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The spectrum of Albuminuria




Screening for alouminuria

The past (1892)

ATLBUMINURIA

HEALTH AND DISEASE

WITH TWO APPENDICES

(1) A CONTRIBUTION TO THE THEORY OF URINARY
SECRETION.

(2) THE HYGIENIC TREATMENT OF ALBUMINURIA.

LITHOGRAPHED ILLUSTRATION.
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more than three AER measurements may be necessary to
accurately categorize albuminuria.
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Presentation Notes
The  long-term intra-individual coefficient of variation of AER is high, implying that  more than three AER measurements may  be necessary to accurately categorize albuminuria.



Changes in Albuminuria/Proteinuria—
A Prognostic Marker of Kidney Disease Progression

Rigas G Kalaitzidis, MD, Madhav Rao, MD and George L Bakris, MD

Table 2: Methods of Albuminuria Measurement with Normal and Abnormal Ranges

24-hour Urine Overnight Urine Spot Urine
Albumin (mg/24hr) Albumin (pg/min)

Albumin (mg/l) Albumin/Creatinine Ratio

(mg/mmol)  (mg/g
Normal 15 <10 A0 M A5 A0

F <1.75 <15

High/normal 1510 <30 1010 <20 10t0<20 M 12510 <25 1010 <20

17E 4+~ OF 1E+0'§30

Microalbuminuria 30t0 <300 Moderately increased albuminuria-Métpia av§non <20
I3

acroalbuminuria >300 aas aaa " o -
[ Severely increased albuminuria-onpavtiki abénon T}

SNEPHROLOGY:2009,Volume 4,Issuel: 59--64




The Spectrum of Albuminuria
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. Is albuminuria @ myocardial infarction risk equivalent for
atherothrombotic events?

Event-free survival with respect
to albuminuria and prior Ml.
Event-free survival in
normoalbuminuric patients
with no history of prior Ml

),
in patients with alouminuria
without prior Ml ( ),
In normoalbuminuric patients
with a
history of prior Ml (blue line),
and in patients with both,
albuminuria and prior Ml (red
line).
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Albuminuria emerges as a CAD risk equivalent: The event rate of patients with albuminuria
but no prior Ml was almost equal to that of normoalbuminuric patients with prior MI.

Albuminuria is a CAD risk equivalent. Thus, cardiovascular risk factors in albuminuric
patients should be treated as aggressively as in patients with prior MI.

Atherosclerosis 240 (2015) 21e25
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Presentation Notes
Albuminuria emerges as a CAD risk equivalent: The event rate of patients with albuminuria but no prior MI was almost equal to that of normoalbuminuric patients with prior MI. Albuminuria is a CAD risk equivalent.  Thus, cardiovascular risk factors in albuminuric patients should be treated as aggressively as in patients with prior  MI. Event-free survival with respect to albuminuria and prior MI. Event-free survival in normoalbuminuric patients with no history of prior MI (green line),  in patients with albuminuria without prior MI (orange line), 
in normoalbuminuric patients with a history of prior MI (blue line),  and in patients with both, albuminuria and prior MI (red line).



Ultra filtered proteins in excess are toxic to the tubular cells, resulting in tubular damage

-
Albumin

Leakage
causes
Renal

Damage
N\

\

and interstitial inflammation in the kidney

Regardless of
the origin of
albumin leakage
emerging data
show that
albuminuria also
has a direct toxic
effect on renal
tissue leading to
progressive
function loss

Whaley-Connell & Kalaitzidis R, Cardiol Clin 28 (2010) 437-445
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Ultra filtered proteins in excess are toxic to the tubular cells, resulting in tubular damage and interstitial inflammation in the kidney Regardless of the origin of albumin leakage emerging data show that albuminuria also has a direct toxic effect on renal tissue leading to progressive function loss   
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Diabetic nephropathy

Diabetic nephropathy, is most likely to occur in patients who have:

« Worse glycemic control  suucamonay

« Hypertension

*Glomerular hyperfiltration -

*Genetic predisposition




Albuminuria and disease progression

The degree of albuminuria is not necessarily linked to disease
progression in patients with diabetic nephropathy associated with
either type 1 or type 2 diabetes

Patients who progressed to severely increased albuminuria had
the highest rate of loss of GFR




Proteinuria as a Risk Factor for Mortality

in Type 2 Diabetes
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Gall MA, et al. Diabetes. 1995;44:1303-1309.
Copyright ©1995, American Diabetes Association. Reprinted with permission.
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Να αναφέρουμε τέλος πόσο σημαντική είσαι η εκτίμηση της ποσότητας της λευκωματίνης στα ούρα όχι μόνο για την παρακολούθηση της νεφροπάθειας, αλλά σαν ανεξάρτητο προγνωστικό δείκτη όπως έχει φανεί σε μελέτες που έχουν γίνει στη θνησιμότητα στο διαβήτη τύπου 2. 10% μεγαλύτερη θνησιμότητα τα άτομα με μικροαλβομινουρία  σε σχέση με νορμοαλβομινουρικούς διαβητικούς ασθενείς

Proteinuria as a Risk Factor for Mortality in Type 2 Diabetes
In this study, the impact of microalbuminuria and macroalbuminuria on mortality was evaluated prospectively in 328 non-insulin-dependent diabetic patients followed for 5 years. During follow-up, 51 patients died (16%). A total of 18 out of 51 patients with macroalbuminuria died (35%) compared to 17 out of 86 with microalbuminuria (20%), and 16 out of 191 with normoalbuminuria (8%). 

Reference:
Gall MA, Borch-Johnsen K, Hougaard P, Nielsen FS, Parving HH. Albuminuria and poor glycemic control predict mortality in NIDDM. Diabetes. 1995;44(11):1303-1309.


