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�� INTRODUCTION

The prevalence of type 2 diabetes mellitus (T2DM) is 
steadily increasing, mostly due to a combination of obe-
sity, urbanization, and ageing population.1,2 In parallel, 
the prevalence of its macrovascular and microvascular 
complications, such as diabetic nephropathy (DN), which 
occurs in 20 to 40% of type 2 diabetic patients, has 
risen.3,4 Despite efforts made to slow the progression 

of DN, this is still the most common cause of end-stage 
renal disease (ESRD) in developed countries.3,5-7 

Diabetic renal disease is a clinical syndrome charac-
terized by overt proteinuria (urinary albumin creatinine 
ratio, UACR> 300 mg/g) and declining renal function.8 
In the past, it was believed that DN only had one path 
of progression – from a normoalbuminuric stage, to 
microalbuminuria (UACR 30-300 mg/g), to end in overt 
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�� ABSTRACT

The typical progression of diabetic nephropathy is from the normoalbuminuric stage to microalbuminuria 
(urinary albumin creatinine rate, UACR, 30-300 mg/g) to end in overt proteinuria. A growing body of recent 
evidence has shown an accelerated decrease in glomerular filtration rate predominately seen in normoalbumi-
nuric patients with type 2 diabetes. This discovery raises the the possibility of there being two independent 
diabetic nephropathy phenotypes.

The aim of this review is to collect, summarize and compare the most relevant data referring to both the clas-
sical/ proteinuric (UACR>300mg/g) and the non-classical/ non-proteinuric (UACR < 300 mg/g) phenotypes in type 
2 diabetic patients.

PubMed research into diabetic nephropathy and both proteinuric and non-proteinuric phenotypes was under-
taken. A total of 67 articles were included.

Several studies have shown that diabetic nephropathy may co-exist within a normal range of albumin excre-
tion. This new emerging phenotype is nowadays extremely frequent in type 2 diabetic patients, and seems to 
be found more often in female sex, older adults, and patients with metabolic syndrome. Albumin does not seem 
to be the best marker for this phenotype. New possible markers for early stage renal disease were found. Treat-
ment with Renin-Angiotensin-System inhibitors, according to evidence, might not be the most adequate therapy 
for non-proteinuric diabetic patients. Prognosis is still unclear.

This new diabetic nephropathy phenotype exists and clinicians should be aware of it, to ensure these patients 
are not underdiagnosed. More research is needed to clarify this phenotype’s epidemiology, pathogenesis, risk 
factors, diagnosis methods, new biomarkers, best treatment approach and its prognosis.

Key words: Albuminuria; Diabetes mellitus, type 2; Diabetic nephropathies; Glomerular Filtration Rate; Renal 
Insufficiency, chronic.
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proteinuria (UACR> 300 mg/g). However, in the last 
few years a growing body of evidence has shown an 
accelerated decrease in glomerular filtration rate (GFR) 
predominately seen in type 2 diabetic chronic kidney 
disease (CKD) patients with UACR< 300mg/g. This dis-
covery has raised the possibility of their being two 
independent diabetic nephropathy phenotypes.8,9

The aim of this review is to collect, summarize and 
compare the most relevant data regarding both the 
classical/ proteinuric and the non-classical/ non-pro-
teinuric phenotypes in T2DM patients.

�� PATIENTS AND METHODS

We searched PubMed using the query “Non-protein-
uric OR nonalbuminuric AND diabetic nephropathy”. 
Type 1 diabetes mellitus patients were excluded from 
the study. Classical/proteinuric DN was defined as 
UACR>300 mg/g and the non-classical/non-proteinuric 
DN as UACR< 300 mg/g. Articles written up to August 
2016, in English or in Portuguese, were included. From 
the initial research, a manual selection based on the 
article abstract was made. Articles that were duplicated, 
had inaccessible full text or were unsuited to this review 
were excluded. 

�� CLASSICAL PHENOTYPE

The classical phenotype of DN is described as a linear 
progression from normoalbuminuria to microalbumi-
nuria to macroalbuminuria, eventually ending in ESRD.9 
DN progression has been classified into 5 stages. The 
first stage (pre-nephropathy) is described as normoal-
buminuria (UACR<30 mg/g) and glomerular filtration 
rate (GFR)≥ 30mL/min/1.73 m2 associated with glo-
merular hyperfiltration and hypertrophy. The second 
stage (incipient nephropathy) includes microalbuminu-
ria levels (UACR 30-300 mg/g) and GFR≥ 30mL/min/1.73 
m2, with renal structure changes, such as thickening 
of glomerular capillary basement membrane. One third 
of the patients progresses to the third stage (overt 
nephropathy), characterized by macroalbuminuria 
(UACR≥ 300 mg/g Cr) or persistent proteinuria (≥ 0.5 
g/day), and GFR≥ 30mL/min/1.73 m2. The fourth stage 
(kidney failure) includes any albuminuria or proteinuria 
levels and GFR≤ 30mL/min/1.73 m2. The last stage 
(dialysis therapy/ ESRD) is when uraemia occurs or 
dialysis therapy is implemented due to DN.1,9-12

