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Abstract

Background: Renal injuries in patients with diabetes include diabetic nephropathy (DN) and non-diabetic renal diseases
(NDRD). The value of a clinical diagnosis of DN and NDRD remains inconclusive. We conducted a meta-analysis of the
literature to identify predictive factors of NDRD and to compare the clinical characteristics of DN and NDRD for differential
diagnosis.

Methods: We searched PubMed (1990 to January 2012), Embase (1990 to February 2009), and CNKI (1990 to January 2012)
to identify studies that enrolled patients with DN and NDRD. Then, the quality of the studies was assessed, and data were
extracted. The results were summarized as odds ratios (ORs) for dichotomous outcomes and weighted mean differences
(WMDs) for continuous outcomes.

Results: Twenty-six relevant studies with 2,322 patients were included. The meta-analysis showed that the absence of
diabetic retinopathy (DR) predicts NDRD (OR, 0.15; 95% confidence interval [CI], 0.09–0.26, p,0.00001). A shorter duration of
diabetes mellitus (DM) also predicted NDRD (weighted mean difference, 234.67; 95% CI, 245.23–224.11, p,0.00001). The
levels of glycosylated hemoglobin (HbA1C%), blood pressure (BP), and total cholesterol were lower in patients with NDRD,
whereas triglycerides and body mass index were higher. Other clinical parameters, including age, 24-h urinary protein
excretion, serum creatinine, creatinine clearance, blood urea nitrogen, and glomerular filtration rate were not different
between patients with NDRD and DN.

Conclusions: We identified that the absence of DR, shorter duration of DM, lower HbA1C, and lower BP may help to
distinguish NDRD from DN in patients with diabetes. This could assist clinicians in making a safe and sound diagnosis and
lead to more effective treatments.
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Introduction

Diabetic nephropathy (DN) is one of the major complications of

diabetes mellitus (DM). It is estimated that 20–40% of patients

with DM will develop a diabetic renal disease. DN is the leading

cause of chronic kidney disease and end-stage renal disease

worldwide [1,2]. The diagnosis of DN is almost always based on

clinical grounds and supported by persistent proteinuria, hyper-

tension, and a progressive decline in renal function. The validity of

this clinical approach is well established in patients with type 1

diabetes but not in those with type 2 diabetes [3]. Furthermore,

non-diabetic renal diseases (NDRD) such as minimal change

disease or idiopathic membranous nephropathy, either isolated or

superimposed on an underlying DN, have been reported. The

prevalence of biopsy-proven NDRD in patients with diabetes

varies from 10–85% among reports [4–7]. These differences may

be due to selection criteria, biopsy threshold, or the populations

being studied [8,9].

Treatments for DN and NDRD are quite different. Many

NDRD lesions can be treated with immunosuppressants other

than the standard angiotensin-converting enzyme inhibitors

(ACEIs) or angiotensin receptor blockers (ARBs). Thus, it is

important to distinguish NDRD from DN early. A kidney biopsy is

necessary to confirm the diagnosis, but is invasive. Nephrologists

are sometimes reluctant to perform a renal biopsy on patients with

DM because of the potential risks of the procedure such as

hematuria, perirenal hematoma, arterial embolization, and even

the necessity for a nephrectomy [10]. Moreover, there exist some

contraindications for renal biopsy such as the solitary kidney and
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cortical atrophy [11]. Additionally, many primary hospitals are at

present unable to perform the renal biopsy. Therefore, nephrol-

ogists must provide a suspected diagnosis using the clinical and

laboratory data available before a biopsy is performed. Zhou et al.

[12] constructed a diagnostic model with good sensitivity (90%)

and specificity (92%) based on a logistic regression analysis. Only

diabetes duration, systolic blood pressure (SBP), glycosylated

hemoglobin (HbA1c), hematuria, and diabetic retinopathy (DR)

showed statistical significance. Other studies have reported factors

to distinguish NDRD from DN only after renal histology is

available. However, the results were not uniform, which was likely

due to differences in the study populations or selection criteria;

thus, a systematic assessment of published findings is needed.

Therefore, we conducted a meta-analysis of case-control studies to

investigate the potential roles of clinical and laboratory data for

discriminating NDRD and DN in patients with type 2 diabetes.

