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Abstract

The incidence and prevalence of diabetes mellitus (DM) continue to grow dramatically throughout
the world, due primarily to the increase in type 2 DM (T2DM). Although improvements in DM
and hypertension management have reduced the proportion of diabetic individuals who develop
chronic kidney disease (CKD) and progress to end-stage renal disease (ESRD), the sheer increase
in people developing DM will have a major impact on dialysis and transplant needs. This KDIGO
conference addressed a number of controversial areas in the management of DM patients with
CKD, including aspects of screening for CKD with measurements of alouminuria and estimated
glomerular filtration rate (eGFR); defining treatment outcomes; glycemic management in both
those developing CKD and those with ESRD; hypertension goals and management, including
blockers of the renin-angiotensin-aldosterone system; and lipid management.
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The incidence and prevalence of diabetes mellitus (DM) have grown significantly
throughout the world, due primarily to the increase in type 2 DM (T2DM), which in turn is
largely related to the increase in obesity.! This increase in T2DM disproportionately affects
less developed countries, which also have fewer resources to deal with such patients.! The
increase in the number of people developing diabetes will also have a major impact on
dialysis and transplant needs. As such it is important to develop cost-effective strategies at
every step: (1) prevention of obesity; (2) screening for and prevention of diabetes in an at-
risk population; (3) glycemic control once diabetes develops; (4) blood pressure (BP)
control once hypertension develops; (5) screening for diabetic chronic kidney disease
(CKD); (6) use of renin-angiotensin-aldosterone system (RAAS) inhibition/blockade in
those with diabetic CKD; and (7) control of other cardiovascular (CV) risk factors such as
management of low-density lipoprotein cholesterol (LDL-C).

The relationship of CKD to cardiovascular disease (CVD) remains complex. Increased
urinary albumin excretion rates (AERS) and decreased glomerular filtration rate (GFR) are
both associated with an increase in all-cause and CVD mortality independent of each other
and of other CVD risk factors in general and high-risk populations.2* The relationship
between the presence of microalbuminuria and CVD mortality in diabetic individuals has
been known for over 25 years® and the interrelationship between AER, GFR and CVD
mortality has been well-studied in diabetic individuals.6: 7 However, treatments that affect
progression of CKD may not always have the same effect on the development/progression
of CVD. Similarly, there may be differences in how interventions affect urinary AER vs.
GFR. In patients with diabetes, there appear to be differences in the rate of GFR decline that
are related to the presence or absence of increased AER.:8

Studies in both type 1 DM (T1DM) and T2DM have shown that glycemic control can
decrease the initial development of micro- and macroalbuminuria,®2 but data documenting
an effect on GFR are sparse.13-16 Recent data suggest that perhaps there should be different
hemoglobin Alc (HbAlc) targets for CKD and CVD, as HbAlc levels below 7% (53 mmol/
mol) continue to show benefit in preventing the development of microalbuminurial’-19 but
show no benefit!’~19 and perhaps harm20 with respect to CVD. Although there may be only
a minimal effect of lower HbAlc levels on CKD as it progresses towards ESRD, other
complications of diabetes such as retinopathy and neuropathy may benefit from such
control.

Similarly, the BP targets for CKD and CVD may be different. While it is recognized that BP
control is very important in slowing the rate of fall of GFR,2! the optimal BP to benefit all
outcomes is controversial. Similar to the effects of glycemic control, a systolic BP (SBP)
lower than 120 mmHg may be of further benefit for CKD progression,?2 but could be
associated with worsened CVD outcomes,22-24
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The role of RAAS blockade in the development and progression of diabetic CKD over and
above BP control needs reevaluation. Angiotensin-converting enzyme inhibitors (ACE-Is)
and angiotensin-receptor blockers (ARBS) are not able to prevent the development of
microalbuminuria in normotensive individuals with either TLDM or T2DM?23: 26 and their
role in normotensive individuals with low levels of microalbuminuria is unclear. The
relative benefits of ACE-Is vs. ARBs vs. direct renin inhibitors in TLDM and T2DM
patients with hypertension and albuminuria remain to be determined. Similarly, the role of
combinations of drugs acting in the RAAS remains controversial. Finally, whether RAAS
blocking drugs have an effect over and above blood pressure reduction in decreasing the rate
of CKD progression in those without increased AER is not clear.

Many other controversies exist in the management of diabetic CKD. Although statins likely
decrease CVD in those with CKD prior to needing dialysis,2”: 28 the proof that they are
effective in patients on dialysis is lacking 22-31 Should statins be stopped when patients go
on dialysis? Are there any efficacy data for other cholesterol-lowering medications in
patients with diabetic CKD? Another controversial issue is the use of metformin to control
hyperglycemia in patients with decreased GFR. Although lactic acidosis is a potential
problem in such patients, the risk appears to be small.32-3% Whether the current guidelines
are too strict deserves a reanalysis.

To address these and other issues, Kidney Disease: Improving Global Outcomes (KDIGO)
held a Controversies Conference on Diabetic Kidney Disease on March 16-18t, 2012 in
New Delhi, India. Drs. Carl Erik Mogensen and Mark Molitch co-chaired this conference
with the goal to define the current state of knowledge in the management of diabetic kidney
disease (DKD). Topic areas related to DKD included: 1) epidemiology, 2) albuminuria, 3)
glycemic control, 4) RAAS blockade, 5) management of hypertension, and 6) role of statins.

Invited participants and speakers consisted of leading worldwide experts on these topic
areas, including nephrologists and diabetologists, who gave the broadest views possible on
the subject. Their task was to summarize the existing knowledge, develop recommendations
on what can be done to optimize the prognosis of patients with DKD based on this
knowledge, and to formulate and prioritize research questions. This position statement is the
resultant output from the conference.

SCREENING AND EVALUATION OF DIABETIC KIDNEY DISEASE

The role of albuminuria

Testing for albuminuria — either for screening or for diagnosing — utilizes the same test for
two purposes: to identify people at high risk of subsequent complications (including renal
disease, CVD, and death), and to offer treatment. Treatment decisions may depend only on
the presence or absence of microalbuminuria (defined either using albumin-to-creatinine
ratio or a urinary AER) or on the degree of albuminuria. Microalbuminuria identifies
diabetic individuals at higher risk of overt proteinuria and of ESRD3 relative to those with
normoalbuminuria while acknowledging that albuminuria can regress.3® Currently, the
magnitude of increase in risk of ESRD for patients with TLDM or T2DM and
microalbuminuria is four to five-fold. Further reductions in CVD, a ‘competing’ cause of
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death, may translate to more patients with microalbuminuria living longer and developing
ESRD. Microalbuminuria approximately doubles the risk of death from CVD and
independently increases the chance that patients die earlier than they would in the absence of
albuminuria.3® Albuminuria may reflect a more general damage to the vascular endothelium.
When including albuminuria as a component of overall risk, one can calculate the risk of
CVD and death in T2DM.37

Existing evidence supports therapies proven to reduce the incidence of CVD, namely BP-
lowering drugs (notably those that inhibit the renin-angiotensin system) and statins.
Angiotensin blockade lowers the risk of subsequent renal decline, though there is absence of
such evidence in normoalbuminuric, normotensive patients. The beneficial effect of statins
in prolonging survival is currently limited to patients without ESRD.38 With respect to the
frequency of testing, the conference work group was aware that annual testing for
albuminuria among normoalbuminuric patients has been recommended in diabetes by
numerous bodies.3%-43

The work group considered the following controversies related to testing for albuminuria:

»  Frequency of screening: The ideal frequency of screening remains undetermined.
The work group acknowledged that less frequent screening may result in missed
diagnoses but may improve cost-effectiveness.*4

» Albuminuria vs. other predictors of further diabetic complications: The work group
acknowledged that uncertainty remains about the marginal predictive utility of
measuring albuminuria over other CV risk factors.

»  Ongoing measurement of albuminuria: The work group discussed whether retesting
for albuminuria provides benefits when this is unlikely to change clinical practice
(e.g., when patients have few options for further treatment or when patients meet
current standards for BP and glycemic control).

e Albuminuria as a treatment target: The work group acknowledged that because
microalbuminuria per se did not lead to symptoms that worsened health-related
quality of life for patients, there is uncertainty in the benefits for treating
albuminuria alone.

e ‘Clinically-significant’ albuminuria: If albuminuria is a target for treatment, the
work group acknowledged the importance, and also the uncertainty, related to the
magnitude of change in albuminuria that would be considered “clinically
significant’. This issue also applied to defining outcomes for clinical trials of
diabetic nephropathy.

e ACE-I or ARB vs. general BP-lowering: The work group acknowledged that
controversy remains about whether patients with microalbuminuria derive benefit
by using an ACE-I or ARB above that of other BP-lowering drugs*® and that this
benefit may not relate to the degree of albuminuria.3®

»  Efficient use of health care resources: Few studies have addressed the cost-
effectiveness of testing for microalbuminuria. The work group acknowledged the
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need to model, under different scenarios and in different populations with different
costs and valuations of quality of life, the cost-effectiveness of testing for
albuminuria in groups with and without established disease.

