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DIABETIC NEPHROPATHY

First cause of ESRD In the XXst century




Dialysis: Incident causes of ESRD (2013) in Belgiun
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Incident patients: Distribution according to
nephropathy from 1994 - 2013
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hyperfiltration ~ microalbuminuria ~ macroalbuminuria  CKD and ESRD
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Evelution of histological lesions of diabetic nephropathy

There is a poor correlation batween renal function deterioration, degree of albuminuria and histelogical findings.
UAER: Wrinary atumin excretion rate; CKD. chionic kidney disease; EGRS. end slage renal disease, * mg/gr crealinine | ** | mimint/1,73 m2



New paradigm of Diabetic kidney
disease In the 21st century?

. Intype 2 DM, kidney disease lesions could be quite
different:

- Association between classical DN and a mixture of
different patterns (including other primary glomerular
diseases)



The Modern Spectrum of Renal Biopsy Findings in
Patients with Diabetes

Shree . Sharma, * Andrew 5. Bomback,” Jai Radhakrishnan,” Leal C. Herlitz,* Michael B. Stokes,” Glen 5. Markowitz,*
and Vivette . [YAgati®

Table 1. Key demographic and clinical data at time of kidney biopsy

Characteristics DN Alone DN Plus NDRD NDRD Alone
Participants (n) 227 164 220
Age (yr) 59 (49-65) 63 (55-72)* 63 {54—?1]}“
Male sex 129 (56.8) 100 (61.0) 142 (64.6)
Race
Unknown 108 (47.6) 57 (34 .8)° 04 (47 3)°
White 62 (27.3) 63 (38.4)° 70 (31.8)
African American ':1'5‘ (17.2) 33(20.1) 29(132)
Hispanic 12 (5.3) 7 (4.3) 8 (3.6)
Asian 4 (1.8) 4(2.4) 7(3.2)
Other 2(09) 0 {0.0) 2(0. '5‘}
DM tvpe 9 (4.0) 5(3.1) E{HEI'}
13 (8-17) 10(-18) 3G-10
Serum creatinine (mg,/ dl) 3_' 3 {1.6-3.8) 1(1.7-5.2) 3 (1.5-4.4)
eGFR (ml/min per 1.73 m~ } 3 (17.5-55.2) 21 4 (12 5-46.6)" 3}'1.5 (14.3-60.0)
Proteinuria (g/d) 51'! (2.8-8.8) 5.0 (2.0-8.0) 9(1.4-7. 1]“‘“

Clin | Am 5o0c Nephrol 8: 1718-1724, October, 2013




New paradigm of Diabetic kidney
disease In the 21st century?

. Intype 2 DM, kidney disease lesions could be quite
different:

- Assoclation between classical DN and a mixture of
different patterns (including other primary glomerular
diseases) or

- Presence of decreased GFR but no proteinuria.



JAMA | Original Investigation
Clinical Manifestations of Kidney Disease A 2006316(6).602-61
Among US Adults With Diabetes, 1988-2014

Table 4. Prevalence of Albuminuria and Reduced Estimated Glomerular Filtration Rate Among US Adulis With
Diabetes by Race/Ethnicity, 1988 Through 2014

Unadjusted Prevalence, % (95% CI)

Mo. With  Based on a Single Accounting for Adjusted Prevalence P Value

NHANES Period Diabetes Laboratory Value Persistence?® Ratio (95% CI)® for Trend
Albuminuria (ACR 230 mg/q)°
Non-Hispanic white

1988-1994 179 35.9 (30.6-41.5) 21.2 (14.9-27.5) 1 [Reference]

1999-2004 179 28.5 (24.6-32.8) 17.1 (12.8-21.4) 0.81 (0.65-0.99)

2005-2008 169 28.9 (25.3-32.8) 17.4 (12.8-22.1) 0.82 (0.68-1.00) 001

2009-2014 204 24.1 (20.0-28.7) 14.2 (9.9-18.5) 0.67 (0.53-0.85)

Reduced Estimated Glomerular Filtration Rate (eGFR <60 mL/min/1.73 m?)

Non-Hispanic white

1988-1994 102 14.2 (11.4-11.7) 8 (5.5-14.0) 1 [Reference]
1999-2004 138 18.6 (16.1-21.3)  12.9(8./-17.1) 1.36 (1.06-1.73) 001
<
2005-2008 123 19.0(15.1-23.8) 13.3(8.1-18.6) 1.42 (1.05-1.92) '
(

2009-2014 206 234(21.2-25.7) 16.1(12.1-200)  1.65(1.32-2.06)




Non-Proteinuric Diabetic Nephropathy

Among 301 Type 2 diabetic [patients attending an outpatient clinic in Australia [20] and
1197 patients from the Third National Health and Nutrition Examination Survey (NHANES IIT) [21.22]. of

patients |with GFR less than 6f /min. 39% : 5%, respectively. were normoalbuminuric.
Recently. a nonalbuminuric renal impairment syndrome was described in Type 2 diabetic patients,
which has distinct clinical features that are not clearly associated with poor glycemic control and that
are correlated less closely with retinopathy and high blood pressure [23]. This entity 1s associated with
A higher prevalence of cardiovascular diseases (CVD)} therefore a predominance of macroangiopathy

as the underlying renal pathology has been suggested. which has yet to be demonstrated.