Pathophysiologic mechanism




METABOAEZ

Glomerular Hyperglycemia and
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Mechanisms of Renal Damage in HTN
Talking Points: The kidney can be both a contributor to and a target of hypertension. Systemic blood pressure elevation is associated with increased vascular tone due, in part, to decreased production or actuin of vasodilator molecules, such as endothelium-derived nitric oxide and prostacyclin, at the same time as there is either maintenance or increased production of vasoconstrictors, such as angiotensin II and endothelin-1.  This imbalance is often termed endothelial dysfunction. Increased renal sympathetic nerve activity may contribute to vasoconstriction and augment tubular reabsorption of sodium. Many of the molecules promoting vasoconstriction also cause long-term effects on the nephron by promoting growth of vascular smooth muscle cells and mesangial cells,  decreasing apoptosis, stimulating chemotaxis of vascular inflammatory cells into the vessel wall and the tubular interstitium, and stimulating the production of molecules that expand and alter the composition of the extracellular matrix in the mesangium and interstitium. The resulting glomerular hypertension can lead to glomerular basement membrane damage and proteinuria.  Other conditions, such as diabetes mellitus, may contribute to the glomerular basement membrane damage caused by hypertension or may induce it independently through alteration of basement membrane proteins. Both glomerular hypertension and proteinuria are associated with oxidative stress that can cause activation of circulating leukocytes and their diapedesis into the vessel wall and interstitium, can stimulate the release of cytokines and growth factors that leads to extracellular matrix formation, progressive sclerosis of both the glomerulus and tubules, and ultimately loss of nephron units.  When the compensatory capacity of the remaining nephrons is exceeded, renal function progressively deteriorates and renal failure develops.
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Pathways Leading to Progressive Renal Failure
Talking points:  This slide summarizes the multiple mechanisms by which non-hypertensive and hypertensive insults lead to renal scarring that results in loss of nephrons and ultimately to renal failure.  Both systemic hypertension and non-hypertensive injury that causes loss of single nephron units results in hypertension in the remaining glomeruli (glomerular hypertension).  Glomerular hypertension can lead to injury to the glomerular basement membrane causing it to leak plasma proteins into the urine.  Attempts by the proximal tubules to reabsorb this filtered protein causes injury to the tubular cells, activates an inflammatory response, and is associated with the development of lipid metabolic abnormalities that create further oxidative stress on the already compromised glomerulus. The resultant tubular inflammatory response and renal microvascular injury activate pathways that lead to fibrosis and scarring of both glomerular and tubular elements of the nephron.  An additional consequence of glomerular hypertension and resultant reduction in glomerular filtration rate (GFR) activates growth factors and cytokines that promote an influx of monocytes and macrophages into the vessel wall and into the renal interstitium, and also causes the differentiation of renal cells into fibroblasts.  Monocytes, macrophages and fibroblasts are capable of producing those growth factors and cytokines that activate pathways leading to expansion of extracellular matrix, fibrosis and loss of both tubular and glomerular structures.



Equivalent renal risk in type 1 % 2 diabetes

TYPE 1: The incidence of overt nephropathy was 25 to 45 percent,
The incidence of ESRD was 4 to 17 percent at 20 years
and 16 percent at 30 years of being diagnosed with diabetes.

TYPE2: The incidence of diabetic ESRD was noted to have declined
significantly from the period 1991-1994 to the period 1999-2002 (32 to 15
cases per 1000 patient-years, respectively)

pata suggest that the renal risk is currently equivalent in the

two types of diabetes
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Presentation Notes
>90 of DM entering ESRD is type 2 DM. Today, with better treatment of hypertension and CVD, they live longer and are exposed to the risk to develop DN and ESRD (Ritz, Comprehensive Clinical Nephrology 2007)
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Presentation Notes
The pie chart shows that diabetes is currently the most common cause of ESRD. 
The lower graph reveals that the number of patients with ESRD maintained on dialysis is predicted to double over present levels by 2010, and the major contributor to this exponential increase is chronic renal failure associated with diabetes.




Albuminuria as a Appropriate

Therapeutic Target in diabetic
nephropathy
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Για τον λόγο αυτό η θεραπευτική περέμβαση στηρίζεται κυρίως στον αυστηρό γλυκαιμικό έλεγχο και τον έλεγχο της υπέρτασης, 
με βάση τους οποίους επιδιώκεται η πρωτογενής, η δευτερογενής ή τριτογενής πρόληψη ή και η αναστροφή της πορείας της ΔΝ.
 
Γλυκαιμικός έλεγχος
It can partially reverse the glomerular hypertrophy and hyperfiltration*
At least in type 1 diabetes, it can delay the development of microalbuminuria 
It can stabilize or decrease protein excretion in patients with microalbuminuria**
Mesangial volume and mesangial matrix volume were significantly decreased as compared to the same measurements at zero and five years
In some patients, the width of the glomerular and tubular basement membranes and the mesangial volumes had returned to normal, and nodular glomerular lesions had disappeared.  
*both in the basal state and after a protein load) that are thought to be important risk factors for glomerular injury.
**although this effect may not be apparent until relative normoglycemia has been maintained for two years.




The importance of glycemic control




Cumulative incidence of moderately increased albuminuria () in patients with type 1
diabetes treated with either conventional or intensive insulin therapy for up to nine years.
There was an increasing benefit of intensive therapy over time (p<0.04)

Strict glycemic control prevents moderately
increased albuminuria (formerly called
microalbuminuria) in patients with type 1 diabetes
mellitus
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The Diabetes Control and Complications Trial Research Group. N Engl J Med 1993; 329:977.




Reducing the intraglomerular pressure
AND/OR

Prevention of intraglomerular hypertension




% Reduction In Relative Risk
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*
*P <0.05 compared to tight glucose control

Tight Glucose Control m Tight BP Control

(Goal <6.0 mmol/I or 108 mg/dL) (Average 144/82 mmHg)

Bakris GL, et al. Am J Kidney Dis. 2000;36(3):646-661.
Reprinted by permission from WB Saunders.
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Diabetes: Tight Glucose vs Tight BP Control and CV Outcomes in UKPDS 
A comparison of tight glucose control, HbA1c=7% (achieved was 8.2%) vs tight blood pressure control <150/85 mmHg (achieved 144/82 mmHg) revealed that blood pressure reduction contributed to a greater extent to the relative reduction of cardiovascular events.
 