Materials and Methods

Searching
The searching was performed by two reviewers independently

(S.L. and X.G.Z.). Electronic databases, including PubMed (1990

to January 2012), Embase (1990 to February 2009), and CNKI

(1990 to January 2012) were searched following the modified

version of the Meta-analysis Of Observational Studies in

Epidemiology (MOOSE) guidelines [13]. We also scanned the

references of eligible studies, the ‘‘Web of Knowledge Cited

References’’ list, and the ‘‘Related Articles’’ link in PubMed to

identify potentially relevant studies. Hand searching of textbooks

and unpublished materials such as conference proceedings was

also used. The following search terms were employed: diabetic

nephropathy, non-diabetic nephropathy, diabetes mellitus AND

kidney disease, diabetic kidney disease, and biopsy. No race

restriction was utilized.

Study Selection and Quality Assessment
All studies describing diabetic kidney diseases were of interest.

Titles and/or abstracts of all citations were screened by S.L. and

X.G.Z., and relevant original studies were read in full. This search

resulted in 63 studies in the quality assessment. Studies were

included if they met the following criteria: 1. Retrospective case-

control, cross-sectional and prospective studies, but not other

types, such as case reports. 2. Studies that provided detailed

clinical and laboratory parameters at renal biopsy. Exclusion

criteria were: 1. The diagnosis of DN or NDRD was based on a

clinical diagnosis rather than biopsy. 2. Studies that included type

1 diabetes or did not specify the type of diabetes. 3. Studies that

did not adopt appropriate statistical methods. 4. Studies with

obvious publication bias (lack of negative studies) were excluded by

simply not being published. We assessed other potential biases in

the published literature as a reason for exclusion. For example, we

excluded patients with other kidney diseases such as drug-induced

renal disease; with acute complications such as ketoacidosis and

urinary infection; with serious cardiovascular, liver, pancreatic

disease, and psychopathy; with malignant tumors and secondary

DM.

Data Extraction
Data were extracted by one reviewer (S.L.) and independently

verified by another (G.Y.C). Information extracted included lead

author, publication year, country of data collection, sample

characteristics (e.g., age, sex, and sample size), and study design

type. Clinical and laboratory parameters included presence or

absence of hematuria and retinopathy, age, diabetes duration,

blood pressure, blood urea nitrogen (BUN), serum creatinine (Scr),

24-h proteinuria estimation, and others at the time of renal biopsy.

Most of the studies set minimum criteria for what constituted

biopsy evidence of diabetes or NDRD. DN was diagnosed based

on the presence of mesangial expansion and diffuse intercapillary

glomerulosclerosis with or without Kimmelstiel–Wilson nodules,

basement membrane thickening, and/or exudative lesions, such as

a fibrin cap, capsular drop, or hyaline thrombus [14].

Statistical methods
All analyses were undertaken with RevMan 5.1. Heterogeneity

across the included studies was analyzed using the heterogeneity

x2 (Cochrane Q) statistic and the I2 test. I2 values .25, 50, and

75% were considered evidence of mild, moderate, and severe

statistical heterogeneity, respectively. We applied both fixed and

random-effects models. If significant heterogeneity was present

(p,0.05), a random-effects model was used. Otherwise (p.0.05), a

fixed-effects model was used. Statistical significance was set at

p,0.05 [15]. Categorical variables were analyzed using the odds

ratios (ORs) and associated 95% confidence intervals (CIs). OR

explains the probability of presence/absence of a condition in

association with NDRD. Continuous variables were expressed as

means 6 standard deviations and analyzed using the weighted

mean differences (WMDs) and 95% CIs [15]. In several included

studies, patients were grouped as group I, isolated DN; group II,

isolated NDRD; and group III, NDRD with underlying diabetic

glomerulosclerosis. Perhaps given the treatment, some studies

regarded DN+NDRD as NDRD, and did not provide the exact

number and original clinical data of the isolated NDRD. In this

meta-analysis, we also regarded groups II and III as NDRD. Thus,

all patients were grouped into one of two categories: DN or

NDRD. We adjusted for the pooled variance using the formula S2

= (n121) S1
2 + (n221) S2

2/(n1 + n222) [16].

Results

We initially identified 732 potentially relevant studies. Based on

the scanning of the titles and abstracts, 630 articles were excluded.

After reading the full text of the remaining studies and references,

26 studies [3,5,6,8,11,12,17–36] were included in the final analysis

(Fig. 1), involving 2,322 patients: 1,156 with DN and 1,166 with

NDRD. Data extracted from the 26 studies are presented in Table

S1. The studies included were from different regions: two from the

USA, two from Denmark, two from Italy, one from Austria, and

the others from Asia. Twenty-two studies were retrospective, and

the other four were prospective case-control studies. Sample size

ranged from 22 to 333. We performed subgroup and sensitivity

analyses when necessary to evaluate the effect of heterogeneity

among studies. Comparisons of clinical and laboratory features at

renal biopsy of the 26 studies are summarized in Table S2. ORs,

WMDs, and 95% CIs of all studies are reported.