J. Clin. Med. 2015. 4. 1761-1773:




Non-proteinuric rather than proteinuric renal diseases are the
leading cause of end-stage kidney disease

Nephrotoxic mechanism(s) of proteinuria

++RANTES
++ROS
Renal tubule call ' b L T Endothelin
[luminal side)
MCP-1
TGF-p
NF-kp

Pro-inflammatory cytokines

FIGURE 1: Mechanisms whereby sustained proteinuria (left panel) and non-proteinuric pathways (right panel ) may lead to chronic tubulo
interstitial damage. Nephrotoxicity of proteinuria: albumin escaped from the glomerular filter is taken up by the cubilin-megalin complex in
tubular cells. The complex cubilin-megalin-albumin triggers local production of ROS and activates regulated on activation, normal T cell ex
pressed and secreted (RANTES), a fundamental chemotactic cytokine. Monochemotactic protein 1 (MCP-1), another chemo-attractant of in
flammatory cells, is also activated and these factors trigger macrophage accumulation at the tubular level and in the interstitium. Nudear factor
kB (NF-xB) and the cytokine cascade recruited by this factor are also activated in parallel with TGF-J, a factor that stimulates the proliferation
of ibrocytes and collagen accumulation. The cubilin-megalin-albumin complex also activates endothelin synthesis, which eventually results in
vasoconstriction and parallel inflammatory changes in the vascular endothelium. Non-proteinuric pathways that may be conducive to kidney
damage indude hypertension, obesity/overweight, high serum triglycerides and hyperfiltration at the single nephron level. As for diabetes, these

pathways are discussed in some detail in Porrini ef al. |3].

Risk factors and mechanismsin non-
proteinuric renal diseases

Hy pertension Tubulo interstitial inflammation

Alterations in adipokines and
secondary pro<inflamma tory
changes

Obesity/overweight

High serum trighycerides levels

Insulin resistance

Glomerular hiyperfiltration at single nephron level in
individuals with low nmnephron mass

Nephrol Dial Transplant (2017) 32: il %4-ii199
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Figure 1. Clinical patterns of diabetic kidney disease.
(A) Normo-hypofiltration; (B) normo-hyper-normo-hypofiltration;
(C) normo-hyper-normolitration; and (D) persistent normofiltra-
tion. Abbreviation: GFR, glomerular filtration rate.




Progressive Renal Decline: The Andrze] S Krolewshd
New Paradigm of Diabetic
Nephropathy in Type 1 Diabetes

Digbetes Core 2015;38:954-962 | DOV 10.2337/dcl 50184
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Figure 3—Trajectories of eGFRcys in patients with T1D and new-onset MA who were followed
for 12 years. A: Patients with stable renal function (nondecliners). The eGFRcys slopes of these
patients reflect a loss of < 3. 3%/ vear. B: Patients with early progressive renal decline (decliners).
The eGFRcys slopes of these patients reflect a loss =3.3%/year. MA onset indicates the 2-year
interval when multiple determinations of ACR became elevated, E indicates the date of ESRD
diagnosis. Insets: The numbers of patients at the end of follow-up according to category of
albumin excretion rate: NA, MA, and proteinuria (Prot). Figure adapted with permission from




Markers of DKD Dewvelopment and Progression

Am J Kidney Dis. 2014:63(2)(suppl 2):539-S62
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Table 1. Summary of the Usefulness of Various Markers for the Development and Progression of DKD

Marker for D KD

Advantages

Disadvantages

Albuminuria

GFR

Glucose

Blood pressure

Lipids

Soluble TNF
receptors

Uric acid

Tubular markers

Urinary proteome

Serum cystatin C

Urinary albumin levels within the microalbuminuric
range predict ESRD

Best measure of kidney function

An important marker because hyperglycemia is the
initiator of DKD

An important promoter of DKD; also important in CV
risk reduction

Important in CV risk reduction; lipid-modifying
agents may have renal-protective effects
independent of changes in lipid profile

Circulating levels of TNF receptors have been
shown to predict ESRD and possibly have a more
powerful predictive ability than proteinuria

Easy to measure; levels also may relate to CV risk

Easy to measure in urine sample

The appearance of the CKD273 biomarker
classifier is an earlier marker for the risk of the
development of proteinuria, even prior to the
onset of microalbuminuria

Predicts ESRD better than creatinine-based eGFR
methods and possibly directly measured GFR

High variability, low specificty for DKD; spontaneous
regression and AAER within the microalbuminuric range
+ AGFR

Routine methods for accurately estimating GFR in the
normal-high range are still lacking

Targets still to be optimally defined; evidence documenting
that intensive glycemic control prevents ESRD is sparse

Targets are still to be optimally defined

The relationship between components of the lipid profile
and risk for DKD progression is not optimally defined

The relationship between TNF receptors and ESRD
remains to be confirmed in various patient populations
attending different centers

Kidney disease outcome intervention studies to target uric
acid levels are still required

The prognostic significance of their measurement over
and above established risk factors remains to be fully
defined

Clinical assays are lacking

Expensive and the standardization of assays is not yet
universal




Albuminuria and Kidney Function Independently Predict
Cardiovascular and Renal Outcomes in Diabetes

Toshiharu Ninomiya,* Vlado Perkovic,* Bastiaan E. de Galan,*T Sophia Zoungas,*
Avinesh Pillai,* Meg Jardine,* Anushka Patel,* Alan Cass,* Bruce Neal,* Neil Poulter,*
Carl-Erik Mogensen,® Mark Cooper,| Michel Marre,” Bryan Williams,** Pavel Hamet, ™"
Giuseppe Mancia,** Mark Woodward,*3% Stephen MacMahon,* and John Chalmers,*
on behalf of the ADVANCE Collaborative Group
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Table 2 | Distribution of categories of progressive renal
decline during 6=10 years of follow-up in patients with type 1
diabetes and type 2 diabetes in the Joslin Kidney S5tudies

according to category of albuminuria at entry” into follow-up

Mormo- Micro-

eGFR dedine albuminura albuminuria Proteinuria Total

per mlfyr" % (N} % (N} % (N} 3% (N}

Patients with type 1 diabetes
<29 % 78% 81%

349 156% 8%
5-99 o 1990 7%

= 10 450 16%0 4%
Taotal 100% [932)" 100% (525° 100% (275)° 100% (1732)