The work group concluded that testing for albuminuria among people with diabetes
identifies people at higher risk of subsequent complications and identifies people to whom to
offer treatment. The work group also concluded that uncertainties remain about the
frequency of testing and the role of ongoing periodic testing, particularly for patients in
whom treatment options are few. Further, the cost effectiveness of testing for albuminuria
likely varies across populations defined by different clinical or geographical characteristics.
Uncertainty also remains regarding what constitutes a clinically significant change in
albuminuria, which complicates how meaningful outcomes are defined in clinical trials.

Is albuminuria an acceptable surrogate marker for diabetic CKD?

Albuminuria reflects glomerulopathy along with measures of glomerular filtration. People
with diabetes may develop only albuminuria, only decreased glomerular filtration, or
both.8: 46. 47 Independent of albuminuria and diabetes, measures of glomerular filtration
predict CKD.*8 Both measures independently increase the risk of mortality.*%: 50 Unlike for
albuminuria, the relationship between glomerular filtration and mortality is ‘U’ shaped,
reflecting an increased risk of death associated with hyperfiltration.>> CKD, as estimated by
eGFR, increases the risk of death equivalent that of having existing CVD.%0

Results of systematic reviews and process-driven guidelines advocate screening for reduced
glomerular filtration in all people with diabetes regardless of concurrent risk factors,40-42
generally using an equation which incorporates serum creatinine. Although serum cystatin C
may better predict death and progression to kidney failure than does GFR estimated from
creatinine-based equations,® the modest increase in accuracy has not been shown to merit
the increased cost. Furthermore cystatin C may reflect non-GFR determinants of these health
outcomes, as it is known that cystatin C is increased in smoking and other states that
increase the risk of CVD.53 Currently, testing for serum cystatin C is unlikely to have a
significant role in clinical practice. The work group acknowledged that other markers of
renal tubular injury, such as NGAL (neutrophil gelatinase-associated lipocalin) and KIM-1
(kidney injury molecule-1) may identify patients without other markers of nephropathy (e.g.
albuminuria), but that these have not been sufficiently tested to incorporate into clinical
practice. Studies of markers of renal function should be held to the same reporting
recommendations as those developed for tumor markers.>*

The work group concluded that albuminuria both reflects and results from nephropathy.
Measures of reduced eGFR both identify CKD in people without albuminuria and those at
increased risk of cardiorenal complications independent of albuminuria.
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GLYCEMIC CONTROL

Glycemic control to minimize DKD

The work group evaluated the role of glycemic control in preventing initiation and slowing
progression of DKD in various clinical settings, and focused on management issues for
which the evidence is conflicting, incomplete, or unavailable.

Lowering glycated hemoglobin (HbAlc) to about 7% (53 mmol/mol) reduces the
development of the microvascular complications of TLDM and T2DM.3% 55 More intensive
glycemic control further reduces the development of these complications but the added
benefit is accompanied by a substantial increase in the risk of severe hypoglycemia and a
potential increase in all-cause mortality.1”~19 The evidence for a beneficial effect of
glycemic control on DKD is based almost exclusively on prevention of microalbuminuria
and reduction of progression to macroalbuminuria. Evidence for an effect on other
intermediate DKD outcomes, such as doubling of the serum creatinine concentration or
decline in eGFR, is limited, 19 56 and there is no direct evidence that intensive glycemic
control reduces the frequency of ESRD.

Intensive glycemic control has less impact on CVD than on the microvascular complications
of diabetes, unless treatment is initiated soon after the diagnosis of diabetes.5”: 8 Among
patients with diabetes of longer duration, intensive glycemic control is not associated with
significant reductions in CVD outcomes,1’~19 except among those without known CVD at
baseline.5?

Target HbAlc level may need to be modified in patients with more advanced DKD because
the risk of severe hypoglycemia and death increase with declining kidney function. There
are few data on the relationship between HbA1c levels and these health outcomes in this
subpopulation, and there are no prospective randomized clinical trials (RCTs) to identify the
optimum level of glycemic control among patients with diabetes and eGFR <60 ml/min/1.73
m?2. An observational study of non-dialyzing CKD patients with diabetes and eGFR <60
ml/min/1.73 m2 found a U-shaped relationship between HbA1c level and mortality, with
HbA1c levels above 9% (75 mmol/mol) and below 6.5% (48 mmol/mol) associated with
increased mortality.59 A similar U-shaped relationship was also reported in patients with
diabetes receiving maintenance hemodialysis1 62 or peritoneal dialysis.53 Among dialysis
patients, the mortality risk associated with a given HbA1c level was determined in part by
nutritional status,61-63 reflecting a need to individualize the intensity of glycemic control
according to the overall health of the patient.

The use of immunosuppressive medicines in patients with diabetes who receive kidney
transplants can also affect glycemic control, and they may also lead to new-onset diabetes
after transplantation (NODAT).%4 Although the presence of diabetes post-transplantation is
associated with increased morbidity and mortality attributable largely to CVD, there are no
prospective RCTs to define the optimum level of glycemic control in this patient group.
However, pre-transplant HbAlc >8% (64 mmol/mol) is associated with higher all-cause and
CVD mortality post-transplantation;5® therefore, management of glycemia prior to kidney
transplant is also important.
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In addition to identifying appropriate HbAlc targets in various subgroups of diabetic
patients, simply achieving glycemic control may present a formidable challenge in some
patient groups. The Treatment Options for Type 2 Diabetes in Adolescents and Youth
(TODAY) study illustrates the challenges faced in effectively managing glycemic control in
the rapidly growing population of youth with T2DM.56

The work group considered the following controversies related to glycemic control:
e How can durable glycemic control be achieved?
*  What is the HbAlc target for DKD vs. CVD?

»  Should the HbA1c target or the antidiabetic medicines used to achieve this target
vary by severity of CKD or duration of diabetes?

»  What is the HbALc target in patients receiving maintenance hemodialysis or
peritoneal dialysis and which antidiabetic medicines should be used to achieve
these targets?

«  What is the HbAlc target in kidney transplant recipients with diabetes and which
antidiabetic medicines should be used to achieve these targets?

The work group concluded that multiple factors, including age, body weight, duration of
diabetes, severity of CKD, and other comorbidities should be considered when determining
the risks and benefits of intensive glycemic control. The work group noted that the risk of
severe hypoglycemia increases with advancing CKD, and ameliorating this risk may require
modifying both the treatment approach and the target HbAlc, or perhaps other measures of
glycemic control that more accurately reflects glycemic control in this patient population
such as glycated albumin. Few data are available to guide the management of glycemic
control in patients with advanced CKD, and the shortage of data is particularly acute in
kidney transplant recipients who receive immunosuppressive therapy that further intensifies
the challenges of glycemic control. Accordingly, the work group proposed a series of
research recommendations to address these gaps in knowledge. Among the
recommendations are those designed to expand our knowledge of CKD in young people
with T2DM who are expected to have an increasing burden of CKD in the future. Little is
known about the course of CKD in these patients or their response to therapy.

Specific interventions

Use of metformin in DKD—The work group evaluated the use of metformin in the
management of patients with diabetes in the setting of CKD, focusing in particular on
settings in which current FDA guidelines advise against its use.