References:
Tight blood pressure control and risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 38. UK Prospective Diabetes Study Group. BMJ. 1998;317(7160):703-713.

Efficacy of atenolol and captopril in reducing risk of macrovascular and microvascular complications in type 2 diabetes: UKPDS 39. UK Prospective Diabetes Study Group. BMJ. 1998;317(7160):713-720.


Intraglomerular pressure and diabetic nephropathy

Unilateral diabetic glomerulosclerosis
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Light micrographs from a postmortem examination of a diabetic patient

with unilateral renal artery stenosis on the right side. Classic
Kimmelstiel-Wilson nodules are seen in the glomeruli in the left kidney

Reducing the intraglomerular pressure with dietary protein restriction or antihypertensive therapy with an
angiotensin-converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) or the prevention of intraglomerular

hypertension because of cOncurrent renal artery stenosis can minimize progression of or even prevent glomerular

G Bakris Uptodate 2018
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Reducing the intraglomerular pressure with dietary protein restriction or antihypertensive therapy with an angiotensin-converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) or the prevention of intraglomerular hypertension because of concurrent renal artery stenosis can minimize progression of or even prevent glomerular disease in the absence of glycemic control 



Antihypertensive therapy

with emphasis on the use
of ACE inhibitors or ARBs




Mechanistic rationale for ACE inhibitors and ARBSs in diabetes

Dilation of Efferent Arteriole Only

Glomerulus Bowman'’s
capsule

Afferent
arteriole

Efferent
arteriole

~ Glomerular pressure
~ Albumin excretion rate

Valentino VA et al. Arch Intern Med 1991:;151:2367-2372.
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Blockade of the renin-angiotensin system (RAS) provides beneficial effects on renal function in diabetic renal disease, likely attributable to favorable systemic and renal hemodynamic changes.

ACE inhibitors have been shown to blunt the intrarenal arteriolar effects of angiotensin II, leading to dilation of efferent arterioles and reduction in glomerular capillary pressure and attendant glomerular hypertension.  Furthermore, these agents reduce glomerular permeability, leading to lower urinary albumin excretion.1

1 Valentino et al, 1991.


Intratubular Renin-Angiotensin System in Hypertension

L. Gabriel Navar, Hiroyuki Kobori, Minolfa C. Prieto, Romer A. Gonzalez-Villalobos
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Cascade of intratubular RAS in Ang Il1—-dependent hypertension. In Ang Il-dependent hypertension, the kidney maintains
intrarenal Ang Il formation, enhanced proximal tubule AGT formation and spillover into distal nephron segments coupled with enhancement
of CD renin and stimulation of tubular ACE.

PT indicates proximal tubule; IC, intercalated cell; PC, principal cell; AA, afferent arteriole; EA, efferent arteriole.
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Cascade of intratubular RAS in Ang II–dependent hypertension. In Ang II–dependent hypertension, the kidney maintains
intrarenal Ang II formation, enhanced proximal tubule AGT formation and spillover into distal nephron segments coupled with enhancement
of CD renin and stimulation of tubular ACE. 
PT indicates proximal tubule; IC, intercalated cell; PC, principal cell; AA, afferent arteriole; EA, efferent arteriole.



Type 1 diabetes

Renal protection with ACEIs



ACE inhibitor vs triple therapy

ACE inhibitor is more effective than triple therapy in
protecting against experimental diabetic
nephropathy
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DM + Captopril DM + Triple Rx

Efficacy of antihypertensive therapy in diabetic rats in reducing the number of sclerotic glomeruli at 70 weeks.
Triple therapy with hydrochlorothiazide, hydralazine, and reserpine was partially protective, but captopril was
completely protective, with the degree of glomerulosclerosis being less than that in control (normal) rats (left

column). Captopril also normalized the intraglomerular pressure (46 mmHg) versus 64 mmHg in untreated diabetic

animals and 56 mmHg with triple therapy.

Kidney Int 1989; 36:526.
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Efficacy of antihypertensive therapy in diabetic rats in reducing the number of sclerotic glomeruli at 70 weeks. Triple therapy with hydrochlorothiazide, hydralazine, and reserpine was partially protective, but captopril was completely protective, with the degree of glomerulosclerosis being less than that in control (normal) rats (left column). Captopril also normalized the intraglomerular pressure (46 mmHg) versus 64 mmHg in untreated diabetic animals and 56 mmHg with triple therapy.



The effect of the administration of placebo or captopril to patients with type 1 diabetes with overt

proteinuria and a Pcr equal to or greater than 1.5 mg/dL (132 pumol/L).
The likelihood of a doubling of the Pcr was reduced by more than 50 percent in the captopril group.

100 Baseline creatinine >1.5 mg/dL
o
% with 75|
doubling of Placebo
baseline 50 _ =202
creatinine be 001
25
0 Captopril
n=207
N | | | |

Years of follow-up

Lewis EJ, et al. N Engl ] Med. 1993;329(20):1456-1462.
Copyright © 1993 Massachusetts Medical Society. Adapted with permission.


Presenter
Presentation Notes
ACE-I Is More Renoprotective Than Conventional Therapy in Type 1 Diabetes 
In this landmark trial by Lewis et al, the study design was a randomized, controlled trial in patients with type 1 diabetes who were treated with captopril (n=207) or placebo (n=202). Those assigned to captopril received 25 mg tid, and those assigned to the control group received placebo tid. Entry criteria included urinary protein excretion of >500 mg/day and serum creatinine <2.5 mg/dL.  Blood-pressure goals were defined to achieve control during a median follow-up of three years. The recommended dietary protein intake was 1 g/kg of body weight per day. The primary end point was a doubling of the base-line serum creatinine concentration.  As shown, the number of patients who experienced a doubling of baseline serum creatinine was reduced significantly (p<0.001) with captopril.
 
Reference:
Lewis EJ, Hunsicker LG, Bain RP, Rohde RD. The effect of angiotensin-converting-enzyme inhibition on diabetic nephropathy. The Collaborative Study Group. N Engl J Med. 1993;329(20):1456-1462.
 