DN Risk Factors
Hematuria. In two studies (studies 1 and 11), the presence of

hematuria was defined as $2 red blood cells per high-power field

in a centrifuged urine sample prior to biopsy, whereas in three

studies (studies 8, 9, and 10) it was defined as .3 red blood cells

per high power field. In other studies, microscopic hematuria was

defined as .10 red blood cells/mL (studies 2, 4, 15, and 17) and

.5 red blood cells/mL (study 26) on phase-contrast urine

microscopy. Other studies did not specify the definition of

hematuria. A random-effects model was used based on the test

for heterogeneity: x2 = 56.49, df = 15 (p,0.0001), I2 = 73%. The

estimated pooled ORs showed that the presence of hematuria was

Parameters to Distinguish Diabetic Nephropathy
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in closer association with NDRD than DN (OR, 2.05; 95% CI,

1.25–3.36, p = 0.004). Given that the majority of the studies

included were conducted in Asian populations, a sub-group

analysis of the Asian population was performed, and results were

similar.

DR. DR was diagnosed on ophthalmoscopy and fluorescence

retinography by an ophthalmologist, based on the presence of

background retinopathy (microaneurysms, hemorrhages, and soft

or hard exudates) with or without proliferative changes. The meta-

analysis suggested that patients with DR were less likely to have

NDRD than to have DN. (OR, 0.15; 95% CI, 0.09–0.26,

p,0.00001). A sensitivity analysis, including only those conducted

in Asian populations, was carried out (OR, 0.14; 95% CI, 0.08–

0.25, p,0.00001) (Fig. 2). Therefore, the presence of DR seemed

to be a useful index for identification of DN, while the absence of

DR seemed to be predictive of NDRD.

Comparison of Clinical and Laboratory Parameters in
Patients with DN and NDRD

DM Duration. DM duration of patients with NDRD was

significantly shorter than that of patients with DN (WMD,

234.67; 95% CI, 245.23–224.11, p,0.00001). The result for

the Asian population was similar (WMD, 230.37; 95% CI,

242.93–217.81, p,0.00001). However, the definition of DM

duration differed among studies. In seven studies, DM duration

was the period between the onset of diabetes and renal biopsy. In

another two studies, it was regarded as the duration between the

onset of diabetes and when renal diseases were detected. The

definition of DM duration was not described in other studies. A

sensitivity analysis, including the aforementioned seven studies,

was carried out. The result was similar (OR, 221.27; 95% CI,

236.64–25.90, p = 0.007), with moderate heterogeneity

(x2 = 19.09, df = 6, I2 = 69%) (Fig. 3).

HbA1C% Level. In both overall and the Asian population, the

HBA1c of patients with NDRD was slightly lower than that of

patients with DN (WMD, 20.39; 95% CI, 20.58–20.21,

p,0.0001 and WMD, 20.50; 95% CI, 20.69–20.30,

p,0.00001, respectively).

Blood Pressure. In most of the studies (studies 1, 4, 8, 9, 15, 18,

and 19), hypertension was defined as SBP.140 mmHg and/or

diastolic blood pressure (DBP).90 mmHg or taking antihyper-

tensive drugs, and in study 10 it was defined as SBP$130 mmHg

and DBP$80 mmHg. In two other studies, arterial hypertension

was diagnosed according to the World Health Organization

criteria: SBP$160 mmHg and/or DBP$95 mmHg, or if antihy-

pertensive medication was being prescribed.

Subgroup analyses were performed according to SBP and DBP.

SBP and DBP of patients with NDRD were both lower (SBPs:

WMD, 28.72; 95% CI, 213.49–23.96; p = 0.0003; DBPs:

WMD, 23.10; 95% CI, 25.28–20.91, p = 0.005) than those in

patients with NDRD (Fig. 4).

24-h Urine Total Protein Excretion. A random-effects model

was used due to obvious heterogeneity among the studies

(heterogeneity: x2 = 414.59, df = 16, I2 = 96%). No significant

difference in the 24-h urine total protein excretion (g/24 h) was

detected between patients with NDRD and DN (WMD, 20.61;

95% CI, 21.53–0.31, p = 0.20). The sub-group analysis of the

Asian population showed similar results (WMD, 20.81; 95% CI,

21.90–0.28, p = 0.14).