Patients with type 2 diabetes

=< 29 6% 2 72%
3—4.9 1E% 15%0
5-99 1.2% 10%0
= 10 : % . 3%
Tatal 100% (681}  100%: (418} 100% (B2) 100% (1181)°

Kidney Internatonal (2017 B, B-&; httpo’fax.doiong/ 1010167
Nt 2016.10,046
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Table 1. Summary of the Usefulness of Various Markers for the Development and Progression of DKD

Marker for DKD Advantages Disadvantages
Albuminuria Urinary albumin levels within the microalbuminuric  High variability, low specifiaty for DKD; spontaneous
range predict ESRD regression and AAER within the microalbuminuric range
+ AGFR
GFR Best measure of kidney function Routine methods for accurately estimating GFR in the
normal-high range are still lacking
Glucose An important marker because hyperglycemia isthe  Targets still to be optimally defined; evidence documenting

Blood pressure

Lipids

Soluble TNF
receptors

Uric acid

Tubular markers

Urinary proteome

Serum cystatin C

initiator of DKD

An important promoter of DKD; also important in CV
risk reduction

Important in CV risk reduction; lipid-modifying
agents may have renal-protective effects
independent of changes in lipid profile

Circulating levels of TNF receptors have been
shown to predict ESRD and possibly have a more
powerful predictive ability than proteinuria

Easy to measure; levels also may relate to CV risk

Easy to measure in urine sample

The appearance of the CKD273 biomarker
classifier is an earlier marker for the risk of the
development of proteinuria, even prior to the
onset of microalbuminuria

Predicts ESRD better than creatinine-based eGFR
methods and possibly directly measured GFR

that intensive glycemic control prevents ESRD is sparse
Targets are still to be optimally defined

The relationship between components of the lipid profile
and risk for DKD progression is not optimally defined

The relationship between TNF receptors and ESRD
remains to be confirmed in various patient populations
attending different centers

Kidney disease outcome intervention studies to target uric
acid levels are still required

The prognostic significance of their measurement over
and above established risk factors remains to be fully
defined

Clinical assays are lacking

Expensive and the standardization of assays is not yet
universal




Serum Concentration of Cystatin C

and Risk of End-Stage Renal Disease
In Diabetes

Table 4—Analysis of time to onset of ESRD in each cohort according to CKD stage
defined by eGFRcveat and partitioned by eGFRcyst stage

Cohort
CKD stages Joslin T1D FinnDiane T1D  Joslin T2D

eGFReyst higher than eGFRcreat stage® 2.2 (1.5-3.9) 2.21{1,3-3 81 3.2(1.8-59)
Stages the same 1.0 {ref) 1.0 {rel) 1.0 (ret)
eGFReyst lower than eGFRereat stagef 0.4(0.1-1.3) 0.3{(0.1-0.9) Indeterminate

Data are HR (93% CI) unless otherwise indicated. Adjusted for CKD stage and albumin-to-creatinine ratio
and albumin excretion rate. *P <2 0 001 for Joslin, P= 0.0025 for FinnDiane. 1P=0.1for Joslin T1ID, P=0.03
for FinnDiane.

Krolewski A et al. Diabetes Care 2012;35:2311-2316
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Table 1. Summary of the Usefulness of Various Markers for the Development and Progression of DKD

Marker for DKD Advantages Disadvantages
Albuminuria Urinary albumin levels within the microalbuminuric  High variability, low specifiaty for DKD; spontaneous
range predict ESRD regression and AAER within the microalbuminuric range
+ AGFR
GFR Best measure of kidney function Routine methods for accurately estimating GFR in the
normal-high range are still lacking
Glucose An important marker because hyperglycemia isthe  Targets still to be optimally defined; evidence documenting

Blood pressure

Lipids

Soluble TNF
receptors

Uric acid

Tubular markers

Urinary proteome

Serum cystatin C

initiator of DKD

An important promoter of DKD; also important in CV
risk reduction

Important in CV risk reduction; lipid-modifying
agents may have renal-protective effects
independent of changes in lipid profile

Circulating levels of TNF receptors have been
shown to predict ESRD and possibly have a more
powerful predictive ability than proteinuria

Easy to measure; levels also may relate to CV risk

Easy to measure in urine sample

The appearance of the CKD273 biomarker
classifier is an earlier marker for the risk of the
development of proteinuria, even prior to the
onset of microalbuminuria

Predicts ESRD better than creatinine-based eGFR
methods and possibly directly measured GFR

that intensive glycemic control prevents ESRD is sparse
Targets are still to be optimally defined

The relationship between components of the lipid profile
and risk for DKD progression is not optimally defined

The relationship between TNF receptors and ESRD
remains to be confirmed in various patient populations
attending different centers

Kidney disease outcome intervention studies to target uric
acid levels are still required

The prognostic significance of their measurement over
and above established risk factors remains to be fully
defined

Clinical assays are lacking

Expensive and the standardization of assays is not yet
universal
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Figure 5| Cumulative risk of end-stage renal disease (ESRD) during 10-year follow-up in the two Joslin cohorts with chronic kidney
disease according to value of multimarker criterion at entry into the follow-up peried. The following markers at baseline were considered:
albuminto-creatinine ratio (ACR), estimated glomerular filtration rate (eGFR), tumor necrosis factor receptor 1 (TNFR1), and tumor necrosis
factor receptor 2 (TMFR2) to develop the multimarker criterion to identify patients (fast decliners) at risk for ESRD during the first 3 years of
follow-up using data from the type 1 diabetes (T1D) cohort The performance of the criterion was replicated in the data from the type 2
diabetes (T20) cohort. Positive criterdon: at baseline, serum THNERT =43 ng/ml without regard to other markers or serum THNFR1 between 2.9 and
4.3 ng/ml and ACR =19 g albumin/g creatinine in urine. Negative criteron: At baseline, serum TNFRT < 4.3 ng/mil and ACR <19 g albumin/1 g

creatinine in urdne or serum THNFR1 <29 ng/ml without regard to values of other markers. It was extraordinary that the multimarker criterion
that was developed in the T1D cohort produced almost identical stratification according to ESRD risk in the T2D cohort The T2D cohort had
very different clinical characterdstics than the T1D cohort. Data were obtained from the study by Yamanouchi M et o™ and reanalyzed.
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Table 1. Summary of the Usefulness of Various Markers for the Development and Progression of DKD