Lactic acidosis is a rare but serious side effect of metformin that can occur when metformin
accumulates to toxic levels. The mean plasma elimination half-life of metformin after oral
administration is 4.0 to 8.7 hours, and since it is cleared almost exclusively by the kidneys,
its elimination is prolonged in persons with CKD.87 Accordingly, the use of metformin in
CKD is restricted by FDA guidelines, which specify that it should not be used in men with a
serum creatinine concentration 21.5 mg/dl (133 umol/I) or in women with a concentration
>1.4 mg/dl (124 umol/l). Restrictions based on eGFR may be more clinically useful,
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however, since serum creatinine concentration may reflect factors such as age, weight, or
race that are unrelated to the level of metformin clearance. Much of the concern about use of
metformin in patients with diabetes and CKD is theoretical and not supported by evidence
from clinical practice.32 33 A Cochrane review58 that pooled data from 347 comparative
trials and cohort studies found no cases of lactic acidosis; and nearly half of the studies
included patients with CKD. Another review concluded, based on the available evidence,
that metformin use should not be restricted at eGFR 45 ml/min/1.73m2, but its use should
be re-evaluated when eGFR <45 ml/min/1.73m? and stopped when eGFR <30 ml/min/
1.73m2:9 this approach was adopted by the British National Formulary,’© the Japanese
Society of Nephrology,’! and KDIGO.”2

The work group reviewed the evidence at what level of kidney function should treatment
with metformin be stopped and concluded that there was little evidence to support the
relationship between metformin use and development of lactic acidosis in patients with
CKD. Nevertheless, the occurrence of lactic acidosis is more frequent than previously
thought. The major precipitating factor for lactic acidosis in persons receiving metformin is
an abrupt loss of tubular secretion. Such a loss does not occur in stable CKD, but is a
characteristic feature of acute kidney injury or rapid volume depletion associated with an
intercurrent illness. Hence, patients with CKD should be advised on safety issues related to
metformin so they are alert to the potential side effects and they should be provided with
written instructions on when to withhold metformin if they experience intercurrent illness
that could lead to rapid volume depletion. In addition, the work group concluded that the
current FDA guidelines governing the use of metformin should be changed. The available
evidence suggests that the dose of metformin should be reduced to a maximum of 1000 mg
per day when the eGFR reaches 45 ml/min/1.73m2, and should generally be discontinued
when the eGFR reaches 30 ml/min/1.73m2. The use of metformin may be appropriate in
patients with even more advanced CKD (eGFR 15-29 ml/min/1.73 m?) if the kidney disease
is stable and if alternative treatments to manage glycemia are unavailable or produce
significant side effects. The work group proposed that pharmacokinetic studies should be
performed in patients with diabetes and CKD to provide the evidence to support the
proposed change in usage.

Role of pancreas or islet cell transplants—The work group evaluated the impact of
pancreas or islet cell transplantation on the risk of CKD in patients with diabetes.

Progressive kidney damage is a significant contributor to ESRD in transplant recipients
receiving liver, heart, lung, heart-lung, and intestinal transplants, with up to 21% of
recipients developing ESRD within five years.”® Immunosuppressive therapy, particularly
with calcineurin inhibitors appears to be largely responsible for this transplant-associated
nephrotoxicity, but other risk factors, including age, sex, the presence of post-operative
acute renal failure, and diabetes may also be involved.”3 These findings suggest that
recipients of whole pancreas or islet cell transplants may have potential long-term risks
related to transplantation, despite the benefits of improved glycemic control. Indeed,
survival among isolated pancreas transplant recipients is significantly worse than in similar
patients awaiting a pancreas transplant who are receiving conventional glycemic therapy.’4
Moreover, pancreas transplantation has been linked to an increased risk of kidney
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failure,”> 76 despite a report suggesting that diabetic glomerulosclerosis may be reversed in
native kidneys following pancreas transplantation.”’ The presence of CKD prior to
transplant may further increase the risk of nephrotoxicity.” The choice of calcineurin
inhibitor was thought to influence the degree of nephrotoxicity in native kidneys of pancreas
transplant recipients, but a recent study suggests that the nephrotoxic potential of tacrolimus
and cyclosporine are equivalent, as reflected by similarities in GFR decline and the increase
in interstitial fractional volume, tubular atrophy, and percent of globally sclerotic
glomeruli.”® Together, these findings suggest that efforts to ameliorate the complications of
diabetes through aggressive management of glycemic control with pancreas or islet cell
transplantation may actually increase the risk of CKD in some patients. As such, is pancreas
or islet cell transplantation nephrotoxic in patients with diabetes?

The work group concluded that progressive kidney damage is a consequence of pancreas or
islet cell transplantation, and that the level of GFR should be considered in the selection of
transplant recipients because of the increased risk of progressive kidney disease in those
with CKD. The work group also recommended that for recipients with eGFR <60 ml/min/
1.73m?2, close monitoring of kidney function is required.

THERAPEUTIC MANAGEMENT

Lipid management

The work group evaluated the role of lipid lowering in preventing initiation of
atherosclerotic disease and slowing progression of DKD. Several trials and post hoc
analyses examining lipid-lowering therapies and clinical outcomes in CKD have been
published in the past few years. Although these trials were not exclusively focused on
atherosclerotic disease in persons with diabetes mellitus or DKD, they always had
significant numbers of diabetes mellitus patients included in the trials. The work group
mainly focused on RCTs and post hoc analysis of large statin trials with respect to DKD.

Although several different medications lower LDL-C, only regimens including a statin
(including statin/ezetimibe) have convincingly reduced the risk of adverse CV events in
CKD populations. At the time this work group discussed specific recommendations, two
systematic reviews were published summarizing the studies that examined the effects of
lipid-lowering treatment on CV and kidney outcomes and adverse events in adults and
children with CKD.38: 79

LDL-C is strongly and independently associated with risk of atherosclerotic events in the
general population.89 The relative risk reduction associated with statin use is relatively
constant across a broad range of baseline LDL-C levels, suggesting that absolute benefit
from statin treatment is proportional to baseline coronary risk rather than baseline LDL-C.
Similarly, meta-analysis among people with diabetes on statin therapy revealed that the
beneficial effects of statin therapy were similar irrespective of whether there was a prior
history of vascular disease and other baseline characteristics.8 A 9% proportional reduction
in all-cause mortality per mmol/l reduction in LDL-C (rate ratio 0.91; 99% CI 0.82-1.01;
p=0.02) was paralleled by a significant reduction in vascular mortality (0.87; 0.76-1.00;
p=0.008). There was a significant 21% proportional reduction in major vascular events per
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mmol/l reduction in LDL-C in people with diabetes (0.79; 0.72-0.86; p<0.0001). In diabetic
participants there were reductions in myocardial infarction or coronary death (0.78; 0.69—
0.87; p<0.0001), coronary revascularization (0.75; 0.64-0.88; p<0.0001), and stroke (0.79;
0.67-0.93; p=0.0002). Based on this existing knowledge from the general population the
work group only focused on the use of statins (with or without ezetimibe) in people with
DKD and at risk of future CV events.

Non-dialysis patients—Most patients with DKD and GFR >60 ml/min/1.73 m? have
albuminuria but many such patients would have been included but not recognized in
randomized trials of statins done in the general population. Post-hoc analysis extracted such
patients by eGFR. Data from CARDS (Collaborative Atorvastatin Diabetes Study) and
CARE (Cholesterol and Recurrent Events) trials found significant reductions in CV events
but did not detect an interaction between the presence of albuminuria and the effect of statin
treatment suggesting that the benefit of statins is similar in people with and without
albuminuria 82 83

Data on the effects of statins and statin/ezetimibe combination in adults with CKD and
eGFR <60 ml/min/1.73 m2 non-dialysis patients are available from The Study of Heart and
Renal Protection (SHARP) trial which included 9270 participants.2® Thirty-three percent of
participants (n=3023) were receiving dialysis at randomization and 23% (n=2094) had
diabetes. Statin plus ezetimibe therapy led to a significant 17% relative risk reduction of the
primary outcome of major atherosclerotic events (coronary death, MI, non-hemorrhagic
stroke, or any revascularization) compared with placebo (HR 0.83, 95% CI 0.74-0.94).
Among the 6247 patients with CKD (mean eGFR of 27 ml/min/1.73m?) treatment with
simvastatin plus ezetimibe did not reduce the risk of progression to ESRD. Other data are
supported by post hoc analyses of randomized trials of statin vs. placebo that focus on the
subset of participants with DKD and CKD at baseline. In general, these analyses suggest
that statins reduce the relative risk of CV events to a similar extent among patients with and
without DKD - but that the absolute benefit of treatment is larger in diabetic patients due to
their higher baseline risk.38 However, most of the participants with DKD in these analyses
had eGFR 45-59.9 ml/min/1.73m? and very few had eGFR <30 ml/min/1.73m?2 (TNT -
Treating to New Targets, ALLIANCE - Aggressive Lipid Lowering Initiation Abates New
Cardiac Events, PREVEND IT - Prevention of REnal and Vascular ENdstage Disease
Intervention Trial, PPP - Pravastatin Pooling Project).38: 79. 84

Dialysis patients—There are three large-scale RCTSs of statin treatment that enrolled
dialysis patients. The 4D Study (Die Deutsche Diabetes Dialyse Studie) demonstrated a 8%
relative risk reduction (95% CI 0.77-1.10; p=0.37) of the primary endpoint in 1255 T2DM
patients on dialysis but combined cardiac events (secondary endpoints) were reduced by
18% (95% CI 0.68-0.99; p=0.03).31 The AURORA Study (A study to evaluate the Use of
Rosuvastatin in subjects On Regular Dialysis: an Assessment of survival and cardiovascular
events) also did not show a reduction in the risk of individual components of the primary
endpoint (HR 0.96; 95% CI 0.86-1.07, p=0.51).3 In contrast, a post-hoc analysis of
AURORA among the 731 patients with T2DM found that rosuvastatin reduced the risk of
fatal and nonfatal cardiac events significantly.8 In the SHARP trial combination treatment
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did not significantly reduce the risk of the primary outcome in the subgroup of over 3000
patients treated with dialysis at baseline. The smaller reduction of endpoints in the SHARP
trial could be due to lower compliance to study drug in the subgroup of dialysis patients.
Dialysis patients showed on average a 23 mg/dl (0.60 mmol/l) LDL-C reduction in
comparison to the non-dialysis CKD group which had a 37 mg/dl (0.96 mmol/l) LDL-C
decrease.