Renal Function. We assessed renal function using four sub-

studies, including the level of Scr, creatinine clearance (Ccr),

glomerular filtration rate (GFR), and BUN. The Scr, Ccr, GFR,

and BUN were not significantly different between patients with

DNRD and DN (WMD, 2.99; 95% CI, 222.12–28.10, p = 0.82;

WMD, 3.21; 95% CI, 212.10–18.53, p = 0.68; WMD, 2.30; 95%

CI, 24.08–8.68, p = 0.48; WMD, 20.93; 95% CI, 24.21–2.35,

p = 0.58, respectively).

Lipid Profile and Body Mass Index (BMI). The findings

suggested that patients with NDRD tended to have slightly higher

triglycerides (mmol/L) than those with DN (WMD, 0.85; 95% CI,

0.26–1.44, p = 0.005), as well as a higher BMI (kg/m2) (WMD,

1.54; 95% CI, 0.91– 2.17, p,0.00001). However, patients with

Figure 1. Flow chart showing study selection process for the meta-analysis.
doi:10.1371/journal.pone.0064184.g001
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NDRD tended to have a slightly lower total cholesterol (mmol/L)

than that of patients with DN (WMD, 20.40; 95% CI, 20.65–

20.15, p = 0.002). Further studies with larger sample size are

needed to clarify these differences.

Discussion

The analyses showed that patients with hematuria were more

likely to develop NDRD. Erythrocyte casts and dysmorphic

erythrocytes in the urine sediment may be more specific than

microhematuria for discriminating NDRD from DN. However,

only four of the twenty-six included studies mentioned the

occurrence of erythrocyte casts and dysmorphic erythrocytes.

Thus, more studies are needed to further evaluate the role of casts

and dysmorphic erythrocytes.

Our study confirmed the accepted view that DR is an important

predictor of DN. However, DR mostly precedes the progression of

DN in patients with type 1 diabetes, but this sequence is often

inconsistent in patients with type 2 diabetes [37–41]. Although the

prevalence of DR was significantly higher in patients with DN

compared to patients with NDRD, 23.6% of patients with biopsy-

Figure 2. Meta-analysis of non-diabetic renal diseases (NDRD) and diabetic neuropathy (DN) associated with diabetic retinopathy
(DR).
doi:10.1371/journal.pone.0064184.g002
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Figure 3. Comparison of DM duration between patients with non-diabetic renal disease (NDRD) and diabetic neuropathy (DN).
doi:10.1371/journal.pone.0064184.g003
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proven DN did not have retinopathy. In contrast, no evidence of

DN was present in 17.6% of patients with DR [40,42,43]. Taken

together, the lack of DR is predictive of NDRD, but not an

exclusion criterion for DN.

No significant difference was found between the two groups of

age at the time of biopsy. Diabetes duration of patients with

NDRD was shorter than that of patients with DN. But type 2

diabetes may have developed long before these patients were

diagnosed. Therefore, the known diabetes duration does not

accurately predict the presence or severity of DN [17]. HbA1C

was lower in patients with NDRD than those with DN.

Hyperglycemia may promote kidney damage through a hemody-

namic effect, glycosylation, the polyol pathway, or oxidative stress

[44].

One accepted view is that hypertension is an independent risk

factor for DN. The mechanisms of hypertension in DM remain

complex, such as stimulation of the sympathetic nervous system or

activation of the renin-angiotensin system resulting in water-

sodium retention. Our analyses showed that SBPs and DBPs were

both lower in patients with NDRD. In the studies included, study

19 and 25 found that among DN patients, antihypertensive

treatment could reduce the rate of decline in GFR and thereby

postponed ESRD. But study 21 found no difference in the rate of

decline in GFR between patients treated with or without ACEI or

ARBs both in DN and NDRD patients. However, anti-hyperten-

sive treatment was initiated and increased at different time points,

and a variety of anti-hypertensive drugs were used during follow-

up, all of which may induce a bias in evaluating the effects of these

medications. And only one of the included studies mentioned the

lipid-lowering treatment. So it is hard to draw a conclusion that

blood pressure and lipid profiles were different between NDRD

and DN patients.

In terms of renal function, our meta-analysis demonstrated that

the Scr, Ccr, GFR, and BUN at renal biopsy were not significantly

different between patients with DN and NDRD. The impact of

NDRD on renal outcomes in type2 diabetic patients has not been

well established, and most of the available data were based on the

results of previous cross- sectional studies [45,46]. In a study [47]

Figure 4. Comparison of blood pressure between patients with non-diabetic renal disease (NDRD) and diabetic neuropathy (DN).
doi:10.1371/journal.pone.0064184.g004
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that compared the rate of renal decline in diabetic and non-

diabetic patients with chronic kidney disease (GFR,50 ml/min),

when controlling for albuminuria, the mean slope of renal decline

was similar in patients with and without diabetes. Higher

albuminuria was a predictor of poorer renal outcome, regardless

of diabetes condition. Among the studies included in this meta-

analysis, five were prospective observational studies, and only two

of them provided the number of patients entering the end point.

