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OBJECTIVE —The structural basis of normoalbuminuric renal insufficiency in patients with
type 2 diabetes remains to be elucidated. We compared renal biopsy findings in patients with
type 2 diabetes and estimated glomerular filtration rate (eGFR) and measured GFR of <60 mL/
min/1.73 m?, associated with either normo-, micro-, or macroalbuminuria.

RESEARCH DESIGN AND METHODS —In patients with normo- (n = 8) or microalbu-
minuria (n = 6), renal biopsies were performed according to a research protocol. In patients with
macroalbuminuria (n = 17), biopsies were performed according to clinical indication. Findings
were categorized according to the Fioretto classification: category 1 (C1), normal/near normal;
category 2 (C2), typical diabetic nephropathy (DN) with predominantly glomerular changes; and
category 3 (C3), atypical with disproportionately severe interstitial/tubular/vascular damage and
with no/mild diabetic glomerular changes.

RESULTS—In our study population (mean eGFR 35 ml/min/1.73 m?), typical glomerular
changes (C2) of DN were observed in 22 of 23 subjects with micro- or macroalbuminuria
compared with 3 of 8 subjects with normoalbuminuria (P = 0.002). By contrast, predominantly
interstitial or vascular changes (C3) were seen in only 1 of 23 subjects with micro- or macroalbu-
minuria compared with 3 of 8 normoalbuminuric subjects (P = 0.08). Mesangial area increased
progressively from normal controls to patients with type 2 diabetes and normo-, micro-, and macro-
albuminuria. Varying degrees of arteriosclerosis, although not necessarily the predominant pattern,
were seen in seven of eight subjects with normoalbuminuria.

CONCLUSIONS —Typical renal structural changes of DN were observed in patients with
type 2 diabetes and elevated albuminuria. By contrast, in normoalbuminuric renal insufficiency,
these changes were seen less frequently, likely reflecting greater contributions from aging, hy-
pertension, and arteriosclerosis.
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n diabetic kidney disease (DKD), in-
cipient diabetic nephropathy (DN) is
classically defined by increasing albu-
minuria, heralding a decline in glomeru-
lar filtration rate (GFR) (1), which usually
does not occur until the transition to

macroalbuminuria (overt DN). However,
a proportion of patients with either type 1
or type 2 diabetes does not follow this clas-
sical albuminuric pathway, instead show-
ing declining renal function in the absence
of an elevated albumin excretion rate (AER)
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(2,3). Previously, we have reported that up
to 25% of patients with type 1 or type 2
diabetes have reduced renal function in the
setting of a normal AER (<20 pg/min) (3).
Others have also reported a reduction in
GFR with normoalbuminuria in patients
with type 1 diabetes (4). Subsequent stud-
ies have further demonstrated this dissocia-
tion between decreased GFR and increased
albuminuria in patients with type 2 or type 1
diabetes (5-9).

In patients with type 1 diabetes and
reduced GFR, classic glomerular changes
of DKD have been described regardless of
albuminuria status (2,10). By contrast, in
patients with type 2 diabetes and DKD,
regardless of the level of GFR or urinary
AER, renal biopsy findings are generally
accepted to be more heterogeneous than
in type 1 diabetes. One study by Fioretto
etal. (11) of subjects with type 2 diabetes,
microalbuminuria (AER 20-200 pg/min)
and preserved GFR showed heterogeneous
changes on renal biopsy. These changes
were classifiable into three categories: cate-
gory 1 (C1), defined by normal or near-
normal renal structure, category 2 (C2),
typical DN with predominantly glomerular
changes, and category 3 (C3), defined by
disproportionately severe interstitial, tubu-
lar, or vascular damage and few or no glo-
merular changes.