MICRO-HOPE Events Per Patient Group for Secondary Endpoints
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MICRO-HOPE Events Per Patient Group for Secondary Endpoints
In addition to having a positive impact on the primary combined endpoint of myocardial infarction, stroke, or cardiovascular death, the relative risk reductions for the secondary endpoints of total mortality, revascularization, and overt nephropathy also proved to be significant for ramipril compared to placebo. Relative risk was reduced by 24% for total mortality (P=0.004), by 17% for revascularization (P=0.03), and by 24% for overt nephropathy (P=0.03).  
3577 people with diabetes included in the Heart Outcomes Prevention Evaluation study, aged 55 years or older, who had a previous cardiovascular event or at least one other cardiovascular risk factor, no clinical proteinuria, heart failure, or low ejection fraction, and who were not taking ACE inhibitors, were randomly assigned ramipril (10 mg/day) or placebo, and vitamin E or placebo, according to a two-by-two factorial design

Reference:
Effects of ramipril on cardiovascular and microvascular outcomes in people with diabetes mellitus: results of the HOPE study and MICRO-HOPE substudy. Heart Outcomes Prevention Evaluation Study Investigators. Lancet. 2000;355(9200):253-259.



Type 2 diabetes

Renal protection with ARBs




Irbesartan slows progression of nephropathy in type 2 diabetes
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A dose-response relationship, with a greater reduction in proteinuria

associated with greater reduction in risk of renal failure

> 70% reduction
- 25% - 70% reduction
24% reduction - 45% rise

Fraction of patients free of doubling/ESRD

Atkins R et.al Am J Kidney Dis 2005;45:281-287



MARVAL: Valsartan Significantly Lowers Urinary Albumin Excretion Rate
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RENAAL:Losartan reduced the incidence of a doubling of the plasma

Creatinine by 25 % & ESRD by 28 percent;

Risk reduction=16%

Every 50% reduction in
albuminuria in the first
6 mo produced a
reduction of

36% in the primary
endpoint and a reduction
of 45%in (ESRD)

at the end of study.

Losartan™ (n)

"In combination with open-label diuretic, calcium channel blocker, beta-blocker, alpha-
blocker,
and/or centrally acting agent
Brenner BM, et al. N Engl/J Med. 2001;345(12):861-869.
©2001 Massachusetts Medical Societv All riahts reserved.
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RENAAL Patients Reaching Primary Composite Endpoint
The primary endpoint for RENAAL was the composite of time to doubling of serum creatinine (SCr), end stage renal disease (ESRD), or death. The doubling of the serum creatinine concentration was defined as the first serum creatinine value that was twice the baseline value, as confirmed by a second serum creatinine value obtained at least four weeks after the initial doubling.  End stage renal disease was defined by the need for long-term dialysis or renal transplantation.  By an intention-to-treat analysis, the primary analysis approach of the study, losartan resulted in a significant risk reduction of 16% (P=0.02) in the primary composite endpoint.

Reference:
Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch WE, Parving HH, Remuzzi G, Snapinn SM, Zhang Z, Shahinfar S. Effects of losartan on renal and cardiovascular outcomes in patients with type 2 diabetes and nephropathy. N Engl J Med. 2001;345(12):861-869.�


RENAAL: Albuminuria at Baseline Predicts ESRD

In Type 2 Diabetics With Nephropathy (N=1513)
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RENAAL: Dominant Role of Altered Proteinuria in
Reducing Risk of ESRD

Increase in albuminuria constitutes higher risk for ESRD than increase in BP
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Presentation Notes
This slide shows that albuminuria/proteinuria is not only an important risk factors for the development of CVD in CKD but also for the progression of CKD to ESRD. 
Even with a decrease in BP, the RR for ESRD is high if albuminuria increases.
The data are also from the RENAAL study, and these analyses investigated the extent of discordance in treatment effects on systolic blood pressure and albuminuria and its association with renal outcome in 1428 patients with hypertension and diabetic nephropathy.
Reduction (from baseline to 6 months) in SBP or in albuminuria was associated with a lower risk of ESRD, and a reduction in both together resulted in the lowest risk of ESRD. 




DETAIL was a randomized controlled trial that
compared enalapril to the ARB telmisartan
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ACE inhibitors are at least as effective as ARBs in diabetic patients with

moderately increased albuminuria
Year Non-inferiority of ARB




Combined Angiotensin Inhibition for the
Treatment of Diabetic Nephropathy

A PrA Acute Kidney Injury
100 Percent of Patients (95% CI)
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 The primary end  point was the first occurrence of a change in the estimated GFR (a decline of ≥30 ml per minute per 1.73 m2 if the 
initial estimated GFR was ≥60 ml per  minute per 1.73 m2 or a  decline of ≥50% if the  initial estimated GFR was <60 ml perminute per 1.73 m2), 
end-stage renal  disease (ESRD), or death



Other antihypertensive drugs and

combinations




Diltiazem and verapamil appear to be as consistently

effective as an ACE inhibitor or ARB in lowering protein
excretion in diabetic patients




Nondihydropiride CAs VS Dihydropiridine Cas in proteinuria reduction

The percentage change in proteinuria among patients treated with dihydropiridine CAs or
nondihydropiride CAs adjusted for change in SBP and DBP

Kalaitzidis R & Bakris G, Arch Med Sci 2009
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The percentage change in proteinuria among patients treated with dihydropiridine CAs or nondihydropiride CAs adjusted for change in SBP and DBP



ACE-I + Verapamil: Additive Reduction of Proteinuria in Type 2 Diabetes at 1 Year

Trandolapril (2.9 mg/d)
+ Verapamil (219 mg/d)