When findings from SHARP, 4D and AURORA are considered together, the clinical benefit
of statins (alone or in combination with ezetimibe) in prevalent dialysis patients is
uncertain.38

Guidelines for the general population recommend that (among patients receiving statin
treatment) the dose of statin is titrated to achieve the target level of LDL-C, which in turn is
determined by each patient’s presumed coronary risk.8> Higher statin doses produce greater
clinical benefits, but at the expense of an increased risk of adverse events. DKD patients are
at high risk of medication-related adverse events and reduced doses of statins are generally
recommended. The work group suggests that prescription of statins in people with DKD
with eGFR <60 ml/min/1.73 m2 should be based on regimens and doses that have been
shown to be beneficial in randomized trials done specifically in this population. The doses
tested were simvastatin/ezetimibe 20/10 mg/d in non-dialysis patients, atorvastatin 20 mg/d,
rosuvastatin 10 mg/d, simvastin/ezetimibe 20/10 mg/d in dialysis patients as well as
fluvastatin 80 mg/d in patients after kidney transplantation. Given the potential for toxicity
with higher doses of statins and the relative lack of safety data, a definite target LDL-C is
not recommended in DKD patients. There is a lack of studies designed to decide definite
target LDL-C levels in such patients. Furthermore, this approach of using maximally
tolerated statins rather than targeting specific LDL-C levels has recently been put forward
for all patients at risk for CVD by the American Heart Association and the American
College of Cardiology.86 Patients with eGFR >60 ml/min/1.73 m? should be considered as
general population patients. This approach is consistent with the recently published KDIGO
guideline on lipid management in CKD.87

The work group considered the following controversies related to lipid management:
*  When should statins be started?
»  Should statins be stopped when patients go on to dialysis?

e Should we treat risk or treat LDL-C? What is the LDL-C target for various levels of
severity of DKD or on dialysis?

The work group concluded that statins lower mortality and CV events in persons with early
DKD and have little or no effect in persons on dialysis. Thus the work group felt that
treatment effects differ depending on severity of DKD. Patients with DKD on dialysis
should not be initiated on statin or statin/ezetimibe treatment, given the lack of evidence that
such treatment is beneficial. However, statin or statin/ezetimibe treatment should not
necessarily be discontinued when dialysis treatment is initiated. The work group noted that
few data are available to guide the management of dyslipidemia in kidney transplant
recipients and based its recommendation mainly on the ALERT trial and its post-hoc
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analysis.88 It was felt that statin therapy has uncertain effects in kidney transplant recipients
but treatment may be warranted if patients placed relatively high value on a small absolute
reduction in the risk of CV events, and relatively less value on the risks of polypharmacy
and drug toxicity. Accordingly, the work group proposed a series of research
recommendations to address these gaps in knowledge. Among the recommendations are
those designed to expand our knowledge on whether lipid-lowering is safe and effective in
patients with DKD.

BP management

The work group evaluated the controversies around management of BP in patients with
CKD and diabetes. Two guideline groups had recently discussed or updated previous
guidelines for the treatment of patients with diabetes.3% 8% 90 Qur work group focused on
some of the issues that were part of these guideline discussions.

Diabetes is a disease that affects multiple organ systems. The risk factors are multifactorial,
thus standard practice guidelines advise us to use multiple strategies to prevent or halt
disease progression, such as lifestyle changes (including physical activities, dietary
measures and smoking cessation) and pharmacological interventions. With these strategies
we aim to manage: glucose, BP, lipids, body weight, urine albumin, etc. Control of BP is
considered one of the key factors in slowing or even halting progressive renal function loss,
as well as CV morbidity and mortality in diabetes.

Although it is well known that we should control BP in diabetes, many issues about the best
way to ‘apply’ this treatment are still debated. We will focus on the following: first, what is

the optimal BP target level? And second, which drugs should be chosen, and what should be
the appropriate dietary sodium intake?

Optimal BP level—Recent guidelines suggest that patients with diabetes deserve special
attention and a lower BP target than patients without diabetes, the recommended goal being
130/80 mmHg. The work group recognized that most clinical trials in diabetic patients with
CKD show that this is not only a goal that is hard to achieve, but that there is also a question
whether such low BPs are actually beneficial.® Surprisingly, both KDOQI%2 and KDIGO8?
still support this low BP target for patients with DM and CKD (albeit with weak evidence
levels). The only new trial on this issue is the SPRINT trial,% examining the effect of the
ambitious low target of 120 mmHg vs 140 mmHg, although this trial is not specifically
aimed at patients with diabetes. There are no trials specifically studying an optimal BP target
on renal outcomes. This could be of importance since decrease in renal function is
associated with increased CV risk.

Drug choice—The use of antihypertensive drugs that intervene in the RAAS is preferred
in patients with diabetes and CKD since these drugs show CV and renal protection beyond
BP control compared to other antihypertensive drug classes. ACE-Is and ARBs are the drugs
of choice since CV protection has been demonstrated for ARBs?4-96 and ACE-Is for patients
with T2DM even without CKD.%7: 98 No studies in patients with diabetes have directly
compared ACE-I vs. ARB therapy. This has been studied in non-diabetic disease®® showing
no difference between these two mechanisms of blocking the RAAS. For mineralocorticoid-
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receptor blockers, CV protection was shown in a non-diabetes study,19° and no renal
outcome studies are available. For direct renin inhibitors (DRIs), no CV or renal outcome
studies have been performed.

Studies of combination therapies of RAAS blocking agents to date have been unsuccessful
and such treatment could even be harmful. ONTARGET, although not specifically designed
to look at diabetes, showed no clear benefit of combining ACE-I and ARB for either CV or
renal outcome.101. 102 Recently, ALTITUDE showed that a combination of either ACE-I or
ARB with a DRI in diabetes did not show any appreciable renal or CV protection, and may
in fact be harmful.193 Finally, one trial (VA NEPHRON D) looking at combining ACE-I and
ARB was prematurely stopped due to safety concerns.194 Despite improvements in surrogate
parameters such as BP and albuminuria from dual RAAS therapies shown in some studies,
VA NEPHRON-D demonstrated that combined angiotensin inhibition resulted in increased
risk for hyperkalemia and acute kidney injury and provided no overall clinical benefit.105

Treating early CKD—Several trials have shown that RAAS blockade is not only effective
in late stage renal disease in diabetes, but also in early CKD. The IRMA-2, INNOVATION,
BENEDICT and ROADMAP studies showed that RAAS blockade can prevent transition
from micro- to macroalbuminuria as well as from normo- to microalbuminuria in
hypertensive diabetic patients.106-109 Whether this observation can be translated to
normotensive individuals remains questionable since the DIRECT study did not show a
clear benefit of RAAS intervention in normotensive TLDM or T2DM on transition from
normo- to microalbuminuria (though the study was not powered for a renal outcome).2>
Both KDIGO and the updated KDOQI guidelines thus suggest an ARB or ACE-1 in
normotensive diabetic patients with albuminuria >30 mg/day.39: 89. 90

Sodium restriction—The KDIGO guideline recommends lowering salt intake to <90
mmol (<2 g) per day of sodium (5 gram of sodium chloride), unless contraindicated. This
lifestyle modification is meant to lower BP and improve CV and other outcomes. The work
group noticed that there is a high level of evidence for high dietary sodium intake to be
associated with many adverse outcomes. However, two recent publications fueled a debate
whether this is true in diabetes.119: 111 The impact of these studies has to be further
evaluated.

The work group established that sodium restriction may also influence the effect of drugs
such as RAAS blockers on surrogate markers such as BP and albuminuria, and low sodium
intake enhances the antihypertensive and antialbuminuric effects of ACE-I/ARB. Recently,
post hoc analysis of a non-diabetic112 and two diabetic studies!13 showed that lower sodium
intake improves the renal protective effect of RAAS blockade compared to higher sodium
intake.