To date, few studies have compared
renal biopsy findings in subjects with
type 2 diabetes, reduced GFR, and different
degrees of albuminuria, and as a result, the
histological basis of normoalbuminuric
DKD remains poorly understood. The aim
of this study, therefore, was to investigate
renal biopsy findings in subjects with type 2
diabetes and impaired renal function (mea-
sured or estimated GFR [eGFR] <60 mL/
min/1.73 m?) associated with normo-,
micro-, or macroalbuminuria.

RESEARCH DESIGN AND
METHODS

Patients and procedures

Patients attending the Diabetes Clinics at
Austin Health routinely undergo regular
measurements of renal function and 24-h
urine collections for assessment of AER.
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Study Protocol

Biopsy type

GFR (mL/min/1.73 m?) <60
AER category
Pre biopsy (n) 10

At biopsy (n) 8

Normo

Research Research Clinical
<60 <60

Micro Macro
4 17

Figure 1—Study protocol. Fourteen patients had research renal biopsies, and 17 patients with
macroalbuminuria had renal biopsies for clinical reasons. As part of the study protocol, after
ceasing RAS inhibitor therapy for 4—6 weeks prebiopsy, 2 out of 10 patients with normoalbu-
minuria developed microalbuminuria (“pseudonormoalbuminuria”), making the total number of
patients with normoalbuminuria eight and with microalbuminuria six. Normo, normoalbumi-
nuria; micro, microalbuminuria; macro; macroalbuminuria.

Patients with impaired renal function
(eGFR <60 mL/min/1.73 m* using Mod-
ification of Diet in Renal Disease formula)
and AER within the normoalbuminuric
(<20 pg/min in two out of three consecutive
24-h urine collections) or microalbuminuric
range (<200 pg/min in two out of three
consecutive 24-h urine collections) were in-
vited to participate in the study.

Between 2005 and 2010, research
renal biopsies were performed in patients
with normoalbuminuria and microalbumi-
nuria. In the same period, clinically indicated
biopsies were performed in macroalbuminu-
ric patients with eGFR <60 mlL/min/1.73
m?. The study was approved by the Human
Research Ethics Committee at Austin Health.

In patients with normo- or micro-
albuminuria, renal biopsies were per-
formed according to a research protocol,

and eGFR was supplemented with iso-
topic "™ Te-diethylene triamine penta acetic
acid (DTPA) measurement of GFR. Patients
with normoalbuminuria or microalbuminu-
ria receiving a renin-angiotensin system
(RAS) inhibitor had this therapy withheld
for 4—6 weeks prebiopsy. These medications
were withheld prebiopsy in order to exclude
the presence of normoalbuminuria due to
RAS blockade, so called “pseudonormoal-
buminuria.” During this period, patients
were reviewed at two weekly intervals. If
blood pressure increased to >140/80
mmHg, alternative, non-RAS antihyperten-
sive agents were used to control blood pres-
sure. Albuminuria status was then
reassessed with a repeat 24-h urine col-
lection prebiopsy.

Patients fasted from midnight the
night before the renal biopsy and were

Table 1—Baseline characteristics of the study participants
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admitted to the Day Treatment Centre,
Austin Health. An intravenous cannula
was inserted. A 14-gauge TruCut biopsy
needle was inserted into the kidney un-
der real-time ultrasound guidance and
one or two 1-2 cm cores of tissue were
withdrawn.

Light and electron microscopy
studies

Tissue for light microscopy (LM) was
prepared using standard techniques (for-
malin fixation, processing to paraffin wax,
sections cut at 1-um thickness, stained
with hematoxylin and eosin, periodic
acid—Schiff, Masson’s trichrome, and sil-
ver impregnation). Sections for either im-
munofluorescence (using frozen tissue)
or immunoperoxidase (using paraffin-
embedded tissue) were stained with
antibodies to immunoglobulins and
complement. Tissue for electron micros-
copy (EM) was prepared by fixation in
2.5% glutaraldehyde and resin embedded,
and ultrathin sections were examined on a
Jeol transmission electron microscope. Ba-
sic renal morphology was assessed at LM,
including semiquantitative assessment of
global glomerulosclerosis (GS) (GS score
0=<10%, 1 =10-25%, 2 = 26-50%,
and 3 = >50%), glomerular mesangial ex-
pansion (score O = none or mild and focal,
1 = mild and diffuse, 2 = obvious and dif-
fuse, and 3 = nodular), tubular atrophy
(TA), interstitial fibrosis (IF) (TA/IF score
0 =<5% biopsy area, 1 =5-25%, 2 = 26—
50%, and 3 = >50%), arteriosclerosis
(score 0 = none, 1 = vascular narrowing

