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Abstract

AIM: To examine the risk of renal events in patients
with biopsy-proven diabetic nephropathy (DN) and its
possible associated factors.

METHODS: Clinical and histological data of 60 pa-
tients diagnosed with diabetic nephropathy were retro-
spectively collected. Patients with evidence or suspicion
of other nephropathies were excluded from the study.
The final event was defined as renal replacement ther-
apy (RRT) initiation or progression of chronic kidney
disease (CKD), according to the KDIGO 2012 definition
of a decrease in CKD category and a decrease in GFR
of 25% or more.

RESULTS: A total of 45 patients with a follow-up of at
least 3 mo were included. Most of the patients pre-
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sented type 2 DM, with a median age of 58.3 years
old. The time of evolution of DM was 9.6 + 7.8 years,
although in 13 patients, it was less than 5 years. A
total of 62% of patients reached the final event in
a mean period of 3.4 years (95%CI: 2.1-4.7), with
21 of them requiring dialysis. The factors that were
independently associated with renal survival were es-
timated glomerular filtration rate (eGFR) at the time
of biopsy, cardiovascular disease (CVD) history and
HbA1lc less than 7%. Therefore, for each 10 mL/min
per 1.73 m’ reduction in eGFR, we obtained a DN
progression risk of HR = 2 (1.3-3.0) (P = 0.001); pa-
tients with CVD were at greater risk for DN progres-
sion (HR = 2.8, 1.1-7.1, P = 0.032), and CKD patients
with HbAlc < 7% demonstrated greater renal risk
than patients with HbAlc = 7%, with an HR of 2.9
(1.0-8.4) (P = 0.054).

CONCLUSION: A past history of CVD is a risk fac-
tor for DN progression. Levels of HbAlc less than 7%
could favor an eGFR decrease in these patients.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: There are other forms of presentation of dia-
betic nephropathy (DN), in addition to progressive pro-
teinuria, that can result in renal insufficiency. In some
cases, DN is diagnosed in advanced stages, without
previous suspicion of this diagnosis. The clinical course
can be atypical, and the time of evolution of diabetes
mellitus can be short. Not all the factors that play a
role in the evolution of DN have been elucidated. Our
findings suggest that in patients with chronic kidney
disease secondary to DN, a previous history of cardio-
vascular disease and HbA1c less than 7%, are negative
prognostic factors for renal function.
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INTRODUCTION

The risk factors for diabetic nephropathy (DN) include
genetic predisposition“’zl, poor glycemic control”, older
agem, male sex"”, duration of diabetes, hypertensionm
and smoking. Classically, the natural history of the dis-
ease was considered to be an evolution that began after

5-15 years after the onset of diabetes with albuminuria’”,

Albuminuria increases cardiovascular risk, but it also in-
creases the risk of progression to proteinuria, especially
in type 1 diabetes mellitus (T 1DM)". Tt is unclear what
predisposes 50% of individuals with albuminuria to
progress to proteinuria in a phase that lasts approximately
10 years"”. After the development of proteinuria, 50% of
patients will progress to end-stage renal disease (ESRD)
in 7-10 years'"”. High risk of cardiovascular disease (CVD)
further increases with deteriorating renal function. Some
factors have been implicated in the increased rate of
decline in kidney function, especially in type 2 diabetes
mellitus (T2DM): higher baseline albuminuria; high sys-
tolic blood pressure; higher hemoglobin Alc; estimated
glomerular filtration rate (¢GIFR); age; and coexistence of
diabetic retinopathyﬂo’m. However, a large inter-individual
variation in the rate of decline in glomerular filtration
rate (GFR) has been reported in both type 1 and type
2 DM. Recently, a nonalbuminuric renal impairment
phenotype was described in T2DM, which has distinct
clinical features that are not associated with HbAlc
and that are correlated less strongly with retinopathy
and hypertensionm; this phenotype is associated with a
higher prevalence of CVD and suggests a predominance
of macroangiopathy as the underlying renal pathology,
which has yet to be demonstrated. In T1DM, the devel-
opment of advanced CKD relatively soon after the onset
of albuminuria has been described, and this progression
was not conditional to the presence of proteinuriam].
Reduced eGFR also occurs among long-standing normo-
albuminuric type 1 diabetic patients and has been associ-
ated with more advanced diabetic glomerular lesions and,
probably, with increased risk of progressionm.

In patients with DN, there has also been described a
nonlinear, abrupt and rapid progression pattern similar
to that described by others™ as rapid-onset end-stage
renal disease, which some authors have related to inflam-
mation and episodes of acute renal failure!"”,

This spectrum of progression patterns highlights the
need for the identification of risk factors for the loss of
renal function early in the course of DN, especially in
patients with histopathological confirmation of this di-
agnosis.

The aim of this study was to examine the risk of
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renal events in patients with biopsy-proven DN and its
possible associated factors.