*p <0.001 combination vs either monotherapy

Bakris GL, et al. Kidney Int. 1998;54:1283-12809.
Reprinted by permission, Blackwell Science, Inc.
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ACE-I + Verapamil: Additive Reduction of Proteinuria in Type 2 Diabetes at 1 Year 
The degree of proteinuria in patients with diabetes correlates strongly with both an increase in progression of nephropathy as well as cardiovascular events. Moreover, post hoc analyses of recent clinical trials support the concept that reductions of blood pressure and proteinuria correlate with a slowed progression of nephropathy. Both angiotensin converting enzyme (ACE) inhibitors and the non-dihydropyridine calcium antagonists (non-DHPCAs) reduce arterial pressure and proteinuria in those with diabetic nephropathy. The present randomized, open label, parallel group designed study tests the hypothesis that, at similar levels of blood pressure, the combination of an ACE inhibitor, trandolapril (T), with the non-DHPCA, verapamil (V), produces a greater reduction in proteinuria over either agent alone at one year. Thirty-seven participants, mean age 59.6 +/- 5.8 years, with nephropathy (baseline creatinine 1.4 +/- 0.3 mg/dl and proteinuria of 1342 +/- 284 mg/dl) secondary to type 2 diabetes completed the study. Doses of drug were titrated in each group over 8 weeks to achieve a goal blood pressure of < 140/90 mmHg. All participants were counseled to ingest a sodium diet of < 120 mEq/day.  Proteinuria reduction from baseline was significantly greater in the T+V group compared to either T alone (-33 +/- 8%, T vs -62 +/- 10%, T+V; P < 0.001) or V alone (-27 +/- 8%, V vs. -62 +/- 10%, T+V; P < 0.001). No significant differences in either glomerular filtration rate, arterial pressure, fasting blood glucose or urinary sodium excretion were noted at one year. The mean daily dose of the individual components of T+V (2.9 +/- 0.8 mg, T/219 +/- 21.1 mg V) was significantly lower than the dose of either T alone 5.5 +/- 1.1 mg/day (P < 0.01) or V alone 314.8 +/- 46.3 mg, given in two divided doses (P < 0.01). These data support the concept that the combination of an ACE inhibitor with a non-DHPCA reduce proteinuria to a greater extent than either agent alone. This added anti-proteinuric effect occurs at lower doses of each drug, and is independent of further reductions in arterial pressure. These findings could have ramifications for slowing renal disease progression in patients with nephropathy from type 2 diabetes.
 
Reference:
Bakris GL, Weir MR, DeQuattro V, McMahon FG. Effects of an ACE inhibitor/calcium antagonist combination on proteinuria in diabetic nephropathy. Kidney Int. 1998; 54(4):1283-1289.


Dihydropyridine CCBs only when used in combination
with a RAAS blocker

Can reduce proteinuria among patients with
advanced proteinuric nephropathy

Am J Kidney Dis 2013, 62:201-213.
Kalaitzidis R & Bakris G Curr.Cardiol.Rep. 2009, 11:436-442.




ACE Inhibitor & CCB nephroprotection

ACE inhibitor and calcium blocker therapy protect

against progressive glomerulosclerosis in rats by
different mechanisms

. Untreated
- Nifedipine
. Enalapril
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The mechanism of protection appeared to be different: enalapril lowered the glomerular
capillary pressure (PGC),
while nifedipine minimized glomerular hypertrophy
as manifested by a reduction in glomerular volume.

Dworkin LD, Burstein JA, Parker M, et al. Kidney Int 1993; 43:808.
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The mechanism of protection appeared to be different: enalapril lowered the glomerular capillary pressure (PGC), 
while nifedipine minimized glomerular hypertrophy 
as manifested by a reduction in glomerular volume.


Mineralocorticoid receptor antagonists




Aldosterone Blockade in Diabetic Nephropathy with Proteinuria

—&— Placebo
—&— Losartan
—&— Spironolactone

Mehdi et al, ) Am Soc Nephrol 2009



Presenter
Presentation Notes
A) The UACR percentage change for spironolactone versus placebo (-34.0%, 95% CI, -51.0%, -11.2%, P = 0.007) and losartan versus placebo (95%
CI, -37.3%, +10.5%, P = 0.2). Data are presented as the percentage
change from the baseline geometric mean and 95% CI.
The P values are from mixed-model repeated-measures analysis.
See the text for within-group differences.


Effect of Finerenone on Albuminuria in Patients
With Diabetic Nephropathy

Figure 2. Change in Least Squares Mean UACR at Day 90 Relative to
Baseline in Patients Treated With Finerenone, 1.25-20 mg/d, or Placebo

Among patients with
diabetic nephropathy,
most receiving an
ACE inhibitor or an
angiotensin receptor
blocker, the addition
of finerenone
compared with
placebo resulted in
improvement

in the UACR
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A dose-dependent effect was observed, with albuminuria reductions ranging from 21 to
38 percent with doses ranging from 7.5 mg/day to 20 mg/day.

Bakris GL J AMA. 2015 Sep;314(9):884-94.
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Among patients with diabetic nephropathy, most receiving an ACE inhibitor or an angiotensin receptor blocker, the addition
of finerenone compared with placebo resulted in improvementin the UACR. A dose-dependent effect was observed, with albuminuria reductions ranging from 21 to 38 percent with doses ranging from 7.5 mg/day to 20 mg/day. 


Sodium-glucose cotransporter 2 inhibitors




Sodium-glucose cotransporter 2 inhibitors

The use of sodium-glucose cotransporter 2 (SGLT-2) inhibitors, such
as canagliflozin and empagliflozin in patients with type 2 diabetes

Reduced the risk of kidney disease progression and of renal endpoints in some trials

J Am Soc Nephrol. 2017 Jan;28(1):368-375.
N EnglJ Med. 2016;375(4):323. Epub 2016 Jun 14.