Normoalbuminuria Microalbuminuria Macroalbuminuria

Group (n=28) n=06) n=17) P value
Sex 3M,5F 5M,1F 14M,3F 0.053
Age (years) 67 2.0 69 2.8 6320 0.159
Duration (years) 12+24 12 =35 18 £2.1 0.175
BMI (kg/m®) 34+16 33+27 31+17 0.508
Smoking 0/8 3/6 2/17 0.047
Retinopathy (proliferative or nonproliferative

diabetic retinopathy) 4/8 3/6 13/17 0.236
AER (pg/min) 79+12 113 £ 19 2,087 = 336
eGFR (mL/min/1.73 m?) 41 £ 3.0 48 = 4 31 £3 0.004
Brochner-Mortensen corrected DTPA GFR 47 = 7 (performed in 49 £ 2 (performed in

(mL/min/1.73 m?) 5 of 8 patients) 5 of 6 patients) Not performed

+ + +

Hb (%) ol o) S1=2) 153 Sexas O3
Triglycerides (mmol/L) 2604 1.8+03 25*04 0.519
Cholesterol (mmol/L) 44 *£02 41 *+04 47 *03 0.529
Data shown as mean * SD. P values obtained {from ANOVA (continuous variables) or Fisher exact (categorical variables) tests. F, female; M, male.
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Table 2—Renal structure patterns in patients with type 2 diabetes

Albuminuria category Normoalbuminuria Microalbuminuria Macroalbuminuria
Fioretto et al. (11)
GFR >60 mL/min/1.73 m* (mean GFR
101 *+ 27 mL/min/1.73 m?) n=34
. Cl C2 C3
Number of subjects per category 10 10 14
Current study
GFR <60 mL/min/1.73 m? n=8 n=6 n=17
Mean MDRD eGFR (ml/min/1.73 mz) 41 = 3.0 48 = 4 31 £3
Number of subi Cl C2 C3 Cl C2 C3 Cl C2 C3
umber of subjects per category
2 3 3 0 5 1 0 17 0

C1, defined by normal or near-normal histology; C2, defined by histology reflecting typical DN with predominantly glomerular changes; C3, defined by atypical
histology, with disproportionately severe interstitial, tubular, or vascular damage and few or no glomerular changes; MDRD, Modification of Diet in Renal Disease.

of <25% luminal area in the most affected
vessel, 2 = 26-50% narrowing, and 3 =
>50% narrowing), and arteriolar hyalino-
sis (score 0 =none, 1 = mild to moderate in
at least one arteriole, 2 = moderate to se-
vere in >1 arteriole, and 3 = severe in
many arterioles). Evidence of glomerulo-
nephritis and other nondiabetic causes for
renal impairment was sought. All biopsies
contained sufficient glomeruli for diagnos-
tic evaluation. EM assessment included
quantitation of glomerular basement
membrane (GBM) thickness and mesan-
gial area (by computer-assisted measure-
ment using Digimizer (version 4.2.2)
image analysis software (MedCalc Soft-
ware, Ostend, Belgium). Mesangial area
was obtained using an on-screen drawing
tool to define the boundaries of each me-
sangial area. Transverse sections through
the middle of representative glomeruli
were chosen. For each subject, all identifi-
able mesangial area per glomerulus was
measured. The mean mesangial in a