MATERIALS AND METHODS

We studied all the patients diagnosed with DN by renal
biopsy at a Spanish center between December 1998 and
December 2012, who had a minimum 3-mo follow-up
after the biopsy. Of a total of 60 patients with histo-
pathological diagnoses of DN at our center, we excluded
3 patients who had less than 6 glomeruli on biopsy, 10
patients with evidence of another associated nephropa-
thy (2 IgA nephropathies, 1 membranous nephropathy,
1 membranoproliferative glomerulonephritis associated
with HVC, 2 tubulointerstitial nephritis, 2 acute tubular
necrosis, 2 with amyloidosis AA) and 2 patients with
acute kidney injury: 1 with a functional etiology and the
other with septic shock. A total of 45 patients diagnosed
with “pure” DN and a sufficient number of glomeruli
for the diagnosis were included.

In all the cases, the nephrologist was the specialist
who recommended the biopsy, considering all the avail-
able data. We classified the indications for renal biopsy
into three groups: nephrotic proteinuria with or without

nephrotic syndrome; rapidly progressive kidney injury
(RPKI); and CKD. All the renal biopsies were revised by
a nephropathologist to confirm the glomerular classifi-
cation type, the grade of interstitial fibrosis and tubular
atrophy (IFTA), interstitial inflammation, arteriolar hya-
linosis and the presence of large vessel arteriosclerosis
on the basis of the criteria previously described"”. Four
types are described: Glomerular Class [, glomerular
basement membrane thickening; Class II, mesangial
expansion, mild (Il a) or severe (Il b); Class I, nodular
sclerosis (Kimmelstiel-Wilson lesions); and class 1V, ad-
vanced diabetic glomerulosclerosis.

The demographic, clinical, and laboratory data and
comorbid conditions of every patient at the time of bi-
opsy were extracted from clinical records. We recorded
the date when the nephrologist began follow-up and
whether the patients were receiving treatment with re-
nin-angiotensin aldosterone system inhibitors (RAASIs),
statins or antiplatelet drugs.

In 39 patients, we had available information on base-
line renal function from 1.1 to 24.1 mo before renal bi-
opsy. We recorded the last follow-up serum creatinine or
the starting date of RRT for all the patients.

The glomerular filtration rate was estimated ac-
cording to the CKD-EPI formula'! at baseline, at renal
biopsy and at the last follow-up visit. The eGFR and
albuminuria categories of CKD were classified accord-
ing to the KDIGO 2012 classification. In this manner,
six eGFR categories were recognized (mL/min per 1.73
m’): G1 = eGFR = 90; G2 = (60-89; G3a = 45-59; G3b
= 30-44; G4 = 15-29; and G5 < 15. Proteinuria catego-
ries were described based on protein-to-creatinine ratio
(mg/g) or protein excretion rate (mg/24 h) as follows:
Al < 150; A2 = 150-500; and A3 = 500.
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Table 1 Clinical characteristics at renal biopsy 7 (%)

Total n =45
Age (yr) (range) 583 +13.3 (28-84)
Sex (men) 32 (71.1)
Diabetes type 2 38 (84.4)

Diabetes duration (yr) (range)
BMI (kg/m’) (range)

9.6+ 7.8 (0-35)
29.3+5.3 (27.8-47.8)

Obesity BMI > 30 kg/m” 18 (40.9)
Hypertension (yes) 42 (93.3)
Smoker, active or past (yes) 34 (75.6)
Dyslipidemic (yes) 33 (73.3)
Ischemic heart disease (yes) 7 (15.6)
CVA (yes) 6 (13.3)
Peripheral arterial disease (yes) 8 (17.8)
Any CVD 16 (35.6)
Hematuria (yes) 18 (41.9)
Serum albumin (g/dL) (range) 34+0.7 (2-5)
HbAlc% (range) 6.5+1.4 (4.1-9.3)
Total cholesterol (mg/dL) 177.9 £ 58.7
Previous nephrology care (yr) (range) 1.21+24 (0-12)
RAASI treatment 40 (88.9)
Statin treatment 33 (73.3)
Antiplatelet drug treatment 21 (46.7)

BMI: Body mass index; CVD: Cardiovascular disease; RAASI: Renin-
angiotensin aldosterone system inhibitor; CVA: Cerebrovascular accident.

The presentation of RPKI was considered in those
cases in which a decrease in eGFR greater than 25%
was seen between baseline and biopsy, independent of
biopsy indication. The final end-point was defined as
RRT initiation or progression of CKD according to the
KDIGO 2012 definition as a in CKD category and a de-
crease in eGEFR of 25% or more. The follow-up period
was considered from biopsy until endpoint, death or last
follow-up.

The silent diabetic nephropathy variable was defined
for cases that showed an atypical disease pattern or in
which DN was not suspected. This variable grouped
patients with RPKI without significant proteinuria (< 0.5
g/d) and/or a duration of DM of less than 5 years and/
or the need to start RRT less than 1.5 years from renal
biopsy.