As was shown in the Table S2, patients with NDRD had a lower

risk to develop ESRD than patients with DN, but the P value did

not reach statistical significance (p = 0.07). What’s more, the

definition of end point in these two studies was different. One

regarded ESRD as an advanced renal failure requiring mainte-

nance dialysis, or Scr$700 mmol/l, while the other one defined

ESRD as Scr .500 mmol/L, which may result in a bias. The renal

outcome in patients with DM varied, and depended on the specific

type of non-diabetic renal lesion. The limited information or the

small number of each subtype in the included studies did not

permit further subgroup analyses. Moreover, most of patients with

NDRD were treated with immunosuppressive agents, which likely

had a positive effect on the renal outcomes. Thus, more

prospective studies focusing on the renal outcome in patients with

DN and NDRD are needed.

In summary, the main findings of this meta-analysis were

clinical predictors that facilitate to discrimination of NDRD from

DN: (1) absence of DR. (2) shorter DM duration, (3) lower

HbA1C, and (4) lower blood pressure. We found no difference in

the ages, the 24-h urine total protein excretion, Scr, Ccr, GFR, or

BUN of patients with NDRD and DN.

The limitations of this study should be discussed, since meta-

analyses have inherent limitations. Because the studies were

mainly observational in nature, the statistical combination of the

data might have been subject to selection and reporting biases

[48]. But we had eliminated bias from our analysis where possible

by establishing a strict methodology and a predefined quality

assessment process. However, heterogeneity remained between

studies in terms of potential confounders such as age and sex.

Furthermore, studies of histological patterns were associated with

the bias of indication and the experience of physicians in

conducting renal biopsies. We agree with the viewpoint that

development of a logistic regression diagnostic model would be

helpful to distinguish NDRD from DN. However, Meta-analysis is

conducted basically on study-level summary data, and original

clinical and laboratory parameters of each patient are not

available. So we are not able to build a regression model, which

maybe another limitation of meta-analysis.

This study advocates for a higher suspicion of a NDRD in

patients with type 2 diabetes. We also identified important features

that discriminate between NDRD and DN. This could assist

clinicians in making a safe and sound diagnosis and lead to more

effective medical management.

Supporting Information

Table S1 Characteristics of the 26 Studies Included in
the Meta-analysis. Abbreviations: DM, diabetes mellitus;

DR, Diabetic Retinopathy; BP, blood pressure; SBP, systolic blood

pressure; DBP, diastolic blood pressure; HbA1C, hemoglobin

A1C; Scr, serum creatinine; Ccr, creatinine clearance; TG,

triglyceride; TC, total cholesterol; GFR, glomerular filtration rate;

BUN, blood urine nitrogen; UA, serum uric acid; BMI, body mass

index; Hb, hemoglobin; ALB, serum albumin; TP, serum total

protein; FBG, fasting blood-glucose; PBG, postprandial blood

glucose; NS, nephrotic syndrome; 24h-u, 24-hour urine protein

excretion; Hb, hemoglobin; R, retrospective case-control study; P:

prospective case-control study. Note: a, The study was performed

in Caucasian, African American, Asian and Hispanic population.

b, The study was performed in Malay, Chinese and Indian

population. c, The study was performed in African Americans.

(DOC)

Table S2 Comparisons of clinical and laboratory fea-
tures at renal biopsy of the 26 studies. Note: a, categorical

variable; b, continuous variable. I2 statistic as a measure of

heterogeneity. * Sensitivity analysis included seven studies in

which DM duration was the period between the onset of diabetes

and renal biopsy. # Renal outcome was assessed by the risk to

develop ESRD. Abbreviations: OR, odd ratio; CI, confidence

interval; WMD, weighted mean difference; DR, Diabetic

Retinopathy; DM, diabetes mellitus; HbA1C, hemoglobin A1C;

SBP, systolic blood pressure; DBP, diastolic blood pressure; Scr,

serum creatinine; Ccr, creatinine clearance; GFR, glomerular

filtration rate; BUN, blood urine nitrogen; TG, triglyceride; TC,

total cholesterol; BMI, body mass index; Hb, hemoglobin.

Conversion factors for units: Scr in mg/dL to mmol/L,

688.4; BUN in mg/dL to mmol/L, 60.357; TG in mg/dL to

mmol/L, 60.01129; TC in mg/dL to mmol/L, 60.02586.

(DOC)
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