glomerulus per subject was calculated.
The normal range of mesangial area was
calculated from examination of nondia-
betic control patients from our institution
in whom biopsies were performed for clin-
ical reasons and showed qualitatively nor-
mal mesangium and in some cases thin
basement membrane disease. LM was as-
sessed by two experienced renal patholo-
gists, and by consensus, each biopsy was
classified according to the three patterns of
renal injury described for microalbuminu-
ric patients with type 2 diabetes, i.e., nor-
mal or near-normal renal structure (C1),
“typical” DN (C2), and “atypical” patterns
of renal injury (C3), with absent or mild
diabetic glomerular changes associated
with disproportionately severe tubulointer-
stitial lesions, arteriolar hyalinosis, and/or
global GS (11).

Statistical analysis
One-way ANOVA was used to test for
differences among micro-, normo-, and

Figure 2—Histological appearances representative of normoalbuminuric cases. A: Patient 1,
from Table 3, demonstrating normal glomerulus and arteries, Fioretto C1. B: Patient 3, from
Table 3, demonstrating advanced diabetic GS and arteriosclerosis (inset), Fioretto C2. C: Patient
8, from Table 3, demonstrating minimal glomerular mesangial expansion and severe arterio-
sclerosis (inset), Fioretto C3 (all images periodic acid-Schiff stain, original magnification

X200).

macroalbuminuric groups for continuous
variables, which are reported as mean =
SD. Categorical variables were analyzed
using the X~ test or Fisher exact test. Sta-
tistical significance was assigned at the
P < 0.05 level. Microsoft Excel and
SPSS version 16.0 were used for the sta-
tistical analyses.

RESULTS —Fourteen patients had re-
search renal biopsies, and 17 patients
with macroalbuminuria had renal biop-
sies for clinical reasons (Fig. 1 and Table 1).
As part of the study protocol, after ceasing
RAS inhibitor therapy for 4-6 weeks pre-
biopsy, 2 out of 10 patients with normoal-
buminuria developed microalbuminuria
(“pseudonormoalbuminuria”), making
the total number of patients with normoal-
buminuria eight and microalbuminuria
six (Fig. 1).

The baseline characteristics of the
study participants are shown in Table 1.
There was a trend for a higher proportion
of women in the normoalbuminuria
group (P =0.05). There were more smok-
ers (P < 0.05) in the microalbuminuria
group. The eGFR was lower in the macro-
albuminuria group (P < 0.005). Other-
wise there were no statistical differences
between the groups. Eighty percent of the
study population had hypertension.

Renal structural patterns in the 31
patients in the current study are shown in
Table 2. We identified typical glomerular
changes of DN (C2) in 22 of 23 patients:
5 of 6 patients with microalbuminuria
(mean eGFR 48 mL/min/1.73 m?) and
17 of 17 patients with macroalbuminuria
(mean eGFR 31 mL/min/1.73 m?), com-
pared with 3 of 8 patients with normoal-
buminuria (mean eGFR 31 ml/min/1.73
m?, P = 0.0002, Fisher exact test). In the
study group as a whole with a mean eGFR
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normo-, micro-, and macroalbuminuria
(Fig. 3).

CONCLUSIONS —We report that in
patients with type 2 diabetes and renal
insufficiency (eGFR <60 mL/min/1.73
m?), the typical glomerular changes of
DN are less common in normoalbuminu-
ric patients than in patients with micro- or
macroalbuminuria. This suggests a multi-
factorial pathogenesis for the renal disease
in these patients, with possible contribu-
tions from aging, hypertension, and vas-
cular disease in addition to the specific
contribution from diabetes.