Statistical analysis

The statistical analysis was performed using SPSS, ver-
sion 17.0 for Windows, and the STATA software, ver-
sion 12. Quantitative data are described by means + SDs
or medians (interquartile ranges). Qualitative data are
described by counts and percentages [# (%0)].

Survival median was estimated by the Kaplan-Meier
function. The log-rank test was used to compare survival
functions. To study factors associated with renal events,
univariate analysis was performed, adjusting Cox regres-
sion models. The proportionality of hazards assumption
was checked graphically. Finally, a multivariate predictive
model was adjusted, including statistically significant
variables and clinically relevant factors. The model was
adjusted by the enter method and including the least
number of covariates necessary. Harrell’s c-index!"”
was calculated to evaluate the model’s predictive ability.
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This index measures the ability of a predictor to sepa-
rate groups with different answers and is still accept-
able greater than approximately 0.85. An exploratory
descriptive analysis was performed to compare the two
samples, defined by the silent DN variable. Association
was studied by the y” test or Fisher’s exact test and the
Mann-Whitney U test. To estimate silent DN’s effects
on the risk of renal events, we adjusted the multivariate
Cox regression model, including possible confounding
factors (complete model). We defined a confusion factor
as a difference of more than 10% between the adjusted
hazard ratio (HR) and the complete model. HRs are pre-
sented with 95%CIs. All the tests were two-tailed, and
a significance level < 0.05 was considered statistically
significant.

RESULTS

Data from 45 patients were included in this study. The
patients’ characteristics at the time of biopsy are detailed
in Table 1. Most patients with biopsy-proven DN in
our series had type 2 diabetes and were hypertensive,

dyslipidemic and smokers. Seventy-one percent were
men with a mean age of 58.3 £ 13.3 years old and a DM
evolution time of 9.6 £ 7.8 years. Thirty-five percent
had cardiovascular disease, 40% had retinopathy, and
40% had microhematuria. Their values of HbAlc were
normal, according to international recommendations for
these patients, but their cholesterol levels were not nor-
mal, although 73% of the patients were on statins. Fur-
thermore, 89% of the subjects were on treatment with
RAASISs, as well as 47% on antiplatelet drugs at the time
of the biopsy.

In Table 2, we show the evolution of the renal pa-
rameters during follow-up. In 62% of the cases, the
biopsy indication was a nephrotic range of proteinutia,
with or without nephrotic syndrome. Nine percent of
the patients presented proteinuria < 0.5 g/24 h at the
time of the biopsy. Although 48.8% of the patients
showed baseline creatinine < 1.4 mg/dL, 68% of them
showed eGFRs at time of biopsy < 45 mL/min per 1.73
m’, and 15.6% were in the grade 5 eGFR category.

Thirty-three percent of the subjects were classified
with RPKI, three of them without significant proteinuria
(< 0.5 g). Seven of these patients needed dialysis, two of
them only for a mean time of 8 d and the others perma-
nently.

Twenty-cight patients (62%) reached the final event,
and 21 of them required RRT. The median renal survival
3.4 years (95%CI: 2.1-4.7).

In Table 3, we describe the clinical and histopatho-
logical findings, classified according to the type of
glomerular lesions. Most cases (23 patients) presented
glomerular class Ill or nodular sclerosis, and 4 subjects
(9%) had advanced diabetic glomerulosclerosis (class IV)
that was not suspected when the biopsy has been rec-
ommended. The four patients whose diagnoses of DN
coincided with the DM diagnosis had advanced forms
of DN: 2 cases with class II b, 1 case with class Il and
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Figure 1 Renal survival. A: Depending on glomerular classification. For renal survival analysis using the Kaplan-Meier method, histopathological classes I, IIa and
b were grouped together as there were insufficient cases for separate analysis. The median renal survival in class I/1la/Ilb was 4.2 years (95%Cl: 1.8-6.6), in
class III, it was 3.4 (95%Cl: 0.6-6.2), and in class IV, it was 0.4 (95%Cl: 0-1.2). We found statistically significant differences (P = 0.009) when comparing class IV with
the other classes and also when comparing class III to classes I and IIa-1Ib; B: In silent and non-silent diabetic nephropathy. Renal survival of patients with silent
and non-silent diabetic nephropathy (DN) was compared. The median of renal survival in patients with silent DN was 5.2 years (95%Cl: 1.1-9.4) and 1.2 years (95%Cl:

0.5-1.8) in cases of patients with non-silent DN (P = 0.009).

1 case with class IV.

The patients who had advanced diabetic glomerulo-
sclerosis were younger, had more cardiovascular diseases
and retinopathy, and had worse renal function and lower
figures of serum albumin than other histopathological
types. Additionally, this group of patients showed a high-
er proportion and greater severity of interstitial fibrosis
and tubular atrophy but no differences in vascular le-
sions or inflammation scores. Renal survival was variable
in the different glomerular classes, not only comparing
class IV with the other classes but also comparing class
Il to classes | and Ha-1Ib (Figure 1A); the median in
class I /T a/ b was 4.2 years (95%CI: 1.8-6.6), in class
I, the median was 3.4 (95%CI: 0.6-6.2), and in class IV,
it was 0.4 (95%CI: 0-1.2; P = 0.009).

