73 m2 and the median protein excre-
tion rate at baseline was 4.29 g/24 h.

Baseline characteristics in different groups are 
shown in Table 1. Compared with the NDRD 
group, the incidence of DR, levels of HbA1c and 
24-hour urine protein were significantly higher in 
MIX and DN groups. In addition, patients in DN 
group had longer duration of diabetes, higher sys-
tolic blood pressure, lower levels of Hb and eGFR 
compared with NDRD and MIX groups (all 
p < 0.05). There was no significant difference in 
gender, age, BMI, family history of diabetes, TC, 
HDL, LDL, and presence of microscopic hema-
turia among three groups (p > 0.05).

Pathological types and proportions of NDRD
The pathological types and proportions of NDRD 
detected in this study are shown in Table 2. IgA 
nephropathy was the most common pathologic 
type of NDRD, with a total of 51 (37.0%) cases, 
followed by 44 (31.9%) cases of membranous 
nephropathy and 11 (8.0%) of minimal change 
disease. IgA nephropathy was also the most com-
mon type in either NDRD group or MIX group, 
accounting for 10 (33.4%) and 41 (38.0%) cases, 
respectively.

Renal outcomes
During the median follow-up of 27.0 (24.8–29.2) 
months, end-point renal events occurred in 129 
(44.2%) patients. Fifty-eight of them received 
regular continuous renal replacement therapy 
(CRRT) dialysis after progression to ESRD and 
71 had a 40% reduction in eGFR from baseline. 
The incidence of adverse renal outcomes in DN, 
MIX, and NDRD groups was 54.2% (n = 83), 
36.6% (n = 40), and 20.0% (n = 6), respectively.

Survival analysis of different pathological 
groups
Kaplan–Meier analysis showed that patients in 
NDRD group had a better renal prognosis than 
pure DN (log-rank χ2 = 14.639, p < 0.001) or 
MIX (log-rank χ2 = 5.967, p = 0.015) group. 
However, patients in DN group and MIX groups 
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Table 1. Baseline characteristics of study participants in DN, NDRD, and MIX group.

Parameter Total (n = 292) NDRD group 
(n = 30)

MIX group 
(n = 109)

DN group (n = 153) p value

Female (%) 111 (38.0%) 15 (50.0%) 36 (33.0%) 60 (39.2%) 0.215

Age (years) 51.6 ± 9.5 51.7 ± 10.8 52.0 ± 9.5 51.3 ± 9.3 0.845

Smoking, n (%) 75 (25.7%) 4 (13.3%) 28 (25.7%) 43 (28.1%) 0.238

Drinking, n (%) 62 (21.2%) 2 (6.7%) 23 (21.1%) 37 (24.2%) 0.100

Duration of diabetes (months) 84 (36–141) 48 (6.5–120) 72 (36–120) 120 (48–162)a 0.001

DR, n (%) 104 (35.6%) 4 (13.3%) 28 (25.7%)a 72 (47.1%)a, b <0.001

Hypertension, n (%) 194 (66.4%) 20 (66.7%) 73 (67.0%) 101 (66.0%) 0.987

DM family history, n (%) 114 (39.0%) 10 (33.3%) 40 (36.7%) 64 (41.8%) 0.559

BMI (kg/m2) 25.7 ± 3.2 25.3 ± 2.7 26.4 ± 3.2 25.3 ± 3.2 0.127

SBP (mmHg) 145.8 ± 21.7 140.6 ± 22.7 143.0 ± 20.6 148.8 ± 22.0a 0.039

DBP (mmHg) 88.1 ± 15.0 89.0 ± 17.8 87.5 ± 13.5 88.4 ± 15.4 0.829

FPG (mmol/L) 7.5 ± 3.3 6.5 ± 2.6 7.4 ± 3.1 7.7 ± 3.5 0.203

HbA1c (%) 8.0 ± 2.0 6.9 ± 0.9 8.0 ± 1.8a 8.2 ± 2.3a 0.019

eGFR (mL/min/1.73 m2) 67.4 ± 30.4 77.3 ± 34.0 76.6 ± 29.3 58.8 ± 28.0a, b <0.001

Serum creatinine (umol/L) 105 (73–147) 92 (57–137) 98 (68–139) 117 (85–161)a <0.001