CONCLUSIONS

Although we have gained a great deal of knowledge on how to diagnose and manage
patients with DKD, there are still a large number of areas that need clarification (Table 1).
Although increased urinary albumin levels are markers of both DKD and CVD, the

Kidney Int. Author manuscript; available in PMC 2015 July 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Molitch et al. Page 14

frequency of screening for it in the context of other CVD and CKD risk factors remains
uncertain. The relationship of albuminuria to GFR remains an interesting one and how
various factors such as glycemic and BP control and RAS blocker use affect them are
research questions that remain to be investigated. Additional questions include the roles of
glycemic and BP control on the progression of DKD as its severity increases. There is a
paucity of knowledge regarding the benefits of glycemic control in dialysis and transplant
patients and even how it should be assessed. Controlled clinical trials on the best ways to
manage hyperglycemia in the patient with GFR <30 ml/min/1.73 m2 or on dialysis are
needed. Of specific interest is a need to reassess the safety and efficacy of metformin in
patients with GFR <60 ml/min/1.73 m? and a careful assessment of the effects of mTOR
inhibitors and calcineurin inhibitors on kidney function in patients receiving islet cell and
pancreas transplants. The efficacy of LDL-C reduction by statins has been well assessed in
patients with all levels of DKD with the surprising, but reproducible finding of lack of
efficacy in dialysis patients. However, there is a need to identify and obtain data on possible
subgroups that might benefit most from lipid-lowering treatments, including those who have
had kidney transplants. BP control remains a very important area but controversy exists as to
the optimal BP to be achieved in those with DKD from both renal and CV outcome
perspectives. Although RAAS blockers remain the cornerstone of therapy, how to manage
patients who do not respond to them remains an issue. Combination RAAS blockade has not
lived up to its promise, especially the combination of direct renin inhibitors and ACE-Is or
ARBs. How these drugs interact with sodium balance is also an interesting area that needs
further exploration.

As this conference clearly demonstrated, the goal of improving outcomes related to DKD
involves a coordinated and multipronged approach to tackle its comorbidities (Figure 1).
The optimal management of DKD has proved challenging but we have made great strides,
with the number of patients developing ESRD per 100,000 patients with DM expected to
decline considerably over the next decade. New drugs continue to be developed with novel
mechanisms of action so that a continued exploration of the basic pathophysiology of DKD
becomes ever more important. It may well be that some subgroups of patients respond better
to one drug than another and better methods of identifying such subgroups will be of clinical
benefit and provide us with a better understanding of the pathophysiology.

Acknowledgments

This conference was sponsored by KDIGO with support from Biocon. This work was also supported in part by the
Intramural Program of the National Institute of Diabetes and Digestive and Kidney Diseases.

References

1. Zimmet P, Alberti KG, Shaw J. Global and societal implications of the diabetes epidemic. Nature.
2001; 414:782-787. [PubMed: 11742409]

2. Hemmelgarn BR, Manns BJ, Lloyd A, et al. Relation between kidney function, proteinuria, and
adverse outcomes. JAMA. 2010; 303:423-429. [PubMed: 20124537]

3. Matsushita K, van der Velde M, Astor BC, et al. Association of estimated glomerular filtration rate
and albuminuria with all-cause and cardiovascular mortality in general population cohorts: a
collaborative meta-analysis. Lancet. 2010; 375:2073-2081. [PubMed: 20483451]

Kidney Int. Author manuscript; available in PMC 2015 July 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Molitch et al.

12.

13.

15.

16.

17.

18.

19.

20.

Page 15

. van der Velde M, Matsushita K, Coresh J, et al. Lower estimated glomerular filtration rate and

higher albuminuria are associated with all-cause and cardiovascular mortality. A collaborative meta-
analysis of high-risk population cohorts. Kidney Int. 2011; 79:1341-1352. [PubMed: 21307840]

. Mogensen CE. Microalbuminuria predicts clinical proteinuria and early mortality in maturity-onset

diabetes. N Engl J Med. 1984; 310:356—360. [PubMed: 6690964]

. Adler Al, Stevens RJ, Manley SE, et al. Development and progression of nephropathy in type 2

diabetes: the United Kingdom Prospective Diabetes Study (UKPDS 64). Kidney Int. 2003; 63:225—
232. [PubMed: 12472787]

. So WY, Kong AP, Ma RC, et al. Glomerular filtration rate, cardiorenal end points, and all-cause

mortality in type 2 diabetic patients. Diabetes Care. 2006; 29:2046-2052. [PubMed: 16936151]

. Molitch ME, Steffes M, Sun W, et al. Development and progression of renal insufficiency with and

without albuminuria in adults with type 1 diabetes in the diabetes control and complications trial
and the epidemiology of diabetes interventions and complications study. Diabetes Care. 2010;
33:1536-1543. [PubMed: 20413518]

. The DCCT Research Group. Effect of intensive therapy on the development and progression of

diabetic nephropathy in the Diabetes Control and Complications Trial. The Diabetes Control and
Complications (DCCT) Research Group. Kidney Int. 1995; 47:1703-1720. [PubMed: 7643540]

10. UK Prospective Diabetes Study (UKPDS) Group; UK Prospective Diabetes Study (UKPDS)

Group. Intensive blood-glucose control with sulphonylureas or insulin compared with
conventional treatment and risk of complications in patients with type 2 diabetes (UKPDS 33).
Lancet. 1998; 352:837-853. [PubMed: 9742976]
. UK Prospective Diabetes Study (UKPDS) Group. Effect of intensive blood-glucose control with
metformin on complications in overweight patients with type 2 diabetes (UKPDS 34). UK
Prospective Diabetes Study (UKPDS) Group. Lancet. 1998; 352:854-865. [PubMed: 9742977]
Ohkubo Y, Kishikawa H, Araki E, et al. Intensive insulin therapy prevents the progression of
diabetic microvascular complications in Japanese patients with non-insulin-dependent diabetes
mellitus: a randomized prospective 6-year study. Diabetes Res Clin Pract. 1995; 28:103-117.
[PubMed: 7587918]
Breyer JA, Bain RP, Evans JK, et al. The Collaborative Study Group. Predictors of the progression
of renal insufficiency in patients with insulin-dependent diabetes and overt diabetic nephropathy.
Kidney Int. 1996; 50:1651-1658. [PubMed: 8914032]

14. Mulec H, Blohme G, Grande B, et al. The effect of metabolic control on rate of decline in renal

function in insulin-dependent diabetes mellitus with overt diabetic nephropathy. Nephrol Dial
Transplant. 1998; 13:651-655. [PubMed: 9550642]

Nathan DM, Zinman B, Cleary PA, et al. Modern-day clinical course of type 1 diabetes mellitus
after 30 years’ duration: the diabetes control and complications trial/epidemiology of diabetes
interventions and complications and Pittsburgh epidemiology of diabetes complications experience
(1983-2005). Arch Intern Med. 2009; 169:1307-1316. [PubMed: 19636033]

Nyberg G, Blohme G, Norden G. Impact of metabolic control in progression of clinical diabetic
nephropathy. Diabetologia. 1987; 30:82-86. [PubMed: 3106126]

Duckworth W, Abraira C, Moritz T, et al. Glucose control and vascular complications in veterans
with type 2 diabetes. N Engl J Med. 2009; 360:129-139. [PubMed: 19092145]

Ismail-Beigi F, Craven T, Banerji MA, et al. Effect of intensive treatment of hyperglycaemia on
microvascular outcomes in type 2 diabetes: an analysis of the ACCORD randomised trial. Lancet.
2010; 376:419-430. [PubMed: 20594588]

Patel A, MacMahon S, Chalmers J, et al. Intensive blood glucose control and vascular outcomes in
patients with type 2 diabetes. N Engl J Med. 2008; 358:2560-2572. [PubMed: 18539916]
Gerstein HC, Miller ME, Byington RP, et al. Effects of intensive glucose lowering in type 2
diabetes. N Engl J Med. 2008; 358:2545-2559. [PubMed: 18539917]

21. Bakris GL, Williams M, Dworkin L, et al. National Kidney Foundation Hypertension and Diabetes

Executive Committees Working Group. Preserving renal function in adults with hypertension and
diabetes: a consensus approach. Am J Kidney Dis. 2000; 36:646-661. [PubMed: 10977801]

22. Pohl MA, Blumenthal S, Cordonnier DJ, et al. Independent and additive impact of blood pressure

control and angiotensin 11 receptor blockade on renal outcomes in the irbesartan diabetic

Kidney Int. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Molitch et al.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 16

nephropathy trial: clinical implications and limitations. J Am Soc Nephrol. 2005; 16:3027-3037.
[PubMed: 16120823]