In the majority of studies, albuminuria levels were 
the proven best clinical predictor of kidney function 
loss, reason why its urinary excretion levels is nowadays 
the screening test for DN.1,3,6,13,14 It has also been 
shown that microalbuminuria is a powerful independ-
ent risk factor for cardiovascular disease.3,5,15,16 In 
addition, Mogensen demonstrated that microalbumi-
nuria is a good clinical predictor of overt proteinuria 
and increased mortality in T2DM patients.17

� � Risk factors

Many studies have shown that the progression of 
type 2 diabetic renal disease is associated with some 
risk factors, such as ethnicity, with American-Hispanics, 
Asians and African American at greater risk of progres-
sion to ESRD than Caucasians.18,19 Other risk factors 
include family history of diabetic kidney disease, genetic 
predisposition, male gender, smoking history, severe 
albuminuria, lower baseline estimated GFR, older age, 
diabetes duration, obesity, higher systolic blood pres-
sure, poor glycaemic control, bad lipid level control, 
previous retinopathy and elevated white cell blood 
count.20-22 Recent evidence has shown gender differ-
ences with females at greater risk of renal function 
decline than males, who are more vulnerable to albu-
minuria excretion rate progression. The risk of renal 
function decline in women is associated with systolic 
blood pressure, age, plasma glucose levels, and 
increased cholesterol / HDL ratio, whereas triglycerides 
are associated with better prognosis. In males, urinary 
albumin excretion rate together with plasma glucose 
and systolic blood pressure are associated with greater 
renal decline, whereas waist circumference and cho-
lesterol/ HDL ratio are associated with better renal 
function prognosis.21

According to recent data, the origin of albuminuria 
has two possible mechanisms. In the traditional model, 
increases in glomerular permeability lead to increasing 
amounts of albumin filtered per day, which may be 
endocytosed by megalin/cubilin receptor, and directed 
to lysosome, in order to be degraded and returned to 
blood supply. When filtered albumin level rises above 
a certain value, this endocytic pathway becomes satu-
rated, leading to a rise in urinary albumin excretion. 
The second, and more recent theory, proposes a two-
receptor model. One high capacity low affinity receptor 
involved in the retrieval pathway (filtered albumin 
through transcytosis in the proximal tubular cell ends 
in the blood supply), and other receptor (which has 
high affinity and low capacity) involved in the 
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degradation pathway (lysosomally process unretrieved 
filtered albumin). Nephrotic levels of proteinuria occur 
when retrieval pathway is overloaded.23,24

� � Histopathological findings

Few studies include kidney biopsies of DN in T2DM 
patients, but those that do histologically show a het-
erogeneity of histological lesions characterized by glo-
merular and tubular basement membrane thickening, 
mesangial sclerosis that can be diffuse, nodular (Kim-
melstiel- Wilson lesion), or both, as well as exudative 
lesions (intramembranous, sub-capsular, and arteriolar 
hyalinosis). Kidney biopsies diagnosed as DN can be 
classified into four classes. Class I includes mild, non-
specific light-microscope changes and basement mem-
brane thickening, which is the earliest structural abnor-
mality in DN; Class II, mesangial expansion, mild (IIa) 
or severe (IIb) but without nodular sclerosis; Class III 
has nodular sclerosis at least in one glomerular; Class 
IV is when more than 50% of global glomerulosclerosis 
exists with other clinical or pathological evidence that 
sclerosis is attributable to DN.12,19,25

In a study conducted by Fioretto et al, where DN in 
T2DM patients’ histological lesions were classified into 
3 classes, 29.4% were classified as Class I (normal or 
near normal histological renal structure); 29.4% as Class 
II (typical changes in histopathological DN) and 41.2% 
as Class III (“atypical” patterns of injury with absent or 
only mild diabetic glomerular changes associated with 
disproportionally severe renal structures changes 
including important tubule-interstitial with or without 
arteriolar hialynosis or glomerular sclerosis). HbA1c 
levels were higher in Classes II and III, which suggests 
that hyperglycaemia may cause different patterns of 
renal injury.26 