Marker for DKD Advantages Disadvantages
Albuminuria Urinary albumin levels within the microalbuminuric  High variability, low specifiaty for DKD; spontaneous
range predict ESRD regression and AAER within the microalbuminuric range
+ AGFR
GFR Best measure of kidney function Routine methods for accurately estimating GFR in the
normal-high range are still lacking
Glucose An important marker because hyperglycemia isthe  Targets still to be optimally defined; evidence documenting

Blood pressure

Lipids

Soluble TNF
receptors

Uric acid

Tubular markers

Urinary proteome

Serum cystatin C

initiator of DKD

An important promoter of DKD; also important in CV
risk reduction

Important in CV risk reduction; lipid-modifying
agents may have renal-protective effects
independent of changes in lipid profile

Circulating levels of TNF receptors have been
shown to predict ESRD and possibly have a more
powerful predictive ability than proteinuria

Easy to measure; levels also may relate to CV risk

Easy to measure in urine sample

The appearance of the CKD273 biomarker
classifier is an earlier marker for the risk of the
development of proteinuria, even prior to the
onset of microalbuminuria

Predicts ESRD better than creatinine-based eGFR
methods and possibly directly measured GFR

that intensive glycemic control prevents ESRD is sparse
Targets are still to be optimally defined

The relationship between components of the lipid profile
and risk for DKD progression is not optimally defined

The relationship between TNF receptors and ESRD
remains to be confirmed in various patient populations
attending different centers

Kidney disease outcome intervention studies to target uric
acid levels are still required

The prognostic significance of their measurement over
and above established risk factors remains to be fully
defined

Clinical assays are lacking

Expensive and the standardization of assays is not yet
universal
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Figure 6—Risk of progressive renal decline
according to baseline clinical characteristics
and serum markers in a cohort of patients
with NA and MA enrolled in the 2nd Joslin
Kidney 5Study and followed for 4-10 years.
The results of multiple logistic analyses are
presented. Data are derived from Krolewski

Diabetes Care “Volume 38, June 2015




physicians face not only the challenge of
identifying patients in whom progres-
sive renal decline will develop from
those who will be spared but also the
challenge within the affected group of
distinguishing rapid from moderate and
slow decliners for estimating the time to
onset of ESRD

recently, we showed that the serum
concentration of TNFR1 or TNFR2 is a
very good predictor of the future devel-
opment of CKD stage =3 and ESRD in
patients with T1D (18,21) and is similarly
effective in predicting ESRD in patients
with type 2 diabetes (31). Similar find-
ings were obtained by other authors in
different populations (47,48). Accord-
ingly, we postulate that a suite of deter-
minations, including urinary albumin
excretion and serum concentrations of
creatinine, cystatin C, and TNFR1, may
be sufficient to construct an index for
stratifying patients with T1D according
to their risk of progressive renal decline
and time of onset of ESRD (A.5.K.,

Diabetes Care Volume 38, June 2015

At present, two tests are used to di-
agnose diabetic nephropathy in T1D:
urinary albumin excretion (a measure
of glomerular damage) and serum cre-
atinine concentration (a measure of re-
nal function loss). Positive results of
these tests indicate the presence and
extent of kidney damage at the time of
examination. A recommendation has
been made to use a combination of
these tests in clinical practice to diag-
nose diabetic nephropathy , despite
the fact that the results give no informa-
tion about the rate of renal function loss
or allow estimation of the time to ESRD.




Biomarkers of rapid chronic kidney disease
progression in type 2 diabetes

Helen C. Loo 'Hr‘ 12 M ldn_._- r_._uI. -rnt_u_. 12 E' "'f;"”r—‘ HP“"' ? Mary J. Bn::usnarf'”z’. Bassam I-:an'ar'u‘, R. Neil Dalton®,
Max C. Wong®, C ? Co . , Ev r-'r son Nogoceke®, Leif Groop”, Veikko Salomaa ',
Dav ||:| B.C 'Llnur-‘rJ ix Agak . I-‘dL.II M. Mc I'r-'luur-‘ "> and Helen M. Colhoun''+"*

Here we evaluated the performance of a large set of serum
biomarkers for the prediction of rapid progression of chronic
kidney disease (CKD) in patients with type 2 diabetes. We
used a case—control design nested within a prospective
cohort of patients with baseline eGFR 30-60 ml/min per
1.73 m”. Within a 3.5-year period of Go-DARTS study patients,
maintained over 95% of baseline eGFR. A total of 207 serum
biomarkers were measured and logistic regression was used
with forward selection to choose a subset that were
maximized on top of clinical variables including age, gender,
hemoglobin Alc, eGFR, and albuminuria. Nested cross-

biomarkers showed significant associations with rapid
progression and adjusted for clinical characteristics. A panel
of 14 biomarkers increased the area under the ROC curve
from 0.706 (clinical data alone) to 0.868. Biomarkers selected
included fibroblast growth factor-21, the symmetric to
asymmetric dimethylarginine ratio, B2-microglobulin,
C16-acylcarnitine, and kidney injury molecule-1.