Canagliflozin Slows Progression of Renal Function

Decline Independently of Glycemic Effects
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Canagliflozin 100 or 300 mg/d, compared with glimepiride, slowed the progression of renal disease over 2 years in patients
with type 2 diabetes. Changes in UACR in a subgroup ofpatients with UACR$30 mg/g at baseline
, and canagliflozin may confer renoprotective effects independently of its glycemic effects

Am Soc Nephrol 28: 368-375, 2017
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Canagliflozin 100 or 300 mg/d, compared with glimepiride, slowed the progression of renal disease over 2 years in patients with type 2 diabetes. Changes in UACR in a subgroup ofpatients with UACR$30 mg/g at baseline
, and canagliflozin may confer renoprotective effects independently of its glycemic effects



Empagliflozin and Progression of Kidney
Disease in Type 2 Diabetes

A Change in eGFR over 192 Wk
784
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In patients with type 2 diabetes at high cardiovascular risk, empagliflozin was associated with slower
progression of kidney disease and lower rates of clinically relevant renal events

N Engl J Med 2016;375:323-34.




Empagliflozin and Progression of Kidney

Disease in Type 2 Diabetes
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E Putative mechanism for sodium-mediated changes in adenosine bioactivity at the afferent
arteriole. During normal conditions (A), sodium-glucose cotransport leads to minimal
glycosuria.
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Putative mechanism for sodium-mediated changes in adenosine bioactivity at the afferent arteriole.During normal conditions (A), sodium-glucose cotransport leads to minimal glycosuria. If, under these nondiabetic conditions, NaCl delivery to the macula densa was reduced in the context of a physiological stress such as hypotension, renal perfusion would decrease, leading to a reduction in NaCl transit across macula densa cells, thereby causing less adenosine triphosphate (ATP) release and breakdown to adenosine, which is a vasoconstrictor. Consequently, less vasoconstrictive adenosine would act via the adenosine type 1 receptor on vascular smooth muscle cells (VSMCs) to cause less afferent arteriolar vasoconstriction. The resulting afferent vasodilation would serve to preserve renal blood flow and glomerular filtration rate (GFR), and thereby avoid acute kidney injury; the inverse relationship between changes in the NaCl transit across macula densa cells and GFR is a process called tubuloglomerular feedback. Adenosine is generated by both intracellular and extracellular sources, and extracellular generation involves ecto-5′-nucleotidase (5′-NT). Under conditions of ambient hyperglycemia (B), sodium-glucose cotransport-2 activity (SGLT2) is increased, thereby reducing macula densa NaCl delivery. This affects the same tubuloglomerular feedback mechanisms, leading to afferent vasodilatation. Because renal blood flow and GFR start off within a normal range, afferent vasodilatation under these circumstances results in renal hyperperfusion and glomerular hyperfiltration. The goal of using an SGLT2 under these conditions (C) would therefore be to restore distal tubular flow and NaCl delivery to the macula densa, thereby increasing local adenosine generation and afferent vasoconstriction to attenuate the hyperfiltration state.81


Does SGLT2 inhibition with dapagliflozin overcome individual therapy resistance to
RAAS inhibition?

The albuminuria response to RAASi significantly correlated with response to dapagliflozin
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Individual therapy resistance to RAASI cannot be overcome with the addition of a
completely different class of drugs, SGLT2 inhibitors. These data suggest that the individual
drug response is an intrinsic individual characteristic possibly unrelated to the type of

intervention, unless the mode of action of dapagliflozin on alouminuria is
through the RAAS.

Diabetes, Obesity and Metabolism, doi: 10.1111/dom.12936 doi:
10.1111/dom.13057




Glucagon-like peptide-1 receptor agonists

The glucagon-like peptide-1 (GLP-1) receptor agonist liraglutide in a large trial of
patients with type 2 diabetes

Reduced the incidence of a composite renal endpoint
(consisting of new onset of albuminuria >300 mg/day, doubling of serum creatinine,
end-stage renal disease, or renal death)

N Engl J Med. 2017;377(9):839.



Liraglutide and Renal Outcomes in Type 2
Diabetes

A Estimated GFR B Urinary Albumin-to-Creatinine Ratio
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No. at Risk No. at Risk
Placebo 4672 4356 4237 3911 3634 Placebo 4559 4103 3789 3500
Liraglutide 4668 4349 4288 4031 3806 Liraglutide 4578 4167 3934 3686

When added to usual care, liraglutide resulted in lower rates of the development and progression of
diabetic kidney disease than placebo

N Engl J Med 2017;377:839-48.




The effect of liraglutide on renal function: A randomized
clinical trial

Liraglutide
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Changes in urinary albumin excretion rate. Change in urinary albumin excretion rate (UAER) from baseline to end of
treatment. UAER was reduced by 26 (95% CI: 5; 43)% during liraglutide treatment and increased by 9 (95% Cl: —-6; 22)% during
placebo treatment.

Diabetes Obes Metab 2017; 19(2):239-247



GLP-1 and the kidney: from physiology to pharmacology and
outcomes in diabetes
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GLP-1RAs are associated with direct GLP-1R-mediated and, at least in part, nitric oxide-dependent vasodilation of the
afferent renal arteriole, as well as indirect inhibition of vascular and tubular factors that are putative mediators of
glomerular hyperfiltration in diabetes. The integrated effect of incretin-based therapy on renal haemodynamics seems to
be the result of direct vasodilative actions and inhibition of pathways of glomerular hyperfiltration.

Nature Reviews Nephrology volume 13, pages 605-628 (2017)
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Effects of glucagon-like peptide 1 (GLP-1) and GLP-1 receptor agonists (GLP-1RAs) on renal haemodynamics in diabetes mellitus. Several vascular and tubular factors are implicated in fasting and postprandial glomerular hyperfiltration in the setting of diabetes. These factors result in a net reduction in afferent renal arteriolar resistance, a net increase in efferent renal arteriolar resistance and/or a reduction in hydraulic pressure in Bowman space (PBOW), and thereby an increase in glomerular hydraulic pressure (PGLO) and single nephron glomerular filtration rate. GLP-1RAs are associated with direct GLP-1R‑mediated and, at least in part, nitric oxide-dependent vasodilation of the afferent renal arteriole, as well as indirect inhibition of vascular and tubular factors that are putative mediators of glomerular hyperfiltration in diabetes. The integrated effect of incretin-based therapy on renal haemodynamics seems to be the result of direct vasodilative actions and inhibition of pathways of glomerular hyperfiltration. Theoretically, this effect is dependent on baseline phenotypic characteristics and co‑medication. Ang‑I, angiotensin I; Ang‑II, angiotensin II; ANP, atrial natriuretic peptide; ATG, angiotensinogen; ET1, endothelin 1; NHE3, sodium–hydrogen exchanger isoform 3; ROS, reactive oxygen species; SGLT, sodium–glucose co‑transporter; TGF, tubuloglomerular feedback. 