� � �New paradigms on the classical phenotype natural 
history

Recently, the classical phenotype of DN has been 
questioned. Microalbuminuria does not invariably pro-
gress to proteinuria. In fact, in some patients regression 
or remission to normoalbuminuria has occurred. In the 
Araki et al. study, regression of microalbuminuria 
occurred in 50% of T2DM patients, whereas progression 
to overt proteinuria occurred in 28% of the patients.5 
In another study conducted by Gaede et al with a 
follow-up of 7.8 years, 46 out of 151 T2DM patients 
achieved remission to normoalbuminuria; 58 remained 

microalbuminuric and 47 progressed to overt nephrop-
athy. Remission to normoalbuminuria was associated 
with a decreased GFR decline during the follow up 
period (2.3± 0.4 mL/min/year vs. 3.7± 0.4 mL/min/year 
in microalbuminuric patients vs. 5.4± 0.5 mL/min/year 
in patients who progressed to overt proteinuria). This 
regression was more prone to happen when blood pres-
sure (ideally under 130/80 mmHg) and glycaemic blood 
levels (ideally HbA1c ≤ 6, 5%) were under control. The 
use of albumin-renin-aldosterone inhibitors (inhibitors 
of angiotensin-converting enzyme or angiotensin II 
receptor antagonist) have also shown significant help 
in reversion to normoalbuminuria, which explains why 
this medication should be used when controlling blood 
pressure in diabetic patients.27 Finally, recent data has 
shown that the decrease in renal function in diabetic 
patients can occur when patients have normoalbumi-
nuric levels, suggesting the existence of an alternative 
pathway.7,18 

� � Non-proteinuric phenotype

Many studies of the last decade have shown the 
possibility of a decline in GFR without the presence of 
proteinuria (UACR > 300 mg/g) in T2DM patients, the 
so-called non-Classical or non-Proteinuric phenotype 
(Table I).

In PERCEDIME2, a national cross-sectional study, renal 
impairment was found in 206 subjects with T2DM; of 
these 188 (91.3 %) were non-proteinuric.28 Another 
study analysed patients from the RIACE multicentre study 
and concluded that within patients with renal impair-
ment, 87.4% were non-proteinuric and 12.6% were pro-
teinuric.29 Results based on the cross-sectional NHANES 
III study show that 82.8% of diabetic patients with GFR 
<60mL/min/1.73 m2 demonstrated no proteinuria.30 In 
NEFRON 11, 87% of the patients with low eGFR had an 
UACR that was persistently in the non-proteinuric 
range.31 In another cross-sectional study, of 109 patients 
with renal impairment, 81 (74%) were non-proteinuric 
and 28 (26%) were proteinuric.32 In a Japanese cross-
sectional study, 73% of T2DM non-proteinuric patients 
had low GFR.33 A cross-sectional study based on NHANES 
III patients showed that of 171 patients with CKD, 81% 
were non-proteinuric and 19% proteinuric.34 Other stud-
ies showed similar results, such as the DEMAND study 
where CKD was found in 87% of non-proteinuric and 
13% of proteinuric diabetic patients.35 

Longitudinal studies, such as the UKPDS study, 
showed that within a 15-year follow-up of 1132 T2DM 
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Table I

Cross-sectional studies of non-proteinuric renal disease in type 2 diabetic patients

Cross sectional 
studies Study Design Age of cohort

(years)
Total renal 

impairment* n
Non-Proteinuria/ 

Proteinuria
Risk Factors associated 

with Non-proteinuric CKD
Rodriguez-Poncelas A 
et al (2013) 
(PERCEDIME 2)28

Study performed in primary care consults.
Microalbuminuria was defined as A2 and 
macroalbuminuria was defined as A3.
CKD was defined as GFR<G2 or the presence 
of renal damage if urinary ACR were ≥A1

66.8 ± 11.3 206 (18%) 91.3%  Non-
proteinuric 
8.7% Proteinuric

Older age; Female 
sex¸Systolic blood pressure 
(> 150 mmHg); Previous 
history of CVD. 

Penno G et al  
(2012)  
(RIACE study)29

Used RIACE database. 
Normoalbuminuria was defined as A1. 
microalbuminuria A2. and 
macroalbuminuria A3).  
According to eGFR  (ml/min/1.73m2)   
patients were divided into 5 classes: G1; G2; 
G3a/b ; G4 and G5.

65.1 ± 10.4 2959 (19%) 87.4% Non-
proteinuric 
12.6% Proteinuric

Female sex; Obesity; 
Hypertension;
Triglyceride 
concentrations.

Garg A et al  
(2002)
(NHANES 1988-1994)30

U.S NHANES III – conducted from 1988-1994 
was used to estimate the prevalence of 
albuminuria and renal insufficiency in the 
community.
The cutoff point used to define 
microalbuminuria was > 3.0 mg/mmol and 
for macroalbuminuria was > 37.8 mg/mmol. 
Participants were grouped into three strata 
of renal funcion (GFR > G2. G3a/b. G4).

20-39 years – 45.9%
40-59 years – 32.6%
60-79 years – 18.8%

≥ 80 years – 2.7%

233 (19.5%) 82.8% Non-
proteinuric
7.2% Proteinuric

No information

Thomas M et al  
(2009)
(NEFRON 11)31

Based on NEFRON database.
Patients were stratified according to 
standard Kidney Disease Outcomes Quality 
Initiative guidelines. 
Albuminuria was stratified according to 
International Diabetes Federation 
guidelines.