Cooper-DeHoff RM, Gong Y, Handberg EM, et al. Tight blood pressure control and
cardiovascular outcomes among hypertensive patients with diabetes and coronary artery disease.
JAMA. 2010; 304:61-68. [PubMed: 20606150]

Sleight P, Redon J, Verdecchia P, et al. Prognostic value of blood pressure in patients with high
vascular risk in the Ongoing Telmisartan Alone and in combination with Ramipril Global
Endpoint Trial study. J Hypertens. 2009; 27:1360-1369. [PubMed: 19506526]

Bilous R, Chaturvedi N, Sjolie AK, et al. Effect of candesartan on microalbuminuria and albumin
excretion rate in diabetes: three randomized trials. Ann Intern Med. 2009; 151:11-20. W13-14.
[PubMed: 19451554]

Mauer M, Zinman B, Gardiner R, et al. Renal and retinal effects of enalapril and losartan in type 1
diabetes. N Engl J Med. 2009; 361:40-51. [PubMed: 19571282]

Molitch ME. Management of dyslipidemias in patients with diabetes and chronic kidney disease.
Clin J Am Soc Nephrol. 2006; 1:1090-1099. [PubMed: 17699330]

Navaneethan SD, Pansini F, Perkovic V, et al. HMG CoA reductase inhibitors (statins) for people
with chronic kidney disease not requiring dialysis. Cochrane Database Syst Rev. 2009:CD007784.
[PubMed: 19370693]

Baigent C, Landray MJ, Reith C, et al. The effects of lowering LDL cholesterol with simvastatin
plus ezetimibe in patients with chronic kidney disease (Study of Heart and Renal Protection): a
randomised placebo-controlled trial. Lancet. 2011; 377:2181-2192. [PubMed: 21663949]
Fellstrom BC, Jardine AG, Schmieder RE, et al. Rosuvastatin and cardiovascular events in patients
undergoing hemodialysis. N Engl J Med. 2009; 360:1395-1407. [PubMed: 19332456]

Wanner C, Krane V, Marz W, et al. Atorvastatin in patients with type 2 diabetes mellitus
undergoing hemodialysis. N Engl J Med. 2005; 353:238-248. [PubMed: 16034009]

Nye HJ, Herrington WG. Metformin: the safest hypoglycaemic agent in chronic kidney disease?
Nephron Clin Pract. 2011; 118:¢380-383. [PubMed: 21325870]

Pilmore HL. Review: metformin: potential benefits and use in chronic kidney disease. Nephrology
(Carlton). 2010; 15:412-418. [PubMed: 20609092]

Rachmani R, Slavachevski I, Levi Z, et al. Metformin in patients with type 2 diabetes mellitus:
reconsideration of traditional contraindications. Eur J Intern Med. 2002; 13:428-433. [PubMed:
12384131]

Astor BC, Matsushita K, Gansevoort RT, et al. Lower estimated glomerular filtration rate and
higher albuminuria are associated with mortality and end-stage renal disease. A collaborative
meta-analysis of kidney disease population cohorts. Kidney Int. 2011; 79:1331-1340. [PubMed:
21289598]

Newman DJ, Mattock MB, Dawnay AB, et al. Systematic review on urine albumin testing for early
detection of diabetic complications. Health Technol Assess. 2005; 9:iii—vi. xiii—-163. [PubMed:
16095545]

Hayes AJ, Leal J, Gray AM, et al. UKPDS outcomes model 2: a new version of a model to
simulate lifetime health outcomes of patients with type 2 diabetes mellitus using data from the 30
year United Kingdom Prospective Diabetes Study: UKPDS 82. Diabetologia. 2013; 56:1925-
1933. [PubMed: 23793713]

Palmer SC, Craig JC, Navaneethan SD, et al. Benefits and harms of statin therapy for persons with
chronic kidney disease: a systematic review and meta-analysis. Ann Intern Med. 2012; 157:263—
275. [PubMed: 22910937]

National Kidney Foundation. KDOQI Clinical Practice Guidelines and Clinical Practice
Recommendations for Diabetes and Chronic Kidney Disease. Am J Kidney Dis. 2007; 49:S1—
S180.

Canadian Diabetes Association Clinical Practice Guidelines Expert Committee. Clinical Practice
Guidelines: Chronic Kidney Disease in Diabetes. Can J Diabetes. 2013; 37:5S129-S136. [PubMed:
24070935]

Kidney Int. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Molitch et al.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Page 17

National Collaborating Centre for Chronic Conditions. Clinical Guideline 66. Type 2 diabetes:
national clinical guideline for management in primary and secondary care (update). London: Royal
College of Physicians; 2008. p. 278

Scottish Intercollegiate Guidelines Network (SIGN). Management of diabetes. A national clinical
guideline. Edinburgh (Scotland): Scottish Intercollegiate Guidelines Network (SIGN); 2010 Mar.
p. 170(SIGN publication; no. 116)

American Diabetes Association. Standards of medical care in diabetes--2012. Diabetes Care. 2012;
35 (Suppl 1):S11-63. [PubMed: 22187469]

Boulware LE, Jaar BG, Tarver-Carr ME, et al. Screening for proteinuria in US adults: a cost-
effectiveness analysis. JAMA. 2003; 290:3101-3114. [PubMed: 14679273]

Casas JP, Chua W, Loukogeorgakis S, et al. Effect of inhibitors of the renin-angiotensin system
and other antihypertensive drugs on renal outcomes: systematic review and meta-analysis. Lancet.
2005; 366:2026—2033. [PubMed: 16338452]

Macisaac RJ, Jerums G. Diabetic kidney disease with and without albuminuria. Curr Opin Nephrol
Hypertens. 2011; 20:246-257. [PubMed: 21422923]

Retnakaran R, Cull CA, Thorne KI, et al. Risk factors for renal dysfunction in type 2 diabetes:
U.K. Prospective Diabetes Study 74. Diabetes. 2006; 55:1832-1839. [PubMed: 16731850]

Shastri S, Katz R, Shlipak MG, et al. Cystatin C and albuminuria as risk factors for development of
CKD stage 3: the Multi-Ethnic Study of Atherosclerosis (MESA). Am J Kidney Dis. 2011;
57:832-840. [PubMed: 21296473]

Peralta CA, Shlipak MG, Judd S, et al. Detection of chronic kidney disease with creatinine,
cystatin C, and urine albumin-to-creatinine ratio and association with progression to end-stage
renal disease and mortality. JAMA. 2011; 305:1545-1552. [PubMed: 21482744]

Tonelli M, Muntner P, Lloyd A, et al. Risk of coronary events in people with chronic kidney
disease compared with those with diabetes: a population-level cohort study. Lancet. 2012;
380:807-814. [PubMed: 22717317]

Fox CS, Matsushita K, Woodward M, et al. Associations of kidney disease measures with
mortality and end-stage renal disease in individuals with and without diabetes: a meta-analysis.
Lancet. 2012; 380:1662-1673. [PubMed: 23013602]

de Boer IH, Katz R, Cao JJ, et al. Cystatin C, albuminuria, and mortality among older adults with
diabetes. Diabetes Care. 2009; 32:1833-1838. [PubMed: 19587367]

de Jong PE, Gansevoort RT. Is cystatin C the answer to detecting progression in CKD? J Am Soc
Nephrol. 2011; 22:9-11. [PubMed: 21164024]

Altman DG, McShane LM, Sauerbrei W, et al. Reporting Recommendations for Tumor Marker
Prognostic Studies (REMARK): explanation and elaboration. PLoS Med. 2012; 9:e1001216.
[PubMed: 22675273]

American Diabetes Association. Clinical Practice Recommendations 2012. Diabetes Care. 2012;
35 (Suppl 1):S1-S110. [PubMed: 22187466]

de Boer IH, Sun W, Cleary PA, et al. Intensive diabetes therapy and glomerular filtration rate in
type 1 diabetes. N Engl J Med. 2011; 365:2366—2376. [PubMed: 22077236]

Holman RR, Paul SK, Bethel MA, et al. 10-year follow-up of intensive glucose control in type 2
diabetes. N Engl J Med. 2008; 359:1577-1589. [PubMed: 18784090]

Nathan DM, Cleary PA, Backlund JY, et al. Intensive diabetes treatment and cardiovascular
disease in patients with type 1 diabetes. N Engl J Med. 2005; 353:2643-2653. [PubMed:
16371630]

Turnbull FM, Abraira C, Anderson RJ, et al. Intensive glucose control and macrovascular
outcomes in type 2 diabetes. Diabetologia. 2009; 52:2288-2298. [PubMed: 19655124]