In nearly all (22 of 23) patients with
micro- or macroalbuminuria, typical glo-
merular changes (C2) of DN were ob-
served. This was a significantly higher
proportion than in a previous study in
patients with type 2 diabetes, microalbu-
minuria, and a mean GFR of 101 *= 27
mL/min/1.73 m?, of whom 10 of 34 pa-
tients showed a predominantly glomeru-
lar pattern of renal structural changes
(Table 2, P < 0.0001, x*) (11). This is
likely due to the selective recruitment of
patients with eGFR <60 mL/min/1.73 m*
in the current study. Since it has been
demonstrated that in patients with type
2 diabetes and increased AER, the reduction

in GFR is correlated with the degree of
mesangial expansion and GBM thickening
(12), it is not surprising that the vast ma-
jority of patients in the current study with
reduced GFR and micro- or macroalbumi-
nuria had classic diabetic glomerulopathy.
Furthermore, we found that the mesangial
area increased progressively from normal
control subjects to patients with type 2 di-
abetes and normo-, micro-, and macroal-
buminuria (Fig. 3). This is consistent with
the concept that mesangial expansion is
related to decline in GFR in diabetes (10).

Although AER remains an important
marker of DKD risk, the absence of an
elevated AER does not identify patients
with type 2 diabetes who are protected
from a progressive decline in GFR (5).
Compared with patients with similarly
decreased GFR and macroalbuminuria,
we have previously found that patients
with normoalbuminuria were more likely
to be older and female (5). In the current
study, although the mean age was similar
in the three groups, 5 of 8 subjects with
normoalbuminuria were females, compared
with 1 of 6 in the microalbuminuria and 3 of
17 in the macroalbuminuria groups. There
was a predominance of typical DN (C2) in
all micro- and macroalbuminuria patients.
In subjects with normoalbuminuria, seven

Mesangial area (Mean+/-SEM)

Micron 2
2500
2000
1500
1000
. B .
0
normal C normo
n=6 n=%6

1

micro macro

n==8
P=0.02

n=3

Figure 3—Mean mesangial area (micron®) across normal controls (normal C), patients with
type 2 diabetes and normoalbuminuria (normo), patients with type 2 diabetes and micro-
albuminuria (micro), and patients with type 2 diabetes and macroalbuminuria (macro). P =0.02,
one-way ANOVA for mean mesangial area across the four groups.

of eight also had varying degrees of renal
arteriosclerosis, implying that aging,
blood pressure, and intrarenal vascular
disease may be playing pathogenic roles.

Previously, we have demonstrated a
role for intrarenal vascular disease in renal
insufficiency in diabetes. In that study
(13), patients with an eGFR <60 mL/min/
1.73 m” had a higher resistance index of
the renal interlobar arteries compared
with patients with an eGFR =60 mL/
min/1.73 m?. Intrarenal vascular disease
was associated with increased age and
BMI and decreased eGFR and blood pres-
sure. However, there was no relationship
between AER status and intrarenal vascu-
lar resistance (13). It is likely that aging
and hypertension are the chief contribu-
tors to the atypical nephropathy (C3)
changes seen in patients with renal insuf-
ficiency and normoalbuminuria. Studies
in animal models, such as the Cohen di-
abetic rat, may also provide further insights
into normoalbuminuric DKD, because in
this model, urinary protein excretion does
not increase with the development of di-
abetes despite decreasing creatinine clear-
ance and typical changes of DN on renal
biopsy (14). However, this does not mimic
the atypical pattern of renal damage with
no or mild glomerular changes seen in the
C3 patients.

Earlier studies of renal structure in
type 2 diabetes and overt nephropathy
have shown conflicting results, with some
suggesting that the incidence of nondia-
betic kidney disease is uncommon (15,16),
similar to patients with type 1 diabetes,
whereas others have reported a higher in-
cidence of nondiabetic kidney disease in
patients with type 2 diabetes (17-19). The
characteristic histological lesions of DN,
mesangial expansion and thickening of
the GBM, correlate with rising proteinuria
(20), and the decline in GFR is at least
partly explained by the loss of filtration
surface that accompanies mesangial ex-
pansion (20). By contrast, the structural
basis of low GFR without an increase in
albuminuria includes not only mesangial
expansion but also tubulointerstitial and
vascular changes.