BUN (mmol/L) 7.9 (5.8–10.4) 5.7 (4.1–7.8) 6.7 (5.3–8.9) 9.1 (7.0–11.6)a <0.001

Uric acid (umol/L) 344.8 ± 98.6 331.3 ± 113.7 348.4 ± 102.2 344.8 ± 93.1 0.705

Hemoglobin (g/L) 116.4 ± 19.9 126.2 ± 11.8 123.2 ± 19.6 109.7 ± 17.3a, b <0.001

Serum albumin (g/L) 32.8 ± 9.5 36.2 ± 8.5 32.5 ± 11.9 32.4 ± 7.3 0.115

TG (mmol/L) 1.89 (1.31–2.77) 1.89 (1.37–2.53) 2.12 (1.45–3.41) 1.75 (1.22–2.43)b 0.026

TC (mmol/L) 5.55 (4.35–6.72) 5.07 (4.04–6.53) 5.79 (4.41–7.44) 5.47 (4.40–6.63) 0.113

HDL (mmol/L) 1.18 (0.96–1.50) 1.23 (0.95–1.33) 1.20 (0.98–1.56) 1.16 (0.95–1.44) 0.642

LDL (mmol/L) 3.40 (2.58–4.73) 3.37 (2.31–4.36) 3.73 (2.56–5.30) 3.37 (2.58–4.31) 0.272

Microscopic hematuria, n (%) 92 (31.5%) 14 (46.7%) 37 (33.9%) 41 (26.8%) 0.079

24-h urine protein (g/24 h) 4.29 (1.82–8.29) 1.76 (0.54–4.54) 5.25 (1.74–8.71)a 4.40 (2.30–8.34)a 0.001

BMI, body mass index; BUN, blood urea nitrogen; DBP, diastolic blood pressure; DM, diabetes mellitus; DN, diabetic nephropathy; DR, diabetic 
retinopathy; e-GFR, estimated glomerular filtration rate; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein 
cholesterol; LDL, low-density lipoprotein cholesterol; MIX, diabetic nephropathy mixed with non-diabetic renal disease; NDRD, non-diabetic renal 
disease; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride.
Data are in mean (SD), median (IQR) or n (%). P values were derived from one-way ANOVA (for normally distributed continuous variables), 
Kruskal–Wallis H-test (for non-normally distributed continuous variables), chi-square test (for categorical variables) or Fisher’s exact test (when 
the expected value < 5).
aP < 0.05 versus NDRD group.
bP < 0.05 versus MIX group.
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shared similar prognosis (log-rank χ2 = 3.480, 
p = 0.062). The median (95% confidence interval 
(CI)) event-free survival was 23.0 (18.6–27.4) 
months for DN group and 33.0 (25.8–40.2) 
months for MIX group, whereas the median 
event-free survival of NDRD group has not been 

reached. The survival curves stratified according 
to the renal pathology are shown in Figure 2.

Multivariate analysis was performed by Cox 
regression. Compared to NDRD group, patients 
in DN group had a significantly greater risk of 
adverse renal outcomes in the fully adjusted 
model (hazard ratio [HR] = 3.900, 95% 
CI = 1.103–13.788). The same trend was 
observed in patients of MIX group, although this 
difference did not reach statistical significance 
(HR: 2.691, 95% CI: 0.662–10.936; Figure 3).

Baseline predictors for adverse renal outcomes
The results of multivariate Cox regression anal-
ysis suggested that baseline lower Hb (HR: 
1.414, 95% CI: 1.094–1.828, p = 0.008) and 
lower eGFR (HR: 1.161, 95% CI: 1.005–1.357, 
p = 0.048) were independent risk factors for 
adverse renal outcomes in MIX group. In the 
pure DN group, patients with lower eGFR 
(HR: 1.122, 95% CI: 1.005–1.253, p = 0.040), 
severe proteinuria (HR: 2.025, 95% CI: 1.063–
3.855, p = 0.032) and a family history of diabe-
tes (HR: 1.771, 95% CI: 1.008–3.111, 
p = 0.047) had greater risk of adverse renal out-
comes. Due to the small sample size, Cox 
regression analysis was not performed in NDRD 
group.