Shurraw S, Hemmelgarn B, Lin M, et al. Association between glycemic control and adverse
outcomes in people with diabetes mellitus and chronic kidney disease: a population-based cohort
study. Arch Intern Med. 2011; 171:1920-1927. [PubMed: 22123800]

Ramirez SP, McCullough KP, Thumma JR, et al. Hemoglobin A(1c) levels and mortality in the
diabetic hemodialysis population: findings from the Dialysis Outcomes and Practice Patterns
Study (DOPPS). Diabetes Care. 2012; 35:2527-2532. [PubMed: 22912431]

Kidney Int. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Molitch et al.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

Page 18

Ricks J, Molnar MZ, Kovesdy CP, et al. Glycemic control and cardiovascular mortality in
hemodialysis patients with diabetes: a 6-year cohort study. Diabetes. 2012; 61:708-715. [PubMed:
22315308]

Duong U, Mehrotra R, Molnar MZ, et al. Glycemic control and survival in peritoneal dialysis
patients with diabetes mellitus. Clin J Am Soc Nephrol. 2011; 6:1041-1048. [PubMed: 21511838]

Yates CJ, Fourlanos S, Hjelmesaeth J, et al. New-onset diabetes after kidney transplantation-
changes and challenges. Am J Transplant. 2012; 12:820-828. [PubMed: 22123607]

Molnar MZ, Huang E, Hoshino J, et al. Association of pretransplant glycemic control with
posttransplant outcomes in diabetic kidney transplant recipients. Diabetes Care. 2011; 34:2536—
2541. [PubMed: 21994430]

Zeitler P, Hirst K, Pyle L, et al. A clinical trial to maintain glycemic control in youth with type 2
diabetes. N Engl J Med. 2012; 366:2247-2256. [PubMed: 22540912]

Scheen AJ. Clinical pharmacokinetics of metformin. Clin Pharmacokinet. 1996; 30:359-371.
[PubMed: 8743335]

Salpeter SR, Greyber E, Pasternak GA, et al. Risk of fatal and nonfatal lactic acidosis with
metformin use in type 2 diabetes mellitus. Cochrane Database Syst Rev. 2010:CD002967.

Lipska KJ, Bailey CJ, Inzucchi SE. Use of metformin in the setting of mild-to-moderate renal
insufficiency. Diabetes Care. 2011; 34:1431-1437. [PubMed: 21617112]

[Accessed November 15, 2011.] British National Formulary. www.bnf.org

Japanese Society of Nephrology. Clinical practice guidebook for diagnosis and treatment of
chronic kidney disease. Tokyo: Tokyo Igakusha; 2012.

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO Clinical
Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney Int
Suppl. 2013; 3:1-150.

Ojo AO, Held PJ, Port FK, et al. Chronic renal failure after transplantation of a nonrenal organ. N
Engl J Med. 2003; 349:931-940. [PubMed: 12954741]

Venstrom JM, McBride MA, Rother KI, et al. Survival after pancreas transplantation in patients
with diabetes and preserved kidney function. JAMA. 2003; 290:2817-2823. [PubMed: 14657065]

Gruessner RW, Sutherland DE, Kandaswamy R, et al. Over 500 solitary pancreas transplants in
nonuremic patients with brittle diabetes mellitus. Transplantation. 2008; 85:42-47. [PubMed:
18192910]

Scalea JR, Butler CC, Munivenkatappa RB, et al. Pancreas transplant alone as an independent risk
factor for the development of renal failure: a retrospective study. Transplantation. 2008; 86:1789—
1794. [PubMed: 19104423]

Fioretto P, Steffes MW, Sutherland DE, et al. Reversal of lesions of diabetic nephropathy after
pancreas transplantation. N Engl J Med. 1998; 339:69-75. [PubMed: 9654536]

Fioretto P, Najafian B, Sutherland DE, et al. Tacrolimus and cyclosporine nephrotoxicity in native
kidneys of pancreas transplant recipients. Clin J Am Soc Nephrol. 2011; 6:101-106. [PubMed:
21051744]

Upadhyay A, Earley A, Lamont JL, et al. Lipid-lowering therapy in persons with chronic kidney
disease: a systematic review and meta-analysis. Ann Intern Med. 2012; 157:251-262. [PubMed:
22910936]

Lewington S, Whitlock G, Clarke R, et al. Blood cholesterol and vascular mortality by age, sex,
and blood pressure: a meta-analysis of individual data from 61 prospective studies with 55,000
vascular deaths. Lancet. 2007; 370:1829-1839. [PubMed: 18061058]

Kearney PM, Blackwell L, Collins R, et al. Efficacy of cholesterol-lowering therapy in 18,686
people with diabetes in 14 randomised trials of statins: a meta-analysis. Lancet. 2008; 371:117—
125. [PubMed: 18191683]

Colhoun HM, Betteridge DJ, Durrington PN, et al. Effects of atorvastatin on kidney outcomes and
cardiovascular disease in patients with diabetes: an analysis from the Collaborative Atorvastatin
Diabetes Study (CARDS). Am J Kidney Dis. 2009; 54:810-819. [PubMed: 19540640]

Tonelli M, Jose P, Curhan G, et al. Proteinuria, impaired kidney function, and adverse outcomes in
people with coronary disease: analysis of a previously conducted randomised trial. BMJ. 2006;
332:1426. [PubMed: 16714328]

Kidney Int. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Molitch et al.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

Page 19

Shepherd J, Kastelein JJ, Bittner V, et al. Intensive lipid lowering with atorvastatin in patients with
coronary heart disease and chronic kidney disease: the TNT (Treating to New Targets) study. J
Am Coll Cardiol. 2008; 51:1448-1454. [PubMed: 18402899]

Holdaas H, Holme I, Schmieder RE, et al. Rosuvastatin in diabetic hemodialysis patients. J Am
Soc Nephrol. 2011; 22:1335-1341. [PubMed: 21566054]

Stone NJ, Robinson J, Lichtenstein AH, et al. ACC/AHA Guideline on the Treatment of Blood
Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults: A Report of the American
College of Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll
Cardiol. 2013; 201310.1016/j.jacc.2013.11.002

Kidney Disease: Improving Global Outcomes (KDIGO) Lipid Work Group. KDIGO Clinical
Practice Guideline for Lipid Management in Chronic Kidney Disease. Kindey Int Suppl. 2013;
3:259-305.

Holdaas H, Fellstrom B, Jardine AG, et al. Effect of fluvastatin on cardiac outcomes in renal
transplant recipients: a multicentre, randomised, placebo-controlled trial. Lancet. 2003; 361:2024—
2031. [PubMed: 12814712]

Kidney Disease: Improving Global Outcomes (KDIGO) Blood Pressure Work Group. KDIGO
Clinical Practice Guideline for the Management of Blood Pressure in Chronic Kidney Disease.
Kidney Int Suppl. 2012; 2:337-414.

National Kidney Foundation. KDOQI Clinical Practice Guideline for Diabetes and CKD: 2012
Update. Am J Kidney Dis. 2012; 60:850-886. [PubMed: 23067652]

Lewis JB. Blood pressure control in chronic kidney disease: is less really more? J Am Soc
Nephrol. 2010; 21:1086-1092. [PubMed: 20576804]

Taler SJ, Agarwal R, Bakris GL, et al. KDOQI US commentary on the 2012 KDIGO clinical
practice guideline for management of blood pressure in CKD. Am J Kidney Dis. 2013; 62:201—
213. [PubMed: 23684145]

[Accessed Jan 2, 2014] Systolic Blood Pressure Interventional Trial (SPRINT). http://
www.clinicaltrials.gov/ct2/show/nct01206062

Brenner BM, Cooper ME, de Zeeuw D, et al. Effects of losartan on renal and cardiovascular
outcomes in patients with type 2 diabetes and nephropathy. N Engl J Med. 2001; 345:861-869.
[PubMed: 11565518]

Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective effect of the angiotensin-receptor
antagonist irbesartan in patients with nephropathy due to type 2 diabetes. N Engl J Med. 2001;
345:851-860. [PubMed: 11565517]

Lindholm LH, Ibsen H, Dahlof B, et al. Cardiovascular morbidity and mortality in patients with
diabetes in the Losartan Intervention For Endpoint reduction in hypertension study (LIFE): a
randomised trial against atenolol. Lancet. 2002; 359:1004-1010. [PubMed: 11937179]

Heart Outcomes Prevention Evaluation (HOPE) Study Investigators. Effects of ramipril on
cardiovascular and microvascular outcomes in people with diabetes mellitus: results of the HOPE
study and MICRO-HOPE substudy. Lancet. 2000; 355:253-259. [PubMed: 10675071]