Data from clinical trials suggest that GLP-1R
agonists and, to a lesser extent, DPP-4 inhibitors

Marginally improve surrogate renal end points, plausibly beyond
the effects of improved glycaemic control

Nature Reviews Nephrology volume 13, pages 605-628 (2017)



Salt intake and proteinuria




Salt intake and proteinuria

Figure 3 Relationship between dietary salt intake and albumi-
~uria in normal (control) rats and uninephrectomized Lewis rats
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was identified in both groups, although the slope of the line was
ased in those rats that had undergone unilateral nephrectomy. Data
obtained from Sanders et al. [41].




A Low-Sodium Diet Potentiates the
Effects of Losartan in Type 2 Diabetes

Losartan Placebo
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Salt restriction and/or diuretics enhance the effect of renin-
angiotensin blockade on proteinuria in these patients.

Diabetes Care. 2002;25(4):663.



Protein restriction for diabetic renal disease (Review)

12 peAéteg (9 RCT, 3 before and after)

2KOTIOG: TiBavn emidpaon Tou MEPLOPLOLLOU TNC
npwrteivikng mpooAnyng (0.7-1.19/kg/d) otn vedpikn
Aettovpyia aoBevwy pe XA tumou | &

2A I: petaBoAn tou GFR kata 0.1ml/min/m (un onuavtiki)
2A Il: mapopola — pn onpoavtikn petafoAn touv GFR

H pewwpévn npwteivik) mpooAnyn emiBpaduvel EAAXLOTA KOl [N OTOTLOTLKA

onpavtikad tnv e€€ALEN tn¢ dtafntikic XNN

Mpotewopevn nuepnotla mpooAnyn npwteivng: 0.8-1 g/kg

The Cochrane Collaboration, Robertson LM, et al. The Cochrane Library 2009
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1 είχε ως τελικό σημείο τον θάνατο και την ΤΣΧΝΝ, όχι διαφορά στη θνητότητα, 1 έδειξε υποθρεψία στην ομάδα της χαμηλής πρόσληψης


Welight reduction

WEIGHT LOSS IN PROTEINURIC NEPHROPATHIES

33,5

33{ .

32 +

(]
[\8 ]
wn

o~
£
o
X
=
m

“
PROTEINURIA (g/24h)

W
=
tn

1
MONTHS

Marked decreases in proteinuria may be observed in obese diabetics who lose weight
Morales , Am J Kidney Dis. 2003;41(2):319.




Hyperlipidemia

Lipid lowering (at least with statins) may slow the rate of

progression of chronic kidney disease, including diabetic
nephropathy

Kidney Int. 2006;70(1):177



The Role of Statins in Chronic Kidney

Disease

Table 1. Statins and CKID progression

Study
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-0.2 to i d; p = 0.49);

in patients with eGFR <40 mlfmin per 1.73 m°fyear, the
rate of change in the pravastatin vs. placebo g

2.5 ml/min per 1.73 m?fyear slower (95% CI- 1.4-3.6;

P = 00001 )

post -
subgroup
analysis

with CHI»

94656 participants 59.5 months

atorvastatin
10 v=. Bl mg

mean change in eFR showed an increase of 3.5 £ 0,14
mbl/min per 1.73 m* with atorvastatin 10 mg and 5.2 +
0.14 mlfmin per 1.73 m* with atorvastatin 50 mg,
respectively (p < QU001 )

PREVEMND-
IT 28]

randomized of the 3,440
controlled patients
trial 46% used statins

pravastatin

40 mg'day or
placebo or fiosi-
nopril or placebo
{2 = 2 factorial)

Kalaitzidis R et at al AJ Nephrology 2011

GFR fell in both statin users and nonusers (4.6 % 13.5 and
2.4 +11.2, respectivelyl;

stabin treatment was not associzted with a significant
change in GFR with only modestly impaired GFR
(p=0.11}
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(A) Change in urinary protein excretion (g/24
h)

(B) for statins versus controls, expressed as

(C)weighted mean difference (WMD).

(D) (B) Change in urinary protein excretion

(E) for statins versus controls, expressed as

(F) standardized mean difference (SMD).

(G) Negative differences in changes from

(H) baseline indicate greater decreases in

(I) proteinuria or alouminuria in the statin

(J) group as compared with the placebo

group.
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Drug-Induced Reduction in Alouminuria Is

Associated with Subsequent Renoprotection




Drug-Induced Reduction in Alouminuria Is Associated with Subsequent Renoprotection: A
Meta-Analysis
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Intervention:

— ACE|s

— ARBs

= Dual RAAS blockade

=== Dietary protein restriction
[ntensive BP lowering

= Statin or Fibrates

Glycosaminoglycan

|
-30 -10

Albuminuria difference between randomized groups (%)

Statistically significant association between drug effects on albuminuria and ESRD. The associations appear to
be consistent across a range of drug classes used in the included studies and various patient characteristics.