66 ± 1 920 (23%) 87% Non-
proteinuric.
13% Proteinuric

Female sex

MacIsaac R et al 
(2004)32

Used patients attending diabetes clinic at 
Austin Health. a tertiary referral center and 
teaching hospital of the University of 
Melbourne. Victoria. Australia. 
Normoalbuminuria was defined as A1 
microalbuminuria as A2. and 
macroalbuminuria as A3.
Patients were divided according to eGFR  in 
two categories ( < or ≥ G2).

70.6 ± 2 109 (36%) 74% Non-
proteinuric 28 
26% Proteinuric

Older age; Female sex

Yokoyama H et al 
(2009)33

Encompassed 17 medical clinics or general 
university-affiliated hospitals from different 
areas of Japan. 
Patients were stratified into five stages by 
eGFR values according to NKF guidelines.

59 ± 8 506 (15%) 73% Non-
proteinuric 
27% Proteinuric

Female sex; Older age; 
Obesity;
CVD; Triglyceride 
concentrations;
Smoking; Hypertension.

Kramer H et al
(2003)
(NHANES 1988-1994)34

Based on NHANES III. 
To define microalbuminuria in random urine 
specimens. sex-specific ACR cut points were 
used (≥17 and ≥25 µg/mg for men and 
women. respectively). Macroalbuminuria 
was defined as ACR of at least 250µg/mg in 
men and at least 355 µg/mg in women. 
GFR was calculated with MDRD equation. 
CRI was defined as GFR < G2.

56.8 ± 9.5 171 (14%) 81% Non-
proteinuric 
19% Proteinuric

No information

Dwyer J et al
(2012)
(DEMAND study)35

Normoalbuminuria as A1. microalbuminuria 
as A2 and macroalbuminuria as A3.
The stages of CKD were defined according to 
NKF.

62.5 ± 11.3 2586	
 (22%)

87% Non-
proteinuric 
13% Proteinuric

Female. Hypertension;
Dyslipidaemia; Smoking.

Retnakaran et al
(2006)
(UKPDS 74 study)22

Follow up 15 years.´
Normoalbuminuria as A1. microalbuminuria 
as A2 and macroalbuminuria as A3. CKD was 
defined as G3 or above.

52.4 ± 8.8 1132 51% non-
proteinuric
33% proteinuric 
prior to CKD
16% proteinuric 
after CKD

Female sex; Older age

Afghahi et al
(2010)
(Swedish NDR study)20

Follow up 5 years.
Normoalbuminuria as A1. microalbuminuria 
as A2 and macroalbuminuria as A3. CKD was 
defined as G3 or above.

60.3 ± 8.2 407 91.9% non-
proteinuric
8.9% proteinuric

Obesity; Serum 
triglycerides; 
older age

De Nicola et al 
(2017)36

Follow up 48.5 months.
Normoalbuminuria as A1. microalbuminuria 
as A2 and macroalbuminuria as A3. CKD was 
defined as G3 or above.

67.9  ± 13.3 2340 54.5% non-
proteinuric
45.5% proteinuric

Older age; Female sex

ACR – albumin-to-creatinine ratio. AER – Albumin excretion rate. CKD – chronic kidney disease. CKD-EPI – Chronic Kidney Disease Epidemiology Collaboration equation. CG – Cockcroft-
Gault equation. CRI – Chronic Renal Insufficiency. CVD – Cardiovascular disease. eGFR – estimated glomerular filtration rate. MDRD – Modification of Diet in Renal Disease. MDRD-
IDMS – Modification of Diet in Renal Disease study-isotope dilution mass spectrometry.  NKF – National Kidney Foundation.
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patients who developed renal impairment, 575 (51%) 
were always non-proteinuric throughout the study; 33% 
developed it after having proteinuric levels and 185 
(16%) developed it prior to proteinuric levels.22 The 
Swedish National Diabetes Register (NDR) study showed 
that among patients who developed renal impairment, 
91.9% were non-proteinuric.20 Similar results have also 
been reported in a more recent prospective cohort by 
the De Nicola et al study, consisting of 2340 patients 
with stage III-V of CKD; 54.5% of T2DM patients were 
non-proteinuric.36

� � Pathogenesis and risk factors

Several pathogenic mechanisms have been proposed 
to explain the non-proteinuric phenotype of T2DM 
nephropathy (Table II): 