Table 2. Pathological types and proportions of NDRD.

All (n = 138) NDRD (n = 30) MIX (n = 108)

IgA nephropathy 51 (37.0%) 10 (33.4%) 41 (38.0%)

Membranous nephropathy 44 (31.9%) 9 (30.0%) 35 (32.4%)

Minimal change disease 11 (8.0%) 3 (10.0%) 8 (7.4%)

Focal segmental glomerulosclerosis 10 (7.2%) 4 (13.3%) 6 (5.5%)

Obesity-related nephropathy 8 (5.8%) 3 (10.0%) 5 (4.6%)

Immune complex-mediated glomerulonephritis 6 (4.4%) 0 6 (5.5%)

Hypertensive nephrosclerosis 3 (2.2%) 1 (3.3%) 2 (1.9%)

Hepatitis B virus–related nephropathy 2 (1.4%) 0 2 (1.9%)

Tubulointerstitial nephritis 2 (1.4%) 0 2 (1.9%)

Membranoproliferative glomerulonephritisa 1 (0.7%) 0 1 (0.9%)

MIX, diabetic nephropathy mixed with non-diabetic renal disease; NDRD, non-diabetic renal disease.
aIgA nephropathy not included in this part.

Figure 2. Kaplan–Meier curves for cumulative renal 
survival rates stratified according to renal pathology. 
DN versus MIX, log-rank χ2 = 3.480, p = 0.062; DN 
versus NDRD, log-rank χ2 = 14.639, p < 0.001; MIX 
versus NDRD, log-rank χ2 = 5.967, p = 0.015.
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The baseline parameter and prognosis of DN 
and MIX were similar, thus, the two groups were 
combined. Multivariate regression results showed 
that baseline lower eGFR (HR: 1.159, 95% CI: 
1.060–1.266, p = 0.001), severe proteinuria (HR: 
2.047, 95% CI: 1.227–3.416, p = 0.006), lower 
Hb (HR: 1.170, 95% CI: 1.008–1.267, 
p = 0.037), and a diabetes family history (HR: 
1.138, 95% CI: 1.008–1.285, p = 0.046) were 
independent risk factors for endpoint events in 
the combined cohort of DN and MIX groups 
(Table 3).

Discussion
In this study, patients with type-2 diabetes and 
CKD were divided into pure DN, pure NDRD, 
or a combination of both based on the pathologic 
results of renal biopsy. The results revealed that 
the pathological classification was significantly 
associated with renal outcomes, independent of 
baseline clinical parameters, such as HbA1c, 
eGFR, and 24-h urine protein. Among patients 
with DN, individuals with a DM family history, 

lower Hb, lower eGFR, and severe proteinuria 
were prone to have adverse renal outcomes.

Previous biopsy-confirmed studies indicated that 
the prevalence of NDRD ranged widely from 
33% to 76% among patients with T2D.13–15 In 
our study, biopsy-proven NDRD with or without 
DN accounted for 47.6% of all cases, which is 
consistent with previous studies. Interestingly, we 
also observed a relatively high incidence of 
NDRD superimposed on DN, which presented 
in more than one-third (37.3%) of T2D patients. 
Overall, NDRD is not uncommon in patients 
with T2D and CKD. Differences in pathologic 
results may be due to variation in biopsy policy, 
ethnic/racial, geographic location, and sample 
size.

Our results revealed that at baseline, patients in 
DN group had longer duration of diabetes, poorer 
blood pressure and glycemic control, more severe 
renal impairment, and higher incidence of DR 
compared with those in NDRD group, which is 
consistent with previous studies.2,3 However, 
clinical indicators as DR and duration of diabe-
tes, which are well-known predictors for DN in 
type-1 diabetes, cannot always accurately distin-
guish the pathologic types of CKD in type-2 dia-
betes, especially in the cases of NDRD coexisting 
with DN.6 Therefore, renal biopsy should be rec-
ommended in patients with type-2 diabetes and 
CKD to confirm the diagnosis and give appropri-
ate treatment as soon as possible.