J Am Soc Nephrol 26: 2055-2064, 2015



Multiple Risk Factors Intervention

In diabetic nephropathy



Steno-2: Multiple Risk Factor Intervention Improves Outcomes in
Type 2 Diabetics
With Microalbuminuria

« Randomized, open-label, target-driven, long-term intensified
Intervention trial aimed at multiple risk factors in patients with type 2
diabetes and microalbuminuria

— BP <130/80 mm Hg, (all treated with an ACEI or ARB)
— Alc <6.5%
— Total cholesterol <175 mg/dL
— Total triglyceride 150 mg/dL
 Significant reductions in
— Primary outcome by 53%
— Nephropathy 61%
— Retinopathy 58%



COMBINED THERAPY-the Steno trial

intensive treatment goals (%)
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Intensive treatment target

Risk factor control in the intensive treatment group of the Steno-2 trial in
patients with type 2 diabetes mellitus and microalbuminuria

Gaede et al. N Engl J Med. 2003;348:383-393




Intensive Multiple Risk Factor Intervention Improves Outcomes in
Type 2 Diabetes

Composite outcome: CV death, MI, coronary or
peripheral revascularization, CVA, amputation

P=.007 T

[ ]
lllllllll

llllllllll

Intensive therapy

Primary Composite
End Point (%)




Hypertensive Disease: Current Challenges,

Hew Concepts, and Management

MEDICAL CLINICS

The Kidney, Hypertension and remaining challenges

Apeon ouoxetion HeTal Tou BabBuou tng mpwteivouplag Kal eEEAENC OE TEALKO

otadio XNN

Melwon Tng mpwtewvoupiag >30%, peiwaon tou kivduvou yia AMK kata 39-72% (3-

5¢tn)

Table1

Study

Dutcomas shudies with primary CKD progression endpalnt

Follows up
Treatment Groups i Mean inYears)

fchigved
EP {mm Hg)

Change in Proteinuria

Ralevant Outcames

Captopril trial

Captopril or placebo 3 {median)

MAP %5
MAR 100

30%

Captopril delays the
progression of diabetic
naphropathy

AASKS

Metopralol, ramipril, or
amlodipine and
conventicnal or intensive

it b - G

12878 for
lowsergroup
141485 for

e o i sy

14% for matoprolol-20%
tor ramipril +58%
tor ambodipine

Ramipril slowed the
progression of renal disease
wihen compared with the

Losartan or placeho

14074
142174

35%

Losartan delayed the nesd fs

dialysis by 2 years whean
campared with placeba

Irbesartan or amlodipine or
placebi

140077
141177
144/80

Irsesartan reduced proteinur
to a greater extent and Iea:
to slower progression of
ranal disaase when
compared with the other
ros
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Relationship between BP and progression of diabetic nephropathy.

BP, albumin excretion rate, and GFR in patients with type 1 DMs randomly assigned to a reduction in
MAP of 10 mm Hg using metoprolol at 100 to 400 mg/d, hydralazine at 50 to 200 mg/d, and furosemide
at 80 to 500 mg/d versus no antihypertensive therapy. Solid circles represent the treated group. Open
circles represent the control group. Vertical lines represent standard error. Study was stopped earlier in
the control group because of faster decline in GFR. Reprinted with permission.
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Handbook of
Chronic Kidney

—— Disease

i Management
. Optimizing Blood Pressure and
Reducing Proteinuria .

Rigas Kalaitzidis and George L. Bakris

SBP (mm HQ)
130 134 138 142 146 150 154 I 170 180
|

L D =10 mmHg
4 | r=0.43; P <0.05
“
*
* . Untreated

HTN

\

2

(mL/min/year)

KalaitzidisR Bakris G, 2011 by Lippincott Williams & Walking




Major Recommendations of Treatment Guidelines Related to Management of
Hypertension in Patients with CKD and Albuminuria

I e N

Type of CKD considered — S
Albuminuria Overt proteinuria . . . . . . .
>300 mg/d or Urinary albumin-to-creatinine ratio ~ Urine albumin excretion of 30 to 300

>300 mg/g creatinine or 30-299 mg or >300 mg per 24 hours

>300 mg/g creatinine e
mg/g creatinine

Lowering SBP to <140

Lowering <130/80 Lowering <130/80 mmHg Lowering <140/90 Lowering <130/ 80
Recommended BP N : :
in individuals with overt | owering <130/80 mmHg,
target (mm Hg) proteinuria for individuals at high risk of

cardiovascular disease

Recommended initial

antihypertensive treatment

_ ) RAS blockade is more Patients and clinicians should The antihypertensive and
A ST effective in reducing engage in a shared decision- antialbuminuric
Other comments s el eoi = albuminuria than other making process to determine effects ACE inhibitor or ARB are
patients with CKD as a result of antihypertensive agents individual BP targets complemented
RAAS therapy and is also effective Bedtime dosing: moving at least by dietary sodium restriction or
in preventing incident one antihypertensive medication to administration of diuretics.
microalbuminuria bedtime

Kalaitzidis et al 2018




Accepted combinations of antihypertensive agents in BP treatment in CKD patients

. Albuminuria
TypeD_of Kidney Blood press:flre (2300 mg/d or >300 Preferred agents
isease target (mm Hg) mg/g creatinine

Other agents to reach
blood pressure Target

if ACE inhibitor is not diuretic or BB
tolerated
All first-line ACE inhibitor or ARB,
agents CCB, Diuretic

Diabetic
kidney disease

<130/80

ACE inhibitor or ARB
if ACE inhibitor is not Cczpref‘?”ed' then
tolerated iuretic or BB
Non diabetic —
kidney disease All first-line ACE inhibitor or
agents ARB, CCB, Diuretic

BP, blood pressure; CKD, chronic kidney disease; ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker; CCB, calcium channel blocker; BB, beta-blocker

Kalaitzidis et al 2018



Number of antinypertensive medications required to achieve BP goals in major
clinical trials over the past decade

Trial SBP (mmHg)
achieved

Cardiovascular

INVEST 136
CONVINCE 137
ALLHAT 138
UKPDS 144
HOT 138

CKD Progression
RENAAL 141
IDNT 138
MDRD 132
AASK 128
ABCD 132

1 2 3
Number of BP Meds

o
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Conclusions

The optimal therapy of diabetic nephropathy continues to evolve

Albuminuria can be considered a modifiable risk factor for renoprotection in
diabetic nephropathy

The larger the initial reduction in albuminuria renoprotection in diabetic
nephropathy the lower the risk of ESRD during treatment




Conclusions

Most important is maintenance of strict blood pressure and glycemic control early
In the course of the disease with agents that reduce intraglomerular pressure

The agents slow the rate of progression, but do not stop progression

Combined Intensive therapy for multiple risk factor Intervention Improves
outcomes




Thank you
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