Twenty-five patients were considered to have silent
DN: thirteen patients with less than 5 years of duration
of DM at biopsy, 4 of them diagnosed with diabetes at
the same time as renal biopsy; 1 patient with RPKI and
proteinuria < 0.5 g/d; and 14 patients who began RRT
before 1.5 years after biopsy (3 with less than 5 years
of duration of DM). As shown in Table 4, compared
to the remainder of the patients, the silent DN subjects
presented with a shorter evolution time of diabetes, had
worse renal function at the time of biopsy, had a higher
frequency of RPKI and less HbAlc, and had more
advanced histopathological forms, and they presented
more renal events. They frequently had more cardiovas-
cular disease, although this difference was not statisti-
cally significant. To estimate the risk of silent DN, we
adjusted a multivariate regression model including possi-
ble bias factors: age, eGFR, proteinuria, glomerular class,
CVD and HbAlc. The final model (Table 5) estimated
the risk for silent DN of 2.1 (95%CI: 0.8-5.1), adjusted
for cardiovascular disease and HbAlc. The remainder of
the factors were discarded as they were considered con-
founders. Figure 1B illustrates the renal survival curves
in silent DN, compared to the other subjects.

The results of univariate Cox proportional hazard
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analysis, according to clinical variables and histopatho-
logical variables, are shown in Tables 6 and 7, respec-
tively. Clinical variables statistically significantly associ-
ated with renal end point were: baseline and renal biopsy
eGFR and serum creatinine; BMI < 30 kg/ m’ Hb Al <
7%; RPKI; silent DN; and coexistence of cardiovascular
disease. Of the histopathological variables, only glomer-
ular class IV and percentage of global glomerulosclerosis
were statistically significantly associated with the renal
end point.

The results of multivariate Cox proportional hazard
models are shown in Table 8. We found that eGFR,
cardiovascular disease and HbAlc at the time of biopsy
were risk factors for progression of DN (initiation of
renal replacement therapy or decline = 25% and change
in CKD category), adjusted for age and sex. For every
10 mI./min per 1.73 m” decrease in eGFR, we obtained
a DN progression risk of HR = 2 (1.3-3.0) (P = 0.001).
Patients with cardiovascular disease were at greater risk
for DN progression (HR = 2.8, 1.1-7.1; P = 0.032). Al-
though diabetic patients with CKD and HbAlc < 7%
showed greater renal progression risk than patients with
HbAlc = 7%, with an HR of 2.9 (1.0-8.4), this effect
was not statistically significant (P = 0.054). Harrel’s ¢ in-
dex was 0.823, indicating acceptable predictive ability.

DISCUSSION

The present study analyzed clinical and histopathological
factors associated with worse renal prognosis in a cohort
of patients with biopsy-proven diabetic nephropathy,
mostly type 2 diabetics. Two thirds of the patients had
an eGFR at the time of the biopsy < 45 mL/min per 1.73
m”, that is, irreversible damage to renal function, and
half of the patients reached ESRD in a median period
of 3.4 years.

In our seties, eGFR at time of biopsy was a detet-
minative factor for CKD progression, as is already well

known. In contrast, proteinuria was not associated with
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Table 2 Renal parameters and evolution 7 (%)

Previous renal data (7 = 39) Renal biopsy (7 = 45) End of follow-up (7 = 24)

Time prior to biopsy (mo) (range)

Follow-up period (yr) (range)

Renal biopsy indication RPKI
Nephrotic proteinuria
CKD

Serum creatinine (mg/dL) (range)

eGFR (mL/min per 1.73 m’) (range)

'eGFR category G5<15
G4 15-30
G3b 30-45
G3a 45-60
G2 60-90
G1>90

> 25% drop in eGFR prior to biopsy

*Proteinuria (range)

*Proteinuria category Al <150
A2150-500
A3 >500

RRT

‘CKD progression

eGFR improvement > 25%

Exitus

73452
(1.1-24.1)
34+29
(0.2-11.8)
8 (17.8)
28 (62.2)
9 (20)
1.6+08 23+15 23+18
(0.8-4.5) (0.8-6) (0.79.1)
51.4+209 39.1+225 40.8+25
(14.7-97.6) (8.1-101.2) (5.1-107.1)
7 (15.6) 24 (53.3)
8 (17.8) 6 (13.3)
15 (33.3) 5(11.1)
7 (15.6) 7 (15.6)
7 (15.6) 1(2.2)
1(22) 2 (4.4)
13 (33.3)
37+34 45+27
(0-12.9) (1-8.9)
3(88) 0
2(5.9) 4(89)
29 (85.3) 41 (91.1)
2 5 21 (46.7)
7 (15.6)
4(89)
5 (11.1)