Previous studies have reported a worse renal 
prognosis in patients with DN than in those with 
NDRD,16,17 whereas the results of prognostic dif-
ference between DN and MIX group are still 
inconclusive. Zhuo et al.18 found that patients in 
MIX group present with a more rapidly progres-
sive renal failure than pure DN group. On the 
contrary, some studies found that patients in 
MIX group had even superior renal prognosis 
compared with pure DN patients.5,6 It is worth 
mentioning that most previous cohorts only have 
less than 10% patients in MIX group, with the 
course of diabetes significantly lower than that in 
DN, which might lead to inaccurate conclusions. 
Our results showed that after adjustment of base-
line parameters including duration of diabetes, 
HbA1c, DR, eGFR, and 24-h urinary protein, 
patients with pure DN were almost four times 
more likely to have adverse renal outcomes 

Figure 3. Associations between renal pathology 
and renal outcomes in patients with T2D. Hazard 
ratios (HRs) and confidence intervals (CIs) were 
calculated via the Cox proportional hazards model. 
Model 1: adjusted for age, gender, smoking, drinking, 
duration of diabetes, family history of diabetes, 
presence of diabetic retinopathy, and hypertention. 
Model 2: adjusted for Model 1 as well as systolic 
blood pressure, hemoglobin, HbA1c, serum albumin, 
triglyceride, low-density lipoprotein, and microscopic 
hematuria. Model 3: adjusted for Model 2 as well as 
eGFR and 24-h urine protein.
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compared to NDRD. Patients with pure DN also 
demonstrated a worse renal outcome compared 
with MIX group, although the prognostic differ-
ence was not statistically significant in the fully 
adjusted model.

Previous studies have shown that anemia is sig-
nificantly associated with the presence and pro-
gression of DN.19–21 Patients can have anemia 
even at the early stage of nephropathy before the 
decline of eGFR. Especially in those with protein-
uria and renal function decline, the decrease of 
Hb is more remarkable.21 In this study, we found 
that baseline hemoglobin level was an independ-
ent predictor for adverse renal outcomes in 
patients with DN, for every 10 g/L decrease of 
hemoglobin, the probability of end-point renal 

events was increased by 17% after adjustment. In 
recent years, it is believed that the decrease of 
hemoglobin in diabetic patients may be related to 
insufficient EPO production, shortened erythro-
cyte life span, autonomic nerve dysfunction, sys-
temic microinflammatory state, and iron 
metabolism disorder.22–26 These findings suggest 
that the changes of hemoglobin should be paid 
enough attention in patients with DN. Whether a 
positive treatment of anemia can improve the 
prognosis of DN remains to be further confirmed 
by prospective interventional studies.

Familial clustering has been identified to be a sus-
ceptibility factor for the development of DN.27 A 
recent study also showed that a family history of 
diabetes is an independent risk factor for rapid 

Table 3. Relationship between baseline characteristics and renal outcomes in different groups.

Parameter Univariate HR 
(95% CI)

P value Multivariate HR 
(95% CI)

P 
value

MIX Hemoglobin (–10 g/L) 1.328 (1.115–1.582) 0.001 1.414 (1.094–1.828) 0.008

eGFR (–10 mL/min/1.73 m2) 1.282 (1.139–1.441) 0.000 1.161 (1.005–1.357) 0.048

24-h urine protein (>3.5 
g/24 h)

2.579 (1.077–6.176) 0.033 1.978 (0.803–4.868) 0.138

DN DM family history 1.571 (1.008–2.449) 0.046 1.771 (1.008–3.111) 0.047

Hemoglobin (–10 g/L) 1.160 (1.016–1.323) 0.027 1.022 (0.876–1.193) 0.777

Hypoalbuminemia 1.639 (1.043–2.575) 0.032 1.748 (0.915–3.338) 0.091

eGFR (–10 mL/min/1.73 m2) 1.142 (1.049–1.242) 0.002 1.122 (1.005–1.253) 0.040

24-h urine protein (>3.5 
g/24 h)