Lewis EJ, Hunsicker LG, Bain RP, et al. The Collaborative Study Group. The effect of
angiotensin-converting-enzyme inhibition on diabetic nephropathy. N Engl J Med. 1993;
329:1456-1462. [PubMed: 8413456]

Hou FF, Xie D, Zhang X, et al. Renoprotection of Optimal Antiproteinuric Doses (ROAD) Study:
a randomized controlled study of benazepril and losartan in chronic renal insufficiency. J Am Soc
Nephrol. 2007; 18:1889-1898. [PubMed: 17494885]

100. Zannad F, McMurray JJ, Krum H, et al. Eplerenone in patients with systolic heart failure and mild

symptoms. N Engl J Med. 2011; 364:11-21. [PubMed: 21073363]

101. Mann JF, Schmieder RE, McQueen M, et al. Renal outcomes with telmisartan, ramipril, or both,

in people at high vascular risk (the ONTARGET study): a multicentre, randomised, double-blind,
controlled trial. Lancet. 2008; 372:547-553. [PubMed: 18707986]

102. Yusuf S, Teo KK, Pogue J, et al. Telmisartan, ramipril, or both in patients at high risk for vascular

events. N Engl J Med. 2008; 358:1547-1559. [PubMed: 18378520]

103. Parving HH, Brenner BM, McMurray JJ, et al. Cardiorenal end points in a trial of aliskiren for

type 2 diabetes. N Engl J Med. 2012; 367:2204-2213. [PubMed: 23121378]

Kidney Int. Author manuscript; available in PMC 2015 July 01.


http://www.clinicaltrials.gov/ct2/show/nct01206062
http://www.clinicaltrials.gov/ct2/show/nct01206062

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Molitch et al.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

Page 20

Fried LF, Duckworth W, Zhang JH, et al. Design of combination angiotensin receptor blocker and
angiotensin-converting enzyme inhibitor for treatment of diabetic nephropathy (VA NEPHRON-
D). Clin J Am Soc Nephrol. 2009; 4:361-368. [PubMed: 19118120]

Fried LF, Emanuele N, Zhang JH, et al. Combined angiotensin inhibition for the treatment of
diabetic nephropathy. N Engl J Med. 2013; 369:1892-1903. [PubMed: 24206457]

Haller H, Ito S, 1zzo JL Jr, et al. Olmesartan for the delay or prevention of microalbuminuria in
type 2 diabetes. N Engl J Med. 2011; 364:907-917. [PubMed: 21388309]

Makino H, Haneda M, Babazono T, et al. Prevention of transition from incipient to overt
nephropathy with telmisartan in patients with type 2 diabetes. Diabetes Care. 2007; 30:1577—
1578. [PubMed: 17389334]

Parving HH, Lehnert H, Brochner-Mortensen J, et al. The effect of irbesartan on the development
of diabetic nephropathy in patients with type 2 diabetes. N Engl J Med. 2001; 345:870-878.
[PubMed: 11565519]

Ruggenenti P, Fassi A, llieva AP, et al. Preventing microalbuminuria in type 2 diabetes. N Engl J
Med. 2004; 351:1941-1951. [PubMed: 15516697]

Ekinci El, Clarke S, Thomas MC, et al. Dietary salt intake and mortality in patients with type 2
diabetes. Diabetes Care. 2011; 34:703-709. [PubMed: 21289228]

Thomas MC, Moran J, Forsblom C, et al. The association between dietary sodium intake, ESRD,
and all-cause mortality in patients with type 1 diabetes. Diabetes Care. 2011; 34:861-866.
[PubMed: 21307382]

Vegter S, Perna A, Postma MJ, et al. Sodium intake, ACE inhibition, and progression to ESRD. J
Am Soc Nephrol. 2012; 23:165-173. [PubMed: 22135311]

Lambers Heerspink HJ, Holtkamp FA, Parving HH, et al. Moderation of dietary sodium
potentiates the renal and cardiovascular protective effects of angiotensin receptor blockers.
Kidney Int. 2012; 82:330-337. [PubMed: 22437412]

Kidney Int. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Molitch et al.

Page 21

[ Prevention of Obesity ] [ Screening & Prevention of Diabetes ]

U U

[ Diabetes ]

e R

Diabetic Kidney Disease

[ Glycemic Control ] |:>
<:| [ Blood Pressure Control ] |:>

<:| [ RAAS Inhibition ] [ Lipid Management] |:>

Figure 1.
Approaches to improving outcomes related to diabetic kidney disease.

The best approach to prevent diabetic kidney disease is to prevent the diabetes itself.
However, once diabetes occurs glycemic control may prevent/delay the development of
diabetic kidney disease. In those patient who develop diabetic kidney disease, glycemic
control, blood pressure control, and RAAS inhibition are all important in delaying/
decreasing progression to ESRD and glycemic control, blood pressure control, and lipid
management are all important in delaying/decreasing the development of CVD. CVD,
cardiovascular disease; ESRD, end-stage renal disease; RAAS, renin-angiotensin-
aldosterone system. White arrows denote potential preventive measures.

Kidney Int. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Molitch et al. Page 22

Table 1

Future research agenda

. Determine the appropriate frequency for screening for eGFR and microalbuminuria among patients with diabetes.

. Assess whether screening for reduced eGFR would lead to better outcomes for patients. Are these benefits above and beyond those
achieved by screening for albuminuria?

. Determine if identifying diabetic patients with reduced eGFR is a good use of limited health care resources and whether this differs
by setting.

. Assess the value added from albuminuria to the prediction of complications above and beyond other routinely measured modifiable
risk factors.

. Assess whether a strategy of testing for albuminuria and treatment with angiotensin blockade is more or less cost-effective than a
strategy of universal treatment in the absence of testing.

. Ascertain if repeated testing of albuminuria among albuminuric individuals represents a cost-effective use of health care resources
related to available treatment options.

. Observational studies are needed in emerging populations of interest, such as young people with T2DM, to further define the course
and determinants of CKD in these populations.

. Healthcare delivery needs to be evaluated in patients with diabetes and CKD to identify approaches to care that enhance compliance
with prescribed glycemic management.

. Other measures of glycemia (e.g., glycated albumin) need to be identified that more accurately reflect the actual level of glycemic
control in persons with ESRD. These measures of glycemia need to be evaluated in relation to health outcomes to identify
appropriate target levels for glycemic control.

. Existing transplant registry databases need to be reviewed to ensure they collect relevant information required to assess the effect of
glycemic control on health outcomes in transplant recipients.

. Analysis of the relationship between HbAlc and mortality is needed in transplant recipients, similar to what has already been done
in dialysis patients, using available registry data.

. RCTs are needed to assess the role of continuous glucose monitoring to improve health outcomes in patients with diabetes and
CKD.

. RCTs are needed to identify appropriate choices of antidiabetic medicines used to achieve glycemic control in patients with diabetes
and CKD, including ESRD as it may be possible to achieve the benefits of glycemic control with less risk than with current
treatment regimens.

. RCTs are needed to identify approaches to immunosuppressive therapy that minimize the hyperglycemic effects of
immunosuppression.

. Pharmacokinetic and pharmacodynamic studies of metformin are needed in patients with CKD and GFR <30 ml/min/1.73 m2 and
regulatory approval should be sought to broaden the use of metformin in patients with diabetes and CKD.

. Observational studies are needed to identify immunosuppressive regimens that are less nephrotoxic in patients receiving islet cell
transplant.

. As multiple mechanisms for CVD are in play in advanced DKD, research is needed to delineate subgroups of patients in this
population who are likely to benefit most from lipid-lowering treatments, especially with combination therapy. No preference was
placed to investigate higher doses of statins for the prevention of atherosclerosis- mediated CV outcomes.

. A trial studying the optimal target BP levels in patients with diabetes and CKD is needed for both CV and renal outcomes. This trial
may also evaluate the relative contribution of a diastolic versus a systolic target.

. Although RAAS blockers appear to be the drugs of choice, additional investigation should be conducted in patients with DKD who
do not respond to this therapy.

. Combination (dual or triple) RAAS blocking therapies should be tested cautiously in lower doses that optimize for the balance
between wanted and unwanted effects.

. The effect of dietary sodium intake on surrogate markers such as BP and in particular on CV and renal outcomes should be
examined in diabetic patients with CKD.

. The effect of reduction in dietary sodium intake on renal and CV risk management with RAAS blockers should be studied
prospectively.

Abbreviations: BP, blood pressure; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; DKD, diabetic kidney disease;
eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; GFR, glomerular filtration rate; RAAS, renin-angiotensin-aldosterone
system; RCT, randomized clinical trials; T2DM, type 2 diabetes mellitus
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