'GFR categories (mL/min per 1.73 m’): G1 = GFR = 90; G2 = 60-89; G3a = 45-59; G3b = 30-44; G4 = 15-29; G5 < 15. *Baseline proteinuria was measured us-
ing protein/ creatinine ratio in spot urine (mg/g). Renal biopsy proteinuria was measured using excretion rate over 24 h (g/d). *Proteinuria categories are

described based on protein-to-creatinine ratio (mg/g) or protein excretion rate (mg/24 h) in: A1 < 150, A2 = 150-500, A3 = 500. *CKD progression: 25% or

greater eGFR decline, accompanied by a decrease in GFR category. RPKI: Rapidly progressive kidney injury; eGFR: Estimated glomerular filtration rate;

CKD: Chronic kidney disease; RRT: Renal replacement therapy.

worse renal prognosis, although the majority of patients
showed proteinuria > 500 g/d, but most of patients
without proteinuria also experienced renal events.

Although our study included selection bias, which
was the clinical indication for renal biopsy, our series
included only cases of DN in which other causes of re-
nal damage had been excluded. Therefore, our findings,
even if they cannot be extrapolated to all patients with
DN, could increase understanding of why some patients
with diabetes have atypical clinical courses and are diag-
nosed in advanced stages of renal disease, with minimal
therapeutic possibilities.

Although the majority of patients had been medically
followed up before biopsy, this fact did not prevent neg-
ative evolution or late diagnosis of the illness. The RPKI
presentation form, predominant in 33% of the patients,
was associated with a poor renal prognosis, although it
behaved as a confounding factor and not as an indepen-
dent risk factor.

It was shown” that, in DN, relatively small eleva-
tions in serum creatinine could significantly underesti-
mate the degree of renal damage, and these elevations
were unpredictable most of the time.

Without a doubt, this fact contributed to the large
proportion of patients in our series that we classified
with silent diabetic nephropathy, that is, cases that went
unnoticed until advanced stages. These patients had
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shorter diabetes evolution times; they presented a higher
frequency of RPKI, a major loss of renal function at the
moment of the biopsy, and they had a higher proportion
of renal events. Although they had more cardiovascular
diseases compared to the remainder of the group, this
difference was not statistically significant.

All these data support that serum creatinine is not a
good parameter for monitoring renal function in diabetic
patients and that even with normal serum creatinine
levels, eGEFR should be a routine test. It is probable that
an eGFR at less than 90 mL/min per 1.73 m®, we should
recommend several tests per year in these patients to de-
tect CKD progression and optimize their treatment.

In a study of 22 biopsy-proven diabetic nephropathy
cases''”, these authors found in the majority of cases evi-
dence of acute kidney injury in their biopsies, including
tubular necrosis and interstitial inflammation, although
seven subjects had similar rates of progression and yet
undetectable acute events. In our series, we excluded
those patients in whom we suspected renal failure sec-
ondary to another etiology. However, it is possible that
some cases of functional loss might have existed, espe-
cially in nephrotic patients, because in four patients, we
observed an improvement in renal function during fol-
low-up. Other authors found that interstitial lesions, but
not glomerular class, was a significant predictor of renal

prognosis in diabetic nephropathy in type 2 diabetes™,
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Table 3 Clinical and histopathological findings according to glomerular classification of diabetic nephropathy 7 (%)

I1-Ia-Ib (7 = 18) m @ = 23) N @ =4)

Age (yr) 5994122 58.1+14.1 523+154
Years of diabetes 91+74 93+63 15.1+18
BMI (kg/m’) 29+49 3016 26.8+24
Serum creatinine (mg/dL) 2+1.2 22+14 44+19
eGFR (mL/min per 1.73 m’) 4234219 40.4+229 17.6 £12.3
HbAlc (%) 6.7+14 63+13 6.7%2
Proteinuria (g/d) 31+£26 52+4 47+5.6
Serum albumin (g/dL) 3.6+0.7 33+0.7 29+0.7
Serum cholesterol (mg/dL) 165.4 £71.6 191.5 £34.6 213+0
Hypertension 16 (88.9) 22 (95.7) 4 (100)
Diabetic retinopathy 7 (38.9) 9 (39.1) 2 (50)
CVD 7 (38.9) 6 (26.1) 3 (75)
RPKI 0 6 (33.3) 7 (30.4)
Patients with renal events 9 (50) 15 (65.2) 4 (100)
RRT 6 (33.3) 11 (47.8) 4 (100)
"Years from biopsy to renal event 42+12 34+14 04+04
% of global glomerulosclerosis 181+12.8 184 +15.1 773 £16.9
Interstitial fibrosis 0 1(5.6) 0 0
and tubular atrophy 1 10 (55.6) 13 (56.5) 0

2 5(27.8) 9(39.1) 1 (25)