1.	The existence of a well-preserved tubule that leads 
to a significant reabsorption of albumin from the 
glomerular filtrate, thus resulting in a diminished 
albumin excretion into normoalbuminuric levels.1 
In a review of histological aspects of diabetic 

nephropathy it was stated that type 2 normoal-
buminuric diabetic patients with chronic kidney 
disease (CKD) had more advanced glomerular, 
tubulointerstitial and vascular lesions than nor-
moalbuminuric with preserved renal function. 
Typical glomerular changes were less commonly 
seen in normoalbuminuric patients than albumi-
nuric, suggesting more heterogeneous changes in 
normoalbuminuric than albuminuric CKD.2

2.	An increase in intrarenal arteriosclerosis as 
opposed to classical glomerulosclerosis changes 
present in albuminuric subjects. MacIsacc et al. 
studied the role of intrarenal vascular disease in 
the pathogenesis of non-albuminuric renal insuf-
ficiency of T2DM patients. His conclusions were 
against this theory as diabetic patients with renal 
impairment had similar degrees of intrarenal vas-
cular disease, measured by intrarenal arterial 
resistance index, regardless of their albumin 
excretion rate (AER) status.37

3.	Diabetic patients are susceptible to repeated epi-
sodes of Acute Kidney Injury (AKI). These repeated 

Table II

Comparison of the proteinuric versus non-proteinuric phenotype

Proteinuric (UACR > 300mg/g) Non-Proteinuric (UACR <300mg/g)

Pathogenesis 1)Increases in glomerular permeability;
2)Recent theory proposes a two receptor model associated with a 
retrieval and degradation pathway.

1) �The existence of a well-preserved tubule that significantly reabsorbs 
albumin from the glomerular filtrate;

2) �An increase in intrarenal arteriosclerosis;
3) �Repeated episodes of Acute Kidney Injury may lead in a long turn to 

chronic kidney disease;
4) �Prevalence of macroangiopathic lesions over microangiopathic.

Risk Factors Ethnicity (American-Hispanics. Asians and African American); family 
history of diabetic kidney disease; genetic predisposition; male gender; 
smoking history; severe albuminuria; lower baseline estimated glo-
merular filtration rate; older age; diabetes duration; obesity; higher 
systolic blood pressure; poor glycaemic control; bad lipid level control; 
previous retinopathy; elevated white cell blood count.

Older age; Metabolic Syndrome; Female sex; Hypertension. Triglycerides 
concentration.

Histology Glomerular and tubular basement membrane thickening; Mesangial 
sclerosis that can be diffuse. nodular (Kimmelstiel- Wilson lesion). or 
both; Exudative lesions (intramembranous. sub-capsular. and arteriolar 
hyalinosis).

More heterogeneous changes.

Albuminuria Used as screening test for diabetic nephropathy. Less sensitive and specific than previously reported. New markers are 
needed alone or in combination with albumin to be used as screening 
test.

Treatment Renin-angiotensin-system inhibitors Renin-Angiotensin-System inhibitors seem to diminish albuminuria 
excretion levels but not have a significant effect on estimated glomeru-
lar filtration rate.

Prognosis One third of the patients progress to overt nephropathy.
Death more related to ESRD.

Probable better prognosis: fewer rates of progression to dialysis and 
mortality when compared to albuminuric chronic kidney disease;
Death more related to other causes than ESRD.
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episodes of AKI may lead in the long-term to CKD, 
as regenerator potential of tubular progenitors is 
limited.(38, 39)

4.	One of the most compelling pieces of evidence 
is the prevalence of macroangiopathic lesions over 
microangiopathic. This is supported by several 
studies showing a weaker relationship between 
renal impairment and normal albumin excretion 
levels with other microvascular complications 
such as diabetic retinopathy.40 In the Penno et al 
study the albuminuric CKD phenotypes with (OR 
2.967 95% CI 2.473-3.559) and without (OR 2.142 
95% CI 1.858-2.468) reduced GFR, were more 
strongly associated with advanced retinopathy 
than was the nonalbuminuric phenotype (OR 
1.290 95%CI 1.059-1.570).40 Penno et al also 
showed that neither intraindiviual HbA1c nor 
HbA1c variability were independently associated 
with low eGFR and normoalbuminuric stage 3 to 
5, suggesting that this phenotype was not related 
to glycaemic control.41 In addition, the same 
author reported a higher prevalence of cardio-
vascular disease (CVD) in normoalbuminuric 
patients with renal impairment.29 Other studies 
support the theory that macroangiopathy rather 
than microangiopathy is the prevailing pathway 
underlying non-proteinuric CKD.42

This new phenotype was found to be more pro-
nounced in the 60-79 years-old age group where 34% 
of diabetic subjects with GFR below 30 mL/min per 
1.73 m2 demonstrated no albuminuria levels.30 This 
association with older age raises the question if the 
decline in GFR isn´t actually the physiological nephron 
loss that happens with the aging process due to age-
related vascular changes. In Delanaye et al’s opinion 
paper, the authors defended the need of an age-cali-
brated definition of CKD in order to distinguish age-
related from disease related changes in eGFR. Support-
ing that in patients younger than 40 years, CKD should 
be defined as below 75 mL/min/1.73m², ages between 
40 and 65 years, defined by 60 mL/min/1.73m², and 
when older than 65 years, without albuminuria or pro-
teinuria, CKD should be defined by eGFR below 45 mL/
min/1.73m².This would avoid overestimating CKD 
(medicalization of senescence) in the elderly and under-
estimation CKD from potential treatable causes in 
younger patients.43 