Prominent interstitial pathology, in-
cluding IF, TA, and mononuclear cell
infiltration, correlates with renal micro-
vascular alterations in long-standing DN,
and it has been suggested that this is due
to chronic ischemia (16,21,22). Further-
more, IF has been proposed as a codeter-
minant of decline in renal function in DN
(23,24). An earlier biopsy study demon-
strated atubular glomeruli and atrophic

3624

DiaABETES CARE, VOLUME 36, NOVEMBER 2013

care.diabetesjournals.org



tubules in patients with type 2 diabetes
and low levels of proteinuria and sugges-
ted that both glomerular and interstitial
damage may lead to the development of
atubular glomeruli in patients with type 2
diabetes (20). However, in the current
study, the existence of atubular glomeruli
was not assessed.

The main limitation of this study is
the small sample size. Although this is the
first biopsy study exploring the associa-
tion between normoalbuminuria and im-
paired renal function in patients with type
2 diabetes, this was a single-center study
including only six patients with micro-
albuminuria. There was slow recruitment
of participants in the current study due to
the reluctance of both clinicians and
patients to perform a renal biopsy as this
is an invasive procedure with risk (25).
Two of the patient renal biopsies were
complicated by bleeding episodes requir-
ing blood transfusions. In the current
study, 17 of 17 patients with macroalbu-
minuria and type 2 diabetes undergoing a
clinically indicated renal biopsy had typ-
ical changes of diabetes, suggesting that
nondiabetic disease is relatively rare in
these patients. This finding is in concor-
dance with a previous study designed to
evaluate the prevalence of nondiabetic
renal disease in type 2 diabetes, in which
29 of 33 patients with type 2 diabetes
and proteinuria had typical diabetic le-
sions (16). In our study, diagnostic cat-
egories were assigned based on LM
appearance (according to Fioretto), sup-
ported in most cases by EM findings. As-
signment to Fioretto C1 did not exclude
the possibility of early mild DN, which
requires quantitative EM assessment for
diagnosis.

We used a classification system de-
veloped by Fioretto et al. (11), which dif-
fers from a recent classification system
proposed by the Research Committee of
the Renal Pathology Society (RPS), histo-
pathological classification based purely
on glomerular lesions (26). Under this
classification, our normoalbuminuric ca-
ses would be assigned as unclassified
(four cases), class I (one case), class Ila
(two cases), and class III (one case) (see
Table 3). The more severe lesions corre-
spond to our Fioretto C2 cases, stratified
by severity of diabetic glomerular changes.
Two of the unclassified cases were as-
signed to Fioretto C3, which illustrates a
shortcoming of the classification system
proposed by the Research Committee of
the RPS in that it underemphasizes the con-
tribution of vascular and tubulointerstitial

injury in diabetes. Given the heterogeneity
of the renal lesions underlying DN and the
complex natural history of the disease, the
RPS scheme is not yet ready for clinical
application but should be considered an
important first step toward the develop-
ment of a clinically useful classification
system (27). A study of 50 patients com-
pared clinical features with the RPS classi-
fication of DN and found a decrease in
mean eGFR and decreased 5-year renal
survival as glomerular lesions increased
from class I to IV (28).

In summary, in subjects with type 2
diabetes and reduced renal function, nor-
moalbuminuria is associated with het-
erogeneous changes in renal structure.
Furthermore, in patients with type 2 di-
abetes and reduced GFR, microalbuminu-
ria and macroalbuminuria are associated
with a predominantly glomerular pattern
of renal damage, in contrast to the mixed
pattern previously shown in microalbu-
minuric patients with type 2 diabetes and
normal GFR (11). In type 2 diabetes, renal
structural changes, both glomerular and
nonglomerular, are more heterogeneous
in normoalbuminuric than in albuminuric
renal insufficiency. This suggests that ag-
ing, perturbations in blood pressure, and
the development of intrarenal vascular
disease may contribute to decreases in re-
nal function independently of changes in
albuminuria.
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