Kidray Intemational (2015) 88, BR8-8205:
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Figure & | Schematic representation of estimated glomerular filtration rate (eGFR) trajectories in fast decliners and their modifications
in response to different interventions to reduce the rate of decline and postpone the development of ESRD. Intervention with a
treatrment that effectively reduces the rate of decline will postpone the onset of ESRD by a longer interval, depending on how soon after the
onset of decline the intervention occurs (dashed red and blue lines). Badence of an effective treatment may not be seen until after a lag interval
{as described by Skupien et al *'). That effect will not be realized, however, if the treatment is initiated too late (dotted red and blue lines).
In moderate and slow decliners, the effects of the treatments illustrated will be more pronounced. An immediate treatment effect (straight
lires) would result in a greater delay in ESED, and a lagged treatment effect (curves) would result in a higher residual eGFR. However,
demonstrating these effects would reguire clinical tials longer than 3 vears and different definitions of end-point measures (e.g., deceleration

of eGFR slopes or other momne sensithe surmaates),



Intensified multifactorial intervention in type 2

Kdney International (2017}

diabetics with microalbuminuria leads to long-term

renal benefits

Jens Qellgaard"~*, Peter Gaede'~, Peter Rossing™, Frederik Persson”, Hans-Henrik Parving™® and

Oluf Pedersen’

Table 1| Baseline clinical, anthropometric, and biochemical

data

Variable

Baseline (1993)

Intensive
im = 80)

Standard
(m = &0)

Age (yr)
Age range (yr)
Proportion male sex (%)
Diabetes duration (yr
BMI (ka/m?)
Men
Women
Waist circumference (cm)
Men
Women
Blood pressure (mm Hg)
Systolic
Diastolic
Fasting glucose (mmol/L)
HbA, .
IFCC (mmaol/mal)
DCCT (%)
Total cholesteral (mmaol/L)
LDL cholesterol (mmol/L)
GFR (ml'min/1.73 m®)
p-Creatinine (pmaol/L")
u-AER (mg/24 h)

M9 + 72
37-67
79
4 (0-30)

293 + 36
311 £ 45

105 + 10
100 + 14

146 £+ 1N
85 4+ 10
10,0 + 33

68 -6
8.4 4+ 2.7
54 + 11
34 + 09
116 + 27
78 + 17
78 (61-120)

352 + 7.2
42-67
70
6 (0-29)

303 + 5.3
289 + 3.8

107 + 14
101 £+ 13

149 4+ 19
g6 + 11
105 + 3.0

f3+5
8.8 + 26
6.0 + 1.3
3.5+ 1.0
118 + 2.8
76 + 16
69 (47-113)

GFR (*'Cr-EDTA-clearance)

mimindt 73 m*

8 12

Yaars since randomization

Figure 3 | Glomerular filtration rate (GFR) trajectories (mean £
SEM) by treatment allocation. Solid line: intensive therapy group.
Dashed line: conventional therapy group. The yearly decline rate in
the conventional therapy group was 28% higher than that in the
intensive therapy group. 51-Cr-EDTA, 51-chrome ethylenediamine
tetraacetic acid.




Table 3| Treatment targets
Conventional Therapy Intensive Therapy
1993 — 1999 2000— 2001 1993 — 1999 2000— 2001

Systolic blood pressure (mm Hg) <160 <135 <140 <130
Diastolic blood pressure (mm Hag) <95 <85 < 85 < 80
HbA, . (%) <58 <48 < 48 <48
Fasting serum total cholesteral (mmol/L) < 6.5 <49 <49 <45
Fasting serum trighycerides (mmaol/L) 2.2 <2.0 <17 <17
Treatment with RAS-nhibitor irrespective of BP Mo Yes Yes Yes
Aspirin thempy

Known ischemia Yes Yes Yes Yes

Peripheral vascular disease Mo No Yis Y

Mo known vascular disease Mo No No Yis

ﬂ-’l

Cumulative martalty (%)

Combined renal endpoint (94)

I I I I I I E

0 4 8 12 16 20 z

Mumber at risk Years since randomization :-5:
Intensive B0 75 61 53 45 a7 s
Conventional B0 78 62 ar 28 19 5
=

Figure 5| Kaplan-Meier estimates of the combined renal

12 16
Yoars since randomisation

[=2=

endpoint of progression to glomerular filtration rate <45, end-
stage renal disease, or death. Solid line: intensive therapy group.
Dashed line: conventional therapy group. Adjusted hazard ratio of

0.55 (95% confidence interval: 0.37—081; P = 0.003; model 2).

T T
12 18
Yeaars sinca randomisation

55 4D 41
40 2T 18




Diabetic nephropathv: landmark clinical trials and tribulations

MNephrol Dial Transplant (2016) 31: 359-368

Investigational

s Antioxidants: NAC, Nox inhibitors ate
*PKC inhibition: Rubexistaurin

= Antifibrotic therapies: Ant-TGF-B Ab
« Y0 inhibitors: Allopurinol, febuxostat
*Chemaokine modulation: Anti-CCR2/5
=Matrix metalloproteinase inhibition

Novel

Established

_o)PP-4 inhihitars. GLPlagonists
#5GLT-2 inhibitors

vSelective ET receptar antagonsim
VDR activators
*MRA

Bariatric surgery

*RAS blockade: ACEi, ARS
*Blood pressure control
*Glycemic regulation

FIGURE 1: Current status of diabetic nephropathy treatment. RAS, renin-angiotensin system; ACEi, angiotensin-converting enzyme inhibitors;

ARB, angiotensin Il receptor blockers, DPP-4, dipeptidyl peptidase-4; SGLT-2, sodium-glucose co-transporter 2; ET, endothelin; VDR, vitamin D
receptor; MR A, mineralocorticoid receptor antagonists; NAC, N-acetylcysteine; Nox, NADPH oxidase; Anti-TGF B Ab, anti-transforming growth

factor beta antibody.