The female sex seems to be the most related to this 
non-classical pathway.28,29,31-33,35,44 Metabolic syn-
drome was also a risk factor only in men younger than 

60 years old and postmenopausal women.45,46 Mottl 
et al showed that non-Hispanic whites had a higher 
preponderance of non-albuminuric CKD whereas non-
Hispanic blacks had greater preponderance of albumi-
nuric CKD.47 

� � Histopathological findings

To date few studies have compared histological find-
ings in patients with CKD and normoalbuminuria versus 
CKD with albuminuria (micro- or macroalbuminuria). 
The Ekinci et al.study classified kidney biopsies of nor-
mo- micro- and macroalbuminuric patients according 
to the Fioretto classification. Considering the normoal-
buminuric group of patients, 3 out of 8 were classified 
as class II (two with mild diffuse mesangial expansion 
and/or glomerular basement membrane thickening and 
one with advanced nodular diabetic glomerular scle-
rosis); another 3 out of 8 patients were classified as 
Class III (with predominantly interstitial or vascular 
changes) and the remaining two Class I (nonspecific 
changes). Microalbuminuric and macroalbuminuric 
patient biopsies were mainly classified as Class II. There-
fore, typical renal structure changes of DN were 
observed in T2DM patients with elevated levels of 
albuminuria, whereas in normoalbuminuric renal insuf-
ficiency these changes were less frequently seen.48 In 
another study by Budhiraja et al, kidney biopsies of 
non-proteinuric T2DM patients, with GFR < 60 mL/
min/1.73m² were analysed. On light microscopy, all the 
10 non-proteinuric diabetic patients had capillary wall 
thickening; 2 out of 10 patients had severe diffuse 
mesangial thickening but no nodules, while 8 patients 
had Kimmelstiel-Wilson nodules on the biopsy. The 
tubules and tubule interstitium was relatively well pre-
served and afferent and efferent arteriolar hyalinosis 
was also observed.49

� � Is albumin the best marker?

The existence of this new prevalent non-proteinuric 
phenotype in DN raises the question if albumin is 
indeed the best clinical predictor marker and screen-
ing test for CKD in diabetic patients. Actual guidelines 
state that the diagnosis of DN should be made by 2 
out of 3 abnormal UACR measures in a morning urine 
specimen or abnormal albumin level in 24-hour 
urine.50 In order to be a good clinical test, microal-
buminuria should meet two criteria: 1) a measurable 
rise should occur early enough to allow clinical inter-
vention, and 2) its rise in level should correlate with 
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outcomes. Unfortunately, neither of these conditions 
is fulfilled by microalbuminuria, as CKD can occur at 
normoalbuminuric levels and as microalbuminuria can 
regress to normoalbuminuria.51 Several studies sug-
gest that microalbuminuria is less sensitive and spe-
cific than previously reported. In a Japanese study, 
urinary albumin was found to be an unreliable indica-
tor for renal structure status in Japanese T2DM 
patients.52 However, in a review concerning this topic, 
albumin excretion rate was stated to be the best cur-
rently available non-invasive means of following the 
course of kidney disease in nonproteinuric diabetic 
patients, concurring that it does not predict DN with 
the accuracy suggested by other studies, as it can be 
estimated that 40% of dipstick-negative T2DM patients 
who are ultimately destined to develop proteinuria 
will be normoalbuminuric at initial screening, whereas 
60% will be microalbuminuric.53

Many studies have been conducted with the aim 
of finding new markers to replace or at least combine 
with albuminuria. Some investigated the concentra-
tion of inflammatory markers of TNF pathway (free 
TNFα, Total TNFα, TNFR1, TNFR2) and concluded that 
the risk for ESRD in T2DM was strongly associated 
with higher concentrations of circulating TNFR1 and 
TNFR2. This association was stronger in patients with-
out proteinuria than those with proteinuria; thus 
these two markers are possibly new predictors of 
ESRD, more revealing than proteinuria.54 A further 
study showed that urinary liver-type fatty acid-binding 
protein (L-FABP), a protein expressed in the proximal 
tubule of the human kidney, accurately reflected the 
severity of DN and was significantly higher in patients 
with T2DM who had normoalbuminuria than control 
subjects. Even though L-FABP significantly correlated 
with the albumin levels in all patients, it did not cor-
relate with urinary albumin levels in the subgroup 
with GFR above 60 mL/min per 1.73 m2. So association 
of albumin and L-FABP could be a good marker, not 
only for early diagnosis but also for risk stratification.55 
Another study into glomerular (IgG) and tubular mark-
ers (Proximal – KIM-1; NGAL; NAG; Cystacin C; Distal 
– H-FABP) in diabetic patients showed that differences 
between albuminuria categories were more pro-
nounced for glomerular (> 30-fold increase from nor-
moalbuminuria to macroalbuminuria) and distal tubu-
lar markers (> 21-fold increase). Differences were less 
pronounced for proximal tubular markers. After the 
adjustment for albumin, H-FABP was the only marker 
associated to eGFR, which makes it a promising marker 
in combination with albumin to predict the clinical 
outcome of DN.56