3 2 (11.1) 1(4.3) 3 (75)
Interstitial inflammation 0 3 (16.7) 0 0

1 14 (77.8) 22 (95.7) 4 (100)

2 1(5.6) 1(4.3) 0
Arteriolar hyalinosis 0 1(5.6) 1(4.3) 1(25)

1 3 (16.7) 2(8.7) 0

2 14 (77.8) 20 (87) 3 (75)
Large vessel arteriosclerosis (yes) 17 (94.4) 19 (86.4) 4 (100)

Years from biopsy to renal event are expressed as medians + SEs, estimated by Kaplan-Meier method. CVD: Cardiovascular disease; BMI: Body mass in-

dex; RPKI: Rapidly progressive kidney injury; RRT: Renal replacement therapy; eGFR: Estimated glomerular filtration rate.

Table 4 Clinical differences at the time of biopsy between silent and non-silent diabetic nephropathy n (%)

Non-silent DN (7 = 20) Silent DN (7 = 25) P value
Age (yr) 55.8+12.2 60.3 +14.1
Sex (women) 5 (25) 8 (32)
BMI (kg/m’) 30.9+63 28+4.1
T2 DM 17 (85) 21 (84)
Duration of diabetes (year) 125+53 7+8.9 0.005
Follow-up period (year) 34+35 35+27
Smoking, active or past 16 (80) 18 (72)
Retinopathy 8 (40) 10 (40)
CVD 6 (30) 10 (40)
HbA1lc (%) 7+12 62+15 0.03
Serum creatine at biopsy (mg/dL) 18+1 27+1.6 0.03
eGER at biopsy (mL/min per 1.73 m®) 47 £22.5 32.9+20.8 0.04
Proteinuria (g/d) 35+26 5+43
Hematuria 8 (44.4) 10 (40)
RPKI 3 (15) 12 (48) 0.03
CKD progression 3 (15) 10 (50) 0.04
Renal events 8 (40) 20 (80) 0.01
Histopathological class AP II-IV 9 (45) 18 (72)
Glomerular sclerosis percentage 18.8+14.3 272+264
IFTA 0-1 12 (60) 12 (48)
IFTA 2 7 (35) 8(32)
IFTA 3 15 5 (20)
Severe arteriolar hyalinosis 15 (75) 22 (88)
Large vessel arteriosclerosis 18 (94.7) 22 (88)
RAASI treatment 18 (90) 22 (88)
Statins treatment 15 (75) 18 (72)

IFTA: Interstitial fibrosis and tubular atrophy; CVD: Cardiovascular disease; RPKI: Rapidly progressive kidney injury; RRT: Renal replacement therapy;
CKD: Chronic kidney disease; eGFR: Estimated glomerular filtration rate; BMI: Body mass index; RAASI: Renin-angiotensin aldosterone system inhibitor;

DN: Diabetic nephropathy; DM: Diabetes mellitus.

(49

;guazn:aﬁ.m@ WIN | www.wjgnet.com

11

February 6, 2014 | Volume 3 | Issuel |



Lopez-Revuelta K et a/. Silent diabetic nephropathy

Table 5 Muiltivariate Cox proportional model of renal end

point by the variable silent diabetic nephropathy

Variables in the equation HR 95%Cl

Lower Upper
CVD 3.943 1.649 9.429
HbA1c% 0.724 0.516 1.016
Silent DN 2.137 0.819 5.573

Silent DN: Histologic diagnosis of DN and RPKI without significant
proteinuria (< 0.5 g/d) and/or a DM with less than 5 years of evolution
and/or the need to begin RRT before 1.5 years after renal biopsy. CVD:
Cardiovascular disease; DN: Diabetic nephropathy; HR: Hazard ratio;
DM: Diabetes mellitus.

but it was a small series of 69 type 2 diabetic patients, all
with overt proteinuria.

The only histopathological finding of our series that
proved to be a risk factor for renal progression was ad-
vanced diabetic glomerulosclerosis. It is possible that if
our sample had been larger, we would have been able to
demonstrate prognostic values of more benign histologi-
cal types, as observed by the different lengths of renal
survival seen in our series, which was worse for type III
nodular sclerosis, compared to patients with types [ and
Ma-1b.

Another risk factor associated with poor renal prog-
nosis was a BMI < 30 kg/ m’, Although obesity is a risk
factor for CKD and ESRD"" its effects have not been
clear in patients with T2DM™, Although in our study,
BMI seemed to have a paradoxical effect, similar to
that described in the survival of patients with T2DM in
TSR™, it was not an independent risk factor for renal
progression.

In the present study, HbAlc < 7% was correlated
with worse renal prognosis in patients with established
DN. Important large, randomized, controlled, multi-
center trials have shown that intensive glycemic control
in T2DM reduces the risk of albuminuria and protein-
uria” but evidence has been lacking that intensive
glycemic control reduces the risk of significant clinical
renal outcomes, such as doubling of serum creatinine
level, ESRD or death from renal disease™. In these tri-
als, severe hypoglycemia was clearly increased among
intensively treated patients”. In contrast, we know that
the individuals with progressive renal dysfunction are at
increased risk for hypoglycemia, which is multifactorial.