SGLI2 inhibitors might halt

progression of diabetic
nephropathy

Hala Yamout and George L. Bakris

Blood pressure lowering slows the progression of diabetic nephropathy
whereas the effects of glycaemic control are smaller and slower. New
findings from the EMA-REG OUTCOME investigators indicate that SGLT2
inhibition slows the progression of kidney disease by lowering glucose and
blood pressure, thereby lowering the risk of adverse renal outcomes in this
patient group.

Refers to Wannar, C. et al. Empaglificzin and progression of kidney dizease in type 2 diabstes. N Engl. | Med.
httos/fdw doi.org/10.1056/ME|Moal5 15920 (2016

Table 1| Selected renal outcomes and adverse events in the EMPA-REG OUTCOME study
Outcome Empagliflozin (%) Placebo (%)

Renal outcome measures (all participants)

Incident or worsening nephropathy or cardiovascular death  16.2 23.6

Incident or worsening nephropathy 12.7 18.8
Doubling of 5Cr accompanied by eGFR =45 ml/min/L73 m* 1.5 1.6
Initiation of RRT 0.6

Doubling of 5Cr accompanied by eGFR <45 ml/ 1.7 3.1
min/1.73 m’: initiation of RRT or death from renal disease




Potential protective mechanisms of SGIT2 inhibition

Kidney International (2016) 89, 524-526

SGLT2 inhibition

MNatriuresis l
Negative TTubulo-
caloric JHbA1c tUricosuria ‘l‘glg';fm o= ‘tgllﬂﬁ"l": -+ | glomerular
balance P ! | feedback
! | } URE S T N |
lTotal body | | | Inflammation \ Plasma LArterial |} || Myocardial | | ﬂ;‘:ﬂé
fat mass | [{ Glucose toxicity uric acid stiffness | : stretch constriction
= Y = \ L4 l v 5 ¥
icardia . ;| LVentricular |«.{ Activation of
fat | Atherosclerosis : S ACE2 — Ang1/7

J Inflammation Al TCardiac : J Intraglomerular
I Fibrosis  f-.. contractility H hypertension
4 Hyperfiltration

LY
-
-

e
*u

Cardiac & Renal Protection

Figure 1 | Possible mechanisms responsible for cardiovascular and renal protection with sodium-glucose
cotransporter 2 (SGLT2) inhibition. Solid lines represent pathways supported by existing data; dashed lines
represent possible areas for future research. ACE2, angiotensin-converting enzyme-2; Ang1/7, angiotensin 1/7;




Liraglutide and Cardiovascular Outcomes in Type 2 Diabetes

M Engl ) Mad 2016;375:311-22

CONCLUSIONS

In the time-to-event analysis, the rate of the first occurrence of death from cardiovas-
cular canses, nonfatal myocardial infarction, or nonfatal stroke among patients with
type 2 diabetes mellitus was lower with liraghitide than with placebo. (Funded by Novo
Nordisk and the National Institutes of Health; LEADER ClinicalTrials.gcov nmumber,
MICROVASCULAR OUTCOMES

The incidence of a composite outcome of renal

or retinal microvascular events was lower 1n the
liraglutide group than in the placebo group
(hazard ratio, 0.84; 95% CI, 0.73 to 0.97; P=0.02),

a difference that was driven by a lower rate of
nephropathy events in the liraglutide group (1.5 vs.
1.9 events per 100 patient-vears of observation;

hazard ratio, 0.78; 95% CI, 0.67 to 0.92; P=0.003)




Glomerular hypertension

R

Fibrosis (TGF-B- dependent H
1

'Iil
'“-':-".nt {
Proinflarmimaton
Profibnosis
Renoprotection in
type 2 diabetes

—+—> Inhibited by incretin

Figure 2. Favorable renal outcome achieved by incretin in
diabetic nephropathy. Glucagon-like peptide 1 receptor
agonists mimic favorable actions of incretin. Its glycemic
effect via improving insulin secretion and inhibiting gluca-
con secretion, antihypertensive effect in both systemic and
glomerular hypertension with attenuated dyslipidemia and
obesity collectively ameliorate proteinuria and blocks proin-
flammatory and profibrotic pathways through transform-
ing growth factor p (TGF-p)-dependent anti-fibrotic effect.
These results comprehensively contribute to the renoprotec-

tion in thPE 2 diabetes. Korean J Intern Med 2017;32:11-25




Association of Bariatric Surgery With Long-term Remission
of Type 2 Diabetes and With Microvascular

and Macrovascular Complications

Figure 3. Cumulative Incidence of Microvascular and Macrovascular Diabetes Complications in the Surgery and Control Groups

Microvascular complications Macrovascular complications
100 = 100} =
Log-rank P=.001 Log-rank P=.001
HR, 0.44 {95% C1, 0.34-0.56) HR, 0.68 {95% C1, 0.54-0.85)
a0+ a0+
S S
o Contral group I o Controlgroup 4=
LN 5 e0-
E o E
o J o
= =
I I
= =
= =
[ [

Follow-up Time, ¥ Follow-up Time, ¥
Mo. at risk
Control 260 251 239 222 201 177 146 104 63 46 19 o0 240 225 214 191 178 155 116 80 53 20
Surgery 343 336 326 318 301 280 257 207 le0 112 &3 343 330 315 294 270 254 238 186 142 92 54

JAMA_ 2014, 3N(22)-2297-2304.




Conclusions

Incidence of DM Is growing and brings CV and renal
risk
An early identification of those who will be fast

decliners and early multifactorial treatment approach Is
necessary, before development of complications.

New treatments are urgently resquested, according to
the DN development mechanisms.

The most interesting protecting drugs come from new
glucose management therapies.

Don’t forget to apply lifestyle and diet approaches (or
bariatric surgery in severe obesity).