Recently Kopf et al. aimed to compare the urinary 
excretion of albumin and adiponectin as predictors for 
decline of renal function in patients with T2DM and 
early kidney disease. After 1 year of follow up they 
concluded that urinary high molecular weight adiponec-
tin (HMW-adiponectin) excretion might identify dia-
betic patients at increased risk of progression of kidney 
disease.57 In recent research into the role of microRNA 
as possible markers, Chien et al. concluded that DN 
progressors, which are patients with a more rapid 
change of eGFR or albumin creatinine ratio (ACR), exhib-
ited significantly greater serological levels of miR-21 
and miR-29 family, but not miR-192, in comparison to 
non-progressors, revealing that miRNAs may serve as 
early indicators of diabetes mellitus-mediated renal 
pathology. miR-21 is possibly the most sensitive circu-
lating miRNA to reflect early renal dysfunction.58 

In the Narita et al. study, elevated levels of transfer-
rin (a marker of glomerular damage) in non-proteinuric 
patients was a predictor for proteinuric development.59 
The Araki et al. study concluded that high urinary excre-
tion of type IV collagen was associated with deteriora-
tion of renal function in T2DM patients without overt 
proteinuria.60 In the Zurbig et al. cohort study, CKD273 
(an urinary proteomics-based classifier), when applied 
to non-proteinuric patients, was found to identify those 
patients who would develop diabetic nephropathy dur-
ing the follow-up period, with a better performance 
than UACR. Their results showed that this classifier 
identified progressors in 65% of the case subjects 5 
years earlier than when UACR was used.61

Taking all this into consideration, there is still the 
need for more studies on these new possible markers 
in order to validate them and include them in guidelines 
for DN diagnose and monitoring. Until then, clinicians 
should use for T2DM patients annual measurements 
of urinary albumin excretion levels in 24hours-urine or 
UACR measured in a morning urine specimen plus 
measurement of GFR by modification of diet in renal 
disease (MDRD) equation or Chronic Kidney Disease-
Epidemiology Collaboration equation (CKD-EPI), blood 
pressure measurements and funduscopic evaluation 
so that normoalbuminuric patients with renal impair-
ment can be detected and have a better follow-up.62

� � Treatment

Another question about this new phenotype: is the 
treatment used for the classical phenotype the best 
for the non-classical? Despite efforts, this question is 
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still unanswered, as little evidence exists in this matter. 
Interestingly, recent data have questioned the role of 
renin-angiotensin-system (RAS) inhibitors in the pro-
gression of CKD in T2DM patients. MacIsaac et al. found 
no significant difference in the use of any anti-hyper-
tensive agent, specifically RAS inhibitors, for proteinuric 
or non-proteinuric patients with GFR below 60 mL/min 
per 1.73 m2.32 Also, in the DEMAND study, patients 
with non-proteinuria or proteinuria, with or without 
treatment with angiotensin-converting-enzyme (ACE) 
inhibitors (tandalopril or delopril), had similar decreases 
in measured eGFR.35 This enhances the need for more 
studies on the subject to better clarify this question 
and to find new alternatives in order to optimize non-
proteinuric patients therapy. Until then clinicians should 
follow recent 2014 guidelines from  American Diabetes 
Association that recommend the use of RAS blockers 
(either ACE inhibitors or angiotensin II receptor blocker 
(ARBs), but not in combination) for non-pregnant 
patients with modestly raised albumin levels (30-299 
mg/day) or above 300 mg/day.63