3.317 (1.936–5.681) <0.001 2.025 (1.063–3.855) 0.032

DN + MIX DM family history 1.478 (1.030–2.122) 0.034 1.138 (1.008–1.285) 0.046

Hemoglobin (–10 g/L) 1.225 (1.107–1.357) <0.001 1.170 (1.008–1.267) 0.037

Hypoalbuminemia 1.502 (1.038–2.174) 0.031 1.194 (0.738–1.931) 0.470

eGFR (–10 mL/min/1.73 m2) 1.188 (1.114–1.253) <0.001 1.159 (1.060–1.266) 0.001

24-h urine protein (>3.5 
g/24 h)

2.903 (1.847–4.560) <0.001 2.047 (1.227–3.416) 0.006

CI, confidence interval; DM, diabetes mellitus; DN, diabetic nephropathy; e-GFR, estimated glomerular filtration rate; 
HR, hazard ratios; MIX, diabetic nephropathy mixed with non-diabetic renal disease.
Multivariate HR was adjusted for gender, age, and parameters with p < 0.1 in univariate regression analysis; in MIX 
group, the multivariate Cox regression model includes age, gender, hemoglobin, eGFR, and 24-h urine protein; In DN 
group, the multivariate Cox regression model includes age, gender, DM family history, hemoglobin, hypoalbuminemia, 
eGFR, and 24-h urine protein; In DN + MIX group, the multivariate Cox regression model includes age, gender, DM family 
history, hemoglobin, hypoalbuminemia, eGFR, and 24-h urine protein.
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decline of eGFR in patients with DN.28 We found 
that patients with a family history of diabetes are 
more likely to have adverse renal outcomes, sug-
gests that the genetic background and lifestyle of 
diabetes may be related to the rapid decline of 
renal function in patients with DN.

Previous large clinical trials have confirmed that 
intensive glycemic control can delay or reduce the 
risk of microvascular complications of T2D 
including DN, whether in early or intermediate 
stage.29,30 However, we found no significant cor-
relation between baseline serum glucose levels 
and renal prognosis after adjustment for con-
founding factors. This may be attributed to the 
fact that baseline HbA1c and FPG may not accu-
rately reflect individual glycemic status, especially 
glycemic variability during the whole follow-up 
period. On the contrary, a variety of clinical con-
ditions, such as hemoglobinopathies, anemia, and 
uremia will impact the value of HbA1c, inde-
pendent of glycemia.31

As a prospective study, this study contains certain 
strengths. Each participant was well-defined by 
renal biopsy at baseline and was divided into DN, 
MIX, NDRD groups based on pathology results, 
which avoided misdiagnoses caused by relying 
only on clinical features. There are also some lim-
itations. First, the prognosis of MIX and NDRD 
groups was related to the type of NDRD, but we 
could not perform subgroup analysis due to the 
small sample size. Second, we were unable to 
obtain the exact therapeutic regimen during fol-
low-up. Third, the urinary protein excretion of 
patients included in this study is relatively high 
and more than 50% of the cohort progressed to 
renal endpoints within a median follow-up of 27 
months. Whether the findings can be generalized 
to early-phase patients with microalbuminuria is 
still unclear. In addition, the follow-up period 
was relatively short. Therefore, larger studies with 
a broader population and longer follow-up period 
are needed to confirm and validate the findings of 
this study.

Conclusion
The prognosis of pure DN might be similar to 
DN mixed with NDRD, and both of them were 
worse than that of pure NDRD. A family history 
of diabetes, lower hemoglobin, worse renal func-
tion, and severe proteinuria were independent 

predictors for endpoint events in patients with 
DN. Assessment of these indicators might iden-
tify HR groups with adverse renal outcomes and 
further shed new light on diagnosis, treatment, 
and preliminary evaluation of prognosis in 
patients with both T2D and CKD.
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