MNephrol Dhal Transplant (2016) O; 1-8
doi: 10, 1093 'ndt fg 292

Original Article

Urinary proteomics predict onset of microalbuminuria in

normoalbuminuric type 2 diabetic patients, a sub-study
of the DIRECT-Protect 2 study

Morten Lindhardt', Frederik Persson', Petra Eij_rbigz, Angelique Stalmach”, Harald Mischak™,
Dick de Zeeuw”', Hiddo Lambers lleerspi_nk‘*, Ronald Klein’, Trevor Orchard®, Massimo Porta’, John Fuller®,

Rudolf Bilous™'’, Nish Chaturvedi'', Hans- Henrik Parving'* and Peter Rossing™'™"

nthis cohort of patients wi
normoalbuminuria from a large intervention study, the
CKD273-classifier was an independent predictor of microalbu-
minuria. This may help identify high-risk normoalbuminuric
patients for preventive strategies for diabetic nephropathy.




8 CHAPTER 2. ISSUES RELATED TO Chapter 2.2. Are there better alternatives than HbAlc
GLYCAEMIC CONTROL IN PATIENTS WITH to estimate glycaemic control in patients with

L L LT P LA SR DR Rk diabetes and CKD stage 3b or higher (eGFR <45 mL/min/
[eGFR <45 mL/min) 2
1.73m”™)?
Statements

2.2.1 We recommend the use of HbhA1C as a routine ref-
erence to assess longer term glycaemic control in patients
with CKD stage 3b or higher (eGFR <45 mL/min/1.73 m~)
(1C).

Comprehensive risk analysis:
FRAILTY of ONE of the following: yes

% £ 69 mmol/mol

* Risk for hypoglycaemia (see Figure 5)

* Poor motivation and attitude of patient

* Decreased general life expectancy

* Cardiovascular disease

* Presence of micro-vascular complications

no

Lifestyle only _—
or = <53 mmaol/mol
Therapy with low hypoglycaemia risk

no

¥ -
=1

Diabetes duration > 10 years ' - < 64 mmol/mol

no | » <58 mmol/mol



Chapter 3.5
In patients with diabetes and CKD stage 3b or higher
. . . P— . — - e e = 2, . .
In patients with diabetes and CKD stage 3b or l'ughcr (eGFR <45 mL/min/1.73 m”) or on dialysis, should we pre-
(eGFR <45 mL/min/1.73 m®), should we aim at lower [ scribe lipid-lowering therapy in primary prevention?
blood pressure targets than in the general population?
Statements
3.5.1 We recommend starting a statin in patients with
Statements T e a e i
diabetes and CKD stage 3b and 4 (1B).
34.1  Wesuggest against applying lower blood pressure 5.2 We suggest a statin be considered in patients with

fargets in patients with diabetes and C I'a_D stage diabetes and CKD stage 5 (2C).

E‘rb or higher (eGFR <45 mL/min/1.73 m") than 53 We recommend against starting a statin in pa-
in the general population (2C). tients with diabetes and CKD stage 5D (1A).
We suggest that in patients with diabetes and 5.4 There was no consensus in the guideline develop-
CKD stage 3b or higher (eGFR <45 mL/min/ ment group on whether or not statins should be

. . stopped in patients with diabetes with CKD
.73 m”) but without proteinuria, all blood P L - P
. p—— stage 5D,
oressure-lowering dl‘l_l'I_':-]“Ciiﬂ be used equally to 5.5 We augg "brates can replace statins in patients
lower blood pressure (2C). with CKD stage 3b who do not tolerate statins
(2B).




Blood Pressure Lowering in Type 2 Diabetes

A Systematic Review and Meta-analysis
JAMA 2015:313(6)-603-615

Connor &. Emdin, HESc; Kazem Rahimi, DM, MSc; Bruce Meal, PhD; Thomas Callender, MBChE;
Vado Perkovic, PhD; Anushka Patel, PhD

Figure 3. Standardized Associations Between 10-mm Hg Lower Systolic BP and All-Cause Mortality, Macrovascular Qutcomes, and Microvascular
Outcomes Stratified by Mean Systolic BP of Trial Participants at Entry

No. of sgﬁjg. BP Lowering, No. Control, No. Relative Risk  Favors BP § Favors Pfor
Outcome Studles mmHg Events Particlpants Events  Particlpants (953 CI) Lowering | Control  Interaction
Renal fallure, mm Hg
>] 4016, 13, 28, 30, 35, 40, 41, 64, £5 ¢ 147 389 12475 346 11530 0.75(0.52-1.08) ———-
<1403 560 3 13 07 730 214 7382 L00(0D.77-1.29) — p=.21
overall 0.91(0.74-1.12) —
Retinapathy, mm Hg
>] 4016, 23, 30, 4, 65, 77-80 4 145 554 7046 586 7753 0.86(0.70-1.04) —H
«] 40738, 55, 60, 30, 81 3 137 280 1835 310 1813  0.88(0.74-1.05) —-— P=.85
ovarall 0.87 (0.76-0.99) =
Albuminuria, mm Hg i
>] 4016, 25-30, B4, 65 4 145 1881 B447 1898 7647 071(063-0.79) W
14017, 36-38, 33,60 3 137 1118 357 1265 174 0.86(0.81-0.00) — P=.002
overall 0.83 (0.79-0.87) & !