� � Prognosis

This seems to be a controversial topic as there are 
contradictory results. Some studies which attempted 
to document the natural history of normoalbuminuric 
CKD suggested a better prognosis, with fewer rates of 
progression to dialysis and mortality when compared 
to albuminuric CKD.42 Riggaleau et al. during a follow-
up of 38 months concluded that changes in UACR, 
serum creatinine and MDRD eGFR did not differ sig-
nificantly according to baseline albumin level. However, 
in the normoalbuminuric group, albuminuria and serum 
creatinine levels persisted during all the follow up 
period. In contrast, both micro- and macroalbuminuric 
groups had progressive CKD during follow-up. These 
results suggest a better outcome in the normoalbumi-
nuric group.64 On the other hand, MacIsacc et al 
reported that the rate of decline in GFR was not sig-
nificantly different between non-proteinuric and pro-
teinuric patients.32 Interestingly, in a prospective study 
conducted by De Nicola et al, over a median follow-up 
of 48 months, an inverse relative risk of ESRD and death 
from other causes was observed in the non-proteinuric 
group, with this group of T2DM patients with higher 
mortality because of other causes than ESRD (p=0.002) 
versus the proteinuric group where death was in the 
majority of cases due to ESRD, rather than other causes 
(p < 0.0001).36 Also, in the Dreyer et al 5-year retro-
spective study, a cohort of 3855 diabetic patients, the 
annual adjusted decline in GFR for those with 

proteinuria at baseline was 2.05, with both South-Asian 
and black groups having a significantly rate decline than 
white groups.65 In a cohort study using a gold-standard 
method (plasma clearance of iohexol), Ruggenetti et 
al found no differences in GFR decline between pro-
teinuric and non-proteinuric patients, although the 
median GFR decrease was still much faster than in the 
general population.66 Therefore, more longitudinal 
studies are still needed to try to figure out the natural 
evolution in non-proteinuric T2DM patients.

� � �Doubts about the real existence of the non-proteinuric 
phenotype

Despite all the data published in the literature 
regarding the possible existence of a non-proteinuric 
phenotype, some authors have raised issues about it. 
First, that the MDRD equation underestimates the glo-
merular filtration rate, creating an artificial non-pro-
teinuric group. However, when the GFR by MDRD equa-
tion was compared with the isotopic GFR (i-GFR) the 
mean MDRD GFR (41.3 ± 13.1 mL/min per 1.73 m2) 
did not differ significantly from i-GFR (45.6 ± 29.7 mL/
min per 1.73 m2). In the non-albuminuric patients, 
i-GFR did not differ from MDRD GFR, showing that most 
normoalbuminuric diabetic subjects with CKD according 
to an MDRD GFR below 60 mL/min per 1.73 m2 do 
really have that GFR.64 Second, according to what has 
been previously reported, remission/ regression from 
microalbuminuria to normoalbuminuric levels is a con-
sequence of treatment (especially due to renin-angio-
tensin-blockers), rather than a true remission. There-
fore, diabetic patients with non-proteinuria may 
actually be proteinuric patients who have been con-
trolled with anti-hypertensive agents.9,27 In some stud-
ies, no significant differences were found in the use of 
any anti-hypertensive agent, specifically RAS inhibitors 
for patients with GFR below 60 mL/min per 1.73 m2 
and patients with non-proteinuria or proteinuria.32

Another possibility is that the so called non-protein-
uric phenotype is actually caused by non-diabetic renal 
disease (NDRD), that causes GFR decline. The Soley-
manian et al study, evaluated 46 T2DM patients. 34.8% 
had DN and 43.5% NDRD and 21.7% NDRD superim-
posed with DN. In the NDRD, membranous nephropathy 
(34%) was the most common. Also, NDRD was more 
related to a lower frequency of diabetic retinopathy, 
shorter duration of diabetes, higher range of proteinu-
ria and better kidney survival.67 However more studies, 
with a larger number of biopsies, are needed to validate 
these results.
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�� CONCLUSION

Cumulative evidence has shown that microalbumi-
nuria regression/remission is possible and that renal 
insufficiency may co-exist within a normal range of 
protein excretion. This new emerging phenotype is 
quite prevalent in T2DM patients, and found more 
often in the presence of female sex, older age and 
metabolic syndrome. The non-proteinuric phenotype 
probably is due to a distinct pathological pathway, 
more related to macroangiopathic lesions rather than 
microangiopathic. Albuminuria is believed to be the 
best marker of DN. However, tubular markers such as 
L-FABP, H-FABP or miR-21, CDK273 and transferrin 
seem promising markers for early stage renal disease. 
Also, HMW-adiponectin may be useful in identifying 
diabetic patients at higher risk of progression of kidney 
disease. More studies are needed to confirm the pos-
sible use of these new markers either alone or in 
association with albuminuria. Treatment with RAS 
inhibitors, according to evidence, might not be the 
most adequate therapy for non-proteinuric T2DM 
patients. They do not seem to significantly affect GFR 
decline in this type of patients. Prognosis is still 
unclear, as contradictory evidence exists, but probably 
it has a better prognosis when compared to the clas-
sical phenotype.

In conclusion, the majority of the medical community 
is still unaware of this new phenotype, which can lead 
to the underdiagnosis of DN. Despite every effort to 
make this new phenotype more widely known, more 
studies are needed to clarify its epidemiology, patho-
genesis, risk factors, diagnostic methods, new biomark-
ers, best treatment approach and its prognosis.
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