These trials have cither failed to demonstrate a ben-
efit of glucose lowering for CVD risk or have even sug-
gested an increased CVD risk with very tight glycemic
control, most likely explained by the adverse effects of
hypoglycemia on the heart and blood vessels™. Acute
hypoglycemia triggers a cascade of physiologic respons-
es, including the activation of inflammatory pathways,
release of counter-regulatory hormones, including epi-
nephrine, and reduced blood flow to the myocardium.

In a recent prospective study in older adults with
diabetes™ ) an association between dementia and hav-
ing presented hypoglycemic episodes during 12 years of
follow-up was found. The authors indicated as possible

(49

T
JBaishideng®

WIN | www.wjgnet.com

12

etiopathogenic mechanisms hypoxia by vasoconstriction,
neuronal loss, hyperinsulinemia, exacerbation of the oxi-
dative stress and inflammatory mediators. Although this
series was adjusted for cardiovascular events, small vessel
vascular disease was not discharged, so it is possible that
cerebral microinfarcts played some part in cerebral atro-
phy and cognitive deterioration.

In the present study, a past history of CVD was iden-
tified as an independent risk factor for CKD progres-
sion in DN, almost tripling the risk of progressive CKD.
Although the effects that diabetic CKD has on CV risk
are well known"””, the renal risk of CVD in DN has not
been defined. Some authors have advocated that vas-
cular disease of the kidney can explain nonalbuminuric
progressive DN In our seties, the prevalence of CVD
was similar or even slightly lower than that reported by
these authors (37% in patients with reduced eGFR), but
we have already mentioned that this form of onset was
very rare in our series. Similar degrees of intrarenal vas-
cular disease, measured by the Doppler resistance index
of the interlobar renal arteries, were found in diabetic
patients with reduced GFR, regardless of their albumin-
uria status.

Our data sustain that regardless of albuminuric phe-
notype, past history of CVD is a risk factor for progres-
sive renal function decline in DN, as other authors have
found®. In support of this theory, a recent study"™
linked cerebral microinfarcts, diagnosed by magnetic
resonance imaging, with low eGFR and worse renal
prognosis in type 2 DM, regardless albuminuria. The
risk of doubling of the serum creatinine concentration
or the need for dialysis was significantly greater for pa-
tients with silent cerebral infarction (HR = 4.79, 95%CI:
2.72-8.46) than for patients without silent cerebral in-
farction. The authors believe that this association might
have been due to the similarity between renal and cere-
bral vascular hemodynamic behaviors.

Therefore, it is interesting that in our series, we found
that cardiovascular disease and tighter glycemic control
were DN progression risk factors. Although our findings
cannot be extrapolated to the totality of patients with di-
abetic nephropathy, we can speculate that at least in dia-
betic patients with vascular disease, the benefits of strict
glycemic control do not improve renal prognosis when
kidney failure has already been established. It is possible
that on an already damaged renal parenchyma, hypo-
glycemia could induce the release of proinflammatory
mediators by means of hypoxia, which could explain the
accelerated evolution of renal failure in patients with an
inflamed substrate prone to cardiovascular disease.

Some studies have revealed that serum levels of
various proinflammatory cytokines, chemokines and
adhesion molecules, particularly TNF-q and IP-10, were
associated with the severity of DN and of atherosclero-
sis™. These molecules could be useful markers for the
progression of DN and atherosclerosis.

In conclusion, in our study of a cohort of patients
with biopsy-proven diabetic nephropathy and kidney
failure, we found that a history of CVD was an inde-
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Table 6 Univariate Cox proportional hazard analysis of renal end point, according to clinical variables

HR 95%Cl P value
Lower Upper

Age (yr) 1.00 0.97 1.03
Sex (men) 1.19 0.50 2.85
Diabetes type (2/1) 0.76 0.31 1.91
Diabetes duration (years) 1.01 0.95 1.07
BMI < 30 (yes/no) 2.94 1.09 7.69 0.03
Smoker (yes/no) 0.92 0.34 2.50
Hypertension (yes/no) 1.01 0.13 7.69
CVD (yes/no) 4.56 1.94 10.69 0.000
Retinopathy (yes/no) 1.24 0.56 2.75
Baseline Serum creatinine (mg/dL) 218 1.14 416 0.02
Baseline eGFR (mL/min per 1.73 m’) 0.98 0.95 1.00
"Baseline proteinuria (g/g) 1.12 0.98 1.27
eGFR drop > 25% before biopsy 3.96 1.54 10.18 0.004
Serum creatinine (mg/dL) at biopsy 2.97 1.91 4.61 0.000
eGFR (mL/min per 1.73 m’) at biopsy 0.94 0.92 0.97 0.000
RPKI 2.74 121 6.24 0.02
*Proteinuria at biopsy (g/d) 1.09 0.97 1.23
Hematuria 1.65 0.72 3.82
Serum albumin (g/dL) 0.75 0.41 1.35
HbAlc % (<7/=7) 3.87 123 9.25 0.02
Total cholesterol (mg/dL) 0.98 0.96 1.01
RAASI treatment (yes/no) 0.59 0.22 1.59
Statin treatment 0.66 0.27 1.62
Silent DN 3.04 1.26 73 0.02