0.5 10 20
Relative Risk (95% CI)




Felative risk of major cardovascular events, all death and end-stage renal disease (ESRD) in triaks of BP lowering by different classes of drugs (vs. placebo)

RASE Stroke + CHD DM - 0.53 (0.41-0.69)
noDM ; 0,65 (0.54-0.77)

All Death DM 0.76 (0.54-1.09)
noDM 0.77 (0.62-0.95)

ESRD DM 0.50 (0.32-0.78)
noDM —

0.5

Drug better Placebo better

Joumal of Hypertension 2017, 35:922-944



7.CHAPTER 1: ISSUES RELATED TO RENAL
REPLACEMENT MODALITY SELECTION IN
PATIENTS WITH DIABETES AND END-STAGE
RENAL DISEASE

Chapter 1.1. Should patients with diabetes and CKD stage

5 start with peritoneal dialysis or haemodialysis as a first y " _ e -
modalitv? Chapter 1.2. Should patients with diabetes and CKD stage

5 start dialysis earlier, i.e. before becoming symplomalic,
_ than patients without diabetes?
Slalements
1.1.1  We recommend giving priority to the patient's gen-
eral status and preference in selecting renal replace-
ment therapy as there is an absence of evidence of
superiority of one modality over another in patients
with diabetes and CKD stage 5 (1C). _ o
We recommend providing patients with unbiased out diabetes (1A).
information about the different available treat- | |
ment options (1A).
In patients opting to start haemodialysis (HD), we
suggest prefering high flux over low flux when this
is available (2C).
We suggest diabetes has no influence on the choice
between HD or haemodiafiltration (HDF) (2B).

Statements
1.2.1 Werecommend initiating dialysis in patients with
diabetes on the same criteria as in patients with-




Chapter 1.4 Is there a benefit to undergoing renal
transplantation for patients with diabetes and CKD
stage 57

Chapter 1.3. In patients with diabetes and CKD stage 5,
should a native fistula, gralt or tunnelled catheter be
preferred as initial access?

Patient eGFR <15 mL/min? 1.4.1 We recommend providing education on the dif-
« Do not attempt creation ferent options of transplantation and their
| Eﬂfnaﬁug AV fistula expected outcomes for patients with diabetes
aGFR decline progressive? and CKD stage 4 or 5 who are deemed suitable
T for transplantation (Table 5) (1D).
} 5 Statemenis only for patients with type 1 diabetes and
Patient selects HD as RRT modality? CKD stage 5
- 1.4.2 Wesugged living donation kidney transplantation
: — or simultaneous pancreas Kidney transplantation
Projected lfe expectancy >1 year to improve survival of suitable patients (2C).
yes 1.4.3 Wesuggest against islet transplantation after kid-
y ney transplantation with the aim to improve sur-

no

Vascular mapping: Discuss options ) K
» diameter of vene >2.5mm no vival (2C).
» diameter of artery >2.0 mm "+ native fistula 4.4 We suggest pancreas grafling to improve survival
» positive fist squenching test? » graft after kidney transplantation (2C).
* catheter Statements only for patients with type 2 diabetes and
§ 1= CKD stage 5
Creative native vascular access with 1.4.5 We recommend against pancreasor simultaneous
kidney pancreas transplantation (1D).
::2?;:? Surgeon 1.46 We recommend diabetes in itself should not be

considered a contraindication to kidney trans-
plantation in patients who otherwise comply
with inclusion and exclusion criteria for trans-
plantation (1C).

FIGURE 2: Decision flow chart for vascular access in patients with dipbetes.




Fast renal decline to end-stage renal disease: an
unrecognized feature of nephropathy in diabetes

Andrzej S. Krolewski'~, Jan Skupien®, Peter Rossing™” and James H. Warram'

Kidney International (2017) @, B-m; httpyfdx doiong/ 1000016¢
jKnt 201610045

Linear decline (87%)
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Figure 2| Examples and frequencies of trajectories of estimated glomerular filtration rate (eGFR) decline in the Joslin end-stage renal
disease (ESRD) cohort, classified as linear or nonlinear by a linear spline approach. Trajectories were classified by comparing linear (solid



Renal decline to ESRD

. KDIGO guidelines have defined rapid progression by a rate
of eGFR decline >5 ml/minly.

. There are indeed fast (renal function loss with an interval
of 2 to less than 10y between normal function and ESRD),
moderate (between 10-20y) and slow (between 20 and 45y)
decline of Kidney function.

. Intype 1(but also 2) DM, role of high HbA1C, urinary
albumin-to-creatinine ratio values, and eGFR (cystatine C)
and circulating TNF1R

. Intype 2 DM, 14 biomarkers have been identified in those
with stage 3 and higher CKD who will have a rapid decline
of GFR .



Strict control of glycemia and protection

Positive results for microvascular complications

Less convincing results for

. The benefit on CV disease of a HhA1C < 7% rather

than 8% decreases with - age,
- diabetes duration and

- comorbidities.



Pathophysiology of classical DN

[ Metabolic} [ Oxydative stress} [ Hem@dynamie}

Chronic hyperglycemia — Intraglomerular pressure
— Endothelial dysfunction

_ PKC BII Vasoactive hormones
Glycation end-products (Ag 11, endothelins, NO)

Cytokines — Growth factors
(TGFB, VEGF, IGFs,...)

INFLAMMATION

4 Accumulation _
Of EC matrix { Interstitial J
fibrosis

1T Vaseular permeability

[ Albuminuria }

GFR



Box 2. Candidate Genes Implicated in the Susceptibility for the
Development of DKD

Angiotensin-converting enzyme (ACE)
Angiotensinogen

Angiotensin |l receptor (type 1)

Aldose reductase

Apolipoprotein E

Atrial natriuretic peptide

Heparin sulfate

Intercellular adhesion molecule 1 (ICAM)
Matrix metalloproteinase

Methylene metalloproteinase 9 (MM-9)
Na/H exchanger

Nitric oxide synthase

Plasminogen activator inhibitor 1 (PAI-1)
Peroxisome proliferator-activated receptor (PPAR)
Type 4 collagen

3-Adrenergic receptor

Vascular endothelial growth factor (VEGF)
Enguliment and cell motility 1 (ELMO1)

Am J Kidney Dis. 2014;63(2)(suppl 2):539-562
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