'Baseline proteinuria was measured using protein/creatinine ratio in spot urine (g/g). ‘Renal biopsy proteinuria was measured using excretion rate in 24 h

(g/d). BMI: Body mass index; CVD: Cardiovascular disease; eGFR: Estimated glomerular filtration rate; RPKI: Rapidly progressive kidney injury; RAASI:

Renin-angiotensin aldosterone system inhibitor; DN: Diabetic nephropathy.

Table 7 Univariate Cox proportional hazard analysis of renal end point, according to histological variables

HR 95%Cl P value
Glomerular class M/ I-Ta-Ib 1.2 0.5 29
IV/ 1-Tla-Tb 5.6 1.6 19.7 0.007
IV/ I 4.6 14 15.1 0.01
% of global glomerulosclerosis 1.0 1.0 1.0 0.01
IFTA (>25 < 25%) 12 05 25
Arteriolar hyalinosis Severe/mild 0.7 0.2 22
Large vessel arteriosclerosis (yes) 1-2/0 1.2 0.4 41

HR: Hazard ratio; IFTA: Interstitial fibrosis and tubular atrophy.

Table 8 Multivariate Cox proportional hazard model of renal

end point, adjusted for age and sex

HR  95%CI for HR P value
Lower Upper
CVD 2.75 1.07 7.11 0.036
RPKI 1.29 0.46 3.64 0.626
eGFR (10 mL/min per 1.73 mz) 1.96 1.28 3.00 0.001
HbA1c% (<7/=7) 2.88 0.98 8.44 0.054

CVD: Cardiovascular disease; HR: Hazard ratio; RPKI: Rapidly progres-
sive kidney injury; eGFR: Estimated glomerular filtration rate.

pendent progression factor for diabetic nephropathy
and that levels of HbAlc less than 7% could favor renal
progression, especially in cases with associated vascular
disease. Whether this accelerated progression is due to
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renal vascular disease or to an underlying inflammatory
state could not be clarified in this study.

It is necessary to diagnose diabetic patients at risk for
cardiovascular disease and kidney disease progression
before these lesions become irreversible. The biochemi-
cal parameters normally used in clinical settings are not
good markers of renal progression. Prospective studies
should be undertaken to evaluate the usefulness more
refined parameters, such as cystatine C clearance and
inflammatory and early vascular damage markers, in dia-
betic patients to detect and treat these patients earlier.
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COMMENTS

Background

Diabetes mellitus (DM) is one of the leading causes of end-stage kidney dis-
ease. Different forms of presentation and progression of diabetic nephropathy
have been described, both in DM1 and DM2.

Research frontiers

The prognostic factors of diabetic nephropathy (DN) have not been well es-
tablished, nor have been the indicators for identifying patients at greater risk
for progression. Further translational studies should be performed to increase
knowledge of the etiopathogenic mechanisms and treatment of this type of ne-
phropathy.

Innovations and breakthroughs

This study supports that glomerular lesions were the basic substrates respon-
sible for renal insufficiency in a subgroup of diabetic patients. DN sometimes
presents with rapid progression despite proteinuria. It is probable that glomeru-
lar lesions and cardiovascular disease in diabetic patients share a common
substrate that implies a worse prognosis for these patients. Further studies are
needed to support the theory of a possible negative renal effect of strict meta-
bolic control in patients with established diabetic nephropathy.

Applications

Serum creatinine and proteinuria are not early markers to detect the risk of
progression in DN. The threshold of eGFR, less than which renal function must
be monitored, should be much higher in diabetic patients than in other chronic
kidney disease patients, especially if there are associated cardiovascular risk
factors. Authors should be cautious in metabolic control of patients with cardio-
vascular disease and DN.

Terminology

Diabetic nephropathy: Renal complications of diabetes; Histopathological di-
agnosis: The histopathological diagnosis of DN is based on light and electron
microscopic glomerular lesions. Tubulointerstitial and vascular lesions often
accompany glomerular changes, but they are not specific to diabetes; Silent
disease: This term describes ischemic heart disease in diabetic patients who
presents as myocardial ischemia without angina. In this study, the authors have
extrapolated this term to nephropathy to refer to the way it presents, with hardly
any clinical renal expression until advanced stages of illness.

Peer review

This is an interesting observational study on the clinical course of DN, focusing
in particular on a novel phenotype called silent DN.
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